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Abstract 

In the karst areas, the epikarst system is a very sensitive 
environment, due to its position at the interface between soil and 
vadose zone. The epikarst is a weathered zone that develops as 
a re-sult of both abiotic and biotic process-es. In this paper we 
present the result of the complex investigations of epikarst zone 
which overlap dolines within two typical karst areas (Gömör-Torna 
and Tapolca) from Hungary, based on multi-criteria analysis tech-
niques (microbiological activity as-sessed as biomass amount and 
CO2 production, seasonality of air and soil microclimate, slope 
orientation and exposition), in order to reveal control factors of 
karst processes, the territori-al and local distinctions of karst 
disso-lution that occur in the epikarst zone. The data were 
compared, taking into account the human activities’ impact on 
both sampled study areas. After four years of monitoring, the 
results show that there are significant season-al and diurnal 
variations of physical, chemical and biotic parameters of soil that 
cover and affect the epikarst zone. Spatial variations of these 
parameters were recorded as well. 

Keywords: epikarst, microclimate, soil, CO2 pro-duction,, 
karst corrosion 

Rezumat. Analiza relației dintre microclimat și 
producția microbială de dioxid de carbon din 
sol în zonele carstice Ta-polca și Gömör-Tornai, 
Ungaria 

În cadrul zonelor carstice, sistemul epicarstului este un mediu 
complex și senzitiv care se dezvoltă ca interfață între profilul de 
sol și zona vadoasă. Epicarstul este o zonă de alterare/meteorizare 
a rocilor carbonatice formată prin procese abiotice și abiotice. În 
această lucrare sunt prezentate rezultatele unei investigații 
complexe care a avut loc în epicarstul ce corespunde dolinelor din 
cadrul a două regiuni carstice (Gömör-Torna și Tapolca) din 
Ungaria folosind tehnici de analiză multicriterială în vederea 
identificării factorilor de control a proceselor carstice precum și 
pentru a determina diferențieri teritoriale și sezoniere ale 
proceselor de disoluție specifice epicarstului. Datele obținute au 
fost comparate luând în considerare gradul de impact antropic din 
cele două zone carstice eșantionate. După patru ani de măsurători 
și observații, rezultatele obținute indică existența variațiilor 
sezoniere, diurne și spațiale semnificative ale parametrilor fizici, 
chimici și biologici ai învelișului de sol care acoperă și influențează 
epicarstul din zonele carstice studiate. 

Cuvinte-cheie: epicarst, microclimat, sol, producția de CO2, 
coroziunea carstului 

Introduction 

The epikarst system is an extremely complex and 

sensitive environment which acts as a transition zone 
between the topographic surface or soil cover and the 

vadose zone of the karst landscapes. Initially, the 
term epikarst, coined by Mangin (1973), was defined 

as the upper aquifer of the vadose zone. Ac-cording 

to Williams (1983), the epikarst is the “sub-cutaneous 
zone”, namely, the upper weathered layer of rock 

beneath the soil but above the permanently phreatic 
zone that acquires a secondary permeability, due to 

significant chemical solution. In fact, the term 

“subcutaneous zone” is an English adaptation of 
several French synonym terms (sub-superficial, sub-

epidermic, karst cutane) which were consecrat-ed by 
the French geographers, (Ciry 1959, Birot 1966, 

Bakalovicz, 2014) in the middle of the twentieth cen-

tury. 
At the beginning of the 21st century, Bakalovicz 

(2014) stated that epikarst is the “skin” of karst and 
the soil should be considered as entirely part of it. 

Therefore, contrary to opinion of Williams (1983), the 

“epikarst can be easily defined by its hydrologic 
functioning, rather than by a set of landforms”, the 

epikarst is where water storage takes place. There are 
a multitude of factors that act to the epikarst for-

mation, abiotic and biotic (Mangin, 1973; Jakucs, 

1980; Bárány, 1998; Klimchouk, 2004), but it is stated 
that the epikarst zone develops the best in pure crys-

talline limestone or marble where it can reach a 
thickness of 10 m (Williams, 2008). However, the 

most comprehensive definition of the epikarst was 
proposed during the Karst Water Institute, in 2003 

