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Abstract

The fourth largest lake on Earth started to shrink since 1960. Today only small remnants of

water bodies are left. The desiccated sea floor is a huge new desert: the Aralkum. Most parts of

the Aralkum are saline; thus the region is rich in halophytes which migrated from the adjacent

areas. This process can be called one of the largest experiments of primary succession. The new

flora of the Aralkum is now about 421 species, from which more than 25% are Chenopodiaceae.

The general situation, history, climate, and vegetation are described and a list of all species with

their so far known salinity indicator values is given.
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1 Introduction

The area of saline soils on the desiccated sea floor of the Aral Sea comprises about 42,000 km

(which is about 3/4 of the dry sea floor). Within the adjacent agricultural areas with irrigated

lands, a major proportion is secondarily saline and which is often abandoned. In total, this

means that the salt desert areas in Middle Asia have increased by almost 100,000 km  within

the last 60 years. Salt desertification is spreading within the whole area, however, not only in

the Aralkum.

The coastal plains of the Aral Sea and the dry sea floor of the former Aral Sea, called Aralkum,

are an excellent model, where the processes of salt-desertification can be seen (Glazovskii and

Orlovskii 1996 ; Breckle and Wucherer 2007). The strategies of plants for uptake of minerals

and nutrients and especially for regulating salt content and for coping with salt stress are a

precondition for survival, whether they are halophytes or non-halophytes.

The adaptation of plants to NaCl has to cope with the general osmotic effects of the ions but

also with the specific ionic effects of Na  and Cl  on the metabolic processes. Halophytes have

evolved during long-term evolution by selection of tolerant ecotypes in several plant taxa. In C-

Asia there is a biodiversity center of halophytes (Wucherer et al. 2001). In arid sites with a

continental climate, various types of salinity are known (chloride-, sulphate-, carbonate-

[alkali-], magnesium-, and boron-), more variable than along ocean coasts, depending on

geological situation, soil properties, climatic conditions, and ecosystem processes. The presence

of excessive ions in such ecosystems dominates over many other environmental factors. Only

the limited supply with water is the other decisive factor in arid ecosystems development.

The invasion of halophytic species to the desiccated sea floor occurs under climatic conditions

which are rather variable from year to year (Breckle et al. 2001). The halophytic species,

nevertheless, are on the other side indicators for the degree of salinity on their site and thus can

be used to monitor salinity. A detailed list of indicator values for salinity is presented. This is

also a precondition for necessary means of phytomelioration.

2 Geography and Geological History of the Aral Sea Basin

The Aral Sea has been a rather flat intercontinental water body within the temperate deserts of

Middle Asia. The two tributaries – the Amudarya and the Syrdarya – are the largest and most

important river systems of Central and Middle Asia. They are the main rivers and thus water

sources for Kazakhstan, Uzbekistan, Turkmenistan, Kirgistan, Tajikistan, and Afghanistan.

They all have part in the huge tectonic basin forming the lowlands of Turan (Walter 1974).

The Aral Sea basin is characterized by five main geographical regions (Letolle and Mainguet

1996): (1) in the north the very flat, dry semi-deserts of C- and N-Kazakhstan with the Barsuki-

Desert adjacent to the northern Aral Sea; in the south the subtropical hot deserts of Middle

Asia, consisting of various sand deserts, the (2) Karakum in the SW, the (3) Kyzylkum in the E,

and the less sandy, more clayey plains of the (4) Ust Yurt plateau in the W, between the Caspian

Sea, the Ural and the Aral Sea, and (5) finally the two rather big delta areas of the Amudarya

and the Syrdarya.

During his history the Aral Sea exhibited rather drastic changes in its water budget with rather

abrupt oscillations (Svitoch 2009 , 2010). The huge tectonic basin is mainly fed by water from

the extant mountains in the south and southeast. The Caspian Sea west of the Aral Sea is

mainly fed by water from the Volga, this means by water from northern territories with dense

forest vegetation and a different climate regime. Historical changes in water budget and

balance thus are not comparable or even were often contrasting.

The geological history of the Aral Sea is rather old. During the Mesozoicum in most parts huge

sedimentation within the Tethys Ocean took place. During early Tertiary, the uplift of the old

continental blocs between the Arabian and the drifting Indian plate forced the Tethys to

disappear, only some basins (the Mediterranean, the Black Sea, the Caspian and the Aral Sea

remained as water basins). The sediments are jurassic and cretacic and consist of limestone,

clay marls, sand stones, and rather often evaporites, like salt (NaCl), gypsum and even

potassium salts, indicating various strong phases of desiccation, regressions, and

transgressions.

During the Oligocene a vast but flat sea developped, called the Sarmatian Sea. During miocene

most parts fell dry except in the south. During pliocene again most parts were inundated by a

flat sea. This sea also had a connection to the Caspian and to the Black Sea. During the pliocene

tectonic movements continued as well as uplifts and breaking of blocs. During these slight

changes the various basins which we have today were formed, but slight movements changed

the course of the rivers apparently several times. The very dynamic hydrology within the last

few thousand years in the whole Turan area is partly explained by changing water balance of

the vast input areas but also most probably by slight tectonic movements.

The Amudarya in antic times was called the Oxus river, the Syrdarya the Araxes or Jakartes,

and the Seravshan the Polytimetos river. Their river beds changed quite often during time. The

territory adjacent to the Aral Sea is geologically young Rubanov et al. (1987).

The size and thus the coastlines of the Aral Sea always have been more or less unstable. The

distinct terraces below and above the (1960–) sea level of 53 m asl, the traces of old river

courses on the Aral sea floor at the E coast, the presence of muddy loam rich in carbonat

(transgressive series), as well as soluble salts and sand (regressive series) in the central parts of

the Aral Sea are documents for the active hydrological dynamics.

During the first half of the thirteenth century AD, most of the oasis at the lower Amudarya and

Syrdarya had been destroyed by the Mongolian conquerers. At that time additionally, the

Amudarya discharged water to the Sarykamysh basin again, which caused a lower water level of

about 48–50 m asl of the Aral Sea. During the second half of the thirteenth century and the

fourteenth century AD, the Amudarya discharged totally to the Aral Sea, and the level rose to

52–54 m asl. This time is also characterized by another prosperous oasis culture. At the end of

the fourteenth century, the Timur wars brought devastation. During the fifteenth and sixteenth

century AD, the water discharge of the Amudarya was very variable, as well as the sea level of

the Aral Sea. Most time the level was about 43–44 m asl, but it is under dispute, how long this

medieval regression took place. It is interesting that authors from the fifteenth century never

mention the Aral Sea. This is also stressed by Berg (1908). This last regression is also easily

indicated at many places by reed deposits. Since the seventeenth century AD, the Amudarya

completely discharges to the Aral Sea, but only since the eighteenth century, the sea level

became stabilized at about 53 m asl. Since then this is the official mean water gauge. Lvov (1959

) and Berg (1908) have reconstructed the water gauge fluctuations of the last 200 years. There

are three phases of high water gauges (1780–1785, 53 m asl; 1840–1845, 52.5 m asl; 1910–1961,

53 m asl, up to 53.4 m asl in 1961) and two low phases (1820–1825 – 50 m asl, 1880–1885 –

49–49.5 m asl) recorded.

In general we see that the Aral Sea as an endorrheic water body in the center of the extensive

hydrotope is a very sensitive and dynamic lake. The fluctuations of his water gauge are within

40–60 m asl, except the last severe regression 1600 years BP and a bit less 3500 years BP, and

are most probably caused by climatic fluctuations within the larger area. In general, during the

first half of the last century, a slightly transgressive phase with about 53 m asl sea water gauge

dominated.

3 Recent History and Agriculture

Until 1960 the Aral Sea has been the fourth largest lake on the globe, with a surface area of

about 68,300 km . The water volume accounted to about 1,100 km  (Bortnik et al. 1991 ;

Bortnik 1996). Mainly the huge irrigation projects in many parts of Middle Asia were

responsible for the catastrophic desiccation of the Aral Sea within the last six decades.

The irrigation systems diverted most of the water of the two tributaries Syrdarya and

Amudarya. Thus, the catastrophic desiccation of the Aral Sea started. Since 1960 more than

90% of the water volume and more than 85% of the sea surface area have been lost (Fig. 1). The

size and thus the coastlines of the Aral Sea always have been more or less unstable.

Fig. 1
Schematic map of the Aralkum (white area: desiccated sea floor) with 1960, 1990 and
2015 outline of coastline. (Modified from Breckle and Geldyeva 2012)

The desiccation of the Aral Sea is mainly caused by the enormous enlargement of the

agriculture based on irrigation in the whole region with an intensive production of cotton, rice,

wheat, and vegetables. The agriculture of Central Asia depends totally on irrigation, because of

the arid desert climate with an annual mean of precipitation of only 100–150 mm (mostly

during the winter time). Agriculture is using 87% of the whole water consumption in the area.

More than 40% of the people are involved in agriculture in Uzbekistan and Turkmenistan

(Klötzli 1997). The same is due for the southern districts of Kazakhstan (Tschimkent, Kyzyl-

Orda).

The desiccation of the Aral Sea in a relatively short time (Fig. 2) has reached a critical phase

insofar, that now only remnant water bodies are left, except for the Small Aral Sea (Fig. 3). The

Aral Sea syndrome and the new Aralkum desert are the new reality. The ecological and the

socioeconomic effects within the whole area have many diverse aspects (Glazovskii 1990 ;

Letolle and Mainguet 1996 ; Giese et al. 1998 ; Breckle et al. 2001 ; Micklin 2007 , 2010 ; Micklin

and Aladin 2008).

Fig. 2
Water-level fluctuations of the Aral Sea in the twentieth century, indicating the start of
the lowering after 1960. (From Geldyeva et al. 1998)

Fig. 3
Water-level of the Aral Sea since 1960 and salinity. Since 1990 North Aral Sea basin is
separated from South Aral Sea. (Modified from Orlova et al. 1998 ; Peneva et al. 2004 ;
Stanev et al. 2004)

The present situation of the Aral Sea is characterized by the fact, that only remnants of the

former water body are left. Before 1960 the Small and Big Aral Sea were one water body,

connected by two water channels west and east of the island Kokaral. The main role in water

exchange between the two parts played the eastern connection, the “Berg-Crossbar,” a

connection of both basins, named after the famous geographer L.S. Berg. It was about 15 km

wide and 10–15 m deep. The north-western connection between the former island Kokaral and

the peninsula Auzy-Kokaral was very shallow, only up to 1.0–1.5 m deep and very narrow (up to

0.6 km).

The Big Aral Sea in the south doesn’t exist anymore. The term “Big or Great Aral Sea” is

misleading now. It is divided into the western narrow but deep basin and the eastern shallow

basin, separated by the former island Vozrozhdenye which is now part of the mainland. All

three former main islands, Kokaral, Barsa Kelmes, and Vozrozhdenye, are now connected with

the mainland.

The Small Aral Sea in the north is a small and shallow water body, which until 1960 was about

1/9 of the whole sea area. About 42% of the area of the Small Aral Sea has a water depth of 10–

20 m. The maximal depth was 29.5 m, the mean 13.3 m. The Small Aral Sea has a dyke between

the Shevchenko and Butakov bay. An artificial large dam was ready by the end of 2006 after

several attempts. As a result this huge new dam keeps the water level of the Small Aral Sea

stable at a constant height of about 42 m asl by an overflow, mainly for the installed power

plant for electricity.

4 Formation and Dynamics of the Aralkum Desert

For practical reasons we defined the Aralkum as the area below the former coastline of 1960,

more or less equivalent to the 53 m asl contour line (Fig. 1). This whole area is called the new

desert Aralkum (Breckle et al. 1998 , 2001). The contrasting situation is documented by the

satellite photo from 1973 (Fig. 4).

