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Abstract: 20 

Floodplains are one of the most dynamic and youngest areas of the Earth's Quaternary 21 

surface. They are located in transitional conditions (land-ocean) of the permafrost zone that is 22 

present and of particular interest for ongoing geochemical processes and soil/water balance. 23 

The soil thermal and water regimes of polar soils are crucial for the development of 24 

vegetation cover as well as production, accumulation, and redistribution of organic matter. 25 



This work characterized the hydrological properties of soils formed in Russian Arctic. The 26 

data showed differences in water holding capacity between soils formed in conditions of 27 

seasonal flooding (soil stratification, redistribution of organic and mineral matter through the 28 

soil profile) and those not influenced by flooding in Lena River Delta, (gradual decreasing of 29 

water holding capacity as a function of depth). Both of the soil profiles from the Yamal 30 

Peninsula are characterized by a gradually decreasing water holding capacity with depth. The 31 

hydrological regime characteristics were strongly related to the depth of the active layer. The 32 

intensity and rate of the thawing/freezing processes, depends on the features of the 33 

hydrological regime. In this study, significant differences were noted between the soil 34 

characteristics of the two study areas. That is why profile values of water holding capacity 35 

differed among the study sites. The predicted global climate change and high sensitivity of 36 

Arctic ecosystems may lead to significant changes in permafrost-affected landscapes and 37 

could alter their water regime in a very prominent way, degradation of permafrost and change 38 

in lateral and vertical water flow in the basins of large arctic rivers. 39 
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INTRODUCTION 46 

The floodplains are one of the youngest and the most dynamic landforms on the Earth's 47 

surface (Dobrovolsky 2005). The floodplain soils occur on the most recently formed areas 48 

(coastal shallows and overgrown ponds) – they are influenced by the soil-forming process and 49 

have a variable age (Dobrovolsky et al. 2011; Dobrovolsky 2007; Fedorov 1993). Soil 50 



formation may be interrupted by several processes such as permafrost-related cryogenic mass 51 

exchange and annual flooding (Dobrovolsky 1994). Peculiar features of the floodplain soils 52 

are their initial morphology driven by intensive geomorphic processes. Intensive flooding, 53 

delivery of new substrate rather hampered soil forming processes, than cryogenic processes. 54 

The biological activity and the dynamics of chemical and biogeochemical processes 55 

determine the fertility of floodplain soils (Darmaeva et al. 2009; Dobrovolsky et al. 2011). 56 

Previous studies of the Lena River Delta concentrated on the distribution of trace elements in 57 

pristine permafrost-affected soils and identified the main patterns of their distribution 58 

(Antcibor et al. 2014), and the effect of frost on soil and carbon stocks (Zubrzycki et al. 2013; 59 

Zubrzycki et al. 2014; Hugelius et al. 2014; Gentsch et al. 2015; Rippin and Becker 2015). 60 

These studies were focused on the following: transfer of organic material from the delta to the 61 

Laptev Sea, including further remineralization (process of destruction of parent material and 62 

deposition of mineral material leading to an increase of fertility) (Winterfeld et al. 2015; 63 

Dolgopolova 2011). Despite the large number of studies on organic carbon and methane 64 

fixation and release, there is surprisingly little data on water and soil physical properties and 65 

water holding capacity. The relevance of these soil physical properties is that the soils in the 66 

Lena Delta play an important role in landscape drainage and preferential water flow 67 

regulation. 68 

Soils formed in the flooding areas have important ecological properties (Witkowska-Walczak 69 

et al. 2015). These areas comprise several landforms including floodplain meadows as well as 70 

supra-terraced and flat interfluves. Analysis of soil hydrophysical properties can determine 71 

the content of water that can infiltrate soil, and water retained and adsorbed on the surface of 72 

soil units. Such data will be useful for future modeling of the water balance in the region and 73 

can help create more robust estimates of available soil moisture within the permafrost zone 74 



(Reza et al. 2016). The soil thermal and moisture regimes of polar soils are crucial for the 75 

development of vegetation, as they play a substantial role in the production and distribution of 76 

organic matter. 77 

Therefore, the aim of this study was to characterize the physical properties of the Lena River 78 

Delta and coastal areas of the Yamal peninsula soils at two different sites: (1) islands in the 79 

Lena River Delta, (Samoylovsky Island and Arga-Belir-Aryta Island) and (2) Subpolar Ural, 80 

