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ABSTRACT - Iran with its diverse climatic conditions and geologic and land use history support large
areas of saline habitats and diverse halophytic flora. The halophytic diversity in not only enriched
by the evolving of a large number of autochthonous Irano-Turanian elements, but also many of the
halophytes of other phytochoria like Saharo-Arabian. Mediterranean and even Euro-Siberian ele-
ments arc represented in Iran. Therefore most of the higher syntaxa of Euro-Mediterranean and
Afro-Asian-at least partly-occur in Iran. Prior to a consolidated syntaxonomical system for the

halophytic vegetation of Iran, major halophytic veg units of Iran are ized and shown
along salinity and moisture gradients. These include: (1): Mangm\c communities (Avicennio-
Sonneratietea). (2): rged aquatic plant ities (] (3): Annual

obligatory hygro-halophytic communitics on sea, lake and river marshes dominated by stem or leaf
succulent Cy chenopods (Thero-Salicornietea). (4) Semi-woody or perennial halophytic commu-
nities o1 muddy or coastal salt flts dominated by stem succulent C chenopods (Salicornietea
fruticosae). (5): H; eur rush P i australis. (6):
Halophytic grassland and herbaceous perennial sedge communities belonging to genera
Puccinellia and Juncus (Juncetea maritimi). (7): Salt marsh and riverine bruchwood communi-
ties dominated by salt ting \yies (Tamaricetea prov.). (8): Annual halo-
phytic funiti i by Cy in temporary moist and inundated, or disturbed
salty soils (Climacopteretea crassae, prav.). (9): Halophytic shrubby, semi-woody or hemicryto-
phytic communities on salty and dry soils dominated by leaf or stem succulent Cy4 chenopods

prov.). (10): Halophytic shrub ities on salty and sandy
coastal or margin of sabkhas with high water table dominated by Nitraria schoberi and Reawmuria
fruticosa. (11). Psamo-halophytic shrub communities alang sandy coasts of Persian Gulf and

Oman sea (Sphacrocomion aucheri and of and
Heliotropium bacciferam and (12): Unclassified halophtic communities: Herbaccous perennial
and hemicryptophyte halop ities of secondary origin.

KuY WORDS - Halophytes of Iran, sabkha ecosystem, Irano-Turanian area, syntaxonomy, Chenopo-
diaceae,
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INTRODUCTION

Salty and sabkha ecosystems are expanded in most parts of Iran, except forest-
ed zone of the Northern slopes of Alborz and high mountains of West Iran. Large
salty habitats are found in the central Iranian great deserts “Dashte Kavir” and
“Kavire Lut”, the salt flats and salt marshes around Orumieh lake in the NW fran,
areas along the SE of the Caspian sca, Khuzestan plain in the SW Iran and large
parts of the coastal and near-coastal parts along the Persian Gulf and Oman sea
(FIGURE 1). The salty rivers in Iran are other major salty habitats which with their
periodical or permanent water support diverse halophytic vegetation. The halophyt-
ic habitats in Iran arc located in low and medium altitudes. Several factors are
responsible for formation and origination of saline habitats in Iran including recy-
cled increasing of soil salinity because of low rainfall and high evaporation, trans-
port of salt from surrounding areas by wind, rainfall, river flow, spray of salt in the
littoral and marsh zones, geologic origin and anthropogenic and agricultural activi-
ties (Akhani 2004a).

The halophytic and salt tolerant flora of Iran is very diverse comparing to many
other countries. A total number of 365 species within 151 genera and 44 families of
vascular plants are known in Iran as true halophyte or species capable to grow suc-
cessfully on salty soils (Akhani, 2004a). The halophytic vegetation of Iran is better
known than many other vegetation types in the country because firstly the halo-
phytic vegetation are poor in species compared with many other species-rich vege-
tation types and secondly the halophytes attract many scientists, particularly from
taxonomic, ecological, physiological and agricultural aspects. Most of publications
on the Iranian halophytic vegetation are regional studies: Kavire Meyghan, Arak
(Akhani, 1989), Orumieh salt lake, Azerbaijan (Atri et al., 1995, Asri & Ghorbanti,
1997), Garmsar sabkha (Ghorbanli et al., 1997), Touran Protected Area (Breckle,
1981, 1983, 1986), Kavir and Touran Protected Areas (Asri, 2003), Khuzestan
(Alaie, 2001), Heuze Soltan, between Tehran and Qom (Ghorbanli & Lambinon,
1978); Maharlu Lake, Fars (Carle & Frey, 1977; Frey & Kiirschner, 1983), Kavire
Lut (Léonard, 1991/1992), mangroves and littoral halophytes along the Persian
Gulf (Frey er al., 1985, 1986) and Golestan National Park (Akhani, 1998). Some
general information on the major vegetation units of Iran including halophytes are
given by Frey & Probst (1986), Zohary (1973) and Akhani & Ghorbanli (1993).

