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Abstract: This pilot study focused on the microclimate regulating effects of different vegetation types
of forest-steppe habitat. Between April and December 2023, soil moisture at a depth of 10, 40 and 80
cm was measured at 3-3 sample plots alongside two natural forest edges. Between September and
November 2023, air temperature and relative air humidity were recorded at 7 predefined vegetation
types of sandy forest-steppe habitat (4 plots/type, 7 types/site, 3 sites, 84 plots in total). Relative soil
and air humidity data was analysed with descriptive statistics, while one-way ANOVA was run for
air temperature data. Our results show that the inner parts of the forests and forest edges were
characterised with significantly higher soil humidity in each soil layer, compared to woodless
grasslands. Furthermore, more moderate temperature is present in woody vegetation types compared
to grasslands outside of forests. Significant minimum and maximum temperature-raising effects were
also observed. No significant differences were detected between locations and vegetation types in air
humidity, but methodological changes are necessary in the future. During the study period,
microclimate of woody vegetation types was more balanced, compared to grasslands outside forests.
Plots at woody vegetation types were characterised by a better soil moisture supply and a significant
air temperature regulating effect, which gave a more balanced air temperature as the minimum and
maximum values were more attenuated but did not influence the seasonal mean value.
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1. Introduction

Ecosystem services are goods and services that ecosystems provide to humans
(MEA 2005). When ecosystems function well, they can offer various benefits that
satisfy certain needs of people, thereby contributing to human well-being (Kovacs et
al. 2014).

There are several approaches to categorise ecosystem services, usually with one
of the categories assigned to regulating services (MEA 2003, httpl) such as
microclimate-regulation. The microclimate can be considered as the set of climatic
factors (e.g. air temperature, air humidity, soil moisture) that can be measured in the
lower layer of the atmosphere at different scales (e.g. landscape, local) (Koncz et al.
2021). The microclimate plays an important role in the habitat selection of species,
shaping species composition and species-richness (Inouye 2008, Siile & Koérmoczi
2017). Also, various economic and social groups of the human society have
expressed its usefulness (Fejes et al. 2022).
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The forest-steppe is an independent climatic zone characterised by transitional
vegetation between closed forests and grasslands, thereby composed by grassland-
forest mosaics (Molnar & Kun 2000). Among the forest habitat types present in
Hungary, the extent of the forest-steppe forests has decreased the most in the last
century (Bartha 2001). Nowadays we can only encounter such habitats in isolated,
smaller patches (Molnar & Kun 2000). One of the most species-rich forest-steppes
of Hungary is the Peszér-forest (Doronicum Szolgéltaté Kft. 2015).

There are some studies that focus on measuring microclimatic factors (soil
humidity, air temperature, air humidity) of similar habitats in the Kiskunsag (Unyi-
Buzetzky 2014, Bolla 2017, Siile 2022, Khanh et al. 2024), also in other regions
(Anenkhonov et al. 2015, Milosevic et al. 2020, Siile et al. 2020). Bolla (2017)
installed measuring stations to measure the hourly soil moisture in four soil layers
(between 0-100 cm) in forest and grassland habitats. When using the TDR hand-held
measuring instrument, the thickness of the soil layer that can be tested varies, while
some measuring devices reach deeper soil layers (up to 1.5 m) (Unyi-Buzetzky 2014,
Bolla 2017), Siile's (2022) measurements only reached a depth of 7-8 cm. We also
have several methods for measuring air temperature and air humidity (Loksa 2004),
one of which is the use of data measured by meteorological stations (Bolla 2017). In
addition, it is also possible to use installed loggers, which usually collect data
periodically (Odor 2015, Kovacs 2018, Stofa 2021). Manual measuring instruments
and data loggers allow us to measure at several sampling points covering a larger
area, on the other hand, the advantage of measuring stations (including meteorogical
stations) is that they provide us with year-round data, but with a smaller coverage in
space.

The main objective of our pilot study was to characterise the microclimate
regulating effect of different types of forest-steppe vegetation. The temporal patterns
of soil moisture, air temperature and air humidity were assessed in the research area
during the study period.

