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Abstract — The aim of this paper is to show how hydrological measurements made in forests and
grasslands can contribute to the conservation treatment of ecologically significant habitats. The
study was carried out in three different forest stands and their surrounding grasslands in the area of
the Kiskunsag National Park Directorate between 2012 and 2015. Different methods were applied
during the research of the water balance. The average values of canopy interception were 23% in the
Scots pine stand and 19.2% in the grey poplar stand. Rainfall quantity, intensity, and dispersion as
well as tree structure and health greatly influenced interception. The transpiration values were 205
mm in the coniferous stand, 405 mm in the deciduous stand, and 370 mm in the black locust stand.
The water balance of the habitats show that the water uptake is much lower in the grasslands than it
is in the surrounding forest stands.

precipitation / soil moisture / interception / water balance / forest stands

Kivonat — Hidrologiai vizsgalatok a Kiskunsagi Nemzeti Park Igazgatosag teriiletén. Jelen
vizsgalat a kiilonboz6 erdéallomanyokban és gyepteriileteken végzett hidroldgiai mérések alapjan
egésziti ki, tamasztja ala az egyes Okologiai szempontbol jelentés élohelyek szakszerii
természetvédelmi kezelését. A vizsgalatok a Kiskunsagi Nemzeti Park Igazgatésag miikodési
teriiletén elhelyezkedd harom erddrészletben és kozvetlen kozelilkkben 1€évo gyepteriileten folytak
2012-2015 kozott. Munkank soran kiilonféle modszereket alkalmaztunk az él6helyek
vizhaztartasanak vizsgalatahoz. A koronaintercepcio atlagos értéke az erdei fenyves allomanyban
23%, ezzel szemben a sziirke nyaras allomanyban 19,2% volt. Az intercepcié mértékét dontden
befolyasolta a leérkez6 csapadék mennyisége, intenzitasa, eloszlas és a fadllomany szerkezeti
jellemzoi és egészségi allapota. A transpiracio értéke a tllevelli allomanyban 205 mm, a nyaras
fadllomanyban 405 mm és az akacos allomanyban 370 mm volt. Az éléhelyek vizhaztartasanak
vizsgalata soran megallapitottuk, hogy a vizsgalt tisztasok vizfogyasztasa joval alacsonyabb, mint a
mellette elhelyezkedd erddallomanyoké.
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1 INTRODUCTION

Due to the implementation of several programmes, such as the Afforestation Program of the
Great Hungarian Plain, the Poplar Program, and the Pine Program, forest extension has
increased almost threefold in Hungary since 1920. Recovering the loss of forest area proved a
challenge for foresters. Nonetheless, their committed professionalism combined with the
above mentioned afforestation programmes has made the region between the Danube and the
Tisza rivers the most afforested part of the Great Plain. Mainly alien species (Pinus sylvestris,
Pinus nigra, Robinia pseudoacacia) were planted here in order to improve the sand in the
region. Environmental organizations have criticized these afforested plantations in the
Danube-Tisza sand ridge area whereas governmental conservation management groups have
more varied perspectives about these plantations as several National Park Directorates
manage forest stands in the area.

Groundwater levels have decreased significantly in the region between the Danube and
the Tisza since the 1970s, and the tendency can be seen even today (Palfai 1993, 2010). Many
researchers have tackled this important issue and have attempted to discover what the cause or
causes of the decreasing groundwater level might be. Nevertheless, decreasing groundwater
levels are a complex problem. Several researchers cite improperly controlled residential,
horticultural, and agricultural water usage as major causes for the groundwater decline in the
region, while others claim the drilling and boring associated with petroleum, natural gas, and
shale gas exploration are to blame. Other researchers suggest that sand ridge forests can affect
groundwater considerably leading to decreased levels (Major 1974, 2002, Major — Neppel
1988, 1990, Szodfridt 1990, 1993, Palfai 2010). Concerning all the viewpoints and interests of
conservation treatment, water management, agriculture, and silviculture, it is crucial to initiate
research into the water balance of the different forest stands. Examining the water balance
process and dealing with its integration into conservation treatment is also essential. It could
be useful if each sector determined the role of different forest stands in the water balance.

