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ABSTRACT 

 

Four commercial tomato cultivars (Imberial, 

Pakmore VF, Queen and Strain-B), two salinity tolerant 

breeding lines (BL 1076 and BL 1239, from Asian 

Vegetables Research and Development Center) and all their 

fifteen possible hybrid combinations in one direction were 

used in this study to evaluate their salinity tolerance and 

select starting materials for a salinity tolerance breeding 

program in tomato. Four weeks old seedlings were 

transplanted into the soil under greenhouse conditions. Six 

water salinity levels (1.2, 2.4, 4.8, 7.2, 9.6 and 12.0 dS m
-1

) 

were imposed through a drip irrigation system. Plant height, 

stem thickness, leaf dry matter content, average fruit weight, 

average fruit number, total yield, and leaf concentrations of 

Na
+
, Cl

-
, Ca

++
 and K

+
 were measured. All vegetative and 

fruit traits decreased significantly with increasing salinity 

levels, starting at 4.8 dS m
-1

. Reduction in yield and average 

fruit weight were more than 50% for most genotypes at 12.0 

dS m
-1

 level. Increasing salinity levels led to raising Na
+ 

and 

Cl
-
, and diminishing Ca

++
 and K

+
. Significant differences 

among genetic populations were detected in all traits 

suggesting that these traits could be taken into account when 

selecting for salt tolerant tomato genotypes. Based on the 

general performances of the parental and their F1 hybrid 

genotypes under salinity levels, the additive gene effects 

contributed to the genetic variability more than the non-

additive gene effects, since traits values of most F1 hybrids 

were reported to be around their respective mid-parental 

values. The two cultivars Pakmore VF and Strain-B 



 

 

 

 

 

 

J.Agric.&Env.Sci.Alex.Univ.,Egypt                                 Vol.6 (2)2007 

 

 

2 

reflected good performances for most studied traits under 

different salinity levels and could be selected as recurrent 

parents (female) in back-cross breeding programs. The 

breeding line BL 1076 exhibited the highest salinity 

tolerance by most traits and could be considered as a donor 

(male) parent in such breeding programs. The best hybrid 

combinations under salt stress conditions of this study 

appeared to be the two crosses Pakmore VF × BL 1076 and 

Strain-B × BL 1076. The mentioned parents and hybrid 

combination will be utilized as suitable genetic materials in a 

tomato breeding program for salinity tolerance. 

 

Keywords: Lycopersicon esculentum Mill., growth, yield, salinity stress, ion 

concentrations, plant breeding. 

 

INTRODUCTION 

 

High salinity levels can impose a major environmental 

constraint to crop productivity. Low rainfall, high evaporation, saline 

irrigation water and poor water management can cause salinity 

problems in agricultural areas (Dasgan et al., 2002).  Plants are 

stressed in saline soils due to water stress (low osmotic potential), 

toxic effects of ions; mainly Na
+
 and Cl

-
, and nutrient imbalance, or a 

combination of these factors (Lauchli, 1986 and Marschner, 1995). In 

addition to affecting crop yield and soil physical condition, irrigation 

water quality can affect soil fertility and irrigation system 

performance. Therefore, knowledge of irrigation water quality is 

critical to understand the necessary management changes for long-

term productivity (Bauder et al., 2004).  

When water resources are limited and the cost of non-saline 

water becomes high, crops of moderate to high salt tolerance can be 

irrigated with saline water (Ragab et al., 2005). Increasing salt 

tolerance of crops through plant breeding could increase the 

sustainability of irrigation with low quality water by reducing the need 

for leaching and allowing the use of poor quality water (Abdel-Gwad 

et al., 2005). Selection and breeding of cultivars that can grow and 

produce economic yield under saline conditions are more permanent 

and complementary solution to minimize detrimental effects of the 
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salinity (Foolad, 1997). Genetic variability within a species is a 

valuable tool for screening and breeding for salt tolerance. A primary 

task in breeding for stress tolerance is the identification and genetic 

characterization of useful germplasm. 

Tomato (Lycopersicon esculentum Mill.) is one of the 

important and widespread crops in the world and can act as a model 

crop for saline land recovery and use of poor-quality water, as there is 

a wealth of knowledge of the physiology and genetics of this species, 

and it is already grown in large areas where saline conditions are a 

problem (Reina-Sanchrz et al., 2005). Most commercial tomato 

cultivars are sensitive to moderate levels of salinity which means that 

they tolerate an E.C of the saturated soil extract up to 2.5 dS m
-1

 

without a yield reduction (Mass, 1986). Many authors have reported 

large variation among tomato genotypes in their response to salinity 

(Alian et al., 2000; Romero-Aranda et al., 2001 and Dasgan et al., 

2002). In general, most of the research in tomato salt tolerance has 

been developed in wild versus domesticated species (Shannon et al, 

1987 and Sanchez-Blanco et al, 1991) under salinity levels were much 

higher than those usually present in commercial tomato crop 

production (Cuartero and Fernandez-Munoz, 1999). Very few reports 

on the genotypic variation in commercial cultivars are available, and 

they have been developed during a short period of salinization, giving 

only partial information about osmotic adjustment (Alian et al., 2000). 

According to Cuartero and Fernandez-Munoz (1999), breeding of 

tolerant cultivars to moderate salinity will only occur after pyramiding 

in a single genotype several characteristics, each one alone could not 

confer a significant increase in the salt tolerance.   

