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Abstract  

 

The tolerance mechanisms of salt stress in halophyte plants can be used for sensitive plants to salinity for creating stress-tolerant 

crops. The cell suspension of Aeluropus littoralis plant was cultured under MS medium supplemented with 4 mgL-1 2, 4-

dichlorophenoxyacetic acid (2,4-D) and 0.2 mgL-1kinetin. Seven levels of NaCl (0, 30, 60, 90, 120, 150, 180 and 210 mM) was also 

applied as salinity treatment in cell culture suspension. The cellular growth of Aeluropus littoralis was determined during three 

weeks of subculture. The starch and soluble sugar accumulation and free polyamines were evaluated in stationary phase of cellular 

growth curve related to different concentrations of salt. The results showed that starch content was significantly decreased in 120 mM 

(71%), 150 mM (46%) and 180 mM (39%) salt treatments than control treatment and increased in the concentration of 210 mM 

(17%) than control treatment that it was not significant. The soluble sugars content was also increased in 30 mM salinity (32%) and 

remained approximately constant during different concentrations from 120 till 210 mM of salinity than control treatment. Polyamines 

(PAs) content of cells was decreased with increase of salinity. However, free Putrescine (Put) and Spermine (Spm) were found in 

higher levels in the 30 mM salt treatment, that it can be the reason for increasing of cell growth than control treatment. In addition, 

Spm content showed to be slightly changed with different salinity levels from Put or Spermidine (Spd). It is proposed that PAs and 

sugars have a significant role in the adaption mechanism of Aeluropus genus under saline conditions. 

 

Keywords: abiotic stress; Aeluropus littoralis; cellular resistance; halophyte; osmolyte compound. 

Abbreviations: GABA- gamma-amino butyric acid; PA- Polyamine; Put- Putrescine; Spd- Spermidine; Spm- Spermine. 

 

 

Introduction  
 

Salinity stress is one of the major abiotic stresses that prevent 

plants from reaching their full genetic potential and limit the 

plant growth and productivity (Ashraf, 1999). Toxicity of 

salts along with osmotic stress is the major effect of salinity 

on plant cells (Ward et al., 2003). In addition, inhibition of 

photosynthesis, oxidative stress, and limited growth of plant 

cells and finally plant cell death occur after regular exposure 

to salt (Zhu, 2002). On the contrary, plants react in three 

kinds of general responses to high concentrations of salts 

including: homeostasis, detoxification and growth control 

(Zhu, 2000). Although, the maintenance of cell homeostasis 

and growth control under salt stress are dependent on the 

accumulation and partition of ions and activity of anti-

oxidant systems (Kuznetsov and Shevyakova, 1999; 

Hasegawa et al., 2000). Furthermore, plants use a wide array 

of metabolites for osmotic and oxidative stress such as 

polyols (e.g. glycerol, mannitol or inositol), amino acids (e.g. 

gamma-amino butyric acid (GABA) or proline), quaternary 

ammoniums (e.g. glycinebetaine, prolinebetaine, and beta-

alaninebetaine) and changeat the level of polyamine (PA) 

metabolism (Aziz et al., 1999; Dubey and Singh, 1999). In 

higher plants, polyamines act as cellular signals in response 

to abiotic stress signals that cross talk with each other and 

environment that they have the physiological significance 

during acclimation to salt stress (Aziz et al., 1999; Galston, 

1991). In recent years, it has been demonstrated that PAs 

involved in relation to adaptation to various abiotic stress 

factors as a part of an integrated plant response (Lefevre et 

al., 2001; Sudha and Ravishankar, 2002). Polyamines (PAs) 

also are responsible for a wide range of cells activities such 

as gene transcription, anti-oxidant activities, signaling, cell 

division and growth under stress conditions (Alcázar et al., 

2010; Sudha and Ravishankar, 2002). Sugars as one of the 

most important compatible osmolytes also increase under 

salinity stress in plant cells (Flowers and Colmer, 2008). 