Yamal Peninsula. Soils were investigated on fully flooded areas as well as at sites that have 81 

been already emerged from the influence of flooding. 82 

MATERIALS AND METHODS 83 

Study site description 84 

The study sites were located in the Russian Arctic: the Lena River Delta and the Yamal 85 

Peninsula (Fig. 1). The climate parameters are presented in Table 1.  86 

 87 



Fig. 1. Location of the study sites. Yamal Peninsula: 1 – Surroundings of Salekhard, 2 – 88 

Kerdamon-Shor valley); Lena River Delta: 1 – Arga-Belir-Aryta Island, 2 – Samoylovsky 89 

Island. Source: Esri, GeoEye). 90 

 91 

The Lena River Delta is the largest Arctic delta in the world and has an area of about 29630 92 

km2. Its location give it a significant impact on the water regime of the Arctic Ocean – the 93 

salty ocean receives a large amount of fresh water from the delta. The Lena River Delta was 94 

formed via the coupled action of different river processes: the removal of sediments, erosion, 95 

abrasion under the influence of fluctuations in sea level, and crustal movements (Galabala 96 

1987; Bolshiyanov et al. 2013).  97 

Table 1. Climate parameters of study regions 98 

Climate parameters Lena River Delta Yamal Peninsula 

Mean annual air temperature (°C) -13.0 -5.8 

Mean air temperature (ºC): 

of the warmest month (July) 6.5 8.0 

of the coldest month (January) -32 -25 

Permafrost table (cm) 79 150 

Annual precipitation (mm) 323 380 

Relative humidity (%) 75 86 

Snow thickness (cm) 23 50 

Depth (cm) Temperature regime of soils (ºC): 

0–10 13.0 1.0 

10–20 3.0 0.7 

20–30 -3.0 0.7 

30–40 -7.0 0.6 

40–50 n.d. 0.6 

50–120 n.d. -0.2 

Water content in field, (% weight): 

0–5 10–15 60 

5–15 11–19 10 

15–25 15–23 28 

25–40 n.d. 31 

40–55 n.d. 57 

55–70 n.d. 120 

70–90 n.d. 180 

90–110 n.d. 170 



110–120 n.d. 200 

 99 

Yamal is a peninsula in the north of Western Siberia, on the territory of the Yamalo-Nenets 100 

Autonomous Okrug of Russia. The peninsula is 700 km long and up to 240 km wide. It is 101 

washed by the Kara Sea and the Gulf of Ob river. Altitudes range from 1–2 m a.s.l. on the low 102 

sides of the seacoast to 85–95 m a.s.l. in the central part of the peninsula (Trofimov et al. 103 

1975; Dobrinsky 1995; Shiyatov and Mazepa 1995). The southern part of the peninsula 104 

mainly has a parallel-ridge relief, quite rare in the middle and northern latitudes of the Yamal. 105 

Excess moisture leads to the formation of numerous lakes and swamps. Description of the 106 

study plots are presented in Table 2. 107 

Table 2. Description of study plots 108 

Study 

plots 

Geographical 

coordinates 
Description Soils 

Samoylov 

Isl. 

72°22'39" N 

126°29'15" E 

The islands in the central part of the Lena 

River Delta. It is located in the first river 

terrace and is periodically flooded by 

river waters 

Eutric Fluvisol 

(Arenic, Ochric); 

Eutric Fluvisol 

(Ochric) 

Arga-

Belir-

Aryta Isl. 

72°23'37" N 

126°24'43" E 

The study plot is situated in western part 

of Samoylovsky Island. It has a height of 

10 meters a.s.l. and is composed of sandy 

sediments. The island is subjected to 

flooding processes 

Haplic Cryosol 

(Arenic, Fluvic) 

Yamal 

Peninsula 

67°51'26" N 

66°37'05" E 

The Yamal Peninsula has many terraces 

formed from marine abrasion and 

accumulation. The terraces has complex 

structure built of cryogenic-polygonal 

forms, thermokarst (lakes and 

depressions), and long-term 

hydrolacoliths 

Turbic Cryosol 

(Epiloamic, 

Eutric, Ochric); 

Folic Turbic 

Cryosol 

(Endoloamic, 

Eutric, Ochric) 

