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ABSTRACT: Traditional ecological knowledge (TEK) offers place-based insights into plant use, resource dynamics, and
biodiversity in arid landscapes. Despite long-standing community reliance on wild plants in Saudi Arabia, integrated assessments
linking TEK with ecological status and conservation priorities remain limited. This study documents traditional knowledge of wild
plant use and evaluates its implications for sustainable management in a desert landscape of southwestern Saudi Arabia.
Ethnobotanical data were collected from 37 informants using snowball sampling and semi-structured interviews to record plant uses,
parts utilized, growth forms, and perceived ecological status. Local communities reported multiple ethnobotanical applications,
primarily for medicine, food, fragrance, herbal tea, and fodder. Apocynaceae and Fabaceae were the most frequently cited families,
leaves were the dominant plant part used, and herbaceous perennials were the prevailing growth form. Medicinal uses mainly
targeted gastrointestinal disorders, followed by dermatological, urinogenital, and febrile conditions. Commiphora gileadensis (UV
= 0.49) and Rumex vesicarius (UV = 0.46) were the most culturally valued species. Although most taxa were considered ecologically
stable, Commiphora gileadensis and Commiphora kataf were identified as threatened. Integrating TEK with ecological assessment
identified multifunctional native species critical for local livelihoods and conservation planning. The findings emphasize prioritizing
culturally important plants in restoration initiatives and demonstrate how TEK can strengthen biodiversity management, promote
sustainable use, and guide re-vegetation strategies in dryland ecosystems.

KEY WORDS: Arabic, conservation, ecology, ethnobotanical uses, hyper arid, indigenous people, Saudi Arabia.

INTRODUCTION

In the context of accelerating environmental change
and global biodiversity loss, the integration of
ethnobotanical knowledge into conservation planning
offers an essential bridge between scientific frameworks
and local socio-ecological realities (Zhao et al., 2025).
Local communities have developed enduring, place-
based biocultural practices grounded in long-term
observations of their biophysical environments and
sustained interactions with natural systems (Swanson and
Ardoin, 2021; Geng et al., 2026). Traditional ecological
knowledge (TEK) plays a pivotal role in enabling
indigenous and tribal communities to respond to socio-
ecological change, as its incorporation into livelihood
strategies enhances long-term sustainability while
strengthening both social and ecological resilience (Haq
etal., 2023).

TEK encompasses a cumulative and evolving body of
knowledge, practices, and belief systems that describe
relationships among living organisms, including humans,
and their surrounding environment, and is transmitted
across generations through cultural pathways (Sharifian
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et al, 2022; Luo et al, 2024). Compared with
conventional scientific approaches, TEK is typically
applied at finer spatial scales and over longer temporal
horizons, providing insights that are often inaccessible
through short-term ecological studies (Jiang ef al., 2014;
Reid et al., 2021; Suo et al., 2026). Documentation of
traditional knowledge from diverse regions has
demonstrated its value in informing sustainable plant
resource management and habitat conservation at
regional scales, while also identifying priorities for future
scientific investigation (Molnar and Babai, 2021; Yang et
al., 2026). This knowledge system is primarily
transmitted orally and continuously reshaped through
adaptive social, cultural, economic, environmental,
spiritual, and political processes, reflecting its dynamic
nature and relevance across generations (Redvers et al.,
2023; Haq et al., 2021). However, there are significant
challenges to the preservation of this valuable heritage
due to the aging of knowledge holders and the increasing
erosion of traditional lifestyles. Thus, it is crucial to
record and digitally preserve indigenous and local
knowledge to prevent its loss, make it easier for future
generations (Tella ez al., 2025; Miao et al., 2026).
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Plants are essential to human life due to their many
services in food, medicine, culture, agroforestry, and
technology (Tian et al, 2012a; Al-Robai et al., 2022).
People have used plant resources for a variety of everyday
needs since the beginning of time (Qari ef al., 2024; Tian
et al., 2012b). A significant portion of the livelihoods of
hundreds of millions of people, primarily in developing
nations, originate from items made from wild plants (Baig
et al.,2022). Moreover, TEK emphasizes the need to live
in harmony with the environment and the
interconnectedness of humans and nature (Haq et al.,
2021; Taki and Kumari, 2023). Its foundation lies in the
knowledge and traditions of the native and regional
civilizations. Indigenous people have made universal
contributions to a wide range of ecologically significant
subjects (Algahtany and Aravindakshan, 2022). The
historical and contemporary significance of indigenous
people for taxonomy, biodiversity cataloguing and, more
generally, their role in biodiversity protection cannot be
understated (Gebara et al., 2023; Tian et al, 2013).
Indigenous people have thus been able to acquire
important information in pharmacology and medicine
based on their in-depth understanding of the local
biodiversity (Tounekti et al., 2019; Wang et al., 2025a).

The availability and accessibility of plant resources
have long shaped ecological structure and resource-use
practices in arid and semi-arid environments (Abule et al.,
2005; Wang et al., 2025b). Plant species that are abundant
and easily accessible are more readily incorporated into
local cultural traditions, increasing their relative
importance and perceived therapeutic or nutritional value
(Yang et al., 2020; Ansari et al., 2022); however,
sustained and intensive harvesting of medicinal plants can
place considerable pressure on natural populations,
contributing to resource depletion and ecological
vulnerability (Shabana et al., 2023; Zhang et al., 2025).
The sustainable management of these plant resources,
critical for both biodiversity conservation and human
well-being, relies heavily on TEK, which guides plant
selection, utilization practices, and adaptive resource
management (Couee, 2024). Despite its significance,
TEK is increasingly threatened by rapid urbanization and
broader socio-economic and socio-political changes,
weakening the dynamic relationship between plant
diversity and traditional ecological practices in arid
regions of Saudi Arabia (Zhang et al., 2021; Fajardo et
al., 2021).

Although the role of TEK in supporting ecosystem
services and sustainable resource use is increasingly
recognized, persistent knowledge gaps continue to hinder
its effective integration into conservation planning in arid
landscapes. In this context, the main objectives of the
study are (1) to document and analyze traditional
ecological knowledge related to the multipurpose use of
wild plant resources in an arid landscape of southwestern
Saudi Arabia, and (2) to assess the ecological status and
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conservation relevance of the documented species. The
findings are expected to inform biodiversity conservation,
guide ecological restoration, and support sustainable
resource management through the integration of local
knowledge into arid-land conservation frameworks.

MATERIALS AND METHODS

Study area

Abu Arish Governorate is located in the Jizan Region
of southwestern Saudi Arabia at 16°58'08"N 42°49'57"E
(Figure 1). Abu Arish is one of the historical cities known
since the fourth Hijri century. The word ‘Abu Arish’
indicates the land of traditional huts. The area of the Abu
Arish Governorate is estimated at about 900 km?. The
population of Abu Arish Governorate is estimated to be
197,112. Abu Arish is one of the most important
agricultural governorates in the region for its land and
abundance. It is the most fertile agricultural land in the
Jazan Region owing to the presence of a few valleys
passing through its territory as well as the availability of
groundwater. Many vegetables and cereals, such as
sorghum, maize, and millet, as well as oilseed crops, are
cultivated in the region. Abu Arish is also famous for
different kinds of mangoes. The local people of Abu
Arish are mainly farmers, and some rear livestock.

Data collection

Reconnaissance surveys were conducted among local
people in the Jizan Region to obtain information on
medicinal plants used in traditional healing practices and
other traditional uses. The extensive ethnobotanical study
was conducted in the Jizan Region, KSA, from October
2024 to April 2025. The study covered a total of nine (n=9)
villages, and the data were collected from various tribal
groups residing within the study area (Figure 1). The
study employed a snowball sampling technique to select
informants from various occupations and age groups,
including livestock owners, farmers, traditional healers,
government employees, and housewives (Haq et al.,
2023). The age range of the participants was 20 to 65"
years. Out of all the individuals providing information,
73% were male and 27% were female (Table 1). The
underrepresentation of women in our study can be
attributed to the prevailing social, religious, and cultural
norms of the area.

Before each interview, participants provided verbal
informed consent, and the ethical guidelines outlined by
the International Society of Ethnobiology (ISE, 2008)
were followed. A total of 37 semi-structured interviews
were carried out in local language (Arabic), with one of
the authors being proficient in the language.
Subsequently, the interviews were translated into English.
Participants were asked to identify the most common
plant species in the region and those they frequently
utilize, providing information on each species' local name
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Fig. 1. Map of the study area and showing the locations of the survey villages in the Jizan Region.

Table 1. Demographic details of the informants in the study area.

Variable  Categories Number of people (%)
Total Informants 37
Gender Male 27 (73%)
Female 10 (27%)
Age group Young (20-40 years) 12 (32%)
Middle (41-64 years) 17 (46%)
Old (65+ years) 8 (22%)
Education llliterate 9 (24%)
Level
Primary education 13 (35%)
Secondary education 11 (30%)
Higher education 4 (11%)
Profession Traditional healers 6 (16%)
Farmers 7 (19%)
Housewives 10 (27%)
Govt. Employees 4 (11%)
Livestock owners 10 (27%)

Language Arabic

and traditional uses. The interviews were centered on the
utilization of the indigenous plants for medical, religious,
cultural, veterinary, and culinary purposes. The
informants were shown both photographs and real plants
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to identify them and obtain local names (see

supplementary Figure S1). The survey results were
presented again to the informants following data collection
to rectify any inaccuracies or exclusions in the data. During
data collection, the research team was accompanied by at
least one knowledgeable local informant who helped them
to validate local names and verify traditional applications
while adhering to established community norms. This
collaborative ~ method enabled accurate species
classification, honored indigenous knowledge systems, and
increased the reliability of the ethnobotanical data collected
during the survey.

