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1. Introduction and definition of the aims

With change of the landuse, alterations of the soil status can
be expected. The influence of cultivation on soil properties
has been studied by several scientists. EHLERS (1973) com-
pared untillaged and tillaged soils with regard to their total
porosity. TISCHLER and ALTERMANN (1992) reported on
increased soil microbial activities in green fallows as com-
pared with those of arable soils. Similar conclusions were
drawn by SCHLEUS and BLUME (1991) and HEILMANN and
BEESE (1991). The effects of different cultivation practices
on the soil biology were studied by FRANK and MALKOLMES
(1993), KANDELER and MURER (1993), LINN and DORAN
(1984), WOLTERS and JOERGENSEN (1992).

After opening of the border between Austria and Hun-
gary and the following removal of the so-called “ron Cur-
tain’, a unique opportunity was given for a pedological

~comparison between undisturbed soils from the borderland

and adjacent agricultural soils of Austria and Hungary,
affected to different degradation. Mineralogical, physical,
micromorphological, chemical, microbiological and zoo-
logical soil analyses were carried out at three cross sections
(transects), each reaching from the intensive cultivated Aus-
trian site over the undisturbed /ron Curtain to the extensive
cultivated Hungarian site, aiming at an evaluation of
changes in the soil status (degradation) of the arable fields
through different agricultural management.

Zusammenfassung

Osterreichische und ungarische landwirtschaftliche Bsden (3 Transekte mit unterschiedlichen Bodentypen und Nut-
zungen) wurden mit fritheren unbewirtschafteten Referenzbéden des ehemaligen ,,Eisernen Vorhanges® verglichen. Die
maschinelle Bewirtschaftung fiihrte zu Verdichtungseffekten wie hhere Lagerungsdichte, Verlust an Porositit und
geringere Aggregatstabilitit. Die Referenzbéden hatten eine gut entwickelte Kriimelstruktur, wihrend die bearbeiteten
Béden eine blockig-prismatische Struktur entwickelten. Die bewirtschafteten Béden zeigten einen Verlust an organi-
scher Substanz, an Kationenaustauschkapazitit, an Nihrelementen, eine Abnahme der mikrobiologischen und zoolo-
gischen Aktivitit sowie des Wurzelwachstums. Die ungarischen Béden wiesen aufgrund hoher Applikationen an P-
Diingemitteln héhere Gehalte an Schwermetallen auf, wihrend auf dsterreichischer Seite héhere Cd-Gehalte gemessen
wurden. Die mikrobiellen Akrivititen (SIR, Basalrespiration, DRA) zeigten eine hohe positive Korrelation zum Gehalt
an organischer Substanz sowie Gesamtstickstoff im Boden. Das Verhiltnis Ergosterol/C_; bestitigte die starke Abhin-
gigkeit der pilzlichen Verteilung im Boden vom pH-Wert. Der physiologische Quotient (¢CO,) der Bodenorganismen
in den bearbeiteten Béden war stark durch die Zufuhr leicht zersetzbarer organischer Substanz reguliert. Das C_, /C "
Verhiltnis der Referenzbdden zeigte das natiirliche Gleichgewicht zwischen Zu- und Abfuhr organischer Substanz. Die-
ses Gleichgewicht war in den bearbeiteten Béden verindert. Der Effekt unterschiedlicher Bodennutzung auf die Regen-
wurmpopulation konnte wegen besonderer Trockenheit im Untersuchungszeitraum nicht eindeutig festgestellt werden.

Schlagworte: Bodendegradation, landwirtschaftliche Nutzung, Bodenstruktur, Bodennihrstoffe, Bodenbiologie.
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Summary

Austrian and Hungarian agricultural soils (3 transects with different soil type and cultivation system) were com-
pared with the former uncultivared “Iron Currain® reference soils. The compacting effects of cultivation were
reflected in the higher bulk density, the decrease of total porosity, soil aggregate stability and of coarse pores. In the
uncultivated areas a more crumby structure was observed, whereas in the tilled soils a subangular, cracky microstruc-
ture was developed. The cultivated soils showed a decrease of soil organic matter, of CEC g, a loss of nutrients, a
reduced microbial activity, a reduction of root growth and faunal activities in the tillaged horizons. In the Hun-
garian soil an enhanced content of heavy metals (As, Co, Cr, Cu, Mo, Ni, St, Zn) were found due to application
of high dosages of P-fertilizers. In Austria a higher Cd-content could be traced. The microbial activities (SIR, basal
respiration, DRA) were strongly positive correlated to the amount of soil organic matter and to the N content in
the soils. The ergosterol/ C,,;-ratio, showed thar the fungal distribution in the soils was mostly influenced by the
pH-value. The physiological status (4CO,) of the soil microorganisms in the arable soils was governed by the input
of easily degradable organic marerials. The C_; ,C,, g-ratio of the reference soils expressed the natural equilibrium
between input and output of organic matter. In the arable soils this equilibrium was disturbed. The effects of dif-
ferent cultivation systems on the earthworm population could not be definitively evaluated because of the very dry

conditions during analyses.

Keywords: Soil degradation, agricultural practices, soil structure, soil nutrients, CEC, soil biology.

2. Material and methods
2.1 General site description

The Austrian part of the studied fields is located in the
Oberpullendorfer Basin (formerly Landseer Bay) and turns
east into the Répce Terrace Micro-Region, where the Hun-
garian studied sites are located. Important rivers in this area
are the Rabnitz (Répce) and the Stoob. All waters drain in
south-eastern and eastern direction. The Oberpullendorfer
Basin was created by declination in the Tertiary Age and
flooded in the Miocene Age, with different kinds of sedi-
ments consisting of block gravel, marine sands, sandy lime-
stone and clay marl. In the Quaternary Age, the tertiary
sediments were covered by loess, acolian sand, glacial loams
and alluvials during glacial and interglacial periods. The
landscape in the basin is distinguished by gentle hills and
terraces with a mean elevation of 167 m a.s.l. The conti-
nental climate is predominant all over the investigated
region, with an annual average temperature of 9° C. The
long vegetation period of 235 till 250 days between March
and November reflects the favourable climate of this area.
Typical strong N-N'W winds (2-3 m/sec) cause high evapo-
ration rates up to 700 mm.