The main purpose of this paper is to provide information about the water balance features
of sand ridge forest stands in the area of the Kiskunsag National Park Directorate and to
monitor the changes in different types of forests. While conducting the survey, the following
are considered: (1) What impact do forest stands that are typical to the area have on changes
in groundwater level? (2) What is the difference between the water balance of the examined
ecosystems (deciduous, coniferous forests) and the neighbouring grasslands?

2 MATERIALS AND METHODS

2.1 Research area

Research was carried out in the area of the Kiskunsag National Park Directorate (Figure 1).
The two main sites comprised three forest stands in Bocsa (H: 19° 29° 38” W: 46° 37 37”)
and two other places in Pusztaszer (H: 20° 02 17” W: 46° 33° 29”). In Bocsa, data were
collected in two stands (Scots pine and grey poplar) and the surrounding grassland. The forest
stands are homogeneous; the trees are the same age and were planted using the same
technology. In Pusztaszer, the other main area of the research, data were collected in an old
black locust forest stand that was established from second growth, and from the grassland
next to it (Figure 1).
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Figure 1. Research sites (Bocsa and Pusztaszer)

2.2 Applied methods

Open air precipitation was measured between March 2012 and March 2015 using Hellmann
rain gauge units. Precipitation was assessed daily in Bocsa, Bugac and Pusztaszer; two
observers assisted in our work in Balastya and Kunadacs (Figure 1).

We measured the throughfall and stemflow of a Scots pine monoculture stand (Bécsa 51 D)
and a grey poplar monoculture stand (Bocsa 51 E) over the period from April 2012 to October
2014. Control measurements (groundwater level, soil moisture) were conducted in the
grassland next to the above-mentioned forest stands (Bocsa 51 TI 1).

The throughfall was determined using Hellmann rain gauge units (one placed in a row of
trees, another between two rows of trees, and the third placed in a thin grove). Twenty funnels
(each 280 cm?) were also applied at every meter in both forests at 1 meter height from the
ground. A further ten gauge units (each 100 cm?) were applied horizontally in a random way
at the ground surface. For the calculation of stemflow, trunk collars (connected with
collecting vessels) were placed on each tree. The trunk collar system was built with regard to
the distribution of the tree trunk diameters (Figure 2).

Meteorological data (temperature, humidity, precipitation, radiation, speed, and wind
direction) were collected with a BOREAS Meteo Global HI weather station employed in
Bocsa (Bocsa 51 Tl 1). This data collection was conducted hourly between January 2012 and
March 2015. The groundwater level was observed hourly with Dataqua, LUB 222 sensors, and
HYGR data loggers in Bocsa and Pusztaszer between November 2013 and February 2015.
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Figure 2. Trunk collar system with Hellmann rain gauge unit

To protect against possible data logger malfunction or failure, Dataqua, a DA-OP LED
water gauge was used weekly for the manual detection of the groundwater level (Figure 3).
Soil moisture data was recorded with a manual sensor (TDR-system digital PT-1) and with
automatic data loggers in the grassland (Bocsa 51 TI 1), in the Scots pine stand (Bécsa 51 D)
and in the grey polar stand (Bdcsa 51 E). Automatic soil moisture measuring was surveyed
with a HOBO MicroStation data logger manufactured by Onsetcomp and with twelve 10 HS
soil moisture sensors manufactured by Decagon.
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Figure 3. Distribution of the sensors in Bécsa and Pusztaszer
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The data collection took place in four soil layers (0-25 cm, 25-50 cm, 50-75 c¢cm, 75-100
cm, respectively) in each site between September 2013 and May 2014. The soil moisture was
also observed manually with a TDR-system digital PT-1 soil moisture sensor manufactured
by “Kapacitiv Kkt”” and it was measured in 80 cm bulk layers weekly. Soil moisture data were
collected from December 2013 to March 2015.