(Jones, et al., 2004; Jones, 2013). 
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Carbon dioxide is a key chemical that drives dis-

solution in the carbonate karst areas. The main 

source of carbon dioxide from karst systems is the soil 
which formed on the carbonate terrains (Ford & 

Williams, 2007). The principal amount of carbon 
dioxide from soil is biogenic (Faimon et al., 2012). It 

is produced by the respiration of soil biota, both auto-

trophs and heterotrophs (Kuzyakov & Larionova, 
2005; Kuzyakov, 2006; Song et al., 2017), but its pro-

duction may depend on several factors, such as tem-
perature and soil moisture, soil profile depth, soil 

structure, organic matter content, availability of soil 
nutrient, total rainfall, solar radiation and photosyn-

thesis, but also various anthropogenic factors, such 

as soil tillage, or artificial change in vegetation cover 
(Dijkstra et al., 2013; Blecha & Faimon, 2014). Also, 

there is a seasonal variation of CO2 concentrations, 
the highest values are in summer and lower values 

occur in autumn/winter (Faimon et al., 2012). 

The production of CO2, as a quantitative measure 
of the microbial activity of soil, is used since the mid-

nineteenth century, but the measurement of 
microorganism respiration have to be correlated with 

other parameters of microbial activity, such as organ-
ic matter content, nitrogen and phosphorus trans-

formations, pH, changes in soil weight (Stotzky, 

1965). Since then, various methods have been devel-
oped in order to quantify accurately the microbial soil 

activity (Stotzky, 1965; Bauer et al., 1991; Solaim-an, 
2007; Creamer et al., 2014; Pal & Marschner, 2016). 

In Hungary, studies on karst soils and epikarst, 

including microbial activity, have been performed by 
Keveiné & Zámbó (1986), Zámbó (1998), Zámbó & 

Telbisz (2000), Zámbó & Ford (2003), Szili-Kovács & 

Török (2005), Szili-Kovács et al. 2009, Keveiné Bárány 

(2009), Knáb et al. 2010,2012. 

Materials and Methods 

In each study, karst areas were chosen dolines as 
characteristic sites for in situ measurements and soil 

sampling (Fig. 1). 

 

Figure 1: Field measurements at Tapolca karst 
area. In the back ground there are 

basalt-capped buttes 

Within the Gömör-Torna karst, the sites for sur-
veying were located in three division of it: the Ag-

gtelek Plateau, Alsó-hegy and Szilice Plateau (Fig. 2).  
 

 

 
 

 

Figure 2:  The locations of the measurement points in the area of Aggtelek Plateau: AT- Lake 

Aggtelek, VT – Lake Red (Vörös) 
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The first one (AT) was established close to Lake 

Ag-gtelek, formed in a former doline and located in 
the western part of the karst plateau (Fig. 3). For the 

second one (VT) a doline was chosen, close to Lake 
Vörös (“lake red”).  

 

Figure 3:   Lake Aggtelek (AT), one of the se-
lected measurement points from Ag-

gtelek Plat-eau 

Then, the next soil sampling and microbiological 

surveys were carried out in dolines that are next to 
the Béke Cave (BT), an environment without the 

disruptive effects of human activities. The fourth site 
was established close to Lake Derenki (DT), in Alsó-

hegy, a semi natural area, both with barren and 

covered karst. 
The last site was located in the vicinity of Szilice 

village (Szilice-Plateau, Slovakia), on a downhill, next 
to Lake Papverme (PvT). 

There were also five sampling sites in the Tapolca 
karst terrain. They were distributed in the middle part 

of Tapolca karst, along the line that links the small 

lakes that are supplied by karstic springs and precip-
itations (Fig. 4): Lake Pokol (PoT), Alsó-Cser (ACsT), 

Zalahaláp doline (TA), Felső-Cser (FCsT), the doline 
at the forest margin (VAD), and illegal waste deposit 

(IH). 

For each study site, soil profiles were made and 
examined, in order to describe and identify the soil 

types. Soil samples were taken for chemical and min-
eralogical analyses. 

