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Abstract — The forest area in Hungamgas increased during the last century from 1.1Q@a&llion ha.
The European Union supports further afforestatimmosighly 15 —18 000 hectares are being planted
each year, mostly on the Hungarian Great Plain.eYaptake of forests from groundwater can be
significant in shallow groundwater areas of the ganan Great Plain especially in drought periods.
Therefore forests can induce water table depressmhsubsurface salt accumulation above saline
water table in areas with a negative water balance.

The impact of forests is examined by a systematidyson the Hungarian Great Plain., An oak
forest and a pasture groundwater uptake and salhadation effect were compared at the stand scale.
Under the forest the water table levels were ropughb m lower than under the pasture, and the
groundwater uptake of the oak plot was more thacetas great. Larger forest groundwater use is not
followed by a higher salt uptake. Therefore slighit accumulation was measured both in the soil and
also in the groundwater. Higher groundwater uptaley cause more significant salt accumulation
under pronounced drought conditions of a warmenate.

evapotranspiration / shallow groundwater / diurnalfluctuation / salt accumulation / forest

Kivonat — Egy alféldi kocsanyos tolgyes és egy szemédos gyepterulet talajvizfelvételének és
sédinamik4janak 6sszehasonlitasaMagyarorszag efisiltsége a 20. szadzad folyaman 1.1 millié ha-
rél 2.0 millié hektarra étt. Az Eurépai Unié tamogatja az ésdtést, igy évente megkdzélég 15-18
000 hektar nagyrészt migazdasagi terlletet eisitenek be az Alfoldon. A felszinkdzeli
talajvizszinttel rendelkézterileteken, igy a Nagyalfold jeléstrészén is, az efH talajvizfelvétele,
foként a szaraz periédusokban, igen nagymértéket. Ebbbiek miatt az ergk a talajvizszint
sullyedését és egyes helyeken esetlegesen s6 aldaidtuidézhetnek él a talajvizben és a
talajvizszint folotti talajrétegekben azieen negativ vizmérlégerileteken.

Egy nagyalfdldi mintavételi pontokat tartalmazosggematikus vizsgdalat keretében kezdtik el
keresni a fenti kérdésekre a valaszt. Jelen cikidggnkocsanyos tolgyes és egy szomszédosélegel
talajviz-felhasznalasat és so-felhalmozodasra ggdtkdoatasat hasonlitjuk 6ssze. A vizsgalatok siteri
az erd durvan fél méterrel csokkenti a talajvizszintett@sb, mint kétszeres a talajvithtorténs
vizfelvétele, mint a gyepvegetacionak. Azé&rgyobb talajviz-felhasznalasa viszont nincs dsany
a sofelvételével, igy mind a talajban, mind a tafdjen kismérték s6-akkumulécio tapasztalhaté. A
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klimavaltozads kapcsan a hosszabb szaraz peri6daisokballdé nagyobb parolgasi kényszer (és
nagyobb talajvizfelvétel) a mértnél sokkal jetesgtbb s6felhalmozddast okozhat.

evapotranszspiracio / sekély talajviz / napi ingaddas / s6 akkumulacio / erdk

1 INTRODUCTION

Significant afforestration is planned in Hungar@@/00 ha), and this plan is also supported
by the EU (Andrasevits et al., 2005). The areaslahla for afforestration are generally less
profitable for field crop production. Based on tealysis of the soil types of the formerly
forested areas, Fuhrer and Jard (2005) statedhibdtiungarian Great Plain can be the most
important region for afforestration. However thaliglogical and climatic role of the forest is
most critical in the Hungarian Great Plain. Fromhydrological viewpoint, two basic
situations are encountered:

* When the water table is deeper than the root ztresé¢ are very critical sites for

afforestration), and

* when groundwater can be a source of transpiraliothe later situation groundwater

uptake of a forest is the most frequent theme isfrissearch.

In the shallow water table areas, forest vegetataom change the water and salt balance
of the soil (Nosetto et al., 2007) and these edface manifested in the lowering of the water
table (Major, 2002) and increase of salt conceiotmatin certain soil and subsoil layers
(Jobbagy and Jackson, 2004; Nosetto et al., 20@&eftb et al., 2008). In a shallow
groundwater environment, the impact of a forestgnaundwater and salt dynamics are
reviewed by Szabo et al. (2012) specially focusinghe processes going on in the Hungarian
Great PlainFigure 1).