Harvesting of resin

Semi-structured interviews (n=30) with local
informants were used to gather data on resin harvesting
techniques. The oleo-gum-resin is collected using a knife
or small hatchet to make shallow incisions in the bark of
the major branches and trunks. The exuded resin is
allowed to solidify naturally on the wound surface on the
wound surface, generating resin "tears," which are then
scraped off and collected. Harvesting is primarily done
during the dry season, when resin production is expected
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to be highest. Informants further stated that unsustainable
harvesting procedures, particularly repeated tapping of
the same trees and the formation of deep incisions, might
impair plant vitality, resulting in branch dieback and, in
severe cases, the death of the entire tree.

Data analysis

Ethnobotanical data were compiled in Microsoft
Excel and analyzed using the R statistical environment.
Descriptive statistics were applied to summarize species
composition, growth forms, life spans, plant parts used,
preparation methods, ethnobotanical use -categories,
ecological status, and Use Value (UV). Alluvial diagrams
were generated using the ggalluvial package to visualize
relationships between plant species, growth forms, and
life span categories (Brunson, 2020). Chord diagrams
were constructed with the circlize package to examine
associations between plant species and modes of
preparation based on use frequencies (Gu et al., 2014).

Multivariate patterns in medicinal and non-medicinal
ethnobotanical uses were explored through principal
component analysis (PCA) using standardized variables
in the FactoMineR package (L& et al., 2008), with
graphical visualization performed using factoextra
(Kassambara and Mundt, 2017) and ggplot2 (Wickham,
2011). PCA was applied separately to assess species—
ailment relationships and species—use category
associations, with interpretation based on the first two
principal components. The relationship between Use
Value and number of reported uses was evaluated using a
scatter plot produced with ggplot2 (Wickham, 2011), and
species labels were optimized wusing ggrepel
(Slowikowski et al., 2018).

Use value (UV)

The relevance of the documented species was
determined by calculating their use value (UV) (Tardio
and Pardo de Santayana, 2008). The UV was computed
with the following formula:

Uv=) U/N

Where N is the total number of informants
interviewed in the study, and U; is the number of reports
cited for a given species by all informants. The UV value
for species ranged from 0 to 1. Higher UV values indicate
greater cultural importance and more frequent use of a
species within the local community. If a species was
mentioned by all informants, its UV value was 1.

RESULTS

Composition of ethnobotanical flora

A total of 39 plant species were identified as being
used by local communities by the local communities for
multiple traditional practices (see supplementary Table
S1). These species belong to 37 genera and 25 families,
demonstrating considerable botanical diversity in the

Filimban et al.: Traditional ecological knowledge of wild plant usage

‘gD;
6
¥ =0.0134x - 0.4833x + 4.9995
R*=0.6794
s @
.
.
.
o .
o .
o .
" .
% 3 {2 ]
.
] ‘e
€ ‘e
E .
3¢ B LY
.!
., -
.
1 0000%. 0 0 000Q0Y
LT L R

[ 5 10 15 20 25 30

Number of families

Fig. 2. The relationship observed between species and families
in the reported flora. The circle-shaped dots in various colors in
the graph show the species distribution pattern in the families.

region. The genus Commiphora had the highest species
richness, represented by two species. The analysis of
species counts per family revealed that Apocynaceae was
the top-represented family in terms of species number
(n=5) followed by Fabaceae (n=4 species), Lamiaceae
and Zygophyllaceae (n=3 species each). Other significant
families included Burseraceae, Moraceae and Vitaceae
(n=2 species each), while the remaining eighteen (n=18)
families were monotypic (one species each),
demonstrating that species are not evenly distributed
within families. This diversity highlights the rich
traditional botanical knowledge and the region's
extensive use of various plant resources.

In the documented flora, the species and family
relationship (y=0.0134x2-0.4833x+4.9995; R? = 0.8794)
was observed (Figure 2). The dotted line represents the
fitted polynomial trend observed in the recorded flora.
Polynomial regression creates a curve to better capture
nonlinear relationship trends in data. The coefficient of
determination (R?) value shows the strength of the
association between the study variables (species vs
families) (Figure 2).

Life spans and growth forms

The analysis of plant resources used in traditional
practices reveals a notable diversity in life spans and growth
forms. Among the 39 species studied, (n=25) are perennials,
including Aerva javanica and Calotropis procera, (n=13)
are annuals, such as Anastatica hierochuntica and
Asphodelus tenuifolius, and one is biennial, Ducrosia
flabellifolia (Figure 3). Regarding growth forms, herbs are
the most common with 20 species, including Aerva
javanica and Blepharis ciliaris. Trees follow with 9 species,
such as Calotropis procera and Commiphora gileadensis.
Shrubs account for seven (n=7) species, including
Capparis cartilaginea and Leptadenia pyrotechnica,
Climbers were represented by two species (Cissus
quadrangularis and Cissus rotundifolius), and there is one
parasitic species, Plicosepalus acaciae (Figure 3).
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Fig. 3. The alluvial diagram depicts the distribution of 39 species
in the Jizan Region based on their growth form and life span.

Part used

The analysis of plant parts used in traditional
practices reveals a diverse utilization of various plant
components, with leaves being the most used part,
employed by 22 species such as Aerva javanica,
Blepharis ciliaris, and Calotropis procera (Figure 4A).
Seeds are utilized by seven species, including Asphodelus
tenuifolius and Moringa peregrina, indicating their
significance in traditional practices. Whole plants are
used in three species, such as Anastatica hierochuntica
and Cymbopogon schoenanthus, reflecting their
multifaceted uses. Other parts utilized include stems
(Leptadenia pyrotechnica, Caudanthera sinaica), roots
(Salvadora persica), sap (Commiphora gileadensis,
Senegalia hamulosa), flowers (Solenostemma arghel),
bark (Vachellia flava), and fruits (Citrullus colocynthis,
Ziziphus spina-christi).

Mode of preparation

The modes of preparation of plants used in traditional
practices reveal a variety of methods employed to prepare
plants for use (Figure 4B). Decoction is the most common
method, used for plants such as Anastatica hierochuntica,
Blepharis ciliaris, Cymbopogon schoenanthus, Mentha
longifolia, Salvia deserti, Teucrium  capitatum,
Trigonella stellata, and Juniperus turbinata. Raw
preparation is also widely used, with species like Aerva
javanica, Caudanthera sinaica, Erodium laciniatum,
Rumex vesicarius, Salvadora persica, Commiphora
gileadensis, and Ziziphus spina-christi. Paste preparation
is employed by Citrullus colocynthis, Rhazya stricta,
Senna alexandrina, Vachellia flava, Ficus salicifolia, and
Senegalia hamulosa. Infusion is utilized for Calotropis

procera, Solenostemma arghel, and Zygophyllum simplex.

Poultice is used for Asphodelus tenuifolius and Capparis
cartilaginea. Other methods include extract for
Leptadenia pyrotechnica, oil for Ducrosia flabellifolia,
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Fig. 4. A chord diagram showing the distribution of A. plant
species and B. mode of preparation in the Jizan Region of Saudi
Arabia, along with part-used patterns. The full name of each plant
is listed in Table S1. The thickness of each bar represents the
degree of frequency/number of use reports in each preparation
category, while the direction of the lines indicates which plant is
related to which type of preparation mode.

and a combination of decoction and paste for Tribulus
terrestris, as well as raw and decoction for Commiphora

kataf.

Medicinal Uses

The investigation into the use of medicinal plants
revealed that gastrointestinal issues were the most
treated(14 plants), followed by dermatological (7 plants),
urinogenital, fever and muscular and joint diseases (4
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Arabia.

plants each). Diabetes issues were treated with 3 plants,
while dental disorders were treated by 1 plant.
Respiratory disorders and gynecological conditions were
managed with 2 plants each, with hair loss diseases
having the least representation (1 plant).

PCA biplot showed associations between documented
plant species and the ailment categories reported by
informants. The first two principal components explained
45.7% of the total variance (PC1 = 30.9%, PC2 = 14.8%)
(Figure 5A). A clear separation of ailment groups was
observed along PC1. The gastrointestinal category plotted
distinctly on the positive side of PCI1, notably
Commiphora kataf, Rumex vesicarius, Trigonella stellata,
Senna alexandrina, Cissus rotundifolius, Zygophyllum
simplex, and Solenostemma arghel. In contrast, ailment
categories located closer to the origin (e.g., respiratory,
fever, diabetes, and gynecological conditions) displayed
weaker separation and overlapped substantially. Species
clustered near the lower-left quadrant (negative

colocynthis, Capparis cartilaginea, Corchorus depressus,
and Juniperus turbinata, were broadly aligned with these
multi-use categories rather than showing a highly specific
association with a single ailment group. Along PC2, the
upper portion of the biplot captured species linked more
strongly with dermatological and related conditions.
Species with high positive PC2 scores, such as
Asphodelus tenuifolius, Vachellia flava, Ficus salicifolia,
Rhazya  stricta, Leptadenia  pyrotechnica, and
Commiphora gileadensis, were oriented in the same
direction as the dermatological cluster.

