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Abstract. The dry sea floor of the Aral Sea at present  is a huge open salt flat. The 
enhancement of vegetation cover by means of phytomelioration is a realistic way for 
stabilization of the dry sea floor surface. This will support the natural processes of vegetative 
and generative propagation and the creation of seed banks for natural dissemination. Two 
experimental plots were established for identification of perspective plants for 
phytoreclamation of saline soils. Seeding experiments were started on two kinds of different 
ecological environments. Seeds of perennial and annual halophytes: Halocnemum 
strobilaceum, Haloxylon aphyllum, Halostachys caspica, Climacoptera aralensis, etc. were 
sowed. Experiment has shown that sandy soils have more favourable conditions for 
implementation of phytomeliorative measures than clay soils; the aridity of the first 
vegetation period plays a major role on the establishment  of seedlings and saplings; species 
from local flora are more effective for phytoreclamation.    

Introduction 

The problems of the Aral Sea and the Aral Sea basin have no analogous features in size and intensity elsewhere 
(Glazovskii 1990; Walter and Breckle 1994; Letolle and Mainguet 1996; Klötzli 1997; Breckle et al. 1998). The 
centre of natural and anthropogenical influence, and thus of the Aral Sea crisis, is the territory of the dry sea 
floor.   
 In the first years after water retreatment, marsh lands are formed with shallow underground 
water table. This land is inhabited by Salicornia europaea, Suaeda acuminata, S.crassifolia 
and then by Climacoptera and Petrosimonia species and other annual salt-tolerant herbs. The 
process of intensive evaporation and increasing salinization can be observed everywhere. The 
further phase of salt crust formation is determined by the lithology of the sea floor deposits. A 
light lithology of surface horizons leads to the formation of sandy soils. Where heavy 
lithology and salinization processes prevail, nepkha landscapes are formed; 7–10 years after 
sea floor exposure and ongoing salinization or partial desalinization, the soils are inhabited by 
perennial halophytes, e.g. Halocnemum strobilaceum, Halostachys caspica, Kalidium 
caspicum and Haloxylon aphyllum. Observation of natural colonization on dry areas leads to 
the conclusion that phytomeliorative measures would be more rationally implemented where 
soil is undergoing the stage of primary soil desalinization. The process of desalinization on 
the dry sea floor can continue for about 7–10 years after drying. This period of soil formation 
is the most dangerous factor for soils of light texture. Once the saltcrust on the sandy upper 
stratum is blown off by winds, these areas serve as an arena for sand and  salt storms. This 



enhances desalinization, but also affects the wider environment very severely. In contrast to 
light soil lithology, the processes of desalinization on heavy-textured substrates of the sea 
floor deposits are extremely slow. Phytomeliorative measures, again, can help to expedite and 
improve conditions of natural vegetation development and to replenish the poor seed bank of 
the sea floor substrate. The primary purpose of phytomelioration certainly must be to 
originate puddles on exposed bottom substrates with good diverse seed banks, to ameliorate 
shrubby vegetation and, in the long run, possibly to expedite the agricultural use of parts of 
the new territory.  
Our exploration of a territory of the eastern part of the dry floor of the Aral Sea  began from 
the primary sea shore to the Uzunkayr sandy barkhan region. That territory belongs to areas 
which fell dry in the 1960s–1970s, and in the 1980s were mostly covered with dwarf 
semishrubs, semishrubs, bushes and small tree plants: Halocnemum strobilaceum, Kalidium 
caspicum, Halostachys caspica, Tamarix 
–species and Haloxylon aphyllum.  

