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Salt Tolerance M echanismsin Some Halophytes from Saudi Arabia and Egypt
Ashraf M ohamed Y oussef

Department of Botany, Faculty of Science, Ain Shams University, Cairo, Egypt.

Abstract: Halophytes residing in coastal areas of the semi-arid regions are often subjected to intense and
varying environmental stresses. In order to adapt with non-permissive conditions, they developed growth,
physiological and biochemical changes for survival that allow them to grow in saline habitats. Five
succulent halophytic species were selected during summer from the coastal zone along each of Al-Qatif
on the Arabian Gulf in Saudi Arabia (Site ) and south of Safaga on the Red Sea in Egypt (Site I1). These
included: Halocnemum strobilaceum, Arthrocnemum macrostachyum, Halopeplis perfoliata, Suaeda
vermiculata and Seidlitzia rosmarinus. Their response to salinity was studied in both sites in respect to
habitat conditions. The involvement of photosynthetic pigments, ions, free amino acid, soluble protein,
soluble sugar and proline,, as well as activities of certain antioxidant enzymes activation in salt tolerance
of these halophytes were investigated. Plants obtained from Site || were characterized by higher values
of TWC and RWC concomitantly with high contents of photosynthetic pigment fractions (chl.a, chl.b and
carotenoids). Results pointed to a prominent feature in the mechanism of the protective adaptive response
mechanisms of halophytes. It was observed that halophytes of Site | tended to retain higher soluble
protein, soluble sugar, proline and total organic osmolytes as well as higher activity levels of CAT and
GR enzymes, while the halophytic species of Site Il tended to accumulate high contents of photosynthetic
pigments, free amino acids and higher levels of POD activity. It is of interest to observe that the
accumulation of total organic osmolytes of most studied halophytes were associated with the increase of
succulence ratio attained concurrently with higher values of Cl-, Na+ and SO4g2 determined in each of
soil and plants either collected from Site | or site II.

Key words: Salt marshes, Osmotic adjustment, Red Sea, Al-Qatif, Photosynthetic pigments, Organic
osmolytes, Proline, Antioxidant enzymes

INTRODUCTION

In arid and semiarid climate zones, desertification,
land degradation and declining precipitation rates
increasingly limit crop cultivation™, It has been
estimated that two-thirds of the potential yield of major
crops are usualy lost due to adverse growing
environments’®. Most climate change scenarios predict
a worldwide increase in arid areas, including the
coastal zones*?. Over 90% of the planet's living and
nonliving resources are found within a few hundred
kilometers of the coast around the world™.

There is an increasing interest in organisms that
are capable of colonizing extreme environments®®, |n
order to cope with non-permissive conditions, they
developed unusual physiological and biochemical
adaptations for survival that allow them to grow in
habitats that are near the extremes of lifel**®,
Understanding the mechanisms by which native plants
cope with naturally saline conditions is a logical
starting point for selection and development of salt-

tolerant native species for the rehabilitation of land
affected by salinity!®",

Salinity and drought are among the major stresses
that adversely affect plant growth and crop
productivity. These constraints remain the primary
causes of crop losses worldwide, reducing average
yields by more than 50%!"%¢". Soil salinization today
affects about 7% of the global total land area“" and
20-50% of the global irrigated farmland. Desertification
and salinization also result in a further shortage of the
already limited fresh water resources®”. Simultaneously,
the world population is presently growing by 80
million people every year''®?, so that the requirement
of cultivable farmland and of fresh water will
continually increase.

Halophytes grow in a wide variety of warm, arid
to semi-arid saline habitats, from coastal sand dunes,
salt marshes and mudflats to inland deserts, salt flats
and steppes '*!. These plants are characterized by high
specialized modifications not only for their salt
tolerance limits, but also for the climatic zone from
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which they originate. A geographical classification
differentiates between hydro-halophytes, typical from
brackish wetlands, and xero-halophytes, that are
particularly well-adapted to deserts and low-moisture
environments'®®,

Soil salinity is a major factor limiting plant
growth, development and productivity in many areas of
the world®**!, In salty ecosystems, halophytes are often
subjected to salinity and drought. Accumulation of
compatible osmolytes plays an important role in their
tolerance to these two constraints. Hester et al.*
demonstrated that intraspecific variation in
morphological and physiological traits expressed under
salinity stress was as great as interspecific variation in
their study on several halophytic grasses, .