Medicinal plants offer diverse remedies for various
ailments. For instance, Aerva javanica is utilized for
colds and coughs, Anastatica hierochuntica aids in
childbirth, and Asphodelus tenuifolius is effective against
skin diseases. Blepharis ciliaris treats influenza,
Calotropis procera is used for fever, and Capparis
cartilaginea addresses headaches. Erodium laciniatum
addresses urinary inflammations, Leptadenia
pyrotechnica is used for wound treatment, and Mentha
longifolia treats headaches and stomachaches. Salvadora
persica serves as a traditional toothbrush, Salvia deserti
treats inflammations, bacterial infections, and indigestion.
Tribulus terrestris stimulates sexual function, and
Trigonella stellata relieves abdominal pain.

Veterinary use

The survey revealed three plant species used in
traditional veterinary medicine to treat livestock diseases.
Rhazya stricta was used to cure wounds, and Leptadenia
pyrotechnica was said to repair bone and joint fractures.
Senegalia hamulosa has been used to treat animal eye
infections. These findings demonstrate that local
populations possess valuable ethnoveterinary knowledge
and rely on plant-based remedies to keep animals healthy.

Other ethnobotanical uses

The investigation revealed diverse ethnobotanical
uses among the studied plant species. Aderva javanica was
utilized in crafting, while Asphodelus tenuifolius served
as a food source. Capparis cartilaginea found
applications in both food and fodder. Fragrance
production was associated with Commiphora gileadensis
and Commiphora kataf. Cymbopogon schoenanthus and
Mentha longifolia were used for making herbal tea and
fragrance. Moringa peregrina was a food source,
Salvadora persica was consumed as food, while Salvia
deserti was used for herbal tea. Solenostemma arghel
contributed to herbal tea production, and Teucrium
capitatum served as herbal tea ingredient. Trigonella
stellata was a food source, and Vachellia flava served as
fodder and fuelwood. Ziziphus spina-christi was used for
both food and fodder. Juniperus turbinata was consumed
as food and fuelwood, while Ficus salicifolia was utilized
as fodder.
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PCA Dbiplot shows the relationships between
documented plant species and their reported
ethnobotanical use categories in the Jizan Region (Figure
5B). The first two principal components explained 69.0%
of the total variance, with PC1 accounting for 50.8% and
PC2 for 18.2%. Along PCI1, plant species used primarily
for medicinal purposes were positioned on the negative
axis, forming a distinct cluster. Species such as Citrullus
colocynthis, Senna alexandrina, Rhazya stricta,
Zygophyllum simplex, and Anastatica hierochuntica were
closely associated with this axis. In contrast, species
associated with fodder, fuelwood, fragrance, food, herbal
tea, and craft were distributed mainly along the positive
side of PC1. The PC2 axis further differentiated the non-
medicinal use categories. Food-related species were
positioned in the upper-right quadrant, including
Capparis cartilaginea, Ziziphus spina-christi, Juniperus
turbinata, and Moringa peregrina. Species used for
fodder occupied the upper portion of the biplot, while
fuelwood-related taxa were in the positive PC1 and
moderately positive PC2 space. Fragrance-associated
species, such as Commiphora gileadensis and
Commiphora kataf, were separated along the lower-right
quadrant, whereas herbal tea species were grouped
mainly along the lower section of PC2.

Use value (UV)

The ethnobotanical data collected from the local
community revealed a diverse range of plant species used
for various purposes. The reported use value (UV) of the
plant species ranged from 0.05 to 0.49, with a mean UV
of 0.18. The most frequently used plant species,
Commiphora gileadensis (L.) C.Chr., with a UV of 0.49,
was used in 18 instances, followed by Rumex vesicarius
L. with a UV of 0.46. The top 10 plant species with the
highest reported use value were characterized by their
high frequency of use, with Senegalia hamulosa (UV =
0.43), Teucrium capitatum (UV = 0.38), Aerva javanica
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(UV = 0.32), Citrullus colocynthis (UV = 0.30), Rhazya
stricta (UV = 0.27). Furthermore, Solenostemma arghel
and Ricinus communis each recorded a UV of 0.24, while
Moringa peregrina, Aloe vera, and Tribulus terrestris
showed comparatively high UVs of 0.22 (Figure 6).
Although these species were not widely favored by the
local population, local healers frequently included them
in their regional herbal concoctions.

Ecological status of the documented flora

The ecological status of the plant species studied in
this research was assessed and categorized as Stable,
Opportunistic, Threatened, Declining, or Rare. The
results revealed that 25 species were classified as Stable,
indicating that they are well-established and widespread
in their natural habitats. In contrast, 4 species were
classified as Opportunistic, indicating that they can thrive
in a variety of environments and can colonize disturbed
areas. This category includes species such as Asphodelus
tenuifolius, Calotropis procera, Citrullus colocynthis,
and Juniperus turbinata. The threatened category
included 2 species, which are at risk of extinction due to
habitat  degradation, overexploitation, or other
environmental factors. This category includes species
such as Commiphora gileadensis and Commiphora kataf,
thus restoration activities in the region should focus on
planting these species in the region. The Declining
category included 2 species, such as Salvadora persica
and Commiphora kataf. The Rare category included 6
species, which are extremely rare (see supplementary
Table S1).

DISCUSSION

Traditional plant-based knowledge is an essential link
between cultural legacy and environmental sustainability
(Haq et al., 2023). Local communities frequently have
centuries-old knowledge about the use, management, and
protection of plant resources that are ingrained in their
everyday activities, rituals, and livelihood (Zaman et al.,
2025). Such knowledge systems also contribute to
biodiversity conservation and enhance environmental
resilience. Regions with diverse floras typically report
more useful wild plant species utilized by local
population (Hong and Zimmerer, 2022). This relationship
reflects the broader availability of plant resources, which
increases opportunities for their utilization (Waheed et al.,
2023a; Haq et al., 2024b; Jabeen et al., 2024). However,
the pattern of plant use is also shaped by socioeconomic
conditions, resulting in spatial variation in species
preferences and prevalent utilization (Kunwar et al., 2022;
Muhakr et al., 2024). The widespread utilization of plant
resources by various groups highlights the crucial
necessity of these species to the survival of local
populations. The study found a strong reliance on various
plant resources for medical uses. Other ethnobotanical
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studies in Saudi Arabia (Ati ef al., 2019; Algethami and
Aldhebiani, 2021; Al-Robai et al., 2022; Qari et al., 2024)
and the surrounding Middle East (Hegazy et al., 2020;
Muhakr et al., 2024; Al-Fatimi, 2024) discovered a
similar pattern of plant consumption. This commonality
stems from the arid and semi-arid regions' same floristic
composition, cultural norms, and long-standing reliance
on medicinal herbs.

Ecological factors, especially altitude, species
abundance and life-form composition, generally impact
plant-use patterns (Niaz et al., 2026). Ethnobotanical
knowledge and plant-use practices can be influenced by
altitudinal variation, which can also change vegetation
structure, microclimatic conditions, and resource
availability (Haq ef al., 2022). Therefore, changes in plant
composition and accessibility across elevation gradients
commonly induce differences in plant species selection
and utilization (Ye et al., 2024). Herbs are often more
accessible and consequently more widely utilized in
traditional medicine than shrubs and trees. Herbs are
prevalent in nature, commonly found in natural desert
ecosystems usually after rainfall (Roy et al., 2022). In the
study area, the frequent utilization of herbs is largely due
to their easy accessibility from nearby natural landscape
(Khoja et al., 2022). Herbaceous species constitute a
significant portion of the plant diversity in semi-arid and
arid ecosystems (Al-Rowaily et al., 2015; Waheed et al.,
2023b), which likely explains their dominance among the
ethnobotanically important life form. Herbs play a
significant role in arid ecosystems, particularly in Saudi
Arabia, where they are integral to the daily needs of local
communities (Hegazy et al., 2014; Baig et al., 2022).
Moreover, many annual and perennial herbs are rich in
bioactive chemicals and other secondary metabolites,
making them highly effective in treating seasonal
illnesses (Vitale et al., 2022; Greff et al., 2023).

The dependence of indigenous communities on plants
for food and healthcare leads to the selective use of plant
parts according to their specific applications (Turner et al.,
2011; Eshete and Molla, 2021; Hegazy et al., 2020).
Leaves together with other aerial parts are among the
most utilized parts because they are rich in bioactive
compounds and can be harvested more sustainably than
underground parts (Stanley et al., 2012; Ahad et al.,
2021). Furthermore, seeds are commonly employed in
traditional medicine due to their believed therapeutic uses
in treating a variety of ailments (Mazé et al., 2021). Seeds
are highly regarded for their bioactive chemical content
(Quilez et al., 2020; Ayalew et al., 2022). Traditional
remedies are commonly prepared through methods such
as grinding, boiling, and crushing to extract active
ingredients (Haq et al., 2021), and are often stored in
bottles or other containers for use during periods when
fresh plant material is unavailable, particularly in winter
or the off-season. Leaf collection is generally considered
less destructive and more sustainable than harvesting
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roots, thizomes, bark, or entire plants. The latter practices
is fundamentally more destructive and may lead to
population decrease. Similarly, intensive harvesting of
resin-producing species, such as Commiphora sp., can
harm plant health if repeated tapping or incorrect
harvesting methods are used. According to local
informants, excessive resin extraction can lower plant
vigor, result in branch dieback, and, in severe cases, cause
the death of entire trees. To preserve the ecological
stability of natural populations and guarantee the long-
term conservation of medicinal plant resources,
sustainable harvesting methods are crucial (Papageorgiou
et al., 2020; Guzo et al., 2023).

