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Abstract

The rangelands of Saudi Arabia are important for the livelihood of local pastoral communities. Lowland rangelands cover

huge areas in the saline saltmarshes, dry sand dunes and arid desert plains, with noticeable latitudinal and edaphic gradi-

ents, marked floristic zonation, and vegetation influenced by limited water availability. Highland rangelands display alti-

tudinal gradients, mild wet conditions and plentiful pastoral output. This review provides insights into those rangelands’

geodiversity, distribution, characteristics, and phytodiversity in relation to climatic conditions and species acclimatization

potential. It also provides analysis of soil erosion, overgrazing, alien and invasive plants, urban sprawl, and intrusive recre-

ational activities, as serious threats facing rangelands. A discussion of the necessary monitoring and management measures

is also presented in terms of environment management goals.
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Introduction

Saudi Arabia occupies a large part of the Arabian Pen-
insula, with a long maritime perimeter along the Red Sea
and Arabian Gulf coasts. Climate is cold to moderate
in winter and hot in summer, with scarce erratic rain-
falls, protracted droughts, severe aridity, and strong sand
storms (Butt & Mashat 2018; Sayed & Masrahi 2023). Its
diverse coastal topography features sandy shores, saline
saltmarshes and dry coastal sand dunes. Deeper inland,
expansive arid desert plains form vast sand seas with
barchans, desert pavements and ancient basaltic lava
fields (Moufti & Németh 2016; Sayed & Masrahi 2023).
The highlands with their wet and mild conditions offer
rich phytodiversity. The cool mild conditions and ample
rainfalls in the mountains support thriving pasture and

terraced agriculture (Sayed & al. 2019; Al-Turki & al.
2020; Khemira & al. 2023; Sayed & Masrahi 2023; Sayed
& Masrahi 2025).

Saudi Arabian rangelands cover huge areas of saline
saltmarshes, dry sand dunes, arid desert plains, and
cool mountains. They are important for livestock breed-
ing and support of pastoral communities. They also play
crucial ecological role in preventing soil degradation and
enhancing carbon sequestration (Al-Rowaily & al. 2018;
Alhaithloul 2019; Alzarah & al. 2021). In line with the way
the early inhabitants used to graze their herds for centu-
ries, sustainability of the rangelands has been achieved
by voluntary grazing restrictions due to the movement of
nomadic tribes thus imposing intermittent respite to the
rangelands. However, urbanization and anthropogenic
activities brought about formidable challenges, with se-
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rious consequences of soil erosion, floristic degradation,
and rangelands deterioration (Al-Rowaily & al. 2015; As-
saeed & al. 2019). This review offers an insight into the
Saudi Arabian rangelands geodiversity, distribution,
characteristics, and phytodiversity in relation to climatic
conditions and species acclimatization potential. It pro-
vides an elaborate analysis of soil erosion, overgrazing,
alien and invasive plant incursions, urban sprawl, and in-
trusive outdoor recreational activities as major challenges
for rangelands deterioration. It also discusses the neces-
sary measures for tackling these challenges, with an em-
phasis on the rangelands’ monitoring and management.

1. Distribution and phytodiversity
1.1 Northern Region rangelands

The Northern Region covers large areas of An-Nafud
Desert remarkable for its vast arid desert plains, aeolian
reddish sand, crescent-shaped barchans, and extreme
aridity (Fig. 1). Its climate is cold in winter and mild in
summer, with mean annual temperatures of 10°C and
35°C, respectively, and winter precipitation of about 40
mm (Table 1). During the rainy season in winter, large
transient pools in shallow silty depressions host rich an-
nual vegetation (Hasanean & Almazroui 2015).

The northern parts of An-Nafud Desert enclose vast
desert plains with Vachellia flava-Vachellia tortilis and
Panicum turgidum-Artemisia monosperma communities,

vegetation of Saharo-Arabian/Irano-Turanian chorol-
ogy, and mainly therophyte and chamaephyte life forms
(Table 2). The rangelands comprise thorn scrubs (Vach-
ellia flava, V. tortilis - Fabaceae) and cool-adapted grasses
such as Aegilops kotschyi, Alopecurus myosuroides, Av-
ena byzantina, Avena sterilis, Bromus scoparius, Dacty-
lis glomerata, Poa sinaica, and Stipa parviflora (Poaceae)
(Masrahi & al. 2012; Sayed & Masrahi 2025). The cool-
adapted annuals and perennials include Anvillea garcinii
(Asteraceae), Astragalus spinosus (Fabaceae), Calligonum
polygonoides (Polygonaceae), Paronychia arabica (Caryo-
phyllaceae), and Reseda pruinosa (Resedacae) (Fakhry &
AlAnazi 2017; Hosny & al. 2018; Basahi 2018).

The southern parts of An-Nafud Desert encompass
barchans, which host Haloxylon persicum-Stipagrostis drarii
and Pulicaria undulata-Citrullus colocynthis communities,
vegetation of Saharo-Arabian/Sudano-Zambezian chorol-
ogy with some Irano-Turanian elements, and mainly thero-
phyte and chamaephyte life forms (Table 2). The rangelands
contain thorn scrubs (Vachellia flava, V. tortilis - Fabace-
ae) and a blend of cool- and warm-adapted grasses, such
as Ammochloa palaestina, Bromus danthoniae, Oryzopsis
miliacea, Centropodia forskaolii, Enneapogon lophotrichus,
Eragrostis aspera, Digitaria pennata, and Echinochloa fru-
mentacea (Poaceae) (Masrahi & al. 2012; Sayed & Masrahi
2025). Common species include Anthemis deserti (Asterace-
ae), Horwoodia dicksoniae (Brassicaceae), Plantago boissieri
(Plantaginaceae), Polycarpaea repens (Caryophyllaceae), and
Savignya parviflora (Hosny & al. 2018; Abdein & Osman
2020; Elmefregy & El-Sheikh 2020; El-Sheikh & al. 2021).

