International Journal of

Environmental Research
and Public Health

Review

Diversity and Distribution Patterns of Endemic Medicinal and
Aromatic Plants of Iran: Implications for Conservation
and Habitat Management

Mohammad Bagher Hassanpouraghdam *, Hamideh Ghorbani !, Marzieh Esmaeilpour 2, Mac H. Alford 3,
Maciej Strzemski 4 and Stawomir Dresler 4°

Citation: Hassanpouraghdam, M.B.;
Ghorbani, H.; Esmaeilpour, M.;
Alford, M.H.; Strzemski, M.; Dresler,
S. Diversity and Distribution
Patterns of Endemic Medicinal and
Aromatic Plants of Iran: Implications
for Conservation and Habitat
Management. Int. ]. Environ. Res.
Public Health 2022, 19, 1552.
https://doi.org/10.3390/ijerph
19031552

Academic Editor: Paul B.

Tchounwou

Received: 30 December 2021
Accepted: 27 January 2022
Published: 29 January 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

1 Department of Horticultural Science, Faculty of Agriculture, University of Maragheh,
Maragheh 55181-83111, Iran; h_ghorbani30@yahoo.com

2 Department of Geography, University of Maragheh, Maragheh 55181-83111, Iran;
m.esmaeilpour@maragheh.ac.ir

3 School of Biological, Environmental, and Earth Sciences, University of Southern Mississippi,
Hattiesburg, MS 39406, USA; mac.alford@usm.edu

¢ Department of Analytical Chemistry, Medical University of Lublin, 20-093 Lublin, Poland;
maciej.strzemski@poczta.onet.pl (M.S.); slawomir.dresler@umlub.pl (S.D.)

5 Department of Plant Physiology and Biophysics, Institute of Biological Science,

Maria Curie-Sklodowska University, Akademicka 19, 20-033 Lublin, Poland

Correspondence: hassanpouraghdam@gmail.com; Tel.: +98-91-4502-7100

Abstract: Iran, with its unique climatic and topographic conditions, is home to about 8200 species
of vascular plants. Approximately 2300 of the 8200 species are popularly characterized as medicinal
or aromatic. Here, we compile information about the endemic medicinal and aromatic plants
(MAPs) of Iran and map their distributions. Our survey found 180 endemic species of MAPs, be-
longing to 10 families and 30 genera. The majority of species are found in Lamiaceae, Fabaceae, and
Apiaceae, with 86, 30, and 18 species, respectively. Approximately 70% of these plants have been
recorded in the 10 provinces of Esfahan, Kerman, Fars, Tehran, Chaharmahal va Bakhtiari, East
Azarbaijan, Lorestan, West Azarbaijan, Hamadan, and Mazandaran. These provinces are located in
the Iran-o-Turanian region, one of the three major phytogeographic regions in Iran, which covers
five areas of endemism (i.e., Azarbaijan, Zagros, Kopet Dagh-Khorassan, Alborz, and Central Al-
borz). So, Iran-o-Turanian region is the main center of diversity for the Iranian endemic MAPs. The
north, center and western parts of Iran are rich in MAPs and could be considered as the dominant
biodiversity hotspots of Iran more seemingly due to the diverse climatic and geographic assortment
which generates the highest frequency and distribution of MAPs. Many of these MAPs are at the
edge of extinction due to the unwise, unscientific harvesting and/or global climate change. There-
fore, there is an urgent need to conserve and propagate some of these important MAPs to save them
from extinction and also to ensure the availability of raw materials for their use and future research
into their efficacy. Furthermore, identifying the areas of endemism (AEs) is an essential part of on-

going regional conservation management programs in Iran and worldwide.

Keywords: biodiversity hotspots (BHs); Irano-Anatolian Hotspot; medicinal and aromatic plants
(MAPs); endemism; extinction; conservation

1. Introduction

Endemic plant species are plants that exist in one particular geographical region and
nowhere else on the globe [1], and endemism is the status of being endemic or being re-
stricted to a distinct geographical district [2]. The geographical region can be as small as
an island or as large as a continent. Areas with high concentrations of endemic species
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and with significant habitat loss are also referred to as “Biodiversity Hotspots” (BHs) [3].
Currently, 36 areas around the world are considered BHs [2].

The fundamental hazard of endemic species is that they are more susceptible to ex-
tinction. Since they are limited geographically, the devastation of their habitat due to man-
made enterprises and/or global climate change could reduce their populations drastically
[4]. Because endemism is deemed as a substantial factor for biodiversity conservation at
the local, national, and global scale, identifying the number and distribution of endemic
plants in a biogeographic area is a preliminary point for evaluating the protection of that
defined region [5].

Of the 422,000 species of vascular plants in the world, 50,000-80,000 of them are used
medicinally and contain valuable ethnobotanical and remedial information that could
navigate new drug exploration [6,7]. As one of the significant bio-resource centers of the
world, the Asian continent accounts for over 38,660 species of MAPs (Medicinal and Aro-
matic Plants) [8]. Nowadays, the application of MAPs is increasing due to their rich ca-
pacity for the treatment of diverse maladies and their fewer side effects [9]. Therefore, the
tendency in worldwide research has focused more on the search for new medicines and
active compounds of MAPs rather than on the cultivation and/or domestication of the
plant species with this characteristic potential [10]. Increasing population pressure, over-
harvesting, unscientific collection by untrained persons, excessive grazing, fire, and global
climate change have placed many of these plants at the risk of extinction [11]. Experts
estimate that the Earth is losing at least one potential primary drug every two years [6].

Setting priorities is necessary for the conservation management of MAPs. So, identi-
fying BHs in the world and mapping the AEs (Areas of Endemism)of every country can
be used as a powerful method for the prioritization of the endemic MAPs conservation
[3]. A total of 36 BHs have been designated, covering 16.7% of Earth’s land surface and
home to 77% of all endemic plant species [2]. For conservation management purposes,
however, they are practically too large, so an appropriate method to achieve protection of
these species is the identification and studying of the AEs within a global biodiversity
hotspot [1,12].

One of the global BHs located entirely within southwest Asia is the Irano-Anatolian
hotspot, which extends over an area of about 899,773 km? and is home to about 6000 plant
species [13]. Iran covers an estimated 54% of the surface area of the Irano-Anatolian
hotspot [14]. Another BH, the Caucasus, includes Georgia, Azarbaijan, and a small portion
of northern Iran (around 10%) [1,12]. So, Iran is home to two of the world’s BHs: The Irano-
Anatolian and Caucasus.

Iran is a vast country (1,648,195 km?), with different climates ranging from mainly
arid to semi-arid and also mountainous [15], and is at the intersection of three well-known
phytogeographic areas (the Iran-o-Turanian, the Saharo-Sindian, and the Euro-Siberian)
[16]. The majority of Iran is located in the Iran-o-Turanian region and is divided into two
sub-regions: mountainous areas and an area of high plains and deserts [15]. The driest
portion of Iran-o-Turanian (desert sub-region) is dominated by arid and hyper-arid cli-
mates and has reasonable plant diversity.

It seems that the environmental and climatic features have had a fundamental influ-
ence on the endemic diversity and richness of Iran. The dominant climates of Iran include
arid, semi-arid, hyper-arid as well as small territories of humid, semi-humid, highly-hu-
mid, and Mediterranean [17].

