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Abstract

Some invasive plants threaten native species, limit plant variety, and frequently result in the 
extinction of several native species with commercial value. The current study was conducted in Jeddah, 
Saudi Arabia, a semi-arid region where droughts are becoming more severe because of climate change. 
The purpose of the current study was to study the effects of Prosopis juliflora on native species as well 
as soil parameters. The current results showed that aridity of the study area increased from the period 
between 1970 and 2021, as shown by a decline in the Lange, Emberger, and De Martonne aridity indices 
by 36%, 33.5%, and 0.5%, respectively. P. juliflora has been observed in a wide variety of habitats, 
including sand dunes, marshy wetlands, and inland wadis. P. juliflora enhanced phenolic content, 
salinity, salt, potassium, nitrogen, phosphorus, and organic matter while decreasing soil acidity. More 
than 63% of the species in North and South Jeddah associated with the P. juliflora tree disappeared, 
and the density of the remaining species decreased by 54% to 97%. Annual species had the largest 
percentage of the vanished plants, with 82% in South Jeddah and 66% in North Jeddah. The current 
study shows the extent of the P. juliflora threat to local plants, especially that the region is exposed to 
greater drought because of climate change, which requires taking the necessary precautions and good 
management to limit the spread of this invasive plant. The current study is considered an important step 
that can provide important information on the effects of P. juliflora on Asia’s biodiversity.
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Introduction

Due to ongoing climate change, data on plant 
diversity and distribution are essential for conservation 
biology and resource management at all scales and 
must be continuously gathered. Climate change has 
significantly altered the distribution and abundance of 
species over the last three decades and has been linked 
to one extinction at the species level [1]. The Arabian 
Peninsula has a wide climatic spectrum, ranging from the 
Asir Province’s snows to the Arabian Gulf’s oppressive 
humidity [2]. Even though several places have been 
carefully examined for the effects of climate change 
on floristic composition [3]. Saudi Arabia’s scientific 
knowledge and literature on climate and climate 
change are fragmented, scattered, and inadequate [4] 
investigated how general circulation models predicted 
the effects of rising temperatures and climate change 
and decreasing precipitation on Saudi Arabia’s 
agriculture and water resources. The Kingdom of Saudi 
Arabia (KSA) is one of the most vulnerable nations to 
climate change because of its continental climate, which 
has harsh winters, scorching summers, and low rainfall 
[2]. Recently, [5] issued a warning to those interested 
in wild plants and to governments to take appropriate 
measures to protect the arid environment threatened by 
the impact of climate change.

A significant threat to climate change is posed by 
invasive plants, and greater global connectivity has 
greatly increased the variety and scope of such invasions 
[6]. Semi-arid areas have already been overrun by 
invasive plants, which deplete soil nutrients and destroy 
natural habitats [7]. There is a dearth of research on 
how invasive species affect the ecology in western 
Saudi Arabia. Nevertheless, it is regarded as one of the 
most crucial factors when developing strategies for the 
conservation of biodiversity [8]. There are 55 exotic or 
extraterrestrial species in Saudi Arabia, most of which 
are restricted to populations of no more than 2% in the 
areas where they are found, but predictions indicate that 
they may eventually spread to populations of more than 
10% or 15% within the next few years [9]. In another 
research, 42 alien plant species from 15 families and 
11 different Saudi governorates were identified [10]. 
The genus Prosopis, which includes forty-four species 
native to North, South, and Central America, as well 
as the Caribbean, is one of the groups of invasive taxa 
[11] and is regarded as the most dangerous invasive trait 
[12-14]. It also slowly replaces native species, changes 
ecological processes, and has a big effect on the area’s 
biodiversity [5, 15, 16]. Previous studies [17] recorded 
that its allelochemicals increase the species’ dominance 
in interspecific competition in the invaded environment. 
The plant’s roots, flowers, leaves, and fruits all generate 
these compounds [17]. These allelochemicals are thought 
to be the cause of the plant’s invasiveness P. Juliflora can 
survive in a variety of soil types and climatic conditions, 
it spreads quickly and takes over many habitats [18-20]. 
The coppice development of P. juliflora does not appear 

to be impacted by any known growth-inhibiting soil 
characteristics, such as excessive alkalinity, salt, low 
fertility, high soil temperature (up to 70ºC), or heavy 
rainfall (up to 5000 mm), which are regarded to restrict 
plant growth [6, 7]. Additionally, the broad, thick crown 
of P. juliflora inhibits the development of understory 
shrubs and vegetation. Furthermore, the mode of seed 
dissemination of P. juliflora is great for delivering good, 
nourishing fruit to birds and animals, which speeds 
the spread to remote locations [5]. The western region 
of Saudi Arabia, with its diverse habitats, is considered 
among the richest regions of biodiversity in the Arabian 
Peninsula with the presence of a large number of 
endemic, rare, threatened, and endangered plant species 
[21-24].

Finding management answers to pressing 
environmental issues such as climate change and 
the spread of invasive species is the focus of a large 
community of ecologists and biodiversity enthusiasts 
[25]. Among many other options, the use of tracking 
technologies that can detect environmental changes 
quickly and over time has emerged as one of the most 
popular approaches. This ecological observation 
allows for more informed and effective management 
options [26]. We anticipate that P. juliflora invasion 
and expansion will lead to localized extinctions of the 
local flora, resulting in a decline in species richness and 
variety. The current study has two goals. The first is to 
find out how P. juliflora affects the native plants in the 
Jeddah area. The second is to find out how this species 
affects the soil’s physical and chemical properties. 

Material and Methods

Study Area

The studied area is Jeddah City, located in Saudi 
Arabia between 21.4858°N and 39.1925°E Fig. 1a). 
The climate is characterized by warm winters and 
high summer temperatures. The region experiences 
arid weather; the average annual rainfall is 35.1 mm. 
In addition to being sparse, the rainfall is erratic and 
varied, ranging from 0 to 70 mm. In the past two years, 
there have been intermittent, torrential downpours on 
one or two days. The monthly high for air temperature 
is 37.4ºC in June, and the monthly low is 13.2ºC in 
January. (Fig. 1b). Also, we obtained the presented data 
of the global distribution of P. juliflora from the Global 
Biodiversity Information Facility [27] (Fig. 2).

Measurement of Aridity Indices of the Study Area 

The climatic  data for the period (1970-2021) 
was obtained from Google Earth Engine [28]. Via 
registration for (New Script - Earth Engine Code Editor 
(google.com), then Browsing for https://earthengine.
google.com/ and Choosing (Datasets) then (Modis).
 A simple technique to visualize the ratio of precipitation 
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to evaporation is using aridity indices. The climate 
change in the Jeddah area was estimated by calculating 
three different aridity indices as follow: the Lang index, 
the Emberger aridity index, and the Martonne index.

