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Abstract: The loss of agricultural land is one of the main problems facing the global agricultural sector,
and it is related to multiple phenomena; one of the main causes is soil salinization, induced both by
natural processes and human activities. Among the strategies adopted to deal with soil salinization
and its mitigation, the cultivation of species able to survive in saline soils seems to be an effective way
of making salt-compromised lands usable. Iris pallida is a rustic plant and a species of high economic
value that is mostly cultivated for perfume production. Consequently, the application of I. pallida
to cover soils not suitable for crops traditionally cultivated for human and livestock nutrition could
be considered; therefore, a preliminary test on the capacity of I. pallida to tolerate salinity during
the acclimatization phase of micropropagated plants was conducted. Plantlets were treated with
exogenous melatonin during the in vitro phase by adding it to the culture medium; therefore, during
the acclimatization phase, crescent salt doses (150, 300, and 400 mM) were added to the soil every
14 days, administering melatonin to plants by a spray solution 24 h before each salt addition. At
the end of the experiment, biometric measurements, chlorophylls, carotenoids, and macro-element
contents were measured, and the relative water content (RWC) was determined in each salt addition.
The results showed that orris plants can survive soil salt concentrations of up to 400 mM, and that the
50 µM melatonin spray treatment can protect orris rhizomes from salt side effects.

Keywords: in vitro; growth regulators; salinity; acclimatization; tolerance

1. Introduction

Soil salinization is a huge issue affecting a wide range of environments around the
world; it affects 833 million hectares globally, including both saline and sodic soils [1], and
is getting worse over time, with a rate of 1–2 million hectares damaged every year [2]. Soil
salinization can occur due to natural processes (primary salinization) that induce saltwater
intrusion that is responsible for coastal forest loss, species invasions, and eutrophication
phenomena [3], or it can be induced by human activities (secondary salinization), mainly
with agricultural irrigations performed with saline waters. This type of irrigation, asso-
ciated with poor drainage, inevitably leads to a lack of water availability in the soil and
an imbalance between its biochemical and physiological characteristics, which heavily
influences crop physiology and production [4,5]. The consequences related to these two
types of salinization can be easily seen in European areas, where the lack of precipitation
and irrigations made with low-quality waters caused the damage of hectares of soils [6];
today, 3.3% of global saline and sodic soils is represented by European land [1]. Over the
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years, some strategies have been adopted to mitigate the salinization of soils traditionally
cultivated with food crops [6], for example, using an excess of water during irrigation to
drain the soil and wash away excess salt from the root zone [7], or by using drips and
micro-sprinklers that, using low volumes of water, are capable of minimizing salt conse-
quences on plant roots and to neutralize salt leaching towards the layers of soil below the
root zone [8]. As salinization is spreading, causing soil degradation and consequently land
abandoning, it appears necessary to reflect on alternative strategies to cover abandoned
saline soils, trying to manage them with low inputs of water. Cultivating rustic species able
to survive also on saline soils and that require low water inputs appears to be an effective
way to protect land.

Among all the rustic species that represent the Mediterranean landscape, we find Iris
pallida, belonging to the Iridaceae family, which for decades has been cultivated in the
hilly and mountain areas of Italy and France and that has recently spread in Morocco and
China as well [9,10]. This species is commonly known both for its landscape value and
for its characteristic violet-like essence that is used largely in the perfumery sector and is
extracted via the hydrodistillation of rhizomes previously broken and dried [11,12]. Orris
essence is composed almost entirely of irones, responsible for its odorous characteristics,
which are ketone compounds generated inside rhizomes due to oxidative phenomena,
concerning iripallidal and iriflorental [13], that are activated in rhizomes stored for at
least 2–3 years [13,14]; for this reason, the essence matures over a long time and its cost
at point of sale is particularly high. The application of rustic plants tolerant to salinity
with a high economic value was already considered to cover saline soils not suitable for
crops traditionally cultivated for human and livestock nutrition [15–17]; even if I. pallida is
traditionally considered a rustic plant, no information is available on its tolerance to salt
stress, even if some studies conducted on other Iris species showed a reduction in biomass
in I. hexagona plants subjected to salt [18] or the ability to maintain osmotic adjustments and
biomass growth in I. lactea [19]. Moreover, Zhao et al. [20] demonstrated the salt tolerance
of some cultivars of I. germanica.