66°26'28" N 

64°02'50" E 

 109 

Sampling strategy and procedure 110 

The soil samples were collected taking into account the spatial picture of the vegetation cover 111 

and the position in the landscape. Samples of soil were selected in various elements of the 112 



landforms. Several profiles were made in the areas subject to annual flooding and the places 113 

of the already-released conditions. 114 

Laboratory analyses 115 

Diagnostics of the soils, conducted according WRB has shown that they belong to the 116 

following Reference Soil Groups (types): Eutric Fluvisol (Arenic, Ochric), Eutric Fluvisol 117 

(Ochric), Turbic Cryosol (Epiloamic, Eutric, Ochric), Haplic Cryosol (Arenic, Fluvic), Folic 118 

Turbic Cryosol (Endoloamic, Eutric, Ochric) (IUSS Working Group WRB, 2015). 119 

All laboratory analyses were performed with fine earth soil material (ϕ< 2 mm).   120 

The content of hygroscopic water (HW) was determined as the amount of water contained in 121 

the air-dry soil (Rozhkov et al. 2002). Soils were stored for two weeks at room temperature 122 

and humidity. To determine the hygroscopic humidity, we weighed the sample before and 123 

after drying until constant weight. We used the total water holding capacity (TWC) as creates 124 

98% relative humidity, and air-dry samples were placed in a desiccator for 6 days to dry the 125 

samples. The field water capacity (FC) was measured with a cylinder filled with disturbed soil 126 

material (Rozhkov et al. 2002). The cylinder was placed in a vacuum dehydrator and water 127 

was added so that it reaches the level of the soil in the cylinder. This is covered with a watch 128 

glass and left to stand for one day. During this time, the water fills all the capillary pores in 129 

the soil. One day later, the soil material is removed from cylinder, which is then wiped of 130 

moisture, and weighed. The lowest water capacity (LWC) was determined where the sample 131 

is first saturated with water to completely fill all pores. The LWC was the amount of water in 132 

the soil delayed in a state of equilibrium after maximum hydration followed by removal of 133 

water via gravity. All results of water content were presented in % of volume. 134 



The pH was determined in an aqueous extract using a stationary pH meter, ratio of soil/water 135 

is 1/25. The texture analysis was carried out according to the Kachinsky sedimentation 136 

method, which  is an Russian analog of analysis by Bowman and Hutka (2002). Carbon 137 

content was determined using an elementar analyzer (Euro EA3028-HT Analyser). Statistical 138 

analysis of soil properties from both key plots were performed in Statistica 10 software (one-139 

way ANOVA for carbon content, pH, clay content, HW, TWS, FC, LWC). 140 

RESULTS AND DISCUSSION 141 

This work compared the soils from two regions subjected to permafrost processes – the Lena 142 

River Delta and the southern Yamal Peninsula. These areas have significant differences in the 143 

morphological features of soils. The soils of the Lena River Delta were formed under the 144 

influence of alluvial accumulation that result in soil stratification. Soil forming processes are 145 

predominantly organic matter accumulation, stagnification (stagnation of water in the soil 146 

profile) and cryogenic processes.  147 

Morphology of soils of study areas 148 

The stratification of soil horizons is primarily associated with the flooding of the first terrace 149 

of the delta with fresh waters. In turn, soils of the Yamal Peninsula are developed under the 150 

conditions of the zonal type of soil formation (Fig. 2). 151 



 152 

Fig. 2. Morphological diversity of soils on Lena River Delta: Samoylov and Arga-Belir-Aryta 153 

Islands: A – Eutric Fluvisol (Arenic, Ochric), B – Haplic Cryosol (Arenic, Fluvic); Yamal 154 

Peninsula: C – Turbic Cryosol (Epiloamic, Eutric, Ochric), D – Folic Turbic Cryosol 155 

(Endoloamic, Eutric, Ochric) (y-axes – depth in centimetres). 156 

 157 

Soils formed in the Lena River Delta differ greatly from  the soils of Yamal region because 158 

they form under the conditions of annual periodic flooding. Fluvic materials are deposited in 159 

the soils, and reducing conditions with a characteristic color are formed on the border with the 160 

permafrost table. With a close occurrence of permafrost in the soil (up to 79 cm), cryogenic 161 



processes have a weak pedogenetic alteration, which is due to the active influence of the river 162 

and annual flooding. In soils, under conditions of weak biological activity and weak 163 

transformation of organic material, the Cambic horizon is formed. In the soils of Yamal 164 

region, soil formation is associated with the active cryogenic processes resulting in mixed soil 165 

material, involutions, organic intrusions, and the formation of reducing conditions near 166 

permafrost table are observed. Soil profiles description are presented in Table 3. 167 

