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Abstract

The present study was aimed to investigate the floristic diversity for Perennial species and phytogeographical distribution of
plant species of Al-Wadi Al-akhder from Tabuk region, Saudi Arabia. A total of 30 species belonging to 23 genera and 15
families were recorded. Chenopodiacea had the highest contribution (20% of the total species) followed by Asteraceae and
Fabaceae (16.76%), Lamiaceae (10%), Cistaceae and Asclepiedaceae (6.76%). The life form spectrum of the recorded species
showed the prevalence of chamaephytes (56.67%) followed by Therophytes (20%), Phanerophytes (16.67%) and
Hemicryptophyte (6.76%). The chorological analysis of the recorded species indicated the predominance of monoregional taxa
over the other elements. In the same context, the flora of Tabuk region, as reflected by the present study findings, showed that
most perennial species belonged to Saharo-Arabian (70%), Sudano-Zambezian and Mediterranean (26.67%) and Cosmopolitan
(3.33%) elements, and that constitute almost 60% of the total number of plant species. It was concluded that Tabuk region had
remarkable floristic diversity, however, this natural biodiversity hot spot is probably affected by several human activities
including woodcutting and development. The associations and speciation of these Al-Wadi Al-akhder plants demonstrate
significant variation in pH, electrical conductivity, soil mineral contents, and human impact. Therefore, a conservation program
should be launched to protect the natural diversity in such important plant area.
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shares with the flora of the west Africa, the southeast &
northeast Asia and the north & northwest Mediterranean. The
vegetation of Saudi Arabia belongs to Saharo-Sindian
phytogeographical region (Zohary, 1973).

1. Introduction

Saudi Arabia is a country with vast area occupying about
80% of the area of Arabian Peninsula. However, most of this

area is barren deserts except southwestern highlands with
ample rainfall and mild climate that supports plant life
Therefore, xerophytic vegetation is a prominent feature of the
plant life in this country. (Masrahi, 2012).

The geological history of this region indicates that this region
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The topography of Saudi Arabia, as well as that of Arabian
Peninsula, is an ancient massif in which geologic structure
developed concurrently with the Alps. Climate change is an
important factor for sustainable water resource management
in the arid and semi-arid countries. In this study, future trends
of temperature and rainfall were assessed for several regions
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in Saudi Arabia. The linear and Mann—Kendall analyses
showed an increase of temperature in all regions and
decrease of rainfall in many regions. The diversity of plant
life is an essential underpinning of most of our terrestrial
ecosystems. Humans and most other animals are almost
dependent on plants, directly or indirectly. Another important
role of plant life is the provision of ecosystem services, the
protection of water sheds, stabilization of slopes,
improvement of soils, moderation of climate and the the
provision of a habitat for much of our wild fauna (Yavari, A.
and S. M. Shahgolzari, 2010).

Moreover, floristic studies are not only important to know the
variety of plants present in an area, but also socio-
economically significant. They provide shelter, food,
medicine and everything for the human being and other
species of that area (Shehata and Galal, 2014).

Wadis represent one of the most prominent desert landforms,
exhibiting physiographic irregularities that lead to parallel
variation in species distribution. Life-form distribution is
closely related to topography and landform (Fakhireh et al.,
2012).

The role of the society in combination with long-term
programmes for the study of plant species richness,
functional diversity and patterns of species assemblages over
time are necessary for the effective management and
protection of protected areas (Alexandros Papanikolaou and
Maria Panitsa, 2020).

It was found that over utilization, over collection, over
exploitation, habitat degradation, overharvesting,
deforestation, population explosion and over grazing are the
conspicuous biotic stresses which severely threatened the
flora in the area which affect the population sustainability on
earth crust. (Muhammad Ibrahim et al, 2017).

Life-form composition is typical of desert flora; the majority
of species are therophytes and chamaephytes. Wadi
vegetation in general is not constant. It varies from year to
year depending upon moisture levels (Siddiqui & Al-Harbi,
1995). Establishment, growth, regeneration, and distribution
of the plant communities in the wadis are controlled by many
factors such as geographical position, physiographic features,
and human impact (Kiirschner & Neef, 2011; Alatar et al.,
2012; Korkmaz & Ozgelik, 2013).