Lang index [29] was calculated as described in the 
following Equation (1):

                              (1)

where L stands for Lang’s rainfall factor, R stands for 
average rainfall, and T stands for average temperature.

Emberger aridity [30] was calculated as described in 
the following Equation (2):

                           (2)

where Ip is the Emberger index, p is the average annual 
precipitation, T is the average maximum temperature 
for the hottest month, while t is the average lowest 
temperature for the coldest month.

De Martonne index [31] calculated as described in 
the following Equation (3):

               (3)

where IDM = De Martonne’s index, Pav. = average 
rainfall, Tav. = average temperature.

Fig. 1. A location map shows the studied stand locations a), average temperatures, and rainfall for North b) and South c) Jeddah.

Fig. 2. Map showing the global distribution of P. juliflora.
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Impact of P. juliflora on Native Plant Species

The study area was divided into two main locations, 
south and north Jeddah; twenty sites were randomly 
selected from both locations, ten locations in each 
south and north of Jeddah. Forty stands were randomly 
distributed in both south and north Jeddah, with  
each stand selected to have a reasonable level of 
physiognomic homogeneity and to be as like one another 
as feasible (the same habitats and the same tree age). 
These stands, each measuring 104 m2 (100 m × 100 m),
covered the density variations in the chosen sites. In 
each stand, ten quadrats (100 m2) were distributed 
over five transects: five beneath and five outside of 
the P. juliflora canopy. A species list was recorded 
for each stand. A calculation was made to determine 
the species’ absolute density (individuals of a certain 
species rooted within one hundred m2). Samples were 
gathered from January to April, just before the annuals 
disappeared, due to the hot climate in the study area. 
The environmental affairs agency and wildlife authority 
of the Jeddah Governorate’s regulations and laws were 
followed when collecting the plant samples. All plant 
species were identified by Dr. Mohammed A. Fadl, an 
associate professor of plant taxonomy, and his findings 
were corroborated by published research [32, 33] and 
herbaria voucher specimens. The International Plant 
Names Index was used to verify the species list’s 
nomenclature (www.ipni.org.). The gathered samples 
were stored in the biology department’s herbarium at 
the Taif University. According to Raunkiaer [34] the 
life forms of each species were determined. Relative 
density (RD) is a measure of a species’ overall number 
of individuals in proportion to all other species’ 
individuals, determined as:

The biogeographic affinities of the investigated 
species were determined at each elevation belt according 
to [35, 36].

Soil Sampling and Analyses

To reveal the effect of P. juliflora on soil traits, 
four soil samples (from zero to 30 cm) were collected 
under and outside a P. juliflora tree in both North and 
South Jeddah. The four samples from each location 
were chosen randomly under and outside four different 
trees. These four soil samples were carefully blended 
to form a composite sample, which was then air-dried. 
Air dried soil samples were crushed, homogenized, 
and sieved through a 2 mm sieve to remove large 
particles. The amount of organic matter in the 2 mm 
soil fraction was calculated using the mass lost by 
combustion at 430ºC. Conductivity and pH meters were 
used to measure the electrical conductivity (EC) and 

pH of soil water extracts (1:2.5 soil: water). Utilizing 2 
M KCl, the available nitrogen was extracted using the 
micro-Kjeldahl technique. To determine the amount 
of accessible phosphorus, Olsen’s solution (sodium 
bicarbonate) was employed as an extracting agent. Na 
and K were calculated using flame photometry [37]. The 
total phenolics content of each solution was determined 
by measuring the spectrophotometric absorbance at 
700 nm and using ferulic acid as a standard [38]. Three 
replicates for each estimation were kept.

Statistical Analysis

One-way ANOVA (p<0.05), SPSS 20.0 software) 
was applied firstly then the L.S.D. test to compare the 
effect of the invading plant on soil characters under and 
outside the tree for each location (n = 4).

Results

Habitats in which P. juliflora Has Been Recorded

P. juliflora was recorded in a broad range of habitats, 
including swampy habitats, sand dunes, and inland 
wadis (Fig. 3). It was observed in the most hostile land 
unfit for any other plant species, and it is usually found 
in places where salinity, soil fertility and water are the 
primary limiting variables for plant growth. During the 
research, it was observed that the plant spreads swiftly 
in fine and medium sand soils, but not in compacted 
soils. In addition, P. juliflora was recorded in rocky 
habitats exposed to erosion factors where its rocks were 
shattered and quantities of fine sand were transported to 
it by the wind to be soft sandy soil, constituting a soil not 
more than one meter deep, while the plant was not found 
in rocky areas, resistant to erosion. In the present study, 
we have noticed that P. juliflora invaded the habitats 
of economically and medically important plants like 
Salvadora persica and Rhazya stricta in North Jeddah, 
as well as the Acacia ehrenbergiana community.

Aridity Indices of the Study Area

The aridity indices for the study area show that the 
area is very dry, with no more than 2.15, 27.8 and 10.17 
for the Lange index, Emberger index, and De Martonne 
index, respectively (Fig. 4). By comparing the aridity 
indices for the years 1970 and 2021, it was noted that 
the three indices decreased by 36, 33.5 and 0.5% for the 
Lange index, Emberger index, and De Martonne index, 
respectively.

Effects of P. juliflora on Soil Characters

Table (1) shows that the pH of all the two locations 
decreased by 6.5%, in contrast the levels of Na, K, N, 
EC, and organic matter rose under the P. juliflora trees 
rather than outside. The rise in sodium content varied 
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of the rest was reduced by a range between 58 and 95%. 
Results showed that the majority of the disappeared 
species were annuals in their habit and therophytes (life 
forms).

Life Forms and Habits of the Disappeared 
Species

Fig. 5 shows that the annuals species recorded the 
largest percentage of plants that disappeared due to the 
P. juliflora tree, it exhibited 82% in the South Jeddah 
area, 66% in the North Jeddah area. Therophyts had 
the largest share of the species that disappeared from 
under the P. juliflora tree in the four sites that were 
studied, the largest percentage was recorded in South 
Jeddah (82%). Phanerophytes, also exhibited a higher 
percentage of the disappeared species in North Jeddah 
area, while hemicryptophtes showed a high percentage 
in South Jeddah areas.