Table 3. Soil profiles description of Lena River Delta and Yamal Peninsula 168 

Soil 

horizon* 

Depth 

(cm) 
Soil description 

Soil color 

(moist) 

Samoylovsky Island, Eutric Fluvisol (Arenic, Ochric) 

O 
0–4 

partially decomposed litter 10YR 4/3 

A 
4–14 

sandy loam, rooted, well-aerated, fluvic material 7.5YR 7/3 

B 
14–27 

sandy, rooted, fluvic material  7.5YR 6/3 

B/C 
27–30 sandy, rooted, weak pedogenetic alteration, fluvic 

material 
7.5YR 8/3 

C 
30–51 

sandy, rooted 7.5YR 7/4 

O 
0–12 

partially decomposed litter 10YR 4/3 

A 
12–29 

sandy loam, rooted, well-aerated, fluvic material 7.5YR 8/3 

B/C 
29–43 

stratified sand of different sizes, roots 7.5YR 7/4 

Samoylovsky Island, Eutric Fluvisol (Ochric) 

O 
0-6 

partially decomposed litter 10YR 4/3 

A 
6–16 

sandy, rooted, well-aerated, fluvic material 7.5YR 7/3 

B/C 
16–30 

sandy, rooted, rusty spots, reducing conditions 
GLEY 1 

6/10GY 

Arga-Belir-Aryta Island, Haplic Cryosol (Arenic, Fluvic) 

A 
0–12 

sandy loam, roots 2.5YR 5/2 

B@ 
12–39 stratified sand of different sizes, roots, reducing 

conditions, turbic 

GLEY 1 

6/10GY 

Kerdamon-Shor valley, Turbic Cryosol (Epiloamic, Eutric, Ochric) 



O 
0–1 

partially decomposed litter 10YR 4/3 

A 
1–11 oxidized, loam, rusty spots around root channels, 

well-aerated 
10YR 4/1 

B@1 
11–25 

loam, rusty spots, cryic 10YR 6/3 

B@2 
25–35 

loam, rusty spots, cryic 10YR 6/2 

B@3 
45–60 loam, rusty spots, mixed soil material, organic 

intrusions, cryic 
10YR 4/2 

B/C 
60–70 

loam, rusty spots, reducing conditions 
GLEY 1 

5/10GY 

Surroundings of Salekhard, Folic Turbic Cryosol (Endoloamic, Eutric, Ochric) 

O 
0–10 

partially decomposed litter, folic 10YR 4/3 

A 
10–21 oxidized, loam, rusty spots around root channels, 

turbic 
10YR 6/3 

B@1 
53–75 

loam, rusty spots, cryic 10YR 6/1 

B@2 
75–100 

loam, rusty spots, cryic 10YR 5/1 

B/C 
104–125 

loam, rusty spots, reducing conditions 
GLEY 1 

6/5GY 

 169 

Permafrost transformation and organic carbon in soils 170 

The main physical and chemical parameters of the soils studied are shown in Table 4. Process 171 

of thawing/freezing influenced by following features in the soil cover: polygonal soil, 172 

fracturing, humic streaks, cryogenic differentiation of soil particles along the profile, 173 

accumulation of water at the contact with permafrost-affected soils and accumulation of 174 

chemical elements at the contact with the permafrost-affected soils (Fe2O3, Fe2+). There are 175 

processes of cryogenic accumulation of iron in the profile. It is associated with the 176 

mobilization of active humic acids with aluminum and iron, which are released during the 177 

weathering of the primary minerals, after which an accumulative horizon forms on the 178 

boundary with permafrost, which includes humus compounds with iron and aluminum. The 179 

temperature parameters were recorded during summer seasons of 1998–2011 for the Lena 180 



River delta, and for Yamal Peninsula from 2007–2012 (Boike et al. 2013; Kaverin et al. 181 

2016).  182 

Table 4. Selected chemical and physical properties of the studied soils 183 

Soil 

horizons* 

Depth  

(cm) 

TOC  

(%) 

pH in 

water 

Content of fraction (%) 

Clay 

ϕ < 2 µm 

Silt 

ϕ 2–63 

µm 

Sand 

ϕ 0.063–2 mm 

Samoylovsky Island, Eutric Fluvisol (Arenic, Ochric) 

O 
0–4 2.03 5.43 n.d. n.d. n.d. 