This and another simultaneously accepted paper (Akhani, 2004a) report long-
term taxonomical and ecological studies of the author in almost all kinds of salty
and sabkha ecosystems of Iran, Information on the geographical, climatical, geo-
logical and soil characteristics of Iranian salines with biodiversity of halophytes are
given in the cited paper. Here the major halophytic plant communities are intro-
duced.
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FIGURE 1 - Distribution of saline soils in Iran. 1: saline alluvial soils, 2: solonchak and solonetz soils,
3: salt marsh soils, 4: desert soils: siecrozem and solonchalk soils (After Dewan & Famouri 1964,
Akhani & Ghorbanli, 1993).

PHYTOGEOGRAPHY

The halophytes of Iran belong phytogeographically to different phytochoria.
According to present phytogeographical concepts of SW Asia (Zohary, 1973;
Léonard 1988 in 1981-1989), only a small part along the South Caspian forests (N.
Iran) belongs to Euro-Siberian region (Hyrcanian province) and the majority of the
country belongs to the Irano-Turanian region. The phytogeographic position of the
southern parts of Iran is discrepanious. Zohary (1973) considered a small part of the
SW Iran as belonging to the Saharo-Arabian region and larger parts (including West
Pakistan) as belonging to the Nubo-Sindian province of Sudanian region. Léonard
(1988 in 1981-1989) and White and Léonard (1991) considered the southern parts
of Iran and West Pakistan as the Saharo-Sindian regional zone with some Somalia-
Masai elements. However, consideration of southern Iran and adjacent Pakistan as
parts of Saharo-Sindian and Sudanian regions (sensu Zohary and Léonard) could
not be justifying (Akhani, 2004b), because many endemic species in these areas are
either Irano-Turanian elements or have their next relatives with the Irano-Turanian
elements.

The number of Euro-Siberian halophytes in Iran is not high: a few species like
Arguzia sibirica, Scorzonera parviflora and Convolvulus persicus could be men-
tioned. The later species is an Euxino-Hyrcanian species. However, there are sever-
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al widely distributed and linking Euro-Siberian/Mediterranean and Irano-Turanian
species like Aster tripolium, Cackile maritima (recently known from Iran, Akhani,
2003a), Glaux maritima, Hordeum marinim, Spergularia marina, Juncus mar-
itimus and J. littoralis (Snogerup, 1993).

The majority of Iranian halophytes (214 species or 58.6%) belongs to the Irano-
Turanian region and other species belongs to following phytochoria: 2 species
omni-Euro-Siberian, 16 species Saharo-Arabian, 20 species Saharo-Arabian/Irano-
Turanian, 24 species Irano-Turanian/Mediterranean, 18 species Irano-
Turanian/Euro-Siberian/Mediterranean, 42 species Pluri-regional or cosmopolitan
species and the remaining belong to other phytochoria. Therefore the Irano-
Turanian region s.l. (including the area around Persian Gulf, Makran and West
Pakistan) could be considered as center of origin or center of diversity of many
lmluphyhc genera of (,hen()pudmwde like Halimocnemis, Halanthium, Piptoptera,

ptera, Pe G / Bienertia, Kalidium, Halostachys,
Sal.mla and Suaeda. Except the cosmopolitan genus Suaeda and Eurasian and
African genus Salsola, all other encountered genera are exclusively Irano-Turanian
cndemics. The largest diversity both in quantity and sections in the Salsola can be
seen in SW and Central Asia. The genus Tamarix, as a second important halophyt-
ic genus in Iran has a rather similar situation with Salsola being widely diversified
in the Irano-Turanian region but a few species in the Mediterranean area, N. and
South Africa (Baum, 1978).