According to Noroozi et al. (2019), the Iran-o-Turanian region harbors about 88% of
the Iranian endemic species. Given the climatic conditions and diversity of endemic spe-
cies, this region has been further subdivided into five AEs: Alborz, Central Alborz, Zag-
ros, Azarbaijan, and Kopet Dagh-Khorasan [1,12,14].

The Alborz and Zagros Mountains expand in a northwest-northeast and northwest-
southeast orientation [18] and are situated in East and West Azarbaijan, Tehran, Kurdi-
stan, Kermanshah, Lorestan, Fars, Chaharmahal va Bakhtiari, Esfahan, Yasouj, Markazi,
and the northern part of Khozestan Provinces. Other significant AEs are Iranian
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Azarbaijan in the northwest and Kopet Dagh-Khorasan that stretches from the eastern
boundary of the Caspian Sea into northeastern Iran [19].

The spectacular nature of this Iranian plateau with five AEs, is full of several species
of endemic MAPs with important potential pharmaceutical and therapeutic properties
that might not have been widely reported or thoroughly studied to date. People have long
occupied this area, with an early center of civilization that dates back to the Babylonian-
Assyrian era [20]. One of the most considerable parts of this ancient heritage is the science
of people who figured out helpful plants for health improvement, with subsequent gen-
erations appending their own experience and skill to this custom [20].

Approximately 8200 vascular plant species are recognized in Iran, of which almost
2300 are medicinal and aromatic (28%) [13,21,22]. Among these are numerous endemic
species that are only known from Iran. Many studies have been performed on species of
endemic MAPs based on chemical composition and biological activity, but little attention
has been paid to the distribution patterns, areas of endemism, and conservation zones of
endemic MAPs in Iran.

In this review of the endemic MAPs of Iran, we compiled and analyzed data with the
following aims: (1) to determine the families and genera with high endemic richness, (2)
to determine the provinces with higher endemic species richness, (3) to recognize the dis-
tribution patterns and areas of endemism for medicinal and aromatic species of the coun-
try, and (4) to present some suggestions for conservation of these areas of endemism.

2. Methods

We reviewed scientific studies published in reliable journals and books. Pertinent
literature was searched for in electronic databases such as Magiran, Scopus, Google
Scholar, Web of Science, Science Direct, and PubMed and books (including some diction-
aries of Iranian plants compiled by Valiallah Mozafarian and Ahmad Ghahreman [23],
and the Red Data Book of Iran: A Preliminary Survey of Endemic, Rare & Endangered Plant
Species in Iran, compiled by Adel Jalili and Ziba Jamzad) [24], using specific search terms
such as biodiversity hotspots, Irano-Anatolian hotspot, medicinal and aromatic plants,
medicinal herbs, traditional plants, endemism, extinction, and conservation.

We do not claim to have included every source about endemic MAPs of Iran, rather
we focused on data available on the internet and in libraries that are accessible to scholars.
We found and reviewed a total of 165 articles that provided details about endemic Iranian
MAPs that are used to treat various ailments and disorders .

From these resources, we compiled a list of endemic MAPs, showing family, scientific
names, common names, parts used, therapeutic effects and ethnopharmacological prop-
erties, provinces (habitats), and references for each species.

The distribution maps were prepared using a geographic information system (ArcGis
10.2.2), with the country was divided into three major phytogeographic districts (the Iran-
o-Turanian, the Saharo-Sindian, and the Euro-Siberian) and five AEs (Alborz, Central Al-
borz, Zagros, Azarbaijan, and Kopet Dagh-Khorasan) according to the distribution of the
endemic MAPs across provinces of Iran. A distribution map of endemic MAPs by differ-
ent climatic conditions of Iran was also drawn.

3. Results and Discussion
3.1. Taxonomic Divisions of Endemic MAPs in Iran

Vascular plants of Iran comprise 65 families, 359 genera, and about 8200 species, of
which 2597 of them are endemic (32% of all native species) [1,12]. Of these, we found that
180 endemic MAPs, which belong to 30 genera and 10 families, are used in Iran. The 10
families in terms of the number of endemic MAPs are Lamiaceae (84 spp.), Apiaceae (37
spp.), Fabaceae (21 spp.), Asteraceae (7 spp.), Hypericaceae (2 spp.), Alliaceae (2 spp.),
Rosaceae (3 spp.), Boraginaceae (3 spp.), Scrophulariaceae (3 spp.), and Liliaceae (3 spp.)
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(Figure 1). A total of 10 families are representing the major medicinal plants of Iran with
about 165 most dominant species (Figures 1 and 2 and Table 1).
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Figure 1. The species number of the ten most endemic-rich families of Iranian medicinal and aro-

matic plants.

The largest number of Iranian endemic MAPs is observed in Lamiaceae and Faba-
ceae, with 86 and 30 species, respectively (Figure 1). The dominant MAPs genera of Ira-
nian flora are presented in Figure 2 from which the notable genera include Nepeta from
Lamiaceae and Astragalus from Fabaceae.
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Figure 2. The frequency of endemic and non-endemic species of the 30 most endemic-rich genera of
the Iranian medicinal and aromatic plants.
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Lamiaceae is the family with the largest number of species in terms of endemic MAPs
(12 genera and 86 species, Table 1), which is due to the hyper-diverse genus Nepeta with
43 species (53% endemic, Figure 2). The genus Nepeta consists of about 300 species widely
distributed in Europe, Asia, and some areas of Africa. Iran is one of the primary centers
of this genus, with 79 species [25]. The genus Nepeta, with the common Persian name of
“Pune-sa”, is widely used in the folk medicine of Iran for diuretic, digestive, diaphoretic,
antitussive, antispasmodic, anti-asthmatic, febrifuge, emmenagogue, and sedative effects
[25,26].

The second most prominent family in terms of endemic MAPs is Fabaceae (Figure 1),
with most species in the genus Astragalus. Iran is one of the world’s centers of Astragalus
diversity, which makes up 21% of Iran’s endemic vascular plants. Furthermore, Fabaceae
is the second largest family of Iranian flora containing a large number of native species
(850 species) and the total number of endemic species (527 species), but we found only 30
endemic MAPs (Figure 2, Table 1). Meanwhile, the interest in the chemical compounds of
different species of Astragalus has been increasing; these data may change as the new en-
demic MAPs species continue to be characterized [15].

Other families with high numbers of endemic MAPs are Apiaceae, Asteraceae,
Rosaceae, Boraginaceae, Hypericaceae, Liliaceae, Scrophulariaceae, and Alliaceae. As spe-
cies conservation and taxonomy are often assumed to be interdependent activities, it is
suggested that these families should be further studied, especially their medicinal and
aromatic species, since a shortage of taxonomic information can cause problems for con-
servationists [13].

In addition to the traditional and newly characterized medicinal plants, there is an-
other group, namely the potential medicinal plants. These kinds of plants are species that
are thought to contain bioactive compounds that are medicinally efficacious. They have
not been medically proven, but they are used as ingredients for traditional medicine. Ta-
ble 2 presents 80 endemic MAPs of Iran which have only been explored superficially, de-
spite having beneficiary effects. The highlighted species need to be more thoroughly stud-
ied for their active ingredients to justify the traditional usage of the species and to aid the
search for components that may be used in modern medicine [27-30].

Table 1. List of endemic medicinal and aromatic plants identified from Iran.

