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Abstract 

Crop wild relatives (CWR) are the most important genetic resources to improve and ensure global 

food security. Following Vavilov studies on CWRs, Iran is categorized in the higher ranks of 

conservation priorities. However, the species in this area are severely exposed to threats, which 

makes it necessary to protect them. Accordingly, the initial step to their conservation is to create 

an ecological database. Despite the extensive efforts and valuable publications in the Iranian flora, 

little attention has been paid to the patterns and diversity centers of CWRs in Iran. The current 

study analyzed 804 grid cells (20820Km) in the Iranian geographic boundaries. Besides, nothing 

was recorded from 229 grid cells, though 14 taxa (15.73%) were recorded from one grid cell. In 

this study, 3911 georeferenced locations of monocots CWRs were reported in Iran that belonged 

to 331 species, i.e. 80 genera of 16 plant families. Besides, Central Alborz, Eastern Alborz, and 

northern and central sections of Zagros showed the highest diversity, respectively. Also, Poaceae 

(117), Amaryllidaceae (73) and Asparagaceae (36) led the highest richness of species. Moreover, 

the Iranian monocots CWRs were categorized in 9 classes of elevation ranging from 0 m to more 

than 4000 m, and elevation ranging between 1500 to 2000m and 1000 to 1500m above the sea 

level with 252 and 235 species as the highest richness among others, respectively. Moreover, the 

highest diversity in genera and species is distributed mostly between 35° to 38° latitudes. Finally, 

the high variety of CWRs in Iran emphasizes conservation planning for these genetic resources. 
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Introduction 

Crop wild relatives (CWRs) are the nearest relatives of crops (Maxted et al., 2006), so they play 

an essential role in the genetic improvement of crops in breeding and the biotechnological 

programs (Hawkes 1977, 1983) such as resistance to pests and diseases, and improving the 

quantity and quality of grain and fruit in crops (Dwivedi et al., 2003, Hajjar & Hodgkin 2007, 

Dwivedi et al., 2008). The increase in the human population (UN 2011) accompanied by the 

harmful effects of climate change on agricultural products and global food production 

(Schmidhuber & Tubiello 2007, Lobell et al., 2008, Palm et al., 2010, Maxted et al., 2006, 

Guarino & Lobell 2011) has led to more attention of global agricultural managers to protect 

human food security (IPCC 2007 & FAO 2008). Crop wild relatives (CWR) are the most 

important genetic resources to improve and ensure global food security (FAO 2012). The first 

scientific study entitled "origin of cultivated plants" was published by De Candolle (1908). 

However, Vavilov (1926), suggested a basic theory known as the center of origin and the center 

of diversity of the cultivated plant taxa. Accordingly, he introduced eight centers of origin for the 

cultivated plants. (Vavilov 1992, Ladizinsky 1998 & Khoury et al., 2016). Additionally, the next 

generation of basic, as well as key studies in this area, includes reviews of diversity centers, 

evaluation methods, and conservation and management of these valuable genetic treasures. 

Hanelt (1986), released a comprehensive database on agricultural and horticultural crops, which 

is available online. There is also an online database accessible http://mansfeld.ipk-gatersleben.de 

(Mansfeld 2001). Furthermore, several ecological databases have been provided by Zohary and 

Hopf (1993), Kell et al. (2005, 2008), for Portugal, Khoury et al. (2013), for the U.S, Maxted et 

al. (2013), for Europe, Fielder et al. (2015), and Maxted et al. (2015), for the United Kingdom,  

Zeven and Zhukovsky (1975), and Yohannes (2016), for Ethiopia. Besides, some methodologies 

on in- situ conservation of CWRs were provided by IPGRI (1985). Maxted et al. (2013), 

published on conservation of CWR and landraces.  

Iran covers a critical zone of the Middle East and some parts of Central Asia as two main centers 

of cultivated plants (Vavilov, 1992 & Khoury et al., 2016). Also, Iran is categorized in the higher 

ranks of conservation priorities (Castañeda-Álvarez et al., 2016). Several cultivars of Triticum L., 

Hordeum L., Aegilops L. (Vavilov 1926 & Zohary 1973) as well as several ornamental cultivated 

plants (e.g. Tulipa L., Fritillaria Tourn. ex L., Gladiolus L., Iris L., and etc.) are derived from 

Iran (Wendelbo 1977 & Sheasby 2007). However, the mentioned species have severely been 

threatened, which makes it necessary to protect them. Accordingly, the initial step to their 

conservation is to prepare an ecological database. Despite extensive efforts and valuable 

publications in the Iranian flora, little attention has been paid to the patterns and diversity centers 

of CWRs in Iran. Besides, the compilation of these valuable species has been neglected in 

botanical studies, so, this study tries to provide as many details as possible to assess the diversity 

and distribution of the species in order to analyze the conservation status and priorities for CWRs. 

We aimed to identify and analyze important altitude zones, phytogeographic areas and 

bioclimatic zones, among others, to establish the gen sanctions, gene micro-reserves, and other 

In-situ conservation methods of these valuable species.  

Study Area 

This study covers the geographical boundaries of Iran as the most critical section of the Iranian 

plateau comprised of a total surface area of 1.6 million km2 at 20°-20° N longitude and 44°-64° E 

latitude.  

