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Salinity of soil and water, is one of the major abiotic factors limiting plant productivity and crop yields. Interest in morphological and
biochemical characteristics of adaptation to environmental stresses cultivated plants has attracted the attention of many
researchers. In this interest and in order to compare the salt sensitivity of tomatoes, we have carried out analyzes are carried out
on four varieties of tomatoes (Marmande, Aicha, Heinz1573, Cerise), subjected to different concentration (0 mM, 70 mM, 145 mM to
200 mM). Our results show that the salt stress in a depressive effect on the growth of the tomatoes, and the four genotypes have
different reactions toward the increasing doses of NaCl. The synthesis of proline reaches an average rate of the order of 0.7563
mg/ml at 200 mM with Marmande variety. At the aerial level, glycine betaine has a beneficial effect on the achievement of osmotic
adjustment which has reached a high content of the order of 1.79 mg/ml at 200 mM of Nacl in the leaves of tomatoes. In addition,
salt stress affected the mineral composition by increasing the leaf content of Na*, but the rate of K* and Ca*? decreased
significantly K* until 173, 72 mg/g PSF and Ca*? until 62 mg/g PSF respectively from control to 200 mM.
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Introduction

Salinization is the major process of land degradation. It is one of the abiotic factors the most widespread in the world and which
greatly reduces agricultural yields. The harmful effect of this constraint is generally manifested by the limitation of the productivity
of cultivated plants (Ashraf 1999). This is because salinity affects several aspects of plant physiology, growth and development
(Borsani, et al., 2003). A metabolic response to salt stress is the synthesis of compatible osmolytes. These organic compounds play
a role in combating environmental stresses in living organisms. In many cases, environmental stresses threaten the stability of
protein conformation and therefore various osmolytes have been selected to stabilize intracellular macromolecules (Hong, et al.,
1992; Smirnoff 1993) response to salinity, therefore, genetic variability within a species is a valuable tool for screening and selecting
the most salt-tolerant varieties (Foolad, 1996; Cuartero, et al., 1999). Plants faced with undesirable situations such as high salt
concentrations decrease their osmotic potential by accumulating osmolytes that do not disrupt enzyme functionsso as to maintain
water uptake in water-poor soil (Demiral and Turkan 2006). The accumulation of these compatible solutes (osmoprotectants) such
as proline and glycine betaine, allows the maintenance of turgor and stabilization of proteins and membranes against the
destabilizing effects of abiotic stresses including salinity, drought and high temperature, which cause the depletion of cellular water.
Therefore, the accumulation of these solutes is an important factor that helps the plant to adapt to the saline environment (Bohnert,
et al., 1995; Garcia, et al., 1997). The physiological significance and mechanisms leading to proline accumulation in the genus
Lycopersicum are poorly understood. Furthermore, according to Cram (1976), sugars contribute up to at 50% of the total osmotic
potential in glycophytes subjected to saline conditions. The survival of tomato plants in saline soils depends on their ability to
synthesize organic compounds, such as proline and sugars (Fariba and Ehsanpour 2005; Flowers 2004) and the accumulation of Na*
and K* (Borsani, et al., 2003) to reduce the damage of salt stress. Tomato cultivars can differ in their susceptibility to salt stress
(Alian, et al., 2000; Chookhampaeng, et al., 2007), hence selection of tolerant cultivars can help improve the performance of
tomato plants under saline conditions. Potassium is an essential nutrient being the main inorganic nutrient for many land plants. As
a result, the K* transport systems implying a good selectivity of K* on Na* can also be considered as an important factor of salinity
tolerance (Rodriguez-Navarro 2000). In general, most research on salt tolerance in tomato has been developed in the wild vs.
domesticated species (Kahlaoui, et al., 2013). And very few reports on commercial cultivars are available. The main objective of the
present work was to evaluate the effects of salt stress on tomato (var. microtom) plant biochemistry and tolerance threshold. More
detailed study in this area is needed, including examining the effect of NaCl on compatible solutes like proline, glycine betaine,
minerals like Na*, K*, Mg?* and CI" in tomato.