 

Figure 4: The locations of the measurement points in the Tapolca karst area: IH – Illegal garbage 

deposite, TA – Tapolca (Zalahaláp) doline, PoT – Hell (Pokol) lake, VAD – Dolines at the 

forest margin 
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Then, rain-stimulated experiments were set up on 

the soil monoliths. The soil solution was collected, in 

order to measure pH, carbonate and hydro carbonate 
content. The determination of the water samples’ bi-

carbonate content was accomplished according to the 
valid Hungarian Standards Institution (MSZT 448-11: 

1986). Microbiological parameters of soil solution 

were analyzed for the characterization of microbial-
influenced karst corrosion. 

In situ measurement data for the characterization 
of microclimate were recorded by a mobile weather 

station every two hours: air temperature (at 0, 20 and 
100 cm high above ground), the relative moisture of 

air, the evaporation at 20 and 100 cm above ground, 

wind speed and wind direction every two hours. Soil 
temperature, soil pH and carbon dioxide concentra-

tion were also measured.  
Soil temperature was recorded by a conventional 

mercury soil thermometer, 0.1 °C accuracy Pt, at 5 

and 20 cm deep. The soil moisture content was 
determined with the help of an Eijkelkamp 14.22 Soil 

Moisture Measuring System with Gypsum Blocks 
meter, while the pH of soil and soil solution was 

measured by a Hanna pH meter.  
The measurement of the carbon-dioxide concen-

tration of the soil air, which reveals microbial respira-

tion, has been achieved with the help of Gastec Model 
GV-100 car-bon-dioxide pump, which contains 2L and 

2LL-type sampling tubes/pipes, side by side/in parallel 
with the microclimate measurements, in the same lo-

cations. 

In every doline that was selected as a sampling 
site, observations and measurements were made and 

samples were taken from the north side, south side 
and bottom to find out the effect of exposure. The 

measurements were accomplished through 2 hour-

long intervals for a whole day, in different seasons. 
The applied method was convenient for the demon-

stration of the differences between locations, be-
tween the diverse depths along the soil profiles, and 

between the daily dynamics and seasonal distinc-
tions.  

In this way, connections were searched between 

the microclimatic phenomena and the values/rates of 
soil climate (temperature and moisture of the soil, pH, 

carbon-dioxide concentration), to identify the spatial 
distinctions, diurnal and seasonal changes. 

Samples for microbiological investigation were cul-

tivated onto three different culture media, and colo-
nies with various morphology were isolated. After iso-

lating community DNA from the soil samples, clone 
libraries were constructed. The phylogenetic identifi-

cation of the bacterial strains and molecular clones 
was based on the 16S rRNA gene sequence analysis. 

In karst soils and in cover sediments the sampling 

was carried out partly by drilling holes, and partly by 
the extraction of large ground monoliths combined 

with rainfall simulation tests. The physicochemical 

(grain composition, pH, humus and carbonate con-

tent, etc.) and microbiological parameters of the soil 

solution which percolates through the ground mono-
liths were compared. Measurements were carried out 

and assessed according to the appropriate proce-
dures of the MSZT (Hungarian Standards Institution). 

This paper presents the partial result of the  

complex investigations of epikarst zone which overlap 
dolines within two typical karst areas (Gömör-Tornai 

and Tapolca) from Hungary based on multi-criteria 
analysis techniques. 

Results and Discussions 

Study Areas 

Our studies were performed within two different 

karst regions, in terms of natural environment char-
acteristics and the degree of anthropogenic impacts: 

Gömör-Torna karst system and Tapolca karst system. 

The aim was to compare the developmental karst pro-
cesses between the two areas, according to the local 

natural factors and anthropogenic impacts. 
The Gömör-Torna karst area is located in north-

eastern Hungary, along the Hungarian-Slovakian bor-

der, between the Sajό and Bόdva rivers.  The sites for 
measurements and sampling tests were selected in 

Aggtelek Plateau – a subunit of the Gömör -Torna 
karst area and part of the Aggtelek National Park 

(which was designed as UNESCO World Heritage) – 
and Alsό-hegy (“Lower Mountain”). Within the Ag-

gtelek National Park over 250 caves were inventoried, 

including the 26 km-long Baradla-Domica cave sys-
tem, a cross-border cave that is famous for its out-

standing speleothems. 
The Aggtelek Karst consists of mainly Middle Tri-

assic limestones (Veress & Unger, 2015). On the sur-

face of the plateau the perceive karst features are do-
lines and sinkholes. Several doline lakes, blind valleys 

and dry valleys with a series of dolines complement 
the karst landscape. 

