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1. Introduction

In Hungary, the extension of forests increased almost threefold due to several programmes
(Alfoldfasitasi Program, Nyar Program, Feny6 Program) after the Treaty of Trianon. To
recover the loss proved to be a challenging effort for many dedicated foresters. Due to the
above mentioned afforestation programmes as well as committed professionalism, today the
region between the Danube and the Tisza rivers has become the most afforested part of the
Great Plain. Mainly alien species (Scotch fir, black pine, black locust tree stands) were planted
to fix sand in the region. These afforested plantations in the Danube-Tisza Sandridge have
been criticized by environmental NGOs from time to time. Governmental conservation
managements regard this question considering more aspects, 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. Considering the importance
of the issue, several researchers have dealt with it and have tried to find the reasons. The
decrease of water level is a complex question. Several researchers mention not properly
controlled water usage by resident population, horticulture and agriculture as a major cause,
while others mention deep-boring used during looking for petroleum, natural gas and shale
gas. Some other researchers suppose that sand-ridge forests can affect the levels of

groundwater considerably leading to its decrease.

Concerning all the viewpoints and interests of conservation treatment, water management,
agriculture and silviculture, it is a matter of great importance to start research into the water
balance of the different forest stands. It is also important to research the process of water
balance and to deal with its integration into conservation treatment. It can be useful for each

sector to determine the role of different forest stands in water balance.

The main purpose of the research is to provide information about the water-balance features
of sand-ridge forest stands in the area of the Kiskunsagi National Park Directorate and to

monitor the changes in different types of forests.
While conducting the survey, | considered the following:

What is the impact of forest stands typical in the area of the Kiskunsagi National Park

Directorate on changes in water level?

How does water balance develop in the examined deciduous and coniferous woods and in their
neighbouring grasslands?



How can the results and the methods used in this research be integrated into conservation

treatment and in the silviculture of Kiskunsagi National Park Directorate in the long term?
2. Material and methods
2.1. Research area

I did my research in sample areas in the area of the Kiskunsagi National Park Directorate. The
two main sites comprised three forest stands in Bocsa and two other places in Pusztaszer. In
Bocsa, I collected data in two stands (Scotch pine and grey poplar) and the grassland next to
them. The forest stands are homogeneous, the trees are the same age and planted with the same
technology. In Pusztaszer, in the other main area of my research, | collected data in an old

black locust forest stand which rose from second growth and the grassland next to it.

| established and started to manage a rain gauge system in Kunadacs, in Bugac and in Bdcsa.
In each site, | surveyed soil parameters by doing field work and by doing laboratory tests. |
examined ground-water samples from Béocsa and from Pusztaszer in the field and in laboratory
as well. | also examined the typical parameters of the forest stands, that is, the health of the
trees, and | detected the endangered species and other common species existing in these sites.

I examined the habitats form the aspect of conservation treatment.

2.2. Applied methods

I measured the open-surface precipitation by using Hellmann rain-gauge units from 3 March
2012 to 31 March 2015. I measured precipitation daily in Bocsa, Bugac and Pusztaszer, on the

other hand, in Balastya and Kunadacs two observers helped my work.

| estimated the interception and stem-flow of a forest stand (Bdcsa 51 D), which is a
monoculture of Scotch fir, and a forest stand (Bocsa 51 E), which is a monoculture of grey
poplar over the period of 4 April 2012 and 24 October 2014. | conducted control measurements

in the grassland next to the above-mentioned forest stands (Bocsa 51 TI 1).

The canopy interception was determined using three Hellmann rain gauge units (one of them
was placed in a row of trees, another one was placed between two rows of trees, and the third
one was put in a thin grove) and twenty funnels (each of of 280 cm?) were applied in every
meter in both forests at 1 meter height from the ground. Further ten gauge units (each of of

100 cm?) were applied horizontally in a random way at ground surface. For calculation of



stem-flow trunk collars (connected with collecting vessels) were settled for each tree. | built

the trunk collar system with regard to the distribution of the diameters of the tree trunks.

Meteorological data (temperature, humidity, precipitation, radiation, speed and direction of
wind) were collected with a BOREAS Meteo Global HI weather station applied in Bdocsa 51
TI 1. This data collection was conducted hourly between 1 January 2012 and 31 March 2015.

| observed the ground-water level with Dataqua, LUB 222 sensors and HYGR data-loggers
hourly in Bocsa and Pusztaszer between 25 November 2013 and 2 February 2015. In cases of
the failure of the data-loggers, | had to use Dataqua, DA-OP LED water gauge weekly.

