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Introduction 

Although the role of forests in the water balance has been the subject 

of investigation practically since the dawn of science, it is still a 

disputed question. This apparent contradiction is indicative of both 

the social importance and the complexity of water–forest systems. 

Due to the numerous indirect effects of this question, it is considered 

important at many levels of society. As the role of water as a 

resource is likely to become increasingly significant in the future, 

even more interest will be generated. A good example of this is the 

Alföld region, where declining groundwater levels over the last few 

decades mean that the role of forest stands in water management is 

by no means an internal matter affecting only the forestry sector, but 

is the subject of repeated debates involving other sectors, such as 

agriculture and nature conservation. Since it is predicted that the 

groundwater level will continue to drop, conflicts of interest between 

different sectors could flare up to an even greater extent. This debate 

is indirectly related to questions of land use. 

Despite years of research, there is still no consensus on the role of 

forests in reducing the groundwater. This can be attributed primarily 

to the complexity of the (ground)water–forest system, which 

involves numerous factors that vary greatly over space and time and 

in some cases are extremely difficult to measure directly (e.g. the 

depth of the root system of forest stands, the horizontal flow of 

groundwater below the soil surface). 

Based on the above, the aim of the present research was to 

investigate the basic hypothesis given below, taking into 

consideration the factors influencing it, with special regard to soil 

science factors. 

According to the basic hypothesis, the increased water uptake caused 

by forest plantation causes changes in the hydrological cycle of the 

given area, resulting in a lower groundwater level under the forests. 

This also exerts an effect on the movement of salts dissolved in the 

groundwater, which become more concentrated in the root zone, due 

to the selective ion uptake of the plants. The accumulation process is 

proportional to the water uptake of the vegetation, i.e. compared to 

control points covered by herbaceous plants, relatively greater salt 



 

 

accumulation can be recorded at a lower depth under woody plants 

due to their greater water uptake and deeper root zone. 

 

1. Materials and Methods 

1.1. Criteria for the choice of sample areas 

In line with the aims of OTKA project No. NN 79835, the sampling 

areas were selected with the help of a category matrix. The 

parameters and categories in the matrix were as follows: 

– the tree species examined (Quercus robur L., Robinia pseudoacacia 

L., Populus x euramericana) 

– the age of the plantation (10–20, 30–40, 50–60 years) 

– the texture of the soil profile (clay, loam, sand) 

– the groundwater depth (GWD, at time of well drilling) (1–2, 2–4, 

4–8 m) 

– the salt content of the groundwater (1–2, 2–5, 5–10 g/l). 

Since a further criterion for the sampling areas was that the woody 

vegetation should be uniform with respect to both tree species 

(species ratio) and age within a radius of 50 m from the measuring 

point, the sampling areas were at least 0.1 ha in size. 

In accordance with the above, a preliminary selection was made on 

the basis of geological, soil science and forestry databases (Kuti et 

al., 1981; Tóth et al., 2001; http://erdoterkep.mgszh.gov.hu), and this 

was finalised during a site examination.. 

 

1.2. Formation of sampling areas; parameters measured 

On the basis of the methods used for sampling and data collection 

the sampling areas could be divided into two groups: 

– a single sampling was made at 78 points (53 forest stands, 25 

control points) 

– wells for monitoring the groundwater level were established at 29 

points (17 forest stands, 12 control points) for analysis at stand level. 



 

 

All the sampling areas contained two or more sampling points: one 

control point with non-woody vegetation (ploughed land, meadow) 

and one or more measuring points with forest vegetation. The soils 

were sampled when the drilling was performed, in late summer or 

early autumn (August–October). It is important to note that over the 

year the groundwater is at its deepest point during this period. 

Drilling was made at least 50 m from the border between the forest 

stand and the control vegetation in order to avoid the border effect. 

In all cases the drilling depth was the groundwater level + 1 m, with 

a maximum of 11 m. 