This study is a part of a comprehensive breeding program 

aimed to breed tomato cultivars with high salt tolerance. The 

objectives of this study were: (a) to evaluate salinity tolerance of four 

tomato cultivars, two breeding lines and their fifteen hybrid 

combinations, and (b) to select starting materials for salinity tolerance 

breeding program in tomato. 

 

MATERIALS AND METHODS 
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Responses to salinity stress in tomato (Lycopersicon 

esculentum Mill.) were investigated under greenhouse conditions, 

during 2006 and 2007 seasons, at the Agricultural Research and 

Experiment Station of the Faculty of Food and Agricultural Sciences, 

King Saud University, Riyadh, Saudi Arabia. The genetic materials 

used in the present investigation were started with four commercial 

cultivars (Imberial, Pakmore VF, Queen, and Strain-B) and two 

salinity tolerance tomato breeding lines (BL 1076 and BL 1239). The 

commercial cultivars, obtained from a seed market in Saudi Arabia, 

were previously evaluated and selected as good cultivars under 

different environmental conditions (Alsadon and Wahb-allah, 2007 

and Mohammed et al., 2007). The salinity tolerance breeding lines 

were provided by the Asian Vegetables Research and Development 

Center (AVRDC, Shanhua, Taiwan, ROC).  

In the first season, seeds of the six parental tomato genotypes 

were sown on August 10, 2006 in Jiffy 7 pots. Four weeks old 

transplants were transformed into 30 cm diameter pots, filled with a 

soil mix (1 peat : 1 sand : 1 vermiculite). At the flowering stage, 

selfing and hybridization among the six genotypes were carried out in 

a diallel cross system in one direction. The commercial cultivars were 

used as females and the breeding lines were used as males. Enough 

seeds of all possible fifteen hybrids and new seeds of the six selfed 

parents were obtained after three months from transplanting.   

 In the second season, responses of the twenty-one tomato 

genotypes  to salinity stress were investigated using six water salinity 

levels of NaCl (1.2, 2.4, 4.8, 7.2, 9.6 and 12.0 dS m
-1

 ) through a drip 

irrigation system. Seeds of the genotypes were sown in seedling trays 

on February 12, 2007. One month old seedlings were transplanted into 

soil in a fiberglass greenhouse. Soil texture was sandy and the 

mechanical soil analysis was 84% sand, 8% silt and 8% clay. 

Temperature and relative humidity were averaged about 25 ± 0.5 
°
C 

and 75 ± 2 % during growth stages, respectively. Fertilization and 

other cultural practices were applied as commonly recommended for 

commercial tomato production in greenhouse. 

Salinity treatments were started after seven days from 

transplanting using six containers (1m
3
) connected to surface drip 

irrigation network. Each container was filled by one level of salinity 
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(resulted from the addition of NaCl to the irrigation water) and 

connected to two dripper lines. The experimental layout was a split-

plot system in randomized complete blocks design with three 

replications. Irrigation treatments were randomly allocated to the main 

plots; while, the tested genotypes were arranged in the sub-plots. The 

sub-plot area was 4 m
2
 (2x2) and included 8 plants (4 plants to each 

dripper line). Planting distances were 50 cm and 100 cm between 

plants and lines, respectively. 

A random sample of four plants from each sub-plot was 

chosen to record plant height and stem thickness (Forty-five days after 

transplanting). Total yield (the total weight of all harvested fruits/plot 

in the whole season), average fruit weight (total weight of all 

harvested fruits per plot divided by their number) and number of fruits 

per plant were also recorded. Leaf samples from the upper leaves, 

after 60 days from transplanting, were collected, washed in distilled 

water and dried at 70 
°
C in a forced air-oven till the weight became 

constant, then the dry matter contents were calculated. The dried 

materials were ground and used to determine leaf concentrations of 

Na
+
, Cl

-
, Ca

++
 and K

+
, using the procedure reported in A.O.A.C 

(1992).   

Data were statistically analyzed, using Statistical Analysis 

System (SAS), and treatment means were compared; using revised 

L.S.D. test at 0.05 level, according to Steel and Torrie (1980). 

 

RESULTS AND DISCUTIONS 

 

Influence of salinity stress on growth parameters 

 All growth parameters were greatly reduced by the successive 

increases in salinity levels. However, the rates of response varied 

among the different studied parameters (Table 1). High salinity levels 

(> 4.8 dS m
-1

 ) caused  significant reductions in plant height, stem 

thickness and leaf dry matter; compared to control (1.2 dS m
-1

 ); 

while, the low level (2.4 dS m
-1

 ) had insignificant effects. These 

results are in accordance with those of recorded by Kerkides et al. 

(1997) and Olympios et al. (2003). Irrigation with saline water at 4.8, 

7.2, 9.6 and 12.0 dS m
-1

 levels reduced the stem thickness by 10.8 %, 

9.3 %, 17.7 % and 15.0 %, and reduced leaf dry matter by 15.3 %, 
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13.4 %, 25.9 % and 28.3 %, respectively; compared to control. 