I collected data about soil moisture with a manual sensor and with automatic data-loggers in
Bécsa 51 TI 1 (grassland), in Bocsa 51 D (Scotch fir stand) and in Bocsa 51 E (grey poplar
stand). Automatic soil moisture measuring was surveyed with a HOBO MicroStation data-
logger manufactured by Onsetcomp and with twelve 10 HS soil moisture sensors. The data
collection took place in four soil layers (0-25cm, 25-50cm, 50-75¢m, 75-100cm) in each site
between 1 September 2013 and 1 May 2014. The soil moisture was observed with a TDR-
system digital PT-1 soil moisture sensor. | measured it in 80-cm bulk layers weekly. | collected
soil moisture data over the period of 31 December 2013 and 17 March 2015.

I compared the naturalness of the sites with B diversity method (Raup & Crick 1979), the index
of diversity was given by the number of detected endangered species. | characterised the
diversity of the sites by the number of endangered species. | verified the rate of the same

species by using Jaccard index (Raup & Crick 1979).

2.3. Processing data
| processed the data collected during the survey with the following methods:

- manual measurements (open surface precipitation, canopy interception, stem-flow,
ground-water, soil moisture) were processed with Microsoft Excel 2010. | also used
Microsoft Excel 2010 to select and illustrate the data.

- automated soil moisture data could be selected and analysed by using authorised data-
processing software. On the other hand, for the processing of meteorological and
ground-water level data, Microsoft Excel 2010 and extension programmes were also

necessary.



- for the estimating of water-balance | applied the water balance equation (Szasz &
Tékei 1997) and the approach of White (White 1932, Loheide et al. 2005) to the

processed data of the survey.
3. Results and theses

During the three years of the research 354,800 records were collected, out of which 6,137

records were collected manually and 348,663 were collected with data-loggers.

- The distribution of the precipitation varied in each sample area. In several cases, the
quantity of precipitation was above the annual average, but the distribution of the
rainfall proved to be uneven. On the other hand, there were long periods of drought
during the course of sampling, e.g. in June in 2014. Out of the five sample areas, the
largest quantity of daily rainfall could be recorded in Kunadacs on 31 March 2013.

- The average value of canopy interception was 23 per cent in the Scotch fir stand in

Bocsa (in 2012: 22 per cent, in 2013: 24 per cent, in 2014: 23 per cent). It was 19,2
per cent in the grey poplar stand (in 2012: 18,5 per cent, in 2013: 20 per cent, in 2014:
19 per cent) between 30 March 2012 and 31 March 2015. As for canopy interception,
in comparison with the published data in literature (Jar61980:16 per cent, Gacsi 2000:
19,5 per cent, Sitkey 2004: 25 per cent), in case of the Scotch fir stand my results
proved to be more than the average published before.
The canopy interception was lower in case of the grey poplar stand than the average
published. This lower value can be explained by the lower closing of the canopy, the
poor quality of trunks, the loose distribution of branches, missed treatments and many
leaks caused by dead trees. It is difficult to compare the results with former references
(Jaro 1980: 24 per cent; Sitkey 2004: 23 per cent) since they refer to stands of different
age, source and growth.

- The value of stem-flow was 4 per cent in the Scotch fir stand (in 2012: 1,5 per cent,
in 2013: 4 per cent, in 2014: 2,5 per cent) and it was 10 per cent in the grey poplar
stand (in 2012: 8 per cent, in 2013: 12 per cent, in 2014: 10 per cent) during the period
of 30" March 2012 and 31t of March. 2015. Stem-flow value is lower in Scotch fir
stands because the bark of trees is thick, rough and absorbent. On the other hand, this
value is higher in grey poplar stands, as the bark of the tree is smooth, draining
rainfall. In case of stem-flow, it is also difficult to compare references (Jaré 1980,
Gacsi 2000, Sitkey 2004) since they published only interception data and they

regarded stem-flow as a negligible quantity.
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Meteorological data were similar to average in Bocsa between 1 January 2012 and
31% March 2015but extremes could be detected on several occasions (in April and
July in 2013 as well as in June in 2014- long, dry periods). The total annual rainfall
in 2012 was 420,6 mm, which is below the average, meanwhile it was above the
average in 2013 (599 mm) and in 2014 (807,9 mm). Long, dry periods occurred in
March, July and August in 2012, while August in 2013 and March in 2014 can be
characterised as droughty.