The studied region, including several mountainous chains, mainly consists of Alborz, Zagros, 

Kopet Dagh, Makran, and numerous scattered internal mountains. As a natural barrier, Alborz 

http://mansfeld.ipk-gatersleben.de/
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prevents the flow of moisture in the Caspian Sea to the center of the Iranian plateau (Stöcklin, 

1974 & Axen et al., 2001). Zagros is the most extensive orographic structure in Iran (Fischer 

1968), formed due to multiple and complex tectonic events during the latest Cretaceous and all of 

the Cenozoic periods (Homke, 2007). Kopet-Dagh comprises "a sequence of Jurassic-Pliocene 

folded sedimentary rocks" (Navab et al., 2006), which is 700 km long, stretched from the eastern 

boundaries the Caspian Sea to the northeast of Iran. ( Allen et al., 2003). Iran consists of several 

scattered interior mountains in Central, Southern, and Eastern parts. However, basins and 

lowlands, coastal, and riverine zones form the other parts of the country, surrounded by the 

mentioned natural massifs (Fischer, 1968). Also, a substantial altitudinal variation between -27 

a.s.l (in Caspian basins) to 5671 m a.s.l (in Damavand as the highest peak in Alborz) leads to 

heterogenic climatic zones in Iran.  The precipitation shows an average of about 250 mm, (about 

less than 1/3 of the average rainfall in the world: 860 mm) (Shakur et al., 2010). Besides, a 

diverse range of pedological zones resulted from topography, climate, vegetation, bedrock, time, 

and human effects have been determined by Dewan & Famouri (1964). Accordingly, these 

complexities in the ecological structures trigger several evolutionary-ecological zones to 

speciation and diversity in the plant taxa of the area (Zohary 1976, Davis et al., 1994, Barthlott et 

al., 1996, 1999 & Kier et al., 2005) (Fig.1).   

 

 
Figure 1: Geomorphological (left) and geological (right) map of Iran (www.ngdir.ir). 

 

Material and methods 

The primary database on monocot CWRs was provided using 3990 viewpoints from several 

Iranian and International Herbariums (e.g., HSBU, W, WU, etc.) and a lot of scientific literature 

on the flora of Iranian habitats. Flora Iranica  (Rechinger, 1963-2018) and Flora of Iran (Assadi, 

1984-2018) are the main taxonomic references for evaluation. Also, ArcView version 3.2 (ESRI, 

2014) and the DIVA-GIS 7.3 were used to make the spatial data layers. The Mansfield 

Encyclopedia of Agricultural and Horticultural Plants and Crop Wild Relative inventory is 

considered the primary reference to determine the nearest crop wild relatives (Hanelt 2017, 

Harlan & Wet 2012). There are two different methodologies (the gene pool and the taxon group 

concepts) for evaluation, so each evaluation method can be performed based on phylogenetic or 

taxonomic data around the group. Accordingly, the primary Gene pool concept of the CWR 

covers the near lineages that readily intercross with the crops. Besides, the CWR (GP2) secondary 
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gene pool concept includes all the biological species that can be crossed with the crop, whereas 

the hybrids are usually sterile. The tertiary gene pool (GP3) covers those taxa that can be crossed 

with the crop with difficulty and where usually the gene transfer is only possible using radical 

techniques. Additionally, the taxon group concepts comprise of taxon group 1b (the crop), taxon 

group 1b (the same species as a crop), taxon group 2 (the same series or section as crop), taxon 

group 3 (the same subgenus as crop), taxon Group 4 (the same genus as a crop), and taxon group5 

(the different genus to the crop), because the principal database includes a diverse range of CWRs 

(e.g. medicinal, ornamental, human food, animal forage). Regardless, a checklist of the most 

important taxa, based on the FAO (2008, 2012), and the national priorities were selected to 

perform the main analysis. Due to monocot wild relatives' multiplicity, the most important 

groups, including gene pool one and gene pool two, or taxon groups of 1 and 2 were analyzed for 

the conservation analyses. However, the distribution patterns have been made based on all 

species. 

The climatic data was based on 45 years (1970–2015) of the Meteorological Organization in Iran. 

Besides, the bioclimatic zoning was performed based on Rivas-Martínez et al. (1999). The 

conservation status was assessed based on the IUCN Guidelines at the regional scale (IUCN, 

2011), analyzed by Kew GeoCAT (www.Kew.org)  (Bachman et al., 2011). In addition, The Area 

of Occupancy (AOO) and the Extent of Occurrence (EOO) were used to classify the threat ranks. 

The distribution localities were marked using the ArcGIS version 10.3 (ESRI, 2014) on the geo-

referenced maps (1/106) of Iran, including 0.25° × 0.25° universal transverse Mercator grid cells 

(except for of 25 km2 of boundary zones). The index of Species Distribution (SDI) (Selvi 1997, 

Solymos & Feher 2005) and the rarity index of the taxon (RI) (Williams et al., 1996) were 

calculated to determine the priorities for conservation. The scoring varied from zero (0) to one (1) 

in which the higher scores showed higher vulnerability. Besides, the RI=1/Ci, where Ci is the 

number of grid cells, and l is the number of current species categorized as very rare (VR), rare 

(R), middle distribution (MD) and widespread (W). The SDI=l-Ci/C, where C is the total number 

of grid cells. Besides the conservation Value (CV), the RI and SDI of each grid cell were summed 

up. Thus, the higher scores signify an advanced CV. Moreover, the IPA sites have been based on 

(Langhamer et al. 2007) three criteria: the presence of threatened species and the species richness 

alongside the threatened habitats. Besides, three criteria, including endangerment, irreplaceability, 

and discreteness (Langhamer et al., 2007) were used to identify the AZE sites. The species' 

unique indices were calculated according to the following formula: SSI=∑(1-Ti/T+....), where Ti 

is the number of geomorphologies, bioclimatic, and phytogeographic units for each species and T 

represents the total number of studied units in Iran. 

