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The Resilience of Ephedra alata Decne in Two Regions of Egypt: Soil
Properties, Tissues Anatomy, and Physiological Responses
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PHEDRA is an important genus of the Ephedraceae family and is widely distributed in arid and

semi-arid environments worldwide. This study systematically investigated the specific
environmental factors affecting the population dynamics and distribution of Ephedra sinica at eight
sites in two distinct ecological zones: Wadi Degla and El-Tour. Based on a comprehensive soil
analyses, important physicochemical properties such as soil moisture content (2.38-10.29%), pH (7-
8), total dissolved solids (TDS: 3349.7-6447.9 ppm), electrical conductivity (EC: 4.99-9.55 ds/m),
calcium carbonate concentration (CaCOj: 40.53-61.31%), and organic matter content (0.23-1.83%)
were significantly different. The concentrations of water-soluble anions {COs- (3.52-6.59 mmol./L),
HCO;~ (3.03-6.11 mmol/L), CI= (5.11-22.16 mmol/L), and SO~ (22.30-50 mmol/L)} and
cations {Na* (6.88-24.25 mmol/L), K* (1.28-2.86 mmol/L), Ca?* (31.97-49.83 mmol/L), and
Mg* (6.77-30.54 mmol/L)} were also measured. In addition to soil composition, the anatomy of
roots, stems, and leaves was also studied. Physiological analyses included chlorophyll content, protein
and carbohydrate concentrations, and plant responses to drought stress and soil limitations such as
salinity. The results highlight the remarkable ecological resilience of ephedra, confirming its ability to
survive and thrive in a variety of soil types and environmental stresses, thus enhancing its resilience
to harsh environments.

Keywords: Ephedra, Soil analyses, El-Tour, Wadi Degla, Biochemical screening, Environmental factors.
1. Introduction

Ephedra alata Decne belongs to the gymnosperm group, specifically the division Gnetophyta. The
Gymnosperms are a primitive group of vascular seed plants with their origin dating back to the Devonian Period
of Paleozoic era (385-359 m years old). Theophrastus coined the term 'Gymnosperm' in his Historian Plantarum
(350-287 BCE). The Gymnosperms represented by about 1000 species, which belong to 83 genera and 12
families and distributed largely across the temperate regions of world. In India, there occur 161 taxa (154 species
six varieties and 1 forma) representing 46 genera and 11 families (Srivastava, 2021). Of these, 76 taxa are
indigenous with 19 endemics. The Gymnosperms are one of the most threatened plant groups, with 40% of the
species at the high risk of extinction, about twice as many as the most recent estimates for all plants, i.e. 21.4%
(Forest et al., 2018).

Ephedra alata Decne is a compact, evergreen shrub that remains nearly leafless. It typically grows between 60
and 90 cm tall, featuring slender green stems that can stand upright or lean slightly. These stems, about 1.5 mm
in diameter, are marked by fine ridges and narrow channels, often tapering to a pointed tip. Nodes are 4 to 6 cm
apart, and small triangular leaves appear at the stem nodes. The nodes are characteristically reddish brown. The
stems usually branch form the base. They bear minute, yellow-green flowers and fruits, and emit a strong pine-
like odor and have an astringent taste (Blumenthal et al., 1995 and Fukushima, 2004). This plant is a common
shrub that comes from North Africa, Southern Europe, and Southwestern North America and is found in many
different countries. This therapeutic plant belongs to the genus Ephedra (Elhadef et al., 2020).
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Most ephedra species have evolved to thrive in deserts and arid environments. Their distribution and abundance
are significantly influenced by various environmental conditions and stresses (Algarawi et al., 2014). Abiotic
factors such as high and low temperatures, drought, and salinity severely impede plant growth and development
(Badawy et al., 2024). These stresses can cause biochemical disturbances that lead to reduced growth and
development, inhibition of photosynthesis, loss of membrane integrity, and increased production of reactive
oxygen species. Plants synthesize certain osmoregulators as an effective strategy to mitigate oxidative damage
and help cope with adverse conditions (Ghanem et al., 2002). These osmoregulators play important roles in
scavenging free radicals, regulating cellular redox potential, regulating osmotic pressure, stabilizing membranes
and proteins, and maintaining relative water levels necessary for plant growth and metabolism (Tan et al., 2006).

