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Soil water regime (SWR) is the result of natural processes of 
water movement and it is the most important soil regime, 
which significantly affects the soil production capacity. 
The SWR is influenced by various factors such as location 
of soil sites in topography, hydrophysical properties of 
soil, groundwater, climate conditions, vegetation, and 
most significantly by human impact. An example of this 
anthropogenic impact is the construction of the Gabčíkovo 
Water Project on important lowland, which is agriculturally 
used and is an area with the richest reserves of drinking 
water in Slovakia – Rye Island. The groundwater storages 
of Rye Island are permanently supplied with water from the 
Danube River. The water levels of the Danube River were 
unstable before the construction of the Gabčíkovo Water 
Project, therefore relatively large fluctuations could also be 
observed in the groundwater levels of the area. The change 
occurred after the Gabčíkovo Water Project was put into 
service, with the drop in the groundwater levels, thereby 
improving the conditions for agriculture and surrounding 
protected floodplain forests. Therefore, we decided to 
analyse the impact of the construction of the Gabčíkovo 
Water Project on the soil water regime in the area of Rye 
Island. 

The Rye Island (Figure 1) is located in the south western part 
of Slovakia, near the border with Hungary. It is a  separate 
geographic unit, where the natural boundaries are formed 
by the Danube riverbed in the south, by the branch of the 
Little Danube River in the north, and a short part of the Váh 
River (Vážsky Dunaj) from the east. The locality with the total 
area of 1,885 km2 is mainly flat and has an elliptical shape. 
Its length is 84 km, and width ranges from 15 to 30 km. The 
highest point is located near the town of Šamorín (134  m 

above sea level) and the lowest area is in the proximity 
of Komárno (105 m above sea level). This small slope was 
created by the gradual deposition of smaller deposits of 
gravel, sand and sludge flood. 

Geologically, the area consists of quaternary alluvial 
sediments from Pleistocene and Holocene. The main part of 
the Rye Island consists of sandy sediments, which are in the 
tectonically subsiding central part up to 300 m thick. Young 
Holocene sediments can be found in the middle and lower 
part of Rye Island, and mainly in the areas close to the rivers 
of Danube and Little Danube. 

Gravel underlay is situated from 50 or 70 cm below the 
surface (in the middle and mainly the upper part of the 
Rye Island) to 6 or 8 m (mostly in the lower part of the Rye 
Island). The depth of this interface is characterised by a large 
inhomogeneity in the area of Rye Island. Gravel and sand 
gravel sediments are covered by a younger loam or loamy 
sand alluvial sludge sediments, less by sandy clays and clays. 
The border between gravel layer and the surface layer has 
an important role in the water cycle of Rye Island’s natural 
environment and in the groundwater hydrology of this 
region (Mucha et al., 1992, 1993; Mucha, 1995; Kosorin, 1997; 
1998; Burger, 1979; 1999; Burger, Čelková, 1992; Pospíšil et 
al., 1979; 2000). 

Rye Island is the warmest and also the driest area of 
Slovakia. It belongs to regions with warm climate, typically 
warm and dry with mild winter and with longer duration of 
sunshine. The average annual temperature in Hurbanovo is 
10.3°C and the average temperature in summer is 16.7  °C. 
The average annual precipitation in Hurbanovo is 523 mm 
and the average precipitation for the summer period is 
303  mm. The highest precipitations are in the months of 
June and July and the lowest precipitation is in the first three 
months of the year. 

The most important area of Rye Island is the forest 
ecosystems of floodplain forests in the area between the 
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old Danube riverbed and the inlet 
canal. The aim of hydrologists and 
environmentalists is to arrange the 
stability of optimal water storage 
of this area in relation with optimal 
water supply of the area. Therefore, it 
is important to make image about the 
SWR in the floodplain forest area. 

The Institute of Hydrology, Slovak 
Academy of Sciences, in its research 
activities monitors the depths of 
groundwater levels (GWL) in the 
area of interest (Kráľovská lúka). The 
monitoring is still ongoing from the 
year 1999 with a frequency of two 
weeks during the growing season and 

approximately once a month during 
winter. 

The groundwater of Rye Island 
is permanently supplied with water 
from the Danube River. The infiltrated 
water flows through highly permeable 
gravel in the south-eastern direction, 
approximately parallel with the 
Danube. The GWL during the year, 
before the Gabčíkovo Water Project 
was put into service, demonstrated 
relatively large fluctuation. In the long-
term average, the GWL fluctuated in 
the range of 4–7 m below the surface 
in the upper part, 2–4 m in the middle 
part (up to Dunajská Streda) and 0–2 m 

in the lower part of the Rye Island and 
in depressions (Porubský et al., 1971; 
Kalnová, 1976). The decrease of GWL 
stopped after the Gabčíkovo Water 
Project was put into service.

A forest ecosystem Kráľovská 
lúka, where land is not cultivated 
throughout the year, was selected 
as a  representative site (Šútor and 
Štekauerová, 2000). The soil profile of 
the area has the following structure: 
0–30 cm below the surface – sandy 
loam, 30–40 cm – loam, 55–90 cm – 
sandy loam and in the depth in the 
range of 105–115 cm – sand (Šútor 
and Štekauerová, 2000; Mudráková, 
2011). The gravel layer begins at 
approximately 250 cm below the 
surface, and the GWL in the year 1996 
was in the depths of 150 cm to 241 cm 
below the surface, with mean value of 
191 cm. 

