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Abstract: Salinity eustress is one of the pre-harvest factors that can be used to improve the phyto-
chemical profile and the quality attributes of horticultural species, and most of the studies are carried
out using NaCl. In this work, we compared the effect of three mildly saline iso-osmotic nutrient
solutions (NS) differing in the cation employed (either K, Na, or Ca) in baby lettuce cultivated in a
floating system. Specifically, we analyzed the impact on key morphological traits and polyphenol
composition in leaves in a completely randomized design experiment with the following experi-
mental factors and levels: two differently pigmented lettuce varieties (green and full red), three NSs
(20 mM KCl, 20 mM NaCl, 13.3 mM CaCl2, each with a final ionic concentration of 40 mM), and two
successive harvests. The lettuce response to mild salinity was multifaceted and with a marked role for
the cultivar factor and its interactions, as also indicated by multivariate analysis. The morphological
response of baby lettuce to the saline solutions was predominantly affected by the osmolarity, and
ion-specific alleviating or detrimental effects were not observed. The phytochemical analysis re-
vealed significant interactions among all tested factors, with ion-specific differences over some of the
detected phenolics. This is consistent with the high sensitivity of this class of bioactive compounds to
environmental factors. This work indicated that certain combinations of the experimental factors
tested can be exploited to improve the biochemical profile and possibly the nutraceutical quality of
baby lettuce in a floating system.

Keywords: Lactuca sativa; salinity; iso-osmotic nutrient solution; hydroponics; cations;
secondary metabolites

1. Introduction

Lettuce (Lactuca sativa L., Asteraceae) is increasingly popular around the world, mainly
because it can satisfy the rising consumer demand for healthy, crisp, fresh, and easily
prepared plant food [1]. In addition to being a central element for weight loss diet programs,
the consumption of lettuce is also expanding because of its nutritional value, characterized
by a high ratio of bioactive phytochemicals (such as vitamins and phenolic compounds) to
calories [2]. Another reason for the commercial success of lettuce is that plant breeding has
produced L. sativa varieties with a remarkable morphological and compositional variability,
for example, for the tint, anthocyanin pigmentation pattern, and intensity of the color of
the leaf, as well as head compactness and leaf margin [1].

In view of the myriads of classifications, main traditional horticultural types of lettuce
are probably butterhead (cabbage), crisphead, Latin, leaf, lollo, romaine (cos), and stem
(stalk). In recent years, the vegetable market in high-income countries has seen a steady
increase in the fresh-cut food sector (e.g., baby leaves), especially for commercial products
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that include leafy vegetables with different colors and shapes [3]. The rise of baby leaf
salad mixes is closely dependent on the affordability of indoor, greenhouse, and plant
factories’ cultivation systems based on a variety of soilless techniques (such as hydroponics,
aquaponics, and aeroponics), and on the ease of access to reliable temperature-controlled
supply chains [4,5]. Although a universal definition may not be possible considering the
multitude of plant species, baby leaf vegetables are broadly defined as those harvested
between the development of the true leaves and the eighth true-leaf stage [6,7]. In particular,
baby leaf lettuce is typically sowed at high density and harvested when leaves surpass the
size of 8 cm. Another important feature is that baby-lettuce also offers the possibility to
have multiple harvests (cut-and-come again strategy). Plants are mechanically trimmed a
few centimeters from the substrate and then let to grow up to three or four times.

The phytochemical profile in vegetables is rapidly modified following exposure to
stress [8]. This flexible metabolic response has been exploited to activate pathways that
may increase the quality of the vegetables [9,10]. A controlled application of the dose and
duration of a chemical, physical, or biological stressor may cause a positive effect on the
nutritional value of the edible product, thus leading to the definition of eustress [11]. The
majority of studies have exploited NaCl [12,13], probably because of the ecological and
agronomic relevance of this salt and the related wealth of knowledge [14]. Although it
is long known that salinity causes detrimental effects at high concentrations (typically,
above 4 dS/m), salt is a widely employed chemical (eu)stressor in horticulture because it
can be precisely manipulated and automatically controlled in soilless cultivation systems
by simply managing the nutrient solution [15,16]. In several crops, the response to a
mild to moderate salinity may lead to a relative increase of useful compounds, without
occurring in large yield penalties [11,17,18]. For instance, a reduced amount of NaCl can
increase primary metabolites (typically measured by total soluble content and/or organic
acids) in major horticultural crops such as tomato, eggplant, pepper, melon, watermelon,
and cauliflower [19–24]. Similarly, eustress can promote bioactive secondary compounds.
Limiting our attention to a few leafy vegetables, NaCl can increase vitamin content in spiny
chicory [25], carotenoids in cos lettuce [26], polyphenols in broccoli [27], and anthocyanins
in red leaf lettuce [28]. Nonetheless, the phytochemical response to NaCl is also affected
by the variety, with conflicting results in the literature in relation to the effect of mild-to-
moderate salt-stress [29–33].