Discussion

Distribution of P. Juliflora

In the current study, P. juliflora has been recorded 
in many different soil types and habitats, such as sand 
dunes, coastal flats, and broken clays, particularly where 
water, soil fertility, and salt are the main things that stop 
plants from growing. In addition, it was observed that 
the plant can survive and even flourish on some of the 
harshest terrain unsuitable for the majority of native 
species. Previous observation could be attributed to the 
wide ecological range of P. juliflora. [2] highlighted its 
tolerance the harsh environmental conditions such as 
aridity, high temperature salinity and water flooding, 
that indicate its ability to thrive in arid, or seasonally 
dry, environments. Furthermore, its deep taproot, P. 
juliflora can also thrive next to canals, irrigation ditches, 
lakes, and other bodies of water. It can grow well along 

from 25.5 to 108%, whereas the increase in organic 
matter was 33 to 160%. While the phosphorus content 
of the soil (under the tree) increased by 44% to 66% 
compared to the concentration outside the tree. Soil 
salinity (EC), potassium, and nitrogen content increased 
under the tree by 27 to 124, 31 to 45, and 46 to 68%, 
respectively, compared to their contents outside the tree 
(Table 1). P. juliflora significantly increased the soil’s 
phenolic content by 200% and 160% in north and south 
Jeddah, respectively.

Effect of P. juliflora on the Associated 
Native Species

In the North Jeddah region, twenty-nine species 
belong twenty families were recorded, where P. juliflora 
is found (Table 2). More than 63% of the associated 
native species disappeared under P. juliflora tree, while 
the density of the rest was reduced by a range between 
54 and 97%. The associated species number recorded in 
the South Jeddah area, where P. juliflora is found was 
thirty species (Table 3). More than 65% of the plant 
species disappeared under P. juliflora, while the density 

Fig. 3. Different habitats in which P. juliflora is recorded in the study area.

Fig. 4. Aridity indices for the study area during the years 1970 
and 2021.
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the coast where the water is salty, on beaches, in salt 
flats, and even near mangroves in Sri Lanka [12].

It was reported that the exponential growth rate of 
4-15% per year of the Prosopis tree has a negative effect 
on ecosystem functions and the way people make a 
living [14]. 

In was recorded in a previous study [12] that P. 
juliflora seedlings have the capacity to develop tap 
roots that extend beyond three meters into the soil and 
grow actively with expanding lateral surface roots for 
several months of the rainy season. These characteristics 
allow a P. juliflora seedling to grow fast in response 
to favorable water circumstances, such as rain, and to 
form roots before the soil dries out in the subsequent dry 
season. Furthermore, it was recorded that P. juliflora 
seedling may be able to establish itself in new habitats 
even during the dry season if its root system can access 
some water-rich areas of the soil during the rainy season 
[12]. Ecologists usually think that plant invasions are 

Table 1. Effect of P. juliflora canopy on some chemical characters of soils under and outside the canopy. The data are mean values with 
standard deviations (n = 4). Different letters (in the same row) indicate a statistically significant difference in means for the same soil 
parameter for one location, at least at the 0.05 significance level.

North Jeddah South Jeddah

Place from canopy Outside Under Outside Under

pH 7.89a ±0.12 7.25b±0.15 7.64a±0.14 7.13b±0.14

EC (dS/m) 2.9b±0.01 3.7a±0.02 5.12b±0.03 11.51a ±0.69

Na (meq/l) meq/l 35.2b±1.9 73.1a±2.3 29.4a±0.9 36.9a±1.6

K (meq/l) 7.4b±0.13 9.7a±0.36 10.9a±0.7 15.9a±0.6

N (ppm) 4.13b±0.05 6.05a±0.12 3.17a±0.01 5.35a±0.02

P (ppm) 3.16b±0.04 5.26b±0.08 8.12b±0.4 11.7a±0.5 

OM (%) 3.5b±0.03 9.13a± 0.60 6.9a±0.23 9.2a±0.31

Total phenol (mg/g soil) 0.4a±0.01 1.2b±0.10 0.5a±0.01 1.3b±0.10

Fig. 5. Life form of the associated species under the canopy of 
P. juliflora tree.

Table 2. Effect of the canopy of P. juliflora on the density (number of individuals per one hundred m2) for the associated species in North 
and south Jeddah. 

  North Jeddah South Jeddah
Habit Life 

form Chorology
 Family Species Outside Under Outside Under

Acanthaceae Blepharis maderaspatensis   26±1.5 2±0.02 0 0 A Th Palaeo

 Aizoaceae Aizoon canariense L. 12±1.2 0 0 0 A Th Sa-Si+S-Z

Amaranthaceae Aerva javanica (Burm. f.) Juss. 
ex Schul 23±1.8 0 42±1.1 3± A Th Sa-Si+S-Z

Apocynaceae 

Calotropis procera (Aiton) W.T. 
Aiton 16±1.3 1±0.01 0 0 P Ph Sa-Si+S-Z

Leptadenia pyrotechnica 
(Forssk.) Decne. 14±1.2 0 0 0 P Ph Sa-Si+S-Z

 Rhazya stricta Decne. 25±1.2 1±0.01 0 0 P Ch Sa-Si+S-Z

 Boraginaceae Heliotropium arbainense Fresen. 28±1.9 0 0 0 A Th Sa-Si+S-Z

Brassicaceae Farsetia stylosa R. Br. 17±1.3 0 0 0 A Th Sa-Si+S-Z
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Table 2. Continued.

 Caesalpiniaceae Senna italica Mill. 13±1.2 1±0.02 0 0 B Ch Sa-Si+S-Z

Capparaceae

Capparis decidua (Forssk.) 
Edgew. 3±0.01 0±0 0 0 P Ph Sa-Si+S-Z

Diptergium glaucum Decne. 73±3.2 13±1.2 0 0 A Th Sa-Si+ I-T

Mareua crassifolia Frossk. 12±1.1 0±0 0 0 P Ph Sa-Si+S-Z

 Chenopodiacea
Sueda vermiculata Forssk. ex J.F. 

Gmel. 8±0.3 1±0.02 0 0 P Ch Sa-Si

Salsola tetrandra Forssk. XXXX 39±1.5 0 0 0 A Th Sa-Si

Cleomaceae
Cleome droserfolia (Forssk.) 

