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Abstract 
 

Salinity stress is one of the most important environmental stresses limiting plant growth and performance. 

Salicornia persica is a species of Chenopodiaceae family; it is a halophyte and resistant to salinity. In addition, 

salicylic acid is known as an important molecule for the adaptation of plant responses to environmental stress. In 

the present study, the effect of salinity and salicylic acid on some morphophysiological traits of plants treated 

with three sodium chloride concentrations (zero, 200, and 500 ppm) and two salicylic acid concentrations (zero 

and 0.1 mM) and three harvest durations (1, 7, and 14 days) was investigated. This experiment was conducted as 

a factorial experimental design in the form of a completely randomized experimental design with three 

replicates. The initial results of the petridish trials showed that during salinity stress with increase in shoot 

length and decrease in the malondialdehyde levels compared to the control, the 0.1 mM salicylic acid treatment 

was more effective than other concentrations. The potting results showed that salinity stress caused a significant 

decrease in shoot and root dry weight. In addition, salt stress let to an increase in the amount of flavonoids and 

soluble sugars in most crops. The effect of salinity stress on the amount of pigments showed no particular trend. 

The amount of potassium increased at a salinity of 200 ppm and decreased at 500 ppm. The use of 0.1 mM 

salicylic acid increased the dry weight of the roots in all harvests. In addition, the use of salicylic acid increased 

the amount of chlorophyll b at salinity levels of 200 and 500 ppm. Also, the application of salicylic acid let to an 

increase in the amount of flavonoids at a salinity of 500 ppm, while the amount decreased at a salinity of 200 

ppm. The application of 0.1 mM salicylic acid increased the content of potassium and soluble sugars in most 

harvests at 200 and 500 salinity levels. In general, the modulating effect of 0.1 mM salicylic acid on salinity stress 

was observed in Salicornia persica in most cases. 
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Introduction 

In the most regions of the world, salinity is the most 

important stress factor, limiting plant growth and its 

performance by reducing the osmotic potential and 

interfering with the uptake of water and some nutrients. 

When the amount of sodium and chlorine ions 

increases, the absorption of essential ions such as 

potassium, calcium, ammonium and nitrate ions 

decreases, and they reduce the activity of enzymes and 

disrupt the structure of membranes (Ahmad et al., 

2020). Salinity affects plant growth in two ways: 

Osmotic tension, which occurs when the amount of salt 

increases around the environment of the root, and ion 

toxicity, caused when the amount of salt on the surface 

of the leaf’s increases (Bimurzayev et al., 2021). 

Salicornia is a halophyte with very small leaf-like 

appendages, pale flowers and fruits and belongs to the 

Chenopodiaceaes family (Golshan and Keshavarzi, 

2007). Halophytes are adapted to salinity and prevent 

oxidative stress through osmotic regulation and 

accumulation of various organic substances such as 

proline and soluble sugars (Aghaleh et al., 2009). 

Salicornia is a C4 plant and has mesophilic tissue with 

large cells that can store some salt, to remove toxic ions 

from the tissue, the ATPase activity of the tissue must 

be increased (Yildiz et al., 2020). Salicylic acid is one 

of the most important signaling molecules that alleviate 

environmental stress. Salicylic acid has a protective 

function in plants that are under environmental stress. 

As a non-enzymatic antioxidant, this substance plays an 

important role in the regulation of physiological 

processes in plants (Arfan et al., 2007). In addition, 

salicylic acid is known as a messenger molecule in 

acquired systemic resistance (Raskin, 1992). This 

substance plays an important role in the defense 

reactions of plants against abiotic stresses (Yuan and 
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Lin., 2008). The mechanism of action of salicylic acid 

against stresses is related to its role in regulating 

antioxidant enzymes and compounds with reactive 

oxygen species in the plant (Shi and Zhu, 2008; Khan 

and Gulzar, 2003). External application of salicylic acid 

has been reported to improve the rate of growth of 

sunflower and corn under salinity stress (Khan and 

Gulzar, 2003; Noreen and Ashraf, 2008). Since Iran is a 

semidesert Country with salty soils, the use of 

halophytic plants such as Salicornia is very useful for 

the improvement of saline areas and desertification. 

