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Abstract

High level of salinity adversely affects growth, productivity as well as quality of vegetable crops by
reducing photosynthetic capacity, enzyme activities, and by enhanced production of reactive oxy-
gen species (ROS). These ROS cause peroxidation of membrane lipids leading to disintegration of
cell membrane with the leakage of electrolytes. All these detrimental effects ultimately contribute
to the crop with reduced yield and low nutritive value. The present investigation was carried out
to test salt tolerance capacity of ten genotypes of tomato on the basis of growth, physiological and
biochemical characteristics. The results show that all the ten tested genotypes of tomato re-
sponded differently to 200 mM NaCl stress. Regarding growth parameters, BL-1076 gave higher
values, while Queen gave the lowest values for most of the parameters (plant height, number of
leaves, leaf area, shoot and root fresh weight and dry weight). Regarding physiological and bio-
chemical parameters, BL-1076 gave higher values for the activities of carbonic anhydrase and ni-
trate reductase, leaf chlorophyll content, relative water content, and activities of antioxidant en-
zymes (superoxide dismutase, peroxidase and catalase). However, genotype Queen gave the low-
est values for these parameters. On contrary, the least membrane damage (TBARS content) was
registered in BL- 1076, while the highest in Queen. Overall assessment of results leads to the con-
clusion that the genotype BL-1076 was found salt tolerant while Queen salt sensitive. The ten ge-
notypes may be arranged on the basis of their salt tolerance capacity in decreasing order as:
BL-1076 > Trust > Imperial > Tanshet star > PakmoreVF > L 26 > Plitz > Bonus F1 > Grace > Queen.
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1. Introduction

Tomato fruits are one of the important horticultural crops grown across the globe. Tomatoes are an excellent
source of antioxidants, dietary fiber, minerals, and vitamins [1]-[3] and are one of the low-calorie vegetables;
hold just 18 calories per 100 g. Total ORAC (Oxygen Radical Absorbance Capacity) or antioxidant power of
tomato has been noted as high as 1341 umol TE/100g [4]. In spite of being such an important commaodity, pro-
duction and quality of tomato does not meet the requirements, because low humidity and high temperature of
Tabuk region jointly accelerate the rate of evaporation which leaves behind the accumulated salts. High concen-
tration of NaCl, the dominant salt in the soil, poses osmotic stress and ionic stress, which reduces the ability of
plants to take up water and minerals [5] [6]. Moreover, hyper accumulation of sodium (Na*) ion in the cytosol
damages cell membrane leading to leakage of electrolytes and affects metabolic activities in cytosol [7]. The re-
sults of these effects lead to depressed physiological and biochemical processes. High level of salinity adversely
affects growth, productivity as well as quality of vegetable crops by reducing photosynthetic capacity, enzyme
activities by enhanced production of reactive oxygen species (ROS) which causes accumulation of malondial-
dehyde (MDA) content, which is one of the final products of peroxidation of membranes lipids [8]. Lipid pe-
roxidation leads to disintegration of cell membrane with the leakage of electrolytes. All these detrimental effects
ultimately contribute to the crop with reduced yield and low nutritive value. However, to scavenge ROS plants
are equipped with a system of antioxidant enzymes such as superoxide dismutase (SOD), peroxidase (POX), and
catalase (CAT). SOD converts superoxide radicals to H,0,, while CAT and POX dismutate H,0, into water and
oxygen. However, precise and timely activation of these antioxidant enzymes is vital so that plant cells could be
protected before the onset of any oxidative damage. It is a well known fact that plants show significant variation
to the environmental stimuli even at intra-specific level, thus timely and precise response to an adverse stimulus,
like salt stress, will decide the fate of the crop plant. A plant will show improved tolerance to salinity if it senses
the stress stimulus as early as possible and causes activation of its defence system. Therefore, to cope with the
detrimental situation of salt stress and to avoid losses due to salinity, identification of salt sensitive and tolerant
genotypes of tomato is of foremost importance. Considering the same in mind, the present investigation was
carried out to select salt sensitive and salt tolerant genotypes of tomato on the basis of growth and physiological
attributes.