Delile 0±0 0 3±0.1 0  B Ch Sa-Si

Cleome gynandra L. 0±0 0 1±0.1 0 A Th Palaeo

 Convolvulaceae
Convolvulus prostratus Forssk. 14±0.6 0 0 0 A Th Sa-Si+S-Z

Convolvulus spinosus Burm. f. 0 0 4±0.02 0 B Ch Sa-Si+S-Z

Cucurbitaceae Citrullus colocynthis (L.) Schrad. 19±1.8 0 6±0.3 0 A He Sa-Si+M

 Cyperaceae
Cyperus conglomerates Rottb. 42±2.3 0 0 0 A Th Sa-Si+S-Z

Fimbristylis bisumbellata Forssk. 0 0 35±0.3 1±0.01 A Th Palaeo

Juncaceae Juncus rigidus Desf. 0 0±0 13±04 1±0.01 P Ge Sa-Si+M.+I-T+ 
S-Z

 Malvaceae Abutilon pannosum (G. Forst.) 
Schltdl. 16±1.3 1±0.01 35±1.5 0 A Th Sa-Si+S-Z

 Mimosaceae Acacia ehrenbergiana (Forssk.) 
Hayne 18±1.4 0 0 0 P Ph Sa-Si+S-Z

Molluginaceae Glinus lotoides L. 0 0 11±1.4 0 A Th Sa-Si+S-Z

Papilionacaeae Tephorosia nubica (Boiss.) Baker 0 0 7±0.6 0 B Ch Sa-Si+S-Z

 Poaceae

Aeluropus lagopoides L. 0 0 36±1.4 7±0.4 B Ch IT+SA 

Cenchrus ciliaris L. 81±3.2 2±0.01 21±1.01 8±0.3 A Th Palaeo

Chloris virgata Sw. 0 0 14±1.2 6±0.3 B Ge Palaeo. +Pant.

Cynodon dactylon (L.) Pers. 0 0 12±1.5 0 P Ge Sa-Si+S-Z+I-T

Leptochloa fusca (L.) P. Beauv 0 0 6±0.2 0 A Th Sa-Si+I-T

Echinochloa colona (L.) Link 0 0 4±0.1 0 A Th Palaeo

Lasiurus hirsutus (Forssk.) 26±1.2 12±1.02 0±0 0 A Th Sa-Si

Leptochloa fusca (L.) Kunth 0 0 3±0.1 0 A He Palaeo

Panicum turgidum Forssk. 48±2.1 17±1.3 0 0 A Th Sa-Si+M +S-Z

Pennisetum setaceum (Forssk.) 
Chiov 0 0 30±1.2 11±1.2 B He Sa-Si+S-Z+I-T 

+M

Polypogon monospliensis (L.) 0 0 31±1.3 0 A Th Sa-Si+M+I-T

Stipa capensis Thunb. 53±3.6 19±1.2 0 0 A Th Sa-Si+I-T+ Med

Polygalaceae Polygala erioptera DC. 18±1.2 0 0 0 A Th Palaeo

 Salvadoraceae Salvadora persica 16±1.2 0 0 0 P Ph Sa-Si+S-Z

Scrophulariaceae Bacopa monnieri (L.) Wettst. 16±1.2 0 36±1.8 4±0.2 A Th Palaeo

 Solanaceae

Datura innoxia Mill 0 0 13±1.6 0 A Th Pant

Solanum incanum L. 0 0 5±0.3 0 A Th Sa-Si

Solanum nigrum L. 0 0 6±0.5 0 A Th Cos
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caused by three things: the number of propagules, how 
invasive the native community is, and how the land 
was used in the past, each factor might affect a specific 
habitat differently, and there might be connections 
between them [39]. However, soon after they were 
established, the trees rapidly encroached on agricultural 
and rangeland areas, lowering the productivity of the 
grazing and agricultural lands [12-14]. Previously it was 
reported that invasive species are common in semi-arid 
areas because of their specific environmental needs, 
such as the amount of light they need [40]. Recent 
studies concluded that the high amounts of ecosystem 
disturbance occurring in all kinds of habitats, including 
riparian ecosystems, rural farmland, urban greenbelts, 
wetland ecosystems, and forest ecosystems, facilitated 
the invasion of new species [6, 41-43].

Aridity Indices of the Study Area 

The obtained data confirms that not only is the study 
area arid in general but also has become drier in the 
last 30 years. Aridity indices are numerical measures 
of the level of water scarcity at a certain location. 
Although several aridity indices have been developed, 
Thornthwaite’s 1948 study is expressly referred to when 
the term “aridity index” is used. Aridity indices have 
been used on both continents and subcontinents, and 
they are frequently connected to the distribution of wild 
vegetation and agricultural crops [44, 45]. The indices’ 
critical values were calculated using observed vegetation 
boundaries. It is well known that the area considered 
arid if Lang index less than 20, De Martonne index is 
less than 10 or/ and the Emberger index is less than 30 
[30, 31]. The results strongly show that the study area 
is affected by climate change. This causes the Prosopis 
plant to spread more than the original plants because it 
can handle drought better. 

Impact of P. juliflora on Soil Characters

It is well known that the expansion of invasive 
plants has an impact on the diverse, dynamic landscapes 
created by the intricate interactions between biotic 
and abiotic ecological processes [46]. In the current 

study, the invasion of P. juliflora caused a substantial 
(P = 0.05) fall in soil pH as well as an increase in 
organic matter, nitrogen, potassium, and phosphorus. 
P. juliflora’s ability to fix nitrogen could be the reason 
for excess nitrogen in the soil under the tree canopy, 
making soil closer to the tree canopy more fertile than 
soil farther away [47]. A previous study recorded that 
P. juliflora stands had significantly higher nitrogen, 
potassium, magnesium, calcium, and phosphorus 
nutritional content than other woody species [48, 49]. 
Decaying leaves and fruits can explain why there is so 
much organic matter, potassium, and magnesium in the 
soil under the tree. In other studies, it has been found 
that there are links between the type of soil and the 
types of plants that grow there. These connections can 
be explained by the fact that local edaphic factors affect 
the nutrient availability in various soil types, favoring 
plant communities with a variety of ecological roles [43, 
50-52]. According to the results of a previous study [53], 
P. juliflora in this investigation increased the amount of 
phenolics in the soil. It was reported that P. juliflora’s 
dry leaves primarily contain phenolic compounds [53]. 
Because invasive and native species have different ways 
of staying alive, differences in form (the structure, 
composition, and life cycle strategy of plants), biomass, 
and litter can have a big effect on soil parameters [54]. 
Most of the research on how the invasion has changed 
the physical and chemical properties of the topsoil has 
been done on nitrogen, phosphorus, and carbon [49, 
50]. As a consequence, both native and invasive species’ 
physiological processes have changed in this area, which 
may have an effect on how widely different species are 
distributed [55, 56]. Also,  invasive plants may change 
the way that the soil’s mineral elements connect to each 
other [57]. 