In light of the above, this study aimed to investigate the adaptability of ephedra to different environmental
conditions, with a particular focus on its physiological and structural adaptations, and to evaluate its potential use
for soil stabilization and crop sustainability in arid and semi-arid regions.

2. Materials and Methods
2.1. Study area

Egypt's roughly one million square kilometers are separated into four distinct geographical regions: 1. The Nile
River, encompassing the Nile Valley, Nile Delta, and Nile Fayium 2. The Sinai Peninsula, the Eastern Desert,
and the Western Desert (Zaharan and Willis, 2009). The most important and unique kind of natural plant life in
Egypt is the desert vegetation. The environmental condition of the Egyptian deserts is arid and/or extremely arid.
The most prevalent type of desert vegetation is made up of perennial plants, which are also thought to be a good
predictor of the ecosystem (Zahran et al., 2009).

The geographical boundaries of the Wadi Degla study area are defined by latitudinal coordinates between
29°58'29.749" and 29°55'45.343"N and longitudinal coordinates between 31°21'15.876" and 31°27'4.57"E .This
area located between latitudes and longitudes and it was thirty kilometers long. It travels through the Eastern
Desert's limestone rocks, which can grow up to 50 meters high along the wadi. Al-Qattameyah-Al-Sukhna Road
and other urban settlements in the Al-Maadi area occupy the about 200 km2 wadi (Megahed and El Bastawesy,
2020). The Egyptian Metrological Authority reports that the wintertime mean yearly rainfall was 23 mm (EMA,
2019). At 578 meters above sea level (a.s.l.), the Wadi has a considerable gradient, dropping around 10 meters
every kilometer along the stream's path. It empties into Gabal (Mountain) Abu Shama. Additionally, debouching
at 21 meters above sea level into the Nile Valley. The elevations of the wadi's study sites vary; the downstream
portion ranges from 85 to 200 m above sea level, the midstream from 220 to 330 m above sea level, the upstream
from 340 to 420 m above sea level, and the (downstream) tributaries from 140 to 250 m above sea level.

El-Tour region is in South Sinai which is characterized by a short rainy season in the cold winter (annual
precipitation is usually around 40 mm) and long dry warm summer, this region is in the middle sector of the El-
Qaa plain, south - east Gulf of Suez, Sinai. EI-Tour study area is defined by geographical boundaries consisting
of latitudinal coordinates between 28°22'12.797" and 28°7'20.983"N, along with longitudinal coordinates from
33°29'52.962 to 34°1'11.078"E, encompassing an area of roughly 4 by 3 km (12 km2), respectively.
Additionally, the EI-Qaa Quaternary alluvial aquifers screened ground water bores produce up to 16,000 m 3
each day. El-Tour and Sharm EI-Sheikh mostly use the water for drinking, despite the fact that it is somewhat
brackish with 500 parts per million of dissolved salt. In this regard, several electrical conditions were examined
for the freshwater aquifer in the research area in conjunction with aquifer hydraulic characteristics (Moustafa and
Zaghloul, 1996).
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Fig. 1. Map showing the two studied regions in Egypt.
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Fig. 2. Map showing the studied locations in Wadi degla (Cairo).
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Fig. 3. Map showing the studied locations in EL-Tour (South Saini).
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2.2. Distribution and description of the studied plant

The genus grows primarily in northern and western China, northern India, and Spain. It is native to the temperate
and subtropical regions of Europe, Asia, and America. The Rocky Mountains in the United States are home to
ephedra plants. In Asia, Ephedra alata is found in Saudi Arabia, Iraq, Iran, Palestine, Lebanon, Jordan, and Syria;
in Africa, it is found in Algeria, Egypt, Libya, Morocco, Tunisia, Mauritania, Chad, and Mali (Ebadi, 2007).