Salt induces osmotic stress by limiting absorption
of water from soil, and ionic stress resulting from high
concentrations of potentially toxic salt ions within plant
cells. Plants have evolved a variety of protective
mechanisms to allow them to cope with these
unfavorable environmental conditions for survival and
growth, including the accumulation of ions and
osmolytes such as proline. The accumulation of these
compounds prevents water loss and ion toxicity™. One
adaptive plant response to salt stress is synthesis and
accumulation of low-molecular weight organic
compounds in the cytosol and organelles’®**®. These
compounds are collectively called compatible osmolytes
because they accumulate and function without
perturbing intracellular biochemistry, such as enzyme
or protein activities in the cytoplasm.

Under salt stress conditions, plants accumulate
several kinds of compatible solutes such as proline,
soluble protein, soluble sugar and amino acid. These
organic osmolytes contribute to the (osmotic
adjustment) OA and also protect the structural
integrity of cell membranes and proteins, but do not
have negative effects on plant metabolism even when
present at high concentrations in the cytoplasm!”¢, In
halophytes such as A. halimus, OA in response to

salinity or drought, which also cause cellular
dehydration, involves vacuolar accumulation of
inorganic ions; simultaneously, compatible solutes

accumulate in the cytoplasm to maintain an osmotic
equilibrium across the tonoplast'*>*”. Another function
of compatible osmolytes that may occur at lower
concentrations is osmoprotection, which includes
protection of thylakoid and plasma membrane integrity,
stabilizing proteins, a sink for energy or reducing
power, a source of carbon and nitrogen for recovery, or
scavenging of reactive oxygen species that are
byproducts of salinity stress!®®®.

Exposure of plants to salinity, drought or extreme
temperatures commonly results in a water deficit.
Maintaining osmotic homeostasis requires an increase
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of osmotica in cells either by uptake of soil solutes or
by the synthesis of metabolically compatible
compounds!®® that can accumulate to high
concentrations without interfering with plant
metabolism?. These organic osmolytes are most
commonly carbohydrates (such as sugars), amino acids,
protein and proline!™. Apart from their role in osmotic
adjustment, compatible solutes have also
osmoprotective functions. Due to their specific
hydrophilic structure, they are capable of replacing
water on the surfaces of proteins, protein complexes or
membranes, thus preserving their biological
functions®®., Most compatible solutes also seem to play
an important role in hydroxyl radical scavenging, thus
defending plants against oxidative damage, which is a
common consequence of many abiotic stresses®!.

Al-Qatif, the first area of our investigation, is a
large city and oasis in the northeastern part along the
coast of the Arabian Gulf in the Kingdom of Saudi
Arabia. Al-Qatif lies at the northern end of a large
metropolitan and industrial area, where the other cities
are Dammam, Khobar and Dhahran. Al-Qatif enjoys a
continental climate, with a very hot and humid weather
especially in summer™. The second study area (south
of Safaga), is located along the coastal zone of the Red
Sea in Egypt. The Red Sea lies between arid land,
desert and semi-desert. Salt marshes is one of the
major groups of the rich coastal habitat which
inhabiting the coastal zone in each of the Arabian
Gulf and Red Sed™®. Therefore, the purpose of this
study was to understand and compare some
ecophysiological aspects of selected salt marshes from
coastal areas along the Arabian Gulf in Saudi Arabia
(Al-Qatif) and the Red Sea in Egypt (south of Safaga),
to live under the high salinity of the different studied
habitats. Particular interest was paid to the involvement
of photosynthetic pigments, ions, free amino acid,
soluble protein, soluble sugar and proline,, as well as
some antioxidant enzymes activation in salt tolerance
of these investigated halophytes.