Negative effects of higher salinity levels on the leaf dry mass of 

tomato plants were reported by Van-Ieperen (1996), who found that 

the decrease in leaf dry weight by salinity (especially at levels above 6  
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dS m
-1

) is not caused by a reduction in the number of leaves, but by a 

reduction in leaf area. Cruz and Cuartero (1990) found that both stem 

and leaf dry weight of tomato plants were diminished in saline 

condition, but the reduction of leaf dry weight was greater than that of 

dry shoot weight.       

 Yield components as determined by average fruit weight, 

average fruit number and total weight of fruits per plant were 

significantly affected and decreased with increasing salinity level. The 

successive increase in salinity level caused reductions in average fruit 

weigh by 3.6 %, 23.8 %, 30.5 %, 40.3 % and 53.9 %, respectively; 

compared with the control. The corresponding reductions of number 

of fruits per plant were 1.2 %, 5.4 %, 6.6 %, 10.1 % and 10.5 %; 

whereas, the reductions in total yield per plant were 3.6 %, 18.8 %, 

27.1 %, 34.5 % and 49.7 %, respectively. The reductions in yield, 

even at a relatively low concentration of salinity, (i.e. 2.4 dS/m
-1

) in 

the irrigation water supported the finding of Cuartero and Fernandez-

Munoz (1999), that even under normal growing conditions, the EC of 

the root solution was close to the threshold for yield reduction. They 

suggested that, when irrigating with fresh water and fertilizing 

normally, the saturated soil extract varied between 1.6 and 3.1 dS/m. 

Van-Ieppren (1996) reported a significant reduction in average fruit 

weight, but not in fruit number, even at low levels of salinity, applied 

for the whole experimental period. The results showed that, at high 

ECs (above 7.2 dS/m
-1

), there was a serious reduction in average fruit 

weight and total yield (Table 1). These results appeared to be in a 

general agreement with the finding of Olympios et al. (2003). The 

effects of salinity on yield became more marked as the harvest period 

progressed, due initially to a restriction on fruit size during the first 

four weeks of harvest, but later it was to a decrease in fruit number 

(Adams and Ho 1989, and Cuartero and Fernandez-Munoz  1999).     

Increase in salinity level in irrigation water increased leaf Na
+
 

and Cl
-
 concentrations. The rise in Na and Cl

-
 concentrations in the 

leaves lowers the osmotic potential (Cuartero and Fernandez-Munoz, 

1999); contributing to the maintenance of the water potential 

difference between the leaves and the soil, required to obtain water 

from the saline solution.  Accordingly; any plant, able to accumulate 

more Na
+
 and Cl

-
 would absorb water more easily and be more 
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tolerant to salinity. However, increased salinity levels reduced leaf 

Ca
++

 and K
+
 concentrations. Plants which take up more Ca and K from 

the medium will have lower Na
+
/K

+
, Na

+
/Ca

++
 ratios and equilibrium 

of nutrients more similar to the non salinised plants (Cuartero et al., 

1992 and Perez-Alfocea et al., 1993). 

Responses of tomato genotypes to salinity stress 
 Tomato genotypes showed wide differences in studied growth 

and yield traits (Table 2). In general, the parental cultivars differed 

significantly from one another in all recorded characters. The 

significant highest values for plant height among all genotypes were 

those of the cultivar Pakmore VF (85.1 cm); whereas, the lowest 

values were reflected by BL 1067 (65.3 cm). Among parental 

genotypes, Pakmore VF gave the highest value for leaf dry matter 

content (11.84%). The data of the first generation hybrids illustrated, 

generally, that most of the F1' s produced average values around their 

respective mid-parental values or deviated towards the values of the 

higher parents. These results seemed to suggest that the inheritance of 

the three mentioned traits involved additive and partial dominance for 

the high value over their alternative forms, and that the additive gene 

effects contributed to the genetic variability more than the non-

additive gene effects. 

 The means of the different genotypes showed a wide range of 

variability in average fruit weight, average fruit number and total 

weight of fruits per plant (Table 2). The cultivar Pakmore VF had 

significantly the largest average fruit weight; while, the hybrid F1 of 

the cross Strain B x BL 1067 (P4 x P5) had the largest average fruit 

weight and the hybrid F1 of the cross Pakmore VF x BL 1067 (P2 x 

P5) had the highest total yield. All F1's produced averages fruit weight 

that deviated towards the respective smaller fruited parents, reflecting 

the dominance of small- over large-fruit weight. On the other hand, all 

F1' hybrids showed significant superiority in fruits number and total 

productivity over their respective higher parents. Therefore, the later 

result indicated that pronounced degrees of dominance and over-

dominance were involved in the inheritance of these two traits. 

 The comparisons among the various genotypes showed 

relatively greater differences in leaf Na
+
 and Cl

-
 concentrations; while, 

slight variations for their leaf K
+
 and Ca

++
 were observed (Table 2). 
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The breeding line BL 1076 had significantly the highest leaf Na
+
 and 

Cl
-
 content, which would indicate that this line had a higher leaf tissue  
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tolerance to ion accumulation than the others genotypes (tissue 

tolerance having the meaning of Yeo et al., 1988). The lowest contents 

contents of Na
+
 and Cl

-
 were reflected by Pakmore VF, which 

indicated that this cultivar transported less Na
+
 and Cl

-
 to the leaves. 