Ephedra alata Decne belongs to the Ephedraceae family and is called Alanda in Arabic. The closest living
relative of the angiosperm, this species is a perennial genus that can grow to a height of over one meter, has an
astringent taste and a strong pine odor, and is a member of the Gentiles plant. Iran, Algeria, Egypt, Palesting,
Lebanon, Jordan, Irag, Saudi Arabia, Morocco, Libya, and Tunisia are among the countries where this plant is
indigenous (Algarawi et al., 2014). The plant is a tiny, perennial, stiff shrub that is light green, dioeciously
branched, and about 50 to 100 c¢cm tall. The leaves on the twigs appear to be reduced to small scales, and the
cones are a sessile in shape and grouped in the axils or at the terminals of the branches (Nawwar et al., 1985).

Twenty-four samples from eight habitats were chosen in the period from April 2023 to March 2025 for study of
soil and plant tissue of Ephedra alata Decne plant was collected from two regions in Wadi degla (Cairo) and EL-
Tour (South Saini) in Egypt. These samples were distributed in eight locations, four in Wadi degla namely:
WD, WD,, WD and WDy, and four in EL- Tour (Southern Sinai) namely ETy, ET,, ETz and ET,. Soil and plant
tissue samples were collected from three sites in each location.

Fig. 4. Pure vegitation of Ephedra alata Decne (photo A), and Enlarged photo of Ephedra alata Decne
(photo B).

2.3. Soil analyses

Soil samples were air dried, grinded, sieved and kept for chemical analyses according to methods of Sparks et al.
(2020) for the determinations of pH, TDS, EC, CO 57, HCOs ", SO,”, CI', Na*, K*, Ca™ and Mg"™*. Calcium
carbonate was determined by titration against 1.0 N HCI. Also, chlorides and organic matter were determined.
While EC and TDS were measured by electrical conductivity meter and TDS meter, respectively.

2.4. Plant tissue analyses

The root, stem, and leaf anatomy of Ephedra were examined to gain insights into its structural characteristics.
Regarding plant tissue analyses, chlorophylls and carotenoids were determined according to the method
described by Vernon and Selly (1966). Carbohydrates and proteins were determined by the method of Umbriet et
al. (1969) and Lowry et al. (1951), while the illustrated techniques of Bates et al. (1973) and Zhang et al. (2015)
respectively assayed proline and malondialdehyde (MDA).
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2.5. Statistical analyses

A two-way ANOVA was performed to identify significant differences between the studied regions (Wadi Degla
and El-Tour) and locations (1, 2, 3, and 4) with a = 0.05 as the significance level. Shapiro-Wilk's test and
Levene's median test were used to confirm the assumptions of normality and homogeneity of variances,
respectively. To guarantee reliable results, the proper data transformations were used if these presumptions were
broken.

3. Results
3.1. Ecological studies

Data presented in Table (1) observed that the moisture content of the soil (S M C) recorded the highest value in
WD, by approximately 6.58%, while the lowest value was in WD, by approximately 2.83%. This study showed
that the proportions are somewhat close of soil reaction (pH) was slightly alkaline and ranged between 7and 8.
The values of total dissolved salts (TDS) and electrical conductivity (EC) showed variation from 3349.7 to
6447.9 ppm and 4.99 to 9.55 us/ cm, the highest value was recorded in WD, while the lowest value was recorded
in WD respectively. Calcium carbonate content ranged from 40.53 % to 46.87 %, while organic matter contents
ranged from 0.83 % to 1.83 %. The highest values of organic carbon and Calcium Carbonate were recorded in
WD, and lowest value recorded in WD, and WD;, respectively.

Magnesium content showed a range from 10.28 to 30.54 mmolc/L, while sodium content ranged between 6.88
and 20.63 ppm. Potassium content ranged from 1.29 to 2.86 ppm. The highest value of Mg*™* recorded in WD,
and lowest value in WD,, Na* and K* was recorded high value in WD,, WD3 and the lowest value recorded in
WD,, WD, respectively. Concerning calcium content ranged from 34.17 and 48.49 mmolc/L. Regarding water-
soluble anions, results indicated that Carbonates content varied from 3.52 to 5.37 mmolc/L, with highly
significant differences between regions, while bicarbonates content ranged between 3.03 and 6.11 mmolc/L.
Chlorides content ranged from 15.28 to 44.91 mmolc/L. The highest values of CO3, HCO3 and CI, were recorded
in WDz, WD, and WD3 respectively, On the other hand the lowest value for three parameters was recorded in
WND;. Sulphates content ranged between 33.14 and 50.86 mmolc/L. The highest value of SO,~ was recorded in
WD, and lowest value in WD;.