Fig. 1. Map of different regions of Saudi Arabia. (https://www.worldmapl.com/saudi-arabia-map.asp).
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Table 1. Saudi Arabian rangelands' distribution and geodiversity
Features
Region Territory Altitud T Rainfall
itude . emp. ainfa . .
(m) Topography Climate °C) (mm) Aridity
An-Nafud Desert plains  Cold winter Min. 10 Winter .
Northern Desert 500 Sand dunes Mild summer Max. 35 40 mm Hyper-arid
Najd Plateau Barchans Cold winter Min. 15 Winter .
Northern Parts 800-1000 Wadis Warm summer Max. 30 100 mm Arid
Central
Najd Plateau 600 Desert plains Mild winter Min. 20 Winter H —arid
Southern Parts Wadis Hot summer Max. 40 20 mm yper-ari
Saltmarshes Cold winter Min. 15 Winter .
Northern Parts 0-500 Sand dunes Hot summer Max. 45 70 mm Arid
Saltmarshes Mild winter Min. 20 Winter .
Southern Parts 0-500 Sand dunes Warm summer Max. 45 70 mm Arid
Eastern
. Desert plains Mild winter Min. 25 Winter .
Al-Ahsa Oasis 150 Wadis Hot summer Max. 45 70 mm Arid
Barchans Cold winter Min. 10 Spring .
Empty Quarter 800 Desert plains Hot summer Max. 50 10 mm Hyper-arid
Saltmarshes . . .
Northern Tihama  0-700 Sand dunes CC.)ld winter Min. 10 Winter Arid
. Mild summer Max. 20 25 mm
Desert plains
Saltmarshes . . . Winter/
Western Central Tihama 0-500 Sand dunes Mild winter Min. 20 spring Arid
. Hot summer Max. 30
Desert plains 70 mm
Southwestern 0-500 golt;njrshes Mild winter Min. 25 Summer H —arid
Lowlands and dunes Hot summer Max. 35 100 mm yper-ari
Desert plains
. . Mild winter Min. 20 Summer .
Highlands 500-1000 Highlands Hot summer Max. 30 200 mm Arid
Southwestern
. . Cold winter Min. 10 Summer .
Mountains >1000 Mountains Mild summer Max. 20 300 rmm Semi-arid

1.2 Central Region rangelands

The Central Region falls within the elevated Najd Pla-
teau, with its dry desert plains, arid desert pavements,
crescent-shaped barchans, meadows, and wadis (Fig. 1).
Najd Plateau reaches an altitude of 1000 m in the west
and slopes down gently eastward to about 800 m, with
many fertile areas within the Tuwaiq Escarpment Juras-
sic stratigraphic sequence (Alghamdi & al. 2018; Mseddi
& al. 2021; Sayed & Masrahi 2023). Climate shows north-
south temperature variations, with cold winter in the

northern parts, mild winter in the southern parts, and
mean annual temperatures of 15°C and 20°C, respec-
tively. Summer is warm in the northern parts and hot in
the southern parts, with mean annual temperatures of
30°C and 40°C, respectively (Table 1). The rainy season in
winter brings total annual precipitation of 100 mm in the
northern parts and 20 mm in the southern parts (Hasa-
nean & Almazroui 2015; Alotaibi & al. 2018).

The Central Region rangelands cover vast areas of
the Najd Plateau dry sand dunes, arid desert pavements
and wadis with aquifers and ample pastoral output. They
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Table 2. Saudi Arabian rangelands’ characteristics and phytodiversity

Phytodiversity

. . Altitude .
Region Territory Thorn Juniperious Species
(m) Mangroves b dland
scrubs woodlands  Tendency Chorology
Nafud Desert Vachellia flava Cool- Saharo-Arabian/
Northern Northern Part 500 ) V. tortilis ) adapted Irano-Turanian
Cool-
Nafud Desert 500 ) Vachellia flava adapted Saharo-Arabian/
Southern Part V. tortilis Warm- Irano-Turanian
adapted
Najd Plateau 800- ) 5og:f1igiaflava ) Cool- Saharo-Arabian/
Northern Part 1000 , o adapted Irano-Turanian
V. tortilis
Central . Warm-
Najd Plateau Vachellia flava adapted Saharo-Arabian/
600 - V. oerfota - . .
Southern Part ™ Arid- Irano-Turanian
V.tortilis
adapted
Northern Part  0-500 A marina Vache(/./a flava Salt- Schcro—Arcplon/
V.tortilis tolerant Irano-Turanian
Southern Part  0-500  A. maring Vachel{/g flava Salt- Soharo-Arqblan/
V. tortilis tolerant Irano-Turanian
Warm-
. Vachellia flava adapted Saharo-Arabian/
Eastern Al-Ahsa Oasis 150 ) V. tortilis ) Arid- Irano-Turanian
adapted
Seneglia
hamulosa .
Empty 800 ) Vachellia flava - Drought- Schcro—Arcplon/
Quarter tolerant Irano-Turanian
V. oerfota
V. tortilis
S pobamAveion/
Northern . Vachellia flava tolerant -
. 0-700 A. marina " - with some
Tihama V. tortilis Cool- .
Mediterranean
adapted
elements
Salt- Saharo-Arabian/
tolerant Sudano-Zambezian
Central 0-500 A marina Vachellia flava Cool- with some
Western Tihama ’ V. tortilis adapted Saharo-Arabian/
Warm- Irano-Turanian
adapted elements
Salt- Saharo-Arabian/
A marina tolerant Sudano-Zambezian
Southwestern 0-500 R. Vachellia flava ) Warm- with some
Lowlands ’ V. tortilis adapted Saharo-Arabian/
mucronata . .
Arid- Irano-Turanian
adapted elements
Cool-
Highlands 500- ) Senegalia asak adapted Saharo-Arabian/
9 1000 Vachellia flava Warm- Irano-Turanian
South- adapted
western Senegalia asak
Asir Mountains >1000 ) V. etbotco" Juniperus Cool- Ir.dno.—Turonlon/Euro—
A.gerrardii procera adapted Siberian
A.origena