There were some dry periods typically in the spring and in the summer. The
occurrence of the humid periods between 2012 and 2014 can be described as
heterogeneous, which can be explained by the varied distribution of rainfall.

The groundwater level was usually detected at 3,4 m in Bocsa over the period of 25™
November 2013 and 2" February 2015. This level is regarded as deep in Hungary,
but in the region of Kiskunsag Sandridge it is a typical value. It seems to be average
according to former references (Gacsi 2000) and by Water Conservancy Directorate
Directorate: 3,5m in Orgovany and 3,3 m in Bocsa in 2014. The average value of
groundwater level was 2,1 m in Pusztaszer during the period of the research. This
value of 2,1 m is above the average in Kiskunsdg Sandridge compared with the data
of 2,8 m in Opusztaszer in 2014 and 2,9 m in Balastya in 2014 by Alsé-Tisza-vidéki
Water Conservancy Directorate in Szeged.

Analysing groundwater level records, significant differences can be detected between
the grassland and the forest stand. My results also establish that lower groundwater
level records are typical under forest stands. Black locust and grey poplar stand are
able to reach and absorb the groundwater with their roots from deeper layers. The
detected coniferous stands are unable to reach and absorb the groundwater from
deeper ground layers. Thus coniferous stands can only affect groundwater levels by
interception throughout the year.

In case of soil moisture, the differences between grasslands and forest stands were
obvious. The soil moisture data detected in the grasslands followed the distribution
of daily precipitation evidently. On the contrary, in the forest stands the value of soil
moisture followed the daily rainfall slowly and unevenly.

In my research the calculation (estimating) of water flow was based on field work as
well as the basic values and edge specifications were always set with the help of field
measurements. The analysis of water flow of the sample areas was conducted by the

water balance equation. The differences were significant regarding the grassland, the
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coniferous stand and deciduous stands in 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 Scotch fir can only absorb water from rainfall infiltrating into the soil. The
value of evapotranspiration was the highest in case of the grey poplar stand.
Deciduous stands have extensive roots so they can have access to groundwater in the
upper layers more easily.

- The grey poplar stand in Bocsa proved to be the most valuable habitat, according to
the biodiversity analysis. Although the grey poplar forest stand transpires more water
than the other two habitats, it is the most advantageous considering sustainable
development. Thus we need to analyse habitats in their complexity.

- Conservation treatment requires the use of scientific results instead of some
emotional approach. Scientific results contribute to appropriate nature protection and
therefore local scientific results should be integrated into proper conservation

treatments.

Thesis

1. The measuring system adapted by the author is suitable for doing long-term hydrological

research in the area of Kiskunsagi National Park Directorate.

I measured the open-surface precipitation by using Hellmann rain-gauge units in five sample
areas (in Balastya, Bocsa, Bugac, Kunadacs and Pusztaszer). Groundwater level measuring
system was applied in five sites in Bocsa and in Pusztaszer. In Bocsa, I operated a weather
station in one sample area, and | used an automatic moisture measuring system in three sample
areas. By developing this measuring system further, it can be connected to other systems such

as Forest Research Institute and can be used for long-term research in the future.

2. The fluctuation of groundwater level values measured in forest stands evidently correlate

with increased transpiration in the growing season.

The difference in the fluctuation of soil moisture between the grasslands and the forest stands
is obvious in Bdcsa and in Pusztaszer. The data collected throughout my research prove that
the examined forest stands absorb more water from deeper layers with the help of their root-
system (layers which cannot be reached by herbaceous) This phenomenon affects deep

seepage. The herbaceous vegetation influences soil moisture in the upper layers of the soil



between 0-50cm. On the other hand, the values of soil moisture decrease in layers between 75-

100cm as well in case of deciduous forest stands in the growing season.

In the forest stands and in the grassland, the volumes of soil moisture were similar to the results
published by Hagy6 in 2009. The fluctuation of the soil moisture values in the two upper layers
(0-25cm, 25-50cm) in the coniferous stand was similar to the results by Gacsi in 1999. In the
deeper layers of the ground (50-75cm, 75-100cm) the measured soil moisture values are more

balanced and display typical trends.

3. Analysing groundwater level values, the significant differences between the grassland and

the forest stand were evident.