Common Name

Therapeutic Effects & Ethno
Pharmacological Properties (The

Scientific Name Parts Used Number Inside Paranthesis of Province(s) Ref.
(Vernacular Name) .
Families Refers to the Number
of Endemic Species)
Alliaceae (2)
West Azarbaijan, Kurdestan,
antioxidant, hypertension, theu- ~ Kermanshah, Hamadan,
Allium hirtifolium matoid, inflammation, wounds Lorestan, Esfahan,
Mosi bulb 31,32
Boiss. ostr u healing, antibacterial, antifungal, Chaharmahal va Bakhtiari, [ 1
and anticancer Kohkiluyeh va Boyer-Ahmad,
Fars, Arak, Yasouj,
i L exhibi ;

Allium jesdianum . . antt ungfi ex .1l.)1.ts Cyt0§tat1c and Chaharmahal va Bakhtiari,

. Bon-e-Sorkh or Lizak aerial parts  cytotoxic activities against sev- [33]

Boiss. & Buhse . Lorestan
eral malignant tumor cells
Apiaceae (18)
ripe fruit, L. . . . .
h 1d di-
Dorema ammoni- Kandal, Vashaand  stem, leaf flizrtril;niw:étilrzit O:E:Ii;ir?; C]ljill Yazd, Esfahan, Semnan, Fars, 34]
acum D. Don. Koma-kandal root, and » OXp / 018 6 stan va Baluchestan, Tehran

and vasodilator agent
flower
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ripe fruit, lowering blood pressure, liver in-

Hamadan, Kermanshah,

Dorema aucheri stem, leaf jury stimulant, antispasmodic,
R Kandal-e Kohi Jury . P .. Lorestan, Esfahan, Fars, Ker- [35]
Boiss. root,and  expectorant, chronic bronchitis,
e man, Semnan
flower asthma, and anti-oxidative
cold remedy, cures stomach hurt-
Ducrosia anethifo- ing, sedative and painkiller activ-
. f Moshgak and Mosh- . g . P .
lia (de Candolle.) Kbu aerial parts ity, anti-headache, back pain, Fars [36-38]
Boiss. colic, and colds, effective against
insomnia and anxiety
Ducrosia assadii anti-inflammatory, antiseptic,
Moshgake bakraei  aerial parts . Y p Kerman [39]
Alava. carminative, and soporific,
Ducrosia flabelli- . . L.
o Moshgake badbezani aerial parts antioxidant Kerman [36,40]
folia Boiss.
Echinophora ci- Hamadan, Lorestan, Koh-
nerea (Boiss.) Khosharizeh Ko- . .. o . kilouyeh va Boyer-Ahmad,
aerial parts antioxidant and antidiabetic 41,42
Hedge & La- hestani p Fars, Chaharmahal va [ 1
mond. Bakhtiari
. East and West Azarbaijan,
Echinophora Kurdestan, Hamadan
u s s
platyloba de Can- Khosharizeh aerial parts antimicrobial, antioxidant [41,43-45]
dolle Lorestan, Arak, Esfahan, Fars,
’ Kerman, Khorasan, Tehran
antispasmodic, aromatic, carmin-
ative, digestive, expectorant, lax-
Ferula assa-foetida ative, sedative, analgesic, anthel-
. f Anghoseh gum, resin I,V . v . 8 1, Kerman, Khorasan [46,47]
Linnaeus. mintic, aphrodisiac, anticonvul-
sant, diuretic, tonic, and antisep-
tic
anti-pigmentation in Serratia
marcescens, cytotoxic, antibacte-
rial, anti-fungal, cancer chemo-
preventive, reversal of multi-
Ferula persica aerial parts, drug resistance, anti-inflamma-
P Koma p 8! oy Tehran, [46-49]
Boiss. root tory, lipoxygenase inhibitory ac-
tivity, laxative, carminative, anti-
hysteric; treatment of lumbago,
diabetes, rheumatism, and back-
ache
expectorant, aphrodisiac, seda-
Ferula flabelliloba aerial parts, tive, antiseptic, carminative, anti-
A Koma-e Binaloodi p . p . . Khorasan [46]
Rech. f. & Aell. root bacterial, laxative, analgesic, an-
thelmintic, diuretic
Ferulago cardu- No known common
W
chorum Boiss and root antibacterial activity Illam, Kerman [50,51]
name
Hausskn.
Ferulago contracta sedative, tonic, digestive, aphro-
Boiss. & Chavil-e Khoshei  aerial parts disiac, and in the treatment of in- Yazd [52]
Hausskn. testinal worms and hemorrhoids
Heracleum root, stem, antiseptic, carminative, digestive, .
. . Golpar Damavandi . P . & Ardabil [53,54]
anisactis Boiss. leaf, and fruit and analgesic
Heracleum gorgan- . root, stem, carminative, antiseptic, digestive,
. 8078 Golpar Gorgani . . p 8 Golestan [53,55]
icum Rech. F. leaf, and fruit epilepsy, and analgesic
Heracleum ¢ st carminative, antiseptic, anthel-
. . . root, stem, . . . . . .
rechingeri Man- Golpar Asalemi ., minthic, diuretic, digestive, and Mazandaran [53,56]
leaf, and fruit .
den. analgesic
Kelussia odoratis- Keluss or Karafs-e-  leaf, stem, anti-inflammatory, anti-viral, Chaharmahal va Bakhtiari, [57,58]

sima Mozaff.

Bakhtiari

seed, and root anti-diabetic, anti-cancer, anti-

Esfahan
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stress, antioxidant, antihyper-
lipidemic, ulcerative colitis, seda-
tive, antibacterial, pulmonary hy-
pertension, and anti-tumor

Kermanshah, Hamadan,

Pm:glizdnsegc;izver— Jafari kohi or Anison fruit antioxidant Lorestan, Esfahan, Yazd, Fars, [59]
’ Chaharmahal va Bakhtiari
emollient, carminative, antifun-
Prangos chei- Joshire Azarbaijani  aerial parts gal, antioxidant, antibacterial, East and West Azarbaijan, Es- [60]
lanthifolia Boiss. anti-HIV, tonic, antiflatulent, an- fahan, Yazd, Kerman, Tehran
thelmintic

Asteraceae (7)
antispasmodic, anti-inflamma-

aerial parts  tory, diuretic, and diaphoretic, .
P b P East and West Azarbaijan,

with flower- treatment of hemorrhage, pneu- [61-63]

Achillea aucheri Boomadaran Dama-

Boiss. vandi . . . - Tehran
ing tops monia, theumatic pain, and
wounds
Achilla bicker serial parts e rahen, .
! ! Hamadan, East-Azarbaijan [63-65]

Bumadaran-e Zard with flower-

. acid, carminative, appetizer, an-
ing tops

thelmintic and antibacterial
feverish conditions, common
cold, digestive complaints, slow
healing wounds, and skin inflam-

steinii Afan.