contain thorn scrubs, cool-adapted annual and peren-
nial species in the northern parts, and an assemblage of
warm- and arid-adapted annual and perennial species in
the southern parts (Hosny & al. 2018; Alhaithloul 2019;
Rauf & al. 2022).

The sand duneshost Artemisia monosperma-Haloxylon
salicornicum and Leptadenia pyrotechnica-Haplophyllum

tuberculatum communities, vegetation of Saharo-Ara-
bian/Irano-Turanian chorology, and mainly therophyte
and chamaephyte life forms (Table 2). Grasses include
cool- and warm-adapted species, such as Brachiaria ra-
mosa, Bromus rubens, Bromus tectorum, Cenchrus gracil-
limus, Chrysopogon plumulosus, Cutandia memphitica,
Tetrapogon villosus, and Tragus racemosus (Poaceae).
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Common species include Polycarpaea repens (Caryophyl-
laceae), Senna italica (Fabaceae), Horwoodia dicksoniae
(Brassicaceae), and Neurada procumbens (Nuradaceae)
(Sayed & Masrahi 2023; Sayed & Masrahi 2025).

Desert pavements host Vachellia tortilis-Rhazya
stricta communities, vegetation of Saharo-Arabian/Su-
dano-Zambezian chorology with some Irano-Turanian
elements, and mainly phanerophyte and therophyte life
forms (Table 2). They enclose thorn scrubs (Vachellia
flava, V. oerfota, and V. tortilis - Fabaceae) and warm-
adapted grasses, such as Dactyloctenium aegyptium, Och-
thochloa compressa, and Panicum turgidum (Poaceae)
(Masrahi & al. 2012; Hosny & al. 2018; Sayed & Masrahi
2025). The major perennial species include Corchorus
depressus (Tiliaceae), Helianthemum kahiricum (Cista-
ceae) and Senna italica (Fabaceae). Winter rainfalls cre-
ate ephemeral pools that encourage such annual species
as Bassia muricata (Amaranthaceae), Paronychia arabica
(Caryophyllaceae) and Pycnocycla nodiflora (Apiaceae)
(Alghamdi & al. 2018; Alsharif & al. 2022; Sayed & Mas-
rahi 2023; Almarr & al. 2024).

1.3 Eastern Region rangelands

The Eastern Region covers large areas along the hot and
humid Arabian Gulf coast and extends into the southeast-
ern hot hyper-arid Empty Quarter (Fig. 1). The climate of
coastal areas shows north-south temperature variations,
with cold winter in the northern parts, mild winter in the
southern parts, mean annual temperatures of 15°C and
20°C, respectively, and winter rainfalls of about 70 mm
(Table 1). However, summer is predominantly hot there,
with mean annual temperature of 45°C (Almazroui 2020).
These coastal areas host Avicennia marina (Acanthaceae)
mangrove swamps, where camel herding is common, and
as they extend inland into the saline littoral saltmarshes,
they host halo-succulents shrubs and salt-tolerant grasses
(Sayed 1995, Sayed & Masrahi 2023). As these rangelands
extend further inland into the sand dunes and desert
plains, they exhibit edaphic gradients of decreased soil
salinity and water content and a floristic shift towards
drought-tolerant annual and perennial species.

The saltmarsh rangelands along the Arabian Gulf coast
host Haloxylon salicornicum-Zygophyllum qatarense and
Aeluropus lagopoides-Halopeplis perfoliata communities,
vegetation of Saharo-Arabian/Irano-Turanian chorology,
and mainly chamaephyte and hemicryptophyte life forms
(Table 2). Halo-succulents include Anabasis setifera, Ar-
throcnemum macrostachyum, Halocnemum strobilace-
um, Salicornia sinus-persica, and Seidlitzia rosmarinus
(Amaranthaceae). Grasses include Centropodia fragilis,
Lasuirus scindicus, Phragmites australis and Stipagrostis
plumosa (Poaceae) (Masrahi & al. 2012; Sayed & Masrahi
2025). Common species include Mesembryanthemum
forsskalii (Aizoaceae), Plantago boissieri (Plantaginaceae)
and Suaeda aegyptiaca (Amaranthaceae) (Sayed 1993,
1994, 1995, 1996; Al-Turki & al. 2017; Almahasher 2021;
Sayed & Masrahi 2023).

