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Abstract 

 

Soil salinity is one of the most important constraints that limit crop production in arid and semi arid regions. 

This research was carried out in order to investigate the effects of exogenous ascorbic acid (0 and 4 mM), 

gibberellin (0 and 4 mM) and different salinity levels (0, 25, 50 and 75 mM NaCl) on some growth parameters 

and physiological attributes in summer savory (Satureja hortensis L.). The results showed that growth 

parameters such as root weight, leaf weight, shoot weight as well as leaf area decreased due to salinity stress. In 

addition, salinity stress decreased membrane stability and chlorophyll a content. On the other hand, application 

of 4 mM ascorbic acid considerably increased growth parameters, relative water content, membrane stability and 

chlorophyll a content. Similar results were obtained when 4 mM gibberellin was applied. Under conditions of 

salinity stress 4 mM ascorbic acid and 4 mM gibberellin could increase transpiration rate, relative water content, 

chlorophyll b, total chlorophyll and xanthophyll content. In general, it was concluded that synergistic interaction 

between ascorbic and gibberellin could alleviate the adverse effects of salinity on summer savory plants. 
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Introduction 

Summer savory (Satureja hortensis L.) is a genus of 

aromatic plants of the family Lamiaceae. There are 

about 30 different species called savories, which 

summer savory  and  winter savory  are the most 

important in cultivation. Satureja species are native 

to warm temperate regions and may 

be annual or perennial. They are low-

growing herbs and sub-shrubs, reaching heights of 

15–50 cm. The leaves are 1 to 3 cm long, 

with flowers forming in whorls on the stem, white to 

pale pink-violet. The main constituents of the 

essential oil of savory are phenols, carvacrol and 

thymol, as well as p-cymene, β-caryophyllene, linalool 

and other terpenoids (Sefidkon et al., 2006). The 

essential oil and oleoresin are used in food industries. 

In addition, the essential oil of savory has been used 

in the perfume industries, either alone or with other 

essential oils (Sefidkon et al. 2004). As a medicinal 

plant, savory has been traditionally used as a 

stimulant, stomachic, carminative, expectorant and 

aphrodisiac. The essential oil has demonstrated 

antimicrobial and anti-diarrheic activities because of 

phenols in the oil (Sefidkon and Jamzad, 2005).  

 

Salinity is one major environmental determinant of 

plant growth and productivity. Salinization is rapidly 

increasing on a global scale and effect more than 10% 

of arable land, which results in a decline of the 

average yields of major crops greater than 50% (Wang 

et al., 2009). NaCl is the predominant salt causing 

salinization, and it is not surprising that plants have 

evolved mechanisms to alleviate its adverse effects 

(Munns and Tester, 2008). An important aspect of 

salinity tolerance studies is production of reactive 

oxygen species under stress conditions which are 

considered as signal molecules at non-toxic 

concentrations but at toxic concentrations they are 

also capable of injuring cells (Meloni et al., 2003). 

Increased levels of enzymatic and non-enzymatic 

antioxidants are one of the strategies adopted by the 

plants to overcome damage imposed by reactive 

oxygen species. There are many studies indicating the 

positive correlation between levels of antioxidants 

and plant stress tolerance (Munir and Aftab, 2009; 

Munir and Aftab, 2011). Non-enzymatic factors such 

as alpha-tocopherol (vitamin E), ascorbic acid 

(vitamin C) and carotenoids (Sairam et al., 2002), 

also play an important role in enhancing salt stress 

tolerance of plants. Ascorbic acid is an important 

factor involved in biological defence mechanisms 

(Noctor and Foyer, 1998). Many workers have 

reported that exogenous application of ascorbic acid 

and other biomolecules such as sorbitol, mannitol, 

auxin and gibberellic acid is a ‘short-cut method’ for 

increasing the stress tolerance in different plants 

(Ashraf et al., 2003; Munir and Aftab, 2009). 