The annual mean precipitation reaches 700 mm, 55 % of
it occuring during the vegetation period.
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2.2 Description of the investigated transects and soils

For the purpose of the study 3 transects were selected, each
of them composed of the reference plot (= Jron Curtainbor-
derline), which has not been cultivated for the last 50 years,
the Austrian cultivated plot, subjected to intensive small
scale farming and the Hungarian cultivated plot, subjected
to extensive large scale farming, as shown on figure 1. In
order to get a specific variability, different soil types and cul-
tivation managements were selected between the 3 tran-
sects, but identical along each transect. The crop and
management history are shown in table 2. The convention-
al soil management practices consist of tillage involving
moldboard plow, followed by disking or harrowing, appli-
cation of chemical fertilizers and weed control by chemical
herbicides. No tillage means no soil disturbance, weed con-
trol by herbicides.

Ata distance of 100 m east and west from the border soil
profiles were dug in the adjacent Austrian and Hungarian
agricultural areas. For sampling the arable soil, an area of
50 m x 50 m on both sides (Austria and Hungary) of the

- border was marked off. The samples of the undisturbed

borderland were taken from a defined areaof 10 mx 10 m,
consequently each transect is composed of 3 investigation
plots and the samples are designated as shown on table 1.
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Figure 1: Localisation of the transects (1 : 50000); I = Transect I, Il = Transect. 11, III = Transect 11, ~oneee- border line
Abbildung 1: Lageplan der untersuchren Transekre (1 : 50.000); I = Transekt I, 1I = Transeke I1, 11l = Transeke 111, —---—- = Scaatsgrenze
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Table 1:  Characterisacion of the soil samples among the 3 transects
Tabelle 1: Bezeichnung der Bodenproben in den 3 Transekten
Transect 1: Transect 1L Transect 111
Iron Curtain-Borderland I/R/IXX I/RIXX LI/R/XX
Augstrian Plot A/XX /A/XX HI/A/XX
Hungarian Plot VH/XX I/H/XX HI/H/XX
R = Reference ({ron Curtain Borderland), A = Austria, H = Hungary, XX = Soil horizon
Table 2:  Crop and management history of the Austrian and Hungarian sites on transect 1, Il and III until 1993
Tabelle 2: Fruchrfolge und Bearbeitungsgeschichre der dsterreichischen und ungarischen Transekre I, IT und IT1
| Year f Crop | Management practices | wintercover
Transect 1
Austria 1987-1989 maize conventional no
1990 rye conventional no
1991 spring barley conventional no
1992 maize conventional no
1993 sugar peas conventional no
Hungary 1982/83 winrer wheat conventional yes
1983 sun flower conventional no
1984/85 winter wheat conventional yes
1985/86 rape conventional yes
1986/87 winter wheat conventional yes
1987 sugar peas conventional no
1988/89 winter wheat conventional yes
1990 sun flower conventional no
1991/92 winter wheat conventional yes
1992/93 rape conventional yes
Transece I]
Austria till 1983 pasture no tillage yes
1983-1988 peach orchard no tillage yes
1989 green fallow no tillage yes
1990-1993 maize conventional no
Hungary 1982/83 winter wheat conventional yes
1983 sun flower conventional no
1984/85 winter wheat conventional yes
1985 maize conventional no
1986 spring barley conventional no
1987 sugar peas conventional no
1988/89 winter wheat conventional yes
1990 sun fower conventional no
1991/92 winter wheat conventional yes
1992/93 rape conventional yes
Transect J17
Austria till 1983 orchard no tillage yes
1983-1988 maize conventional no
1989 sugar peas conventional no
1990/91 winter wheat conventional yes
1991 spring barley conventional no
1992/93 winter wheat conventional yes
Hungary eill 1993 Plantage of Robinia
pseudoacacia
Transect I Transect 1T

Latitude 47° 28°45"", longitude 16° 40' 10", 205 m a.s.l.,
9° C annual mean temperature, 700 mm annual mean pre-
cipitation, plain, no erosion, calcaric loessial deposit.

Latitude 47° 27°40"", longitude 16° 39°40*", 197.5 m
a.sl., 9° C annual mean temperature, 700 mm annual
mean precipitation, plain, no erosion, alluvial deposit.
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Transect 111

Latitude 47° 26*45"", longitude 16° 38"10"*, 255 m a.s.l.,
9° C annual mean temperature, 700 mm annual mean pre-
cipitation, plain, no erosion, calcaric loessial deposit.

The classification and description of the soils within the
transects were made according to the “ World Reference Base

Jfor Soil Resources” (FAO-ISRIC-ISSS, 1994).

Transect I, profile IR (Reference), calcaric Cambisol from loes-

sial deposits (fune 1993):

Ah (0-30 cm): Brown (10YR/4/3), approximately 10 %
gravels, moderate very, fine crumbstructure, silty loam,
moderate content of organic matter, weakly acid, no effer-
vescence, strongly rooted, low content of medium debris,
clear and straight boundary to:

Bv (30-80 cm): Reddish brownish black (5YR/4/4),
approximately 25 % gravel, prismatic structure, loam,
low content of organic matter, neutral pH, no efferves-
cence, strongly rooted, moderate content of medium
debris, clear and straight boundary to:

BvCv (80-110 cm): Light brown (7,5YR/6/4), approxi-
mately 10 % gravel, prismatic structure, loam, no organ-
ic matter, neutral pH, weak effervescence, weakly rooted,
moderate content of medium debris, clear and straight
boundary to:

Cv (110 + cm): Yellowish brown (10YR/5/6), coherent
structure, loam, free of humus, alkaline, strong efferves-
cence, no roots, high content of medium debris.