The Eastern Region rangelands also extend into the
desert plains of Al-Ahsa Oasis, with its thriving agricul-
ture supported by groundwater from complex aquifers
and numerous springs (Salih & al. 2021, Khogali & al.
2024). Climate there is mild in winter and hot in sum-
mer, with mean annual temperatures of 25°C and 45°C,
respectively, and winter rainfalls of about 70 mm (Table
1). That area hosts Seidlitzia rosmarinus-Suaeda pruino-
sa-Zygophyllum decumbens and Haloxylon salicornicum-
Cornulaca monacantha-Salsola baryosma communities,
vegetation of Saharo-Arabian/Irano-Turnian chorology,
and mainly phanerophytes and therophyte life forms
(Table 2). It also encloses thorn scrubs (Vachellia flava, V.
tortilis — Fabaceae), vegetation of warm- and arid-adapt-
ed annuals and perennials, and vast areas of cultivated
date palms (Phoenix dactylifera - Arecaceae) and Hassawi
rice (Oryza sativa L. cv. Hassawi - Poaceae) (Al-Turki &
Basahi 2015; Hosny & al. 2018; Al-Mssallem & al. 2024).

Furthermore, the southeastern parts of the Eastern
Region rangelands fall within the hot hyper-arid Empty
Quarter’s vast desert plains and crescent-shaped barch-
ans. Climate there is cold in winter and hot in summer,
with mean annual temperatures of 10°C and 50°C, re-
spectively (Table 1). Short spring rainy spells bring a
total annual rainfall of only 10 mm (Almazroui 2019;
Sayed & Masrahi 2023). That hyper-arid region hosts
Haloxylon salicornicum-Vachellia tortilis and Halophyl-
lum tuberculatum- Vachellia oerfota communities, and
vegetation of Saharo-Arabian/Irano-Turanian chorol-
ogy (Table 2). It enfolds scattered thorn scrub woodlands
(Senegalia hamulosa, Vachellia flava, V. oerfota, and V.
tortilis - Fabaceae) and tree species, such as Commiphora
myrrha (Burseraceae), Maerua crassifolia (Capparaceae),
Moringa peregrina (Moringaceae), and Ziziphus spina-
christi (Rhamnaceae). Vegetation includes warm-adapted
and drought-tolerant perennial shrubs, such as Ephe-
dra foliata (Ephedraceae) and Haloxylon salicornicum
(Amaranthaceae), herbaceous species, such as Dipter-
ygium glaucum (Cleomaceae), Haplophyllum tubercula-
tum (Rutaceae), Leucas inflata (Lamiaceae), and Limeum
arabicum (Limeaceae), and few perennial grasses, such
as Panicum turgidum (Poaceae). Annual species, such as
Astragalus hauarensis (Fabaceae), Cleome amblyocarpa
(Cleomaceae), Monsonia nivea (Geraniaceae), Polygala
erioptera (Polygalaceae), and Aristida adscensionis (Po-
aceae), occur only after the spring rainfalls (Hall & al.
2010; Sayed & Masrahi 2023).

1.4 Western Region rangelands

The Western Region rangelands stretch parallel to the
Red Sea coast, enclosing parts in northern Tihama, cen-
tral Tihama, and southwestern lowlands (Fig. 1). Their
wide latitudinal span (32°-17°N) entails a pronounced
temperature gradient, with cold winter in the north and
mild winter in the central parts and southern lowlands,
with mean annual temperatures of 10°C, 20°C, and
25°C, respectively. Summer is mild in the north, warm



32

Sayed, O.H. & al. | Rangelands of Saudi Arabia

in the central parts, and hot in the southern lowlands,
with mean annual temperatures of 20°C, 30°C, and 35°C,
respectively (Table 1). Rainfalls occur in winter in the
north, in winter and early spring in the central parts,
and in summer in the southern lowlands (Hasanea & al.
2015; Hasanean & Almazroui 2015; Butt & Mashat 2018;
Almazroui 2020; Rauf & al. 2022; Sayed & Masrahi 2023).
The total annual precipitation shows a north-south rise,
with 25 mm in the north, 70 mm in the central parts,
and 100 mm in the southern lowlands (Almazroui 2019;
Rauf &al. 2022; Sayed & Masrahi 2023). However, despite
that north-south increase in the rainfalls, aridity mani-
fests a notable north-south rise, due to the fact that that
rainfalls occur during the hot summers, which increases
demand for evapotranspiration in the southern lowlands
(Almazroui & al. 2017; Almazroui 2020; Sayed & Masrahi
2023; Sayed & Masrahi 2025). Those rangelands comprise
saline littoral saltmarshes, dry coastal sand dunes, and
extend inland into the arid Tihama Desert plains. Such
inland transition inflicts an edaphic gradient, with a
marked decline of soil salinity and water content, and a
floristic shift from the shoreline mangrove swamps to wet
saline saltmarshes with halo-succulent shrubs and salt-
tolerant grasses, and to arid desert plains dominated by
drought-tolerant perennials (Remesh & al. 2020; Sayed &
Masrahi 2023). While, the mangrove swamps host Avi-
cennia marina (Acanthaceae) along the Red Sea coast,
Rhizophora mucronata (Rhizophoraceae) is restricted to
the southern Red Sea coralline islands and the Farasan
Archipelago (Al-Qthanin & Al-Yasi 2021; Sayed & Mas-
rahi 2023).

The northern Red Sea littoral saltmarshes host Suaeda
fruticosa-Juncus rigidus and Zygophyllum coccineum-
Cyperus conglomeratus communities, vegetation of
Saharo-Arabian/Irano-Turanian chorology with some
Mediterranean elements, and mainly therophyte and
chamaephyte life forms (Table 2). The rangeland plants
include halo succulents, such as Arthrocnemum macro-
stachyum and Suaeda fruticosa (Amaranthaceae), and
salt-tolerant grasses, such as Aeluropus littoralis, Echino-
chloa colona, Eragrostis lepida, Leptochloa fusca, and Sac-
charum ravennae (Poaceae) (Masrahi & al. 2012; Basahi
2018; Sayed & Masrahi 2023; Sayed & Masrahi 2025).

