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ABSTRACT  
One of the insufficiently explored areas of biodiversity in Central Asia is the dry seafloor of the Aral Sea. Biological diversity of the dried 
up part of Aral Sea basically was characterized by specific structure of flora and vegetation. Aim of this study is to taxonomical and 
ecological plant characterization South Aralkum variety, also, we need to reveal the species requiring protection. For the first time 220 
species of the higher plants has been shown to be growing in the south drying seafloor of Aral Sea. Especially, the division of Equisetophyta 
plants 1 species (0.45 % from general amount of flora) and Pynophyta plants includes only 3 species (1.35 %). Division of Magnoliophyta 
make up 216 species from 220 types of vascular plants of the dry seafloor of Aral Sea (98.2 %) members of the division of magnolia: 
Magnoliopsida has 189 species (86%; 101 genera and 31 families); Liliopsida has 27 species (12.2 %; 21 genera and 8 families). Analysis of 
division of genera and species according to the family shows that the large 7 families (Chenopodiaceae, Asteraceae, Brassicaceae, Poaceae, 
Polygonaceae, Fabaceae, Boraginaceae) unite make up 162 species (73.63%). The largest family is Chenopodiaceae includes 25 genera 
and 63 species. Other 6 large families compose 58 genera and 99 species (45.0 %); 20 families (Equusetaceae, Hypecoaceae, 
Caryophyllaceae, Frankeniaceae, Capparaceae, Euphorbiaceae, Geraniaceae, Biebersteiniaceae, Peganaceae, Elaeagnaceae, Apiaceae, 
Apocynaceae, Solanaceae, Scrophulariaceae, Plantaginaceae, Alliaceae, Asparagaceae, Najadaceae, Zosteraceae, Typhaceae) have only 
one genus and one species (9.09%). The data on the species composition and botanical diversity is undoubtedly changed in connection with 
the formation of vegetation of the Aral Sea dried bottom. Data will be also updated by new species composition on the planned further 
expeditions. Research results can be used to write scientific papers about the flora of the dried bottom of the Aral Sea as well as to develop a 
modern system of higher plants of Uzbekistan. Certain types can be used to consolidate the moving sands and salt marshes with 
phytomeliorative works, as well as species with forage value can be used as livestock grazing land. 
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INTRODUCTION 
 

One of the insufficiently explored areas of biodiversity in Central Asia is the dry seafloor of the Aral Sea. 
This region differs from neighboring (desert) areas with peculiar floristic composition, vegetation, soil and 
climate. The physical and geographical location of Aral Sea is a continuation of the Turan lowland. Visiting the 
Aral Sea region in 2011 Mr. Ban Ki-Moon, the UN Secretary General, could see for himself a very complicated 
range of globally significant ecological, social-economic and demographic problems existing in the region. The 
Aral Sea drying is a significant problem for millions of the region’s residents hopefully appealing the United 
Nations Organization as one of the most prestigious organizations worldwide. 
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Due to process of the Aral Sea drying, typical dried desert, large sandy-saline complex landscape originated 
on its territory. This desert named “Aralkum” emerged as a new natural area of Central Asia. Aralkum is the 
youngest desert in the world. According to recent data, the total area of the dried Aral Sea is about 5.5 million 
hectares. The southern part, located in Karakalpakstan makes up 2.5-3 million hectares.  

Dry seafloor of the Aral Sea – an open, deserted and unique "laboratory" emerged in Central Asia. The 
dried areas of Aral Sea mainly contain variety level of soil salts and sands. New appearing natural, complex 
plant fellowships, their structure, dynamics, developing directions and activities of plants, succession and 
landscape changes require deep researching the bottom of the sea. Because of occurring dries and changes 
happening on it, makes it necessary to tearn detally the dynamics (migration) of the plants. 

Every year, 170-200 tons of salt and dust rise into the air and fall on the territory of the Republic of 
Karakalpakstan [1]. The original salinity (1940 to 1960) of the Aral Sea was 10 g/l. It has increased to 40-50 g/l 
(the average value for the ocean is 35 g/l) which has a devastating effect on its ecosystem. The vegetation of the 
former coast – the Aral terraces, the dune areas – is very complex. It includes halophytic, psammaphytic, tugai 
species (small trees and shrubs of the delta and river floodplains) and it is the source of seeds for the formation 
of new plant communities on the dry seafloor. For the past 50 years total run-off of Amu Darya and Syr Darya 
reduced nearly by 5 times. The Aral Sea water mass volume decreased more than by 14 times, while its salt 
content increased by nearly 25 times causing extinction of fish and sea organisms abiding the Aral Sea. 

Pesticides are widely used in pest control and crop protection, but due to its biological activity and its 
permanence in the environment they  may  cause  serious  effects  on  human  health,  either  under  its  exposure  
or  by  consuming  foods  that  contain  them [2]. The world's arable land resources are finite and there is not 
much scope for significantly expanding the area of land under cultivation. Hence, most of the increase in 
agricultural production will have to be obtained through increased productivity from the existing agricultural 
land [3]. The  improvement  of  civilization, technology,  industry and shifting patterns of life increases the 
possibility of heavy  metals to  migrate in food more. One source of heavy metals also that can contaminate food 
can come from heavy metal residues from the mining industry [4]. 