MATERIALSAND METHODS

The selected samples were obtained from the
coastal areas along each of Al-Qatif on the Arabian
Gulf in Saudi Arabia and south of Safaga on the Red
Sea in Egypt during July, 2007.

Description of the Study Sites: Al-Qatif or Qatif (also
spelled Qateef or Al-Qateef) is a historic, coastal oasis
region located on the western shore of the Arabian
Gulf in the Eastern Province of Saudi Arabia. It
extends from Ras Tanura and Jubail in the north to
Dammam in the south, and from the Arabian Gulf in
the east to King Fahd International Airport in the west.
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This region includes the town of Qatif as well many
smaller towns and villages®. The selected halophytes
of the first location (Site 1) were collected from the
coastal area of Al-Qatif along the Arabian Gulf 26°56
034"N 50°01 861°E (Fig.1).

The Red Sea lies between arid land, desert and
semi-desert. The main reasons for the better
development of coastal species along the Red Sea is
because of its greater depths and an efficient water
circulation pattern. The Red Sea water mass exchanges
its water with the Arabian Sea, Indian Ocean via the
Gulf of Aden. These physical factors reduce the effect
of high salinity caused by evaporation and cold water
in the north and relatively hot water in the south!®,
The selected salt marshes representing the second
location (Site 1l1), were collected from the coastal
region of the area south of Safaga 26°45 018N 33°56
410°E (Fig. 2).

Description of the studied areas with some climatic
parameters from the nearest weather stations for the
studied sites from Dammam (Saudi Arabia) and Safaga
(Egypt) during 2007 were picked®. Altitude was
determined using a Global Positioning System (GPS) at
the two localities of the area under investigation.

Plant M aterial Collection: Plant materials used in the
present investigation were obtained during summer
from selected succulent halophytic species which grow
naturally along the coast in the two studied areas. Two
different habitats were studied and included Site I,
which extended along the coastal zone of Al-Qatif
(26°56 034°N 50°01 861°E) on the Arabian Gulf in
Saudi Arabia and Site Il which located along the coast
south of Safaga (26°45 018"N 33°56 410”E) on the
Red Sea in Egypt (Figs.l and 2). Five succulent
halophytic species were selected from each of the study
sites (I and 11) which included: Halocnemum
strobilaceum (Pall.) M. Bieb, Arthrocnemum
macrostachyum (Moric.) Moris & Delponte., Halopeplis
perfoliata (Forssk.) Bunge Ex Asch., Suaeda
vermiculata Forssk. ex JF.Gmel. and Seidlitzia
rosmarinus Ehrenb.ex Bunge from the coastal zones
along such sites. Leaves and young branches of each
plant were collected and frozen with liquid nitrogen,
and then they were deposited in a refrigerator at -15°C
for the different analysis..

Soil Analysis: At both sites, soil samples were taken
from each associated plants at a depth of 5- 30cm,
mixed, air-dried and passed through a 2- mm mesh
prior to the analyses. Soil textural analysis (%) was
determined by the dry sieving method of Kilmer and
Alexander (1949). Soil water contents were determined
as in the following equation: SWC(%) (FW
DW)/DW x 100, where FW was the fresh weight of
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a soil and DW was the dry weight of the same soil
portion after had been oven-dried at 105°C. Total
soluble salt percentages (TSS), pH, electrical
conductivity (EC) expressed as dSm-! of the saturated
soil extracts at a ratio of 1:5 of air-dried soil samples:
water, were determined as described by Richards
(1954). Soil samples were dried in an oven for 2 days
at 105 °C. Concentration of Na" and K* were
determined in soil water extracts by flame photometer
as described by Wilde et al.'™ and their values
expressed as gl100gtidry wt. Chloride (Cle) was
analyzed by precipitation as AgCl and titration
according to Johnson and Ulrich®! and its value
expressed as gl1l00gtidry wt. Sulfate (SO4t2) was
estimated gravimetrically according to Wilde et al.,'®
and expressed as g100gEidry wt.