Another solution to mitigate saline effects that has been widely investigated recently
is the application of small compounds with biostimulating effects, such as proline, glycine
betaine, glutathione, and melatonin [21]. Biostimulants play a crucial role in sustaining
plant growth under stress conditions and can help eco-friendly crop production as sub-
stances of natural origin with subsequent low environmental impacts [22]. In particular,
in this paper, we focused on the possible application of melatonin, being interested not
only in its potential role in ameliorating the salinity tolerance of Iris pallida, but also on
its effect as a growth regulator in the tissue culture micropropagation phase [23]. Mela-
tonin (N-acetyl-5-methoxytryptamine), a derivative of tryptophan, is an indolic compound
initially found in animals [24] and then in plants in 1995 [25]; it is biosynthesized inside
plants chloroplasts and mitochondria [26] and is involved in important biological processes
linked to growth [27], seed germination, photosynthetic activity, fruit maturation, water use
efficiency, and ROS and RNS scavenging [28,29]. Moreover, it is involved in the regulation
of carbohydrates, lipids, nitrogen, and sulphur compound pathways, and it works as a
signalling molecule, enhancing antioxidant enzyme activity and inducing the mechanism
of stress response in plants [30,31]. In this way, melatonin can contribute to mitigating
the major abiotic stresses to which plants are subjected, such as drought stress [32–34],
waterlogging stress [31,35], cold stress [36], heat stress [23,37], heavy metal toxicity [38],
light stress [39,40], and salt stress. It has been reported that several crops, such as some
cereals and horticultural species, show tolerance to salt stress thanks to endogenous mela-
tonin [41–43]. Furthermore, treatments with exogenous melatonin showed to be efficient
in mitigating salt stress, thanks to the accumulation of endogenous melatonin induced
by exogenous melatonin [44–48]. The main positive effects of exogenous melatonin on
salinity stress can be related to the improvement of antioxidant enzyme activity and an-
tioxidant content [44,49], the strengthening of the root system and the reduction in Na+

and Cl- content in roots [45], the improvement of photosynthetic capacity [46,47], and ion
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homeostasis [48]. The effects of exogenous melatonin were also tested in vitro, both on cell
suspensions and plantlets [50]. On the basis of the aforementioned studies on melatonin
application, we hypothesized a positive effect of this growth regulator on physiological
and metabolic processes that influence in vitro plantlet acclimatization and subsequent
plant growth in an unfavourable environment, such as saline soils. The aim of our research
is therefore to test the capacity of Iris pallida to tolerate salinity during the acclimatization
phase of micropropagated plants, helping plants with an exogenous application of mela-
tonin, which has never been tested before on plants belonging to the Iris species. During
the experiment, plant growth, leaf water content, and pigment modulation were monitored
as markers of the physiological response to saline administration.

2. Materials and Methods
2.1. In Vitro Melatonin Treatment

The plantlets used for the experiment were obtained by somatic embryogenesis per-
formed on flower buds belonging to I. pallida plants grown in the experimental fields of the
Department of Agricultural, Food and Agro-Environmental Sciences of the University of
Pisa (43.7121439043662, 10.413284264300806), following the method of Meucci et al. [51].
In vitro regenerated plantlets were multiplied by cultivation in Magenta® containers (Merck
Life Science S.r.l., Milan, Italy), with 4 plantlets per container, with Murashige and Skoog
macro and micro salts [52] supplemented with Gamborg B5 vitamins [53], 500 mg L−1 of
2-(N-morpholino) ethane sulfonic acid (MES), 300 mg L−1 of reduced glutathione (GSH),
3.0 g L−1 of Gelrite® (Merck Life Science S.r.l., Milan, Italy) (basal medium), and 30 g L−1