Table 1. The physical and chemical properties of soil at four sites in Wadi Degla (Cairo).

Parameters Wadi Degla
WD, WD, WD; WD,

M.C % 6.58 +0.40 ¢ 2.83+0.01d 3.09+0.31d 3.92+0.69d
pH 7+0.06 bc 7.63+0.09 ab 7.87+0.03a 8+0.06a
TDS (ppm) 3349.7 +5.01f 6447.9+39.7 a 5346.4 + 104.3 ¢ 02+30.02 e
EC (dS m?) 4.99+0.39¢ 9.55+0.34a 8.69 + 0.50 ab 5.46+0.35¢
O.M (%) 0.84 +0.02 be 0.83+0.02 be 1.04 +0.02 ab 1.83+0.11a
CaCO5(%) 4351+151cd 41.1+191cd 40.53+1.99d 46.87 £0.43 he
Water K" (mmol /L) 1.43+0.02¢c 267+0.02a 286+0.04a 1.29+0.03¢c
soluble Na® () 6.88 +0.50 d 19.25+0.59 b 17.23+1.12b 11.72+0.64c
— Ca** (mmol,/L) 35.17 +0.94c 4242 +0.92b 48.49+0.88 a 3417+111c

Mg*™ (mmol /L)  10.28 +0.99 d 3054 +1.69a 21.73+139b 15.88 +0.75 ¢
Water COz” (mmol/L)  3.52+0.09d 5.32+0.25¢ 5.37+0.15¢ 4.923+0.07¢
soluble HCO; (mmol/L) 3.03+0.10¢ 6.11+0.29 a 4.91+0.33 ab 3.89+ 0.45 be
anions CI" (mmol/L) 511+0.23f 20.16 £1.28 bc 1511+1.34a 9.01+045e

SO, (mmol/L)  33.14+0.73c 50.86 + 1.46 a 42.83+154b 39.48+1.19b

Data presented in Table (2) indicated that the results of the soil moisture content recorded the highest values
(10.29%) in ET, and lowest values (6.99%) in ET,, soil reaction (pH) was slightly alkaline and ranged between
(6.83 to 7.90). The values of Total dissolved Salts (TDS) and Electrical conductivity (EC) showed variation from
(3387.69 to 6046.40 ppm) and 6.99 to 8.58 us/ cm, the highest value was recorded in ETz and ET,, while the
lowest value was recorded in ET4and ET; respectively. Calcium carbonate content ranged from 45.95 % to 61.31
%, while organic matter contents ranged from 0.23 % to 0.93 %. The highest values of calcium carbonate and
organic matter were recorded in ET,, ETs, and lowest value recorded in ET; and ET), respectively.

Concerning water-soluble cations, calcium content ranged from 31.97 to 49.09 mmolc/L. Magnesium content
showed a range from 9 6.77 to 18.28 mmolc/L. Sodium content ranged between 8.72 and 24.25 ppm. Potassium
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content ranged from 1.28 to 2.74 ppm. The highest value of Ca™ , Mg™, Na" and K" was recorded in ET, , ET,,
ET, and ET, and the lowest value recorded in ET,4, ET,, ET4and ET,4respectively.

Regarding water-soluble anions, results indicated that Carbonates content varied from 5.33 to 6.95 mmolc/L,
with highly significant differences between regions, while bicarbonates content ranged between 3.81 and 5.87
mmolc/L. Chlorides content ranged from 10.21 to 22.16 mmolc/L. The highest values of CO5;”, HCO; and Cl,’
were recorded in ETy4, ET,and ETj; respectively. On the other hand, sulphates content ranged between 22.30 and
40.01 mmolc/L. The highest value of SO, was recorded in ET, and lowest value in ET.

