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ABSTRACT: In order to identify the significance of Na+, Ca+, K+ and Mg+ concentration and ratios  in plant shoots 
and roots as indicators for salinity tolerance, growth and biomass of seven wild, cultivated and inbred lines tomato 
genotypes were evaluated under stresses of saline water. The NaCl2 was used to prepare four treatments of irrigation 
water salinity,2000ppm (3.12 dsm-1), 4000ppm (6.25 dsm-1), 6000ppm (9.37 dsm-1) and 8000ppm (12.5 dsm-1), while 
the control treatment was irrigated with tap water. The experiment was conducted in Completely Randomized design 
(CR) using three replications. The results indicated significant differences between tomato genotypes, irrigation 
water salinity levels and their interaction at all assessed growth parameters and ions concentration and their ratios in 
plant shoots and roots. With increasing the salinity levels, a significant reduction was observed in number of 
leaves/plant and plant fresh and dry weight (g) of all tested tomato genotypes. The reduction of growth parameters 
observed in ‘LA1421’, ‘KAU I’, ‘KAU II’, ‘F1DOM’ and ‘F1448’  depending on levels of water salinity was found 
to be less than those of ‘LA2711’ and ‘F1P#P2’ genotypes. Ions accumulation in plant roots and shoots was 
significantly increased with the increase of salinity levels in irrigation water. The accumulation of Na+ and Ca+ in 
‘LA1421’, ‘F1448’ and ‘F1DOM’ roots and shoots was extremely higher than that accumulated in ‘LA2711’, ‘KAU 
I’, ‘KAU II’ and ‘F1P#P2’. The K+/Na+, K+/Ca+ and Ca+/Na+ values in plant roots and shoots decreased  significantly 
with the increase of salinity stresses except K+/Ca+ in ‘KAU I’ shoot and ‘KAU II’ and ‘F1P#P2’ roots. The tomato 
genotype ‘KAU I’ and ‘KAU II’ reflected promised genetic stability as it revealed consistent tolerance behavior to 
the increase of salinity levels in the irrigation water through the less Na+, Ca+ and Mg+ and high K/Na in addition to 
the high number of leaves/plant and dry and fresh weight. The reduction in uptake and accumulation of Na+ and Ca+, 
increasing K+ uptake, and greater no. of leaves/plant and plant fresh and dry weight are highly recommended as 
indicators to salinity tolerance in tomato.  
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INTRODUCTION 

Salt stress (water and soil salinity) is limiting the future of agriculture in many areas of the world especially arid and 
semi-arid regions including Saudi Arabia. The salt-affected soils are the areas that may be saline or sodic and 
representing 6% of the total world land area. A total of 45 million ha of the total irrigated land area in the world is 
salt-affected, and there are 32 million ha of dry land agriculture considered to be salt-affected [18]. Plants can be 
divided into two groups based on their response to salinity stresses. The first group of plants called Glycophytes, 
including plants sensitive to high salinity. The second group, the Halophytes with plants haveing tolerance behavior 
to saline soils and water [7, 14]. Salinity causes osmotic stress to plants by altering the water potential in the 
environment and therefore the plants lose their turgor [28].   
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Also, high salinity levels results in nutrient deficiency through reducing water uptake from the soil by the plants, and 
preventing the entry of sufficient amount of the essential minerals for plant growth such as phosphorus, potassium, 
nitrate, and calcium. Ion cytotoxicity and oxidative stresses are considered to be of important detrimental effect of 
salinity [28]. Plants under salinity stresses produce smaller and fewer leaves, shorter height and roots and fewer root 
mass. Because of rising needs to produce salt-tolerant crops, extensive researches have been recognized to improve 
the salt tolerance of crops by direct selection using the natural genetic variation in stressful environments or by 
marker-assisted selection. However, commercial success has been very limited due to the physiological and genetic 
complexity of salt tolerance [7, 14]. Another approach is the generation of transgenic plants [29]. Genetic 
transformation, gene and genetic mapping and quantities trait loci analysis allowed the development of salt tolerance 
in plants through better understanding of the physiological and genetical mechanisms of salt tolerance. Molecular 
marker technology enabled the identification, characterization and comparison of 12 QTLs associated with plant salt 
tolerance at different developmental stages [6, 9]. There are few screening techniques used as indicators for the 
identification salinity tolerance in crops. Proline accumulation is considered as one of the most important indicators 
for plant salinity tolerance. However proline is accumulated also under the stresses of drought, heat tolerance and 
water defect [3, 22]. The analysis of the K+ to Na+ and Ca+ concentrations and ratios in plant roots and/or shoots are 
an effective indicator of the plant resistance/tolerance/susceptibility to salinity. Increasing Na+ and Cl- causes osmotic 
stress which reduces water availability to roots and increases probability of ions toxicity for the plant [15]. Tomato 
cultivars varied significantly in their response to different salinity levels. Increasing NaCl concentrations in nutrient 
solution adversely affects tomato shoots and roots, plant height, K+ concentration, and K+/Na+ ratio [1, 14]. Growth 
and yield reductions induced by salinity were attributed to both the osmotic stress and ions toxicity [17]. [14] 
investigated the effects of irrigation water salinity on growth rate of tomato genotypes at early growth stages. They 
observed considerable reduction of all tested tomato genotypes with the increase of water salinity levels. Also, 
among the tested tomato genotypes LA1421 and LA2711 consistent tolerance at all applied salinity levels was 
shown. The present research was done to study the significance of ions concentration (K+, Na+, Ca+ and Mg+) and 
ratios (K+/Na+, K+/Ca+ and Ca+/Na+) in plant roots and shoots as indicators for salinity tolerance of different tomato 
genotypes irrigated by saline water.  