Soil samples were taken every 20 cm in the upper layer (0–1 m), and 

every 50 cm from the deeper layers. Wherever possible (in 66 cases) 

water samples were also collected using a manual vacuum pump. 

The pH and electrical conductivity (EC) of the samples were 

recorded on site. The determination of the detailed soil particle 

composition, hy1 (hygroscopicity according to Sík), pH, EC and 

lime content (CaCO3) of the soil samples and the EC, pH, sodium 

and chloride ion activity (pNa, pCl) of the groundwater samples was 

then carried out in the laboratory. 

On sampling areas designated for monitoring, wells designed for 

groundwater monitoring (lined with 5 cm Ø PVC tubes equipped 

with a filter) were installed. Pressure-recording sensors (Dataqua 

Elektronikai Kft., DA-LUB 222) and data collectors (EWS Bt., Hyga 

and later Dataqua Elektronikai Kft., DA-S-URC 227) were fitted, 

which registered changes in the groundwater level every 15 minutes. 

Two methods were used to survey the forest stands: in dense stands a 

0.01 ha sample area around the sampling points (with a radius of 

5.64 m) was surveyed and in thin stands the Prodan test was applied 

(the 5 trees closest to the borehole were surveyed and their distance 

from the hole was recorded). The tree weight was estimated on the 

basis of the tree height and the trunk diameter at breast height (130 

cm). 

 



 

 

2. Results 

2.1. Preliminary examinations 

In the course of the research the first evaluation was made on data 

collected up to 2012 in 31 forest sections and at the 14 relevant 

control points (Tóth et al., 2014). 

These results indicated that, at the sampling points analysed, salt 

accumulation occurred more frequently in the groundwater than in 

the soil. The reason for this could be that salt accumulation processes 

in the soil are influenced by numerous physical and chemical soil 

properties, while the effect of the root system is exhibited more 

directly in the groundwater, where it depends to a lesser extent on 

other factors. 

At all the points investigated a significant correlation was found 

between the biomass and the salt accumulation (R² = 0.480; p<0.01; 

n = 31), while the individual species exhibited substantial 

differences: the correlation was significant for both poplar and oak, 

but no correlation was found between these parameters for black 

locust. 

A significant correlation was also detected between the age of the 

forest stand and the extent of salt accumulation (R² = 0.466; p<0.05; 

n = 31), indicating that, like biomass, this is also a factor that 

influences the level of salt accumulation. 

It can thus be stated that the salt accumulation is correlated with the 

biomass and age of woody plants and with the root system – 

groundwater relationship. However, the strength of the correlation 

differed according to the tree species. 

 

2.2. Correlation between forest stands and salt accumulation 

Further correlations between salt accumulation and the forest–

groundwater relationship were analysed by Szabó et al. (2018) on the 

basis of CaCO3 and Cl– accumulation. The results are illustrated in 

Figure 1. 

 



 

 

 

Fig. 1. Mean accumulation of CaCO3 (a) and Cl– (b) and acidifying effect 

(c) under black locust and poplar stands (forest minus control point). 

Positive values indicate CaCO3 accumulation (a), while negative values 

indicate Cl– accumulation (b) or acidification (c) compared to the control 

points (black locust n = 11, poplar n = 11) (Szabó et al., 2018). 

 

It can be seen from the figure that the surface layers were 

characterised by leaching and the deeper layers by accumulation in 

the forest stands compared with the control, but considerable 

differences could be observed between poplar and black locust with 

respect to both chloride ions and calcium carbonate. 

In the case of CaCO3 only a low level of accumulation could be 

detected and only in certain soil layers under black locust stands, 

with a maximum value of 3.48%, while a continuous, pronounced 

accumulation layer developed under poplar between depths of 2.25 

and 7.25 m, with a maximum difference of 8.4% between the forest 

and control points. This can be attributed to the diverse water uptake 

strategies of the two species. 