Transect 1, profile I/A (Austria), calcaric Cambisol from loes-

sial deposits (June 1993):

Ap (0-20 cm): Brown (10YR/4/3), approx. 5 % gravels
moderate very fine crumb structure, silty loam, no effer-
vescence, moderate content of fine roots, plant residues,
clear and ondulated boundary to:

Ah (20-32 cm): Brown (7,5YR/4/3), approx. 10 % gravel,
angular blocky structure, silty loam, no effervescence,
moderate content of fine roots, abrupt and ondulated
boundary to:

Bv (32-80 cm): Reddish brown (5YR/4/4), approx. 25%
gravel, subangular blocky structure, loam, no efferves-
cence, many very fine roots, clay coatings, clear and
ondulated boundary to:

BvCv (80-110 cm): Light brown (7,5YR/6/4), approx. 10
% gravel, subangular blocky structure, loam, slight effer-
vescence, very few very fine roots, clear boundary to:

Cv (110+ cm): Yellowish brown (10YR/5/6), coherent
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structure, loam, strong effervescence, no roots, high con-
tent of medium debris.

Transect I, profile I/H (Hungary), calcaric Cambisol from loes-

sial deposits (June 1993):

Ap (0-21 cm): Brown (10YR/4/3), approx. 5% gravel,
moderate very fine crumb structure, loam, no efferves-
cence, few very fine roots, plant residues, clear and ondu-
lated boundary to:

Ah (21-32 cm): Brown (7,5YR/4/3), approx. 10% gravel,
coarse angular blocky structure, loam, no effervescence,
few very fine roots, abrupt and ondulated boundary to:

Bv (3282 cm): Reddish brown (5YR/4/4), approx. 25%
gravel, subangular blocky structure, loam, no efferves-
cence, many very fine roots, clay coatings, clear and
ondulated boundary to:

BvCv (82-130 cm): Light brown (7,5YR/6/4), approx.
10% gravel, subangular blocky structure, loam, slight
effervescence, few very fine roots, calcium carbonate coa-
tings, snails, clear boundary to:

Cv (130 + cm): Yellowish brown (10YR/5/6), coherent
structure, loam, strong effervescence, no roots, high con-
tent of medium debris.

Transect II, profile II/R (Reference), eutric Fluvisol from allu-

vial deposits (June 1993):

Ah (0~15 cm): Brown (10YR/5/3), crumby structure, silty
loam, medium content of organic matter, weakly acid, no
effervescence, many very fine and coarse roots, clear and
smooth boundary to:

Bv (15-50 cm): Brown (10YR/4/3), weak subangular
blocky structure, loamy silt, low content of organic mat-
ter, weakly acid to neutral pH, no effervescence, few very
fine and common medium roots, organic matter coat-
ings, earth worm casts, few gravels, gradual and ondulat-
ed boundary to:

Abur (50-65 cm): Dark grayish brown (10YR/4/2), weak
subangular blocky structure, silty loam, medium content
of organic matter, weakly acid, no effervescence, few very
fine and few coarse roots, gradual and ondulated boun-
dary to:

Bbur (65-95 cm): Dusky red (2,5Y/4/2), weak subangular
blocky structure, silty loam, low content of organic mat-
ter, weakly acid, no effervescence, few very fine roots and
few coarse roots. .

Cv (95+ cm): Yellowish brown (10YR/5/6), coherent struc-
ture, silty loam, no humus, weakly acid to neutral pH, no
effervescence, no roots.
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Transect II, profile /A (Austria), eutric Luvisol from allwvial

deposits (June 1993):

Ap (0~18 cm): Brown (10YR/5/3), coarse angular blocky
structure, loam, low content of organic matter, weakly
acid, no effervescence, many fine and few coarse roots,
clear and smooth boundary to:

Bv (18-45 cm): Brown (10YR/4/3), subangular blocky
structure, silty loam, medium content of organic matter,
weakly acid, no effervescence, many fine roots, organic
matter coats, gradual and ondulated boundary to:

Abur (45-60 cm): Dark grayish brown (10YR/4/2), suban-
gular blocky structure, silty loam, medium content of
organic matter, weakly acid, no effervescence, few fine
roots, few gravels, iron precipitation on peds' surface,
gradual and ondulated boundary to:

Bbur (65-97 cm): Dusky red (2,5Y/4/2), medium suban-
gular blocky structure, silty loam, very low content of
organic matter, weakly acid, no effervescence, few fine
roots, iron coatings, gley mottles.

Cv (97+ cm): Yellowish brown (10YR/5/6), coherent struc-
ture, silty loam, no humus, weakly acid to neutral pH, no
effervescence, no roots.

Transect II, profile II/H (Hungary), eutric Fluvisol from allu-

vial deposits (fune 1993):

Ap (020 cm):  Brown (10YR/5/3), coarse angular blocky
structure, silty loam, medium content of organic matter,
weakly acid, no effervescence, many very fine and few
coarse roots, clear and smooth boundary to:

Bv (20-50 ¢cm): Brown (10YR 4/3), medium subangular
blocky structure, silty loam, medium content of organic
matter, weakly acid, no effervescence, many very fine
roots, organic matter coats, gradual and ondulated
boundary to:

Abur (50—65 cm): Dark grayish brown (10YR/4/2), medi-
um subangular blocky structure, silty loam, medium con-
tent of organic matter, weakly acid, no effervescence, few
very fine roots, few gravels, iron precipitation on peds'
surface, gradual and ondulated boundary to:

Bbur (65-97 cm): Dusky red (2,5Y/4/2), medium suban-
gular blocky structure, silty loam, low content of organic
matter, weakly acid, no effervescence, few very fine roots,
iron coatings, gley mottles.

Cv (97+ cm): Yellowish brown (10YR/5/6), coherent struc-
ture, silty loam, no humus, weakly acid to neutral pH, no
effervescence, no roots.
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Transect 111, profile ITI/R (Reference), caicic Luvisol from cal-

caric lpessial deposits (June 1993):

Ah (0-10 cm): Brown (10YR/4/3), fine subangular blocky
structure, loamy silt, high content of organic matter, acid,
no effervescence, medium and coarse roots, clear and
smooth boundary to:

A(E) (10-32 cm): Brown (10YR/5/3), weakly cemented,
very fine angular blocky structure, loamy silt, medium
content of organic matter, acid, no effervescence, few very
fine and few coarse roots, organic marter coatings, clear
and smooth boundary to:

Bt (3248 cm): Brown (7,5YR/4/4), moderate fine angu-
lar blocky structure, clay loam, low content of organic
marter, acid, no effervescence, few fine and medium
roots, organic matter coatings, slightly developed clay
coatings, iron precipitation, gradual and smooth bound-
ary to:

BtCyv (48~70cm): Dark yellowish brown (10YR/4/4), weak
fine angular blocky structure, clay loam, no humus, weak-
ly acid, no effervescence, few very fine and few coarse
roots, earthworm casts, organic matter coatings, slightly
developed clay coatings, gradual and smooth boundary
to:

Cv (70+ cm): Very pale brown (10YR/7/4), coherent hard
structure, silty loam, no humus, alkaline pH, strong effer-
vescence, few coarse roots, carbonate coatings, slightly
developed clay coatings, organic matter coatings.