Sistan va Baluchestan, Fars,

aerial parts
Hormozgan, Khuzestan, Ker- [63,64,66,67]

Achillea eriophora Bumadaran-e Shirazi with flower-

de Candolle. .
ing tops . man
mations
remedy for edema, burns,
Bumadaran-e wounds, carminative, indiges
Achillea kellalensis Bakhtiari aerial parts . . - Indis
. . . tion, skin infection, gastric ulcer, Lorestan, Esfahan, Chaharma-
Boiss. & Golberrenjas with flower- . . . [63]
. anti-bacterial, hemorrhage, dys- hal va Bakhtiari, Fars
Hausskn. Bumadaran-e-Sab-  ing tops .
menorrhoea, enema, and diar-
zekoh
rhea
. . aerial parts spasmolytic, choleretic, treatment
Achill dontaB d -e Shemi-
c glooizz odontabuma azziie emt with flower- of wounds, and anti-inflamma- Tehran, Hamadan, Esfahan [63,68]
' ing tops tory activities

aerial parts Chaharmahal va Bakhtiari,
p fever, asthma, skin inflammation, Tehran, Khuzestan, East and [63,69,70]

Achillea talagonica ~ Bumadaran-e with flower
jaundice, and liver ailments. =~ West Azarbaijan, Kurdestan,

Boiss. Taleghani ine t
& tops Lorestan, Esfahan
Postia puberula  No k
Bo(i):sfa&f l}glzzﬁe © no:;r;lceommon aerial parts antioxidant activity Lorestan [71]
Boraginaceae (2)
Echium amoenum tonic, tranquilizer, diaphoretic, Golestan, East and west
. Gol-e-Gavzaban .. .
Fisch. & C.A. Irani petal cough suppressant, and a remedy Azarbaijan, Mazandaran, Gi- [72,73]
Mey. for sore throat and pneumonia, lan, Hamadan
Echium khuzistan- anti—allc?rgic, antibalcte.rial, anti\I.i—
. Gol-e-Gavzaban ral, antifungal, antioxidant, anti-
icum Mozaffar- . petal . Khuzestan [74]
ian Khuzestani inflammatory, and wound heal-
’ ing
Fabaceae (8)
Astragalus adscen- stem, leaf,  antioxidant, laxative, antispas- Esfahan, Chaharmahal va
. Gaz-e Khansar Ga- . . Ly .
dens Boiss. & . flower, root, modic, antiheadache, antidia- Bakhtiari, Lorestan and [75,76]
van-e Gaz- Angabin . . . .
Hausskn. manna betic, febrifuge, and digestive Khuzestan
leaf, fl tichtening th ts of teeth,
Astragalus fascicu- Anzrot cat, tower, '8 emng . ¢ rool s ot teeth, .
root, stem, cough, nutritious, kidney, stom- Sistan va Baluchestan [76]

lifolius Boiss. Gonjed
ifolius Boiss onje seed ach ache, chest infection,
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toothache treating heart disease
and cancer

A I - h, anti-f 1, skin di
str.aga us gossy Gavan-e Panbei gum cough, anti unga , skin diseases, Kermanshah 76]
pinus Fisch. hair gel
headache, vertigo, strokes and
d ti trointestinal t
Astragalus hamo- Iklil-ul-Malik .emen 1a gas rom es. na upsje !
. pod inflammations, respiratory dis-  Esfahan, Fars and Bushehr [77]
sus Linnaeus. Nakhonak . .
comfort, and urinary complica-
tions
Astragalus fischeri aerial parts toothache, backache, bone ache,
3 . Shoun korouchok parts, kidney ache, bone fracture, dia-  Esfahan, Fars and Bushehr [76]
Buhse ex Fisch. seed, root . .
betes, and to induce abortion
Astragal icro-
SITAgATS MICTO Kalelak- stem, root asthma, strengthen hair Tehran, Mazandaran [76]
cephalus Willd.
Astragalus Chrys-
SHTAgALS .ry ° Gavan root antioxidant and antibacterial East Azarbaijan [78]
ostachys Boiss.
Astragalus Podolo- aerial parts,
bus Boiss. & Ho- Katek leaf, flower, anemia Hormozgan [79]
hen. seed
Hypericaceae (2)
Hypericum asper- . anti-depression, sedative,
. . flowering aer-
ulum Jaub. &  Gol-e Raei Lorestani strengthens the nervous system Kurdestan [80]
ial parts ..
Spach. and antioxidant
Hypericum dogon- . anti-depression, sedative,
. . flowering aer- .
badanicum As- Hofariqun ial parts strengthens the nervous system Kuhkiluye va Boyer-Ahmad [80,81]
sadi. P and antioxidant
Lamiaceae (55)
hypoglycemic, anti-inflamma-
. . tory, analgesic, anti-arthritis, an- Tehran, Semnan, East and
Ajuga chamaecis- .. . . . . . ..
tus Gin Labdisi aerial parts tipyretic, hepatoprotective, anti- West Azarbaijan, Hamadan, [82,83]
& bacterial, antifungal, antioxidant, Kermanshah, Arak, Esfahan
cardiotonic, and antimalarial
antioxidant, antibacterial, anti-
cancerous, antinociceptive, anti- Esfahan, Yasuj, Mazandaran,
Dracocephalum ko- . . . .. . . . .
L. Badranjboye Denayi aerial parts hyperlipidemic, antispasmodic, Tabriz, Golestan, Hamadan, [84-86]
tschyi Boiss. . .
cytotoxic, and immunomodula- Fars, Semnan, Tehran
tory effects
Dracocephalum Badranibove Ker anti-depression, anticancer, anti-
polychaetum Lin- n]1 an}i’ aerial parts  microbial, and vasodilative ef- Kerman [87,88]
naeus. fects
Dracocephalum . . . . .
. Badranjboye Sor- . tonic, and gastrointestinal disor-  Esfahan, Chaharmahal va
surmandinum . aerial parts . [89]
mandi ders Bakhtiari
Rech. f.
Humenocrater antimicrobial, antiparasitic, anti-
Y . Gol-e Arvane Yazdi leaves oxidant, anticancer and antidia- Yazd [90]
yazdianus Rech.f. . .
betic activities
. aerial parts, .
Menth - t hache, , chest ,
enia mozaffar Pooneh-Kooh leaves, and stomarhac e'c.ramps chest pan Hormozgan, Fars [91,92]
anii Jamzad. bronchitis, and colds
seeds
headache, migraine, digestive,
Nepeta binaloden-  _ . . . rheumatism, respiratory disor-
. Binaludi Pune-sa  aerial parts . Khorasan [25,93,94]
sis Jamzad. ders, asthma, common cold, colic
and cardio-vascular disorders
Nepet halot diuretic, diaphoretic, antitussive,
epeta c?p aotes Kopei Pune-sa aerial parts 1ur('e 16 c1ap .ore 1c. antt uss%ve Tehran [25]
Boiss. antispasmodic, anti-asthmatic,
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febrifuge, emmenagogue and
sedative agents
cardiovascular complaints such
Nepeta crassifolia . . as angina pectoris, cardiac throm- . .
p' f Alborzi Pune-sa aerial parts . sna p . Ardabil, East Azarbaijan  [25,26,95,96]
Boiss. & Buhse bosis, tachycardia, and weakness
of the heart
Nepeta crispa sedative, relaxant, carminative, Hamadan, Kermanshah,
F;N'll d P Mavaj Pune-sa aerial parts tonic for respiratory and nervous Chaharmahal va Bakhtiari, [25,97]
illd.
disorders Tehran
diuretic, diaphoretic, antitussive,
Nepeta denudata . antispasmodic, anti-asthmatic,
P Oryan Pune-sa aerial parts p Tehran [25]
Benth. febrifuge, emmenagogue and
sedative agents
diuretic, diaphoretic, antitussive,
Nepeta Depauper- i - . antispasmodic, anti-asthmatic,
¥ pauper- Sabzposhani Pune-sa aerial parts p Kerman [25,98]
ata Benth. febrifuge, emmenagogue and
sedative agents
diuretic, diaphoretic, antitussive,
Nepeta dschupar- . . antispasmodic, anti-asthmatic,
P . P Jupari Pune-sa aerial parts p Fars, Kerman [25,99]
ensis Bornm. febrifuge, emmenagogue and
sedative agents
diaphoretic, antitussive, antispas-
Nepeta elymaitica . . modic, anti-asthmatic, febrifuge,
P Y Ilami Pune-sa aerial parts ; & . Esfahan [25]
Bornm. emmenagogue, sedative, and di-
uretic
antitussive, antispasmodic, anti-
L. . . Lorestan, Esfahan, Chaharma-
Nepeta schiraziana .. . asthmatic, febrifuge, emmena- L.
. Shirazi Pune-sa aerial parts . K . . hal va Bakhtiari, Fars, Khora- [25]
Boiss. gogue, sedative, diuretic, and di-
. san, Semnan
aphoretic
antispasmodic, anti-asthmatic,
Nepeta glomeru- . febrifuge, emmenagogue, seda- Mazandaran, Esfahan, Fars,
peta gror Anboh Pune-sa  aerial parts | Be, emmenagogue [25,100]
losa Boiss tive, diuretic, diaphoretic, and = Kerman, Khorasan, Tehran
antitussive
anti-asthmatic, febrifuge, em-
Nepeta heliotropi- Aftab-parasti Pune- . menagogue, sedative, diuretic, . .
P . P p aerial parts . & g . V . Markazi, Qazvin [25,101]
folia Lam. sa diaphoretic, antitussive, and anti-
spasmodic
febrifuge, emmenagogue, seda-
Nepeta involucrate Gariban dar Pune-sa . tive, diuretic, diaphoretic, anti-
aerial parts . . . . - [25]
Bornm. tussive, antispasmodic, and anti-
asthmatic
emmenagogue, sedative, diuretic,
Nevpeta ispahanica . diaphoretic, antitussive, antispas-
P .P Esfahani Pune-sa  aerial parts P . . . p . Esfahan [25,94]
Boiss. modic, anti-asthmatic, and febri-
fuge
sedative, diuretic, diaphoretic,
Nepeta kotschyi . antitussive, antispasmodic, anti-
P . Y Kohe Dalv Pune-sa aerial parts . . p - [25]
Boiss. asthmatic, febrifuge, and emmen-
agogue
antispasmodic, anti-asthmatic,
Nepeta mentoides . . febrifuge, emmenagogue, seda- .
. Sabalani Pune-sa  aerial parts . T . East and West Azarbaijan [25,102]
Boiss. & Buhse. tive, diuretic, diaphoretic, and
antitussive
Nepeta persica . . febrifuge, emmenagogue, seda- .
Irani Pune-sa aerial parts Ardabil, Esfahan [25,96,103]

