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Nowadays, contamination of agricultural soils by different
ways of salinity is increasing as a result of human and
environmental factors that would reduce yield and quality of
agricultural crops. However, there are some plants that can
tolerate some degrees of salinity. Tomato is one of the
horticultural crops, moderately sensitive to salinity even that
salinity can improve its quality. So, a study was conducted
using four varieties of tomato under normal and salt stress (3,
6 and 9 dS m™) hydroponic conditions to evaluate tomato
quality. The results showed that increasing in salinity
improves the quality and taste of tomato with a reduction in
pericarp thickness, fresh weight and total protein. However,
when the degree of salinity exceeds 6 dS m™, a significant
difference was observed in fruit yield which was variety
dependent. Also, there was a significant difference between
salt tolerance, performance, and taste of different varieties.
Furthermore, it is found that the activity of guaiacol
peroxidase and catalase enzymes increased as well as an
increase in the level of salinity. Tomato cv. Super Chief with
the highest number of fruits per plant, high level of proline
and catalase activity, had the best performance against
salinity levels and was more resistant to salinity than other
varieties. Also, tomato ‘Super Chief’ had the highest taste
index with a slightly decline in the yield. Salt stress tomatoes
had more carotenoid than control but the level of 9 dS m
salinity was not tolerable by all varieties.
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INTRODUCTION

In arid and semi-arid lands, the plants are exposed to different undesirable conditions
throughout their life cycle; some of these plants can tolerate these stresses in different ways
depending upon plant species and type of stress. Salinity as the most severe abiotic factors is
one of the major environmental factors limiting plant growth and productivity. It is estimated
that about one-third of world’s cultivated land is affected by salinity (Kaya et al., 2002). Also
in some regions near to Urmia Lake which going to be dried completely, change to be a crisis.
Excessive salinity reduces the productivity of many agricultural crops including most of the
vegetables. So, knowledge of salt tolerance in vegetable plants is necessary to increase
productivity and profitability of crops imposed to salt stress. According to USDA report, out
of all vegetables, the tomato is moderately sensitive to salinity (La Pefia & Hughes, 2007). In
this case, several studies in the literature related the effects of the salinity on tomato crop.
Some of the projects rely on the sensitivity of most commercial varieties of tomato to
moderate levels of salinity up to 2.5 dS m™, without significant yield reduction (Singh et al.,
2012). The effects of the salinity on tomato may be either harmful, reducing the yield and
increasing the incidence of blossom-end rot, or beneficial (antioxidant), increasing fruits
concentration of soluble solids (Mizrahi & Pasternak, 1985; Pascale et al., 2001) and acidity
(Pascale et al., 2001), resulting in larger profit at processing. However, soluble solids, sugars,
acidity and pH are important quality parameters for both fresh market produce and processing
tomatoes.

Although much work has been done on the effect of salinity on various aspects of plant
growth and development, very little attention has been paid to the effect of salinity on fruits
quality and taste (Walker et al., 1979; Mizrahi, 1982). Increasing salinity can improve various
aspects of fruit quality, such as (I) proportion of ‘Extra’ fruits (high visual quality), (Il)
soluble solids content, and (111) titratable acidity content. Also, salinity decreased fruit size,
which is a major determinant of price. Mizrahi (1982) demonstrated that percentage of dry
weight, total soluble solids, and titratable acidity; content of reducing sugars, CI~, Na*, and
various pericarp pigments; and electrical conductivity of the juice was higher in fruits of
saline-treated plants compared to control plants, while the pH was lower. In the other study,
the fruit pH slightly decreased in accordance with the increase in total acidity and moderate
salinity, reduced tomato yield (Cuartero & Muifioz, 1999). Increasing in acidity has been
reported before, about salt-stressed vegetable crops such as tomato (Feigin et al., 1987;
Martinez & Cerda, 1989), cucumber (Martinez & Cerda, 1989), eggplant (Savvas & Lenz,
1996), and melon (Feigin et al., 1987), and it has been associated with an increase in the level
of organic acids. On the other hand, pulp thickness was significantly decreased by application
of 30 mM NaCl in pepper (Navarro et al., 2010). It has been shown that pepper salt tolerance
is cultivar-dependent (Chartzoulakis & Klapaki, 2000). But today's there are some of the
literature which imply on the improving effect of salinity stress on quality of tomato by
increasing the level of total soluble solids, including sugars, organic acids, and amino acids in
fruits (Krauss et al., 2006; Saito et al., 2008). An increase in soluble solids enhances not only
the market value of fresh fruit but also its processing efficiency is enhances because it
increases flavor and decreases water content (Stark et al., 1996). Sugar content is most
important in terms of fruit taste. However, in tomato, most investigations into salinity stress
have been agronomic and have tended to explain the phenomenon as a ‘concentration effect’
due to a reduction in the size of the fruit and these fruits alled ‘fruity tomato’ (Saito &
Matsukura, 2015). Salinity stress limits the productivity of agricultural crops, with adverse
effects on germination, plant vigor and crop yield (Munns & Tester, 2008), and by a decrease
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in fruit size and fruit number per plant in tomato (Magan et al., 2008). However according to
the difference between cultivars (species and genotypes) in salinity tolerance (Maggio et al.,
2004; Tester & Davenport, 2003), studies with new cultivars should be continued to evaluate
their degree of tolerance to saline stress. So, the objective of the present work was to
investigate the response of four tomato varieties which are cultivated widespread in regions
near to Urmia Lake affected by the salt.

