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Abstract: Water is one of the key ecological factors that has a great impact to development and productivity of lowland 
species such as Quercus robur. This paper deals with water regime influence to site conditions of these species and how 
actually changeable soil moisture affects Q. robur. Studied area includes a protective embankment built on the river bank 
in order to eliminate flooding effect, which means that all needs for water these associations provide from rainfalls and 
groundwater. Water regime was monitored during two critical years (extremely dry and extremely wet) on four soil types 
– Planosol, Fluvisol and Gleysol that belong to hydromorphic (three experimental plots) and Chernozem which belongs to 
automorphic soils (three experimental plots), respectively. It was studied the distribution of rainfalls and groundwater 
during the growing seasons and how it affects total and available water amount in the soil. The main focus should be given 
to available water, because it is located in capillary pores and plants can utilize it. Bearing in mind rainfalls makes just  
15–20% of the total water amount in the soil it is much more significant to evaluate its proportion in available water. Based 
on obtained results, we can deduce that much more suitable site conditions for Q. robur are present on hydromorphic soils 
due to much greater proportion of groundwater. 
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INTRODUCTION 

 
The possibility of determining the water regime in specific 

habitat conditions and defining the relationship between plant as-
sociations from one side and extremely wet or dry habitats from 
another side is of essential importance, not only for the normal 
growth and development of forest ecosystems, but also for plan-
ning the application of adequate management measures (Letić et 
al., 2006; Letić et al., 2014; Nikolić, 2016). It should be noted 
that species are rarely found in nature in their ecological opti-
mum, i.e. in the locality where they can achieve the maximum 
production of organic matter. Expanding of populations of a cer-
tain species in some area is a consequence of their gradual adap-
tation to the present site conditions. One of the most important 
environmental factors for the functioning and survival of forest 
ecosystems is water. 

Water balance in plants is one of the key factors responsible, 
not only for their growth and development, but also for basic 
metabolic activities maintaining (Donohue et al., 2007; Feng et 
al., 2012; Porporato et al., 2004). It should be emphasised that 
lack of water may impact a lot the length of the growing season 
and radial and height growth rate by trees, as well.  Water 
balance is actually closely related to the quantity of water 
absorbed by the root system and the quantity of water released 
by transpiration from aerial parts of the plant (Nikolić Jokanović, 
2021). Water is especially important in the belt of lowland 
forests that are usually located in flooding areas and in these 
ecosystems significant variations in the amount of the soil 
moisture affect vegetation succession (Hrvoľ et al., 2009; 
Nikolić and Jokanović, 2019). The water content in the soil is 
related to the mutual interaction of the solid, liquid and gaseous 
phases of water and soil, then to the movement of moisture in the 
soil, as well as to the processes related to the exchange of 

moisture between the soil and the surrounding environment 
(Gomez et al., 2009; Taiz et al., 2018). The water regime is a 
qualitative element that shows the available water supplies in the 
soil over the long period of time, and is expressed by the total 
amount of water that reaches the soil in different ways, as well 
as the amount that is available to plants (Nikolić, 2016). 

The soil has the ability to absorb water, to let part of the free 
water pass through the depth of the profile and to retain water of 
different categories, and water constants are used to 
quantitatively determine certain water properties (Vučić, 1987). 
Water constants depend on the mechanical composition of the 
soil, the structure and content of organic matter, as well as on the 
implemented agro-technical measures, and for forest ecosystems 
the following are important: maximum soil water capacity, field 
water capacity for soil, water retention and wilting point 
(Kanianska et al., 2022; Kramer, 1944). Maximum soil water 
capacity is a constant that represents the water content in the soil 
when water saturation is in maximum fulfilling the micropores 
and they are theoretically equal to the total porosity. Maximum 
soil water capacity is undesirable because anaerobic conditions 
occur, which puts the plants in a state of stress and puts 
maximum pressure on the metabolic activities of the plants 
(Dragović, 1997). Field water capacity is a condition where 
micropores are filled with water and macropores with air, after 
maximum saturation and seepage of free water under the 
influence of gravity (Knežević and Košanin, 2007). Water 
retention is the amount of water that is in the capillary pores of 
the soil after the drainage of gravity water and the values of this 
water constant are often equal to the field water capacity 
(Belanović, 2012). The wilting point is the equilibrium state 
between the suction force of the root system and the soil particles 
and plants start to lose turgor (Vučić, 1987). 
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The investigation of the correlative relationship between the 
Q. robur habitat features and the water regime in the protected 
area of Srem forests (Serbia) is one of the initial steps in solving 
problem of Q. robur decline which makes a lot of damage to this 
economically and ecologically very valuable species (Letić et al., 
2014; Medarević et al., 2009; Nikolić Jokanović et al., 2020). 
Soils are a dynamic system constantly under the influence of nat-
ural and anthropogenic factors (embankments building, con-
struction of meliorative canals, etc.) which affect the modifica-
tion of their characteristics and impact Q. robur as a species that 
grows in these site conditions. 

