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abstract

khalid a. al-Mutairi: influence of soil physical and chemical variables on species composition 
and richness of plants in the arid region of tabuk, Saudi arabia. Ekológia (Bratislava), vol. 36, 
no. 2, p. 112–120, 2017.

The present study aims to investigate the effect of soil physical and chemical variables on the 
species richness and the floristic composition in four sites (alwaz, alqan, Sharma and zetah) 
of tabuk region in the northwestern part of arabian Peninsula. only organic matter (oM), pH 
and calcium (ca) showed significant differences (P < 0.05) amongst the four studied sites. only 
magnesium and sodium were selected in the forward regression model and showed to be strong 
drivers of species richness of plants in tabuk region (adj-r2 = 0.438, F2,13 = 6.85, P = 0.009). The 
multivariate analysis of canonical correspondence analysis (cca) was applied to reveal the effect 
of the physical and chemical variables on the species composition of the plants. The cca classifies 
the plant species into three groups based on their preference to the environmental variables.  The 
first group of plant species (Group 1) is characterised by positive preference to the chloride (cl) 
and negative relationship with oM and pH.  The  second group (Group 2) is positively correlated 
with most of the soil variables such as oM, calcium (ca), potassium (k), bicarbonate (Hco3), 
electrical conductivity (Ec), sulphate (So4) and sodium (na). The third group (Group 3) has posi-
tive relationship with carbonate (co3) and negative relationship with Ec and magnesium (Mg). 
The chloride, sodium, sulphate, Ec and carbonate are the main environmental factors influencing 
the plant species composition in tabuk region. The cluster analysis based on the Euclidian meas-
ure shows that alqan and zetah have closer species composition compared to Sharma. 
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Introduction 

it is well known that arid and semi-arid regions are vulnerable to landscape changes as well as 
other anthropogenic activities that have been recently increased due to fast development and ur-
banisation (nicholson, Farrar, 1994; nicholson et al., 1998; Evans, Geerken, 2004; Barakat et al., 
2014; Hatim et al., 2016). The arid and semi-arid regions show interesting temporal variation 
in water availability and unique structure of floral communities (Snyder et al., 2004). There is 
a growing interest amongst ecologist to study the species composition of plants and the relative 
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importance of spatial, environmental and soil factors (Jiang, 1993; Burke 2001; Solida et al., 2015; 
agir et al., 2016). The emergence of quantitative techniques (such as ordination and clustering) 
in plant ecology had facilitated the understanding of the influence of environmental variables on 
plant species richness and composition (ter Braak, 1989; zhang, F., zhang, J., 2000). 

as they constitute huge part of the world, deserts are an important part of the terrestrial en-
vironments. Despite that, little is known about the ecology of deserts and its flora compared to 
other terrestrial ecosystems (e.g. forests or grasslands). Therefore, the effect of biotic and abiotic 
factors on the plants species and richness in deserts still is not completely studied (Miriti et al., 
2007; Bertiller et al., 2009; Bisigato et al., 2009; Wang et al., 2013; Wu, Yang, 2013; El-Ghani et al., 
2012; Barakat et al., 2014; Shaltout et al., 2016).

Saudi arabia has an area of approximately 2,026,213 km2 and that comprises almost two-
thirds of the arabian Peninsula area. The dominant terrestrial ecosystem in Saudi arabia is desert, 
which is characterised with low annual rainfall and elevated temperature, especially during sum-
mer time (can reach up to 50 °c) (al-nafie, 2008; El-Sheikh et al., 2013). 

although most of the Saudi arabia is an arid region, it has considerably high diversity of plant 
species. a total of about 2,253 species in 132 families have been reported in this area, of which 
20% are rare plants. Some of these plants are endemic to this region and show medical impor-
tance (collenette, 1999). Based on the biogeography theory, the flora of Saudi arabia has strong 
connections with that of north africa, East africa, the Mediterranean countries and the irano-
turanian countries (alfarhan, 1999). Since 1970s, there is a significant change in the landscape 
of Saudi arabia because of high rate of development, urbanisation and industrialisation (khalik 
et al., 2013). Furthermore, less awareness of the importance of the natural biodiversity had been 
found amongst the people who can be another factor accounting for the remarkable deterioration 
in the flora of the Saudi arabia (al-Mutairi et al., 2015).