 

Results 

The current study analyzed 804 grid cells (20820Km), including the Iranian geographic 

boundaries. Nothing was recorded from 229 grid cells, though 14 taxa (15.73%) were recorded 

from one grid cell. 3911 georeferenced locations of the monocots CWRs were reported in Iran that 

belonged to 331 species, 80 genera of 16 plant families (Fig. 3 and Table 1). Considering the 1164 

monocots species (Noroozi et al. 2019), the 331 monocots CWRs included 28.5% of Iran's total 

monocots species (Mehrabian et al. 2015). Central Alborz, Eastern Alborz, and northern and 

central sections of Zagros showed the highest diversity, respectively (Fig. 2). Also, Poaceae (117), 

Amaryllidaceae (73) and Asparagaceae (36) revealed the highest richness of species (Fig.3).  

 

http://www.kew.org/
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Figure 2: The species richness map of the monocots CWRs in Iran 

 

 

Figure 3: The species and genera CWRs  richness of monocots families in  Iran

 

The Iranian monocots CWRs were distributed in 9 classes of elevation ranging from 0 m to more 

than 4000 m; tow elevational rang 1500 to 2000m and 1000 to 1500m above the sea level with 

252 and 235 species passing the highest richness among others respectively (Fig. 4). Moreover, 

the highest diversity in the context of genera and species is distributed mostly between 35° to 36° 
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and 37° to 38° to latitudes with 72 and 65 species respectively (Fig. 5). 

 

 

Figure 4: The richness of the monocots CWRs in the highland strip in Iran 

 

 

Figure 5: The monocots CWRs richness in different latitudes in Iran. 

 

Based on bioclimatic zonation, 213 species were distributed in mediterranean pluviseasonal-

continental (Mpc), 66 in mediterranean xeric-continental (Mxc), 33 in mediterranean desertic-

continental (Mdc), 32 in mediterranean pluviseasonal-oceanic (Mpo), and 41 in other bioclimatic 

units (mediterranean pluviseasonal-oceanic, tropical xeric and tropical desertic) (Table 1). 

Acording to geological structures, 117 species appeared in sedimentary, 50 in quaternary, 44 in 

igneous  and 32 appeared in other geological formations (Table 1). Furthermore, 127 species 

appeared in Zagros mountans, 74 in Azerbayjan mountans, 60 in Alborz mountans and 110 

appeared in other geomorphological units (Table 1). Kurdistan-Zagros with 172 species, 

Atropatenian 177, N-Khorasan 80, Fars-Kerman 44, Hyrcanian 80, Centeral-Iran 103, Fars-

Kerman 44, Nubo-sindian 14, and N-bluchestan three species, all have constituted the phyto-

geographical units of the Iranian monocots (Table 1 and Fig. 5). 

The most important taxa were selected in terms of economic and nutritional values (Wiersema and 

León 2016), including four families, 27 genera, and 90 species (Table 2). Among them, 18 species 

can be used as food, 68 species can be used as forage and others as medicine, ornament, etc. In 
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this regard, Poaceae (5 and 62) and Amaryllidaceae (7) species are the most important ones to use 

as food and forage (Table 2). Conservation status of the food and forage monocots CWRs, 

according to IUCN criteria, were included as CR (21), EN (8), and VU (5). However, the other NT 

(1) and LC (56) composed other categories in the studied taxa (Fig.7). Finally, Poaceae and 

Amaryllidaceae have the highest degree of threat (EN and CR) (Table 1). Accordingly, those taxa 

which were present in 1-5, 6-15, 16-30, and more than 30 grid cells were considered as VR (46: 

51%), R (20: 22 %), MD (15: 16%) and W (10: 11%), respectively. Moreover, Poaceae (32) and 

Amaryllidaceae (6) covered the highest percentage of very rare and rare taxa, respectively (Fig. 8).  

 

 
Figure 6: The richness of the monocots CWRs in diverse phytochorions in Iran.  

 

 

Figure 7: Conservation status of the selected food and forage monocots CWRs in Iran. 
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Figure 8: Rarity status of the selected monocots CWRs in Iran.

Discussion 

Iran host a diverse range of ecological zones (Takhtajan, 1986) resulted from the climatologic 

heterogeneities (Frey & Probst 1986), complicated orography (Zohary, 1973) and diverse edaphic 

zone (Hedge & Wendelbo, 1978) that created the endemic center of the Irano-Turanian region 

(Leonard, 1991) and a global center of diversity for plants (Davis et al., 1994, Barthlott 

1996,1999 & Kier et al., 2005). On the basis of Vavilov theory, about 15% of the cultivated 

plants (Vavilov 1992, Hummer & hancok 2015) and a vital origin center of temperate CWRs 

originated from Iran (Harlan 1992, Zohary & Hopf 1993). Also, Iran and Anatolian plateaus 

cover more than 200 valuable crop wild relatives that are classified as the highest level of 

priorities for conservation (Vincent et al., 2013). As a scientific rule, areas with high floristic 

richness have a high diversity of CWRs (IBC, 2012), so setting up the conservation plans ensures 

the country's biodiversity's sustainability. The main target for setting up an in-situ conservation 

zone is to guarantee that the highest volume of the genetic diversity of conservation priorities 

comprised of habitat-based species. The most important criteria for selecting preference for 

CWRs mainly include economic importance, the genetic potential to improve crops, threat status, 

conservation status, distribution range, and specific criteria for each taxon (FAO, 2012). The 

richness is the main criterion for prioritizing the conservation (Kier & Barthlott, 2001, & Huang 

et al., 2012), so the zones with the highest diversity of monocot CWRs are in Central Alborz, 

Central Zagros, and NW geomorphologic zone of Iran. It should be noted that Alborz has been 

known as an important center speciation zone to the Iran-Anatoly center of endemism (Rechinger, 