Impact of P. juliflora on the Native 
Associated Species

The current study showed that P. juliflora plant 
has changed native species diversity and densities. 
Sometimes the P. juliflora caused the disappearance of 
many native species, such as finding that P. juliflora 
causes species to move and declines in species diversity 

 Tamaricaceae
Tamarix aphylla (L.) Karst. 1±0.01 0 0 0 P Ph Sa-Si+S-Z

Tamarix nilotica (Ehrenb.) Bunge 0 0 7±0.2 1±0.01 P Ph Sa-Si+S-Z

Typhaceae Typha domingensis Pers. 0 0 6±0.4 0 P Ge Palaeo + Pant

 Zygophyllaceae

Tribulus macropterus Boiss. 36±1.2 0 14±1.2 0 A Th Sa-Si+S-Z

Tribulus s pentandrus Forssk. 15±0.5 0 0 0 A Th Sa

Zygophyllum simplex L. 34±1.2 1±0.01 0 0 A Th Sa-Si+S-Z

The habits are A: annual, B: biennial; P: perennial. The life forms are Ph, phanerophytes; Ch, chamaephytes; G, geophytes; He, 
hemicryptophytes and Th, therophytes. The chorotypes are: COSM, cosmopolitan; I-T, Irano-Turanian; Med, Mediterranean; Sa, 
Saharo-Arabian and S-Z, Sudano Zambezian.

Table 2. Continued.
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and richness is consistent with many another research 
that confirmed the same results [7, 58-60]. According 
to the current research, most of the related native 
species, which are annual species, were found to have 
significantly lower densities because of the invasion 
of P. juliflora. Due to the exotic species’ superiority 
over native species in some measurable traits, such as 
dispersal and reproductive abilities, seedling survival 
and establishment, phenotypic plasticity, growth-
related properties, plant height, and high susceptibility 
to herbivory and pathogens, native species have 
disappeared from the study area and the density of 
others has significantly decreased [61]. P. juliflora has 
a number of biological traits related to seed dormancy, 
germination, and dispersion that might speed up its 
colonization of new places [58-60]. Additionally, P. 
juliflora is a potent competitive invader because of its 
exceptional capacity for resprouting from stumped 
or injured trees with fast coppice development [62]. 
A previous study recorded that P. juliflora was 
described as fast-expanding, aggressive, and capable 
of degrading substratum in semi-arid and dry parts of 
the north and north-west of India [62]. P. juliflora has 
a high potential for invasion due to its rapid growth 
and numerous reproductive efforts. [62] confirmed that 
smaller P. juliflora individuals practically doubled in 
size in a year. The phenolics that the plant releases or 
the byproducts of their microbial transformation may 
play a role in P. juliflora’s capacity to inhibit the related 
species. However, other organic compounds could 
potentially be implicated in interacting with phenolics. 
In addition to their impacts on other plants, invasive 
plants’ allelochemicals can aid in the resistance to pests 
and diseases, giving them a competitive edge in their 
host area [63]. Additionally, phenolic allelochemicals 
can prevent plants from receiving nutrients from their 
environment and have an impact on their regular 
growth. Several plant species are suppressed when P. 
juliflora forms dense stands in Kenya [64] and in the 
United Arab Emirates [64]. 

In general, compared to other life forms, 
invasive shrub and tree species have a greater potential 
for survival and spread [66]. The study area’s high 
proportion of therophytes (56%) is consistent with 
earlier research in other Saudi Arabian regions [21, 67, 
68]. Therophytes are a sign of desertification, severe 
human pressure from overgrazing, and ineffective land 
use management practices, which explain the high 
proportion of it in the associated species. They developed 
as a means of survival. These parallels demonstrated 
that most plants have an ecological niche-wide ruderal 
strategy. Therophytes are typically thought to be a 
sign of hot, dry regions [69]. Our research revealed 
striking parallels to [71], results about therophytes’ 
ability to withstand drought and high temperatures in 
arid environments. Therophytes evolved as a means 
of survival, are a sign of desertification and the severe 
human pressure brought about by overgrazing and poor 

land use management techniques. These similarities 
exhibited that most plants have a ruderal strategy with 
a wide ecological niche. Therophytes are generally 
considered to be a typical indicator of hot, dry climates 
[69]. Our findings showed significant similarities to 
Ahmed et al., (2020) who reported therophytes as a 
means of drought and high temperature resistance in 
arid environments.

Due to competition for resources, invasive species 
have an impact on local plant species and their 
surroundings [58]. They take up room and deplete 
soil nutrients, which hinders the growth of nearby 
vegetation. Rapid travel, the tourism sector, and 
increased international commerce are all significant 
factors causing the number of biotic invasions to 
steadily increase over time [59]. The Convention on 
Biological Diversity (CBD) says that invasive species 
from other places can be so bad for the environment 
that they are one of the main causes of biodiversity loss 
around the world [70]. Introduced outside of their native 
range, invasive plants can considerably contribute to the 
loss of biodiversity worldwide, among other unfavorable 
effects [71, 72]. Due to their capacity to significantly 
increase the number of viable offspring produced from 
the parent plant, AIPs have a major negative impact on 
the environment. This enables them to quickly devour 
vast areas [73].

Similar effects of the invasive shrub N. glauca on 
species richness and evenness were seen in the Taif area 
of western Saudi Arabia [74]. As a result, it’s possible 
that invasive species are already chosen to benefit from 
climatic change [75].

Conclusion and Recommendations

The invasive P. juliflora threatens native plants 
in the studied area and changes the chemical properties 
of the soil. Climate change increases the negative effects 
of P. juliflora. The results of this study recommend 
a strong need to manage and restrict the invasive  
P. juliflora, and greater plant diversity would be 
expected on these soils following its eradication.

Acknowledgment

The authors extend their appreciation to the 
Deputyship for Research & Innovation, Ministry of 
Education in Saudi Arabia for funding this research 
work through the project number RI-44-0179.

Conflict of Interest

The authors declare no conflicts of interest.



Hassan W.A., et al.170

Data Availability

The datasets used and/or analysed during the current 
study are available from the corresponding author on 
reasonable request.

References

1. CBD. Convention on Biological Diversity, Programme 
of Work on Invasive Alien Species., https://www.cbd.int/
invasive/.

2. AL-WABEL M.I., SALLAM A., AHMAD M., ELANAZI 
K., USMAN A.R.A. Extent of climate change in Saudi 
Arabia and its impacts on agriculture: a case study from 
Qassim region. In: Environment, climate, plant and 
vegetation growth, Springer, 635, 2020.

3. FINDERUP NIELSEN T., SAND-JENSEN K., 
DORNELAS M., BRUUN H.H. More is less: net gain in 
species richness, but biotic homogenization over 140 years. 
Ecol Lett., 22 (10), 1650, 2019.

4. TARAWNEH Q.Y., CHOWDHURY S. Trends of climate 
change in Saudi Arabia: Implications on water resources. 
Climate, 6 (1), 8, 2018.

5. ALSHERIF E.A., ALMAGHRABI O.A. Consequences 
of climate change on the floristic composition of khulais 
region, Saudi Arabia. Appl Ecol Environ Res., 20 (3), 
2683, 2022. 

