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Abstract. In the characteristic saline-sodic grassland déldppuszta a 15 m transect with 30 cm

elevation difference was delineated. After the syraf 1506 micro-quadrates and soil sampling
in each 10 cm interval, the vegetation boundarie$ soil-plant relationships were studied with

moving split window (MSW) and correlation technigue

Our objective was to test how precisely can theblésboundaries of the community patches

distinguished during field observation coincidehnihe boundaries determined by MSW from the
vegetation and soil data. Data showed that the basicidence of the boundaries was in the
depression, the most saline and sodic part ofrreséct. The interpreation of the data supported
the hypothesis, that the higher the soil salinityl #odicity, the better is the coincidence of the
vegetation and soil section boundaries.
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Introduction ecological stresses of soil salinity, sodicity,adikity
and waterlogging/drought (Bodrogkézy 1965, 1970,

Zonation along elevation gradients is one of th&éth et al. 1991, T6th and Rajkai 1994). The variat-
basic features of vegetation distribution (Whittakeion of the above edaphic parameters is often abrupt
1975). The zonation of plant community patches anat small distances, which is highlighted by theeteg
the establishment of their boundaries are generalftion boundaries (Zalatnai and Kérmdczi 2004).
closely related to the edaphic factors (Begdral. In Hungary, a country with a wide range of soil
1986, van der Maarel 1976). Sharp vegetatioconditions, there are large areas covered by Hatura
boundary occurs between the communities and semi natural grassland vegetation (Fekete and
edaphic grasslands at those places where there ¥@rga 2006). Recently much interest has been
abrupt changes in edaphic parameters, and tfecused on the saline and sodic grasslands (Molnar
boundaries are wider if the variation of edaphi@and Borhidi 2003), because there is a tendency of
parameters is gradual (Hobbs 1986, Begon 1986). decreasing soil salinity (Harmati 2000) and chaggin

In the case of saline areas the spatial pattern wégetation in the central part of Hungary (Molnar
the vegetation is often micromosaic-like and thand Borhidi 2003). A range of techniques is being
zonation appears at small distances due to thagstratested for monitoring the changes, such as satellit
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imagery and aerial photos for detecting shiftingsampling site
boundaries of microerosional mounds (Rakonczai The sampling site was located in the south-west
and Kovacs 2000). From a vegetation ecologist’part of the area, near Fétsek village (N 16° 36' 25"
point of view it is important to follow the tempdra E 19° 05' 40").
changes in the vegetation boundaries in thoseesalin It is dominated by solonchak and solonchak-
grasslands and to reveal the strength of the oelati solonetz soil types (Pécsi 1967) covered with
ships of the boundaries with edaphic parameters. different types of halophyte vegetation and meadow
There are several methods for the examination ahernozem soil at higher elevation with glycophylic
vegetation boundaries (Keet al. 1997, 2006, Fortin vegetation. The erosion activity of the former
and Dale 2006). We applied moving split windowinundations and the water resulting from snow
(MSW) boundary analysis that was used first by soihelting formed diverse microtopography. The
scientists (Webster 1973) and recently is appligd berosion of the nonsaline A horizon and the higlelev
ecologists to detect ecotones and landscamé ground water resulted in varied environmental
boundaries from one and two dimensional data setsnditions due to the different surfaces of steps
(Johnstoret al. 1992. ) and in two publications we (“szik banks”) characterised by distinct soil types
already tested the methods in fine-scale studieslt content, water supply and alkalinity. This@spke
(Zalatnai and Kérmaoczi 2004, Kérmdczi 2005). geomorphological formation has received already
In this paper we described the soil-plant relationmuch attention by Strémpl 1931, T6th 2001, Kovéacs
ships and the establishment of their boundarig¢sén et al. 2006. Due to the varied effects of the diverse
zonation of saline-sodic grassland communitieenvironmental conditions, the plant communities are

along an elevation gradient. distributed in a zonation-like manner along the
elevation, salt accumulation and soil water supply
Our basic questions were: gradients (Horvath 1997).