Salinity modifiers can reduce this damage, due to the 

lack of studies on the effect of salicylic acid on 

Salicornia plant and the moderating feature of this 

compound, the need to study in this regard is evident. 

Also, due to the low cost of such a modifier, it can help 

to be Practical in agriculture. The purpose of this 

research is to investigate the moderating effect of 

salicylic acid in Salicornia persica under salinity stress. 

 

Materials and methods 

Initially, this experiment was conducted to study the 

positive or negative effect of salicylic acid and to 

determine the best concentration at the stage of 

germination in the germinator. The stress applied in this 

experiment included three levels of salinity with 

concentrations of zero, 200 and 500 ppm sodium 

chloride and the salicylic acid treatment included two 

levels with concentrations of zero and 0.1 mM. Prior to 

conducting this experiment, the seeds of Salicornia 

were placed in a 10% sodium hypochlorite solution for 

one minute for disinfection and washed three times with 

distilled water. The equipment of this experiment was 

disinfected in an autoclave at 121°C for 20 minutes. 

Then, the seeds were placed in petridishes that 

contained Whatman paper. To each petridish were 

added the desired stress and treatment in different 

concentrations. The petridishes containing the studied 

seeds were placed inside the germinator at a temperature 

of 25 °C with a light cycle of 16 hours of light and 8 

hours of darkness for 10 days. During this experiment, 

tension and the desired treatment were applied to each 

petridish every day. The seeds of Salicornia persica 

were obtained from Ala Avazhan Company. In the 

second stage of this research, the seeds were planted in 

plastic pots containing light soil in the green house of 

Malayer University. Plants were treated with salicylic 

acid and salt stress after initial growth. This research 

was carried out as a factorial experiment in the form of 

a completely randomized design with three repetitions, 

which includes salinity level (zero, 200 and 500 ppm), 

and two levels of salicylic acid leaf treatment (zero and 

0.1 mM) and the time of harvest (the first day, the 

seventh day and the fourteenth day) on shoot parts. 

Measurement of photosynthetic pigments: The 

measurement of chlorophyll content was performed by 

using the method of Lichtenthaler and wellburn (1983) 

in the second stage of this research. The optical 

absorption intensity of the extract was read by 

spectrophotometric method at wavelengths of 663.2, 

646.8, and 470 nm (Lichtenthaler and wellburn, 1983). 

Malondialdehyde (MDA) measurement: First, 0.5 

g of fresh tissue (petridish plant) was ground in 5 mL of 

0.1% trichloroacetic acid (TCA). The resulting extract 

was centrifuged for 5 minutes at 10000 g. And 4 mL of 

a 20% TCA solution containing 0.5% TBA was added 

to one milliliter of the centrifuged supernatant solution. 

The resulting mixture was heated in a Hot Water Bath 

for 30 minutes at 95°C. Then, it was immediately 

chilled in ice, and it was centrifuged again for ten 

minutes at 10000 g. The absorption intensity of this 

solution was read by using spectrophotometry at a 

wavelength of 532 nm (Heath et al., 1986). 
Phenol measurement: 0.5 gr of the fresh tissue (pot 

plant) and 5 mL of 80% methanol were combined and 

placed in a dark place. After 24 hours, the tubes were 

centrifuged at 3400 revolutions per minute (rpm) for 20 

minutes. And 2 mL of Folin-Dennis reagent and 2 mL 

of 7% sodium carbonate solution were added to 1 mL of 

the supernatant extract, and finally the volume reached 

12.5 with deionized water, and the absorption of each 

sample was measured with a spectrophotometer in the 

wavelength at 760 nm (Boonyuen et al., 2016). 

