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Abstract 
 

Salinity is a major constraint limiting agricultural crop productivity in the world. However, plant species and cultivars 
differ greatly in their response to salinity. This study was conducted in a greenhouse to determine the response of 4 
commercial tomato rootstocks, 21 cultivars and 8 candidate varieties to salinity stress. Seeds were germinated in peat and 
when the plants were at the fifth-true leaf stage, salt treatment was initiated except control treatment. NaCl was added to 
nutrient solution daily with 25 mM concentration and had been reached to 200mM final concentration. On harvest day, 
genotypes were classified based on the severity of leaf symptoms caused by NaCl treatment. After symptom scoring, the 
plants were harvested and leaf number, root length, stem length and diameter per plant were measured. The plants were 
separated into shoots and roots for dry matter production. Our results showed that, on average, NaCl stress decreased all 
parameters and the rootstocks gave the highest performance than genotypes. Among all rootstocks, three varieties (819, 2211 
and 2275) and ten genotypes (Astona, Astona RN, Caracas, Deniz, Durinta, Export, Gökçe, Target, Yeni Talya and 144 HY) 
were selected as tolerant with slight chlorosis whereas the genotype Malike was selected as sensitive with severe chlorosis. 
Candidate varieties 2316 and 1482 were the most sensitive ones. Plant growth and dry matter production differed among the 
tested genotypes. However no correlation was found between plant growth and dry matter production. Rootstock Beaufort 
gave the highest shoot dry matter although Heman had highest root dry matter. Newton showed more shoot and root dry 
matter than other genotypes. It is concluded that screening of genotypes based on severity of symptoms at early stage of 
development and their dry matter production could be used as a tool to indicate genotypic variation to salt stress. 

 
Introduction 
 

Tomato (Lycopersicon esculentum Mill.) is the most 
prominent crop grown in greenhouses worldwide and in 
Mediterranean Region as well. The plants require high 
temperature and high photosynthetic active radiation 
conditions for optimal production. These conditions are 
typical for arid and semi-arid regions where soil and 
groundwater salinity are insidious problems (Cuertero & 
Fernandez, 1999). However, salinity is one of the most 
significant factors limiting agricultural crop productivity 
in these regions in the world (Flowers et al., 1997) which 
occur due to low rainfall, high evaporation, native rocks, 
saline irrigation water, insufficient drainage and poor 
water management (Muns & Termaat, 1986).  

Salinity affects the crop during both the vegetative 
and the reproductive stage and therefore causes reduction 
in plant growth and development with low water potential 
in the root medium (osmotic effect), too high internal ion 
concentration (ion excess/toxicity) and nutritional 
imbalance by depression in uptake and/or shoot transport 
(ion deficiency) (Levitt, 1980). Most of the salt stress in 
nature is due to sodium salts, particularly NaCl (Levitt, 
1980; Muns & Termaat, 1986). High concentrations of 
Na+ and Cl- in the root medium saturation depress 
nutrient-ion activities and produce extreme rations of 
Na+/Ca2+, Na+/K+, Ca2+/Mg2+ and Cl-/NO3

- (Grattan & 
Grieve, 1999). Osmotic effect resulting from salinity may 
cause disturbances in the water balance of the plant, 
including a reduction of turgor and an inhibition of 
growth, as well as stomatal closure and reduction of 
photosynthesis (Navarro et al., 2000; Romero-Aranda et 
al., 2001; Li & Stanghellini, 2001; Heuvelink et al., 
2003). As a result, plants become susceptible to osmotic 
and specific-ion injury as well as to nutritional disorders 
that may result in reduced yield and quality. These 
processes may be occurring at the same time, but whether 
they ultimately affects crops yield and quality depends on 

the salinity level, composition of salt, exposed period to 
salinity, the crop species and cultivars, the growth stage of 
plants and a number of environmental factors (Carjaval et 
al., 1998; Del Amore et al., 1999; Grattan & Grieve, 
1999; Caro et al., 1991). 