While black locust primarily uses soil moisture or the moisture 

reaching the root system by capillary water rise from the 

groundwater for its growth, poplar mainly satisfies its water 

requirements directly from the groundwater. Consequently the root 

zone of black locust is characterised by alternating moistening and 

drying out, while continuous, one-way groundwater movement, often 



 

 

from considerable distances in the direction of the root system, is 

characteristic of poplar. The latter is naturally accompanied by 

greater salt accumulation. 

The mechanism described above could also be observed for Cl–, but 

there were various differences in comparison with CaCO3. Cl– is 

more mobile in the soil, so even the less pronounced groundwater 

movement generated under black locust resulted in ion accumulation 

(at a depth of 5.25–7.25 m, with a maximum difference of 0.28 pCl 

units compared with the control). Here again there was greater 

accumulation under poplar (with a continuous accumulation zone 

below 1 m and a maximum difference of 0.54 pCl). 

As the sampling areas could be divided into two distinct groups on 

the basis of soil texture, it was also possible to analyse the effect of 

soil texture. 

The results revealed the presence of CaCO3 accumulation even 

under black locust on sandy soils, which could be explained by the 

more rapid groundwater movement in such soils, making it easier for 

accumulation regions to develop. It follows from this, that in subsoils 

with a finer particle composition, more intense groundwater 

movement is required if accumulation layers are to form. This 

criterion is not met by the water uptake mechanism of black locust, 

while the greater water requirements of poplar and its direct contact 

with the groundwater leads to the formation of salt accumulation 

zones even in these soils. 

These results not only confirm earlier findings but also make it clear 

that the analysis of ions with diverse properties provides a more 

detailed picture of processes related to the groundwater. 

 

2.3. Relationship between the daily fluctuation in groundwater 

level and the tree species and soil properties analysed 

A separate study was made of daily fluctuations in the groundwater 

level at the monitoring points (Csáfordi et al., 2017). It is clear from 

the data that the daily fluctuations in groundwater level shadowed 

photosynthesis on both an annual (only occurring during the 

vegetation period) and a daily scale (dropping during the day and 



 

 

rising at night). This is in agreement with much earlier findings that 

the phenomenon can be used as an indicator of groundwater uptake 

by the vegetation (White, 1932). 

Nevertheless, there are considerable deviations between vegetation 

types and tree species. During the period examined (2012–2015) 

daily groundwater fluctuations were primarily recorded at the forest 

monitoring points, being observed at 73% of the points, compared 

with only 22% for the control areas. Among the forest stands, 

fluctuations in groundwater level were more characteristic of poplar 

and oak, being recorded more rarely under black locust. 

There could be two reasons for this: in accordance with their 

growing site requirements, most of the black locust stands were 

planted on higher-lying areas, which meant that the groundwater was 

farther from the soil surface (6.53 ± 1.98 m) than in the case of 

poplar (5.53 ± 2.22 m) or oak (5.1 ± 3 m). In addition, data from the 

literature indicate that black locust has a shallower root system than 

the other two tree species, so it can be assumed that the roots did not 

reach the groundwater at these sampling points. This is in agreement 

with the findings in the previous chapter and with statements in the 

literature. 

 

Table 1: Mean daily groundwater fluctuation under different vegetation 

types and tree species on the sampling areas (values multiplied by the 

specific yield, Sy) 

 

Plant cover 
Mean daily groundwater 

fluctuation (mm/day) 

Herbaceous control 0.8 ± 1.8 mm 

Black locust 0.6 ± 0.6 mm 

Oak 1.7 ± 4.0 mm 

Poplar 2.2 ± 2.5 mm 

 



 

 

It is clear from Table 1 that the values recorded for oak and poplar at 

the given sampling points and periods were considerably higher (and 

had greater ranges) than for black locust and herbaceous vegetation, 

indicating that the latter had less influence on the groundwater level. 