Water absorption demands a very close contact between the 
plant root and soil particles – in case the volume of the roots and 
the root zone in the rhizosphere layer of the soil is greater, it will 
cause a greater possibility of absorption (Johansson et al., 2000). 
Root growth is mainly related to soil moisture sources that enable 
its intensive growth, while these root parts which are no longer 
actively involved in absorption die off (Nikolić, 2016). As a  
consequence, we have asymmetric root growth. 

There are two main factors which affect water movement 
through the rhizosphere zone – soil structure and soil texture 
(Jeje and Zimmermann, 1979). According to its more expressed 
permeability, sandy soils tend to dry out quickly, unlike clayey 
soils whose capacity of receiving water and nutrients is very lim-
ited (Kramer and Boyer, 1995). Water movement is uncondition-
ally related to capillary movement, infiltration, and filtration 
(Jezek and Blatt, 2017; Kim et al., 2014). Transport of water is 
possible both through unsaturated and saturated soil. Direction 
in which water moves and its speed depend on several factors: 
physical and chemical soil characteristics, organic matter content 
and the forces responsible for its movement (Lichner et al., 
2023). In general, water movement is unconditionally connected 
with capillary forces, gravity, and hydrostatic pressure. 

The main scope of the paper is to study how water regime 
impacts Q. robur site characteristics at protected area of Srem 
forests where the embankment building eliminated flooding 
influence, so these associations are mainly supplied with water 
from precipitation and groundwater. As for specific goals, they 
are mainly focused on determination of soil capacity for water 
uptake that is mostly dependent on water-air regime and physical 
and retention properties of the soil. In addition, specific goals 
also include variation of available water quantity in the soil 
during growing season. 
 

MATERIALS AND METHODS 
 
In a spatial-geographical sense, the area of lowland Posavina 

forests in Serbia covers an area of about 42,000 ha, i.e. it 
stretches between 44º37'53'' and 45º11'37''north latitude (φ) and 
between 18°59'45'' and 20º21'30'' east longitude (λ), (Fig. 1). In 
this paper are analysed areas covered with forest vegetation 
where embankment building excluded the influence of surface 
flood waters and this affects changing of hydrological site con-
ditions. The soils of the researched area belong to the alluvial 
plain of the Sava River, and their properties depend on the min-
eralogical and textural composition of the alluvial sediment de-
posited in this area. Water regime was investigated on four soil 
types – three belongs to hydromorphic and another one to auto-
morphic soils. Based on the spatial analysis of the researched 
area and habitat characteristics, a total of six localities (experi-
mental plots) were selected because permanent monitoring of 
groundwater level fluctuations was carried out there. Experi-
mental plots were divided into two groups – the first one includes 
three units (1a – Planosol, 1b – Fluvisol, 1c – Gleysol) that are 
located on hydromorphic soil (Fig. 1, Table 1 and 2), while an-
other group includes also three experimental plots (2a, 2b, 2c – 
all belong to Chernozem) situated on automorphic soil (Fig. 1, 
Table 1 and 2). According to WRB 2022 classification, experi-
mental plots belong to following soil types: a1 – Haplic Planosol, 
b1 – Haplic Fluvisol, c1 – Mollic Gleysol, a2 – Luvic Cherno-
zem, b2 – Luvic Chernozem, c2 – Calcic Chernozem, (Fig. 1, 
Table 2). At all selected areas were conducted field and labora-
tory work, and then statistical processing of obtained results. 
 
Field research 
 

This phase included several operations: opening of pedologi-
cal profiles near present structures for permanent monitoring of 
groundwater level (piezometers); determination of soil types; 
taking samples for pedological analyses in damaged and undam-
aged state (in Kopecky cylinders) from the central part of each 
horizon on all pedological profiles (34 samples); during the 
growing season, once a month, soil samples were taken for cur-
rent moisture analysis, from the central part of each horizon on 
all pedological profiles, and the localities where the samples 
were collected are located close to open pedological profiles 
(102 samples). 