Previous studies on lettuce growing in hydroponics indicated that a mild NaCl salinity
(i.e., between 5 and 30 mM) could improve the nutritional profile, often without a large
yield loss [34–36]. In this work, we aimed to understand whether the phytochemical
responses to chemical eustress in baby lettuce vary according to different salts. Specifically,
we employed three iso-osmotic nutrient solutions that included NaCl, KCl, or CaCl2, and
monitored the accumulation of the main polyphenols and anthocyanins by HPLC in two
differently pigmented (green and red) baby lettuce varieties. In addition, we also analyzed
plants in two consecutive harvests, not only because baby lettuce is a typical cut-and-come
again crop in professional horticulture, but also considering that the effects of the exposure
to suboptimal saline conditions may be more evident over a longer period of time [33].

2. Materials and Methods
2.1. Plant Material, Growing Condition, and Experimental Design

This work was carried out using two Lactuca sativa L. cultivars, namely, ‘Green Salad
Bowl’ (hereafter GSB) and ‘Red Salad Bowl’ (hereafter RSB) from the Società Agricola
Italiana Sementi (Cesena, Italy), with green and red leaves, respectively. The experiment
was carried out in the spring cycle (21 March to 4 May), in an unheated greenhouse at the
“Azienda Agraria e Zootecnica Universitaria Torre Lama” (Bellizzi, Salerno, Italy) of the
Department of Agricultural Sciences (Federico II University of Naples) [35]. Seeds were
germinated in polystyrene trays, providing a density of 1149 plants per square meter. Eight
days after sowing (DAS), trays were moved to a hydroponic floating system. Polystyrene
tanks were filled with 150 L of nutrient solution (NS), and replenished when necessary to
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maintain a constant volume. NSs were changed weekly. Each experimental unit (see below)
relied on an independent tank equipped with an immersion pump to ensure a dissolved
oxygen level above 6 mg/L. Lettuce plants were grown under natural light conditions.
Inside the glasshouse, the mean air temperatures was 22 ◦C, varying between 17 and 26 ◦C,
and the relative humidity was around 55%/70% during day/night, respectively. We used a
completely randomized design with three experimental factors (i.e., categorical variables):
the cultivar (two levels: GSB and RSB), the salt (four levels: basal NS as a control, NS plus
NaCl, NS plus KCl, and NS plus CaCl2), and the harvest (two levels: first and second).
Each experimental thesis (i.e., block) was replicated three times and randomly distributed
in the greenhouse. The composition and the electric conductivity of the basal NS (no salt
added) and of the three saline treatments were as reported in [35]. Briefly, the basal NS
is a modified Hoagland’s solution (N-NO3

−: 13.0 mM; N-NH4
+: 1.0 mM; S: 1.75 mM; P:

1.5 mM; K: 5.0 mM; Ca: 4.5 mM; Mg: 2.0 mM; Fe: 20 µM; Mn: 9 µM; Cu: 0.3 µM; Zn: 1.6 µM;
B: 20 µM; Mo: 0.3 µM; pH 6.0), and the NSs with NaCl, KCl, or CaCl2 were obtained by
adding 20 mM NaCl, 20 mM KCl, or 13.3 mM CaCl2 respectively, to yield isosmotic NSs
with a final molar concentration of 40 mM. All NSs were prepared using deionized water.
Leaves were harvested at the commercial stage of the no-salt control treatment: 25 and
29 DAS for GSB and RSB respectively, at the first harvest, and 43 and 45 DAS for GSB and
RSB respectively, at the second harvest.

2.2. Morphological Measurements

At the two harvests, we measured the height of the plants, the number of leaves per
plant, and the fresh weight (fw) of the leaves using a laboratory scale (ME-T Analytical
Balance, Mettler Toledo, Italy). The surface of each leaf was measured with a bench-top
area meter (LiCor 3100C; LI-COR Biosciences, Lincoln, NE, USA). Leaves were then stored
in paper bags, dried in a forced-air oven at 70 ◦C for three days, and then weighted to
obtain the dry weight (dw). The specific leaf area (SLA) was calculated as the ratio between
the area and dw of the leaves [37] and expressed as cm2/g dw. Leaf succulence (LSU) was
calculated as the ratio between the leaf area and the water content at harvest (fw − dw),
expressed in mg (of H20) per cm2 [38].

2.3. Quantification of Polyphenols

At harvest, leaves were freeze-dried in an Alpha 1-4 freeze drier (Christ, Osterode,
Germany), and total polyphenols were extracted from approximately 0.2 g of lyophilized
leaf powder, as reported [39]. Briefly, samples were homogenized in eight mL of a methanol-
water-formic acid solution (25/24/3 v/v/v), mixed with a vortex, sonicated, mixed again
on a rotatory shaker, cold-centrifuged twice, and filtered through a 0.22 mm gauge cellulose-
based filter. For HPLC analysis, a 20 µL aliquot of the clean supernatant was analyzed (two
technical replicates) according to previously described procedures [38] using a Prodigy
ODS3 250 mm × 4.6 reversed-phase C-18 (Phenomenex, CA, USA) column, with a flow
rate of 1 mL/min, installed into LC-10A apparatus (Shimadzu, Kyoto, Japan) equipped
with an SPD-M10A DA detector (Shimadzu) and a Series 200 Autosampler (Perkin Elmer,
Waltham, MA). Five phenolic acids were identified by LC-MS and quantified on calibration
curves built with chlorogenic acid and cichoric acid (with HPLC). The cyanidin-malonyl
glucoside was identified by LC-MS and quantified using the oenin to build a standard curve.
HPLC-grade solvents and standards were purchased from Sigma-Aldrich (Milan, Italy).