Fig. 4
Satellite Landsat Scene from 1973 indicating the first slight retreat of the coast-line of the
Aral Sea

The desiccation of the Aral Sea is a very complex process. Also very complex are the various

changes, the hydrology budget and balance, the quality of the various water bodies, the losses of

almost the total fish fauna, the formation and development of new land surfaces, the blowouts

of dust and salt from the desiccated sea floor, the threat for the further existence of the nature

reserve Barsa Kelmes, etc. The changes of the various water biota is well documented by

research and many studies (Aladin 1991 ; Aladin and Potts 1992 ; Aladin et al. 1996). The main

macro-ecological consequences, and landscape changes are (a) the formation of a new desert

(Aralkum); (b) threat of the Nature Reserve Barsa Kelmes; (c) loss of valuable coastal

landscapes; (d) climatic changes in the Aral Sea basin; and (e) Saltdust outblows from the

desiccated sea floor and deflation.

The area of the dry sea floor, the Aralkum desert (Breckle and Agachanjanz 1994 ; Breckle et al.

2001 ; Breckle and Wucherer 2005 ; Dech and Ressl 1993), is still increasing and is now more

than 60,000 km  of sea floor which ran dry inclusive the islands area. In 2009 the maximum of

desiccation could be observed, as well as in 2014 (Fig. 5). The huge, but very flat Eastern, basin,

in 2010 and 2012, it was filled up somehow by strong winter and spring rains in the whole area;

it is now in a very fluctuating hydrological dynamic equilibrium (Fig. 6). It is in fact a very

unstable huge salt swamp. The dry sea floor of the Aral Sea, the Aralkum, is a new terrestrial

surface area (Fig. 1). It has developed to a new geographical object, a new desert, that has a

strong environmental impact on the surroundings by the huge stretches of a saline crust surface

which exhibits strong deflation signs (Fig. 7).

Fig. 5
Satellite NASA Scene from 2014 indicating the tremendous loss of water surface and
formation of a huge salt swamp area in the wide Eastern basin

Fig. 6
Satellite NASA Scene from 2012 indicating an inflow of surplus water from strong winter
rains in the Amudarya region and formation of a shallow water body in the Eastern basin
which again is disappearing after a few months

Fig. 7
Deflation salt crust and powdery salt on puffy solonchak easily blown away by wind, east
of Barsa Kelmes. (Photo: SWBr 25.06.2004)

The Aralkum desert is the largest area worldwide where a primary succession took and takes

place. Unconsciously human mankind has created a huge experiment, an experimental set, a

laboratory of nature with thousands of local events. The new knowledge on vegetation

dynamics in the Aralkum desert, which is a mosaic of sand- and salt desert ecosystems, is very

important for the understanding of the ecosystem dynamics and the vegetation mosaic in the

whole Central Asian area (Walter 1974). The succession on the dry sea floor has continued for

60 years. We know the successional sequences, their age, and dynamics (Tables 1 and 2). This is

important to identify major mechanisms that determine the rate and direction of ecosystem

changes on the dry sea floor. The sea floor is normally a very loamy flat plain, surrounded by

sandy beach lines and including vast saline (solonchak) plains. The geological and

geomorphological structure of the desiccated sea floor is very variable and complicated. The

basin of the Small Aral Sea differs considerable from the Southern Great Aral Sea. There are

also some North-South gradients.

Most decisive is the colonization by plants. This is again depending on the salinity and particle

size distribution of the new soils as the main factors for flora and vegetation establishment and

development. From the former coastline (1960 line) to the interior, to the retreating recent

coastline rather regularly, we find a zonation of ecotopes: The substrate material becomes finer

and salinity is increasing. Thus, distribution of soil material and vegetation changes often

discontinuosly and stripes of plants can be seen. The main soil types are marshy solonchaks,

coastal solonchaks, degraded and sandcovered coastal solonchak, and takyr soils.

During desiccation the developing ecosystems change their properties. The particle size of

substrate becomes finer; substrate salinity increases. Accordingly, the temporal sequence of

vegetation and soils is not corresponding with the spatial sequence of plant associations. This is

most conspicuous in regarding the contrasting desiccated sea floor areas from the 1960–1970

and the 1980–1990 years.

The desiccated sea floor is a huge open and often totally bare surface rich in salt. This is now

one of the main sources of salt dust storms and salt blowouts and thus the salt contamination of

the adjacent cultivated lands in Kazakhstan and Uzbekistan.

The present landscape is characterized by considerable eolian sands close to the coastal areas

and on the older sea floor. According to the present erosion catena, the lowest parts presently

are characterized by chemical sediments of the desiccated salt lakes and by solonchak soils.

Here, loam, sandy loam, and silt are mixed with salts or salt layers are included (Fig. 8).

Sometimes salt is covering the surface. These mixed layers may have a thickness up to 8 m. If

the groundwater is rather shallow, with less than 1.5 m, the formation of solonchak soils is

prominent. If it is more than 1.5 m, then crusty-puffy solonchaks are formed.

Fig. 8
Sediments of the sea bottom of Aral Sea, now mostly exposed substrate of the Aralkum.
(Modified from Svitoch 2010)

The youngest development started in 1960. Since then a new lithological type of silty sea sands

with intermediate layers of greenish-gray clay, gypsum, and sea shells is formed. This

desiccated area of the sea floor since 1960 is now actively overformed by strong eolian

processes.

The desiccated sea floor sediments can be defined according to their composition (Fig. 6, 34).

Slightly higher parts are more subjected to wind erosion than lower parts or slight depressions.

In those depressions, accumulation of dust and sands takes place and formation of solonchaks.

The edaphic processes there are very dynamic, and substrates exhibit transformations to

lithological attributes similar to the former coastal areas. The sandy coasts on the older

desiccated sea floor are almost totally transformed by wind erosion, and new sand dune

landscapes had been formed (Fig. 9).

Fig. 9
Formation of small sand dunes at Stipagrostis plumosa hummocks. (Photo: SWBr
23.06.2004)

The main tributaries to the Aral Sea, the Amudarya, and the Syrdarya had produced large delta

areas on the flat plains. Their sand and silt sediment load is huge, and thus those slowly

growing deltas formed wide amphibiomes with always changing river courses. During the

desiccation process of the last decades on the one side, the amount of water delivered to the

Aral Sea was much lower than earlier, and on the other side the water courses became longer

and longer, and the old delta areas partly were channelled by river erosion. The lowering of the

seapage has lead to a severe tugai vegetation dieback. As long as water is flowing and reaching,

the remnants of the Aral Sea new small deltas are formed again in lower parts. The Syrdarya

has formed already a new delta in the Northern Aral Sea north of the new dam. Since those

delta areas formerly were very important stands of extensive tugai shrub vegetation with a very

diverse wildlife, there is some hope that the new deltas are colonized by tugai species as well

and a recovery of parts of the tugai areas may take place.

5 Climate

Concerning climatic conditions the remnant Aral Sea and the Aralkum are located within the

Asiatic desert belt. The N part of the Aralkum is part of the kazakh-dsungarian, and the S part

of the Turanian deserts. The climate of the surroundings of the Aralkum can be characterized

by the data from meteorological stations of the area. It appears very continental with very cold

winters and very hot summers. The consequences of the desiccation of the Aral Sea on climatic

conditions can only be estimated. Current climatic data do only reveal a slight shift to even

stronger continentality. The overall water dynamic of the atmosphere seems not to be altered in

general, but even an intensification of the water cycling by global change overlaying the local

and regional desiccation processes may be observed.

For ecological purposes and to characterize a distinct region, the climatic diagrams by Walter

and Lieth (1967) are widely used. Meteorological stations in the whole area are scarce; they

often lack data since 1990, after the breakdown of the Sowjet-Union. Figure 10 gives an

overview of some examples of ecological climatic diagrams for the region. It is obvious that

during most time of the year the arid situation is prevailing. The temperature curve in the

diagram, representing the evaporative demand (Breckle 2002), lays above the precipitation

curve (step-wise curve) most of the year. Only in winter the evaporation is low, due to the

severe frosts. But even then, frozen soils, frozen stems of plants, and high radiation can cause

severe dryness (and frost drought) damages in plants.

Fig. 10
Ecological climate diagrams indicating the very continental climate of the northern Aral
Basin with very cold winters and very hot summers and scarce precipitation throughout
the year. (Modified from Breckle and Wucherer 2012)

The climatic conditions of the Aral Sea region are mainly governed by the relatively low

elevation of the Aral Basin within the centre of the Asian continent (Budyko 1956 , 1974 ;

Grigoriev and Budyko 1959). The continentality goes parallel with the very intensive radiation.

The atmospheric circulation is not influenced by high mountains. Most of the year the region

around the Aralkum is under the influence of the S-W margin of a huge Asiatic (Siberian)

anticyclon and N-W and N air intrusions (Bugaev 1957). An important role plays the

geographical position of the region opposite to the Turanian or turgai-gate: it is the main axis

for the invasion of cold air masses from the N along the Ural mountains. The low-lying basin

within Middle Asia favors the development of stable cold air masses and partly considerably

low temperatures in winter.

The temperature amplitude during the year, expressed by the relevant monthly means, can

reach almost 40 K; the amplitude of the absolute temperature extremes may reach more than

85 K. Furthermore, low precipitation and rare cloudiness are typical. The number of days per

year without clouds amounts to about 260.

6 Flora and Vegetation of Aralkum

6.1 History of Floristic Studies

The flora and vegetation around the Aral Sea, except the delta regions of the Syrdarya and

Amudarya is still incompletely investigated, and the new desiccated sea floor, the new desert

Aralkum even more. The first report on the flora and vegetation of Priaral‘e (direct vicinity of

the Aral Sea) is from Borshchov (1865). A rather big herbarium collection was collected by S. S.

Smirnov (1875) from the South-Eastern coast of the Aral Sea between the Syrdarya and

Amudarya river deltas. Based on the collections of L. S. Berg (1900–1902) Litwinov (1905)

published a list of 219 plant species. Sherbaev (1982) had studied the flora of the South-Eastern

islands where he found 235 species. These papers give fragmentary ideas on the flora of the

former coast of the Aral Sea. During more than 30 years since middle of the 1960s, researchers

from Herzen Pedagogical University (St. Petersburg/Russia) had investigated ecosystems of

Barsakelmes Island. The results of this long-term research analysis of the insular flora have

been published by Kuznetsov (1995). Floristic composition of Barsakelmes Island consisted of

257 species.

Between 1977 and 1985, the Institute of Geography in Moscow headed a complex programme

on study of the effects of irrigation projects on desiccation of the Aral Sea. The investigations

within the Kazakhstan part of the Aral Sea coast had resulted in some publications about flora

(Kurochkina et al. 1983 ; Dimeyeva 1990 ; Dimeyeva and Kuznetsov 1999 ; Dimeyeva and

Kurochkina 2005) and in comparison with the adjacent desert flora (Rachkovskaya and

Safronova 1994). These lists of vascular plants included about 300 species. Only half of them

(154 species) were recorded from the desiccated sea floor during expeditions in the 1980s.

In 1994, W. Wucherer studied the North, East, and South coasts of the Aral Sea. According to

collected herbarium specimen, the list of the Aralkum flora consisted of 201 species (Breckle et

al. 1998). Parallel an UNESCO Project revealed various desertification impacts by the

desiccation process, mainly in the delta areas of the rivers (Geldyeva et al. 2001).

During expeditions (1998–1999), the list of plants has been increased by 65 species (Wucherer

et al. 2001). According to this publication, the Aralkum desert flora consisted of 266 species

belonging to 34 plant families and 134 genera.

During further studies (2002–2004) of the NW, E, and Barsakelmes territory, some additional

species have been found on the dry seafloor (Dimeyeva 2004 ; Dimeyeva and Alimbetova 2006 ,

2007 ; Dimeyeva et al. 2008). First information from S Aralkum has increased the list of plants

by 21 species (Sherimbetov 2008a , b , c), and additional studies revealed 216 species

(Sherimbetov et al. 2015) in total for S Aralkum.

The species concept for the Chenopodiaceae has been taken from Flora Iranica (Hedge et al.

1997), except for the genera Salsola and Climacoptera. Species names and plant family

characteristics for other families are taken from Cherepanov (1995), except for Calligonum for

which Flora of Kazakhstan was used.