Four distribution patterns could be distinguished in the Irano-Turanian halo-
phytes of Iran: (1) The largest number belongs to the common Aralo-
Caspian/Central Iranian specics. Examples of these group arc Suaeda arcuata,
Suaeda linifolia, Nitraria schoberi, Cli ptera tur li pil-
ifera, H. mollissima, H. I()ngzjolm Bassia eriantha, Gamanthu\ gamocarpus,
Bienertia cycloptera, Pe ia glauca, Haloth ml)aph\llus, Haloxylon
ammodendron, Salsola arbuscula, S. arbusruhjormlr S. mcanescens @) The
Central Iranian endemics such as Salsola abargh Anabasis haussknechtii, A.
calcarea, Salsola kerneri, Salicornia perszm, Hypericopsis persica, Limonium per-
foltatum, Halis is occulta and F ia platypetra. (3) Endemic species
in Azerbaijan or linking species between Iran, Turkey, Armenia and Azerbaijan.
Examples are Gamanthus pilosus, Salsola tamamschjanae, S. ericoides, S. verru-
cosa, S. persica, Suaeda dendroides and S. gracilis. The discovery of two extreme-
ly endangered disjunct species Asparagus lycaonicus and Microcnemum corral-
loides (Akhani, 2002; Hedge er al., 1997) in West Iran and Central Anatolia are
interesting phytogeographical links between these areas. (4) The fourth group are
those species distributed around and along Persian Gulf area and further East into
Baluch of Pakistan. F amples are Salsola dr ii (Freitag, 1991), S. grif-
Jithii, Suveda baluch Haloth iranicus, Hal ium purpureum,
Salicornia spec. nov., Suaeda spec. nov. (Akhani in prep.), Tamarix kermanensis,
Bienertia sinuspersici (Akhani et al. submilted), Limonium stocksii, Indigofera
stricta and Zygophyllum qatarense (Deil, 1999).

In the southern Iran, there are some Saharo-Arabian, Somalia-Masai and tropi-
cal species like Avicennia marina, Suaeda monoica, Juncus socotranus (Snogerup,
1993) or Saharo-Arabian/Mediterranean species like Arthrocnemum macrosta-
chyum.
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METHODS AND REMARKS TOWARDS A SYNTAXONOMICAL CLASSIFICATION OF VEGETATION

In order to conform our studies with other studies in Iran, other SW Asian coun-
tries and the Euro-Mediterranean area, the Braun-Blanquet approach of plant soci-
ology have been applied (Braun-Blanquet, 1964). The samples were taken either
along transects to cover edaphic and moisturc gradients or randomly in homoge-
nous plant communities. Based on analysis of a large number of relevés (500), a
detailed phytosociological study is in preparation. The problem to provide a syn-
taxonomical system for the halophytic communities is that many of communitics
are mono-or oligo-dominant communities which putting them in a hierarchical sys-
tem sensu Braun-Blanquet and using multivariate analysis with a large data sct
belonging to higher categories would give a false result. In many cases it is not pos-
sible to delimit a community, because of many transitions and stadial stages. Many
halophytic habitats are subject to annual changes resulted from change in the water
and salinity supply in the area. It happens very often that several species (with var-
ious ecological niche) grow together because each profit a particular microhabitat
in site. One can use high water table by long roots, the another may profit high
salinity at soil surface, the other may occupy disturbed parts of the habitats and
finally fluctuation of annual rainfall causes different species combination in the
same place. Usually long spacing in desert vegetation permits such combination of
intermixed communities which make proper sampling and classification of such
communities difficult. Therefore every person may provide his subjective system
which other one from a different place and data set may obtain a different resull.
Even in the association level, it is possible to describe so many associations. In an
ongoing study by the author on annual halophytic communitics near Karaj
(Mardabad), I found that it is possible to introduce so many associations which are
much higher than the number of species occur in a small habitat. One example is
introducing of 39 associations and subassociations only based on 130 relevés by
Asri & Ghorbanli (1997) from the Orumich Salt Lake.