2.4. Statistical Analysis

Morphological measurements were performed on ten lettuce plants per experimental
block, replicated three times (for a total of thirty plants per treatment). For the biochemical
evaluation, we analyzed leaves from three plants per each experimental block. Data are
reported as mean ± standard error of the mean (SEM). Mean separation among factors (i.e.,
Cultivar, Salt, and Harvest) and their interaction on the dependent variable was performed
with a three-way analysis of variance (ANOVA), using a significance level (α) of 0.05.



Horticulturae 2021, 7, 264 4 of 13

A user-defined contrast analysis was carried out to compare the different levels of salt
treatment, namely, “no salt vs. CaCl2-KCl-NaCl (named L1), “CaCl2 vs. KCl-NaCl” (L2),
“KCl vs. CaCl2-NaCl” (L3), and “NaCl vs. CaCl2-KCl” (L4). A simple effects analysis
(e.g., pairwise comparisons) was also performed to look at the effect of the Salt factor
at individual levels of the other independent variables (Harvest and Cultivar). Post-hoc
analysis for the main effect of the categorical variables was performed with the Tukey
HSD procedure for the Salt factor, or the independent two-tailed Student’s t-test for the
Cultivar and the Harvest factors. All statistical tests were carried out with the IBM SPSS 26
software (Armonk, NY, USA). The principal component analysis (PCA) was performed in
R as described in [40].

3. Results
3.1. Effects on the Morphological Parameters

The Cultivar (C) was the investigated experimental factor that had a significant
influence on all the analyzed morphological parameters (Table 1). Specifically, post-hoc
mean separation by a t-test revealed that the GSB plants were slightly taller (+4.6%) and
with a higher number (+15.4%) of heavier (+17.2%) leaves, irrespective of the slightly
shorter time to reach commercial maturity compared to RSB. GSB plants also had a higher
succulence (+9.0%) and a lower specific leaf area (−13.4%), indicating that this variety was
less efficient in building leaf surface per dry matter and that the higher mass is due mainly
to higher water content.

The main effect of the factor Salt was a reduction of the plant height (on average
−16.0%) and of the fresh weight of the leaves (−16.2%) compared to the no-salt condition
(Table 1). With the aim of determining whether the influence of the different salts is
significantly different from one another, we performed a contrast analysis. The data
indicated that the salt treatment (e.g., the increase of the NS molarity) statistically influences
the height and the fresh weight, and that the main effect of each added salt (for example,
KCl) was not different from that of the other two (for example, CaCl2-NaCl) (Supplementary
Table S1). To obtain a detailed view of the effect of the salt in each experimental condition,
we also built a pairwise comparison table. The data indicated that at any level of the other
categorical variables (Cultivar and Harvest), the effect of each type of salt (i.e., KCl, CaCl2,
and NaCl) on plant height and fresh weight was not statistically different (Supplementary
Tables S2 and S3). In addition, pairwise comparisons indicated that the reduction in height
was similarly present for both cultivars and for all the saline conditions at the second
harvest (Supplementary Table S3). On the other hand, a significant reduction of the amount
of water per dry matter (e.g., succulence) was observed for the NaCl treatment (−5.7%
compared to the no-salt control) (Table 1).

The main effect of the factor Harvest was present for the number of leaves, higher at
H2 (Table 1). At the second harvest, the leaves were more numerous but with a significantly
lower specific leaf area, while succulence was not affected. Overall, the main effect of
the factors S and H on the measured morphological parameters was different, except for
fresh weight.

There were significant two-way interaction effects between H with C or S on the
height of the plants and between H and C on the fresh weight and succulence of the leaves
(Table 1). Interestingly, the analysis of the factors’ interaction revealed that the response of
the two cultivars to the salt was substantially similar. The significant two-way interaction
between S and H on plant height can be explained considering that in the no-salt condition,
the GSB were taller than RSB, but plants growing in saline conditions had equal height,
with a stronger reduction only for the RSB plant with KCl (Table 1). The response of the
two cultivars to the harvest was markedly different. While at the first harvest the GBS
plants were taller than at H2, the RSB were higher, which rendered the height of the two
cultivars not significantly different at the second harvest. A difference between the two
varieties was that the leaves of the RSB plants were higher at the second cut, while the
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weight of GSB was not different. Finally, there was not a two-way interaction that varies
across levels of a third categorical variable.

Table 1. Effect of the experimental factors (Cultivar: C, Harvest: H, Salt: S) on the height, number of leaves, leaf fresh weight
(LFW), specific leaf area (SLA), and leaf succulence (LSU) of the two baby lettuce varieties, GSB and RSB. The significance of
the factors and their interactions was evaluated with a three-way ANOVA, using the Tukey test as a post-hoc test for mean
separation among conditions. Data are mean ± SEM. n.s.: not significant; *: p < 0.05; **: p < 0.01; ***: p < 0.001.