1986 & Mahmoodi et al., 2013). Alborz is known as the main center of Iran endemic trees and 

shrubs (Mehrabian et al. 2020) and Iran's endemic monocots (Mehrabian et al. 2015). and the 

diversity center of eudicot CWRs Besides, the Central Zagros is known as another main center of 

endemic vascular plants in Iran (Hedge & Wendelbo, 1978) that is confirmed by Sayadi & 

Mehrabian (2016, 2017), Mehrabian et al. (2015), and Mehrabian et al., (2020). The area covers a 

central zone of SW Asia as one of the most important centers of diversity and the origin of 

cultivated plants in the world (Vavilov, 1926). The elevation zone of 1500-2000 ma.s.l, showing 

the highest richness of CWRs as a priority zone for conservation, follows the endemism zone of 

Iranian plant endemism (Mehrabian et al., 2015 & Mehrabian et al., 2020). The global strategy 

for crop wild relative conservation and use regional and global level qualifies areas for genetic 

reservoirs to include a minimal number of CWRs (global = 100, regional = 25 and national = 5) 

for the establishment of active CWR genetic reserves (CEPE 2001). Accordingly, 6 zones (grid 

cells) in Iran are eligible to design genetic reservoirs on the regional scale. However, there are 

several areas to establish the reservoirs on the national scale. In addition, they are valuable zones 

for education and research, and a practical methodology can ensure the ecological dynamics of 

these taxa. 

Moreover, "Alliance for Zero Extinction (AZE) sites cover the total population of one or more 

species listed as Endangered or Critically Endangered on the IUCN Red List of Threatened 

Species". Some AZE sites are located within the protected areas. However, there is no 

management plan to protect them within these areas. Some of the mentioned sites can be 

protected by establishing the plant micro-reserves (Gómez-Campo 1981, Laguna et al. 2004). 

Besides, the sites hosting at least 95% of the known population of CR or EN taxa have been 
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classified as the Alliance for Zero Extinction (AZE) (Langhammer et al., 2007). Eragrostis pilosa  

(L.) P.Beauv., Phleum phleoides (L.) H.Karst., Saccharum bengalense  Retz. , and Secale segetale 

(Zhuk.) Roshev. are the most important species in the richest part (orange grid cell) of the CR 

group, and Allium oschaninii O.Fedtsch., Festuca rubra L, and Phleum alpinum L. are the most 

important species in the richest part in the EN group. (Table 1, Fig. 9). Some AZEs occurred 

along the boundaries of the protected areas, where there are no suitable ecological conditions for 

viability or efficient actions for their conservation. According to the complementary site selection 

assay, from 14 proposed areas, seven were placed out of the protected areas (NBSAP2, 2016) that 

should be added to these areas in the future. The red and orange grid cells area, with 12-14 and 9-

12 species respectively, are worth to protect food and forage CWRs. Some could be protected by 

establishing plant micro-reserves (Gómez-Campo, 1981 & Laguna et al.,  2004) (Fig. 10) 

Moreover, 14 species with RI of 1 had a high conservation value, which included 15.38% of the 

total species. More, 22 species, constituting 24.17% of the whole species, exhibited a high level 

of species special index suggesting that their habitat should be conserved (Table 1). 

 

 

Figure 9. The monocots CWRs distribution in Iran (left) is critically endangered (CR) (right) endangered 

(EN). The maps were prepared in a 1° × 1° grid cell. (except for 100 Km2 of boundary zones). 
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Figure 10. The map of complimentary site selection assay of the selected monocots CWRs in Iran 

 

Also, a wide range of Iranian CWRs is distributed in restricted zones of Iran that are classified as 

critically endangered on the regional scale, all of which are reported in the global priority list of 

CWRs presented by FAO (2012). Nonetheles, some of them have a global distribution, but each 

region has unique genotypes that are severely damaged by anthropogenic pressures (e.g., fire, 

overgrazing, land- use change, and overharvest) as well as long term drought in Iran, which has 

led to genetic erosion and the disappearance of these valuable genetic resources.   

The following are the most critical CWRs of Iran to support food and have the highest rank of 

priority for conservation: Triticum dicoccoides (Asch. and Graebn.) Schweinf, T. monoconoccum 

subsp. aegiopoides (Link) Thell., T. monoconoccum subsp. monococcum L., T. turgidum subsp. 

polonicum (L.) Thell., T. aestivum subsp. spelta (L.) Thell. as Gene pool one to T. aestivum L., 

Secale segetale (Zhuk.) Roshev as Gene pool one to S. cereal L., Hordeum spontaneum K.Koch  

as  Gene pool one to H. vulgare L. (Nevo, 1995 & Nevo et al., 1998). 

In addition, more than 90 wild species of Allium L. are reported in Iran as one of the main 

diversity centers of the genus in the World (Fritsch & Friesen 2002). Several species of the 

mentioned genus are used as a flavor and wild vegetables (e.g., Allium akaka S.G.Gmel. ex Schult. 

and Schult.f., A.assarnse R.M.Fritsch and Matin, A. Allium stipitatum Regel etc.) (Fritsch et al., 

2006 & Keusgen et al, 2006). Besides, there are about 63 endemic species Allium in Iran 

(Akhavan Roofiga et al., 2019). These species can donate valuable traits to edible onions. They 

can also have the ability to be domesticated to reduce the negative pressures of overharvesting and 

improve the economy of local communities.  

Crocus, as a Eurasian and North African element, was distributed from the Aegean Sea in western 

Turkey and the Balkans (Eastern Mediterranean to the Irano–Turanian region) (Erol et al., 2012). 

Wild relatives of Crocus sativus L. are useful to saffron improvement as sources of a variety of 

valuable traits (Khoury et al. 2010). Among the wild Iranian Crocus sp, C. pallasii Goldb., as a 

CWR, is closely related to C. sativus and its candidate parents (Sheidai et al., 2018).  