In the following our first classification of major halophytic communities
(Akhani & Ghorbanli, 1993) is completely revised and as far as possible put in the
phytosociological classes. The correlation of these communities along salinity and
moisture gradients is shown in FIGURE 2. Most of these classes have already been
known in the Euro-Mediterranean and Afro-Asian arcas. In some cases only provi-
sional cldsses (not validated according to International Code of Phytosociological
Nomenclature) (Weber er al., 2000) arc used for making any criticism and discus-
sion possible. A selection of 42 relevés is given in TABLE 1, from various places of
Iran. The author believes that it is better to nominatc formally the phytosociologi-
cal units, after detailed ecological and sociological investigations have been done.
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(1): Mangrove communities: Avicennio-Sonneratietea.
Selected relevé: TABLE 1: 534.

The widely distributed tropical class Avicennio-Sonneratietea is represented in
South Iran in some coastal parts of Persian Gulf and Oman Sea. Extensive man-
grove forests are developed in muddy tidal zone between Bandare Khamir and
Qeshm Island known as Harra Protected Area (FIGURE 3). There are also extensive
communities in Bidkhoon (Gavbandi), Jask, and delta of Sarbaz river near Goatre.
Details on the floristic composition and vegetation map of mangrove communities
in Hara Protected Area is given in Frey et al. (1986). In large parts the mangrove
communities are composed of harra trees (Avicennia marina). According to Sabeti
(1976) during first world war, Rhizophora mucronata was introduced in some man-
groves in South Iran. In some places like Gavbandi and Goatre, the Avicennia zone
is followed by a narrow belt of Arthrocnemum macrostachyum towards the inland
and in most places Halocnemum strobilaceum. The mangrove habitats are of great
ecological value particularly for faunistic diversity, particularly the mudskippers
and birds and economic value as forage plant.

(2): Submerged aquatic plant ities: Rupy maritimae.
Selected relevé: TABLE 1: 427.

The true aquatic halophytes occur in Iran both as littoral and inland. The com-
munities of Ruppia maritima are known from many places both along the high salty
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rivers (Rude Shur, 50 km W Tehran, FIGURE 4), streams around inland salines such
as Kavire Meyghan (Akhani, 1989), Orumich Lake (Asri & Ghorbanli, 1997),
springs run to Maharlu Salt lake (Carle & Frey, 1977), and natural ponds such as
Khuzestan and as a continuous belt at the shores of Miankalch Bay and Gomishan
wetland, the Southeasternmost part of Caspian Sea. In some places, Zannichellia
palustris have also been seen in the brackish water. But it seems that this species
could not grow in true saline water.

From the warm waters of Persian Gulf coasts there are only a few botanical
records on the occurrence of Halophila ovalis, Halodule wrighti and
Thalassodendron ciliatum, and from the Caspian coast Zostera noltii (Dandy,
1971). We have no more details on associated species and extent of communities
of these species. Zostera noltii is known as character species of Zosteretea mari-
nae of the Euro-Mediterrancan communitics (Natura-2000, 2003). In some
lagoons of the Caspian Sea coasts, communities of Callitriche spp. have been
observed, which need to be investigated phytosociologically and ecologically.
Furthermore, the introduced and highly invasive fern Azolla filiculoides which
become one of the most ecological problems in the North Caspian wetlands,
occurs in many lagoon habitats and even frequently have been found in sea water
along the coasts. More studies is required to show whether this species can tol-
erate high salinity of sea or only dispersed by the river flows or tidal connections
with the wetlands.

(3): Annual obligatory hygro-halophytic communitics on sca, lake and river marsh-
es dominated by stem or leaf succulent C4 chenopods: Thero-Salicornietea.
Selected relevés: TABLE 1, 168, 275, 424, 520.

The C5 annual Chenopods of the genera Salicornia, Halopeplis (H. pygmaea)
and Suaeda sect. Brezia occur in most saline habitats in Iran particularly on the
shores of hypersaline lakes, salty rivers and rarely in littoral marshes (FIGURE 5).
The most important ecological conditions for developing such communities are
occurrence of high salinity and permanent high moisture which are in subject of
periodical inundation. The reason for developing of such annual communities is that
the dynamic habitat can not support long-lived perennials. According to soil meas-
urements the EC of soils are between 48 to 200 dS/m (or even more!). The specif-
ic status of both Salicornia and annual Suaeda of sect. Brezia is one of the most
complicated taxonomic struggle in our area. Based on unpublished data of the
author there are some undescribed Salicornia species in Iran, one of them is just
published (Akhani 2003b) and description of two further is in preparation.