The restriction of Na
+
 entry, the plant was shown to be an important 

adaptive character contributing to salt tolerance (Romero-Aranda et 

al., 2001). The significant high values for leaf Ca
++

 and K
+
 contents 

were for the two cultivars; i.e., Strain B and Imberial, whereas, the 

lowest values were reflected by the cultivar Pakmore VF for Ca
++ 

 and 

the breeding line BL 1239 for k
+
 content. 

 All first generation hybrids had values for leaf concentrations 

of Na
+
, Cl

-
 , K

+
 and Ca

++
 that appeared to be around their respective 

mid-parental values. Therefore, additive gene effects appeared to have 

relatively more importance than non-additive gene effects in the 

inheritance of these traits. 

Interaction effects between salinity levels and tomato genotypes 
 The interactions between salinity levels and tomato genotypes 

had significant influences on all studied traits, except for stem 

thickness and leaf dry matter content, (Tables 3-10). The general 

performances of the different genotypes under non salt stress 

treatment (EC 1.2 dS/m
-1

) showed that the genotypes had wide ranges 

of variability in most traits. The best parental genotypes, under non 

salt stress condition, that showed the highest values, were Strain B for 

plant height (Table 3). Imperial for average fruit weight (Table 4), 

Strain B for number of fruits (Table 5), Pakmore VF for total yield 

(Table 6), BL 1076 for leaf Na
+
 content (Tables 7), BL 1239 for leaf 

Cl
-
 content (Tables 8), Pakmore VF for Ca

+
 (Table 9) and Strain B for 

k
+
 content (Table 10). Successive increases in salinity levels were 

associated with significant decreases in all traits, except leaf Na
+
 and 

Cl
-
 concentrations which increased with high salinity levels. The 

relative effects varied and the classification of the genotypes for salt 

tolerance would vary according to a specific trait. The lowest 

reductions in plant height with increased salinity levels were reflected 

by BL 1239; whereas, Queen had the highest reduction percentages 

(Table 3). Pakmore VF had the lowest reductions in average fruit 

weight (Table 4).  BL 1076, Strain B and Pakmore VF reflected the 
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lowest reductions for both number of fruits and total yield per plant 

(Tables 5 and 6). Generally, the best hybrid combination under salt  
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Table 3. Plant height (cm) of four tomato cultivars, two breeding lines 

and their  hybrid combinations as affected by different salinity levels. 

   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 85.3 84.3 78.6 72.3 69.0 65.0 

Pakmore VF 

(P2) 

93.3 93.6 89.3 83.6 74.6 75.6 

Queen (P3) 91.6 84.0 77.6 75.0 72.0 61.6 

Strain B (P4) 95.6 79.6 80.6 78.6 61.0 60.0 

BL 1076 (P5) 79.0 76.3 61.6 60.6 56.3 57.6 

BL 1239 (P6) 95.3 84.0 75.6 77.3 72.0 63.6 

P1 x P2 91.3 90.6 84.6 78.6 75.0 72.0 

P1 x P3 89.6 84.6 79.0 74.3 72.0 64.6 

P1 x P4 92.0 83.0 80.6 76.6 66.0 63.6 

P1 x P5 83.3 81.6 70.6 66.4 63.4 62.0 

P1 x P6 91.0 85.0 78.0 75.6 71.3 64.3 

P2 x P3 93.3 90.0 84.0 80.3 73.6 70.6 

P2 x P4 95.0 89.0 85.6 82.0 69.0 70.0 

P2 x P5 86.6 86.7 77.0 74.7 66.1 68.3 

P2 x P6 95.6 89.3 84.0 58.0 74.0 70.6 

P3 x P4 94.3 82.6 79.6 77.3 69.0 62.0 

P3 x P5 86.0 80.6 70.3 69.3 65.3 60.7 

P3 x P6 94.7 84.3 76.7 77.0 72.7 63.3 

P4 x P5 88.3 78.6 72.0 70.6 59.0 60.6 

P4 x P6 95.6 82.6 79.0 78.0 67.3 63.3 

P5 x P6 88.0 80.6 69.6 69.7 64.7 61.7 

Revised L.S.D 12.5 
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stress condition was the crosses Pakmore VF x BL 1076 and Strain B 

x BL 1076. Based on the studied growth traits, the salt tolerance of the 

the different parental genotypes might be classified in the descending 

order as: BL 1076 > BL 1239 > Pakmore VF > Strain B > Imperial > 

Queen.  

 Based on ions concentration (Tables 7 - 10), the result showed 

that the two breeding lines BL 1076 and BL 1239 had the highest 

values for Na
+
 and Cl

-
 contents. These genotypes had higher leaf 

tissue tolerance to ions accumulation than the other genotypes and can 

be classified as salt tolerant. However, the two cultivars Strain B and 

Pakmore VF had relatively low concentration of Na
+
 and Cl

-
, and high 

concentration of K
+
 and Ca

+ 
under high salinity levels. These two 

cultivars transported less Na
+
 and Cl

-
 to the leaves. The restriction of 

Na
+
 entry in the plant contributes to salt tolerance. Cuartero and 

Fernandez-Munoz (1999) hypothesized that a salt tolerance related 

trait would have the capacity of absorbing water and nutrients while 

rejecting Na
+
. The relationship between total Na

+
 content in the shoot 

and total Na
+
 content in the nutrient solution absorbed by the plant is a 

measure of the root Na selective and Na
+
 transport to the shoot, as a 

balance between the root capacity to discriminate against Na
+
 entrance 

and the capacity of the root to extrude Na
+
 to the medium (Reina-

Sanchez et al., 2005). Other authors have pointed out that salt 

tolerance in some plant species has negative correlation with Na
+
 in 

plant shoots and the salt tolerant plants generally exclude Na
+
 from 

their shoots to prevent Na
+
 enrichment in the leaves (Gorhame et al., 

1985 and Cuartero et al., 1992). Perez-Alfocea et al., (1993) reported 

that, in L. esculentum, different degrees of salt tolerance were 

associated with different responses to salinity; some genotypes can 

show an inclusion mechanism allowing the replacement of K
+
 for Na

+
; 

