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In order to examine the complex role of the vegetation structure determining microclimate,
the authors carried out temperature and relative humidity measurements in beany fens,
drying fens, semidry grasslands, hayfields, steppe grasslands, rocky grasslands and open
sandy grasslands of the Transdanubian mountains. In the course of this process, measure-
ment and data recording took place annually with four repetitions (June, July, August, Sep-
tember) per sampling area in identical weather conditions, resulting in altogether 162 sam-
pling occasions in 84 sampling areas on the ground surface and at a height of 10, 20, 30 and
120 cm in the grassland. In the present paper measurement data concerning the humidity of
grasslands researched to a lesser extent in previous works are assessed. The comparative
study ascertains that based on the relative humidity curves depicting microclimate, the
samples of the examined types of grassland should be handled as separate groups in each
sampling period. A further result to be seen is that in the case of several grasslands (semidry
grasslands, drying fens) aspect change can also be detected in the change of microclimate
(decrease of the relative humidity). The shift in relative humidity curves towards drying
can be most conspicuously seen in the case of semidry grasslands.
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INTRODUCTION

Apart from the role of basic rock, soil and exposure, the complex role of
plant structure — determining microclimate — is also significant in the evolu-
tion of changes that can be observed in the microclimate of plant associations.
The expression microclimate is normally used to refer to the special climatic
circumstances of the air layer near the soil surface thereby differentiating it
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from “substance climate”, which is the sum of the climatic factors to be found
in the immediate environment of the vegetation and/or one individual plant.
Since vegetation cover has a significant influence on microclimate in each ex-
amined grassland, this expression are used in our article. Numerous articles
have been published concerning multiple aspects of the microclimatic condi-
tions of different vegetation units (Schubert 1917, Braun-Blanquet 1928, 1951,
Filzer 1936, Geiger 1936, 1961, Szava-Kovéts and Berényi 1948, Précsényi 1956,
Kovécs 1958, 1962, 1966, Endrddi 1961, Horvéth et al. 1963, Vinczeffy 1965a, b,
Horvat and Papp 1965, Jakucs 1954, 1959, 1961, 1967, 19684, b, 1972, Jakucs et al.
1967, 1968, Berényi and Nagy 1968, Boros and Barany 1975, Cox and Moore
1980, Stollar and Zsoldos 1985, van Tooren ef al. 1985, Matus and Téthmérész
1994, Baldi 1999, Goetz et al. 2000, Gehlhausen et al. 2000, Frank 2002, Suleiman
and Crago 2003, Nachabe et al. 2004, Smith and Johnson 2004). The examina-
tion of microclimate features of the vegetation used to and is still more fo-
cussed on agricultural areas (Vinczeffy 19654, b, Stollar and Zsoldos 1985,
Suleiman and Crago 2003, Nachabe et al. 2004) and deciduous plant associa-
tions (Jakucs 1954, 1959, 1961, 1967, 1968a, b, 1972, Jakucs et al. 1968, Kovécs
1966, Berényi and Nagy 1968, Borhidi 1984, Gehlhausen et al. 2000). Fewer
studies concentrate on natural grassland associations (Précsényi 1956, Kovacs
1958, Horvat and Papp 1965, Cox and Moore 1980). The majority of botanical
studies researched the temperature-related aspects of vegetation types
(Endrédi 1961, Boros and Barany 1975, Stollar and Zsoldos 1985) and fewer
works deal with a detailed examination of the changes in relative humidity
and other parameters (Filzer 1936, Hargitai 1942, Hordnszky 1957, Kovacs 1958,
Cox and Moore 1980). Below we are going to present a chronological descrip-
tion of the most important works related to the topic, refer to approaches of
different scale and methods to grassland microclimate as well as outstanding
results of individual studies.