A 
4–14 1.98 6.33 6 18 76 

B 
14–27 1.57 5.98 8 31 61 

B/C 
27–30 1.01 5.64 4 23 73 

C 
30–51 0.79 5.83 1 16 83 

O 
0–12 

2.41 
5.56 n.d. n.d. n.d. 

A 
12–29 2.34 5.22 0 28 72 

B/C 
29–43 0.75 5.82 2 18 80 

Samoylovsky Island, Eutric Fluvisol (Ochric) 

O 
0-6 2.51 5.45 n.d. n.d. n.d. 

A 
6–16 2.47 5.99 7 84 8 

B/C 
16–30 1.54 5.76 1 11 88 

Arga-Belir-Aryta Island, Haplic Cryosol (Arenic, Fluvic) 

A 
0–12 2.11 6.71 1 32 67 

B@ 
12–39 1.74 6.51 5 8 88 

Kerdamon-Shor valley, Turbic Cryosol (Epiloamic, Eutric, Ochric) 



O 
0–1 3.40 5.70 n.d. n.d. n.d. 

A 
1–11 1.10 5.22 42 19 39 

B@1 
11–25 1.10 5.70 48 22 30 

B@2 
25–35 0.40 6.46 37 23 40 

B@3 
45–60 0.30 5.38 54 26 20 

B/C 
60–70 0.50 5.54 39 36 25 

Surroundings of Salekhard, Folic Turbic Cryosol (Endoloamic, Eutric, Ochric) 

O 
0–10 2.50 5.47 n.d. n.d. n.d. 

A 
10–21 1.00 6.12 50 30 20 

B@1 
53–75 0.50 6.48 42 33 25 

B@2 
75–100 0.80 6.00 23 25 52 

B/C 
104–125 0.10 6.87 19 22 59 

 184 

Data on the physical and chemical analysis of soils from the Lena River Delta indicate that 185 

the soils are acidic (рН 4.5–5.5), slightly acidic (рН 5.5–6.5), or neutral (рН 6.5–7.0). Neutral 186 

or slightly acidic values are due to the presence of carbonates. The content of organic carbon 187 

is 0.79–2.47%, which indicates that the soils have high biological activity. The activity of the 188 

river is associated with the deposition of sand particles. The texture class of investigated soils 189 

is loamy sand and silty loam. 190 

The soils from the Kerdamon-Shor valley were strongly acidic (pH 5.1–5.8). Soils from 191 

Salekhard were slightly acidic and almost neutral (pH 6.1–6.9). The particle size distribution 192 

analysis showed a predominance of silt and clay fraction in both of the studied soils. The 193 

lower part of the Folic Turbic Cryosol (Endoloamic, Eutric, Ochric) from the surroundings of 194 

Salekhard is characterized by a predominance of sand. The organic carbon content in the soils 195 



ranged between 0.10% and 1.1%, with an average value 0.80%. Highest values of organic 196 

carbon content are not related to topsoil horizons. This confirms the hypothesis on the 197 

essential role of cryogenic processes in profile redistribution patterns and heterogeneity of the 198 

soil profile (Lupachev and Gubin 2012). 199 

Relation between texture and water properties  200 

The results of the soil water content are given in Figure 3–4. Soils from the Lena River Delta 201 

have an explicit stratification of the profile. In the profile of Eutric Fluvisol (Arenic, Ochric), 202 

we observed an atypical distribution of moisture values, and this is due to the fluvial 203 

deposition of the material. This distribution of moisture values is typical for flooded areas 204 

where fresh soil mass is annually deposited on the soil surface (Li et al. 2014; Polyakov et al. 205 

2018). In the upper organic horizon, the fresh alluvial material is interlayered with the organic 206 

material, they form stratified soil profiles. In organic horizon the organic carbon content is 207 

above 2.5%, with a texture class of silty loam (Preuss et al. 2013). 208 



 209 

Fig. 3. Basic hydrological characteristics of soil, % of vol. (A – hygroscopic water (HW), B – 210 

total water holding capacity (TWC), C – field water capacity (FC), D – lowest water capacity 211 

(LWC).  212 

 213 

 214 



Fig. 4. Distribution of basic hydrological characteristics in soil profiles. A – The Lena River 215 