(4) Semi-woody or perennial halophytic communities on muddy or coastal salt flats
dominated by stem succulent C; chenopods: Salicornietea fruticosae [Syn.:
Hal. strobilacei i lica Zohary 1973)

Selected relevés: TABLE 1: 267, 401.

This Irano-Turanian, Mediterranean and Saharo-Arabian class of vegetation
occurs on hypersaline muddy flat ground with clay soils which the upper soil sur-
face is moist during the spring but may become dry during the summer. But a per-
manent high underground water level (ca. 1-2 m depth) is present. These commu-
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nities develope usually as vast areas around inland saline depressions and coastal
areas. The soil salinity seems to be similar with Thero-Salicornietea (EC ranging
from 15 to more than 200 dS/m). Halocnemum strobilaceum is the most distinctive
halophytic species which its communities can be seen almost in all inland and lit-
toral salines from sea level to an altitude of 1822 m (in a montane saline in Alborz
Mountains). In most parts of its range, Halocnemum is a monodominat species
(FIGURE 6). The associated species occur in transitional zone with neighboring veg-
etation units and in successional communities towards or loosing its climax. Based

on a soil profile in one of its ities in Kavire Meyghan, it was observed that
the soil salinity will not decrease even in 130 cm depth.
Other type of ities are Hal hys bel iana ities in the

Central parts of Iran (Heuze-Soltan Lake and salt flats near Mobarakieh), Kalidium
caspicum communities in Semnan and Gorgan, Azerbaijan and Khorassan
provinces (sometimes intermixed with Halocnemum strobilaceum and Suaeda
physophora), Atriplex verrucifera communities in NE, NW and Central parts of Iran
and Arthrocnemum macrostachyum communities, a narrow zone in some mangrove
communities in S. Iran.

FIGURE 3 - Mangrove forest (Avicennia mari- FIGURE 4 - A community of Ruppia maritima
na), near Bandare Khamir. along Rude Shur, between Tehran and Qom.

FIGURE 5 - Salicornia community in muddy FIGURE 6 - Halocnemum strobilaceum commu-
hypersaline soils around Rude Shur, between nity in Azerbaijan, East of Orumieh Lake.
Tehran and Saveh.
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FIGURE 7 - Phragmites australis community, FIGURE 8 - Juncus maritimus community,
ca. 25 km S Delijan. Kavire Meyghan, N. Arak.

Recently Golub ef al. (2001a) provided a syntaxonomical overview of class Salicomnietea fruti-
cosae. According to their proposed system, the communities of Halmnemum and Kalidium attribute
to Kalidietalia caspici, Atriplex ifera attribute to Halimic ife and those of
Arth attribute to Salic ietalia fruticosae.

(5): Hydrophilous euryhalophytic rush communities: Phragmitetea australis.
Selected relevés: TABLE 1: 400, 445, 447.

The communities of this class occur in many parts of halophytic communities
which are in contact to fresh or brackish water (FIGURE 7). Phragmites australis as
the most characteristic and widespread species show extreme variation in its mor-
phology and occurring in extremely diverse habitats. In one extreme there are pop-
ulations in fresh water and wetlands along the Caspian forests (like Anzali wetland
and Miankaleh Bay) which grow as high as four meter height with broad leaves and
long inflorescences. In another extreme there are small plants (sometimes subpros-
trate as in Kavire Meyghan) with convolute leaves which are spiny at tip. There are
so many intermediates which detailed biosystematic and molecular studies are
needed for study such variations and their genetic and ecologic relationship.
According to Léonard (1981: in 1981-1989), the Lut populations replaced by P.
karka, a species known from Pakistan and SE. Asia. Within this group there are sev-
eral other ies domi d by Typha, Bolbosch s and Cyperus.

(6): Halophytic grassland and herbaceous p ial sedge ities bel
to genera Puccinellia and Juncus: Juncetea maritimi
Selected relevé: TABLE 1: 19.

