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The present work was carried out to uncover the effect of salinity stress on shoot moisture percentage, 
pigment content and lipid composition of Ephedra alata Decne. The results suggested that salinity caused 
significant decrease in plant moisture content. The chi. a, b and carotenoids showed significant decrease 
with increasing concentration of salt. Total pigment content also showed decline at all salt stress levels. 
Salt stress caused significant decrease in totallipids (TL), triacylglycerol (TG) and sterol (S) accompanied 
with an increase in diacylglycerol (DG), sterol ester (SE), and non-esterified fatty acids (FAA) of E. alata. 
Moreover, saline stress caused significant decrease in all phospholipid fractions except phosphatidic acid 
which increases during salt stress. Salinity stress resulted in increase of saturated fatty acids and decreas
es the percentage of un-saturated fatty acids in E. alalta. 
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INTRODUCTION 

Ephedra alata Decne belongs to the family Ephedraceae which is one of the most 
widely distributed range plants (RP) in Saudi Arabia [SA]. E. alata plays a vital role 
in fixation of sand dunes and desertification combat [7, 9]. E. alata is also having 
medical as well as pharmacological importance [36] and antifungal properties [20]. 
The foliage of E. alata has suitable nutritional value, acceptable aroma and are used 
as range plant for excessive grazing of animals especially camels, cattle and sheep 
[34]. The distribution and population of E. alata in SA is decreasing gradually due to 
environmental stress [17, 19]. 

All land plants experience environmental stress like high temperature, cold, 
drought, salinity, alkalinity UV, pathogen infection, etc. Salinity is one of the most 
significant abiotic stresses which severely limit the rehabilitation of degraded range 
lands in the arid and semiarid regions including Saudi Arabia [18, 22]. The damaging 
effect of salinity on plants may be due to: (1) decrease in osmotic potential of soil 
solution and (2) hampering the uptake of minerals nutrients from the soil solution [10, 
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15,35]. Prolonged salinity stress leads to secondary stress known as oxidative stress 
during which the balance between the production of reactive oxygen species (ROS) 
and the quenching activity ofthe antioxidants is upset and results in oxidative damage 
to biomolecules especially lipid membranes [11, 12, 16,30]. Salt stress has negative 
impact on the photosynthetic machinery. The pigment system of the plants is very 
sensitive to the salt stress as it has been reported by many workers [8, 10,24,42,58, 
63]. Salinity resulted in the reduction of photosynthesis, respiration and protein syn
thesis in plants [13, 14]. Lipids are main constituent in biological membranes, playing 
an essential role in permeability of cell. Lipids also have a direct role in physiological 
activities such as respiration, energy transport and photosynthesis [54]. Lipid peroxi
dation has been used as a promising criterion for determining the sensitivity of plants 
to salt stress [10, 38, 62]. Investigations in recent years have provided valuable 
insight into the role oflipids in plant tolerance against environmental stress [2-4, 6]. 
The alteration in fatty acid composition has been related to mechanism of biotic [4] 
and abiotic [46, 61] factors in the plants. 

The current study was designed to achieve a better understanding of the effect of 
salinity on moisture plants, pigment system and lipid fractions in E. alata grown 
in SA. 

MATERIAL AND METHODS 

Experimental plant material and soil 

Seeds of the range plant, Ephedra alata Decne were collected from King Khalid 
Centre (KKC) of Wildlife Research and Development at Thumama, Riyadh, SA. The 
seeds were surfaced sterilized with sodium hypochlorite, washed thoroughly with 
distilled water before germination on blotter. Healthy germinating seedlings were 
selected and transplanted to plastic pots with 0.25 kg soil (one plant/pot). Hoagland's 
solution supplemented with different concentrations of sodium chloride to get con
centration of zero, 0.1, 0.2 and 0.3 M L -1 was used for irrigation. The rate of irrigation 
was 50 mL for each treatment every second day for 15 days at alternative temperature 
rate of (33118 QC, day/night period cycle) with a photosynthetic photon flux density 
of 1500 )lmol m-2 S-I. 