Several studies that aimed to study the influence of soil variables on the plant richness and 
species composition had been carried out in many arid regions of the Middle East such as abd 
El-Ghani and amer (2003). However, most ecologists have concentrated their studies on wadis 
drained in the red Sea. For instance, some of these studies are Sharaf El-Din and Shaltout (1985) 
and Dargie and El-Demerdash (1991) (Wadi araba) and zareh and Fargali (1991) (Wadi abu-
Ghusun). on the other hand, very few studies have been carried out in the desert in the arabian 
Peninsula to investigate the effect of soil variables on the plant species compositions. Most of the 
available studies described the vegetation cover, surveying the plant species and life forms (e.g. see 
al-Mutairi et al., 2016). 

The present study aims to investigate the soil environmental drivers of the plant species rich-
ness in four sites, alwaz, alqan, Sharma and zetah of tabuk region, which are situated in the 
northern-east of Saudi arabia.  Furthermore, the study also aims to investigate the response of 
different plant species to soil variables.

Material and methods

Study sites

The present study was carried out in four sites, Sharma, alqan, alwaz Mountains and alzetah, in tabuk Province, 
Saudi arabia (Fig. 1). The plant species were studied based on 10 ×10 m stand. The stand was distributed randomly 
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in each site. Then, the vascular plants found in the stand were recorded as present/absent. identification of the plants 
was performed using the available keys of chaudhary (2001) and collenette (1999). voucher of specimens were 
placed in the Herbarium of Faculty of Science, University of tabuk. Further details about sampling and identifica-
tion procedures can be found in our previous study (al-Mutairi et al., 2016).

Measuring the soil physical and chemical properties 

The physical and chemical variables of the soil in the selected sites were measured. in each stand, three sufficient 
amounts of soil sample were collected at a depth of 0−50 cm below the surface. The soil samples were placed in 
plastic bags, labelled and transferred to the laboratory. The soil extracts were prepared at a ratio of 1:5 in distilled 
water extract. This extract was used to measure the electrical conductivity (Ec) and pH. Furthermore, the soil 
samples were analysed for manganese (Mn), organic matter (oM), potassium (k), sodium (na), magnesium (Mg), 
calcium (ca), carbonate (co3), bicarbonate (Hco3), sulphate (So4) and chloride (cl). chlorides were determined 
by direct titration against silver nitrate solution using 5% potassium chromate as an indicator. The amount of solu-
ble carbonates and bicarbonates were quantified by titration versus 0.01 n Hcl, and sulphates were determined as 
barium sulphate using spectrophotometer at a wavelength of 500 nm. calcium and magnesium were determined 
using atomic absorption spectrophotometry. Meanwhile, sodium and potassium concentrations were estimated us-
ing flame photometer. all these procedures are outlined earlier by Jackson (1965) and allen et al. (1986).

Statistical analysis

The collected data were analysed descriptively for the mean and standard error. The forward selection regression 
test was conducted between species richness against soil physical and chemical variables using r program (version 
12.4.1) with the function lm included in vegan package with two stopping criteria: adj-r2 and P<0.05. canonical 
correspondence analysis (cca) using canoco program (4.5 version) (ter Braak 1989) was applied to investigate 
the relationship between species composition and the soil variables. The amount of species variation explained by 

Fig. 1. The map of tabuk, Saudi arabia.
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the soil variables, which also is known as the total variation explained (tvE), is defined as the sum of all eigenvalues 
divided by the total variation (tv) in the species data (ohmann, Spies, 1998). 

Results

The measured soil properties showed variation amongst the sites. The average values of the 
variables are shown in table 1. The oM, pH and calcium (ca) showed significant differences 
(one-way analysis of variance (anova), P < 0.05) amongst the four studied sites. 

t a b l e  1. The soil physical and chemical variables (mean±SD) in tabuk region, Saudi arabia. 