Table 2. The physical and chemical properties of soil at four sites in EL-Tour (South Saini).

EL-Tour (South Saini)

Parameters
ET, ET, ET, ET,
M.C % 8.77+0.31 ab 10.29 +0.50 a 9.20+0.21a 6.99 +0.49 hc
pH 7.9+012a 7.8+0.06 a 6.83+0.26 C 7.47 +0.26 abc
TDS (ppm) 4353.01+7.1d 34102+8.7f 6046.4 +10.7 b 3387.69 +3.15 f
EC (dS/m) 6.99 +0.39 bc 8.58+ 0.28 ab 7.69 +0.64 ab 7.79+ 0.289 ab
O.M, % 0.42 +0.02 cd 0.23+0.01d 0.93 £0.03 ab 0.69 +0.01 bcd
CaC0O;,% 50.57 £0.62 b 49.95+1.07 b 45.95+ 1.02 bed 61.31+0.72a
Water K" (mmol./L) 1.84+0.04b 2.74+0.13a 2.72+0.12a 1.28 +0.034 ¢
Ul Na* (mmol,/L) 11.32+0.85¢ 24.25+0.14 a 19.97+0.16 b 8.72 + 0.65 cd
o—— Ca"™ (mmolJ/L) 43.17+094b 49.09+1.32a 49.83+0.74 a 31.97 +0.59 ¢
Mg** (mmol/L) 7.46 £0.49 d 6.77 £0.29 d 14.82+0.34c 18.28 +0.25 be
Water CO;5~ (mmol,/L) 5.59 +0.09 bc 6.47 +0.31 ab 5.33+0.38 ¢ 6.95+0.19a
soluble HCOy (mmoljL) ~ 573014a 5.87+0.47 a 3.81+0.26 be 4.16 +0.30 be
anions CI" (mmoly/L) 10.21+0.40d 21.45+0.34 ab 22.16+1.09a 10.96 +0.25¢
22.30+0.59d 25.90 +0.72d 31.87+0.74¢ 40.01+£1.09b

SO, (mmol/L)

3.2. Anatomical characters
3.2.1. Root Anatomy

Figure (5) showed the transverse section of root anatomy of Ephedra alata Decne and observed the outermost
layer of the cortex pilliferous layer (PL) replaces the original epidermal layer. The Cortex consists of polygonal
cells and differentiated into two types of tissues (outer and inner cortex), outer parenchymatous, inner
sclerenchymatous and there is parenchymatous pith in the center.

pilliferous layer — Epidermis

Outer cortex
————— Phloem
Pith -
Xylem
N Inner cortex

Fig. 5. Thin section of Ephedra alata Decne root.
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3.2.2. Stem Anatomy

In figure 6 The transverse section of the stem in Ephedra alata is almost circular thick layer of cuticle covering
the outermost layer of the epidermis. Numerous sunken stomata found in the grooves break the continuity of the
epidermis. Additionally, the cortex differentiates into parenchyma, collenchyma, and sclerenchyma. The thick-
walled sclerenchyma and the vascular cylinder are separated by a broad zone of thin-walled, chlorophyll-
containing green cells. The distinctive characteristic of Ephedra wood is the presence of vessels. In this green
area, there are also sporadic sclerenchyma patches. There is parenchymatous pith in the middle.

= Cuticle
Endodermis
__ Epidermis
Pith —
~———  Sclerenchyma
cortex
Vascular
canal
Stomata
Phloem

xYlem Cambium

Fig. 6. Thin section of Ephedra alata Decne stem.
3.2.3. Leaf Anatomy

Figure 7 showed that the transverse section in leaf of Ephedra alata, The scaled, shortened, and membrane-
bound leaves have a slightly oval shape. The upper and bottom layers of the epidermis are made up of elongated
or oval cells that are each single-layered and covered in a thin layer of cuticle. If there are stomata, they are
sunken. The parenchymatous and palisade areas have a lot of air gaps. There are two different vascular bundles.

Spongy parenchyma .
/ Cuticle
Phloem pd
-
. Xylem
Xylem ——— Epidermis
\ \
\\
) Cortex
Vascular bundle
/ \
Pith Stomata

Fig. 7. Thin section of Ephedra alata Decne leaf.