Source of Variance Height (cm) Leaves (No.) LFW (g fw/Plant) SLA (cm2/g fw) LSU (g/cm2)

Cultivar (C)
GSB 14.83 ± 0.36 a 6.12 ± 0.08 a 3.73 ± 0.12 a 536.32 ± 15.56 b 35.62 ± 0.69 a
RSB 14.18 ± 0.39 b 5.30 ± 0.08 b 3.18 ± 0.14 b 608.66 ± 18.02 a 33.28 ± 0.45 b
Salt (S)
Control 16.49 ± 0.61 a 5.77 ± 0.12 3.90 ± 0.22 a 544.52 ± 22.58 34.70 ± 0.45 a
CaCl2 13.90 ± 0.32 b 5.63 ± 0.18 3.54 ± 0.20 ab 563.04 ± 27.82 36.30 ± 1.25 ab
KCl 13.77 ± 0.39 b 5.81 ± 0.16 3.18 ± 0.17 b 592.68 ± 28.28 33.69 ± 0.89 ab
NaCl 13.86 ± 0.32 b 5.63 ± 0.19 3.20 ± 0.13 b 589.72 ± 24.89 33.11 ± 0.50 b
Harvest (H)
1 14.49 ± 0.22 5.58 ± 0.11 b 3.29 ± 0.15 b 612.58 ± 14.16 a 35.09 ± 0.81
2 14.51 ± 0.49 5.85 ± 0.12 a 3.62 ± 0.13 a 532.40 ± 18.45 b 33.81 ± 0.33
C × S
Control, GSB 16.57 ± 0.63 5.97 ± 0.17 4.09 ± 0.30 502.71 ± 19.01 37.78 ± 2.35
CaCl2, GSB 14.36 ± 0.56 6.17 ± 0.12 3.94 ± 0.18 505.22 ± 31.55 35.68 ± 0.51
KCl, GSB 14.06 ± 0.76 6.20 ± 0.15 3.49 ± 0.18 563.52 ± 32.90 34.95 ± 0.86
NaCl, GSB 14.33 ± 0.51 6.13 ± 0.21 3.41 ± 0.17 573.82 ± 34.14 34.06 ± 0.85
Control, RSB 16.41 ± 1.12 5.57 ± 0.15 3.71 ± 0.32 586.32 ± 34.39 34.82 ± 0.68
CaCl2, RSB 13.45 ± 0.22 5.10 ± 0.10 3.13 ± 0.28 620.86 ± 32.74 33.73 ± 0.51
KCl, RSB 13.47 ± 0.21 5.42 ± 0.17 2.87 ± 0.25 621.84 ± 45.78 32.42 ± 1.44
NaCl, RSB 13.39 ± 0.30 5.13 ± 0.12 3.00 ± 0.19 605.62 ± 38.21 32.15 ± 0.11
S × H
Control, 1 14.85 ± 0.28 b 5.72 ± 0.12 3.68 ± 0.34 548.04 ± 21.76 38.44 ± 2.15
CaCl2, 2 13.56 ± 0.29 bc 5.73 ± 0.24 3.79 ± 0.15 526.88 ± 50.71 34.53 ± 0.51
KCl, 2 13.05 ± 0.43 c 6.03 ± 0.22 3.35 ± 0.22 535.43 ± 33.53 33.93 ± 0.53
NaCl, 1 14.39 ± 0.41 bc 5.47 ± 0.26 3.18 ± 0.18 653.14 ± 18.64 33.58 ± 0.64
Control, 2 18.12 ± 0.71 a 5.82 ± 0.23 4.12 ± 0.27 540.99 ± 42.01 34.16 ± 0.65
CaCl2, 1 14.25 ± 0.56 bc 5.53 ± 0.28 3.28 ± 0.36 599.19 ± 17.62 34.88 ± 0.79
KCl, 1 14.48 ± 0.52 bc 5.58 ± 0.21 3.01 ± 0.27 649.94 ± 32.91 33.44 ± 1.77
NaCl, 2 13.33 ± 0.40 bc 5.80 ± 0.28 3.23 ± 0.21 526.30 ± 27.75 32.63 ± 0.78
C × H
GSB, 1 15.44 ± 0.10 a 6.00 ± 0.08 3.80 ± 0.17 a 575.66 ± 17.65 37.14 ± 1.16 a
GSB, 2 14.22 ± 0.68 bc 6.23 ± 0.13 3.66 ± 0.16 a 496.98 ± 20.48 34.10 ± 0.47 b
RSB, 1 13.55 ± 0.15 c 5.15 ± 0.09 2.77 ± 0.12 b 649.50 ± 16.72 33.04 ± 0.79 b
RSB, 2 14.81 ± 0.73 ab 5.46 ± 0.11 3.59 ± 0.20 a 567.82 ± 27.85 33.52 ± 0.46 b
Cultivar (C) * *** ** *** **
Salt (S) *** n.s. ** n.s. *
Harvest (H) n.s. * * *** n.s.
C × S n.s. n.s. n.s. n.s. n.s.
S × H *** n.s. n.s. n.s. n.s.
C × H *** n.s. ** n.s. *
C × S × H n.s. n.s. n.s. n.s. n.s.

