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Abstract: Acomparative study based on the measured conductivity (salinity) of the two 

studied habitats classified to mesophytic and saline habitats in the Nile Delta coast. 

Field survey was carried out during March and April 2015 where the Portulaca 

oleracea plants were collected from the two studied habitats.  

In this study, physical and chemical soil characteristics of the two studied habitats 

showed marked variation. Salinity played a role in inducing Portulaca oleracea to 

produce more content of total carbohydrates and soluble sugars as well as proline, 

electrolyte leakage and antioxidant enzymes; peroxidase, polyphenol oxidase and 

catalase compared with mesophytic habitat. Regarding to elements content, nitrogen 

and potassium have a significant increase in mesophytic habitat, as compared with 

saline habitats. Meanwhile, phosphorus, sodium and calcium increase in saline habitats 

more than mesophytic habitat. Alkaloids content, total phenols, flavonoids, tannins and 

anthocyanin of Portulaca oleracea increased significantly in saline habitats as 

compared with mesophytic habitat. 
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1.Introduction  

Stress was described as physiological 

changes which occur when species are exposed 

to extraordinarily unfavorable conditions [1]. 

Plant stresses classified to a) Abiotic stresses 

which caused by un-living factors as variations 

in temperatures, drought and salt stress  and b) 

Biotic stresses which caused by living 

organisms like insects, some other plants and 

some microorganisms [2] . Salts are considered 

very useful for the plants which can improve its 

growth and metabolism. However, they become 

toxic if found in excess concentration which 

impose salinity stress [3]. Salinity has many 

harmful effects on plants such as increase ionic 

and osmotic stresses around the roots which 

reduce the ability of the plant to water uptake, 

[4-3] and this reflects in reducing the rates of 

growth and metabolism. Another harmful effect 

of salinity on the plants formation of molecules 

called reactive oxygen species (ROS) which are 

molecules which are very dangerous for plants 

by damaging macromolecular and membrane  

as reported by [5-6].  

Halophytes has a superior defense to resist 

the dangerous impact of salinity through more 

than one defense method as proline 

accumulation which increase plant defense to 

abiotic stress, by osmotic adjustment [7-8]. As 

reported by [9] stress factors e.g. temperature, 

salt, soil pH and aridity are essential factors for 

release of secondary metabolites with potent 

antioxidant activity. According to [10] plant 

secondary metabolites which as end products of 

primary metabolism but they don‟t involved in 

metabolic activity. One of the most important 

plant strategies for reduction ROS toxic 

components damaging effects is the utilization 

of many antioxidant defense which increase 

plant tolerance to different stress factors. 

Several antioxidants used by plants as catalase, 

APX, superoxide dismutase (SOD), glutathione 

reductase and non-enzyme molecules, such as 

glutathione, ascorbate, carotenoids and 

anthocyanins   as mentioned by many  

researchers  [3-5-11-12] 

 Protulaca oleracea (Common purslane) is 

edible herbs with nutritional value  which 

contain both of healthy antioxidant compounds 
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and essential nutrients, as omega-3, omega-6 

fatty acids, α-linolenic acid, ascorbic acid, 

glutathione, beta carotene and α-tocopherol 

[13].  Also [14] reported that P. oleracea is a 

rich source of omega-3 fatty acids, which is 

important in preventing heart attacks and 

strengthening the immune system. P. oleracea 

is known as „vegetable for a long life‟ which 

can use as, traditional herbal medicine and an 

edible plant. It has been used for reducing 

swelling and pain in addition to it acts as antivi-

ral, antibacterial, antidiabetic or increasing 

immunity properties [15]. Moreover P. 

oleracea is guessed that it reduces the 

occurrence of cardiovascular diseases and 

cancer [16]. Increase in temperatures, water 

deficit or high salinity on P. oleracea 

demonstrated by different authors [17-18]. 

Most of these studies have been executed in a 

single species, P. oleracea, [19-20] reached out 

to this and other taxa of the genus are able to 

resistant salt stress and/or drought when they 

compared with the major crops. 