Results of floral investigation of the northern part of the dried seafloor of the Aral Sea were given in works 
of Dimeyeva [5, 6], Breckle, Wucherer, Dimeyeva, Ogar [7], Dimeyeva, Pankratova [8]. 

 
MATERIALS AND METHODS 

 
The Aral Sea is a major saline lake in Central Asia, located at the boundary between Uzbekistan and 

Kazakhstan. Until the early 1960s, the lake surface level was stable at about 53.5 above the ocean level. In 1960, 
the Aral Sea At the time, the lake was the fourth largest on Earth, with the volume about 1070 km3 and the area 
over 65000 km2. Starting from 1961, the Aral Sea has been continuously shrinking because of deficiency in its 
water budget. It is believed that the desiccation resulted from a combination of natural and anthropogenic factors 
[9].  

Plant materials and data analysis. The object of research is the flora of the dried bottom of the Aral Sea in 
its southern part: herbarium materials (among 1000 examples) collected in the different long-term season’s 
expeditions in 2006-2015 on the area of about 2.5 million hectares. Taxonomic identification performed in the 
Laboratory Genomics of the Institute of Bioorganic Chemistry, and the Laboratory of Central Herbarium 
(TASH), Institute of the Gene pool of plants and animals Academy Sciences of the Republic of Uzbekistan as 
well as in Educational-Experimental Centre for High Technologies in Tashkent. We carried out flora and 
taxonomy analysis using classical morphological and geographical method of Popov [10]. In definition of rare 
species of plants it was accepted principles of the “The Red Data Book of the Republic of Uzbekistan” [11] 
following the classification of the International Union for Conservation of Nature. A detailed study of herbarium 
material was conducted using botanical nomenclature [12] and taking into account the changes introduced by 
Czerepanov [13]. We also used data of International Plant Names Index (http://www.ipni.org). 
 

RESULTS AND DISCUSSION 
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Taxonomical analysis. Based on this analysis, the system of plant species of the southern dry bottom of the 

Aral Sea was developed for the first time. Takhtajan’s system [14] based on the most recent studies in plant 
morphology, embryology, phytochemistry, cytology, molecular biology as well as palynology was accepted by 
us in elaboration of plant classification of the south drying seafloor of Aral Sea: divisions, classes, subclasses, 
superorders, orders, families and genera are located in this system, but species – in alphabetical order. 
Beforehand we determined the floristic composition of the territory [15, 16]. As the results of the expedition that 
took place in recent years, some new plants species have been refined and added to the list of botanical diversity 
of the dried bottom of the Aral Sea. As a result, 220 types of species of vascular plants belonging to 3 divisions, 
4 classes, 10 subclasses, 18 large orders, 30 orders, 41 families and 124 genera were registered at the dry seafoor 
of the South Aral Sea (Table 1).  
 
 
Table 1: Large taxonomic units 

Taxonomic units Higher spore plants 
Higher seed  
plants 

All 

Divisions Equisetophyta Pynophyta Magnoliophyta 3 
Classes 1 1 Magnoliopsida Liliopsida 4 
Subclasses   7 3 10 
Large orders   13 5 18 
Orders 1 1 20 8 30 
Families 1 1 31 8 41 
Genera 1 1 101 21 124 
Species 1 (0.45 %) 3 (1.35 %) 189 (86 %) 27 (12.2 %) 220 

 
Analysis of division of genera and species according to the family shows that the large 7 families unite 162 

species (73.63 % from general amount of flora) (Table 2). The largest family is Chenopodiaceae unites 25 
genera 66 species (28.63 % from general amount of flora). Other 6 large families unite 58 genera 99 species 
(45.0 % from general amount of flora); 20 families have only by one genus and one species (9.09 % from 
general amount of flora). Analysis of division of amount of species into genera shows that 6 genus includes of 
58 species (26.36 % from general amount of flora) (Table 3). 
 
Table 2: Large families 

Families Amount of genera 
Species 
Amount % 

1.Chenopodiaceae 25 63 28.63 
2. Asteraceae 16 25 11.36 
3. Brassicaceae 14 21 9.54 
4-7. Poaceae 11 15 6.81 
4-7.Polygonaceae 3 15 6.81 
5. Fabaceae 7 13 5.9 
6. Boraginaceae 7 10 4.54 
All 83 162 73.63 

 
Table 3: Large genera 

Genera 
 
Amount  
of species 

% 

1. Salsola 15 6.81 
2. Calligonum 11 5.0 
3. Climacoptera 8 3.63 
4-7. Artemisia 7 3.18 
4-7. Suaeda  7 3.18 
5. Tamarix 5 2.27 
6. Strigosella 5 2.27 
All 58 26.36 