In the area, the climate is humid continental with 
a long summer and a strong mountainous influence 

(Tanács, 2011). The average mean annual air tem-

pera-ture values vary between 8.5°C and 9.1°C, and 
the air humidity is between 90%. The amount of an-

nual precipitation is around 620 mm (Tanács, 2011). 
Natu-ral vegetation consists of forests. Dry oak-for-

ests cover the limestone ridges of the karst plateau. 

Dominant species are the sessile oaks (Quercus pet-
raea (Matt.) Liebl.), followed by the Turkey oak (Quer-

cus cerris L.), field maple (Acer campestre L.), horn-
beam (Carpinus betulus L.), and common ash (Fraxi-

nus excelsior L.) (Kotroczó, et al., 2007). Beech 

stands (Fagus sylvatica L.) occur in the hollows and 
deeper valleys. The presence of the black pine (Pinus 

nigra J.F. Arnold) is probably the result of plantation 
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works from the beginning of the 20th century (Ta-

nács, Szmorad, & Bárány-Kevei, 2007). 

Studies on chemical composition and soil taxon-
omy from Gömör-Torna karst terrains started in the 

second half of the 20th century (Zámbó, 1986, 1998; 
Zámbó-Telbisz, 2000). Following Bridges’s (1978) and 

Stefanovits’s (1981) methods, alongside with other 

particular in situ and laboratory tests, the prevalent 
soils that were described are rendzina and red-earth 

soils (Zámbó, 1986, 1998; Zámbó-Telbisz, 2000).  
Later, based on the results of studies, regarding 

the correlation between three species composition of 
forests and soil proprieties from Haragistya-Lófej for-

est reserve and Szilice Plateau (Tanács-Barta, 2006; 

Tanács, et al., 2007), subtype soils were dis-crimi-
nated according to the World Reference Base for Soil 

Resources (Barta, et al., 2009), which was a similar 
approach to classification from the Slovakian part of 

Gömör-Torna karst terrain (Rozložnik-Karasová, 

1993).  Mineral types and content analysis of soils 
from this region are given by Knauerné (1992) and 

Fekete et al. (2006, 2008). 
Compared to the Gömör-Torna karst, Tapolca karst 

area is only a small region. It is located in the western 
part of the Transdanubian Mountains, be-tween Bala-

ton Uplands and Keszthely Mountains. The Tapolca 

karst system coincides in part with a sedimentary ba-
sin, mainly made up of quasi-horizontal Sarmatian 

limestone strata that are called Tinnyei Formation 

(Budai, et. al., 1999). It is com-posed of various 

clayey and calcareous layers, thus water permeable 
and impermeable layers are altering in it. Pleistocene-

Holocene alluvial-diluvial sandy and clayey deposits 
superimpose Sarmatian limestone discontinuously. 

Consequently, patches of open karst alternate with 

covered karst, leading to a mosaic-like pattern of Ta-
polca karst terrain. 

The Sarmatian limestone that generated the now-
adays general topographic surface with 120-160 m el-

evations is underlaid with Main Dolomite For-mation 
and Sédvölgyi Dolomite Formation (Budai, et al., 

1999). In the northern part of the Tapolca basin, do-

lomite formations outcrop as inselbergs above the 
surrounding area that has 120-160 m altitude. There-

fore, this area, which displays remnants of Creta-
ceous cone karst peneplain, is the most diversified 

morphological part of the Tapolca karst area, where 

both paleokarst and recent landforms occur equally 
(Büki, et al. 2011).  

Small and shallow dolines have been developed 
mostly on the brink of dolomite and Sarmatian lime-

stone which explains why they are arranged in rows 
in some places and others through merger evolved 

into uvalas (Futó, 2003). Many fossilized dolines, 

formed during a tropical climate, are filled with red 
clay and bauxite. 