6.2 Composition of the Flora

The listed Flora of Vascular plants of the Aralkum consists of 421 species belonging to 52

families and 196 genera. The leading 6 families (Table 4) comprise 289 species (68.6% of the

flora) belonging to 117 genera (59.7%). Species from Chenopodiaceae, Asteraceae,

Polygonaceae, Brassicaceae, Poaceae, and Fabaceae families are prevailing (Fig. 11).

Fig. 11
Number of vascular plant species from the larger plant families of the Aralkum

6.3 Life Form Spectrum

Life forms (Raunkiaer 1910) are represented by the following groups: therophytes (T),

geophytes (G), hemicryptophytes (H), chamaephytes (Ch), phanerophytes (micro- and nano-

phanerophytes – Ph-m, Ph-n), and hydrophytes (Hy) (Table 4).

The most numerous group in N Aralkum is therophytes (152 species; 41.3%). This is mainly

represented by ephemerals and annual species from Chenopodiaceae family. Annual chenopods

can play a dominant role in plant communities (Salicornia europaea [Fig. 12], Suaeda

acuminata, S. crassifolia, Climacoptera aralensis, C. lanata, Petrosimonia triandra, etc.),

especially as pioneers in the first successional stages of primary succession (Tables 1 and 2).

Fig. 12
Young Salicornia europaea seedlings and few dry remnants from last year; green plants
with less salinity, red plants with high salinity stress. (Photo: SWBr 23.05.2003)

The group of geophytes (27; 7.3%) consists of ephemeroid species: geophytes with bulbs

(species of genera Tulipa, Allium, Gagea); geophytes with rhizomes/roots or tubers (Iris spp.,

Geranium transversale, Rheum tataricum [Fig. 13], Megacarpaea megalocarpa, etc.) and

parasitic geophytes (Cistanche salsa, Fig. 14).

Fig. 13
Rheum tataricum in fruiting stage. (Photo: SWBr 20.05.2003)

Fig. 14
Flowering Cistanche salsa, with suckers parasitic on roots of Haloxylon or Tamarix
species. (Photo: SWBr 25.05.2003)

Hemicryptophytes (79; 21.5%) are perennial herbs. Some of them can dominate in plant

communities (Agropyron fragile, Leymus racemosus, Phragmites australis, Stipagrostis

pennata, Aeluropus littoralis, Carex physodes [Fig. 15], Alhagi pseudalhagi, Zygophyllum

oxianum, Limonium caspium, Karelinia caspia, etc.).

Fig. 15
Carex physodes in fruiting stage on almost desalinized soils. (Photo: SWBr 19.05.2003)

Chamaephytes (35; 9.5%) is the most typical life form for deserts of Central Asia. It consists of

dwarf sub-shrubs and sub-shrubs with annual dying-off of the generative organs. Main

dominants are dwarf sub-shrubs of the genus Artemisia and species of Kalidium, Suaeda

microphylla, S.physophora (Fig. 16), Kochia prostrata, etc.

Fig. 16
Germinating Suaeda physophora between old dead last year shoots. (Photo: SWBr
16.05.2003)

Phanerophytes (67; 18.2%) are represented by small desert trees (micro-phanerophytes):

Haloxylon aphyllum (Figs. 17 and 18), H. persicum, and Ammodendron conollyi and nano-

phanerophytes (species of genera Calligonum, Tamarix, Lycium ruthenicum, Ammodendron

bifolium, etc.).

Fig. 17
An old dense stand of Haloxylon aphyllum. (Photo: SWBr 16.05.2003)

Fig. 18
Haloxylon aphyllum, a single bush at the former Northern coast-line of Aral Sea. (Photo:
SWBr 23.05.2003)

The group of hydrophytes is the smallest (Typha angustifolia, Scirpus lacustris, S.

tabernaemontani).

6.4 Geographic Analysis of the Flora

Analysis of geographic distribution of species is based on published data (Flora of USSR, 1934–

1963; Flora of Kazakhstan, 1956–1966; Lavrenko 1962 ; Kurochkina 1978 , 1979 ; Erezhepov

1978 ; Rachkovskaya 1986). Schemes of botanical-geographic regionalization of Ancient

Mediterranean sub-dominion (Lavrenko 1962); Eurasian steppe region (Lavrenko 1970); and

desert region of Kazakhstan and Middle Asia (Rachkovskaya et al. 2003) have been used for

analysis. Types of areas are nonequivalent in size. Species of one area are not characterized by

absolute coincidence of geographic distribution.

Cosmopolitan species (five species; 1.4%). They occupy humid and arid areas of the

Northern and Southern hemisphere (e.g., Phragmites australis, Bolboschoenus

maritimus, Salicornia europaea, Convolvulus arvensis).

Holarctic species (eight; 2.2%). They are distributed in Holarctic kingdom of flora

(Typha angustifolia, Poa bulbosa, Chenopodium glaucum, Atriplex patula,

Descurainia sophia, Equisetum ramosissimum).

Palearctic species (37; 10.1%). They are spreading in temperate and sub-tropical

regions of Europe and Asia (Calamagrostis dubia, Puccinellia distans, Atriplex

sagittata, A. micrantha, Sonchus oleraceus, Tripolium vulgare).

Mediterranean species (71; 19.3%). They are distributed in the southern part of

Palae-arctic (Ancient Mediterranean sub-dominion (Popov 1927 ; Lavrenko 1962).

The area occupies wide desert and steppe territories of Eurasia and partly North

Africa. The group includes the following species: Aeluropus littoralis, Atraphaxis

replicata, Atriplex tatarica, Peganum harmala, Zygophyllum fabago, Nitraria

schoberi (Fig. 19), Tamarix laxa, T. litwinowii, T. ramosissima, Kochia prostrata,

etc.

East-Mediterranean species (51; 13.9%). They are distributed in steppes of

Kazakhstan and Mongolia, deserts of Turan and Gobi, and mountains of Central

Asia (Rachkovskaya 1986). The following species belong to this group: Agropyron

desertorum, A. fragile, Stipa caspia, Anabasis aphylla, Artemisia scoparia, A.

schrenkiana, and Tamarix elongata.

Irano-Turanian species (51; 13.9%). They are distributed in the limits of Irano-

Turan, subregion of Sahara-Gobi, and desert region of Ancient Mediterranean sub-

dominion (Lavrenko 1962 ; Rachkovskaya et al. 2003). The group includes the

following species: Stipagrostis pennata, Carex physodes, C. pachystylis, Allium

schubertii, Atriplex aucheri, Suaeda microphylla, S. arcuata, S. physophora,

Haloxylon aphyllum, H. persicum, Mausolea eriocarpa, etc.

Turanian species (67; 18.2%). They occupy the southern and northern deserts of

Turan lowland (Calligonum rotula, C. rubens, C.macrocarpum, Arthrophytum

lehmannianum, Halimocnemis karelinii, H. longifolia, Ammodendron conollyi, A.

karelinii, Zygophyllum oxianum).

North-Turanian species (20; 5.4%). They are spreading in the limits of North Turan

desert province (the greater part of Kazakhstan deserts and Caspian lowland

including Russian territory). The following species belong to this group:

Climacoptera aralensis, Elaeagnus oxycarpa, Artemisia pauciflora, Chondrilla

brevirostris, Calligonum leucocladum, C. commune, Eremosparton aphyllum, and

Alhagi pseudalhagi.

North-Turan-Dzungarian (15; 4.1%). They are distributed mostly in North Turan

with extensions to Dzungar province (Nanophytum erinaceum, Artemisia

songarica, A. terrae-albae, Tragopogon ruber, T. sabulosus).

Pontic-North-Turanian species (13; 3.5%). They occupy wide territory from the

Black Sea to the West Siberia (Black Sea (Pontic) – Kazakhstan steppe subregion

according to Lavrenko 1970) and North Turan desert province (Stipa sareptana,

Limonium caspium, Atriplex sphaeromorpha, Petrosimonia triandra, Ferula

caspica, F. canescens).

North-Turan-West-Siberian species (4; 1.1%). They are distributed in the limits of

North Turan desert province and West Siberian block of provinces of Black Sea-

Kazakhstan steppe subregion (Astragalus vulpinus, Eremostachys tuberosa,

Asperula danilewskiana).

Aral-Caspian species (7; 1.9%). Examples are Corispermum aralo-caspicum,

S.crassifolia, Linaria dolichoceras, Asparagus inderiensis, Astragalus amarus, and

Puccinellia dolicholepis.

Endemics of Kazakhstan (19; 5.2%). They are distributed only in Kazakhstan:

Atriplex pungens, Petrosimonia hirsutissima, Astragalus brachypus, A. ninae,

Artemisia semiarida, A. quinqueloba, A. aralensis, A. scopiformis, Calligonum

crispatum, C. lamellatum, C. palibinii, C. pseudohumile, C. humile, C. androssovii,

C. columbrinum, C. erinaceum, and C. spinulosum. The Aral region endemics are

Corispermum laxiflorum and Atriplex pratovii (Figs. 20 and 21).

Fig. 19
Fruiting Nitraria retusa near Barsa Kelmes. (Photo: SWBr 24.06.2004)

Fig. 20
An open stand of the annual Atriplex pratovii, an endemic of Aralkum. (Photo: SWBr
25.06.2004)

Fig. 21
Close-up of Atriplex pratovii with young leaves and buds densely covered by bladder
hairs. (Photo: SWBr 16.05.2003)

According to geographic analysis, most of the present species are connected with the Ancient

Mediterranean territory (the eastern part); 122 species (33.2%) belong to Mediterranean and

East-Mediterranean areas. Turanian and Irano-Turanian geo-elements comprises 118 and

32.1% of species, respectively. North-Turanian (Kazakh) geographic distribution group

(including endemics of Kazakhstan) consists of 39 species (10.6%). Autochthonic Aral and

Aralo-Caspian species represent only a small part of the flora (9 species, 2.5%). Thus, the

Aralkum flora is typical for Turan deserts reflecting regional biodiversity. It is an immigration

flora with a low proportion of original features. However, it consists of many interesting

species, typical for North Turan and South Turan desert provinces.

7 Halophytic Vegetation of Aralkum

7.1 Salinity

Sea water salinity is all over the oceans rather similar almost homogenous in chemical

composition with a strong preponderance of NaCl. In deserts with their arid climate, salinity is

caused not only by atmospheric input “cyclic salt” (Teakle 1937 ; Breckle 1976 , 1982 , 1985) but

also by leaching of the rocky material of the hydrotope within the endorheic basin, where the

water run-off from the rare precipitation events then is collected in the erosion basin, forming

salt lakes, which may have accumulated also some other ions besides of Na  and Cl , mainly

SO , HCO , Li , Mg , borate, etc. (Breckle 1975a , b , 1990). Thus, in some parts of the

world, salinity is not caused only by chloride, but in temperate and cold arid continental

regions, it may be by sulfate or carbonate accumulation (Curtin et al. 1993). In the Aralkum the

desiccated substrate of the sea floor is rich in chloride and in sulfate. This can change within

deeper horizon layers. The ratio between ions is not as similar as in open ocean water, which is

rather constant within narrow limits all over the world. If the ratio of Na/Cl is distinctly higher

than 1, the counterbalance is normally by sulfate (sulfate-salinity); if the ratio of Mg/Na+K is

distinctly higher than 0.1, it is water with a bitter taste. If there is a sufficient portion of K and

earth alkali ions present, the salinity by sodium is not as severe as with pure NaCl-salinity.

Plants can adjust to such conditions and are able to absorb nutrients by discriminating ions.

Thus, a typical halophytic community is a mixture and is often composed of several species,

where some of these species are not real halophytes. They occur only accidentally in such plant

communities of oligohaline marshes but have their optimal growth and performance in

nonsaline vegetation; a typical spatial or temporal niche-segregation enables non- or pseudo-

halophytes to migrate and to invade halophytic stands.