In the case of black locust the range was also low compared with the 

mean values previously reported, suggesting that this tree species 

took up very little water directly from the groundwater. The range 

was much higher for the control, but this can be easily explained by 

the fact that this category included many vegetation types and 

species (grassland, cereals, maize, sunflower, alfalfa, etc.). The value 

was higher for oak and the highest for poplar, both of which 

exhibited greater deviation, again suggesting the influence of local 

factors. These results thus show that the groundwater uptake of 

forest stands is not automatically higher than that of herbaceous 

vegetation, but depends on the tree species. 

An interesting phenomenon was noted when analysing sampling 

points in the Jászság region. In 2012, during the hot, wet month of 

July, daily groundwater fluctuation was observed not only under the 

forest stand, but also in the control in Jászfelsőszentgyörgy, while no 

fluctuation was recorded for either black locust or the control area in 

Jászjákóhalma, although the meteorological conditions were almost 

identical. This can probably be attributed to differences in soil 

texture and groundwater depth. On sampling areas with finer soil 

texture (sandy loam, loam, clay loam) in Jászfelsőszentgyörgy the 

upper limit of capillary water rise was as much as 1–1.5 m, which 

could be exploited even by the herbaceous vegetation present on the 

area. The sand- and coarse sand-textured soils on the Jászjákóhalma 

sampling area, on the other hand, had a maximum capillary water 

rise of 0.1–0.2 m, while measurements indicated that the 

groundwater reserves were at a depth of 3–3.5 m. This observation is 

in agreement with the previous findings and again draws attention to 

the importance of local factors. 

Calculations made using the modified White method (Gribovszki et 

al., 2008) showed that during the same period the water uptake of 

woody vegetation on the Jászfelsőszentgyörgy sampling area 

(poplar: 4.7 mm/day, oak: 7.7 mm/day) exceeded that of the 

grassland on the control area (3.5 mm/day). A similar result was 



 

 

calculated for the Kunhegyes sampling area (poplar: 3.38 mm/day, 

arable: 1.29 mm/day, Szabó et al., 2018). 

 

2.4. Summarised results for all the sampling areas 

It can be concluded from the results that under most forest stands the 

groundwater level was located at a lower depth than under associated 

control points with non-woody vegetation (84.8%; n = 66). This 

decrease in the groundwater level was most pronounced under oak, 

while the values recorded for poplar and black locust were very 

similar. It is worth noting that the highest number of cases where no 

decline in groundwater level was recorded under forest stands was 

found for poplar (19.2%; n = 26), the tree species characterised by 

the greatest water requirements. This contradicts the water demand 

data given in the literature and, together with the great deviation in 

the values, again reflects the significant influence of local factors. 

One such factor could be that, as poplar is generally planted on 

lower-lying areas, the water taken up is replaced to a greater extent 

and more rapidly. Data on the depression of the groundwater level 

are illustrated in Figure 2. 

 



 

 

 

Fig. 2. Differences in the groundwater levels under forest stands and control 

areas for each tree species, omitting extreme values ( water samples were 

taken successfully in a total of 66 cases: black locust n = 22, oak n = 18, 

poplar n = 26). Positive values indicate a depression in the groundwater level 

under the forest. (Due to the limitations of the drilling technique, the 

maximum value was 10.5 m.) 

 

One important practical result for forestry was that in no case did the 

salt accumulation reach a value that could endanger the forest stand. 

The highest EC value recorded was 1.904 dS/m. 

The variation in salt accumulation with depth followed the same 

pattern at all the sampling points as that described above (chapter 

2.2), with salt accumulation at 0–1 m in the control and below 1 m 

under forest stands. The latter was greater than the accumulation 

under control areas, so more salt was accumulated under forest 

stands, averaged over the whole soil profile. The distribution of salt 

accumulation for each tree species is illustrated in Figure 3. 