Delta, B – Yamal Peninsula  216 

 217 

A decrease in the water content is characteristic of areas no longer affected by seasonal 218 

flooding. Textural data point out higher clay content in the upper organic horizons, and more 219 

organic material that absorbs water more actively than sand particles. Hence, silt 220 

accumulation in the upper horizons and active accumulation of organic matter are seen in 221 

areas which are not under the influence of annual flooding. According to the water holding 222 

capacity data, sands and sandy loams are more aerated than loams and clays – the space 223 

between the particles is filled with water. Sands and sandy loam will have a high FC and low 224 

LWC. The difference between FC and LWC is 19%. For areas that are no longer affected by 225 

the process of flooding, the decrease in the FC and LWC in soil profile is also characteristic 226 

because the upper horizons contain more organic matter and can hold more water than the 227 

organic layers depleted in the topsoil or superficial organic horizons. Here, the LWC is higher 228 

in connection with the high content of organic matter. 229 

The LWC is one of the main hydrological parameters of the soil and depends on the texture of 230 

the soil. The water-holding capacity decreases with depth. The water-holding capacity of soil 231 

depends on its texture, and initial moisture. Soils with freezing/thawing phenomena have 232 

lower water permeability. This generally determines the vegetation cover in these areas. This 233 

has been confirmed in other studies (Luthin and Guymon 1974; Vlasenko 2004; Ugarov 234 

2015).There is no great difference in soils that have passed the regime of seasonal flooding. 235 

Soils in drained positions and soils in depressions have practically identical moisture indices. 236 

In the soils from drained positions, the HW, TWC, FC, and LWC are higher because of 237 

prominent organic horizons with high water holding capacity are formed here. The underlying 238 



horizons are also represented by loamy sand with a low organic carbon content; hence, these 239 

are well aerated. In both of the soil profiles from Yamal Peninsula, the values of FC and LWC 240 

increase with depth. These are connected with the changes in texture from a predominance of 241 

silt and clay fraction in the upper horizons to a sand fraction in the lower horizons. However, 242 

the values of these indicators are higher in Turbic Cryosol (Epiloamic, Eutric, Ochric) from 243 

Kerdamon-Shor valley due to a higher clay fraction. 244 

The highest water holding capacity values were from the southern Yamal Peninsula in the 245 

middle part of the soil profile. These layers have a predominance of silt and clay with a higher 246 

organic matter content. The water holding capacity is increased by the high content of the 247 

organic matter in the soils. 248 

The probabilities for one-way ANOVA revealed statistically significant differences for the 249 

main chemical and physical soil properties between studied plots (Table 5). The studied plots 250 

were united into two groups (Lena River Delta and Yamal Peninsula). The P values for OC, 251 

clay content, HW, and TWC were much lower than 0.005. This suggests significant 252 

differences between two key plots. There were no significant differences for the rest of soil 253 

properties (pH in water, FC, LWC). Soil from the Lena River Delta has the highest standard 254 

deviation for field water capacity (7.68%). Soil from southern Yamal Peninsula has highest 255 

standard deviation for clay content (11.1%). 256 

Table 5. Statistical analysis of soil properties 257 

Soil characteristic Lena River Delta 

Mean ± SD 

Yamal Peninsula 

Mean ± SD 

One-way ANOVA 

ТОС 1.63 ± 0.62 0.57 ± 0.31 <0.001 

pHw 5.98 ± 0.44 5.95 ± 0.53 <0.880 



Clay 3.70 ± 2.79 39.6 ± 11.1 <0.001 

HW 0.59 ± 0.26 5.63 ± 2.84 <0.001 

TWC 1.74 ± 0.69 4.96 ± 2.10 <0.001 

FC 42.6 ± 7.68 39.4 ± 5.30 <0.290 

LWC 28.2 ± 5.71 35.1 ± 5.13 <0.010 

 258 

Soils with a large content of sand have a water holding capacity that increases due to swelling 259 

of the OM. However, heavy soils have soil surface characteristics due to organic matter that 260 

appears in the foreground as a strong surface-active substance. Therefore, even relatively 261 

small amounts of OM modifying the initial surface of the silty elementary soil particles lead 262 

to significant changes in the structural conditional and water holding capacity of mineral 263 

horizons (Smagin et al. 2004; Machico 2005; Bezkorovaynaya et al. 2005). The predicted 264 

global warming and possible rapid biodegradation of organic soil material could lead to 265 

significant degradation of Arctic soils. The effect of OM on the physical structure of the soil 266 

leads to two mechanisms. Firstly, OM, is a colloidal and superfine material with has an 267 

extremely high water holding capacity; secondly, it acts as a structure-forming agent to 268 

promote the adhesion of mineral elementary soil particles to soft aggregates (Gartsman 2001; 269 

