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Abstract 

Salicornia europaea L. is a common halophytic plant species distributed in many saline soils 

and habitats, including margins of many wetlands. Salicornia europaea grows around Mighan 

Wetland, a natural desert ecosystem in central Iran with fluctuating water levels due to constant 

heat and severe wind throughout the year.  Although, aspects of biology and ecology of 

halophytes growing in Mighan Wetland have been studied, information on Salicornia europaea 

is scarce. This research was carried out to compare both enzymatic and  non- enzymatic 

antioxidants of  Salicornia europaea L. Soil and whole plant samples were collected in 

triplicate four equidistant locations from Wetland edge in May, 2016. Soil samples were 

analyzed for its pH and electric conductivity (EC). Plant leaves were analyzed for activities of 

stress-related enzymatic (peroxidase and catalase) antioxidants and contents of non-enzymatic 

antioxidants (flavonoids and anthocyanins), cell membrane integrity via measuring lipid 

peroxidation through Malondialdehyde production (MDA) and changes in content of leaf 

saponin. Analysis of variance (ANOVA), Duncan Post-hoc tests and correlation tests were 

performed using the SPSS.22 statistical program. Results showed that peroxidase activity 

reduced and contents of total flavonoids, anthocyanin, saponin and MDA as well as activity of 

catalase hiked with increasing EC. The study showed that S. europaea reacts to salinity stress 

by restricting catalase in proxisomes to limit ROS production, accumulating carbohydrates in 

cytosol to improve osmoregulation and producing flavonoids, anthocyanine and saponins as 

complementary osmo regulators and defensive agents. 
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1. Introduction 

Inland wetlands are characterized by periods of 

wetness and drought that restrict vegetation to plant 

species with adaptive physiological, ecological and 

structural compromises that embolden tolerance or 

resistance to soil salinity. Degree of adaptation 

depends on plant species, growth stages and 

environmental factors, such as soil and salt types, 

humidity and temperature extremes (Patrignani et al., 

1993; Carraro et al., 1993). Extensive research has 

been carried out on different aspects of halophytes, 
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including species of Salicornia around the world 

(Yin et al., 2012; Tikhomirova et al., 2005) and in 

Iran (Khara et al., 2003; Akhani, Zarre et al., 1996), 

which show these plants face off effects of salinity 

through changes in structure, growth behavior, 

physiology and production of primary and secondary 

metabolites (Aghaleh et al., 2009). Salicornia 

europaea is a resistant species to salinity stress, 

accumulates Sodium ions in its cells and can 

withstand more than 1,000 mM sodium chloride in 

the medium (Sulian et al., 2012). Its leaves are fleshy 

and reduced in size and stem is photosynthetic 

(Ellison et al., 1993; Keshavarzi et al., 2006). 

Altering activity of antioxidant enzymes, such as 

peroxidase and catalase and membrane lipid 

peroxidation (Malondialdehyde production, MDA), 

as well as production of non-enzymatic  antioxidants 

(flavonoids and anthocyanins) have been reported for 

many halophytic and arid plant species under natural 

or induced stresses (Zare-Maivan et al., 2004; Zare- 

Maivan et al., 2012; Zare-Maivan et al., 2015). 

Additionally, some plant species produce additional 

metabolites like saponins as part of normal growth 

and development or in response to abiotic or biotic 

(pathogenic) stress (Wink 1999; Akula 2011; Szakiel 

et al., 2011). Saponins are amphipathic glycosides, 

the class of chemical compounds found naturally in 

large quantity in leaves, stems, roots, bulbs, blossom 

and fruit of many plants in response to salinity or 

pathogenic stress (Augustin et al., 2011).   The 

structure of saponins is defined in terms of their 

composition of one or more hydrophilic glycosides 

which combined with a lipophilic triterpene 

derivative (Hostettmann K et al., 1995) possess a 

wide range of biological activities including 

antimicrobial, antiviral, molluscicidal, nematocidal, 

insecticidal, antiparasitic and allelopathy (Sparg et 

al., 2004; Tava and Avato 2006; Augustin et al., 

2011; D'Addabbo et al., 2011). Although, aspects of 

biology and ecology of many halophyte species such 

as Nitraria, Atriplex, Tamarix and Salsola growing 

in Mighan Wetland have been studied, information 

on Salicornia europaea is scarce.  This research was 

carried out to determine the way Salicornia europaea 

L. maintains its cellular integrity under salinity 

stress. 