The central Red Sea littoral saltmarshes host Atriplex
farinosa-Anabasis setifera and Suaeda pruinosa-Panicum
turgidum communities, vegetation of Saharo-Arabian/
Sudano-Zambezian chorology with a few Irano-Turani-
an elements, and therophyte and chaemophyte life forms,
with some hemicryptophytes and geophytes (Table 2).
The rangeland plants include halo-succulents, such as
Anabasis setifera, Salsola baryosma and S. tetrandra (Am-
aranthaceae), and grasses such as Aeluropus lagopoides,
Aristida funiculata, Panicum antidotale, and Panicum
turgidum (Poaceae) (Masrahi & al. 2012; Sayed & Mas-
rahi 2023; Sayed & Masrahi 2025).

The southern Red Sea littoral saltmarshes host Ae-
luropus lagopoides-Cyperus conglomeratus and Suaeda
monoica-Panicum turgidum communities, vegetation

of Saharo-Arabian/Sudano-Zambezian chorology, and
mainly therophyte and chamaephyte life forms. The
rangeland plants include halo-succulents, such as Sesuvi-
um verrucosum (Aizoaceae) and Suaeda monoica (Ama-
ranthaceae), and salt-tolerant grasses, such as Aeluropus
lagopoides, Desmostachya bipinnata, Halopyrum mucro-
natum, Panicum repens, Sporobolus helvolus, S. spicatus,
and Urochondra setulosa (Poaceae) (Masrahi & al. 2012;
Sayed & Masrahi 2023; Sayed & Masrahi 2025).

The Western Region rangelands also extend inland
into the dry arid desert plains with north-south floristic
transition manifested by prevalence of cool-adapted spe-
cies in the cool northern parts, cool- and warm-adapted
species in the warm central parts, and warm- and arid-
adapted species in the hot hyper-arid southwestern low-
lands. Vegetation chorology also changes from Saharo-
Arabian/Irano-Turanian with a few Mediterranean
elements in the northern parts, to Saharo-Arabian/Suda-
no-Zambezian with some Saharo-Arabian/Irano-Tura-
nian elements in the central parts, and Saharo-Arabian/
Sudano-Zambezian in the southwestern lowlands (Al-
Gifri & al. 2018; Al-Gifri & al. 2019; Khormy & al. 2019;
Remesh & al. 2019; Sayed & al. 2020; Alharthi & al. 2023;
Sayed & Masrahi 2023; Sayed & Masrahi 2025).

The northern cool desert plains host Vachellia tortilis-
Vachellia flava, Vachellia tortilis-Stipagrostis plumosa,
Vachellia tortilis-Lycium shawii, Tamarix aucheriana-
Juncus rigidus, and Capparis decidua-Zygophyllum sim-
plex communities, and vegetation of Saharo-Arabian/
Irano-Turanian chorology with a few Mediterranean ele-
ments (Table 2). The rangeland grasses are mainly cool-
adapted, such as Ammochloa palaestina, Bromus dian-
drus, Ehrharta erecta, Hordeum murinum, Ochthochloa
compressa, Poa annua, and Stipa capensis (Alharthi & al.
2020; Sayed & Masrahi 2023; Sayed & Masrahi 2025).

The central warm desert plains host Reichardia tin-
gitana-Heliotropium aegyptiacum and Vachellia flava-
Abutilon pannosum communities, and vegetation of Sa-
haro-Arabian/Sudano-Zambezian chorology with a few
Irano-Turanian elements (Table 2). The rangeland grasses
are mainly warm-adapted, such as Cenchrus ciliaris, La-
siurus scindicus, Panicum turgidum, and Pennisetum di-
visum (Poaceae) (Masrahi & al. 2012; Alharthi & al. 2023,
Sayed & Masrahi 2023; Sayed & Masrahi 2025).

The hot hyper-arid desert plains of the southern low-
lands host Salvadora persica-Suaeda monoica, Tama-
rix aphylla-Cyperus conglomeratus and Ziziphus spina-
christi-Vachellia tortilis communities, and vegetation
of Saharo-Arabian/Sudano-Zambezian chorology. The
rangeland grasses are warm- and arid-adapted, such as
Eleusine indica, Eragrostis ciliaris, Digitaria velutina,
Odyssea mucronata, Paspalum dilatatum, Schoenefel-
dia gracilis, and Sporobolus festivus (Masrahi & al. 2012;
Sayed & Masrahi 2025).

1.5 Southwestern Region rangelands

Large parts of the Southwestern Region rangelands
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are located in the highlands, reaching 1000 m a.s.l., and
along the mountain slopes, exceeding 2000 m a.s.l. (Fig.
1). Increased altitude imposes climatic gradients of lower
mean annual temperatures from 30°C to 20°C, and high-
er total annual precipitation from 200 mm to 300 mm
in the highlands and high-altitude peaks, respectively
(Table 1). With increase of the altitude, floristic diversity
of the rangelands also increases, with a marked shift from
thorn scrubs with cool- and warm-adapted species in the
highlands, to Juniperus woodlands with a rich diversity
of cool-adapted species on the high-altitude peaks (El-Ju-
hany 2015; Al-Turki & al. 2019; Shalabi & Masrahi 2019;
Elassal 2020).

