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Abstract: Salinity is one of the main limiting factors in agriculture, which can affect plants growth
and development, as a result of a disruption of homeostasis. Therefore, the understanding of the
mechanism of the plants for tolerate salinity stress is essential in order to develop new techniques
that may improve tolerance for optimizing crop yields. In this paper, we compare the response of
Cucumber (Cucumis sativus L.) and tomato (Solanum lycopersicum L.), grown by hydroponic culture,
to a moderate salinity of NaCl 60 mM. For that, root hydraulic conductance, relative water content
of leaves (RWC), stomatal conductance, fresh weight and dry weight ratio, and Na concentration in
shoot and root were measured. The results showed a significant decrease of root hydraulic conduct-
ance in both species treated with NaCl, revealing a higher resistance to water passage from root to
shoot, probably influenced by the increase of Na content after the treatment. In addition, stomatal
conductance in cucumber was reduced, accompanied by a decrease of fresh/dry weight ratio in the
root. Conversely, neither of those parameters changed in tomato. These experiments confirm the
evidence that cucumber and tomato follow different strategies in the adaptation to salinity, being
tomato more resistant probably due to the role of membrane water transporters. Despite that, more
specific studies would be needed in order to support this conclusion.
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1. Introduction

Plants are sensitive to the effects of abiotic stresses. The severity of those effects has
been increased as a consequence of climate change, which is endangering the agricultural
productivity in several planet areas [1]. Among all the abiotic factors, salinity is one of the
most harmful for crops yield. Salinity stress causes various effects on plant physiology,
such as reduction of seed germination and plant growth as a result of an osmotic stress
[2]. In the early stages, plants under salinity conditions could experiment some disturb-
ances, such as inhibition of cell expansion or stomata closure [3]. If this exposure is pro-
longed in a long term, more serious phenomena could take place, including reduction of
physiological and metabolic activity, alteration of primary and secondary metabolites
synthesis [2], early senescence, an increase of cytotoxic ions [3], and, as a last, cell death
[4]. Osmotic stress also affects water balance, causing water deficit, alteration of ion fluxes,
or water potential reduction, what leads to a loss of cell turgor or plant dehydration,
among other effects [5,6]. In addition, salinity can alter the uptake of some essential min-
eral nutrients, like N, P, and K [7].

To deal with these problems, plants, throughout evolution, have developed several
resistance mechanisms to avoid the harmful effects of salinity and, therefore, to allow
them to grow in hostile environments. Salt avoidance and salt exclusion are the two main
strategies followed by plants to alleviate the damaging effects of NaCl in the tissues. At
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the physiological level, osmotic adjustment plays a fundamental role in maintaining water
balance. This is achieved by accumulating a large amount of osmolytes like organic so-
lutes, which can stabilize the cell osmotic potential, or by controlling ions transport path-
ways. Furthermore, in recent studies, it has been demonstrated that some membrane
transporters perform a significant role in improving plant adaptation to salinity by main-
taining water flow in the tissues [4,8].

In this paper, we compare the adaptability to salinity of cucumber (Cucumis sativus
L.) and tomato (Solanum lycopersicum L.) in a controlled environment. Cucumber plants
are considered salt-sensitive while tomato has been described as high resistant crop [9,10].
Therefore, the objective of this study is to determine the effects of salinity in the water
relations in cucumber and tomato and to determine the possible mechanisms involved in
stress tolerance. For that, some physiological parameters like root hydraulic conductance,
relative water content, and fresh and dry weight ratio. In addition, sodium (Na) concen-
tration in the tissues was determined.

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

The experiments were carried out with plants of cucumber (Cucumis sativus) and to-
mato (Solanum lycopersicum). Seeds were pre-hydrated with deionized water with contin-
uous aeration for 24 h. Then, the seeds were germinated in vermiculite under dark condi-
tions in a 28 °C chamber for 2 days. After that, small plants were grown in hydroponic
culture in a growth chamber under controlled conditions: 16-h light and 8-h dark cycle
with temperatures of 25 and 20 °C and relative humidity of 80% and 60%, respectively.
The photosynthetically-active radiation (PAR) was of 400 umol m2 s, provided by LEDs.

For each species, the experimental design consisted of 16 plants placed in 4 12 L con-
tainers of n = 4 each one with Hoagland’s nutrient solution aerated continuously, com-
posed by: 6 KNOs, 4 Ca(NOs)2, 1 KH2POs and 1 MgSOs (mM), and 25 H3sBOs, 2 MnSOs, 2
ZnS0Oq, 0.5 CuSOsq, 0.5 (NH4)sMo7O2s and 20 Fe-EDDHA (uM). The solution was replaced
every week. After 2 weeks, NaCl was added to 2 of the containers until reaching a 60 mM
concentration. The other 2 served as controls. The plants continued growing under these
conditions for 12 days until sampling.

2.2. Root Hydraulic Conductance (Lo)

Root hydraulic conductance (Lo) was measured on roots detached from the shoot,
which were exuding under atmospheric pressure [11] for 10 min for control plants and
120 min for the NaCl treated ones. L0 was calculated as

Lo = Js/AY 1)

where Jv is the exuded sap flow rate and AW the osmotic potential difference between the
exuded sap and the nutrient solution into which the plants were placed. The measure-
ments were carried out 3 h after the onset of light. The Lo value was expressed in gH20-g
root DW-MPa.