however, others can show an exclusion mechanism with K
+
 

selectivity. A large amount of the used plant materials in the present 

study, generally, showed an inverse relationship between Na
+
 

concentration and salt tolerance.  

 Salt tolerance of plants has been usually expressed as the yield 

decrease at a given level of salinity in the root zone as compared with 

the yield of non-saline plant. The performances of the parental 
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genotypes under salt stress for most studied traits indicated that the 

breeding line BL 1076 had the lowest reduction in average fruit 
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Table 4. Average fruit weight (gm) of four tomato cultivars, two 

breeding lines and their hybrid combinations as affected by different 

salinity levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 130.0 124.1 94.9 84.5 67.6 49.4 

Pakmore VF 

(P2) 

124.0 120.9 97.9 86.8 68.2 52.1 

Queen (P3) 101.0 94.9 66.7 53.5 43.4 32.3 

Strain B (P4) 112.0 108.6 90.7 79.5 66.1 51.5 

BL 1076 (P5) 70.0 70.1 67.9 65.1 64.4 61.6 

BL 1239 (P6) 55.0 55.1 51.7 50.6 49.5 46.7 

P1 x P2 126.0 120.3 94.5 80.6 66.7 50.4 

P1 x P3 114.0 107.1 78.6 63.8 51.3 38.7 

P1 x P4 120.0 115.2 92.4 78.0 67.2 49.2 

P1 x P5 98.0 95.1 77.4 71.5 62.7 43.1 

P1 x P6 90.0 86.8 68.4 67.5 54.9 40.5 

P2 x P3 111.0 104.8 78.8 64.4 55.4 39.9 

P2 x P4 116.0 111.3 93.9 84.1 69.6 52.2 

P2 x P5 95.0 92.1 80.7 73.1 66.5 48.4 

P2 x P6 87.0 85.2 70.5 65.7 59.1 42.6 

P3 x P4 104.0 98.3 71.7 58.5 50.9 33.2 

P3 x P5 83.0 79.3 63.1 56.4 48.1 39.0 

P3 x P6 75.0 71.4 57.7 50.2 42.7 33.7 

P4 x P5 87.0 84.9 73.9 66.1 57.4 46.1 

P4 x P6 81.0 79.1 65.6 62.4 55.1 41.7 

P5 x P6 60.0 60.1 60.0 54.0 51.0 46.7 

Revised L.S.D 5.2 
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Table 5. Average fruit number of four tomato cultivars, two breeding 

lines and their hybrid combinations as affected by different salinity 

levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 17.1 16.6 15.1 14.8 14.1 14.4 

Pakmore VF 

(P2) 

20.8 20.4 18.3 18.5 17.7 17.8 

Queen (P3) 17.8 18.6 16.9 16.5 15.9 16.2 

Strain B (P4) 22.9 23.2 21.6 21.6 21.2 21.1 

BL 1076 (P5) 14.0 14.1 14.0 14.0 13.5 12.8 

BL 1239 (P6) 14.3 14.3 14.5 13.9 13.5 13.2 

P1 x P2 25.6 24.7 24.0 22.8 22.2 22.3 

P1 x P3 22.6 23.4 21.7 21.1 19.9 20.2 

P1 x P4 29.1 27.6 27.3 25.7 25.3 25.4 

P1 x P5 25.5 25.1 24.2 23.8 23.4 22.9 

P1 x P6 26.8 26.5 25.1 25.4 24.3 24.1 

P2 x P3 26.1 25.3 25.1 24.8 23.3 23.4 

P2 x P4 30.2 29.5 28.6 28.3 27.9 27.6 

P2 x P5 33.9 33.5 32.1 32.0 31.0 30.9 

P2 x P6 34.9 35.0 33.2 32.9 31.7 31.5 

P3 x P4 30.9 29.5 28.5 28.3 26.5 26.7 

P3 x P5 25.6 25.9 24.2 24.1 23.0 23.0 

P3 x P6 28.0 27.8 26.3 26.5 25.2 25.2 

P4 x P5 38.6 39.0 37.1 36.9 35.3 35.1 

P4 x P6 35.8 35.8 34.4 34.1 33.0 32.2 

P5 x P6 21.8 21.4 21.1 20.5 21.8 21.2 

Revised 

L.S.D 

1.1 
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Table 6. Total yield/pant (kg) of four tomato cultivars, two breeding 

lines and their  hybrid combinations as affected by different salinity 

levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 1.873 1.760 1.404 1.273 1.123 0.842 

Pakmore VF 

(P2) 