Kabala and Zapart 2012). This also affects the water-holding capacity and physical structure 270 

of light soils – especially sandy or sandy loamy soils. The increased content of organic carbon 271 

increases the water holding capacity in sandy soils (Machico 2005; Rawls et al. 2003; 272 

Iwahana et al. 2005). 273 

In general, the data show that most water-physical properties of soils depend on the texture 274 

and activity of the cryogenic processes. The speed of the water flow has a significant effect on 275 

the hydrological regime of soils under the influence of the flooding process. Therefore, faster 276 



water flows cause larger particles settle on the flooded areas. This decreases the water-holding 277 

capacity of the soil. 278 

CONCLUSIONS 279 

The water holding capacity of soils from two region of Russian Arctic has been studied. The 280 

analysis show differences between regions subjected to flooding processes in Lena River 281 

Delta and non-flooded area in Yamal Peninsula. The first ones are characterized by 282 

fluctuations caused by fluvial deposition of the material in contrast with second region where 283 

was observed gradual decreases in the water-holding capacity values with depth. 284 

The relationship between water holding capacity and basic soil properties is revealed. Thus, 285 

the water holding capacity to a greater extent is related to the texture of the soil and to a lesser 286 

extent on the organic matter content. The average clay content in soils on the Yamal 287 

Peninsula is 39%, and in the Lena River Delta – 4%. This results in high values of HW 288 

(5.63%), TWC (4.96%), LWC (35.1%) in the Yamal Peninsula. Whereas the FC value, which 289 

is related to the amount of pores in the soil that can be filled with water, is higher in the Lena 290 

River Delta.   291 
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Pojemność wodna i główne właściwości fizyczne gleb rosyjskiej Arktyki (na przykładzie 398 

delty rzeki Leny i Półwyspu Jamalskiego) 399 

 400 

Streszczenie:  401 

Terasy zalewowe są jednym z najbardziej dynamicznych i najmłodszych obszarów 402 

czwartorzędowych strefy arktycznej. Znajdują się w strefach przejściowych (na granicy lądu i 403 

oceanu) strefy wiecznej zmarzliny, która jest istotna z puntu widzenia aktualnych procesów 404 

geochemicznych (np. wietrzenia) i bilansu wodnego. Stosunki termiczne i wodne gleb 405 

polarnych mają kluczowe znaczenie dla rozwoju pokrywy roślinnej, a także  akumulacji i 406 

redystrybucji materii organicznej.  407 

W pracy przedstawiono właściwości hydrologiczne gleb powstających w warunkach 408 

przejściowych (granice lądowo-morskie). Badania wykazały różnice w pojemności wodnej 409 

między glebami powstałymi w warunkach sezonowego zalewania (wyraźnie przejścia między 410 

poziomami, warstwowanie profilu) oraz tymi, które nie podlegają zalewom wodami 411 

powodziowymi. Próbki glebowe pobrano w delcie Leny oraz na Półwyspie Jamalskim. 412 

Badane gleby cechują się stopniowo zmniejszającą się zdolnością do zatrzymywania wody 413 

wraz z głębokością.  414 

Stwierdzono, że intensywność i szybkość procesu rozmarzania i zamarzania zależy od 415 

charakterystyki reżimu hydrologicznego, który z kolei był silnie związany z głębokością 416 

warstwy aktywnej. Różnice między właściwościami analizowanych gleb były istotne. 417 

Rozkład pojemności wodnej w profilu różnił się w obrębie punktów badawczych. Globalne 418 

zmiany klimatu i duża  wrażliwość ekosystemów arktycznych może prowadzić do znaczących 419 

zmian na obszarach pokrytych wieczną zmarzliną i mogą w bardzo widoczny sposób zmienić 420 

ich reżimy hydrologiczne, prowadząc do degradacji wiecznej zmarzliny i zmianę 421 

wertykalnego i horyzontalnego przepływu wody w basenach dużych rzek arktycznych. 422 



 423 

Słowa kluczowe: gleby arktyczne, delta rzeki Leny, Półwysep Jamalski, wieczna zmarzlina, 424 

pojemność wodna, tereny zalewowe 425 
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