2.3 Processing data

We processed the data collected during the research with the following methods:

¢ manual measurements (open air precipitation, throughfall, stemflow, groundwater, soil
moisture) were processed with Microsoft Excel 2010 to clarify data. We also used
Microsoft Excel 2010 to select and illustrate the data.

e automated soil moisture data were selected and analysed using authorised data-
processing software. The false data were filtered by the mentioned software. On the
other hand, the processing of meteorological and groundwater level data required the
use of Microsoft Excel 2010 and extension programmes.

e the water balance equation was applied to estimate water balance (Szasz — Tokei
1997) and the approach of White (White 1932, Loheide et al. 2005) was applied to the
processed data of the survey. The water uptake from the groundwater of the forest
stands was estimated with the method of White (White 1932).

The White method uses the following expression:

ETe = Sy (As/t+Ry) (1)

Where:

ETe: the rate of evapotranspirative consumption of groundwater averaged over a 24-hour
period (L/T),

Sy:  the specific yield (dimensionless),

As:  daily change in storage (L),

Rn:  the net inflow (recovery) rate (L/T),

t: the time period of one day expressed in the appropriate time units (T).

The following equation was used to calculate the water balance (the water balance
equation applied for lowland forests, from the top of the canopy down to the rooting depth):

AS = (P+Cr) — (ET+Q+R+I) (2)

Where:

AS:  Change of the stored water in the layer,

P: Precipitation,

Cr:  Capillary rise (ETc from the first equation),

ET: Evapotranspiration — transpiration of plants (from the soil moisture and from the
groundwater) and evaporation of the ground surface (including the litter interception) —,

Q: Surface outflow,

R: Recharge to groundwater,

I: Crown interception

(we have neglected Pmicro: Microprecipitation at the ground surface, Si: Surface inflow and

Ssi: Subsurface inflow, Rss: Subsurface outflow were taken into account in capillary rise and

recharge to groundwater).

We calculated transpiration with help of evapotranspiration and the evaporation. The
previously mentioned water balance equation (Szasz — Tdékei 1997) was used for rainless
seasons, so the values of interception and deep seepage were neglected; after that, the value of
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evapotranspiration was calculated from the restoration change of soil moisture (Moltschanow
1957, Gacsi 2000). During the rainless season, the soil moisture was measured and the
restoration of soil moisture was calculated with the aforementioned data in the upper 100 cm
soil layer.

From the obtained value of evapotranspiration, the evaporation was left and the value of
transpiration was received. The forest evaporation data were used according to Jard (1981)
and the evaporation data of grassland were used according to Hagyo (2009). The groundwater
recharge was determined by the interception value and evapotranspiration as a remaining
member of the water balance equation (Gacsi 2000).

The analysis of water fluxes of the sample areas was conducted by the water balance
equation. The value of evaporation was estimated by the results of Jar6 (1981), Jar6 and
Sitkey (1995) and Hagyo (2009). Jardé (1981) estimated the value of the ground surface
evaporation of the forest stand, which is equal with interception of the undergrowth and litter
interception. The average of this value was taken into consideration. Hagyo estimated
evaporation of the grassland with a SWAP model (van Dam 2000). The potential evapo-
transpiration was given with the Penman-Monteith equation according to Allen et al. (1998).
The grassland results of Hagyo (2009) were also taken into account for the vegetation period.

3 RESULTS

During the three years of research, more than 354,800 data records were collected, out of
which 6,137 records were collected manually and 348,663 were collected with data loggers.
The spatial distribution of the precipitation varied in each sample area. Out of the five sample
areas, the largest quantity of daily rainfall was recorded in Kunadacs on March 31, 2013
(60 mm) (Figure 4).
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Figure 4. Time series of the precipitation in the research sites — April 2012—March 2015
(the moving average of the monthly summation of the open air precipitation)
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Meteorological data were similar to the average in Bocsa between January 1, 2012 and
March 31, 2015, but extremes could be detected on several occasions (in extended dry periods
in April and July 2013 as well as in June 2014). The total annual rainfall in 2012 was 420.6
mm, which is below the Hungarian average data (omsz.hu); conversely, it was above the
national average (omsz.hu) in 2013 (599 mm) and in 2014 (807.9 mm). Extended dry periods
occurred in March, July, and August 2012, while August 2013 and March 2014 could be
considered droughty (Figure 5). There were some dry periods typically in spring and in
summer.
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Figure 5. Climate graph of Bocsa 51 T11

The average value of canopy interception was 23% in the Scots pine stand in Bocsa
(in 2012: 22%, in 2013: 24%, in 2014: 23%), while it was 19.2% in the grey poplar stand
(in 2012: 18.5%, in 2013: 20%, in 2014: 19%) between March 30, 2012 and March 31, 2015
(Figure 6).