They accumulate in a temporary reserve form of carbon and 

cells degrade starch and transport where they are used by 

plant (Dubey and Singh, 1999). In total, sugars provide 

sufficient carbon reserves to support basal biological 

processes in plant cells under salt stress. Plant responses 

strategies differ from one plant to another by paying attention 

to biological behaviors of them. For example, glycophyte 

plant may be sensitive to the different concentrations of salt, 

although, halophyte plants will resist or tolerate the high 

concentrations of salinity (Flowers and Colmer, 2008). The 

definition of halophyte is based on the ability to complete the 

life cycle in high salt concentrations (Flowers et al., 1986). 

Halophytes are remarkable plants that tolerate high salt 
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concentrations with different mechanisms including 

minimizing the entry of salt into the plant and excluding salt 

(Flowers et al., 1986). Therefore, study and identification of 

some mechanisms that involve in the plant resistance under 

salinity and nutrient deficiency will be useful in halophyte 

plants. Recently, studies have been focused on a model plant 

Aeluropus littoralis which is proved to be extremely salinity 

resistance, with considerable potential in arid and semi-arid 

regions (Wei et al., 2001). Aeluropus littoralis as a 

stoloniferous perennial grass/ monocotyledonous halophyte 

grows in poor soils and dry lands of Iran and it is being used 

for forage and soil conservation (Torbatinejad et al., 2000). 

The main characters of Aeluropus genus that adapted the 

plant to harsh environmental conditions include vegetative 

propagation by stolon, waxy epicotyle and small leaves, 

numerous seed production and developed root systems 

(Mohsenzadeh et al., 2006). This plant is the best choice to 

discriminate the physiological aspects of adaption to common 

environmental stresses especially salinization. In this study, a 

wide range of salinity treatments was performed to the 

cultured cells at the liquid medium and measurement of the 

cellular growthused for elucidatingresistance level of cells 

against salinity. The investigation of physiological responses 

of salinity treatments was carried out through measurement 

of starch and soluble sugars content in cellular level. 

Additionally, polyamines content including diamine, 

putrescine (Put), triamine, spermidine (Spd) and tetramine, 

spermine (Spm) were measured as a metabolic response and 

an important cellular mechanism for defense. 

 

Results  

 

Cell count and biomass accumulation 

 
Assessment of cellular growth in suspension cultures was 

accomplished by fresh and dry weight shown in Fig1. It can 

be observed that the 18-day interval allowed the 

determination of a cell growth peak, followed by a decrease 

in growth. Cells were in their logarithmic growth rate 

between days 6 and 14 and reached to stationary phase on the 

day 16. These measurements do not give information on cell 

quality; therefore, analysis of the growth curve based on cell 

number will provide a general idea of the types of cells 

present in culture (Fig1). Cell division rate confirmed the 

growth peak at cell suspension culture of A.littoralis, when 

the cell number increases above 5 to 32 x 104 cells/ml during 

exponential phase of growth curve in the ideal culture 

conditions.  

 

Cellular growth response under different levels of salinity 

stress 

 

Investigation of cellular growth response was performed by 

different salinity levels (0, 30, 60, 90, 120, 150, 180, and 210 

mM NaCl) during 20 days of the experiment. Results showed 

that the cellular growth was decreased or inhibited by the 

applied salinity levels. As shown in Fig2, the highest growth 

rate of the cells was observed on the day 12in 30 mM 

salinity, though, the same was on day 10 for the cells under 

normal conditions. The slow growth of cells was observed 

with increasing levels of salinity as the days 14, 16 and 18 at 

the higher levels of the applied salinity. The 120 mM 

concentration of salinity was known as turning point under 

severe salt stress in cellular levels, because significant 

reduction of growth was a consequence of this concentration. 