7.2 Vegetation Types

The halophytic vegetation is present on most of the dry sea floor of the 1970s, 1980s, and 1990s

and especially the more recent desiccated areas. This vegetation is the most prominent now all

over the Aralkum. The halobiomes (salt deserts) exhibit a typical eu- or hemihalophytic

vegetation on more or less saline substrates. A rather considerable portion of the flora is

halophytic. Their ecology and ecophysiology is characterized by the fact, that they can fulfil

their whole life-cycle under saline conditions. Life forms are shrubs, semi-shrubs, dwarf-

shrubs, and perennial and annual herbs, mainly from the Chenopodiaceae (Halostachys,

Halocnemum, Salicornia, Suaeda) but also from Tamaricaceae, Limoniaceae, and some other

plant families. Canopy height is normally below 1 m, but can exceed with adult saxaul shrubs

also 3 m. Cover percentage also varies considerably between 10 and rarely up to 100%. A rather

high variability in shape of these halophytic vegetation is correlated with the very variable

salinity in soil and the various soil horizons. Typical soils for halophytic vegetation in the

Aralkum are marshy and coastal solonchaks, typical and degraded solonchaks, as well as takyr-

like solonchaks.

7.2.1 Annual Vegetation

Close to the retreating water level of the Aral Sea very often, there is developed a rather dense

belt of therophytic carpets with Salicornia europaea, Suaeda species (Figs. 12 and 16), and

Tripolium vulgare. The canopy is about 20–60 cm high, by Tripolium until 120 cm. Cover

percentage of therophytic plant communities varies between 10% and 100%. Salicornia is the

main component of the annuals close to the water. But also some Suaeda species (S. acuminata

and S. crassifolia) are mixed. Tripolium vulgare is only present with isolated stands. At the E

coast near Barsa Kelmes, aggregations of Bassia hyssopifolia are distributed. Adjacent to the

delta regions of rivers mixed stands of Salicornia europaea and Phragmites australis or Bassia

hyssopifolia and Phragmites australis can be observed (Fig. 22). Seeds of Salicornia can

withstand high salinities, and germination can take place under saline conditions (Willert 1968

). Close to the water level the irregular inundations of the marshy solonchaks are favorable for

those annuals. The dead remnants from the preceding years can be found everywhere. The

development of the therophytic vegetation belt moves according to the retreat of the water level

(Fig. 23).

Fig. 22
Salicornia, Suaeda, Petrosimonia, and Salsola seedlings between Phragmites shoots at
the western coastline. (Photo: SWBr 21.05.2003)

Fig. 23
Generalized scheme of the spatial and temporal gradient of vegetation (primary and
secondary succession) on the desiccated sea floor (Aralkum) during the steady oscillating
retreat of the coastline at the shallow east coast

On the desiccated sea floor of about 3–10 years after desiccation, we can find quite often a

second wave of annuals developing, mainly with Climacoptera aralensis, Petrosimonia

triandra, Bassia hyssopifolia, and Atriplex pratovii on the coastal solonchaks (Figs. 20 and 25).

The canopy is about 20–60 cm high, by Atriplex until 100 cm. But those sites are already under

the predominant influence of the zonal climatic conditions which causes rather irregular

establishment and growth rates from year to year. Cover percentage of plant communities

varies between 5% and 80%. Sand movement is often very strong (Figs. 24 and 25).

Fig. 24
Sand covered solonchak area with planted Halyxylon aphyllum saplings for
phytomelioration, wind accumulated sand and in the background a dense annual plant
community. (Photo: SWBr 23.06.2004)

Fig. 25
Open annual halophytic cover with germinating Petrosimonia saplings and old dry
remnants. (Photo: SWBr 20.05.2003)

7.2.2 Perennial Vegetation

At the E coast of the former Aral Sea on the older sea floor from the 1960s and 1970s, salinity is

moderate or low. Here plant communities with Haloxylon aphyllum, Halocnemum

strobilaceum (Figs. 26 and 27), Kalidium caspicum, Limonium suffruticosum, etc. are found.

They form stands with a cover percentage of 20–40%. On the oversanded coastal solonchaks

rather dense stands with a cover percentage up to 80% can be observed, here various species of

Calligonum are dominant (Fig. 28). However, these are small portions in the whole mosaic and

not representative for the whole coast. Haloxylon (saxaul) is used by the people for fuel. In

1998 there were massive “deforestations” of saxaul.

Fig. 26
Dense Halocnemum strobilaceum vegetation on rather strongly saline solonchak.
(Photo: SWBr 25.06.2004)

Fig. 27
Halocnemum strobilaceum. (Photo: SWBr 25.06.2004)

Fig. 28
Dense stand of various Calligonum shrubs on sandy soils at northern Aral Sea. (Photo:
SWBr 22.05.2003)

In 1998 the perennial vegetation on the transects Karabulak, Bayan, and Kaskakulan was

investigated. Especially the communities with Tamarix (Fig. 29) were checked in the vicinity of

N Aral Sea. On the desiccated sea floor from the 1980s and 1990s, there are almost no

perennials except for some Tamarix- or Halostachys belangeriana shrubs. The invasions by

the perennial vegetation are definitely slower than the retreating sea level. The conditions for

germination and establishment of the perennials are quite favorable on the marshy solonchaks

a few years after desiccation, but then in the later phases, it becomes much slower and often

seems to be hindered or is successful only once within 4 or 5 years according to seasonal

weather conditions.

Fig. 29
Overview on the broad Tamarix belts seen from the chink top at Tschernischeva Bay,
western South Aral Sea, about 60 m above coastal plan. (Photo: SWBr 20.05.2003)

7.2.3 Open Salt Deserts

The whole sea floor which desiccated since 1980 can be regarded as a huge salt desert flat. It is

about 70–80% of the present Aralkum. The therophytic vegetation is spatially and temporarily

very instable; they do affect the soil surface only superficially. Thus denudation of the

desiccated soil surface amounts to about 2 mm.a ; in other words, within 30 years, about 6 cm

of loose substrate may have been blown away. This was due in the 1980s, when formation of

solonchaks just had started. Deflation can be very strong. The present open and often puffy salt

crust surface can exhibit windblown losses of 3–7 cm per year.

This makes it important to know which annuals and which perennials are present on those

rather open sites of the 1970s and 1980s. Those areas are not easy accessible. Within the

transect Bayan between the former islands Barsa Kelmes and Kokaral, it was possible to reach

the actual coastline in the 1990s. Here, a mosaic of pure open salt desert (Fig. 30) and of

therophytic stands was present. The more important therophytes had been Suaeda acuminata,

Petrosimonia triandra, and Climacoptera aralensis.

Fig. 30
Steep chink at Northern Aral Sea with small vegetation islands. (Photo: SWBr
29.05.2003)

7.2.4 Salt Meadows

Some intermediate salt meadows with reed vegetation and perennial hemicryptophytes

(Puccinellia and Limonium species, Phragmites australis, Aeluropus littoralis, Karelinia

caspica, etc.) can withstand rather high salinities. Phragmites australis forms with Puccinellia

dolicholepis plant communities at the chink coasts (Figs. 29, 30, and 31) of the former coastline

on the dry sea floor of the 1960s with cover percentage of 60–80%. On the meadow solonchaks

at the delta areas, a very characteristic Limonium otolepis-Aeluropus littoralis plant

community with cover percentage of 40–80% can be found.

Fig. 31
Steep chink at North-Eastern Aral Sea with vegetation belts along old coast-line. (Photo:
SWBr 24.05.2003)

8 Halophyte Groups

Middle and Central Asia are the evolutionary centers of many genera and species of the

Chenopodiaceae. The Chenopodiaceae are characterized by their ability of accumulation of

inorganic ions, mainly sodium (NaCl). Only a few other angiosperm families are similarly able

to withstand high soil salinities, as, e.g., Zygophyllaceae, Frankeniaceae, Tamaricaceae,

Plumbaginaceae, and few grasses. However, there are many more genera in various angiosperm

families, who have evolved some degree of salt tolerance. In drylands salinity has been such an

important ecological factor, that mechanisms of salt tolerance have evolved several times

parallel.

Plants have developed various mechanisms to cope with salinity. Often morphological

structures are typical for distinct adaptation strategies. Especially halo-succulence of stems

(SSu) or leaves (LSu) or both is very common in halophytes strongly adapted to salinity. Thus,

succulent halophytes are either leafless and stem-succulent or have fleshy and succulent leaves.

In both cases this kind of succulence has two components; the basic one is a genetically

controlled succulence, whereas the second is a modificative variable and can be induced by salts

to a considerable degree. These types of halo-succulence have to be distinguished from xero-

succulence.

There are leaf-succulent eu-halophytes (LSu) which are annuals, e.g., some Suaeda species,

Halopeplis, Halimocnemis, Gamanthus, Girgensohnia, etc. Other leaf-succulents are herbal

perennials (e.g., Plantago, Aster, Suaeda), and others are shrubs (e.g., some members of the

genera Salsola, Suaeda, Nitraria, Kochia). In some others the succulence of the fruit or parts of

the fruit became very pronounced (Gamanthus). Regarding the adaptations of the

photosynthetic pathway, which have evolved, it is obvious that succulence has altered the

anatomical structure dramatically, as can be seen in the various types, that are exhibited by

Salsola and Suaeda (Shomer-Ilan et al. 1981).

The stem-succulent eu-halophytes (SSu) lack leaves or have only minor scale-like leaves. The

young stems are succulent; the older one in perennial species can become rather woody. Annual

stem-succulent species are, e.g., Salicornia, some species of Anabasis, perennial stem-

succulent halophytes are also found in Anabasis, Kalidium, Aellenia, Ofaiston, Halostachys,

Haloxylon, etc., but also in the woody sub-shrub Halocnemum strobilaceum (Fig. 27) which is

one of the most salt-tolerant species.

In contrast to halo-succulents most xero-Succulents (Su) in general are very sensitive to salinity

(e.g., Sedum, Sempervivum).

Many halophytes exhibit a rather rapid turnover of their leaves. The rosette leaves in Limonium

vulgare are replaced during the vegetation period two or three times; the leaves of Aster

tripolium rather soon become yellow and new leaves replace them. This replacement is a

mechanism of removal of large quantities of salt. Old leaves with high salt content are steadily

replaced by younger leaves in many Juncus species. This is certainly one adaptation mechanism

that enables the plant to get rid of excessive salts by shedding plant organs. A less specific

adaptation is the rapid production of new leaves and dropping old leaves rich in salt. This can

be observed in many pseudo-halophytes (Ps). But the loss of leaves affects the supply of

assimilates or hormones to the growing organs and hereby affects growth (Munns 1993 ; Munns

et al. 1995).

But even more important in some halophytes is the existence of specific cell structures which

can recrete (recretion in the Sense of Frey-Wissling 1935 : elimination of substances not

metabolically changed) inorganic ions, especially NaCl. This is done by salt glands, which have

evolved several times in the angiosperms and by bladder hairs. Salt glands eliminate salt to

outside (e.g., Tamarix, Frankenia [Fig. 32], Glaux, Limonium, as well as some grasses);

bladder hairs accumulate salts in their huge vacuole (Atriplex, see Fig. 21; to a less extent

Halimione, Salsola, Chenopodium (Black 1954 ; Berger-Landefeldt 1959 ; Schirmer and Breckle

1982 ; Breckle 1992)). In both cases the salts are physiologically isolated from active tissues.

Here also the turnover of salt is rather rapid by recreting salt with salt glands in the exo-crino-

halophytes (EX) or into big bladders in the endo-crino-halophytes (NX).

Fig. 32
Frankenia hirsuta in full flower, a recreting halophyte species. (Photo: SWBr
27.06.2004)

Non-halophytes (NoH) do exhibit almost none of this morphological adaptations.

For the species from N Aralkum, the life form is indicated in Table 4.

In general, it should be kept in mind that salt tolerance of a plant is not defined by the act of

individual genes, by the individual regulation of each of them, or by one specific metabolic

process; salt tolerance is a whole plant response (Hedenström and Breckle 1974 ; Breckle 1990 ,

1995 ; Munns 1993 ; Naik and Widholm 1993 ; Flowers and Yeo 1995 ; Ramani and Apte 1997),

where many processes, such as efficient K-pumping and accumulation, synthesis and transport

of compatible solutes, plant signaling systems involved in tissue and in developmental

regulation (Winicov and Bastola 1997), etc., are only some of many other important

adaptations, which are equilibrated in a harmonic way in order to fulfill those adaptive

processes of salinity tolerance.