When salt concentration reaches a harmful level to 
plant growth, a salinity condition is said to have 
developed. The degree to which growth and normal 
metabolism can be maintained is described as salt 
tolerance. Salt tolerance of vegetable crops varies 
considerably among species and depends upon the cultural 
conditions under which the crops are grown. Soil, water, 
plant and environment can affect the salt tolerance of a 
plant. Therefore, plant response to a given salt 
concentration cannot be predicted on an absolute basis but 
on relative performance basis. Vegetable crops tolerance 
to salinity is usually appraised in one of the three ways: 
the ability of plants to survive in saline conditions, the 
absolute plant growth or yield and the relative growth or 
yield in saline conditions as compared with non-saline 
conditions (Mangal & Singh, 1993). 

The tomato plant is moderately tolerant to salinity 
stress (Ayers & Westcot, 1989; Maas, 1986,1990). Thus, 
Maas (1986) reported that a 50% yield reduction at an 
electrical conductivity of the saturated soil extract of 7.6 
dS m-1. It has been determined that salinity causes several 
kinds of damage such as growth inhibition, metabolic 
disturbance and quality losses in addition to yield 
reduction on tomato plants (Sanchez-Blanco et al., 1991; 
Schwarz et al., 1998; Navarro et al., 2000; Li & 
Stanghellini, 2001; Romero-Aranda et al., 2001; Tüzel et 
al., 2003; Maggio et al., 2007). As is seen, many 
investigations have been conducted to evaluate the effects 
of salinity on tomato. Also numerous attempts have been 
made to improve the salt tolerance of wild and 
commercial tomato crop through traditional breeding 
programs, more recently by biotechnological methods and 
by genetic transformation of plants (Sanches-Blanco et 
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al., 1991; Shannon et al., 1987; Alian et al., 2000). 
Especially plant breeding methods are time consuming, 
slow process, laborious and expensive approach and rely 
on existing genetic variability. Moreover, it is difficult to 
modify single traits that are probably multifunctionally 
controlled and commercial success has been limited. Use 
of physiological selection criteria can improve the 
probability of success by making empirical selection more 
efficient (Noble & Rogers, 1992).  

In this context, screening at the earlier stage can be an 
easier method to determine salt tolerant genotypes. 
Besides, tolerance to NaCl by using screening method 
with large number of tomato genotypes was limited in 
literature. Our results can provide a potential for a 
genotypic variation for NaCl tolerance and be helpful in 
selecting the genotypes for further and detailed screening 
studies.  

The main objective of this study was to determine the 
salt tolerance of commercial tomato rootstocks, cultivars 
and candidate varieties screening them on the basis of 
visual appearance and differential responses and the 
discuss the reliability of criteria indicating salt tolerances; 
and determination of effects of NaCl salinity on plant 
growth in seedling stage.   
 
Material and Methods 
 

This experiment was carried out in an un-heated 
greenhouse (Richel, PE covered bitunnel) at Faculty of 
Agriculture Ege University in the autumn season of 2004. 
Four commercially available rootstocks, eight candidate 
varieties and twenty-one cultivars of tomato were used as 
plant material (Table 1).   

 
Table 1. Genotypes and their producer seed companies. 

 Genotypes Company  Genotypes Company 
Beaufort De Ruiter Alida Zeraim 
Heman Sygenta Astona Nunhems 
Rootex EnzaZaden Astona RN Nunhems 

Rootstocks 

Vigomax De Ruiter Beril Rito 
  Caracas Zeraim Gerada 

819 Çagdas Deniz Zeraim Gerada 
1414 Çagdas Durinta Western 
1482 Çagdas Ecem BATEM 
1483 Çagdas Elif Zeraim Gerada 
2211 BATEM* Export Golden 
2275 BATEM Gökçe Zeraim 

Candidate 
 varieties 

2316 BATEM 

Cultivars 

Halay 344 EnzaZaden 
 2285 BATEM  Ikram Sygenta 
    Malike Clause Tezier 
    Newton Sygenta 
    Polaris Golden 
    Selin Zeraim Gerada 
    Target De Ruiter 
    Tülin Zeraim Gerada 
    Yeni Talya De Ruiter 
    144 HY Hazera 
*Batı Akdeniz Agricultural Research Institute, Antalya-Turkey 

 
Seeds were sown into peat on 29 November 2004 and 

tomato seedlings at the second true leaf stage were 
transferred to other containers. Water and nutrient 
requirements of the plants were supplied with the nutrient 
solution having the following composition (mg L-1): N 
210, P 40, K 250, Ca 150, Mg 50, Fe 2, Mn 0.75, B 0.4, 
Zn 0.50, Cu 0.10 and Mo 0.05 (Day, 1991) and the plants 
were grown under non-saline conditions for 21 days. 
When the plants were at the fifth-true leaf stage, salt 
treatment was initiated excluding control treatment. The 
experiment was carried out with 6 plants. Three plants 
were used per genotype in each replication.  