2. Materials and Methods
2.1. Plant Culture

Surface sterilized healthy seeds of ten genotypes of tomato (Lycopersicon esculentum Mill.), namely BL-1076,
Trust, Imperial, Tanshet star, PakmoreVF, L 26, Plitz, Bonus F1, Grace and Queen were sown in seedling trays.
30 days after sowing (DAS), seedlings were transplanted to 10 cm diameter plastic pots, filled with acid-washed
sand. In each pot ten seedlings were established. Later on, thinning was performed and 5 healthy plants were
maintained in each pot. Plants grown in pots were kept under natural illuminated conditions (General climatic
conditions such as humidity, day/night temperature were recorded during the experiment). To fulfill nutrient re-
quirement of growing plants, all the pots were supplied with 50 mL of Raukura’s nutrient solution [9] every day.
The salts used to make up the nutrient solution were as follows: Macronutrient stock solution A (g-L%): Mg
(NO,), 6H,0, 4.94; NH,NO;, 8.48; KNO;, 2.28. Macronutrient stock solution B (g-L™): KH,PO,, 2.67; K,HPO,,
1.64; K,S0,, 6.62; Na,SO,, 0.60; NaCl, 0.33. Micronutrient supplement (mg-L"l): H;BOs, 128.80; CuCl,-2H,0,
4.84; MnC|24H20, 81.10; (NH4)5M070244H20, 0.83; ZnC|2, 23.45; CgHsFeO,-5H,0, 809.84. The applled di-
lute solution was prepared by mixing 100 mL of each of the macronutrient stock solution with 50 mL of the mi-
cronutrient supplement and diluting to 4.5 L with DDW. The pH was maintained at 6.0 by adding H,SO, or
KOH. 200 mM NacCl was also applied along with nutrient solution. To avoid osmotic shock, NaCl concentration
was increased by 25 mM every two days until the desired concentration of 200 mM was achieved. Each pot was
considered as one replicate and the treatment for each genotype was repeated three times.

Response of plants to salt stress was assessed at 60 DAS in terms of growth parameters viz. plant height, fresh
weight, dry weight, number of leaves, leaf area per plant (LA); and physiological and biochemical parameters
viz. carbonic anhydrase activity, nitrate reductase activity, leaf chlorophyll content (Chl), leaf relative water
content (LRWC), lipid peroxidation, and activities of antioxidant enzymes [superoxide dismutase (SOD), pe-

roxidase (POX), and catalase (CAT)].
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2.2. Measurement of Growth Attributes

Growth of plants in response to NaCl was assessed in terms of plant height, fresh weight, dry weight, number of
leaves, and leaf area per plant (LA). Dry weight was recorded by drying the plants at 80°C for 24 h.

The leaf area of about 10% of leaves (LA;) was measured by tracing the leaves on a graph paper and dry
weight of these leaves was recorded (W,). Leaf dry weight of total leaves per plant (W,) was registered. Leaf
area per plant was calculated using the following formula [10].

LA xW,
W,

1

Leaf area per plant =

2.3. Determination of Physiological and Biochemical Parameters

The activity of CA (E.C. 4.2.1.1) was measured using the method as described by Dwivedi and Randhawa [11].
The enzyme was expressed as pM CO, kg * leaf FW s, Activity of NR (E.C. 1.6.6.1) was estimated by the in-
tact tissue method developed by Jaworski [12]. Activity of NR was expressed as pM NO, g ' leaf FW h™.
Total chlorophyll content in the leaves was determined using the method of Lichtenthaler and Buschmann [13].
The photosynthetic pigment, thus measured, was expressed as mg-g " leaf FW. Leaf relative water content
(LRWC) was measured by adopting the method of Yamasaki and Dillenburg [14]. Fresh weight (FW), dry
weight (DW) and turgid weight (TW) of leaves was measured and LRWC was calculated using the equation be-
low.

LRWC (%) =[ (FW -DW)/(TW —DW) | x100

Lipid peroxidation was estimated by the content of thiobarbituric acid reactive substances (TBARS) as de-
scribed by Cakmak and Horst [15]. TBARS content are expressed as nM g * leaf FW.

2.4. Assay of Antioxidative Enzymes

Leaf tissues were homogenized with three volumes (w/v) of an ice-cold extraction buffer (50 mM Tris-HCI, pH
7.8, 1 mM EDTA, 1 mM MgCl, and 1.5% (w/w) polyvinyl pyrrolidone). The homogenate was centrifuged at
15,000 g for 20 min at 4°C. The supernatant was used as the crude extract for the assay of enzyme activities.
Activity of SOD (E.C. 1.15.1.1), POX (E.C. 1.11.1.7) and CAT (E.C. 1.11.1.6) was determined according to
Beauchamp and Fridovich [16], Upadhyaya et al. [17] and Cakmak and Marschner [18], respectively.

2.5. Statistical Analysis

Each pot was considered as one replicate and the treatment for each genotype was repeated three times. The data
were analyzed statistically with SPSS-17 statistical software (SPSS Inc., Chicago, IL, USA). When F value was
found to be significant at 5% level of probability, least significant difference (LSD) was calculated. Values were
expressed as means * standard deviation (SD).