Despite the large number of floristic published studies (see
Migahid 1996, Collenette 1999; Chaudhary 1999; Chaudhary
2001) and more recent studies such as Al- Turki (1997), Al-
Turki and Al-[llyan (2003) and El-Ghanim et al. (2010) and
Al-Mutairi et al. (2016), there is still scarcity in the
information about the diversity and distribution of plants in
Saudi Arabia. This is due the fact that Saudi Arabia is large

(~2.25 million km?). In addition to this, the climate varies
significantly from the north to the South and from the East to
the West and this creates diverse habitats and environments,
which results in diversity in plant communities (Al- Nafie,
2008; El-Sheikh et al. 2013). The plant communities in
Arabian Peninsula especially in Saudi Arabia are threatened
by anthropogenic activities and urbanization (Khalik et al.
2013; Al-Mutairi et al., 2015). Although there is a quite high
number of studies aimed to investigate the plant communities
in several parts of Saudi Arabia, the plant biology and
ecology in Saudi Arabia is incompletely understood. The
present study aims to describe the floristic diversity in Al-
Wadi Al-akhder in Saudi Arabia.

2. Materials and Methods

The present study was carried out in Al-Wadi Al-akhder is
suitated about 120km from the Tabuk "Figure 1". Al-Wadi
Al-akhder is characterised with unique plant species
communities due its location in North part of Arabian
Peninsula. Similar to the most regions of Saudi Arabia, Al-
Wadi Al-akhder characterised with low annual precipitation
which is always less than 200mm/year. The temperature
varies significantly between summer and winter seasons. The
temperature vary from 43C in summer to less than 7C during
winter time. Sampling of plant species The plant species
were surveyed in this region using the 10x10 m stands
following the standard procedures as described in several
studies (see Al-Mutairi et al., 2016). The vascular plant
species occurred inside the stand were counted and identified
following the available keys of Chaudhary (2001) and
Collenette (1999). The phytogeographical classification was
conducted using the keys of Zohary (1973) and Al-Nafie
(2008) as well as previously described in Al-Mutairi et al.
(2016). The life forms identification was performed
following the reference of White and Li¢onard (1991) which
has been proven to be adequate guide for plant species in
Arabian Peninsula.

Soil analysis

Soil samples were collected at 5 random points from each
site as a profile (composite samples) at a depth of 0-50 cm.
The electrical conductivity (EC) and pH for each sample
were determined as a 1:5 dilution in deionised water (Wilde
et al., 1979). Soil analyses including total dissolved salts
(TDS; g L-1) and total carbonates (ClJ;), bicarbonate
(HCI3), and chlorides (CI; g 100 g-1 DW) were analysed by
precipitation by AgCl and titration according to Jackson
(1967); sulphates (Sly;; g 100 g-1 DW) were precipitated
gravimetrically and estimated according to Wilde et al.
(1979). Major cations such as sodium (Na), potassium (K),
calcium (Ca), and magnesium (Mg; g 100 g-1 DW) were
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determined in the 1:5 soil extract by flame photometer
(Jenway, PFP-7), according to the methods of Williams and
Twine (1960). The minor cations iron (Fe), copper (Cu), and
zinc (Zn) were determined using a GBC model 1100B atomic
absorption spectrophotometer, and their concentrations were
expressed in mg kg—1 dry soil.

3. Results

Floristic diversity a total of 30 Perennial species belonging to
23 genera and 15 families were recorded from various
sample plots and attached areas "table 3" and "Figure 4". The
most highly represented families were Chenopodiacea,

Asteraceae and Fabaceae (Leguminosae). Chamaephytes
constituted 16 species, or 53.33% of the total species,
followed by 6 species of Therophytes (20%), 5 species of
Phanerophytes (16.67%) and species of Hemicryptophyte
(10%) (Table 1; Figures 2 and 3). Chronological analysis of
the species in the study area revealed that biregional elements
that belong to the Saharo-Arabian representing 22 species,
followed by the Mediterranean representing 10 species, The
Tropical representing 6 species and the Cosmopolitan
representing 2 species. The associations and speciation of
these Al-Wadi Al-akhder plants demonstrate significant
variation in pH, electrical conductivity, soil mineral contents,
and human impact "Table 2".