Groundwater levels typically presented lower values under the examined forest stands
throughout my research. The grey poplar stand in Bocsa and the black locust stand in
Pusztaszer are able to reach and absorb groundwater from the deeper layers with the help of
their root-system. The examined Scotch fir stand does not affect the groundwater levels as
much as the deciduous forest stands. This statement corresponds to the results by Géacsi in
2010, on the other hand, it contradicts to the hypotheses by Major and Neppel (Major and
Neppel 1988, Major 1994, 2002)

4. In the grey poplar stand and in the Scotch fir stand the fluctuation of both the interception
and stock rainfall are influenced by the structure of the forest stand as well as by the physical

features of rainfall.

Analysing the interception data I found that the values of interception are affected by rainfall,
that is, by its quantity, intensity, distribution and physical features, as well as by the structure
of the forest stands, that is, by the type of species, the distribution and the shape of the trunks,
the density of the trees, the foliage and the health of the forest stand.

The values of the interception measured in the Scotch fir 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, by the poor quality of trunks, by

the weak density of the branches as well as by the leaks due to the dead trees in the stand.

Analysing stem-flow values, | found that there is less stem-flow in pine forest stands, as pine
has thick, absorbent bark. However, the value of stem-flow was higher in the grey poplar stand

since grey poplar has smooth bark, which helps flow on trunks.



It is not always feasible to compare the results with the results found in literature because of

the differences of the forest stands and the measuring methods.

5. The differences between the two forest stands and the grassland regarding transpiration

and evaporation can be proved by calculating water-balance.

By using the water balance equation it is clear that the transpiration of both grassland was not
much than of the neighbouring forest stands. In case of the Scotch pine stand, the value of
evapotranspiration was lower since its root-system does not reach the groundwater level.
Coniferous stands can only absorb water from layers infiltrated by rainfall. In the grey poplar
and in the black locust forest stands, the value of evapotranspiration was the highest as it can

absorb water from the upper and the deeper layers with the help of its expanded root-system.

6. The applied methods and the results of the research contribute to conservation planning
and treatment.

The methods applied and the results are suitable for the professional establishment of further
conservation treatment (Conservation plan, Natura 2000 plan). It can be evidently proved that
habitats have an impact on water-balance and their impact should be considered together with
other usually applied methods. These findings should be integrated into conservation planning
and treatment.

References

Gécsi, Zs. (2000): A talajvizszint észlelés, mint hagyomanyos, s a vizforgalmi modellezés,
mint 0j modszer Alf6ldi erdeink vizhaztartasanak vizsgalatiban. Doktori (Ph.D) értekezés,
NyME, 69-93.

Hagyo, A. (2009): Vizforgalom gyep és erdé6teriileten. Doktori (Ph.D) értekezés, SZIE, 17-93.
Jaro, Z. (1980): Intercepcio a godolléi kultar erdei 6koszisztémaban, Erdészeti kutatasok, 73

(1):7-17.

Loheide S. P., Butler J. J. & Gorelick S. M. (2005): Estimation of groundwater consumption
by phreatophytes using diurnal water table fluctuations: A saturated-unsaturated flow
assessment. Water resources research 41(1):1-14.

Major, P. és Neppe,| F. (1988): A Duna-Tisza kozi talajvizszint-siillyedések. Viziigyi Kozle-
mények 70(4):605-626.

10



Major, P. (1994): Talajvizszint-siillyedések a Duna-Tisza kdzén — In: Palfai Imre (szerk.): A
Duna-Tisza kozi hatsag vizgazdalkodasi problémai, A Nagyalfold alapitvany kotetei 3, Nagy-
alfold Alapitvany, Békéscsaba, 17-24.

Major, P. (2002): Sikvidéki erd6k hatasa a vizhaztartasra, Hidrologiai Kozlony 82(6):319-323.
Raup, D. & Crick, R. E. (1979): Measurement of faunal similarity in paleontology. Journal of
Paleontology 53:1213-1227.

SITKEY, J. 2004: Csapadékviz vizsgalatok okologiai bazisteriileteken — In: Barna Tamas
(szerk.): Tudomanyos eredmények a gyakorlatban (Alfoldi Erdokért Egyesiilet Kutatoi Nap),
Alfoldi Erdokért Egyesiilet, Kecskemét, 32-37.