3. Results and Discussion
3.1. Effect of Salt Stress on Growth Attributes of Ten Genotypes of Tomato

In the present experiment response of ten genotypes to 200 mM NaCl was tested to evaluate salt tolerant and salt
sensitive genotypes. Perusal of the data show that the tested genotypes responded differently to NaCl stress
(Table 1 and Table 2). Regarding plant height, genotype “Plitz” gave highest value for plant height whereas,
genotype “Grace” gave the lowest value for plant height among the tested genotypes (Table 1). When the effect
of salt stress on leaf number and leaf area was tested, BL-1076 had maximum number of leaves and leaf area.
However, BL-1076, in term of leaf number, showed parity with Grace, Imperial, PakmoreVF and Bonus F1 ge-
notypes. Lowest number of leaves was recorded in the Queen (Table 1). However, shoot fresh and dry weight
were the highest in BL-1076, whereas the lowest values for shoot fresh and dry weight were registered in Queen
genotype. The same pattern was also recorded for root fresh and dry weight (Table 2). Thus, on the basis of
growth parameters BL-1076 genotype was found salt tolerant while Queen was registered as salt sensitive ge-
notype. The present results are in agreement with the findings of El Sayed et al. [19], who reported that presence
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Table 1. Effect of 200 mM NaCl on plant height, number of leaves and leaf area of ten genotypes of tomato (Lycopersicon

esculentum Mill.).

Parameters
Genotypes
Plant height (cm) Number of leaves Leaf area per plant (cm?)

BL-1076 76.5+1.31 11+1.38 1247 +2.96
Grace 72.0+0.93 10+1.52 119.8 +2.15
Queen 92.4+0.88 7+1.10 86.5+1.41
Tnshet star 89.6 + 1.06 8+1.29 93.7+3.09
Trust 915+1.14 8+0.96 91.2+2.38
Imperial 81.2+1.23 9+151 103.8 +2.17
L 26 93.7+1.07 7+1.20 89.5+1.82
PakmoreVF 94.1+2.16 9+1.47 107.2+1.09
Bonus F1 88.6+1.12 9+1.39 99.5+2.10
Plitz 95.2+1.83 7+1.15 88.2+1.69

LSD at 5% 3.65 2.64 591

Average of three determinations is presented with LSD at 5%; + indicating S.D.

Table 2. Effect of 200 mM NaCl on shoot and root dry weight and fresh weight of ten genotypes of tomato (Lycopersicon

esculentum Mill.).

Parameters

Genotypes Shoot fresh weight Shoot dry Root fresh Root dry

()] weight (g) weight (g) weight (g)
BL-1076 6.08 £ 0.51 1.97 £0.093 1.82 £0.015 0.89 + 0.006
Grace 585+ 1.10 1.06 £ 0.024 0.96 + 0.008 0.68 + 0.002
Queen 3.59 +0.87 0.74 £ 0.032 0.58 + 0.003 0.14 + 0.001
Tnshet star 3.72+£0.39 0.88 + 0.051 1.09 £0.015 0.21 + 0.006
Trust 3.86+0.91 0.85+0.040 1.06 £ 0.021 0.28 + 0.008
Imperial 442+1.18 1.17£0.621 1.27 £0.016 0.31 +0.005
L 26 3.94+0.79 1.04 £0.036 0.71 +0.002 0.19 + 0.001
PakmoreVF 3.82+0.88 1.21£0.051 1.28 £0.036 0.31+0.003
Bonus F1 5.49 +1.05 1.29+£0.071 1.02£0.017 0.39 £ 0.006
Plitz 4.86 +0.82 1.04 £0.010 1.07 £ 0.005 0.21 £0.007

LSD at 5% 127 0.18 0.07 0.08

Average of three determinations is presented with LSD at 5%; + indicating S.D.

of NaCl in the growth medium significantly decreases growth attributes of tomato. As shown by the results, 200
mM NaCl caused highest reduction in the activities of CA and NR enzymes (Figure 1(a) and Figure 1(b)) in
the genotype Queen, which enabled the plants with reduced photosynthetic capacity and nitrogen assimilation
which ultimately culminated in reduced dry matter accumulation (Table 2). However, reverse is true for the ge-
notype BL-1076 which accumulated more dry matter compared to Queen. It has been observed that higher levels
of salinity cause generation of ROS. In the present investigation, presence of NaCl enhanced the level of
TBARS [20] and lowered the activities of antioxidant enzymes in genotype Queen, whereas, lower TBARS and
higher activities of antioxidant enzymes were noticed in genotype BL-1076. Thus, it is clear that genotype
Queen was sensitive while BL-1076 was tolerant to the NaCl stress. Response of tomato genotypes to salinity
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Figure 1. Effect of 200 mM NaCl on the enzyme activities of carbonic anhydrase (a) and nitrate reductase (b),
chlorophyll content (c) and leaf relative water content (d) of ten genotypes of tomato (Lycopersicon esculentum
Mill.). CA: carbonic anhydrase; NR: nitrate reductase; LRWC: leaf relative water content. Average of three de-
terminations is presented with LSD at 5%, and T bars indicating S.D.

revealed that the genotypes had a wide range of variability for all plant growth traits (Alsadon et al., 2013).