Ascorbic acid has a great potential in ameliorating 

and modifying the salt stress-induced changes in 

plants (Hamada, 1998). Generally, its concentration is 

higher in leaves than that in other plant parts and it is 

5–10 times higher than that of glutathione (Smirnoff, 

2000a). The role of ascorbic acid as an antioxidant 

has been shown by Muller-Moule et al. (2004). Thus, 

high endogenous ascorbic acid in plants is necessary 

to counteract oxidative stress in addition to regulating 

other processes of plant metabolism. Endogenous 

ascorbic acid can be increased by exogenous 

application of ascorbic acid through the rooting 

medium as a foliar spray or as seed priming. Despite 

its role in scavenging reactive oxygen species, 

ascorbic acid is also involved in regulating 

photosynthetic capacity by controlling stomatal 

movement (Chen and Gallie, 2004). Ascorbate is also 

an important co-factor of some enzymes or protein 

complexes that are involved in the regulation of 

photosynthesis (Davey et al., 2000). In general, 

effects of ascorbic acid in mitigating the adverse 

effects of salt stress have been ascribed to activation 

of some of the enzymatic reactions (Kefeli, 1981). 

Furthermore, such positive effects of ascorbic acid in 

overcoming the adverse effects of salt stress were 

attributed to the stabilization and protection of 

photosynthetic pigments and the photosynthetic 

apparatus from oxidative damage (Hamada, 1998).  

 

On the other hand, attempts are being made to 

ameliorate salt stress by using phytohormones (Rao 

et al., 2002). Gibberellins are a class of 

phytohormones that control many aspects of plant 
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growth and development, including seed germination, 

leaf expansion, stem elongation, flower initiation and 

development and fruit development (Li et al., 2010). 

Previous studies have suggested the possible 

involvement of gibberellin in stress adaptation in 

some plants (Achard et al., 2006; Rodriguez et al., 

2006; Magome et al., 2008; Maggio et al., 2010). 

Reports are available that the external application of 

gibberellin can alleviate deleterious effects of salinity. 

Ashraf et al. (2002) showed that gibberellin 

application increased the nutrient uptake, dry 

weights, plant height, leaf area and yield of wheat 

under saline conditions. There is also evidence that 

gibberellin can significantly relieve NaCl-induced 

growth inhibition in rice (Wen et al., 2010).  

 

Previous studies revealed that supplying low levels of 

ascorbic acid and gibberellin could alleviate the 

detrimental effects of NaCl in many plants species. 

However, few studies have focused on Satureja 

species. Therefore, the major objective of this study 

was to investigate the effects of ascorbic acid and 

gibberellin on the number of physiological aspects of 

summer savory under saline conditions, and to 

determine how ascorbic acid and gibberellin can 

ameliorate the adverse effects of salt stress on this 

plant.  

 

Materials and methods  

Plant material and growth conditions  

The pot experiment was carried out in a greenhouse 

located in Pakdasht region, Varamin, Tehran, Iran in 

2013. The savory seeds were surface sterilized for 5 

min in sodium hypochlorite solution and then in 96% 

ethanol for 30 s and then rinsed with distilled water. 

Twenty sterilized seeds were sown in plastic pots 

(30cm height and 25cm diameter) filled with sandy 

loam soil (soil properties are given in Table 1) and 

placed in greenhouse adjusted at 28/20°C day/night 

temperature cycles, relative humidity 40%, 16/8 h 

day/night photoperiod and complementary light 

intensity 250 μM m-2 s-1. Watering was performed 

immediately after seed sowing with tap water and 

repeated every other day until salt stress induction. 

 

Experimental design and treatments  

The experimental design consisted of a sixteen 

treatments, arranged in factorial based on completely 

randomized design with four replications, giving a 

total of 64 pots. Five-week old savory plants were 

sprayed with ascorbic acid (0 and 4 mM) and 

gibberellin(2 and 4 mM) before inducing salinity 

stress with different concentrations of saline water (0 

mM, 25mM, 50mM and 75mM). Control plants were 

sprayed with distilled water. Saline water was 

delivered to plants twice a week and last for three 

weeks.  

 

Data collection 

Nine weeks after germination, stomatal resistance 

and transpiration was measured using Li-6400, Li-

Cor, Lincoln, USA. Afterwards, uniform and fully 

expanded leaf samples were collected and frozen in 

liquid nitrogen for pigments analysis and membrane 

stability assay. At this time, fresh leaf samples were 

taken to measure leaf area and leaf relative water 

content. In addition, ten plants from each pot were 

harvested in order to measure leaf weight, root weight 

and above ground biomass weight. For this purpose, 

fresh plant materials were weighted and then oven 

dried at 75°C for 72 h for measuring dry weights.   

 

Chlorophyll was extracted in 80% acetone from the 

leaf samples according to the method of Arnon 

(1949). Extracts were filtrated and content of total 

chlorophyll was determined by spectrophotometry at 

645 and 663 nm, respectively. The content of 

chlorophyll a, b and total was expressed as µg ml-1 

(Arnon, 1949). 