1. Do the boundaries of the vegetation units, In higher terrainsAchilleo setaceae-Festucetum
visible in a field observation, coincide well withe pseudovinaeSoé 1933 corr. Borhidi 1996 associ-
boundaries determined by MSW from the vegetatioation forms large stands (Horvath 1997). It is a
and soil data? species-rich, dry, slightly salt affected pastuits;

2. How strong is the relationship between theoil type is meadow chernozem with higher salinity
elevation and the dependent edaphic parameters and greater depth below the zone of the roots,

the establishment of community boundaries? characterized by thick nonsaline A horizon (approx.
3. Does increasing soil salinity level result in30 cm) and neutral soil reaction.
sharper boundary between vegetation patches? The characteristic association of the slopes and
microerosional plateaus of “szik banks’Agemisio
Materials and methods santonici-Festucetum pseudovin&d 1933 corr.
Borhidi 1996 (Horvath 1997)t is characterized by
Study region thin nonsaline A horizon (approx. 10 cm) and saline

The sampling region was Miklapuszta, theB horizon, slightly alkaline soil reaction, and
largest alkali habitat complex of the Danube-Tiszaxtreme unbalanced water supply. The soil type is
interfluve region; it belongs to the territory diet meadow solonetzThe vegetation is composed of
Kiskunsag National Park, Hungaryhe area is a halotolerant species. Here the stands are small and
mosaic complex of the patches of diverse halophytihey have strongly transitional character
habitats, such as salt marshes, saline meadovedi, alk At the foot of the slopes, at the lowest elevation
bare hollow communities and saline puszta (Horvatiwhere the A horizon is completely eroded, the lant
1997). It is situated in the middle of the Danube&an survive on the hard, saline B horizon under
valley, its total area is 6241 ha. The climate lef t extreme habitat conditions where the salts
region is continental, with mean January tempeeatuaccumulated close to the surface of the soil becaus
of —1.4,mean July temperature of 21@, and mean of the high level of groundwater. Its soil type is
annual temperature of 10.7C. Mean annual solonchak, the soil reaction is alkaline. This
precipitation is 577 mmit was the former floodplain vegetation zone is characterized by the halophyte
of the river Danube which was built up in the meldl and species podrepidio crassifolii-Puccinellietum
Pleistocene by gravel and sandy gravel sedimentsnosaeSo6 1947 association (Horvath 1997).

Later, silt and clayey silt layers were deposited In the lowest depressions, small stands of
above the fluvial sand in the Holocene and thesehe Agrostio-Caricetum distantifRapaics ex So6 1938
silt and clayey silt deposits have become salcédft are located on slightly solonchakized meadow soils
in large areas in the Danube vall@gécsi 1967). (Horvath 1997). The soil reaction is slightly aikal.
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The soil surface is covered with shallow waterhia t along the transect from these frequency values
spring period and can be wet during summer as wel(Fig. 1).

The moving split window technique (Webster
Vegetation sampling 1973, Ludwig and Cornelius 1987, Johnsgmnal.

We established a fine scale contiguous belt992) was used to detect and characterise the
transect perpendicular to an ephemeral streamlé&tundaries between associations along the transect.
Four different plant communities could be identifie Squared Euclidean Distance function (Brunt and
along the transect where the elevation, the lefel €onley 1990) and the complement of Renkonen
salt accumulation and water content of the so#imilarity index given by
constituted the background gradients (Fig. 2). The
communities were the followingAchilleo-Festu-
cetum pseudovinaen higher elevation, on the szik N x
bank Artemisio-Festucetum pseudovinam the _ . i i
slopes of the szik banligrostio-Caricetum distantis DRENik =1- me n '
in the lowest and wetter part of the depression and =1 Z)gj Z)gk
Lepidio-Puccinellietum limosaat the foot of the =1 =1
slope in the drier part of the depression (Fig. 2,

Table 1). _ “(n: number of speciesg;: frequency of specieisin

Vegetation and soil samples were taken iguadraf, x,: frequency of specidsn quadrak) was
regular arrangement. The transect was 15 m long afided to compare the two halvesj andk — of the
the largest elevation difference was 30 cm. window. (For the detailed description of the method

~ The transect consisted of 280 contiguous see Zalatnai and Kérmdczi 2004, Kérmoczi 2005.).
micro-quadrats, 2010 cm size each. Presence/abThe same boundaries can be obtained by both
sence data of the plant species were recordecein #ynctions but SED results in sharper peaks ans it i
quadrats once in May of 2001. The location of thengre sensitive to differences in species abundance
vegetation patches and boundaries were also obsefyan DREN whereas DREN is more sensitive to

ed visually along the transect. differences in species composition than SED
] . ] (Kérmdczi 2005). We used both functions to make
Soil sampling and laboratory analysis clear which factor is decisive in the developmeht o