Field Experiments 

Our two field experiments were made with different kinds of halophytes from the local flora on typical saline 
soils close to the former Kaskakulan island in 1997 
–1998. 
Experimental plot no. 1 is located 18 km from the original coastline to the southwest of  
Kaskakulan island on a crust solonchak without vegetation. It is a flat plain in the desiccated 
sea bottom of the 1970s. The solonchak is surrounded by blown sands with halocnemum-
saxaul vegetation (Haloxylon aphyllum, Halocnemum strobilaceum, Atriplex fominii, 
Climacoptera aralensis). The soil is saline. Salt content at the stratum is 0-2 cm 24.5% (Cl-: 
10.4%, SO4

2-: 5.1%,  
Na+ + K+: 7.8%). Due to the strong evaporation, the capillary upwards movement of moisture 
brought large amounts of salt to the upper horizon of the soil. As a result of this, the effusion 
regime phenomenon, where the main parts of the salts are concentrated in an upper salty crust, 
is very prominent. The soil layer of between  2 and 50 cm depth is made up of medium loam 
with thin sublayers of packed clay. These layers are rather wet and the moisture content 
increases with depth. Apparently, the movement from underground water takes place. The 
groundwater table at the start of the year of the experiment was found at a depth of 3 m. The 
groundwater had a mineral content of 48 g l-1. Seeds of 17 species of halophytes were sowed 
there in November, 1997 (Table 1).   
Table 1. Halophyte phytomelioration on crusty saline clay soil of the Aral Sea dry floor 

Quantity of plants on recorded areas Plant height (cm)  
Plant / date 22.04.98 01.06.98 23.08.98 01.06.98 23.08.98 
Halogeton glomeratus 27 27 27 4.0 9.0 
Suaeda acuminata  77 62 51 1.0 5.0 
Climacoptera aralensis 35 32 11 1.0 2.0 
Atriplex fominii 43 30 10 1.0 8.0 
Atriplex tatarica  125 89 0 1.2 - 
Salsola nitraria 23 23 0 0.5 - 
Petrosimonia brachiata  39 37 0 1.5 - 
Kalidium caspicum 14 6 0 1.0 - 
Climacoptera lanata  17 16 0 1.3 - 
Limonium gmelinii - - 0 0 - 
Karelinia caspia - - - - - 
Pseudosophora alopecuroides - - - - - 
Halostachys caspica - - - - - 
Haloxylon aphyllum - - - - - 
Suaeda microphylla  - - - - - 
Salsola australis - - - - - 



Halocnemum strobilaceum - - - - - 

 
Experimental plot no. 2 is located 11.6 km from the original coast on a puffic solonchak 
without vegetation. It is a flat plain in the desiccated sea bottom of the 1970s. The solonchak 
is surrounded by saxaul vegetation (Haloxylon aphyllum, Salsola australis, Climacoptera 
aralensis, Halogeton glomeratus). The profile of this sandy saline soil is typically layered 
with a prevalence of light layers: 27 cm sand and clay, then 137 cm light clay intermitted with 
sandy clay and in the lower strata 137–157 cm and 157–177 cm sand clay turns into light 
clay. The salt regime of the given soil is also effusional but with an apparent prevalence of 
sulphate salinization. This type of salinization corresponds to saline soils, where formation of 
salt crusts is less pronounced than in clay soils, though even there was a noticeable deposition 
of salts on the surface horizons: 0–2 cm, 2.63%;  2–7 cm, 2.92%; 7–17 cm, 1.46%. In the 
lower horizons of the soil profile from 17 to 137 cm, the quantity of salts decreases to about 
0.43–0.19%, in deeper horizons the salt content sharply increases again. Special gravity 
throughout the profile section fluctuates within 2.73–3.90 g cm-3. Seeds of nine species were 
sowed in November, 1997 (Table 2). 
Experiment 1 took place on a soil characterized by properties and tendency towards heavy 
lithology. The soil of the plot for experiment 2 is a typical soil of light lithology. These two 
different soils were chosen with the purpose of creating different conditions for plants of the 
local flora. We wanted to trace their growth and development under the arid climate with long 
drought periods and under more remote stages of ecosystem formation. During the period of 
the experiments four expeditionary trips were organized with the purpose of observing the 
status of the seedlings and checking growth conditions. In three stages (April 23, June 1, 
August 23) calculations of plant growth and measurements of shoot length on specifically 
allotted test areas (15 x 50 cm) in each repetition were made. The Vitality of all seedlings was 
evaluated on September 10.  
 
