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Abstract       The properties  of humogley soil on three sites in the protected 
part of the alluvial plain of the Danube  river were examined in this study. 
According to granulometric composition in these soils prevail granulometric 
fractions of fine sand and dust, i. e.  textural classes: clay loam, sandy loam 
and  sand. The values of water properties of soil, such as water retention, 
physiologically active water, vertical water permeability, as well as air 
properties of soil (differential porosity) were determined. It was found that 
granulometric composition affected water and air properties of soil with 
different proportion of granulometric fractions. In the investigated soils was 
determined depth of groundwater, whose values depended exclusively on the 
oscilation of the Danube water level.   
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Parts of alluvial plains where there has been a change 

in the way of wetting due to the fact that they had been 

protected with dam are little explored. Consequently, it 

is particularly important to investigate the impact of the 

flooding lack on soil properties, which are greatly 

changed  after construction of the dam. After  

construction of protective embankment along the 

middle Danube in 1932, the soil in a protected area of 

alluvial plain is exposed to wetting only under the 

influence of groundwater. Change in the water regimes 

in the past 80 years has had a significant impact on the 

characteristics of the soil in this part of the alluvial 

plain. Today, in this area the greatest impact on 

pedogenetic processes and soil properties has a regime 

of groundwater. Soils of alluvial plain mostly belong to 

hydromorphic order. By the action of water or fluvial 

sedimentation occurred differentiation of particles and 

the formation of different morphological forms of 

relief. In the inundation of rivers in Serbia, [7] found 

all three genetic zone of poloy. Humogley as a 

representative of a class of gley soils was formed in pre 

terrase part of alluvial plain in the lower parts and 

drawed on the eugley soil [6]. Charactersitics of this 

soil are heavier granulometric composition of humus 

horizon, the parent substrate less or alluvial sediment 

as well as the depth of groundwater from 0.5-1.5 m. 

Hydropedological research of such soils confirmed the 

strong influence of groundwater [8]. Exploring a water-

physical and physical-mechanical properties of 

humogley, [5] indicated unfavorable physical 

properties of  such soil. Due to the heavier mechanical 

composition and moistening by underground water 

through capillary action, humogley is abundant with 

moisture in the profile, and provides a very rich 

vegetation and great production of organic matter. The 

vegetation of humogley consists mainly of edaphic 

conditioned forests, communities of ash and oak 

(Fraxineto-Quercetum roboris). This paper describes 

the physical properties of humogley in  alluvial plain 

protected from flood waters. 

 

Material and Method  
 

       Characteristics of  humogley soil were investigated  

in the area of alluvial plain of the Danube river in 

Serbia, in a protected part (behind the protective 

embankment). Pedological profiles were opened and 

samples were taken in natural and disturbed conditions 

in order to determine  physical properties of the soil. 

Soil analyzes were performed according to standard 

methods of [2]. Pedological profile no. 1 is located 

near the town Baĉka Palanka, while pedological 

profiles no. 2 and no. 3 are situated near village Kovilj. 

Distance from Danube riverbed to the first soil profile 

was 1890 m, the second soil profile 1632 m and third 

soil profile 1916 m. In the area of soil profiles,  

groundwater level was measured in the period of  two 

years with piezometers. 

      

Results and Discussions 

 
       Analyzing granulometric composition of the 

investigated soils (Table 1), it can be seen that in all 

three soil profiles was dominant fraction of fine sand 

which was averagely in the range from 56.64 to 

68.36%. It was followed by the silt fraction which was 

within the range of 17.01 up to 22.48%. The least share 
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had fractions of coarse sand, which was in the range of 

1.46 to 3.74%, and clay which was averagely in the 

range of 12.97 to 18.41%.  Studying this area [9] 

recorded higher content of clay fractions which ranged 

from 42.28 to 46.28%, while [3] reported also greater 

participation of clay fractions in the range of 38.4 to 

50.80%.

 

 

 
Pedological profile no. 1 Pedological profile no. 2 Pedological profile no. 3 

   
Morphology: Aa-Gso-Gr 

Soil type: humogley 

Subtype: Carbonate 

Variety: unsalted 

Form: loamy 

Morphology: Aa-Gso-Gr 

Soil type: humogley 

Subtype: Carbonate vertic 

Variety: unsalted 

Form: loamy  

Morphology: Aa-Gso-Gr 

Soil type: humogley 

Subtype: Carbonate vertic 

Variety: unsalted 

Form: loamy  
Fig. 1.  The pedological profiles of  humogley soil 

 

      

Textural classes were almost identical in these soil 

profiles, ie in the surface horizon Aa to the sandy clay 

loam or clay loam, in medium  Gso horizon was sandy 

loam, and in the deepest Gr horizon were sand or 

loamy sand classes. 