This study was conducted to evaluate the 

response of P. oleracea growing in two 

different habitats; mesophytic and halophytic 

by following up the changes in carbohydrates, 

proline, and electrolyte leakage, some elements 

as well as antioxidant enzymes. 

2. Materials and methods 

The study area situated in the north – eastern 

part of the Nile delta particularly El-Dakahlia 

and Damietta governorates. The habitats are 

classified according to the measured 

conductivity (salinity) for each one as follows: 

mesophytic, moderately saline and saline 

habitats.  

1. Soil Analyses 

Three soil samples (0-20 cm depth) of the 

two studied habitats; mesophytic and saline 

were collected from the rhizosphere around the 

species from each habitat. All samples were 

brought to laboratory after collection, air dried 

and sieved through a 2 mm sieve to get rid of 

debris and coarse gravel. These air dried 

samples were analyzed for determination of 

physical and chemical parameters. 

a. Physical analysis of the soil samples 

Soil samples texture determination reported 

by [21] method. Hilgard pan boxes were used 

for the estimation of water-holding capacity of 

each of the collected soil samples [22]. The 

total pore space (porosity) determination 

depends on measuring the volume of soil in 

both saturated and dry conditions and the pore–

space volume is expressed as percentage of the 

original soil sample volume [22].  

 b. Chemical analysis of the soil samples 

Calcium carbonate was determined by 

titration against 1N NaOH and expressed as 

percentage [23]. Organic carbon (OC) 

oxidizable organic carbon (as indication of the 

total organic matter) was determined using 

Walkely and Black rapid titration method [24]. 

Electrical conductivity (EC), pH and Total 

dissolved salts (TDS) were estimated using a 

multi-meter CONSORT Model C535. 

Chlorides (Cl
-
) content was estimated 

according to Mohar's method described by the 

American Public Health Association [25]. 

Sulphates (SO4
-2

) content was estimated 

gravimetrically according to the assay 

described by [26] using 5% barium chloride 

solution. Bicarbonates and carbonates soil 

water-soluble bicarbonates and carbonates were 

estimated in soil extract by acidimetric titration 

method [27] using 0.1N HCl and 

phenolphthalein as indicator for CO3
-2

 (pH 

more than 8.5) and methyl orange as indicator 

for HCO3
-
 (pH less than 6). Extractable 

cations Sodium (Na
+
) and potassium (K

+
) were 

estimated in the tested samples using flame 

photometer (Model PHF 80 B Biologie 

spectrophotometer) according to [28]. Calcium 

(Ca
++

) and magnesium (Mg
++

) were determined 

by atomic absorption spectrometer (Perkin-

Elmer; Model 2380 USA) according to [28]. 

Total nitrogen determination was determined 

in the soil extract using the micro-Kjeldahl 

[29]. Phosphorus content was estimated 

according to the method described by [24]. This 

method depends on the formation of a blue 

complex between phosphate and molybdic acid 

in presence of a reducing agent. 

2. Plant analysis: 

 Portulaca oleracea plants were 

collected from different localities in plastic 

bags, transferred directly to the lab for 

determination of each the following:  

a. Carbohydrates  

the methods for extraction of the different 
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carbohydrate fractions tested were essentially 

those of [30-31]. Fructose was estimated using 

the resorcinol method of [32] as described by 

[33].  Sucrose content was determined using 

modification of the procedures of [31]. Total 

soluble sugars (TSS) content was determined 

using modification of the procedures of [30]. 

Polysaccharides estimated according to [34]. 

Total carbohydrates were calculated as the 

summation of the amount of total soluble 

sugars and polysaccharides of the same sample. 

b. Antioxidant enzymes activity the enzyme 

extract of Portulaca oleracea prepared 

according to [35]. Peroxidase (POX) and 

Polyphenol oxidase (PPO) activities were 

assayed by the method of [33]. Catalase 

activity was assayed by the method of [36]that 

modified by [37]. 

c. Quantitative determination of some 

secondary metabolites: Tannin content of P. 

oleracea from different studied habitats was 

determined by the method of [38].  While 

flavonoid content determined by the method 

accompanied by [39]. Meanwhile Alkaloid 

content was determined by the method of [40]. 