The canopy interception was lower in the case of the grey poplar stand than the average
published. This lower value can be explained by the lower canopy closure, the poor quality of
trunks, the loose distribution of branches, missed treatments, and the many gaps caused by
dead trees.

The interception of the grasslands was based on the results of Hagy6 (2009) in Bugac.
The interception of the black locust forest stand was determined by the results of Jard (1980).
The stemflow value was 4% in the Scots pine stand (in 2012: 1.5%, in 2013: 4%, in 2014:
2.5%), and 10% in the grey poplar stand (in 2012: 8%, in 2013: 12%, in 2014: 10%) during
the period of March 30, 2012 and March 31, 2015.
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Stemflow value is lower in Scots pine stands because the tree bark is thick, rough, and
absorbent. On the other hand, this value is higher in grey poplar stands, as the tree bark is
smooth, thereby allowing more rainfall to flow down the trees.
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Figure 6. Interception as a function of rainfall (between March 2012 and March 2015)

The groundwater level was usually detected at 3.4 m (below the terrain) in Bocsa over the
period of November 25, 2013 and February 2, 2015. This level is regarded as relatively deep
for vegetation groundwater use in the Great Hungarian Plain, but in the region of the
Kiskunsag Sand Ridge, it is a typical value. It seems to be average according to former
references (Gacsi 2000) and by the Directorate of Water Management in Szeged: 3.5 m
(below the terrain) in Orgovany and 3.3 m (below the terrain) in Bocsa in 2014.

The average value of groundwater level was 2.1 m in Pusztaszer during the research period.
This value of 2.1 m is above the average in Kiskunsag Sand Ridge compared with the data of 2.8
m in Opusztaszer in 2014, and 2.9 m in Balastya in 2014 compiled by the Directorate for
Environmental Protection and Water Management of the Lower Tisza District in Szeged.
Analysing groundwater level records, significant differences can be detected between the
grassland and the forest stand. Our results also establish that lower groundwater level records are
typical under forest stands; during the vegetation period, the groundwater level under forest was
38 cm lower in Bocsa, while it was 47 cm lower in Pusztaszer (Figure 7 and Figure 8).

Black locust and grey poplar stands are able to reach and uptake groundwater from
deeper layers with their roots (Keresztesi 1969, Karasz 1986, Csiha — Keserti 2014). The
diurnal signal was observed in the black locust and grey poplar stands; therefore, the water
uptake from the groundwater was estimated (Gribovszki et al. 2010). The studied coniferous
stands are unable to reach and uptake the groundwater from deeper layers (the diurnal signal
was not observed). Thus, coniferous stands can only affect groundwater levels by interception
throughout the year.
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Figure 7. Changes in the water table in Bocsa
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Figure 8. Changes in the water table in Pusztaszer (upper 80 cm)

In the case of soil moisture in Bocsa, the differences between grasslands and forest stands
were obvious in the sample area of Pusztaszer (The value of soil moisture was 3% lower in
Bocsa and 4% lower in Pusztaszer). The soil moisture data detected in the grasslands
followed the distribution of daily precipitation evidently. On the contrary, in the black locust
forest stands the value of soil moisture followed the daily rainfall slowly and unevenly
(Figure 9). The reason for the low moisture contents during the summer was the increased
water use in the vegetation period. With a developed root system, the sprouts of black locust
forest stands can dry the upper soil level within a short time (~10 days), which has a great
influence on the quantity of infiltration during the vegetation period.
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The soil moisture in the upper soil layer (0-25 cm) of the control grassland area was the

Figure 9. Fluctuation of the soil moisture in Pusztaszer PT-1 (upper 80 cm)

most diverse, while the moisture content was more balanced in the deepest layer.