Soil sampling was done at the time of thghe boundary zone in the transect.
vegetation releves in regular arrangement. Samples piotting the average Z-score transformed values
were collected from the centre of the outermosif the SED function vs. window midpoint position
quadrats of each row from 0-10 cm depthesults in a profile diagram where a significanalpe
Laboratory analysis of the soil samples was carrigd identified as a vegetation boundary. We computed
out according to Buzas (1988). _ the values of the function in several scales (half
Soil pH was measured in 1:2.5 soil:watefyindow sizes) from 1 to 20. In our case the half

suspension with a glass electrode after 12 howindow size 1 means a 25 cm segment of the
equilibrium time. Soil organic matter content wasransect.

measured with spectrophotometer after wet oxidation The significance of the peaks was tested with the

by potassium dichromate and sulphuric acid. va Z-score transformation of the squared Euclidean
content was measured in 1:5 soil:water suspensi@iistance values (Corne"us and Reyn0|ds 1991,

with flame photometerElectrical conductivity (EC) Hennenberget al. 2005). Z-score transformation is
was measured in 1:2.5 soil:water suspension Wwijyen as:

conductometer (WTW multi 340i). pry
d,-d
7 = ik exp, k
Statistical analysis SD
First the presence/absence values (zero or one) exp. k
of plant speél:_lesI were ﬁumm_ed m_thefs;i( microquagshere dy is the SED value for the™™ window
rats perpendicular to the main axis of the tranaect midpoint position fork half-window size, d is
each 10 cm interval, resulting in local frequency exp.k
values ranging from 0 to 6 for each species. Wel uséhe overall mean SED value from randomized data
these local frequency values in moving split windowior k half-window size (expected mean), aBD,p
and multivariate analyses. is standard deviation of SED values from random-
The distribution of each species was visualizeted data fok half-window size.
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Figure 1. Spatial distribution of local frequency of the pigoopulations along the transect. The broken Isiga the boundaries
revealed by MSW analysis, elevation is also in@idafhe plant species are marked by numbers:

1. Festuca pseudovin@, Ornithogalum umbellatun8. Cynodon dactylor4. Achillea setaceas. Medicago falcata6. Potentilla
arenaria, 7. Vicia angustifolia,8. Koeleria cristata,9. Thymus glabrescen%. Plantago lanceolatd 1. Galium veruml2. Carex
liparicarpos,13. Stipa capillata14. Centaurea pannonicd55. Bromus inermis16. Cerastium semidecandrurty. Erophila verna,
18. Arenaria serpyllifolia, 19. Poa angustifolia, 20. Veronica prostrat2l. Fragaria viridis, 22. Gypsophila muralis,23.
Chrysopogon gryllus24. Euphorbia cyparissias25. Plantago media26. Botriochloa ischemum27. Agropyron repens28.
Scabiosa ochroleuc29. Artemisia santonicun80. Plantago maritima31. Podospermum canurB2. Lotus corniculatus33. Aster
tripolium, 34. Carex stenophylla35. Lepidium crassifolium36. Puccinellia limosa37. Bromus mollis38. Agrostis stolonifera9.
Juncus gerardii40. Hordeum hystrix41. Camphorosma annud@_2. Leontodon autumnaligt3. Medicago minimad44. Asperula
cynanchica45. Veronica spicata46. Salvia pratensis47. Carduus nutans.

Random reference was made with Monte Carlanalyzed by MSW with the application of SED
method: the population patterns were randomlfunction, before the analysis they were standaddize
shifted compared to each other (Horvath 1998), thusy the range. For the average Z-score profile
the distributions of the single populations remdinediagram of abiotic parameters the same significance
unchanged. SED or DREN values were thetest was used as for the vegetation data.
computed for each window position. Overall mean Pair-wise correlations were computed between
and standard deviation of distances were calculatéile measured abiotic parameters (elevation, pH,
after 1000 randomization, these are considered asganic matter, Naion content, EC) with SPSS 11
expected values. Expected means and standgmbgram package to reveal their interdependence.
deviations were computed for each window sizes. Finally, in the five vegetation sections separated
The differential profiles were then drawn from Z-by MSW (Table 2), we examined the relationships
scores averaged over 1 to 20 half-window sizes.  between the above abiotic parameters and the local

