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ABSTRACT: Salt stress imposes a major challenge to agricultural production, especially in arid and 
semi-arid regions. Rice (Oryza sativa) is the most salt-sensitive cereal crop. Therefore, the objective of 
this study was to investigate the effect of salinity on the plant growth trials and some osmoprotectants 
concentration in two rice genotypes (Hashemi parental and Hashemi advanced mutant line). For this 
purpose, seedlings were grown hydroponically under 0 (control), 5 and 10 dS m-1 NaCl stresses and 
different growth, qualitative and physiological traits were evaluated in three times including 6 h, 48 h and 
1 w after salinity treatment. The results showed that salinity significantly reduced total fresh and dry 
weights as well as total chlorophyll content in both genotypes. Moreover, proline and trehalose content 
(as osmoprotectants) significantly increased in response to salinity stress. It was revealed that Hashemi 
advanced mutant line significantly delayed decreasing of total chlorophyll and had the highest proline 
and trehalose content as compared with Hashemi parental genotype. Overall, the Hashemi advanced 
mutant line that had the highest chlorophyll and osmoprotectants content identified as salt-tolerant 
genotype. 
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INTRODUCTION 
 

 Throughout their life, plants come across perturbations in environmental conditions which hamper their growth 
and development. In crop plants, such fluctuations, mostly in the form of soil salinity and drought, reduce yield 
(Tripathy et al., 2015). Salinity is a major environmental limiting factor that affects growth and productivity as well 
as the geographical distribution of many plant species. High salinity, predominantly in the form of NaCl, affects 
plant growth in three ways: osmotic effects, ion toxicity and nutrient imbalance. A high salt concentration in the 
rhizosphere impairs water uptake (osmotic effects) and nutrient absorption (nutrient imbalance) in plant roots. 
However, excess accumulation of salt within the plant is highly toxic and results in oxidative stresses and enzyme 
inhibition (ion toxicity) (Munns and Tester 2008; Hosseini et al., 2015; Hossain et al., 2016). 
The amount of salt-affected land has increased, and will continue to increase, due to continued unsustainable 
cultivation practices and climate change. A recent estimate claims that the annual cost of salt-induced land 
degradation in irrigated areas due to loss of crop production (Qadir et al. 2014). 
Salt stress affects a wide variety of physiological and metabolic processes in plants in their vegetative stages 
leading to growth reduction. The response of plants to salinity is usually assessed by measuring the amount of 
biomass produced under saline and control conditions during long-term salt stress treatment (Munns 2002; 
Hosseini et al., 2015). Shortly after exposure to salt stress, plants experience a cell growth and development 
reduction, which is largely caused by the salt outside the roots and is known as an osmotic effect (Munns 2002; 
Munns and Tester 2008). Moreover, salinity frequently induces premature senescence of leaves. Leaf senescence 
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is most often quantized by decreases in protein or chlorophyll concentration and by increases in membrane 
permeability (Lutts et al., 1996). 
Plants respond to salt stress by restricting the uptake of Na+, and adjustment of the cytoplasmic compartment is 
achieved by producing compatible osmolytes such as proline, ectoine, glycine betaine, sorbitol and trehalose. The 
high concentration of compatible solutes is able to balance the concentration of salts outside the cell on one side, 
and on the other, to counteract the high concentrations of Na+ and Cl− in the vacuole (Nounjan et al., 2012; Tu et 
al., 2014).  
Proline is the most common osmolyte accumulating in plants in response to various stress conditions. It offers a 
wide range of protective roles including osmotic adjustment, stabilizer for cellular structure and reduction of 
damage to the photosynthetic apparatus. The level of Pro accumulation in plants varies from species to species. 
The importance of Pro in enhancing plant stress tolerance has recently been substantiated through a transgenic 
approach (Su and Wu, 2004; Nounjan et al., 2012). 
Trehalose is a non-reducing disaccharide found in many organisms. It is an essential component of the 
mechanisms that coordinate metabolism with plant growth adaptation and development (Paul, 2007). Trehalose 
accumulation influences the alteration of sugar metabolism leading to an osmoprotectant effect under stress 
(Djilianov et al., 2005). 
Rice (Oryza sativa) feeds the human population more than any other crop, but it is a moderately salt sensitive crop 
in risk of greater exposure to brackish water due to the elevation of sea level, especially in the delta regions where 
rice is mainly produced (Pires et al., 2015). Rice could only tolerate salinities within the range of 1.9–3 dS/m and 
under salinities exceeding 6 dS/m it may experience up to 50% reduction in yield (Hashemi et al., 2016). 
Due to the importance of rice as a global commodity, and the potential threat of increasing soil salinity to rice 
production, this study was conducted to study the effects of salinity stress at seedling stage on total biomass, 
chlorophyll content and some osmoprotectants concentration in two Hashemi parental and Hashemi advanced 
mutant line of rice under hydroponic conditions. 
 
