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Abstract 

Background and Objective: Wadi Fatimah creates in the Hijaz mountains of Saudi Arabia. It runs about 70 km long across 

the territory of the Tihamah coastal plain west of the mountain chain at elevations ranging between 0 to 500 m. It is one of 

the most important wadi which runs between Makkah and Jeddah. The importance of the phytogeography of Saudi Arabia is 

the result of its location of the meeting point of Asia and Africa continents, and two or three major plant geographic regions. 

It’s the land play a great role as an avenue by which plant species could penetrate or migrate between these regions. 

Materials and Methods: This study concluded that the macro and micronutrient increased significantly in the soil and 

transfer to the plants parts (roots & shoots) in different areas of the Wadi Fatimah in Kingdom of Saudi Arabia under 

normal climatic stress. It’s the land play a great role as an avenue by which plant species could penetrate or migrate 

between these regions. In addition, the results: indicated that the contents of macro and micro nutrient mineral elements (N, 

P, K, Ca, Mg, Na, Fe, Zn, Mn & Cu) increased significantly under normal climatic area stress in the session 2015-2016 

compared with the normal compositions. The heavy metals (Cd+; Cr+; Ni+; Pb+) contents in different soils and plants 

collected from different areas of Wadi Fatimah concentrated in plants. In general, the nutrient elements were the main 

mechanisms used by the plant to raise its efficiency to bear the outside stress for growth and increased vegetative plants. 

The conclusion indicated that the contents of macro and microelements (Na, K, Ca, Mg, N, P, Fe, Mn, B, Zn, Cu and Cl) 

increased significantly under field conditions in the shoots and roots compared with the soils. The data provide strong 

support to the hypothesis that exogenous of nutrient elements reduces the harmful effects of salinity and increases resistance 

to salinity in collected plants. 
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1. Introduction 

Wadi Fatimah is one of the most developed Wadis of Hijaz 

Mountains in Saudi Arabia as shown in Figure 1. It runs 

about 70 km long across the territory of the Tihamah 

coastal plain west of the mountain chain at elevations 

ranging between 0 to 500 m. Its basin cover an area of 

4.860 sq. km. extended between 22° 12', 21° 11' N and 39° 

10', 40° 30' E. It is one of the most important Wadis, 

which runs between Makkah and Jeddah. It situated to the 

west of Makkah Al- Mukaramah and it is considered one 
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of the important agricultural areas in Makkah region. The 

Wadis provide more water the plants reported by [1]; 

whereas, the serve as refuges for plants in hot deserts 

zones naturally the found by [2]. The valley contains 

tremendous natural elements represented in arable soil and 

suitable temperature degree for cultivating many crops, 

besides the abundant sources of water stated by [3]. The 

impact of human activity on the vegetation distribution 

between Jeddah and Makkah described by [4]. The 

vegetation of Wadi Fatimah in relation to different habitat 

conditions [5]. The identified two habitats situated in this 

wadi: 1) Natural habitats include wadi bed localities 

supporting clearly stratified and un-stratified vegetation 

and cliffs. 2) Disturbed habitats exemplified by vast areas 

mechanically cleared for cultivation. According to 

classification the lower part of Wadi Fatimah contains 

base conglomerate overlain by andesite, felsic volcanic, 

agglomerate and tuff. The middle part contains layered of 

stromatolitic limestone, red fine sandstone and siltstone 

[6]. An ignimbr succession occurs in the upper part 

overlying the middle part. The delineation of the frontiers 

between plant regions in Saudi Arabia, especially the 

north and south western part, which has always created 

some difficulties for biogeographers as well as 

phytogeographers who have studied the region stated by 

[7]. 

The climate of Wadi Fatimah area falls within the dry sub-

tropical desert as identified by [8]. It characterized by 

generally short period of rain and a long dry spell extends 

between 8 to 10 months, low humidity, and wind speed 

variable. The Eritro - Arabian and the Nubo - Sindian 

provinces of Sudanian province extends over Tihamah 

coastal plain on narrow strip along the Red Sea coast south 

Makkah and below 1800 m on Al Sarawat Mountains. The 

Nubo – Sindian province stretches over a narrow strip on the 

Red Sea coast north of Makkah and along Arabian Gulf coast 

according to [9-10]. The aims of this work are. 1) Vegetation 

and ecological studies on Wadi Fatimah to record the 

diversity of plant species and environmental conditions and 

monitoring the disappearance of some species as a result to 

human activities. 2) Define the sites along the Wadi, which 

has suitable depth of soil (1-3 m) for reclamation and 

cultivation. 3) The Nutrient cycling and maintaining soil 

fertility in some Plants collected from different area of Wade 

Fatimah in Kingdom of Saudi Arabia. The relationship 

between the elements content in soil and plants by different 

plant’s parts (roots and shoots). 

2. Materials and Methods 

2.1. Materials 

Soil and plants: Collected the soil and 18 plants from 

different areas of Wadi Fatimah originate in the Hijaz 

Mountains of Saudi Arabia. It runs about 70 km long 

across the territory of the Tihamah coastal plain west of 

the mountain chain at elevations ranging from 0 to 500 m. 

Its basin cover an area of 4.860 sq. km. extended between 

22° 12’, 21° 11’ N and 39° 10’, 40° 30’ where different 

family plants were collected as shown in Figures 1; 3; 4 & 

Table 1. 

i. Climate and Water Resources: 

The climate of Wadi Fatima area that falls within the dry sub-

tropical desert in the world as identified by the [8]. It is also 

the part of the province of the Hijaz, Saudi Arabia, with dry 

conditions characterized by short period of generally rain and 

a long dry spell extends between 8 to 10 months and low 

humidity and wind speed variable [5, 11]. Due to the fact that 

the valley lies between Makkah and Jeddah, the climatic data 

shown in Figure 2, were obtained from the national 

meteorology& environment center station of Makkah and 

Jeddah for the period (2000– 2010). 

ii. Rainfall:  

Rainfall is characterized by its scantiness and irregularity 

both in time and place. The variability in rainfall has a 

marked effect on the desert vegetation stated by [5, 12] they 

that. The number of rainy months ranges between two and 

seven months every year, separated by a prolonged rainless 

period of 5-10 months. The annual rainfall varies between 

2.46 mm in (2003) to 14.53 mm in (2010). Variation between 

the corresponding winter months of the different years is also 

very wide. In January, the average rainfall over a period of 9 

years is 26.03 mm. However, the rainfall in this month 

exhibited a wide range from 0.0 mm. in 2006 and 2010 to 

65.2 mm. in 2005 and. Such feature of rainfall variability is 

common in the different months. 

iii. Air Temperature:  

Although air temperature shows wide variations throughout 

the whole year, it is much more regular in seasonality than 

rainfall. Generally, the summer months (June, July, August 

and September) are the hottest months, while the winter 

months (December, January & February) are the coldest 

ones. According to the climatic records of the period (2000-

2010). 
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Figure 1. Map of study area Wadi Fatimah showing sample plots 1-14. 

 
Figure 2. Climate diagram for Makkah, Kingdom of Saudi Arabia. 

Table 1. The Study of different plant family which was collected 
from Wadi Fatimah in Kingdome of Saudi Arabia. 