2.209 2.142 1.811 1.590 1.391 1.082 

Queen (P3) 1.645 1.513 1.102 0.904 0.804 0.575 

Strain B (P4) 2.362 2.302 1.960 1.724 1.535 1.181 

BL 1076 (P5) 0.980 0.989 0.950 0.911 0.872 0.793 

BL 1239 (P6) 0.785 0.788 0.749 0.706 0.667 0.620 

P1 x P2 2.805 2.670 2.159 1.935 1.654 1.290 

P1 x P3 2.304 2.131 1.658 1.382 1.198 0.875 

P1 x P4 3.046 2.908 2.317 2.132 1.858 1.413 

P1 x P5 2.247 2.190 1.842 1.730 1.572 1.101 

P1 x P6 2.172 2.113 1.737 1.694 1.455 1.086 

P2 x P3 2.606 2.449 1.954 1.615 1.407 1.042 

P2 x P4 3.212 3.115 2.665 2.409 2.055 1.573 

P2 x P5 2.938 2.864 2.585 2.350 2.232 1.645 

P2 x P6 2.761 2.705 2.319 2.181 2.070 1.490 

P3 x P4 2.787 2.605 2.034 1.672 1.504 1.031 

P3 x P5 1.924 1.847 1.539 1.366 1.250 1.000 

P3 x P6 1.891 1.805 1.531 1.323 1.191 0.945 

P4 x P5 3.070 3.008 2.732 2.456 2.241 1.780 

P4 x P6 2.669 2.610 2.268 2.161 1.975 1.494 

P5 x P6 1.274 1.312 1.223 1.159 1.095 1.019 

Revised 

L.S.D 

0.128 
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Table 7. Leaf Na
+
 concentration (%) of four tomato cultivars, two 

breeding lines and  their hybrid combinations as affected by different 

salinity levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 190 840 740 600 810 3470 

Pakmore VF 

(P2) 

230 360 890 710 790 1660 

Queen (P3) 210 500 950 280 1010 1740 

Strain B (P4) 220 1290 1160 670 980 2600 

BL 1076 (P5) 330 1010 1660 2860 1330 3760 

BL 1239 (P6) 290 810 1040 1700 2040 1540 

P1 x P2 220 610 825 665 810 2575 

P1 x P3 200 440 670 845 910 2605 

P1 x P4 210 640 900 955 1070 3040 

P1 x P5 268 931 1074 1204 1734 3619 

P1 x P6 248 818 948 1228 1328 2513 

P2 x P3 240 450 515 940 920 1720 

P2 x P4 245 845 710 905 1045 2150 

P2 x P5 290 695 1070 1285 1795 2720 

P2 x P6 270 710 810 1305 1385 1610 

P3 x P4 215 475 895 995 1055 2170 

P3 x P5 273 760 1175 1310 1575 2755 

P3 x P6 250 770 910 1160 1325 1640 

P4 x P5 282 1158 1163 1418 1773 3188 

P4 x P6 260 900 1170 1435 1360 2075 

P5 x P6 314 1029 1074 1684 2454 2654 

Revised 

L.S.D 

16 
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Table 8. Leaf Cl
-
 concentration (mg/100gm) of four tomato cultivars, 

two breeding  lines and their hybrid combinations as affected by 

different salinity levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 490 1110 1240 1350 1460 2110 

Pakmore VF 

(P2) 

560 730 1050 1226 1100 1300 

Queen (P3) 500 990 1340 1400 1490 1700 

Strain B (P4) 540 1010 1290 1400 1780 2250 

BL 1076 (P5) 530 890 1520 1600 2100 2610 

BL 1239 (P6) 640 1120 1530 1560 1600 1760 

P1 x P2 535 930 1210 1243 1290 1715 

P1 x P3 495 1050 1345 1320 1475 1905 

P1 x P4 520 1065 1325 1325 1625 2185 

P1 x P5 518 1006 1439 1424 1784 2364 

P1 x P6 573 1123 1448 1408 1538 1943 

P2 x P3 550 880 1215 1333 1315 1520 

P2 x P4 570 890 1190 1333 1460 1795 

P2 x P5 555 820 1295 1423 1610 1965 

P2 x P6 610 935 1300 1403 1360 1540 

P3 x P4 520 1000 1315 1400 1635 1975 

P3 x P5 518 945 1435 1505 1800 2160 

P3 x P6 570 1055 1435 1480 1545 1730 

P4 x P5 542 958 1413 1508 1948 2438 

P4 x P6 595 1070 1415 1485 1659 2010 

P5 x P6 589 1009 1529 1584 1854 2189 

Revised L.S.D 22 
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Table 9. Leaf Ca
++

 concentration (mg/100gm) of four tomato cultivars, 

two breeding lines and their hybrid combinations as affected by 

different salinity levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 1730 1700 1700 1660 1640 1543 

Pakmore VF 

(P2) 