   

Conclusion 
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Negative anthropogenic and natural pressures (e.g., climate change, land-use change, overgrazing, 

overharvest, etc.) have reduced the diversity of the mentioned unique genotypes, resulting in their 

disappearance and extinction. The high variety of CWRs in Iran emphasizes the importance of 

conservation planning for these genetic resources. Also, ecological modeling, as an effective 

method, can evaluate the habitat suitability and simulate their future distribution to conservation 

management of the valuable species (Hirzel  et al., 2006 & Vincent et al., 2019). 

 

References 

Akhavan Roofiga, A., Bagheri, A., Jamzad, Z., & Jalili, A. (2019). The conservation status of two 

Allium (Amaryllidaceae) species in Iran. Journal of Iran Nature, 4(1), 101-105. https://doi. 

Org/10.22092/irn.2019.118682 

Allen, M. B., Vincent, S. J., Alsop, G. I., Ismail-zadeh, A., & Flecker, R. (2003). Late Cenozoic 

deformation in the South Caspian region: effects of a rigid basement block within a collision 

zone. Tectonophysics, 366(3-4), 223-239. https://doi.org/10.1016/S0040-1951(03)00098-2  

Assadi, M. (1984-2018). Flora of Iran. Research institute of forest and rangelands, Tehran. 

Axen, G. J., Lam, P. S., Grove, M., Stockli, D. F., & Hassanzadeh, J. (2001). Exhumation of the 

west-central Alborz Mountains, Iran, Caspian subsidence, and collision-related tectonics. 

Geology, 29(6), 559-562. https://doi.org/10.1130/0091-7613(2001)029 

Barthlott, W., Biedinger, N., Braun, G., Feig, F., Kier, G., & Mutke, J. (1999). Terminological and 

methodological aspects of the mapping and analysis of global biodiversity. Acta botanica 

fennica, 162(0), 103-110. https://www.researchgate.net/publication/215672839 

Barthlott, W., Lauer, W., & Placke A. (1996). Global Distribution of Species Diversity in 

Vascular Plants: Towards A World Map Of phytodiversity. Erdkunde, 50(4), 317-327. 

https://www.jstor.org/stable/25646853 

Bachman, S., Moat, J., Hill, A. W., De La Torre, J., & Scott, B. (2011). Supporting Red List threat 

assessments with GeoCAT: geospatial conservation assessment tool. ZooKeys, (150), 117. 

http://geocat.kew.org/editor.  

Castañeda-Álvarez, N. P., Khoury, C. K., Achicanoy, H. A., Bernau, V., Dempewolf, H., 

Eastwood, R. J., Guarino, L., Harker, R. H., Jarvis, A., Maxted, N., & Müller, J. V. (2016). 

Global conservation priorities for crop wild relatives. Nature plants, 2(4), 1-6. https://doi: 

10.1038/nplants.2016.22 

Davis, S.D., Heywood, V. H., & Hamilton, A. C. (1994). Centres of plant diversity. Natural 

History, 111(1), 1-10. 

De Candolle, A. (1908). Origin of cultivated plants 2. Neudruck. Hafner Publishing Comp., New 

York and London 1964. VIII + 468 Seiten. 

Dwivedi, S. L., Crouch, J. H., Nigam, S. N., Ferguson, M. E., & Paterson, A. H. (2003). 

Molecular breeding of groundnut for enhanced productivity and food security in the semi-arid 

tropics: opportunities and challenges. Advances in agronomy, 80, 153-221. https://doi: 

10.1016/S0065-2113(03)80004-4 

Dwivedi, S. L., Upadhyaya, H. D., Stalker, H. T., Blair, M. W., Bertioli, D. J., Nielen, S., & Ortiz, 

R. (2008). Enhancing crop gene pools with beneficial traits using wild relatives. Plant Breeding 

Reviews, 30, 179-230. https://doi.org/10.1002/9780470380130.ch3 

Erol, O., Can, L., & Şık, L. (2012). Crocus demirizianus sp. nov. From Northwestern Turkey. – 

Nordic Journal of Botany, 30, 665-667. https://doi.org/10.1111/j.1756-1051.2012.01684.x 

Esri, GIS. (2014). Dictionary. Definitions for GIS terms related to operations such as analysis, 

GIS modeling and web-based GIS, cartography, and Esri software. 

http://geocat.kew.org/editor


39 | Journal of Wildlife and Biodiversity 5 (2): 28-43 (2021) 

 

FAO. (2008). Climate Change and Biodiversity for Food and Agriculture. Food and Agriculture 

Organization of the United Nations, Rome. 

FAO, (2012). FAO Integrated Food Security Support Service. Food and Agriculture Organization 

of the United Nations, Rome. 

Fielder, H., Brotherton, P., Hosking, J., Hopkins, J. J., Ford-Lloyd, B., & Maxted, N. (2015). 

Enhancing the conservation of crop wild relatives in England. PLoS One, 10(6). 

https://doi.org/10.1371/journal.pone.0130804 

Fritsch, R., M., Abbasi, M., & Keusgen, M. (2006) Useful wild Allium species in northern Iran. 

Rostaniha, 7(2), 189-402. 

Fritsch, R. M., & Friesen, N. (2002). Evolution, domestication  and  taxonomy.  In, Allium  Crop 

Science,  Recent  Advances,  Rabinowitch,  H. D. & Currah, L. (Eds.). CABI Publishing, UK. 

Frey, W., & Probst, W. (1986). A synopsis of the vegetation of Iran. Contributions to the 

vegetation of Southwest Asia, (ed.    Kurschner,    H.).    Ludwig Reichert Verlag, Wiesbaden.  