Forest evapotranspiration (sum of transpiration iaterception) is generally higher than
the evapotranspiration of neighbouring grasslabdsause of the increased LAI (leaf area
index) and root depth of the woody vegetation (€gld998; Nosetto et al., 2005). These
properties of a forest are especially true in theaGPlain with a subhumid climate, where the
precipitation is less than the water demand of woeegetation, so trees can survive arid
periods if they can use groundwater resources théljesz, 1939; Magyar, 1961).

Moricz et al. (2012) compared the water balancedifferent land uses in Nyirség
(Northeast part of the Hungarian Great Plain), &mehd that a common oak forest has
approximately 30% more evapotranspiration (758 mfpthan a neighbouring fallow land
(623 mm a’). The difference is more significant (3 fold) imogndwater use of different
vegetation types (oak: 243 mmafallow: 85 mm a'). The groundwater consumption was
close to 60% of the total transpiration in the éalest and approximately 30% on the fallow
plot. Groundwater consumption was approximately 4686 in the wetter vegetation period
of 2008 than in the drier growing season of 20@&pite the fact that the groundwater level
was deeper during the drier summer. Thus, duriegdiier period both vegetation covers
relied considerably on the available groundwatsoueces.

Magyar (1961) analyzed the root growth of seedlimga saline environment and found
that in a moderately saline soil environment, ragtseedlings can reach 3.5 m down to the
water table in three years, but roots of elms cardétected 5.15 m deep two years after
planting.

Under a forest, the water table can be detectepedelan under grassland if the trees are
able to reach it. The difference of the water tdélel is larger in the growing season (ljjasz,
1939). Jobbagy and Jackson (2004) stated thatrthendwater level can be 75 cm deeper
under a forest. On the basis of their measuremantshallow groundwater areas of
Kiskunsag, the researchers Szodfridt and FaragéBjlféeund that forest vegetation generally
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lowers a water table 50—60 cm compared to herbaceegetation. But they also stated that
on the sites where groundwater levels (in Aprig &und deeper than 2.5 m, only sparse
herbaceous vegetation can survive under naturalittoms. Major (2002) observed that under

a coniferous forest compartment in Kiskunsag, tlaéewtable can be 0.8-1.1 m deeper than
under the neighbouring non-forested areas.

Szilagyi et al. (2012) analysed the evapotrangpinat(determined by linear
transformation of the MODIS daytime land surfaceperature) in the Danube-Tisza Sand
Plateau of the Hungarian Great Plain. Accordiniguna cover, the largest ET (about 505 mm) a
was found over deciduous forests where the regianatal precipitation was 550 mm. On
some locations ET is estimated to be larger thagipitation. These groundwater discharge
areas in many locations overlap with forest co@ten the dense and deep root system of
forests can tap the shallow groundwater levelt(éxists), thus leading to a high ET rate,
frequently exceeding the rate of precipitation ahtbe area receives. In the groundwater
discharge areas, the average annual ET for thetfoi® 620 mm 4, which is about 70-80
mm more than the mean annual precipitation ratd@fregion. This negative water balance
can be maintained if forests create a local defmess the water table so as to induce
groundwater flow directed toward thefigure 1).

Detailed investigation of the afforestation in tHangarian Great Plain is being carried
out through the systematic study of all affectiagtbrs, like climatic water balance, water
table depth and salinity, tree species, subsoiérlag and stand age (in the frame of the
OTKA NN 79835 project). The aim of this paper isd®scribe the complex interrelation of
these factors in such a way that the effect ofiamew afforestations could be predicted.

2R T S A

ET

ET

Root zone At AXT TR TFATAFTARAAERAAE
EC max
GW uptake  § 4 1
Water table
—_— e —— — — —— — Root zone
EC max
GW uptake
GW flow a a a P

Water table

Figure 1. Impact of forest vegetation on water aal balance of a shallow groundwater site
(hypothetical model). ET evapotranspiration, P ppéation, EC (electrical conductivity),
GW groundwater.

2 MATERIALS AND METHODS

2.1 Site description

Altogether 108 plots of forested and nearby noedted land were sampled in the above
mentioned project. At the stand scale, 18 reprasigat forested and accompanied non-
forested stands (from the 108) are monitored iiNehs In this paper the dataset of two
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neighbouring plots (a common oak forest [60 yedds 22 m high closed forest] and a grass
stand [without shrubs]) were compared next tofé&sszentgyorgy (47 29' N, 19 46’ E) in
the very dry summer of 201Fifure 2. These vegetation types are very typical in the
Hungarian Great Plain.