Flavonoid essay: First, the methanolic extract of the 

shoot was evaporated, and redissolved in methanol were 

used for flavonoid essay, 1.5 mL of 80% methanol, 100 

microliters of 10% aluminum chloride solution, 100 

microliters of 1 M potassium acetate solution, and 2.8 

mL of distilled water were added to 500 microliters of 

each extract. The absorption of the mixture was 

measured after 40 minutes at 415 nm wavelength. 

(Chang et al., 2002). 

Measurement of sodium and potassium: Hamada 

and EL-enany (1994) method was chosen for the 

measurement of sodium and potassium. 0.1 g of shoot in 

the pots was weighted and placed inside the test tube. 

Then, 10 mL of 0.1 normal glacial acetic acid was 

poured on each of the samples, and it’s kept for 24 

hours in the laboratory environment. Then, the samples 

were placed inside a Ben-Marie at a temperature of 70 

to 90 °C for 2 hours. After 2 hours, the resulting extract 

was ready to be read on the photometric film JENWAY 

pfp. 7. About 15 to 20 minutes before reading, turn on 

the film photometer until it is completely warmed up. 

(Hamada and EL-enany, 1994). 

Soluble and insoluble sugar measurement: 0.1 g 

of the dry substance of the shoot in the pots and 10 mL 

of ethanol were combined, and it’s kept in the 

refrigerator for 1 week. After one week, 0.5 mL of the 

supernatant solution of the samples was removed, and 

the volume of each of them was increased to 2 mL, and 

it was used to measure soluble carbohydrates. For 

measuring insoluble carbohydrates, first the sediment 

containing insoluble carbohydrates was obtained by 

filtering the extract obtained from the dry substance of 

the plant and ethanol. 15 mL of distilled water was 

added to the resulting precipitate and placed at 100 °C 

for 20 minutes to dissolve insoluble carbohydrates. 
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Then the volume of the resulting solution was increased 

to 25 mL, and 2 mL of each sample was taken. To each 

of the solutions prepared for soluble and insoluble 

carbohydrates, 1 mL of 5% phenol was added, and 5 mL 

of concentrated sulfuric acid was added under pressure. 

A yellow-colored solution was obtained, which changed 

color over time and became light brown. Then it was 

read using a spectrophotometer at a wavelength of 485 

nm. The amount of absorption will be proportional to 

the color intensity of the solution, and it will be 

proportional to the concentration of dissolved sugars 

(Dubois et al., 1956). Statistical calculation was done by 

using SPSS Software version 2016, and graph drawing 

was done by using Excell1 Software. Also, a ruler and 

digital caliper were used to check the morphological 

factors. 

 
Result and discussion  

Based on the results of the analysis of variance in the 

petridish study (Table 1), the interaction effect of 

salinity stress and the application of salicylic acid was 

significant. The results of the mean comparison 

interaction showed that the highest shoot length 

occurred at a salinity of 200 ppm and the application of 

0.1 mM salicylic acid, and the lowest shoot length 

occurred at a salinity of 500 ppm and no application of 

salicylic acid (Figure 1). Application of 0.1 mM 

salicylic acid at zero salinity had no significant effect 

compared to no-application of salicylic acid, but at 

salinity levels 200 and 500 ppm, it increased shoot 

length compared to no-application of salicylic acid. The 

use of 0.2 mM salicylic acid increased shoot length in 

all three salinity levels of zero, 200 and 500 ppm 

compared to the non-application of salicylic acid. It was 

observed that the seeds of wheat treated with salicylic 

acid showed increased tolerance to salt stress. Salicylic 

acid increased tolerance to salinity in Triticum aestivum 

(Sakhabut dinova, 2003). The results of a study on 

Satureja hortensis showed that irrigation with saline 

water leads to a decrease in some morphological 

characteristics of the plant, such as the height of the 

plant compared to the control (Sodaeizadeh et al., 2016). In 

general, irrigation with salt water led to a deterioration in the 

morphological characteristics of the plant, one of the reasons 

for this may be that as the concentration of dissolved 

substances increases, the osmotic pressure of the soil solution 

increases, thereby increasing, the amount of energy that the 

plant has to expend to absorb water from the soil (Molavi et 

al., 2001).  

