
ISSN 1560–7259 (print edition)

TURCZANINOWIA
ISSN 1560–7267 (online edition)

Поступило в редакцию 21.01.2024  Submitted 21.01.2024 
Принято к публикации 10.12.2024 Accepted 10.12.2024

УДК 581.95(571.54)       

Diversity and distribution of parasitic flowering plants in Iran

F. Khajoei Nasab1*, Z. Karimi Bekr2, A. R. Mehrabian3, S. Rahimi4, H. Mostafavi5

1 Chaharmahal and Bakhtiari Agricultural and Natural Resources Research and Education Center (AREEO), 5th km of Shahrekord –  
Farrokhshahr road, Shahrekord, 8813657351, Iran. E-mail: farzaneh.khajoei@yahoo.com;  
ORCID iD: https://orcid.org/0000-0002-2325-9555

2 Shahed University, Khalij Fars Expressway, Tehran, 3319118651, Iran. E-mail: zkarimib@yahoo.com;  
ORCID iD: https://orcid.org/0000-0002-8870-105X

3 Shahid Beheshti University, Shahid Shahriari Square, Evin, Tehran, 1983969411, Iran. E-mail: a_mehrabian@sbu.ac.ir;  
ORCID iD: https://orcid.org/0000-0001-6633-3092

4 University of Tehran, 6th Azar St., Enghelab Sq., Tehran, 1417935840, Iran. E-mail: rahimi.s@ut.ac.ir;  
ORCID iD: https://orcid.org/0009-0003-7176-1931

5 Beheshti University, Shahid Shahriari Square, Evin, Tehran, 1983969411, Iran. E-mail: hmostafaviw@gmail.com;  
ORCID iD: https://orcid.org/0000-0002-8894-7498

*Corresponding author

Keywords: conservation, Iran, Orobanchaceae, parasitic flowering plants.

Summary. Iran is home to a number of taxa of parasitic plants that are distributed in diverse ecological zones of the 
country. The present study examined the diversity and distribution patterns of these taxa. The geo-referenced dataset 
of Iranian parasitic species was formed using the distributional data available in “Flora of Iran” and “Flora Iranica” as 
well as several herbaria. To evaluate species richness and determine the main hotspots of parasitic flora in Iran, species 
distribution points were mapped on 0.25° × 0.25° grid cells using the Geographic Information System. In addition, 
the area-corrected species richness of parasitic angiosperms was calculated for each provincial unit. According to the 
results, the flora of Iran includes 104 species of 21 genera belonging to parasitic plant families that cover about 1.3 % 
of angiosperm species nationwide. Overall, the highest species richness occurs in parts of northwestern Iran and the 
Central Alborz. The richness of parasitic angiosperm species is very diverse among provinces of Iran. East Azarbaijan 
and South Khorasan provinces have the highest and lowest number of species, respectively.
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Аннотация. В Иране произрастает ряд таксонов паразитических растений, приуроченных к различным 
экологическим зонам. В настоящем исследовании изучены разнообразие и особенности распространения 
этих таксонов. Набор геопривязанных данных по иранским паразитическим видам был сформирован с ис-
пользованием информации о распространении, имеющейся во “Flora of Iran” и “Flora Iranica”, а также мате-
риалов нескольких гербариев. Для оценки видового богатства и определения основных очагов разнообразия 
паразитической флоры в Иране точки распространения видов были нанесены на ячейки сетки 0,25° × 0,25° с 
помощью геоинформационной системы. Кроме того, для каждой провинциальной единицы было рассчитано 
видовое богатство паразитических покрытосеменных с поправкой на площадь. Согласно полученным резуль-
татам, флора Ирана включает 104 вида из 21 рода растений, относящихся к паразитическим семействам, кото-
рые охватывают около 1,3 % видов покрытосеменных по всей стране. В целом, наибольшее видовое богатство 
наблюдается в северо-западной части Ирана и Центральном Эльбурсе. Видовое богатство паразитических по-
крытосеменных очень различно в разных провинциях Ирана. Провинции Восточный Азарбайджан и Южный 
Хорасан имеют наибольшее и наименьшее количество видов, соответственно. 