It has to be stressed that salt tolerance has at least two quite differing aspects: The one is the

upper limit of salt that can be tolerated by an individual plant, which is necessary for survival.

The other is the existence of a plant species under salt stress that exerts successful

reproduction, which is necessary for ecological success.

Salt tolerance of plants varies very much. It varies during different growth or development

phases (Tobe et al. 2004 , 2005), with ionic constitution of the soil solution (e.g., the presence of

Ca, K as antagonists of Na), with microclimatic conditions (e.g., relative humidity), with life

form and halophyte strategic type, with the plant organ affected by salinity, with the genetic

variability of each species forming ecotypic varieties. Also, the effects of salinity on different

growth stages and growth processes of plants have to be taken into account (Waisel 1972 , 2001 ;

Ungar 1996). Germination and seedling growth are normally more sensitive than growth of

established adult plants.

Not only for halophytes it is characteristic that osmotic adaptation is accomplished by synthesis

of organic compounds but also by absorbing inorganic ions, accumulated in the vacuole,

counterbalanced by compatible solutes in the cytoplasm. As a rule the osmotic potential of leaf

cell sap differs normally by 0.5 to 1 MPa from that of the soil solution enabling uptake of water

from soil to roots and to shoots.

9 Ion Pattern

Since long, halophytes had been classified into chloride-halophytes, sulfate-halophytes, and

alkali-halophytes, according to the main ions in cell sap or ash (Walter 1968). The

alkalihalophytes are those where a high proportion of organic acids (e.g., oxalate in Halogeton

with up to 30% of dry matter) are accumulated. It is long known that halophytes are able to

take up nutrients from the soil despite of an excessive content of Na  and Cl . Most halophytes

are discriminating Na  against K  and only few species are really sodiophilic (Moore et al. 1972

). To demonstrate the characteristics in K /Na  discrimination, it is necessary to have the

relevant soil samples and analytic data from the rhizosphere of the respective plants. Then the

accumulation factor for sodium in comparison to potassium can be calculated. It is easily

visible that most species under a wide range of given cation ratios in the soil favor potassium

uptake. The widespread Chenopodiaceae Salicornia europaea and Suaeda maritima can be

termed sodiophilic, but also Climacoptera aralensis or Suaeda acuminata, whereas

Petrosimonia triandra exhibits a rather balanced Na/K-ratio. In contrast the grasses

Puccinellia distans or Stipagrostis pennata and Eremosparton aphyllum very selectively

accumulate potassium by a factor of 10 to 100 according to soil Na/K-ratio, even in saline soils;

their Na/K-ratio is between 0.10 and 0.40. Slightly more sodium is accumulated in some

Brassicaceae, e.g., in Malcolmia africana. All other Chenopodiaceae are more or less halophytic

and exhibit rather high Na/K-ratios (Breckle and Wucherer 2012).

It is obvious that leaf- and stem-succulents, like species from the genera Suaeda, Salicornia,

and Halocnemum, accumulate considerably more Na and Cl (3000–5000 mmol/kg) in

comparison with other species. The ionic content (Na and Cl) of Climacoptera species and of

Ofaiston monandrum are lower (2000–3500 mmol/kg) in comparison with species from

Salicornia and Suaeda. Even lower are the values from Petrosimonia triandra. On the other

hand, the Na and Cl accumulation of pseudohalophytes like Euclidium syriacum and

Stipagrostis pennata is very low.

It should be shortly mentioned that the various members of the Chenopodiaceae on Aralkum

cannot be put in one group of physiotypes (Reimann and Breckle 1993). Under natural

conditions, the Na-levels vary very much but also the levels of other ions. There are many

papers on the chemistry of halophytes and their internal ion composition (Albert 1982), as well

as on the normally taxon-specific accumulation of compatible solutes (Popp 1985). The main

characteristics of the physiotypes, e.g., Brassicaceae or Poaceae, are represented in the same

ion pattern, as Albert (2005) had described.

It is an open question to what extent the edaphic conditions influence the ionic pattern and

content in plants (Mirazai and Breckle 1978). The Pontic-Irano-Turanian Suaeda acuminata is

very common in Central Asia (Wucherer 1986 , 1990). This species exhibits a wide ecological

amplitude and thus can be found on very contrasting saline stands. It is obvious that the Na and

Cl content of the above ground plant organs of Suaeda acuminata on degraded coastal

solonchaks and puffy coastal solonchaks is significantly lower. These soils contain significantly

less salt in the top soil. On these stands also the Na content is higher than the Cl content in

comparison with the marshy solonchaks and crusty coastal solonchaks. This example with

Suaeda demonstrates that the ion content in halophytes growing on real solonchaks with high

salinity is distinctly influenced by the edaphic conditions (Breckle et al. 2012).

Balnokin et al. (1991) studied the Na, Cl, and proline content in Salicornia europaea,

Climacoptera aralensis, and Petrosimonia triandra along the transect Bayan on the east coast

of the Aral Sea. The content of proline as one of the typical compatible solutes apparently

exhibited no clear correlation to the storage of salt in the plant tissues.

There are many indications that also in the stem and leaf succulent halophytes, in the recreto-

and pseudohalophytes from the dry Aral Sea floor, different mechanisms and strategies for the

adjustment and regulation of the salt concentration in the plant tissues are operating (Breckle

1995) and thus a differing salt tolerance in the various species leads to a specific pattern of

species and halophyte types along salt gradients.

The sequence of species along the salt gradient in a rich halophytic area, as it is in the C Asian

deserts, reveals a typical sequence of the dominating halophyte types. Along the salt gradient

(Breckle 1986), which can be derived from salinity measurements in a mosaic vegetation, too, it

is obvious, that the stem-succulents (SSu) and then the leaf-succulents (LSu) play the major

role close to the saline lakes or basins, where salinity is high. The recreting halophytes (EX, NX)

dominate in the middle part of the transect, where salinity is more variable as well as water

supply. This part of the transect is characterized by less water availability and often here a

much higher proportion of C4-plants occur. This is also the case on the less saline side, where

then pseudohalophytes (Ps) and finally on almost salt-free substrates the nonhalophytes (NoH)

predominate and other ecological factors, e.g., water availability and water supply, nitrogen-

source, etc. are governing the vegetation mosaic. However, on the desiccated sea floor of the

Aral Sea an equilibrium of halophytic  vegetation pattern has not yet reached, the dynamics of

changing ecological conditions from year to year is such drastic that only by chance a mixture of

more or less adapted species is found which in part resemble the discussed sequence in

halophyte types.

10 Ecological Salinity Indicator Values for Plants of the
Aralkum Region

The ecological behavior and adaptation to distinct natural site conditions is the result of the

competitive ability of a species. This depends on the floristic pattern of the region and the

present competitors. Normally under natural conditions with a fluctuating climate from year to

year, a dynamic equilibrium can be observed, and if the main ecological conditions vary within

a rather constant range, a set of species will form a rather constant community.

Under saline conditions, the salt content of the soil plays a major decisive role which species

can compete successfully (Adam 1990). By comparing many sites with different salinities, it is

possible to evaluate the distinct ecological optimum (not eco-physiological optimum without

competition, which can be rather different: many plants grow better under low salinities but are

pressed to higher salinity sites by competition where they just can grow but not optimally). This

ecological optimum can be used to grade the ecological salinity tolerance by an indicator value

(S-value; see Table 3). Such indicator values are used rather widespread in various regions for

various ecological parameters, as, e.g., pH, nitrogen supply, drought tolerance, heat tolerance,

etc. (Ellenberg et al. 1991). For salt tolerance again, there can be used a scale from 0 to 9 (Table

3), where S9 means the highest salt-tolerance. In contrast to many other indicator values, the

distribution of the S-values over the whole scale is oblique since most species belong to the

non-halophyte group which has an indicator value of S = 0 or 1.

By long-term observations and comparing many sites, it is possible to define S-values for many

species; some few species are very variable in their adaptation to saline site conditions; those

species have no definite S-value (S = X); from others still their typical site conditions are not

exactly known (S = ---) and will be revealed only in the future.

It should also be kept in mind that the S-value list is only valid for a distinct region; it depends

on the whole given flora and the respective competitive plant communities.

The Aralkum flora is very rich in halophytes; thus, the percentage of species with high S-values

(>4) is rather high in several plant families. Other plant families are represented in the

Aralkum by a quite high number of species but are still mainly preferring sites with low salinity

(Polygonaceae, Brassicaceae, Fabaceae).

All species of the Aralkum flora are listed in Table 4, those from N Aralkum with their

ecological salinity indicator value (S-value), their halophytic strategy type, and their life-form.

It is easily recognizable that the halophytic type and the S-value are rather strongly correlated.

The applicability of the ecological salinity indicator value (S-Value) may be also worthwhile for

adjacent agricultural areas with salinized fields and weeds for a fast characterization of the

sites.

11 Conclusions

The formation of the Aralkum desert is not a new phenomenon in the history of the Aral Sea.

Several times the sea had been desiccated and flooded back to own coastlines following mainly

natural but also anthropogenic processes. Formation of the Aralkum flora in ancient and

modern times goes simultaneously with development of landscapes and soils. The shoreline is a

source of plant species diversity where species of wide geographic distribution (Mediterranean,

Palae-arctic) as well as typical Kazakhstan or Central Asian desert plants are growing in various

habitats. Even Aral endemics are present in the area (Atriplex pratovii, Corispermum

laxiflorum). The flora around the Aral Sea is still incompletely investigated. Detailed

investigations, and iteration of expedition routes of the 1980-s are necessary, especially for the

south-eastern and south-western coasts. The velocity of plant colonization of the new land

surface is high. Only 154 species were recorded in the 1980s; 47 species were added to the list of

species in 1994, 65 in 2001, and 102 in 2008. Joint efforts of botanists from Kazakhstan,

Uzbekistan, and Germany in the framework of international projects could support to complete

the study on the Aralkum flora and to give more insight on the working processes of species

migrations.

The Aralkum region is a biodiversity center of halophytes in Middle and Central Asia. Plants

have developed various mechanisms to cope with salinity. Often morphological structures are

typical for distinct adaptation strategies. Especially halo-succulence of stems (SSu) or leaves

(LSu) or both is very common in halophytes strongly adapted to salinity. It is obvious that leaf-

and stem-succulents, like species from the genera Suaeda, Salicornia, and Halocnemum,

accumulate considerable more Na and Cl in comparison with other species. On the other hand,

the Na and Cl accumulation of pseudohalophytes like Euclidium syriacum and Stipagrostis

pennata is very low. The invasion of halophytic species to the desiccated sea floor occurs under

climatic conditions which are rather variable from year to year. The halophytic species,

nevertheless, are on the other side indicators for the degree of salinity on their site and thus can

be used to monitor salinity. A novel list of indicator-values for salinity is presented. All hitherto

known species of the Aralkum flora are listed in Table 4.

Ion pattern, halophytic strategy to cope with salinity, and life form are very variable in

halophytes; their distinction from less tolerant pseudo-halophytes or non-halophytes is only

gradual. The salinization of the substrate on the dry sea floor Aralkum varies to a great extent,

causing a wide variety of saline soil types; various solonchaks have developed: marshy

solonchaks, crusty and puffy solonchaks, solonchaks slightly covered by sand, degraded coastal

solonchaks, takyr solonchaks, etc. Studying natural halophytes is thus not only very important

for all those regions where salinity has reached such a level that desalinization techniques are

much too costly but also for quasi natural sites with their ecological dynamics. The Aralkum can

be regarded as an ideal model region. Understanding the adaptation of halophytes to saline

sites and understanding their abilities to compete in saline communities is also a good

precondition for a better use of halophytes.