MATERIALS AND METHODS 
Plant Materials 
Seven tomato genotypes of different genetic backgrounds were studied at early growth stage under different levels of 
irrigation water salinity. The tomato genotypes were L. esculentum cv (KAU I), L. esculentum cv (KAU II), L. 
esculentum cv (F1DOM), L. esculentum cv (F1448), L. pennellii (LA1421), L. peruvianum (LA2711) and L. 
esculentum cv (F1P#P2). LA1421 and LA2711 were obtained from the Tomato Genetics Resource Center at UC 
Davis (TGRC), CA, USA. F1 448 genotype (Syngenta Seeds B.V., Westeunde 62, P.O Box 2, The Netherlands),F1 
P.P.#2 and F1 Dom (Petoseed company 2700 Camino del Sol oxand, CA 93030 USA) were collected from seed 
market of Makkah regions, Saudi Arabia. KAU I and KAU II are F6 breeding lines produced by Department of Arid 
Land Agriculture, Faculty of Meteorology, Environment & Arid Land Agriculture, King Abdulaziz University Saudi 
Arabia [14].  
Growth condition of tomato plants 
This study was conducted in the greenhouse at the Agricultural Research Station at Hada Alsham, King Abdulaziz 
University from September until December 2012 and repeated from January until May 2013. The experiments were 
laid out in factorial experiment based on Completely Randomized Design (CR) with 3 replicates.  The salt tolerance 
experiment was carried out in a greenhouse. Tomato seeds were planted in Jiffy 44mm (Jiffy products international 
AS, Norway) each contained single seed. Twenty five-day-old seedlings at the third-true leaf stage were transferred 
to plastic post (25 x 25 cm) filled with a mixture of peat moss and vermiculite (1:1 v:v). Drip irrigation system was 
used to provide the plants with water requirements and the application of salinity stresses.  
Salinity stress test  
The tomato plants were subjected to salinity stress after 15 days of transplanting (45 days after sowing) at the fives-
true-leaves stage. Sodium chloride (NaCl) (HIMEDIA Lab. Lit, India) was used as source for salinity stresses. Four 
irrigation water salinity treatments, 2000ppm (3.12 dsm-1), 4000ppm (6.25 dsm-1), 6000ppm (9.37 dsm-1) and 
8000ppm (12.5 dsm-1) were applied. The control plants were irrigated with tap water. The NaCl treatments were 
maintained for 30 days.  
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Growth parameters  
At the end of the salinity stress experiment, the plants were carefully removed out the pots and the roots washed 
under tap water to eliminate the attached soil (Peat moss and vermiculite). The plants were dried on paper tissues for 
30 min at room temperature and the following growth and biomass parameters were assessed: no of leaves/plant, 
plant fresh weight (g) and plant dry weight (g).  
Preparation of tomato leaves and roots for nutrient determinations 
The fully expanded leaves from the middle part of plants and the plant roots were used for the determination of the 
total amounts of Na+, K+, Ca+ and Mg+. The leaves and roots samples were washed carefully in distilled water, and 
then blotted in filter paper. The leaves and roots samples were dried in a force-air oven at 70 ◦C for 24 h, ground in a 
Wiley mill and then used for the analysis of the nutrient concentration. The ground leaves and roots samples (0.5 g) 
was subjected to sulfuric acid digestion in the presence of H2O (Wolf, 1982), and diluted with distilled water. Total 
Na+, Mg+, Ca+ and K+ contents were directly measured by flame spectrophotometry [13].  
Statistical analysis 
Analysis of variance (ANOVA) was applied to assess the significance of treatment means. The plant genotypes and 
salinity stresses and their interactions means were compared using the LSD and Duncan’s multiple range test 
(DMRT). A correlation analysis was also conducted to determine the relations among different variables [10]. 
 
RESULTS 
There were observed significant differences due to irrigation water salinity levels and tomato genotypes and their 
interactions on growth and biomass parameters and ions concentration and ration in plant shoots and roots.  
Growth and biomass 
Growing tomato plants under salinity stresses resulted significant decrease in growth and biomass of the tested 
genotypes except for the plant dry weight of KAU I. The lowest reduction occurring in the number of leaves due to 
salinity stresses was observed for KAU II, F1P.#P2, LA1421 and KAU I with an average reduction of -9.1%, -
9.37%, -10.43% and -12.56% (compared to control treatment), respectively. With increasing salinity levels plants of 
LA2711, F1448 and F1DOM produced lower number of leaf by -28.95%, -28.58% and -17.85% compared to 
unstressed plants, respectively (Table 1). The highest number of leaves was 5.10 and was obtained in KAU I, but 
LA2711 produced the lowest number of leaves/plant (3.60) and the differences were not statistically significant from 
that were produced by LA1421 (3.67) and F1P.#P2 (3.70) (Fig 1C). The control treatment (irrigated by normal 
water) significantly increased number of leaves/plant (5.10), while irrigation water with 4000ppm salinity level 
produced the lowest number of leaves/plant (3.64) and the differences were not significant from 8000ppm (3.86) (Fig 
2C). Plant biomass decreased significantly with the increase in salinity levels. However the reduction percentages 
were significantly different among the tested tomato genotypes. LA1421 was the most genetically stable genotype 
under salinity stresses regarding plant fresh weight with an increase of 25.58% and 0.1% at salinity levels 2000ppm 
and 4000ppm and slightly decrease by -0.05% and -0.02% at 6000ppm and 8000ppm (Table 1). Moderate genetic 
stability was observed also for the genotypes F1P.#P2, KAU II and KAU I under salinity stresses with average 
decrease in plant fresh weight of -15.54%, -16.98 and -18.80% compared to control treatment, respectively. On the 
contrary, F1DOM, F1448 and LA2711 were genetically unstable through the extreme reduction in plant fresh weight 
under the stresses of high salinity levels. The average reductions in plant fresh weight compared to the control 
treatment were -45.12%, 32.95% and -30.92% for F1DOM, F1448 and LA2711, respectively (Table 1). The KAU I 
plants produced the highest fresh weight (47.27), while LA2711 produced the lowest fresh weight (40.52) (Fig 1C). 
Increasing salinity levels in the irrigation water significantly reduced the fresh weight of tomato plants by -17.03%, -
25.35%, -32.28% and -22.69% for 2000ppm, 4000ppm, 6000ppm and 8000ppm, respectively (Fig 2C). The dry 
weight of KAU I plants increased with the increase of irrigation water salinity levels. The plant dry weight increased 
by 8.5%, 3.83%, 6.63% and 0.65% under the stresses of water salinity of 2000ppm, 4000ppm, 6000ppm and 
8000ppm, respectively (Table 1). Nonsignificant increase in plant dry weight was observed for KAU II, LA1421 and 
F1P.#P2 under the stresses of 2000ppm and 4000ppm salinity level, but the plant dry weight was dramatically 
decreased with raising the salinity level to 6000pppm and 8000ppm. A consistent behavior of instability regarding 
plant dry weight of F1DOM, F1448 and LA2711 under the stress of water salinity was observed. As the salinity 
increased in the irrigation water, the dry weight of F1DOM, F1448 and LA2711 plants decreased (Table 1). Plants of 
KAU I produced the highest dry weight (11.2g), while the lowest dry weight was (10.39 g) was produced by LA1421 
without significant differences from the other tested genotypes (F1C). The salinity level 2000ppm enhanced plant dry 
weight with (10.79g), but 8000 ppm reduced plant dry weight (10.44g) (Fig-2C).    
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Table-1: Growth parameters of seven tomato genotypes grown under different irrigation water salinity levels. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1=F6 inbred lines produced by Department of Arid Land Agriculture, Faculty of Meteorology, Environment&Arid 
Land Agriculture, King Abdulaziz University, Jeddah, Saudi Aribia (Mousa et al, 2013),; 4 =F1 hybrids produced by 
Petoseed the hybrid vegetable seed company 2700 Camino del Sol oxand, CA 93030 USA; 5F1 hybrid produced by 
Syngenta Seeds B.V., Westeunde 62, P.O Box 2, 1600 AA Enkhuizen, The Netherlands; 6Obtained from the C.M. 
Rick Tomato Genetics Resource Center Dept. of Plant Sciences (mail stop 3) University of California Davis One 