of sucrose; the pH was adjusted to 5.9 with 1N potassium hydroxide (KOH). The con-
trol medium was therefore complemented with 0.1 mg L−1 of 6-benzyladenine (BA), and
0.1 mg L−1 of α-naphthaleneacetic acid (NAA), while the media of the treated plantlets
were supplemented with two different doses of melatonin (5 and 50 µM) without other
growth regulators, chosen according to the literature [54]. Melatonin was added to culture
media after their autoclavation (120 ◦C for 20 min). At the beginning of the experiment,
all plantlets were deprived of roots and old leaves and transferred to melatonin medium
and control medium for three weeks. The plantlets were then removed from the media, the
weighted and number of roots and new leaves produced, the length of the roots and the
height of the leaves were measured. Thereafter, the plantlets were transferred to new mela-
tonin medium and control medium and subjected to a pre-acclimatization phase consisting
of using ventilated caps for three weeks.

Subsequently, the plantlets underwent the transition from in vitro to in vivo conditions;
they were transplanted into plastic vessels with perlite and placed in a climatic chamber
with sodium lamps (400 W), at 22 ◦C and a 16 h photoperiod (400 µmol m−2s−1); they were
then put in a plastic bag and administered with a sprayed nutrient solution containing
Murashige and Skoog macro and micro salts [52] and Gamborg B5 [53] vitamins, and
gradually became accustomed to the environmental conditions of the growth chamber
by shedding the plastic film every day for an increasing number of hours until it was
completely removed. After one month, the plants were transplanted into a mixture of peat
and perlite (1:1 ratio) with the following characteristics: E.C. 20.8 mS cm−1, Ca2+ 4.9 g kg−1,
Mg2+ 1.04 g kg−1, K+ 4.5 g kg−1, and Na+ 1.7 g kg−1. They were also watered with tap
water (E.C. 1024 µS cm−1) every five days inside the growth chamber.

2.2. In Vivo Melatonin and Salt Treatment

In this second step of the experiment, the plants were subjected to increasing doses of
salt (150, 300 and 400 mM) while the control plants were administered only with distilled
water; each salt treatment lasted 14 days and the plants were sprayed with a melatonin solu-
tion 24 h before each salt addition. Plants subjected to 5 µM of melatonin during the in vitro
cultivation were sprayed with a solution containing 50 µM melatonin, and those subjected
to 50 µM in vitro were sprayed with 100 µM of melatonin. The melatonin dose was chosen
within the range of doses used in other works to face salinity stress [42,43]. In the meantime,
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the control plantlets were sprayed with distilled water, separating them at each sprayed
treatment to avoid contamination. At the end of the experiment, analyses were conducted
to assess the levels of macro-elements, sodium content, and electrical conductivity (E.C.) of
the substrates used, providing insights into their salinization condition.

2.3. Growth and Biochemical Determinations

At the end of the experiment, biometric measurements including the quantification
of root and leaf numbers and lengths, as well as the determination of roots, rhizomes,
and leaf dry weights, were performed. Additionally, analyses were conducted to measure
chlorophylls, carotenoids, macro-elements content, and relative water content (RWC). RWC
was also monitored at the end of each salt treatment and was conducted on leaf discs with a
10 mm diameter, collected using a cork borer and weighted to determine their fresh weight
(FW); then, discs were soaked in Petri® dishes with 2 mL of distilled water for 24 h to obtain
their turgid weight (TW). Therefore, the discs were put in the oven at 50 ◦C to determine
their dry weight (DW). The following formula was used to calculate the RWC:

RWC = (FW − DW)/ (TW − DW)

Chlorophyll and carotenoid content was performed starting from 20 mg of leaf tissue
for each replicate (6 replicates for each treatment), which were extracted and placed in
1.5 mL of methanol (100% (v/v)) for 24 h at 4 ◦C in darkness. Absorbance was read at
λ = 665.2 nm and λ = 652.4 nm for chlorophylls a and b, respectively, and at λ = 470 nm
for carotenoids. Pigment levels were calculated using Lichtenthaler’s formula [55] and
expressed as tissue fresh weight.