According to the analysis of variance results, only the 

simple effect of salicylic acid was significant for the trait of 

shoot weight. Increasing the concentration of salicylic acid 

caused a decrease in the weight of the shoot, so that at the 

concentration of 0.2 mM salicylic acid, the weight of the shoot 

was reduced compared to the concentration of 0.1 mM. 

However, both concentrations of salicylic acid (0.1 and 

0.2 mM) caused an increase in the weight of shoot 

compared to control (Figure 2). It has been reported that 

low concentrations of salicylic acid increased the fresh 

and dry weight of (Triticum aestivum L.) but these 

characteristics decreased in high concentrations (Hayat 

et al., 2005). Also, salicylic acid caused an increase in 

the fresh and dry weight of Dracocephalum (Pourakbar 

and Abedzadeh, 2014). Salicylic acid plays a role in the 

synthesis of certain proteins called kinases. These 

proteins play an important role in the regulation of cell 

division, differentiation, and morphogenesis (Rahimi 

tashi and Niknam, 2015). The effect of exogenous SA 

on plant resistance to abiotic stress depend on a set of 

factors: (a) applied SA concentration (Brito et al., 

2018); the dose for maximum stress tolerance ranging 

between 0.1 mM and 0.5 mM (Hara et al., 2012); (b) 

method of SA administration, including pre-soaking, 

addition to the growth medium or foliar spray (Poshtdar 

et al., 2015); (c) plant species and cultivars (Khalil et 

al., 2012); (d) plant developmental stage (Poshtdar et 

al., 2015); (d) stress level and system in which the study 

was carried out (Pal et al., 2013). 

Based on the results of the analysis of variance, the 

interaction effect of salinity and salicylic acid was 

significant for malondialdehyde trait (Table 2). The 

content of malondialdehyde in all three levels of salinity 

zero, 200 and 500 ppm and the non-application of 

salicylic acid had a significant increase compared to its 

use and this increase in 500 ppm salinity was more than 

the other two levels. Application of both levels of 

salicylic acid (0.1 and 0.2) in all three salinity levels of 

zero, 200 and 500 ppm caused a decrease in the content 

of malondialdehyde compared to its non-application. It 

seems that the concentration of 0.2 mM salicylic acid 

has a better effect on the content of malondialdehyde, 

and it has reduced the amount of malondialdehyde 

compared to the concentration of 0.1 mM salicylic acid 

at 200 ppm and 500 ppm salinity (Figure 3). In this 

research, according to the results Yousefvand in 2022 

(Yousefvand et al., 2022), the treatment of salicylic acid 

acted as a resistance process, and by increasing the 

power of antioxidants in the cell, including carotenoids, 

it reduced the amount of lipid peroxidation under 

salinity stress. An increase in the production of 

malondialdehyde and its decrease due to the use of 

salicylic acid have also been observed under salinity 

stress in blue lentil (Panda et al., 2004) and under 

drought stress in barley (Habibi et al., 2012). One of the 

effects of environmental stress such as drought and 

salinity is increasing the production of reactive oxygen 

species and inducing oxidative stress (Souza et al., 

2018). Reactive oxygen species lead to peroxidation of 

membrance lipids and changes in membrance 

permeability (Ion leakage) and damage to cells, 

therefore, measuring malondialdehydes produced during 

lipid peroxidation is a good indicator to measure the 

amount of oxidative damage to the membrance 

(Sheikhalipour et al., 2021). An increase in the 

peroxidation of lipid has been observed in different 

cultivars and wild cultivars of tomato under salinity 

Table 1. Variance analysis table for pot test 

 [
 D

O
I:

 D
O

I:
 1

0.
22

03
4/

13
.6

4.
9 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 ji
sp

p.
iu

t.a
c.

ir
 o

n 
20

25
-1

0-
23

 ]
 