Communities of this group are known from many salt marshes located in the
Hyrcanian province of Euro-Siberian region of Iran (South Caspian coastal zone)
and many inland salt marshes in the Irano-Turanian parts of Iran and South of Iran.
Similar to Phragmitetea, the communities of Juncetea maritimi develop in areas
where fresh and brackish water sources run to salty habitats or are close to littoral
places where the habitat is in changing situation between salty and non salty condi-
tions. Usually along an increasing water gradlem (with mentioned similar hydro-
logic condition), J: follows P;
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The Juncetea maritimi occurs in Iran both in littoral marshes and inland salines.
1t could be further divided into two main subgroups. The first and most extensive
are the Juncus communities. The dominant speu’ei are tall sedge species of Juncus
sect. acutus. Six spec1es of this group arow in Iran (Snogerup 1993). In the Caspian
lowlands the cc ities of J. heldreich subsp. orientalis, J. littoralis and J.
acutus are more dominant. But around Orumieh salt lake and Kavire Meyghan J.
maritimus (FIGURE 8) and in the southern parts of Iran J. rigidus and J. socotranus
are represemed The second group of Juncetea maritimi subgroup is halophytic

ies d d by Puccinellia specnes Examples of well deveo-
pled communmes of Puccinellia have been seen in West of Orumih Lake (cf. Asri
& Ghorbanli, 1997), Kavire Meyghan and in saline areas 8 km SW of Sarab. In the
relevés of this last locality (not shown) Juncus gerardii, Scorzonera parvifiora,
Lotus tenuis and Bolboschoenus affinis were recorded. Golub et al. (2003) gives
arguments to consider this group of communities under the independent class
Scorzonero-Juncetea gerardii.

(7): Salt marsh and riverine bruchwood communities dominated by salt-recreting
halophytes: Tamaricetea ramosissimae (provisional).
Selected relevés: TABLE 1: 96, 163, 229, 404, 411, 443, 495, 517.

The Tamarix communities are widely represented in most parts of temporal salty
or permanent rivers and around many inland salines and lakes (FIGURE 9).
Sometimes these provide very dense and hardly penetrable thickets such as along
Zayandeh Rud and Shurtangeh (salty valley) 60 km N of Damghan. Tamarix com-
munities occur in habitats with considerable water supply where the amount of
water and its salinity change during the year. The excreting of salts by salt glands
in Tamarix increases the ground salinity as a result of shedding of leaves and falling
of recreted salt. This permanent addition of salt in the soil surface eventually pre-
vent germination of new plants, when there is no leaching. Therefore, Tamarix com-
munities are well adopted along rivers or depressions where there are some kinds of
washing of soil surface. Changing of water regime in a Tumarix community results
developing of other type of vegetation units for example Aeluropus, Salicornia and
Halocnemum.

The class name Tamaricetea ramosissimae is proposed here for the first time. 1t
is cquivalent to the name Tamaricetea and Tamaricetea salinae used by Asri &
Ghorbanli (1997), Alaei (2001) and Asti (2003). The reference to Zohary (1973) is
apparently wrong, because Zohary referred once in the introduction (p. 52) to this
name and not in his description of vegetation units. A syntaxon Tamaricion-tetragy-
nae as one of the alliances of Suaedetea fruticosae deserta was used by Zohary
(1973: 462) from Dead Sca. However, most of the syntaxa used by Zohary are not
validly published (Léonard, 1993). A validly name and widely used by the phytoso-
cioloigst for the thermo-Mediterranean and Saharo-Arabian communities is Nerio-
Tamancetea (Natura-2000, 2003). The author believes that suggesnon a new class
encomp Tamarix cc ities in the Irano-Turanian region is required.

(8): Annual halophytic communities dominated by C4 chenopods in temporary moist
and inundated, or disturbed salty soils: Climacopteretea crassae (provisional).
Selected relevés: TABLE |: 75, 88, 128, 305, 432, 484, 514, 521,
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Climacopteretea crassae is proposed here provisionally. Tt encompasses leaf
succulent C, dominated annual halophytic communities which prefer moderately to
high salty soils in habitats where have been influenced by natural disturbances
(temporal inundation or leaching of high salty soils by flooding) or human distur-
bances and nitrification of habitats (wastelands, roadside). As these conditions
occur usually in many parts of salty habitats, they occur as mosaic patches within
or even in association with other communities such as Salicornietea fruticosae,
Tamaricetea, Thero-Salicornietea and Haloxylo-Salsoletea tomentosae. An alterna-
tive decision is uniting this- with previously described Thero-Suaedetea (or its
equivalent lower level Thero-Suaedetalia) or Haloxylo-Salsol Golub ez al.
(2001a), included communities assigned to this group as Alliance Climacopterion
lanatae belonging to Kalidietalia caspici of Salicornietea fruticosae.