Transect 111, profile III/A (Austria), calcic Luvisol from calca-

ric loessial deposits (June 1993):

Ap (0-15 cm): Brown (10YR/4/3), very fine angular blocky
structure, loamy silt, low content of organic matter, acid,
no effervescence, many very fine roots, gradual and
smooth boundary to:

A(E) (15-32 cm): Brown (10YR/5/3), very fine angular
blocky structure, loamy silt, low content of organic mat-
ter, acid, no effervescence, many very fine roots, abrupt
and smooth boundary to:

Bt (32-50 c¢m): Brown (7,5YR/4/4), fine angular blocky
structure, clay loam, no humus, acid, no effervescence,
few fine roots, slightly developed clay coatings, abrupt
and smooth boundary to:

BtCv (50-80 cm): Dark yellowish brown (10YR/4/4), hard
coherent structure, silty loam, no humus, alkaline pH,
strong effervescence, carbonate coatings, smooth boun-
dary to:

Cv (80+ cm): Very pale brown (10YR/7/4), coherent hard
structure, silty loam, no humus, alkaline pH, strong effer-

94 _ 52 (2) 2001



Influence of different agricultural landuse on soil properties along the Austrian-Hungarian border

vescence, few coarse roots, carbonate coatings, slightly
developed clay coatings, organic matter coatings.

Transect I11, profile III/H (Hungary), calcic Luvisol from cal-

caric loessial deposits (June 1993):

Ah (0-18 cm): Brown (10YR/4/3), very fine angular
blocky structure, loam, medium content of organic mat-
ter, acid, no effervescence, many very fine and many
coarse roots, gradual and smooth boundary to:

A(E) (18-30 cm): Brown (10YR/5/3), very fine angular
blocky structure, loam, low content of organic matter,
acid, no effervescence, many very fine and coarse roots,
organic matter coatings, abrupt and smooth boundary to:

Bt (30-49cm): Brown (7,5YR/4/4), fine angular blocky
structure, clay loam, no humus, acid, no effervescence,
few very fine and coarse roots, organic matter coatings,
slightly developed clay coatings, abrupt and smooth
boundary to:

BtCv (49-75cm): Dark yellowish brown (10YR/4/4), cohe-
rent structure, silty loam, no humus, alkaline pH, strong
effervescence, carbonate coatings, smooth boundary to:

Cv (75+ cm): Very pale brown (10YR/7/4), coherent hard
structure, silty loam, no humus, alkaline pH, strong effet-
vescence, few coarse roots, carbonate coatings, slightly
developed clay coatings, organic matter coatings.

2.3 Soil sampling

Sampling for mineralogical analyses

For the determination of mineralogical analyses bulk sam-
ples were taken from each horizon of the reference profiles
(R) and randomly (30 drill points from each plot) from two
soil depths (0~15 c¢m, 1530 cm) of the Austrian and Hun-
garian plots.

Sampling for physical analyses

For the determination of particle size distribution and soil
aggregate stability bulk samples were taken from each hori-
zon of the reference profiles (R) and randomly (30 drill
points from each plot) from the two soil depths (0-15 cm,
15-30 cm) of the Austrian and Hungarian plots. For the
determination of the pore size distribution 3 cylinders
(200 cm?) were taken from each horizon of the reference
profiles (R) and from the A-horizon (0-15 cm) of the Aus-
trian and Hungarian plots. For the determination of the sa-
turated hydraulic conductivity 5 cylinders (200 cm?) were
taken from each horizon of the reference profiles (R) and
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from the A-horizon (0—15 cm) of the Austrian and Hun-
garian plots. For the determination of the unsaturated
hydraulic conductivity 5 cylinders were taken from each
horizon of the reference profiles (R) and from the A-hori-
zon (0-15 cm) of the Austrian and Hungarian plots.

The C-horizon of the reference profile in transect I
(I/R/C) could not be sampled because of its extremely hard-
ness.

Sampling for micromorphological analyses

For the preparation and analyses of soil thin sections, undis-
turbed samples were taken by Kubiena-boxes (6,5 x 8 x 4 cm
= 208 cm3) from each horizon of the reference profiles (R),
except from I/R/C because of its hardness, and from the A-
horizon of the Austrian and Hungarian plots.

Sampling for chemical analyses

For the determination of chemical analyses bulk samples
were randomly taken (30 drill points from each plot) from
two soil depths (0-15 cm, 15-30 cm) of the reference pro-
files (R) and from the Austrian and Hungarian plots.

Sampling for microbiological analyses

Bulk samples from the A-horizon of each plot were ran-
domly taken (30 drill points from each plot). After sam-
pling and during transportation the soil samples were
cooled at 4 °C. In the laboratory the bulk samples were
frozen at -20 °C.

Sampling for zoological analyses

8 soil samples were taken from each investigation plot. For
each sample a soil spot 0of 50 x 50 cm and a depth of 30 cm
were digged out.

2.4 Analytical methods

Soil mineralogical analyses

* Total mineral content by X-ray diffraction, using Cuka-
radiation, according to SCHULTZ (1964).

* Clay mineral content by X-ray diffraction, using Cuka-
radiation, according to BRINDLEY and BROWN (1980) and
GARCIA and CaMAZANO (1968).

* Na-dithionite-citrate-bicarbonate (DCB) soluble Fe-
oxides, according to SCHWERTMANN (1959).