In Braun-Blanquet’s seminal phytosociological studies (Braun-Blanquet
1928, 1951) — apart from the significance of climatic factors determining vege-
tation — there are references to the changing microclimatic conditions (e.g.
monthly relative humidity change, temperature conditions at different levels
of the associations) of the vegetation types. Filzer’s publication (Filzer 1936) is
of determining significance among the early works concerning the microcli-
mate of herbaceous plant associations. His study gives an overview of the pio-
neering work of his contemporaries (Geiger, Heilig, Kraus, Schubert, Stocker
and others), however, he significantly contributes to the knowledge of the con-
stituents of microclimate with his own measurement results. Filzer also con-
veys valuable data concerning the important components determining micro-
climate of natural grasslands and cultivated plots. Sennikov (1953) finds the
composition and structure of the plant association important for the tempera-
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ture regime of individual plants. Précsényi (1956) researched the daily
changes in the air temperature and evaporation of the pasture grasslands at
different levels. Concerning the daily fluctuation of temperature, Précsényi
stated that it is smaller and smaller as we proceed from open (Brometum
tectorum) to more closed (Mesobrometum) types. Horanszky (1957) performed
complex microclimate measurements in various vegetation types of the Szent-
mihdly Hill. Vinczefty (19654, b) depicts the hydrological structure changes oc-
curring in different grasslands due to fertilisation through the changes in the
cover and number of species with a different claim of water (mesophilous,
hygro-mesophilous, hygrophilous).

Pal Jakucs’s work is also outstanding in the exploration of the microcli-
mate characteristics of different vegetation types. Within this topic, he mainly
focussed on xerotherm oak forests, forest margins and was also interested in
the effect of exposure (Jakucs 1954, 1959, 1961, 1967, 1968b, Jakucs et al. 1968).
From the microclimatic parameters, he was mainly interested in temperature,
light and evaporation. A problem frequently appearing in the presentation of
results related to the topic is communicating the huge quantity of data arising
in the course of the examination of the microclimate of different habitats. In or-
der to solve this problem, Jakucs (1968a) recommends using such a circle dia-
gram which — through the diverse graphic depiction of different intervals of
values — clearly shows the temperature data measured in the soil, on the soil
surface and at different places in the air as well as the amount of evaporation
and wind broken down to hours. Researching the role played by marginal
habitats and shrubs in microclimate, Jakucs (1968b) pointed out that the effect
of adjoining vegetation of vertically different structure shows the largest di-
vergence approximately at 20 cm above the surface. In Cotinus shrubs the daily
average temperature is 4-5 °C higher than in closed woods and 2 °C higher
than in open grasslands. In the course of the statistical examination of the data,
besides the values measured at 20 cm above the surface, there was a significant
difference between the values measured at 1 m during the comparison of
grassland and marginal habitats. Assuming that the evaporation of open
grasslands is 100%, the same value is 65% in marginal habitats, 59% in shrubs
and only 29.5% in forests (Jakucs 1968b). It is a particularly interesting result
that Jakucs et al. (1968) — in the course of a comparative microclimatological
analysis of shrub-forests in Albania and the Carpathian Basin ascertained that
evaporation — significantly influenced by microclimate — is in turn signifi-
cantly affected by macroclimate. Jakucs et al. (1967) researched the daily tem-
perature fluctuation of several vegetation types at different geomorphological
levels (from the reeds on the lake shore to the plateau of the new Pleistocene
terrace) of the southern shore of Lake Balaton. Margit Kovécs — who later per-
formed air humidity measurements at different levels (5, 20, 100, 150 cm) in
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various fen associations (Bajansenye, August 1956, Kovacs 1958) — undertook
an important role already in the exploration of the microclimate conditions of
the studied forests in the Sikfékut Project led by Jakucs. In the course of this
work, Kovdcs pointed out that the evaporation of the soil as well as the transpi-
ration of plants have an effect on the relative humidity values evolving in
grasslands. Later Kovacs (1966) researched the daily (vertical) temperature
fluctuations in the acidophilous forest associations of the Matra at different
levels (ground surface, 50 and 100 cm, and in the foliage). In closed beech for-
ests (Melitti-Fagetum) Kovacs found a vertically more homogeneous distribu-
tion of temperature, while higher temperatures characterised more open for-
est associations (Genisto-Quercetum and Quercetum petraeae-cerris) at lower
measurement points (to 50 cm significant, to 100 cm slightly). Based on this,
the author finds that exposure and the morphology of the surface are impor-
tant factors in the evolution of microclimate. Horvat and Papp (1965) exam-
ined the effect of exposure in Szdrsomly6. The diagrams presenting Horvat’s
results confirm the phenomenon — also experienced by the authors of the pres-
ent article — that the daily fluctuation of relative humidity (not under quickly
changing but under relatively stable weather conditions, on days without pre-
cipitation) is small and hardly changes particularly between 10-16 o’clock.
Borhidi (1984) in his monograph which presents the forest associations of
Zselic touch upon the microclimate of the different forests associations in
spring and summer. The author researched the daily changes in the air tem-
perature at different levels (0, 20 and 100 cm) and the results performed on
clearly diagrams.