2. Materials and methods
2.1. Study sites

The study was carried out at three sites (Peszér-forest, Szalag-forest and Adacs-
forest) in the Kiskunsag, Central Hungary (Figure 1). The study area is charaterized
with broad-leaved forest-steppe (dominated by Quercus robur, Populus x canescens),
closed shrublands (dominated by Crataegus monogyna, Prunus spinosa, Juniperus
communis) and woodless grasslands on sand soils (dominated by Festuca rupicola,
Chrysopogon gryllus), alltogether forming a habitat complex with high nature
conservation value. Soil moisture data were recorded at one site, while air
temperature and air humidity data were recorded at all three sites (Figure 2). All
three sites are representatives of forest-steppe on sand, differing from each other only
in landscape history.
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Figure 1.: Location of the study area within Hungary

Source: own editing

Figure 2.: Location of the three study sites and sampling plots
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2.2. Data gathering
2.2.1. Relative soil humidity

Between April and December 2023, soil moisture was measured at 3-3 plots
alongside two natural forest edges. When selecting the sampling points, the main

16



Review on Agriculture and Rural Development 2025 vol. 14 (1-2) ISSN 2677-0792
DOI: 10.14232/rard.2025.1-2.14-22

aim was to characterise the transition from closed forest to open grassland via three
points: 1) the inner part of the forest (20 meters away from the edge), 2) forest edge,
39 grasslands outside of the forest (20-30 meters away from the forest edge).

Decagon loggers and sensors were used for measuring relative soil humidity
(hereinafter: RSH). Sensors were installed at 10, 40, and 80 cm depth in the case of
open grasslands and forest edges, and at 80 cm depth in the case of inner parts of
forests. Soil humidity data were recorded in 15 minutes intervals.

2.2.2. Air temperature and relative air humidity

Between September and November 2023, air temperatures (hereinafter: AT) and
relative air humidity (hereinafter: RAH) were measured at randomly selected plots
representing 7 predefined structural types of the sand forest-steppe habitat complex
(4 plots/type, 7 types/site, 3 sites, 84 plots in total). The vegetation types were the
following:

» woodless sand grassland outside of forest (hereinafter: grassland)

» woodless clearings in forests on sand soil (clearing)

« solitaire shrub outside of forests (solitaire shrub)

 shrubland with closed canopy (closed shrubland)

« forest with low canopy closure (open forest)

+ closed forest with no significant shrub layer (closed forest without shrub
layer)
+ closed forest with significant shrub layer (closed forest with shrub layer)

Xiaomi Mi Temperature and Humidity Monitor devices were applied. In
woodless vegetation types, the devices were installed to a wooden post at 1 meter
height with southern orientation, while in the rest of the vegetation types devices
were attached to the tree trunk or hung on a shrub at 1 meter height with northern
orientation. This way, maximal shading by woody vegetation, therefore maximal
differences compared to woodless grassland were recorded. In order to be able to
detect subtle changes in microclimate, the devices measured the current temperature
and humidity conditions every minute, and saved the average of the measured data
in every 10 minutes.

2.3. Data analysis

For characterising RSH, the following descriptive statistics were calculated:
maximum, minimum, average for each month and for the whole study period. Due
to unbalanced study design (no data were recorded at 10 and 40 cm depth at inner
parts of forests, and failure of one of the sensors) it was not possible to run statistical
tests on this dataset. For quantifying the length of water deficient period throughout
the study period, the number of months during the vegetation period (from April till
October) with RSH less than 10% and less than 20% were calculated.
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For AT, one-way ANOVA was run for seasonal minimum, seasonal maximum
and seasonal average temperatures (separately). For post-hoc testing, Tukey-tests
were run.

For RAH, descriptive statistics were calculated: maximum, minimum, average
for each month and for the whole study period.

3. Results
3.1. Soil moisture

RSH varied across months, sites, and soil layers (Table 1). In the case of
woodless grasslands, independently from soil layers and sites, average RSH
(calculated for the whole study period) varied in a narrow range between 13.3% and
17.6%, indicating that all the soil layers were considerably dry throughout the study
period.