Ca2+, Mg2+, K+, and Na+ content was investigated on leaves, rhizomes, and roots via
microwave digestion. The tissues were oven dried at 50 ◦C for 10 days, finely minced,
weighted, and pre-digested overnight in closed vessels with nitric acid (HNO3) and hy-
drogen peroxide (H2O2). The samples in vessels were then treated with two cycles of
microwave digestion (Milestone Ethos 900, Bergamo, Italy) at 250 Watt for 10 min, followed
by 5 min of ventilation. Then, the samples were filtered using a Whatman® paper filter and
diluted with milli-Q water. Ca2+, Mg2+, and K+ content was finally analyzed by inductively
coupled plasma optical emission spectroscopy (ICP-OES 5900, Agilent, Santa Clara, CA,
USA) with the following wavelengths: 766.790 nm (K+), 315.887 nm (Ca2+), and 279.079 nm
(Mg2+), while Na+ determination was performed by fast-sequential atomic absorption
spectrometer (AA240 FS, Agilent Technologies, Santa Clara, CA, USA), reading samples at
λ = 589 nm.

2.4. Statistical Analysis

Student’s t-test or analysis of variance (ANOVA) was performed at a p ≤ 0.05 signifi-
cance level. The mean values were separated using the Tukey post-test (p < 0.05). Statistical
analysis was carried out with GraphPad Prism (version 10.00 for Windows, GraphPad
Software, La Jolla, San Diego, CA, USA).

3. Results

The application of melatonin as a growth regulator during the final phase of in vitro
culture multiplication of I. pallida did not compromise the ultimate survival of plantlets
during acclimatization when used at a low dosage (100% survival). However, at higher con-
centrations, it slightly reduced survival rates (62.5%), albeit without yielding any significant
differences compared to the control medium containing IBA and BA (70% survival). The
in vitro treatment improved the quality of root apparatus, increasing root length (Figure 1);
this trend was already evident at the end of the multiplication phase (T0) and remained so
during the in vitro pre-acclimatization phase (T0-T1) and the first phase of acclimatization
in perlite (T1-T2). At the end of the acclimatization phase (TF), no differences can be
appreciated in plants treated with melatonin in comparison with control plants grown in a
culture medium with NAA and BA (Ctr medium).
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acclimatized plants a significant reduction in n° of roots was observed in all treatments 
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Figure 1. Root development (cm) monitored during the different steps of the treatment: plants
transferring to Magenta® vessels with ventilated caps (T0), transferring to perlite (T1), to peat and
perlite (T2), and their length at the end of the acclimatization phase (TF). Data, reported as mean
values ± S.E., were subjected to analysis of variance (ANOVA), the different letters indicate significant
differences among means (Tukey post-test, p ≤ 0.05) and ns indicates no significance among the
treatments.

Melatonin also slightly influenced leaf length at the end of plant cultivation on perlite
(T2), which resulted higher than control plantlets (Figure 2). After the salt treatment of
acclimatized plants a significant reduction in n◦ of roots was observed in all treatments
containing salt (Figure 3). Conversely, a marginal effect of 50 µM melatonin was observed
in the number of leaves of salt-treated plants, although this effect was not statistically
significant.
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Figure 2. Leaf development (cm) monitored during the different steps of the treatment: plants
transferred to containers with ventilated caps (T0), transferred to perlite (T1), and transferred to peat
and perlite (T2), and their length at the end of the acclimatization phase (TF). The data, reported as
mean values ± S.E., were subjected to analysis of variance (ANOVA), the different letters indicate
significant differences among means (Tukey post-test, p ≤ 0.05) and ns indicates no significance
among the treatments.
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Figure 3. Number of roots (a) and new leaves (b) of I. pallida plants treated with 400 mM of salt
(Ctr + salt) and with both melatonin and salt and (50–100 µM + salt) compared to control plants (Ctr).
Data, reported as mean values ± S.E., were subjected to analysis of variance (ANOVA), and the
different letters indicate significant differences among means (Tukey post-test, p ≤ 0.05).

The increasing doses of salt treatment notably impacted rhizome and leaf dry weight.
Additionally, a modest mitigating effect of melatonin on salt stress was observed in the
rhizome dry weights of plants treated with both melatonin doses (Figure 4).
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Figure 4. Dry weight (g plantdw
−1) of rhizomes (a) and leaves (b) of I. pallida plants treated with

400 mM of salt (Ctr + salt) and with both melatonin and salt (50–100 µM + salt) compared to control
plants (Ctr). The data, reported as mean values ± S.E., were subjected to analysis of variance
(ANOVA), and the different letters indicate significant differences among means (Tukey post-test,
p ≤ 0.05).