Szasz G. & Tékei L. 1997: Meteoroldgia mezdgazdaknak, kertészeknek, erdészeknek. Mezo-
gazda Kiado, Budapest, 772.

White, W. N. (1932), A method of estimating ground-water suppliesbased on discharge by
plants and evaporation from soil: Results of investigations in Escalante Valley, Utah, U.S.
Geol. Surv. Water Supply Pap., 659-A.

5. Relevant publications

Papers

1. Bolla, B. (2012): Invazids ndvényfajok irtasa a Csengbdi-sikon. Természetvédelmi
kozlemények: 18: 75-79.

2. Bolla, B., Kalicz, P., Gribovszki, Z. (2014): Erd6allomanyok vizhaztartasa a
kiskunsagi homokhatsagon. Erdészettudomanyi Kozlemények: 4(2):21-31.

3. Bolla, B., Hoksa, A. (2014): Erdészeti alapfeladatok a Kiskunsagi Nemzeti Park
Igazgatosagnal. Erdészeti Lapok: 153(6):199.

4. Bolla, B., Hoksa, A. (2014): Folyamatos erdéboritast biztositd gazdalkodasi
modszerek alkalmazasa a Kiskunsagi Nemzeti Park Igazgatosagnal. Silva naturalis
4(1):107-112.

5. Bolla, B., Filotas, Z. (2015): A Nagy-bugaci erd6 természetvédelmi-erdészeti
kezelése. Természetvédelmi Kozlemények, 21(1):18-23.

6. Bolla, B. (2015): Intercepicos vizsgalatok homokhatsagi erdéallomanyokban. Taj-
okologiai Lapok, 13(1):163-167.

7. Bolla, B., Németh, T. M. (2017): Hydrological examinations in the area of the
Kiskunsagi National Park Directorate. Acta Silvatica & Lignaria Hungarica, 13(1):
in press

Confrence extended abstracts

1. Bolla, B. és Horvath, D. (2013): Nemes nyaras faallomanyok felmérése a Martélyi
Tajvédelmi korzetben. (Survey of noble poplar crops at Martély Landscape Aera)

Doktoranduszok Orszagos Szdvetsége Tavaszi sz€l (nemzetkdzi) konferencia kotet

11



306-309p. (A konferencian magyar és angol nyelven nyomtatasban megjelent kivonat
a témaban, el6adas: Sopron, 2013. majus 31.)

Bolla, B. (2013): Water balance of woods in Kiskunsag Sandridge. HydroCarpath,
Catchment Processes in Regional Hydrology from experiment to modelling in
Carpathian drainage basins, Article ID 2. (Abstarct and poster)

Sipos, F., Filotas, Z., Bolla, B., Hoksa, A. (2013): A Két Viz kozének védett és Natura
2000 erdei a valtozo kornyezeti viszonyok mellett, Alfoldi Erddkért Egyesiilet
Kutato6i nap (2013) 23-32p. (eléadas: Lakitelek, 2013. november 5.)

Bolla, B. (2014): Intercepcid vizsgalata homokhatsagi erdéallomanyokban. (Survey
of Interception in sandridge woods) Doktoranduszok Orszagos Szovetsége Tavaszi
szél (nemzetkdzi) konferencia kotet 37-44p. (A konferencian magyar és angol
nyelven nyomtatisban megjelent kivonat a témaéban, el6adas: Debrecen, 2013.
marcius 21.)

Bolla, B. (2014): A koronaintercepcio és a torzsi lefolyas vizsgalata kiskunsagi
erd6allomanyokban. XIII. Természet-, Miszaki ¢és Gazdasagtudomanyok
alkalmazasa Nemzetk6zi Konferencia kotet 180-186p. (A konferencian magyar

nyelven nyomtatasban megjelent kivonat a témaban).

Bolla, B. (2014): Measuring of Interception in Sandridge Woods . HydroCarpath,
Catchment Processes in Regional Hydrology from experiment to modelling in
Carpathian drainage basins, Article ID 2. (Abstarct and poster)

Bolla, B. és Hoksa, A. (2016): A 2015-6s bocsai-kaskantyui erd6tiiz térinformatikai
alapu felmérése és tovabbi természetvédelmi kezelése. XV. Természet-, Miiszaki és
Gazdasagtudomanyok alkalmazasa Nemzetkozi Konferencia kotet 180-186p. (A
konferencian magyar nyelven nyomtatasban megjelent kivonat a témaban).