NaCl was added to nutrient solution with 25 mM 
NaCl concentration had been reached to 200 mM NaCl. 
The plants were grown for 10 days under 200 mM salt 
stress condition. 63-day old plants were classified for their 
salt tolerance by the visual appearance. Plants were rated 
for severity of salt susceptibility by 0-4 scale (Fig. 1). The 

scale was (0) normal green plants with fully expanded 
leaves; (1) green leaves with slight inward curly and dry 
leaves; (2) dry leaves from moderate to severe damages; 
(3) most leaves with drying damages; (4) all leaves of the 
plant with drying damages (Dasgan et al., 2002). After 
scale scoring, the plants were harvested and leaf number, 
root length (length of the longest root), stem length and 
diameter per plant were measured. Furthermore the plants 
were separated into shoots (all leaves and stem) and roots 
for dry matter assimilation and dried at 65 °C using a 
thermo ventilated oven. 

Analysis of variance (ANOVA) was carried out to 
determine any statistically significant differences. The 
experimental design was one factor randomized parcel 
with 3 replicates. Different letters in the tables represent 
significant variations according to the Fisher’s protected 
least significant difference (LSD) test. Significance was 
set at p≤0.05. 
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Fig.1. The salinity scale classes used in experiment. 
 
Results 
 
Symptom score: The variation was not high in terms of 
tolerance to 200 mM NaCl treatment based on severity of 
leaf symptoms (Table 2). Among the tested genotypes, all 
rootstocks; candidate varieties namely 819, 2211 and 
2275 and cultivars Astona, Astona RN, Caracas, Deniz, 
Durinta, Export, Gökçe, Target, Yeni Talya and 144 HY 
with 1.0 score were found tolerant genotypes followed by 

candidate varieties 1483 and 1414; cultivars Ikram, 
Polaris, Alida, Beril, Ecem, Elif, Halay 344, Selin and 
Tülin. All these genotypes were less affected from salt 
treatment than the others and showed no or only slight 
chlorosis. Candidate varieties 2316 and cultivar Malike 
were the most sensitive genotype to salinity stress with 
2.7 score. Plants with scores between 1.0 and 2.7 showed 
mild tolerance to 200mM NaCl concentration. 

 
Table 2. Leaf chlorosis and necrosis symptom score (0-4)* of 33 genotypes grown at 200 mM NaCl. 

  Score    Score 
Beaufort 1.0 c  Cultivars  Alida 1.3 bc 
Heman 1.0 c   Astona 1.0 c 
Rootex 1.0 c   Astona RN 1.0 c 

Rootstocks 

Vigomax 1.0 c   Beril 1.3 bc 
    Caracas 1.0 c 
    Deniz 1.0 c 
819 1.0 c   Durinta 1.0 c 
1414 1.3 bc   Ecem 1.3 bc 
1482 2.0 ab   Elif 1.3 bc 
1483 1.7 bc   Export 1.0 c 
2211 1.0 c   Gökçe 1.0 c 
2275 1.0 c   Halay 344 1.3 bc 
2316 2.7 a   Ikram 1.7 bc 
2285 1.0 c   Malike 2.0 ab 
    Newton 1.3 bc 
    Polaris 1.7 bc 
    Selin 1.3 bc 
    Target 1.0 c 
    Tülin 1.3 bc 
    Yeni Talya 1.0 c 

 
 
Candidate 
 varieties 

    144 HY 1.0 c 
LSD(0.05)   0.864** 
*All genotypes were scored by using 0-4 scores: 0: no or very slight, 1: slight, 2:mild, 3: severe, 4:very 
severe. 