The majority of microclimate examinations published lately support the
climatic differences between habitat edges (often forest’s margins) and closed
habitat fragments with further data and emphasise their ecological role (for
example Matlack 1993, Chen et al. 1995, Gehlhausen et al. 2000). Studies deal-
ing with such issues regularly confirm measurement data relating to those ex-
periences that in forest edges the exposure to sunrays and the temperature of
the air and the surface as well as the diversity of the vegetation is higher while
relative humidity is lower than in closed forests. Baldi (1999) revealed similar
phenomena in reedbed edges.

The overview above shows that Hungarian microclimate research is usu-
ally focussed on the description of forests, shrubs and habitat edges from this
aspect. Publications dealing with the microclimate of grasslands also mainly
focus on the assessment of temperature data. Even earlier — usually quickly
implemented measurement sequences (typical in some days of one period of
the vegetation) — pointed out differences between the microclimate of various
types of grassland. According to our preliminary results, plant associations
are characterised by markedly different temperature and relative humidity as
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well as different manifestations of vertical changes at various levels of grass-
lands and it can also refer to the changes in their naturalness. The objective of
our research is confirming this hypothesis with measurement data, drawing
the characteristic relative humidity curve of some more frequent types of
grassland and exploring the possible differences originating in aspect change.
The present article describes the results of microclimate measurements from
84 sites which designated in beany fens (abbreviated as BF), drying fens (DF),
semidry grasslands (SD), hayfields (HF), steppe grasslands (SS), rocky grass-
lands (RG) and open sandy grasslands (SG) in the Transdanubian mountains —
pertaining to relative humidity assessed in accordance with the above-men-
tioned criteria.

MATERIALS AND METHODS

We performed microclimate measurements on 162 occasions in 84 sam-
pling areas (Table 1) [air temperature and humidity (= relative humidity, the
rate of the real vapour press and the vapour press of the air saturated with
steam on that temperature, in percentage); instrument: Testo 615] on the
ground surface and at a height of 10, 20, 30 and 120 cm in the grassland. At
each sampling point (in heterogeneous stands we endeavoured at sampling
representing microclimate as well as possible) data were recorded in 3-5
semirandomly selected patches on certain characteristic days from June to
September (3—4 repetitions per sampling sites; altogether 5,010 measuring of
air temperature and humidity). Since the effect of wind speed and evaporation
related to it is strongly felt during measurements (Horvat and Papp 1965), the
samplings were carried out in clear and calm periods.

The grasslands and associations frequent in the Transdanubian moun-
tains selected for microclimate measurements were the following ones:

1) Beany fens (abbreviated as BF) (Caricion davallianae Klika 1934): Junco
obtusiflori-Schoenetum nigricantis Allorge 1921, Caricetum davallianae Dutoit
1924.

2) Drying fens (DF) (Molinion coeruleae Koch 1926): Succiso-Molinietum
hungaricae (Komlodi 1958) So6 1969, Agrostio-Deschampsietum caespitosae (S06
1928) Ujvérosi 1947.

3) Hayfields (HF) (Arrhenatherion Koch 1926): Pastinaco-Arrhenatheretum
(Knapp 1954) Passarge 1964, Anthyllido-Festucetum rubrae (Mathé et Kovécs
1960) So6 1971, Cirsio cani-Festucetum pratensis Majovsky et Ruzickova 1975.

4) Semidry grasslands (SD) (Bromion erecti Br.-Bl. 1936): Bromus erectus or
Brachypodium pinnatum dominated semidry grasslands, partly with unclari-
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18 BAUER, N. and KENYERES, Z.

fied coenological status. Brometum erecti s. 1., Brachypodietum pinnati s. 1. on
loess, Lino tenuifolio-Brachypodietum pinnati (Dostél 1933) So6 1971.