In the case of forest edges more expressed differences were revealed, as average
RSH (calculated for the whole study period) varied between 14.1% and 32.2%. In
the case of forest edges, the lowest soil layer was relatively wet (29.2%-32.2%) and
the upper two layers were characterised with less balanced range (with the lowest
monthly average RSH and the highest monthly average RSH throughout the study
period ranging between 5.9% and 19.3% and between 22.4% and 27.4%).

In the case of inner parts of forest, RSH of the lowest soil layer varied in a range
between 28.1% and 38.1%, indicating that this layer was characterised with
favorable conditions throughout the study period.

Table 1.: Monthly average of relative soil humidity (%) fom April till December

Plot Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | min | max | avg
Site 1, grassland. 10 cm 250 | 222 | 134 | 115 | 137 82 104 | 254 | 264 82 | 264 | 174
Site 1, grassland. 40 cm 257 | 247 | 212 | 136 | 95 7.5 6.8 19.2 | 263 68 | 263 | 172
Site 1, grassland. 80 cm 189 | 186 | 160 | 108 8.6 72 6.1 134 ] 200 | 61 | 200 | 133
Site 1, forestedge. 10em [ 267 | 251 | 201 | 168 | 16.0 | 132 [ 139 | 250 | 274 | 132 | 274 | 204
Site 1, forestedge. 40em | 245 | 242 | 233 | 221 | 213 | 202 [ 193 | 197 | 253 | 193 | 253 | 222
Site 1, forest edge 80 cm 337 | 339 | 339 | 337 ] 330 | 313 | 294 | 290 | 323 | 290 | 339 | 322
Site 1, forest, 80 cm 38.1 | 380 | 376 | 370 | 362 | 343 | 329 | 330 | 377 | 329 | 381 | 36.1
Site 2, grassland, 10 cm 228 | 163 | 64 6.9 8.1 - - - - - - -
Site 2, grassland. 40 cm 23.8 | 225 | 138 | 133 | 155 9.6 116 | 240 | 243 96 | 243 | 176
Site 2, grassland, 80 cm 209 | 199 | 81 55 54 5.1 5.6 175 | 224 | 51 | 224 | 123
Site 2, forestedge. 10cm | 262 | 237 | 148 | 131 | 149 | 126 | 154 | 258 | 272 | 126 | 272 | 193
Site 2, forestedge. 40 cm | 221 | 214 | 133 8.1 6.3 5.9 6.1 202 [ 236 | 59 | 236 | 141
Site 2, forest edge 80 cm 334 | 331 | 302 | 266 | 260 | 256 | 255 | 284 | 339 | 255 | 339 | 292
Site 2, forest, 80 cm 33.8 | 337 | 320 | 290 | 285 | 284 | 281 | 304 | 326 | 28.1 | 338 | 30.7

Source: own calculation

The number of months thoroughout the vegetation season, characerised with
severly water deficiency (RSH less than 10%), and number of months thoroughout
the vegetation characterised with limited (suboptimal) water supply (RSH less than
20%) ranged between 0-5, 0-7, respectively (Table 2).
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Table 2.: Number of months thoroughout the vegetation season, with RSH less
than 10% and RSH less than 20%.

Plot RSH=10% RSH=20%
Site 1, grassland. 10 cm 1 5
Site 1, grassland, 40 cm
Site 1, grassland, 80 cm
Site 1. forest edge. 10 cm
Site 1, forest edge, 40 cm
Site 1, forest edge 80 cm
Site 1. forest, 80 cm
Site 2, grassland, 10 cm
Site 2, grassland, 40 cm
Site 2, grassland, 80 em
Site 2, forest edge. 10 cm
Site 2, forest edge. 40 cm
Site 2, forest edge 80 cm
Site 2, forest, 80 cm

Source: own calculation
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3.2. Air temperature

Seasonal maximum, minimum and average temperatures for the seven
vegetation types are indicated in Table 3. Seasonal minimum temperature, seasonal
maximum temperature and seasonal average temperature significantly varied across
vegetation types (df=73, F=8.8982, p<0.01; df= 73, F=16.2478, p<0.01; df=73,
F=2.5662, p=0.02, respectively). Vegetation type had significant effect on the
seasonal range of temperature (df=73, F=23.1128, p<0.01).