Plant Analyses:

Succulence: Leaf succulence was estimated as the ratio
of plant water content and dry weight as followed by
Dehan and Tal'*",

Plant Water Status: The plant material collected from
both sites was first cleaned with distilled water. After
the water on the plant was absorbed by tissue paper,
fresh weight (FW) was measured. The dry weight
(DW) was measured after the fresh material was dried
at 60NC for 48 h. Tissue water content percentage of
plant shoots was determined as TWC(%) = 100 x
(FW-DW)/FW. The relative water content (RWC) was
measured as the following equation: RWC(%) = 100 x
(FW - DW)/(TW - DW), where TW stands for the
turgid fresh weight™. TW was obtained after soaking
the plant shoot pieces in distilled water in test tubes
for 12 h at room temperature (20NC) under low light
condition. Then pieces were quickly and carefully
blotted dry with tissue paper for determining turgid
weight.

Photosynthetic Pigment Determination: Leaves and
young branches used for photosynthetic pigment
extraction were immersed in 5mL of 80% acetone and
left in the dark at 4NC for tonight. After
spectrophotometric measurements at 470, 652.4 and
665.2 nm, chlorophyll a, chlorophyll b and carotenoids,
concentrations were calculated according to
Linchtenthaler and Wellburn %, V alues were expressed
in mg g-! F. Wt.

Sodium, Potassium, Chloride and Sulfate
Determination: Nat+ and K+ were assayed by flame
emission spectrophotometry after nitric acid extraction
(HNO3 0.5%) of the finely ground dry matter
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Fig. 2: Location map of Safaga area on the Red Sea coast, Egypt*®

(Jenway, PFP-7) according to Williams and Twine™,
Chloride was analyzed by precipitation as AgCl and
titration according to Johnson and Ulrich®®®. Sulfate of
the plant dry matter was determined gravimetrically as
described in AOAC!. Values of ions were expressed
in mg100gtidry wt.

Organic Osmolytes: Free amino acid was estimated
according to the method of Moor and Stein™®. The
optical density was read at 570 nm on
spectrophotometer (Spectronic Genesys ZPC, Rochester,
NY, USA). Soluble protein was determined according
to Bradford™. Soluble sugar was extracted by distilled
water from the plant tissues and determined according
to the anthrone sulphuric acid method®!. Proline was
determined according to the procedure of Bates et
al.'. Values of all fractions of organic solutes were
expressed in mg100gE* d.wt.
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Antioxidant Enzyme Activities:

Enzyme Extraction: The samples were prepared as
described by Mukherjee and Choudhuri®. A leaf
sample (0.5 g) was frozen in liquid nitrogen and finely
ground by pestle in a chilled motor, the frozen powder
was added to 10 ml of 100 mm phosphate buffer
(KH,PO, I K,HPO,) pH 7.0, containing 0.1 mm
Na,EDTA and 0.1 g of Polyvinylpyrrolidone. The
homogenate was filtered through cheese cloth, then
centrifuged at 15000 g for 10 min at 4°C. The
supernatant was recentrifuged at 18000 g for 10 min,
and then the resulted supernatant was collected and
stored at 4°C for catalase (CAT), peroxidase (POD),
and glutatione reductase (GR) assays.

Catalase Activity: Catalase (EC 1. 11. 1. 6) activity
was assayed according to Aebi'”. The activity of
catalase was estimated by the decrease of absorbency



Res. J. Agric. & Biol. Sci., 5(3): 191-206, 2009

at 240 nm for 1min as a consequence of H,O,
consumption®!, Catalase activity was expressed as
umol H202 destroyed gm™ F.wt. hour™.

Peroxidase Activity: Peroxidase (EC 1. 11. 1. 7)
activity was determined according to Maehly and
Chance*” by the oxidation of guaiacol in the presence
of H,0,. The increase in absorbance due to formation
of tetraguaiacol was recorded at 470 nm B9 The
enzyme activity was expressed as the change in optical
density gm™ F.wt. hour™.

Glutathione Reductase Activity: The activity of
glutathione reductase (EC 1. 6. 4. 2) was measured
according to Foyer and Halliwell® which depends on
the rate of decrease in the absorbance of NADPH at
340 nm. The enzyme activity was expressed as the
change in optical density gm™ F.wt. hour™.