2. Materials and Methods 

2.1. Sampling 

Soil and whole plant and samples were collected 

in triplicate 1x1 m plots 50 m apart from four distant 

sites at Mighan Wetland in May, 2016, Iran (Table 1) 

using plastic spatula. Samples were carried out in 

plastic bags inside a cooler immediately to the 

Laboratory at Tarbiat Modares University, Tehran, 

Iran and processed for chemical analysis. 

Table 1: Geographical coordinates of sampling sites at 

Mighan Wetland in spring, 2016, Iran 

Site Longitude Latitude Elevation asl 

(m) 

1 34⁰10.104′ 49⁰48.493′ 1672 

2 34⁰11.216′ 49⁰50.011′ 1664 

3 34⁰11.231′ 49⁰50.107′ 1666 

4 34⁰16.47′ 49⁰46.33′ 1655 

 

2.2. Determining soil characteristics 

Saturated soil extracts were prepared and used for 

determining pH, electrical conductivity (EC) and 

salinity by desktop device (PT.20 Sartorius 

Germany) in triplicate trials. 

2.3. Determining lipid peroxidation (MDA content) 

0.2g fresh leaves was crushed in3ml 

Trichloroacetic acid 10%, then centrifuged at 12,000 

rpm for 10 min. To 1 ml of supernatant in test tube 1 

ml Thiobarbituric acid was added and placed in 100 ⁰ 

C water bath for 30 minutes until color change 
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occurred. Test tubes were immediately placed in ice 

to stop reaction and their absorption was read using a 

spectrophotometer model UV/Visible 

(Analytickagena, Germany Spekol 2000) at 

wavelengths of 532 and 600 nm. MDA content was 

calculated by using155 𝑚𝑀−1 𝑐𝑚−1  extinction 

coefficient based on mM/fresh weight (DeVos et al., 

1991). 

2.4. Determining enzyme activity 

Catalase - 0.2 g fresh leaves were crushed in 3ml 

potassium phosphate buffer 25mM, pH= 6.8 on ice 

and centrifuged at 4⁰C and 12,000 rpm for 20 min. 

300 μl of supernatant was mixed with 300 μl 

𝐻2𝑂2 (10 mM) in potassium phosphate buffer (25 

mM), pH=6.8 before reading absorbance at 

wavelength of 240 nm for 0 and 60 sec. The enzyme 

activity was measured as absorbance changes in 

minute per mg protein (Cakmak and Horst, 1991). 

Peroxidase - 0.2g fresh leaves were crushed in 

3ml potassium phosphate buffer 60mM, pH= 6.1 on 

ice and centrifuged at 4°C and 12,000 rpm for 20 

min. 500 μl of supernatant was mixed with 500 μl 

𝐻2𝑂2  (5 mM) and 500 μl Guaiacol (28 mM) in 

potassium phosphate wavelength of 470 nm for 0 

and 60 sec. The enzyme activity was measured as 

absorbance changes in minute per mg protein 

(Ghanati et al., 2002). 

2.5. Total flavonoid and anthocyanin contents  

Total flavonoids - 0.1 g fresh leaf was crushed in 

3ml acidic ethanol and centrifuged at 12,000 rpm 

for15 min. 1 ml of supernatant was mixed with 9 ml 

acidic ethanol in test tube and placed in 80°C water 

bath for 10 minutes. The absorbance was read with 

spectrophotometer at 270, 300 and 330 nm. Total 

flavonoid content (mM/g leaf fresh weight) was 

calculated using 33000 𝑚𝑀−1 𝑐𝑚−1extinction 

coefficient (Krizek et al., 1997). 

Anthocyanin Content- Supernatant was prepared 

as described for anthocyanin content let rest for 24 h 

in dark. Absorbance of supernatant was read at 550 

nm using spectrophotometer. Anthocyanin content 

(mM/ leaf fresh weight) was calculated using 33000 

𝑚𝑀−1 𝑐𝑚−1 extinction coefficient The enzyme 

activity was measured as absorbance changes in 

minute per mg protein (Hara, et al., 2003).  