* NH-oxalate soluble Fe-oxides according to SCHWERT-
MANN (1964).

* Na-pyrophosphate soluble, organically bounded Fe-
oxides according to HERMANN and GERKE (1992).
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Soil physical analyses

* Bulk density (dg) using 200 cm? cylinders.

* Total porosity (TP) calculated from density values.

* Soil aggregate stability (SAS), according to MURER et al.
(1993).

¢ Particle size distribution by wet sieving and sedimenta-
tion technique.

* Pore size distribution using pressure chambers according
to KLUTE (1986), HARTGE and HORN (1991), HARTGE
and HORN (1992).

* Saturated hydraulic conductivity (K
KLUTE (1986).

* Unsaturated hydraulic conductivity (K,) using an “In-
stantaneous Profile Method” according to WIND (1966),
PLAGGE (1991).

) according to

Soil micromorphological analyses

Thin sections were prepared from the undisturbed soil by
fixation of the samples with polyester resine (CHS-poly-
ester 109), diluted in acetone under vacuum, according to

JONGERIUS (1973) and CURLIK (1977).

Soil chemical analyses

Prior to chemical analyses the collected soil samples
(0-15 cm, 15-30 cm) were air dried and passed through a
2 mm sieve (fine earth). The chemical data are means of
5 replicates for each soil sample and quoted on an oven-dry
basis (105 °C for 24 h). Correlation analysis (Spearman
rang correlation) is used to combine the chemical, physical
and microbiological data. One way Anova (modified LSD-
test) with a significance level 0.05 is used to distinguish dif-
ferences between the Austrian, Hungarian and Reference
fields. The normal distribution of the data is tested with the
Kolmogorov-Smirnov Goodness of Fit test.

¢ pH-value in H,O and 1 M KCl potentiometrically.

* Electrical conductivity (EC) in a water-saturated extract.

* Organic carbon (Corg) content , Tyulin-method, accor-
ding to SSSA (1996).

¢ CaCOj; content (Scheibler-method).

* Soluble nitrogen fractions (NH,*, NO,, N -
Bremner-method according to SSSA (1965).

* Total nitrogen (N) content, regular macro-Kijeldahl-
method, according to SSSA (1965).

* Effective cation exchange capacity (CEC,) and
exchangeable Ca, Mg, K, Na, Fe, Al, Mn in unbuffered
0.1 M BaCl,-extract.

¢ P and K the Ammonium-lactate-extract.

) contents,
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* Heavy metal (As, Co, Cr, Cu, Mo, Ni, Pb, Sr, Zn, Cd)

contents in aqua regia-extract.

Soil microbiological analyses

* Microbial nitrogen (N_.) by fumigation-extraction,
according to BROOKES et al. (1985), VANCE et al. (1987),
JENKINSON and POWLSON (1976).

e Substrate-induced-respiration-rate (SIR) and microbial
carbon (C_; ) according to HEILMANN and BEESE (1992),
JENKINSON and POWLSON (1976), ANDERSON and
DowmscH (1978).

* Basal respiration, according to HEILMANN and BEESE
(1992).

¢ Dimethylsulfoxide-reductase-activity (DRA) according
to ALEF and KLEINER (1989).

» Ergosterol content, according to DJAJAKIRANA et al. (1993).

* Metabolic quotient (4CO,).

Soil zoological analyses (earthworms distribution)

The soil was cut out with a core sampler respectively with a
spade and the earthworms picked out by hand on the spot.
The worms were counted, taken to the laboratory, their bio-
mass recorded and the species determined according to

Zics1 (1967).

3. Results and discussion
3.1 Mineralogical data

The mineralogical data of the investigated soils are shown

in table 3, table 4, table 5.

Transect I:
The reference profile I/R shows the features of 2 moderate
weathered Cambisol, where layer silicates accumulate on
the top, whereas quartz and chlorite increase with soil depth
(see table 3). The clay mineral distribution corresponds to
this features and shows an accumulation of illite on the top,
and few kaolinite through the whole profile. The relatively
high amount of smectite, which is an expandable 2:1-clay
mineral, explains the subangular blocky structure and the
extreme hardness of the B-horizon. No illuviated clay, Fe,
and organic matter occurs (see table 4 and table 5). The
increasing amount of oxalate-soluble Fe (Fe,) in the cambic
horizon also explains the moderate weathering process in
this soil (see table 5).

The comparison of the three investigated areas over tran-
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Table 3:  Semiquantitative primary mineral content in the fine earth of the investigaced soils in weight %
Tabelle 3: Semiquantitative Gesamtmineralzusammensetzung im Feinboden der untersuchren Béden in Gew. %

Transect quarez | chlorite micas feldspars l calcite dolomite
Transect I
I/R/AR 74 4 20 2 tr. .
1/R/Bv 75 11 13 1 - -
I/R/BvCy 81 15 4 tr, - -
I/R/ICy 80 17 2 . <l -
1/A (0-15) 68 10 20 2 tr. -
1/A/(15-30) 82 16 2 L. - -
I/H/(0-15) 83 14 12 1 - -
1/H/(15-30) 66 7 24 3 — -
Transect IT
1/R/AR 62 11 19 7 <1 -
1I/R/Bv 44 24 26 6 - -
1I/R/Abur 63 15 17 5 - -
1I/R/Bbur 82 6 10 2 - -
11/A/(0-15) 50 17 27 6 - -
11/A/(15-30) 35 25 30 6 <l -
1I/H/(0-15) 33 35 23 8 <l -
11/H/(15-30) 50 17 29 4 - -
Transect 111
1I/R/AL 39 14 37 9 <1 -
HI/R/A(E) 85 12 3 tr. - -
LII/R/Bt 71 19 9 1 - -
1II/R/BtCy 62 16 16 4 <l <1
11/A/{0-15) 88 10 1.5 0.5 - -
H1/A/(15-30) 87 7 5 1 - -
11/H/(0-15) 66 14 16 4 - -
1II/H/(15-30) 69 15 12 4 - -

Table 41 Semiquantitative clay mineral content in the fine earth of the investigated soils in weight %