Development of soil water storage 
within the Kraľovská lúka site

To establish and assess the soil water 
storage (SWS) in the forest ecosystem 
of Kráľovská lúka, the soil moisture 
was monitored by neutron probe by 
the Institute of Hydrology in the years 
1999–2002 (it is still monitored). The 
monitored soil moisture was further 

Results and discussion

Figure 1	 Location of Rye Island within Slovakia and its schematic definition
 

 

Figure 2	 Comparison of actual water storage (W) for the 0–30 cm soil layer with water storage calculated for hydrolimits WPVK, 
WBZD and WBV in the area of Kráľovská lúka during the years 1999–2009
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used to calculate the soil water storage in the predefined 
soil layers: 0–30 cm, 0–50 cm, 50–100 cm and 0–100 cm 
below the ground. In this paper, however, we will pay closer 
attention to the soil layer which is 0–30 cm below the 
ground. The soil water storage was analysed with respect 
to the soil moisture characteristics from the perspective of 
plants (hydrolimits). 

Because the changes in the soil water regime are 
affected mainly by the GWL and precipitation, in addition 
to the development of soil water storage we also included 
the impact of groundwater levels and precipitation on SWS.

Comparison of actual SWS for the soil layer 0–30 cm 
below the surface with SWS calculated for hydrolimits of field 
capacity (WPVK), point of decreased availability (WBZD) and 
wilting point (WBV) is shown in Figure 2. Since the beginning 
of the evaluated period until the spring of 2002, the SWS was 

always above the WPVK. During the summer period in 2002, 
2003, 2004, 2006 and 2007, this value decreased slightly 
below WPVK. In other evaluated periods, the SWS was above 
WPVK value, thus we can say that the soil layer is sufficiently 
supplied with water, and in most of the evaluated period the 
SWS in the evaluated soil layer showed excess of water. 

Impact of groundwater level on soil water storage
The course of the soil water storage in the 0–30 cm layer 
below the surface and the groundwater levels (GWL) in 
the days of measurement for the period of 1999–2009 are 
shown in Figure 3. The largest soil water storages were 
recorded in the winter (maximum March 2000 – 155.5 mm). 
On 26 March 2002, 15 August 2002, 27 August 2002, 6 April 
2006, 22 June 2007, 11 September 2007 and 3 July 2009, 
the area was flooded, which means that the water was on 

Figure 4	 Course of average monthly water storage (W) in the soil layer 0–30 cm and course of monthly precipitation totals (P) 
in the area of Kráľovská lúka during the period 1999–2009
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Figure 3	 Course of actual water storage (W) for the 0–30 cm soil layer and course of groundwater level (GWL) in the area of 
Kráľovská lúka during the years 1999–2009
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the ground surface. Therefore, the measurements were not 
realized. The lowest values of SWS were during the summer 
months (minimum August 2007 – 75 mm).

The course of GWL fluctuates in the range of 86–265 cm 
below the surface throughout the whole evaluated period 
of 1999–2009 (Figure 3). During this period, smaller and 
larger decreases were observed (mostly in summer) and 
then increases (in winter) are more significant. In the 1st 
quarter of 2009, the GWL reached the lowest level – 265 
cm below the surface for the period of 1999–2009, which 
was likely caused by the deficit of precipitation during this 
period. In the summer of 2009, the GWL increased to the 
ground surface due to intense precipitation.

In Figure 3 there is the trend of SWS in the soil layer 0–30 
cm and the GWL in the area of Kráľovská lúka for the period 
of 1999–2009, where we can see a slightly decreasing trend 
of both elements.

Impact of precipitation on soil water storage
The course of the average monthly soil water storage (W) 
in the soil layer 0–30 cm below the surface and monthly 
precipitation totals (P) for the period of 1999–2009 are 
shown in Figure 4. The trend lines illustrating the growing 
trend of precipitation and vice versa, the decreasing trend 
in soil water storage (W) are also shown. The achieved 
results may be distorted by the missing measurements of 
soil moisture during the period from 13 December 2007 to 
10 January 2008 (only 3 measurements), when high monthly 
precipitation values were observed (June 2008 – 109.6 mm, 
August 2008 – 123.9 mm).

Conclusion
Due to the changes that have occurred in the territory of Rye 
Island, we decided to analyse the impact of the Gabčíkovo 
Water Project on the soil water regime through the soil water 
storage of the representative forest ecosystem of Kráľovská 
lúka for the period of 1999–2009.

Based on the analysis results, it can be concluded that 
the forest ecosystem has a sufficient soil water storage, 
because its value did not decrease below the wilting point 
in the soil layer 0–30 cm below the surface. In the main part 
of the reporting period, the soil water storage ranged above 
the field capacity, thus the soil layer is sufficiently supplied 
with water; we can even say that there is excess water. 
Despite the fact that the SWS and the GWL have a slightly 
decreasing trend for the period of 1999–2000, there is no 
shortage of water for vegetation. 

In the analysis of the soil water storage, we also 
evaluated the impact of GWL and precipitation on the soil 
water storage. We concluded that the groundwater level 
has a greater influence on the course of soil water storage 
than precipitation. However, the results can be obviously 
distorted, because in periods of high monthly precipitation 
totals (June 2008 – 109.6 mm, August 2008 – 123.9 mm), 
the soil moisture measurements were conducted only three 
times.

In conclusion, the putting of the Gabčíkovo Water 
Project into service has a positive impact on the level regime 
of Rye Island, which subsequently had a positive impact on 
the soil water regime of the area. It means that the studied 
forest ecosystem of Kráľovská lúka has not been deficient of 

SWS, but the locality is sufficiently supplied with water and 
in most of the evaluated period there is even excess water 
in soil.
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