In addition, total phenols were determined by 

the modified Folin–Ciocalteau reagent method 

according to [38]. 

d. Element’s content: Total soluble Nitrogen 
was determined by the conventional semi-

micropropagation of Kjeldahl method of [41] 

and described by [42]. Phosphorus content 

determined by the method depends on the 

formation of a blue complex between 

phosphate and molybdic acid in the presence of 

a reducing agent [43] as described by [44] and 

adopted by [42]. Ca and Mg ions were 

measured by atomic absorption 

spectrophotometry according to the methods 

described by [45]. K and Na determined by the 

flame emission technique [46]. 

e. Electrolyte leakage and proline content 

electrolyte leakage of P. oleracea was 

determined to assess the membrane 

permeability according to [47]. Whereas 

proline was as essentially described by [48]. 

Statistical Analysis: Data were statistically 

analyzed and comparison among means was 

carried out using COHORT/ COSTAT program 

(798 Lighthouse Ave. PMB 329, Monterey, 

CA, 93940, USA). The least significant 

difference (LSD) test was chosen as a mean test 

with significance level at P≤ 0.05.  

3.Results and discussion 

Physical and chemical analysis of the soil 

samples 

In the current study analysis of the soil from 

the two studied habitats showed that 

mesophytic habitat was categorized by its 

clayey texture, highest values of porosity, water 

holding capacity, OC, TN and TP (Tables 1-2) 

as compared with saline habitat. On the other 

hand, soil pH, TDS, CaCO3, EC, Cl
-
, SO4, 

HCO3, Na
+
, K

+
, Ca 

++
 and Mg

++
  decreased in 

mesophytic soil as compared with saline soils. 

This may be attributed to the disturbed nature 

of the mesophytic habitat through application 

of excess organic and artificial fertilizer 

moisture availability by the webs of irrigation 

canals distributed in cultivated land of the Nile 

Delta. This was reported by [49] that compared 

the soil of vegetation types at the borders 

(saline coastal land) of the Nile Delta with 

those inside (cultivated) and found that silt, OC, 

P and N increased while the sand decreased 

from the borders towards the middle of the Nile 

Delta. Also, these results, in harmony with the 

present results, where soil of  the saline habitat 

featured by sandy texture, high values of EC, 

TDS, CaCO3, Cl
-
, SO4, HCO3, Na

+
, K

+
, Ca 

++
 

and Mg
++

 and low values of OC, TN and TP. 

This coastal habitat subjected to less 

urbanization i.e. less plantations, less fertilizer 

application (less sources of OC, TN, TP). These 

results are in harmony with [50] who reported 

that saline soils are seen to possess high 

concentrations of potassium ions, chloride ions, 

and sulfate ions. Increased soil salinity is 

associated with increased concentrations of 

these ions. 

Plant analysis  

a. Carbohydrates content. The current results 

indicated that, content of total carbohydrate and 

soluble sugars of P. oleracea increased 

significantly at the saline habitat as compared 

with mesophytic habitat in which it recorded 

the minimum content of total carbohydrates and 

soluble sugars, as shown in table (3). These 

results are in harmony with [51-52] who 

reported that soluble sugars accumulated as the 

results of some environmental stresses, 

especially drought and salinity. In this respect, 
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the increase of P. oleracea soluble sucrose and 

carbohydrates in saline habitat was for osmotic 

adjustment as an adaptation mechanism. 

b. Antioxidant enzymes activity. Peroxidase, 

polyphenol oxidase and catalase activity of P. 