 

 

Fig. 1. Map of studied area with experimental plots. 
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Table 1. Water properties of investigated soils. 
 

Experimental 
plots Horizon Depth Specific 

density 
Volume 
density Total porosity Water retention by pressures 

33 kPa 625 kPa 1500 kPa 
cm g/cm3 g/cm3 %vol. % vol. % vol. % vol. 

a1 
Planosol 

Ag 0–30 2.54 1.31 48.43 43.94 30.30 18.39 
Bt,g 30–70 2.60 1.52 41.54 40.20 30.83 13.30 
Cca 70–120 2.63 1.45 44.87 36.23 25.34 14.88 

b1 
Fluvisol 

Aa 0–30 2.63 1.42 46.01 38.07 30.18 20.93 
Ab 30–65 2.65 1.59 40.00 38.52 30.57 20.82 
Cca 65–100 2.66 1.36 48.87 35.75 27.01 18.99 

c1 
Gleysol 

Aa 0–50 2.60 1.39 46.54 41.50 25.94 18.88 
Gso 50–95 2.65 1.56 41.13 39.56 24.90 21.91 

GsoGr 95–120 2.64 1.64 37.88 36.73 27.60 21.99 
a2 

Chernozem 
Amo 0–75 2.59 1.55 40.15 37.83 26.39 16.14 
Cca 75–110 2.62 1.20 54.20 33.46 22.97 16.51 

b2 
Chernozem 

Aa 0–50 2.62 1.52 41.98 40.73 27.98 15.99 
AC 50–95 2.63 1.50 42.97 35.77 29.50 18.90 
Cca 95–120 2.65 1.51 43.02 36.53 22.31 21.27 

c2 
Chernozem 

Amo 0–45 2.57 1.40 45.53 40.77 27.80 18.56 
AC 45–85 2.60 1.56 40.00 38.43 28.45 14.28 
Cca 85–130 2.62 1.34 48.85 34.75 23.36 18.84 

 
Table 2. Display of vegetation and pedological profiles with remarked soil horizons. 
 

Experimental plot a1  
Haplic Planosol  

Experimental plot b1
Haplic Fluvisol   

 
Experimental plot c1  
Mollic Gleysol  

Experimental plot a2  
Luvic Chernozem  

 
Experimental plot b2  
Luvic Chernozem  

Experimental plot c2
Calcic Chernozem  
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Laboratory research 
 

There were carried out a lot of laboratory analysis such as: 
mechanical soil texture (%) was determined by the pipette 
method, sample preparation with sodium pyrophosphate was 
performed according to Racz (1997); textural classes were deter-
mined using the Fore triangle (Soil Survey Manual 1955); deter-
mination of the specific density of the soil (g/cm3) was per-
formed according to the Albert-Bogs method with the use of xy-
lene as an internal liquid (Bisić-Hajro, 1997); determination of 
the volumetric mass of the soil (g/cm3) was carried out in  
Kopecky cylinders (100 cm3), Burlica, (1997); determination of 
total porosity (% vol) was calculated from the values of specific 
and volumetric soil mass (Vučić, 1987); water retention at a pres-
sure of 33 kPa was determined using Porous-plate accessories 
(Marinčić, 1997; Richards, 1947; Richards, 1965); water reten-
tion at a pressure of 625 kPa and 1500 kPa was determined using 
the Presure membrane kit (Marinčić, 1997; Richards, 1947; Rich-
ards, 1965); the useful water capacity is determined computation-
ally from the difference of retained water at a pressure of 33 kPa 
and 1500 kPa (Knežević and Košanin, 2007); the current soil 
moisture content was determined using the thermogravimetric 
method (Vučić, 1987). 
 
Determination of water quantity in the soil 
 

The amount of water in the soil is determined on an area of 1 
hectare (1 ha = 10.000 m2) for a layer of thickness h expressed 
in meters. The total mass of the researched soil in an absolutely 
dry state is determined according to the following formula: 
 

Mz = 10.000 (m2) * h (m) * ρ (g/cm3) 
Mz = 10.000 (m2) * h (m) *ρ (t/m3) 
 

where Mz – mass of the soil in absolutely dry state (t); h – thick-
ness of the layer (m); ρ – volumetric soil density (g/cm3). 