As the distribution of the expected mean is ver§requency values of plant species via factor amglys
close to normal distribution, Z-scores greater tha(Téth et al. 1995, Boeye and Verheyen 1994). In
1.65 are considered significant at 5% probabilitgach section we computed with exploratory PCA the
level and Z-scores greater than 1.28 are considerfist factor from the abiotic parameters and with a
significant at 10 % probability level. separate computation the first factor from the

The measured abiotic parameters (elevation, pltequency values of the plant species in the same
organic matter, Naion content, EC) were also section. Than in each section we computed the
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Pearson-correlation coefficient

between

th@rogram package (Howitt and Cramer 2002) was

respective first factors of abiotic parameters ahd used in factor analysis and computing correlation
the local frequency values of plant species. SPSStefficients.
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Figure 2. A: The spatial distribution of the community patchkemg the transect and the elevation profile oftthesect. Arrows sign
the visual boundary of the communitiBs Average Z-score profile diagrams of vegetationtfy8ED and DREN functions) and soil
factors (with SED function) obtained by MSW alomg transect. Z-scores are averaged over 1-20 flradfow sizesC: Changes of
the abiotic parameters (pH, Na ion content, ECalig matter content) along the transect. The brdkess sign the boundaries

revealed by MSW analysis.
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Results Soil conditions
Changes in the values of pH, electrical

The distribution of the populations along conductivity, soluble Na ion content and soil
the transect organic matter content were plotted against the

Individuals of 47 plant populations occurredrelative elevation (Fig. 2.C) along the transept
along the transect local frequency distribution ofvas neutral (approximately 7) on the szik bank® Th
which is presented in Fig. 1. soil reaction of the slopes was slightly alkaline

The populations correspond well with the five(between 7 and 9 pH) and that of the depression was
community patches. The separation of the patchessgongly alkaline (between 9 and 10 pH). Soluble
clear, the spatial distribution of only few speciefNa ion content was zero on the top of the szik bank,

overlap in certain degree. on the slopes and on the depression it ranged from
to 0.6%. The values of the electrical conductivity
MSW analysis were low on the top of the szik bank (between 0.3

In the case of the vegetation data four sharand 0.5 dS/m), and ranged from 0.5 to 1 dS/m on the
peaks appeared on the average Z-score profile wishopes and from 1 to 2.5 dS/m in the depression
DREN function and five sharp peaks appeared witdepending on the elevation. The organic matter
SED function (Fig. 2.B). The shape and the locationontent was high on the top of the szik bank, it
of four peaks with both functions coincided weltdan changed between 5% and 6 %, between 2% and 4%
separated the vegetation into five section, thesmn the slope, and between 0 and 2% in the depress-
sections were referred in Table 2. At 14.5 m onlyon depending on the elevation.

SED function reaches a significant peak but it is Organic matter content values positively correl-
rather close to the end of the transect thus calpmot ated with the elevation: they were high on the dabp
considered. the szik bank and decreased continuously on the
slopes until reaching a minimum at the depression.
Table 1. The spatial distribution of the communistches along pH values showed large variation along the transect
the transect by visual observation and closely correlated with either electrical condu
Achlllgo_—Festucetum pseudovm‘ae 0-42m, 11.1-15m tivity or Na* ion content. pH, Naion content and
Artemisio-Festucetum pseudovinag 4.2-5.2 m, 9.8-11.1 m . L. .
Agrostio-Caricetum distantis 5266m eIectrlpaI conductlwty correlated negatively witie
Lepidio-Puccinellietum typicum | 6.6-8.7m elevation, their values were low on the top of the
Lepidio-Puccinellietum szik bank and increased continuously on the slopes
camphorosmetosum until reaching their maximum at the depression.

8.7-9.8

Table 2. Vegetation sections along the transecerbgdVISW Table 3. Pair-wise correlations between the medsuaigiotic
1. 2. 3. 4. 5. variables.
0-48m | 4.8-6.7m| 6.7-8.9n 8.9-99 M  9.9-15|m organic
matter
All of the DREN peaks were significant but only|&evation 0.961 '%%7707*:* '%882301*:* '%%1102*;
two SED peaks were significant. Since the salingZ 92t matter I Sa5im o oe0n
grasslands generally have few species, the valiesrgz — :
the SED function were low. Therefore we consider Correlation is significant at the 0.01 level @ed).
vegetation boundary where DREN or both functions o . o
have significant peak. The pair-wise correlations were significant
The location of the peaks coincided in thredP<0.01) between the measured abiotic parameters,
cases with the visual boundary of the communitjndicating that the saline-sodic grassland had very
patches (Table 1, Fig. 2.A,B) but the peak at 4i8 m Strong organization (Table 3flevation is the most
located between the two visual communitymportant factor with respect to the soil propestias
boundaries. all other variables depend on it. Therefore the
In the case of the soil parameters, the MSvgorrelation between each pair of variables is
analysis showed three marked significant peaks TRtatistically significant. It is the salt accumitat
peak at 9.9 m coincided well with the peaks of théhat primarily depends on the elevation increasing
vegetation data but in the position of 4.2 andré.5 With the decrease of relative height, and therefore
the peaks of soil and vegetation data were in 60 cfiere is a negative correlation between these two