No. Name of Plant Family 

1. Citrullus colocynthis (L.) Schrad. Cucurbitaceae 
2. Rhazya stricta Decne. Apocynaceae 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng Euphorbiaceae 
4. Calotropis procera (Ait.) Ait.F. Asclepiadaceae 
5. Chenopodium album L. Chenopodiacece 
6. Glinus lotoides L. Aizoaceae 
7. Datura stramonium L. Solanaceae 
8. Datura innoxia Mill. Solanaceae 
9. Senna italica Mill. Leguminosea 
10. Senna alexandrina Mill. Leguminosea 
11. Abutilon pannosum (G.Forst.) Schltdl. Malvaceae 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss Chenopodiacece 
13. Senna holosericea (Fresen.) Greuter Leguminosea 
14. Rhazya stricta Decne. Apocynaceae 
15. Senna italica Mill. Leguminosea 
16. Senna alexandrina Mill. Leguminosea 
17. Tribulus pentandrus Forssk. Zygophyllaceae 
18. Prosopis juliflora (Sw.) DC. Leguminosea 

 

2.2. Methods 

2.2.1. The Physical and Chemical Properties 

of the Soil Experiment 

Randomized samples were collected from the experimental 

soil at 0.0 to 50.0 cm depth, to determine the physical and 

chemical properties in accordance to the methods of [13-14]. 

Data of soil analysis is presented in Tables 2 & 3. The soil 

samples collected from different area of wadi Fatimah, also 

collected 18 plants (root and shoot samples) from the same 

different area which presented in Table 4. 

2.2.2. Mineral Composition 

Cation contents of the milled samples were estimated 

following the "wet ashing procedure" of the powdered 

samples as described by [15]. The acid digests of the oven 

dried samples were analyzed for sodium, potassium, calcium, 

magnesium and determinations. Sodium, potassium and 

calcium contents were determined photometrically using a 

corning- 400 flam photometer according to the methods of 

[16-17]. The levels of magnesium, phosphorus, manganese, 

iron, zinc and copper contents were determined using an 

atomic absorption spectrophotometer. 

The mixed- acid digestion method was used in preparing the 

sample solution for determination of element content. 

Phosphorus was estimated by the Molybdenum-blue method 

[17], while nitrogen was estimated by the Automatic Micro-

Kjeldahl method [17]. 

Total Nitrogen 
%�  �

ml acid –  ml blank�  �  0.1 �  14.007 � 100 

Wt. Sample 
mg�
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0.1 = Normality of acid. 14.007 = Atomic wt. of nitrogen. 

Chlorides were determined by the AgNO3 titration method as 

described by [18]. 

2.2.3. Statistical Analysis 

Statistical analyses of the data were fed to the computer and 

analyzed using IBM SPSS software package version 20.0. 

Quantitative data were described using mean and standard 

deviation or standard error of mean for normally distributed 

data. The distributions of quantitative variables were tested 

for normality using Kolmogorov-Smirnov test, Shapiro-Wilk 

test and D'Agstino test, also Histogram and QQ plot were 

used for vision test. If it reveals normal data distribution, 

parametric tests was applied. If the data were abnormally 

distributed, non-parametric tests were used. For normally 

distributed data, comparisons between different groups were 

analyzed using F-test (ANOVA). Significance test results are 

quoted as two-tailed probabilities. Significance of the 

obtained results was judged at the 5% level [19-20]. 

Table 2. Some physical properties of experimental soil (An average of Three Replicates). 

 Name of Plant 

Physical Properties (%) 

Clay Silt Fine Sand Coarse Sand 
Organic 

Materials % 
Texture 

1. Citrullus colocynthis (L.) Schrad. 9 21 6 64 Sandy loamy 
2. Rhazya stricta Decne. 5.1 18.9 8 68 loamy Sandy 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 6 14 8 72 loamy Sandy 
4. Calotropis procera (Ait.) Ait.F. 7 15 14 64 loamy Sandy 
5. Chenopodium album L. 4 11 5.2 80 loamy Sandy 
6. Glinus lotoides L. 11 22.5 17.5 49 Sandy loamy 
7. Datura stramonium L. 9 22 5 64 Sandy loamy 
8. Datura innoxia Mill. 3.5 16.6 4 76 loamy Sandy 
9. Senna italica Mill. - 3.9 2.5 75.6 Sandy loamy 
10. Senna alexandrina Mill. 8 22 8 62 Sandy loamy 
11. Abutilon pannosum (G.Forst.) Schltdl. 5 7 8 80 Sandy loamy 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 4.7 20.1 2.5 72.7 loamy Sandy 
13. Senna holosericea (Fresen.) Greuter 6 12 8 74 loamy Sandy 
14. Rhazya stricta Decne. 2.8 18 8 71.2 Sandy loamy 
15. Senna italica Mill. 6 14 10 70 loamy Sandy 
16. Senna alexandrina Mill. 1 2.9 20.9 74.2 Sandy loamy 
17. Tribulus pentandrus Forssk. 5 7 10 78 Sandy loamy 
18. Prosopis juliflora (Sw.) DC. 7 11 10 72 loamy Sandy 

Table 3. Some chemical properties of experimental soil (average Three Replicates). 

 Name of Plant 

Chemical Properties (%) 

TSS SS 

(1:2.5) 

Cations Meq./100 gm soil Anions Meq./100 gm soil Ca+2 + 

Mg+2 mM (%) cm/25m5 Ca+2 Mg+2 Na+ K+ HCO2
-1 Cl-1 SO4O2

-2 

1. 
Citrullus colocynthis (L.) 
Schrad. 0.78 0.25 8.1 0.96 1.04 1.85 0.04 0.50 1.09 1.80 2.00 

2. Rhazya stricta Decne. 0.79 0.25 8.0 0.81 0.78 2.30 0.04 0.70 1.73 1.50 1.50 

3. 
Chrozophora plicata (Vahl) 
A. Juss. ex Spreng 0.33 0.11 8.0 0.51 0.55 0.55 0.02 0.40 0.50 0.73 1.06 

4. 
Calotropis procera (Ait.) 
Ait.F. 0.30 0.09 8.0 0.54 0.49 0.50 0.02 0.50 0.40 0.56 0.64 

5. Chenopodium album L. 0.76 0.24 7.9 1.28 1.37 1.10 0.03 0.90 1.28 1.90 2.60 
6. Glinus lotoides L. 1.79 0.56 8.1 2.10 2.14 4.40 0.09 2.00 3.03 3.20 4.24 
7. Datura stramonium L. 1.15 0.27 8.0 1.84 1.76 2.05 0.06 1.00 2.21 2.50 3.60 
8. Datura innoxia Mill. 0.43 0.14 8.2 0.86 0.84 0.50 0.02 0.50 0.72 1.00 1.70 
9. Senna italica Mill. 0.45 0.14 8.2 0.92 0.98 0.30 0.02 0.60 0.62 1.00 1.90 
10. Senna alexandrina Mill. 0.80 0.26 8.2 1.43 1.44 0.95 0.05 0.80 1.50 1.67 2.97 

11. 
Abutilon pannosum 
(G.Forst.) Schltdl. 0.60 0.19 8.1 0.51 0.65 1.80 0.03 0.80 1.19 1.00 1.16 

12. 
Haloxylon salicornicum 
(Moq.) Bunge ex Boiss 0.81 0.26 8.1 0.71 0.84 2.40 0.06 0.90 1.70 1.41 1.55 

13. 
Senna holosericea (Fresen.) 
Greuter 

0.30 0.09 8.1 0.40 0.44 0.60 0.02 0.30 0.50 0.66 0.84 

14. Rhazya stricta Decne. 1.76 0.56 8.2 1.53 1.63 5.55 0.09 0.90 4.20 3.70 3.16 
15. Senna italica Mill. 0.47 0.15 8.0 0.86 0.84 0.60 0.03 0.40 0.88 1.05 1.70 
16. Senna alexandrina Mill. 0.41 0.13 8.0 0.51 0.65 0.85 0.02 0.40 0.73 0.90 1.16 
17. Tribulus pentandrus Forssk. 0.47 0.15 8.1 0.81 0.69 0.80 0.03 0.60 0.76 0.95 1.50 
18. Prosopis juliflora (Sw.) DC. 1.87 0.60 8.0 2.87 1.87 5.60 0.08 1.20 5.00 4.03 3.65 

TSS= Total Soluble Salts; SS= Soil Suspension. 
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Figure 3. The Photos foe the study of different plant family which was collected from Wadi Fatimah Kindome of Saudi Arabia. 