MATERIALS AND METHODS

Plant materials

In this study, the effects of four levels of salinity (S0=0, S1=3, S2=6, and S3=9 dS m™) were
evaluated on yield and fruit quality (physiological and biochemical) of four cultivated tomato
varieties in East Azarbaijan, Iran. The mentioned varieties including; Falat, Super Chief,
Stone and Lesto and it is also notable that all of them possess appropriate yield, storability,
tasty and suitable for processing. Tomato seedlings were transplanted in 10-Liter black
polyethylene containers with dimensions of 30 cm top diameter, 24.2 cm base diameter and
23.8 cm depth, including sand under greenhouse conditions until fruit ripening. Irrigation was
done with one-half Hoagland solution supplemented with 0, 25, 50 and 75 mM of NaCl
solution with ECe values of 0.18 (control), 3, 6 and 9 dS m™!, respectively.

Measurements

Estimation of fruit quality and yield

Fruits were picked up when fully ripe and yield, fresh and dry weight of fruit, fruit diameter
and the qualitative characteristics of the fruits including total soluble solids (TSS), titratable
acidity (TA) and taste index (TSS/TA) were evaluated in three replications. At harvest time,
fruit number per plant was recorded. Fresh and dry (dried at 70 °C for 48 h) weight of fruits
were determined. Total soluble solids of tomato juice samples were measured with a digital
refractometer expressed as °Brix (Seyoum et al., 2009). Titratable acidity was determined by
titration of juice with 0.1 M NaOH (Magan, 2008). Fruit diameter was measured on three
points of the equatorial area of each fruit by Digital Caliper and recorded as mm. Fruit
carotenoids were extracted from the fruit pericarp by acetone (85%) and determined
spectrophotometrically according to Lichtenthaler and Weliburn (1983) method. Total
carbohydrates were measured following the method of Irigoyen et al. (1992), with appropriate
adaptations being made for our plant material. A sample of 0.5 g fresh matter was
homogenized twice with 95% ethanol (v/v) and washed with 70% ethanol (v/v), followed by
centrifugation at 1500 rpm at 2 °C for 15 min. Glucose, fructose, and sucrose were
determined in the resulting supernatant using spectrophotometer at 650 nm, using the
colorimetric assay with anthrone (VVan Handel, 1968).

Antioxidant enzymes activity measurements

One gram of either fresh leaf or root material was weighted individually and immediately
homogenized in 5 ml of 50 mM K—phosphate buffer (pH 7.0), brought to 5 mM Na-ascorbate
and 0.2 mM EDTA by the addition of concentrated stocks. The homogenate was centrifuged
at 10 000 rpm for 15 min at 4 °C. The resulting supernatant was used for enzyme assays. The
extraction was carried out at 4 °C. Proteins were quantified according to Bradford
(1976) method using albumin bovine serum as a standard. The activity of Catalase (CAT) was
determined by monitoring the disappearance of H>O; at 240 nm (extinction coefficient of
0.036 mM ~ ! cm 1) (Aebi, 1984). One unit of activity was defined as the amount of enzyme
required to decompose 1 pmol H>O> per min at 25 °C. The activity of Guaiacol Peroxidase
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(GPOX) was measured by monitoring the increase in absorbance at 470nm
(e=26.6mM ! cm ~1) during polymerization of guaiacol (Fielding & Hall, 1978). One unit
of activity was defined as the amount of enzyme producing 1 umol of tetraguaiacol per min at
25 °C.