3.2. Effect on Polyphenols and Anthocyanins

The quantification of main polyphenols in leaves (caffeoyltartaric acid: CTA; 5-
O-caffeoylquinic acid, aka chlorogenic acid: 5-CQA; caffeoylmalic acid: CMA; di-O-
caffeoyltartaric acid, aka cichoric acid: DCTA; meso-di-O-caffeoyltartaric acid: m-DCTA;
3,5-di-O-caffeoylquinic acid, aka isochlorogenic acid: 3,5-DCQA) indicated that the factor
Cultivar played a significant role in determining the phytochemical profile, with all the
polyphenols significantly affected (Table 2). Considering the averaged value across the
levels of the other categorical variables, the RSB cultivar accumulated a 3 times higher
amount of the analyzed polyphenols compared to the GSB. This was mainly due to 5-CQA
and DCTA, which represented around 85% of the total sum of these phytochemicals.
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Table 2. Effect of the experimental factors (Cultivar: C, Harvest: H, Salt: S) on the polyphenols and anthocyanins of the two baby lettuce varieties, GSB and RSB. CTA: Caffeoyltartaric
acid: CTA; 5-CQA: 5-O-caffeoylquinic acid, aka chlorogenic acid; CMA: caffeoylmalic acid; DCTA: di-O-caffeoyltartaric acid, aka cichoric acid; m-DCTA: meso-di-O-caffeoyltartaric
acid: m-DCTA; 3,5-DCQA: 3,5-di-O-caffeoylquinic acid, aka isochlorogenic acid; CMG: cyanidin-3-(6-malonylglucoside). Data are mean ± SEM. The significance of the factors and their
interactions was evaluated with a three-way ANOVA, using the Tukey test as a post-hoc test for mean separation among conditions. n.a.: not available; n.s.: not significant; *: p < 0.05;
**: p < 0.01; ***: p < 0.001.

Source of
Variance

CTA
(mg/100 g dw)

5-CQA
(mg/100 g dw)

DCTA
(mg/100 g dw)

m-DCTA
(mg/100 g dw)

3,5-CQA
(mg/100 g dw)

Sum Phenolic Acids
(mg/100 g dw)

CMG
(mg/100 g dw)

Cultivar (C)
GSB 50.18 ± 3.73 b 32.98 ± 3.69 b 452.77 ± 52.01 b 14.57 ± 1.28 b 20.65 ± 1.87 b 571.15 ± 59.81 b n.a.
RSB 70.04 ± 8.97 a 200.22 ± 28.16 a 1049.32 ± 161.60 a 50.51 ± 8.56 a 90.3 ± 8.77 a 1460.39 ± 213.64 a 8.42 ± 1.21
Salt (S)
Control 57.16 ± 7.09 b 134.39 ± 38.18 ab 776.68 ± 153.31 ab 30.91 ± 7.38 ab 62.16 ± 14.14 1061.30 ± 213.45 ab 8.51 ± 2.26 ab
CaCl2 81.45 ± 15.72 a 149.17 ± 53.43 a 1066.36 ± 288.34 a 48.67 ± 16.57 a 62.45 ± 17.29 1408.09 ± 387.60 a 12.81 ± 3.34 a
KCl 46.67 ± 4.38 b 74.27 ± 16.50 b 478.03 ± 55.09 b 19.81 ± 2.67 b 43.16 ± 7.30 661.93 ± 79.93 b 4.24 ± 0.36 b
NaCl 55.16 ± 7.30 b 108.57 ± 32.22 ab 683.10 ± 163.99 b 30.78 ± 7.47 ab 54.14 ± 14.22 931.76 ± 222.07 b 8.12 ± 1.82 ab
Harvest (H)
1 39.79 ± 2.00 b 75.26 ± 11.49 b 423.10 ± 40.64 b 21.1 ± 2.32 b 46.61 ± 5.34 b 605.85 ± 60.12 b 4.89 ± 0.34 b
2 80.43 ± 7.94 a 157.95 ± 33.68 a 1078.98 ± 159.85 a 43.98 ± 9.29 a 64.35 ± 12.27 a 1425.69 ± 219.50 a 11.95 ± 1.94 a
C × S
Control, GSB 57.94 ± 8.45 b 50.98 ± 10.27 595.71 ± 140.96 bc 17.77 ± 3.42 bc 27.95 ± 3.19 750.34 ± 161.82 bcd n.a.
CaCl2, GSB 57.18 ± 7.94 b 31.92 ± 4.36 550.13 ± 106.44 bc 16.04 ± 2.38 c 19.05 ± 4.13 674.33 ± 116.71 cd n.a.
KCl, GSB 43.86 ± 7.10 b 24.62 ± 3.49 351.93 ± 68.19 c 12.48 ± 1.10 c 20.93 ± 2.82 453.82 ± 77.64 d n.a.
NaCl, GSB 41.73 ± 5.16 b 24.40 ± 4.49 313.29 ± 44.87 c 12.00 ± 2.66 c 14.67 ± 3.30 406.10 ± 56.81 d n.a.
Control, RSB 56.39 ± 12.23 b 217.79 ± 59.37 957.65 ± 265.42 b 44.04 ± 12.61 bc 96.37 ± 20.03 1372.25 ± 368.25 bc n.a.
CaCl2, RSB 105.71 ± 28.09 a 266.42 ± 83.91 1582.59 ± 497.89 a 81.29 ± 27.86 a 105.84 ± 23.36 2141.86 ± 657.31 a n.a.
KCl, RSB 49.47 ± 5.54 b 123.92 ± 14.13 604.12 ± 48.42 bc 27.14 ± 2.93 bc 65.38 ± 5.40 870.04 ± 68.98 bcd n.a.
NaCl, RSB 68.58 ± 11.65 b 192.75 ± 41.38 1052.92 ± 248.23 b 49.56 ± 9.87 ab 93.61 ± 16.00 1457.42 ± 321.28 ab n.a.
S × H
Control, 1 38.96 ± 4.89 d 69.11 ± 22.89 b 391.68 ± 91.61 d 17.47 ± 4.87 b 46.95 ± 8.41 ab 564.17 ± 127.58 c 4.10 ± 0.14 c
CaCl2, 1 42.49 ± 3.37 cd 69.43 ± 18.81 b 428.43 ± 68.24 cd 20.65 ± 4.26 b 41.36 ± 9.83 b 602.37 ± 101.88 c 6.12 ± 0.76 bc
KCl, 1 37.29 ± 3.87 d 81.61 ± 29.43 b 419.23 ± 99.29 cd 21.36 ± 4.68 b 49.98 ± 12.00 ab 609.47 ± 147.96 c 4.18 ± 0.26 bc
NaCl, 1 40.42 ± 4.51 d 80.87 ± 25.60 b 453.05 ± 84.20 cd 24.91 ± 5.42 b 48.13 ± 14.29 ab 647.39 ± 131.37 c 5.17 ± 0.73 bc
Control, 2 75.37 ± 8.04 b 199.66 ± 64.69 a 1161.67 ± 189.04 b 44.34 ± 11.99 ab 77.37 ± 26.76 ab 1558.42 ± 292.13 ab 12.93 ± 2.47 ab
CaCl2, 2 120.40 ± 21.67 a 228.91 ± 98.30 a 1704.29 ± 445.40 a 76.69 ± 29.59 a 83.53 ± 32.27 a 2213.81 ± 625.29 a 19.50 ± 3.23 a
KCl, 2 56.04 ± 5.84 bcd 66.93 ± 17.62 b 536.82 ± 45.96 cd 18.25 ± 2.90 b 36.33 ± 8.49 b 714.39 ± 71.53 c 4.29 ± 0.76 bc
NaCl, 2 69.89 ± 11.28 bc 136.28 ± 60.04 ab 913.15 ± 300.13 bc 36.65 ± 14.23 b 60.16 ± 25.91 ab 1216.13 ± 409.11 bc 11.07 ± 2.72 abc
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Table 2. Cont.