 
Figure 4. The photos for the study of different plant family which was collected from Wadi Fatimah in Kingdom Saudi Arabia. 

3. Results and Discussion 

3.1. Plant Species and Physicochemical 
Properties of the Soil of the Study Area 

The data presented in Table 1, showed the recorded plant 

species in the present study (18 species) represent about 0.82 

of the whole flora of Saudi Arabia; their genera represent 

about 1.6%; and their family represent about 6.7% from the 

biodiversity viewpoint, the present study can conclude that 

this area seems to be as far as possible richest area of the 

kingdom taking into account its relatively small area 

comparing with the area of Kingdom (it represent about 

0.01% of the total area of Saudi Arabia which extends over 

an area of 2026213 km2, and occupies almost two-third of 
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Arabian peninsula). The number of plant species that 

recorded in KSA is 2172 species, which include 840 genera 

and 149 families [7]. The number of species increased to 

2250 by adding subspecies [21]. 

3.2. The Physical and Chemical Properties 

of the Soil Experiment 

The data presented in Tables 2 & 3 were randomized samples 

were collected from the experimental soil to determine the 

physical and chemical properties. 

3.3. Nutrient Elements Analysis 

The soil samples collected from 18 different area of wadi 

Fatimah also collected 18 different plants divided into roots 

and shoots from the same different area which presented in 

Table 4. Environmental stresses, including salinity, produce 

oxidative stress, and cause plants injury through formation of 

excess reactive oxygen species (ROS) [22-23]. Plants have 

developed antioxidant enzymatic systems to inhibit these 

oxidative detriments through scavenging these extremely 

alive forms of ROS. Several metabolic processes are 

involved in plant detoxification pathways including the 

activation of antioxidant enzymes. The accumulation of 

salinity-induced reactive oxygen species (ROS) can be 

counteracted by a rise in the antioxidant enzymes’ activity 

[24]. The antioxidant enzyme activity is inhibited which is 

related to the increased H2O2 and O2
- production and 

subsequent lipid peroxidation [25-26]. LOX activity was 

increased with no oxylipin accumulation after salinization 

[27]. Salinity stress can impede development and plant 

growth adversely. However, there is very little molecular 

information on NaCl resistance and volatile emissions in 

Lycopersicum esculentum. NaCl stress affects the emission of 

volatile substances from L. esculentum leaves by regulating 

the expression of genes that are involved in volatile organic 

compounds’ biosynthesis [28]. 

Table 4. The Areas which is Collected Different 18 Samples from Wadi Fatimah in Makkah Al Mukaramah, Kingdome of Saudi Arabia. 

Name of Plant Family Collected Place Place Number 

Citrullus colocynthis (L.) Schrad. Cucurbitaceae Ain Shams 3 

Rhazya stricta Decne. Apocynaceae Al-gamoum 6 

Chrozophora plicata (Vahl) A. Juss. ex Spreng Euphorbiaceae Al-Deeq 5 

Calotropis procera (Ait.) Ait.F. Asclepiadaceae Abo-Erwa 4 

Chenopodium album L. Chenopodiacece Bahra 12 

Glinus lotoides L. Aizoaceae Al-Rayan 1 

Datura stramonium L. Solanaceae Al-Rayan 1 

Datura innoxia Mill. Solanaceae Al-Rayan 1 

Senna italica Mill. Leguminosea Al-Rayan 1 

Senna alexandrina Mill. Leguminosea Al-Rayan 1 

Abutilon pannosum (G.Forst.) Schltdl. Malvaceae Al-keef 2 

Haloxylon salicornicum (Moq.) Bunge ex Boiss Chenopodiacece Aldoh-El Kabeer 7 

Senna holosericea (Fresen.) Greuter Leguminosea Ab-Shoieb 8 
Rhazya stricta Decne. Apocynaceae Al-Morshdiah 9 

Senna italica Mill. Leguminosea Hada 10 

Senna alexandrina Mill. Leguminosea Al-Mogahdeen 11 

Tribulus pentandrus Forssk. Zygophyllaceae Abo-Joalah 13 
Prosopis juliflora (Sw.) DC. Leguminoseae Abo-Joalah 14 

 
3.3.1. The Soil Nutrient Elements Analysis 

i. Determination of Macro - Nutrient Elements in Soil 

(mg/100g Dry Weight): Data presented in Table 5, 

indicated that the Nitrogen (N+3); Phosphorus (P+3); 

Potassium (K+); Calcium (Ca+2); Magnesium (Mg+2); and 

Sodium (Na+) in soil of Plants Rhazya stricta; Cassia 

italic; Cassia senna; Cassia italic; Chrozophora obliqua; 

Glinus lotoides; Calotropis procera; Chenopodium 

album; Prosopis juliflore increased the nutrients elements 

in soil compared with the other soils of the plants. 

ii. Determination of Micro-Nutrient Elements in Soil 

(mg/100g Dry Weight): Data presented in Table 5, 

indicated that the Iron (Fe+3); Zinc (Zn+2); Manganese 

(Mn+2); Copper (Cu+2) increased the micro-nutrient 

elements in soil were collected for studies. 

iii. Determination of Heavy Metals in Soil (mg/100g Dry 

Weight): Data presented in Table 5, Continuous indicated 

that the Cadmium (Cd+); Chromium element (Cr+); Nickel 

(Ni+); Lead (Pb+) increased in the soil which cultivated 

the different plants such as Salicornia fruticos; Trigonella 

stellate; Rhazya stricta; Cassia italic; Cassia senna; 

Tribulus Terrestris; Prosopis juliflore compared with the 

other soils of the plants. Soil salinization is one of the 

major factors of soil degradation. Salinity inhibition of 

plant growth is the results of osmotic and ionic effects and 

the different plant species have developed different 

mechanisms to cope with these effects [29]. Reduction in 

osmotic potential in salt stressed planta can be a result of 
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inorganic ion (Na+, Cl- and K+) and complete organic 

solute (soluble carbohydrates, amino acids, proline, 

betaines, etc.) accumulations [30]. Although the 

relationship between osmotic regulation and salt tolerance 

is not clear, there is evidence that the osmotic adjustment 

appears, at least partially, to be involved in the salt 

tolerance of certain plant genotypes [31]. 