Results indicated that plant cells of A.littoralis tolerate the 

different concentrations of salinity until 90 mM, but cells 

preferred to tolerate and grow slowly against salinity after 

120 mM salt treatment. Consequently, severe inhibition of 

the cellular growth was observed in the cells under 120 mM 

saline and continued till 210 mM salinity. The dominant 

point of growth curves under salt stress was cellular 

tolerance/resistance of A.littoralis, and delayed growth curves 

were observed during different times of cell growth.  

In addition, effects of salt stress are more perceptible in 

cellular growth rate during three weeks of treatments (Fig3), 

particularly in the highest levels of salinity (180 and 210 mM 

NaCl). In spite of reduction of cellular growth rate in 

different salt concentrations, the growth rate increased about 

4% at 30 mM NaCl concentration rather than control 

treatment. The decreasing rate of growth was about 10% and 

13 % at low NaCl concentrations including 60 and 90 mM 

respectively, whereas the highest levels of salinity including 

180 and 210 mM severely restricted cellular growth with 57.7 

% and 63.3 % reduction rather than control treatment, 

respectively. Others concentrations of salinity including 120 

and 150 mM also limited the cell growth with 35% and 32% 

than control treatment,respectively. 

 

Cellular starch and soluble sugars content 

 

Starch content did not significantly change following 

treatments with 30, 60 and 90mM of salinity in cellular levels 

(Fig4). Significant decrease in starch content of the cells was 

observed in 120 mM (71%), 150 mM (46%) and 180 mM 

(39%) salinity treatments and increased in concentration in 

210 mM (17%) as the highest stress level than control 

treatment, that it was not significant. While, soluble sugars 

content indicated significant increasing in 30 mM 

concentration (33%) of salinity rather than 60 mM(18%) in 

comparison with control treatment. This considerable 

increase of soluble sugars content remains constant from 120 

mM till high concentrations of salinity (210 mM). The 

concentration of 120 mM salinity changed the behavior of 

accumulation of sugar and therefore, was introduced as 

turning point of cellular tolerance against salinity.  

 

Changes in the PAs titer of A.littoralis suspension cells 

 

Quantification of free PAs of the 20 day old cells revealed 

that Put followed by Spd and Spm are abundant in the cells, 

respectively (Fig5). The content of Put of the cells (at the day 

20) showed an increase in the cells less than 30 mM salinity 

condition and decreased following treatments with 60 and 90 

mM of salinity. The lowest levels of Put were observed in the 

cells under 120 and 150 mM of salinity. Put content 

increasedslightly in saline levels of 180 and 210 mM. 

Cellular resistant of A.littoralis under salt stress exhibited a 

higher titre of Put in high level of salinity.Salinity induced a 

decrease in cell Spd concentration with higher concentration 

of salinity, but an obvious increase was observed at 180 mM 

salinity. In addition, Spd showed the lowest value at 150 mM 

of salinity that it was less than normal condition. Total Spm 

in the cells obviously decreased at 210 mM salinity, but salt 

stress slightly increased the cell Spm from 90 mM till 180 

mM. Anyways, Spm content showed to be slightly changed 

with different salinity levels from Put or Spd.  
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Fig 1. Growth of A. littoralis suspension cultures as measured by (a) fresh weight and (b) dry weight (c) number of cells per ml 

culture medium. Values are reported as the average of five replicate flasks and error bars represent standard error. 

 

 

Fig 2. Cellular A. littoralis growth curves in response to different salt stress levels. Horizontal line shows time (0, 2, 4, 6, 8, 10, 12, 

14, 16, 18, 20 days) and vertical axes indicate cell dry weight (gr.2 ml-1). 
 