 
Plant growth: Plant leaf number was reduced by 23.3% 
with the salinity. In control treatment, candidate variety 
1482 and rootstock Beaufort gave the highest leaf number 
as 11.0 and 10.0 number plant-1, respectively. Least leaf 
number was obtained from 1414 and 2275 with 6.5 leaves 
per plant followed by Alida, Elif, Ecem, Halay 344, 
Polaris, Tülin, 2211 and 2285 with 7 leaves per plant. In 
saline conditions, Vigomax gave the highest leaf number 

with 8.3 leaves per plant followed by Beaufort, Durinta 
and Newton. Rootstock Rootex and cvs. Ecem, Malike, 
Polaris, Selin, 2211 and 2316 showed least leaf number 
per plant. On average, leaf numbers of cultivars was much 
more affected by NaCl treatment than the rootstocks. 
Rootstocks leaf number was reduced by 13.7% while in 
cultivars the reduction was 24.0% (Table 3).  
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Plant height was changed between 26.9 (Beaufort) 
and 20.9 (2316) cm in control treatment whereas it was 
between 26.1 (819) and 13.71 (2285) cm in 200 mM NaCl 
treatment. NaCl treated plants with 19.06 cm average 
height showed 29.03% reduction when compared with 
control plants. In salinity treatment rootstocks had 22.97% 
longer plants than cultivars and candidate varieties. 
Especially Vigomax and Beaufort gave the highest plant 
height. Among the cultivars and candidate varieties 819, 
1483, Astona RN, Astona and Target were the highest 
ones (Table 3). 

Yeni Talya with 30.8 cm showed the highest root 
length, while Export with 12.3 cm had the least length in 
control treatment. Among the rootstocks Heman was the 
highest root. In saline conditions, data was changed 
between 17.9 (Rootex) and 7.9 (1483) cm. Average 
decreases in root length of rootstocks (17.4%) caused by 
salt stress were less than cultivars and candidate varieties 
(35.2%). The average root length was 34.8% reduce in 
plants grown in nutrient solution with NaCl, compared to 
nonsaline plants (Table 3).  

Among the tested plants, Ikram gave the thickest 
stem diameter (0.55 cm) followed by Astona and Deniz in 
nonsaline conditions. The thinnest stem diameter was 
measured on Rootex followed by 2211, 2285, Polaris and 

Halay 344. Stem diameter was reduced 10.37% when 
NaCl was applied to nutrient solution. As Beril in salt 
stress had thickest stem diameter with 0.443 cm, Heman 
gave the thinnest stem diameter with 0.307 cm (Table 3).  
 
Dry matter production: Plants in control treatment, 
shoot and dry weight were found insignificant. However, 
in saline conditions shoot and root dry matter productions 
were statistically significant (p≤0.01).  Among the tested 
rootstocks Beaufort gave the highest shoot dry matter 
even though Heman had highest root dry matter. Among 
the cultivars and candidate varieties Newton showed more 
shoot dry matter (1.09 g plant-1) than others and followed 
by Beril, 1482, Astona, Ikram, 1483 and 2216.  Average 
shoot dry matter was 1.06 and 0.81 in plants grown in 
nutrient solution with (200 mM) and without (control) 
NaCl. Decrease in shoot dry matter production caused by 
salt stress was 23.5%. When NaCl was not supplied, the 
average root dry matter was found as 0.19 g plant-1 and 
with NaCl it decreased to 36.8%. Heman and Newton 
gave the highest root dry matters with 0.16 g plant-1 
followed by Durinta, Beril, Deniz, 2211 and 2316 (Table 
4). Correlation between symptom scores of NaCl toxicity 
and shoot and root dry weight of plants could not be found 
significant (Fig. 2).  
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Fig. 2. Relationship between shoot and root dry matter production and symptom scores of NaCl toxicity. 
 