Shields Avenue Davis 95616 CA. USA. 
 

International Journal of Plant, Animal and Environmental Sciences               Page: 589                            
Available online at www.ijpaes.com 

 

Tomato 
genotypes 

Irrigation 
water 

salinity 
(ppm) 

Tomato growth parameters 

No. 
leaves/plan

t 
% Plant fresh 

weight (g) % Plant dry 
weight(g) % 

KAU11 Control 5.67 0 55.66 0 10.70 0 
 2000 5.33 -6.00 49.93 -10.29 11.61 8.50 
 4000 5.00 -11.81 45.17 -18.84 11.11 3.83 
 6000 5.33 -6.00 43.04 -22.67 11.41 6.63 
 8000 4.17 -26.45 42.56 -23.53 10.77 0.65 

KAU II1 Control 5.00 0 53.81 0 10.54 0 
 2000 4.67 -6.60 44.03 -18.17 10.71 1.61 
 4000 4.17 -16.6 40.58 -24.58 10.69 1.42 
 6000 5.17 3.40 46.90 -12.84 10.03 -4.83 
 8000 4.17 -16.60 47.17 -12.34 10.57 0.28 

F1 DOM4 Control 4.67 0 70.52 0 10.71 0 
 2000 4.00 -14.34 43.84 -37.83 10.63 -0.74 
 4000 3.17 -32.12 37.17 -47.29 10.62 -0.84 
 6000 3.67 -21.41 26.84 -61.94 10.53 -1.68 
 8000 4.50 -3.64 46.95 -33.42 10.63 -0.74 

F1 4485 Control 5.00 0 60.40 0 10.61 0 
 2000 3.33 -33.40 47.15 -21.93 10.64 0.28 
 4000 3.67 -26.60 40.52 -32.91 10.52 -0.84 
 6000 3.33 -33.40 33.70 -44.20 10.49 -1.13 
 8000 3.83 -23.40 40.61 -32.76 10.49 -1.13 

LA 27116 Control 4.67 0 53.84 0 10.55 0 
 2000 4.34 -7.06 40.58 -24.63 10.45 -0.94 
 4000 3.00 -35.76 40.55 -24.68 10.32 -2.18 
 6000 3.00 -35.76 30.53 -43.29 10.57 0.19 
 8000 3.00 -35.76 37.09 -31.11 10.35 -1.89 

LA 14216 Control 4.00 0 40.42 0 10.38 0 
 2000 4.00 0 50.76 25.58 10.61 2.21 
 4000 3.33 -16.75 40.40 -0.05 10.41 0.28 
 6000 3.67 -8.25 40.46 0. 10 10.69 2.98 
 8000 3.33 -16.75 40.41 -0.02 9.87 -4.91 

F1 P.P#24 Control 4.00 0 47.18 0 10.54 0 
 2000 3.83 -4.25 40.54 -14.07 10.86 3.03 
 4000 3.17 -20.75 40.62 -13.90 10.65 1.04 
 6000 3.50 -12.5 37.77 -19.94 10.49 -0.47 
 8000 4.00 0 40.44 -14.28 10.40 -1.32 

LSD0.05 0.701  12.97  0.050  
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Table 2: Plant root contents of K+, Na+, Ca+ and Mg+ of seven tomato genotypes irrigated by saline 
water as indicators to salinity tolerance at early growing stage. 

1=F6 inbred lines produced by Department of Arid Land Agriculture, Faculty of Meteorology, Environment & Arid 
Land Agriculture, King Abdulaziz University, Jeddah, Saudi Aribia [14]; 4 =F1 hybrids produced by Petoseed the 
hybrid vegetable seed company 2700 Camino del Sol oxand, CA 93030 USA; 5F1 hybrid produced by Syngenta 

Seeds B.V., Westeunde 62, P.O Box 2, 1600 AA Enkhuizen, The Netherlands; 6Obtained from the C.M. Rick 
Tomato Genetics Resource Center Dept. of Plant Sciences (mail stop 3) University of California Davis One Shields 

Avenue Davis 95616 CA. USA. 
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Tomato 
genotypes 

Irrigation 
water 

salinity  
(ppm) 

Ions concentration (mg/kg) 

K+ % Ca+ % Na+ % Mg+ % 

KAU11 Control 0.88 0 1.57 0 0.35 0 0.32 0 
 2000 0.61 -30.68 1.68 7.00 0.73 108.57 0.29 -9.375 
 4000 0.70 -20.45 1.60 1.91 1.46 317.14 0.38 18.75 
 6000 0.94 6.82 1.52 -3.18 1.56 345.71 0.34 6.25 
 8000 0.68 -22.73 1.55 -1.27 1.20 242.86 0.29 -9.37 

KAU II1 Control 0.63 0 1.86 0 0.31 0 0.39 0 
 2000 0.63 0 2.68 44.08 4.10 1222.58 0.63 61.54 
 4000 1.00 58.73 3.00 61.29 4.11 1225.81 0.73 87.18 
 6000 2.98 373.30 2.48 33.33 5.36 1629.03 0.57 46.15 
 8000 3.11 393.65 1.88 1.075 0.39 255.81 0.41 5.13 

F1 DOM4 Control 0.97 0 1.71 0 0.21 0 0.31 0 
 2000 0.62 -36.08 4.94 188.89 3.00 1328.57 0.68 119.35 
 4000 0.79 -18.56 5.16 201.75 4.13 1866.67 0.75 141.93 
 6000 0.71 -26.80 4.37 155.55 3.20 1423.81 0.65 109.67 
 8000 0.62 -36.08 5.44 218.12 6.25 2876.19 0.68 119.35 