6. HAQ S.M., HAMID M., LONE F.A., SINGH B. 
Himalayan hotspot with Alien Weeds: a case study of 
biological spectrum, phenology, and diversity of weedy 
plants of high altitude mountains in District Kupwara of 
J&K Himalaya, India. Proc. Natl. Acad. Sci., India, Sect. B 
Biol. Sci., 91, 139, 2021. 

7. WAHEED M., HAQ S.M., ARSHAD F., BUSSMANN 
R.W., ALI H.M., SIDDIQUI M.H. Phyto-ecological 
distribution patterns and identification of alien invasive 
indicator species in relation to edaphic factors from semi-
arid region. Ecol Indic., 148,110053, 2023.

8. MAČIĆ V., ALBANO P. G., ALMPANIDOU 
V., CLAUDET J., CORRALES X., ESSL F., 
EVAGELOPOULOS A., GIOVOS I., JIMENEZ C., KARK 
S., MARKOVIĆ O., MAZARIS A. D., ÓLAFSDÓTTIR 
G. Á., PANAYOTOVA M., PETOVIĆ S., RABITSCH 
W., RAMDANI M., RILOV G., TRICA S. Biological 
Invasions in Conservation Planning: A Global Systematic 
Review. Front Mar Sci., 5, 2018.

9. ALFARHAN A.H., THOMAS J., RAJAKRISHNAN R. 
Impact Assessment and Management of Invasive Species 
in Plant Diversity Centers and Agriculture Fields of Saudi 
Arabia. In Pullaiah T., Ielmini M.R. (eds.) Invasive Alien 
Species: Observations and Issues from Around the World, 
2, 207, 2021.

10. ALJEDDANI G.S., AL-HARBI N.A., AL-QAHTANI 
S.M., EL-ABSY K.M., ABDULLATIF B.M., DAHAN 
T.E. Inventory of some introduced and invasive plant 
species in some governorates of the Kingdom of Saudi 
Arabia. Appl. Ecol. Environ. Res., 19, 4373, 2021. 

11. HUGHES C.E., RINGELBERG J.J., LEWIS G.P., 
CATALANO S.A. Disintegration of the genus Prosopis 
L. (Leguminosae, Caesalpinioideae, mimosoid clade). 
PhytoKeys, 205, 147,2022.

12. CHOGE S., MBAABU P.R., MUTURI G.M. Management 
and control of the invasive Prosopis juliflora tree species 
in Africa with a focus on Kenya. In Prosopis as a Heat 

Tolerant Nitrogen Fixing Desert Food Legume, Elsevier, 
67, 2022.

13. ALVAREZ M., HELLER G., MALOMBE I., MATHEKA 
K.W., CHOGE S., BECKER M. Classification of 
Prosopis juliflora invasion in the Lake Baringo basin and 
environmental correlations. Afr J Ecol., 57 (3), 296, 2019. 

14. MBAABU P.R., OLAGO D., GICHABA M., ECKERT 
S., ESCHEN R., ORIASO S., CHOGE S.K., LINDERS 
T.E.W., SCHAFFNER U. Restoration of degraded 
grasslands, but not invasion by Prosopis juliflora, avoids 
trade-offs between climate change mitigation and other 
ecosystem services. Sci Rep., 10 (1), 1, 2020. 

15. SHIFERAW W., DEMISSEW S., BEKELE T., 
AYNEKULU E., PITROFF W. Invasion of Prosopis 
juliflora and its effects on soil physicochemical properties 
in Afar region, Northeast Ethiopia. International Soil and 
Water Conservation Research, 9 (4), 631, 2021.

16. MOHANRAJ R., PRASATH R.V.A., RAJASEKARAN 
A. Assessment of vegetation, soil nutrient dynamics and 
heavy metals in the Prosopis juliflora invaded lands at 
semi-arid regions of Southern India. Catena (Amst), 216, 
106374, 2022.

17. ASRAT G., SEID A. Allelopathic effect of meskit 
(Prosopis juliflora (Sw.) DC) aqueous extracts on tropical 
crops tested under laboratory conditions. Momona 
Ethiopian Journal of Science, 9 (1), 32, 2017. 

18. LITTLE P.D. When “Green” equals thorny and mean: the 
politics and costs of an environmental experiment in East 
Africa. Afr Stud Rev., 62 (3),132, 2019. 

19. TABE OJONG M.P., ALVAREZ M., IHLI H.J., 
BECKER M., HECKELEI T. Action on Invasive Species:  
Control Strategies of Parthenium hysterophorus L. on 
Smallholder Farms in Kenya. Environ Manage., 69 (5), 
861, 2022. 

20. TABE-OJONG M.P.JR., HECKELEI T., BAYLIS K. 
Aspiration Formation and Ecological Shocks in Rural 
Kenya. Eur J Dev Res., 33 (4), 833, 2021. 

21. FADL M.A., AL-YASI H.M., ALSHERIF E.A. Impact of 
elevation and slope aspect on floristic composition in wadi 
Elkor, Sarawat Mountain, Saudi Arabia. Sci Rep., 11(1),1, 
2021. 

22. AL-AKLABI A., AL-KHULAIDI A.W., HUSSAIN A., 
AL-SAGHEER N. Main vegetation types and plant species 
diversity along an altitudinal gradient of Al Baha region, 
Saudi Arabia. Saudi J Biol Sci., 23 (6), 687, 2016. 

23. THOMAS J., EL-SHEIKH M.A., ALATAR A.A. 
Endemics and endangered species in the biodiversity 
hotspot of the Shada Mountains, Saudi Arabia. J Arid 
Land., 9, 109, 2017. 

24. AL-NAMAZI A.A., AL-KHULAIDI A.W.A., ALGARNI 
S., AL-SAGHEER N.A. Natural plant species inventory 
of hotspot areas in Arabian Peninsula: Southwest  
Al-Baha region, Saudi Arabia. Saudi J Biol Sci., 28 (6), 
3309, 2021. 

25. SIDDIG A.A.H., ELLISON A.M., OCHS A., VILLAR-
LEEMAN C., LAU M.K. How do ecologists select and use 
indicator species to monitor ecological change? Insights 
from 14 years of publication in Ecological Indicators. Ecol 
Indic., 60, 223, 2016. 

26. KUMAR M., KALRA N., SINGH H., SHARMA S., 
RAWAT P.S., SINGH R.K., GUPTA A.K., KUMAR P., 
RAVINDRANATH N.H. Indicator-based vulnerability 
assessment of forest ecosystem in the Indian Western 
Himalayas: An analytical hierarchy process integrated 
approach. Ecol Indic., 125, 107568, 2021. 