 

Figure 5: Soil profiles on the Tapolca-karst. T1 (fr) - black rendzina, T2 (br) - brown rendzina, T3 

(vr) - red clay rendzina 



 
The analyze of relationship between microclimate and microbial carbon-dioxide production in the soils of the Tapolca and 

Gömör-Tornai karst terrains, Hungary 

36 

In the porous-structured limestone field, the lev-

el of karst water runs along close to the surface, dur-

ing the whole year, which emerges to the surface 
when the water is high, feeding/supplying periodic 

karst springs. 
 Three periodic-watered lakes (Alsó, Felső-Cser, 

Névtelen) had been evolved close to Zalahaláp, in a 

karst hole, coated with watertight layers. In the 
northern side of the Tapolca-karst terrain, there is 

Lake Pokol (Hell). Its depression is incised on a bas-
alt-bordering karst field and fed by a small stream 

dominantly during the rainy period of the year. 
Regarding the soil types, there are no peculiar 

studies. According to the geological map and 1: 

100.000 scaled Agrotopo-maps (www.mta-taki.hu), 
the soil cover from Tapolca karst terrain consists of 

rendzina types, leptosols and brown forest soils.  
In the vicinity of Lake Cser, protosoils and weakly 

soiled sediments (Pannonian sand, sandy and pebbly 

lacustrine sediments) are dominant. Red-clay sedi-
ments with bauxite fill paleokarst recesses and doli-

nes, whose bottoms are overlaid with colluvium 
(Móga, et al., 2011). Highly eroded soils and the rocky 

surface are significant in the area of flat terrains. 

Soil profiles in the karst terrains 

The results of mineral content and chemical char-
acteristics of soils from the Tapolca Karst ter-rains 

were compared to those on the Aggtelek karst ter-

rains (Knauerné, 1992). Three typical soil profiles (T1, 
T2, and T3) were analyzed from morphological and 

chemical point of view (Fig. 5). Therefore, the clay 

and loam fraction of the sample taken from three typ-

ical soil profiles (T1, T2, T3, Fig. 6) of dolines from 
Tapolca are similar to the soil profiles of Ag-gtelek. 

Also, these soils contain sand fractions in a few per-
cent, due to Pannonian sediments which cover the 

surface in patches. Each tested soil sample had car-

bonate content in variable amounts. The hu-mus con-
tent was the highest (6.26%) in the black rendzina 

(T1), but this value is still behind the mini-mum rates 
of 7-8% that were recorded for rendzina subtypes in 

the Carpathian basin, according to Kiss records 
(2012). The pH values of all rendzina types are higher 

than 6.5 units, and their hydrolytic acidity is minimal. 

Hargitai’s Q value of two rendzina types (T1, T2) is 
higher with two units than the red-clay soils’ in Ag-

gtelek (Knauerné, 1992). This fact shows the for-
mation of humic substances (Buzás, 1998), which are 

related to the fields characteristics. There-fore, it can 

be explained with dissimilarity of the natural vegeta-
tion and the water type of the soil. 

Based on the cluster analysis that included 52 ren-
dzina profiles performed by Kiss (2012), the clas-sifi-

cation of the soils of the Tapolca-karst terrain into 
rendzina types is not unambiguous. The mor-pholog-

ical properties and weak structure of the pro-file (Fig. 

6), the depth of soil, and the sand content of the sam-
ples gave an intermediary position (in the case of T1, 

T2) between the leptosol and rendzina soils, because 
the humus content is lower compared to the rendzina 

typical soil.  

 

 

Figure 6: Theoretical N-S soil profile through the Tapolca karst terrain. T3 soil profile (which is 
not presented in this picture) is nearby T2 (See Fig. 5). 1- brown rendzina, 2 - limestone, 3 

- humic level, 4 - red clay, 5 - coarse sand with high Ca CO3 content, 6 - doline infill red clay, 

7 - weak humic sand, 8 - lake sediment, sandy clay, 9 - black rendzina 
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The classification of the T3 soil is even more prob-

lematic: the color and clogging of C layer, the appear-

ance of the clay membrane in the profile reflects the 
red clayey origin. However it has a low acidity (pH > 

7 value) and, because of the carbonate content of the 
upper layer, present cli-mate, fills a part in the recent 

development of the soil (water balance processes), 

beside the effect of the ballast-rock (dolomite, layer 
D). 