On historical land use maps, no forest covercdnd found in the area between 1780
and 1914. Afforestation started after 1914 on thk plot, but the pasture site was never
forested. The area has a flat topography. The gaabbasis of the research area is fluvial
sediments, mostly sand and silt.

Jaszfelsoszentgyorgy
Geomorphological and Land Use Map
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Figure 2. Geomorphological map with land use ar@atmn of monitoring plots with GW wells.
Oak plot well is indicated by F13 and pasture platl by F14.

2.2 Data collection

GW wells are installed in the common oak forest3)Fdnd in the grass covered pasture (F14)
7 and 6 m deep in the neighbourhood of Jasieentgyorgy (located in northern part of
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Great Plain). The geological layers of the plota b& seen irFigure 2 GW wells were
instrumented with vented pressure transducers (wdataqua.hu) and a meteorological
station was placed in the neighbourhood on a pagtuthe first days of July, 2012. Pressure
transducers take readings at 15 minute interfaiscélculation of ET from groundwater) and
the meteorological station collects standard metegical parameters (temperature, relative
humidity, net radiation, wind speed and precipmtiafi every 5 minutes (for calculation of
reference ET). Only the first month of datasetdsquate for further analysis because of an
error in the data collectors.

Water table levels from the surface and precigitatcan be seen ifigure 4 as a
representation of the collected dataset

At both sites a mineral soil was sampled at depth&0, 30, 50, 70, 90 cm (20 cm
intervals) and at 50 cm intervals down to the deytthe GW wells. Electrical Conductivity
was determined in a 1:2.5 soil-water extract (flcalation of salt content). Soil texture was
specified according to particle size distributioretedmined by the pipette method.
Groundwater was also sampled for electrical condtyt measured by a conductivity meter.

2.3 Evapotranspiration calculation method

In shallow groundwater areas, vegetation can takeater both from unsaturated or saturated
zones. If groundwater was used by vegetation, mdisignal can be detected in the water
table hydrograph (White 1932, Gribovszki et al. @0I'he amplitude of the signal depends
on the soil texture and magnitude of groundwatetake Figure 5. The riparian-zone
groundwater ET estimation technique of Gribovszkiag (2008), based on the diurnal
fluctuations of the groundwater levels (by furtlisveloping of the original White (1932)
method), were used.

The ET-estimation method employs the water balaegeations (written for the
saturated zone)

9S_ sy(t,h)‘“gt”: Q-Q,-ET,,=Qq-—ET 1)

ot net gw

wheredS / difL°T ] is the time-rate of change in groundwater storg®eh [L] the average
groundwater level (above referenc)the specific yieldQ;, the incoming discharge L]
to the unit land area, ar@h, the outgoing discharge from the unit land area Tt].

The net supply/replenishment rate is the differenfethe incoming and outgoing
discharges to and fronQne = Q — Q, [L3TY. ETqw IS evapotranspiration (directly or
indirectly) from the groundwater.

In order to obtain the net supply ra@.4), an empirical method (using characteristic
points) was employed{gure 3:

* The maximum ofQne: for each day was calculated by selecting the &rgesitive

time-rate of change value in the groundwater lezatlings, such &3net= S, 4h/At.

e The minimum ofQne; Was obtained by calculating the mean of the ssialime-rate
of change irh taken in the predawn/dawn hours. The averagimgegssary in order
to minimize the relatively large measurement ewben the changes are small.

* The resulting values of th®,e: extrema then were assigned to those temporal loca-
tions where the groundwater level extrema tookealac

» It was followed by a spline interpolation of tQge: values to derive intermediate val-
ues between the specified extrema (Gribovszki.€2808)).
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Figure 3. Graphic representation of the empiricadtimod,
Qnetis replenishment rate, dWT/dt is the time ratehafrge of water table,
Char. Points is the characteristic points of repmment rate

Finally, after calculating th€ne: values, theET,, rates can be obtained by rearranging
the former water balance equation as

dh
ETgW = Sy(Qnet _dtj (2)

S values (as readily available specific yield) westimated on the basis of the texture
class of soil layers in the depth interval of dalrfluctuations according to Loheide et al.
(2005). The soil texture class (similar for botargts) was loam and sandy loam in the depth
of the water table. Therefof is between 0.045-0.055 roughly 0.05.

ET values Penman-Monteith ETPN_ET) rates (for a grass reference surface) were
calculated from the meteorological dataset as gpepative reference (Allen et al., 1998).

3 RESULTS AND DISCUSSION

3.1 Water table levels and fluctuation

Water table depression in the forest next to gacadt pasture together with a significant
difference in the amplitude of diurnal fluctuatiosisggested an increased groundwater use of
the forest Eigure 4).