The prevalence of gastrointestinal issues in these
areas can likely be attributed to poor hygienic conditions,
malnutrition, and a lack of clean water. Similar findings
have been reported by studies in Pakistan (Ullah et al.,
2013), Nigeria (Gbadamosi and Obogo, 2013), and
among various ethnic groups in Saudi Arabia (Tounekti
et al., 2019; Ati et al, 2019). The treatment of
gastrointestinal diseases constitutes a significant use of
medicinal plants in many regions (Thirunatayanan and
Rajkumar, 2012; Sargin et al., 2013; Moradi et al., 2016;
Benkhnigue et al., 2023). How local communities engage
with their environment and resources is closely linked to
traditional knowledge. However, because plant resources
were not given priority in forest policies until recently, the
sustainability of this priceless wild treasure has gotten little
attention. There is a decline in the ethnomedical knowledge
of numerous medicinal plants in the study area as well as
other regions of Saudi Arabia (Ati et al., 2019; Tounekti et
al., 2019; Al-Robai et al., 2022). The younger generation's
lack of interest in maintaining and using these old customs
is blamed for this loss (Bhatia et al., 2014).

The high usage reports indicate a substantial demand
for these medicinal plants to treat various disorders,
leading to their overharvesting and subsequent decline in
their natural habitats. Multiple studies have underscored
the significance of certain plants in Saudi Arabia and their
traditional medicinal uses among various tribal
communities, providing evidence for the widespread
utilization of these species as herbal medicines (Saad et
al., 2005; Azaizeh et al., 2010; Alharbi, 2017; Al-Asmari
et al.,2017; Algethami et al., 2020). For example, local
populations have long used Rumex vesicarius and
Commiphora gileadensis to treat digestive diseases,
inflammation, diarrhea, urinary infections, and high
blood pressure (Ali et al., 2017; Atiet al., 2019; Al-Robai
et al., 2022). Lactones and terpenoids are among the
phytochemicals found in these plants that give them their
therapeutic qualities (Al-Sieni, 2013; Alhazmi et al.,
2022; Alfawaz, 2006; Gomaa and Saleh, 2014). The
documented uses in the current study are mainly based on
local knowledge, and more pharmacological and clinical
research is needed to thoroughly confirm the
effectiveness and safety of several reported medicinal
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species, even though these results offer some support for
the traditional uses of these plants. Some medicinal plants
such as Citrullus colocynthis, Calotropis procera, Rhazya
stricta, and Datura innoxia may exhibit toxic effects if
used improperly or in excessive amounts. The documented
uses are based on local knowledge and should not be
considered clinical dosage recommendations. Further
toxicological, pharmacological, and clinical studies are
needed to establish safe dosage ranges, efficacy, and
potential adverse effects of the reported species.

The use value (UV) metric can be used to quantify the
total utilization of plant species in ethnomedicine, which
is correlated with the number of species employed.
The use value index is a quantitative ethnobotanical
metric that evaluates the relative importance of plant
species based on their frequency of citation and usage by
local people (Alharbi, 2017; Al-Asmari et al., 2017,
Algethami et al., 2020). Higher UV wvalues suggest
greater cultural and medical significance; nevertheless, a
higher UV does not always reflect a broader range of
applications, but rather a higher level of local knowledge
and use (Rasul et al., 2012). Several ethnobotanically
significant species are declining due to both
environmental and anthropogenic factors, such as habitat
degradation, overharvesting, and land-use change
(Alatawi, 2022). Caudanthera sinaica, Salvadora persica,
Senna alexandrina, and Salvia deserti. are among the
species under conservation concern in the current study,
and they may require specific conservation and
sustainable management methods to ensure their viability
in the future. The local informants consistently identified
that these species are becoming scarcer because of habitat
degradation and harvesting pressure. These findings are
consistent with conservation data, and they reveal the
overlap between traditional ecological knowledge and
formal conservation decisions. Thus, integrating
traditional use with ecological status is regarded as one of
the most significant aspects that emphasize the
practitioners' conservation needs (Bhatt et al., 2023; Haq
et al., 2023). In addition to ecological influences,
socioeconomic changes may influence the use and
transfer of ethnobotanical knowledge. Higher income
levels, higher living standards, more educational
opportunities, and greater access to commercially
available products can all help to reduce reliance on wild
plant resources, contributing to the gradual erosion of
traditional ethnobotanical knowledge, especially among
younger generations (Kodirekkala, 2017). Older
community members, on the other hand, frequently have
a deeper understanding of wild plant applications due to
their lifelong relationships with local ecosystems and
cultural traditions. Understanding these socioeconomic
drivers is therefore critical, and it represents an essential
area for future research.

Furthermore, TEK offers important insights into
environmental stewardship, biodiversity protection, and
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sustainable resource management. Local communities are
essential to the preservation and use of indigenous
knowledge about ecosystem resilience and climate
change adaptation (Haq and Kyarong, 2026). Global
approaches frequently overlook the complexities of local
cultures, languages, and accent differences. Overall, these
factors contribute significantly to society, but they are
rarely addressed in broad strategic frameworks (Haq et al.,
2024a). This comprehensive and social context includes
nature awareness, citizen participation and advocacy,
stakeholder and community involvement, human-nature
interactions, biodiversity, landscape and ecosystem
management.

Implications for conservation

The results of this study reveal clear conservation
priorities for ethnobotanically important plant species in
the Jizan Region, where the wild flora continues to support
the healthcare, food security, and livelihood activities of
local communities. Species with high wuse values:
Commiphora gileadensis, Commiphora kataf, Rumex
vesicarius, and Senegalia hamulosa, experience sustained
harvesting pressure, increasing the risk of population
decline when combined with habitat degradation and land-
use change. The presence of threatened, declining, and rare
taxa indicates reduced ecological resilience and limited
natural regeneration in several key species, necessitating
targeted management actions. Conservation efforts should
therefore focus on protecting natural populations through
habitat protection, regulating extraction intensity, and
implementing restoration programs based on native species
propagation. Many traditional plant-use practices are
passed through oral transmission and are at risk of fading.
Establishing community-led documentation programs,
ethnobotanical training, and school-based knowledge-
sharing activities can all help to preserve TEK for future
conservation efforts.

The documented linkage between cultural reliance and
ecological vulnerability supports the integration of local
knowledge into conservation frameworks, as community
members possess detailed understanding of species
availability, seasonal dynamics, and customary harvesting
norms. Engaging local stakeholders in conservation
planning and restoration activities can strengthen long-
term resource stewardship, enhance monitoring efficiency,
and align management strategies with socio-cultural
realities. Protecting ethnobotanically valuable species is
fundamental not only for maintaining regional biodiversity
but also for sustaining ecosystem services, cultural
continuity, and community well-being in arid
environments of Saudi Arabia. Further multidisciplinary
studies that combine ethnobotany, ecology, and socio-
cultural research are needed to quantify the ecological
implications of traditional practices, identify conservation-
priority species, and assess how TEK might guide climate
adaption strategies in desert ecosystems.
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CONCLUSION

The current study fills the gap in knowledge by
documenting the local knowledge and cultural practices
of 39 plant species utilized for multiple purposes,
demonstrating the rich ethnobotanical heritage and local
people's relationship to their environment. The
widespread usage of herbaceous plants and the
dominance of Apocynaceae and Fabaceae demonstrate
how these taxa have adapted to the arid climate and how
crucial they are to traditional healthcare systems.
Medication was the most prevalent category, with the
most common treatments being for gastrointestinal and
dermatological disorders. In addition to their medicinal
applications, several species contributed to the production
of fuelwood, food, fodder, scents, herbal tea, and crafts,
underscoring their multifaceted significance in local life.
The most used plant portion was leaves, and the most
common method of preparation was decoction, indicating
long-standing customs for making remedies. The survey
revealed three plant species used in traditional veterinary
medicine to treat livestock diseases, underscoring their
importance to traditional livestock management
approaches.

The ecological status of the described species
revealed that two species, Commiphora gileadensis and
Commiphora kataf, are classified as Threatened. Other
species includes Caudanthera sinaica, Salvadora persica,
Senna alexandrina, and Salvia deserti, were reported as
declining and rare category due to a combination of
environmental and human influences. High-value species
may be more sensitive to harvesting pressure,
emphasizing the importance of sustainable harvesting,
medicinal ~ plant  cultivation, community-based
conservation, and traditional knowledge preservation.
The reported medicinal uses also serve as a solid platform
for future phytochemical and pharmacological research to
confirm their therapeutic potential. Overall, this work
helps to preserve ethnobotanical knowledge and
promotes the sustainable wuse, restoration, and
management of plant resources in Saudi Arabia.

ACKNOWLEDGMENTS

The authors are grateful to all the local informants for
generously sharing their invaluable knowledge on
medicinal plants.

LITERATURE CITED

Aati, H., El-Gamal, A., Shaheen, H., Kayser, O. 2019
Traditional use of ethnomedicinal native plants in the
Kingdom of Saudi Arabia. J. Ethnobiol. Ethnomed. 15: 2.

Abdel-Sattar, E., El-Shiekh, R.A. 2024 A comprehensive
review on Solenostemma argel (Del.) Hayne, an Egyptian

Filimban et al.: Traditional ecological knowledge of wild plant usage

&2
&

medicinal plant. Bull. Fac. Pharm. Cairo Univ. 62(1): 3. (In
supplementary)

Abid, A., Javed, M., Zafar, S., Hamdani, S.A.Z., Shah,
S.H.B.U., Abid, J., Ahmad, A.M.R. 2025 The green healer:
an updated review on the phytochemical profile and
therapeutic potential of Aloe vera. Front. Nutr. 12: 1689700.
(In supplementary)

Abule, E., Snyman, H.A., Smit, G.N. 2005 Comparisons of
pastoralists perceptions about rangeland resource utilisation
in the Middle Awash Valley of Ethiopia. J. Environ. Manag.
75(1): 21-35.