RESULTSAND DISCUSSION

According to the descriptive data for the studied
sites, the locations from which plants were collected
are shown in Table 1. Plant materials were obtained
during summer 2007 at Site | in Al-Qatif along the
Arabian Gulf coast, Saudi Arabia (altitude 3m asl;
26°56 034”"N 50°01 861°E) and Site Il at south of
Safaga along the Red Sea coast, Egypt (altitude 1m asl;
26°45 018"N 33°56 410”E). The average minimum
temperature during the period of study was almost the
same for both locations | and Il (29°and 28°C) , while
the average maximum and mean temperatures were
varied between 43°C to 36 in Site | and 37°C to 32.5
in Site Il, respectively. The two studied Sites were
completely rainless during the study period. The
relative humidity was high in both areas, however, it
was more prominent in Site | (73%) than in Site Il
(67%).

Regarding the parameters of soil profiles associated
with the selected plants at the two studied sites
(Table2), the soil texture was fine sand in both sites
with more amounts of silt and clay in case of Site Il
(28.1%). Soil profile from Site Il appeared to have
higher amount of SWC (37.7%) than that which
recorded in Site | (35.2%). M eanwhile, the soil profile
collected from Site | was attained high values of TSS
(10.8%) compared with those indicated by soil sample
from Site Il. Soil reaction (pH) was generally alkaline
in the two areas and ranged between 7.52 to 7.78.
Values of soil EC were relatively high during the
period of study within both sites, however, it was
much higher in Site | (1.21 dS m¢!) than the value
observed in Site Il (0.65 dS metl). Concerning the
analyzed ions of the soil samples representing the
studied sites, Table2 clearly indicates that sodium ion
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(Na+) was the dominant cation whereas chloride ion
(Cl-) was the dominant anion within the two studied
areas. It is notable that the concentrations of Na+ and
Cl- were much higher in Site | (2.48 and 4.31
g100gtidry wt., respectively) than those recorded in
Site 11 (1.92 and 3.61 g100gtidry wt., respectively).
The values of potassium (K+) and sulfate (SO4-) ions
were varied among the two sites and were ranged
between 0.38 and 1.66 g100gtidry wt.

From Data indicated in Fig 3, it is clear that
Arthrocnemum macrostachyum was characterized by
apparently higher ratio of succulence (3.18 and 3.55)
during the period of study in summer within the two
investigated sites | and Il. The highest values of
succulence were attained by Suaeda vermiculata
reaching its maximum of 4.43 at Site |. From data in
Figs. 4 and 5, it is clear that percentages of TWC and
RWC were varied between the different studied
halophytes at the two sites. Suaeda vermiculata attained
the highest value of TWC (65.2%) at Site Il, whereas
the lowest record of TWC (52.6%) was observed in
Seidlitzia rosmarinus at the same Site. However, the
maximum values of RWC were recorded by the
halophytic species Halopeplis perfoliata at both sites
(28.7 and 29.3%). Values of TWC and RWC which
revealed by the other studied halophytes in the different
locations were ranged between 55.1 and 63.8% for
TWC and between 23.8 and 27.6% for the RWC
parameters. In general, data of Figs.4 and 5 indicated
that all halophytes collected from Site I showed higher
percentages of TWC and RWC compared with those
recorded by plant species which were obtained from
Site |, except in values of TWC which showed a
reverse trend in case of Seidlitzia rosmarinus.

Concerning the photosynthetic pigments of the
studied halophytes during the period of investigation in
summer, it was found that higher values of chl.a, chl.b
and carotenoid were attained by halophytes of Site Il
(Figs.6A-C). The highest values of chl.a and chl.b
constituents were observed in Arthrocnemum
macrostachyum under the two sites (1.76 and 1.29 mg
g-! F. Wt. at Site | and 2.44 and 1.54 mg g-! F. Wt.
at Site Il, respectively). However, the carotenoids
reached its maximum amount in Suaeda vermiculata
among all the studied halophytes at Site Il (0.81 mg g-
1 F. Wt). It is notable that Halopeplis perfoliata
recorded the lowest values of chl.a and chl.b at the two
studied Sites, whereas the minimum value of carotenoid
constituent (0.17 mg g-* F. Wt) was attained by
Halocnemum strobilaceum at Site | (Fig6C).