Concerning the relative water content (RWC), at the end of the experiment, plants
treated with up to 400 mM showed a RWC reduction; in this case, melatonin sprayed on
plants seemed to significantly help them maintain their RWC at the same level as that of
control plants (Figure 5).

The findings (Figure 6) suggest that salt treatment increases the total chlorophyll and
carotenoid contents in leaves. However, when plants are sprayed with 50 µM of melatonin,
they exhibit the same pigment content as control plants, indicating that melatonin at this
concentration does not significantly affect pigment levels. On the other hand, when plants
are treated with 100 µM melatonin, there is a reduction in chlorophyll and carotenoid
levels in the leaf tissues of the treated plants. This suggests that higher concentrations of
melatonin might have an inhibitory effect on pigment production or retention in plants
under salt stress (Figure 6).
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Figure 5. Relative water content (RWC) of leaves of I. pallida plants treated with 400 mM of salt
(Ctr + salt) and with both melatonin and salt (50–100 µM + salt) compared to control plants (Ctr).
The data, reported as mean values ± S.E., were subjected to analysis of variance (ANOVA), and the
different letters indicate significant differences among means (Tukey post-test, p ≤ 0.05).
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Figure 6. Total chlorophyll (ChlTOT) and carotenoid content (µg gfw
−1) in leaves of I. pallida plants

treated with 400 mM of salt (Ctr + salt) and with both melatonin and salt (50–100 µM + salt) compared
to control plants (Ctr). The data, reported as mean values ± S.E., were subjected to analysis of
variance (ANOVA), and the different letters indicate significant differences among means (Tukey
post-test, p ≤ 0.05).

The E.C. values increased significantly in the salt-treated substrates contained in
pots used for I. pallida cultivation if compared to control ones, with measurements of
20 mS cm−1 for the control and 120 mS cm−1 for the salt-treated substrates. Additionally,
the sodium content also increased in the salt-treated substrates, although specific data are
not provided in this excerpt. Figure 7 likely presents data on the mineral content of the
roots, leaves, and rhizomes of the plants in response to substrate modifications. These data
could provide insights into how the salt treatments influenced the uptake and distribution
of minerals within different parts of the plants. Salt treatment and melatonin did not affect
K+ content in roots, rhizomes, or leaves; Ca2+ and Mg2+ content did not change in roots and
rhizomes, but decreased in the leaves of plants treated with salt. The presence of melatonin,
particularly with 100 µM via spray administration, seemed to mitigate Na+ accumulation,
which occurred in plants treated with NaCl, both in rhizomes and leaves. (Figure 7).
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(50–100 µM + salt) compared to control. The data, reported as mean values ± S.E., were subjected
to analysis of variance (ANOVA), the different letters indicate significant differences among means
(Tukey post-test, p ≤ 0.05) and ns indicates no significance among the treatments.

Sodium accumulation resulted in changes in the potassium-to-sodium ratio, both
in the roots and leaves of plants treated only with salt and sprayed with melatonin, as
reported in Table 1. This suggests that the salt treatment, also in combination with melatonin
application, influenced the balance between potassium and sodium in these plant parts.
However, no significant differences were observed in the rhizome, indicating that the effects
were more pronounced in the roots and leaves. This alteration in the potassium-to-sodium
ratio could have implications for various physiological processes within the plant, such as
osmotic regulation, ion balance, and stress responses.

Table 1. Potassium sodium ratio (K+/Na+) of roots, rhizomes, and leaves of I. pallida plantlets. The
data, reported as mean values ± S.E., were subjected to analysis of variance (ANOVA), the different
letters indicate significant differences among means (Tukey post-test, p ≤ 0.05) and ns indicates no
significance among the treatments.