In Bocsa, the increase of the moisture content was observed in all of the four soil layers

in the late autumn-early winter period; following that, a temporary decrease was detected.

The late winter precipitation and snow melting affected an increase in the value of the
soil moisture; then, a decrease in the soil moisture of the grassland starts again at the

beginning of the vegetation period (Figure 10).
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The soil moisture content of the Scots pine stand (Bocsa 51 D) was almost the same in
the two upper layers (0-25 cm, 25-50 cm). The third soil layer (50-75 cm) partly follows the
periodic changes of the two upper soil layers. A continuous increase tendency was observed

Figure 10. Fluctuation of the soil moisture in Bocsa 51TI1(10HS)

in the lowest soil layer (75-100 cm) (Figure 11).
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Figure 11. Fluctuation of the soil moisture in Bocsa 51D (10HS).

As for the grassland, the value of the soil moisture content of the pine stand starts to
increase in late autumn. Following a short decrease period in the beginning of winter, there is
a sudden increase, as Hagyo published in 2009. During the spring months, the value of the
soil moisture shows a decreasing tendency. The reasons for the lower moisture content in the
pine forest are the deeper root system of the trees and the loss of the interception.

Similar moisture content dynamics of the four soil layers was observed in the grey poplar
stand (Bocsa 51 E). Generally, larger soil moisture content fluctuation characterizes the
poplar stands. As mentioned earlier, the value of the soil moisture content of the poplar stand
also starts to increase in late autumn, followed by a short decrease period in the beginning of
winter, which then turns into a sudden increase. During the spring and early summer, the
value of the soil moisture usually shows a decreasing tendency (Figure 12).

The spring decrease of the soil moisture could relate to the well-developed root system of the
poplar stand.

In our research, the calculation (estimating) of water balance elements was based on field
measurements as well as the basic values; published data were set with the help of field
measurements. The value of evaporation is 95 mm in forest stands, and 125 mm in the case of
the grasslands (based on Jar6o 1981, Hagyo 2009).

The differences in evaporation were significant regarding the grassland, the coniferous
stand, and deciduous stands in the case of transpiration. The difference was noticeable
between the grassland and the two forest stands. Transpiration in the coniferous stand was
lower because the roots were unable to reach the groundwater level. The Scots pine can only
uptake water from rainfall infiltrating into the soil. The value of evapotranspiration was the
highest in the case of the grey poplar stand (Table 1). Deciduous stands have extensive roots
so they more easily access groundwater in the upper layers.
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Figure 12. Fluctuation of the soil moisture in Bocsa 51E (10HS)

Table 1. Water balance elements

Date 31 March - 01 September 2014
Research sites Boécsa 5.1 D Boécsa 51 E Bécsa TI1
(Scots pine) (grey poplar) (grassland)
Precipitation 428 mm  100% 428 mm 66% 428 mm  100%
Interception 98 mm 23% 81 mm 12% 30 mm %
Evaporation 95 mm 22% 95 mm 15% 125 mm 29%
Transpiration 205mm  48%  405mm  62%  85mm  20%
(from vadose zone and from groundwater)
Total recharge 88 mm 20% 153 mm 23% 229 mm 53%
Capillary rise - - 230 mm 34% - -
Change of the water content of the soil -58mm -13% 76 mm -12% 41 mm -9%
Date 31 March — 01 September 2014
Research sites Pusztaszer Tl Pusztaszer 6 A
(grassland) (black locust)
Precipitation 407 mm 100% 407 mm 75%
Interception 28 mm 7% 102 mm 19%
Evaporation 125 mm 31% 95 mm 17%
Transpiration 135 mm 33% 370 mm 68%
(from vadose zone and from groundwater)
Total recharge 168 mm 41% 43 mm 8%
Capillary rise - - 136 mm 25%
Change of the water content of the soil —49 mm -12% —67 mm -12%
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4 DISCUSSION AND CONCLUSIONS

We measured open air precipitation by using Hellmann rain-gauge units in five sample areas
(in Balastya, Bocsa, Bugac, Kunadacs and Pusztaszer). A groundwater level measuring
system was applied in five sites in Bocsa and in Pusztaszer. In Bocsa, we operated a weather
station in one sample area, and we used an automatic moisture measuring system in three
sample areas. If this measuring system was developed further, it could be connected to other
systems such as the Forest Research Institute and could be used for long-term research in the
future.