 

Carotene and xanthophyll contents were estimated 

according to the method of Mukherji and Biswas 

(1979) and data were expressed in terms of optical 

density µg ml-1.  

 

Relative water content was measured in each plot. 

Leaf discs were taken and weighted (fresh weigh, 

FW). The discs were then placed in distilled water for 

5 h at 25◦C and then their saturated weights (SW) 

were measured. The discs were then dried in oven at 
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70 ◦C for 24 h to calculate dry weight (DW). Relative 

water contents were calculated by following formula: 

DWSW

DWFW
RWC






)(
 

Membrane stability was measured as described by 

Lutts et al. (2004) with a few modifications. Plant 

material (0.3 g) was washed with deionised water, 

placed in tubes with 15 ml of deionised water and 

incubated for 2 h at 25°C. Subsequently, electrical 

conductivity of the solution (L1) was determined. 

Samples were then autoclaved at 120°C for 20 min 

and the final conductivity (L2) was measured after 

equilibration at 25°C. Membrane stability was defined 

as follows: Membrane stability (%) = (L1/L2) × 100.  

 

Data analysis  

The results were submitted to statistical analysis 

using the software SAS System for Windows 9.1. The 

analysis of variance (ANOVA) was carried out, and 

based on the level of significance in the F test (p 

<0.05). Mean values were compared using Duncan’s 

Multiple Range Test. 

 

Results and discussion  

Analysis of variance indicated that salinity stress and 

ascorbic acid foliar application had significant effect 

on all studied traits (Table 2). Similarly, all savory 

traits except for membrane stability were affected by 

gibberellin foliar application (Table 2). Interaction 

between salinity and ascorbic acid was significant on 

transpiration rate, chlorophyll b, total chlorophyll and 

xanthophyll content (Table 2). In addition, 

transpiration rate, relative water content, chlorophyll 

b, total chlorophyll and xanthophyll content were 

affected by salinity and gibberellin interaction (Table 

2). Interaction between gibberellin and ascorbic acid 

was significant on shoot dry weight, chlorophyll b and 

xanthophyll content (Table 2). Among studied traits, 

stomatal conductance and carotene content affected 

by triple interaction of salinity, ascorbic acid and 

gibberellin (Table 2).  

 

Table 1.Chemical and physical soil properties at depth of 30 cm. 

pH EC  

dS m-1 

Organic carbon  

(%) 

Clay (%) Silt (%) Sand (%) Texture  N (%) P (mg kg-1) K  

(mg kg-1) 

Soluble Na 

(mg l-1) 

7.8 35.8 4.2 13 20 67 Sandy loam 0.4 511 5905 2809 

 

Table 2. Analysis of variance on some savory traits affected by salinityascorbic acid andgibberellin. 

S:salinity, A:Ascorbic acid; G:gibberellin; *,**and ns:significant at 0.05,0.01 probablity level and no 

significant,respectively. 

Salinity stress significantly decreased savory growth 

so that root and shoot weight (either fresh weight or 

dry weight) decreased with increasing salinity level. 

Furthermore, leaf weight and leaf area decreased due 

to salinity stress (Table 3). Salinity which is result of 

osmotic pressure leads reduction in water absorbance 

so cell division and differentiation reduce and 

reduction of plant growth will be explainable. Etesami 

and Galeshi (2008) reported that salinity is the cause 

of reduction in dry weight of barley (Hordeum 
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vulgare L.) seedling. Massai et al. (2004) have found 

that salinity postpones plant growth under reduction 

of photosynthesis effects, it is cause of closing 

stomata and reduction of water entrance into the 

plant and so that it cause duplicate reduction in plant 

weight. Younis et al. (2010) reported that the growth 

reduction caused by salinity stress is due to inhibited 

apical growth in plants as well as endogenous 

hormonal imbalance. 

 

Table 3.Main effect of salinity on some savory traits. 