Ecotypes and biogeography, germination and establishment, competition, and nutrient

availability under high salinity and alkalinity are subjects on the ecosystems level which have to

be investigated further. Investigations of halophytic ecosystems, of the salinity process in

agrarial systems and of plant strategies for salt regulation are an urgent need in the Aral Sea

region, where salt has become dominant.
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Table 1
Succession on mainly sandy (or coarse silty) substrates in the northern Aralkum
(modified from Wucherer et al. 2012), typical for older (before 1990) desiccated parts of
the Aralkum

Phase Time
(years)

Depth
of
water
table
(m)

Dominant
species

Main ecosystems Substrate
type

0 0 0 Zostera

Cyanobacteria

Wet mud Wet
marshy
solonchak

1 1–3 0.3–0.7 Salicornia
europaea

Suaeda
acuminata

Atriplex
pratovii

Dense annual cover, very
variable from year to year

Marshy
solonchak

2 3–7 0.7–1.2 Atriplex
pratovii

Suaeda
acuminata

Climacoptera
aralensis

Open annual cover, mixed
with bare open sand desert
and small mobile dunes

Coastal
solonchak,
degraded
solonchak

3 7–20 1.2–1.7 Horaninovia
ulicina

Salsola
paulsenii

Agriophyllum
spp.

Stipagrostis
pennata

Calligonum
spp.

Haloxylon
aphyllum

Patches with open mobile
sand dunes, mixed with
vegetation islands of
perennials in dune valleys

Coastal
solonchak,
degraded
solonchak

4 20–50 1.7–3 Calligonum
spp.

Astragalus
spp.

Eremosparton
aphyllum

Haloxylon
aphyllum

Corispermum
spp.

Heliotropium
spp.

Open shrubby perennial
vegetation between bare open
sand dune desert

Sandy soils
and salt
hummocks

5 >40 >3 Haloxylon
aphyllum

H.persicum

Calligonum
spp.

Carex
physodes

Open, sandy desalinized
semi-desert with scattered,
sometimes dense perennials
(only fragments and local)

Arenosol

Table 2
Succession on loamy, fine silty and clayey substrates in the Aralkum (modified from
Wucherer et al. 2012), typical normally for younger (after 1990) desiccated parts of the
Aralkum

Phase Time
(years)

Dominant
species

Main ecosystems Substrate
type

0 0 Zostera

Cyanobacteria

Wet mud Wet marshy
solonchak

1 1–3 Salicornia
europaea

Suaeda
crassifolia

Tripolium
vulgare

Often dense annual cover, very
variable from year to year

Marshy
solonchak

2 3–10 Climacoptera
aralensis

Petrosimonia
triandra

Open annual cover, mixed with bare
open salt desert

Coastal
solonchak

3 10–20 Climacoptera
aralensis

Climacoptera
ferganica

Halocnemum
strobilaceum

Halostachys
caspica

Large patches with open salt desert,
mixed with annual vegetation and
islands of perennials

Coastal
solonchak,
degraded
solonchak

4 20–50 Halocnemum
strobilaceum

Halostachys
caspica

Haloxylon
aphyllum

Climacoptera
ferganica

Climacoptera
brachiata

Petrosimonia
brachiata

Shrubby perennial vegetation with
therophytes mixed with bare open
salt desert

Degraded
solonchak,
takyr soil

5 >40 Artemisia
terrae-alba

Anabasis
salsa

(Haloxylon
aphyllum)

Open, partly desalinized semi-desert
with scattered perennials (only
fragments and local)

Xerosol

(burozem)

+ −

4
2−

3
− + 2+
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+ −
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Table 3
Definitions of the S-value, the ecological salinity-indicator value. (See Breckle 1985 ;
Ellenberg et al. 1991)

S-
Value

 

S0 Not salt-tolerant, species never found in brackish soils [NaCl-content in soil <0.01%],
very sensitive to salt, strong non-halophytes

S1 Almost not salt-tolerant, very rare in brackish soils [NaCl-content in soil <0.05%]

S2 Similar as S1, but more often in slightly brackish soils [oligohaline, c. 0.05–0.3% Cl ]
slightly salt-tolerant species, which can withstand some salinity, but most frequently
occurring in nonsaline soils (“pseudo-halophytes,” exhibiting no special
morphological or anatomical features, also possible for higher S-values)

S3 Species indicating salinity, however, may also grow in soils with low salinity
(“facultative halophyte,” “accidental halophytes” in ecological sense) [ß-mesohaline, c.
0.3–0.5% CI ]

S4 Similar as S3 [α/ß-mesohaline, c. 0.5–0.7% CI ], exhibiting some salt-tolerance and
longer survival under salinity

S5 Species normally found only in saline soils [α -mesohaline, c. 0.7–0.9%CI ] can
withstand moderate salinities

S6 Typical halophytes, indicating salinity, rare in nonsaline soils [α -meso-/polyhaline, c.
0.9–1.2%CI ]

S7 Similar as S6, but very salt-tolerant, never found in nonsaline soils (often “obligatory
halophytes” in ecological terms) [polyhaline, c. 1.2–1.6%CI ], species indicating
moderate to rather high salinities in soil

S8 Typical halophytes, indicating high salinity, very salt-tolerant [euhaline, c. 1.6–
2.30%CI ], typical salt-plants, indicating high salinities, only growing on severely
saline sites (obligatory halophytes, Eu-Halophytes)

S9 Extreme halophytes, in soils with very high, during dry periods extremely high salinity
(“obligatory halophytes” in ecophysiological terms) [euhaline/hypersaline, >2.30%
CI ], found only on and always indicating very strong salinities and salt-crust soils.
Species, which can fulfil their whole life cycle on highly saline sites

X S-value very variable, broad, indistinct, species found from nonsaline to very saline
sites

--- S-value not yet known, most probably S0 or S1

−

−

−

−

−

−

−

−

Table 4
Salinity indicator value and species list. List of species of vascular plants from the
Northern Aralkum (numbered), indicating their halophytic character, and their life-form.
Salinity tolerance is expressed as indicator-value S (definitions for S-values, see Table 3;
S = 0, non-halophytes, are not indicated here, mainly are within the “not known” group;
S = 9: extreme halophytes, only growing on strongly saline stands; X = indifferent; --
- = not known) (Breckle and Wucherer 2012). Species reported from Southern Aralkum
are marked: also SA (from Sherimbetov et al. 2015), but without additional data

Species S-value
(salinity
indication)

Halophytic
strategy-type

Life
form

1. Alliaceae J. Agardh

1. Allium caspium (Pall.) Bieb. 1 NoH GB

2. A. sabulosum Stev. ex Bunge Also SA 1 NoH GB

3. A. schubertii Zucc. 1 NoH GB

2. Amaryllidaceae J. St.-Hil.

4. Ixiolirion tataricum (Pall.) Schult. &
Schult. fil.

2 Ps GB

3. Apiaceae Lindl.

Daucus carota L.    

5. Ferula canescens (Ledeb.) Ledeb. --- --- GR

6. F. caspica Bieb. --- --- GR

7. F. lehmannii Boiss. 2 Ps GR

8. F. nuda Spreng. --- --- GR

9. Prangos odontalgica (Pall.) Herrnst. &
Heyn

1 NoH GR

4. Asclepiadaceae R. Br./Apocynaceae Juss.

10. Cynanchum sibiricum Willd. Also SA 2 Ps H

5. Asparagaceae Juss.

11. Asparagus breslerianus Schult. & Schult.
fil.

1 Ps H

12. A. inderiensis Blum ex Pasz. Also SA 2 Ps H

13. A. persicus Baker 1 Ps H

6. Asteraceae Dumort.

14. Acroptilon repens (L.) DC. Also SA 3 Ps H

15. Amberboa turanica Iljin 2 Ps T

16. Anthemis candidissima Willd. ex Spreng. 1 NoH T

17. Artemisia aralensis Krasch. 2 Ps Ch

20. A. arenaria DC. --- --- Ch

18. A. austriaca Jacq. Also SA 1 Ps H

19. A. diffusa Krasch.ex Poljak. Also SA 2 Ps Ch

A. ferganensis Krasch. ex Poljak.    

21. A. pauciflora Web. --- --- Ch

22. A. quinqueloba Trautv. --- --- Ch

23. A. santolina Schrenk 3 Ps H

24. A. schrenkiana Ledeb. Also SA --- --- H

25. A. scoparia Waldst. & Kit. Also SA 2 Ps H

26. A. scopiformis Ledeb. --- --- H

27. A. semiarida (Krasch. & Lavr.) Filat. 3 Ps Ch

28. A. songarica Schrenk 3 Ps Ch

29. A. terrae-albae Krasch. Also SA X Ps Ch

30. A. turanica Krasch. Also SA --- --- Ch

31. Chartolepis intermedia Boiss. --- --- H

32. Chondrilla ambigua Fisch. ex Kar. & Kir.
Also SA

4 Ps H

33. C. brevirostris Fisch. & C. A. Mey. --- --- H

34. Cirsium arvense (L.) Scop. 2 Ps H

35. C. ochrolepidium Juz. Also SA --- --- H

36. Cousinia affinis Schrenk --- --- H

37. Epilasia hemilasia (Bunge) Clarke 2 NoH T

38. Heteracia szovitsii Fisch. & C. A. Mey. --- --- T

39. Hyalea pulchella (Ledeb.) C. Koch --- --- H

40. Inula caspica Blum ex Ledeb. 2 Ps H

41. I. germanica L. 1 NoH H

Jurinea multiloba Iljin    

42. Karelinia caspia (Pall.) Less. Also SA 5 Lsu H

43. Koelpinia linearis Pall. 3 Ps T

44. K. tenuissima Pavl. & Lipsch. Also SA --- --- T

45. K. turanica Vass. Also SA --- --- T

46. Lactuca serriola L. 3 Ps H

47. L. tatarica (L.) C. A. Mey. Also SA 3 Ps H

48. L. undulata Ledeb. Pojark Also SA --- --- T

49. Mausolea eriocarpa (Bunge) Poljak. ex
Podl. Also SA

--- --- Ch

50. Saussurea salsa (Pall. ex Bieb.) Spreng. 5 Lsu H

51. Scorzonera sericeolanata (Bunge) Krasch.
& Lipsch. Also SA

3 Ps GB

52. Senecio noёanus Rupr. Also SA 5 Lsu T

53. S. subdentatus Ledeb. Also SA 4 Lsu T

54. Sonchus oleraceus L. 3 Ps T

55. Taktajaniantha pusilla (Pall.) Nazarova
(=Scorzonera pusilla Pall.) Also SA

--- --- GB

56. Tanacetum achilleifolium (Bieb.) Sch.
Bip.

2 Ps H

57. Taraxacum bessarabicum (Hornem.)
Hand.-Mazz.

4 Ps H

T. officinale Wigg (s.l.)    

58. Tragopogon marginifolius Pavl. 3 Ps GR

59. T. ruber S. G. Gmel. --- --- GR

60. T. sabulosus Krasch. & S. Nikit. --- --- GR

61. Tripolium vulgare Nees (=Aster tripolium
L.) also SA

7 Lsu T

Xanthium strumarium L.    

7. Berberidaceae Juss.

62. Leontice incerta Pall. 1 NoH GR

Biebersteiniaceae Endl.

Biebersteinia multifida Dc.    

8. Boraginaceae Juss.

63. Argusia sibirica (L.) Dandy 6 Ps H

64. Arnebia decumbens (Vent.) Coss. & Kral.
Also SA

1 NoH T

65. Asperugo procumbens L. 1 NoH T

66. Heliotropium arguzioides Kar. & Kir. Also
SA

4 Lsu H

67. H. dasycarpum Ledeb. Also SA 5 Ps H

68. Heterocaryum rigidum A. DC. Also SA --- --- T

69. H. szovitsianum (Fisch. & C. A. Mey.) A.
DC. Also SA

--- --- T

70. Lappula semiglabra (Ledeb.) Guerke Also
SA

2 Ps T

71. L. spinocarpos (Forssk.) Aschers. Also SA --- --- T

72. Nonea caspica (Willd.) G. Don fil. Also SA 2 NoH T

Onosma staminea Lebed.    