Ahad, B., Shahri, W., Rasool, H., Reshi, Z.A., Rasool, S.,
Hussain, T. 2021 Medicinal plants and herbal drugs: An
overview. In: Aftab, T., Hakeem, K.R. (eds.) Medicinal and
aromatic plants: healthcare and industrial applications, 1—40.
Springer Science and Business Media LLC

Al-Asmari, A., Manthiri, R.A., Abdo, N., Al-Duaiji, F.A.,
Khan, H.A. 2017 Saudi medicinal plants for the treatment
of scorpion sting envenomation. Saudi J. Biol. Sci. 24(6):
1204-1211.

Alatawi, A.S. 2022 Conservation action in Saudi Arabia:
Challenges and opportunities. Saudi J. Biol. Sci. 29(5):
3466-3472.

Albeshri, A., Baeshen, N. A., Bouback, T. A., Aljaddawi, A.
A.2021 A Review of Rhazya stricta Decne Phytochemistry,
Bioactivities, Pharmacological Activities, Toxicity, and
Folkloric Medicinal Uses. Plants 10(11): 2508. (In
supplementary)

Al-Fatimi, M. 2024 Traditional knowledge of wild plants on
traditional tools, materials, products and economic practices
in southern Yemen. J. Ethnobiol. Ethnomed. 20(1): 62.

Alfawaz, M.A. 2006 Chemical composition of hummayd
(Rumex vesicarius) grown in Saudi Arabia. Food Compos.
Anal. 19(6-7): 552-555.

Alharbi, N.A. 2017 Survey of plant species of medical
importance to treat digestive tract diseases in Tabuk Region,
Saudi Arabia. J. King Abdulaziz Univ. 29(1): 51-61.

Alhazmi, A., Aldairi, A.F., Alghamdi, A., Alomery, A.,
Mujalli, A., Obaid, A.A., Farrash, W.F., Allahyani, M.,
Halawani, L., Aljuaid, A., Alharbi, S.A., Almehmadi, M.,
Alharbi, M.S., Khan, A.A., Jastaniah, M.A., Alghamdi,
A. 2022 Antibacterial effects of Commiphora gileadensis
methanolic extract on wound healing. Molecules 27(10):
3320.

Ali, N.A.A., Al Sokari, S.S., Gushash, A., Anwar, S., Al-
Karani, K., Al-Khulaidi, A. 2017 Ethnopharmacological
survey of medicinal plants in Albaha Region, Saudi Arabia.
Pharmacogn. Res. 9(4): 401.

Algahtany, A., Aravindakshan, S. 2022 Urbanization in Saudi
Arabia and sustainability challenges of cities and heritage
sites: Heuristical insights. J. Cult. Herit. Manag. Sustain.
Dev. 12(4): 408—425.

Algethami, A., Aldhebiani, A.Y. 2021 Medicinal plants used
in Jeddah, Saudi Arabia: phytochemical screening. Saudi J.
Biol. Sci. 28(1): 805-812.

Algethami, A., Aldhebiani, A.Y., Teixidor-Toneu, I. 2020
Medicinal plants used in Jeddah, Saudi Arabia: A gender
perspective. J. Ethnopharmacol. 257: 112899.

Al-Robai, S.A., Ahmed, A.A., Mohamed, H.A., Ahmed, A.A.,
Zabin, S.A., Alghamdi, A.A. 2022 Qualitative and
quantitative ethnobotanical survey in Al Baha province,
southwestern Saudi Arabia. Diversity 14(10): 867.

689



&2
&

Al-Rowaily, S.L., El-Bana, M.1., Al-Bakre, D.A., Assaeed,
A.M., Hegazy, A.K., Ali, M.B. 2015 Effects of open
grazing and livestock exclusion on floristic composition and
diversity in natural ecosystem of Western Saudi Arabia.
Saudi J. Biol. Sci. 22(4): 430-437.

Alsalihi, MLE., Awlqadr, F.H., Saeed, M.N., Faraj, A.M.,
Qadir, S., Salih, T.H. 2025 Antidiabetic and antioxidant
effects of topically applied Citrullus colocynthis extract in
type 2 diabetes: A clinical and phytochemical study.
Metabol. Open 28: 100401. (In supplementary)

Al-Sieni, A.I. 2013 The antibacterial activity of traditionally
used Salvadora persica L. (miswak) and Commiphora
gileadensis (palsam) in Saudi Arabia. Afr. J. Tradit.
Complement. Altern. Med. 11(1): 23-27.

Ansari, A.A., Siddiqui, Z.H., Alatawi, F.A., Alharbi, B.M.,
Alotaibi, A.S. 2022 An assessment of biodiversity in Tabuk
region of Saudi Arabia: A comprehensive review.
Sustainability 14(17): 10564.

Anwar, F., Latif, S., Ashraf, M., Gilani, A. H. 2007 Moringa
oleifera: a food plant with multiple medicinal uses.
Phytother. Res. 21(1): 17-25. (In supplementary)

Ayalew, H., Tewelde, E., Abebe, B., Alebachew, Y., Tadesse,
S. 2022 Endemic medicinal plants of Ethiopia:
Ethnomedicinal uses, biological activities and chemical
constituents. J. Ethnopharmacol. 293: 115307.

Azaizeh, H., Saad, B., Cooper, E., Said, O. 2010 Traditional
Arabic and Islamic medicine, a re-emerging health aid. Evid.
Based Complement. Alternat. Med. 7(4): 419-424.

Baig, M.B., AlZahrani, K.H., Al-shaikh, A.A., Wafa A. Abu
Risheh, A., Straquadine, G.S., Qureshi, A.M. 2022 Food
security in the Kingdom of Saudi Arabia face to emerging
dynamics: the need to rethink extension service. In Behnassi,
M., Baig, M.B., Srairi, M.T., Alsheikh, A.A., Risheh,
A.W.A A. (eds.) Food Security and Climate-Smart Food
Systems: Building Resilience for the Global South pp.157—
187. Cham: Springer International Publishing.

Benkhnigue, O., Khamar, H., Bussmann, R.W,,
Chaachouay, N., Zidane, L. 2023 Ethnobotanical and
ethnopharmacological study of medicinal plants used in
treating some liver diseases in the Al-Haouz Rehamna
region (Morocco). Ethnobot. Res. Appl. 25: 1-32.

Bhardwaj, G.S., Jain, A., Jangid, T., Jangir, R.N., Sharma,
A. 2025 Calotropis procera: A comprehensive review of its
phytochemistry, ethnomedicinal uses, and pharmacological
potential. S. Afr. J. Bot. 185: 235-276. (In supplementary)

Bhatia, H., Sharma, Y.P., Manhas, R.K., Kumar, K. 2014
Ethnomedicinal plants used by the villagers of district
Udhampur, J&K, India. J. Ethnopharmacol. 151(2): 1005—
1018.

Bhatt, A., Bhat, N.R., Suleiman, M.K., Al-Mansour, H. 2023
Prioritization of Potential Native Plants from Arabian
Peninsula Based on Economic and Ecological Values:
Implication for Restoration. Sustainability 15(7): 6139.

Bouafia, A., Ibrahim, A.B., Benaissa, A., Laouini, S.E.,
Anojaidi, K.I.,, Al-Suwaylih, W.A., Al-Suwaylih, M.A.,
Habib, ML.A. 2026 Solvent-Dependent Phytochemical
Profiling and Multifunctional Bioactivities of Rumex
vesicarius L. Leaf Extracts: Antioxidant, Anti-Inflammatory,
Cytoprotective, and Antimutagenic Potentials. J. Food
Process Eng. 49(4): €70497. (In supplementary)

Brunson, J.C. 2020 Ggalluvial: layered grammar for alluvial
plots. Journal of Open Source Software. 5(49): 2017.

690

Taiwania

Vol. 71, No. 4

Chelouati, T., Lafraxo, S., Moussaoui, A.E., Kamari, F.E.,
Soulo, N., Barnossi, A.E., Chebaibi, M., Nafidi, H.,
Bourhia, M., Alsahli, A.A., Lyoussi, B., Benjelloun, A.S.
2024 Phytochemical Analysis and Pharmacological Actives
of Essential Oils Extracted from Leaves of Juniperus
turbinata Guss. Pharmacogn. Mag. 21(2): 684-697. (In
supplementary)

Couee, I. 2024 The importance of worldwide linguistic and
cultural diversity for climate change resilience. Ecol. Lett.
27(3): e14410.

Dhanalekshmi, U.M., Khan, S.A., Alam, T., Masoodi, M.H.
2022 An Insight into the Phytochemistry, Traditional Uses,
and Pharmacology of Ziziphus spina-christi (L) Willd. (Sidr):
An Edible Wild Plant of Arabian Peninsula. In: Masoodi,
M.H., Rehman, M.U. (eds) Edible Plants in Health and
Diseases. Pp. 43-93. Springer, Singapore. (In supplementary)

Dirar, A. 1., Adhikari-Devkota, A., Kunwar, R. M., Paudel,
K. R., Belwal, T., Gupta, G., Devkota, H. P. 2021 Genus
Blepharis (Acanthaceae): A review of ethnomedicinally
used species, and their phytochemistry and pharmacological
activities. J.  Ethnopharmacol. 265: 113255. (In
supplementary)

El-Alfy, T.S., Ezzat, S.M., Hegazy, A.K., Amer, A.M., Kamel,
G.M. 2011 Isolation of biologically active constituents from
Moringa peregrina (Forssk.) Fiori. (family: Moringaceae)
growing in Egypt. Pharmacogn. Mag. 7(26): 109. (In
supplementary)

Elshikh, A.A., Hafez Ghoran, S., Kabbashi, A.S., Hajissa, K.,
Hemidan, M.N. 2025 Vachellia flava (Fabaceae):
biological activities and chemical constituents. Plant
Biosyst. 159(1): 45-53. (In supplementary)

Eshete, M.A., Molla, E.L. 2021 Cultural significance of
medicinal plants in healing human ailments among Guji
semi-pastoralist people, Suro Barguda District, Ethiopia. J.
Ethnobiol. Ethnomed. 17: 1-18.