Materials and Methods 
Plant materials and salinity experiment 
This study was performed at the Faculty of Agriculture, University of Gorgan, Iran. Seeds of Hashemi parental and 
Hashemi advanced mutant line were obtained from the Rice Research Institute of Iran, Rasht. These genotypes 
were selected because they are some of the commonly grown rice cultivars in North of Iran and have high yield. 
After breaking dormancy, seeds were surface sterilized with 5% (w/v) sodium hypochlorite for 15 min and rinsed 
four times thoroughly with distilled water prior to being sown in Petri dishes containing distilled water just sufficient 
to soak the seeds and incubated at 30 °C under dark condition for 5 days for uniform germination [8]. Five-day-old 
pre-germinated uniform seedlings (with 2-3 leaves) of the 2 rice genotypes were transplanted in foam-plugged 
holes (one plant per hole) in Styrofoam sheets floating over of Yoshida’s nutrient solution [9]. It is good for one 
month without replacement and maintenance of daily pH. The nutrient solution pH was checked every week for any 
deviation from 5.0 ± 0.5 (adjusted by adding either 1 N NaOH or 1 N HCl). The seedlings were grown in the 
phytotron facilities that are maintained at 29/21°C day/night temperature and at a minimum relative humidity of 
70%. Twenty days after being transferred to the hydroponic system, plants were treated with 0 (as control), 5 and 
10 dS m−1 of electrical conductivity (EC) by dissolving NaCl in the nutrient solution. 
 
Morphological traits 
To quantify and compare the responses of the contrasting genotypes under control and saline conditions, 
morphological parameters such as total fresh weight (FW) and dry weight (DW) were measured. Seedlings were 
harvested at three different stages including, 1) 6 h after treatment, 2) 48 h after treatment and 3) 1 week after 
treatment. Total FW was determined immediately after harvesting and total DW was determined after oven dried at 
70 °C for 3 d. 
 
Total chlorophyll content 
The amount of total chlorophyll content was determined by UV-vis spectrophotometry as described by Porra et al. 
(1989) and Holm (1954). Briefly, 10 mL of acetone 80% (acetone : distilled water 80:20 v:v) was added to 0.5 g of 
homogenized freeze-dried pulp leaves samples. Extract was then centrifuged at 1500 g for 10 min. The 
supernatant was separated and the absorbances were read at 663.6, 646.6 and 440.5 nm. The total chlorophyll 
content was calculated according to the following formulas: 
Chl a = 12.25 A663.6 – 2.55 A646.6  
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Chl b = 20.31 A646.6 – 4.91 A636.6  
Total Chl (mg g-1FW) = Chl a + Chl b  
Proline 
Proline colorimetric determination proceeded according to Bates et al. (Bates et al., 1973). Briefly, 0.2 g of fresh 
leaf samples were homogenized in aqueous solution of 3% (w:v) sulphosalicylic acid, then centrifuged at 12000 g 
for 10 min. For proline determinations, the plant extract, acid ninhydrin and glacial acetic acid (2:2:2) were 
incubated at 100 °C for 1 h. The reaction was terminated in an ice bath. The reaction mixture was extracted with 4 
mL of toluene and the chromophore-containing toluenephase was sucked. Proline content was measured 
spectrophotometrically at 520 nm using toluene as a blank and calculated as μmol g-1 FW against standard proline. 
 
Trehalose 
Trehalose content in the second leaves was determined following the method described by Mostofa et al. (2015) 
with some modifications. The leaves (1.0 g) were homogenized in 5 mL of 80% (v/v) hot ethanol and centrifuged at 
11,500 × g for 20 min. The supernatants were dried at 80 °C followed by re-suspension in 5 mL distilled water. The 
solution (100 μ L) was mixed with 150 μL 0.2 N H2SO4 and boiled at 100 °C for 10 min to hydrolyze any sucrose or 
glucose-1-phosphate, then chilled on ice. NaOH (0.6 N, 150 μ L) was added to the above mixture and boiled for 10 
min to destroy reducing sugars, then chilled again. Anthrone reagent (2.0 mL; 0.2 g anthrone per 100 mL of 95% 
H2SO4) was added to the above mixture and boiled for 10 min to develop a color and then chilled again. The 
absorbance was recorded at 630 nm and Tre concentration was calculated as μg g−1 FW using a standard curve 
developed with commercial trehalose. 
 