                             3 / 12

http://dx.doi.org/DOI: 10.22034/13.64.9
https://jispp.iut.ac.ir/article-1-2002-en.html


Journal of Plant Process and Function, Vol. 13, No. 64, Year 2025 12 

 

 

source of 

variance 
df 

Diameter 

of root 

Diameter 

of shoot 

Shoot 

Weight 
Chl a Na K Flavonoids 

Soluble 

sugars 

a 2 0/079** 0/056 ns 0/194** ›0/0000** 0/06** 0/009** 92/33** 7856/3** 

b 1 0/91** 3/7 ns ns0/036 ›0/0000** 0/082** 0/002** 2/32** 3663/4** 

c 2 0/045** 0/95 ns 0/44** ›0/0000** 0/481** 0/045** 18/1** 34/9** 

a×b 2 0/038** 0/25 ns 0/059 ns ›0/0000** 0/022** 0/013** 108/3** 2368/8** 

a×c 4 0/011 ns 0/16 ns 0/367** ›0/0000** 0/022** 0/022** 1/67** 75/1** 

b×c 2 0/017  ns 0/37 ns 0/017 ns ›0/0000** 0/008** 0/001** 0/844** **39/4 

a×b×c 4 0/011 ns 0/195 ns 0/053 ns ›0/0000** 0/083** 0/029** 1/23** 63/6** 

Error 54 0/009 1/75 0/031 ›0/0000 ›0/0000 ›0/0000 ›0/0000 2/3 

C.V% - 22.49 30.5 24.3 17.51 1.46 1.78 1.03 2.16 

* and ** significant at P≤0.05, P≤0.01, respectively. a= salinity, b= salicylic acid  

 

 

Figure 1. The interaction effect of different concentrations of salinity and the application of SA on the length of the shoot of 

Salicornia persica in petridish  

 

 
Figure 2. The effect of SA application on the weight of Salicornia persica shoot in petridish 
 
Table 2. Variance analysis table for petri dish test 

MDA df Source of variation 
** 0/005 2 Salinity 
** 0/005 2 Salicylic acid 
** 0/001 4 Salinity × salicylic acid 

0000/0› 18 Error 

2.11 - C.V% 

* and ** significant at P≤0.05, P≤0.01, respectively.  

 

Non- application of SA   application of 0.1 mM SA   application of 0.2 

Mm SA 
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Figure 3. Interaction effect of different concentrations of salinity and application of SA on the amount of malondialdehyde of 

Salicornia persica in petridish 

 

 

Figure 4. Interaction effect of different salinity concentrations, SA application on root diameter of Salicornia persica in pot 

 

stress conditions (Juan et al., 2005). 

Initial studies in petridish confirmed the positive 

effect of SA application during salinity stress in 

Salicornia persica. In the next steps, studies were 

carried out in plant pots in which it's done with more 

harvests. Summarizing the morphophysiological results 

in the petri dish was chosen in favor of the use of 10 

mM SA to modulate the salinity stress. According to the 

results of the analysis of variance for the trait of root 

diameter in plant potted conditions, the simple effects of 

salinity, SA and the time of harvest, as well as the 

interaction effect of salinity and SA, were significant. 

The comparison of the average effect of the simple 

harvest time showed that the largest root diameter (0.46) 

cm was related to the third harvest and the lowest root 

diameter (0.37) cm was related to the first harvest. 

(Figure 5). It seems that with the passage of time, the 

growth of Salicornia persica plant has increased, and 

for this reason, the diameter of root has increased in the 

third harvest compared to the second and first harvests. 

The results of the comparison of the average interaction 

effect of salinity and SA showed that the largest root 

diameter was found in salinity of 200 ppm and the 

application of 0.1 mM SA, and the smallest root 

diameter was found in salinity of 500 ppm and without 

the use of SA (Figure 4). At 200 ppm salinity, the root 

diameter increased significantly with the use of 0.1 mM 

SA and also without its use compared to the control. 