Highlands host Nicotiana glauca-Senegalia asak and
Ochradenus baccatus-Dodonaea viscosa communities,
and vegetation of Saharo-Arabian/Irano-Turanian cho-
rology (Table 2). The highlands also host thorn scrubs
(Senegalia asak and Vachellia flava - Fabaceae), and tree
species, such as Ficus cordata, F. palmata, F. sycomorus
and F. vasta (Moraceae), Salvadora persica (Salvadora-
ceae) and Ziziphus mucronata (Rhamnaceae) (Masrahi
et al. 2017; Hosny & al. 2018; Sayed and Masrahi 2023).
The shady wet understory of those trees encourages many
annuals and perennials, some of aromatic and medicinal
usage, such as Senna occidentalis and Tamarindus in-
dica (Fabaceae), Lavandula coronopifolia and Ocimum
filamentosum (Lamiaceae), Jasminum grandiflorum and
Olea europaea (Oleaceae). The rangelands’ cool-adapted
grasses include Avena ventricosa, Brachypodium fascicu-
latus, Ehrharta erecta, Eremopyrum bonapartis, and Stipa
capensis, and warm-adapted grasses, such as Enneapogon
persicus, Eragrostis barrelieri, Panicum coloratum, and
Paspalum dilatatum (Masrahi & al. 2012; Masrahi & al.
2017; Sayed & Masrahi 2025).

The mountain peaks reaching 1500 m a.s.l. host vege-
tation of Saharo-Arabian/Irano-Turanian chorology with
a few Euro-Siberian elements, and therophyte, chamae-
phyte, hemicryptophyte, and phanerophyte life forms
(Table 2). The thorn scrubs population includes Senegalia
asak, Vachellia etbaica and V. origena (Fabaceae). Howev-
er, the peaks exceeding 2000 m a.s.l. host conifer Junipe-
rus procera (Cupressaceae) forests, cool-adapted species,
such as Achyranthes aspera (Amaranthaceae), Launaea
massauensis, Pulicaria schimperi (Asteraceae), Triumfetta
flavescens, and Sida alba (Malvaceae), and cool-adapted
grasses such as Brachypodium retusum, Bromus pul-
chellus, Festuca arundinacea, Gastridium phleoides, La-
marckia aurea, and Trisetaria chaudharyana (El-Juhany
2015; Hosny & al. 2018; Sayed & Masrahi 2025).

2. Threats

2.1 Soil erosion

Soil is the medium for root anchorage and plant sup-
port, source of water and nutrients, and habitat for or-
ganisms engaged in nitrogen fixation and decomposition

of litter. Soil erosion in the Saudi Arabian rangelands is
connected with the inherent arid nature of the soil, high
wind speed and fast surface runoff (Abd El-Salam & EI-
hakem 2016; Alghamdi 2017). Studies relating rangeland
vegetation intensity to soil texture and moisture have in-
dicated that while silt-loam soils with high water-holding
capacity support rich vegetation and flourishing pas-
tures, sandy soils host poor vegetation with frequently
degraded patches. Strong storms common of the arid
regions are also reported to increase sand soil loss, ag-
gravate soil erosion and intensify rangelands degradation
(Arishi 2020; Alzahrani & al. 2024, Al-Hajji & al. 2025).
Plant cover deterioration is, in turn, reported to adverse-
ly affect rangeland soils, due to root system degradation,
which entails increased soil compaction and runoff speed
(Abd El-Salam & Elhakem 2016). Therefore, robust root
systems are important for enhancing soil cohesion and
improving arid rangeland soil properties (Alghamdi
2017; Al-Rowaily & al. 2018; Alzarah & al. 2021). Along
these lines, intertwined grass fibrous roots and rhizomes
develop shallow intensive networks that increase soil co-
hesion and stability (Abd El-Salam & Elhakem 2016; EI-
mefregy and El-Sheikh 2020; El-Sheikh & al. 2021; Salih
& al. 2021). Furthermore, burial-resistant species, such as
Cadaba rotundifolia (Capparaceae) and Salvadora persica
(Salvadoraceae), contribute to sand dunes stabilization.
When covered by sand, those burial-resistant hillock-
forming species start new branches and develop phyto-
genic hillocks, which slow down wind speed and create
drainage paths that decelerate surface runoff (Elmefr-
egy & El-Sheikh 2020; Remesh & al. 2020; El-Sheikh &
al. 2021). Therefore, encouraging proliferation of grasses
and burial-resistant species should be an integral part of
the rehabilitation programs aimed at enhancing range-
land soil properties.

2.2 Overgrazing

Overgrazing in Saudi Arabian rangelands pertains to
intensive herding without respites needed for vegetation
recovery. It reduces pasture output, lowers litter deposition,
diminishes native species persistence, and encourages en-
croachment of alien plants. Ultimately, it leads to increased
soil compaction, reduced soil water infiltration, and reduced
soil water-holding capacity (Al-Rowaily & al. 2018; Alhaith-
loul 2019; Alzarah & al. 2021). Therefore, rangeland mainte-
nance should target analysis of the spatiotemporal vegeta-
tion dynamics, evaluation of pasture carrying capacity, and
adoption of controlled livestock density. It is also important
to enforce grazing rotation measures and conduct intensive
public awareness campaigns (Azaiez & al. 2023; Almarri &
al. 2024; Al-Hugqail & al. 2025a).