Introduction

Parasitic plants are a diverse taxonomic group 
of angiosperms, and approximately 4750 parasitic 
species belonging to 292 genera (about 2.2 % 
of the genera and 1.6 % of the species of total 
angiosperms) have been reported throughout the 
world (Nickrent, 2020). They are special functional 
groups that obtain part or all of their nutrients from 
other plants (hosts) through haustoria (Zhang et al., 
2018). They can be classified into two main groups: 
holoparasites (lack chlorophyll, nonphotosynthetic) 
and hemiparasites (chlorophyll when mature, 
photosynthetic). Moreover, hemiparasites can be 
facultative or obligate (Nickrent, Musselman, 2004). 
The mentioned groups also comprise stem parasites, 
root parasites, or a mix of them (Westwood et 
al., 2010). Most parasitic plants are classified as 
parasitic organisms of crops that negatively affect 
agricultural ecosystems by absorbing a remarkable 
percentage of the nutrients of their hosts, eventually 
leading to the host’s death (Zwanenburg et al., 2016). 
Additionally, parasites reduce the capabilities of 
their hosts, negatively affecting the hosts’ growth 
and reproduction (Mutikainen et al., 2000). 
Holoparasites are completely dependent on their 
hosts for all their water and nutrient needs (Kaiser et 
al., 2015). Parasitic plants are also keystone species 
and ecosystem engineers that affect the structure 
and function of ecosystems (Press, Phoenix, 2005). 
These taxa are not classified as a monophyletic 
group, so they appear highly diverse in ecological as 
well as evolutionary contexts (Westwood et al., 2010; 
Bellot, Renner, 2013). The distribution patterns of 
parasitic plants depend on the ecological conditions 
as well as the characteristics of their hosts (Zhang 
et al., 2015). These taxa are distributed in diverse 
natural and semi-natural habitats of different biomes 

throughout the world (Stewart, Press, 1990; Poulin, 
2011). They are ubiquitous species and occur in all 
ecosystems and climatic zones except Antarctica 
and aquatic habitats (Kuijt, 1969). The distribution 
patterns and diversity of parasitic plants have been 
studied in numerous countries around the world 
(Sürmen et al., 2015; Zhang et al., 2018).

With an area of 1648000 km2, Iran is one 
of the biggest countries in West Asia and has a 
wide variation in geology-geomorphology (Alai 
Taleghani, 2005), pedology (Dewan, Famouri, 1964), 
climatology (Breckle, 2002), and phytogeography 
(Zohary, 1973), which has facilitated the delimitation 
of a huge variety of vegetation and floristic elements 
(Frey, Probst, 1974) and made Iran a main center of 
endemism and plant diversity in the world (Klein, 
1972; Hedge, Wendelbo, 1978). The flora of Iran 
includes about 8000 plant taxa, 2200–2597 species 
of which are endemic to Iran (Mehrabian, 2015), 
which covers about 0.7 % of the world’s flora. 

Nevertheless, little attention has been paid to 
the distribution patterns and diversity of parasitic 
plants in Iran. The current study aimed to provide a 
checklist of parasitic angiosperms and describe the 
spatial distribution and diversity patterns of parasitic 
plants in Iran. In addition, the richness of parasitic 
species within protected areas and areas of diversity 
and endemism in Iran will be analyzed. The main 
questions addressed in this study are: Which areas 
have a greater richness of parasitic species? What 
percentages of life forms and phytochorions of the 
mentioned taxa exist in Iran?

Material and Methods

Study Area
With a total surface area of 1.6 million km2, 

Iran is located at 25°–40° N longitude and 44°–64° 
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E latitude. As a limited section of the orogenic belt 
(Zagros, Alborz, and other mountain chains), Iran 
covers the Asian block along with Arabian-African 
unity (Berberian, King, 1981). The most important 
geomorphological sections of Iran include Zagros, 
Alborz, Kopet Dagh, and several interior mountain 
chains (e. g., the NW mountains, Central mountains, 
Makran, etc.) (Fig. 1). The Zagros Mountain chain 
is a long mountainous system (about 2000 km) 
that stretches from northwest (Eastern Turkey) to 
southeast (Makran Mountains). This topographic 
construction has shaped an elongated wall between 
the Iranian plateau (northeast) and the Persian 
Gulf and Mesopotamian (southwest) basins. The 
Alborz Mountain chain, with an average elevation 
of > 2000 m, is an active, arcuate fold-and-thrust 
belt (Stöcklin, 1974) and a prominent sector of the 
Alpine-Himalayan geological formation. Shaped 
as an east-west, softly sinuous crescent in northern 
Iran, it forms a natural barrier between the Caspian 
Sea and the central Iranian plateau (Stöcklin, 1974). 
Kopet-Dagh is a natural massif located in the eastern 
margins of the Caspian Sea leading into northeastern 