oleracea have a significant increase in saline 

habitat as recorded in table (4). In this 

connection, [53]stated that plants use a number 

of enzymatic and non-enzymatic antioxidants to 

prevent oxidative damage and keep reactive 

oxygen species concentrations within a narrow 

functional range. Our results are in harmony 

with [54] who reported that tomato plant under 

high salt concentration showed higher 

antioxidant enzymes activity such as catalase, 

ascorbate peroxidase, glutathione reductase, 

and GST. 

c. Secondary metabolites. Figure (1) showed 

that salinity catalyzed P. oleracea to produce 

the highest content of different secondary 

metabolites. Alkaloids content for P. oleracea 

have the maximum content in the plants which 

was collected from saline site. These results are 

in harmony with [55] who reported that 

steroidal alkaloid level increased by salinity 

stress in Solanum nigrum plant. Our research 

recorded that phenol for P. oleracea increased 

significantly in saline habitat as compared with 

mesophytic habitat as shown in figure (1). [56-

57]reported that obtained correlation between 

antioxidant activity and total phenolic content 

recorded in plants of different origin. Also [58] 

reported that increase in leaf polyphenol 

content and antioxidant activity in leaves of the 

halophyte Cakile maritima.  

In this study P. oleracea flavonoids increase 

significantly in saline habitat as compared with 

mesophytic habitat as shown in figure (1). In 

this concerning, isoflavonoids which are 

flavonone derivatives play important role in 

plant defense and development as reported by 

[59]. P. oleracea that was implanted in saline 

habitat recorded the maximum content of 

tannins, comparing with that growing in the 

mesophytic one. These results are in agreement 

with those of [60]  who reported more 

respiration, increase soluble phenolic and 

tannin contents in the two different 

phylogenetically poplar species has been 

observed under salt stress. 

Also P. oleracea collected from saline 

habitat showed the largest content of 

anthocyanin as compared with the plant which 

was collected from mesophytic habitat. In this 

respect [61] recorded that a high polyphenol 

content, mainly “anthocyanins” reduced the 

oxidative damages which result to the “H2O2” 

generation. Also [62]) reported that salinity 

increased anthocyanins content in plants [63].  

d) Elements content. 

The current study showed that nitrogen and 

potassium showed the maximum content in 

case of P. oleracea which was collected from 

mesophytic site as compared with the plants 

which was collected from saline site. In 

contrast phosphorus, sodium and calcium 

showed the maximum content at saline habitat 

as shown in table (5). On the other hand, 

magnesium showed a non-significant difference 

between the two studied sites. In support, [64] 

reported that intracellular K
+
 and Na

+ 

homeostasis has a vital role in maintaining 

membrane potential and a proper osmotic and 

in regulation many cytosolic enzymes.  Our 

results are in harmony with [65]  who reported 

that the decrease of K
+
 concentration under 

stress is owing to accumulation of Na
+ 

ion  

 

 
Figure (1) Quantitative determination of the 

secondary metabolites of P. oleracea shoots at 

mesophytic and saline habitat 
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Table (1): Soil physical characteristics of studied habitats. 

Habitat  Soil texture (%) 
Porosity(%) W.H.C.(%)  Sand Silt Clay 

Mesophytic  13.37
b
 19.20

a
 65.81

a
 72.00

a
 42.00

a
 

Saline  75.70
a
 14.90

b
 8.06

b
 30.00

b
 19.00

b
 

L.S.D 1.86 1.86 1.86 1.75 2.02 

 

-WHC: water holding capacity  

-Different letters indicate statistically significant differences and identical letters are not significant 

Table (2) Soil chemical characteristics of studied habitats. 
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ons (mg/100 g dry soil) 

TP 

(mg/

100g 

dry 

soil) 

TN 

(mg/

100g 

dry 

soil) 

Habit

at 

TDS 

(mg/) 
Na+ K+ Ca++ Mg++ 

M 402b 1.65b 1.40a 7.90b 0.73b 0.06b  0.18b 0.00  0.10b  32.90b  8.10b 20.10b 2.69b 13.8a 29.00a 

S 827a 2.40a 0.45b 8.48a 2.30a 0.29a  0.34a 0.00 0.16a 90.90a 29.20a 37.80a 8.31a 8.00 b 12.70b 

L.S.D 20.57 0.43 0.043 0.16 0.12 0.04 0.08 0 0.02 3.33 1.19 1.39 0.75 2.21 2.70 

 

-TDS: total dissolved salts, EC: electrical conductivity, TN: total nitrogen, TP and total phosphors. 