2.6. Saponins content 

To evaluate the saponin content of the Salicornia 

plant, the vanillin-sulfuric acid assay method was 

used. For this purpose, 0.5 g of the sample was 

extracted three times with boiling water, then the 

filtration was done, the aqueous extract was 

condensed. An equal volume of ethyl acetate was 

added, ethyl acetate was removed and an equal 

volume of n-butanol was added. This layer was dried 

and dried powder was used as a raw saponin extract. 

This extract of vanillin 8% and sulfuric 72% were 

added. The solution was incubated at 60 ° C for 10 

minutes. The ice was then allowed to cool for 15 

minutes and the ice was cooled, and finally, each 

sample was absorbed at 538 nm (Yang et al., 2010). 

Using Analytickagena, Spekol 2000 UV/Visible, 

(Germany) spectrophotometer. 

2.7. Leaf pigments contents 

0.5 g fresh leaves was crushed in 5 ml acetone 

80%. The extract filtered with conventional filter 

paper in Falcon was clear and its volume was 

reached to 10 ml. Then, samples absorption was 

measured at 663, 645 and 470 nm by 

spectrophotometer. Chlorophyll a, Chlorophyll b and 

total chlorophyll was calculated from the following 

formula (Arnon, 1967). 

Chlorophylla =(19.3(D663) – 0.86(D645))*V/100W 

(mg/gF.w) 
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Chlorophyllb= (19.3(D645) – 3.6(D663)) *V/100W 

(mg/gF.W) 

Chlorophylltotal = chlorophylla + chlorophyllb 

(mg/gF.w) 

2.8. Total soluble carbohydrates content   

The measurement of carbohydrates (mg/g F.W) - 

0.2 g fresh leaves was crushed then 5 ml of ethanol 

was added to 95%, and it was poured into the falcon 

for 30 seconds. The samples were centrifuged for 5 

minutes at 5,000 rpm for 15 minutes, and the 

supernatant was discarded and placed in a falcon and 

5 ml ethanol 70% and re-centrifugated. Then, 100 μl 

of the extract was transferred to the test tubes. 3 ml 

of fresh anthron was added to the tubes. The test 

tubes were placed in warm water at 100 ° C for 20 

minutes, and after cooling the samples were read at 

wavelength 620 nm (Fales 1951). 

2.9. Statistical analysis 

Mean values and correlation tests were compared 

using the SPSS.22 statistical program. Analysis of 

variance (ANOVA) and Duncan Post-hoc tests was 

performed when significant differences occurred at 

5% level. 

3. Results 

Field observations showed S. europaea seedlings 

emerged when wetland water receded and soil 

surface dried and covered with salt dust (Figure 1).  

Plant growth hiked with improved aeration of bottom 

soil as cracks formed on the wetland surface with 

progression of summer. Soil primarily consisted of 

sand and clay. Results of average salinity, electric 

conductivity (EC) and pH of soil samples are shown 

in Table 2. 

 

Fig. 1:  Salicornia europaaea L. seedlings growing in 

receded Mighan Wetland, May 2016 (actual size)  

 

Table 2: Soil chemical characteristics at different sampling sites at the Mighan Wetland, 2016 

Site Soil Type 
Salinity 

(%) 
EC 

(μs/cm) 
pH 

1 Clay-loam 12.78 1988 8.58 

2 Sandy-clay-loam 12.51 1954 8.73 

3 Sandy-loam 12.78 1998 8.65 

4 Sandy-loam 11.22 1753 8.81 

 

The range of electrical conductivity (salinity) 

variation between soil sites varied from 1998 to 1753 

µs/cm (equal to 12.78 to 11.22% salinity).  The soil 

pH of the study area is alkaline and in the group of 

carbonate soils (calcareous), especially sodium 

carbonate, with a sodium exchange capacity of about 

15% and more. 

There is a significant difference in MDA content 
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of plant samples from different sites at α= 0.05 

(Table 3). MDA content in plant samples of sites 

with higher EC (Sites1 and 3) was greater than in 

sites with lower EC (Sites 2 and 4). There is a 

positive correlation between content of MDA and EC 

(Table 4). 