Iran, Turkmenistan, and northern Afghanistan. 
The Northwest Mountain chain, Jebal Barez in the 
center of Iran, and Makran in southeastern Iran, 
are other prominent orographic formations in 
the region. These extended massifs form a natural 
barrier surrounding the central plateau and lead to 
diverse rainfall patterns in the area. According to 
Rivas-Martínez et al. (1999), the bioclimate of Iran 
comprises Mediterranean (western, northwestern 
Iran), temperate (northern Iran), and tropical 
(southern coast zones of the Persian Gulf and the 
Gulf of Oman) macro-bioclimates. Additionally, 
precipitation patterns represent an average of 
about 250 mm annually (Amiri, Eslamian, 2010). 
The severely heterogeneous diversity in climate, 
vegetation, topography, parent rock, geologic 
time, and human activities in Iran leads to distinct 
variations in soil characteristics (Dewan, Famouri, 
1964). Dewan and Famouri (1964) classified Iranian 
geographic boundaries into seven pedological zones: 
the Khuzistan plain, folded zone, Iran ides, central 
plateau, Elburz Mountains, Turkeman-Khurasan 
Mountains, and Caspian littoral region.

Fig. 1. Topographic map of Iran.

Species occurrence data
The geo-referenced dataset of Iranian parasitic 

species was formed using the distributional data 
available on “Flora of Iran” (2011–2017). Data 

on additional species was also extracted from 
the herbarium of the Shahid Beheshti University 
(HSBU) and virtual herbaria, such as W. “Flora of 
Iran” as well as the scientific websites of “Tropicos” 
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(URL: www.tropicos.org) and “International Plant 
Names Index” (IPNI. URL: www.IPNI.org) were 
used to determine the accepted species names and 
nomenclatures. The herbarium acronyms follow 
Thiers (2019). The final occurrence dataset used in 
this study contained 1646 geo-referenced records 
(Fig. 2).

Species richness
To evaluate the species richness and determine 

the main hotspots of parasitic flora in Iran, species 
distribution points were mapped on 0.25° × 0.25° 
grid cells using the Geographic Information System 
(ArcView 10.3). Subsequently, parasitic species were 

mapped using the circular neighborhood point-
to-grid richness analysis tool based on 10 × 10 km 
grid cells with a radius of 25 km (Spooner, Hijman, 
2001) to eliminate border effects caused by assigning 
the grid origin. Additionally, area-corrected species 
richness of parasitic angiosperms was calculated for 
each provincial unit using the formula D = N/log 
(A), where N is the number of parasitic species and 
A refers to the unit area (Zhang et al., 2018). 

Life form
The C. Raunkiaer (1934) system was used to 

categorize plant life forms in this study.

Fig. 2. Distributional points of parasitic plants in Iran.

Results

Parasitic flora of Iran
According to the present study, the parasitic flora 

of Iran includes 104 species of 21 genera belonging 
to 6 parasitic plant families that cover about 1.3 % 
of angiosperm species nationwide (8000 species). 
Accordingly, Iran is home to about 2.18 % (104) 
and 7.19 % (21) of the parasitic species and genera, 
respectively, found in the world. Orobanchaceae, 
with 13 genera and 71 species, is the largest parasitic 
plant family in Iran, followed by Convolvulaceae 

with 20 species and Santalaceae with 9 species  
(Fig. 3). 

The remaining families have fewer than three 
species. Moreover, Orobanche L. (37 sp.) and 
Cuscuta L. (20 sp.) have the largest number of 
species among the studied taxa in Iran, while 
Melampyrum L., Macrosyringion Rothm., Lathraea 
L., Bellardia All., Cynomorium L., Pilostyles Guill., 
Phelypaea L., Arceuthobium M. Bieb., Osyris L., 
Rhinanthus L., and Viscum L. have only one species 
each in Iran (Appendix). In total, 64 % of the species 
are holoparasites and 36 % are hemiparasites. 
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Additionally, these parasites could be divided into 
root (82 sp.; 79 %) and stem (22 sp.; 21 %) parasitic 
plants. The former belong to the Orobanchaceae, 
Santalaceae, and Cynomoriaceae families and 
account for 79 % of the total parasitic flora, while 

the Convolvulaceae, Apodanthaceae, Santalaceae, 
and Loranthaceae families are considered to be stem 
parasitic plants and contain 21 % of the parasitic 
flora. 