Microclimate of atmosphere, soil air and soil 
proprieties 

Climatic and microclimatic factors are important 
drivers in the activity of soil biota and implicitly they 

are responsible for carbon dioxide production and its 
amount from soil air (Jakucs, 1971; Zámbó, 2001; 

Keveiné Bárány, 2009). Also, climate is a mor-phoge-
netic factor in the control of erosion processes and 

weathering of rocks, however, in the karst sys-tem it 

is an ecological factor which provides the dy-namism 
of karst development (Keveiné Bárány, 1998, 2009). 

On the dolines surfaces from karst areas and closed 
recesses microclimate areas evolve, especially where 

exposure has a significant role in the spatial and tem-

poral changes of the energy that precede distinctions. 
All of these facts have an influence on the formation 

of air and soil temperature, the evolu-tion of local dis-
tinctions of soil moisture, the plant-cover of dolines, 

the microbial activity of the soil and finally, the for-
mation of spatial differences in the karst corrosion 

processes of karst fields (Keveiné Bárány, 2009). 

Measurements performed within do-lines from both 
Tapolca and Gömör-Torna karst dur-ing 2009-2012 re-

vealed that there are microclimate differences in-
duced by the morphometry and mor-phology of doli-

nes. It revealed a significant discrep-ancy in terms of 

diurnal air temperature and evapo-transpiration that 
is associated with the exposure of dolines. 

Our simultaneously-accomplished measure-ments 
performed in sampled dolines from Tapolca, next to 

Lake Vörös, revealed the effect of the vegeta-tion 
coverage – rocky grassland versus forest – on the mi-

croclimate of the dolines. In contrast to the previ-ous 

site, the whole area of the Derenki dolines is covered 
by forest, which dimmed the distinction of tempera-

ture values among the measuring spots. Thus, during 
the summer, the results show that in the dolines, next 

to Lake Vörös, the highest air tem-perature (at 20 cm 

above ground) and the largest diurnal temperature 
fluctuations (amplitude) have been measured at the 

northern edge (VTE) of the dolines (i.e. on the side 
exposed to the south) that are covered by rocky-lawn. 

During a 24-hour day, air temperature ranged from 

23 °C to 31°C.  By the reason of the shadow effect, 
lower and much more moderate temperature values 

have been recorded at the bottom (VTA) and at the 
northern exposure stations (VTD) of the dolines.  

However, the two stations’ values hardly differed from 

each other (21-25°C). Regarding the soil tempera-

ture, they were recorded similar var-iations depend-
ing on position and exposure of the sides of doline 

depressions. At 5 cm depth, the soil temperature was 
lower than the air temperature, as well as the ampli-

tude (VTD: 19-20°C, VTE and VTA: 16-20°C) (Fig. 7). 

 

Figure 7: The temperature variation in the do-

lines above ground surface and with the 
depth of soil, located in the vicinity of 

Lake Vörös 

In Derenki site (DT) from the Gömör-Torna karst 

terrain, the recorded air temperature values were 

lower (17-20, 5°C) at all three measuring stations 
(DTD, DTA, DTA), than those from Vörös doline site 

(VT). Soil temperature measured at 5 cm depth (17-
19°C) was much closer to air temperature at all three 

stations (DTD, DTA, DTA) than in Vörös doline site, 
and showed a similar trend, next to the low air tem-

perature values. It should be noticed that tempera-

ture values, air and soil, are slightly higher at the side 
dolines with southern exposure than those with 

northern exposure (Fig. 8). 

 

Figure 8: The diurnal temperature variation in 
Derenki dolines from from the Gömör-

Torna karst terrain, NV Hungary 

By comparing microclimate data recorded in Vörös 
doline site (VT), Tapolca karst terrain, with those in 
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Derenki site (DT), Gömör-Torna karst terrain, it is ob-

vious that the elevation of the study are-as, the cer-

tain morphology of dolines, which consists of large-
sized, flat bowl-shaped dolines in Derenki and the 

small, sheer-sided dolines, next to lake Vörös, along 
with the complexity of vegetation cover, play an im-

portant role in the development of dis-tinct microcli-

mates, although it is difficult to identify which of the 
factors is defining for temperature-shifting. 