3.3.2. The Plants Nutrient Elements 

Analysis 

i. The Root Nutrient Elements Analysis 

a. Determination of Macro - Nutrient Elements in Root 

Plants (mg/100g Dry Weight): Data presented in Table 6, 

indicated that the Nitrogen (N+3) increased in root for all 

plants collected in different areas the contents between 

2.870 - 4.210 mg/100g Dry Weight, whereas the range of 

Phosphorus (P+3) content between 0.182 - 0.592 mg/100g 

Dry Weight; while the range Potassium (K+) content 

between 0.595 - 2.484 mg/100g Dry Weight; the Calcium 

(Ca+2) content between 1.052 - 1.905 mg/100g Dry Weight; 

whereas, Magnesium (Mg+2) content between 0.236 - 0.401 

mg/100g Dry Weight; while the Sodium (Na+) content 

between 0.011 - 0.033 mg/100g Dry Weight in roots of all 

Plants collected from different areas of Wadi Fatimah as 

shown plants and family in Table 1. The salty soil is one of 

the main factors especially limiting the agricultural 

productions in arid and semi-arid regions [29]. It has been 

estimated that more than 20% of all cultivated lands around 

the word containing levels of salt high enough to cause salt 

stress on crop plants [32]. 

Salinity affects more than 40% of soils in Mediterranean 

basin [33]. The effect of salinity on fruit ripening is not 

known, even though its influence on other aspects of the 

plant has been investigated [34-35]. Inasmuch as the tomato 

is an economically important crop throughout the world and 

inasmuch as the water available for irrigation in our part of 

the country-the Negev desert-is brackish, we investigated the 

effect of salinity on tomato fruit ripening. The degree of 

salinity in our experiment was the same as that in the natural 

wells of the region [36]. Salinity is a major factor reducing 

crop productivity, by inhibiting cell division and cell 

expansion rates during plant growth, decreasing leaf 

photosynthesis and accelerating senescence [37]. Reduced 

plant growth under stress conditions could result from altered 

hormonal balance [38-39], and exogenous application of 

phytohormones provides an attractive approach to cope with 

stress [40-41]. 

b. Determination of Micro-Nutrient Elements in Root Plants 

(mg/100g Dry Weight): Data presented in Table 6, 

indicated that the Iron (Fe+3) content in root plants collected 

in different areas of Wadi Falimah was between 8.48 - 

111.62 mg/100g Dry Weight; while the Zinc (Zn+2) 

contents in roots of plants were between 16.81 - 27.59 

mg/100g Dry Weight; whereas, Manganese (Mn+2) contents 

in roots of all different plants between 0.54 - 36.61 

mg/100g Dry Weight; while the Copper (Cu+2) contents in 

roots of plants collected from different areas of Wadi 

Fatimah between 0.32 - 5.04 mg/100g Dry Weight 

increased the micro-nutrient elements in roots of most 18 

plants (Citrullus colocynthis (L.) Schrad; Rhazya stricta 

Decne; Chrozophora plicata (Vahl) A. Juss. Ex Spreng; 

Calotropis procera (Ait.) Ait.F; Chenopodium album L; 

Glinus lotoides L.; Datura stramonium L.; Datura innoxia 

Mill.; Senna italica Mill.; Senna alexandrina Mill.; 

Abutilon pannosum (G.Forst.) Schltdl.; Haloxylon 

salicornicum (Moq.) Bunge ex Boiss; Senna holosericea 

(Fresen.) Greuter; Rhazya stricta Decne.; Senna italica 

Mill.; Senna alexandrina Mill.; Tribulus pentandrus Forssk.; 

Prosopis juliflora (Sw.) DC.), were collected for studies 

from different areas of Wadi Fatimah as shown plants and 

family in Table 1. 

c. Determination of Heavy Metals in Root Plants (mg/100g 

Dry Weight): Data presented in Table 6, Continuous 

indicated that the Cadmium (Cd+) content in roots of plants 

were collected in different areas of Wadi Fatimah between 

0.001 - 0.022 mg/100g Dry Weight; while the Chromium 

(Cr+) contents in roots of plants were collected in different 

areas of Wadi Fatimah between 0.027-0.490 mg/100g Dry 

Weight; whereas the Nickel (Ni+) contents in roots of plants 

were collected in different areas of Wadi Fatimah between 

0.002-0.180 mg/100g Dry Weight; while the Lead (Pb+) 

contents in roots of plants were collected in different areas of 

Wadi Fatimah between 0.008-0.117 mg/100g Dry Weight 

increased in the root which cultivated the different plants 

were collected for studies from different areas of Wadi 

Fatimah as shown plants and family shown in Table 1. The 

Grazing animal extraction can increase the metabolic 

products and uptake of Fe, Mn, Zn and Cu by plant species 

relative to the control by about 160, 165, 24 and 124% 

respectively [42]. 

Table 5. Macro & Micro-Nutrient Elements and Heavy Metals in Soils collected from different 18-areas of Wadi Fatimah, Kingdom of 
Saudi Arabia. 

 Name of Plant 
Macro - Nutrient Elements in Soil (mg/100g Dry Weight) 

N+3 P+3 K+ Ca+2 Mg+2 Na+ 

1. Citrullus colocynthis (L.) Schrad. 0.071±0.0048 0.202±0.0293 0.050±0.0163 0.073±0.0056 0.342±0.0027 0.006±0.0007 
2. Rhazya stricta Decne. 0.103±0.0084 0.273±0.0077 0.189±0.0247 0.105±0.0050 0.382±0.0052 0.008±0.0001 
3. Chrozophora plicata (Vahl) A. Juss. ex 0.128±0.0067 0.346±0.0064 0.284±0.0312 0.135±0.0025 0.442±0.0142 0.009±0.0002 
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 Name of Plant 
Macro - Nutrient Elements in Soil (mg/100g Dry Weight) 

N+3 P+3 K+ Ca+2 Mg+2 Na+ 

Spreng 
4. Calotropis procera (Ait.) Ait.F. 0.189±0.0034 0.519±0.0216 0.458±0.0048 0.172±0.0040 0.618±0.0333 0.011±0.0003 
5. Chenopodium album L. 0.213±0.0013 0.628±0.0154 0.503±0.0012 0.188±0.0025 0.721±0.0020 0.015±0.0006 
6. Glinus lotoides L. 0.085±0.0055 0.240±0.0072 0.105±0.0381 0.088±0.0081 0.360±0.0040 0.007±0.0002 
7. Datura stramonium L. 0.115±0.0036 0.298±0.0067 0.225±0.0071 0.121±0.0072 0.411±0.0179 0.008±0.0001 
8. Datura innoxia Mill. 0.141±0.0067 0.366±0.0068 0.351±0.0178 0.143±0.0026 0.515±0.0099 0.010±0.0005 
9. Senna italica Mill. 0.203±0.0044 0.559±0.0059 0.501±0.0006 0.179±0.0038 0.692±0.0197 0.013±0.0009 
10. Senna alexandrina Mill. 0.221±0.0076 0.653±0.0080 0.548±0.0166 0.205±0.0030 0.738±0.0064 0.016±0.0006 
11. Abutilon pannosum (G.Forst.) Schltdl. 0.011±0.0001 0.022±0.0038 0.020±0.0008 0.087±0.0030 0.032±0.0012 0.007±0.0004 

12. 
Haloxylon salicornicum (Moq.) 
Bunge ex Boiss 0.041±0.0116 0.053±0.0119 0.027±0.0018 0.131±0.0059 0.040±0.0008 0.009±0.0001 