Materials and Methods
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Preparation of the plant

The sowing of tomato seeds was carried out in the nursery and then the transplanting of the seedlings was carried out in a pot in a
greenhouse Experimental protocol Location of the test The trial was conducted at the Faculty of Natural and Life Sciences in Tiaret;
under semi controlled conditions (plastic greenhouse). The plant material used The varieties of tomatoes tested in this test are :
Marmande, Heinz 1573 Cerise and Aicha. Experimental device The test shall be conducted in plastic cylinders (P.V.C) with a
diameter of 10 cm and a height of 100 cm, each filled with a substrate composed of a mixture of well-decomposed organic matter,
sand and earth according to the respective proportions of 1.8.1. This device has three blocks; each block consists of 12 cylinders
with four varieties of tomato repeated with three repetitions. three saline concentrations are applied with 75, 145 and 200 mM of
NaCl respectively. For the control lot is irrigated with tap water (not salted). The experiment was conducted according to a random
experimental device with four treatments. Sowing is carried out in the nursery on March, 2013 at the rate of two seeds per pot at a
depth of 1 cm. Transplanting is carried out one month after sowing at the rate of one plant per cylinder. The seedlings are watered
with a nutrient solution until the six-leaf stage when saline treatment has begun. Phytosanitary treatment Before the start of the
experiment, the substrate used for the experiment was treated with an insecticide (karate) and a fungicide (Anvil5Sc). Irrigation
Every 48 hours’ irrigation is maintained at capacity in the field by the contribution of 250 ml of water for all lots; to calculate the
watering dose, the weight of the pot is subtracted after twenty-four hours of wiping from the weight of the pot saturated with
water. From transplanting until the application of saline stress, irrigation is provided with a nutrient solution, diluted in distilled
water at a rate of 2 g/l. This solution contains balanced nutrients to strengthen the vigor of plants, stimulate rooting, improve the
quality of crops and help the plant recover quickly in the event of a climatic accident. Methods and measurements carried out The
measurements were carried out one month after the application of the saline solution and concerned the morphological and
physiological parameters of the aerial part.

Proline determination

To 20 mg of the dry weight of the sample was added 1 ml of sulfosalicylic acid (3%). The resulting solution was stirred for 1 hour at
30°C. The samples were then centrifuged at 10000rpm for 5 minutes at 4°C. 125pul of the supernatant of each sample was put in
test tubes to which 125pl of glacial acid and 125ul of hydronin acid were added respectively. The tubes are then incubated in a
water bath for 1 hour at 90°C. The samples were cooled by immersing them in ice for 1 minute (Bates et al. 1973). Finally, 4 ml of
toluene was added to each tube and the reading was determined at 520 nm.

Determination of glycine betaine

To 0.5 g of the finely ground dry plant material was added 20 ml of distilled water. The solution obtained was incubated for 48 h at
25°C. The samples are then filtered and the filtrate is stored in the freezer until analysis. The thawed extracts were diluted 1:1 with
2 N sulfuric acid. 0.5 ml of the resulting solution was cooled in ice water for 1 h. KI-I2 reagent (0.2 ml) was added and the mixture
was gently vortexed. The samples were stored at a temperature of the order of 0-4°C for 16 hours. Then, the samples were
transferred into tubes to centrifuge them at 10,000 g for 15 minutes at 0°C. The supernatant is aspirated carefully with a
micropipette. As the solubility of the complex increases markedly with temperature, it is important that the tubes be kept cold until
the complex is separated from the acid medium. The pellet is dissolved in 9 ml of 1,2-dichloroethane (reagent). First wash with 0.5
ml and leave for 5 minutes. Mix the tubes with the vortex to achieve complete solubility in the solvent. After 2 hours, the
absorbance was measured at 365 nm with a UV- spectrophotometer, visible (Gieve and Grattan 1983). Glycine betaine standards
(50-200 pg/ml) were prepared in 2 N sulfuric acid and the procedure for estimating the sample was followed.

Determination of mineral matter composition

The plant was harvested after the treatments as defined and separated from the roots, and dried in a forced air oven at 65°C for 4
days for the determination of the dry weight (DS). The dried material was digested with HNO53:HCIO, (2:1, v:v). Concentrations of
K*, Mg®* and Na*, CI" weredetermined by ICP-MS using an Iris Intrepid ICP spectrometer (Thermo Electron Corporation, Franklin,
USA). Data reported are means of 3 values per treatment and error bars represent standard error.

Statistical analysis
Statistical processing was performed by Excel, Version 2016 and the parameters recorded were subjected to two-way analysis of
variance. Comparison means were performed by ANOVA test at the significant level of 0.05.