Gómez-Campo, C. (1981). Studies on Cruciferae: Erucastrum rifanum (Emberger et Maire) 

Gomez-Campo, comb. nov. Anales del Jardín Botánico de Madrid, 38(2), 353-356. 

Guarino, L., & Lobell, D. B. (2011). A walk on the wild side. Nature Climate Change, 1(8), 374-

375. https://doi.org 10.1038/nclimate1272. 

Hajjar, R., & Hodgkin, T. (2007). The use of wild relatives in crop improvement: a survey of 

developments over the last 20 years. Euphytica, 156(1-2), 1-13. https://doi.org 10.1007/s10681-

007-9363-0 

Hanelt, P. (1986). Formal and informal classifications of the infraspecific variability of cultivated 

plants–advantages and limitations. In: Styles BT, editor. Infraspecific Classification of Wild 

and Cultivated Plants. Clarendon Press, Oxford, UK., 139–156. 

Hanelt, P. (2017). Institute of plant genetics and crop plant research (Eds.) (2001): Mansfield's 

Encyclopedia of Agricultural and Horticultural Crops. Springer, Berlin etc., 1(6), 3716. 

Harlan, J. R. (1992). Crops and man. Madison, WI: American Society of Agronomy, Inc., and 

Crop Science Society of America. 

Harlan R., de Wet J.M.J. (2012). Crop Wild Relative inventory. https://www.cwrdiversity.org/ 

checklist. 

Hawkes, J. G. (1977). The importance of wild germplasm in plant breeding. Euphytica, 26(3), 

615-621. https://doi.org 10.1007/BF00021686 

Hawkes J.G. 1983. The diversity of crop plants. Cambridge: Harvard University Press, (4), 1-184. 

Hedge, I. C. & Wendelbo P. (1978). Patterns of distribution and endemism in Iran. Notes Royal. 

Botanical. Garden. Edinburgh, 36(2), 441-464. 

Hirzel, A. H., Le Lay, G., Helfer, V., Randin, C., & Guisan, A. (2006). Evaluating the ability of 

habitat suitability models to predict species presences. Ecological modelling, 199(2), 142-152. 

https://doi.org/10.1016/j.ecolmodel.2006.05.017 

Homke, S. (2007). Timing of Shortening and Uplift of the Pusht-E Kuh arc in the Zagros Fold-

and-Thrust belt (IRAN). A Combiend Magnetostratigraphy and Apatite Thermochronology 

Analysis, Universidad de Barcelona Facultad de Geología, Departamento de Geodinámicay 

Geofísica. 

Huang, J., Chen, B., Liu, C., Lai, J., Zhang, J., & Ma, K. (2012). Identifying hotspots of endemic 

woody seed plant diversity in China. Diversity and Distributions, 18(7), 673-688. 

https://doi.org/10.1111/j.1472-4642.2011.00845.x 

Hummer, K. E., & Hancock, J. F. (2015). Vavilovian centers of plant diversity: Implications and 

impacts. Horticulture Science, 50(6), 780-783. https://doi.org/10.21273/HORTSCI.50.6.780 



40 | Journal of Wildlife and Biodiversity 5 (2): 28-43 (2021) 

 

IBC, I. (2012). International Code Council. International Building Code. International Code 

Council: Washington DC, United States. 

IPCC. (2007). Fourth Assessment Report Climate Change 2007: Synthesis Report. 

Intergovernmental Panel on Climate Change, Geneva, Switzerland. 

IPGRI. (1985). Descriptors for Vigna radiata and V. mungo. International. Plant Genetic Resource 

Institute, Rome, Italy. 

IUCN. (2011). IUCN Red List of Threatened Species. Version 2011.2 http://www.iucnredlist.org/ 

Kell, S. P., Knüpffer, H., Jury, S. L., Ford-Lloyd, B. V., & Maxted, N. (2008). Crops and wild 

relatives of the Euro-Mediterranean region: making and using a conservation catalogue. Crop 

wild relative conservation and use. CABI Publishing, Wallingford, 69-109. 

Kell, S. P., Knüpffer, H., Jury, S. L., Maxted, N., & Ford-Lloyd, B. V. (2005). Catalogue of crop 

wild relatives for Europe and the Mediterranean. University of Birmingham, Birmingham. 

Keusgen, M., Fritsch, R. M., Hisoriev, H., Kurbonova, P. A., & Khassanov, F. O. (2006). Wild 

Allium species (Alliaceae) used in folk medicine of Tajikistan and Uzbekistan. Journal of 

Ethnobiology and Ethnomedicine, 2(1), 18. https://doi.org/10.1186/1746-4269-2-18 

Khoury, C. K., Achicanoy, H. A., Bjorkman, A. D., Navarro-Racines, C., Guarino, L., Flores-

Palacios, X., ... & Ramírez-Villegas, J. (2016). Origins of food crops connect countries 

worldwide. Proceedings of the royal society B: biological sciences, 283(1832), 1-9. 

https://doi.org/10.1098/rspb.2016.0792 

Khoury, C. K., Greene, S., Wiersema, J., Maxted, N., Jarvis, A., & Struik, P. C. (2013). An 

inventory of crop wild relatives of the United States. Crop Science, 53(4), 1496-1508. 

https://doi.org/10.2135/cropsci2012.10.0585 

Khoury, C., Laliberté, B., & Guarino, L. (2010). Trends in ex situ conservation of plant genetic 

resources: a review of global crop and regional conservation strategies. Genetic Resources and 

Crop Evolution, 57(4), 625-639. https://doi.org/10.1007/s10722-010-9534-z 

Kier G., Barthlott W. 2001. Measuring and mapping endemism and species richness: a new 

methodological approach and its application on the flora of Africa. Biodiversity and 

Conservation 10(9):1513-1529. https://doi.org/10.1023/A:1011812528849 

Kier, G., Mutke, J., Dinerstein, E., Ricketts, T. H., Küper, W., Kreft, H., & Barthlott, W. (2005). 