K+/Na+ Roots Rhizomes Leaves

Ctr 4.13 ± 0.7 a 2.74 ± 0.37 ns 21.74 ± 1.74 a
Ctr + salt 2.03 ± 0.34 b 2.76 ± 0.46 ns 9.37 ± 0.61 b

50 µM + salt 2.03 ± 0.16 b 3.19 ± 0.35 ns 13.89 ± 1.36 b
100 µM + salt 2.13 ± 0.26 b 3.15 ± 0.14 ns 14.31 ± 1.3 b

4. Discussion

In the last decade, melatonin was employed in different culture systems in relation
to its role as a plant growth regulator. In the literature, many examples can be found on
the positive action of melatonin on cells and callus cultures [54]. Its role on the production
of secondary metabolites in vitro [56] and on the root organogenesis of in vitro cultured
plantlets [57] has already been widely elucidated. Using melatonin as a component of
culture media for micropropagation is less studied in comparison to its other roles and
applications in plant physiology and growth regulation. However, there is some research
interest in exploring its potential in this context, as demonstrated in species like Malus pruni-
folia, which may benefit from improved root development during micropropagation [58].
During the acclimatization phase, plants undergo a transition from controlled laboratory
conditions to the external environment, which often involves exposure to various stress
factors. This phase is critical for plants to adapt and establish themselves successfully
in their new surroundings [59]. The potential role of melatonin in aiding plants during
the acclimatization phase, especially concerning its involvement in the response to abi-
otic stresses, remains unexplored. Melatonin’s role in regulating various physiological
processes in response to stressors like drought [34] or waterlogging stress [35] suggest
that it could indeed have implications for plant acclimatization. Our results indicate that
melatonin supplementation in culture media led to an overall improvement in the root
apparatus of plants at the end of the in vitro culture period, particularly by increasing
root length. This suggests that melatonin may be more effective than other hormones like
1-naphthaleneacetic acid (NAA) and 6-benzylaminopurine (BA), which are commonly used
in culture media for propagating I. pallida [51]. The positive effect of melatonin on root
elongation is maintained also during the following steps of the acclimatization, both in
plants grown on media with 5 and 50 µM. In Malus prunifolia, 1.29 µM melatonin added
to a culture medium, where shoots remained for two days before being transferred to a
medium without growth regulators, significantly promoted the elongation of roots; this
effect was verified to be related to an increase in indole-3-acetic acid (IAA) levels in the
tissues [58].

Orris plants are not classified as halophytes, generally defined as plants able to grow
in presence of at least 200–500 mM of salt solution; one example of a halophyte is Salicornia
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europaea [60], considered one of the most tolerant species as it reaches a salt tolerance
limit of 1000 mM of NaCl. The resistance of the Iridaceae family to salinity stress was
already investigated [61,62]; specifically, Zhao et al. [20] reported severe foliar damage to I.
germanica, I. ensataI, and I. pseudacorus plants subjected to salt doses higher than 150 mM; on
the contrary, plants belonging to I. lactea did not show damage even if subjected to 175 mM
of salt. On the basis of this previous evidence, we decided to set the lower salt concentration
at 150 mM, increasing salt concentration up to the doses considered the thresholds for
tolerant (200 mM) and halophyte (400 mM) plants. In our study, no visual damage was
detected on plants subjected up to 400 mM of salt, significantly above the threshold of
200 mM indicated by Flowers et al. [63] for the definition of tolerant plants, proving that
I. pallida species has a higher salinity tolerance if compared to the other ornamental Iris
species cited above that showed behaviour analogous to that of typical halophytes [64].
However, an evident reduction in rhizome growth was observed in plants treated with salt
if compared to control plants, as observed in Curcuma longa rhizomes [65]; moreover, no
significant differences were detected on the growth of the aerial part of the plant, despite
a reduction in the relative water content (RWC) of leaves, that is one of the most efficient
markers of plants water balance, usually impaired by salinity stress.