-Different letters indicate statistically significant differences and identical letters are not significant 

- (M) and (S) are the mesophytic and saline site, respectively 

Table (3) Carbohydrate contents (mg/g dwt.) of P. oleracea shoots at mesophytic and saline 

habitats 

Habitat Fructose Sucrose 
Total soluble 

sugar 
Polysaccharides 

Total 

carbohydrate 

 Mesophytic  4.52
b
 49.30

b
 83.00

b
 104.00

b
  187.00

b
 

Saline  7.16
a
 63.70

a
 124.00

a
 198.00

a
 322.00

a
 

L.S.D 0.79 2.78 5.11 8.86 8.07 

 

-Different letters indicate statistically significant differences and identical letters are not significant. 

Table (4) Enzymes activity of P. oleracea shoots at mesophytic and saline habitats 

Habitat 

Peroxidase 

(ug/g fresh 

weight/ min)  

Polyphenol oxidase 

(ug/g fresh weight/ 

min) 

Catalase 

(μ moles  H2O2 consumed/min/mg 

protein) 

Mesophytic 42.20
b
 2.34

b
 100.00

b
 

Saline  52.63
a
 3.38

a
 162.00

a
 

L.S.D 1.79 0.69 8.70 

 

-Different letters indicate statistically significant differences and identical letters are not significant 

Table (5) Elements content of P. oleracea shoots at mesophytic and saline habitats 

Habitat  N% P% K% N% C% M% 

Mesophytc  29.90
a
 7.90

b
 5.32

a
 0.23

b
 0.16

b
 1.5

a
 

Saline  28.60
b
 9.80

a
 4.77

b
 0.69

a
 0.46

a
 1.3

a
 

L.S.D 1.01 0.84 0.21 0.03 0.08 0.69 
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Different letters indicate statistically significant 

differences and identical letters are not 

significant 

since Na
+
 hinder uptake of K

+
 ion. From other 

side of view, increase of P. oleracea calcium at 

saline site consider an adaptation method to 

tolerate salinity this result is in agree with [66] 

who reported that Ca
2+

 is a non-toxic inorganic 

nutrient and has a function of detoxification 

under saline medium. 

e) Electrolyte Leakage and Proline content 

Electrolyte leakage from plasma membranes is 

reported as one of the most important selection 

criterion for identification of salt-tolerant plants 

[67]. This is in similar with the current results 

in which electrolyte leakage of P. oleracea 

showed observed increment in case of saline 

site as shown in table (6). Table (6) also 

showed that P. oleracea proline has a 

significant increase at saline site. These results 

are in harmony with [68]  find out that stress 

increase the proline content in P. oleracea 

leaves. Also, [69]  reported that proline has 

important role in maintaining the cell turgor 

and also affects the various proteins solubility. 

 

Table (6): Electrolyte leakage (% ion leakage) 

and proline content (ug/g) of P. oleracea shoots 

at mesophytic and saline habitats 

Habitat Electrolyte leakage Proline 

 mesophytic  38.56
b
 4.09

b
 

saline  48.36
a
 6.75

a
  

L.S.D 1.24 0.47 

 

-Different letters indicate statistically 

significant differences and identical letters are 

not significant 

In conclusion: This study confirmed that soil 

as a major growth medium for plants plays an 

extremely important role in the plant life 

through its physical, chemical and biological 

processes which provide the favorable air- 

moisture regime for plant growth. This is 

reflected directly, in this study on the various 

determined parameters of P. oleracea that 

growing at two different habitats; mesophytic. 

Although the saline habitat have negative 

effects on P. oleracea, this habitat enhances 

synthesis of antioxidant compounds and 

enzymes 
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