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ABSTRACT 
 
The response of Solanum lycospersicum (L.) to varied concentrations of salinity stress was investigated. Plant 
growth, biochemical parameters, cytotoxic ion sequestration and ionic balance were determined. The plant 
exhibited a decline in number of leaves, length of leaf and dry matter accumulation measured. The number of 
flowers increased at 50 mM NaCl concentration. Free proline content increases with increasing NaCl concentration 
and differ significantly (P < 0.05) while Glycine Betaine (GB) content did not differ significantly (P > 0.05). Salinity 
stress increased cytotoxic ions (Na+ and Cl-) and Ca2+ with a corresponding decrease in K+ concentrations. The 
ionic balance (Na+/K+) was low due to high content of K+ levels the plant accumulated ranging from 77.00 to 65.00 
mg Kg-1. It can be concluded that the osmolyte (Pro and GB) accumulations, low Na+/K+ ratio and high number of 
flowers are a possible indicator of salt tolerance in the S. lycospersicum genotype studied.  
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INTRODUCTION 
 

Soil salinity is a major and ever-present threat to crop yields, especially in countries where irrigation is an essential 
aid to agriculture. The United Nations environment program estimates that approximately 20% of agricultural land 
and 50% of crop land in the world is salt stressed [49]. Soil salinity is detrimental to plant growth and adversely 
affect plant metabolism and cause important modification in growth, development and gene expression of plants 
[14]. These modifications may lead to the accumulation or depletion of certain metabolites; resulting in the 
imbalance in the levels of relatively small sets of cellular proteins which could increase, decrease, appear or 
disappear after salt treatment. The entry of NaCl into the root cells, its symplasmic transport past the casparian band 
and its transfer into the transpiration stream are the primary steps of salt accumulation in plants. The pathways for 
the uptake of Na+ into the root symplasmic space have not yet been established in much detail. It has been generally 
assumed that non selective K+ ion channels allow entry into the cell [9]. However, more recent studies suggest that 
Na+ is taken up with K+ by a high affinity K+ uptake carrier [8][7]. All plants have evolved a cellular mechanism of 
salt stress survival by either avoiding or tolerating the salt stress. Plants are either dormant during salt stress or there 
must be cellular adjustment to tolerate the saline environments. Cellular adjustment mechanisms can be categorized 
as those that functions to minimize osmotic stress or ion disequilibrium or alleviate the consequent secondary effect 
caused by these stresses.  
 
The chemical potentials of the saline solutions, initially establish a water potential imbalance between the apoplast 
and symplast that leads to turgor decrease which if severe enough can cause growth reduction [20]. The cellular 
response to turgor reduction is osmotic adjustments. The cytosolic and organellar machinery of halophytes (salt 
tolerant) and glycophytes (salt sensitive) is equivalently Na+ and Cl- sensitive; so osmotic adjustment is achieved in 
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these compartments by accumulation of compatible osmolytes and osmoprotectants [20][21]. Free polyamines 
degraded via Diamine oxidase (DAO) and polyamine oxidase (PAO), can contribute to proline accumulation 
through γ-aminobutyric acid production [3]. However Na+ and Cl- are energetically efficient osmolytes for osmotic 
adjustment and are compartmentalized into the vacuole to minimize cytotoxicity [50][12]. 
 
Tomato (Solanum lycopersicum L.) is a short lived perennial cropped as annuals. It belongs to the family Solanaceae 
(nightshade family) and is typically cultivated for its edible fruits. The leaves, stems and green unripe fruits of 
tomato plant contain small amount of the poisonous alkaloid tomatine [6]. The levels of tomatine are generally too 
small to be dangerous; so foods such as fried green tomato are safe to eat. Ripe tomato does not contain any 
detectable tomatine [10]. 
 
The majority of crop plants are relatively salt sensitive and are unable to tolerate high level of salinity [24]. Despite 
bulk data available on the effect of salt on agricultural crops [31][22][17][38][36][39][40][27], not much has been 
done on tomato [33][43][13][14][46] especially on tomato varieties grown in Sokoto agro climatic zone of Nigeria. 
This research aimed at investigating the responses of tomato (Solanum lycopersicum L.) to varied salt concentration 
on its growth and biochemical parameters with a view to establishing an insight on the salt tolerance mechanism of 
tomato.  
 