Water amount in the soil can be calculated in the following 
way: 
 

Mz /100 = W/b 
W = Mz * b /100 = 10.000 * h * ρ * b/100 = 100 * h * ρ * b 
 

where W – water quantity in the soil (m3/ha); b – water content 
in soil in % from mass of absolutely dry soil (%). 

If the layer thickness h is expressed in cm, then we have: 
 

W = h * ρ * b = h * c 
 

where c = ρ * b is soil water content in % of the volume of abso-
lutely dry soil. 

The pedological profile consists of different horizons (there 
are different values of the depth of the horizon, volume mass and 
current soil moisture values), so the total amount of water in the 
pedological profile is obtained as the sum of the amount of water 
per horizon: 
 

W = W1 + W2 + … Wn  
 

where W1, W2, …, Wn – water quantity in horizons 1, 2, …, n 
(m3/ha). 

Available soil moisture presents water which is between field 
water capacity and wilting point (under tension between 33 kPa 
and 1.500 kPa). 

Quantity of available and total soil moisture was calculated as 
an average value for experimental plots on Planosol, Gleysol and 
Fluvisol (1a, 1b, 1c). The same procedure was applied for  
determining the quantity of available and total soil moisture for 
experimental plots on Chernozem (2a, 2b, 2c). 

RESULTS AND DISCUSSION 
 
If hydromorphic soils are analysed, during both investigated 

extreme periods, it can be stated that the greatest total soil mois-
ture is found in Gleysol, then in Planosol, while the smallest total 
soil moisture was recorded in Fluvisol (Fig. 2). As for the avail-
able soil moisture on hydromorphic soils (Fig. 5), during both 
investigated extreme periods, the dominance of Gleysol can be 
established again, while the situation is slightly different be-
tween Planosol and Fluvisol – at the beginning of the growing 
season, during both critical periods, the larger amount of water 
available to plants is found in the Planosol, while in the later 
months, as the process of division and differentiation of cells is 
increasingly reduced, generally more water available to the 
plants is found on the Fluvisol. As for the variation of the total 
soil moisture going from the beginning to the end of the growing 
season on hydromorphic soils, during the wet period, a slight de-
crease in those values is observed starting from April and ending 
in September (Fig. 2). On the other hand, during the dry period, 
a bit more drastic fall of this parameter can be observed on the 
Gleysol during July, August and September, while on Planosol 
and Fluvisol the distribution is more or less constant during the 
whole vegetation season (Fig. 2). When it comes to available soil 
moisture, a significant fall in the Gleysol can be observed to-
wards the end of the vegetation season in the wet period, while 
in the dry period this decreasing tendency on the Gleysol begins 
already in June (Fig. 5). For the remaining two types of hydro-
morphic soils, we have a gradual reducing trend of available soil 
moisture from the beginning to the end of the vegetation season, 
but it should be noted that the reduction of the value of this pa-
rameter is a bit more significant during the dry period (Fig. 5). 

Regarding automorphic soils, if we analyse total soil mois-
ture, during both extreme periods, the highest values were de-
tected on c2, then in b2, while the lowest values were recorded 
in a2 experimental plot (Fig. 3). A completely identical tendency 
for Chernozem was also obtained for the available soil moisture 
– experimental plot c2 leads with the highest values, followed by 
b2, and the lowest values were found in a2 (Fig. 6). 

Regarding the distribution of total soil moisture on this type 
of soil during the growing season, for both extreme periods, a 
gradual decrease in values can be observed starting from April 
and ending in September in all three experimental plots (Fig. 
3). On the other hand, the tendency of the value of the available 
soil moisture to decrease is significantly more pronounced as the 
end of the growing season comes, especially during the dry  
period, in all three experimental fields (Fig. 6). 

If we compare an average values of total and available soil 
moisture on both soil orders (Fig. 4, Fig. 7), we can deduce that 
these values are greater by hydromorphic soils for both growing 
seasons. As for the distribution of the total and available soil 
moisture on hydromorpic soils, during wet period, there were 
recorded constantly high values with a slightly decreasing  
tendention at the end of growing season, while during dry grow-
ing season, reduced values occurred beginning from July (Fig. 4 
and Fig. 7). The analysis of an average values of total and avail-
able soil moisture on automorphic soils shows decreasing ten-
dency by the end of growing season in wet period, while during 
dry period, there is a fall of these values from June until the end 
of growing season (Fig. 4 and Fig. 7). 