Statistical analysis 
The experiment was carried out according to a split plot experiment based on a completely randomized design with 
three replications. Data were analyzed by PROC ANOVA procedure by SAS software (Ver. 9.1 2002–2003, SAS 
Institute, Cary, NC, USA). Before analysis of variance, data were tested for normality and homoscedasticity using 
the Kolmogorov–Smirnov and Cochran tests, respectively. Least significant difference (LSD) at P ≤ 0.01 and P ≤ 
0.05 was calculated to compare differences between means following a significant ANOVA result. 
 
Results and discussion 
Total fresh and dry weights 
The results showed that after one week treatment, salinity stress significantly enhanced total FW in 10 dS m−1 of 
Hashemi parental genotype, but reduced total FW in other treatments (Table 1). Hashemi advanced mutant line 6 h 
after salinity stress showed the highest total DW in both treated and untreated seedlings as compared with 
Hashemi parental genotype. At the end of experiment, the highest total DW slightly increased in 10 dS m−1 of 
Hashemi parental genotype. Total DW of Hashemi advanced mutant after 1 w treatment significantly reduced by 
salinity stress, as this inhibitory effect increased with increasing concentrations of salinity (Table 1). 
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Table 1. Effect of salinity stress on seedling total fresh weight (FW) and dry weight (DW) in Hashemi parental and 
Hashemi advanced mutant line rice under Hydroponic conditions. 

Sampling times Salinity Cultivar 
Total FW 
(mg) 

Total DW 
(mg) 

6 h 0 Parental 58.6 c 19.3 b 

 5  86.5 b 17.5 bc 

 10  64.0 c 16.5 c 

 0 Mutant 80.9 b 24.1 a 

 5  115.0 a 24.0 a 

 10  115.0 a 22.0 a 

     

48 h 0 Parental 86.0 ab 23.0 b 

 5  77.5 b 22.0 b 

 10  99.5 a 29.5 a 

 0 Mutant 92.0 ab 24.5 ab 

 5  83.5 ab 26.0 ab 

 10  87.0 ab 24.5 ab 

     

1 w 0 Parental 170.0 ab 39.0 a 

 5  100.0 d 24.5 b 

 10  175.0 a 39.5 a 

 0 Mutant 145.0 abc 39.0 a 

 5  135.0 bcd 32.5 ab 

 10  130.0 cd 30.0 ab 
* For each column and sampling time, means followed by the same letters are not significantly different at P ≤ 0.01 
according to the least significant difference test. 
 
Salinity-induced fresh weight reduction is a common phenomenon for most of the cultivated crop plants and trees. 
The reductions of fresh weight due to salinity stress have also been investigated by several scientists in several 
crops, whereas the increase in fresh weight in salinity has been reported by Mane et al. (2011). The reduction in 
biomass increased with the increase in salinity which is obvious because of disturbances in physiological and 
biochemical activities under saline conditions that may be due to the reduction in leaf area and number of leaves 
(Yunwei et al., 2007). 
Moreover, the inhibitory effect of salinity stress on plant growth as well as plant fresh and dry weights could be due 
to the negative effect of salinity on the rate of photosynthesis, the changes in enzyme activity (that subsequently 
affects protein synthesis), and also the decrease in the level of carbohydrates and growth hormones, both of which 
can lead to inhibition of the plant growth and development (Mazher et al., 2007). 
 
Total chlorophyll 
As figure 1 shows, total chlorophyll content significantly decreased by increasing salinity stress severity, as the 
control treatment had the highest total chlorophyll content. Furthermore, Hashemi advanced mutant line slightly 
delayed the decreasing of total chlorophyll content and had the highest total chlorophyll content as compared with 
Hashemi parental genotype (Figure 1).  
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Figure 1. Change in total chlorophyll content of Hashemi parental and Hashemi advanced mutant line rice at 
different sampling times in response to salinity stress. For each sampling time, means followed by the same letters 
are not significantly different at P ≤ 0.01 according to the least significant difference test. 
 