Fajardo, P., Beauchesne, D., Carbajal-Lopez, A., Daigle,
R.M., Fierro-Arcos, L.D., Goldsmit, J., Zajderman, S.,
Valdez-Hernandez, J.I., Maigua, M.Y.T., Christofoletti,
R.A. 2021 Aichi Target 18 beyond 2020: mainstreaming
Traditional Biodiversity Knowledge in the conservation and
sustainable use of marine and coastal ecosystems. PeerJ. 9:
€9616.

Galal, N.M., Al Touby, S.S., Alrashdi, Y.B.A., Hossain, M.A.
2025 Evaluation of toxicity and antioxidant activities of
various crude extracts of leaves and stems of Zygophyllum
simplex. Adv. Biomarker Sci. Technol. 7: 1-7. (In
supplementary)

Gawli, K., Bojja, K.S. 2024 Molecules and targets of
antidiabetic interest. Phytomed. Plus 4(1): 100506. (In
supplementary)

Gbadamosi, I.T., Obogo, S.F. 2013 Chemical constituents and
in vitro antimicrobial activities of five botanicals used
traditionally for the treatment of Neonatal jaundice in
Ibadan, Nigeria. Nature and Science 11(10): 130-135.

Gebara, M.F., Ramcilovic-Suominen, S., Schmidlehner,
M.F. 2023 Indigenous Knowledge in the Amazon's
Bioeconomy: Unveiling Bioepistemicide through the case
of Kambo Medicine. For. Policy Econ.154: 103012.

Geng, Q., Wang, S., Qin, Y., Zhu, Z., Ma, B., Hu, B., Hua,
K., Zhuo, Q., Song, F., Ma, D., Yang, K., Tian, J. 2026
Biocontrol potential of Bacillus velezensis ATC-AL against
Ceratocystis fimbriata and its application in sweetpotato



2026

postharvest preservation. Postharvest Biol. Technol. 231:
113941.

Gomaa, S.B., Saleh, N.M. 2014 Medicinal attributes of Rumex
vesicarius (Polygonaceae) growing in Sakaka, AlJouf,
Saudi Arabia. Med. J. Cairo Univ. 82(1): 917-926.

Greff, B., Saho, A., Lakatos, E., Varga, L. 2023 Biocontrol
activity of aromatic and medicinal plants and their bioactive
components against soil-borne pathogens. Plants 12(4): 706.

Gu, Z., Gu, L., Eils, R., Schlesner, M., Brors, B. 2014 Circlize
implements and enhances circular visualization in R.
Bioinformatics 30(19): 2811-2812.

Guetat, A., Selmi, S., Abdelwahab, A.T., Abdelfattah, M.A.,
Elhaj, A.E.M., Mogharbel, R.T., Abualreish, M.J.A.,
Alanazi, A.F., Hosni, K., Mejri, N., Boulila, A. 2025
Salvia deserti Decne., an endemic and rare subshrub from
Arabian desert: antidiabetic and antihyperlipidemic effects
of leaf hydroethanolic extracts. Front. Pharmacol. 16:
1537071. (In supplementary)

Guzo, S., Lulekal, E., Nemomissa, S. 2023 Ethnobotanical
study of underutilized wild edible plants and threats to their
long-term existence in Midakegn District, West Shewa Zone,
Central Ethiopia. J. Ethnobiol. Ethnomed. 19(1): 30.

Hagq, S.M., Kyarong, S. 2026 Evaluating survival patterns of
woody species in community-based elephant corridor
restoration in Arunachal Pradesh, India. Disc. For. 2(1): 33.

Haq, S.M., Hassan, M., Bussmann, R.W., Calixto, E.S.,
Rahman, I.U., Sakhi, S., Ijaz, F., Hashem, A., Al-Arjani,
A.B.F., Almutairi, K.F., Abd_Allah, E.F., Aziz, M.A., Ali,
N. 2022 A cross-cultural analysis of plant resources among
five ethnic groups in the Western Himalayan region of
Jammu and Kashmir. Biology 11(4): 491.

Haq, S.M., Khoja, A.A., Waheed, M., Pieroni, A., Siddiqui,
M.H., Bussmann, R.W. 2024a Plant cultural indicators of
forest resources from the Himalayan high mountains:
implications for improving agricultural resilience,
subsistence, and forest restoration. J. Ethnobiol. Ethnomed.
20(1): 44.

Haq, S.M., Khoja, A.A., Waheed, M., Siddiqui, M.H.,
Alamri, S., Alfagham, A.T., AL-Humaid, L.A.,
Bussmann, R.W. 2024b Food ethnobotany of forest
resource in the high-altitude Himalaya Mountains:
Enhancing the food sovereignty of ethnic groups. For.
Policy Econ. 164: 103247.

Haq, S.M., Pieroni, A., Bussmann, R.W., Abd-ElGawad,
AM., El-Ansary, H.O. 2023 Integrating traditional
ecological knowledge into habitat restoration: implications
for meeting forest restoration challenges. J. Ethnobiol.
Ethnomed. 19(1): 33.

Haq, S.M., Yaqoob, U., Calixto, E.S., Rahman, I.U., Hashem,
A., Abd_Allah, E.F., Alakeel, M.A., Alqarawi, A.A.,
Abdalla, M., Hassan, M., Bussmann, R.W., Abbasi, A.M.,
Rahman, S.U., [jaz, F. 2021 Plant resources utilization
among different ethnic groups of Ladakh in Trans-
Himalayan Region. Biology 10(9): 827.

Haq, S.M., Yaqoob, U., Majeed, M., Amjad, M.S., Hassan,
M., Ahmad, R., Waheed, M., Bussmann, R.W., Calixto,
E.S., Prockow, J., De la Lastra, J.M.P., Morales-de la
Nuez, A. 2022 Quantitative ethnoveterinary study on plant
resource utilization by indigenous communities in high-
altitude regions. Front. Vet. Sci. 9: 944046.

Hegazy, A.K., Alatar, A.A., Thomas, J., Faisal, M., Alfarhan,
A.H., Krzywinski, K. 2014 Compatibility and

Filimban et al.: Traditional ecological knowledge of wild plant usage

&2
&

complementarity of indigenous and scientific knowledge of
wild plants in the highlands of southwest Saudi Arabia. J.
For. Res. 25(2): 437—444.

Hegazy, A.K., Hosni, H.A., Lovett-Doust, L., Kabiel, H.F.,
Badawy, E.S.M., Mwavu, E.N. 2020 Indigenous
knowledge of wild plants collected in Darfur, Sudan.
Ethnobot. Res. Appl. 19: 1-19.

Hong, Y., Zimmerer, K.S. 2022 Useful Plants from the Wild
to Home Gardens: An Analysis of Home Garden
Ethnobotany in Contexts of Habitat Conversion and Land
Use Change in Jeju, South Korea. J. Ethnobiol. 42(3): 1-21.

Jabeen, S., Arshad, F., Harun, N., Waheed, M., Alamri, S.,
Haq, S.M., Vitasovi¢-Kosié, 1., Fatima, K., Chaudhry,
A.S., Bussmann, R.W. 2024 Folk Knowledge and
Perceptions about the Use of Wild Fruits and Vegetables—
Cross-Cultural Knowledge in the Pipli Pahar Reserved
Forest of Okara, Pakistan. Plants 13(6): 832.

Jeevitha, C., Sakthi Abirami, M., Mahalakshmi, N.,
Soundarya, V., Rupa, M. 2025 Cissus quadrangularis: A
review of its phytochemistry, pharmacological activities,
and clinical applications. Int. J. of Pharm. Sci. 3(9): 2318-
2331. (In supplementary)

Jiang, Y., Colakoglu, S., Lepak, D.P., Blasi, J.R., Kruse, D.L.
2014 Involvement work systems and operational
effectiveness: Exploring the moderating effect of national
power distance. J. Int. Bus. Stud. 46(3): 332-354.

Joshi, Y., Jain, B.K. 2021 Phytochemical analysis of Fagonia
schweinfurthii Hadidi. J. Pharm. Res. Int. 33(59A): 803-811.
(In supplementary)

Kassambara, A., Mundt, F. 2017 Package factoextra - Extract
and visualize the results of multivariate data analyses. 76(2):
10-18637.

Khoja, A.A., Haq, S.M., Majeed, M., Hassan, M., Waheed,
M., Yaqoob, U., Bussmann, R.W., Alataway, A.,
Dewidar, A.Z., Al-Yafrsi, M., Elansary, H.O., Yessoufou,
K., Zaman, W. 2022 Diversity, ecological and traditional
knowledge of pteridophytes in the Western Himalayas.
Diversity 14(8): 628.

Kodirekkala, K.R. 2017 Internal and external factors affecting
loss of traditional knowledge: evidence from a horticultural
society in South India. J. Anthropol. Res. 73(1): 22-42.