A significant difference was observed in the 

activity of catalase in leaves of S. europaea at 

different sites which ranged between 0.3 and 1.5 mg 

protein min.
-1

 at 240 nm absorbance (Table 3). Plants 

in site with high EC (Site 3) showed the largest 

activity of the catalase enzyme. There is a positive 

moderate correlation between cellular catalase 

enzyme activity and EC (Table 4).    
 

Table 3: Contents of MDA, pigments, flavonoids, anthocyanin, and saponins in leaf cells of 

Salicornia europaea at the Mighan Wetland, 2016. 

Site 4 Site 3 Site 2 Site 1 Parameter 

0.21±2.0
b
 0.18±2.7 

a 
0.15±2.0

b
  0.16± 2.5 

a
 MDA 

0.009±  0.17
a 

0.014±0.09
c
 0.007±0.10

c
 0.019±0.14

b 
Chlorophyll a 

0.002±0.04
a
 0.001±  0.02

c 
0.003± 0.03

bc
 0.009±0.04

ab 
Chlorophyll b 

0.012±0.21
a
 0.014±0.11

b
 0.009±0.13

b
 0.029±0.18

a
 ChlorophyllTotal 

1.61±28
b
 2.65±37 

a
 2.38±25 

b
 2.99±34

a
 Anthocyanin 

6.05±41
c
 8.04±67

a
 7.47±56

b
 8.22±   55

b
 Total Flavonoids 

0.01± 0.08
c
 0.01± 0.15

b
 0.01±0.15

b
 0.01±0.19

a
 Saponin 

2.64±13
c
 2.54± 26

a
 1.61± 15

c
 3.26± 21

b
 Carbohydrates (Total) 

0.53±15
a
 0.50±10

c
 0.57±13

b
 0.91±9

c
 POD activity 

(ΔAbs. 470/mg protein.min) 

0.13±0.3
c
 0.16±1.5

a
 0.1±0.5

c
 0.1±0.9

b
 CAT activity 

(ΔAbs. 240/mg protein.min) 

All in mg/g FW except flavonopids and antocyanin in mM/g FW. 

Values with different characters are significantly different at the0.05 level. 

 

Table 4: Correlation between S.europaeae variables and EC at Mighan Wetland, 2016 

Correlation (EC) Character 

- Electrical conductivity (EC) 

-0.748
** 

Chlorophyll a 

-0.535
 

Chlorophyll b 

-0.741
** 

Chlorophyll Total 

0.480 Anthocyanin 

0.787
** 

Flavonoids (Total) 

-0.830
**

 Peroxidase (POD) activity 

0.707
* 

Catalase (CAT) activity 

0.624
* 

MDA 

0.862**  Saponin 

0.682
*
 Carbohydrates (Total) 

   * Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed).   
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The range of electrical conductivity (salinity) 

variation between soil sites varied from 1998 to 1753 

µs/cm (equal to 12.78 to 11.22% salinity).  The soil 

pH of the study area is alkaline and in the group of 

carbonate soils (calcareous), especially sodium 

carbonate, with a sodium exchange capacity of about 

15% and more. 

A significant difference was observed in the 

activity of peroxidase in leaves of S. europaea at 

different sites and ranged between 9 and 15 mg 

protein min.
-1

 at 470 nm absorbance (Table 3). The 

highest activity of the peroxidase enzyme is at Site 4, 

which has the lowest EC. There is a negative 

correlation between cellular peroxidase activity and 

EC (Table 4). 

Significant differences were observed in the 

flavonoid contents of leaves of S. europaea at 

different sites. Leaves collected from Site 3 showed 

the largest total flavonoid content (Table 3). There 

was a strong positive correlation between leaf cell 

flavonoids content and EC (Table 4). There were 

significant differences in anthocyanin contents in 

different sites. The greatest and the lowest contents 

of anthocyanins were observed in leaves of 

S.europaea collected from Sites 1 and 3 (higher EC) 

and 2 and 4 (lower EC), respectively (Table 3). 

There is weak positive correlation between leaf cell 

anthocyanin content and EC (Table 4). Pigment 

contents of leaves of S. europaea varied between 

sites and showed  negative  correlation with  EC 

(Table 4). 

Saponin (mg/g F.w) contents differed significantly 

among plants in different sites. For example, plants 

in site with higher EC (Site 1) showed higher 

saponin content than plants in Site 4 with lower EC 

(Table 3). There is a strong positive correlation 

between saponin content and EC (Table 4).  