 

Discussion 

 

Cellular growth of A. littoralis indicated its response at 

resistance/tolerance level 

 

Exposure of the cells with saline resulted in a delay of cells 

growth at different levels. According the results, it can be 

deduced that increasing salinity levels from normal condition 

(0 mM) to up to 120-150 mM postponed the cellular normal 

growth rate from 10 to 18 days. An increase in the saline 

level (180 and 210 mM) resulted in severe change and 

inhibition of cell growth. It seems that the cells are at the 

resistance level of response up to 120 mM of saline and are 

successfully performing the growth although the delay. Also 

moderate stress (30 and 60 mM of saline) increased slightly 

the cell weight that salinity stress may be the reason for the 

cell growth and resistance. The severe inhibition of cell 

growth under 180 and 210 mM of the stress depicts the 

cellular tolerance which deviated the cellular expansion to the 

production of necessary metabolites. Stresses can delay cell 

growth and development, reduce productivity, and, in 

extreme cases, cause plant death (Munns, 1993). In 

particular, environmental stresses can disrupt cellular 

structures and impair key physiological functions (Serrano 

and Rodriguez-Navarro, 2001). As a consequence, inhibition 

of photosynthesis, metabolic dysfunction, and damage of 

cellular structures contribute to growth perturbations, reduced 

fertility, and premature senescence (Wang et al., 2001; 

Krasensky and Jonak, 2012). Plant stresses involve a 

complex cross-talk between different metabolism and  
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Fig 3. Changes of cellular dry weight of A. littoralis in different salt concentrations after 3 weeks. Statistical analysis and the mean ± 

SD were performed in p < 0.05 level on the three different samples. 

 
Fig 4. Starch content and soluble sugars of A. littoralis cells under different salinity stress after 3 weeks. 

 

physiological/morphological adaptation (Wang et al., 2001). 

This approach normally leads to deviation of normal cell 

growth toward the energy saving for defense. Plants alter 

their metabolism in various ways such as polyamines and 

osmolytes (glycinebetaine and proline) which accumulate at 

high concentrations in the cytosol (Kaur-Sawhney et al., 

2003; Mansour, 2000). Depending upon the level of salinity 

stress that cells suffer from, plant responses are distinguished 

into two major strategies: stress avoidance and stress 

tolerance (Munns et al., 1995; Volkmar et al., 1998; Zhu, 

2002). The first situation leads to acclimation to stress and 

the second results in the survival approach. In addition, 

chronological pattern of salt stress-induced changes is 

dependent to treatment duration (Munns et al., 1995; 

Deboubaet al., 2007), because exposure duration to salt 

significantly affects the growth rate in tolerant and sensitive 

species (Munns et al., 1995). Our growth curves demonst- 

 

rated this concept in salt different treatmentsin cellular levels. 

The concept of two-phase growth response to salinity was 

created by Munns, (1993) in time frame. The cellular 

responses of A.littoralis reflected this concept during 3 weeks 

after treatment in different salt concentration. Munns and 

Sharp,(1993) indicated that the low level of activity in growth 

rate is related to osmotic effects of salinity after at least 24 

hours of salt treatment. Maintenance of cellular osmotic 

potential is possible by osmolytes compound such as 

carbohydrates and polyamines in salt tolerant plant 

A.littoralis which these can prevent of cell disruption in 

against salt stress. After several days, the reason of 

decreasing growth rate switches from lack of cellular water to 

toxic levels of salt ions (Munns, 1988), that the inability of 

cells in compartmentalization of salt ions into vacuoles, 

increasing of salt ions concentration in the cytoplasm than 

vacuole (Rawson et al., 1988), enzymes inactivation and cell  
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Fig 5. The effect of different concentrations of salinity on free polyamine content in 3-week-old A. littoraliscells. 

 

 

dehydration by apoplastic and symplasmic accumulation of 

salt ions (Nomuraet al., 1998) are the most important factors 

involved in cessation of cellular growth rate.  