pH EC soluble N

0.959*

and 20 cm distances, respectively. variables. Electrical conductivity depends basicall
The peak at 4.2 m coincided well with the visuaPn the Na ion content, therefore the higher the'Na
boundary of community patches. ion content the higher the EC is. pH depends on the
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salt content in this soil which contains dominantlythe visible vegetation boundary and MSW peaks of
sodium-carbonate. The higher the Na ion content ti2REN and SED coincided, although the peak of
less the microbial activity and plant biomass #tat SED was not significant because of the low species
is to say soil organic matter content. Therefoerdh number (4-5 species). The MSW peak of soil data
is a negative correlation between soil pH, EC, andas not significant because the rate of changhen t
Na’ ion content and soil organic matter, and there igalues of soil parameters was low and the elevation
a strong positive correlation between the elevatiodifference was small too.
and soil organic matter. This pattern is also gjhpn Between the sections 2 and 3 (boundary of the
affected by the water supply: precipitation wateAgrostio-Caricetum  distantis and Lepidio-
regularly accumulates in the depression. Puccinellietum limosag the visible vegetation
boundary and the MSW peaks of DREN and SED
Table 4. Pearson correlations between the firstofacof the coincided, although the peak of SED was not
measured abiotic parameters and those of the fneguealues of significant because of the low species number (4-5

plant species in the five sections of the transect. species). The MSW peak of soil data did not

1 2 3 4 5 iy .
048 m4967M6889m990m10-15m coincide well with the MSW peaks of DREN and
Correlation SED, there was 30 cm lateral difference. Although
coefficient | 0-68%| 0533 | -0.569 -0.85 0814 e elevation difference was small, the rate ekt
Level of 001 | 001 001| o001] oo01] changein the values of EC and Na ion content was
significance high, consequently the MSW peak of the soil data

was significant.

The results of the factor analysis showed that in  Between sections 1 and 2 (inside the community
the five vegetation sections separated by MSW thef Artemisio-Festucetum pseudovihathe visible
correlation coefficients were significant (p<0.01)vegetation boundary, the MSW peaks of DREN and
between the first factors of the soil parameterd arSED and the MSW peak of soil parameters did not
those of the abundance values of the plamincide. The DREN and SED peaks were formed in
populations (Table 4). The strongest correlation ithe middle of Artemisio-Festucetum pseudovinae
absolute value was found in the fourth and thén fitcommunity patch and the MSW peak of the soil
sections where the peaks in the average Z-scgparameters coincided with the visible boundary of
profile were the highest between the fourth anith fif Achilleo-Festucetumpseudovinae and Artemisio-

section (Fig. 2.B). Festucetum pseudovinaelnside the area of
Artemisio-Festucetum pseudovirthere is an abrupt
Discussion change in the elevation and soil parameters and the

have intermediate values between the szik bank and

The closest coincidence (less than 10 crthe depression, thus they indicate environmental
horizontal difference) of the visible boundariesd anconditions in which the characteristic specieshaf t
the boundaries determined by MSW from thdéwo vegetation patches co-occur amdtemisia
vegetation and soil data was at 10 m between tlsantonicumoccurs only here (Fig. 2). Zalatnai and
Lepidio-Puccinellietum limosae camphorosmetosutdérmoczi (2004) had similar result in the same
and Achilleo-Festucetum pseudovingsections 4 sampling site. According to their explanation this
and 5). Between these two sections each MSW peakswide vegetation zone cannot be considered as a
(DREN, SED, soil data) were significant and theidistinct community here, but this patch should be
positions were the same. In these two sections tlensidered as an ecotone (van der Maarel 1990).
correlation was the largest (Table 4) betweenitise f There is a similar situation in the other slope of
factors of the local frequency of plant populationshe szik-bank withArtemisio-Festucetunpseudo-
and those of the soil parameters, therefore ithtmn vinag between 9.9 and 11 m, where the visible
stated that the species composition and the vamiatiboundary betweeArtemisio-Festucetum pseudovine
of the species composition strongly dependent cand Achilleo-Festucetum pseudovinaeould be
abiotic conditions in this section. Inside bothte®ets  justified with neither MSW analysis nor multivagat
the horizontal change of the values of the soihethods (Zalatnai and Kérmoczi 2004). There was
parameters were the highest (Fig. 2.C) and theot large difference in the species composition
species composition changed with the continousetween Artemisio-Festucetum pseudovinaand
change of the soil parameters by the transect {ffig. Achilleo-Festucetum pseudovinaegexcept the