73. Rochelia retorta (Pall.) Lipsky Also SA 3 Ps T

74. R. leiocarpa Ledeb. --- --- T

75. Suchtelenia calycina (C. A. Mey.) A. DC. --- --- T

9. Brassicaceae Burnett

76. Alyssum dasycarpum Steph. 2 NoH T

A. desertorum (Stapf) Botsch.    

77. A. turkestanicum Regel & Schmalh. --- --- T

Arabidopsis pumila (Steph.) N.Busch    

78. Capsella bursa-pastoris (L.) Medik. 1 NoH T

79. Cardaria pubescens (C. A. Mey.) Jarm. 3 Ps T

80. Chorispora tenella (Pall.) DC. Also SA 1 NoH T

Crambe edentula Fisch. et C.A.Mey.    

81. Descurainia sophia (L.) Webb ex Prantl
Also SA

3 Ps T

82. Diptychocarpus strictus (Fisch. ex Bieb.)
Trautv.

--- --- T

83. Draba nemorosa L. --- --- T

84. Erysimum sisymbrioides C. A. Mey. 1 NoH T

85. Euclidium syriacum (L.) R. Br. 3 Ps T

86. Goldbachia laevigata (Bieb.) DC. 5 Ps T

Isatis boisieriana Reichenb.    

I. emarginata Kar. et Kir.    

87. Isatis minima Bunge Also SA 4 Ps T

88. I. violascens Bunge 3 Ps T

89. Lachnoloma lehmannii Bunge 4 Ps T

90. Lepidium latifolium L. Also SA 5 LSu H

91. L. obtusum Basin. Also SA 3 Ps H

92. L. perfoliatum L. Also SA 4 Ps T

93. L. ruderale L. 4 Ps T

94. Leptaleum filifolium (Willd.) DC. Also SA 2 NoH T

95. Litwinowia tenuissima (Pall.) Woronow
ex Pavl. Also SA

--- --- T

96. Matthiola stoddartii Bunge 2 Ps T

M. chenopodiifolia Fisch. et C.A.Mey.    

97. Megacarpaea megalocarpa (Fisch. ex
DC.) B. Fedtsch.

2 NoH GR

98. Meniocus linifolius (Steph.) DC. 3 Ps T

99. Octoceras lehmannianum Bunge Also SA 3 Ps T

100. Pachypterygium multicaule (Kar. & Kir.)
Bunge

3 Ps T

101. Sameraria armena (L.) Desv. 3 Ps T

102. Streptoloma desertorum Bunge --- --- T

103. Strigosella africana (L.) Botsch. Also SA --- --- T

104. S. brevipes (Bunge) Botsch. Also SA --- --- T

105. S. circinata (Bunge) Botsch. Also SA --- --- T

106. S. scorpioides (Bunge) Botsch. Also SA 2 NoH T

107. Syrenia montana (Pall.) Klok. --- --- T

108. Tauscheria lasiocarpa Fisch. Ex DC. 3 Ps T

109. Tetracme quadricornis (Steph.) Bunge
Also SA

4 Ps T

110. T. recurvata Bunge --- --- T

Capparaceae Juss.

Capparis spinosa L.    

10. Caryophyllaceae Juss.

111. Acanthophyllum borsczowii Litv. Also SA 1 NoH Ch

112. A. pungens (Bunge) Boiss 1 NoH H

113. Gypsophila paniculata L. 3 Ps H

114. G. perfoliata L. 3 Ps H

115. Silene nana Kar. & Kir. 1 NoH T

116. S. odoratissima Bunge --- --- H

11. Ceratophyllaceae S.F.Gray

117. Ceratophyllum demersum L. 1 NoH Hy

C. submersum L.    

12. Chenopodiaceae Vent. (85)

Agriophyllum lateriflorum (Lam.) Moq.    

118. Agriophyllum minus Fisch. & C. A. Mey. 2 NoH T

119. A. squarrosum (L.) Moq. 2 NoH T

120. Anabasis aphylla L. 4 SSu Ch

121. A. salsa (C. A. Mey.) Benth. ex Volkens
Also SA

6 LSu Ch

122. A. truncata (Schrenk) Bunge 5 LSu H

123. Arthrophytum lehmannianum Bunge 5 SSu T

124. Atriplex aucheri Moq. 4 NX T

125. A. cana C. A. Mey. 6 NX T

126. A. dimorphostegia Kar. & Kir. Also SA 4 NX T

127. A. littoralis L. 5 NX T

128. A. micrantha C. A. Mey. 3 NX T

129. A. moneta Bunge Also SA 2 Ps T

130. A. patula L. 2 Ps T

131. A. pratovii Suchor. Also SA 6 NX T

132. A. pungens Trautv. 4 NX T

133. A. sagittata Borkh. 4 NX T

134. A. sphaeromorpha Iljin 4 NX T

135. A. tatarica L. Also SA 3 Ps T

136. Bassia hyssopifolia (Pall.) O. Kuntze Also
SA

5 LSu T

137. B. sedoides (Pall.) Aschers. 5 LSu T

138. Bienertia cycloptera Bunge 7 LSu T

139. Chenopodium glaucum L. 3 NX T

140. C. rubrum L. 3 Ps T

141. Ceratocarpus arenarius L. Also SA 2 Ps T

C. utriculosus Bluk.    

142. Climacoptera affinis (C. A. Mey.) Botsch.
Also SA

7 LSu T

143. C. aralensis (Iljin) Botsch. Also SA 8 LSu T

144. C. brachiata (Pall.) Botsch. Also SA 7 LSu T

C. crassa (M.Bieb.) Botsch.    

145. C. ferganica (Drob.) Botsch. Also SA 8 LSu T

146. C. lanata (Pall.) Botsch. Also SA 8 LSu T

C. olgae (Iljin) Botsch.    

C. turcomanica (Litv.) Botsch.    

147. Corispermum aralo-caspicum Iljin Also
SA

3 Ps T

148. C. hyssopifolium L. 3 Ps T

149. C. laxiflorum Schrenk 2 NoH T

150. C. lehmannianum Bunge Also SA 2 NoH T

151. C. orientale Lam. 5 Ps T

152. Gamanthus gamocarpus (Moq.) Bunge
Also SA

8 LSu T

153. Girgensohnia oppositiflora (Pall.) Fenzl
Also SA

4 Ps T

154. Halimione pedunculata (L.) Aell. 7 LSu T

155. H. verrucifera (Bieb.) Aell. 7 LSu Ch

156. Halimocnemis karelinii Moq. Also SA 7 LSu T

157. H. longifolia Bunge 7 LSu T

H. mollissima Bunge    

158. H. sclerosperma (Pall.) C. A. Mey. Also
SA

7 LSu T

159. H. villosa Kar. & Kir. 7 LSu T

160. Halocnemum strobilaceum (Pall.) Bieb.
Also SA

9 SSu Ch

161. Halogeton glomeratus C. A. Mey. Also SA 6 LSu T

162. Halostachys belangeriana (Moq.)
Botsch. Also SA

8 LSu Ph-n

163. Halothamnus subaphyllus (C. A. Mey.)
Botsch. Also SA

6 SSu Ch

164. Haloxylon aphyllum (Minkw.) Iljin Also
SA

6 SSu Ph-m

165. H. persicum Bunge ex Boiss. & Buhse
Also SA

2 (3) NoH (Ssu) Ph-m

166. Horaninovia anomala (C. A. Mey.) Moq.
Also SA

3 Ps T

167. H. excellens Iljin Also SA 3 Ps T

168. H. minor Schrenk 3 Ps T

169. H. ulicina Fisch. & C. A. Mey. Also SA 5 Ps T

170. Kalidium caspicum (L.) Ung.- Sternb.
Also SA

7 LSu Ch

171. K. foliatum (Pall.) Moq. 7 LSu Ch

172. Kirilowia eriantha Bunge 6 LSu T

173. Kochia iranica Bornm. 5 Ps T

174. K. odontoptera Schrenk 5 Ps T

175. K. prostrata (L.) Schrad. Also SA 5 Ps Ch

K. scoparia (L.) Schrad.    

176. Krascheninnikovia ceratoides (L.)
Gueldenst.

(2) 3 (5) (NoH) Ps Ch

K. ewersmanniana (Stschegl. ex Losink.)
Grub.

   

177. Londesia eriantha Fisch. & C. A. Mey. 4 Ps T

178. Nanophytum erinaceum (Pall.) Bunge
Also SA

5 LSu Ch

179. Ofaiston monandrum (Pall.) Moq. Also
SA

6 LSu T

180. Petrosimonia brachiata (Pall.) Bunge 7 LSu T

181. P. glaucescens (Bunge) Iljin 7 LSu T

182. P. hirsutissima (Bunge) Iljin 7 LSu T

183. P. squarrosa (Schrenk) Bunge 7 LSu T

184. P. triandra (Pall.) Simonk. 8 LSu T

185. Salicornia europaea L. s. l. Also SA 9 SSu T

186. Salsola arbuscula Pall. Also SA 4 LSu Ph-n

S. arbusculaeformis Drob.    

187. S. australis (R.) Br. Also SA --- LSu T

188. S. chiwensis M. Pop. --- LSu Ch

189. S. dendroides Pall. Also SA 6 LSu Ch

S. deserticola Iljin    

190. S. foliosa (L.) Schrad. Also SA --- LSu T

S. gemmascens J.Pall.    

191. S. implicata Botsch. Also SA --- LSu T

S. incanescens C.A.Mey.    

192. S. micranthera Botsch. Also SA 5 LSu T

193. S. nitraria Pall. Also SA 6 LSu T

194. S. orientalis S. G. Gmel. Also SA 5 LSu Ch

195. S. paletzkiana Litv. Also SA 3 LSu Ph-n

196. S. paulsenii Litv. Also SA 3 LSu T

197. S. richteri (Moq.) Kar. ex Litv. Also SA 4 LSu Ph-n

198. S. tamariscina Pall. 5 LSu T

199. Suaeda acuminata (C. A. Mey.) Moq.
Also SA

8 LSu T

200. S. altissima (L.) Pall. 7 LSu T

201. S. arcuata Bunge 8 LSu T

202. S. crassifolia Pall. Also SA 9 LSu T

S. dendroides (C.A.Mey.) Moq.    

203. S. heterophylla (Kar. & Kir.) Bunge 7 LSu T

S. linifolia Pall.    

204. S. microphylla Pall. Also SA 8 LSu Ch

205. S. microsperma (C. A. Mey.) Fenzl. Also
SA

8 LSu T

206. S. physophora Pall. 7 LSu Ch

207. S. salsa (L.) Pall. Also SA 8 LSu T

13. Convolvulaceae Juss.    

208. Convolvulus arvensis L. Also SA 2 Ps H

209. C. erinaceus Ledeb. Also SA 1 NoH Ch

C. fruticosus Pall.    

210. C. subsericeus Schrenk 1 NoH Ch

14. Cyperaceae Juss.

211. Bolboschoenus maritimus (L.) Palla 6 Ps GB

B. popovii Egor.    

212. Carex pachystylis J. Gay Also SA 2 Ps H

213. C. physodes Bieb. Also SA 1 NoH H

214. Scirpus lacustris L. 6 Ps Hy

215. S. tabernaemontani C. C. Gmel. 6 Ps Hy

15. Elaeagnaceae Juss.

216. Elaeagnus oxycarpa Schlecht. 4 Ps Ph-m

E. turcomanica Kozlowsk.    

16. Ephedraceae Dumort.

217. Ephedra distachya L. Also SA 3 Ps Ch

218. E. intermedia Schrenk & C. A. Mey. 1 NoH Ch

E. lomatolepis Schrenk    

219. E. strobilacea Bunge Also SA 2 NoH Ch

17. Equisetaceae Rich. Ex DC.

220. Equisetum ramosissimum Desf. Also SA 1 NoH H

18. Euphorbiaceae Juss.

221. Euphorbia inderiensis (Less.) Kar. & Kir. --- --- H

222. E. seguierana Neck. Also SA 2 Ps H

223. E. turczaninowii Kar. & Kir. --- --- H

224. E. undulata Bieb. --- --- H

19. Fabaceae Lindl.

225. Alhagi pseudalhagi (Bieb.) Fisch. Also
SA

X Ps H

226. Ammodendron bifolium (Pall.) Yakovl. --- --- Ph-n

227. A. conollyi Bunge Also SA 2 NoH Ph-m

228. A. karelinii Fisch. & Mey. Also SA 2 NoH Ph-n

A. lehmanni Bunge ex Boiss.    

229. Astragalus amarus Pall. --- --- H

230. A. ammodendron Bunge Also SA --- --- Ph-n

231. A. brachypus Schrenk Also SA --- --- Ph-n

232. A. campylorrhynchus Fisch. & C. A.
Mey.

2 Ps T

A. kirghisorum Schrenk    

233. A. lehmannianus Bunge Also SA 2 Ps H

234. A. longipetalus Chater --- --- H

235. A. ninae Pavl. --- --- H

236. A. oxyglottis Stev. Ex Bieb. --- --- T

237. A. testiculatus --- --- H

238. A. villosissimus Bunge Also SA --- --- Ph-n

239. A. vulpinus Willd. --- --- H

240. Eremosparton aphyllum (Pall.) Fisch. &
Mey. Also SA

2 Ps Ph-n

241. Glycyrrhiza aspera Pall. 4 Ps H

242. G. glabra L. Also SA 4 Ps H

243. Halimodendron halodendron (Pall.)
Voss. Also SA

5 LSu Ph-n

Medicago sativa L.    