13. Senna holosericea (Fresen.) Greuter 0.073±0.0062 0.079±0.0014 0.034±0.0010 0.159±0.0023 0.050±0.0014 0.011±0.0002 
14. Rhazya stricta Decne. 0.140±0.0058 0.121±0.0117 0.050±0.0023 0.206±0.0018 0.068±0.0006 0.013±0.0002 
15. Senna italica Mill. 0.212±0.0067 0.152±0.0017 0.061±0.0008 0.229±0.0039 0.077±0.0011 0.014±0.0001 
16. Senna alexandrina Mill. 0.023±0.0093 0.039±0.0027 0.022±0.0008 0.109±0.0080 0.037±0.0021 0.008±0.0002 
17. Tribulus pentandrus Forssk. 0.089±0.0084 0.084±0.0035 0.041±0.0017 0.165±0.0046 0.053±0.0006 0.011±0.0003 
18. Prosopis juliflora (Sw.) DC. 0.165±0.0132 0.142±0.0026 0.057±0.0025 0.216±0.0065 0.070±0.0005 0.013±0.0000 

 

 Name of Plant 
Micro-Nutrient Elements In Soil (mg/100g Dry Weight) 

Fe+3 Zn+2 Mn+2 Cu+2 

1. Citrullus colocynthis (L.) Schrad. 7.63±0.606 0.49±0.078 2.41±0.036 0.40±0.013 

2. Rhazya stricta Decne. 10.64±0.077 1.10±0.157 3.12±0.046 0.50±0.032 

3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 14.12±0.722 2.09±0.170 3.45±0.016 0.63±0.029 

4. Calotropis procera (Ait.) Ait.F. 17.95±0.215 4.32±0.079 4.49±0.043 0.78±0.013 

5. Chenopodium album L. 20.03±0.097 5.14±0.149 5.27±0.294 0.83±0.002 

6. Glinus lotoides L. 8.66±0.786 0.72±0.024 2.65±0.139 0.45±0.010 

7. Datura stramonium L. 11.13±0.096 1.69±0.201 3.22±0.020 0.58±0.033 

8. Datura innoxia Mill. 15.51±0.232 2.74±0.310 3.68±0.036 0.68±0.011 

9. Senna italica Mill. 19.16±0.732 4.53±0.084 4.73±0.117 0.81±0.005 

10. Senna alexandrina Mill. 20.97±0.264 5.53±0.231 5.73±0.056 0.85±0.008 

11. Abutilon pannosum (G.Forst.) Schltdl. 5.97±0.092 0.68±0.098 10.84±0.396 0.56±0.017 

12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 7.91±0.159 1.62±0.261 13.56±0.150 0.75±0.037 

13. Senna holosericea (Fresen.) Greuter 10.37±0.228 3.26±0.067 15.96±0.530 0.85±0.022 

14. Rhazya stricta Decne. 13.30±0.626 4.87±0.293 21.98±0.257 1.05±0.036 

15. Senna italica Mill. 14.56±0.025 6.88±0.056 25.40±0.972 1.26±0.040 

16. Senna alexandrina Mill. 7.24±0.343 1.03±0.290 12.54±0.725 0.61±0.028 

17. Tribulus pentandrus Forssk. 11.23±0.408 3.53±0.055 17.76±0.061 0.88±0.005 

18. Prosopis juliflora (Sw.) DC. 14.09±0.058 6.60±0.076 24.04±0.207 1.15±0.048 

 

 Name of Plant 
Heavy Metals In Soil (mg/100g Dry Weight) 

Cd+ Cr+ Ni+ Pb+ 

1. Citrullus colocynthis (L.) Schrad. 0.003±0.0001 0.001±0.0000 0.027±0.0062 0.177±0.0324 

2. Rhazya stricta Decne. 0.006±0.0001 0.001±0.0000 0.043±0.0010 0.334±0.0340 

3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 0.008±0.0001 0.001±0.0000 0.058±0.0009 0.448±0.0059 

4. Calotropis procera (Ait.) Ait.F. 0.009±0.0003 0.002±0.0000 0.075±0.0016 0.659±0.0041 

5. Chenopodium album L. 0.013±0.0007 0.002±0.0000 0.084±0.0022 0.775±0.0554 

6. Glinus lotoides L. 0.005±0.0002 0.001±0.0000 0.037±0.0030 0.269±0.0234 

7. Datura stramonium L. 0.007±0.0006 0.001±0.0000 0.053±0.0022 0.416±0.0068 

8. Datura innoxia Mill. 0.008±0.0001 0.002±0.0000 0.061±0.0013 0.500±0.0118 

9. Senna italica Mill. 0.011±0.0010 0.002±0.0000 0.079±0.0005 0.672±0.0084 

10. Senna alexandrina Mill. 0.014±0.0002 0.002±0.0001 0.088±0.0009 0.907±0.0079 

11. Abutilon pannosum (G.Forst.) Schltdl. 0.016±0.0018 0.010±0.0009 0.073±0.0401 0.108±0.0181 

12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 0.020±0.0007 0.016±0.0009 0.112±0.0024 0.189±0.0108 

13. Senna holosericea (Fresen.) Greuter 0.028±0.0019 0.023±0.0017 0.186±0.0190 0.280±0.0068 

14. Rhazya stricta Decne. 0.035±0.0005 0.044±0.0010 0.350±0.0317 0.520±0.0113 

15. Senna italica Mill. 0.039±0.0009 0.047±0.0009 0.437±0.0062 0.667±0.0379 

16. Senna alexandrina Mill. 0.018±0.0004 0.014±0.0012 0.105±0.0036 0.163±0.0076 

17. Tribulus pentandrus Forssk. 0.030±0.0002 0.026±0.0009 0.236±0.0155 0.350±0.0131 

18. Prosopis juliflora (Sw.) DC. 0.038±0.0005 0.046±0.0009 0.407±0.0160 0.560±0.0118 
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Table 6. Macro & Micro-Nutrient Elements and Heavy Metals (mg/100g Dry Weight) in Roots of 18-Plants Collected from Different Areas 
of Wadi Fatimah, Kingdom of Saudi Arabia. 

 Name of Plant 
Macro - Nutrient Elements in Roots of 18-Plants Collected (mg/100g Dry Weight) 

N+3 P+3 K+ Ca+2 Mg+2 Na+ 

1. Citrullus colocynthis (L.) Schrad. 0.924±0.0070 0.125±0.0029 1.014±0.0110 1.847±0.0721 0.258±0.0064 0.111±0.0258 
2. Rhazya stricta Decne. 0.978±0.0211 0.140±0.0039 1.088±0.0153 2.098±0.0368 0.298±0.0037 0.232±0.0319 

3. 
Chrozophora plicata (Vahl) A. Juss. ex 
Spreng 1.049±0.0072 0.165±0.0062 1.187±0.0181 2.405±0.0507 0.343±0.0006 0.364±0.0089 

4. Calotropis procera (Ait.) Ait.F. 1.170±0.0115 0.202±0.0035 1.275±0.0104 2.757±0.0256 0.414±0.0034 0.655±0.0445 
5. Chenopodium album L. 1.222±0.0196 0.225±0.0011 1.319±0.0174 2.878±0.0105 0.434±0.0011 0.817±0.0318 
6. Glinus lotoides L. 0.942±0.0045 0.133±0.0027 1.045±0.0157 1.963±0.0199 0.277±0.0108 0.155±0.0142 
7. Datura stramonium L. 1.014±0.0046 0.152±0.0018 1.117±0.0099 2.236±0.0750 0.333±0.0133 0.305±0.0313 
8. Datura innoxia Mill. 1.087±0.0096 0.174±0.0004 1.205±0.0047 2.498±0.0313 0.350±0.0047 0.428±0.0122 
9. Senna italica Mill. 1.199±0.0108 0.217±0.0068 1.299±0.0067 2.821±0.0191 0.430±0.0039 0.741±0.0144 
10. Senna alexandrina Mill. 1.269±0.0113 0.238±0.0054 1.386±0.0146 2.962±0.0547 0.443±0.0064 0.872±0.0193 
11. Abutilon pannosum (G.Forst.) Schltdl. 1.499±0.0108 0.161±0.0082 0.359±0.0051 0.212±0.0141 0.025±0.0005 0.006±0.0003 