If we analyse the graphical display of the groundwater level 
by month for the total vegetation season, during the wet year, it 
can be concluded that it rises almost to the surface of the soil on 
the hydromorphic soil type, while on the automorphic soil type it 
reaches its highest level in the period of the highest amount of pre-
cipitation (up to about 2 m deep) in the period June-July (Fig. 8).  
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Fig. 2. Total soil moisture in Planosol, Fluvisol and Gleysol soils. 
 

 

Fig. 3. Total soil moisture in Chernozem soils. 
 

 

Fig. 4. Total soil moisture in automorphic and hydromorphic soils. 
 
It should also be pointed out fluctuations of groundwater level 
on hydromorphic soils during the wet period are not so 
pronounced and that the lowest point to which they descend is 
registered on Gleysol at a depth of 2 m at the beginning of the 
vegetation period (Fig. 8). 

On the other hand, on Chernozem, the groundwater level 
drops from 4 to 6 m deep at the beginning of the growing season 
(Fig. 8). The correlation between the amount of precipitation and 
the groundwater table is very pronounced, especially during the 
wet year - the smallest amount of precipitation is recorded at  
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Fig. 5. Available soil moisture in Planosol, Fluvisol and Gleysol soils. 
 

 

Fig. 6. Available soil moisture in Chernozem soils. 
 

 

Fig. 7. Available soil moisture in automorphic and hydromorphic soils.  
 

the beginning of the growing season (about 40 mm) and it coin-
cides with the lowest groundwater level (Fig. 8). Then there is a  
significant increase in the amount of precipitation during May and 
June (100–110 mm), which causes the culmination of the ground-
water level in all types of soil, and after that follows a reduction 
both in the amount of precipitation and groundwater level (Fig. 8). 

As for the dry period (Fig. 8), a drastic reduction in the 
groundwater level can be observed in all soil types, especially in 
Fluvisol and Chernozem towards the end of the growing season 
(groundwater is at a depth of 5.5–6 m), while in Gleysol and 
Planosol the situation is a little bit more favourable and the lowest 
groundwater levels were detected in September (4–4.5 m). 
 

 

0
50

100
150
200
250
300
350

IV V VI VII VIII IX IV V VI VII VIII IX

Av
ai

la
bl

e 
so

il 
m

oi
st

ur
e 

 (m
m

)

Month

Wet  growing season                                         Dry  growing season

Fluvisol (b1) Planosol (a1) Gleysol (c1)

-50

50

150

250

350

IV V VI VII VIII IX IV V VI VII VIII IX

Av
ai

la
bl

e 
so

il 
m

oi
st

ur
e 

(m
m

)

Month

Wet  growing season                                         Dry  growing season

Chernozem (a2) Chernozem (b2) Chernozem (c2)

0

100

200

300

400

500

IV V VI VII VIII IX IV V VI VII VIII IX

Av
ai

la
bl

e 
so

il 
m

oi
st

ur
e 

(m
m

)

Month

Wet  growing season                                         Dry  growing season

Automorphic soils (a2, b2, c2) Hydromorphic soils (a1, b1, c1)



Soil moisture regime in lowland forests – quantity and availability of water 

21 

  

 

Fig. 8. Display of cumulative precipitation and groundwater distribution on experimental plots. 
 

It should be emphasized that it is particularly important to 
determine the percentage of precipitation in the available soil 
moisture, since the precipitation that reaches the forest soil is 
used in various physiological processes by the plant (it makes up 
only 15–20% of the depth of physiologically active soil layer 
which the plant roots can reach). Namely, water from 
precipitation is retained in capillary and gravity pores, and water 
in the soil is also found in pores smaller than capillary pores and 
that water is inaccessible to vegetation. For this reason, it is most 
important to know the amount of water available to plants, as well 
as the percentage of hydrological components that make it up.  

As above mentioned, due to embankment building and ex-
cluding of flooding, there are two factors which affect soil mois-
ture – precipitation and groundwater. For that reason, percentage 
of precipitation related to available soil moisture was calculated 
for each month and then was determined an average value for all 
12 months (growing season in wet and growing season in dry pe-
riod). The analysis was conducted for three experimental plots on 
hydromorphic (a1, b1, c1) and for the other three experimental 
plots on automorphic soils, as well (a2, b2, c2).  