The accumulation of mineral ions in the halophytic
species of the study sites during summer season were
illustrated in Figs.7A-D. The sodium, chloride and
sulfate contents constitute the highest proportion of ions
in plant tissue of investigated halophytes. Data
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Table 1: Description of the studied sites (I,II) from Saudi Arabia and Egypt during July 2007 (Freemeteo, 2007)

Location Coordinates Altitudem asl  Average max. Average min. Average mean Rainfall RH (%)
Temp.("C) Temp.(°C) Temp.(°C) mmmont h¢!

Site | (Al-Qatif, (26°56??70347N 3m 43 29 36 0.0 73

Arabian Gulf, 50°0178617E)

Saudi Arabia)

Site Il (South (26°45 018"N im 37 28 325 0.0 67

of Safaga, Red 33°56 410"E)

Sea, Egypt)

Max. Temp.: maximum temperature, Min. Temp.: minimum temperature, M ean Temp.: mean temperature, RH: relative humidity

Table 2: Parameters of the soils associated with the selected species at the two sites

Parameter Site | (Al-Qatif, Arabian Site Il (South of Safaga,
Gulf, Saudi Arabia) Red Sea, Egypt)
Texture (%) Fine-sandy Fine-sandy-clay
Coarse sand 21.9 24.7
Fine sand 53.4 47.2
Silt and clay 24.7 28.1
SWC (%) 35.2 37.7
TSS (%) 10.8 7.6
pH 7.78 7.52
EC (dS me) 1.21 0.65
Na+ (g100gEidry wt.) 2.48 1.92
K+ (g100gEidry wt.) 0.54 0.38
CIE (g100gEidry wt.) 431 3.61
SO4E2 (g100gEidry wt.) 1.66 1.58

SWC: soil water content, TSS: total soluble salts, EC: electrical conductivity, dry wt.: dry weight
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presented in Figs.7(A, C and D) revealed that species
collected from Site | exhibited much higher values of
Na+, Cl- and SO4¢2 than species of the other site. The
highest Cl-, SO4¢2 and Na+ contents were shown in
Halocnemum strobilaceum (792, 294 and 274
mg100gtidry wt. at Site | and 681, 226 and 223
mg100gtidry wt. at Site |1, respectively). On the other
hand, the lowest contents of the same fractions were
attained by Halopeplis perfoliata at Site Il. Potassium
contents of the studied halophytic species revealed a
reverse pattern to the other ion constituents (Fig.7B).
The higher values of K+ contents were recorded by
plants collected from Site Il reaching the maximum of
83 mgl100gtidry wt. in Halopeplis perfoliata at Site I1.
Arthrocnemum macrostachyum exhibited the lowest
values of K+ content (33 mgl100gttdry wt. at Site |)
among all the studied plants (Fig.7B).

Regarding the variations in the organic osmolytes
recorded by the studied halophytes, there were notable
differences between the different organic solutes which
were determined for the plants of the two selected
habitats (8A-E).The accumulation of proline (P) was
associated with an increase in the concentrations of
soluble sugar (SS) and soluble protein (SP) in the
studied plants. These constituents were attained
remarkable high values in Arthrocnemum
macrostachyum and reached their maximum values in
Suaeda vermiculata (144, 1246 and 987 mgl00g-1
d.wt., respectively) at Site | (Figs.8B, C and D). It is
of interest to observe that the accumulation of SS and
P were much higher in plants collected from Site I,
while plant species obtained from Site Il were revealed
higher amounts of free amino acid contents (FAA).
However, the values of SP varied among the plants of
the two sites (Fig.8B). The highest content of organic
osmolytes was detected in Suaeda vermiculata at the
two sites (3189 and 2944 mgl100g-1 d.wt.), followed
by Seidlitzia rosmarinus (2806 mg100g-1 d.wt.) at Site
I. On the other hand Arthrocnemum macrostachyum at
Site Il accumulated the lowest amounts of organic
solutes (2594 mgl100g-1 d.wt.) among all the studied
plants (Fig.8E).