Also, no damage was observed in chlorophyll and carotenoid content, which resulted
in higher levels if compared to control plant levels. This behaviour was also observed by
Wang and Nil [66], who have reported that chlorophyll content increases under conditions
of salinity in Amaranthus sp., while a chlorophyll and carotenoid decrease was usually
detected in most of the plants treated with NaCl [67,68]. The high carotenoid content in
leaves treated with salt may act as a protective mechanism against oxidative damage caused
by salt, helping also to maintain chlorophyll synthesis [16]. Melatonin treatment performed
on plants under salinity stress allowed for the maintenance of pigment concentration at
the same level as that of the control, confirming its role in protecting plant photosynthesis
apparatus [46]. However, we could also observe a melatonin dose effect; in fact, at high
doses of administration (100 µM), it decreases pigment concentration, as observed in other
studies [69]. However, we cannot suggest a toxicity effect because in other species the same
dosage (100 µM) significantly improved photosynthetic pigment concentration under salt
stress [43].

The acclimatized I. pallida plants treated with increasing concentrations of salt exhib-
ited significant accumulation of Na+ ions in all the analyzed organs, as observed in other
Iris species [20], while K+ values showed no changes in content; the ability to maintain
a constant K+ content or even increase it in the presence of salinity stress is a marker of
salt tolerance [70]. This evidence suggests that iris plantlets can survive not because they
are able to restrict Na+ uptake but, rather, because of their ability to withstand Na+ in
their tissues [71]. Na+ and K+ homeostasis is critical for salt tolerance, and salt sensitivity
was associated with the inability to maintain an optimal cellular K+/Na+ homeostasis.
Maintaining the proper cytosolic K+/Na+ ratio is difficult because it is kept under control
by K+-release channels such as KORs and by Na+ uptake [72]. In Iris pallida, high salt
concentration reduced the K+ and Na+ ratio in roots and leaves, but not in the rhizome,
demonstrating different mechanisms contributing to salt tolerance in the two organs [20].
When plants are sprayed with melatonin, mostly at 100 µM of administration, sodium
accumulation is maintained at the control level, even if is not sufficient at maintaining the
K+/Na+ ratios of both roots and leaves. Further investigations are needed to deepen our
knowledge on the ion transport cellular mechanisms responsible for Iris pallida resistance
to salinity stress.

It is reported in the literature that the effects of salt on plants treated with melatonin
are the following: the enhancement of photosynthetic efficiency, the modification of ion
fluxes, the reduction in ROS production, the improvement of antioxidant activity, and the
accumulation of compatible solutes [28]. On the basis of our results, the main mechanisms
with which melatonin copes with salt stress in Iris pallida seem to be related to a reduction
in Na+ content in all the organs that avoids unbalancing ion levels [73] and the supply
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of chlorophylls and carotenoids, which is kept stable also in the presence of salt, due to
melatonin’s capacity to maintain normal chloroplast structures, inhibiting chlorophyll
degradation [74].

5. Conclusions

In summary, melatonin presents itself as a promising addition to media used in
in vitro production, aiding in the preparation of plantlets for the acclimatization phase by
enhancing root development. Additionally, its application via spraying has shown potential
in helping plants mitigate the detrimental effects of salt stress by reducing sodium uptake
and maintaining leaf hydration levels, but also enhancing plant resilience and productivity.
Melatonin could be a feasible and cost-effective choice for its large scale application if
compared to other biostimulants currently used (glutathione, proline, glycine, betaine)
thanks to the low dosage required (50 µM), the simplicity of the administration method,
and its non-toxicity to humans and the environment. Further studies are necessary to better
elucidate the optimal dose for its application in fields and to monitor if its efficacy varies
with different soil types or climatic conditions.

This study sheds a light on the impact of salinity on Iris pallida, showing its ability to
cope with saline concentrations up to 400 mM and suggesting the possibility of cultivating
this species on saline soils, or of using saline irrigation water in field conditions.

However, the translation of these results into real-world agricultural practises requires
further investigation. Long-term field trials are desirable for determining the practical
feasibility of melatonin application, its cost–benefit ratio, and its overall impact on crop
yield and soil health. Such studies could provide concrete recommendations for sustain-
able saline soil management, particularly in areas affected by soil degradation, salinity,
or erosion.

By bridging the gap between experimental findings and practical implementation,
this research lays the foundation for innovative agricultural practises that can revitalize
abandoned or marginal lands introducing rustic species such as I.pallida while contributing
to more resilient and sustainable crop production systems.
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