The anova results compared the means of the variables amongst the four studied sites. The significant differences 
(P < 0.05) are marked with asterisk. nd = not detectable. 

Variables Alwaz Alqan Sharma Zetah ANOVA
F3,12

Manganese (Mn) nd 0.009 ± 0.008 nd 0.102 ± 0.170 1.349
organic matter (oM) 0.100 ± 0.074 3.785 ± 1.965 2.143 ± 0.649 0.278 ± 0.555 10.520*
Electrical conductivity (Ec) 0.240 ± 0.041 0.231 ± 0.081 0.171 ± 0.044 0.185 ± 0.078 1.129
pH 7. 853 ± 0.081 8.363 ± 0.225 8.278 ± 0.195 8.263 ± 0.212 5.963*
Potassium (k) 0.058 ± 0.021 0.050 ± 0.015 0.028 ± 0.016 0.046 ± 0.024 1.782
Sodium (na) 0.072 ± 0.053 0.104 ± 0.058 0.031 ± 0.021 0.098 ± 0.025 2.441
Magnesium (Mg) 0.850 ± 1.434 0.095 ± 0.034 0.060 ± 0.016 0.060 ± 0.016 1.179
calcium (ca) 0.115 ± 0.017 0.150 ± 0.038 0.115 ± 0.010 0.095 ± 0.010 4.254*
carbonate (co3) nd 0.040 ± 0.080 nd nd 1.000
Bicarbonate (Hco3) 0.158 ± 0.051 0.195 ± 0.100 0.120 ± 0.016 0.090 ± 0.048 2.206
Sulphate (So4) 0.078 ± 0.070 0.075 ± 0.024 0.043 ± 0.026 0.164 ± 0.080 3.408
chloride (cl) 0.118 ± 0.043 0.083 ± 0.048 0.070 ± 0.026 0.045 ± 0.010 2.983

The selection procedures were applied to select the most important soil variables that 
may influence the species richness of plants. Surprisingly, amongst the 12 soil variables, only 
magnesium and sodium were selected in the regression model and showed to be the most 
important variables controlling the species richness of plants in tabuk region (adj-r2=0.438, 
F2,13=6.85, P=0.009). 

Different soil variables were measured to examine the relationship between plant dis-
tribution and environmental variables.  Figure 2 shows the diagram of cca, a multivariate 
method to present the plant–environmental variables interaction. The total inertia stated by 
the cca model was 5.444, and the sum of canonical eigenvalues was 4.149. The amount of 
tvE by the environmental variables was 76.21%. interestingly, the plant species showed to 
respond to the soil variables accordingly. Three groups of plants based on their response to 
the soil variables were identified.  The first group (Group 1) is known by its positive response 
against chloride (cl) and negative relationship with oM and pH.  Meanwhile, the second 
group (Group 2) showed to be positively correlated with most soil chemical and physical var-
iables including oM, calcium (ca), potassium (k), bicarbonate (Hco3), Ec, sulphate (So4) 
and sodium (na). Lastly, the third group of plant species is characterised by their preference 
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to carbonate (co3) and negative relationship with Ec and magnesium (Mg). as indicated in 
the cca model, the soil variables of chloride, sodium, sulphate, Ec and carbonate were the 
most important factors controlling the community structure of plants in tabuk region.

The cluster analysis based on the Euclidian measure shows that alqan and zetah have 
closer species composition compared to alwaz. However, Sharma has different species com-
position (Fig. 3). 

Discussion

in this study, a total of 96 species were reported from the studied four sites, and this number 
of species contributed to approximately 4% of the total number of species reported in Saudi 
arabia. This number of species reported in this study is relatively higher from what has been 
reported from other deserts in asia (zhao et al., 2010; zhang et al., 2016). 