12. 
Haloxylon salicornicum (Moq.) Bunge 
ex Boiss 1.706±0.0416 0.189±0.0025 0.379±0.0043 0.268±0.0149 0.027±0.0003 0.007±0.0002 

13. Senna holosericea (Fresen.) Greuter 1.854±0.0198 0.228±0.0024 0.401±0.0057 0.316±0.0013 0.029±0.0005 0.008±0.0002 
14. Rhazya stricta Decne. 2.054±0.0080 0.308±0.0038 0.458±0.0004 0.402±0.0250 0.032±0.0003 0.010±0.0004 
15. Senna italica Mill. 2.148±0.0068 0.338±0.0047 0.477±0.0017 0.454±0.0077 0.033±0.0003 0.012±0.0001 
16. Senna alexandrina Mill. 1.543±0.0179 0.173±0.0022 0.369±0.0048 0.240±0.0077 0.026±0.0006 0.006±0.0002 
17. Tribulus pentandrus Forssk. 1.942±0.0411 0.237±0.0034 0.412±0.0043 0.323±0.0033 0.030±0.0001 0.008±0.0002 
18. Prosopis juliflora (Sw.) DC. 2.084±0.0221 0.320±0.0036 0.469±0.0062 0.431±0.0086 0.033±0.0001 0.011±0.0004 

 

 Name of Plant 
Micro-Nutrient Elements Roots of 18-Plants Collected (mg/100g Dry Weight) 

Fe+3 Zn+2 Mn+2 Cu+2 

1. Citrullus colocynthis (L.) Schrad. 67.04±0.679 25.01±0.827 33.48±0.081 9.54±0.045 
2. Rhazya stricta Decne. 81.67±2.821 30.21±0.432 34.56±0.319 9.81±0.052 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 89.17±0.174 35.27±1.412 38.39±0.364 10.10±0.038 
4. Calotropis procera (Ait.) Ait.F. 111.71±7.450 41.55±0.201 41.88±0.155 10.59±0.023 
5. Chenopodium album L. 123.04±0.868 44.51±0.626 43.99±0.585 11.04±0.127 
6. Glinus lotoides L. 73.35±4.762 27.07±1.024 33.84±0.333 9.71±0.021 
7. Datura stramonium L. 87.62±0.796 32.62±1.123 36.67±1.167 10.02±0.038 
8. Datura innoxia Mill. 93.19±2.367 36.64±0.217 39.40±0.402 10.19±0.022 
9. Senna italica Mill. 121.63±0.539 43.40±0.971 42.87±0.511 10.70±0.068 
10. Senna alexandrina Mill. 127.07±2.607 47.15±0.628 45.40±0.153 11.39±0.171 
11. Abutilon pannosum (G.Forst.) Schltdl. 11.61±0.054 26.80±0.031 5.32±0.589 0.30±0.003 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 12.46±0.084 27.75±0.117 6.99±0.261 0.33±0.001 
13. Senna holosericea (Fresen.) Greuter 12.83±0.135 29.19±0.321 9.16±0.678 0.35±0.006 
14. Rhazya stricta Decne. 13.85±0.037 31.34±0.165 15.28±0.017 0.41±0.005 
15. Senna italica Mill. 14.54±0.316 32.18±0.137 16.73±0.163 0.44±0.004 
16. Senna alexandrina Mill. 12.21±0.171 26.98±0.093 6.10±0.340 0.32±0.008 
17. Tribulus pentandrus Forssk. 13.31±0.109 29.84±0.198 10.80±0.825 0.37±0.008 
18. Prosopis juliflora (Sw.) DC. 13.93±0.040 31.73±0.145 16.04±0.565 0.42±0.007 

 

 Name of Plant 
Heavy Metals Roots of 18-Plants Collected (mg/100g Dry Weight) 

Cd+ Cr+ Ni+ Pb+ 

1. Citrullus colocynthis (L.) Schrad. 0.018±0.0101 0.183±0.0007 0.021±0.0002 0.045±0.0066 
2. Rhazya stricta Decne. 0.049±0.0068 0.197±0.0033 0.034±0.0040 0.070±0.0022 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 0.114±0.0027 0.207±0.0005 0.098±0.0030 0.089±0.0018 
4. Calotropis procera (Ait.) Ait.F. 0.206±0.0029 0.239±0.0019 0.180±0.0119 0.126±0.0018 
5. Chenopodium album L. 0.229±0.0009 0.270±0.0046 0.218±0.0031 0.138±0.0005 
6. Glinus lotoides L. 0.034±0.0013 0.186±0.0015 0.028±0.0010 0.063±0.0012 
7. Datura stramonium L. 0.092±0.0138 0.203±0.0016 0.054±0.0195 0.080±0.0015 
8. Datura innoxia Mill. 0.137±0.0207 0.213±0.0027 0.106±0.0051 0.098±0.0058 
9. Senna italica Mill. 0.221±0.0053 0.253±0.0057 0.199±0.0067 0.134±0.0024 
10. Senna alexandrina Mill. 0.237±0.0015 0.276±0.0022 0.224±0.0027 0.145±0.0015 
11. Abutilon pannosum (G.Forst.) Schltdl. 0.036±0.0137 0.164±0.0045 0.148±0.0095 0.261±0.0316 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 0.106±0.0013 0.203±0.0041 0.257±0.0195 0.332±0.0066 
13. Senna holosericea (Fresen.) Greuter 0.139±0.0079 0.234±0.0096 0.295±0.0016 0.425±0.0198 
14. Rhazya stricta Decne. 0.262±0.0078 0.324±0.0071 0.469±0.0074 0.485±0.0028 
15. Senna italica Mill. 0.302±0.0091 0.378±0.0200 0.576±0.0138 0.517±0.0070 
16. Senna alexandrina Mill. 0.085±0.0108 0.187±0.0137 0.184±0.0176 0.318±0.0073 
17. Tribulus pentandrus Forssk. 0.159±0.0095 0.279±0.0050 0.307±0.0090 0.449±0.0045 
18. Prosopis juliflora (Sw.) DC. 0.277±0.0028 0.337±0.0073 0.551±0.0061 0.502±0.0087 
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ii. The Shoot Nutrient Elements Analysis: 

a. Determination of Macro - Nutrient Elements in Shoot 

Plants (mg/100g Dry Weight): Data presented in Table 7, 

indicated that the Nitrogen (N+3) contents in shoot plants 

collected from different areas of Wadi Fatimah between 

0.924-2.084 mg/100g Dry Weight; whereas, the Phosphorus 

(P+3) content in shoot plants collected from different areas of 

Wadi Fatimah between 0.125 -0.308 mg/100g Dry Weight; 

while the Potassium (K+) contents in shoot plants collected 

from different areas of Wadi Fatimah between 0.401-1.386 

mg/100g Dry Weight; whereas, the Calcium (Ca+2) contents 

in shoot plants collected from different areas of Wadi 

Fatimah between 0.212-2.962 mg/100g Dry Weight; while 

the Magnesium (Mg+2) contents in shoot plants collected 

from different areas of Wadi Fatimah between 0.026-0.443 

mg/100g Dry Weight; while the Sodium (Na+) contents in 

shoot plants collected from different areas of Wadi Fatimah 

between 0.006-0.872 mg/100g Dry Weight in shoots of all 

Plants collected for studies from different areas of Wadi 

Fatimah as shown plants and family in Table 1. 