Tabelle 4: Semiquantitative Tonmineralverteilung im Feinboden der untersuchren Béden in Gew. %
Transect illite j chlorite smectite vermiculite kaolinite
Transect
I/R/Ah 63 14 21 - 2
I/R/Bv 55 13 27 - 5
I/R/BvCv 58 12 26 - 2
I/R/ICv 45 14 39 - 2
1/A/(0-15) 73 14 8 - 5
1/A/(15-30) 80 15 - - 5
1/H/(0-15) 81 10 - - 9
1/H/(15-30) 72 10 11 - 7
Transect II
1I/R/Ah 60 20 18 - 2
1I/R/Bv 56 13 21 - 10
1I/R/Abur 40 14 41 - 5
II/R/Bbur 45 8 43 - 4
I/A/{0-15) 58 12 25 - 5
1/A/(15~30) 42 13 38 - 7
1I/H/(0-15) 43 13 40 - 4
11/H/(15-30) 37 23 27 - 13
Transect I11
HI/R/AR 79 14 - - 7
LI/R/A(E) 86 7 7 - -
II/R/Bt 81 17 - - 2
II/R/BtCv 44 16 36 - 4
1I/A/(0-15) 76 11 13 - -
1I1/A/(15-30) 72 15 10 - 3
111/H/(0-15) 51 11 38 - .
HI/H/{15-30) 64 16 16 - 4
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Table 5:  Dithionite-(d), oxalate-(0) and pyrophosphare-(p) soluble Fe-
oxides of the investigated soils in mg/kg fine earth .

Tabelle 5: Dichionit-(d), oxalat-(0) and pyrophosphat-(p) lssliche Fe-
Oxyde der untersuchten Béden in mg/kg Feinboden

Transect | Fe, l Fe, | Fe, ’ Fe /Fey
Transect I

I/R/AK 11080 1290 277 0.12
I/R/Bvy 15250 1320 10 0.09
I/R/BvCv 11970 1145 533 0.10
1/A/(0-15) 12560 1400 233 0.11
1/A/(15-30) 12800 1370 237 0.11
1/H/(0-15) 13630 1728 150 0.13
1/H/(15-30) 13990 690 126 0.12
Transect 11

1I/R/Ah 10150 3090 596 0.30
1I/R/Bv 10660 3760 487 0.35
1I/R/Abur 11660 5050 490 0.43
1I/R/Bbur 9860 4975 385 0.50
1/A/(0-15) 6390 4550 650 0.71
11/A/(15-30) 11460 4450 634 0.39
1/H/(0-15) 11540 4275 652 0.37
1I/H/(15-30) 11560 4200 568 0.36
Transect I

III/R/Ah 8200 1928 494 0.24
III/R/A(E) 8830 1788 402 0.20
1II/R/Bt 14810 1160 213 0.08
HI/R/BtCv 10630 825 38 0.08
1II/A/(0-15) 8540 2178 412 0.26
III/A/(15-30) 7580 1918 391 0.25
11I/H/(0-15) 11840 1468 337 0.12
111/H/(15-30) 11390 1645 278 0.14

sect I (Austria, Hungary, reference) shows the uniformity of
this soil between Austria and the reference, whereas the
Hungarian site shows a contrarily distribution in the con-
tents of quartz, chlorite and layer silicates (see table 3)
which could have been caused by deeper tillaging like
ploughing. Moreover, the clay mineral distribution indi-
cates that the undisturbed conditions in the reference-pro-
file led to a higher weathering of illite and formation of
smectite than in the cultivated Austrian and Hungarian
sites.

Transect I1:

The reference profile II/R shows the typical stratification
phenomena of a Fluvisol, concerning the primary minerals
quartz, chlorite and layer silicates (see table 3). The same
tendency is given by the distribution of smectite and kaoli-
nite (see table 4). The distribution of the “free” oxides con-
firms the stratification and the presence of buried horizons
within this profile, with accumulation of the dithionite-
and oxalate-soluble Fe in the II/R/Ab-horizon (50-65 cm),
see table 5. Like in transect I, the mineralogical distribution
in the tilled horizons of the Hungarian site behaves con-
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trarily as compared with the Austrian and the reference site,
as a probably consequence of deep tillage pracrices of the
Hungarian site.

Transect I11:

The reference profile III/R shows the typical mineralogical
features of a Luvisol, with a significant eluviated horizon (E)
and illuviated horizon (Bt and BtC). The loss of clay from
E-horizon and its accumulation in the Bt-horizon are visi-
ble from the particle size distribution (see table 7). This
process leads to loss of mobile minerals (layer silicates and
chlorite) and the relative accumulation of quartz in the elu-
viated horizon (see table 3), respectively in the accumula-
tion of illite and transport downwards of chlorite and smec-
tite (see table 3). Fe-oxides are also affected by this process
and accumulate in the Bt-horizon, as shown in table 5. The
formarion of a Luvisol is also manifested in other soil fea-
tures like soil colours (10YR/5/3 in the E-horizon and
7,5YR/4/4 in the Bt-horizon), CEC (108 meq/kg in the E-
horizon and 142 meq/kg in the Bt-horizon) and clay coat-
ings in the Bt-horizon.

3.2 Physical data

Bulk density (dB) and total porosity (TP)

The bulk density and the total porosity are two descriptive
structure parameters. With their help it is possible to
deduce the water balance and aeration of soils, but they give
no information about the geometry and continuity of the
pore system. At the reference sites (R) the bulk density
becomes higher with soil depth (see table 6), except for tran-
sect I, where the upper horizons (I/R/A, I/R/B) have the
same density as the I/R/BC-horizon. EHLERS (1973) indi-
cated a maximum of 1,55 g/cm? for bulk density as critical
level for plant growth, which is not reached in any horizon
of the investigated soils. On the other hand, BECKMANN
and ALTEMULLER (1989), showed, that bulk density of top-
soils of tillaged sites can vary from 1,3 to 1,6 g/cm?. These
values are reached in all A-horizons of the tillaged soils. By
comparing all A-horizons in Table 8, it can be seen that the
bulk densities of the reference sites are much lower than at
the tillaged sites (H and A), with exception, again, of tran-
sect I (I/R/A), as a consequence of their undisturbed deve-
lopment, the higher organic matter and the high developed
rooting system. The total porosity of the reference sites (R)
(table 6), calculated from density values, shows the decrea-
sing tendency of thie total porosity with the depth.
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Table 6:  Bulk density (dB), total porosity (TP), and soil aggregate sta-
bilicy (SAS) of the investigated soils