In Iranian halophytic communitics there are certainly many associations of this
group which are dominated by speclss like Suaeda arcuata, S. altissima, S. aegyp-
tiaca, Cli ptera spp., ia glauca, Halanthium rarifolium, Atriplex
tatarica, Bienertia cycloptera and Cornulaca monacantha (FIGURE 10). For more
information on the plant communities and abiotic characteristic of these communi-
ties see Akhani ef al. (2003).

(9): Halophytic shrubby, semi-woody or hemicryptophytic communities on salty
and dry soils dominated by leaf or stem succulent C, chenopods: Haloxylo-
Salsoletea tomentosae (provisional).

Selected relevés: TABLE 1: 96, 163, 229, 404, 411, 443, 495, 517.

Haloxylo-Salsoletea tomentosae is also a provisional class. This type of vegeta-
tion is characteristic of large parts of Iranian halophytic communities in the Irano-
Turanian region (senu lato, including southern Iran and Pakistani Baluchestan).
They are usually dominated by C4 shrubs and subshrubs of the genera Salsola,
Suaeda, Anabasis, Seidlitzie and Haloxylon. They are located between hygrohalo-
phytic communities (Salicornietea fruticosae and Tamaricetea ramosissimae) and
xerophytic communities (Artemisietea sieberi). The Irano-Turanian region is the
diversity center of some genera belonging to this group. Salsola tomentosa is one
of the most widespread xerohalophyte species in Iran which frequently mixed with
Artemisia communities. Therefore, we can see sometime broad transition commu-
nities of the two classes Haloxylo-Salsol and Artemisietea sieberi.

Four major subgroups of this class are (1), hygrohalophytic communities domi-
nated by Suaeda fruticosa and Salsola drummondii in South Iran (Suaedetalia fru-
ticosae, prov. synonym Suaedetea fruticosae Zohary, 1973, p.p.) (FIGURE 11), (2),
leaf succulent species of the genera Salsola, Halothamnus and Seidlitzia rosmari-
nus (Salsoletalia, prov.), (3) extreme xerophytic mesohalophytes dominated by
articulated chenopods of the genera Anabasis and Hammada on salty and gypsum
hills or disturbed habitats (Anabasietalia, prov.). The class Hamadetea salicornicae
Zohary (1973) in the South Iran is partly equivalent to this group; and (4), stem suc-
culent tree and shrub communities dominated by Haloxylon ammodendron (on salty
soils with relatively high water table) or H. persicum (a psammo-halophyte grow-
ing in sandy dunes with salt water underground) (Haloxyletalia). Léonard
(1991/1992} published some relevés and described some communities assigned to
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the Haloyxlo-Salsol including Haloxyletum persico-aphylli,
Haloxylon ammodendron, Hammada (Haloxylon) salicornica and Seidlitzia ros-
marinus communities.

It seems that presence of high salt underground water is a precondition for devel-
oping of Haloxylon ammodendron communities. In a rare case a community of
Haloxylon ammodendron have been developed close to species like Juniperus
excelsa and Acer I subsp. icum in Almeh valley in
Golestan National Park (Akham, 1998). The underground salt water in the salty
marl and gypsum formation of the area make a reasonable interpretation for this
vegetation rarity.

(10): Halophytic shrub communities on salty and sandy coastal or margin of sabkhas
with high water table dominated by Nitraria schoberi and Reaumuria fruticosa.
Selected relevé: TABLE 1: 535.

In the Central and Northeastern parts of Iran, there are two types of halophytic
communities which develop on salty and sandy soils (halo-psammophytes).
Nitraria schoberi communities are well known in the sandy and salty flats East of
Caspian Sea shores and inland salines of Aralo-Caspian province of Irano-Turanian
region. In Iran these communities occur in inland salines mostly around salt depres-
sions with high water table which are covered by shallow dunes. By growing of
dunes, they survive by adventitious roots and sometimes form large hillocks up to
one meter depth. They may also grow in vertical direction and produce very large
impenetrable patches which only one plant reaches to a diameter of up to 8 m
(FIGURE 12). In a soil profile in Kavire Meyghan, we found that the soil salinity at
the soil surface is low (5.2 ds/m) but increase in a maximum of 35.2 ds/m in 90-100
cm depth and decrease to 12-15 ds/m from 150 to 190 cm depth. The syntaxonom-
ical position of these communities is rather unclear. As the main distribution center
of Nitraria communities is the Aralo-Caspian areas, we should await of more data
from there to have them better classified. One alternative way would be classifying
them either to Salicornietea fruticosae or Tamaricetea.