Boiss.

tive, diuretic, diaphoretic,
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antitussive, antispasmodic, and
anti-asthmatic
emmenagogue, sedative, diuretic,
Nepeta rivularis . . diaphoretic, antitussive, antispas-
P Juybari Pune-sa aerial parts P . . ,V P . Kerman [25]
Bornm. modic, anti-asthmatic, and febri-
fuge
diuretic, diaphoretic, antitussive,
Nepeta sintenisii . . antispasmodic, anti-asthmatic,
P Torkamani Pune-sa aerial parts p Mazandaran [25,96,104]
Bornm. febrifuge, emmenagogue and
sedative agents
antispasmodic, antihistaminic,
antimalarial, anti-arthritis, diabe-
Otostegia persica top flowering tes, arthritis, gastric discomfort, Fars, Kerman, Sistan va Ba-
3 . p Golder, Gol-e-kharu P . & 5 . . [105-108]
Boiss. aerial parts headache, theumatism, sedative luchestan
activities, regulating blood pres-
sure, and hyperlipidemia.
Satureja avroman- . . antimicrobial, antioxidant, anti-
) . Marzeh Oramani  aerial parts . . Kurdestan [106,108]
ica Maroofi. spasmodic, and anti-diarrheal
. . antimicrobial, antioxidant, antivi-
Satureja Edmondi . . . . Kermanshah, Lorestan, Cha-
. Marzeh Edmondi  aerial parts  ral activity (against HIV), and . [109,110]
Briquet. . o harmahal va Bakhtiari
improvement of fertility
gastroenteritis, upperrespiratory
Satureja atropat- L . tract infections, urinary tract .
J PA% Marzeh Azarbaijani aerial parts . . y East and west Azarbaijan [109,110]
ana Bunge. infections, diarrhea, and wound
healing
Satureia bacht antimicrobial, antioxidant, anti-  Kurdestan, Kermanshah,
o ] Marzeh Bakhtiari  aerial parts spasmodic, anti-diarrheal, and = Lorestan, Chaharmahal va [109-112]
iarica Bunge . . -
antitumor activities Bakhtiari, Fars
. upper respiratory tract infections,
Satureja interme- . . - . . . . .
. Marzeh Taleshi aerial parts urinary tract infections, diarrhea, Gilan, Ardabil [109,110]
dia C. A. Mey. o
wounds, and gastroenteritis
.. urinary tract infections, diarrhea,
Satureja isophylla . o
Rech. f Marzeh Jorbarg aerial parts wounds, gastroenteritis, and up- Mazandaran [109,110]
o per respiratory tract infections
. . diarrhea, wounds, gastroenteritis,
Satureja kallarica . . . . . -
Jamzad Marzeh Kellari aerial parts upper respiratory tract infections, Chaharmahal va Bakhtiari [106]
’ and urinary tract infections
wounds, gastroenteritis, upper
Satureja Kerman- Marzeh . respiratory tract infections, uri-
/ . . aerial parts P y . . Kermanshah [106]
shahensis Jamzad. Kermanshahi nary tract infections, and diar-
rhea
antifungal, antibacterial, antino-
Satureja ciceptive, antioxidant, antidia-
khuzistanica Jam- Marzeh Khuzistani aerial parts betic, antihyperlipidemic, anti-in- Khuzestan [113]
zad. flammatory, and triglyceride-
lowering activities
antioxidant, antidiabetic, antihy-
. . . . erlipidemic
Satureja rechingeri Marzeh rechingeri . .. P »
] ; mzad 8 & aerial parts  anti-inflammatory, antifungal, Ilam [103,106,107]
’ antibacterial, antinociceptive, and
triglyceride-lowering activities
. . astroenteritis, upper respirator ,
Satureja sahandica . . & . . PP PIFAtOLY East and West Azarbaijan,
Marzeh Sahandi  aerial parts tract infections, urinary tract in- [109]

Bormn.

fections, diarrhea, and wounds

Kurdestan, Zanjan
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antispasmodic, diuretic, asth-