Our results are in agreement with Ali et al. (2004) who indicated that salinity stress significantly reduced 
chlorophylls content of different rice genotypes. Reduction in chlorophyll concentrations is probably due to the 
inhibitory effect of the accumulated Na+ and Cl- ions on the biosynthesis of the different chlorophyll fractions (Ali et 
al., 2004). Rapid and large accumulation of reactive oxygen species such as hydrogen peroxide is associated with 
degradation of chlorophyll (Farouk, 2011). 
Chlorophylls content have been suggested as one of the parameters of salt tolerance in crop plants. In the salt 
tolerant genotypes (Hashemi advanced mutant line), less decreasing of chlorophyll content may be due to the high 
antioxidant enzyme activities in response to salt stress that prevented degradation of leaf chlorophyll content 
(Sairam and Srivastava, 2002). Furthermore, reduction of leaf's chlorophyll content maybe due to increase in 
activity of chlorophyll destroying enzyme that would lead to destruction in chlorosplast and instability of protein 
complexity of pigments (Movafegh et al., 2012). 
 
Proline 
Proline content of both genotypes significantly increased in response to salinity stress, as the proline content was 
found in 10 dS m−1 treatment (Figure 2). With increasing sampling time, proline content slightly increased in both 
genotypes. It was revealed that Hashemi advanced mutant line had the higher proline content as compared with 
Hashemi parental genotype (Figure 2). 
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Figure 2. Change in proline content of Hashemi parental and Hashemi advanced mutant line rice at different 
sampling times in response to salinity stress. For each sampling time, means followed by the same letters are not 
significantly different at P ≤ 0.01 according to the least significant difference test. 
 
Proline is an important component of salt-stress responses of plants. The levels of proline in the plants is mainly 
designates their ability to tolerate or to adapt to saline conditions, since proline can work as an enzyme protectant 
under stress (Khedr et al., 2003). Accumulation of proline in plants tissues as a response to salt stress has been 
attributed to enzyme stabilization and/or osmoregulation system of the plant itself (Turan et al., 2007). 
Proline accumulation is regulated by multiple factors, such as its synthesis, catabolism, utilization for protein 
synthesis and transport from other tissues. Proline accumulation in environmental tension such as saltiness could 
be due to denovo synthesis which reason of proline biosynthesis in salty stress is because of increase in level of 1-
D-Piroline-5-carboxylate synthesis enzyme (Grewal, 2010). Additionally, Ueda et al (2007) demonstrated that 
proline transporter (HvProT) was highly expressed in the apical region of barley roots under salt stress. 
 
Trehalose 
It was found that salinity stress significantly enhanced trehalose content in both genotypes and trehalose content 
increased with increasing salinity stress severity (Figure 3). Moreover, 1 w after salinity treatment, Hashemi 
advanced mutant line showed the highest trehalose content than Hashemi parental genotypes (Figure 3). 
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Figure 3. Change in trehalose content of Hashemi parental and Hashemi advanced mutant line rice at different 
sampling times in response to salinity stress. For each sampling time, means followed by the same letters are not 
significantly different at P ≤ 0.01 according to the least significant difference test. 
 
Trehalose can serve as a carbohydrate storage molecule as well as a transport sugar, similar to the function of 
sucrose. It can also stabilize proteins and membranes of plants when exposed to stress by replacing hydrogen 
bonding through polar residues, preventing protein denaturation and fusion of membranes (Iturriaga et al. 2009; 
Redillas et al., 2012). However, trehalose production in dicot plants has resulted in morphological growth defects or 
altered metabolism (Suarez et al., 2009). Additionally, trehalose acts as a source of carbon and energy and as a 
protector against stresses (Iturriaga et al. 2009). 
Garg et al. (2002) reported that the increased trehalose accumulation in rice correlates with higher soluble 
carbohydrate levels and an elevated capacity for photosynthesis under both stressed and unstressed conditions. 
Moreover, overexpression of the trehalose-6-phosphate synthase gene OsTPS1 in transgenic rice revealed an 
increased tolerance to abiotic stresses compared to control plants (Li et al., 2011). 
 
Conclusion 
The results showed that total fresh and dry weights as well as total chlorophyll content significantly decreased in 
response to salinity stress, but proline and trehalose content significantly increased. The inhibitory effects of salinity 
stress significantly increased with increasing of its severity. As regards that Hashemi advanced mutant line had the 
highest total chlorophyll and osmoprotectants content; it can be conclude that Hashemi advanced mutant line is the 
salt-tolerant genotype. 
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