Fig. 3. Family diversity of Iranian parasitic species at genus and species level.

Fig. 4. Species richness map of total parasitic species in Iran based grid cells.
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Fig. 5. Species richness map of total parasitic species in Iran based on the circular neighborhood point–to-grid richness 
analysis.

Fig. 6. Species richness in 31 provinces of Iran.
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Fig. 7. Area-corrected species richness of parasitic plants in 31 provinces of Iran.

Fig. 8. Life forms of the studied taxa.

Hotspots of species richness
The grid-based map of richness is categorized 

into five groups of 1 to 26 species and shows that one 
grid cell in Gilan province has the highest number of 
species (26 species) followed by one cell in Ardebil 
province (21 species) (Fig. 4). Six grid cells in parts 
of Gilan (1), Tehran (2), Kohgiluyeh and Boyer-
Ahmad (1), Lorestan (1), and East Azerbaijan 
(1) provinces have 11 to 16 species. Moreover, 31 
grid cells have 6–10 species, often concentrated in 
northern, northwestern, western, and southern 
parts of Iran. The richness map based on the circular 
neighborhood point-to-grid richness analysis (Fig. 
5). Based on this map, Gilan, Alborz, and Tehran 
provinces as well as a very limited area in the East 
Azerbaijan province are the main hotspots of 
parasitic plant richness in Iran. Overall, the richness 
of parasitic angiosperm species is very diverse among 
provinces of Iran. East Azerbaijan (n = 46) and 
South Khorasan (n = 3) provinces have the highest 
and lowest number of species, respectively (Fig. 
6). Moreover, area-corrected species richness also 
varies largely among provinces, with East Azerbaijan 
(9.9) and South Khorasan (0.6) provinces have the 
highest and lowest amounts, respectively (Fig. 7). 

Life forms
Hemicryptophytes (54 %) are the dominant life 

form among parasitic plants in Iran, followed by 
Therophytes (38 %) (Fig. 8).

Discussion

Parasitic flora of Iran 
The present study is the first to report on the 

distribution patterns and diversity of parasitic plant 
taxa in Iran. The results of this study showed that 
there are 104 species of parasitic plants in Iran, 



12 Khajoei Nasab F. et al.
Diversity and distribution of parasitic flowering plants in Iran

which comprises 1.3 % of all angiosperms in this 
area. Therefore, the presence of parasitic species in 
the angiosperm flora of Iran is less than the global 
value (1.6 %) (Nickrent, 2020), Nepal (2.93 %) (Joshi 
et al., 2000; O’Neill, Rana, 2016), and China (2.28 
%) (Zhang et al., 2018) and higher than Turkey 
(1.29 %) (Sürmen et al., 2015). In addition, there 
are fewer endemic species of parasitic plants in 
Iran (7.47 %) than in China (two-thirds of parasitic 
species), Turkey (13.01 %), and Nepal (8.61 %). 
In general, the species richness of parasitic plants 
depends on the richness of all plant species in each 
region, climatic conditions, types of host plants, 
and changing ecological conditions also affect the 
richness of parasitic plants. The special topography 
and diverse altitude gradient of Nepal has probably 
given that country more favorable conditions 
than Iran for the speciation and endemism of 
parasitic species. Indeed, the endemic taxa of 
parasites in Iran, China, and Nepal belong mainly 
to the Orobanchaceae family, and Orobanche and 
Pedicularis have the highest numbers of endemic 
species in these countries. Irano-Turanian elements 
are the most abundant species of parasitic plant 
species in Iran, while Turkey has more Euro-Siberian 
elements. From a phytogeographical position, most 
of Iran is located in the Irano-Turanian region; only 
parts of the Hyrcanian forests in northern Iran are 
in the Euro-Siberian region (Zohary, 1973; Hedge, 
Wendelbo, 1978). Naturally, therefore, more than 
half of Iranian parasitic plant species are Irano-
Turanian elements.