Between sections 3 and 4 (boundary of the twoccurrence ofArtemisia santonicumin the patch of
subassociations ofepidio-Puccinellietum limosae Artemisio-Festucetumpseudovinae the rate of
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change of soil parameters was large, although tisalinity, the stronger is the role of elevationtire
alteration in elevation and soil parameters werseparation of vegetation patches (T6th and Rajkai
gradual. 1994).

There was a significant SED peak at 14.5 m, but
it was not considered a boundary, because there w@snclusions
not significant change in the species composition n
in the edaphic parameters. At this location a small The differences between the species composition
depression was formed, where EC and® Nen of community patches and the position of the
content became larger, but not each soil parametarxsmmunity boundaries can be explained principally
changed. The vegetation highlighted this smalby the elevation differences and the related vianat
variation at this point and some species disapgeari salinity, sodicity and alkalinity along the tisatt.
(Chrysopogon gryllus, Galium verjm whereas The salinity, sodicity and the rate of change in
other species appeareBlgntago lanceolata, Agro- edaphic parameters are the most important factors
pyron repengsand the abundance of certain specieBehind the coincidence of the visual vegetation
changed Cynodon dactylon, Thymus glabrescenshyoundaries and MSW boundaries of vegetation and
Arenaria serpyllifolium and all these changessoil parameters. The larger the salinity, sodieityl
resulted in the increase of the values of SEEhe rate of lateral change of edaphic parameters
function. along the transect, the better is the coinciderfce o

Our results showed that the boundariethis three types of boundaries.
determined by MSW from vegetation and from soil The narrow community belts ofArtemisio-
parameters were coincident precisely only in onEestucetum pseudovinabave special state here
case. In the other three cases the MSW peaks lof sbecause neither MSW nor multivariate methods
parameters were situated in the graph (Fig. 2.By pr could separate these as independent community
to the peaks of the vegetation data, the differengeatches. According to our earlier and recent result
between the two kinds of peaks were 20, 30 and 6Bese narrow vegetation zones should be consider
cm, respectively. This was caused by the factttie@at rather ecotones than independent community
vegetation boundary (both visual and MSWpatches.
determined) was situated where the values of the so
parameters reached their local maxima or minimAcknowledgement
and remained at those values throughout the given
section. On the contrary the MSW boundaries of the Thanks are due to V. Krizsik and Cs. Németh for
soil parameters appeared, whetbe rate of their assistance in field surveying. This work was
horizontal change in the values of soil parametesupported by Hungarian Scientific Research Found
was the largest. This means that the vegetatig@TKA 25335) and by Hungarian National Research
boundaries were formealt the point where the soil and Development Plan (NKFP-3B60008/2002 and
parameters remained unchanged and not in ttNKFP6-00013/2005) as well as Ferenc Deak PhD
section of the change. It seems that vegetation Grant (DFO 0137/2007).
follows with a delay the horizontal changes of the
soil parameters. At the point where the MSW peakseferences
of the vegetation and of soil data coincided pedgis

each soil parameters showed intense ar]gegon’ M., Harper, J. L. and Townsend, C. L. (198&logy.
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SPEcies composlt!qn (Fig 2.A,B). The _reasor) for it the vegetation of the reserve of lake “Dongégr" asRaszer.
was that the limiting effect of the high soil salt  _ actaBiol. Szeged. 16, 21-41.
content in the depression was influenced by thgorhidi, A. (2003): The plant communities of Hungar—
temporal waterlogging resulting from differences of  Akadémiai Kiad6, Budapest. (in Hungarian)

the elevation. We concluded that the higher thé soi
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