Based on the obtained results, it can be determined that on 
hydromorphic soils (Gleysol, Planosol, Fluvisol), about 2/3 of 
the available water in the soil is groundwater, and only 1/3 is 
precipitation. On the other hand, on automorphic soils 
(Chernozem), the situation is completely reversed – 2/3 of the 
available water comes from precipitation, and just 1/3 from 
groundwater. Based on this, it can be determined that 
hydromorphic soils are significantly more favorable to the 
development and production characteristics of the oak, bearing 
in mind that this hygrophilous species mainly satisfies its needs 
for the main environmental factor – water from groundwater 
(Nikolić, 2016). This completely coincides with the fact that 
hydromorphic soils (Antic et al., 1982) have a light mechanical 
texture that determines their water-air properties, and on this type 
of soil, plants are supplied with water mainly through 
groundwater. As for the chemical composition, the alluvium in 
Serbia is more or less carbonate and due to the rough mechanical 
composition, the mobilization of nutrients is very slow and the 
supply of vegetation with food mainly comes through 
groundwater. When it comes to the ecological value of alluvial 
soils, it depends, first of all, on their mechanical composition and 
the length of groundwater retention in the profile (Antić et al., 
1982; Ivanišević, 1993; Ivanišević and Knežević, 2008; 

Knežević and Košanin, 2007).  On the other hand, the most 
important conditions for the formation of Chernozem are the 
temperature and soil moisture, which primarily originates from 
atmospheric precipitation. One of the main characteristics of 
Chernozem is that it contains significant amounts of organic 
matter that contribute to intensive humification of the soil profile 
which affects creating of a powerful humus-accumulative 
horizon. Despite belonging to the group of the most productive 
and fertile soils, Chernozems are less favorable to the 
development-production and ecological characteristics of 
hygrophilous species compared to hydromorphic soils. 

Tuzinsky (2003) studied soil moisture regime in oak forests 
and established that variations of this element were most inten-
sive during the growing seasons. This author also found that the 
amount of available water increases from the beginning of the 
hydrological year up to the spring according to water supplies 
that origin from snow melting, but also emphasised it depends a 
lot on climate characteristics (rainfalls and air temperature, be-
fore all) during researched period. Niu and Liu (2021) researched 
water use efficiency in natural oak forests in China exposed to 
drought stress and found that both spring and summer drought 
increased water use efficiency, while autumn drought reduced it 
which can be linked to leaf senescence. These authors also estab-
lished that short-term droght did not endanger ecosystem function 
a lot, while long-term drought affected it significantly, before all 
in terms of evapotranspiration and water use efficiency. Kuster et 
al. (2012) investigated how air-warming and drought affect water 
regime and growth properties of young oak stands on two differ-
ent forest soils and their results showed that these associations can 
cope with drought periods, but for some more reliable conclu-
sions, more focus has to be given to interaction of drought (air-
warming) and soil properties. As for adult oaks in natural forests, 
behaviour patterns as a response to drought are pretty different 
compared to young plants, but it can be assumed that these mature 
oaks are less vulnerable to droughts as they are able to develop 
long taproots that can provide water from deeper soil horizons 
(Hanson et al., 2001; Leuzinger et al., 2005).  

As for mortality of lowland forests, Kapec (2006) remarked 
the 1962–1965 period as a time of severe decline and dieback of 
hygrophilous species situated in the Sava River’s middle stream. 
Dubravac and Dekanić (2009) outlined the occurence of inten-
sive sanitary fellings of pedunculate oak stems in Spačva (Croa-
tia) for period 1996–2006 from two reasons: 1. mature stands are 
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very sensitive to oak mortality and decline; 2. the greatest rate of 
mortality was recorded by oaks located at microtopographically 
lowest positions. Pilaš et al. (2007) found that groundwater level 
significantly affects decline and dieback of oak forests in Croa-
tia, while many authors claimed that the most intensive decline 
and dieback of oak forests in Srem was related to low content of 
easily available water (Letić et al., 2014; Nikolić, 2016; Nikolić 
and Jokanović, 2019). Čermak and Fer (2007) explained the 
changing of root morphology by pedunculate oak with age and 
its linkage to mechanisms of water adsorption –  young individ-
uals are characterized by the taproot, while adults have heart-
shaped root system, so the change in the manner of water uptake 
can only be related to environmental changes. Weemstra et al. 
(2013) emphasised that productivity and radial growth of several 
tree species including pedunculate oak can be dependent a lot on 
drought events. Gričar et al. (2013) observed the influence of mi-
cro-environmental conditions on variation of anatomical traits 
and annual growth width by floodplain oak forests and estab-
lished a very significant correlation. In addition to this, detailed 
wood anatomical analysis can give us additional information 
about oak tree vitality (Gričar et al., 2014).  