 

Table 1  

Granulometric composition 

Profil Horiz. 
Depth 

(cm) 

Coarse 

sand 

(2.0-

0.2mm) 

Fine 

sand 

(0.2-

0.02m

m) 

Silt 

(0.02-

0.002m) 

Clay 

(<0.002

mm) 

Texture 

class 

P1 

Aa 0-60 1.25 47.15 26.68 24.92 
Sandy clay 

loam 

Gso 60-90 2.56 69.44 17.4 10.6 Sandy loam 

Gr > 90 1.16 88.48 6.96 3.4 Sand 

Aver.  1.66 68.36 17.01 12.97  

P2 

Aa 0-45 0.35 27.29 35.92 36.44 Clay loam 

Gso 45-85 6.09 61.35 22.2 10.36 Sandy loam 

Gr > 85 4.78 93.66 0.16 1.4 Sand 

Aver.  3.74 60.77 19.43 16.07  

P3 

Aa 0-75 0.43 22.57 39.36 37.64 Clay loam 

Gso 75-120 3.36 62.64 21.48 12.52 Sandy loam 

Gr > 120 0.60 84.72 9.6 5.08 Loamy sand 

Aver.  1.46 56.64 22.48 18.41  
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Analyzing water properties of the investigated 

soils (Table 2), can be concluded that the water 

retention had the highest values in surface horizons, 

while the lowest retention was in the lowest horizons. 

This arrangement of water retention values can be 

explained with textural composition or layout of 

textural classes that are also regularly distributed by the 

depth from heavier to easier textural classes. The 

values of water retention at 0.33b in humus horizon of 

humogley were on average about 40% vol. according 

to [9], which is slightly higher than the values obtained 

in the profile P1 and less than the value obtained in the 

profile P2 and P3. Analyzing physiologically active 

water in these soils can be concluded that it also 

depended primarily on the textural compozition and 

had the highest value in the textural classes sandy loam 

and sand while the clay loam had much lower  value of 

physiologically active water.  Values of 

physiologically active water for this type of soil in the 

range of 14.1 to 17.2 vol.%, but that soil had different 

granulometric compozition [9]. 

 

 

Table 2  

Water  properties 

Profil Horizon 
Depth 

(cm) 

Water retention   (% vol.) Physiologically 

active water 

(vol%)  

k - 

Darcy 

(cm/sec) 0.33b 6.25b 15.0b 

P1 

Aa 0-60 32.63 17.94 17.59 15.04 2.1x10
-4 

Gso 60-90 40.50 14.06 12.57 27.93 6.5x10
-4 

Gr > 90 19.72 6.15 5.53 14.19 1.2x10
-3 

P2 

Aa 0-45 48.79 45.38 38.62 10.17 9.8x10
-4 

Gso 45-85 37.86 11.37 10.32 27.54 3.4x10
-4 

Gr >  85 32.99 3.26 3.14 29.85 1.4x10
-3 

P3 

Aa 0-75 50.37 48.06 45.28 5.09 4.8x10
-4 

Gso 75-120 36.11 13.06 10.85 25.26 3.5x10
-5 

Gr > 120 24.90 7.42 5.83 19.07 8.5x10
-4 

 

Vertical permeability expressed with Darcy’s 

coefficient indicated the highest permeability in texture 

class sand and loamy sand while in texture class clay 

loam and sandy loam it was lower. Similar data in 

vertical permeability values of 10
-4

 for humogley soil 

was recorded [4]. As may be seen all investigated 

parameters of water properties of  humogley soil were 

dependent on the texture compozition (table 2). 

Analysis of  residual porosity (Table 3) shows 

that the content and arrangement of pores of  soil 

horizons were directly dependent on the participation 

of granulometric fractions. In the horizon where was 

found sandy clay loam was the highest share of coarse 

and fine pore of soil. In horizons with texture class 

sandy loam prevailed medium and fine pores of soil, 

while in the texture class sand and loamy sand 

dominated mostly coarse and medium soil pores.

 

 

Table 3  

Content of  pores 

Profil Horizon 
Depth 

 (cm) 

Pores (% vol.) 

Coarse 

 (>10 μm) 

Medium 

(10-0.2 μm) 

Fine 

 (<0.2 μm) 

P1 

Aa 0-60 31.71 14.69 17.94 

Gso 60-90 1.46 26.44 14.06 

Gr > 90 33.43 13.57 6.15 

P2 

Aa 0-45 3.1 3.41 45.38 

Gso 45-85 2.28 26.49 11.37 

Gr >  85 18.98 29.73 3.26 

P3 

Aa 0-75 1.41 2.31 48.06 

Gso 75-120 3.31 23.05 13.06 

Gr > 120 13.04 17.48 7.42 

 

The level of groundwater for all three studied 

soils was showed in the following graphs. Given that 

this is a protected area of alluvial plains, level of 

ground water is directly affected by the Danube with 

its fluctuations in water level. The trend of 

groundwater levels in all three soil profiles (Figure 1 
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and 2) was declining since the beginning of the year, 

until the middle of August when there was a slight 

raising of the groundwater level. The sharp rise in the 

groundwater level in early 2006 (Figure 1) is caused by 

very high water level of the Danube river in this year, 

which  was not recorded in the previous 50 years.