MATERIALS AND METHODS 
 

This study was conducted in Biological Garden, Department of Biological Sciences, Usmanu Danfodiyo University, 
Sokoto - Nigeria. The seeds of tomato (Solanum lycospersicum cv. Dan eka) were obtained from a local market at 
Sokoto metropolis, Nigeria. 
 
Plant Growth Condition 
The seeds of S. lycospersicum were collected and surface sterilized by soaking in 5% sodium hypochlorate for 15 
minutes and washed 3 times with sterile distilled water. The seed were first sown in a nursery bed and then 
uniformly germinated seedlings (10 days old) were selected and transferred to a polythene bag containing a mixture 
of river sand and manure (3:1 ratio). Sodium chloride (NaCl) was weighed and dissolved in irrigation water to make 
variant concentration of 50 mM, 75 mM and 100 mM of salt concentrations which were used to water the plants. 
The solutions were then stored in air tight cans to prevent evaporation which will in turns increase solution 
concentrations. The seedlings of tomato were divided into four groups: the first represented the control where no 
NaCl was added to the nutrient solution, the second, third and fourth groups received 50, 75 and 100 mM of NaCl 
treatments respectively, added to the nutrient solution. Each treatment was replicated three (3) times and each 
replicate consist of three (3) plants. The seedlings were exposed to varied salt concentration for 21 days. 
 
Morphological Characterization: 
After 21 days of salt treatment, the seedlings were harvested and floral count (number of flowers), number of leaves, 
length of leaves (cm) and dry mass DM (g/plant) of plants were determined. For dry mass determination, shoots and 
roots were left in desiccators at 80oC for 2 days and parameters computed according the formula of Hunt [45].  
 
Elemental Analysis: 
Dried plant material (0.2 g) was ashed in a muffle furnace at 500oC for three (3) hours. The ashes were digested with 
5 ml of 7N nitric acid (HNO3). After appropriate dilution, the filtrate was assayed for Na+, K+, and Ca2+ using atomic 
flame emission spectrometry. Cl- was measured using titrimetric method [48]. 
 
Determination of Free Proline Content 
Extraction and determination of free proline was performed according to the methods of Bates et al. [30]. Ground 
samples (1g) of plant material were extracted with 3% sulphosalicylic acid and filtered through Whatmann filter 
paper and the extract (2 ml) were held for 1 hour in boiling water by adding 2 ml ninhydrin and 2 ml glacial acetic 
acid, after which cold toluene (4 ml) was added. Proline content was measured spectrophotometerically at 520 nm 
and calculated as Umolg-1DW against standard proline. 
 
Determination of Glycine Betaine Content 
Extraction and determination of betaine was carried out according to the method of Grieve and Maas [5]. Betaine 
was extracted by stirring finely ground-dried sample with demineralised water at 100oC for 1 hour. Betaine content 
was determined spectrophotometrically after reaction with potassium iodide (KI-I2) at 365 nm. 
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Statistical Analysis 
The results were expressed as mean of three replicates and the data were subjected to one way analysis of variance 
(ANOVA) test. Differences between means were determined by Duncan’s Multiple Range test using MINITAB 
statistical software. 
 

RESULTS 
 

The results for the physiological and biochemical responses of tomato (Solanum lycospersicum) to different salt 
concentrations are summarised in Table 1 and Figures 1 and 2. 
 
EFFECTS OF NaCl ON MORPHOLOGICAL CHARACTERS OF TOMA TO 
At 75 mM and 100 mM NaCl, the floral number was decreased (Fig.1). At 50 mM NaCl, highest number of flowers 
was recorded averaging 10.11 per plant. The number of leaves per plant of tomato was markedly affected by salinity 
stress in a concentration dependent manner (Fig.1). The control has the highest number of leaves (66.78 per plant) 
and 100 mM has the least number of leaves (24.22 per plant). However, the results differ significantly (p<0.05). The 
length of leaves (cm) of S. lycospersicum decreased with increasing salt concentration. The results differ 
significantly (p<0.05). The dry matter accumulation DM (g plant-1) was reduced by increasing concentration of salt. 
The control shows the highest dry matter accumulation (4.21 g plant-1) while 100 mM NaCl shows the least dry 
matter accumulation (0.96 g plant-1). The results differ significantly (p<0.05). 
 