Source of
Variance

CTA
(mg/100 g dw)

5-CQA
(mg/100 g dw)

DCTA
(mg/100 g dw)

m-DCTA
(mg/100 g dw)

3,5-CQA
(mg/100 g dw)

Sum Phenolic Acids
(mg/100 g dw)

CMG
(mg/100 g dw)

C × H
GSB, 1 36.39 ± 2.70 c 27.63 ± 4.57 c 289.00 ± 39.17 c 13.18 ± 1.69 b 24.30 ± 2.86 c 390.50 ± 49.77 c n.a.
GSB, 2 63.96 ± 4.03 b 38.33 ± 5.56 c 616.54 ± 70.00 b 15.96 ± 1.92 b 17.00 ± 2.01 c 751.79 ± 80.92 bc n.a.
RSB, 1 43.19 ± 2.70 c 122.89 ± 10.88 b 557.20 ± 45.84 bc 29.01 ± 2.87 b 68.91 ± 4.52 b 821.2 ± 64.85 b n.a.
RSB, 2 96.89 ± 14.09 a 277.56 ± 45.94 a 1541.43 ± 251.14 a 72.00 ± 14.64 a 111.69 ± 14.76 a 2099.58 ± 335.21 a n.a.
Cultivar (C) *** *** *** *** *** *** n.d.
Salt (S) *** * *** ** n.s. *** **
Harvest (H) *** *** *** *** ** *** ***
C × S *** n.s. ** ** n.s. ** n.d.
S × H *** ** *** ** * *** *
C × H ** *** *** *** *** *** n.d.
C × S × H *** ** ** ** * ** n.d.
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The effect of the factor Salt was similarly critical, with all compounds but 3,5-CQA
significantly altered (Table 2). The post-hoc analysis indicated a significant main effect of the
different salts employed over the accumulation of specific polyphenols, with either CaCl2
or KCl providing the largest increase. To test differences between groups within our data in
relation to the salt in the NS (i.e., KCl, CaCl2, or NaCl), we performed a contrast analysis on
the polyphenols. Interestingly, the data indicated the importance of each specific salt added
to the NS, rather than an effect due to the simple increase of the salinity (Supplementary
Table S4). Specifically, the main effect of the CaCl2-NS on the various polyphenols was a
significant increase of the various compounds compared to the other two saline conditions,
while the KCl-NS had the opposite effect. This is also the reason why the effect of the NaCl-
NS was not significantly different from that of the other two NSs. The pairwise comparison
between experimental treatments indicated that the CaCl-NS specifically increased CTA in
the RSB leaves at the second harvest (Supplementary Table S5). For 5-CQA, the effect of
the three salts was different only at the second harvest in the RSB variety (Supplementary
Table S6). In particular, the KCl treatment associated with a significant reduction of 5-
CQA compared to the other salts and the controls, comparable to that of the GSB variety
under the same condition. At H2, leaves of the RSB plant treated with CaCl2-enriched NS
yielded the highest quantity of this polyphenol, higher than the other two saline solutions.
Similar behavior was present for the DCTA and for m-DCTA. The pairwise comparisons
also indicated that for the RSB variety and at the second harvest, the CaCl2 provided
a significantly higher amount compared to the no-salt and the KCl and NaCl nutrient
solutions (Supplementary Tables S7 and S8). On the other hand, leaves of the plants treated
with KCl-NS have a significantly lower amount of DCTA and m-DCTA compared to the
other two saline conditions (Supplementary Tables S7 and S8). Pairwise differences of
3,5-CQA between salt treatments in the various experimental conditions were more limited,
with a significant variation between CaCl2 and KCl in the RSB leaves of the second harvest
(Supplementary Table S9). The analysis of the sum of polyphenols according to the salt
indicated that their accumulation in RSB at H2 was significantly different in the CaCl2
and KCl compared to all the other conditions, while in the same experimental condition,
the NaCl treatment was different only from the other saline treatments (Supplementary
Table S10). The main effect of the harvest was significant over all the analyzed polyphenols,
with an almost 3-fold increase at the second harvest (Table 2).