F1 4485 Control 0.60 0 1.91 0 0.27 0 0.36 0 
 2000 0.71 18.33 5.14 169.11 2.83 948.15 0.71 97.22 
 4000 0.66 10.00 6.32 230.89 5.65 1992.59 1.11 208.33 
 6000 0.72 20.00 5.46 185.86 4.64 1618.52 1.05 191.67 
 8000 0.69 15.00 4.49 135.08 3.60 1233.33 0.81 125.00 

LA 27116 Control 0.62 0 1.74 0 0.28 0 0.32 0 
 2000 1.29 108.06 5.53 217.82 3.76 1242.86 1.02 218.75 
 4000 0.62 0 4.81 176.44 3.15 1025.00 0.92 187.5 
 6000 0.67 8.06 4.26 144.83 3.28 1071.43 0.94 193.75 
 8000 0.59 -4.84 4.51 159.19 2.68 857.14 0.64 100.00 

LA 14216 Control 0.57 0 1.71 0 0.31 0 0.32 0 
 2000 0.56 -1.75 1.56 -8.77 0.64 106.45 0.23 -28.12 
 4000 0.68 19.30 4.69 174.27 2.77 793.55 0.62 93.75 
 6000 0.76 33.33 4.39 156.72 3.22 938.71 0.68 112.50 
 8000 0.65 14.03 4.78 179.53 2.56 725.81 0.57 78.12 

F1 P.P#24 Control 0.79 0 1.58 0 0.35 0 0.32 0 
 2000 0.52 -34.18 1.38 -12.66 0.63 80.00 0.29 -9.37 
 4000 1.03 30.38 1.56 -1.26 2.20 528.57 1.03 221.87 
 6000 0.90 13.92 1.35 -14.56 1.61 360.00 0.90 181.25 
 8000 0.78 -1.26 1.41 -10.76 1.22 248.57 0.79 146.87 

LSD0.05 0.230  0.458  0.589  0.089  
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Ions concentration in plant roots and shoots 
Potassium concentration 
Salinity increased the accumulation of K+, Na+, Ca+ and Mg+ in tomato roots and shoots. The plants root of 
KAU II accumulated the highest potassium concentration (1.67mg/kg) followed by F1P.#P2 (0.80mg/kg) 
and KAU I and LA2711 (0.76mg/kg), but roots of the LA1421 plants attained the lowest potassium 
concentration (Fig 1A). Potassium was increased by 8.33%, 52.78% and 41.67% in plant roots at salinity 
levels 4000ppm, 6000ppm and 8000ppm as compared with nonsalinized treatments, respectively (Fig 2A). 
Potassium accumulation in the roots of KAU II plants was markedly increased by 58.73%, 373.30 and 
393.65% at salinity levels 4000ppm, 6000ppm and 8000ppm as compared to control treatments, 
respectively (Table 2). Slight increase in potassium uptake by plant roots of F1448, LA1421 and 
LA2711was observed with the increase of salinity, whereas potassium uptake was decreased for KAU I, 
F1DOM and F1P.#P2 (Table 2). Potassium concentration in roots was lower than in shoots regardless of 
the salinity levels. The tested tomato genotypes accumulated more potassium in their shoots under high 
salinity levels compared to control treatments except for KAU II and F1P.#P2. The obvious concentration 
of potassium was  accumulated by KAU I plants at water salinity 4000ppm (3.40mg/kg) with an increase of 
51.11% as compared with nonsalinized treatment (Table 3). Comparing with control treatment, salinity 
increased potassium concentration in plant shoots by 19.03%, 4.86% and 2.02% at water salinity 4000ppm, 
6000ppm and 8000ppm, respectively (Fig 2B). Plants of KAU I and LA1421 accumulated higher 
potassium in their shoots than in other tested genotypes, and the lowest potassium accumulation was 
observed when analyzing plant shoots of LA2711 (Fig 1B).  
Calcium concentration 
Calcium uptake by plants root was significantly affected by the applied salinity levels and the tested tomato 
genotypes. As salinity increased the calcium uptake by plant roots increased for all tested tomato genotypes 
expect for KAU I (at 6000ppm and 8000ppm) and F1P.#P2 ( at all applied salinity levels). The roots of 
KAU I and F1P.#P2 plant absorbed lower calcium under higher salinity than the unstressed plants (Table 
2). Among the higher calcium accumulation genotypes, F1448 roots absorbed the highest amount of 
calcium at all salinity levels followed by F1DOM and LA2711 (Fig 1A). Calcium uptake was increased as 
salinity levels increased with strikingly increase at salinity level 6000ppm (3.87 mg/kg as compared with 
1.73 mg/kg for unstressed plants) (Fig 2A). The behavior of calcium accumulation in plant shoots slightly 
differed from those in plant roots. KAU I, KAU II and F1P.#P2 plants shoot attained lower amount of 
calcium than unstressed plants at all applied water salinity treatments. Consistent increase in calcium 
accumulation in plant shoots of F1DOM, F1448, LA2411and LA2711 under high salinity levels was 
observed (Table 3). Plant shoots of F1DOM accumulated 5.21mg/kg followed by than those accumulated 
by F1448 (4.72mg/kg), LA1421 (4.64mg/kg), KAU II (1.74mg/kg), KAU I (1.80mg/kg), F1P.#P2 
(1.87mg/kg) (Fig 1B). Plants shoots of the nonsalinized treatments contained the lowest calcium (1.98 
mg/kg), while the salinity level 8000ppm caused the highest calcium accumulation (4.35mg./kg) (Fig 2A).  
Sodium concentration  
As compared to unstressed plants sodium absorbance increased by 646.67%, 1016.67%, 986.67% and 
753.93% in plant roots and 1030.55%, 1638.89%, 1475.00% and 2244.44% in plant shoots at water salinity 
2000ppm, 4000ppm, 6000ppm and 8000ppm, respectively (Figures 2A and 2B). Plant roots of the tomato 
genotype F1448 and F1DOM and plant shoots of LA1421 and F1DOM accumulated higher Na+ than other 
tested genotypes, while the lowest sodium concentration was observed in KAU I and F1P.#P2 roots and 
shoots and KAU II shoots(Fig 1A&B). Significant interaction between tomato genotypes and salinity levels 
regarding sodium concentration in plant roots and shoots was observed. Sodium increased in plant roots 
and shoots of F1DOM, F1448, LA1421 and LA2711 with the increase in salinity levels and the sodium 
accumulation in shoots was strikingly higher than in roots. Slight increase in sodium uptake measured in 
KAU I, KAU II and F1P.#P2  roots at the higher water salinity levels (Table 2). The highest sodium 
concentrations in plant shoots were 15.86mg/kg and 14.86mg/kg and measured in LA1421 and F1DOM at 
salinity levels 8000ppm (Table 3).  
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Table-3: Plant shoots Contents of K+, Na+, Ca+ and Mg+ of seven tomato genotypes irrigated by saline 
water as indicators to salinity tolerance at early growing stage. 