Results and Discussion

Effect of salt stress on leaf dry weight

Increasing Na™ in the solution significantly decreased leaf growth of tomato. Salinity had a more negative impact on the production
of the dry biomass of the aerial part of the plants of this glycophyte. The maximum production (5.31 g) of dry matter was observed
at an average salt concentration of 70 mM (Fig. 1). Attenburrow and Waller (1980) observed a significant drop in dry matter yield of
tomato plants by increasing salinity. Similarly, this is observed in our work, compared to the 1 mM control treatment, a remarkable
decrease in dry matter production was observed in tomato plants. Variations in dry matter production were also dependent on salt
types (Ryan, et al., 1975) and among the soluble salts NaCl is the most detrimental to plant growth and nutrient uptake (AL-
Rawahy, et al., 1990). In their experiments, seawater containing high amounts of NaCl produced a reduced amount of dry matter
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compared with soil salinity. Salinity decreases leaf area and relative growth rate (Alarcon, et al., 1994) which may contribute to
reduced weight and nut production in tomato (Mahajan and Tuteja 2005).

The impact of this abiotic constraint on dry aboveground biomass was also reported by Laaziza, et al., (2003), salinity reduced the
growth of the aerial parts of clover more than that of the roots. Similar results were reported by Dubey and Singh (1999).
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Fig. 1. Leaf dry weight.

Effect of salt stress on proline

The results of more recent authors are compatible with our current work, proportionally with the progression of salt stress, proline
synthesis increases gradually and more precisely in tomato leaves. The highest concentration of proline is marked in the stressed
marmande variety (200 mM) with a maximum value of 0.7563 (mg/ml) compared to the other concentrations, on the other hand
the stressed cherry variety marked a minimum value of 0.474 (mg/ml) compared to the other concentrations (Fig. 2). These data
are confirmed by the anova test which is very significant p<0.05.

The accumulation of proline is one of the most remarkable manifestations in plants to limit the effects of salt and water stress in
order to achieve the adjustment of the osmotic potential in the cytoplasm (Sannada, et al., 1995; Belkhodja and Benkablia, 2000).
Our results are consistent with those found by Syed, et al., (2011) on tomato, which suggests that the ability to increase proline
synthesis under salt stress can determine plant tolerance levels to salinity. It is possible that enhanced proline accumulation may
regulate several processes necessary for survival in the salt stress condition (Maggio, et al., 2002).
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Fig. 2. Proline rate.

Effect of salt stress on glycine betaine

The statistical study was very significant p<0.05, because variations in the magnitude of this parameter were howevernoted (Fig.
3). Our study shows that the variety heinz1573 recorded a significant accumulation of glycine betaine for the highest concentration
(200 mM), with a maximum value of 1.79 (mg/ml) compared to the other concentrations, on the other hand the stressed variety
marmande and for the concentration (200 mM) marked a minimum value of 1.71 (mg/ml) compared to the other concentrations.
Other work has studied the synthesis of glycine betaine in various plants subjected to salt stress. In the case of osmoregulation, the
compatibility of this glycine betaine solute (Glybet) is a compound that can potentially play a crucial role in effective protection
against salt, drought, and extreme temperature stress (Achraf and Harris 2004; Achraf and Foolad 2007; Chen and Murata 2008).
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Effect of salt stress on mineral composition in the aerial part

Salt tolerance in higher plants depends on how plants control salt transport through organs (Niu, et al., 2010). Indeed, salt

tolerance mechanisms are of three distinct types in plants: those that tolerate osmotic stress, those that exclude Na* and CI" from

their tissues and those that tolerate the accumulation of Na* and CI" in their tissues. their tissues (Haouala 2007, Munns and tester,

2008). This sensitivity or tolerance to salinity varies between species and varieties. In this study, the high sensitivity of the

marmande variety to salinity indicates that it does not tolerate a high accumulation of Na* in its tissues. Indeed, it is the variety

most affected by salt. The most tolerant variety is Heinz 1573, it has the lowest Na* content, which indicates that it is of type

“exclude”. It develops mechanisms to limit the accumulation of Na+ in its tissues (Maeshner, 1995).

Aicha and cherry hold an intermediate place between Marmande and Heinz1573, this indicates that these cultivars have some

sodium tolerance but not as high as Marmande. Salinity can affect Ca** and K* uptake, depending on species and salinity level

(Grattan and Grieve, 1999) (Fig. 4).

The effect of salt stress on Ca?* and K* content varied with varieties and salt load of irrigation water. We noticed two kinds of

behavior which can be summarized as follows:

o Statistical analysis showed significant difference for Ca’* and K* contents in all varieties regardless of the salt treatment
applied.

e The potassium and calcium levels of the leaves decreased under the effect of the salinity mainly for the Aicha variety, the
reduction in Ca®* is the lowest value recorded, being 62 ppm for 200 mM. For the K* ion, this fall is 173, this is the lowest value
displayed by the Marmande cultivar.
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