Plant analysis 

Fresh shoot of E. alata (in replicate plants) were separated at the end of experiment 
and used for estimation of moisture content, photosynthetic pigments and lipid frac
tions. 

The moisture content was determined by the method of Abd_Allah and Hashem [5] 
and calculated as percentage on a fresh weight basis. 

Pigments were extracted from plant shoots by acetone following the method of 
Fadee1 [29]. 
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Lipids were extracted using a mixture of chloroform and methanol (2: 1, v/v), with 
0.05% (w/v) ofbutylated hydroxytoluene (BHT; 2.6 di-tert-butyl-p-cresol) added to 
all solvents to prevent lipid peroxidation. The lipid extracts were used for estimation 
oftotallipids [50], neutrallipids [21] and phospholipids [57]. Fatty acid methyl esters 
were prepared by methanolysis oflipids extract in H2S04-MeOH [43]. Esters were 
analyzed by gas liquid chromatography [GLC] (Perkin-Elmer Model 9lO, Perkin 
Elmer, Shelton, CT, USA) equipped with a flame ionization detector [40]. The separa
tion and quantification of peak fatty acid methyl esters were identified by comparing 
their retention times with those of an authentic methyl ester standard (Sigma Co., 
St. Louis, USA). 

Statistical analysis 

Data were compared using Fisher's Least Significant Difference (LSD) analysis. 

RESULTS 

Moisture percentage 

The results related to the effect of salt stress on shoot moisture percentage of E. alata 
are shown in Table 1. Salt stress decreases the moisture content significantly and the 
decrease was directly proportional to the salt concentration. The decrease in moisture 
percentage was 37.5,57.5 and 66.39 at 0.1,0.2 and 0.3 M L-l NaCl, respectively, as 
compared to control. 

Pigments content 

Salt stress caused a significant decrease in pigment content in E. alata at all stress 
levels (Table 2). The chI. 'a' showed decrease of 48.7,66.3 and 73.9% at 0.1,0.2 and 
0.3 M L-l, respectively. The maximum decrease of 79.3% in chI. 'b' and 92.7% in 

Table 1 
Effect of different concentrations of salt (NaCl, Mol L-l) 

on shoot moisture content (%) of E. alata 

Treatments 
Moisture content (%) 

(NaCl, Mol L-l) 

Control (None) 15.89 

(0.1 Mol L-l) 9.92 

(0.2 Mol L-l) 6.74 

(0.3 Mol L-l) 5.44 

LSD at: 0.05 3.56 
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Table 2 
Effect of different concentrations of salt (NaCl, Mol L-I) on shoot pigments system content 

(mg g fresh weight-I) of E. alata 

Treatments Pigment system content (mg g fresh weight-I) 

(NaCl, Mol L-I) 
ChI. a Chi. b Carotenoids Total pigments 

Control (None) 27.28 17.15 1.10 45.53 

(0.1 Mol L-I) 13.99 9.81 0.63 24.43 

(0.2 Mol L-I) 9.19 5.57 0.37 15.13 

(0.3 Mol L-I) 7.12 3.54 0.08 10.74 

LSD at: 0.05 4.11 5.80 0.20 6.02 

carotenoids was observed at 0.3 M L-l NaCI in E. alata (Table 2). The total pigment 
content decreases by the order of 46.3, 66.7 and 76.4% at 0.1, 0.2 and 0.3 M L-l, 
respectively, as compared to the control. 