 

Starch and soluble sugars contents of the cells are related 

to the growth rate of the cells 

 

Starch and soluble sugars are the compatible osmolytes in the 

plant cells that accumulate and increase resistance against 

osmotic stresses (Jang and Sheen, 1997). The pattern of 

accumulation of sugars in halophyte plant may be important 

in their response to salinity in cellular levels and differ from 

salt sensitive plant (Dubey and Singh, 1999). We believed the 

intensity of salinity signals can be effective in the carbon 

accumulated as starch in cellular level. Therefore, cells of 

Aeluropus littoralis could tolerate the intensity of salinity 

signals until 90 mM and grow in the similar pattern of cell 

growth curve and starch storage reserves. Starch content 

significantly decreased in the concentration of 120 mM 

salinity and this level of salinity was introduced as turning 

point of cellular tolerance against salinity. Increasing of 

starch content from 120 mM till 210 mM salinity indicates 

that there is a positive correlation with increase of salt 

concentrations. Soluble sugars content was almost 

changeable until 90 mM concentration of salinity, but they 

remained constant from 120 mM till high salt concentrations 

(210 mM). Lack of plant organs in cell suspension culture of 

Aeluropus littoralis plant may be due to remaining constant 

of soluble sugars in salinity levels, because soluble sugars are 

transported to different organs where they are used by plant 

(Dubey and Singh, 1999). Soluble sugars along with other 

compatible solute are involved in osmotic adjustment in 

halophyte plants (Flowers and Colmer, 2008), and directly or 

indirectly activate specific cellular mechanism involved in 

storage and defense (Hebers and Sonnewald, 1998). Sugars 

allow the cells to maximize sufficient storage reserves to 

support basal metabolisms under salt stress. Large increase or 

at least remaining constant in the sugars content under high 

levels of salinity can be well defined as a result of cells 

attempt to defense (Pinheiro et al., 2001). Our data indicated 

that the resistance process against stress is accompanied with 

changes in the level of starch and soluble sugars under 

salinity stress. 

  

 

 

 
Fig 6. The ratio of Put/Spd+Spm at different salinity levels of 

cell suspension culture in 20 day old cells. 

 

PAs content of the cells are closely related to the cells 

resistance/tolerance strategies 

 

The levels of Put and Spd are totally decreased with 

increasing the salinity levels till 150 mM. This is in well 

agreement with our defined concept of cellular tolerance at 

120-150 mM salinity. Results imply that the resistance 

process which is involved with a delayed, but guaranteed 

growth is accompanied with decrease in the level of PAs. The 

same has been seen about starch as another defense 

metabolite. Increase Put and Spm in 30 mM salt treatment 

can be effective factors in cellular growth ofAeluropus 

littoralis, because dry weight of cells increased than normal 

condition (0 mM saline). In other salt treatments, PAs are 

involved in cells resistance/tolerance processes to regulate 

basal cellular functions against salinity. In total, the content 

of PAs raised significantly with inhibition of cell growth and 

increasing resistance. This clearly depicts the known function 

of PAs as defensive and signaling molecules under stress 

conditions (Sudha and Ravishankar, 2002; Kaur-Sawhney et 

al., 2003). PAs accumulation has been implicated as one the 

most important adaptive mechanisms of plants under abiotic 

stress condition especially salinity (Aziz et al., 1999), 

although, PAs concentration may change in response to 

salinity (Alcázar et al., 2010). Salt stress manipulated the free 

PAs content (Put, Spd, Spm) in halophyte A.littoralis. The  
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Fig 7. The schematic arrangement of cell suspension culture of A. littoralis. 

 