Data of the activities of the antioxidant enzymes
for the studied plants were shown in Figs.9(A-C). It
was indicated that catalase (CAT) and glutathione
reductase (GR) enzymes attained the highest activity
within plants collected from Site | (Figs.9A and C),
conversely peroxidase (POD) activity was much higher
with plants obtained from Site Il (Fig. 9B). The
highest values of (CAT) and (GR) activities were
detected in Halocnemum strobilaceum (441 and 9.72
unit gm*F.wt. hourf?) at Site I, while the activity of
POD reached the maximum of 52.1 unit gm'F.wt.
hourt! in Arthrocnemum macrostachyum at Site |I.
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Discussion: The need for elucidation of the role of
growth criteria, organic osmolytes and antioxidant
activities in salt tolerance mechanisms of coastal
halophytes are highlighted by the recent interest in
different salt plants for forage and land reclamation
schemes on saline sites’®™®. All the plants under the
present investigation from both Sites | and II, are
belonging to succulent halophytes. Park et al.,!*? stated
that many plant species which grow around the
Arabian Gulf in Asia or along the Red Sea coast in
Egypt™ belong to succulent halophytes from family
Chenopodiaceae®*,

The present work indicates that soil parameters
which determined for the profile collected from Site I,
attained high values of TSS, EC and selected inorganic
ion contents compared with the other studied profile
from Site I1. Such results may related with a reduction
in the percentages of SWC. Results of the study also
indicate that there was a general tendency in selected
halophytes from Site | to accumulate high amounts of
Cl-, Nat+ and SO4-2 ions while there was an increase
in the concentration of K ion in halophytes collected
from Site Il. In this regard, Slama et al.'*” reported
that some halophytes tended to accumulate Nat+ and
Cl- ions in equivalent amounts, but sometimes they
replace Na+ ions with K+ ions since plants have high
requirements for K+ ions where Nat+ ions are not
necessary. Ksouri et al."*? concluded that the inorganic
ions (including CI- and SO42) exhibit well clarified
roles in plant metabolism and osmotic adjustment of
halophytes.

Data of the present study indicated that plants
collected from Site | have high succulence contents,
which were associated with higher values of Cl-, Na+
and SOd4e2determined in each of soil and plants.
Species collected from Site | were characterized by
attaining high levels of succulence which were
associated with higher TSS contents and reduction in
SWC percentages. Youssef et al.”™ and Ben Ghanaya
et al."” considered the attainment of high ratio of
succulence in saline habitats as an adaptive response
for the dilution of intercellular solution in halophytic
plant species.

Results indicate that halophytes obtained from Site
Il were characterized by higher values of TWC and
RW C compared with those recorded in Site |. This last
data were also associated with high contents of
photosynthetic pigment fractions (chl.a, chl.b and
carotenoids). These results may be attributed to the fact
that the study was conducted during the summer
season, which is characterized with high average of
temperature and relative humidity along the studied
sites. In this concern, Youssef et al.”, Touchette’®”
and Ksouri et al."*? confirmed that most of halophytes
which have succulent leaves and stems attained higher
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values of relative water content, free water content,
succulence ratio and photosynthetic pigment contents.
Pennings et al.®® and Park et al.®® stated that under
severe conditions of moisture stress or physiological
dryness of the soil, halophytic species exhibited high
RWC values. Succulence is considered as a mechanism
through which certain halophytes are adapted to their
salt environment!®®. Present results clearly show that
fractions of photosynthetic pigment were reduced
between the selected halophytes of Site |. This may be
due to the humid and arid weather which is dominant
during the period of study (summer season) in Site I.
In this respect, Nunes et al.® reported that in saline
habitats, soil salinity and arid climate greatly affect the
synthesis of pigment components of plants. Moreover,
Morsy et al.*! on their study on the desert plants
along Alamain Wadi El-Natrun area, concluded that
chl.a, chl.b and carotenoids were remarkably decreased
in summer and increased during winter for all stressed
plant species. On the other hand, Pennings et al.l*®
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reported that the intrinsic photosynthetic water use
efficiency tended to rise than decline as the water
stress increases in natural habitats.