Total lipid content and neutral lipids 

Salt stress significantly affected the total lipid content and the results are presented 
in Table 3. A decrease of 43 .52, 64.72 and 88.6% in total lipid content was observed 
at 0.1,0.2 and 0.3 M L-l NaCI, respectively. Various neutral lipid content has also 
been estimated in the present study. Diacylgycerol (DG) increased significantly in 
all stress levels and the maximum increase was 27.62% at 0.3 M L-l NaCl. 
Triacylglycerol (TG) and sterol (S) showed decrease during salt stress. A decrease 

Table 3 
Effect of different concentrations of salt (NaC1, Mol L-I) on shoot tota11ipid content 

(mg g fresh weight-I) and neutral lipid content (l1g gm fresh weight-I) of E. alata 

Treatments Total lipid content Neutrallipids content (llg gm fresh weight-I) 

(NaCl, Mol L-I) (mg g fresh weight-I) DG TG S SE 

Control (None) 9.81 699.4 849.4 639.4 669.2 

(0.1 Mol L-I) 5.54 791.2 520.7 327.7 776.9 

(0.2 Mol L-I) 3.46 861.7 444.2 248.1 928.4 

(0.3 Mol L-I) 1.11 966.4 256.3 184.8 551.9 

LSD at: 0.05 1.686 68.503 61.412 71.690 40.571 

FAA 

183.4 

311.8 

430.1 

551.9 

30.925 

DG - diacy1g1ycero1; TG - triacy1g1ycero1; S - sterol; SE - sterol ester; F AA - non-esteried fatty acids. 
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of 69.8% in TG and 71 % decrease in S was observed at 0.3 M L -I NaCl stress. 
Sterol ester (SE) showed an increase of 13.86 at 0.1 and 27.9% at 0.2 M L-I NaCl 
as compared to control, however, at 0.3 M L-I NaCI it showed a decrease of 17.5% 
as compared to the control. 

Phospholipid content 

The results pertaining to the effect of salt stress on phospholipid content is shown in 
Table 4. Phosphatidic acid (PA) increased by 31.27, 46.28 and 55.3% at 0.1, 0.2 and 
0.3 M L -I NaCI, respectively, as compared to the control. The salt concentration 
0.3 M L-I showed maximum decrease of77, 61.3, 89.6, 91.7 and 82.8% in phosphati
dyl choline (PC), phosphatidyl ethanol (PE), phosphatidyl glycerol (PG), phosphati
dyl serine (PS) and phosphatidyl inositol (PI), respectively. 

Table 4 
Effect of different concentrations of salt (NaCl, Mol L-I) on phospholipid content of shoot 

(Ilg gm fresh weight-I) of E. alata 

Treatments Phospholipid contents (llg gm fresh weight-I) 

(NaCl, Mol L-I) 
PA PC PE PG PS PI 

Control (None) 73.54 53.42 42.9 19.7 16.64 5.73 

(0.1 Mol L-I) 107.00 31.54 32.8 13.8 5.46 3.13 

(0.2 Mol L-I) 136.9 19.53 25.1 5.41 3.15 1.94 

(0.3 Mol L-I) 164.7 12.28 16.6 2.04 1.37 0.98 

LSD at: 0.05 11.884 5.890 6.222 2.031 1.630 1.183 

PA - phosphatidic acid; PC - phosphatidyl choline; PE - phosphatidyl ethanol; PG - phosphatidyl 
glycerol; PS - phosphatidyl serine; PI - phosphatidyl inositol. 

Fatty acid profile 

The gas liquid chromatographic (GLC) analysis of methylated lipids of E. alata 
revealed the presence of saturated (stearic, C18; arachidic, C20); mono-unsaturated 
(oleic, CI8:1; cis-ll-Eicosenoic, C20:1) and poly-unsaturated (linoleic, CI8:2; linolenic, 
CI8:3; arachidonic, C20:4) fatty acids with total un-saturation percent 67.64 (Table 5). 
Our results also showed significant increase of saturated fatty acids such as stearic 
(CI8) and arachidic (C20) at 0.3 M L-l of NaCI by percent of 42.43% and 38.82%, 
respectively, as compared to control. On the other hand, we reported that the percent 
of mono-unsaturated [oleic acid (CI8:1)] and poly-unsaturated [linoleic (CI8:2) and 
linolenic (CI8:3)] fatty acids in E. alata were decreased significantly with salt stress 
(Table 5). Significant increase of C8 as well as C IO fatty acids and appearance of both 
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Cl2 and C14 fatty acids was also observed at increasing NaCl concentration. The 
increase in salinity (from 0.1-0.3 M L-l) caused significant increase in both lauric 
(Cd and myristic (C14) content, as compared to the control (Table 5). 