Informative technical articles

1.

Bolla, B. és Filotas, Z. (2016): Hagyas fak és hagyas foltok szerepe kiskunsagi

erdéallomanyainkban. Két viz koze, 6(1): in press.
2. Bolla B. és Filotas Z. (2017): Az kiskunsagi erdéallomanyok és 6260 Pannon ho-
moki gyepek kapcsolata, természetvédelmi kezelése. Két viz koze, 6(1): in press.

Confrence abstracts

1.

Bolla, B. és Kalicz, P. (2009): A Vadkan-arok viztani értékeinek faunaja. Okologus
Kongresszus, Hidrobiologia szekcid, Szeged, Konferencia absztrakt kdtet 30p.
(Poszter bemutatasa: Szeged, 2009. augusztus 26-28.)

12



10.

11.

12.

Vadasz Cs., Bolla B. és Filotas Z. (2011): Conservation status of Pedunculate Oak
Forest stand sin Peszér forest. Steppe Oak Woods and Pannonic Sand Steppes
Conference, Kecskemét, Hungary 6-8 October 2011. p. 88. (Poster: Kecskemét,
Hungary 6-8 October 2011.)

Bolla B. (2011): Invaziés novényfajok irtisa a CsengOdi-sikon. Magyar
Természetvédelmi bioldgia Konferencia, Debrecen, Konferencia absztrakt kdtet 97p.
(Poszter: Debrecen, 2011. november 3-6.)

Bolla, B. (2012): Hidrologiai felmérések homokhatsagi erdéallomanyokban.
Okolégus Kongresszus, Keszthely, Konferencia absztrakt kotet 33p. (Poszter:
Keszthely, 2012. szeptember 5-7.)

Bolla, B. (2012): Csongrad megyei hulladéklerakok rekultivacidja. Téajokologiai
Konferencia, Sopron, Konferencia absztrakt kotet, 64p. (Poszter: Sopron, 2012.
augusztus 30. - szeptember 1.)

Bolla, B. (2013): Homokhatsagi erdéallomanyok vizhaztartasa. Magyar Tudomany
Unnepe, Mindennapi tudomany — A tudomany mindennapjai (Szolnoki Féiskola),
Alkalmazott kutatdsok eredményei az agar- €s természettudomanyok teriiletén,
Konferencia absztrakt kotetben kiilon kiegészitésként megjelentetve. (Eldadas:
Szolnok, 2013. november 20.)

Bolla, B. (2013): Natural history and natura conservation at Biidos-szék (Pusztaszer).
COST Action FA0901 Workshop and Conference, Utilization and protection of
halophytes and salt-affected landscapes, Abstract Book p. 12. (Poster: Kecskemét,
Hungary, 4-6 September 2013.)

Bolla, B. és Hoksa, A. (2013): A Kiskunsagi Nemzeti Park Igazgatosag
erd6gazdalkodasa. Alfoldi Erddokért Egyesiilet Kutatoi nap (2013), Lakitelek,
Konferencia absztrakt kotetben kiilon, kiegészitésként megjelentetve. (Poszter:
Lakitelek, 2013. november 5.)

Bolla, B. és Filotas, Z. (2014): A leégett Bugaci Nagyerd$ természetvédelmi-
erdészeti kezelése. X. Aktualis Flora- és Vegetacidkutatas a Karpat-medencében
nemzetkozi konferencia (Recent Flora- and Vegetation Research in Carpathian Basin
X.), Konferencia absztrakt kotet 138p. (Poszter: Sopron, 2014. marcius 7-9.)

Bolla, B. és Filotas, Z. (2014): A Nagy-bugaci erd6 természetvédelmi-erdészeti
kezelése. Természetvédelmi biologia Konferencia, Szeged, Konferencia absztrakt
kotet 42-43p. (Poszter: Szeged, 2014. november 20-22.)

Bolla, B. és Hoksa, A. (2014): A Kiskunsagi Nemzeti Park Igazgatosag erdévagyon
gazdalkodasa. Természetvédelmi biologia Konferencia, Szeged, Konferencia
absztrakt kotet 41-42p. (Poszter: Szeged, 2014. november 20-22.)

Bolla, B. és Kalicz, P. (2017): Water balance of different forests types in Kiskunsag
Sandridge. European Geosciences Union General Assembly, Abstract volume
(Poster: Vienna Austria, 23-28 April 2017)

13