Table 1: Effect of different salt concentrations on ionic content (mgKg-1DW) of Tomato (Solanum lycospersicum) 
 

              Treatments (mM)                                                   Na+                       K+                                      Ca2+                          Cl- 
        0                                2.33a                    73.00a                            0.75a             37.75a 

                           50                                  15.00b                    77.00b                       1.25b            53.55b 

      75                             26.00c                 67.00c                           1.05c              42.85c 

             100                            33.00d       65.00c                                1.20bc    56.25b 

 
LSD (0.05) =                             1.445                  2.500                               0.002      0.03 

Values are means of triplicate determinations. Values with different superscript in the same column are significantly different (p<0.05). 
 

 
Figure 1: Effects of salt stress on morphological characters of tomato (Solanum lycospersicum L.) after 21 days of salt stress episode. 

 
EFFECTS OF NaCl ON PROLINE AND GLYCINE BETAINE CONT ENT OF TOMATO 
The free proline content of tomato measured as (µMol g-1) increased with increasing concentration of salt. The 
control had 1.16µMolg-1 while 100 mM and 75 mM had 1.53µMolg-1 each (Fig.2). The results differ significantly 
(p<0.05) but means comparisons shows no significant difference between the salt treated groups (50 mM, 75 mM 
and 100 mM), but revealed a significant difference (p<0.05) between the control and salt treated groups.  Salt stress 
episode shows no significant effects (p>0.05) on glycine betaine content of tomato. Higher values of 1.41 µMol g-1 
and 1.43 µMol g-1 were obtained in 50 mM and 100 mM NaCl treatments respectively (Fig.2). 
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EFFECT OF SALT STRESS ON ION HOMEOSTASIS OF TOMATO 
Table 2 summarised the accumulation of ions (both cytotoxic and non cytotoxic) by S. lycospersicum under salt 
stress episode. The results differ significantly (p<0.05). Sodium ion (Na+) increase with increasing concentration of 
salt, potassium ion (K+) content was also salt concentration dependent with 50 mM showing the highest K+  levels 
(77.00 mg Kg-1DW). Calcium and chlorine ions were not salt concentration dependent as they increased and 
decreased randomly but still the control has the least content while 100 mM has the highest content of Ca2+ and Cl-. 

 

 
Figure 2: Effects of salt concentrations on proline and GB content of Solanum lycospersicum after 21 days of salt stress episode. 

 
DISCUSSION 

 
In this study, salt stress inhibited dry matter accumulation of S. lycospersicum which corroborates the findings of 
Amini et al. [14] on tomato; Reddy et al. [40] on Jatropha curcas and on maize (Zea mays) by Mansour et al. [39]. 
The number of flowers was affected by different salt concentration, and 50 mM treatment shows the highest number 
of flowers. This trend may be due to the fact that salinity stress induces changes in proteomics of tomato [14][46]. 
Proteins and other macro biomolecules play a key role in flower formation and fruit quality. Farnandez-Garcia et al. 
[43] reported that salt stress (below 70 mM concentration) improve fruits quality and nutritional content of tomato. 
These findings explain why the 50 mM of salt produced the highest number of flowers than the rest of the treatments 
(control inclusive).  
 
Increase in salt stress significantly affected the number and length of leaves in a concentration dependent manner 
(Fig. 1). The chemical potential of saline solution initially establishes a water potential imbalance between the 
apoplast and symplast that leads to turgor decrease, which if severe enough can cause growth reduction [20]. Growth 
inhibition of salt stress was also reported on tomato by Brewer et al. [42] and on Zea mays by Mansour et al. [39] 
and also on soybean by Amirjani [41]. As salinity is first perceived in the root, it is likely that a root-derived signal, 
presumably abscisic acid is formed which directly or indirectly down-regulates leaf expansion rate [25][28].  
 
In this study, the content of proline increases with increasing salt concentration. The accumulation of osmolyte 
compounds is often proposed as a solution to overcoming the negative consequences of water deficits in crop 
production which has been proposed as an adaptive mechanism for drought and salt tolerance. Indeed, osmolyte 
accumulation (OA) in plant cell results in a decrease of the cell osmotic potential and help in the maintenance of 
water absorption and cell turgor pressure, which might contribute to sustaining physiological processes, such as 
stomatal opening, photosynthesis and expansion growth [2] [26] [35] [1]. The content of free proline accumulation 
among the treated plants did not differ significantly but they all differ from the control treatment (0 mM NaCl). This 
infers that higher proline accumulated in the stressed plants than in the unstressed plant and hence free proline 
accumulated in response to salinity stress. This finding agrees with the reports of Ashraf [31]; Mansour [36]; 
Mansour et al. [39] and Manikandan and Design [27]. Proline accumulation in response to environmental stresses 
has been considered by a number of investigators as an adaptive trait concerned with stress tolerance [1]. The 
increased proline level above the required level is used in protein synthesis as considered by some authors as a part 
of an adaptive strategy to tolerate salinity [44]. The glycine betaine (GB) content of S. lycospersicum was observed 
to increase with increasing salt concentration. High GB accumulation is suggested to be involved in osmotic 
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adjustment, since it has been proven that high concentration of GB or Pro are not required for their protective effects 
under salinity [36]. The observed high GB content is in accordance with previous reports [36][37][32][39]. 
 