2.3. Relative Water Content (RWC)

Relative water content (RWC) was calculated using a 1 cm? fragment from 4 fully
developed leaves, in which fresh weight, full-turgor weight, and dry weight were meas-
ured. For the turgor weight, the fragments were kept in darkness and humidity in a 4 °C
chamber for 24 h. For the dry weight, the fragments were placed in a 60 °C oven for 2
days.
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2.4. Stomatal Conductance

Stomatal conductance (mmol-m2-s') was measured using the TPS-2 Portable Photo-
synthesis System (PP Systems, Inc., Amesbury, MA, USA). Each measure was taken in the
second, third, and fourth fully expanded leaves.

2.5. Fresh Weight and Dry Weight Ratio

Fresh weight (FW) and dry weight (DW) were measured from the shoot and root of
each plant. For DW, each sample was placed in a 60 °C oven for 3 days. After this, the
ratio between FW and DW was calculated.

2.6. Ions Concentration

Dry shoots and roots were ground to a fine powder and were digested in a micro-
wave oven (CEM Mars Xpress, NC, USA), by HNOs: HCIOs (2:1) digestion. The ions con-
centration (mmol/g DW) was detected by inductively coupled plasma (ICP) analysis (Op-
tima 3000, PerkinElmer).

2.7. Statistical Analysis

The statistical analysis of the previous parameters was carried out with 32 variables
(2 species x 8 plants x 2 conditions). This analysis was performed using RStudio (RStudio
PBC, Boston, MA, USA) with R version 4.1.0. All the parameters were analyzed using one-
way ANOVA, followed by Duncan’s multiple comparison test, determining significant
differences between both treatments at p < 0.05.

3. Results and Discussion

The results showed that cucumber and tomato were affected differently by salinity
stress. As an exception, Lo under controlled conditions was considerably lower in plants
treated with NaCl in both species, as can be seen in Figure 1a. This result indicated a high
increase in water passage resistance from root to shoot in plants under salinity stress re-
garding the control ones [12].

However, the rest of the measured parameters gave different results for each species.
RWC, which expresses the water balance in the tissues [13], did not significantly change
in tomato plants (Figure 1b). However, in cucumber, this value decreased by almost 50%
in salinity conditions. Similar results appeared with stomatal conductance, which only
significative decreased in plants of cucumber subjected to salinity, as it appears in Figure
1c. In the case of FW/DW ratio, it declined both in shoots and roots in cucumber plants
grown with salinity. In plants of tomato, this was only reduced in shoots, however, no
significant differences were found in roots (Figure 1d). Finally, the concentration of Na in
shoots and roots of both species was significantly higher in plants stressed by NaCl than
in controls.

A remarkable fact in tomato plants grown under salinity is that a decrease of Lo ap-
peared but stomatal conductance did not significantly change. This could indicate that
water movement inside the plant was maintained. In addition, in the same plants, RWC
did not change in an opposite way than cucumber (they drop by almost half), indicating
that in tomato the water state balance of a plant was maintained [13]. The analysis of the
Na concentration was related to those results. Comparing these results by species, tomato
plants treated with NaCl, both in root and shoot, the increment of concentration was
nearly 50% lower than in cucumber plants. This factor reveals the possible existence of
some mechanisms in the roots that avoid Na uptake. All these results lead us to confirm
that tomato has a greater resistance to salinity.
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Figure 1. Physiological parameters: (a) Root hydraulic conductance (Lo), (b) relative water content (RWC), (c) stomatal
conductance, and (d) FW/DW ratio in shoots and roots in control conditions and salinity conditions (NaCl 60 mM). Each
bar represents the mean of 4 biological replicates + SEM. Columns with different letters differ significantly according to

Duncan’s test (p < 0.05).
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Figure 2. Na concentration in shoots and roots in control conditions and salinity conditions (NaCl
60 mM). Each bar represents the mean of 4 biological replicates + SEM. Columns with different let-
ters differ significantly according to Duncan’s test (p < 0.05).

Membrane water transporters could have a significant influence on this better adap-
tation since may allow water passage through the cells even when osmotic imbalance
blocks this movement by other pathways [6]. One of these transporters could be aqua-
porins. These are transmembrane proteins presented in most organisms, including higher
plants, belonging to the MIP superfamily (major intrinsic proteins), that intervene in the
water selective transport and other solutes [14-16]. Moreover, it has been shown that some
tonoplast aquaporins can transport some ions into the vacuole, which could alleviate the
osmotic imbalance [17]. However, it will be necessary to carry out more studies in order
to confirm the possible implications of aquaporins in the water balance maintenance in
the plant under salinity stress.
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4. Conclusions
In light of all these results, the main conclusions of this study are:

1. The maintenance of the water balance in the plant has a considerable influence on the
adaptation to salinity stress.

2. Tomato is able to resist salinity better than cucumber, as most of the water relations
in the plant have not been altered.

3. Membrane water transporters, like aquaporins, could have a key role in relieving the
harmful effects of salinity in the plant, although more in-depth studies will be needed
in order to confirm this fact.
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