Analysing the interception data, we found that the interception values are affected by
rainfall, that is, by its quantity, intensity, distribution and physical features. Interception
values are also affected by the structure of the forest stands, that is, by the type of tree species,
by tree trunk shape and distribution, tree density, and the foliage and the health of the forest
stand. The values of the interception measured in the Scots pine forest stand can be regarded
as higher than the former results. In the grey poplar stand, the values of interception were
lower than the average values, which can be explained by the lower foliage, the poor quality
of trunks, and the weak density of the branches as well as the leaks due to the dead trees in the
stand. When we compared canopy interception with the published data (Jaro 1980: 16%,
Gacsi 2000: 19.5%, Sitkey 2004: 25%), our results in the Scots pine stand proved to be a bit
above the previously published average.

It is difficult to compare the results with former references (Jar6é 1980: 24%, Sitkey 2004:
23%) since they refer to stands of different age, source, and growth.

Analysing stemflow values, we found that there is less stemflow in pine forest stands, as
pine has thick, absorbent bark. However, the stemflow value was higher in the grey poplar
stand since grey poplar has smooth bark, which helps water flow down the trunks. It is not
always feasible to compare the results with the results found in literature because of the
differences in forest stands and measuring methods. In the case of stemflow, it is also difficult
to compare references (Jaro 1980, Gacsi 2000, Sitkey 2004) since they contain only
interception data regarding stemflow as a negligible quantity.

Groundwater levels typically presented lower values under the examined forest stands
throughout our research (Moricz et al. 2012, Gribovszki et al. 2014, Téth et al. 2014). The
grey poplar stand in Bocsa and the black locust stand in Pusztaszer are able to reach and
uptake the groundwater from the deeper layers with the help of their root system. The
examined Scots pine stand does not affect the groundwater levels as much as the deciduous
forest stands do. This statement corresponds to the results by Gacsi 2000; on the other hand, it
contradicts to the hypotheses by Major and Neppel (Major — Neppel 1988, Major 1994, 2002)

The difference in the fluctuation of soil moisture between the grasslands and the forest
stands is obvious in Bocsa and in Pusztaszer. The data collected prove that the examined
forest stands uptake more water from deeper layers with the help of their root system (layers
which cannot be reached by herbaceous vegetation). This phenomenon affects deep seepage
as well. The herbaceous vegetation influences soil moisture in the upper layers of the soil
between 0-50 cm. On the other hand, the values of soil moisture decrease in layers between
75-100 cm as well in the case of deciduous forest stands in the growing season. In the forest
stands and in the grasslands, the volumes of soil moisture were similar to the results published
by Hagyo6 in 2009. The fluctuation of the soil moisture values in the two upper layers
(0-25 cm, 25-50 cm) in the coniferous stand was similar to the results by Gacsi 2000. In the
deeper layers of the ground (50-75 cm, 75-100 cm), the measured soil moisture values are
more balanced and display typical trends.

By using the water balance equation, it is clear that the transpiration of both grasslands
were much lower (85 mm and 135 mm) than that of the neighbouring forest stands. The value
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of transpiration was lower (205 mm) in the Scots pine stand, since its root system does not
reach the groundwater level. Coniferous stands can only uptake the water from layers
infiltrated by rainfall. The value of transpiration was the highest in the grey poplar and black
locust forest stands (405 mm and 370 mm) as the trees can uptake the water from the upper
and the deeper layers with the help of their expanded root system. The values of the capillary
rise were 136 mm in the black locust stand and 230 mm in the grey poplar stand.
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