The amount of inorganic ions such as Na+, K+, Ca2+ and Cl- increased with increasing salt concentrations except in 
K+ which increased at one time and then decreased at higher salt concentration in order to sustain the osmotic 
potential and maintain water influx into the plant. The concentration of Na+ increased from 2.33 mg Kg-1 to 33.00 
mg Kg-1 in 0 mM and 100 mM NaCl respectively. In contrast, the concentration of K+ content in S. lycospersicum 
grown under 75 mM and 100 mM NaCl was significantly lower than those of the control and 50 mM NaCl. Under 
salt stress, Na+ competes with K+ for uptake into roots through common transport systems and does this effectively 
since the Na+ in saline environments is usually considerably greater than K+ [11][15]. These findings can be 
attributed to the competitive interactions between K+ and Na+ ions and the inhibition of K+ uptake by high 
concentration of Na+ as reported by Bernstein [29]. 
 
A high cytosolic K+/Na+ ratio is important for maintaining cellular metabolism. In the present study, the levels of 
Na+ gradually increased with increasing concentration of salt, while K+ levels somehow decreased with increasing 
concentration of salinity stress (though higher at 50 mM NaCl). High levels of Na+ inside the cell inhibits the uptake 
of K+ thereby increase Na+/K+ ratio which in turns affects plant metabolism [15]. The metabolic toxicity of Na+ is 
largely due to its ability to compete with K+ for binding sites essentials for cellular function. More than fifty (50) 
enzymes are known to be activated by K+ and Na+ cannot substitute in this role [23]. Moreover, protein synthesis 
requires high concentration of K+ for the binding of tRNA to ribosome [16] and probably other aspects of ribosome 
functions [47]. The maintenance of low cytosolic Na+ concentration and Na+/K+ homeostasis is an important aspect 
of salinity tolerance and that salt tolerant lines show lower Na+/K+ levels [34]. Based on the Na+/K+ ratio observed in 
this study, the S. lycospersicum variety studied could be classified as a salt-tolerant line. 
 
In this study, NaCl increased Ca2+ and Cl- concentrations of S. lycospersicum. Many studies have confirmed that 
NaCl stress may be partially alleviated by increased Ca2+ -supply to the growth medium [4].  Depending on the 
concentration ratio, Na+ and Ca2+ may displace each other from the plasma membrane, it is obvious that Na+ may 
affect cellular Ca2+ -homeostasis, whereas Ca2+ may reduce Na+ -toxicity. Also Ca2+ affects K+/Na+ selectivity at 
plasma membrane [19]. From the results of this study, the concentration of Ca2+ is too low to alter the accumulation 
of Na+ in the plant tissues; hence there is no correlation between Na+ accumulation and increase in Ca2+ 
concentration. These observations corroborate the findings of Cramer et al. [19] on maize (Zea mays) cultivars. The 
high cytoplasmic concentrations of Cl- recorded in salinity stressed treatments of S. lycospersicum may likely 
accounts for the principal cause of salt-induced growth reduction as observed by Zidan et al. [22] and Cramer et al. 
[18].  
 
In general, the results of this study demonstrated that all the growth parameters evaluated decrease with increasing 
salt concentration, except number of flowers which was high in 50 mM NaCl as a result of protein induced changes 
caused by the slight increase in salinity stress which in turns promotes flower induction. In contrast, Biochemical 
characteristics and ionic content of S. lycospersicum was observed to increase with increasing salt concentration 
except potassium ion (K+) content which as expected is in accordance with most previous data. 
 

CONCLUSION 
 

The high osmolyte accumulations (proline and glycine betaine), low Na+/K+ ratio and high number of flowers are the 
possible indicators of salinity tolerance in the S. lycospersicum genotype studied. 
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