Global patterns of plant diversity and floristic knowledge. Journal of Biogeography, 32(7), 

1107-1116. https://doi.org/10.1111/j.1365-2699.2005.01272.x 

Ladizinsky, G. (1998). How many tough-rachis mutants gave rise to domesticated barley?, 

Genetic Resources and Crop Evolution, 45(5), 411-414. 

Laguna, E., Deltoro, V. I., Pérez-Botella, J., Pérez-Rovira, P., Serra, L., Olivares, A., & Fabregat, 

C. (2004). The role of small reserves in plant conservation in a region of high diversity in 

eastern Spain. Biological Conservation, 119(3), 421-426. https://doi.org/10.1016/j.biocon. 

2004.01.001 

Langhammer, P. F., Bakarr, M. I., Bennun, L., & Brooks, T. M. (2007). Identification and gap 

analysis of key biodiversity areas: targets for comprehensive protected area systems (No. 15). 

IUCN. 

Leonard, J. (1991). Contribution a l'etude de la flora et de la vegetation des deserts d'Iran. 

Fascicule 10. Etude des aires de distribution les phytochories, les chorotypes. Meise: Jardin 

botanique national de Belgique. 

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M. D., Falcon, W. P., & Naylor, R. L. 

(2008). Prioritizing climate change adaptation needs for food security in 2030. Science, 

319(5863), 607-610. https://doi.org/10.1126/science.1152339 

https://doi.org/10.1098/rspb.2016.0792
https://doi.org/10.1016/j.biocon


41 | Journal of Wildlife and Biodiversity 5 (2): 28-43 (2021) 

 

Mahmoodi, M., Maassoumi, A. A., & Noroozi, J. (2013). A new alpine species and a new record 

of Astragalus sect. Stereothrix (Fabaceae) from Iran, with comments on the phytogeography of 

the section. Willdenowia, 43(2), 263-270. https://doi.org /10.3372/wi.43.43205 

Mansfeld, R. (2001). Mansfeld's Encyclopedia of Agricultural and Horticultural Crops Springer 

Science & Business Media, 539 pages. https://mansfeld.ipk-gatersleben.de/ 

Maxted, N., Avagyan, A., Frese, L., Iriondo, J. M., Magos Brehm, J., Singer, A., & Kell, S. P. 

(2015). ECPGR concept for in-situ conservation of crop wild relatives in Europe. Wild Species 

Conservation in Genetic Reserves Working Group, European Cooperative Programme for Plant 

Genetic Resources, Rome, Italy. 

Maxted, N., Magos Brehm, J., & Kell, S. (2013). Resource book for the preparation of national 

conservation plans for crop wild relatives and landraces. University of Birmingham, UK.  

Maxted, N., Ford-Lloyd, B. V., Jury, S., Kell, S., & Scholten, M. (2006). Towards a definition of a 

crop wild relative. Biodiversity & Conservation, 15(8), 2673-2685. https://doi.org/ 

10.1007/s10531-005-5409-6 

Mehrabian, A. R., Amini Rad, M., & Pahlevani, A. H. (2015). The Map of Distribution patterns of 

Iranian Endemic Monocotyledons. Shahid Beheshti University. 

Mehrabian, A. R., Sayadi, S., Kuhbenani, M. M., Yeganeh, V. H., & Abdoljabari, M. (2020). 

Priorities for conservation of endemic trees and shrubs of Iran: Important Plant Areas (IPAs) 

and Alliance for Zero Extinction (AZE) in SW Asia. Journal of Asia-Pacific Biodiversity, 

13(2), 295-305. https://doi.org/10.1016/j.japb.2019.09.010 

Navab, P. P., Heydar Z. G., Mafi, A., Sheykh, A. E. M., & Haghipour N. (2006). A preface to the 

paleostress reorientations in the kopet-dagh after triassic period. Geosciences, 15(59), 176-183. 

NBSAP2. (2016). Department of Environment Deputy for Natural Environment and Biodiversity. 

Islamic Republic of Iran. 2016-2030.  

Nevo, E. (1995). Genetic resources of wild emmer, Triticum dicoccoides for wheat improvement: 

News and Views. Proc. Intern. 8th Wheat Genetic Symposiom, 20–25 July, 1993.  China 

Agricultural Scientech Press, Beijing pp. 79–87. 

Nevo, E., Baum, B., Beiles, A., & Johnson, D. A. (1998). Ecological correlates of RAPD DNA 

diversity of wild barley, Hordeum spontaneum, in the Fertile Crescent. Genetic Resources and 

Crop Evolution, 45(2), 151-159. https://doi.org/10.1023/A:1008616923427 

Noroozi, J., Talebi, A., Doostmohammadi, M., Manafzadeh, S., Asgarpour, Z., & Schneeweiss, G. 

M. (2019). Endemic diversity and distribution of the Iranian vascular flora across 

phytogeographical regions, biodiversity hotspots and areas of endemism. Scientific reports, 

9(1), 1-12. https://doi.org/  10.1038 /s41598-019-49417-1 

Palm, C. A., Smukler, S. M., Sullivan, C. C., Mutuo, P. K., Nyadzi, G. I., & Walsh, M. G. (2010). 

Identifying potential synergies and trade-offs for meeting food security and climate change 

objectives in sub-Saharan Africa. Proceedings of the National Academy of Sciences, 107(46),    

https://doi.org/ 10.1073/pnas.0912248107Corpus ID: 9273845. 