Salinity 

(mM) 

Root fresh 

weigh (g) 

Root dry 

weight (g) 

Leaf fresh 

weight (g) 

Leaf dry 

weight(g) 

Shoot fresh 

weight (g) 

Shoot dry 

weight (g) 

Leaf area 

(cm2) 

Membrane 

stability (%) 

Chlorophyll a 

(µg ml-1) 

0 0.32a 0.09a 0.56a 0.12a 1.998a 0.24a 29.45a 54.66a 3.08a 

25 0.29ab 0.07b 0.47b 0.11b 1.84ab 0.22b 24.48b 47.32ab 2.92b 

50 0.26bc 0.07bc 0.44b 0.10bc 1.73b 0.20b 23.25b 42.64b 2.02c 

75 0.23c 0.06c 0.41b 0.09c 1.45c 0.17c 20.93b 39.34b 1.53d 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

Salinity stress decreased membrane stability, 

however; there was no significant difference between 

salinity levels (Table 3). Membrane stability reflects 

the changes of cell membrane structure under stress. 

The results of the present study are in agreement with 

Bayat et al. (2012) who determined that membrane 

stability of Calendula officinalis plant was intensively 

decreased by salt stress treatment. These results 

suggested cell membrane structure of summer savory 

leaves under salinity stress received damage after 

treatment with NaCl. 

 

Table 4.Main effect of ascorbic acid on some savory traits. 

Ascorbic acid 

(mM) 

Root fresh 

weigh (g) 

Root dry 

weight (g) 

Leaf fresh 

weight (g) 

Leaf dry 

weight (g) 

Shoot fresh 

weight (g) 

Leaf area 

(cm2) 

Relative water 

content (%) 

Membrane 

stability (%) 

Chlorophyll a 

(µg ml-1) 

0 0.24b 0.06b 0.39b 0.09b 1.56b 20.12b 82.48b 42.30b 2.24b 

4 0.30a 0.08a 0.55a 0.13a 1.94a 28.94a 79.16a 49.68a 2.53a 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

There was linear reduction in chlorophyll a content 

with increasing salinity level. El-Tayeb (2005) found 

that chlorophyll a, b and carotenoids decreased 

significantly in NaCl treated plants in comparison to 

controls of barley plants. Based on the theory of 

Schutz and Fangmeir (2001), the reduction of 

chlorophyll due to stress is related to the increase of 

production of free oxygen radicals in the cell. These 

free radicals cause peroxidation, disintegration and 

reduction of chlorophyll content in plant under 

stressful conditions. 

 

Ascorbic acid foliar application increased root weight, 

leaf weight as well as shoot fresh weight (Table 4). 

Leaf growth and expansion increased on account of 

ascorbic acid foliar application (Table 4). The 

beneficial effect of ascorbic acid on plant growth may 

be due to the fact that ascorbic acid is involved in the 

regulation of root elongation, cell vacuolation and cell 

expansion (Smirnoff, 1996). Ascorbic acid induced 

increase in growth under non-saline conditions may 

have been due to a double action of ascorbic acid on 

cell growth by modifying the cell cycle and 

stimulating quiescent cells to divide, and by 

accelerating cell elongation (Saeidi-Sar et al., 2013). 

In addition, ascorbate is a co-factor for prolyl-

hydroxylase that post-translationally hydroxylates 

proline residues in cell wall hydroxyprolinerich 

glycoproteins required for cell division and expansion 

(Smirnoff and Wheeler, 2000b). Moreover, ascorbic 
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acid increases the content of auxine, which stimulates 

cell division and/or cell enlargement and this, in turn,  

improves plant growth (Khan et al., 2011). 

 

Ascorbic acid foliar application had positive effect on 

leaf relative water content and cell membrane 

stability (Table 4). It has been reported that 

exogenous application of ascorbic acid enhances 

potassium concentration in plants (Saeidi-Sar et al., 

2013). This increase may be attributed to the positive 

effect of ascorbic acid on the root growth, which 

consequently increases the absorption of different 

nutrients and alleviates the harmful effects of salinity. 

In addition, ascorbic acid would inhibit a stress-

induced increase in the leakage of essential 

electrolytes following peroxidative damage to plasma 

membranes (Khan et al., 2011). Moreover, the 

increase of trans-membrane electron transport via 

cytochrome b using ascorbic acid depolarizes the 

plasma membrane, and activates the H+-ATPase 

resulting in increased ion uptake (Smirnoff and 

Wheeler, 2000b).  

 

Table 5.Main effect of gibberellin on some savory traits. 

