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Soil properties and salt content of soil from Inland salt meadow near Radnevo town
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1 2 3M. Todorova *, N. Grozeva  and D. Dermendgieva  

Abstract. One of the most representative localities of Inland salt meadows in the country is the Inland salt meadow near the town of Radnevo, Bulgaria. A soil 
unit of that salt meadow has not been a subject of any detailed study. The objective of the present paper is to study the properties, degree and type of salt 
content of the soil from Inland soil meadow. The survey was conducted in 2011 – 2012. For the purpose of the study in July 2011 a soil profile was made with a 
depth of 100 cm on a relatively dry, not waterlogged and centrally located study territory. Samples from the soil profile were taken from different depth: 0-10 cm, 
10–20 cm, 20–30 cm, 30–40 cm, 40–50 cm, 50–60 cm, 60–70 cm and 70–80 cm. A total of 60 soil samples were also taken from the study territory from a depth 

- - 2-of 0–20 cm in same period. Soil samples were analysed for electrical conductivity, pH, Cl , HCO  and SO content. The main reasons leading to swamping and 3 4   

soil salinization are the accumulation relief with non-draining plane and micro depressions in it, the poor drainage of underground filtration water, high level of 
groundwater and high content of clay in the soil which results in low permeability. The soil unit is Gleic Vertisol, surface waterlogged, saline of sulphate–chloride 
type. 

Keywords: Inland salt meadow, salinization, electrical conductivity, waterlogged, sulphate
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Introduction of July and last for 90 – 100 days, almost till the end of October. All 
these climatic characteristics result in the establishment of an 
evaporation type of water regime. Inland salt meadows are extremely rare in Bulgaria. The habitat 

 According to Vangelov (1988) the soil diversity in the studied is included in Red Data Book of Bulgaria in category Endangered 
region is Eutric Vertisols. The above local natural conditions and (Tzonev and Gussev, 2011), Annex № 1 of the Biological Diversity 
factors favour the occurrence and running of processes of Act (2007) and some of the localities are within sites of the European 
waterlogging, alkalinization and salinization. As a result of our Ecological Network NATURA 2000 in Bulgaria. One of the most 
research (Todorova et al., 2013 ) different levels of soil salinity were representative localities of this habitat in the country is the Inland salt 
established in the Inland salt meadow, plus secondary halophyte meadow near the town of Radnevo (Tzonev and Gussev, 2011). It is 
vegetation, which according to Teocharov and Popandova (2002) is situated 9 km north of the town of Radnevo, near the village of 

o o an indicator of formation processes in the soil. To date, no detailed Daskal Atanasovo between coordinates 42 19.600 and 42 19.185 
o o study has been conducted on the processes of waterlogging and N, 25 53. 890 and 25 54.506 E and occupies an area of 6,83 ha. The 

salinization of soils on the territory of the Inland salt meadow near the studied areas belong to the eastern sections of the Upper Thracian 
town of Radnevo.plain. The terrain has been modeled on a Pliocene basin by the 

The objective of the present paper is to research the properties, denudation processes. Sazliyka river may be considered an erosion 
the level and type of soil salinization on the territory of the Inland salt basis for the region. Geologically the region consists of Pliocene 
meadow near the town of Radnevo.sedimentation clays and sandy clays yellowish or reddish at some 

places (Petkov and Pachvarazov, 1988). The studied territory 
occupies an accumulation plain with an altitude of 113 m and slope of 
over 3ºС to the inland side.  Material and methods

Climatically the region is part of the transitional continental 
subregion of the European continental region. The average annual The survey was conducted in 2011 – 2012. The location map of 
air temperature calculated for a period of many years is 12,3ºС. the study area and sampling points are shown on Figure 1. For the 
Winter is relatively mild. The average monthly temperature for purpose of the study in July 2011 a soil profile was made with depth 
January, the coldest month of the year, is 1ºС. Summer is relatively 100 cm on a relatively dry, not waterlogged and central location of 
hot, with average monthly temperature in July – the hottest month of the studied territory. Samples from soil profile were taken from 
the year – 23,4ºС. With prolonged anticyclonic episodes maximum different depth: 0-10 cm, 10-20 cm, 20-30 cm, 30-40 cm, 40-50 cm, 
air temperatures exceed 36°С. The annual amount of precipitation in 50-60 cm, 60-70 cm and 70-80 cm. A total of 60 soil samples were 
the region is below the average for the country. Two precipitation also taken from the study territory from a depth of 0-20 cm in July. At 
maxima are typical: summer – in May and June and winter – in the end of August the topsoil at the location of the profile was very 
November and December. Droughts start as early as the second half dried with high hardness, which did not allow to develop a soil profile. 
* e-mail: mtodorova@uni-sz.bg
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with a high amount of exchangeable magnesium typical of the 
Vertisols in the Thracian Plain. Vangelov (1988) reported that silt 
content in A horizon in Eutric Vertisols in the study area is more than 
70%, which reaches 104 cm depth. 