Table 1. Floristic diversity and Perennial vegetation analysis of Al-Wadi Al-akhder, Tabuk Region, Saudi Arabia. Life forms are Ch= chamaephytes; Ph=
phanerophytes; He = hemicryptophyte; Th= therophytes. Chorotypes are: SA= Saharo-Arabian; SZ= Sudano-Zambezian; ME= Mediterranean; TR= Tropical;
COSM, cosmopolitan.

Family Species name Life form Chorotype
1 Amaranthaceae Aerva javanica M‘ Ch SA+SZ
2 Asclepiedaceae Leptadenia pyrotechnica C ‘)A\ Ph SA+SZ
3 Asclepiadaceae calotropis procera Juﬁaj‘ Ph SA+SZ
4 Asteraceae Rhanterium Epapposum Cﬁ)’d‘ Ch Sz
5 Asteraceae Artemisia judaica Q‘ ‘)3.-."-.‘&\ Th SA
6 Asteraceae Artemisia monosperma ‘).JL’J\ Ch ME+SA
7 Asteraceae Artemisia Sieberi Ch..\un Ch ME+SA
8 Asteraceae Pulicaria undulate GRENEN] Ch SA+SZ
9 Boraginaceae Heliotropium bacciferum e‘ ) Ch SA+SZ
10 Chenopodiacea Salsola Tetrandra Ayl }‘ u—*‘)—s‘ Ch SA
11 Chenopodiacea Suaeda Vermiculata ‘J.-.‘}HJ‘ Ch SA
12 Chenopodiaceae Haloxylon salicornicum GV ‘)3\ Ch Sz
13 Chenopodiaceae Atriplex leucoclada de D Ch ME+SA
14 Chenopodiaceae Salsola villosa u'é'ﬁ-“ a4 B)n Ch ME+SA+TR
15 Chenopodiaceae Salsola volkensii -l ‘)M‘ Ch COSM
16 Cistaceae Helianthemum lippii gl ¢ avadll ¢ (5558 ) Ch SA+SZ
17 Cistaceae Helianthemum Aegyptiacum é})g)n Th SA
18 Cucurbitaceae Citrullus colocynthis Jhiall He ME+SA+TR+SZ
19 Fabaceae Acacia nilotica U=l )33\ Ph SA +SZ
20 Fabaceae Retama Raetam (;:')l\ He SZ
21 Fabaceae Astragalus spinosus [Thxiel) Th SA
22 Fabaceae Acacia Ehrenbergiana el‘-“&\ Ph Sz
23 Fabaceae Alhagi maurorum d )31-’-3‘ Ch ME+SA+TR+SZ
24 Lamiaceae Salvia Spinosa J}m Qm He ME+TR
25 Lamiaceae salvia aegyptiaca d\)ﬂ\ 3‘).-.‘%-:’ j‘ %‘-‘-'4‘3‘ C}§E j‘ a-*-33.-.‘-‘c Ch SA+SZ
26 Lamiaceae Teucrium oliverianum Aol ¢ Jagadl ¢ gaall ¢ el Ch COSM
27 Scrophulariaceae Zilla spinosa e)e-ﬂ\ Ch ME+SA+TR+SA
28 Tamaricaceae Tamarix nilotica dD }‘ [t )-L’ Ph SA
29 Umbelliferae Ducrosia Anethifolia | ")éj‘ Th TR
30 Zygophyllum Zygophyllum Coccineum e R Th SZ
Table 2. Soil analysis of environmental variables in Al-Wadi Al-akhdar.