Results of the present work point to other feature
in the mechanisms of the protective adaptive response
mechanisms of halophytes. It was observed that all
halophytes which were collected during summer from
Site | tended to retain higher soluble protein, soluble
sugar and proline as well as higher levels of total
organic osmolytes, compared to those parameters of the
other group of halophytes in Site II. Meanwhile, the
halophytic species of Site Il tended to accumulate high
contents of free amino acids. In this regard, Walker et
al.'*® reported that the accumulation of high levels of
organic intermediates in plants was associated with the
dry climate as well as other stress conditions.
M oreover, a high level of proline (in particular) enables
the plants to maintain an osmotic balance when
growing under low water potentials. It is reported that
proline protects higher plants against salt/osmotic
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stresses, not only by adjusting osmotic pressure, but
also by stabilizing many functional units such as
protein and enzymes“®. Slama et al.®” demonstrated
that the osmotic adjustment of plants common to xeric
and saline habitats depends on the kind of stress
conditions. They clarified that these plants depend, to
a large extent, on the accumulation of organic
intermediates resulting in osmotic adjustment under
saline conditions.

Results of the present investigation indicate that all
the studied halophytes in both sites are succulent. It is
of interest to observe from results that the accumulation
of total organic osmolytes of the studied halophytic
species were associated with the increase of succulence
ratio attained by plant species collected from Site | or
Il. Suaeda vermiculata attained the highest amount of
organic osmolytes which was associated with a
prominent increase of its succulence ratio, among all
the studied halophytes. Morsy et al.*” referred to the
essential role of organic intermediates in building up
relatively higher osmotic pressure values in the
succulent species inhabiting the most saline habitats. In
many plants, salt stress has been shown to affect the
organic solutes and metabolism, leading to the
synthesis of new compounds“?. The accumulation of
organic solutes might be of importance for the
adjustment of the cellular water potential under
conditions of reduced water availability!".

Results of the present study indicated that CAT
and GR enzymes attained their highest activities within
plants collected from Site |, while POD activity was
much higher with plants obtained from Site Il. In this
regard, Jaleel et al.”™* reported that salt stress
increases the content of H202 and peroxidation of lipid
membrane leading to disrupter of its permeability or
induce oxidative damage in plant tissues. Salt stress
may induce a combination of negative effects on salt-
tolerant plants including osmoatic stress, ion toxicity and
oxidative stress. The induction of antioxidant enzymes
such as CAT and POD can be considered as one
mechanism of salt tolerance in plants®®. These
antioxidant enzymes are involved in eliminating H202
from the salt-stressed plants®®. Data of the present
work showed that the highest values of CAT and GR
activities were detected in Halocnemum strobilaceum at
Site |, which is associated with relatively lower content
of soil water availability as well as higher values of
TSS and EC. Catalase, which is localized in
peroxisomes, decomposes hydrogen peroxide to water
and molecular oxygen without consuming reductants
and, thus, may provide plant cells with an energy-
efficient mechanism to remove hydrogen peroxide
(Ros-Barcelo et al., 2006). Hydrogen peroxide can be
removed also by peroxidases in the apoplast of
lignifying tissues. These latter enzymes are involved in
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various processes such as cell growth control and salt
tolerance of environmental stress*/,

Conclusion: The study point to a prominent feature in
the mechanisms of the protective adaptive response of
halophytes. It is of interest to observe that the
accumulation of total organic osmolytes of most studied
halophytes were associated with the increase of
succulence ratio and values of Cl-, Nat+ and SO4¢? of
soil and plants either collected from Site | or II. It may
be concluded from the obtained results that halophytes
from Site | seem to depend on osmotic adjustment
(OA), driven by accumulation of Na, Cl, SO4, SP, SS
and P as well as higher activity of CAT and GR
enzymes, while those collected from Site Il tended to
accumulate high contents of photosynthetic pigments,
K and free amino acids as well as higher levels of
POD activity.
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