Differences in water table levels from the surface 0.44 m on average during July
2012 Figure 4) In contrast when groundwater levels are expressatbsolute values (a.s.l)
the difference became 0.9 m (because of the lovesaagon of the oak stand). Both of the
differences mean a depression in water table unierforest. The magnitude of the
depression was similar to the water table droprdeted by Nosetto et al. (2007) on a
planted oak forest and adjacent grassland in the#obiédgy region (0.26—0.60 m) and those
determined by Moricz et al. (2012) by comparingoanmon oak stand and a neighboring
fallow plot in Nyirség (in a dry period of the gring season 0.5-0.6 m).

The sinking of the water table was similar durihg sampled period (0.37 m/month for
oak and 0.35 m/month for pasture). It should beddohat the period analyzed was after a dry
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spring. Therefore the water table was almost itoitgest position. (Therefore we are close to
the very end of the general groundwater recessiorecwhere further decay is very slow).

Rainfall interrupted the fluctuations at both glade.g. July 11) but this is probably not
the effect of a surplus recharge to the groundwdiecause the water table was relatively
deep) nor a cessation of groundwater use of vegettigure 4).

Water table from surface [m]
Precipitation [mm/15-min]

I TT T T T T T T T T T T T T T T T T T T T T T T T TTI
07 Jul 11 Jul 15Jdul 19 Jul 23 Jul 27 Jul 31 Jul

Figure 4. Water table from the surface under thk @arest) and grass (pasture)
sites (07. 07. 2012. — 05/ 08/ 2012.)

The amplitude of groundwater fluctuation for a &ires more than twice as large (16/2
cm) than for a pasture (7.2/2 cniigure 5) The appearance of a diurnal signal under a
pasture shows us the groundwater uptake of gragetateon. The magnitude of the
fluctuation has a strong connection to groundwaser (Soylu et al., 2012) so it shows us the
more significant groundwater use of a forest (beeathe soil textures of the two plots are
similar: sandy-loam, loam). The magnitude of thectilation was higher than calculated by
Nosetto et al. (2007) (5.5 cm on average for oaksk), but similar to that determined by
Moricz et al. (2012) (14 cm for an oak forest andn2 for the fallow plot in dry periods) for
similar solil types.

The time of the maximum and minimum groundwateele were the same for both land
covers (9h for max. and 20h for min.) validatingtttine inducing effect is the sankégure 5.
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Figure 5. Diurnal fluctuations in water table legel
comparing an oak (forest) and a grass (pasture sit
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3.2 ETgyy values for an oak and a pasture site

Using the empirical ET estimation technique of Guszki et al. (2008), the groundwater up-
take of different vegetation types, were calculatea very dry period of summer 2012.

Figure 6showsET rates with 30-min frequency andkigure 7ET rates with daily fre-
quency are shown.
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Figure 6. Calculated ET rates with 30-min frequency
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Figure 7. ET rates aggregated to a daily scale

ET rates have the following characteristics:

Groundwater uptake of an oak stand (mean: 7.5 nypida bit higher thaPM_ET, (mean:
6.6 mm/day). Pasture (grags),w (mean: 3.5 mm/day) is less than half of the oak.

A rate higher than the potential rate values fd« can be found because the potential ET
value was calculated for a grass reference surfaamlculation of potential ET had been
conducted for rougher surface conditions and fghér LAI of the forest, the ET values
would have been higher because of the greater ptreds and canopy conductance of the
forest canopy.

The daily groundwater uptake seems to be greatthmitdata seem to be acceptable
taking into account that the period of analyses wayg hot and till July of 2012 soil profile
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had already lost almost all of the moisture stangoreceding periods and all around there is a
dry and warm environment. (Therefore the oasisceffan enhanckgT).

As a comparison, ET values of Nosetto et al. (20©Hortobagy determined a 1.9 mm/day
(up to 3.2 mm/day) groundwater ET for an oak fomesthe basis of diurnal fluctuation of the
water table. In that study the groundwater levedsensignificantly lower (on average 5 m)
and the measurement period was in autumn. Theréferdigher values are possible in our
case. In contrast using a diurnal method Butled.e2007) obtained groundwater ET rates of
2.9-9.3 mm/day for mixed vegetation types basedamiinuous groundwater level readings
at groundwater depths between 0.3 and 3.4 m froen silrface. Therefore calculated
groundwater ET rates were close to total ET asiircase.