 

 

 

 
Fig. 2. Groundwater level (year 2006) 

 

 

In the first year of measurement (Fig. 2.) 

groundwater level in profile 1  ranged 44-110 cm 

below the soil surface, in profile 2  ground water was 

lower and amounted 28-160 cm, and in profile 3 had 

the lowest values and ranged 70-175 cm below the soil 

surface.

 
 

 
Fig. 3. Groundwater  level (year 2007) 

 

 

In the second year of measurement (Fig. 3) 

groundwater level in profile 1 was 72-154 cm, in 

profile 2 was 85-210 cm, and in profile 3 was 90-224 

cm below the soil surface. 

 

 

 

 

Conclusions 

 
In the granulometric composition of 

investigated soils from all three soil profiles prevailed 

faction of fine sand and dust while the lowest share had 

fraction of coarse sand. The obtained values for water 

characteristics showed that all parameters such as 

water retention, physiologically active water, vertical 
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water permeability, as well as the values of the air 

properties (differential porosity) depended on the share 

of grainulometric fractions. Based on this was 

concluded that water and air properties vary for 

different soil textural classes. The level of groundwater 

in the investigated soils had declining trend from the 

beginning of the year until mid-summer, after which 

there is an increase, and the depth of groundwater is 

associated with fluctuations in the water level of the 

Danube. 

 

Acknowledgement 
This paper was realized as a part of the project 

"Studying climate change and its influence on the 

environment: impacts, adaptation and mitigation" 

(43007) financed by the Ministry of Education and 

Science of the Republic of Serbia within the 

framework of integrated and interdisciplinary research. 

 

Literature 

 
1.Belić, M., Nešić Ljiljana, Ćirić, V., Vasin, J., 

Milošev, D., Šeremešić, S. (2011). Characteristics and 

classification of gleyic soils of Banat [Serbia], Field 

and Vegetable Crops Research, 48(2), 375-382. 

2.Bošnjak, Đ., Dragović, S., Hadţić, V., Babović, V., 

Kostić, N., Burlica, Ĉ., Đorović, M., Pejković, M., 

Mihajlović, T.D., Stojanović, S., Vasić, G., Striĉević, 

R., Gajić, B., Popović, V., Šekularac, G., Nešić, 

Ljiljana, Belić, M., ĐorĊević, A., Pejić, B., 

Maksimović, l., Karagić, Đ., Lalić, B., Arsenić, I. 

(1997): Methods of investigation and determination of 

the physical properties of soil. JDPZ, p. 278 

3.Ivanišević P., Galić Z., Pekeĉ S., Ronĉević S., 

Andršev S. (2011):  Establishment of forests dedicated 

to protection and prezervation from salinization of 

agricultural areas in Vojvodina, Poplar  187/188: 183-

193. 

4.Molnar, I. Stevanović M. (1982): Depandance of 

physical and hemical properties of hydromorfic black 

soil (Humogley) on the systems of meliorative and 

regular cultivation. Proc IX ISTRO Conference, 

Osijek. p. 18-25,  

5.Mukaetov, D., Andrevski M., Petkovski, D., Dimov 

Z.(2005): Water physical and physic-mechanical 

properties of natural humogley in Pelagonia, „Land as 

a resource for sustainable development“, XI Congress 

DPZSCG, September 13-16
th

, Budva. p. 153 

6.Škorić, A., Filipovski, G., Ćirić, M. (1985): 

Classification of soil, Yugoslav Academy of Science 

and Art's Department of Natural Sciences, The Book 

1., p. 72.  

7.Šumakov, V. (1959): The previous report on soil 

conditions in the alluvial plain of the river Sava in the 

region of Sremska Mitrovica and principles of 

classification of soil of aluvial plane.Poplar, Bulletin of 

the Yugoslav National Commission for poplar, No. 11, 

p. 917-930 

8.Tomić, F., Petošić, D., Striĉević, I., Dolanjski, D., 

Mustać, I. (2003): Water Regime and Soil Status in the 

Region of the Lower Course of the Future Danube - 

Sava Canal, 3rd Croatian Conference on Waters 

Croatian waters in the 21st century : proceedings / 

Gereš, Dragutin (ed). - Zagreb, 2003. 951-959  

9.Ţivković, B., Nejgebauer, V., Tanasijević, Đ., 

Miljković, N., Stojković, L., Drezgić, P., (1972): Soils 

of Vojvodina, Institute for Agricultural Research, p. 

682.
 

 
 