27. GBIF: https://doi.org/10.15468/dl.sgpgg



Climate Change Heightens the Threat Posed... 171

28. ASTER. “ASTER Global Digital Elevation Model V003, 
Distributed by NASA EOSDIS Land Processes DAAC.” 
Team., NASA/METI/AIST/Japan Spacesystems and U.S./
Japan ASTER Science, 2019.

29. LANG R. Verwitterung und Bodenbildung als Einführung 
in die Bodenkunde.,(Schweizerbart Science Publishers: 
Stuttgart), 1920.

30. EMBERGER L. Sur une formule climatique et ses 
applications en botanique. La Météorologie, 92, 423, 1932. 

31. MARTONNE D.E. Traite de Geographie Physique: 3 
tomes, Paris. Flocas AA. 1994. Courses of Meteorology 
and Climatology. Ziti Publications: Thessaloniki. 
Presented at the, 1941.

32. CHAUDHARY S.A. Flora of the Kingdom of Saudi 
Arabia Illustrated vol I. Riyadh, Saudi Arabia: Ministry 
of Agriculture and Water, National Agriculture and Water 
Research Center, Cruciferae (Brassicaceae), 464, 2001.

33. MILLER A.G., COPE T.A. Flora of the Arabian Peninsula. 
I: 1-586. Mosallam HAM 2007. Comparative Study on the 
Vegetation of Protected and Nonprotected Areas, Sudera, 
Taif, Saudi Arabia. Int. J. Agric. Biol., 9 (2), 202, 1996. 

34. RAUNKIAER C. The life forms of plants and statistical 
plant geography; being the collected papers of C. 
Raunkiaer. The life forms of plants and statistical plant 
geography; being the collected papers of C. Raunkiaer, 
1934.

35. WICKENS G.E. Flora of Jebel Marra (Sudan Republic) 
and its geographical affinities. HM Stationery Off, 1976.

36. ZOHARY M. Geobotanical foundations of the Middle 
East. Fischer, 1973.

37. BLACK C. Methods of soil analysis. In: Agronomy 
Monograph No 9, 771–1572. American Society of 
Agronomy, Madison, WI,771, 1965.

38. SWAIN T., HILLIS W.E. The phenolic constituents 
of Prunus domestica. I. – The quantitative analysis of 
phenolic constituents. J Sci Food Agric., 10 (1), 63, 1959.

39. WADDELL E.H. BANIN L.F., FLEISS S., HILL J.K., 
HUGHES M., JELLING A., YEONG K.L., OLA B.B., 
SAILIM A. BIN TANGAH J. Land-use change and 
propagule pressure promote plant invasions in tropical 
rainforest remnants. Landsc Ecol., 35, 1891, 2020. 

40. PRUCHNIEWICZ D. Abandonment of traditionally 
managed mesic mountain meadows affects plant species 
composition and diversity. Basic Appl Ecol., 20, 10, 2017. 

41. WALI S., JAN H.A., HAQ S.M., CALIXTO E.S., 
BUSSMANN R.W., RAHIM F. Phyto-ecological study 
of the forests of Shishi Koh Valley, Chitral, Pakistan. 
Vegetos, 35, 1, 2022.

42. ESTERHUIZEN N., FORRESTER J., ESLER K.J., 
WIGLEY-COETZEE C., MORCILLO R.J., KLEINERT 
A., PÉREZ-FERNÁNDEZ M., VALENTINE A.J. Nitrogen 
and phosphorus influence Acacia saligna invasiveness in 
the fynbos biome. Plant Ecol., 221, 309, 2020.

43. HAQ S.M., TARIQ A., LI, Q., YAQOOB U., MAJEED M., 
HASSAN M., FATIMA S., KUMAR M., BUSSMANN 
R.W., MOAZZAM M.F.U. Influence of Edaphic Properties 
in Determining Forest Community Patterns of the 
Zabarwan Mountain Range in the Kashmir Himalayas. 
Forests, 13 (8), 1214, 2022. 

44. PATZELT A., PYŠEK P., PERGL J., VAN KLEUNEN 
M. Alien flora of Oman: invasion status, taxonomic 
composition, habitats, origin, and pathways of introduction. 
Biol Invasions., 24 (4), 955, 2022. 

45. SALAKO G., ADEBAYO A., SAWYERR H., BADMOS 
B, ADIO A., JAMBO U.M. MODIS Derived Vegetation 
and Aridity Indices Account for Spatial Variation 

in Desertification Risk Index in Dry Environment. 
International Journal of Ecology & Development, 36, 46, 
2021. 

46. CANELLES Q., BASSOLS E., VAYREDA J., BROTONS 
L. Predicting the potential distribution and forest impact of 
the invasive species Cydalima perspectalis in Europe. Ecol 
Evol., 11 (10), 5713, 2021.

47. PUPPO M.C., FELKER P. Prosopis as a Heat Tolerant 
Nitrogen Fixing Desert Food Legume: Prospects for 
Economic Development in Arid Lands. Academic Press, 
2021.

48. CASTRO-DÍEZ P., ALONSO Á., ROMERO-BLANCO 
A. Effects of litter mixing on litter decomposition and 
soil properties along simulated invasion gradients of non-
native trees. Plant Soil, 442, 79, 2019. 

49. DRISCOLL D.A., STRONG C. Covariation of soil 
nutrients drives occurrence of exotic and native plant 
species. Journal of Applied Ecology, 55 (2), 777, 2018. 

50. MALIK Z.A., HAQ S.M. Soil Chemical Properties-
Variation with Altitude and Forest Composition: A Case 
Study of Kedarnath Wildlife Sanctuary, Western Himalaya 
(India). J. For. Environ. Sci., 38, 21, 2022.

51. MALIK Z.A., HAQ S.M., BUSSMANN R.W., BHAT J.A., 
BHATT A.B. Altitudinal variation in soil properties with 
reference to forest structure and composition in Western 
Himalaya. Indian Forester, 147 (3), 288, 2021. 

52. RAHMAN I.U., HART R.E., IJAZ F., AFZAL A., 
IQBAL Z., CALIXTO E.S., ABD_ALLAH E.F., A., 
A.A., HASHEM A., AL-ARJANI A.B.F., KAUSAR R. 
Environmental variables drive plant species composition 
and distribution in the moist temperate forests of 
Northwestern Himalaya, Pakistan. PLoS One, 17 (2), 
e0260687. 2022. 

53. CHEPKWONY A., KIPROP S., DUMARÇAY H., 
CHAPUIS P., GERARDIN C.G.-CHARBONNIER. 
Identification of phenolic compounds in Prosopis juliflora 
by liquid chromatography tandem mass spectrometry, 
in: Advances in Phytochemistry, Textile and Renewable 
Energy Research for Industrial Growth. Charles Nzila, 
Nyamwala Oluoch, Ambrose Kiprop, Rose. In CRC Press, 
London; 2022. 