subsequent changes in free PAs content can explain the 

concept of a two-phase growth response to salinity by 

Munns, (1993), which applied about plant growth rate. We 

proposed that PAs play the fundamental role in cells adaption 

to abiotic stress specially salinity based on concept of a two 

phase growth rate in during different salt stress levels, 

although, molecular mechanisms of PAs in salinity tolerance 

need to more knowledge and is elusive and contradictory 

(Sudha and Ravishankar, 2002; Alcázar et al., 2010). The 

ratio of Put/Spd+Spm is also introduced as a measure of salt 

tolerance which decreases under salt tolerance mechanism 

(Roussos and Pontikis, 2007). According to Fig6, it can be 

observed that the mentioned ratio for the low levels and very 

high level of salinity (0, 90 and 210 mM, respectively) has 

increased which depicts a higher challenge under stress 

conditions. This has similarities with the previously seen trait 

of the cells growth and starch content. On the other hand, this 

observation clearly suggests that cellular responses are 

depended on stress level at the Aleuropus cells where the 

higher levels of salinity induced the tolerance related 

metabolites in the cells. Results in this paper have shown that 

cellular growth of A. littoralis suspension cultures are closely 

related to the biosynthesis of related defensive metabolites 

e.g. carbohydrates and PAs. This relation is closely 

domineered by cellular level of resistance and cells ability to 

manage the biosynthetic pathways and growth patterns. 

Material and methods 

 

Cell suspension cultures 

 

The seeds of A. littoralis were surface-sterilized (by 15 min 

in 5% sodium hypochlorite) and cultured in Murashige and 

Skoog, (1962) solid medium supplemented with 4 mgL-1 2,4-

dichlorophenoxyacetic acid (2,4-D), 2 mgL-

1benzylaminopurine (BA), 3% sucrose and 0.7% plant agar 

(pH 5.8) and kept at 25 °C in the dark. The calli were 

completely grown after a period 3 weeks (Fig7). The cell 

suspension cultures of A. littoralis were established with 

approximately 1 g of fragile callus, in 250 ml flasks 

containing 50 ml liquid MS-supplemented medium, although 

kinetin (0.2 mgL-1) was substituted instead of BA in the 

suspension cultures. Cultures were incubated in complete 

darkness at 25 ºC in a horizontal shaker (125 rpm). Then 

suspension cultures were filteredand the old and huge cells 

removed with filter meshafter 4 weeks. We sub-cultured and 

added 40% of the cell suspensions (20 ml) with fresh 

medium (30 ml). After obtaining the homogenized cell 

suspension cultures of A. littoralis, they were exposed to 

NaCl treatments in different concentrations (0, 30, 60, 90, 

120, 150, 180 and 210 mM, Merck) for 21 days in five 

repetitions or flasks. At the end of each treatment, cells were 

collected, washed thoroughly with deionized water, 

weighted, immediately frozen in liquid nitrogen, and stored at 

-80 ºC until required for analysis. 

 

 

Cell count and growth measurement in suspension cultures 

 

A method using microcentrifuge tube was applied for 

determination of fresh and growth curve of the cultured cells 

(Mills and Lee, 1996). Cell count was measured under a 

microscope using a hemocytometer slide. The method 

involves maceration of cell suspension in chromium trioxide 

solution which disaggregates plant cell clumps to free cells 

(Dodds and Roberts, 1985). 

 

Starch and soluble sugar extraction and analysis 

Starch and soluble sugar content were measured by the 

anthrone method (Hansen and Møllera, 1975), and potato 

starch and glucose were used as standard, respectively. 

 

Extraction and analysis of Pas 

 

Free PAs were quantified according to Gholami et al., (2012) 

with minor modifications. Quantity of PAs was evaluated via 

peak area after fluorescence scanning in absorbance mode at 

366 nm. 

 

Statistical analysis 

 

Treatments with Aeluropus cells for PA analyses were 

arranged in a completely randomized design. We cultured 

cells (2 g fresh weight) in 250-mL Erlenmeyer flasks 

containing 45 mL of liquid proliferation medium per 

treatment. All treatments were performed in 3 replicates, and 

mean values and standard deviations are presented. Statistical 

analysis was performed using SAS program (1982). 

 

Conclusion 

 

In conclusion, our data support the involvement of 

polyamines and sugars in developmental and stress 

interactions in cellular levels of Aeluropus littoralis plant that 

it can be the reason for increasing of cell growth in stress 

condition. The recent availability of transgenic plants with up 

and downregulated the genes involved in polyamines 

biosynthesis and respective mutants will greatly contribute to 

further increased cellular tolerance against salinity through 

the physiological functions of these genes. 
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