DISCUSSION 

The current study investigated the response of shoot moisture content, pigment sys
tem and lipid content of E. alata in different saline stress conditions. Our results 
regarding the effect of salt stress on moisture percentage are in conformity with previ-
0us findings of Sum mart et al. [60] in rice. The high osmotic pressure induced by salt 
stress is responsible for restriction of plant cells to uptake water from the surrounding 
medium [25] leading to reduction in cytoplasmic volume and loss of cell turgor [56]. 

Decrease in the pigment content recorded in the present study is attributed to the 
negative effect of salt stress on chloroplast [65] and increased activity of chlorophyll
degrading enzymes chlorophyllase [59] via quenching of singlet oxygen [47]. 
Stomatal limitation led to the reduction of CO2 assimilation rate [27] consequently 
inhibits both synthesis and activity of photosynthetic pigments. The decrease in carot
enoid due to salinity leads to degradation of B-carotene and formation of zeaxanthins, 
which are apparently involved in protection against photoinhibition [59]. Other 
biotic and abiotic stresses have also been reported to have the negative effect on 
chloroplast development and photosynthetic system [1, 3]. 

Our results related to the effect of salt stress on total lipid and neutral lipid con
tents corroborates with the findings obtained on different plants grown under saline 
stress [22,24, 31, 53, 62]. Such inhibitory effect of salinity on lipid content (TL, TG 
and S) might be attributed to the negative effect of salt on chloroplasts [51], and 
alteration of membrane permeability [28]. Sterol plays an important role in mainten
ing membrane permeability and fluidity [32, 39] which are affected by abiotic stress 
including salinity [45]. It has been reported that salinity induced oxidative damage 
through generation of reactive oxygen species (ROS) which attack the membrane 
lipids resulting in enhanced membrane damage and electrolyte leakage [11-14, 16, 
49,55]. 

Salt stress caused a significant decrease in all phospholipid fractions (PC, PE, PG, 
PS, PI) except phosphatidic acid (PA), which showed significant increase as com
pared to control, indicating a block in the pathway of phospholipid fractions (PC, PE, 
PG, PS, PI) from PA [44]. The role ofphosphatidic acid (PA) in salt stress signaling 
has been widely recognized [38, 64]. The results also indicated malfunctioning in 
phospholipid biosynthesis and hence reduced incorporation between lipid moiety and 
phosphoric acid in stressed plants [52]. It has also been reported that activity of ph os
pholipase D, increases under salinity stress in plants [38]. Phospholipase D regulates 
the production ofPA and signaling in plants under salinity stress [23,37]. 

The results pertaining to the effect of salt stress on fatty acid profile in the present 
study are in concurrence with those of Gill and Tuteja [33]; Ahmad et al. [11, 12] 
Ahmad and Vmar [16]; Mandhania et al. [49], Oku et al. [53] who reported that oxi-
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dative stress leads to the disruption of plant fatty acids. These results were supported 
by the result of Ahmad et al. [10] on mustard and Rasool et al. [55] on chickpea. In 
general, oleic eC I8:1) fatty acid as mono-unsaturated fatty acid was reported as the 
precursor of resistant biopolymers [48]. The reduction of poly-unsaturated fatty acid 
content due to salinity induces metabolic alterations in plant cellular membranes [26]. 
It is accompanied by an increase in saturated fatty acids, conditions a larger rigidity 
in the cellular membranes. Consequently, alterations in plants cellular membrane 
fatty acid composition and content submitted to water stress would render these mem
branes less efficient in enzymatic reactions, inducing precocious senescence process 
and vegetative productivity consequent loss [41,62]. 

Our investigation indicated a part of physiological alterations appearing in E. alata 
due to salinity stress. The data are not enough to describe profoundly a better under
standing of salinity mechanism based on physiological and biochemical patterns. 
Additional work needs to be done for the better understanding of salt tolerance in 
range plants. 
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