Tabelle 6: Lagerungsdichte (dB), Gesameporenvolumen (TP) und Aggre-
gacstabilicic (SAS) der untersuchten Bsden

Transect dB P SAS
g/ cm3 vol% %
Transect I
1/R/Ah 1.43 46 90
1/R/Bv 1.42 47 78
1/R/BvCv 1.40 47 82
I/R/ICy not sampled - 64
1/A/(0-15) 1.27 52 68
1/A/(15~30) - - 56
I/H/(0-15) 1.32 50 61
1/H/(15-30) - = G0
Transect I1
1I/R/Ah 1.06 60 75
1I/R/Bv 1.34 49 56
11/R/Abur 1.33 50 53
1I/R/Bbur 1.45 45 22
1I/A/(0-15) 1.35 57 67
11/A/(15-30) - - 64
1I/H/(0-15) 1.30 51 56
1I/H/(15-30) - - 49
Transect I11
1II/R/ARK 1.11 58 81
1II/R/A(E) 1.30 51 63
I1I/R/Bt 1.47 45 63
11I/R/BtCy 1.49 44 38
111/A/(0~15) 1.41 47 27
111/A/(15-30) - - 33
1I/H/(0-15) 1.31 50 76
[11/H/(15-30) - - 66

Particle size distribution

The particle size distribution of the investigated soils is
shown in table 7 and reflects a relativly high soil homogeni-
ty between tilled (A and H) and reference soils within each
transect. The effect of clay illuviation in the Bt-horizon of the
Luvisol of transect III is evident. The content of fine pores
and the bulk density are also increasing in the Bt-horizon of
transect I11, as shown in table 6 and table 8, thus confirming
the illuviation process and the formation of a Luvisol.

The amount of silt is high in each horizon, except in the
[/R/C-horizon, therefore the most horizons are loams or
silty loams, as shown in table 7. The texture class can be
used for estimating the productivity of a soil. Loamy soils
and silty soils with a middle amount of clay have sufficient
aeration and storage capacity for available water if their bulk
density is not too high. Moreover, silty soils with less than
17 % clay tend to sludge in the crumb and erode (SCHEF-
FER and SCHACHTSCHABEL, 1992).

Soil Aggregate Stability (SAS)
The stability of soil aggregates in water is affected by vari-
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ous biotic and abiotic factors and the landuse practices. The
concept of the soil aggregate stability reflects many soil
structural parameters (BLUM and RAMPAZZO, 1993; RAM-
PAZZO et al., 1994), but as a result, it is a function of
whether the cohesive forces between particles resist the
applied disruptive force of water. Table 6 shows a general
decrease of SAS with soil depth art the reference sites (R),
which can be explained by differences in root density and
microbiological activity (ALEXANDER, 1977). SAS decrea-
ses in Austrian and Hungarian soils as a consequence of til-
ling, lower organic carbon content, mostly uncovered soil
surface and microbiological activity. The lower SAS can also
be caused by using chemical fertilizers (MURER et al., 1993).

Pore size distribution
Table 8 shows the distribution of pore sizes calculated from
the values of the different water contents.

The results show that in all the top soils of each transect
water availibility, expressed by the content of medium
pores, is guaranteed and comparable. The weathering B-
horizons in the undisturbed reference site of transect |
(I/R/B) and transect II (II/R/B) show, on the contrary, a sig-
nificant decrease of the medium pores. Moreover, the result
show that the amount of medium pores in the A-horizons
is not distinctly affected by tillage practices and the coarse
pores, responsible for aeration, water and solute transport
can also be considered as sufficient. In transect I there is a
decrease of medium pores in the I/R/B-horizon (in com-
parison to the I/R/A-horizon), with an increase of coarse
and fine pores at the same time. This is typical for the
weathering-horizon of a Cambisol with shrinking cracks. A
similar tendency is occuring in the II/R/B-horizon of tran-
sect II, in favour of the fine pores. The coarse pores
decreased. The reference soil of transect III (Luvisol) shows
a rapid decrease of coarse pores with soil depth till the
ITI/R/Bt-horizon, where the content of coarse pores is very
low, accompanied with a strong increase of fine pores with
the highest content in the illuvial-horizon (III/R/Bt).

The tilled A-horizons (I/H/Ap and I/A/Ap) show a hig-
her content of coarse pores than the reference horizon
(I/R/A), in agreement with bulk density and total porosity.
The medium and fine pore contents are as high as in the re-
ference site. The higher content of total porosity in the Aus-
trian A-horizon than in the Hungarian A-horizon points
out the use of light-weight machines in Austria, which may
be the contrary at the Hungarian site, where heavy
machines are mostly used, leading to a higher decrease of
coarse pores.
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Table 7:  Particle size distribution (weight%) and texuure class of the investigated soils. (cS = coarse sand, mS = medium Sand, £S = fine sand, cU =

coarse silt, mU = medium silt, fU = finessilt, ¢ = clay)

Tabelle 7: Korngréfenverteilung (Gew.%) und Bodenart der untersuchcen Béden. (¢S = Grobsand, mS = Mittelsand, £S5 = Feinsand, ¢U = Grob-

schluff, mU = Micrelschluff, fU = Feinschluff, ¢ = Ton).