It must be noted that determination of readily Elde S, is a weak point in all diurnal
signal based ET estimation methods. Therefore llbgeadetermined ET values are not abso-
lutely accurate, but the ratio of ET for differéahd covers is more accurate.

The correlation values betwedt™M ET and estimated groundwater ET rates are the
following (Table J.

Table 1. Correlation coefficients (r) between refeze PM_ET and estimated g Values

Stand 30-min scale Daily scale
Oak-PM 0.938*** 0.853***
Pasture-PM 0.816*** 0.743***

Oak-PM means correlation between ETgw of Oak siterefedence ET (PM_ET)
Pasture-PM means correlation between ETgw of Rasite and reference ET (PM_ET)
*** Signif. code, p-value is less than 0.001

The stronger correlations (also for 30-min andydsdales) betwee@ak ETandPM_ET
showed that during the analyzed period these paeasn@re very similar. It means that
Oak_ET reached the magnitude of potential ET and the mased forET was mostly
consumed from groundwater according to the metegrcdl constraint because there is no
usable soil moisture in the soil column in thiswelry period. The better correlation of
pasture at a 30-min scale means that the diurregdesbf the two curves is similar, but the
lower correlation for the daily scale shows a lowsnrespondence oPasture ETto
meteorological factors. (Probably the root systedngrass is not as adequate for as much
groundwater uptake as that of the forest).

3.3 Salt Dynamics

Specific electric conductivity, which is stronglyorcelated with salt content, was
measured to evaluate salt accumulatiéiggre 8. The greatest difference in soil salt
content between two land use types was detectdbeirupper part of the soil and at a
depth of 350 cm. The specific conductivity valuesra&v127 and 7@S/cm higher in the
soil of an oak forest at that depth. As a comparjsmonductivity values measured by
Nosetto (2007) in a similar oak and grassland campa in Hortobagy) were generally
2-5 times higher than in this study. The verticabfipe distribution was different in
Hortobagy (Nosetto 2007) showing significantly heglconductivity values for grass in
upper soil layers, which cannot be detected in féé&szentgyérgy. The higher
conductivities of lower soil layers (above the gndwater) for oak forests showed a
similar tendency at Jaszfékzentgyorgy and Hortobagy.

The salt content of the groundwater was also dijginteater under the oak plot. (The
conductivities of groundwater are: oak-1023, past@B0uS/cm). The differences do not
mean any problem for forest vegetation productiatyd vitality, but salt accumulation
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induced by climate change can be a long term efbéafforestration in these kinds of
soils and hydrological combinations. Nosetto et(2007) also detected a higher conduc-
tivity of groundwater under an oak forest than ungi@ssland in Hortobagy, but the abso-
lute magnitudes were significantly higher at 4908/cm and 200QS/cm under an oak
forest and grassland.
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Figure 8. Electrical conductivity (EC) profile undine pasture and oak forest

4 CONCLUSIONS

Hydrological characteristics of earlier land usesirth the last century (grassland and arable
land) in the Great Plain are significantly differdrom those of the forest. A larger biomass
needs a higher amount of transpiration which camaken up from the groundwater by the
deeper root system of the forest if precipitatisrinisufficient. Increased groundwater uptake
results in a depression of the water table undesstocovered sites in areas with a shallow
groundwater table.

The larger amount of forest groundwater use ispaoallel with salt uptake. Therefore
salts can accumulate in both the soil and grourelwdhe measured differences in salt con-
tent are small compared to similar research regaltxlayey soils (Nosetto et al. 2007).
However in the long run, and taking into accoumigier dry periods induced in the future by
climate change, this process can result in thardeof biological production of a forest.

Table 1summarizes the results of these processes corgpaminak forest and neighbor-
ing pasture on the basis of the dataset of thiystu
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Table 1. Summary of impacts of an oak forest oemaid salt dynamics
(EC=electric conductivity; GW=groundwater)

Parameter Oak Pasture Process
EC GW @S/cm) 1023 960 Salt cc. of GW increases
EC soil 0—-20 cmy(S/cm) 272 145 Salt accumulation in upper soil layer
EC soil 300-350 cmuS/cm) 204 134.9 | Salt accumulation in lower soiklay
GW level (asl [mBf]) 101.5 | 102.4| Water table degres (0.9 m)
Water table depth (m from sufage§.26 2.82 Water table difference from surface
(0.44 m)
Diurnal signal amplitude (cm) 16 7.2 Stronger dalisignal of oak
(ratio 2.2)
ET from GW (mm/day) 7.6 3.3 Greater GW uptake & fratio 2.3)
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