1=F6 inbred lines produced by Department of Arid Land Agriculture, Faculty of Meteorology, Environment&Arid 
Land Agriculture, King Abdulaziz University, Jeddah, Saudi Aribia,; 4 =F1 hybrids produced by Petoseed the hybrid 
vegetable seed company 2700 Camino del Sol oxand, CA 93030 USA; 5F1 hybrid produced by Syngenta Seeds B.V., 

Westeunde 62, P.O Box 2, 1600 AA Enkhuizen, The Netherlands; 6Obtained from the C.M. Rick Tomato Genetics 
Resource Center Dept. of Plant Sciences (mail stop 3) University of California Davis One Shields Avenue Davis 

95616 CA. USA. 
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Tomato 
genotypes 

Irrigation 
water 

salinity 
(ppm) 

Ions concentration (mg/kg) 

K+ % Ca+ % Na+ % Mg+ % 

KAU11 Control 2.25 0 2.11 0 0.28 0 0.53 0 
  2000 3.05 35.55 1.80 -14.70 1.49 432.14 0.49 -7.55 
  4000 3.14 39.55 1.59 -24.64 1.84 557.14 0.42 -20.75 
  6000 3.4 51.11 1.76 -16.59 2.83 910.71 0.43 -18.87 
  8000 2.71 20.44 1.96 -7.11 3.51 1153.57 0.49 -7.55 

KAU II1 Control 2.50 0 1.93 0 0.32 0 0.52 0 
  2000 3.17 26.80 2.35 21.76 5.09 1490.62 0.54 3.85 
  4000 3.11 24.40 1.37 -29.01 1.32 312.50 0.22 -57.69 
  6000 1.13 -54.80 1.46 -24.35 1.34 318.75 0.29 -44.23 
  8000 1.03 -58.80 1.72 -10.88 1.61 403.12 0.32 -38.46 

F1 DOM4 Control 2.47 0 2.8 0 0.52 0 0.53 0 
  2000 2.59 4.86 5.22 86.43 6.09 1071.15 1.07 101.88 
  4000 3.02 22.26 6.49 131.78 11.74 2157.69 1.20 126.41 
  6000 2.74 10.93 5.72 104.28 9.60 1746.15 1.11 109.43 
  8000 3.02 22.27 6.54 133.57 14.86 2757.69 1.19 124.53 

F1 4485 Control 2.52 0 1.95 0 0.25 0 0.42 0 
  2000 2.45 -2.78 5.09 161.02 5.57 2128.00 0.93 121.43 
  4000 2.83 12.30 4.91 151.79 7.87 3048.00 1.06 152.38 
  6000 2.81 11.51 5.08 160.51 7.26 2804.00 1.00 138.09 
  8000 3.26 29.36 6.58 237.43 11.73 4592.00 1.22 190.47 

LA 27116 Control 1.95 0 1.86 0 0.25 0 0.42 0 
  2000 1.53 -21.54 5.40 190.32 4.68 1772.00 0.96 128.57 
  4000 2.35 20.51 4.91 163.97 5.52 2108.00 0.86 104.76 
  6000 2.17 11.28 3.87 108.06 5.22 1988.00 0.88 109.52 
  8000 2.36 21.02 5.46 193.54 8.70 3380.00 1.00 138.09 

LA 14216 Control 2.81 0 1.99 0 0.43 0 0.39 0 
  2000 2.61 -7.12 2.49 25.12 3.89 804.65 0.44 12.82 
  4000 2.83 0.71 6.10 206.53 12.83 2883.72 0.82 110.25 
  6000 3.21 14.23 6.12 207.53 10.75 2400.00 0.75 92.30 
  8000 3.13 11.39 6.52 227.63 15.86 3588.37 0.83 112.82 

F1 P.P#24 Control 2.80 0 1.98 0 0.49 0 0.51 0 
  2000 2.52 -10.00 2.03 2.52 1.70 246.94 0.51 0 
  4000 3.31 18.21 1.89 -4.54 2.70 451.02 0.42 -17.65 
  6000 2.66 -5.00 1.76 -11.11 2.71 453.06 0.45 -11.76 
  8000 2.16 -22.85 1.71 -13.64 2.81 473.46 0.43 -15.68 

LSD0.05  0.458   
 

0.515
  

   1.584   0.089    
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Table-4: Ratios of K+ / Na+, Ca+ / Na+ and K+ / Ca+ in plant roots as indicators for salinity tolerance of seven 
tomato genotypes irrigated by different water salinity levels at early growing stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1=F6 inbred lines produced by Department of Arid Land Agriculture, Faculty of Meteorology, Environment&Arid 
Land Agriculture, King Abdulaziz University, Jeddah, Saudi Aribia,; 4 =F1 hybrids produced by Petoseed the hybrid 
vegetable seed company 2700 Camino del Sol oxand, CA 93030 USA; 5F1 hybrid produced by Syngenta Seeds B.V., 

Westeunde 62, P.O Box 2, 1600 AA Enkhuizen, The Netherlands; 6Obtained from the C.M. Rick Tomato Genetics 
Resource Center Dept. of Plant Sciences (mail stop 3) University of California Davis One Shields Avenue Davis 

95616 CA. USA. 
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Tomato 
genotypes 

Irrigation 
water 

salinity 

Ions Ratio and percentages of increase and decrease from 
controlK+/Na

+ % K+/Ca+ % Ca+/Na+ % 
KAU11 Control 2.51 0 0.56 0 4.48 0 

  2000 0.84 -66.53 0.36 -35.71 2.30 -48.66 
  4000 0.48 -80.87 0.44 -21.426 1.09 -75.66 
  6000 0.60 -76.09 0.62 10.714 0.97 -78.342 
  8000 0.57 -77.29 044 -21.42 1.29 -71.20 