1760 1723 1600 1580 1540 1460 

Queen (P3) 1750 1810 1630 1610 1640 1590 

Strain B (P4) 1720 1690 1790 1680 1640 1630 

BL 1076 (P5) 1690 1590 1600 1670 1650 1470 

BL 1239 (P6) 1560 1660 1670 1610 1430 1420 

P1 x P2 1755 1660 1721 1630 1600 1511 

P1 x P3 1665 1740 1755 1635 1640 1566 

P1 x P4 1700 1750 1675 1640 1630 1596 

P1 x P5 1703 1651 1634 1659 1694 1519 

P1 x P6 1638 1688 1673 1633 1588 1489 

P2 x P3 1635 1775 1786 1615 1610 1545 

P2 x P4 1760 1665 1776 1650 1605 1570 

P2 x P5 1655 1715 1666 1600 1615 1475 

P2 x P6 1701 1605 1590 1635 1585 1450 

P3 x P4 1660 1735 1600 1645 1635 1615 

P3 x P5 1705 1663 1705 1660 1610 1535 

P3 x P6 1595 1735 1640 1625 1590 1505 

P4 x P5 1697 1698 1693 1648 1658 1563 

P4 x P6 1630 1730 1680 1625 1580 1535 

P5 x P6 1629 1629 1639 1644 1544 1449 

Revised L.S.D 25 
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Table 10. Leaf K
+
 concentration (mg/100gm) of four tomato cultivars, 

two breeding lines and their hybrid combinations as affected by 

different salinity levels.   

 

Genotypes 

Salinity levels (dS m
-1

) 

1.2 2.4 4.8 7.2 9.6 12.0 

Imberial (P1) 2100 2100 2160 1780 1900 1350 

Pakmore VF 

(P2) 

2130 2480 1870 1850 1910 1480 

Queen (P3) 2680 2260 2560 2100 2050 1410 

Strain B (P4) 3040 2000 2830 2200 1800 1570 

BL 1076 (P5) 2050 2200 1730 1270 1200 1150 

BL 1239 (P6) 2770 2370 1610 1480 1520 1430 

P1 x P2 2215 2300 1915 1852 1750 1425 

P1 x P3 2390 2020 2330 1975 1855 1380 

P1 x P4 2575 2470 2055 1895 1710 1465 

P1 x P5 2083 1911 1759 1689 1504 1254 

P1 x P6 2443 2143 1553 1703 1818 1498 

P2 x P3 2515 2540 2005 2075 2000 1465 

P2 x P4 2695 2675 2075 1945 1855 1545 

P2 x P5 2190 2045 1885 1815 1800 1325 

P2 x P6 2550 2010 2150 1685 1740 1567 

P3 x P4 2860 2695 2130 2125 1950 1490 

P3 x P5 2368 2155 2000 1920 1880 1285 

P3 x P6 2725 2040 2210 1935 1790 1520 

P4 x P5 2552 2008 2058 1958 1873 1368 

P4 x P6 2910 2290 2180 1810 1645 1605 

P5 x P6 2414 2039 1844 1674 1399 1394 

Revised L.S.D 14 
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 weight, number of fruits and total yield; while, it had the highest 

concentrations of Na
+
 and Cl

-
 in the leaves. The two cultivars 

Pakmore VF and Strain B had good performances and values for most 

traits, especially average fruit weight and total yield, under different 

levels of salinity. The best hybrid combinations under salt stress 

conditions of this study were the crosses Pakmore VF × BL 1076 and 

Strain-B × BL 1076. These results suggested that the three genotypes 

BL 1076, Pakmore VF and Strain B could be selected as donor 

parental materials for a salinity tolerant breeding program in tomato. 

 The ultimate goal of many of breeding projects, such as the 

present research, is to breed cultivars with high salt tolerance. The 

performances of the parental and their F1 hybrid genotypes under 

salinity levels indicated that the additive gene effects contributed to 

the genetic variability more than the non-additive gene effects for 

most studied traits, since values of most F1 hybrids were reported to 

be around their respective mid parental values, and the studied traits 

related with salinity tolerance were not combined together in a single 

donor but in several genotypes. A number of donors should be 

employed in the breeding program for pyramiding all traits in a single 

cultivar which would exhibit a salinity tolerance surpassing that of any 

existent cultivars. These results agreed to a great extent with that 

reported by Cuartero and Fernandez-Munoz (1999), who reported that 

breeding of tolerant cultivars of tomato will occur only after 

pyramiding in a single genotype several characteristics, each of one 

alone could not confer a significant increase in the salt tolerance.  
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 الملخص العربي
 

 استجابة بعض أصناف وسالالت الطماطم
 والهجن الناتجة بينها لتحمل الملوحة 

 

 محمود عبادي وهب هللا

جامعة الملك سعود -كلية علوم األغذية والزراعة -قسم اإلنتاج النباتي  
، المملكة العربية السعودية11611، الرياض 0642ص. ب     

  

يتتذٖ  لًتتم قصتتف أستتُ   ٔهتتم   ان ًتت  ى أجشٚتته ْتتزِ انذساهتت  قٓتتذ    ٛتتٛى 

ٔانٓجٍ انُ  ج  قُٛٓ  نإلجٓ د انًهلٙ، ٔكزنك اَتخ ب انتشاكٛب انٕساثٛ  انًمئً  نبذء قشَت ي  

 شقٛ  نتلًم انًهٕح  فٙ ان ً  ى. ٔنتل ٛق ْزِ اْٞذا  اهتخذو أسقص  أسُ   يٍ ان ً  ى 

ٙ( ٔهتمنت ٌ َ  جتت ٌ يتٍ انتشقٛت  انتج سٚ  )ايبشٚ ل، ٔقت كًٕس فتٙ ا ، ٔكتٍٕٚا ٔاهتتشٍٚ قت

يٍ انًشكض ا هٕٖٛ نبلتٕ  ٔ  تٕٚش انخوتشٔا (  7891، ٔقٙ ال 1>76انذاخهٛ  )قٙ ال 

(. ٔقذ عشضه ْزِ انتشاكٛتب انٕساثٛت  نةتت  يةتتٕٚ    ْجُٛ ;7ٔكم انٓجٍ انًًكُ  قًُٛٓ  )

مل َظ و دٚةٛةًُٛض/يتش( ٔرنك خ 78.6، ٔ>.1، 1.8، 4.:، :.8، 7.8يٍ انًهٕح  )ْٔٙ  

 انش٘ ق نتُ ٛط نهُب     انًُضسع  ق نبٛه انًلًٙ.