Kerman, Hamadan, Lorestan,

Stachys acerosa  Sonboleh Kohsari aerial parts  matic. rheumatic antibacterial Arak, Esfahan, Kohkilouyeh [114,115]
Boiss. Sonboleh Kharaloud P ! o " vaBoyer-Ahmad, Chaharma- !
and antioxidant ..
hal va Bakhtiari, Fars
genital tumors, sclerosis of the
Stachys astero- — . .
Sonboleh Shirazi  aerial parts  spleen, inflammatory tumors, Fars [116]
calyx Rech. f.
cough, and ulcers
antibacterial, antifungal, antioxi-
Stachys bentham-  Sonboleh Sakhreh . dant, anxiolytic, anti-inflamma- Fars, Chaharmahal va
. . . aerial parts . . . [114,115]
iana Boiss. Zei tory, hypotensive, and anti-ne- Bakhtiari, Esfahan
phritic activities
ti , antibacterial,
Stachys laxa Boiss. Sonboleh Dama- . 'an .1cancer a.n' tbacteria Golestan, Mazandaran, Sem-
. aerial parts antioxidant, anti-inflammatory, [117,118]
& Buhse. vandi . . K . nan, Tehran
anti-nephritic, anti-anxiety
genital tumors, sclerosis of the
Stachys ob- . . spleen, inflammatory tumors, East and West Azarbaijan,
. . Sonboleh K 1 part: ’ . 116
tusicrena Boiss. onboleh Rongerer  acnal parts cough, ulcers, and infected Yazd, Gilan [116]
wounds
Stachys pilifera asthma, rheumatoid arthritis, an-
Banh Sonboleh Modar aerial parts tioxidant, antimicrobial, anti-in- Yasuyj [119,120]
) flammatory, and antitumor
antispasmodic, antimycotic,
. mammalian age-delaying proper-
Th - i -e- i
ymus carmani- - Avishan-e-kermani aerial parts ties, bactericides, antiseptics, an- Kerman [112,121]

cus Jalas.

tioxidants, and anthelmintic

properties
Hamadan, Azarbaijan, Cha-
Thumus deanensi harmahal va Bakhtiari, Kur-
ymus o8 Avishan-e-denaee  aerial parts antibacterial destan, Hamadan, Kerman- [112,121-125]
Celak.
shah, Esfahan, Tehran, Fars,
Kerman
Thymus eriocalyx
(Ronninger.)  Avishan-e-Korkalod aerial parts  gastrointestinal disturbances Lorestan [124,125]
Jalas.
Thymus fallax antibacterial, antifungal,
Fisch. & C. A.  Avishan-e-Anatoli aerial parts antiviral, antiparasitic, Hamadan, Tehran [126,127]
Mey. spasmolytic, and antioxidant
gastrointestinal disturbances,
anthelmintic, antioxidant,
Thymus ko- strongly antiseptic, Mazandaran, Gilan, East, and
. . . . . .. .. [121,124,128,1
tschyanus Boiss. Avishan aerial parts antispasmodic, carminative, West Azarbaijan, Tehran, 2]
& Hohen. deodorant, diaphoretic, Kurdestan, Yazd
disinfectant, expectorant,
sedative, and tonic
anti-inflammatory,
(Ronniger ex Avishan-e-Irani  aerial parts o ] / East and West Azarbaijan [125,130]
antifungal, anti-ulcer,
Rech. f.) Jalas. ) .
gastroprotective, hypoglycemic,
and antihyperlipidemic
Thymus pubescens . tonic, carminative, digestive, .
! Avishan-e- . . . . East and West Azarbaijan,
Boiss. & Kotschy aerial parts antispasmodic, anti- [121]
korkaloud . Mazandaran, Tehran
ex Celak. inflammatory, and expectorant
Thymus trautvet- tonic and herbal tea, flavoring
teri Klokov &  Avishan-e-Taleshi aerial parts  agents (condiment and spice), Mazandaran [131]

Desj.- Shost.

antiseptic, antitussive, and
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carminative, as well as treating
colds

immunostimulant,
antinociceptive, anti-

Zataria rfzultzﬂom Avishane Shirazi  aerial parts inflammatory, antioxidant, Kerman [112,132-134]
Boiss. antibacterial, antiviral,
antiparasitic, and antifungal
Zhumeria majdae stomach tonic, antiseptic anti-
Rech. f. & Wen- Mohrekhosh, leaves nociceptive, and anti- Hormozgan [135,136]
delbo. inflammatory
sedative, stomach tonic,
Ziziphora capitata flatulence, common cold,
Linnaeus. kakuti-e Sarsan aerial parts diarrhea, expectorant, coughing, Kurdestan [90,137]
antiseptic, migraine, and
carminative
hypertension, sedative, stomach,
tonic, heart disorders, common Mazandaran, Semnan,
Ziziphora clino- . . . cold, inflammation, depression, Tehran, Kerman,
podZ)ides Lam. kakuti-e kuhi aerial parts diarrhea, expectorant, C}Z)ughing, Chaharmahal va Bakhtiari, [123,157]
antiseptic, migraine, carminative, Esfahan
and wound healing
Zzzzpélzfgzerszca kakuti-e Irani aerial parts antimicrobial East and West Azarbaijan [137]
Zzzzp.hom tenitor Kakuti aerial parts antimicrobial Chaharmahal va Bakhtiari [112,137]
Linnaeus.
Liliaceae (1)
Lilium lfedEbOWl Susan-e Chelcheragh corm, flower burns, injuries, m.ﬂammatlon, Mazandaran, Gilan [138]
Boiss. and uterus disorders
Rosaceae (3)
healing effects on skin damages Lorestan, Arak, Kohkilouyeh
Amy'gd'alus elaeag- Badame- Kermani  fruit, seed Cat'lsed by ra’diotherapy, anxio- va Boyer-Ahn?ad', Chaharma- [139]
nifolia Spach. lytic properties, have a decreas- hal va Bakhtiari, Fars, Ker-
ing effect on anxiety and stress man
Amygdulus 50" Badame Kohi aerial parts diabetes mellitus Fars [139]
paria Spach.
East and West Azarbaijan,
Azgfj;lg:ﬁa_ Badame Vahshi aerial parts  hyperlipidemia, hypoglycemia Yz}zillﬂ,els:s;&l:r?};;i::i}j?cl)r- [139]
mozgan
Scrophulariaceae (1)
Verbascum sublo- Gol-e Mahor leaf antioxidant Golestan, Mazandaran, Teh- [(140,141]
batum Murb. ran
Table 2. A list of some neglected endemic MAPs of Iranian flora.
F. macrocolea. F. stenocarpa
Ferula ; ;
F. microcolea F. behboudiana
Ferulago F. phialocarpa
Heracleum H. nephrophyllum
Apiaceae szpm.ellu P. tragzozdfzs
Eryngium E. bungei
Anthemis A. austroiranica. A. kermanensis A. odontostephana
) E. aucheri E. elymaticus E. Iranshahrii
Echinops

E. lalesarensis E. macrophyllus

Helicrysum H. oligocephalum
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Scorzonera S. subaphylla
Hertia H. angustifolia
Boraginaceae Onosma O. asperimum
Brassicaceae Isatis L. pachycarpa
Caryophyllaceae Dianthus D. macranthoides
A. camptoceras A. globiflorus A. ovinus
Astragalus A. eﬁusus A. glaucacanthos A siez.)ersi?nus
Fabaceae A. ophiocarpus A. crenatus A. tribuloides
A. mucronifolius A. jolderensis A. verus
Hedysarum H. persicum
Hypericaceae Hypericum H. rechingeri
N. adenoclada N. gloecocephala. N. mirzayani
N. allotria N. hymenodonta N. oxydonta
N. archibaldii N. iranshahrii N. pogonosperma
Nepeta N. assurge'ijzs N. k?eieanft N. prostara
N. assadii N. chinophila N. racemose
Lamiaceae N. bakhtiarica. N. lasiocephala N. scrophularioides
N. eremokosmos N. laxiflora N. sessilifolia
N. gedrosiaca N. makuensis N. straussii
Thymus T. fedtschenkoi T. migricus
Hymenocrater H. incanus H. platystegius
Stachys S. ixodes
Malvaceae Alcea A. koelzii
Liliaceae Fritillaria F. kotschyana F. zagrica
Linnaceae Linum L. persicum
Polygonaceae Polygonum P. aridum
Ranunculaceae Clematis C. ispahanica
. Scrophularia S. farinosa
Scrophulariaceae Verbascum V. gabrielae
Eremurus E. persicus
Xanthorrhoeaceae Rheum R. persicum
Rumex R. crispus