Gibberellin (mM) Root fresh 

weigh (g) 

Root dry 

weight (g) 

Leaf fresh 

weight (g) 

Leaf dry 

weight (g) 

Shoot fresh 

weight (g) 

Leaf area 

(cm2) 

Chlorophyll a 

(µg ml-1) 

0 0.25b 0.06b 0.42b 0.09b 1.54b 20.25b 2.31b 

4 0.30a 0.08a 0.52a 0.12a 1.96a 28.81a 2.46a 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

Chlorophyll a content increased because of ascorbic 

acid foliar application (Table 4). Ascorbic acid has a 

major role in photosynthesis, acting in the Mehler 

peroxidase reaction with ascorbate peroxidase to 

regulate the redox state of photosynthetic electron 

carriers and as a co-factor for violaxanthin de-

epoxidase, an enzyme involved in xanthophyll cycle-

mediated photoprotection (Smirnoff and Wheeler, 

2000b). Consequently, in ascorbic acid treated plants, 

high level of pigments can synergistically function 

with ascorbic acid to provide an effective barrier 

against oxidation under salinity stress.  

 

Table 6.Interaction between salinity and ascorbic acid on some savory traits. 

Salinity (mM) Ascorbic acid (mM) Transpiration  

(µmol m2 s−1) 

Chlorophyll b 

(µg ml-1) 

Total chlorophyll 

(µg ml-1) 

Xanthophyll 

(µg ml-1) 

0 0 5.38a 2.11b 5.11c 1.46cd 

25 4.31b 1.65c 4.44d 1.53e 

50 2.38cd 1.02e 2.99f 1.66e 

75 1.57d 0.57g 2.07h 1.97bc 

0 4 5.72a 2.15a 5.29a 1.39bc 

25 5.80a 1.97b 5.03b 1.61b 

50 4.33b 1.10d 3.17e 1.67de 

75 3.00c 0.59f 2.18g 1.99a 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

Gibberellin foliar application caused an increase in 

savory growth parameters i.e. root fresh and dry 

weight, leaf fresh and dry weight, shoot fresh weight 

and leaf area (Table 5). Exogenous application of 

gibberellin might increase plant growth by enhancing 

the content of endogenous gibberellin as that 

mentioned by Rodriguez et al. (2006). Additionally, 

the enhancement of growth rate by gibberellin might 
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result in an enlargement of leaf area, activation of cell 

division or cell elongation, stimulation of 

photosynthetic rate, modified partitioning of 

photosynthates, or in their combination. 

 

Chlorophyll a content positively responded to 

gibberellin foliar application and increased (Table 5). 

The inhibitory effect of gibberellin on chlorophyll 

catabolism might be partly due to the down 

regulation of the activities of enzymes involved in 

chlorophyll catabolism and the alleviation of oxidative 

chlorophyll bleaching (Li et al., 2010).  

 

Table 7.Interaction between salinity and gibberellin on some savory traits. 

Salinity (mM) Gibberellin (mM) Transpiration  

(µmol m2 s−1) 

Relative water 

content (%) 

Chlorophyll b 

(µg ml-1) 

Total chlorophyll 

(µg ml-1) 

Xanthophyll 

(µg ml-1) 

0 0 5.18ab 86.14a 1.88b 4.78b 1.36d 

25 4.50b 80.18b 1.64bc 4.36b 1.39d 

50 2.41cd 75.89ab 0.95cd 2.86d 1.47d 

75 1.72d 72.10b 0.41e 1.85e 1.67bc 

0 4 5.91a 87.73a 2.37a 5.62a 1.59c 

25 5.61a 86.13a 1.99ab 5.11a 1.68b 

50 4.30b 79.29b 1.18c 3.30c 1.80ab 

75 2.85c 80.10b 0.76d 2.39d 2.28a 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

Salinity decreased transpiration rate whereas ascorbic 

acid foliar application improved transpiration rate in 

savory plants (Table 6). Salt stress is known to cause a 

significant reduction in the gas exchange attributed, 

net photosynthesis, transpiration rate and stomatal 

conductance of plants (Ali and Ashraf, 2011). In the 

present investigation, salt stress caused a marked 

reduction in transpiration but ascorbic acid foliar 

application mitigated the adverse effects of salinity on 

transpiration by decreasing stomatal resistance. This 

could have also been due to the fact that ascorbic acid 

as an antioxidant has the ability to mitigate the 

negative effects of stress on plants by neutralizing 

harmful oxidants which have been reported to 

damage plant membranes (Miguel et al., 2006). 

 

Table 8.Interaction between gibberellin and ascorbic acid on some savory traits. 