Kokoska, L., Polesny, Z., Rada, V., Nepovim, A., Vanek, T.
2002 Screening of some Siberian medicinal plants for
antimicrobial activity. J. Ethnopharmacol. 82(1): 51-53. (In
supplementary)

Kumari, D., Singh, D., Meena, M., Janmeda, P. 2025

Phytocompounds and pharmacological insights of
Leptadenia pyrotechnica: a new perspective on drug
discovery. Discov. Appl. Sci. 7(10): 1089. (In
supplementary)

Kunwar, R.M., Baral, B., Luintel, S., Uprety, Y., Poudel,
R.C., Adhikari, B., Adhikari, Y.P., Subedi, S.C., Subedi,
C.K., Poudel, P., Paudel, H.R., Paudel, B., Kunwar, L.M.,
Upadhayaya, K.S., Bhattarai, S., Pyakurel, D., Kutal,
D.H., Pandey, P., Bhandari,A., Thapa, G.J., Zambrana,
N.Y.P., Bussmann, R.W. 2022 Ethnomedicinal landscape:
distribution of used medicinal plant species in Nepal. J.
Ethnobiol. Ethnomed. 18(1): 34.

Latha, S., Selvamani, P., Prabha, T. 2021 Pharmacological
uses of the plants belonging to the genus Commiphora.
Cardiovasc. Hematol. Agents Med. Chem. 19(2): 101-117.
(In supplementary)

691



&2
&

L&, S., Josse, J., Husson, F. 2008 FactoMineR: an R package
for multivariate analysis. J. Stat. Softw. 25: 1-18.

Luo, P., Feng, X., Liu, S., Jiang, Y. 2024 Traditional uses,
phytochemistry, pharmacology and toxicology of Ruta
graveolens L.: a critical review and future perspectives.
Drug Des. Dev. Ther. 18: 6459-6485.

Mazé, A., Calabuig Domenech, A., Goldringer, 1. 2021
Commoning the seeds: Alternative models of collective
action and open innovation within French peasant seed
groups for recreating local knowledge commons. Agric.
Hum. Values. 38(2): 541-559.

Miao, Y., Si, D., Zheng, Z., Gun, Y., Li, R., Li, W., Sun, W.,
Yang, D., Li, Y., Wang, X., Zhu, G. 2026 Identifying
global key regions where vapor pressure deficit dominates
drought intensification. Glob. Planet. Change 265: 105593.

Mokaizh, A.B., Abdurahman, N.H., Yunusa, R.M., AlHaiqi,
O., Elnour, A.A.M. 2023 Chemical compositions and
biological activities of Commiphora gileadensis: A review.
Ciénc Técn Vitivin. 38: 1-15. (In supplementary)

Molnar, Z., Babai, D. 2021 Inviting ecologists to delve deeper
into traditional ecological knowledge. Trends Ecol. Evol.
36(8): 679-690.

Moradi, M.T., Asadi-Samani, M., Bahmani, M., Shahrani,
M. 2016 Medicinal plants used for liver disorders based on
the ethnobotanical documents of Iran: A review. Int. J.
PharmTech Res. 9(5): 407-415.

Mshengu, B.P., Buthelezi, C.Z., Moodley, R. 2023 Elemental,
phytochemical, and toxicological assessment of Cissus
rotundifolia (Forssk.) Vahl. S. Afr. J. Sci. 119(7-8): 1-9. (In
supplementary)

Muhakr, M.A.Y.M., Ahmed, I.M., El Hassan, G.O.M., Yagi,
S. 2024 Ethnobotanical study on medicinal plants in Melit
area (North Darfur), Western Sudan. J. Ethnobiol.
Ethnomed. 20(1): 3.

Munekata, P.E., Alcantara, C., Collado, M.C., Garcia-Perez,
J.V., Saraiva, J.A., Lopes, R.P., Lorenzo, J.M. 2019
Ethnopharmacology, phytochemistry and biological activity
of Erodium species: A review. Food Res. Int. 126: 108659.
(In supplementary)

Nahar, L., Al Groshi, A., Thangavelu, L., Ismail, F. M.,
Evans, A. R., Sarker, S. D. 2025 Phytochemistry and
therapeutic potential of the genus Asphodelus L.: an update.
Phytochem. Rev. 24(4): 2795-2831. (In supplementary)

Niaz, N., Haq, S.M., Khoja, A.A., Waheed, M., Jameel, M.A.,
Siddiqui, M.H., Vitasovi¢-Kosi¢, 1., Bussmann, R.W.
2026 Alien floral homogenizes the traditional knowledge
diversity of isolated ethnic communities. Biol. Invasions.
28(1): 8.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., Anthony, S.
2009 Agroforestree Database: a tree reference and selection
guide version 4.0 (http/: www. worldagroforestry.
org/sites/treedbs/tree databases. asp). Diakses tanggal.
10(09): 2016. (In supplementary)

Papageorgiou, D., Bebeli, P.J., Panitsa, M., Schunko, C.
2020 Local knowledge about sustainable harvesting and
availability of wild medicinal plant species in Lemnos island,
Greece. J. Ethnobiol. Ethnomed. 16: 1-23.

Patel, M.K., Dhake, S.G., Rajput, T.A. 2022 A brief review
on phytochemical and biological activities of Corchorus
depressus (Linn.). J. Adv. Sci. Res. 13(1): 107-114. (In
supplementary)

692

Taiwania

Vol. 71, No. 4

Peniche-Pavia, H.A., Vera-Ku, M., Peraza-Sanchez, S.R.
2018 Phytochemical and pharmacological studies on species
of Dorstenia genus (2000-2016). J. Mex. Chem. Soc. 62(3):
9-23. (In supplementary)

Qari, S.H., Algethami, A., Qumsani, A.T. 2024
Ethnomedicinal evaluation of medicinal plants used for
therapies by men and women in rural and urban
communities in Makkah district. Saudi Pharm. J. 32(1):
101881.

Quilez, M., Ferreres, F., Lopez-Miranda, S., Salazar, E.,
Jordan, M.J. 2020 Seed oil from Mediterranean aromatic
and medicinal plants of the Lamiaceae family as a source of
bioactive components with nutritional. Antioxidants 9(6):
510.

Ramothloa, T. P., Mkolo, N. M., Motshudi, M. C., Mphephu,
M. M., Makhafola, M. A., Naidoo, C. M. 2025
Phytochemical =~ Composition and  Multifunctional
Applications of Ricinus communis L.: Insights into
Therapeutic, Pharmacological, and Industrial Potential.
Molecules 30(15): 3214. (In supplementary)

Rasul, G., Choudhary, D., Pandit, B.H., Kolmair, M. 2012
Poverty and livelihood impacts of a medicinal and aromatic
plants project in India and Nepal: an assessment. Mt. Res.
Dev. 32(2): 137-148.

Redvers, N., Aubrey, P., Celidwen, Y., Hill, K. 2023
Indigenous Peoples: Traditional knowledges, climate
change, and health. PLOS Glob. Public Health 3(10):
¢0002474.

Reid, A.J., Eckert, L.E., Lane, J.F., Young, N., Hinch, S.G.,
Darimont, C.T., Cooke, S.J., Ban, N.C., Marshall, A.
2021 “Two-Eyed Seeing”: An Indigenous framework to
transform fisheries research and management. Fish Fish.
22(2): 243-261.

Rivera, D., Obo6n, C. 1995 The ethnopharmacology of Madeira
and Porto Santo Islands, a review. J. Ethnopharmacol. 46(2):
73-93. (In supplementary)

Roy, M., Sarkar, B.C., Shukla, G., Vineeta, G., Debnath,
M.K., Nath, A.J., Bhat, J.A., Chakravarty, S. 2022.
Traditional homegardens and ethnomedicinal plants:
Insights from the Indian Sub-Himalayan region. Trees For.
People. 8: 100236.

Saad, B., Azaizeh, H., Said, O. 2005 Tradition and
perspectives of Arab herbal medicine: a review. Evid. Based
Complement. Alternat. Med. 2(4): 475-479.

Saeidnia, S., Manayi, A., Gohari, A.R., Abdollahi, M. 2014
The story of beta-sitosterol-a review. Eur. J. Med. Plant.
4(5): 590-609 (In supplementary)

Sargin, S.A., Akcicek, E., Selvi, S. 2013 An ethnobotanical
study of medicinal plants used by the local people of
Alasehir (Manisa) in Turkey. J. Ethnopharmacol. 150(3):
860-874.

Seshathri, K., Thiyagarajan, T. 2011 Antimicrobial activity
of chewing sticks of Jimma-Ethiopia against Streptococcus
pyogens. ] Phytol. 3(8): 34-37. (In supplementary)

Shabana, H.A., Khafaga, T., Al-Hassan, H., Alqahtani, S.
2023 Medicinal plants diversity at king Salman bin
Abdulaziz Royal Natural Reserve in Saudi Arabia and their
conservation management. J. Med. Res. 17(11): 292-304.

Shahar, B., Chongtham, N. 2024 Traditional uses and
advances in recent research on wild aromatic plant Mentha
longifolia and its pharmacological importance. Phytochem.
Rev. 23(2): 529-550. (In supplementary)



2026

Sharifian, A., Fernandez-Llamazares, A., Wario, H.T.,
Molnér, Z., Cabeza, M. 2022 Dynamics of pastoral
traditional ecological knowledge: a global state-of-the-art
review. Ecol. Soc. 27(1): 14.