According to Penkov (1995) thick horizons comprise part of the 
humus accumulative and transition horizons and they are water 
sustaining and do not allow the gravitational water in the topmost 
part of the surface horizon to penetrate through it and through the 
subsurface horizon to the soil formation rock. The data from our 
study suggest that there are shallow waterbed sheets and lack of 
natural drainage of the subsoil and in the presence of limited rainfall 
volume in the studied non-drainage area waterlogging and 
swamping is caused. The reason for swamping of the soil lies in the 
greater amount of incoming water within the soil profile competed to 
the loss, i.e. the water drains slowly from the terrain.

Upon drying of the soil during the summer months in the studied 
area salt efflorescence occur. According to the salt efflorescence in 

Therefore, six soil samples were taken from a surface horizon with the surface layer of the profile, soil could be classified as Solonchak 
depth 0-20 cm. Global positioning system (GPS) was used to salty, and according to Teocharov and Popandova (2002) that is 
determine the coordinates of the sampling points. proof of the advanced processes of alkalization and salinization. No 

Soil samples were analyzed for electrical conductivity (EC) and carbonate micelles are observed, only salt efflorescence covering 
pH. Soil pH was determined on air-dry samples using 1:2,5 tightly the aggregates on the soil surface. The above morphological 
soil/water ratio. Electrical conductivity (μS/cm) was measured using properties are confirmed by the chemical composition of the studied 
1:5 soil/water ratio and used as an indicator of salinity (Popandova, soil profile.

- - 2-2001; He et al., 2012). Determination of Cl , HCO  and SO  content The data taken from every 10 cm depth of the A horizon of  soil 3 4  

was performed according to classic chemical methods, organic profile (Table 1) show that the pH values in July range from 7.2 to 8.0, 
carbon content by spectrophotometer. The degree of soil salinity which defines slightly alkaline reaction along the entire profile. The 
was determined by Trendafilov and Popova (2007). organic carbon content is moderate, in the surface layer it is 2.1 and 

in the 30–40 cm layer it is twice lower – 1.1%. The values of EC 
between 175 and 475 μS/cm show lack of salinity, which correlates 
with the low values of total soluble salts from 0.09 to 0.15%. Due to Results and discussion
the lack of total carbonates in the samples, the alkaline reaction is 
mainly accounted for by the presence of water-soluble chlorides and On the studied area slight slope towards the inner part has been 
sulphates. The content of water-soluble chlorides ranges between found, which determines the formation of surface runoff during the 
1.59 and 3.17 meq/100 g, being the highest in the upper soil layer, periods of waterlogging. In the closed depressions of the meadow a 
and in the subsurface layer it decreases and is present up to 60 cm huge marshy area is formed and it stays almost all year round. 
depth, after that layer chloride content slightly increases. The Complete drying is observed in August. The prepared soil profile is 
content of water-soluble sulphates ranges between 0.45 and 2.50 poorly drained, dark grey to black in colour, with no carbonates 
meq/100 g, being higher in the layer between 40 and 50 cm. The throughout the profile. The level of groundwater was within the soil 
content of hydrogencarbonates is lower from 0.21 to 0.40 meq/100 profile at a depth of 100 cm. The soil has high density, hardness, 
g. Based on the data about content of water-soluble salts in the soil lumpy structure with very low permeability, which according to Gurov 
profile in July it can be concluded that there is no removal of salts and Artinova (2001) is due to the high content of montmorillonite clay 

Figure 1. Location map of the study area and sampling
points

Table 1. Salt profile and some physico-chemical properties of the studied soil in Inland salt meadow 