Gibberellin (mM) Ascorbic acid (mM) Shoot dry weight (g) Chlorophyll b(µg ml-1) Xanthophyll(µg ml-1) 

0 0 0.15c 1.16a 1.46c 

4 0.21b 1.24b 1.76b 

4 0 0.20b 1.20c 1.49c 

4 0.28a 1.48a 1.92a 

Values within the each column and followed by the same letter are not different at P < 0.05 by an ANOVA 

protected Duncan’s Multiple Range Test. 

Moreover, application of ascorbic acid under salinity 

stress conditions caused significant increase in 

chlorophyll b, total chlorophyll and xanthophyll 

content compared with control plants which were 

treated with distilled water (Table 6). Ascorbic acid 

can mitigate the adverse effects of salinity through 

increasing the content of auxine and gibberellin and 

decreasing abscisic acid level (Khan et al., 2011), 

which may be involved in protecting the 

photosynthetic apparatus and consequently  
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increasing the photosynthetic pigments. 

 

Similar results were obtained when gibberellin was 

applied on salt stressed savory plants. In other words, 

transpiration rate, relative water content, chlorophyll 

b, total chlorophyll and xanthophyll content increased 

on account of gibberellin application under salinity 

stress conditions (Table 7). It has been reposted that 

gibberellin plays a vital role in tolerance to salt stress 

by improving plant growth, pigments synthesis and 

photosynthesis rate (Maggio et al., 2010). 

Fig. 1.Triple interaction between salinity, ascorbic 

acid and gibberellin on stomatal resistance of summer 

savory. Values within the each column and followed 

by the same letter are not different at P < 0.05 by an 

ANOVA protected Duncan’s Multiple Range Test. 

 

Interaction between ascorbic acid and gibberellin was 

significant on shoot dry weight, chlorophyll b and 

xanthophyll content (Table 8). The highest shoot dry 

weight, chlorophyll and xanthophyll were observed 

when 4 mM ascorbic acid and 4 mM gibberellin were 

applied on savory plants (Table 8). Previous studies 

revealed that supplying low levels of ascorbic acid and 

gibberellin could alleviate the adverse effects of 

abiotic stresses on plants (Saeidi-Sar et al., 2007) and 

improve growth and development (Li et al., 2010).  

 

Significant triple interactions between salinity, 

ascorbic acid and gibberellin on stomatal resistance 

and carotene content are shown in figure 1 and 2, 

respectively. Salinity increased stomatal resistance 

whereas ascorbic acid or gibberellin application 

decreased stomatal resistance (Figure 1). The highest 

stomatal resistance was observed in high salinity 

stress treatment without foliar application but the 

lowest resistance was related to none stressed plants 

treated with 4 mM ascorbic and 4 mM gibberellin 

(Figure 1).  

Fig. 2.Triple interaction between salinity, ascorbic 

acid and gibberellin on carotene content of summer 

savory. Values within the each column and followed 

by the same letter are not different at P < 0.05 by an 

ANOVA protected Duncan’s Multiple Range Test. 

 

Under salinity stress conditions, application of 

ascorbic acid and gibberellin increased carotene 

content in savory plants (Figure 2). The lowest 

carotene content was observed in non stressed plants 

and treated with 4 mM ascorbic acid and gibberellin, 

while the highest content was related to severe salt 

stress (75 mM) and 4 mM ascorbic acid and 

gibberellin (Figure 2). Pisal and Lele (2005) on the 

basis of their experiments on unicellular green algae 

Dunaliella salina suggested that the cells show 

unbalanced physiological conditions under the 

influence of various stresses leading to increased β–

carotene content. They observed increased 

production of β-carotene in cells with increasing NaCl 

in the growth medium. They suggested that, β-

carotene is a secondary metabolite and these 

molecules are produced by the cells under stress for 

protection. Generally, the results of this study showed 

that growth parameters and physiological attributes 

of summer savory plants were adversely affected by 

salinity stress. By increasing salinity level fresh and 

dry weight of different parts of plant decreased. 

Membrane stability and chlorophyll a content also 

decreased due to salt stress. In general, our study 

showed that although salt stress is harmful to 
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summer savory plants, foliar application of ascorbic 

acid and gibberellin could mitigate adverse effect of 

salinity and improve plant growth through increasing 

photosynthesis, relative water content, membrane  

stability and biosynthesis of photosynthetic pigments.  
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