2.3 Alien and invasive plants
While alien plants are non-native rangeland invad-

ers, invasive plants can be alien or native species. These
plants can outnumber the palatable species, alter vegeta-
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tion structure and modify seed bank reserve. Harmful
effects of the alien species also relate to their ability for
comebacks that encourage their dominance over the na-
tive species, develop non-palatable alien plant stands, and
produce litter biomass with allelopathic attributes, which
suppress emergence, survival and recruitment of the na-
tive species’ seedlings (Abbas & al. 2023; Abdelmalik &
al. 2023). The alien plants of Saudi Arabian rangelands
include several species, of which most damaging are Ar-
gemone mexicana (Papaveraceae), Argemone ochroleuca
(Papaveraceae), Ipomoea carnea (Convolvulaceae), Nico-
tiana glauca (Solanaceae), Cylindropuntia rosea, Opun-
tia stricta, Opuntia ficus-indica (Cactaceae), Parthenium
hysterophorus (Asteraceae), Prosopis juliflora (Fabaceae),
and Trianthema portulacastrum (Aizoaceae) (Masrahi &
al. 2015; Thomas & al. 2016; Masrahi & Sayed 2017; Mas-
rahi &al. 2017; Alfarhan & al. 2021; Aljeddani & al. 2021;
Assaeed & al. 2021; Sayed and Masrahi 2023). The native
species of ominous invasive nature include Arundo donax,
Avena sterilis, Cenchrus echinatus, Chloris barbata, Digi-
taria ciliaris, Imperata cylindrica, Panicum antidotale,
and Paspalum dilatatum (Alharthi & al. 2020; Sayed &
Masrahi 2025). Combating these alien and invasive spe-
cies by physical harvesting, solarization of infested seed
banks, and application of selective herbicides produces
only short-term results. Long-term invasion control re-
quires spatiotemporal monitoring, updated vegetation
maps, analysis of invasion patterns, and biological con-
trol techniques. Lining up goals for herders, administra-
tive bodies and ecological agencies is also imperative for
eliminating the conflicts of interest and maximizing the
control results (El-Juhany & al. 2022; Baharvandi & al.
2022; Almarri & al. 2024; Al-Hugqail & al. 2025b).

2.4 Urban sprawl

Urban sprawl is an impactful socioeconomic process
that alters land use, encourages rural-urban migration,
and causes rangeland degradation. The reduced pastoral
output of Saudi Arabian rangelands has been attributed
to the accelerated growth of urban clusters and expan-
sion of urban edge into the rangelands’ natural frame-
work (Almazroui & al. 2017; Aina & al. 2019; Alqadhi
& al. 2021; Aljaddani & al. 2022). Therefore, monitoring
urban expansion and controlling land use are impor-
tant measures for curbing the damaging effects of urban
sprawl. It is also important to consider setting of appro-
priate boundaries for urban expansion and enforcing
legislation aimed at achieving the optimal urban growth,
while protecting the rangelands’ natural environment.
Legal framework defining the urban boundaries is also
important to align the urban expansion limits to envi-
ronmental protection objectives (Aljaddani & al. 2022;
Alsharif & al. 2022; Almarri & al. 2024, Alshayeb 2025).

2.5 Outdoor recreational activities

Outdoor recreational activities in Saudi Arabia en-

compass a rich tapestry of desert sports interwoven with
heritage, culture and modernity. Among these, falconry,
hunting, camping, and off-road driving are most popu-
lar. However, these nature-based activities often inter-
fere with the natural desert environment and include
intrusive practices that pose serious threats to the fragile
rangeland ecosystems (Alatawi 2022, Alrawaf & al. 2023;
Barichievy & al. 2018). Desert camping is also related to
alarming pollutants and plastic waste accumulation, with
hazardous microplastic compounds that retard plant
growth and reduce rangeland forage quality (El-Bana &
Aldakhil 2015; Alzarah & al. 2021; Alrawaf & al. 2023).
Furthermore, off-road driving is one of the most envi-
ronmentally destructive outdoor activities. It changes
gravely the rangeland hydrological pattern by creating
salient driving tracks that alter soil texture, increase soil
compaction, and reduce soil water retention. It also frag-
mentizes the grazing sites and encourages the invasive
species’ incursion and alien species’ encroachment (El-
Bana & Aldakhil 2015; Ayachi & Jaouadi 2017; Al-Dousa-
ri & al. 2019; Assaeed & al. 2019; Al-Hugqail & al. 2025b).
Along these lines, the term “ecotourism” describes some
nature-based activities that harmonize recreation with
environmental protection so as to achieve adequate tour-
istic experience with minimal impact on nature. There-
fore, sustainable nature-based activities can be achieved
by upgrading the rangeland workers’ training, public
awareness campaigns and updating the national curri-
cula with environmental protection themes (Al-Tokhais
& Thapa 2019; Elassal 2020; AlAli & al. 2024).

3. Monitoring

Monitoring of natural resources involves continuous
assessment aimed at developing and updating the infor-
mation which reflects the current status, anticipates fu-
ture changes and reveals long-term trends. It also helps
assess validity of the management programs and achieve
sustainability objectives. Therefore, monitoring is im-
portant for understanding the rangeland dynamics and
providing information necessary for management and
decision-making (Alghamdi 2017; Assaeed & al. 2018).
Monitoring the Saudi Arabian rangelands has recently
gained momentum by establishing some genetic diver-
sity centers and seed gene banks to regulate the range-
lands’ genetic dependability and consistency (Al-Turki &
al. 2020; Assaeed & al. 2021). It has also been improved
by introducing some advanced tools that facilitate spa-
tiotemporal monitoring, such as GIS applications useful
for evaluation of soil erosion, identification of degraded
rangelands and exploration of groundwater reserves
(Abdullah & al. 2015; Alzarah & al. 2021; Mobarak &
al. 2022; Shrahily & al. 2022; Abdullah & al. 2023). Ad-
vanced remote-sensing and satellite-based approaches
also offer robust tools for real-time spatiotemporal imag-
ery and updated vegetation maps (Al-Rowaily & al. 2018;
Alzarah & al. 2021; Alsharif & al. 2022; Mobarak & al.
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2022; Shrahily & al. 2022). Such innovations as Artifi-
cial Intelligence (AI), Internet of Things (IoT), Machine
Learning (ML), and autonomous Unmanned Aerial Ve-
hicles (UAVs) have also been adopted in the Saudi Arabi-
an rangeland monitoring programs. Of these tools, UAVs
have been effectively used to determine the rangeland
vegetation phenology and monitor the grazing animal
biometrics and feeding behaviors. Artificial Intelligence
Neural Networks augmented with Machine Learning al-
gorithms has also proved effective in assessing and pre-
dicting the rangelands’ soil erosion (Alanezi & al. 2022;
Alqadhi &al. 2023).