Proline
Proline concentration was estimated by homogenizing 0.2 g fresh weight of fruit in 2 ml of
3% aqueous sulfo salicylic acid, centrifugation at 20000 rpm for 30 min. The supernatant was
decanted and the pellet was washed twice with 3% aqueous sulfo salicylic acid. The
supernatants were pooled and proline content was measured using ninhydrin reagent and
toluene extraction (Bates et al., 1973) and the method was calibrated for each determination
with standard proline solutions within the detection range of the method (0-39 ug mi?).
Malondialdehyde (MDA) concentration was determined as 2-thiobarbituric acid (TBA)
reactive metabolites (Zhang et al., 2007). About 1.5 ml extract was homogenized in 2.5 ml of
5% TBA made in 5% trichloroacetic acid (TCA). The mixture was heated at 95 °C for 15
min, and then quickly cooled on ice. After centrifugation at 5000 rpm for 10 min, the
absorbance of the supernatant was measured at 532 nm. Correction of non-specific turbidity
was made by subtracting the absorbance value measured at 600 nm. The concentration of
MDA was calculated in terms of nmol gFwW™,

Statistical analysis

A randomized block design as a factorial experiment with three replicates was adopted. The
data were statistically analyzed using one-way analysis of variance, and the means were
separated by Duncan’s multiple range test by the least significant difference (P < 0.05)
method using SPSS and MSTATC software.

RESULTS AND DISCUSSION

In this study, the effects of salt stress on physiological responses of tomato fruits grown
hydroponically in the greenhouse were investigated. Results showed that different levels of
salinity affect significantly on dry and fresh weight, pericarp diameter and yield (P < 0.01)
(Table 1). Fruit fresh weight, pericarp thickness and yield decreased significantly in treated
fruit as compared to control fruit but dry weight was increased.

Yield

The total yield of tomato is significantly reduced at 9 dS m™ salinity level, and it was about
10-fold reduction compare to control as there was just one to two fruit per plant in 9 dS m™
level of salinity in ‘Lesto’. The highest yield was obtained in ‘Super Chief’ although the
decrease in yield showed in all varieties (Table 1). Our results indicated that tomato yield
increased as EC of the nutrient solution increased from 0 to 3 dS m™ due to greater available
amounts of nutrients, while decreased as EC of the nutrient solution increased from 3 to 9 dS
m? likely due to an increase of salinity stress. This was in agreement with findings of
Rosadi et al. (2014). It can be because of variation in photosynthetic products translocation
toward root, decrease of plant top especially leaves, partial or total enclosed of stomata, direct
effect of salt on photosynthesis system and ion balance (increasing activity if Na* and Cl-ions
in the root zone) (Greanway & Munns, 1980), however, it would be different between
varieties. It has been demonstrated that the reduction of tomato fruit (cv. Daniela) yield by
salinity can be due to a reduction in both size and number of fruits (Del Amour et al., 2001).
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According to obtained results there is an inverse relationship between fresh and dry
weight with salinity as increasing in salinity levels resulting in a decrease in fresh weight (Fig.
1) while an increase in dry weight (Fig. 3) occurred. Among all verities fresh weight in ‘Falat’
decreased from 120 g plant® to 80, 78 and 63 in ‘Stone’, ‘Lesto’ and ‘Super Chief’
respectively (Fig. 2). In addition, production of biomass increased with salinity and it was
cultivar dependent as ‘Falat’ had the highest dry weight compare to other cultivars (Fig. 4).
Such variability between tomato cultivars for biomass reduction after the salt stress has been
stated previously by Alian et al. (2000), although Dasgan et al. (2002) study did not get
similar results.
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Total soluble solids and titratable acidity