 

 

 

 

Fig. 3: Differences in the mean electrical conductivity under forest stands 

and control areas for each tree species, omitting extreme values (black locust 

n = 20, oak n = 15, poplar n = 26). Positive values indicate salt accumulation 

below the forests 

 

The mean data support the basic hypothesis with respect to both 

groundwater depression and salt accumulation, although salt 

accumulation was only significant under the poplar stands (Table 2). 

 

 

 

 

 



 

 

Table 2: Results of the paired t-test on differences in groundwater level and 

electrical conductivity under control and forest points. sig.: level of 

significance; **:mean difference between the two groups significant at the 

p<0.01 level 

 
Difference in electrical 

conductivity 

Difference in groundwater 

level 

Black 

locust 

t = –1.335; sig.= 0.196;  

n = 23 

t = –4.669; sig.= 0.000**; n = 

22 

Oak 
t = –1.188; sig.= 0.251;  

n = 18 

t = –5.238; sig.= 0.000**; n = 

18 

Poplar 
t = –4.003; sig.= 0.000**; n = 

28 

t = –4.118; sig. = 0.000**; n 

= 26 

  

These results are in accordance with the conclusions drawn from the 

detailed analysis of salt accumulation (chapter 2.2.) and again 

demonstrate the diverse water uptake strategies of poplar and black 

locust. 

 



 

 

Theses 

1. Compared to the control, a lowering of the groundwater level 

could be observed under forest stands. However, this depended not 

only on the greater water uptake of forest stands, but also on the 

influence of local factors. 

Groundwater depression was detected under 84.4% (n = 66) of the 

forest stands compared with the associated control points, and the 

difference in the groundwater level was significant for all the tree 

species examined. This is in agreement with the international 

literature. 

2. The salt accumulation under forest stands was significant in the 

case of poplar, but the extent of salt accumulation did not represent a 

danger for woody vegetation at any of the measuring points. 

One result of practical importance for forestry is that salt 

accumulation in the soil could be observed under 55.6% (n = 31) of 

the forest sampling areas, but that it never reached a level that could 

endanger the long-term maintenance of the forest stand, in contrast 

to other published results (Nosetto, 2007). The highest value of 

electrical conductivity recorded was 1.904 dS/m. 

3. The analysis of the salt accumulation induced by the water uptake 

of forest stands could be a suitable method for drawing conclusions 

on the water uptake strategy of the given forest stand. 

The analysis of changes in total water-soluble salt content and in 

CaCO3 and Cl– revealed accumulation in the topsoil under the 

control vegetation, with a decline in salt content with depth. In 

contrast, low values in the topsoil, an increase with depth, followed 

by a decrease again in the deepest layers was recorded under woody 

vegetation, in line with the assumed depth of the root zone. Studies 

on the accumulation of CaCO3 and Cl– under poplar and black 

locust demonstrated that the extent of salt accumulation was 

determined both by the mode and intensity of water uptake by the 

given tree species and also by the mobility (solubility in the 

groundwater) of the element in question. These results make it clear 

that the salt accumulation induced by the water uptake of forest 

stands is correlated with groundwater movement. This means that by 

analysing the location of salt accumulation peaks and the changes in 



 

 

total salt, CaCO3 and Cl–, conclusions can be drawn on how much 

water various tree species extract from the soil and from what depth. 

4. The presence of groundwater fluctuation under forest stands 

during the vegetation period is a clear indication of water uptake 

directly from the groundwater, and can thus be used to examine the 

relationship between the groundwater and the root system. 

The daily fluctuation in the groundwater level exhibited a clear 

correlation with both the annual and daily dynamics of 

photosynthesis, and this phenomenon confirmed the conclusions 

drawn from the analysis of salt accumulation. This in turn confirmed 

the diverse water uptake strategies of poplar and black locust, in 

agreement with findings reported in the literature. 

It can thus be stated that the analysis of the daily groundwater 

fluctuations characteristic of sampling areas provides information on 

the water uptake mechanisms of forest stands. 
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