The seasonal and diurnal changes of the 
carbon dioxide concentration in the soil air 

Measurements of CO2 content in soil air on study 
sites show a great variance between them, according 

to local microenvironment from each station and the 
depth at which the measurements were made. Over-

all, the recorded values, measured by a 2L-type pipe 
method, ranged from 100 ppm up to 30 000 ppm or 

3%.  

Within dolines from Vörös doline site (VT), the 
maximum values of the soil air’s CO2 content (>3%) 

has been always measured on the bottom, at 20 cm 
depth in the soil (VTA) while the lowest values (1-

2000 ppm) were recorded at 5 cm depth in the soil 

(Fig. 9).  

 

Figure 9: The change of the CO2 concentration 

of soil air at the VT (Vörös doline) meas-

uring spot 

On the cooler, sloppy southern sides (VTD), simi-

larly to the dolines bottom, the CO2 concentrations 
were above 10000 ppm (1%). The concentration val-

ues of CO2 soil air at Tapolca were similar to the do-

lines from Derenki site (DT), but were lower than 
those from Aggteleki karst terrain. The difference is 

supposedly caused by different physical soil charac-
teristics and microbial activity (Fig. 10). 

 

Figure 10: The sketch of a doline (Tapolca doline – TA) and location of measuring points - Tapolca 

karst area. For each point is illustrated the soil profile: TD – southern side of the doline, TS 

– soil profile in the bottom of doline, TÉ – northern side of doline
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At 80 cm depth in the soil from bottom dolines, 

carbon dioxide values ranged between 1-2%, which 

represent about half or two thirds of the values de-
termined at 20 cm soil depth.  Therefore, the gained 

results of the field measurements in both karst study 
areas are in good accordance with literature data 

(Jakucs, 1971; Zhang & Zhang, 1983) and they 

clearly certify that the carbon-dioxide production rate 
in the soil does not increase directly in proportion to 

the depth, but has a maximum value at the depth of 
20-40 cm. 

Seasonal measurement carried out in all study 
sites also validate that the CO2 concentration values 

show increasing tendency in the daytime, if there are 

no circumstantial disturbing factors, mainly weather 
extreme events.  However, the highest carbon-dioxide 

concentration was recorded during late afternoon and 
evening. This tendency occurred more conspicuously 

in the case of carbon-dioxide measurements that 

were made at deeper levels of soil. 

The analysis of the relationship between mi-
croclimate and microbial carbon-dioxide 
production in soil with field measurements 

Due to the changing weather conditions of July 30, 

2011 (high air temperature and sunny sky followed 

by a rain storm during the early afternoon) during the 
field trip in Tapolca karst area, it has been possible to 

investigate the relationship between quickly changing 
microclimate and CO2 concentration in soil air as a 

result of microbial activity. The hourly evolution of air 
temperature at three and soil temperature at three 

different above topographic surface and at 5 cm soil 

depth shows a direct correlation between increasing 
temperature and CO2 content in the first 5 cm of the 

topsoil (Fig. 11). 

 

Figure 11: The diurnal variation of air and soil 

(blue line) temperature within the Tapol-

ca doline (Zalahaláp) (TA) 

The upward linear trend of CO2 concentration 

lasted until the storm, and then it fell back during the 
rainstorm. After that, CO2 concentration raised again 

due to of the influence of late afternoon warming 

which followed the rain episode. The values, meas-

ured in three different soil depth reveals that a dis-

turbing effect of weather factors was detectable in the 
first 20 cm soil profile. As it can be seen in Figures 11 

and 12, the effect of temperature decrease on micro-
bial activity was experienced in the first 5 cm of the 

soil profile. Furthermore, the cooling effect of the rain 

on the soil which slowed down microbial activity was 
supplemented by the anoxic environment created by 

the replacement of air from soil pores with water and 
depletion of available oxy-gen for aerobic bacteria 

that are responsible for organic decomposition and 
main CO2 producers. 