Rechinger, K. H. Flora Iranica. (1963-2018.)Vol. 1-181. – Akad. Druck- und Verlagsanstalt, Graz. 

Rivas-Martínez, S., Costa, M., & Sánchez-Mata, D. (1999). North American boreal and western 

temperate forest vegetation. Departamento de Biología Vegetal (Botánica), Facultad de 

Biología, Campus Vegazana, Universidad de León. 

Sayadi, S., & Mehrabian, A. 2017. Distribution patterns of Convolvulaceae in Iran: priorities for 

conservation, Rostaniha, 18(2), 181–197. https://www.researchgate.net/publication /323475943 

Sayadi, S., & Mehrabian A. (2016). Diversity and distribution patterns of Solanaceae in Iran: 

Implications for conservation and habitat management with emphasis on endemism and 

https://www.researchgate.net/publication


42 | Journal of Wildlife and Biodiversity 5 (2): 28-43 (2021) 

 

diversity in SW Asia. Rostaniha, 17(2), 136–160. https://www.researchgate. 

net/publication/316107695. 

Schmidhuber, J.,  & Tubiello, F.N. (2007). Global food security under climate change. 

Proceedings of the National Academy of Sciences, 104(50), 19703-19708. https://doi.org/ 

10.1073/pnas.0701976104. 

Selvi, E. (1997). Rare plants on Mount Amiata, Italy: Vulnerability to extinction on an ecological 

'island'. Biological conservation, 81(3), 257-266.  

Shakoor, A., Roshan, G., & Kani A. A. N. (2010). Evaluating climatic potential for palm 

cultivation in Iran with emphasis on degree–day index. African Journal of Agricultural 

Research, 5(13), 1616-1626. https://doi.org/10.5897/AJAR09.081 

Sheasby, P. (2007). Bulbous Plants of Turkey and Iran. Alpine Garden  Publications Ltd. pp.280. 

Sheidai, M., Tabasi, M., Mehrabian, M. R., Koohdar, F., Ghasemzadeh-Baraki, S., & 

Noormohammadi, Z. (2018). Species delimitation and relationship in Crocus L.(Iridaceae). 

Acta Botanica Croatica, 77(1), 10-17. https://doi.org/10.1515/botcro-2017-0015 

Solymos, P., FehÉr, Z. (2005). Conservation prioritization based on distribution of land snails in 

Hungary. Conservation biology, 19(4),1084-1094. https://doi.org/10.1111/j.1523-1739.2005. 

00193.x 

Stöcklin J. (1974). Possible ancient continental margins in Iran. In The geology of continental 

margins Springer, Berlin, Heidelberg, pp. 873-887. 

Takhtajan, A. (1986). Floristic regions of the world. Berkeley, etc.:(Transl. by TJ Crovello.) 

University  California Press. 

United Nations. (2011). World Population Prospects. UN Department of Economic and Social 

Affairs, Population Division.  

Vavilov N.I. (1922). The law of homologous series in variation. Journal of genetics, 12(1), 47-89. 

Vavilov, N. I., Vavilov M. I., & Dorofeev V.F. (1992). Origin and geography of cultivated plants. 

Cambridge University Press. 

Vavilov, N. I. (1926). Centers of origin of cultivated plants. Bulletin of Applied Botany and Plant 

Breeding 16.  

Vincent, H., Amri, A., Castañeda-Álvarez, N. P., Dempewolf, H., Dulloo, E., Guarino, L., Hole, 

D., Mba, C., Toledo, A., & Maxted, N. (2019). Modeling of crop wild relative species identifies 

areas globally for in situ conservation. Communications biology, 2(1), 1-8.  

https://doi.org/10.1038/s42003-019-0372-z 

Vincent, H., Wiersema, J., Kell, S., Fielder, H., Dobbie, S., Castañeda-Álvarez, N. P., ... & 

Maxted, N. (2013). A prioritized crop wild relative inventory to help underpin global food 

security. Biological conservation, 167, 265-275. https://doi.org/10.1016/j.biocon.2013.08.011 

Wendelbo, P. (1977). Tulips and Irises of Iran and Their Relatives. Botanical Institute of Iran.  

Wiersema, J. H., &  León B. (2016). World economic plants: a standard reference. CRC press. 

Williams, P., Gibbons, D., Margules, C., Rebelo, A., Humphries, C., & Pressey, R. (1996). A 

comparison of richness hotspots, rarity hotspots, and complementary areas for conserving 

diversity of British birds. Conservation Biology, 10(1), 155-174. 

Yohannes, T. (2016). Diversity of Crop Wild Relatives and Edible Wild Plants in Ethiopia. 

Journal of  Biodiversity Management and  Forestry, 4(3), 104-115. https://doi.org/10. 

4172/2327-4417.1000145 

Zeven, A. C., & Zhukovsky P.M. (1975). Dictionary of cultivated plants and their centers of 

diversity (Wageningen: Center for Agricultural Publishing and Documentation, 29-30. 

https://www.researchgate/
https://doi.org/10.1111/j.1523-1739.2005


43 | Journal of Wildlife and Biodiversity 5 (2): 28-43 (2021) 

 

Zohary, D., & Hopf, M. (1993). Date palm, Phoenix d34actylifera. Domestication of plants in the 

Old World, 157-162. 

Zohary, D. (1973). The origin of cultivated cereals and pulses in the Near East. Chromosomes 

today, 4, 307-320. 

Zohary, M. (1976). A new analytical flora of Israel. Am Oved Publishers,  Israel. 

Zohary, M. (1973). Geobotanical foundations of the Middle East. Vol. 2, Gustav Fisher Verlag, 

Stuttgart. 

 

 

 

 