5) Steppe grasslands (SS) (Festucion rupicolae So6 1940 corr. 1964): Cleis-
togeni-Festucetum sulcatae Z6lyomi 1958, Salvio nemorosae-Festucetum rupicolae
Zolyomi ex So6 1964 and degraded types of these.

6) Rocky grasslands (RG) (Bromo-Festucion pallentis Z6lyomi 1966): Stipo
eriocauli-Festucetum pallentis (Z6lyomi 1958) So6 1964, Seseli leucospermi-Fes-
tucetum pallentis 1936.

7) Open sandy grasslands (SG) (Festucion vaginatae So6 1929): Festuce-
tum vaginatae Rapaics ex So6 1929.

Based on the fact that we have less information about the relative humid-
ity component of the microclimate of grasslands, the results related to such
data will be presented in the present publication. The data row depicting the
microclimate of the given site was calculated by averaging the 3 data rows per
sampling point at each level. The equivalent containing the “relative values”
was prepared for each data row (the value measured at 120 cm was considered
as 0 and the value and sign of the other levels was determined relative to this).
In order to minimise the effect the differences in the circumstances of data re-
cording might have on the results, the comparative analyses were performed
with the help of the data rows containing these relative values. Grouping the
sampling results (plant associations or categories) according to vegetation
type was in mutual correspondence with ordering the measured values next
to each other. The curves describing the microclimate of certain grassland as-
sociations resulted from averaging the sampling results belonging to each
other. The relation of the curves of different grassland associations calculated
this way was determined for each sampling period (June, July, August, Sep-
tember). When drawing the relative humidity curves, we proceeded similarly
to the former literature (Kovacs 1958, Cox and Moore 1980) (x axis: the relative
values of humidity (%), y axis: vertical levels of the grassland). Nomenclature
of the plant associations was used after Borhidi (1996, 2003).

RESULTS

Based on the trend identities to be observed in the shape of the relative
humidity curves the treatment of samples from beany fens, drying fens,
semidry grasslands, hayfields, steppe grasslands, rocky grasslands and open
sandy grasslands as samples belonging to different groups was justified in ev-
ery sampling period (June, July, August, September). The relative humidity
curves drawn following the averaging of the data rows of samples belonging
together in this way, display the significant differences to be observed in the
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microclimate of the examined grasslands even more markedly (Fig. 1). This is
especially valid for the comparison of the results of June (Fig. 1A). It can be
clearly seen in the graphs that this is the period, which is mostly responsible
for the differences in the microclimate of the grasslands. Owing to the annual
dynamics of physiological and metabolism processes (in the majority of grass-
land types) and the structural changes of the vegetation in other parts of the
vegetation period decreasing differences can be seen between the individual
grassland types (Fig. 1B, C).

The diagram prepared on the basis of the measurements conducted in
beany fens clearly shows that from June to September (Fig. 2A) the relative hu-
midity values in the grass are significantly higher than the ones measured at
120 cm. In these grasslands —in the case of good water supply — the ground wa-
ter can be found on the surface or close to it. This fundamentally determines
the higher relative humidity content of the grass and — owing to its basically
tussock structure — the grass contributes to it in an indirect way. Due to its
morpho-anatomical character, the dominant species (Schoenus nigricans L.)
presumably contributes to the relative humidity content of the grass to a
smaller extent directly. This is confirmed by the data rows coming from the
stands of the association with periodical bad water supply (dry ground sur-
face) — which markedly differ from the values measured in stands with suit-
able water supply (Fig. 3).

It can be clearly seen that the results of grasslands dominated by
wide-leafed grass (drying fens, hayfields and semidry grasslands) that the
most significant factor determining the relative humidity content of grass is
transpiration. In spite of the difference in habitats, the lower few decimetres of
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Fig. 1. Decreasing differences can be seen between the grassland types [beany fens (BF), dry-

ing fens (DF), semidry grasslands (SD), hayfields (HF), steppe grasslands (SS), rocky grass-

lands (RG) and open sandy grasslands (SG)] in the researched period (A: June, B: July,
C: August)
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the grass — relatively well protected from air motion — is more humid in these
characteristically closed grasslands (Fig. 2B-D). Hardly any differences can be
seen in the four measurement periods in drying fens although those deriving
from the early summer and autumn aspects are minimally higher than the val-