This is probably due to the fact that Salicornia persica 

is a halophyte, and the maximum growth of this plant 

occurs in the presence of sodium. It has been reported 

that halophyte plants from Chenopodiaceae family, 

such as Chenopodium album and Salicornia show 

maximum growth in salinity of 100–300 ppm (Amor et 

Non-application of SA      application of 0.1 mM SA        application of 0.2 

mMSA   
mm 

Zero salinity 
 

200ppmsalinity 
 

500ppm salinity 
 

Non-application of SA                        application of 0.2 mMSA   
mm 

Zero salinity 
 

200 ppm salinity 

  
500 ppm salinity 
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Figure 5. The effect of harvesting time on root diameter of Salicornia persica in pot 

 

al., 2005). The diameter of the root in salinity 500 ppm 

and no application of SA was reduced compared to the 

control. In agreement with our results, (Dawood and El-

Awadi, 2015) with studying the Pelargonium 

graveolens plant, they showed that the diameter of the 

branch decreased significantly at three levels of salinity 

(zero, 30 and 60 ppm) with increasing salinity. Under 

salt stress, root growth reduction and poisoning are 

caused by the accumulation of toxic ions. Under these 

concentrations, the stoma is closed and the amount of 

photosynthesis is reduced, and finally, salinity can stop 

the growth of the roots, in which it causes a decrease in 

the capacity of water absorption and the transfer of 

water and nutrients from the soil to the aerial parts 

(Munns and Tester, 2008). Application of 0.1 mM SA 

caused an increase in the diameter of the root in all three 

salinity levels of zero, 200 and 500 ppm. It is reported 

that the treatment of bean seeds and shoots with SA 

under salinity stress has increased the parameters related 

to vegetative growth (Rady and Mohammad, 2015). It 

has also been reported, the positive and significant 

effect of SA treatment in increasing the growth and 

performance of Peppers plants (Changli and Chanyou, 

2010), and corn (Gunes et al., 2007) under stress.  

According to the results of the analysis of variance, 

the interaction effect of salinity, SA and harvesting was 

significant, so the average comparison was made for the 

interaction effect. The results of comparing the averages 

showed that in 200 ppm salinity and without the use of 

SA, the amount of chlorophyll b increased in the first 

and third harvests and its amount decreased in the 

second harvest. Also, the application of 0.1 mM SA 

caused an increase in the amount of chlorophyll b in the 

second harvest compared to its non-application (Figure 

6). At low levels of salinity stress, due to the activation 

of stress tolerance mechanisms, such as reducing the 

area of the leaf and increasing its thickness, it can 

increase the amount of chlorophyll per leaf area unit 

(Rajcan et al., 1999). In this regard, the researchers 

attributed the increase in the amount of chlorophyll as a 

result of mild stress to the increase in the specific 

weight of the leaf, and they stated that with an excessive 

increase in stress and its adverse effects on the structure 

of chlorophyll and as a result of the destruction of 

chloroplasts, the amount of chlorophyll decreases 

(cramer, 2002). In 2004, Misra et al. reported that stress 

causes chloroplast destruction and a decrease in 

chlorophyll in Mentha plants. It seems that the decrease 

in the amount of chlorophyll is due to the lack of 

synthesis of this substance and the increase of ethylene 

under stress conditions. Also, the activity of 

chlorophyllase enzyme increases with the application of 

salt stress, so it can be said that the decrease of 

chlorophyll in salt conditions is due to both the 

reduction of its synthesis and the increase of chlorophyll 

destruction (Misra et al., 2004). Khan's studies in 2005 

showed that in the conditions of salinity stress, the 

leaves first become chlorosis, and then they start to fall 

(Khan, 2005). The reduction in the amount of 

photosynthetic pigments in plants is due to the closing 

of the stoma and prevention of chlorophyll biosynthesis. 

Salinity stress increases oxygen free radicals in 

chloroplasts, and it causes damage to the membrane of 

the chloroplast (Zhang et al., 2003). At low levels of 

salinity stress, due to the activation of stress tolerance 

mechanisms, such as reducing the area of the leaf and 

increasing its thickness, it can increase the amount of 

chlorophyll per unit of leaf area. (Rajcan et al., 1999). 