Table 2. Halophyte phytomelioration on saline sandy soil of Aral Sea dry sea floor 

Quantity of plants in recorded areas Plant height (cm) Plant / date 
 22.04.98 01.06.98 23.08.98 01.06.98 23.08.98 
Haloxylon aphyllum 21 20 17 5.4 7.0 
Salsola nitraria 24 23 8 1.5 4.5 
Petrosimonia brachiata  17 16 3 2.2 3.3 
Climacoptera lanata  16 16 11 3.3 6.7 
Climacoptera aralensis 65 64 41 4.7 8.3 
Salsola australis 20 13 1 4.4 6.5 
Kalidium caspicum 9 4 0 1.0 - 
Suaeda microphylla  17 17 0 0.2 - 
Halocnemum strobilaceum 0 0 0 - - 

First Results and Conclusions 

The test results of possible cultivation of halophytes for experiment 1 showed that eight 
species (47%): Limonium gmelini, Karelinia caspia, Pseudosophora alopecuroides, 
Halostachys caspica, Haloxylon aphyllum, Suaeda microphylla  and Halocnemum 
strobilaceum produced no shoots at all. The halophytes Atriplex fominii, A.tatarica, Salsola 
nitraria, S.australis, Petrosimonia brachiata, Kalidium caspicum and Climacoptera lanata 
produced shoots, but after about 40–50 days they died when the plants were about 0.50–1.58 
cm (see Table 1). Thus, only four species (23.5%) were still alive by the end of the vegetation 
period: Halogeton glomeratus, Suaeda acuminata, Climacoptera aralensis and Atriplex 
fominii. By a five-point marking system, their vitality under these extraarid conditions was 
estimated at 3–4, 2, 2 and 2 points, respectively. In experiment 2 Halocnemum strobilaceum 



gave no shoots at all, and Kalidium caspicum and Suaeda microphylla died after June 1 at a 
negligible height (0.2–0.9 cm). Six species (67%) were preserved and developed more or less 
satisfactorily. An especially  good perspective was exhibited by Haloxylon aphyllum, 
Climacoptera aralensis and C. lanata (see Table 2). From these species, about 60–80% of the 
shoots were preserved by the end of the vegetation period. The vitality of the seedlings at the 
end of the vegetative stage was as follows: Haloxylon aphyllum 4, Climacoptera aralensis 2, 
C. lanata 2, Salsola nitraria 2, S. australis 2 and Petrosimonia brachiata 1. 
Thus, the experiments show that the environmental conditions of plot 1 were more 
problematic for phytoreclamation. Only a few species could grow and establish (23.5%). 
Germination of many seedlings in spring resulted from desalinization of  the surface after the 
snow melt. Dying off of seedlings started in June, caused by salinization of the soil surface 
and blowing out of roots by strong winds. Ecological conditions in plot 2 were more 
favourable. Sand cover allowed not only germination but 67% development of seedlings 
through the vegetative stage. Most of the plants achieved good vitality, and annuals produced 
seeds.     
The following conclusions can be made on the results of experiments 1 and 2 carried out in 
the area of Kaskakulan island: 
 
• On sandy soils of the 1970s there are more favourable conditions for implementation of 
phytomeliorative measures than in clay soils. 
• The aridity of the first vegetation period plays a major role in the establishment and thus 
the survival rate of seedlings and saplings. 
• Species of local flora are more effective for phytoreclamation.   
• On the dry sea floor of the Aral Sea the development of soils and formation processes is 
continuing; a final balance between herbaceous cover and shrubs has not been reached. Soil 
formation and vegetation changes are rapid.  
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