KAU II1 Control 2.03 0 0.34 0 6.00 0 
  2000 0.15 -92.61 0.23 -32.35 0.65 -89.17 

4000 0.24 -88.17 0.33 -2.94 0.73 -87.83
  6000 0.55 -72.90 1.20 252.94 0.46 -92.33
  8000 7.97 292.61 1.65 385.29 4.82 -19.67 

F1 DOM4 Control 4.62 0 0.57 0 8.14 0 
  2000 0.21 -95.45 0.12 -78.94 1.65 -79.73 
  4000 0.19 -95.88 0.15 -73.68 1.25 -84.64 
  6000 0.22 -95.24 0.16 -71.93 1.36 -83.29 
  8000 0.09 -98.05 0.11 -80.70 0.87 -89.31 

F1 4485 Control 2.22 0 0.31 0 7.07 0
  2000 0.25 -88.74 0.14 -54.84 1.82 -74.25 
  4000 0.12 -94.60 0.10 -67.74 1.12 -84.15 
  6000 0.15 -93.24 0.13 -58.06 1.17 -83.45 
  8000 0.19 -91.44 0.15 -51.61 1.25 -82.31 

LA 27116 Control 2.21 0 0.36 0 6.21 0 
  2000 0.34 -84.61 0.23 -36.11 1.47 -76.32 
  4000 0.19 -91.40 0.13 -63.90 1.53 -75.36 
  6000 0.20 -90.95 0.16 -55.55 1.30 -79.06 
  8000 0.22 -90.04 0.13 -63.89 1.68 -72.94 

LA 14216 Control 1.84 0 0.33 0 5.52 0 
  2000 0.87 -52.72 0.36 9.09 2.44 -55.79 
  4000 0.24 -86.95 0.14 -57.57 1.69 -69.38 
  6000 0.24 -86.95 0.17 -48.48 1.36 -75.36 
  8000 0.25 -86.41 0.13 -60.61 1.87 -66.12 

F1 P.P#24 Control 2.26 0 0.50 0 4.51 0 
  2000 0.82 -63.72 0.38 -24.00 2.19 -51.44 
  4000 0.47 -79.20 0.66 32.00 0.71 -84.25 
  6000 0.56 -75.22 0.67 34.00 0.83 -81.59 
  8000 0.64 -71.68 0.55 10.00 1.16 -74.27 

LSD0.05  0.474   0.089  0.527 
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Magnesium concentration  
A consistent increase in magnesium in plant roots and shoots of F1DOM, F1448 and LA2711under higher 
water salinity was observed (Table 2 and 3). Salinity increased magnesium uptake by plant roots and 
shoots) for all tested tomato genotypes except for KAU I roots and KAU I, KAU II and F1P.#P2 shoots. 
The F1448 roots and F1DOM shoots registered the highest magnesium concentration with 0.81mg/kg and 
1.02mg/kg, respectively. With 0.32mg/kg and 0.34mg/kg the genotypes KAU I and KAU II accumulated 
the lowest magnesium in their roots and shoots (Figures 1A&B). Plant roots at salinity levels 4000ppm and 
plant shoots at salinity level 8000ppm absorbed highest concentration. Plant roots and shoots of the 
nonsalinized plants absorbed the lowest Mg+ concentration with 0.32mg/kg and 0.47mg/kg, respectively 
(Fig 2A).  
Ions ratio in plant roots and shoots 
K+/Na+ ratio 
As salinity levels increased K+/Na+ ratio markedly decreased in roots of tomato at all applied salinity levels 
except for 8000ppm. Roots and shoots of the nonosalinized tomato plants produced the highest K+/Na+ 
ratio with 2.26 and 7.32. Among the applied water salinity levels, 8000ppm enhanced K/Na ratio in plant 
roots (1.43), whereas 4000ppm significantly decreased the K+/Na+ ratio (0.28) (Fig 2D). Among the tomato 
genotypes, plants roots of KAU II absorbed higher K+ than Na+ with ratio of 2.22. Nevertheless, F1448, 
LA2711 and LA1421 absorbed more Na+ than K+ with ratios of 0.59, 0.64 and 0.69 with no significant 
differences, respectively (Fig 1D). As compared to nonsalinized plants, extreme reduction in K+:Na+ ratio 
in plant roots of F1DOM at the higher salinity levels (average reduction of -96.15%) followed by F1448 (-
92.00%) and LA2711 (89.25%) (Table 4). Moderate reduction and partially balanced ratio of K+:Na+ was 
observed in plant roots of F1P.#P2, KAU I, KAU II and LA1421 under all applied salinity levels (Table 4). 
On the other hand, lower K+/Na+ ratio in plant shoots was observed at salinity 8000ppm (0.46). The water 
salinity 6000ppm produced the highest K+/Na+ ratio with 0.64, while balanced K+/Na+ was observed for the 
salinity levels 2000ppm and 4000ppm (Fig 2E). Extreme increase in K+/Na+ ratio was observed in shoots of 
KAU I (2.79) followed by KAU II (2.48), F1448 (2.34) and F1P.#P2 (2.05). Shoots of F1DOM exhausted 
the lowest K/Na ration (1.20) followed by LA1421 (1.61) and LA2711 (1.88) (Fig 1E). Increasing water 
salinity significantly decreased K/Na ratios in plant shoots of LA2711, F1DOM and LA1421 with average 
reduction of -95.35%, -94.66% and -93.83% as compared to nonsalinized treatments, respectively. 
Moderate reduction in K+/Na+ ratio was observed in plant shoots of KAU II, F1P.#P2 and KAU I at high 
level of water salinity (Table 5).  
K+/Ca+ ratio 
Plants roots of KAU II accumulated the highest ratio of K+/Ca+ (0.76), while F1448 with 0.22 produced the 
lowest K+/Ca+ ratio (Fig 1D). Water salinity levels 6000ppm and 8000ppm partially resulting balanced 
K+/Ca+ ratios (0.45) in plant roots, however K/Na ratio significantly reduced at the lower salinity levels 
(0.26 for 2000ppm and 40.28 for 4000ppm) (Fig 2D). As compared to nonslaonized treatments, the K+/Ca+ 
ratio in plant roots of the tested tomato genotypes significantly decreased as salinity levels  increased 
except KAU I at 6000ppm (0.62 compared to 0.56 for control), KAU II at 6000ppm and 8000ppm (1.20 
and 1.65 compared to 0.34 for control), LA1421 at 2000ppm (0.36 compared to 0.33 for control) and 
F1P.#P2  at 4000ppm, 6000ppm and 8000ppm (0.66, 0.67 and 0.55 compared to 0.50 for control) (Table 
4). Regarding K+/Na+ ratio in tomato shoots, the results indicated that nonsalinized plants accumulated 
higher potassium and lower calcium with K+/Ca+ ratio of 1.24. Among the tested salinity levels, 4000ppm 
increased K+/Ca+ ratio (1.14), whereas 8000ppm significantly decreased K+/Ca+ ratio (0.73) (Fig 2E). 
Furthermore, KAU I shoots significantly attained higher K/Ca ratio than other tested genotype (1.62) 
followed by F1P.#P2 (1.44) and KAU II (1.26). Lower K/Ca ratio was found in LA2711 shoots (0.56) (Fig 
1E). The interaction between tomato genotypes and water salinity levels indicated that, as salinity increases 
the ratio of K+/Ca+ in plants shoots was considerably decreased of the tested tomato genotypes. The only 
exceptions were for KAU I at 2000pppm, 4000ppm, 6000ppm and 8000ppm (1.69, 1.97, 1.93 and 1.38 
compared to 1.06 for control), KAU II at 2000ppm and 4000ppm (1.35 and 2.27 compared to 1.29 for 
control) and F1P.#P2 at 4000ppm and 6000ppm (1.75 and 1.52 compared to 1.41 for control) (Table 5).  
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Table-5: Ratios of K+/Na+, Ca+/Na+ and K+/Ca+ in plant shoots as indicators for salinity tolerance of seven 
tomato genotypes irrigated by different water salinity levels at early growing stage in plant shoots. 