Most plants continuously send out a blend of volatile organic 

chemical compounds through plant organs during specific 

developmental phases [43-44]. (A broad spectrum of volatile 

organic chemical compounds is inducible to release from 

higher plants through biotic and abiotic stresses, for instance, 

temperature for Phragmites austral [44], and salt for 

Eucalyptus globulus [45], and for Grey poplar [46]. Some of 

these induced compounds are signal molecules, while others 

are specific stress response pathway products, the signaling 

functions of which have not yet unequivocally been 

established. The increase in the root/shoot ratio was found by 

[47], as an indication of the increases in water deficit in some 

desert plants, which is an adaptive response to increase the 

area of water absorption under stress conditions. 

b. Determination of Micro-Nutrient Elements in Shoot Plants 

(mg/100g Dry Weight): Data presented in Table 7, indicated 

that the Iron (Fe+3) contents in shoot plants collected from 

different areas of Wadi Fatimah between 11.61-127.07 

mg/100g Dry Weight; while the Zinc (Zn+2) contents in shoot 

plants collected from different areas of Wadi Fatimah 

between 25.0 -47.15 mg/100g Dry Weight; whereas, 

Manganese (Mn+2) contents in shoot plants collected from 

different areas of Wadi Fatimah between 6.10 -43.99 

mg/100g Dry Weight; while the Copper (Cu+2) contents in 

shoot plants collected from different areas of Wadi Fatimah 

between 0.30 -11.04 mg/100g Dry Weight, the micro-nutrient 

elements in shoots were collected for studies from different 

areas of Wadi Fatimah as shown plants and family in Table 1. 

c. Determination of Heavy Metals in Shoot Plants (mg/100g 

Dry Weight): Data presented in Table 7, Continuous 

indicated that the Cadmium (Cd+) contents in shoot plants 

collected from different areas of Wadi Fatimah between 

0.018 - 0.302 mg/100g Dry Weight; whereas, the Chromium 

element (Cr+) contents in shoot plants collected from 

different areas of Wadi Fatimah between 0.164-0.378 

mg/100g Dry Weight; while the Nickel (Ni+) contents in 

shoot plants collected from different areas of Wadi Fatimah 

between 0.021-0.551 mg/100g Dry Weight; while the Lead 

(Pb+) contents in shoot plants collected from different areas 

of Wadi Fatimah between 0.045-0.517 mg/100g Dry Weight, 

the heavy metals in shoots were collected for studies from 

different areas of Wadi Fatimah as shown plants and family 

in Table 1. Environmental stresses had a strong effect on 

isoprene emission by plants. 

Harley et al. [48] they indicated that isoprene emission was 

typical temperature dependence in both salt-stressed sweet 

gum leaves and controls, which reflects the activation of 

isoprene synthase [47]. It has been reported that VOCs 

release under NaCl stress is helpful for plants dealing with 

the stress as well as maintaining stomatal conductance and 

photosynthesis [45-46]. 

Except for emissions of lipoxygenase pathway products 

induced by abiotic stress, several plant species are 

characterized by the ability to release constitutively volatile 

organic compounds including mono-, sesquiterpenes and 

isoprene [49]. 

The Effects of salt stress have also been reported for 

constitutive VOC emission. Poplar and eucalyptus trees 

emitted similar amounts of volatiles per biomass compared 

with healthy plants despite the detrimental effects of NaCl on 

photosynthesis [45-46]. Their gene expression programs 

must be rapidly adjusted by eukaryotes to develop a series of 

protective mechanisms to adapt to these drastic environment 

changes [50]. 

Table 7. Macro & Micro-Nutrient Elements and Heavy Metals (mg/100g Dry Weight) in Shoots of 18-Plants Collected from Different Areas 
of Wadi Fatimah, Kingdom of Saudi Arabia. 

 Name of Plant 
Macro - Nutrient Elements in Plant Shoot (mg/100g Dry Weight) 

N+3 P+3 K+ Ca+2 Mg+2 Na+ 

1. Citrullus colocynthis (L.) Schrad. 2.870±0.0125 0.417±0.0054 2.039±0.0146 1.052±0.0372 0.305±0.0019 0.011±0.0023 
2. Rhazya stricta Decne. 2.966±0.0223 0.469±0.0041 2.131±0.0176 1.210±0.0780 0.319±0.0015 0.017±0.0017 

3. 
Chrozophora plicata (Vahl) A. Juss. ex 
Spreng 3.108±0.0193 0.492±0.0009 2.214±0.0166 1.452±0.0144 0.333±0.0019 0.020±0.0008 
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 Name of Plant 
Macro - Nutrient Elements in Plant Shoot (mg/100g Dry Weight) 

N+3 P+3 K+ Ca+2 Mg+2 Na+ 

4. Calotropis procera (Ait.) Ait.F. 3.323±0.0242 0.545±0.0030 2.379±0.0065 1.740±0.0075 0.367±0.0046 0.028±0.0006 
5. Chenopodium album L. 3.402±0.0070 0.592±0.0040 2.484±0.0225 1.905±0.0944 0.389±0.0013 0.033±0.0021 
6. Glinus lotoides L. 2.905±0.0032 0.444±0.0150 2.073±0.0118 1.113±0.0101 0.312±0.0054 0.014±0.0003 
7. Datura stramonium L. 3.023±0.0182 0.478±0.0053 2.164±0.0164 1.393±0.0434 0.326±0.0038 0.019±0.0001 
8. Datura innoxia Mill. 3.152±0.0181 0.503±0.0051 2.257±0.0212 1.535±0.0189 0.342±0.0088 0.023±0.0007 
9. Senna italica Mill. 3.358±0.0229 0.564±0.0061 2.452±0.0179 1.781±0.0088 0.381±0.0075 0.030±0.0007 
10. Senna alexandrina Mill. 3.468±0.0195 0.625±0.0136 2.525±0.0097 2.067±0.0259 0.395±0.0015 0.038±0.0007 
11. Abutilon pannosum (G.Forst.) Schltdl. 3.388±0.0078 0.170±0.0072 0.353±0.0008 0.259±0.0067 0.236±0.0090 0.014±0.0001 

12. 
Haloxylon salicornicum (Moq.) 
Bunge ex Boiss 3.503±0.0335 0.185±0.0004 0.441±0.0065 0.296±0.0064 0.276±0.0102 0.016±0.0004 

13. Senna holosericea (Fresen.) Greuter 3.639±0.0106 0.206±0.0033 0.595±0.0013 0.335±0.0018 0.309±0.0114 0.019±0.0005 
14. Rhazya stricta Decne. 3.925±0.0637 0.269±0.0051 0.815±0.0515 0.382±0.0040 0.364±0.0098 0.025±0.0002 
15. Senna italica Mill. 4.363±0.0178 0.327±0.0049 0.984±0.0077 0.417±0.0075 0.401±0.0069 0.030±0.0004 
16. Senna alexandrina Mill. 3.442±0.0380 0.182±0.0025 0.382±0.0443 0.283±0.0071 0.249±0.0030 0.015±0.0010 
17. Tribulus pentandrus Forssk. 3.693±0.0322 0.217±0.0082 0.616±0.0180 0.348±0.0035 0.335±0.0037 0.021±0.0002 
18. Prosopis juliflora (Sw.) DC. 4.210±0.1115 0.288±0.0072 0.933±0.0022 0.389±0.0027 0.383±0.0099 0.027±0.0015 