Table 3.: Seasonal maximum, minimum, average temperatures and the seasonal
range of temperature (°C)

Sesonal Seasonal Seasonal Seasonal
minimum maximum average range
grassland 97x19a 344x23a 113+12abc | 441£30
clearing -72+20b 356=09a 125£09abec | 428+19
solitaire shrub 82=x14ab 334+15ac 114+05ab 416 £17
closed shrubland 71100 322=+21%bc 113+ 09ac 394423
open forest -75+180b 318+ 13bc 11.3+13abc | 39322
E‘;Zﬁd forest without shawb 1 5 5. 5 gbe | 300=11bed | 11.9404abe | 35516
closed forest with shrub layer | -39+12b 309+13bed | 11.7£09abec | 368£15

Source: own calculation
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3.3. Relative air humidity

Regarding the air humidity we assume that the device cover caused an artifact in
the results since no significant differences were detected between locations and
vegetation types. Therefore methodological changes are necessary in the future.

4. Discussion

In the case of forests (at 80 cm depth) more favourable (more humid, less arid)
soil moisture conditions were revealed, compared to grasslands. Forest edges were
characterized with a transitional level of soil humidity, with expressed variablitiy
within layers and sites. In the case of grasslands, all the three soil layers were
completely dry during the hottest (and driest) part of the year with soil humidity
being present as dead water (i.e. humidity non-accessible for plants). It is well known
that soil humidity can decrease via two processes: evaporation and transpiration.
Evaporation is enhanced by more open (less shading) vegetation (Erdds et al. 2018),
while transpiration — as a rule of thumb — is increasing with increasing phytomass
(Szabo et al. 2012). Considering the fact that soils inside forests were more humid
than the ones at the other two parts (forest edges and woodless grasslands) despite
the bigger phytomass, it can be hypothesised that evaporation can play a more
significant role in water loss than transpiration on the hot and considerably dry
climate being present at the study area. Also, we hypothesise that woody vegetation
prevented the soil from extreme water loss, even in the hot season. The results of
Bolla (2017) show the opposite, and several sources emphasize the negative water
balance of the lowland forests too (Szabo et al. 2012, Matyas et al. 2018). Our results
can be explained by the fact that some tree species of our sandy forests (e.g. Populus
ssp., Quesrcus ssp.) directly reach the groundwater level and utilise the water from
here (Gacsi 1998, G6bolos 2002). The treeless habitats are independent of the
groundwater (Tolgyesi et al. 2021). Nevertheless, to derive more solid relationship
between vegetation structure and soil humidity, much larger number of repetition is
needed.

Considering air temperature, all the investigated woody vegetation types except
for solitaire shrubs had significant regulating effect, resulting in lower seasonal
maximum and higher seasonal minimum temperatures, compared to woodless
grasslands, which is in line with the findings of other studies in the same region (e.g.
Siile et al. 2020, Khanh et al. 2024). Interestingly — and to the contrary of our a priori
hypothesis — there was no significant difference in seasonal average temperature
during the three-month long study period. The seasonal range of temperature showed
a clear relationship between vegetation types and microclimate regulation: types with
more dendromass (and with larger leaf surface) resulted in a less range of
temperature, i.e. in a more balance microclimate. The cooling effect of woody
vegetation has already been demonstrated, which is due to the fact that it enhances
the cooling properties of evaporation (Luyssaert et al. 2018). Compared to woodless
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grasslands the canopy of trees also moderates the cooling at night (Tolgyesi et al.
2018). As our pilot study was carried out exclusively during the autumn months, a
much more detailed and differentiated picture could be obtained in the future with a
study covering the whole year.

The above measurements showed a differentiated picture of soil moisture and
air temperature heterogeneity that characterises the forest-steppe habitat complex.
The results showed significant differences in the microclimate regulating effect of
particular woody vegetation types in the study area.
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