FIGURE 9 - Tamarix community along Kal Shur FIGURE 10 - Annual C4 halophytic communi-
river, Touran Protected Area. ties i by genera Cli

Bienertia, Petrosimonia and Halanthium,
Mardabad near Karaj.
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FIGURE |1 - Suaeda fruticosa community near FIGURE 12 - Nitraria schoberi stand, 25 km S
Hasan Langi, 70 km East of Bandar Abbas. De-lijan.

FIGURE 13 - Zygophyllum qatarense comm. FIGURE 14 - Aeluropus littoralis comm. around
along Persian Gulf coasts. Tashk Lake, Fars.

Another type of vegetation which occupies in rather similar habitats but occur in much drier
climate are Reaumuria fruticosa communi Although the species occurs sporadically in some
salines in E parts of Iran, but as a community was observed in low sandy dunes developed on high

salty soils at margin of great Kavir. The ic status of this ity is also not obvious
at present.
(11): P halophytic shrub ities along sandy coasts of Persian Gulf and

Oman sea: Sphaerocomion aucheri Deil 1999, Zygophyllum gqatarense and
Heliotropium bacciferum communities.

Along the Persian Gulf and Oman Sea, many coastal plant communities are
developed which are dominated by various species including Zygophyllum
qatarense (FIGURE 13) Sph aucheri, Heliotropium bacciferum, Halopyrum

(this is freq ly iated with Suaeda baluchestanica, an endemic
species described from Irano- Paklstan coasts, see Hedge et al., 1997), Zygophyllum
simplex, Panicum turgidum, Sporobolus arabicus and Cornulaca aucheri.

(12): Unclassnﬁed‘ lopt H
tophyte p ities of dary origin.
Selected releves. TABLE 1: 144, 389.

perennial and hemicryp-
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In this group there are a number of hemicryptophyte and herbaceous perennial
plant communities usually occur as secondary plant communities. Species like
Aeluropus littoralis (FIGURE 14), A. lagopoides, Salsola dendroides, Alhagi mauro-
rum belongs to this group. It is open for further discussion whether these el
could be classified into above mentioned classes or new classes are to be consid-
ered. In a recent study of hemicryptophyte halophytic communities in the
Commonwealth of Independent States and Mongolia, the new class Aeluropetea lit-
toralis is suggested by Golub er al. (2001b).

CONCLUDING REMARKS

. The distribution of halophytes in Iran are not only related with the edaphic con-
ditions, but also in larger scale they can be considered as good phytogeographi-
cal clements. Although large parts of Iranian halophytes belong to the Irano-
Turanian region, but a remarkable connection with the Mediterranean and
Saharo-Arabian flora is present.

N

. The endemic halophytes of Southern Iran are indicators of an Irano-Turanian
stock rather than supposed Saharo-Sindian and Sudanian regions.

w

. The vegetation of halophytes of Iran is better known than other vegetation units.
The evaluation of available data show that many of the higher syntaxa of the Euro-
Mediterranean and Afro-Asian areas are represented, at least partly in Iran.
Avicennio-Sonneratietea, Ruppietea maritimae, Thero-Salicornietea, Salicornic
tea fruticosae, Phragmitetea australis, Juncetea maritimi are among the known
units, At least four more classes need to be added for the country including
Tamaricetea issil Haloxylo-Salsol. lii
crassae and Aeluropetetea littoralis.

&

. Haloxylo-Salsol Climacop crassae are Irano-Turanian
endemic classes of the xerohalophytic communities which are characterized by
the presence of high percentage of C, species.
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TABLE 1 - Selection of 42 phytosociological relevés in Iranian halophytic communities. The C4
species are in bold. The nomenclature follows mostly according to Rechinger (1963 ff.)
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Halosylo-Salsoletea tomeatasse (C shrub)
Safsoln tomertusu

Haloxsfon avmmiodendron
‘Seidlgia rosmarinus
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