3.3. Physiological screening in plant tissues
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3.3.1. Chlorophylls and carotenoids

The data in Figure 8 illustrate the significant variations in pigment content in ephedra leaves within the study
area. Chlorophyll a contents ranged from 1.5 (mg/g fresh weight) to 2.2 (mg/g fresh weight), with the highest
value recorded in WD, and the lowest in ET4. Chlorophyll b content ranged from 0.9 to 1.4 (mg/g), with WD,
having the highest and ET4 the lowest. Among them, the total chlorophyll content in WD, reached the highest
value (3.8 mg/g), and the total chlorophyll content in ET, reached the lowest value (2.5 mg/g). The highest

carotenoid content was 1.3 (mg/g) in ET3, and the lowest was 0.7 (mg/g) in WDs.
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Fig. 8. The contents of photosynthetic pigments represented in chlorophyll a (A), chlorophyll b (B), total

3.3.2. Carbohydrates and proteins

The data presented in Figure (9) showed significant differences in the carbohydrate and protein levels of ephedra
plants in the studied habitats. Total carbohydrates in ephedra increased significantly in WD, with the highest
content (92.32 mg/g), while they decreased in WD,, with the lowest content (57.61 mg/g). Regarding protein
content, we observed that the levels of all soluble proteins in Wadi Degla decreased significantly compared to
the other protein levels in the phase. Protein contents ranged from 4.8 to 26.8 mg/g, with the highest values in

ET, and the lowest values in WD,.
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Fig. 9. The contents of total soluble carbohydrates (A) and total soluble proteins (B) in different locations
in Wadi Degla and El-Tour.

3.3.3. Free proline and malondialdehyde

The results of this study showed significant differences in the accumulation of free proline and malondialdeic
acid in ephedra plants within the study area, as shown in Figure 10. Proline showed significant accumulation in
Wadi Degla and EIl-Tour, with the most significant accumulation occurring in ET,. Regarding MDA
accumulation, it was observed that this metabolite increased significantly in EI-Tour and accumulated more than
other metabolites in Wadi Degla. MDA content ranged from 0.4 to 2.8 mg/g, with the highest value in ET, and
the lowest in WD;.

(A) ; (8)

Proline (mg/g DW) DA mefg W]
7 30
6 . b 15
’ 2.0
4

15
3
) 1.0 .
1 05 8
0 0.0
wot  wb2 WD4 WD1  WwD2 Wn4
Wadi Degla EL-Tour ‘ Wadi Degla EL-Tour
Regions and Locations Regions and Locations

Fig. 10. The contents of free proline (A) and malondialdehyde (B) in the studied locations in Wadi Degla
and El-Tour.
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4, Discussion

Ephedra alata Decne, a small perennial shrub, belongs to the gymnosperm group, one of the oldest lineages of
vascular seed plants. Given its ecological importance and therapeutic potential, along with the pressing
conservation challenges facing gymnosperms, understanding their characteristics and adaptive strategies is
essential to guiding conservation efforts and sustainable use practices.

This study comprehensively analyzed the ecological, physiological, and anatomical characteristics of E. alata
from different collection sites, revealing significant differences in soil parameters and plant responses. Notably,
plants on the upper slopes grew more vigorously than those on the lower slopes. This trend appears to be linked
to topography-induced soil acidification, as rainwater runoff is believed to increase the acidity of basic soils by
leaching alkaline minerals from higher elevations (Huntley, 2023). Rainfall plays a major role in this process,
washing away alkaline ions such as calcium and magnesium and replacing them with more acidic elements such
as iron and aluminum (Fageria and Nascenti, 2014). Furthermore, while moist soils promote plant growth, the
accumulation of organic waste may contribute to increased soil acidity, especially in areas with high rainfall,
making soils more acidic than those in arid environments (Bishour and Sayegh, 2007; Yaalon, 1997).