Our results showed that salt enrichment in nutrient solution cause to increase in titratable
acidity (Fig. 5) and total soluble solids (Fig. 6) by 2.3% and 1.6 °Brix, respectively per 9 dS
m* salinity level. However, many researchers believe that tomato plants grown under salinity
conditions have increased fructose, glucose, total soluble solids, amino acids and organic
acids (Sato et al., 2006). The increase of soluble solids with the increasing water salinity
might have been caused by the reduction of the import of water by the fruit in saline
conditions (Sakamoto et al., 1999), and an active accumulation of solutes, mainly ions and
organic molecules typically produced in salt-stressed plants (Munns, 2002), with consequent
concentration of the soluble solids in the pulp. The increase in total soluble solids can be an
advantage but the increase in titratable acidity in higher levels of salinity is disadvantages
because the mentioned tomatoes require extra time and higher temperature for processing
(Giordano et al., 2000), and consequently the final product is costly. There was no significant
difference among varieties in both traits as all of them behave the same in regard to TSS and
TA. It seems that increasing in TSS and TA under salinity is not dependent to variety. Similar
results reported in previous works on tomato (Qaryouti et al., 2007; Zhang et al., 2016). Also,
the amount of taste index (TSS/TA) increased by 1.4 as salinity increased to 9 dS m™* (Fig. 7).
However, there was a significant difference among cultivars as ‘Lasto’ had the lowest taste
index compare to others as illustrated (Fig. 8). Some researchers have defined sugars, acids
(Kader et al., 1978) and sugars/acids ratio as good indicators of tomato flavor (Stevens, 1972),
as an important parameter in differentiating tomato flavor among varieties. In addition,
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increasing salt stress negatively affected growth and development of tomato. Although fruits
of salt-treated plants were smaller but had better taste than fruits of control plants.

Pericarp thickness

Results showed that salinity lead to a reduction in pericarp thickness but there were
differences between varieties in this regard. ‘Lesto’ had thicker pericarp than ‘Super Chief’,
although it did not affected by salinity (Fig. 9). This difference is highly likely due to variety
traits (Fig. 10). The carotenoid content of tomato in control was less than other levels of
salinity till 6 dS m™ as the pattern of the trend was dramatically increased (about 3.5-fold).
However, the amount of carotenoid was decreased at 9 dS m™ level of salinity in all varieties.
Salinity stress in ‘Super Chief” led to a 3.1-fold increment in carotenoid content at 6 dS m™ in
compare to control treatment. Although, the amount of carotenoid of tomato diminished at 9
dS m? in all varieties but ‘Super Chief’ had more color which was visually distinguishable
from those of other genotypes (Table 1).

The effect of salinity on fruit biochemical traits

Results showed that the interaction between variety and different levels of salinity had a
significant effect on fruit biochemical traits such as total protein, proline and carotenoid. In
addition, there was a significant effect of salinity on total carbohydrate, and also the
interaction between salinity and variety was significant in catalase and malondialdehyde
traits. In all the varieties, total protein value was more in control level and decreased at 3 dS
m? level of salinity but there was no significant difference between other levels of salinity
regarding the amount of total protein (Table 1). Protein content measurement revealed
genotype dependent variations as the lowest total protein value was found in ‘Falat’ in the
control and salinity treatments, while the others were similar. It seems that reduction of total
protein can be because of a decrease in protein synthesis or increase in protein hydrolysis.
Nevertheless, some of the findings showed that salinity causes a decrease in nitrate and
ammonium adsorption, and subsequently the amount of N and protein diminished in the plant
(Parviz & Satyawati, 2008). The results showed that the amount of proline in fruit
significantly increased as plants treated with greater salinity levels by 6 dS m™ (Table 1).