 
We indented 6 species under protection. A list of rare plants in the territories of the Republic of 

Karakalpakstan, Uzbekistan and Kazakhstan has been extended (Figure 1). 
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Fig. 1: The Aral region endemic (a) and rare species (b, c, d, f, j): a) Atriplex pratovii (30.04.2013, 
44°30.07.6'N, 58°11.09.8'E); b) Tulipa biflora (29.04.2013, 43°44.46.2'N, 58°20.02.1'E); c) Tulipa 
buhseana (30.04.2013, 44°46.05.8'N, 58°12.06.6'E); d) Rosa majalis (06.05.2014, 44°14.37.8'N, 
58°16.29.1'E); f) Artemisia austriaca (06.05.2014, 45°06.10.6'N, 58°19.58.8'E); j) Crambe edentula 
(06.05.2014, 44°46.12.8'N, 58°12.05.3'E). 

 
Other types of Species on this area prove a close connection with species extended with other floristic areas 

in the world. The analyses results of areal types confirm that plants growing at south part of Aralkum 
widespread all over the world. It could be illustrated on examples of pluriregionalian species, as Atriplex 
tatarica, Salicornia europaea, Xanthium strumarium, Phragmites australis, and Typha angustifolia. Some 
species of the south Aralkum flora, extended in East America, Africa, Europe, the ancient Mediterranean, the 
Himalayas, India and Tibet, are considered as the important proof of antiquity prevalence on all Globe. Areal 
types of plants analyses prove that species of floristic structure basically concern to Holearctic and Paletropic 
regions. Hence, it is possible to consider that the flora of south Aralkum occurs from Iran-Turanian flora. 

The Aral Sea drying resulted in dramatic changes of climate of the Central Asia, as a whole, causing (a) 
exacerbation of water supply deficiency, (b) seasonal recurring of droughts, (c) persistency of harshest winters, 
(d) accelerated deglaciation in Pamir and Tein Shan mountains and (e) deterioration of farming in the Central 
Asian states. The peculiar topsoil, its mineral and mechanic composition is known to significantly affect 
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formation of living soil cover. To characterize biological diversities of the region the nature-landscape 
complexes, hydrogeology, climate, and other factors affecting its formation are to be profoundly studied. The 
Aral Sea drying has changed the region climate making it severely continental. Dust containing marine salts, 
pesticides and chemicals is carried from the former dried seabed by the winds in great quantities. Today, the 
specialists above make no efforts to have the Aral Sea recovered. But it is mandatory to expedite social-
ecological daily activities of people residing the Aral Sea region. Only all-sided in-depth study of the problem 
can facilitate positive outcome. 

In the face of ongoing Aral Sea drying and the humanitarian catastrophe taking place in the region, to 
preserve natural biological reserve of the Aral Sea region, and to reduce devastating effect of the Aral Sea crisis 
on the environment and, most significantly, on the daily living activities of millions of the region’s residents is 
the most crucial problem. Tragically, the fact that it is impossible to have the Aral Sea fully recovered is 
evident. 

These data are the results of seven years of author’s 10-year study on the inventory of plants of the 
Southern Aralkum. The amount of species (220) and taxonomic units certainly may change because of continue 
of flora formation. The principle of this approach is based on the increasing of endogenous interferon induction 
by low molecular inducers of natural origin. This approach strengthen the immune system and reduces the 
consumption of expensive drugs. In the treatment of these diseases low molecular substances, peptides, proteins 
and derivatives are active compounds. They will not only kill the viruses in the host organism, but also induce 
the production of endogenous interferon, which has an antiviral effect. Such unique compounds of vegetal origin 
as local raw materials may be found in desert plants of seafloor Aral Sea and can induce the synthesis of 
interferon or α - β or β - γ type in the organism, and have anti-inflammatory effects. 

Wild plant species of Uzbekistan have been studied on the example of the Atriplex pratovii Sukhor. 
(Chenopodiaceae) plant by means of the DNA barcode method. For the first time, the polymerase chain reaction 
was performed for matK and rbcL genes of Atriplex pratovii. Consequently, PCR fragments of rbcL gene were 
obtained by means of a rbcLa-F and rbcLa-R primer pair which amplified about 600 base pairs, rbcLa-F and 
rbcLajf634-R which amplified about 650 base pairs, and PCR fragments of matK gene by means of a matK-
1RKIM-F and matK-3FKIM-R primer pair which amplified approximately 900 base pairs. The length of the 
PCR products was determined by means of DNA markers of known length. We have studied Atriplex pratovii 
species which is morphologically similar to Atriplex tatarica L. As a result of the amplification of matK gene of 
Atriplex tatarica L. the length of the PCR product was 940 base pairs. As a result of our study of the  matK gene 
region of Atriplex pratovii it was determined that the PCR product length is approximately 900 bp. In a future 
planning sequencing matK and rbcL genes of Atriplex pratovii. 
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