For the amount of flavonoids, the results of analysis 

of variance showed that the interaction effect of salinity, 

SA, and harvest was significant. Based on this, the 

results of the average comparison indicated that in zero 

salinity and without the use of SA, the amount of 

flavonoids increased in the second harvest compared to 

the first one and the third harvest compared to the 

second one. The application of 0.1 mM SA had no 

significant effect on the amount of flavonoids. In 

salinity of 200 ppm and no application of 0.1 SA, the 

amount of flavonoids increased in all three harvests 

compared to the control (Figure 7). The main role of 

leaf flavonoids is to protect photosynthetic cells against 

harmful UV rays. At mild levels of salinity, the amount 

of flavonoids increases to deal with stress and prevent 

oxidative damage. However, at higher salinity levels, 

the number of flavonoids has decreased in most cases 

(Manai et al., 2014). In the salinity of 500 ppm and 

without the use of SA, the amount of flavonoid was 

reduced compared to the control. The antioxidant 
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Figure 6. The interaction effect of different concentrations of salinity, application of SA and the time of harvest of chlorophyll 

b of Salicornia persica in petridish 
 

 
Figure 7. The interaction effect of different concentrations of salinity, application of SA and harvesting time on the 

concentration of flavonoid of Salicornia persica in pot 

 

capacity of flavonoids is not the same, and at high 

salinity levels, they will not succeed in producing 

compounds with high antioxidant capacity (Calvo et al., 

2014). At a salinity of 500 ppm, the application of 0.1 

mM SA caused a significant increase in the amount of 

flavonoids compared to its non-application. Due to its 

antioxidant properties, SA increases the amount of 

flavonoid and thus increases its antioxidant power. 

The results of the analysis of variance of the 

interaction effect of salinity, SA and harvesting time 

were significant for sodium content. With the increase 

in salinity, especially in the third harvest, an increase in 

sodium was observed. In the salinity of 200 ppm and no 

use of SA in the second harvest, the amount of sodium 

increased compared to the control, and the use of SA 

caused a decrease in the amount of sodium. In general, 

there was no significant increase in the amount of 

sodium at salinity of 200 and 500 ppm (Figure 8). 

Probably, because Salicornia persica is a halophyte 

plant, it has resisted the increase of sodium and the 

imbalance of ions such as sodium and potassium inside 

the cell. At salinity of 200, especially in the first and 

second harvests, sodium was reduced compared to the 

control, which may indicate the ability of halophytes to 

remove or adjust and use sodium optimally. In various 

studies, there are contradictory reports about the effect 

of SA on ion absorption. The use of SA had no effect on 

the amount of sodium in carrot (Eraslan et al., 2007) 

and spinach (Eraslan et al., 2007). Gunes et al. reported 

in 2007 that SA decreased the concentration of sodium 

and chlorine and increased cations, including potassium, 

in corn plants under different stresses. In our studies, the 

application of SA had no significant reduction effect on 

the amount of sodium, and the modulating effect of SA 

on salinity stress uses another mechanism. 

For the amount of potassium, the results of the 
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Figure 8. The interaction effect of different concentrations of salinity, the application of SA and the harvesting time on the 

amount of sodium element of Salicornia persica in pot 
 

 
Figure 9. The interaction effect of different concentrations of salinity, the application of SA and the time of harvest on the 

amount of potassium element of Salicornia persica in pot 

 

analysis of variance showed the interaction effect of 

salinity, SA and harvesting is significant in that, 

according to the results of the mean comparison, at zero 

salinity, the application of 0.1 mM SA increased the 

amount of potassium in the first and second harvests, 

and its amount decreased in the third harvest compared 

to the absence of SA. In salinity of 200 ppm and no 

application of SA, the amount of potassium increased 

compared to the control in all three harvests, and the use 

of 0.1 mM SA caused a decrease in the amount of 

potassium in the first and second harvests, and its 

amount decreased in the third harvest. In salinity of 500 

ppm and no application of SA, the amount of potassium 

increased in all three harvests compared to the control, 

and the use of 0.1 mM SA increased the amount of 

potassium in the first and second harvests, and its 

amount decreased in the third harvest compared to no 

application of SA. Contrary to our idea that high salinity 

reduces the amount of potassium, there was no 

reduction in potassium content at 500 ppm salinity. 