Soil depth,
cm 

0-10

10-20

20-30

30-40

40-50

50-60

60-70

70-80

0-20 1200 0.38 8.4 3.72 3.3 0.21

288

392

480

175

411

475

353

407

0.09

0.13

0.15

0.06

0.13

0.15

0.11

0.13

7.2

7.8

8.0

7.9

7.7

8.0

7.9

7.9

3.17

2.12

2.14

2.12

2.12

2.10

1.59

2.64

1.35

1.91

0.96

0.13

2.50

0.45

1.80

1.82

0.21

0.21

0.23

0.31

0.40

0.21

0.39

0.39

EC,
μS/cm

Total water dissolved
salt, %

pH (H O)2

July

August 

Cl, 
meq/100 g

SO ,4

meq/100 g
HCO ,3

 meq/100 g
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and saline soils during the dry and wet seasons in the coastal rice 
lands. The data from soil samples taken from dry soil in August give 
us reason to believe that there is a secondary salinization of the 
studied soil type – Gleic Vertisols, slightly solonchak saline.

From the total of 60 soil samples taken and analyzed from the 
territory of the Inland salt meadow for electrical conductivity values it 
was found that the samples are characterized by a wide range from 
75.0 to 2057.0 μS/cm, with a standard deviation SD = 366.0. 
Depending on the degree of salinity 85.0% of the soil samples are 
non-saline (EC < 800 or dry residue, % < 0.25), the remaining 15% 
are classified as saline to varying degrees. A total of 10.0% of those 
samples (800 <EC<1400 μS/cm) are classified as weakly saline and 
only 5.0 % are medium saline with EC values greater than 1400 
μS/cm, or dry residue, % > 0.40, i.e. patches of salinity are found only 
in certain accumulation parts of the studied area. According to the 
measured pH values (H O) in the majority of samples, 91.7% are 2

characterized by alkaline reaction and the other 8.3% – by neutral. 
The average pH value is 7.5 and the standard deviation – SD is 0.39. from the surface horizon to the lower lying one and their quantity is 
The minimum pH is 6.6 and the maximum is 8.5.relatively uniform. At the end of August the topsoil at the location of 

For establishing the type of salinity according to chloride, the profile prepared in July as well as in the entire waterlogged part 
sulfate and bicarbonate content only soil samples with EC greater were dry, the soil had pale greyish color, cracked, with atomized 
than 1000 μS/cm have been analysed. From the conducted structure in the upper 0-5 cm layer with bar structure in depth and 
chemical analyses of the electrolyte composition of all soil samples high hardness, which did not allow to develop a soil profile in August 
no totally carbonated were found, which confirms the fact that the as well.
alkaline reaction is not caused by carbonate content. Lack of The results about the salt composition of the surface layer of the 
samples with highly alkaline reaction, pH values above 8.6, implies Internal salt meadow in August indicate that with evaporation of the 
that there is no solonetz salinity – presence of sodium cations in the surface water and complete drying of the soil the electrical 
sorption capacity above 10%. The results of the chemical analyses conductivity values increase from 288 to 1200 μS/cm (Table 1 and 
on chloride and bicarbonate content in the soil extracts of samples Figure 2), respectively, and salt content from 0.09 to 0,38 meq/100 g. 
with electrical conductivity values above 1014 μS/cm or dry residue pH values also increased from 7.2 to 8.4. Sulphate content 
above 0.32% are presented in Figure 3. Chloride content varies from increased three times, while that of chloride increased slightly. 
2.10 to 5.23 meq/100 g, and that of hydrogen carbonates – from 0.14 These data give us reason to believe that efflorescence on the soil 
to 0.62 meq/100 g. These data confirm that salinity is due to high surface are mainly sulfates and chlorides of sodium and 
chloride content in the soil extract of the studied samples.magnesium. No difference is found in the content of hydrogen 

Regarding chemical data characterising sulphate content in the carbonates in the water-saturated soil profile and in the surface layer 
soil solution of the samples (Figure 4) it has been found that in some of the dried soil. This difference in the content of salts during the two 
samples characterized by lower chloride content, the sulphate months can be explained by dissolution of the salts by the surface 
content is increased and vice versa. The maximum value for water retained for the greater part of the year (Rogel et al, 2000).  
sulphate content is 12,4 meq/100g, and the minimum – 3,3 Mondal et al (2001) also reported salt dynamics in moderately saline 

Figure 2. Electrical conductivity values of soil profile,
July and August
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