3.2. Endemic MAPs in Iran and the Plant Parts in Use

Endemic medicinal plants are used for the relief of many disease conditions, namely
respiratory system diseases, digestive system disorders, and muscular-skeletal system
problems. The plant parts used for medicine (based on the species frequency) are aerial
parts (55 spp.), flowers (17 spp.), roots (14 spp.), leaves (12 spp.), stems (9 spp.), fruits (7
spp.), seeds (5 spp.), corms (1 spp.), bulbs (1 spp.), pods (1 spp.), gums (1 spp.), resins (1
spp.), and manna (1 spp.) (Figure 3). The aerial parts are used in 55 out of 100 species. A
total of 17 species are used for their flowers, which is followed by roots with 14 species
(Table 1 and Figure 3). In many cases, more than one organ of the same species is used in
the treatment of different maladies (Table 1).
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Figure 3. The plant parts of the Iranian endemic medicinal and aromatic plants in common use for
curing the diverse maladies.

3.3. Endemic MLAPs Richness across Iran

The distribution of Iranian endemic MAPs is shown in Figures 4-6. As seen on the
maps, the endemic MAPs of Iranian flora are distributed in nearly all parts of the country.
Most of these valuable plants flourish in small populations in mountainous habitats. In
Southwest Asia in general and in Iran in particular, mountains have the dominant role in
the development of endemic species [14].

Endemic richness in Iran is significantly related to the topography and the climatic
conditions of the regions and numerous mountain ranges [18]. There are many mountain
peaks in Iran with an elevation higher than 4000 m [15], and signficant richness was re-
ported in high mountains (Sabalan Mts., Sahand Mts., Talysh Mts., Shahu Mts., Alvand.,
Oshtorankuh Mts., Zardkuh Mts., Dena Mts., Alvand Mts., Karkas Mts., Binalood Mts.,
Shirkuh Mts., and Hezar-Lalezar Mts.) [1].

Most of the published information on the number of endemic MAPs of Iran is based
on the political units, such as provinces. The number of endemic MAPs varies greatly
among 31 provinces (from 0 in Qom to 25 in Esfahan) (Figure 4). Most of them are distrib-
uted in the main mountain ranges of Esfahan, Kerman, Fars, Tehran, Chaharmahal va
Bakhtiari, East Azarbaijan, Lorestan, West Azarbaijan, Hamadan, and Mazandaran prov-
inces, respectively (Figure 4).
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Figure 4. The distribution pattern of Iranian endemic medicinal and aromatic plants across the prov-
inces.

Noroozi et al. (2018) reported five AEs from Iran, (i.e., Zagros, Azarbaijan, Kopet
Dagh-Khorassan, Alborz, and Central Alborz) (Figure 5). The ten provinces mentioned
above are predominantly located in these five AEs (Figure 5), which are in the Iran-o-
Turanian region, one of the three major phytogeographic regions in Iran (i.e., the Saharo-
Sindian, the Iran-o-Turanian, and the Euro-Siberian) (Figure 6). The Iran-o-Turanian re-
gion composes the highest percentage (68.29%) of endemic MAPs in Iran (Figure 6) and is
considered as an essential area of endemism in Asia [1,12,15].
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Figure 5. Distribution patterns of the endemic medicinal and aromatic plants of Iranian flora by

endemism area.

Among AEs of Iran, Zagros was found to host the maximum number of endemic
MAPs with 125 species, followed by Azarbaijan (46 species), Alborz, and Central Alborz
(40 species), and Kopet Dagh-Khorassan (4 species) (Figure 5). The least number of en-
demic MAPs was found in Kopet Dagh-Khorassan with only four species. The low num-
ber of endemic MAPs in Kopet Dagh-Khorassan results from the limited size of the area.
The mountainous areas of Kopet Dagh-Khorassan do not expand beyond Iran except for

a small section in the north [1].
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Figure 6. Topogeographic map of Iran indicating phytogeographical regions and distribution of en-
demic medicinal and aromatic plants.

Five AEs (Alborz, Central Alborz, Zagros, Azarbaijan, and Kopet Dagh-Khorassan)
and three phytogeographic regions (the Iran-o-Turanian, the Saharo-Sindian, and the
Euro-Siberian) in Iran cover parts of two global BHs (i.e., Irano-Anatolian and Caucasus),
and it is estimated that 97% of the endemic vascular plant species of this country are lim-
ited to these sectors [12]. The Caucasus hotspot includes Georgia, Azarbaijan, and a small
portion of northern Iran, and the Iran-Anatolian hotspot includes significant parts of
northern and western Iran, central and eastern Turkey, a small portion of southern Geor-
gia, the Nakhchivan province of the country of Azerbaijan, much of Armenia, northeast-
ern Iraq, and the northern Kopet Dagh range in Turkmenistan (Figure 7).
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Figure 7. Two biodiversity hotspots regions of Iran (adopted from https://biodiversity.doe.ir/por-
tal/home/?778961/ (accessed on 28 January 2022). Note: (A) shows Irano-Anatolian biodiversity
hotspot, and (B) shows the Caucasus biodiversity hotspot.

Our findings on the distribution pattern of endemic MAPs in Iran is similar to the
results of a study at the University of Vienna about the distribution of the Asteraceae fam-
ily as a model group in Iran [14], a study at the University of Tehran about the distribution
of Iranian trees and shrubs [19], and a study about the biodiversity and floristic endemism
of Fritillaria spp. in Iran [13]. Our results verify the vast distribution pattern for a large
number of species across the country, and even clarify the diversification of many uncon-
sidered species with medicinal values that have not been the focus of former studies.

3.4. Relationship between the Climate and Richness of Endemic MAPs of Iran

Iran, as a vast country with 31 political provinces, has significant cross-sectional var-
iation in the climate types and is characterized by different climates ranging from arid to
semi-arid mountain ranges. Various climates of Iran include arid, semi-arid, hyper-arid,
humid, semi-humid, highly-humid, and Mediterranean [17] (Figure 8). Thus, due to the
particular distribution of endemic MAPs and different climates in Iran, we investigated
how endemic MAPs correlate with the different climate conditions in this country.

As shown in Figure 8, the climate of one province is mainly different from that of
another. The provinces we studied were found to host a diverse range of endemic MAPs,
dominantly belonging to five different climate conditions, i.e., semi-arid, humid, semi-
humid, highly-humid, and Mediterranean. The maximum number of species (86 spp.)
were found in the semi-arid climate, followed by the humid (28 spp.), highly-humid (27
spp.), semi-humid (14 spp.), and the Mediterranean (12 spp.) climates (Figure 8). Overlap-
ping of the species within the areas has been observed (Figure 8).