 

 Name of Plant 
Micro-Nutrient Elements In Plant Shoot (mg/100g Dry Weight) 

Fe+3 Zn+2 Mn+2 Cu+2 

1. Citrullus colocynthis (L.) Schrad. 8.48±0.201 19.61±0.061 0.54±0.034 0.32±0.005 
2. Rhazya stricta Decne. 9.29±0.166 20.00±0.124 0.85±0.025 0.35±0.001 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 9.81±0.062 20.44±0.072 1.27±0.031 0.38±0.008 
4. Calotropis procera (Ait.) Ait.F. 10.72±0.169 21.26±0.040 2.26±0.128 0.43±0.006 
5. Chenopodium album L. 11.39±0.020 21.44±0.073 2.78±0.137 0.46±0.009 
6. Glinus lotoides L. 8.83±0.052 19.75±0.089 0.73±0.085 0.35±0.008 
7. Datura stramonium L. 9.61±0.087 20.22±0.111 1.00±0.159 0.36±0.004 
8. Datura innoxia Mill. 10.02±0.063 20.64±0.099 1.37±0.052 0.39±0.003 
9. Senna italica Mill. 11.31±0.070 21.34±0.021 2.56±0.103 0.44±0.005 
10. Senna alexandrina Mill. 11.46±0.019 21.63±0.086 3.05±0.064 0.48±0.004 
11. Abutilon pannosum (G.Forst.) Schltdl. 68.09±3.443 16.81±0.062 27.52±0.216 4.32±0.041 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 73.42±0.648 19.17±0.291 28.34±0.061 4.47±0.032 
13. Senna holosericea (Fresen.) Greuter 80.03±1.572 21.59±0.053 29.94±0.432 4.57±0.039 
14. Rhazya stricta Decne. 99.65±0.942 26.73±0.934 34.06±0.194 4.96±0.009 
15. Senna italica Mill. 111.62±2.267 28.36±0.539 36.61±0.426 5.04±0.020 
16. Senna alexandrina Mill. 71.58±0.961 17.56±0.897 27.94±0.275 4.41±0.029 
17. Tribulus pentandrus Forssk. 86.80±1.246 22.74±0.272 30.56±0.208 4.76±0.074 
18. Prosopis juliflora (Sw.) DC. 104.46±1.853 27.59±0.087 34.85±0.533 5.01±0.017 

 

 Name of Plant 
Heavy Metals In Plant Shoot (mg/100g Dry Weight) 

Cd+ Cr+ Ni+ Pb+ 

1. Citrullus colocynthis (L.) Schrad. 0.001±0.0004 0.027±0.0002 0.002±0.0011 0.008±0.0002 
2. Rhazya stricta Decne. 0.004±0.0002 0.034±0.0010 0.008±0.0010 0.011±0.0007 
3. Chrozophora plicata (Vahl) A. Juss. ex Spreng 0.006±0.0001 0.037±0.0005 0.015±0.0006 0.013±0.0008 
4. Calotropis procera (Ait.) Ait.F. 0.009±0.0005 0.045±0.0007 0.023±0.0008 0.018±0.0001 
5. Chenopodium album L. 0.011±0.0005 0.051±0.0022 0.027±0.0018 0.020±0.0007 
6. Glinus lotoides L. 0.002±0.0001 0.030±0.0016 0.006±0.0005 0.010±0.0006 
7. Datura stramonium L. 0.005±0.0004 0.035±0.0006 0.011±0.0005 0.012±0.0000 
8. Datura innoxia Mill. 0.007±0.0001 0.038±0.0012 0.018±0.0014 0.014±0.0002 
9. Senna italica Mill. 0.010±0.0002 0.047±0.0004 0.026±0.0007 0.019±0.0007 
10. Senna alexandrina Mill. 0.012±0.0002 0.054±0.0002 0.033±0.0001 0.022±0.0002 
11. Abutilon pannosum (G.Forst.) Schltdl. 0.002±0.0010 0.160±0.0062 0.043±0.0055 0.046±0.0033 
12. Haloxylon salicornicum (Moq.) Bunge ex Boiss 0.009±0.0007 0.215±0.0107 0.095±0.0033 0.063±0.0044 
13. Senna holosericea (Fresen.) Greuter 0.010±0.0002 0.297±0.0217 0.117±0.0051 0.086±0.0006 
14. Rhazya stricta Decne. 0.019±0.0011 0.464±0.0169 0.165±0.0037 0.109±0.0022 
15. Senna italica Mill. 0.026±0.0014 0.512±0.0211 0.180±0.0032 0.122±0.0022 
16. Senna alexandrina Mill. 0.006±0.0023 0.185±0.0077 0.072±0.0145 0.053±0.0035 
17. Tribulus pentandrus Forssk. 0.011±0.0003 0.357±0.0232 0.130±0.0059 0.097±0.0036 
18. Prosopis juliflora (Sw.) DC. 0.022±0.0010 0.490±0.0040 0.172±0.0025 0.117±0.0026 

 

Environmental factors, both biotic and abiotic, have an 

especially large impact on volatiles released from the 

vegetative parts of plants. Plants produce volatile compounds 

to cope with environmental stress and avoid damage. The 

release of VOCs such as derived terpenes or isoprene is 

thought to protect leaf metabolic processes from oxidative 

and thermal stress [51]. In the presence of salt, there was an 

increase in the release of hydrophilic compounds and 

decreases in 2-decanone and α- ionone [52]. Compared with 
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healthy plants, eucalyptus and poplar trees emitted almost the 

same amount of volatiles per biomass, despite the damaging 

effects of NaCl on photosynthesis [45-46]. This phenomenon 

is remarkable, and it has been supposed that maintaining high 

levels of VOCs may be a mechanism to improve stress 

resistance. In the present study, in order to verify the effect of 

salt stress on the releases of VOCs from L. esculentum 

leaves, our results showed that salt stress obviously affected 

the release of volatile substances [53]. 

4. Conclusion 

Generally, this study concluded that the macro and micro-

nutrient increased significantly in the soil and transfer to the 

plants parts (roots & shoots) in different areas of the Wadi 

Fatimah in Kingdome of Saudi Arabia which differ the areas 

Aldoh-El Kabeer, Ab-Shoieb, Al-Morshdiah, Hada, Al-

Mogahdeen, Abo-Joalah under normal climatic stress. Also, 

the results indicated that the contents of macro and micro 

nutrient mineral elements (N, P, K, Ca, Mg, Na, Fe, Z, Mn, 

& Cu) increased significantly under normal climatic area 

stress in the session 2015 - 2016 compared with the normal 

compositions. The heavy metals (Cd+; Cr+; Ni+; Pb+) contents 

in different soils and plants collected from different areas 

Wadi Fatimah concentrated in plants. In general, the nutrient 

elements (micro & macro) and heavy metals were the main 

mechanisms used by the plant to raise its efficiency to bear 

the outside stress for growth and increased vegetative plants. 
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