Soils Samples General
Performed Test 3 2 3 4 5 Guide Levels
Silt% 0.5 1.75 1.75 1.75 0.5
Clay% 0.5 0.5 0.5 0.5 0.5
Sand% 99 97.75 97.75 97.75 99
Soil Texture Sandy Soil Sandy Soil Sandy Soil Sandy Soil Sandy Soil
pH (0—14) 7.85 8.03 7.92 8.01 7.92 6.0-7.5
EC (Ms/cm) 0.47 0.3 0.36 0.41 0.31 Not < 105
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Soils Samples General
Performed Test 1 2 3 4 5 Guide Levels
Ca (ppm) 3048 3930 6273 3383 4762 1000 — 4000
Mg (ppm) 82.64 90.64 193 89.68 91.68 100 — 250
K (ppm) 56 53 123 54 47.5 120 -250
Na (ppm) 80.64 87 112 51 55 <200
HCO; (ppm) 76.25 76.25 76.25 76.25 76.25 <152
ClI (ppm) 133 4431 88.62 133 4431 <176
P (ppm) 5.5 54 12.2 5.5 32 20 --- 30
SO (ppm) 0 0 0 0 0 <100
CaCO5;% 4.16 4.16 3.56 4.16 8.2
Figure 1. Location map of the studied area showing Al-Wadi Al-akhder tributaries and topography.
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Figure 2. Life form spectrum of the recorded species in Al-Wadi Al-akhdar, Saudi Arabia. PH: Phanerophytes, CH: Chamaephytes, HE: Hemicryptophytes,
GE: Geophytes, TH: Therophytes.
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Table 3. Comparison of floristic diversity in Al-Wadi Al-akhder (present study) to the plant diversity in the entire Saudi Arabia.

Family Genus Species
alwadi alakhdar in tabuk 15 23 30
Flora of Saudi Arabia from 1998 to 2001 131 855 2282
Percentages 10.80% 2.80% 1.34%

Chorotype

M SA
uSZ
H SU

ME
B TR

m COSM

Chorotype

COSM TR ME SuU SZ SA

o N B O

Figure 3. Chorotype analysis of the rcorded species in Al-Wadi Al-akhder, Saudi Arabia. SU =Sudanean, SA = Saharo- Arabian, IT = Irano-Turanian, ME =
Mediterranean. COSM = Cosmopolitan. Others include Saharo- Arabian- Mediterranean-Euro-Siberian and Saharo-Arabian-Tropical-Sudanean.
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Figure 4. Proportional percentage of Genus for the study area.

4. Discussion

The number of Perennial plant species reported in this study
was lower than what has been recorded in the Northern part
of Saudi Arabia such as Tabuk (Al-Mutairi et al., 2016) Hail
and other northern parts (ElI-Ghanim et al., 2010; Al-Turki T
and Al-Olyan, 2003, Osman et al., 2014). Chenopodiacea
was reported to be the dominant family with total number of
species of 11. This is in general with coincidence of previous
reports such as (Seraj et al. 2014) and (Al-Mutairi et al.
2016) in various parts of Saudi Arabia.

The life form analysis is known for its importance in
providing supplementary information which facilitates
understanding the complex interaction of plant species with
abiotic and biotic factors in the surrounding environment
(Ayyad and El-Ghareeb, 1982). "Figure 1" presented the life
forms of plant species in Al-Wadi Al-akhder. It is clearly
shown that chamaephytes and therophytes are the dominant

life forms, while, hemicryptophyte comprised the lowest
percentage of life form types. The present findings are in the
line with other related studies such as (Osman et al. 2014)
and (Seraj et al. 2014). This is can be explained by the
prevalence of the Mediterranean climate (Mobayen, 1996).
Moreover, therophytes are known for their high adaptability
to arid environment (Asri, 2003) which is the main feature of
Al-Wadi Al-akhder.

As indicated by several studies that the diversity of natural
habitats in Saudi Arabia is the good driver of the high
floristic diversity in this region (Alfarhan, 1999). However,
compared to other areas, species diversity is low figure from
that recorded in Hail region (El-Ghanim et al., 2010; Al-
Turki and Al-Olyan, 2003) and that recorded in Northern
Saudi Arabia (Osman et al., 2014). This may be attributed to
the high aridity prevailing in the study area. According to
(Danin, 1976), low diversities of vascular plants are expected
in extreme deserts, high Arctic and high alpine habitats, salt
marshes and mangrove swamps.



37 Suliman Mohammed Alghanem et al.: Floristic Diversity and Perennial Vegetation Analysis of Al-Wadi Al-akhder,
Tabuk Region, Saudi Arabia

5. Conclusion

The present study studied the Floristic diversity and
Perennial vegetation analysis of Al-Wadi Al-akhder, Tabuk
Region. The present study reported 30 plant perennial species
in this region which can be considered as one of the
moderately diverse areas of Saudi Arabia. Further ecological
studies should be carried out in the future to better
understand the ecological interaction between plant species
and physical and chemical variables in Al-Wadi Al-akhder.
Moreover, the conservation programs should be designed and
implemented in order to protect the natural biodiversity of
this region.
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