244. Pseudosophora alopecuroides (L.) Sweet 4 Ps H

245. Sphaerophysa salsola (Pall.) DC. --- --- H

246. Trigonella arcuata C. A. Mey. --- --- T

247. T. orthoceras Kar. & Kir. --- --- T

20. Frankeniaceae S. F. Gray

249. Frankenia hirsuta L. Also SA 8 EX H

21. Fumariaceae DC.

248. Fumaria vaillantii Loisel. 1 NoH T

22. Geraniaceae Juss.

250. Erodium oxyrhynchum Bieb. 1 NoH T

251. Geranium transversale (Kar. & Kir.)
Vved. Also SA

1 NoH GR

23. Hypecoaceae Nakai

252. Hypecoum parviflorum Kar. & Kir. Also
SA

2 NoH T

24. Iridaceae Juss.

253. Iris longiscapa Ledeb. 1 NoH GR

254. I. songarica Schrenk 3 Ps GR

255. I. tenuifolia Pall. 1 NoH GR

25. Juncaceae Juss.

256. Juncus gerardii Loisel. 7 Ps H

26. Lamiaceae Lindl.

257. Chamaesphacos ilicifolius Schrenk --- --- T

258. Eremostachys tuberosa (Pall.) Bunge
Also SA

--- --- GR

Lagochilus acutilobus (Ledeb.) Fisch. &
C.A.Mey.

   

259. Lallemantia royleana (Benth.) Benth. 1 NoH T

Thuspeinantha persica (Boiss.)Briq.    

27. Liliaceae Juss.

Gagea afghanica Terr.    

260. Gagea reticulata (Pall.) Schult. & Schult.
Fil.

1 NoH GB

261. Rhinopetalum karelinii Fisch. ex
Alexand. Also SA

1 NoH GB

Tulipa biflora Pall.    

262. Tulipa buhseana Boiss. Also SA 1 NoH GB

28. Limoniaceae Lincz.

263. Limonium caspium (Willd.) Gams. 7 EX H

264. L. gmelinii Willd. O. Kuntze Also SA 7 EX H

265. L. otolepis (Schrenk) O. Kuntze Also SA 7 EX H

266. L. suffruticosum (L.) O. Kuntze Also SA 8 EX Ch

29. Malvaceae Juss.

267. Malva neglecta Wallr. 3 Ps T

Najadaceae Juss.

Najas marina L.    

30. Nitrariaceae Bercht. & J. Presl.

268. Nitraria schoberi L. Also SA 6 LSu Ph-n

269. N. sibirica Pall. Also SA 6 LSu Ph-n

31. Orobanchaceae Vent.

270. Cistanche salsa (G. A. Mey.) G. Beck
Also SA

X Su GP

271. Orobanche cernua Loefl. Also SA 1 NoH GP

32. Papaveraceae Juss.

272. Roemeria hybrida (L.) DC. Also SA 2 NoH T

273. R. refracta DC. Also SA 2 NoH T

33. Peganaceae (Engl.) Tiegh. Ex Takht.

274. Peganum harmala L. Also SA X Ps H

34. Plantaginaceae Juss.

Plantago minuta Pall.    

275. Plantago tenuiflora Waldst. & Kit. 5 Ps T

35. Poaceae Barnhart

276. Aeluropus littoralis (Gouan) Parl. Also
SA

7 EX H

277. Agropyron desertorum (Fisch. ex Link)
Schult.

1 Ps H

278. A. fragile (Roth) P. Candargy Also SA --- --- H

279. Anisantha tectorum (L.) Nevski Also SA --- --- T

280. Calamagrostis dubia Bunge Also SA --- --- H

281. Catabrosella humilis (Bieb.) Tzvel. E.
racemosus Lam.

--- --- H

282. Crypsis schoenoides (L.) Lam. 7 EX T

Elymus kirghisorum Drob.    

283. Eremopyrum bonaepartis (Spreng.)
Nevski

--- --- T

284. E. distans (C.Koch) Nevski Also SA 3 Ps T

285. E. orientale (L.) Jaub. & Spach. Also SA 4 Ps T

286. E. triticeum (Gaertn.) Nevski Also SA 4 Ps T

287. Leymus racemosus (Lam.) Tzvel. (= E.
racemosus Lam.)

--- --- H

288. Phragmites australis (Cav.) Trin. ex
Steud. Also SA

X Ps H

289. Poa bulbosa L. Also SA 1 NoH H

290. Puccinellia distans (Jacq.) Parl. 7 EX H

291. P. dolicholepis V. Krecz. 6 EX H

292. P. gigantea (Grossh.) Grossh. 6 EX H

293. Schismus arabicus Nees 3 Ps T

294. Stipa caspia C. Koch 1 NoH H

295. S. sareptana Beck. 1 NoH H

296. Stipagrostis karelinii (Trin.&
Rupr.)Tzvl. Also SA

1 NoH H

297. S. pennata (Trin.) de Winter Also SA 1 NoH H

S. szovitsiana Trin. ex Hohen.    

36. Polygonaceae Juss.

Atraphaxis frutescens (L.) C.Koch    

298. Atraphaxis replicata Lam. Also SA 1 NoH Ph-n

299. A. spinosa L. Also SA 1 NoH Ph-n

300. Calligonum acanthopterum Borszcz.
Also SA

--- --- Ph-n

301. C. alatiforme Pavl. --- --- Ph-n

302. C. alatum Litv. --- --- Ph-n

303. C. androssovii Litv. --- --- Ph-n

304. C. aphyllum (Pall.) Guerke Also SA --- --- Ph-n

305. C. aralense Borszcz. Also SA --- --- Ph-n

306. C. borszczowii Litv. --- --- Ph-n

307. C. cancellatum Mattei --- --- Ph-n

308. C. caput-medusae Schrenk Also SA --- --- Ph-n

309. C. colubrinum Borszcz. --- --- Ph-n

310. C. commune (Litv.) Mattei --- --- Ph-n

311. C. crispatum (Litv.) Mattei --- --- Ph-n

312. C. cristatum Pavl. --- --- Ph-n

313. C. densum Borszcz. --- --- Ph-n

314. C. dubjanskyi Litv. --- --- Ph-n

315. C. elatum Litv. --- --- Ph-n

316. C. erinaceum Borszcz. --- --- Ph-n

317. C. eriopodum Bunge Also SA --- --- Ph-n

318. C. humile Litv. --- --- Ph-n

319. C. junceum (Fisch.& C.A.May.) Litv. Also
SA

--- --- Ph-n

320. C. lamellatum (Litv.) Mattei --- --- Ph-n

321. C. leucocladum (Schrenk) Bunge Also SA --- --- Ph-n

322. C. macrocarpum Borszcz. Also SA --- --- Ph-n

323. C. membranaceum (Borszcz.) Litv. --- --- Ph-n

324. C. microcarpum Borszcz. Also SA --- --- Ph-n

325. C. minimum Lipsky --- --- Ph-n

326. C. muravljanskyi Pavl. --- --- Ph-n

327. C. palibinii Mattei --- --- Ph-n

328. C. platyacanthum Borszcz. --- --- Ph-n

329. C. pseudohumile Drob. --- --- Ph-n

330. C. rotula Borszcz. --- --- Ph-n

331. C. rubens Mattei --- --- Ph-n

C. setosum (Litv.) Litv.    

332. C. spinulosum Drob. --- --- Ph-n

333. C. squarrosum Pavl. Also SA --- --- Ph-n

334. C. undulatum Litv. --- --- Ph-n

335. Polygonum arenarium Waldst. Ed Scit. 2 Ps T

336. P. monspeliense Thieb. ex Pers. 3 Ps T

337. Rheum tataricum L. Also SA 2 Ps GR

338. Rumex marschallianus Reichenb. --- --- T

37. Potamogetonaceae Dumort.

339. Potamogeton perfoliatus L. 2 Ps H

38. Ranunculaceae Juss.

340. Adonis parviflora Fisch. ex DC. 2 Ps T

341. Ceratocephala falcata (L.) Pers. Also SA 3 Ps T

342. C. testiculata (Grantz.) Bess. Also SA 3 Ps T

343. Clematis orientalis L. 1 NoH Ph-n

344. Consolida rugulosa (Boiss.) Schröding. 2 Ps T

345. Myosurus minimus L. 3 Ps T

346. Ranunculus platyspermus Fisch. ex DC. 2 Ps GR

347. Thalictrum isopyroides C. A. Mey. 1 NoH GR

39. Rosaceae Juss.

348. Hulthemia persica (Michx. ex Juss.)
Bornm. Also SA

3 Ps Ch

Rosa majalis Herrm.    

40. Rubiaceae Juss.

349. Asperula danilewskiana Basin. --- --- Ch

350. Galium spurium L. 2 Ps T

41. Rutaceae Juss.

351. Haplophyllum perforatum Kar. et Kir. 2 Ps H

42. Salicaceae Mirb.

352. Populus euphratica Olivier / P.
diversifolia

(2) 3 (4) Ps Ph-m

43. Scrophulariaceae Juss.

353. Linaria dolichoceras Kuprian. --- --- H

354. Veronica campylopoda Boiss. Also SA 1 NoH T

44. Solanaceae Juss.

355. Hyoscyamus pusillus L. 1 NoH T

356. Lycium ruthenicum Murr. Also SA 4 LSu Ph-n

45. Tamaricaceae Link.

357. Tamarix aralensis Bunge 6 EX Ph-n

358. T. elongata Ledeb. Also SA 6 EX Ph-n

359. T. florida Bunge Also SA 6 EX Ph-n

360. T. hispida Willd Also SA 8 EX Ph-n

361. T. hohenackeri Bge 6 EX Ph-n

362. T. karelinii Bunge 6 EX Ph-n

363. T. laxa Willd. Also SA 6 EX Ph-n

364. T. leptostachys Bunge 8 EX Ph-n

365. T. litwinowii Gorschk. 6 EX Ph-n

366. T. ramosissima Ledeb. Also SA 7 EX Ph-n

46. Typhaceae Juss.

367. Typha angustifolia L. Also SA 2 Ps Hy

47. Zannichelliaceae Dumort.

368. Zannichellia palustris L. 4 HH H

48. Zosteraceae Dumort.

Zostera minor (Cavol.) Nolte ex Reichenb.    

369. Zostera noltii Hornem. 9 HH Hy

49. Zygophyllaceae R. Br.

370. Zygophyllum eichwaldii C. A. Mey. Also
SA

2 LSu Ch

371. Z. fabago L. 5 LSu H

372. Z. macropterum Boriss. 2 LSu H

373. Z. oxianum Boriss. Also SA 5 LSu H
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