Hotspots of species richness
The results of the present study showed that the 

distribution of parasitic plant species in Iran follows 
the south-to-north pattern. By moving to higher 
northern latitudes, the number of species increases, 
and the greatest species richness occurs in parts of 
northwestern Iran and Central Alborz. This pattern 
corresponds well with the distribution patterns of 
other plant species in Iran (Hedge, Wendelbo, 1978; 
Khajoei Nasab, Khosravi, 2020; Khajoei Nasab, 
Mehrabian, 2022; Maassoumi, Khajoei Nasab, 2023; 
Khajoei Nasab, Zeraatkar, 2024; Zeraatkar, Khajoei 
Nasab, 2024). East Azerbaijan province has the 
highest number of parasitic species in Iran. The 
Azerbaijan plateau is located between the Alborz, 
Zagros, and Caucasus mountains. This floristic 
province includes very high mountains that harbor 
many species (Khajoei Nasab et al., 2024a). It is also 
a special area of endemism and speciation in Iran, 
which is influenced by the Mediterranean climate 

(Djamali et al., 2011). Indeed, Alborz is also a very 
important area of endemism and plant diversity 
in Iran, as it is affected by the Mediterranean xeric 
continental climate (Djamali et al., 2011). This region 
is a heterogenic macroecosystem with a very high 
mountain range as well as an orographic complex 
structure (Mehrabian, Khajoei Nasab, 2021). The 
richness and distribution of plants and animals 
increased with latitude (Willig et al., 2003; Eo et al., 
2008; Xu et al., 2018), and this pattern was named 
as the latitudinal Rapoport’s rule (Rapoport, 1975). 
It seems that this rule also applies to the diversity 
and distribution of Iranian parasitic species, as the 
results of multiple regression showed that latitude 
is the main environmental factor affecting richness 
and has a positive relationship with it. Altitude is the 
second environmental factor affecting the richness 
of the studied species, and the total richness of 
the studied taxa decreased in semi-alpine zones, 
coinciding with ecosystems in Iran. The altitudinal 
diversity gradient is one of the greatest patterns in 
the flora of Iran. Previous studies have reported an 
increasing trend in Iran plant species richness with 
altitude (Mehrabian, 2015; Khajoei Nasab et al., 
2024b). Altitude gradient in Iran has led to climatic 
diversity, soil heterogeneity, and ecosystem diversity, 
which subsequently leads to the creation of suitable 
habitats for species and increased diversity and 
richness. This altitudinal diversity gradient has also 
been reported for Chinese parasitic plants (Zhang et 
al., 2018). 

Life forms
In Iran, more than two thirds of the species are 

holoparasites, while in Turkey (Sürmen et al., 2015) 
and China (Zhang et al., 2018), hemiparasites are 
the major parasitic plant species. Therefore, due 
to the complete dependence of holoparasites on 
the host plant and their inability to provide food 
and water, Iranian parasitic species will be highly 
endangered if the host is widespread or abundant. 
More than half of Iran's parasitic plants are perennial 
herbaceous (hemicryptophytes) holoparasites. 
Hemicryptophytes are one of the predominant life 
forms in highland ecosystems, and they have found 
different ways to adapt to the cold and mountainous 
climate (Klimeš, 2003). As mentioned before, the 
highest number of parasitic species in Iran occurs in 
the mountains and at altitudes between 2000–2500 
meters. It seems that they have been able to ensure 
their survival in the mountains with underground 
vegetative buds, reducing their need for water, no 
need for leaves for photosynthesis, and reduced 



13Turczaninowia 28, 1: 5–15 (2025)

vegetative growth. Similar results were obtained in 
a recent study in China, where perennial herbaceous 
parasites were the predominant life form and often 
recorded from mountainous regions (Zhang et al., 
2018). About 79 % of Iran’s parasitic plant species 
comprise root parasites. In China, Nepal, and even 
globally, root parasites are the predominant group of 
parasitic plants. The predominance of root parasites 
may result from the stability of the ecological factors 
of the underground soil (e. g., moisture, temperature, 
etc.) and the greater accessibility to nutrients, which 
lead to less vulnerability to herbivores and stronger 
competitors (Press, Phoenix, 2005; Dueholm et 
al., 2017). Eventually, the natural dispersal of root 
parasites gives them a greater fitness than that of 
stem parasites which move with animals (Zhang et 
al., 2018). 

Conclusion

Determining the current distribution patterns of 
parasitic plant species have a significant impact on 
the management of their potential negative effects. 
A wide range of parasitic plants can have negative 
effects on total plant diversity, so their management 
should be based on ecological principles that 
consider the stability and balance of the ecosystem. 
The study's findings indicate that although these 
plant species make up a small percentage of Iran's 
flora, their diversity and richness hotspots overlap 
with the richness hotspots of all plant species in Iran. 
Therefore, this can pose a significant threat to plant 
diversity in the country. As a result, the research can 
be used to manage and protect other flowering plant 
species in Iran.
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