3.2. Effect of Salt Stress on Physiological and Biochemical Attributes

Salt tolerance capacity of the selected genotypes was also tested in terms of physiological and biochemical pa-
rameters. The results exhibit that genotype BL-1076 gave highest values for the activities of CA and NR en-
zymes under 200 mM NacCl stress. However, Queen gave lowest values for these two enzymes (Figure 1(a) and
Figure 1(b)). Chlorophyll content and relative water content are the two important parameters in determining
the salt tolerance capacity of plants. The genotype BL-1076 again proved best and gave highest leaf chlorophyll
and water content under salt stress, while Queen performed worst (Figure 1(c) and Figure 1(d)). Nezhad et al.
[21] observed that salt stress decreased chlorophyll content in the leaves of tomato plant. On the other hand,
Sayed et al. [19] observed an increase in chlorophyll content under salt stress. A decrease in CA and NR activi-
ties and leaf chlorophyll and relative water content was recorded in NaCl-stressed leaves of mustard [22]-[24].
Salt stressed plants accumulated higher Na* and resulted in reduction of the water status of leaves, it may be re-
sponsible for the higher levels of TBARS (Figure 2(a)) that slowed down the activities of CA and NR which
might have led to reduced leaf chlorophyll content (Figure 1(c)). Reduction of Chl content was probably due to
the toxic effect of salinity on the instability of protein complexes and increase in the activity of chlorophyll-de-
grading enzyme chlorophyllase [25] leading to destruction of chlorophyll. Effect of salt stress on lipid peroxida-
tion was tested in term of content of TBARS. Highest membrane damage was registered in Queen while least in
BL-1076 which gave highest and lowest TBARS content respectively (Figure 2(a)). In order to counter stress
induced oxidative stress plant are equipped with a system of antioxidative enzymes such as SOD, POX and CAT.
In the present study, we noticed that among the ten genotypes tested, BL-1076 showed the highest activity of SOD,
POX and CAT, however, Queen gave the lowest values for these three antioxidative enzymes (Figure 2(b) and
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Figure 2. Effect of 200 MM NaCl on TBARS content (a) activities of SOD and POX (b) and CAT activity (c) of ten geno-
types of tomato (Lycopersicon esculentum Mill.). TBARS: Thiobarbituric acid reactive substances; SOD: superoxide dismu-
tase; POX: peroxidase; CAT: catalase. Average of three determinations is presented with LSD at 5%, and T bars indicating
S.D.

Figure 2(c)). Therefore, higher level of TBARS in Queen can be explained on the basis of lower activities of
antioxidant enzymes which were unable to scavenge ROS and thus higher levels of TBARS were reported in the
Queen. However, reverse is true for the genotype BL-1076 which gave higher activities of antioxidant enzymes
leading to lower TBARS content. Therefore, BL-1076 genotype was again found salt tolerant while Queen as
salt sensitive. The differences in genotypes in respect of physiological and biochemical parameters may be as-
cribed to the variation in the genetic makeup of the genotypes.

4. Conclusion

Present investigation was carried out to evaluate salt tolerant and salt sensitive genotypes of tomato through as-
sessing growth and physio-biochemical attributes. The results show that all the ten tested genotypes exhibited a
wide range of variability in growth, physiological and biochemical attributes in response to salinity. Genotype
BL-1076 exhibited higher values of antioxidant enzymes that assisted plants in maintaining optimum activities
of CA and NR enzymes, leaf chlorophyll content and leaf relative water content. All these together contributed
to improved growth of the plants of BL-1076 genotype. However, reverse is true for the genotype Queen which
exhibited lower activities of antioxidant enzymes coupled with lower values of growth, physiological and bio-
chemical characteristics. Thus, the results confirm that BL-1076 was salt tolerant while Queen salt sensitive.
Variation in the performance of tested genotypes under salinity leads to the conclusion that these parameters
were governed by the genetic makeup of the genotypes. To put all in a nut shell the genotypes can be arranged
in the following order of their decreasing salt tolerance capacity: BL-1076 > Trust > Imperial > Tanshet star >
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PakmoreVF > L 26 > Plitz > Bonus F1 > Grace > Queen. As in the present investigation a genetic variability
within a species was recorded which was considered as a valuable tool for plant breeding studies. Therefore, the
evaluated genotypes can be used for plant breeding projects of tomato to improve fruit yield, quality and resis-
tance to salt stress.
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