4. Management

Overexploitation pressures have currently caused
rangeland decline at unprecedented critical levels. These
pressures call for implementation of management pro-
grams aimed at sustainably operated rangelands, protec-
tion of their quality and keeping of their consumption-
sustainability balance. The required comprehensive
management programs should address the herding prac-
tices, livestock characteristics, stocking rates, and animal
grazing behavior, as well as other rangeland resources
such as soil, water and vegetation. These programs should
also be flexible and responsive to the rangelands’ dynam-
ic nature, which calls for corrective actions (Abdullah &
al. 2015; Barichievy & al. 2018; El-Juhany & al. 2022).

Saudi Arabian rangelands are facing multiple issues, of
which selective livestock grazing, protracted drought and
plant cover deterioration are most damaging. Selective
grazing targets individual species and particular grazing
patches, which depletes palatable species and encourages
invasive plants. Therefore, management programs should
enforce rotational grazing measures to alleviate the ad-
verse effects of selective grazing (Abdullah & al. 2015; Al-
anezi & al. 2022, FAO 2022; Alqadhi & al. 2023). Further-
more, protracted droughts limit rangeland vegetation in
the arid regions and demand adoption of water manage-
ment approaches that target high rainwater use efficiency
(Abbas & al. 2022; Alotaibi & al. 2023). Along these lines,
dams built at desert depressions create water reservoirs
for recharge of aquifers and support of desert agriculture
(Abu-Abdullah & al. 2020; Sayed & al. 2020). Therefore,
management programs should also address the use of
these huge water reserves for planned irrigation of the
arid rangelands during prolonged droughts. Several stud-
ies have proved effectiveness of controlled irrigation in
enhancing the arid rangelands productivity (Sayed 1994;
Al-Rowaily & al. 2015; Assaeed & al. 2019; Mohamed &
al. 2024). Studies have also revealed grave plant cover
deterioration owing to rangeland overexploitation and
have indicated a need for building up recurringly fenced
enclosures to enhance vegetation recovery (Barichievy &
al. 2018; Assaeed & al. 2019). However, physical fencing
alters the processes of natural ecosystems, modifies graz-
ing animal behavior, and interferes with the wild ani-

mals’ migratory routes. Conversely, virtual fencing tech-
nologies make possible the establishment of rangelands
enclosures without physical barriers and do not interfere
with the wild animals’ migratory routes. Wireless sensors
and smart collars could confine the animals’ movement
within the virtual enclosures by producing sound as ani-
mals approach the virtually fenced boundaries (Ilyas &
Ahmad 2020; Azaiez & al. 2023). Finally, involvement of
stakeholders is also crucial for successful rangeland man-
agement. Assessing the local herders’ perception of the
management programs can help identify the barriers, re-
veal constraints and produce recommendations for suc-
cessful management (FAO 2017; Baharvandi & al., 2022;
El-Juhany & al. 2022; Alotaibi & al. 2023).

5. Future

Rangeland deterioration takes place at serious en-
vironmental, economic and social costs. Updating the
rangelands’ sustainability regulations and enforcing pro-
tection legislation are urgent measures needed for range-
lands conservation (Al-Tokhais & Thapa 2019; Azaiez
& al. 2023; Almarri & al. 2024). Future conservation of
the Saudi Arabian rangelands is expected to incorporate
standardized conservation indicators, normalized as-
sessment markers and clear benchmarks. It is also impor-
tant to shift the public attitudes from risk to opportunity
and change priority from consumption to a supply-de-
mand balance. These measures form a comprehensive set
of prerequisites for keeping up with the guidelines of the
Saudi and Middle East Green Initiative 2021 and the am-
bitious directives of the Kingdom Vision 2030.

Conclusions

Saudi Arabian rangelands encompass a wide range of
habitats. As they extend from coastal areas into the des-
ert plains, they exhibit edaphic gradients with floristic
zonation involving transition from wet saline locations
dominated by halo-succulents and salt-tolerant species to
dry arid locations hosting drought-evading annuals and
drought-tolerant perennials. The rangelands’ vast latitu-
dinal gradient involves transition from the cool northern
regions hosting cool-adapted species of Saharo-Arabian,
Irano-Turanian, and Mediterranean chorology to hot
arid southern lowlands hosting warm- and arid-adapt-
ed species of Saharo-Arabian, Sudano-Zambezian, and
Tropical chorology. Mountainous southwestern range-
lands exhibit an altitudinal gradient with a shift from hot
low-altitude locations hosting warm- and arid-adapted
species of Saharo-Arabian and Irano-Turanian chorol-
ogy to cool high-altitude locations hosting cool-adapted
species of Irano-Turanian and Euro-Siberian chorology.
These rangelands face challenges of soil erosion, over-
grazing, invasive species incursion, and alien species
encroachment, urban sprawl, and intrusive practices as-
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sociated with outdoor recreational activities. Such chal-
lenges call for prompt measures of constant monitoring
based on standardized indicators, defined assessment
markers and precise benchmarks. Updated management
programs, enforced protection legislation and urban ex-
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