To explore these dynamics, we evaluated 14 soil parameters in Wadi Degla and EI-Tour: MC, pH, TDS, EC, Na*
, K" ,Ca™, Mg™ CO;", HCO3 ,CI', SO,”, OM and CaCOs. Soil analyses showed that, the soil moisture content
were 6.58% and 2.83% in Wadi Degla, and 10.29% and 6.99% in El-Tour. Soil pH was slightly alkaline (7.0—
8.0) in Cairo, while it ranged between 6.83 and 7.90 in South Sinai. These patterns highlighted changes in key
soil properties, such as magnesium, sodium, organic carbon, chloride, electrical conductivity, and dissolved
solids. It has previously been shown that the accumulation of ions in soil, particularly potassium, calcium,
magnesium, and chloride ions, increases with decreasing moisture content (Greenway and Osmond, 1972).
Hazelton and Murphy (2007) highlighted the importance of electrical conductivity as an indicator of the
accumulation of dissolved salts, particularly sodium, potassium, calcium, magnesium, chloride, sodium sulfate,
and carbon dioxide ions, which can negatively affect plant health, soil structure, and land productivity.
According to Yassin et al. (2023), high CaCO; levels reduce soil fertility and hinder crop productivity.
Meanwhile, organic matter and carbon remain essential for maintaining fertility (Abd EI-Ghani, 1998), while
sodium management is essential for saline and sodic soils. This view is supported by Abdel Khalik et al. (2013)
and Al-Attar et al. (2013), who documented significant spatial variations in soil pH, electrical conductivity,
mineral content, and texture among different plant communities in Saudi Arabia. In arid desert ecosystems, such
as those discussed in this study, the influence of soil physical and chemical properties on species distribution and
community composition is significant and well documented (Abd El-Ghani et al., 2017; Hussein et al., 2021).
Soil physical and chemical properties can significantly impact ecosystem health, leading to reduced biodiversity
and agricultural productivity (EI-Ramady et al., 2024). Recent studies have highlighted changes in moisture
content and salinity-related parameters, such as electrical conductivity, total dissolved solids, and chloride,
sodium, and magnesium content, as key environmental factors. These factors significantly promote the
differentiation of ecological communities, which in turn shapes species diversity patterns (El-Sayed et al., 2024).

Anatomical studies have revealed distinct structural adaptations in E. alata, including the development of more
prominent epidermal tubercles, numerous subepidermal fiber bundles, and a scalloped cuticle. The reduced
presence of subepidermal parenchyma likely contributed to increased mechanical strength and decreased
transpiration efficiency, reflecting adaptation strategies for survival under diverse environmental conditions
(Baker, 1982; De Micco and Aronne, 2012).

Since plants cannot move, they face a variety of environmental stresses. Harsh conditions (below or above
optimal levels) limit plant growth and development. Drought, low or high temperatures, salinity, acidic
conditions, heavy metal stress, etc. are the main abiotic stresses that harm plants (Chaves and Oliveira, 2004;
Badawy et al., 2025).

Photosynthesis uses photons to create various organic molecules and is an important metabolic process that
promotes plant growth. In the current study, chlorophyll content was found to be lower in the Artur area
compared to the Tigris Valley. This decrease can be attributed to environmental and soil stresses, such as low
humidity levels (drought) and high salinity (excessive sodium concentrations). The decreased photosynthesis
may be due to the inhibition of important enzymes in the photosynthetic electron transport chain and the Calvin
cycle, as well as impaired gas exchange properties (Farooq et al., 2016). According to the study by Anjum et al.
(2011), multiple stresses impair the photosynthetic system, reduce gas exchange, and hinder growth and
production. Protein degradation and lipid oxidation are critical for chloroplast structure and pigmentation and
may lead to disruptions in metabolic processes, thus reducing the net photosynthetic rate under drought stress
(Marcinska et al., 2013). The results of a recent study showed that the EI-Tour region contains higher levels of
carotenoids than the Wadi Degla region. Carotenoids are non-enzymatic antioxidants produced under adverse
conditions, and increasing their content can enhance antioxidant activity (Nejadalimoradi et al., 2014).
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Carotenoids are precursors to key plant hormones, such as abscisic acid and strigolactones, which regulate stress
responses, seed dormancy, and root structure. In addition, carotenoid-derived molecules can act as internal
signals that regulate plant growth and environmental responses. These pigments protect plant tissues from
photooxidative damage by quenching chlorophylls and ractive oxygen species that can form under high light
intensity. This function is essential for maintaining the integrity of photosynthesis (Sun et al., 2022).