Skalli, S., Hassikou, R., Arahou, M. 2019 An ethnobotanical
survey of medicinal plants used for diabetes treatment in
Rabat, Morocco. Heliyon 5(3): e01421. (In supplementary)

Slowikowski, K., Schep, A., Hughes, S., Lukauskas, S.,
Irisson, J.O0., Kamvar, Z.N., Ryan, T., Christophe, D.,
Hiroaki, Y., Gramme, P. 2018 Package ggrepel -
Automatically position non-overlapping text labels with
‘ggplot2.

Snoussi, M., Ahmad, 1., Aljohani, A. M., Patel, H.,

Abdulhakeem, M.A., Alhazmi, Y.S., Tepe, B., Adnan, M.,

Siddiqui, A.J., Sarikurkcu, C., Riadh, B., De Feo, V.,
Alreshidi, M., Noumi, E. 2022 Phytochemical analysis,
antioxidant, and antimicrobial activities of Ducrosia
flabellifolia: A combined experimental and computational
approaches. Antioxidants 11(11): 2174. (In supplementary)

Stanley, D., Voeks, R., Short, L. 2012 Is non-timber forest
product harvest sustainable in the less developed world? A
systematic review of the recent economic and ecological
literature. Ethnobiol. 1: 1.

Suo, C., Zhang, L., Liang, Q., Chen, C., Qiu, L., Li, Z.,
Zhang, X., Xu, X., Qi, X., Chen, X., Feng, J. 2026
Discovery of farnesal from a wild cucumber landrace
enables eco-compatible biopesticide development against
aphids. Nat. Commun. 17: 5693.

Swanson, S.S., Ardoin, N.M. 2021 Communities behind the
lens: A review and critical analysis of Visual Participatory
Methods in biodiversity conservation. Biol. Conserv. 262:
109293.

Taki, A., Kumari, H. 2023 Examining Mashrabiya’s Impact on
Energy Efficiency and Cultural Aspects in Saudi Arabia.
Sustainability 15(13): 10131.

Tardio, J., Pardo de Santayana, M. 2008 Cultural importance
indices: a comparative analysis based on the useful wild
plants of southern Cantabria. Econ. Bot. 62: 24-39.

Tarik, R., Drioiche, A., El Amri, J., Ed-Dahmouny, M.,
Shahat, A. A., Hadi, N., Aicha, M., Nadia, H., El
Makhoukhi, F., El Ouali Lalami, A., Elmoualij, N.,
Bruno, E., Lhoussain, H., Zair, T. 2024 Phytochemical
Profiling and Bioactivity Assessment of Teucrium
capitatum L. Essential Oil and Extracts: Experimental and
In Silico Insights. Pharmaceuticals 17(12): 1578. (In
supplementary)

Tella, A., Jatto, E.O., Ajani, Y.A. 2025 Preserving indigenous
knowledge: Leveraging digital technology and artificial
intelligence. IFLA J. 51(3): 703-721.

Thirunatayanan, T., Rajkumar, S. 2012 Ethnobotanical
survey regarding the management of liver disorders by
traditional healers of Vellore district, Tamil Nadu, India. Int.
J. Pharmacol. Clin. Sci. 1: 24-31.

Tian, J., Ban, X., Zeng, H., He, J., Chen, Y., Wang, Y.,
Lightowlers, B. 2012a The mechanism of antifungal action
of essential oil from dill (Anethum graveolens L.) on
Aspergillus flavus. PLoS ONE 7(1): e30147.

Tian, J., Chen, Y., Ma, B., He, J., Tong, J., Wang, Y. 2013
Drosera peltata Smith var. lunata (Buch.-Ham.) C.B. Clarke
as a feasible source of plumbagin: Phytochemical analysis
and antifungal activity assay. World J. Microbiol.
Biotechnol. 30(2): 737-745.

Filimban et al.: Traditional ecological knowledge of wild plant usage

&2
&

Tian, J., Huang, B., Luo, X., Zeng, H., Ban, X., He, J., Wang,
Y. 2012b The control of Aspergillus flavus with
Cinnamomum jensenianum Hand.-Mazz essential oil and its
potential use as a food preservative. Food Chem. 130(3):
520-527.

Tounekti, T., Mahdhi, M., Khemira, H. 2019 Ethnobotanical
study of indigenous medicinal plants of Jazan region, Saudi
Arabia. Evid.-based Complement. Altern. Med. 2019(1):
3190670.

Turner, N.J., Luczaj, £..J., Migliorini, P., Pieroni, A., Dreon,
A.L., Sacchetti, L.E., Paoletti, M.G. 2011 Edible and
tended wild plants, traditional ecological knowledge and
agroecology. Crit. Rev. Plant Sci. 30(1-2): 198-225.

Ullah, M., Khan, M.U., Mahmood, A., Malik, R.N., Hussain,
M., Wazir, S.M., Daud, M., Shinwari, Z.K. 2013 An
ethnobotanical survey of indigenous medicinal plants in
Wana district south Waziristan agency, Pakistan. J.
Ethnopharmacol. 150(3): 918-924.

Vitale, S., Colanero, S., Placidi, M., Di Emidio, G., Tatone,
C., Amicarelli, F., D’Alessandro, A.M. 2022
Phytochemistry and biological activity of medicinal plants
in wound healing: an overview of current research.
Molecules 27(11): 3566.

Waheed, M., Haq, S.M., Arshad, F., Bussmann, R.W.,
Pieroni, A., Mahmoud, E.A., Casini, R., Yessoufou, K.,
Elansary, H.O. 2023a Traditional wild food plants gathered
by ethnic groups living in semi-arid region of Punjab,
Pakistan. Biology 12(2): 269.

Waheed, M., Haq, S.M., Jameel, M.A., Arshad, F.,
Bussmann, R.W. 2023b Documentation of ethnomedicinal
plants used by the people living in reserved forests of semi-
arid region Punjab Pakistan. Ethnobot. Res. Appl. 26: 1-17.

Wang, L., Guo, S., Zhang, J., Field, K.J., Baquerizo, M.D.,
de Souza, T.A.F., Lee, S.J., Hijri, M., Shang, X., Sun, D.,
Cao, H., Feng, S., Wang, L., Ji, H., Van der Heijden, M.,
Siddique, K.H.M., Gan, G.Y. 2025a Arbuscular
mycorrhizal networks: A climate-smart blueprint for
agriculture. Plant Commun. 6(11): 101526.

Wang, S., Geng, Q., Zhuo, Q., Ye, Y., Li, S., Zhang, N.,
Wang, B., Yang, K., Tian, J. 2025b Exploring the
mechanism of benzyl isothiocyanate in the prevention and
control of Ceratocystis fimbriata and the role of its response
protein PRX1. J. Agric. Food Chem. 73(45): 29035-29053.

Wani, S.A., Kumar, P. 2018 Fenugreek: A review on its
nutraceutical properties and utilization in various food
products. J. Saudi Soc. Agric. Sci. 17(2): 97-106. (In
supplementary)

Wickham, H. 2011 ggplot2. Wiley Interdiscip. Rev.: Comput.
Stat. 3(2): 180—185.

Yang, J., Li, R,, Lei, Y., Ning, K., Li, S., Zhang, Y., Hou, J.,
Lang, T., Cao, Y., Li, W., Zhang, H., Wang, Y., Pan, K.,
Ren, Z., Chen, R., Wang, X., Xia, R., Zhu, G. 2026 Global
Soil Water Stable Isotope Dataset. Sci. Data 13(1): 904.

Yang, L., Jiang, Y., Zhang, W., Zhang, Q., Gong, H. 2020
An empirical examination of individual green policy
perception and green behaviors. Int. J. Manpow. 41(7):
1021-1040.

Ye, J., Ji, Y., Wang, J., Ma, X., Gao, J. 2024 Climate factors
dominate the elevational variation in grassland plant
resource utilization strategies. Front. Plant Sci. 15: 1430027.

Zaman, M., Jabeen, A., Waheed, M., Haq, S.M., Hashem, A.,
Almutairi, K.F., Abd_Allah, E.F., Bussmann, R.W. 2025

693



&2
&

Gendered ethnobotanical practices and their influence on
livelihoods: Non-Timber Forest Product collection around
Ayubia National Park. Trees For. People 19: 100752.

Zhang, J., Xu, S., Tian, J., Zhou, Z. 2025 Investigating in vitro
antifungal mechanisms of geraniol against Candida albicans.
Arch. Microbiol. 208(1): 42.

Zhang, W., Xu, R., Jiang, Y., Zhang, W. 2021 How
environmental knowledge management promotes employee
green behavior: An empirical study. International Journal of
Environmental Research and Public Health 18(9): 4738.

Zhao, J., Fan, Y., Cheng, Z., Kennelly, E. J., Long, C. 2024
Ethnobotanical uses, phytochemistry and bioactivities of

Taiwania

Vol. 71, No. 4

Cymbopogon plants: A review. J. Ethnopharmacol. 330:
118181. (In supplementary)

Zhao, Y.Q., Lei, B., Qiu, Y.J., Zhang, J.Z., Song, W.D.,
Danabek, Y., Fan, C.Z., Wang, G.P. 2025 An
ethnobotanical study on medicinal food plants used by the
Kazakh people in Altay, Xinjiang, China. J. Ethnobiol.
Ethnomed. 21(1): 65.

Zhou, T., Maimait, K., Xu, H., Pan, L. 2026 A comprehensive
characteristic of Anastatica hierochuntica. Sci. Rep. 16(1):
4445.

Supplementary materials are available from the journal website

694