Tomato genotypes showed significant differences in 

daily dry matter production especially under 200 mM NaCl 
salt stress. It has been range from 11.82 to 33.57 mg plant-1 

in control, 9.05 to 19.84 mg plant-1 in salinity treatment. 
Astona produced the highest daily dry matter followed by 
1483, 819 and Newton in nutrient solution without NaCl 
while Halay 344 showed the least dry matter production per 
day and 2275, Yeni Talya and Polaris were found close to 
it. 200 mM NaCl nutrient solution reduced daily dry matter 
production (26.19%) compared to control plants. In saline 
conditions, Heman and Ecem gave the least daily dry 
matter production while Newton had the highest dry matter 
production per day (19.84 mg plant-1). Beril and Astona 
were followed by Newton with 18.25 and 17.67 mg daily 
dry matter per plant.  
 
Discussion 
 

Among the tested tomato genotypes there was not a 
large variation in terms of tolerance to salt stress, as 

judged from the severity of leaf symptoms caused by 
NaCl treatment. Symptom score was changed between 
1.0 (tolerant) and 2.7 (sensitive). 2316, 1482, 1483, 
Malike, Ikram and Polaris were the most susceptible 
genotypes with greater leaf damage in saline (Table 1). 
Interestingly, the genotype Polaris and 2316 showed a 
very less decrease in shoot dry matter production like 
Alida, Caracas, Gökçe, Halay 344, Selin, Yeni Talya, 
1414 and 2275. Also the genotype Heman, Astona and 
144 HY with less leaf symptoms showed more reduction 
in growth (Table 2). These results indicate that scoring 
symptoms only for the severity of leaf symptoms cannot 
be reliable screening method in ranking genotypes for 
their tolerance to salt stress at early stage (Al-Karaki, 
2000; Dasgan et al., 2002). This screening method could 
be combined with other approaches such as shoot or root 
Na and Cl concentration of genotypes (Al-Karaki, 2000; 
Aktas et al., 2006) or the root/shoot dry weight ratio 
(Cruz & Cuartero, 1990). 
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It is well known that one of the first plant responses 
to salinity stress is a reduction in plant growth rate with 
associated reductions in leaf area available for 
photosynthesis. Subsequently, excessive accumulation of 
salts can lead to death of tissues, organs, and whole plants 
(Munns & Termaat, 1986). In 200 mM NaCl treatment, 
leaf number, seedling height, root height and stem 
diameter of 33 tomato genotypes were decreased as 
reported by other authors (Perez-Alfocea et al., 1993; 
Yokas et al., 2008). Root length has been found to be 
more adversely affected than shoot growth by an 
increasing supply of NaCl (Mills, 1989; Bourgeais & 
Guerrier, 1992; Sweby et al., 1994). Similar results were 
obtained in this work: although both root and shoot 
growth were inhibited by salt, the effects were more 
pronounced on root growth. Vigomax and Beaufort 
showed the highest leaf number and plant height while 
Rootex showed the longest root length. Also Beaufort had 
the thickest stem diameter compared with other 
rootstocks. The observed positive effects of rootstocks 
were rootstock’s vigorous root system which absorb water 
and nutrients more efficiently and may also serve as a 
supplier of endogenous plant hormones (Leonardi & 
Paratore, 1998; Romano & Paratore, 2001). 

In this experiment, decreasing in root and shoot fresh 
weights in saline condition were 11.97 and 18.95%, 
respectively compared to control plants. This result was 
similar to that of Cruz and Cuartero (1990) who found 
that root growth in tomato appears to be less effected by 
salt than shoot growth. Other authors also reported that 
the root/shoot dry weight ratio may be an important 
parameter in salt tolerance of genotypes. In our results, 
any significant correlations were not detected between 
root/shoot dry weight and scores (data not shown). These 
may indicate that plant shoot and root dry weights were 
independent of salt tolerance at seedling stage of tomato 
plants as shown in this study, supported by Dasgan et al. 
(2002). Tomato genotypes grown under 200 mM NaCl 
showed significant variation in shoot and root dry weight 
and daily dry weight production (Table 3). However, 
significant relations were not found between shoot-root 
dry weights and the scale classes. Similar responses were 
reported by Al-Karaki, (2000) and Dasgan et al., (2002). 

It is concluded that plant growth and architect are 
changed according to genotypes. Rootstocks showed more 
vigor and vegetative growth depending on its own 
characteristics and rootstocks additionally could be useful 
tool for increasing the tolerance of plants to stress factors 
like salinity.  
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