Increased soluble sugar and protein content can serve as an energy source for plants under both normal and
stressed conditions (Rai, 2002). Carbohydrates are essential components of living cells, serving as the primary
energy source for metabolic processes and providing the carbon skeleton required for other biological
compounds. Our current study showed that the carbohydrate content of ephedra plants was similar across all
study sites, but that carbohydrate content increased significantly at site WD1. This increase may be attributed to
the high magnesium concentration in the region. Magnesium is essential for promoting plant growth and
differentiation. It is the central ion in the chlorophyll structure and aids in carbon dioxide fixation, chlorophyll
synthesis, and the formation of sugars and proteins (Konate et al., 2017; Khalid et al., 2022). On the other hand,
proteins are macromolecules important for every physiological function in plant cells. The results of the case
study showed that protein content in the Tigris Valley region was extremely low, likely due to low humidity
levels and drought. Previous studies have shown that drought reduces protein levels (Demirtas et al., 2010; Liu et
al., 2018). Stressed plants may increase the activity of protease enzymes, which degrade proteins and lead to the
accumulation of reactive oxygen species (ROS) and damage to cell membranes (Miller et al., 2010;
Radhakrishnan and Lee, 2013).

Our study showed that proline levels were similar across all study sites, but the most significant increase was
observed in EI-Tour4. Proline is a low-molecular-weight osmotic regulator that plays a critical role in regulating
osmotic pressure, removing reactive oxygen species, and maintaining cell integrity under stress conditions
(Szabados and Savouré, 2010). Higher MDA levels were observed in the EI-Tour region, suggesting that ephedra
thrives in a stressful environment. This stress may be due to the high sodium levels in these regions. Plants may
increase the activity of protease enzymes when under stress, which can lead to protein degradation and the
production of high levels of reactive oxygen species. These factors damage cell membranes, DNA, pigments,
proteins, and lipids (Miller et al., 2010; Radhakrishnan and Lee, 2013). Our results highlight the importance of
MDA and proline as indicators of environmental stress and the physiological mechanisms by which plants cope
with stress.

5. Conclusions

This study demonstrated that Ephedra alata Decne exhibited remarkable adaptability to the diverse
environmental conditions of Wadi Degla and El-Tour. Comparing two different regions (Wadi Degla in Cairo
and El-Tour in South Sinai) revealed clear differences in soil properties in terms of moisture, acidity, dissolved
salts, and electrical conductivity. These differences, in turn, affect plant tissue composition and physiological
responses. The results indicated that variations in soil ions and chemical elements play a fundamental role in
shaping adaptive anatomical traits, such as modifications in the structure of roots, stems, and leaves. These
modifications contributed to reducing water loss and improving the plant's ability to withstand environmental
stresses such as drought and saline agriculture. Physiologically, the levels of chlorophyll, sugars, and proteins
varied, as did the accumulation of substances such as proline and malondialdehyde, indicating a comprehensive
response to climatic challenges and changing soil conditions. Thus, the study confirms the potential of Ephedra
alata as a promising option for land reclamation and the development of sustainable agricultural systems in arid
and semi-arid regions, given its multiple adaptive mechanisms that demonstrate its ability to survive and thrive
in harsh conditions. This research paves the way for future researchers to expand the scope and application, such
as exploring different expressions of pathways for drought and salinity tolerance in Ephedra alata across
multiple geographical locations, as well as a clear evaluation of medicinally active compounds.

List of abbreviations:

A'S L = Above Sea Level

B C E = Before Common Era

ET =EL-Tour

EC = Electrical Conductivity
E. alata D = Ephedra alata Decne
EMA = Egyptian Meteorological Authority
WD = Wadi Degla

S M C = Soil Moisture Content

T D S = Total Dissolved Salts

O M = Organic Matter

M D A = Malondialdhyde
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R O S = Reactive Oxygen Species
PL = Pilliferous layer
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