Nonetheless, the combined effect of factors on polyphenols’ accumulation in leaves
(and their sum) was important because there were significant three-way interactions among
the categorical variables for all compounds. In relative terms, the highest positive combined
effect among the two-way interactions was present for Harvest and the Cultivar, with the
RSB variety showing the highest increase at H2.

The anthocyanin cyanidin-3-(6-malonylglucoside) was detected only in the red-pigmented
lettuce variety. While this did not allow to study the effect of the cultivar, it still permitted
to highlight the different effects of the employed salts. This major anthocyanin was present
at the second harvest in a higher quantity (+150%) (Table 2). Among the employed salts, the
CaCl2 treatment was associated with the highest increase, while KCl induced a reduction.
The S × H interaction on CMG accumulation in leaves was modest and positive (Table 2).

3.3. Multivariate Analysis of the Lettuce Response

To summarize the information content of our agronomic and phytochemical dataset,
we performed a principal component analysis on all the recorded traits, except CMG,
absent in the GSB variety. The first two components explained 80.6% of the total variance
(Supplementary Figure S1) and were used to graphically represent the relation among
samples and treatments (Figure 1).
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Figure 1. Principal component analysis (PCA) of the lettuce response. Each condition is colored according to the variety
(green: GSB, deep red: RSB). The shape of the symbol indicates the level of the factor Salt (circle: no salt, square: CaCl2,
triangle: KCl, diamond: NaCl). The plot displays the symbol as empty (H1) or filled (H2) according to the harvest. The
color and symbol legends are reported on the right side.

The plot revealed that samples were separated coherently with the genotype along
the first principal component (PC). Moreover, the distribution of the RSB samples along
PC1 and PC2 was much wider compared to the GSB samples, indicating a more variable
response to the experimental factors. The multidimensional reduction also highlighted
another difference between the cultivars. While the salt treatment mainly separated experi-
mental conditions of the GSB along the second principal component, the factor Harvest
mainly distributed samples along PC1, with those of the second harvest shifted toward
less negative values compared to those of the first harvest. This resulted in a coherent
clustering of the GSB samples, with, for instance, the no-salt treatment having the higher
(negative) values along PC2. The response of the RSB to the experimental condition was
more complex. For instance, the factor Harvest separated the RSB samples along the two
main components. Moreover, at the second harvest, RSB samples are more dispersed.
Overall, the multivariate analysis indicated that a large proportion of the variance can be
linearly explained by two main components, with sorting of the samples strongly influ-
enced by the genotype (e.g., cultivars were fully separated). The variation due to the saline
treatments between the two cultivars was different, with a more linear and tight ordination
for the GSB.

4. Discussion

By using iso-osmotic nutrient solutions, this study investigated the effect of mild
stress of three salts in lettuce and its interaction with successive harvests in two differently
pigmented baby leaf cultivars. It is known that controlled saline stress applied in a short
growing cycle can be employed to alter the phytochemical value of the edible product of
several vegetables [10]. We mainly focused on the phytochemical profile to understand if
different salts can provide significantly different responses, and if these responses are also
modulated by the variety and the harvest.

We did not observe significant three-way interactions on the key morphological traits
under investigation, despite their plasticity [41]. Specifically, the morphological analysis
indicated that the main effects of the salt treatment and the harvest were different, and
there was little interaction. Conversely, a main effect on all traits was detected for the factor
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Cultivar. In the control condition (no-salt), the GSB variety performed better compared to
the RSB, with slightly taller plants with more leaves. Nonetheless, the RSB compensated
for this difference with higher efficiency in terms of leaf area built per biomass. Under
non-limiting conditions, the GSB variety was able to produce denser leaves and to increase
leaf mass more than leaf area, resulting in a reduction of the SLA. The main effect of the
factor Cultivar was not altered by the saline treatments, with the two varieties having a
similar morphological response. The response to the saline condition was, as expected,
characterized by a growth reduction, and this was not influenced by the kind of salt
employed [42]. These alterations are, therefore, mainly due to the higher osmolarity of
the saline NS, as also reported in basil [43]. The presence of essential elements such as
K and Ca in the saline NSs was not able to provide significant advantages or to mitigate
the negative effects of increased salinity, at least in the typical short growing cycle of
the baby lettuce under non-limiting mineral availability. The excess of NaCl can cause
nutrient deficiencies or imbalances because of the antagonist competitions of the ions
with similar features on their availability, transport, and partitioning in plants [44]. An
increased supply of a mineral nutrient to the plants under saline conditions is not supposed
to improve plant growth if nutrients are already present in adequate amounts in the growth
medium [44]. This will also occur when the salt stress is severe, but we did not employ
chlorine concentrations that are expected to induce toxicity symptoms [45]. For instance,
in cucumber, CaCl2 salinity reduced yield at the high EC, to a level corresponding to low
NaCl salinity [46]. Nonetheless, a specific main effect of the NaCl was evident for the leaf
succulence only if compared to the no-salt condition, suggesting a slightly more severe
effect on this parameter compared to the other two employed salts.