Like all other species of the biosphere, MAPs have no exemption from the effects of
climate change [27], especially some MAPs that are endemic to the geographic regions
which are more at risk and vulnerable to climate changes [28]. Climate change is attribut-
able directly or indirectly to the human enterprises that alter atmospheric composition
[28]. There is a high risk of mass extinction of biodiversity as the planet warms and the
climate changes, and Iran is also impacted by climate change, especially due to the pres-
ence of mountains and near-desert areas. For example, some cold-adapted MAPs in
mountainous hillsides in Iran have begun to gradually migrate higher up mountain sum-
mits, a phenomenon correlated with climate warming [15]. Eventually, this migration of
MAPs may cause them to face extinction [15]. Higher temperatures and lower water
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availability can cause climate changes that likely have a significant impact on MAPs
growth in the near future [29].

Climate change will alter the environmental conditions for MAPs, especially in arid
and semi-arid regions. In other words, some regions in the “Humid” class may be turned
into the “Arid” class, and some regions that are currently “Semi-Arid” may be turned into
the “Hyper-Arid” class regarding the climatic change [17].

Some MAPs are drought-tolerant, and the stress may cause increases in the concen-
tration of their secondary metabolites (either by decreasing biomass or by increasing the
actual production of the metabolites). For other species, however, relationships with spe-
cific pollinators may be disrupted by the phenological alterations arising from climate
change [27].
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4. Need for Conservation

The distribution of the MAPs on the Earth is not uniform and differs in different ge-
ographical regions. Regardless, they serve a considerable role in the health care of people
across the world. As per the data available, more than 75% of the world’s population relies
mainly on medicinal plants and herbal medicines for their health care needs [6,8,9].

The geographic distribution and biological attributes of these kinds of plants must be
known to guide conservation programs and better manage our use of the biosphere [6].
Human management must be able to balance the competing demands of obtaining the
greatest resources for the present generation while preserving the potential for future gen-
erations. In the preservation approach, all species are not of equal significance, and setting
priorities is the most important step in the conservation programs [4]. In this context, en-
demic MAPs with limited distribution are of greater importance than exotic species with
a wide distribution.

The geographic distribution of endemic MAPs must be known to guide the conser-
vation proceedings, e.g., to assess whether species protection should take place in nature
or a greenhouse [6]. Two sets of suggestions relating to the conservation of endemic MAPs
have been developed as follows: in situ (protection of species in their natural environ-
ment) and ex situ (protection of species outside their natural habitat) [6,9]. Both conserva-
tion strategies (i.e., in situ and ex situ) and also resource management (e.g., good agricul-
tural practices and sustainable use solutions) should be adequately taken into account for
the sustainable use of MAPs resources [6].

Nowadays, biotechnological tools, such as micropropagation, tissue culture, syn-
thetic seed technology, and molecular markers, provide new and complementary options
for plant conservation, including short-, medium-, and long-term strategies, and their ap-
plication for plant species conservation has considerably increased [30]. Indeed, no con-
servation strategy alone may be sufficient to prevent species from extinction. Therefore, it
is important to combine conservation strategies (in situ, ex situ, biotechnological tools,
and so on) that will complement each other in the effort to preserve a given species.

5. Perspectives for Conservation and Habitat Management of MAPs

In summary, while MAPs have contributed to the healthcare systems and economy
of rural populations, the following critical issues should be addressed:

1. The national and international demand for MAPs in Iran is increasing, which creates
tremendous pressure on natural habitats. There is no formal harvesting system, so
little is known about which plants are being harvested, from where, and in what
quantity. There is a clear need for a system of monitoring and tracking wild harvest-
ing, specifically in the five AEs.

2. To reduce the harsh harvesting pressure on wild populations and to conserve the
vulnerable species, novel technologies should be introduced to improve the culture,
harvesting, and drying of the MAPs, especially the value-added endemic medicinal
and aromatic plants.

3. The programmed utilization management of the endemic MAPs can generate more
income for the farmers and local harvesters and, therefore, protects the environment
and MAPs populations from the excessive harvests and possible extinction.

4. In addition to the efforts for mitigating the extinction of endemic MAPs, the preser-
vation of traditional knowledge is a component of conservation. Folk understanding
of medicinal and aromatic plants used by the inhabitants of Iran should be recorded,
particularly in the rural areas of the country, where there is no or limited access to
hospitals, drugstores, and health experts.

5. Most of the published information on the number of endemic MAPs of Iran is related
to the political provinces. Many large provinces in the arid or hyper-arid regions are
relatively poor in endemic MAPs, while many provinces in the humid, highly-hu-
mid, semi-humid, semi-arid, and Mediterranean regions are extraordinarily rich in
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endemic MAPs. Consequently, studying the environmental potentials and risks of
these provinces would protect the majority of the endemic plants from excessive har-
vest regimes and the possible extinction.

6. Although, species conservation, especially that of the endangered species, may be
more effective through natural habitat (in situ conservation) inspections and envi-
ronmental managements; the ex-situ techniques also can be used to complement the
in-situ methods. Biotechnological methods such as micropropagation, tissue culture,
synthetic seed technology, and molecular marker approaches can be used to amend
the product and alter the efficacy of medicinal and aromatic plants.

7. Supplementary studies can be carried out in other fields such as phylogenetic diver-
sity or DNA barcoding to emphasize the importance of the endemic MAPs, the AEs,
and the conservation programs.

8. 16.7% of Earth’s land surface is home to 77% of all endemic plant species representing
36 BHs in the world, and Iran holds two of the biodiversity hotspots. So, to conserve
Iran’s biodiversity, the Iranian government should launch projects to conduct biodi-
versity investigation across the country, especially in endemic MAPs and specifically
in Tehran, Esfahan, Kerman, Fars, Chaharmahal va Bakhtiari, East Azrbaijan,
Lorestan, West Azarbaijan, Hamadan, and Mazandaran provinces, to more thor-
oughly understand their distribution, abundance, and ecology for the long-term and
sustainable production of major MAPs.

9. By describing the geographical distribution and ecological aspects of the endemic
MAPs along with a concentrated insight into their biodiversity concerning their tax-
onomic status, a more obvious understanding of the essential elements of conserva-
tion strategies can be supplied for all the involved preservationists, government sec-
tors, and NGOs.

6. Conclusions

Iran is a country of diverse landforms, climates, and species of MAPs (2300 out of
8200 species). Of the 36 BHs recognized in the world, Iran has two significant hotspots—
the Irano-Anatolian and the Caucasus. Reviewing the phytogeographical distribution pat-
tern of MAPs reveals that the Iran-o-Turanian region is the main center of diversity for
the Iranian endemic MAPs. Considering the total number of AEs recognized in Iran (Al-
borz and Central Alborz, Zagros, Azarbaijan, and Kopet Dagh-Khorassan), the number of
endemic MAPs will be interesting. Our data show the density of endemism in Esfahan,
Kerman, Fars, Tehran, Chaharmahal va Bakhtiari, East-Azarbaijan, Lorestan, West-
Azarbaijan, Hamadan, and Mazandaran provinces is higher than in the other provinces
of Iran. The dominant MAPs diversity harboring localities of Iran were found to host a
diverse range of endemic MAPs (100 species of medicinal and aromatic importance, from
10 families and 30 genera, with potential uses for therapeutic purposes). Although all of
Iran is essential for conservation, those areas rich in endemic MAPs that are prone to cli-
mate change, are relatively more significant to consider their diversity inspection and fur-
ther conservation programs. This review article provides the policy-makers baseline data
to make suitable decisions for the conservation of endemic medicinal and aromatic plants
at the national and provincial levels. With an increasing world population and climate
change, the identification of all BHs at a finer scale and identifying AEs of every country
are essential elements for the execution of global conservation management programs.
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