Probably due to the resistance of Salicornia persica 

Akani, which is a halophyte, and it shows resistance to 

salinity, we do not observe this reduction (Figure 9). 

The decrease in the amount of potassium and the 

increase in the amount of sodium is one of the most 

obvious effects of salinity stress. Its replacement by  
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Figure 10. The interaction effect of different concentrations of salinity, the application of SA and the time of harvest on the 

amount of soluble sugar of Salicornia persica in pot 
 

sodium can cause damage to the plant because sodium 

is not able to perform the roles of potassium. 

Accumulation of sodium and change of K+/Na+ ratio in 

cytoplasm can effect the processes of bioenergetics. 

Substituting sodium instead of potassium can deactivate 

enzymes and lead to reduction of growth or even death 

of the cell or plant (Wu et al., 2008). In general, salinity 

stress reduces the concentration of potassium in plant 

organs through disruption of potassium absorption 

mechanisms by roots (Ashraf and Oleary, 1999). Gunzo 

et al. reported in 2007 that those different 

concentrations of SA decreased the amount of 

potassium in corn, both under saline and non-saline 

conditions. (Gunes et al., 2007). 

According to the results of the analysis of variance, 

the interaction effect of salinity, harvesting time and SA 

was also significant for the amount of soluble sugar. 

With the increase of salinity in most harvests, the 

amount of soluble sugar increased compared to the 

control, and at zero salinity, the application of 0.1 mM 

SA increased the amount of soluble sugar in the first 

and third harvests. In salinity of 200 ppm, the 

application of 0.1 mM SA increased the soluble sugar in 

the first and second harvests. In salinity of 500 ppm, the 

application of 0.1 mM SA increased the amount of 

soluble sugar in all three harvests. The increase of 

soluble sugar in the salinity of 500 is higher than other 

treatments. Also, at the stress of 500, SA had a greater 

effect on the amount of soluble sugar (Figure 10). In 

Nigella sativa plant, with increasing sodium chloride 

concentration, the content of soluble sugar in the aerial 

parts increased compared to the control, and in the 

presence of SA, a significant increase in the soluble 

sugar content of the aerial parts was observed, in 

comparison with the control. (Ghorbanli et al., 2010). 

The same results have been observed in tomato (Poor et 

al., 2011). In some plants, including pepper, it has been 

reported that the treatment of SA by increasing the 

activity of invertase has increased the amount of soluble 

and insoluble sugar. It has also been observed that SA 

stimulates the hydrolysis of carbohydrates, and by 

increasing compounds such as soluble sugars, while 

creating an osmotic source, it reduces environmental 

stress damage (Hayat and Ahmad, 2007). 

 

Conclusion 
Due to the importance of salinity in current conditions 

and the possibility of using the positive effect of a 

salinity modulating such as SA, this research was 

carried out. Also, the use of native halophyte plants 

(Salicornia persica) in this study can be significant. In 

this research, it was possible to obtain a more effective 

concentration of SA (0.1 mM) for the adjustment of 

salinity. Also, with the morphophysiological study in 

petridish and pot conditions, it was found that the 

application of SA has a significant positive effect in 

modulating salinity stress. The results of the effect of 

salinity showed an increase in the growth (optimal 

growth) of Salicornia persica plant at 200 ppm sodium 

chloride. At the same time, the results showed that SA 

could increase the growth of plant, the amount of 

flavonoids, soluble sugar and potassium, and its 

decrease the amount of malondialdehyde. In general, it 

increases the resistance to salinity stress in the plant. 
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