B "] C
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30cm 30cm ¢+ 30cm J )
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10cm + 10cm + 10cm +

%

30

Fig. 2. Annual dynamics of relative humidity is a typical character of the grasslands [beany

fens (A), drying fens (B), hayfields (C), semidry grasslands (D), rocky grasslands (E)] (Key

to signs: continuous line: June, broken line: July, dotted line: August, dotted broken line:
September)
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ues measured in the driest summer months. Contrary to this, gradual drying
out can be observed in the case of semidry grasslands (Fig. 2D). Presumably
this phenomenon might result from the reduction in transpiration (phenolo-
gical character) of the dominant grasses (Brachypodium pinnatum s.l., Bromus
erectus s.1.) and, on the other hand, the effect of the microclimate of the habitats
(forest-steppe associations) adjoining the grasslands. In the case of hayfields,
the measured relative humidity values show a very large dispersion every
month, which is probably due to the differences in condition of naturalness
and treatment.

Open rocky and sandy grasslands — the values of relative humidity con-
tent of which are significantly lower in the grass than at 120 cm in each period -
are in an extreme situation (Fig. 1). The reason for this might be the fact that —
owing to the strong warming up — the upper layer of open soil and stone sur-
faces fully dries out in the summer months. In several rocky grasslands and
sandy grasslands extremely high ground surface temperatures were mea-
sured (for example Hajmdskér, Séd-volgyi sziklak, Seseli leucospermi-Festuce-
tum pallentis, 22.06.2000: 55.7 °C; Feny®6fo, C”)sfenyves, Festucetum vaginatae,
29.06.2000: 51.6 °C). Due to the plant structure and its adaptation to the dry
habitat (various morpho-anatomical and physiological characteristics of
xerophilous grasses and shrubs), these did not or did only minimally contrib-
ute to the development of higher relative humidity values. In the case of
steppe grasslands — also characteristic of dry habitats — the more closed struc-
ture and the species richness directly (transpiration) or indirectly (through the
shelter from the wind of the lower air layers of the grass and the reduction of
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Fig. 3. Relative humidity on beany fens in June. The stands of the beany fens with periodical
bad water supply (dry ground surface in June: BF1, BF3) markedly differ from the other
values with suitable water supply
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evaporation) result in higher relative humidity values on the soil surface and
its proximity (Fig. 1).

Based on the measurement results, the most significant changes in the rel-
ative humidity content component of the microclimate of grasslands thus oc-
cur in the second half of the summer period (it is particularly strongly visible
in semidry grasslands). In the case of open rocky grasslands and beany fens
the effect of aspect change is minimal from the point of relative humidity
change. In the case of grasslands under systematic cutting (drying fens, hay-
fields) the microclimate of the growing grass — following the early summer in-
tervention — grows more and more humid with the growth of the plant product.

DISCUSSION

Several earlier studies have proven that the microclimate of different
types of grasslands differs and the parameters concerning microclimate verti-
cally change in grasslands. With the help of our measurements in some charac-
teristic plant associations of the Transdanubian Mountains we have proven
that the samples from beany fens, drying fens, semidry grasslands, hayfields,
steppe grasslands, rocky grasslands and open sandy grasslands create a group
more or less belonging together. The change in the relative humidity compo-
nent (tendency and measure) of the microclimate of the researched grasslands
was also characteristic of the individual types in the researched period. In the
case of several types of grassland (semidry grasslands, drying fens), aspect
change can also be shown in the microclimate change. The shift towards dry-
ing of the relative humidity curves can be most conspicuously seen in semidry
grasslands. The reason for this is the significant transpiration and evapora-
tion-blocking effect of the closed grassland in early summer. Results of
Schoonhoven et al. (1998) supported by measurements related to the role of
plant structure in determining the relative humidity content of grasslands can
be named as the reason for the higher relative humidity values measured in
the lower air layer of closed grasslands. According to these, relative humidity
is much higher in the proximity of the plant leaf surface than in the air sur-
rounding it. It seems that in the case of properly closed grass structure, this
phenomenon depends on the water supply of the habitat and its environment
to a lesser extent since it is also markedly manifested in semidry grasslands lo-
cated in a forest-steppe environment. In closed grasslands dominated by wide-
leafed grasses, relative humidity content is usually naturally higher in the
lower air layers protected from wind. Research of Cox and Moore (1980) has
shown that the microclimate of grasslands is relatively homogeneous up to a
height of approx. 20 cm: in this region there is practically no wind, the temper-
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ature of the grass is significantly below that of the air temperature and the rela-
tive humidity content is approximately by 50% higher than elsewhere. Ac-
cording to our results, this statement does not refer to open grasslands since
significantly lower values characterise these immediately above the ground
than at 120 cm. The reason for this is presumably increased evaporation.

