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Abstract

Inland salt marshes (Sabkhas) are common geomorphologic features in arid and
hyper-arid regions throughout the world. Despite their conspicuous nature in wadis
and interdunal plains, inland sabkhas have attracted little attention concerning their
floristic composition and ecological processes, compared to coastal ones. The
objectives of this study were: (1) to determine and characterize the main vegetation
types occurring in the most important sabkhas in Wadi Al-Sarhan, (2) to assess the
soil factors controlling the vegetation structure and distribution and (3) to evaluate the
relationships among mineral contents in soil, root and shoot systems, in order to
understand the mechanism by which plant species can tolerate high level of salinity.
To achieve these goals, vegetation measurements in forty two stands in some sabkhas
selected for their high plant diversity were taken during 2005-2006. From each
vegetation stand, soil samples were collected to determine soil physical and chemical
properties. Samples of roots and shoots of the four dominant species, as well as soil
samples from rhizosphere were collected and analyzed for mineral contents. Further,
the phenology of the four dominant species was monitored. Vegetation was classified
into plant communities by means of multivariate analysis. The results indicated that
the interaction of extreme aridity with salinity has resulted in extremely inhospitable
environment for plant growth. However, sabkhas support only the halophytic
vegetation that are able to colonize thin layers of aeolian sand that are deposited
locally on the sabkha surface, including around their margins, which can support
fairly dense vegetation. A total of 28 species and 10 families were recorded in the
various stands of the study sabkhas. Perennial species comprised 92.8% of the total
(26 species). The family with the highest number of species was Chenopodiaceae,
with 14 species (50%), followed by Poaceae with 4 species (14%). The soil of the
study area was calcareous with sandy silt texture and high salinity. Results from soil
correlations showed that the soil variables are largely correlated, with the significant
effect of potassium sulphate. The classification and ordination resulted in eight
vegetation groups according to the most abundant characteristic species: Halocnemum
strobilaceum, H. strobilaceum -Tamarix aucheriana, Frankenia aucheri -Limonium
carnosum, Seidlitzia rosmarinus — L. carnosum, Salsola tetrandra, L. carnosum -T.
aucheriana, T. aucheriana - Aeluropus lagopoides - Nitraria retusa and Juncus rigidus —
N. retusa. The direct ordination between the vegetation groups and soil factors
indicated the cumulative variation of the first three CCA axes were 16.6%, 30.2% and
40.1%, respectively. These values indicated successive decrease of variations
explained by the first (16.6%), the second (13.5) and the third (10.2%) axes. The main
soil variables controlling the separation of the vegetation groups on the first two axes
of CCA were soil saturation, CaCOs, Na’, K*, and SO,. However, these factors
contributed not more than 40.1% of total species data variances along the axes of
CCA. The results indicated that the dominant species are adapted to saline
environments by concentrating the potassium, calcium and magnesium minerals in
their tissues, and with low concentrations of sodium and chloride, despite their high
concentration in the soil. The phonological results showed that the vegetative stage
was the longest period among the dominant species. This may be one of the strategies
to withstand saline environment. Further studies are needed to evaluate other
environmental and human impacts on the vegetation dynamics and to investigate the
role of morphological plasticity, physiological efficiency and reproductive efforts in
plant adaptation to the harsh environmen



Vegetation Studies of Some Important Salt Marshes in Wadi AL-
Sarhan, Saudi Arabia

By
Haifa Abdulaziz sakit ALhathlool

SUMMARY

Coastal and inland sabkhas are common geomorphologic features in arid
and hyper-arid regions throughout the world. The vegetation of these
sabkhas is highly adapted to flooding, drought and salinity. In Saudi
Arabia, inland sabkhas are expanding in many parts of the country.
Despite their conspicuous nature in wadies and interdunal plains, inland
sabkhas have attracted little attention concerning their floristic

composition and ecological processes, compared to coastal ones.

The present thesis deals with vegetation composition of inland sabkhas
along Wadi Al-Sarhan northern Saudi Arabia, extending from Tabarjal to
Giriat cities. The primary aims of this study are:

(1)  To survey the vegetation in Wadi Al-Sarhan.

(2) To determine and characterize the main vegetation types

occurring in the sabkhas of the wadi.



(3) To assess the soil factors controlling the vegetation structure and
distribution.

(4) To evaluate the relationships among mineral contents in soil, root
and shoot systems, in order to understand the mechanism by which
certain plant species can tolerate high level of salinity.

To achieve these goals, the following measurements were conducted
during 2005-2006 in some sabkhas selected for their high plant diversity:
1. Climatic analysis of the area including temperature, relative
humidity wind speed and direction, and rainfall.