54. XIE P., LIU T., CHEN H., SU Z. Community structure  
and soil mineral concentration in relation to plant invasion 
in a subtropical urban and rural ecotone. Forests,12, 185, 
2021. 

55. GU Y.-G., GAO Y.-P., LIN Q. Contamination, 
bioaccessibility and human health risk of heavy metals 
in exposed-lawn soils from 28 urban parks in southern 
China’s largest city, Guangzhou. Applied Geochemistry, 
67, 52, 2016. 

56. TERERAI F., GAERTNER M., JACOBS S.M., 
RICHARDSON D.M. Eucalyptus camaldulensis invasion 
in riparian zones reveals few significant effects on soil 
physico-chemical properties. River Res Appl., 31 (5), 590, 
2015. 

57. CASTRO S.P., ESCH E.H., EVINER V.T., CLELAND 
E.E., LIPSON D.A. Exotic herbaceous species interact 
with severe drought to alter soil N cycling in a semi-arid 
shrubland. Geoderma, 361, 114111, 2020. 

58. ARSHAD F., WAHEED M., FATIMA K., HARUN N., 
IQBAL M., FATIMA K., UMBREEN S. Predicting the 
Suitable Current and Future Potential Distribution of the 
Native Endangered Tree Tecomella undulata (Sm.) Seem. 
in Pakistan. Sustainability, 14 (12), 7215, 2022.

59. WAHEED M., HAQ S.M., FATIMA K., ARSHAD F., 
BUSSMANN R.W., MASOOD F.R., ALATAWAY A., Z. 



Hassan W.A., et al.172

DEWIDAR A., F. ALMUTAIRI K., ELANSARY H.O. 
Ecological Distribution Patterns and Indicator Species 
Analysis of Climber Plants in Changa Manga Forest 
Plantation. Diversity, 14 (11), 988, 2022.

60. POTGIETER L.J., GAERTNER M., KUEFFER C., 
LARSON B.M.H., LIVINGSTONE S.W., O’FARRELL 
P.J., RICHARDSON D.M. Alien plants as mediators of 
ecosystem services and disservices in urban systems: a 
global review. Biol Invasions., 19, 3571, 2017. 

61. LI Y., SONG T., LAI Y., HUANG Y., FANG L., CHANG 
J. Status, mechanism, suitable distribution areas and 
protection countermeasure of invasive species in the karst 
areas of Southwest China. Front Environ Sci., 1371, 2022. 

62. EDRISI S.A., EL-KEBLAWY A., ABHILASH P.C. 
Sustainability analysis of Prosopis juliflora (Sw.) DC based 
restoration of degraded land in North India. Land, 9 (2), 
59, 2020. 

63. DE BRITO DAMASCENO G.A., SOUTO A.L., DA 
SILVA I.B., ROQUE A. DE A., FERRARI M., GIORDANI 
R.B. Prosopis juliflora: Phytochemical, toxicological, and 
allelochemicals. Co-evolution of secondary metabolites, 
Reference Series in Phytochemistry. Springer, Cham, 
2020.

64. KAUR R., GONZALES W.L., LLAMBI L.D., SORIANO 
P.J., CALLAWAY R.M., ROUT M.E., GALLAHER 
T.J. Community impacts of Prosopis juliflora invasion: 
biogeographic and congeneric comparisons. PLoS One, 7 
(9), e44966, 2012. 

65. EL-KEBLAWY A., AL-RAWAI A. Impacts of the 
invasive exotic Prosopis juliflora (Sw.) DC on the native 
flora and soils of the UAE. Plant Ecol., 190 (1), 23, 2007.

66. SHALTOUT K.H., HOSNI H.A., EL-KADY H.F., EL-
BEHEIRY M.A., SHALTOUT S.K. Composition and 
pattern of alien species in the Egyptian flora. Flora-
Morphology, Distribution, Functional Ecology of Plants. 
Flora, 222, 104, 2016.

67. ALSHERIF E.A., FADL M.A. Floristic study of the Al-
shafa highlands in Taif, Western Saudi Arabia. Flora-
Morphology, Distribution, Functional Ecology of Plants. 
Flora, 225, 20, 2016. 

68. FADL M.A., AL-YASI H.M., ALSHERIF E.A. Effect of 
elevation on floristic diversity, life forms and chorotypes 
in the Al-Hada mountain escarpment, Saudi Arabia. J Mt 
Sci., 19 (10), 2806, 2022. 

69. NEFFAR S., MENASRIA T., CHENCHOUNI H. 
Diversity and functional traits of spontaneous plant species 
in Algerian rangelands rehabilitated with prickly pear 
(Opuntia ficus-indica L.) plantations. Turk J Botany., 42 
(4), 448, 2018. 

70. AHMED A.S., YAHIA N., OKKACHA H. Ecological 
characterization and evaluation of the floristic potential 
of the forest of Doui Thabet (Saida-Western Algeria) in 
the context of the restoration. Eco. Env. Cons. 26 (1), 266, 
2020.

71. DICKEY J.W.E., CUTHBERT R.N., REA M., LAVERTY 
C., CRANE K., SOUTH J., BRISKI E., CHANG X., 
COUGHLAN N.E., MACISAAC H.J. Assessing the 
relative potential ecological impacts and invasion risks of 
emerging and future invasive alien species. NeoBiota, 40, 
1, 2018. 

72. RASHID I., HAQ S.M., LEMBRECHTS J.J., KHUROO 
A.A., PAUCHARD A., DUKES J.S. Railways redistribute 
plant species in mountain landscapes. J Appl. Ecol., 58 (9), 
1967, 2021. 

73. VEDDER D., LEIDINGER L., SARMENTO CABRAL J. 
Propagule pressure and an invasion syndrome determine 
invasion success in a plant community model. Ecol Evol., 
11(23), 17106, 2021. 

74. ALHARTHI A.S., ABD-ELGAWAD A.M., ASSAEED 
A.M. Influence of the invasive shrub Nicotiana glauca 
Graham on the plant seed bank in various locations in Taif 
region, western of Saudi Arabia. Saudi J Biol Sci., 28 (1), 
360, 2021. 

75. PERTIERRA L.R., BARTLETT J.C., DUFFY G.A., 
VEGA G.C., HUGHES K.A., HAYWARD S.A.L., 
CONVEY P., OLALLA-TARRAGA M.A., ARAGÓN P. 
Combining correlative and mechanistic niche models with 
human activity data to elucidate the invasive potential of a 
sub-Antarctic insect. J Biogeogr., 47, (3), 658, 2020.