Soil can store the amount of water that is determined by its 
water capacity (Nikolić, 2016). In addition to physical and 
chemical characteristics, the amount of water in the soil is also 
influenced by the average duration of flooding or the level of 
groundwater in the growing season (Herpka, 1979). However, in 
addition to the quantity, the category of water is also important, 
which is expressed through water constants. Stored water in the 
soil is current moisture whose content fluctuates throughout the 
year. Since not all water in the soil is available for vegetation to 
use, there are different categories of accessible water, while 
borders of these categories are defines as water constants whose 
values can be quantified (Vučić, 1987). 

Gravitational water occurs in the researched area as a result 
of heavy rains or as a result of a high level of groundwater, 
because the embankments prevent the flood waters of the Sava 
from overflowing. Capillary water is a very important category 
of water in the soil, which some authors (Ivanišević, 1993) define 
as the optimal soil moisture interval. This form of water in the 
soil is the most significant when it comes to water uptake by 
vegetation, however, not all capillary water is equally accessible 
to plants (Vučić, 1987) – water that is under tension between 33 
kPa and 625 kPa is easily accessible, and that under tension 
between 625 kPa and 1,500 kPa is more difficult to access. The 
soil capacity for easily accessible water is the difference between 
the field water capacity and the lentocapillary capacity (Đorović, 
2001; Vučić, 1987). However, woody species, including the 
pedunculate oak, can also use water that is under tension between 
625 kPa and 1.500 kPa (Miletić, 1995). When all easily 
accessible water is wasted from the soil for evapotranspiration, 
and the soil humidity drops below the lento-capillary capacity, 
forest trees slow down transpiration and all other physiological 
processes, as well, such as photosynthesis, growing, organic 
matter producing, etc. (Miletić, 1995). Physiological processes 
in plants slow down all the more if the soil water tension is 
higher, ie if the humidity is lower. When the soil moisture drops 
to the wilting point, that is, when the soil water tension reaches 
1.500 kPa (inaccessible water), most plants stop absorbing water 
from the soil.  

In relation to the use of water by vegetation, three basic cate-
gories of water are distinguished: gravity, capillary and inacces-
sible water (Vučić, 1987). Water under tension of less than 33 
kPa is gravity water and some of this water is rarely used by 
plants because it quickly disappears from the soil, causing the 
coarse gravity pores to fill with air. Longer stagnation of gravity 

water leads to the creation of anaerobic (reducing) conditions, 
which results in waterlogging, i.e., there is a difficult access of 
oxygen and disturbances in the respiration of the root system 
(Ivanišević, 1993). Also, this water has a harmful effect on sev-
eral important processes in the soil - oxidation, nitrification and 
mineralization of organic matter, as well as aeration, on which 
oxidation-reduction processes in the soil depend.  

 
CONCLUSIONS 

 
The study deals with the impact of hydrological parameters 

on site characteristics of lowland Quercus robur forests in north-
ern part of Serbia. Monitoring of groundwater level and precipi-
tation quantity, and total and available soil moisture, as well, was 
carried out during growing season of two extreme years – wet 
and dry. There were selected four soil types – Fluvisol,  Gleysol, 
Planosol (hydromorphic), and Chernozem (automorphic). There 
is a part of total soil moisture which is present in pores smaller 
than capillary, so it is inaccessible to plants. Therefore, the paper, 
before all, is focused on quantity and distribution of available 
soil moisture during growing season. In the paper was essentialy 
important to evaluate proportion of precipitation in available soil 
moisture both on hydromorphic and automorphic soil. Based on 
the obtained results, on hydromorphic soils, proportion of pre-
cipitation and groundwater in available soil moisture is 1:2, 
while on automorphic soil, the ratio is exactly the same but in 
favour of precipitation. We can deduce that hydromorphic soils 
are much more suitable for development and production of hy-
grophilous species such as Q. robur compared to Chernozem, 
especially during dry growing season. Obtained results may give 
a recommendation – for evapotranspiration and water balance 
calculation on alluvial sites a special attention should be paid to 
additional watering in the soil that originates from groundwater. 
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