The humidity content of the air layers of certain grasslands also depends
on their degree of naturalness. This is supported by the differences in the hu-
midity curves of patches of beany fens (with Schoenus nigricans) with suitable
and bad water supply, calling one’s attention to the determining role of evapo-
ration in the microclimate of these associations. The state of naturalness as a
determining factor (date and frequency of cutting, possible of sowing or nutri-
ent supplies) in shaping microclimate can also be demonstrated in hayfields
representing very heterogeneous samples.

The different microclimate of grasslands is presumably also of funda-
mental significance in the community organising processes in terms of the co-
existence of species with similar ecological needs. The role of grassland associ-
ations, which provide conditions considerably different from their environ-
ment, is particularly significant and, consequently, they play an important role
in the evolution of a more varied ecological environment. This is confirmed by
the fact that the richness of species of semidry grasslands and forest edges in
forest-steppes frequently exceeds that of the neighbouring steppe meadows,
rocky grasslands and oak forests. The temperature and humidity content com-
ponents of the microclimate presumably (Jakucs 1959, 1968b) also contribute
to the ecotone role (Jakucs 1959, 1968b, Z6lyomi 1987, Varga 1989, Fekete et al.
2000) of semidry grasslands, forest edges and some forest associations related
to certain rocky habitats (known and emphasised for a long time), and ex-
plains their peculiar species-composition (species both from rocky-, steppe-,
mesophilous grasslands and oak forests). The changes in different microcli-
mate parameters evidently affect not only the vegetation composition but also
the animal communities and their annual dynamics. Based on the results of the
orthopterological samplings carried out simultaneously with the microcli-
mate measurements, aspect change can be observed both in grasslands charac-
terised by seasonally changing (Kenyeres et al. 2004) microclimate and the
structure of Orthopteran assemblages (density, species composition). Racz
(1998) demonstrated the phenomenon related to the close dependence on
microclimatic conditions of grasshoppers (Franz 1933, Isely 1937, Nagy 1944,
Rober 1949, Marchand 1953, Jakovlev 1957, 1959, Joern 1982, Varga 1997,
Ingrisch and Kohler 1998) in the effect microclimatic differences of grasslands
with different succession stages have on the structure of Orthopteran assem-
blages. Nagy (1944) differentiates between autumn and summer grasshopper
communities (aspect) of saline plant associations. The author points out that
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one of the reasons for their organisation is the change in the microclimate of
grass. They found that apart from temperature (Samways 1990, Coxwell and
Bock 1995) — influencing ontogenetic processes to the largest extent (Winger-
den et al. 1992) — humidity content (Forsman 2001, Harz 1957) is also a micro-
climatic condition of determining effect in the community organisation of
Orthoptera species. In the case of other taxa, microclimatic conditions primar-
ily determine the community organising of terrestrial species (Buxton 1932,
Cloudsley-Thompson 1962, Marsh 1985, Joosse and Verhoef 1987, Hadley et al.
1990, etc.), particularly through the liquid demand at the larva and imago
stages. In the case of more mobile taxa, however, the effect of microclimate is
only visible on a larger scale than discussed here (for example Shapiro and
Shapiro 1973, Rees 1983).

Based on the observed phenomena, it can be concluded that microclimate
is a significant factor in the organisation and dynamics of biocoenosis, the re-
search of which contributes to the understanding of numerous plant and animal
ecological as well as conservation biological phenomena. The research of natu-
ral grassland associations from this aspect can also provide considerable assis-
tance in the professional planning of nature conservation treatment methods.
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