The analysis of polyphenols indicated that the accumulation of these compounds
was highly affected by the experimental factors, with significant three-way interactions.
This is not unexpected considering that we tested the interaction among genotypic (i.e.,
the cultivars), environmental (i.e., the type of saline stress), and technical (i.e., successive
harvest) factors over a class of highly responsive chemicals. For instance, the analysis of the
main effect of the Cultivar highlighted that the higher accumulation in the no-salt condition
and the responsiveness to stress of the RSB variety are genetically determined. Red leaf
lettuces have a more complex phytochemical profile, and, in the future, it will be possible to
test if the association between leaf coloration and flexibility of the response in polyphenols’
accumulation holds true in an ampler panel of red cultivars. It is also necessary to add
that the initial level of total phenolic acids and flavonoids strongly varied between the
two analyzed cultivars, and this factor has been shown to be common in crop species,
and possibly also related to the salt tolerance [47–49]. Contrarily to the analysis of the
morphological traits, the accumulation of specific phenolic compounds showed differences
among the employed salts. In a complex framework of interactions, the CaCl2 solution
provided the most interesting results in the RSB cultivar at the second harvest. Finally,
our study focused on the quantitative variation of polyphenols, and more comprehensive
metabolomics studies may clarify whether the different salts stimulate the synthesis of new
polyphenolics.

Considering the multiple interactions and the different nature of the variables of our
dataset, we performed a PCA to increase the interpretability of the overall lettuce response
and to investigate similarities between samples in the various experimental conditions.
The relevance of the two main linear dimensions (explaining 80.6% of the total variance)
along with a coherent separation according to at least one factor (the cultivar) suggest that,
even in the presence of multiple interactions, meaningful (linear) biological information is
contained in the observed responses. Moreover, the PCA highlighted the discriminatory
force of the genetic factor and the different variability of the two varieties. Specifically, the
response of the GSB to salt was consistently altered by the harvest, with the NaCl condition
being more distant from the no-salt control. For the RSB variety, the PCA highlighted the
strong interaction between factors, with samples much more spread out at the second harvest
than at the first one, and with a lack of a clear clustering of the samples according to salt.
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5. Conclusions

Our study revealed the complexity of the lettuce response to mild salinity and supports
the notion that certain combinations of pre-harvest factors provide specific results. Notably,
the effects of the genotypic factor and its interactions were large even in two relatively
similar varieties that belong to the same horticultural group. All this may contribute to
explain why in lettuce, and other species, apparently inconclusive results are reported in the
literature, especially with respect to the phenolic content and its relation to salt stress and its
levels [33,50,51]. The morphological response of baby lettuce to the various saline solutions
was wide-ranging and mainly influenced by the osmolarity, with negligible ion-specific
alleviating or detrimental effects. The analysis of the phytochemicals indicated the highest
level of interaction among experimental factors, further showing the responsiveness of
phenolic compounds to environmental factors, as well as the possible role of breeding
in fixing divergent features (such as color and phytochemical composition) in differently
colored lettuce varieties [52].

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/horticulturae7090264/s1, Figure S1: Scree plot of the PCA representing the proportion of
variance accounted for by the principal components. Table S1: Contrast results of the morphological
traits significantly affected by the salt (height and fresh weight of the leaves, FWL). The user-defined
contrasts (L1, L2, L3, and L4) are specified in the Materials and Methods section. Table S2: Pairwise
multiple comparisons table of the effect of the salt treatment on the plant height. Table S3: Pairwise
multiple comparison three-way ANOVA table of the effect of the salt treatment on the fresh weight
of the leaves. Table S4: Contrast results of the polyphenols significantly affected by the salt. The
user-defined contrasts (L1, L2, L3, and L4) are specified in the Materials and Methods section. CE:
Contrast Estimate (mg/100 g dw). Table S5: Pairwise multiple comparison table of the effect of the
salt treatment on CTA. Table S6: Pairwise multiple comparison table of the effect of the salt treatment
on 5-CQA. Table S7: Pairwise multiple comparison table of the effect of the salt treatment on DCTA.
Table S8: Pairwise multiple comparison table of the effect of the salt treatment on m-DCTA. Table S9:
Pairwise multiple comparison table of the effect of the salt treatment on m-3,5-CQA. Table S10:
Pairwise multiple comparison table of the effect of the salt treatment on the sum of polyphenols.
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