1=F6 inbred lines produced by Department of Arid Land Agriculture, Faculty of Meteorology, Environment&Arid 
Land Agriculture, King Abdulaziz University, Jeddah, Saudi Aribia(Mousa et al, 2013); 4 =F1 hybrids produced by 
Petoseed the hybrid vegetable seed company 2700 Camino del Sol oxand, CA 93030 USA; 5F1 hybrid produced by 
Syngenta Seeds B.V., Westeunde 62, P.O Box 2, 1600 AA Enkhuizen, The Netherlands; 6Obtained from the C.M. 
Rick Tomato Genetics Resource Center Dept. of Plant Sciences (mail stop 3) University of California Davis One 

Shields Avenue Davis 95616 CA. USA. 
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Tomato 
genotypes 

Irrigation 
water 

salinity 
(ppm) 

Ions Ratio and percentages of increase and decrease from control 

K+/Na+ % K+/Ca+ % Ca+/Na+ % 

KAU11 Control 8.04 0 1.06 0 7.53 0 
2000 2.05 -74.50 1.69 59.43 1.21 -83.9 
4000 1.71 -78.73 1.97 85.85 0.86 -88.58 
6000 1.20 -85.07 1.93 82.07 0.62 -91.76 
8000 0.78 -90.33 1.38 30.18 0.56 -92.56 

KAU II1 Control 7.81 0 1.29 0 6.03 0 
2000 0.63 -91.93 1.35 4.65 0.46 -92.37 
4000 2.35 -69.91 2.27 75.97 1.04 -82.75 
6000 0.88 -88.73 0.78 -39.53 1.09 -81.92 
8000 7.81 0 0.60 -53.48 1.07 -82.25 

F1 DOM4 Control 4.75 0 0.88 0 5.38 0 
2000 0.43 -90.94 0.50 -43.18 0.86 -84.01 
4000 0.26 -94.52 0.46 -47.73 0.55 -89.78 
6000 0.28 -94.10 0.48 -45.45 0.59 -89.03 
8000 0.20 -95.79 0.46 -47.73 0.44 -91.82 

F1 4485 Control 10.08 0 1.29 0 7.80 0 
2000 0.44 -95.63 0.48 -62.79 0.91 -88.33 
4000 0.36 -96.43 0.57 -55.81 0.62 -92.05 
6000 0.38 -96.23 0.55 -57.36 0.70 -91.02 
8000 0.28 -97.22 0.50 -61.24 0.56 -92.82 

LA 27116 Control 7.80 0 1.05 0 7.44 0 
2000 0.33 -95.77 0.28 -73.33 1.15 -84.54 
4000 0.43 -94.48 0.48 -54.28 0.90 -87.90 
6000 0.42 -94.61 0.56 -46.67 0.74 -90.05 
8000 0.27 -96.54 0.43 -59.05 0.63 -91.53 

LA 14216 Control 6.53 0 1.41 0 4.63 0 
2000 0.67 -89.74 1.04 -26.24 0.64 -86.18 
4000 0.23 -96.48 0.46 -67.37 0.47 -89.85
6000 0.30 -95.40 0.52 -63.12 0.56 -87.90 
8000 0.20 -96.94 0.48 -65.96 0.41 -91.14 

F1 P.P#24 Control 5.71 0 1.41 0 4.04 0 
2000 1.48 -74.08 1.24 -12.05 1.19 -70.54 
4000 1.22 -78.63 1.75 24.11 0.70 -82.67 
6000 0.98 -82.83 1.51 7.09 0.65 -83.91 
8000 0.77 -86.51 1.26 -10.63 0.61 -84.90

LSD0.05 0.532 0.207  0.343  
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Fig-1. Genotypic effects on tomato growth parameters and ions concentration and ration in plant shoots and 
roots under irrigation water salinity stresses: A) Ions concentration in plant roots, B) Ions concentration in 

plant shoots, D) growth parameters, Ions ration in plant roots and E) ions ration in plant shoots. 
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Fig-2. Mean values of growth parameters and ions concentration and ration in plant shoots and roots 
as affected by different levels of irrigation water salinity: A) Ions concentration in plant roots, B) 
Ions concentration in plant shoots, D) growth parameters, Ions ration in plant roots and E) ions 

ration in plant shoots. 

Ca+/Na+ ratio 
High Ca+/Na+ ratio was observed in plants roots of F1DOM (2.66), LA2411 (2.59), KAU I (2.55), F1448 (2.52), 
LA2711 (2.48) and KAU II (2.04), while roots of F1P.#P2 plants attained the lowest Ca+/Na+ ratio (1.90) (Fig 1D). 
Moreover, plants shoots of LA2711 constituted the highest Ca+/Na+ ratio (2.21), followed by KAU I (2.17) and 
F1448 (2.14), whereas plant shoots of F1DOM accumulated the lowest Ca+/Na+ ratio (1.29) followed by LA1421 
(1.37) and F1P.#P2 (1.45) (Fig 1E).  
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Regarding water salinity levels, the unstressed tomato plants absorbed the highest Ca+/Na+ ratio in roots (6.04) and 
shoots (5.98). Also, high ratio of Ca+/Na+ was observed in plants roots at salinity levels 8000ppm and 2000ppm, 
while 4000ppm and 6000 pppm registered the lowest Ca+/Na+ ratio (Table 4 and Fig 1E). Likewise,  Ca+/Na+ ratio 
in plant shoots was significantly increased at salinity level 2000ppm, but insignificant reduction was observed at 
salinity levels 4000ppm (0.74), 6000ppm (0.72) and 8000ppm (0.62) (Table 5 fig 2E). Regarding interaction between 
salinity levels and genotypes, the tested tomato genotypes significantly constituted lower Ca+/Na+ ratios in their 
roots and shoots at all applied salinity levels as compared to unstressed treatments (Table 4&5).  
 