ٔقتذ  تى قٛت ط كتم يتٍ اس لت ا انُبت  ، هتًك انةت ل، َةتب  انًت دأل انج فت  قت ٞٔسال،  

يتٕهط ٔصٌ ٔعذد  انثً س،ٔانًلصٕل انكهتٙ نهُبت   ، ٔكتزنك يلتتٕٖ اٞٔسال يتٍ كتم يتٍ 

انُتت ئ  اٌ صٚت دأل يةتتٕٚ   انًهٕحت  انصٕدٕٚو ٔانكهٕسٚذ ٔانك نةٕٛو ٔانبٕ  هٕٛو. ٔأٔضله 

دٚةٛةتًُٛض/يتش قتذ ست حبٓ  اَخلت ن يصُتٕ٘ فتٙ كتم ستل   انًُتٕ انخوتش٘  4.:قذءا يٍ 

ٔانثًش٘. ٔقذ نٕحظ أٌ ا َخل ن فٙ انًلصٕل انكهٙ ٔيتٕهط ٔصٌ انثًشأل  ج ٔص انُصت  

 78.6)نًصظى انتشاكٛب انٕساثٛ  ٔرنك عُذ أعهٗ يةتتٕٖ يتٍ يةتتٕٚ   انًهٕحت  انًةتتخذي  

له انُتتت ئ  أٌ انضٚتت دأل فتتٙ يةتتتٕ٘ انًهٕحتت  ٚصتت حبٓ  صٚتت دأل دٚةٛةتتًُٛض/يتش(. كًتت  أٔضتت

يلتٕ٘ اٞٔسال يٍ عُصش٘ انصٕدٕٚو ٔانكهٕس، ٔس حبٓ  أٚو  اَخل ن فٙ انًلتٕ٘ يٍ 

 انك نةٕٛو ٔانبٕ  هٕٛو. 
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ٔقتذ أهٓتتش  انُتتت ئ  ٔجتتٕد اختمفتت   يصُٕٚت  قتتٍٛ انتشاكٛتتب انٕساثٛتت  انًختهلتت  فتتٙ 

جًٛع انصل   يٕضع انذساه ، يً  ٕٚضح أٌ ْزِ انصل    ؤخز فٙ ا عتب س عُذ ا َتخت ب 

 نتلًم اإلجٓ د انًهلٙ فٙ ان ً  ى. 

 ٔاعتًتت دا عهتتٙ انةتتهٕم انصتت و نٝقتت ء ٔانٓجتتٍ انُ  جتت  قُٛٓتت   لتته هتتشٔ  اإلجٓتت د

انًهلٙ، أٔضله انُت ئ  أًْٛ  انلصم انجُٛٙ انًوٛ  ي  سَت  ق نلصتم انجُٛتٙ  ٛتش انًوتٛ  

فٙ يذ٘ ية ًْتّ فٙ ا ختمف   انٕساثٛ ، حٛث ٔجذ أٌ يصظتى انٓجتٍ انُ  جت  أهٓتش  قًٛت  

  تٕهط قٛى اٜق ء انُ  ج  يُٓ  نكم انصل  . 

قذ عكةت  هتهٕك  ع يت  جٛتذا نًصظتى ٔقذ قُٛه انُت ئ  اٌ انصُلٍٛ ق كًٕسفٙ ا  ٔ اهتشٍٚ قٙ 

انصل    له يةتٕٚ   انًهٕح  انًختهلت ، يًت  ٕٚضتح ايك َٛت  اَتخت قٓى كمقت ء يتكتشسأل قًُٛت  

أعهتٙ  لًتم نهًهٕحت  انًش لصت ، ًٔٚكتٍ اَتخ قٓت  كت ب يص تٙ  >761أهٓش  انةمن  قٙ ال 

 د انًهلتٙ ٚلًم جُٛ    لًم انًهٕح  فٙ قشاي  انتشقٛ . ٔأفوم ْجٍٛ  لته هتشٔ  اإلجٓت

، ٔكتزنك >761فٙ ْزِ انذساه  ك ٌ انتٓجٍٛ انُ    يتٍ انته تٛح قتٍٛ قت كًٕسفٙ ا  ٔ قتٙ ال 

. ْتتزِ اٜقتت ء انثمثتت  ٔانٓجتتٍ انُ  جتت  قُٛٓتت  هتتٛتى  >761انتٓجتتٍٛ قتتٍٛ اهتتتشٍٚ قتتٙ ٔ قتتٙ ال 

 ان ً  ى. اهتخذايٓ  فٙ قشَ ي   شقٛ  نتلًم اإلجٓ د انًهلٙ فٙ
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