 

Figure 12: The change of the CO2 concentration 

of soil air into TA doline during a summer 

rain storm 

The results of microclimate and CO2 measure-
ments, performed in parallel, support the previously 

recognized fact that meteorological factors affect the 

microbial CO2 production from soil (Jakucs, 1971; 
Keveiné & Zámbó, 1986; Zámbó, 1998; Zámbó & 

Ford, 2003; Szili-Kovács & Török, 2005; Szili-Kovács, 
et al., 2009; Keveiné Bárány, 2009; Knáb, et al., 2010; 

Knáb, et al., 2012; Knáb, et al., 2018). The alteration 
of sunny, cloudy and rainy weather may result in sig-

nificant temperature changes in the layers, close to 

the surface.  Increase in air and soil is accompanied 
by the intensification of enzymatic activity of soil bac-

teria and simultaneously, the rate of carbon-dioxide 
production. 

Although there is a great diversity of soil organ-

isms (plant roots, alga, protozoa, invertebrates), 
whose breathing contributes to CO2 content of the 

soil atmosphere; their particular contribution is diffi-
cult to differentiate and quantify. Consequently, the 

assessment of the respiration of microorganism de-

composing soil organic matter is a suitable method 
for determination of CO2 supply to soil. 
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The daily dynamics and depth dependence 
of the carbon-dioxide concentration from 
soil air 

The measurements carbon dioxide content of soil 
atmosphere within a brown forest soil about 80 cm 

thick that has developed on the bottom of a dolines 
from Tapolca confirms the results of previous exami-

nations. There is an increasing trend of the Carbon 

dioxide concentration in the topsoil and then, gradu-
ally, the organic matter content is diminishing along 

with all physical and chemical soil proprieties.  Thus, 
in the tested soil profile, from the topographic surface 

towards the subsoil evolution (Fig. 13), the carbon-

dioxide concentration of soil atmosphere shows an in-
crease from 6000 ppm at 5 cm depth to 15 500 ppm 

at 15 cm depth, and only 1500 ppm at a depth of 30 
cm.  

 

Figure 13:  A 80 cm deep soil profile (TS) in the 

Tapolca (Zalahaláp) doline (TA) with val-

ues of the measured CO2 concentration at 

different deep level (See Fig. 12) 

Then, the values show slight oscillations between 
1500 and 2000 ppm that were interrupted by a peak 

(8000 ppm) at 35 cm depth, which may be a conse-
quence of the root level of the plants (Fig. 14).  

These results were strongly supported by the bi-

omass determinations that were also made by the mi-
croorganism diversity. 

 

Figure 14: The changes of CO2 concentration 

of the soil air in the TA doline with the 

depth of soil 

 

The biomass decreases from the topsoil to the bot-

tom, and the compound of microorganism communi-

ties are strongly different. In addition, the available 
oxygen gas involved in aerobic respiration decompo-

sition processes at a depth of 70- 80 cm of soil profile 
is very low. 

Conclusions 

In order to understand the effect played by the 

different soil types on karst corrosion processes, we 
measured the microclimate on the field and the 

amount of CO2 in the karst soil. We defined the spa-
tial and temporal quantitative changes of CO2 con-

centration of microbial origin. We investigated the 
correlation between microclimate, surface coverage, 

exposure, soil depth and the microbial activity (CO2 

production). In every case, we measured the highest 
values of the CO2 concentration in the bottom of the 

sink hole –15-20 cm. We wanted to verify the de-pen-
dency on depth, as well. Starting from the sur-face to 

downwards, we found out that the carbon-dioxide 

production rate in the soil does not increase directly 
in proportion to the depth, but has a maxi-mum value 

at the depth of 20-40 cm. These results were strongly 
supported by the biomass determinations that were 

also made by the microorganism diversity. The bio-
mass decreases from the topsoil to the bottom, and 

the compound of microorganism com-munities are 

strongly different. Our measurement states that the 
meteorological factors also affect the microbial CO2 

production from soil. According to our measurements, 
the amount of CO2 concentration showed a growing 

tendency during the day. We measured the highest 

CO2 concentration late in the afternoon. During the 
evening, as the temperature dropped, the concentra-

tion of CO2 dropped, as well. The alteration of sunny, 
cloudy and rainy weather may result in significant 

temperature changes in the layers, close to the sur-

face. Increase in air and soil is accompanied by the 
intensification of enzymatic activity of soil bacteria 

and simultaneously, the rate of carbon-dioxide pro-
duction. 
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