The highest amount of sugar is in plants at Sites 3 

and 1 with the highest EC (salinity), respectively. 

There is a moderate positive correlation between 

sugar levels and salinity (Table 4). 

4. Discussion  

Salicornia europaea is a halophyte plant that 

grows in different soil types with different chemical 

characteristics. Research has shown that S. europaea 

determines its cellular integrity through 

physiological and structural adaptations and can 

tolerate media with high salt content, at 

concentrations as high as 1,000 mM sodium chloride 

(Sulian et al., 2012). Results of this research showed 

S. europaea seedlings emerged when wetland water 

receded and soil surface (top 1 cm) was dry, nearly 

forming a crust, and covered with salt particles.  

However, underneath the surface, soil was very 

moist and nearly saturated. As season progressed 

towards summer, soil surface cracked and S. 

europaea grew larger. Improved root aeration is a 

prerequisite to increased physiological activities and 

structural growth of  S. euraoaea under salinity and 

heat stress. Physiological changes include stress-

related enzymatic (peroxidase and catalase) 

antioxidants and non-enzymatic antioxidants 

(flavonoids and anthocyanins) and other secondary 

metabolites like saponins (Adam et al., 1995; 

Bestwick et al., 2001). 

Triggering mechanism also involves production of 

secondary metabolites, such as saponins and 

flavenoids which regulate cellular osmotic pressure 

relevant to soil salinity and environmental conditions 

(Haghighi et al., 2012). The results of this study 

indicate that the accumulation of secondary 

metabolites (flavonoids and saponins) may play an 

important role in osmotic regulation, preventing the 

production of oxygen radicals and protecting cells 

from harmful effects resulting in salinity resistance.  

The results of this study indicate that increasing of 

the MDA content changes moderately proportional 

to salinity levels (r=0.624) and as such,  a primary 

adaptive strategy for S. europaea to face off salinity 

effect is to prevent lipid peroxidation of the cell wall 

through enhanced production of the secondary 
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metabolites  (Table3 ). This is important because 

MDA attaches to proteins and nucleic acids and 

deteriorate their functions in the process (Yamauchi 

et al., 2008). In plant biomembranes, especially in 

chloroplast membrane, tri-unsaturated fatty acids 

(C18 and C16), in mixture with di- and mono-

unsaturated fatty acids (2-25%), compose a large 

percentage (50-90%) of membrane fatty acids 

(Douce et al. 1973; Zare- Maivan et al., 2015). 

Linolenic acid, a Tri-unsaturated fatty acids, which 

exists in S.europaeae (Zare-Maivan et al., 2015), is 

an easily peroxidisable fatty acid. Therefore, 

peroxidation products caused by oxidation of 

polyunsaturated fatty acids in chloroplast membrane 

(especially thylakoid membrane) could be plenty 

(Yamauchi et al., 2008). Amor et al. (2006) reported 

that the oxidative stress caused by NaCl is evident by 

increasing the amount of MDA (Amor et al., 2006). 

The results indicate that salinity increased the 

amount of MDA in plants of Sites 1 and 3 with the 

highest salinity.  

Rossi et al. (2004) in their investigation of salt 

tolerant variety of cowpea with salinity tolerance 

concluded that the ability of cowpea plants to survive 

under high levels of salinity was not caused by an 

operating antioxidant system involving SOD, POD 

and CAT activities in mature leave.  However, in this 

investigation, S. europaeae showed significant 

positive correlation between salinity levels and the 

activity of catalase and inversely for peroxidase in 

plant leaves as catalase and peroxidase activities 

showed moderately positive and negative correlation 

with salinity, respectively (Table 4). Catalase and 

peroxidase both use H2O2 as a substrate and make it 

an unprocessed product. Since, catalase performance 

site is in peroxisome and peroxidase in cytosol and 

vacuole (Prasad et al., 1995; Mohamdi et al., 2010), 

this suggests that salinity along with closing of the 

stomata, increase the leaf cell respiration and 

consequently cause an increase in the toxicity of 

superoxide anion in the peroxisome, leaving the 

cytosolic homeostasis less affected. This is supported 

with negative correlation between peroxidase 

activities of S. europaea with soil salinity (Table 4). 
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