Table 6. Efficiency of using plant growth, biomass and ions accumulation and ratios in plant roots and shoots 

as indicators for salinity tolerance of tomato genotypes irrigated by different levels of saline water. 

 

DISCUSSION 

Ion selectivity and ion accumulation were reported to be the most important methods for understanding salt tolerance 
mechanisms in plant (Noble et al., 1984; Sykes, 1985, Tal and Shannon, 1983). Ion selectivity mechanism includes 
limitation of toxicions uptake and keeping normal range of nutrition. These plants could be more salt tolerant than 
those that do not restrict ion accumulation and lose nutrient balance [26]. The term ‘includers” was used to 
distinguish these plant species [12, 20]. Ion accumulation occurred in some plant species that take up high 
concentration of ions for osmotic adjustment. The physiological mechanisms of this technique based on sequestering 
the salt away from metabolic sites and synthesize of compatible solutes for osmotic balance [7]. The term of 
“includers” was used to discriminate these plant species [20]. In our study the tomato genotypes ‘KAU I’ and ‘KAU 
II’ (excluders plant) presented the lowest concentration of Na+, Ca+ and Mg+ in their roots and shoots. Therefore, 
these genotypes can be classified to follow the ion selectivity mechanism with regards to their response to salinity. 
By contrast the highest concentration of Na+, Ca+ and Mg+ in plant roots and shoots were registered for ‘F1DOM’, 
‘LA1421’ and ‘F1448’ (includers plant).These genotypes were suggested to follow the ions accumulation mechanism 
in their responses to salinity (Table 6). Under saline conditions ionic imbalance, nutrient-deficiency and ions toxicity 
can occur due to the increase of Na+ accumulation in plants. For instance, it was reported that plant growth was 
depressed at higher Na+ concentrations due to the decreased uptake of K+, Ca2+ and Mg2+ [12, 14]. However, salt 
tolerance in tomato can be enhanced by increasing the ratio of K:Na, accumulation more K+ and decrease the Na+ 
accumulation in plant shoots [5, 12]. As presented in Table 6, the tomato genotypes can be classified into three 
categories. First, the inbred lines ‘KAU I’ and ‘KAU II’  able to limit Na+, Ca+ and Mg+ accumulation and offering 
higher K+ concentration and higher K:Na, K:Ca and Ca:Na ratios in plant shoots and roots. 
Second, genotypes were competent to accumulate higher Na+ and Ca+ (LA1421, F1448 and F1DOM) showing high 
K+ concentration, low K:Na, K:Ca and Ca:Na. The genotypes of first and second categories are considered as salinity 
tolerant. Third, the genotypes ‘LA2711’ and F1P.#P2: registering lower K+, Na+, Ca+ and Mg+ concentrations and 
lower ratios of K:Na, K:Ca and Ca:Na. These genotypes can count as susceptible to salinity stresses. It was reported 
that plant biomass (fresh and dry weight of whole plant or plant leaves, roots and shoots) and yield are of the most 
widely used indices to identify abiotic stress tolerance including salinity [3, 4, 21, 23]. As salinity increases the 
accumulation of Na+ and Cl- in plant shoots and roots increases resulting in inhibition of plant growth and 
development [12, 18]. In our study, the genotypes ‘KAU I’ and ‘KAU II’ presented the highest biomass production 
values (45.20g and 11.22g and 44.67g and 10.50g of plant fresh and dry weight for ‘KAU I’ and ‘KAU II’, 
respectively), which can be attributed to the lower accumulation of Na+ and higher K+ concentration in their shoots.  
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These results indicate that ‘KAU I’ and ‘KAU II’ were more tolerant to salinity than other genotypes. An inverse 
correlation was found between the K+ deficiency of salinity stressed plants and accumulation of Na+, indicating the 
existence of competition effects between Na+ and K+ ions. This competent behavior of both ions may be attributed to 
same transport system at the root surface of Na+ and K+ which was contradicted by the findings of the present study. 
We observed that the genotypes ‘LA1421’, ‘F1DOM’ and ‘F1448’ accumulated high concentration of Na+, Ca+ and 
K+, but a reduction was observed in plant growth (no. of leaves/plant) and biomass (plant fresh and dry weight) as 
compared to ‘KAU I’ and ‘KAU II’. These genotypes can be presented as salt tolerance based on the hypothesis of 
‘ions accumulation mechanism’. On the contrary, the lowest production of plant biomass was found in LA2711 and 
F1P.#P2, defining them as the most salt-sensitive of all tested genotypes (Table 6). Plants of these genotypes showed 
considerable reduction in fresh and dry weight even with low concentration of Na+ due to their lower capacity to 
accumulate high K+ concentration in their shoots. The K:Na ratio, due to its strong relationship with plant growth and 
biomass production, was used as an indicator to salinity tolerance by many authors [2, 23, 12, 15, 4, 21]. 
Accordingly, in the present work, the K:Na was found to be an efficient consistent indicator of salt tolerance (Table 
6). Further investigations are required to understand the roles of Ca+ and Mg+ and their ratios with K+ and Na+ in salt 
tolerance/susceptible of the tested tomato genotypes.  
 
CONCLUSION 
In the present study, we present the tomato inbred lines ‘KAU I’ and ‘KAU II’ as a new source for salinity tolerance 
following the mechanism of ‘ions selectivity’. Three other tested genotypes ‘LA1421’, ‘F1DOM’ and ‘F1448’ can be 
considered as salinity tolerance on the basis of ‘ion accumulation’ mechanism. We highly recommend the use of 
certain nutritional indicators for salt tolerance in tomato, such as the reduction in uptake and accumulation of Na+ 
and Ca, increasing K+ uptake, and greater no. of leaves/plant and plant fresh and dry weight.  
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