 

 

Fig. 2.  Diagram of Canonical Correspondence Analysis (CCA) showing the relationship between soil 
variables and distribution of plants in Tabuk region.  
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Fig. 2.  Diagram of canonical correspondence analysis (cca) showing the relationship between soil variables and 
distribution of plants in tabuk region. 
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in our previous study, it was shown that the highest number of species was reported in 
alqan and alzetah (al-Mutairi et al., 2016). Based on the cluster analysis, alqan and zetah 
showed close pattern of species composition. However, Sharma showed unique species 
composition. Therefore, the attention should be directed to this area for further studies to 
investigate the habitats that contributed to remarkable special plant diversity. 

according to al-Mutairi et al. (2015), the plants in tabuk region are under stress of dif-
ferent anthropogenic stressors, especially woodcutting. The plants have been continuously 
cut for heating and cooking purposes, especially during winter season. This is associated 
with remarkable deterioration in the plant diversity in this region. 

in this study, the environmental variables such as oM, soil pH and calcium showed 
significant differences amongst the study sites. This reflects the variance in the soil texture 
and oM inputs. The alzetah and alwaz are mountainous areas that experience falling of 
snow during winter time. However, alqan and Sharma are near to coastal areas. This vari-
ation in the topography and climate is eventually associated with the variation in the soil 
characteristics. The oM profile would vary according to the habitat and the nitrogen and 
carbon inputs. Many researchers have suggested that microbial communities inhabiting 
soil play an important role in ecosystem carbon and nitrogen (e.g. zak et al., 2003). it is as-
sumed that variation in the oM amongst the sites is related to the microbial communities. 
However, the variation in the calcium profile and pH amongst the studied sites is probably 
related to the topography and the proximity of the site to the coastal areas. 

amongst the environmental variables, only magnesium and sodium were the strong 
variables that control the species richness in the studied area. The species richness is ex-

Fig. 3. The cluster analysis (based on the Euclidean distance) of the species composition amongst the four studies 
sites in tabuk, Saudi arabia.
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pressed as the total number of species in each region (gamma diversity). although many 
environmental variables were included in the regression model against the species rich-
ness, only magnesium and sodium showed significant relationship with species richness. 
This suggests that factors other than the abiotic environmental variables included in the 
analysis strongly influence the species richness. Possibly, the species richness in this region 
is controlled mainly by biotic interactions (e.g. competition). This is in agreement with 
the previous studies that found that only 50% of variation in the species diversity could be 
related to environmental variables (Galal, Fahmy, 2012).

the multivariate analysis of cca was applied to determine the relationship between 
plant species and selected environmental variables. the tvE percentage of the cca 
model was greater than 75%, and this indicates that the studied variables could explain 
the variation in the species composition in this region. the multivariate cca classified 
the plant species into three groups based on their preference to the different environ-
mental variables. the environmental variables such as chloride, sodium, sulphate, Ec 
and carbonate were identified as the key variables controlling the species composition 
in tabuk region. in general, the important soil physical and chemical variables that are 
documented to be related to the distribution of plants are salinity, fertility (including 
nitrogen and phosphorus) and calcium carbonate (Shaltout, El-Sheikh, 1993; Shaltout et 
al., 1994;  al-Sodany, 1998). 

Conclusion

in conclusion, the present study can be considered as the first effort investigating the ef-
fect of different environmental variables of the soil on the species richness and species 
composition of plants in tabuk region at the north of Saudi arabia. The species richness 
of plants showed to be related with magnesium and sodium, and this reflect the strength 
of the biotic factors such as competition in controlling the species richness in this region. 
This is an acceptable fact because in the arid region the nutrient resources might be limited 
with scarcity of water resources. Therefore, the plant species will undergo strong competi-
tion to obtain the nutrients and water. The multivariate analysis of cca identified three 
groups of plant species that showed different preferences to the environmental variables. 
This reflects the strong variation in the tolerance and preference limits of the plant species 
because of the variation in the habitats and environmental settings. The tabuk region has 
high diversity of plant species amongst which some are endemic. Therefore, programmes 
to conserve the plants in this region should be implemented. Previous reports showed that 
the woodcutting rate in this region is high, which may threaten the natural biodiversity 
of plants in this region. This urges application of intensive conservation programmes to 
increase the awareness amongst the residents towards the protection of natural flora. 
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