2. Forty two stands were selected and vegetation measurements were
taken (plant density, frequency, cover and hence relative importance of
each species was calculated).

3. From each vegetation stand, soil samples were collected for
determination of physical and chemical properties.

4. Samples of roots and shoots of the four dominant species, as well
as their soil samples were collected and analyzed for mineral contents, in
an attempt to understand the mechanism by which they tolerate salinity.

5. The phenology of the four dominant species was monitored.

6. The vegetation data was classified into the main plant communities
by multivariate analysis in terms of classification (TWINSPAN, Two-
Way Indicator Species Analysis) and ordination (DCA, Detrended

Correspondence Analysis).



7. The relationship between the identified plant communities and soil
factors was assessed using the direct regression analysis (CCA, Canonical
Correspondence Analysis).

8. The wvegetation and soil properties in the different plant

communities were compared by one-way analysis of variance.

The results of the study indicated that

1- The study area is characterized by arid to hyper-arid climate.
Temporal variation in the seasonal rainfall, temperature and
evapotranspiration has a decisive influence on sabkha formation and salt

accumulations, and consequently vegetation composition.

2- The interaction of extreme aridity with salinity has resulted in
extremely inhospitable environment for plant growth. However, sabkha
supports only the halophytic vegetation that are able to colonize thin
layers of aeolian sand that are deposited locally on the sabkha surface,
including around their margins, which can support fairly dense

vegetation.

3- A total of 28 species and 10 families were recorded in the various
stands of the study sabkha. Perennial species comprised 92.8% of the
total (26 species). The family with the highest number of species was

Chenopodiaceae, with 14 species (50%), followed by Poaceae with 4



species (14%). The best represented species was Halocnemum
strobilaceum with the highest occurrence (100%), which indicated its
wide ecological and sociological range of distribution in the study area.
The majority of the recorded halophytic species were included in the
Great Dagla sabkha.

4- The soil of the study area is calcareous with sandy silt texture and
high salinity.

5- Results from soil correlations showed that the soil variables are
largely correlated, with the significant effect of potassium sulphate.

6- The TWINSPAN classification and DCA-ordination of the 42 stands

resulted in eight vegetation groups (A - H) according to the most

abundant characteristic species:

(1) Group A with Halocnemum strobilaceum,

(2) Group B with Halocnemum  strobilaceum -Tamarix
aucheriana,

(3) Group C with Frankenia aucheri -Limonium carnosum,

4) Group D with Seidlitzia rosmarinus - Limonium carnosum,

(5) Group E with Salsola tetrandra,

(6) Group F with Limonium carnosum -Tamarix aucheriana,

(7) Group G with Tamarix aucheriana - Aeluropus lagopoides -

Nitraria retusa, and



(8) Group H with Juncus rigidus - Nitraria retusa.

/- The direct ordination (CCA) between the identified vegetation
groups and soil factors indicated the cumulative variation of the first three
CCA axes were 16.6%, 30.2% and 40.1%, respectively. These values
indicated successive decrease of variations explained by the first (16.6%),
the second (13.5) and the third (10.2%) axes. The main soil variables
controlling the separation of the vegetation groups on the first two axes of
CCA were Soil saturation, CaCO5;, Na*, K*, and SO,. However, these
factors contributed not more than 40.1% of total species data variances

along the axes of CCA.

8- The results indicated the dominant species are adapted to saline
environments by concentrating the potassium, calcium and magnesium
minerals in their tissues, and with low concentrations of sodium and
chloride, despite their high concentration in the soil.

9- The phonological results showed that the vegetative stage was the
longest period among the dominat species (7 months for each of
Halocnemum strobilaceum and Limonium carnosum, and 5 months for
each of Tamarix aucheriana and Nitraria retusa). This may be one of the

strategies to withstand with saline environment.



10- The extremely inhospitable environment for plant growth in
Hadoudha sabkha could be attributed to higher salinity and lack of

aeolian sand deposition, compared to the other studied vegetated sabkhas.

11- The study demonstrated that several factors are interacting to govern
the distribution and adaptation of vegetation in the study sabkhas. The
soil factors play a major role in the vegetation distribution and structure.
However, the lower cumulative variation explained by these factors
suggests further researches are needed to evaluate the other
environmental and human impacts on the vegetation dynamics within the
studied sabkhas.

12- The dominance of vegetative stage suggests several mechanisms are
contributing in tolerance salinity and drought throughout the life span of
the studied species. Therefore, further studies are needed to investigate
the morphological plasticity, physiological efficiency and reproductive
efforts.

(r vadla aas)