Table 1. Mean comparisons of different salinity levels and tomato varieties in studied traits

Variety Salinity levels  Total protein Proline Carotenoid Yield
(dS mt) ( mg gFW-1) (nM gFW-1) (mM gt

Falat 0 0.68bcdy 8.97¢ 0.781n 20.333°
3 0.48¢ 17.17¢ 0.841 21.667°
6 0.26¢ 33.04 2.07 ¢ 8.333¢f
9 0.22¢ 30.37¢ 1.16f 7t

Super Chief 0 2.992 14.62¢ 1.21f 26.6672
3 1.0 36.69" 1.31f 278
6 0.49¢ 64.77° 3.857 10.333¢%
9 0.57¢ 61.452 2.82¢ 7.333f

Stone 0 2.452 7.97¢ 0.54" 12.667¢
3 1.36" 15.2¢ 0.81 11.667¢
6 0.650< 39.81° 2.77° 6.333f
9 0.67¢ 28.48¢ 1.77¢ 39

Lesto 0 2.592 9.83¢ 0.87 10.333¢%
3 1.5° 15.83¢ 1.85¢ 109
6 0.92b¢d 31.78 3.27° 29"
9 0.670c 28.48° 2.244 0.667

+Numbers followed by the same letter are not significantly differents (P<0.05) based on Duncan’s multiple range test.
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However, the values of proline in all varieties were lower in control. A significant
difference also showed among varieties in relation with proline accumulation as ‘Super Chief’
had more proline at 6 dS m™. It is clear that proline is one of the compatible osmolites that is
produced in salt stress to adjust osmotic situation of cells (Gharsallah et al., 2016) but this
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capability is dependent to variety (Lutts et al., 1996) as shown in this report. Salinity stress
enhanced carbohydrate accumulation in fruits by 1.3 at 6 and 9 dS m™* concentrations of NaCl
and it was not related to variety (Fig. 11) as illustrated by fruit Brix (%) (Fig. 6). The
influences of salinity on carbohydrate content increment on tomato demonstrated by Yin et al.
(2009). Increasing in total carbohydrate could be because of starch accumulation and
increasing or changing in glucose, sucrose and fructose content (Yin et al., 2009).

The effect of salinity on antioxidant enzymes activity

The activity of Catalase (EC 1.11.1.6) enzyme increased at 6 and 9 dS m™ levels of salinity
compare to 3 dS m™ and control (Fig. 12). Also, the most activity of CAT enzyme belonged
to ‘Falat’, ‘Super Chief” and ‘Stone’ (Fig. 13). The response pattern of guaiacol peroxidase
(EC 1.11.1.7) activity was also the same as catalase in different levels of salinity (Fig. 14). In
contrast, the activity of guaiacol peroxidase (EC 1.11.1.7) was variety independent. Similar
results has been reported in maize (Gondim et al., 2012). The results revealed that increasing
in salt concentration resulted in higher levels of malondialdehyde content in fruit (Fig. 15).
Among different varieties, ‘Lesto’ with 3.3 had the highest amount of malondialdehyde
compare to ‘Falat’ and ‘Super Chief* (Fig. 16). MDA, a lipid peroxidation product, has been
used as an appropriate biomarker to evaluate the free radicals levels in the living cells
(Molassiotis et al., 2006). The results suggesting that ‘Lesto’ could be more sensitive to
salinity as the most decay occurs in their cell membrane lipids in compare with ‘Super Chief’
and ‘Falat’ varieties.

CONCLUSION

In hydroponic system adding salt to the nutrient solution is an easy way that improved tomato
fruit quality by increasing dry matter, total soluble solids and titratable acidity, but plant
growth and fruit production are negatively affected. The total yield of tomato significantly
reduced at salinity of 9 dS m™. Fruit quality was the only parameter which is positively
affected by salinity increment in nutrient solution. Although the tomato is moderately
sensitive to salinity but it was more variety dependent. The results show that the threshold
level of salinity for tomato, which has no significant effect on fruit yield, is 3.0 dS m™'.
However, the higher levels of salinity (6 or 9 dS m™!) cause a yield reduction of about 3.5% in
Falat and Super Chief, 5% in Stone, and 10% in Lesto varieties. It is suggested that moderate
salinity, with a low concentration of sodium, can be used in the production of the industrial
tomato, without significant yield losses. Furthermore, the results indicated that salinity stress
can lead to an increase in tomato carotenoids, although it was more variety dependent. The
changes were accompanied by visually discernible color differences in tomato products. Our
findings also show the considerable potential of salt stress in tolerable levels to obtain
tomatoes with higher levels of secondary metabolites like carotenoids and anthocyanin, and
consequently increasing its nutritional quality.
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