Transect cS mS fS S cU mlU fU >u C texture
class
Transect 1
I/R/ARh 2.6 2.6 8.9 14.1 32.9 18.6 3.3 54.8 31.0 ul
I/R/Bv 5.5 3.0 9.2 17.7 31.9 11.2 9.1 52.2 30.1 L
I/R/BvCv 5.4 2.9 10.4 18.8 30.2 8.0 16.5 54.7 26.5 L
RICv 5.7 4.8 12.8 23.2 20.8 16.5 5.5 42.8 34.0 L
I/A/{(0-15) 0.3 23 7.0 9.5 34.7 11.2 12.0 57.9 32,5 ul,
1/A/(15-30) 1.5 1.9 6.8 10.2 31.0 21.9 6.4 59.3 30.5 ul
1/H/(0-15) 2.7 1.9 7.1 11.7 32.0 11.7 8.5 52.2 36.1 L
1/H/(15-30) 2.3 2.5 6.8 11.6 30.7 19.4 5.7 55.8 32.6 ul
Transect I
II/R/Ah 0.2 0.9 12.6 13.8 32.0 18.7 7.5 58.2 28.0 ul.
1I/R/Bv 0.2 1.6 16.9 18.7 40.2 12.7 5.4 58.4 22.9 18}
II/R/Abur 0.1 1.8 14.0 15.9 30.1 15.0 14.0 59.1 25.0 ul
1I/R/Bbur 0.5 3.8 20.3 24.6 28.9 14.0 12.0 54.9 20.5 sL
1I/A/(0-15) 0.1 1.9 12.8 14.8 23.3 20.3 11.1 54.7 30.5 L
1/A/(15-30) 0.1 1.1 8.7 10.0 24.8 22.0 1.6 58.3 31.7 ul,
1I/H/(0-15) 0.2 1.2 9.6 11.0 31.3 17.5 8.3 57.1 32.0 ul.
1I/H/(15-30) 0.2 1.4 11.5 13.1 28.1 19.0 10.5 57.6 29.3 ul
Transect 111
III/R/Ah 0.2 2.4 11.7 14.3 322 22.0 5.8 60.0 25.6 U
11I/R/A(E) 0.3 1.8 10.9 13.0 28.9 24.0 9.1 62.0 25.0 i16)
HII/R/Be 2.3 1.7 9.6 13.6 26.5 15.0 8.4 49.9 36.5 L
III/R/BtCv 1.3 3.8 12.9 18.0 31.0 17.5 8.5 57.0 25.0 U
II1/A/{0-15) 0.5 2.4 10.6 13.5 333 20.4 8.8 62.5 23.9 U
111/A/(15~-30) 0.4 2.0 11.3 13.7 325 20.8 9.2 62.5 23.9 U
II/H/(0~15) 0.3 2.6 12.0 14.9 34.8 14.0 1.7 50.4 34,7 L
HI/H/(15-30) 0.4 2.8 12.3 15.5 318 15.8 7.5 55.0 29.5 L

The III/R/Ah-horizon has a high content of coarse pores,
which can be explained by the strong developed rooting sys-
tem by bushes and grasses. The strong decrease of coarse
pores and lower total porosity in the tilled sites of transect ITI
can only be explained for the Austrian site (III/A/Ap), where
the conventional landuse over years has probably caused a
compaction of the soil. Additionally a decrease of total
porosity is driven by a natural compaction after tilling a soil
(the samples were taken in June, just before harvesting).

Saturated hydraulic conductivity (K ,)

The hydraulic conductivity under water saturated condi-
tions plays an important role in matters of drainage, irriga-
tion, etc., and is a very sensitive soil structure parameter
which sometimes may give better information about the
status of soil structure than the pore size distribution
(HARTGE and HORN, 1991; HARTGE and HORN, 1992).
Table 8 shows the K -values of the investigated soils in
cm/s. Due to the influence of different pore size systems
(the “primary” pore system as a result of particle size distri-
bution and the ‘secondary’ pore system as a result of aggre-
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gation), the variability of this parameter can be very high,
with differences in the same horizon of one order of mag-
nitude. Therefore 5 cylinders per horizon were measured
three times, so 15 repetitions were done for each horizon.
Since the saturated hydraulic conductivity is not 2 normal
distributed parameter, it is not correct to calculate its arith-
metic average but the geometric average (HARTGE and
HORN, 1992), as shown in table 8.

The hydraulic conductivity is primarily influenced by soil
texture. Soil aggregation, the genesis of the ‘secondary’ pore
system and the pricking of pores through illuviation of fine
particles cause a deviation of K,,. (HARTGE and HORN,
1992). In the case of the investigated topsoils, the influence
of aggregation-induced ‘secondary’ pores is evident.
HARTGE and HORN (1992) found that silty soils show a sa-
turated hydraulic conductivity of about 1073 to 104 cm/s
(at water tension 1 hPa), which is also given for the investi-
gated soils. FLUHLER (1991) shows a classification of water
conductivities of soils. The most of the upper horizons are
classified as ‘overabundant conductive’ and the others as
‘normally conductive’.
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Table 8:  Pore size distribution (vol %) and sarurated hydraulic con-

ducrivity (k) of the investigated soils

Tabelle 8: Porenverteilung (Vol. %) und gesittigte hydraulische Leit-
fihigkeit (k) der untersuchren Béden

Transect coarse mcdium ﬁne sac
pores pores pores cm/s

(> 10 pm) |(10-0.2 pm)| (< 0.2 pm)
Transect 1
I/R/IAh 11.4 17.6 17.1 7.4x 10
I/R/Bv 16.0 9.4 21.1 5.1x 104
I/R/BvCy 13.4 11.8 22.0 4,5x% 1073
I/R/ICy not sampl. | notsampl. | notsampl. |notsampl.
1/(0-15) 16.3 18.4 17.2 7.2x 1073
I/H/(0-15) 16.3 18.0 16.0 4.6x 1073
Transect 11
II/R/AR 27.4 19.2 13.4 1.5x 1073
1I/R/Bv 21.8 9.8 17.7 5.0x 10~
II/R/Abur 20.3 11.4 18.0 1.7x 1073
I/R/Bbur 14.6 12.9 17.7 49x10*
11/A/(0-15) 25.6 15.0 16.1 2.8x 103
11/H/(0-15) 19.0 17.0 15.0 1.0x 104
Transect I11
I1I/R/Ah 32.2 14.8 11.1 4.1x10°3
HI/R/A(E) 18.8 16.1 15.9 2.1x1073
I1I/R/Bt 9.2 13.7 21.8 3.3x 103
ILI/R/BtCv 12.9 10.7 20.1 5.7x 104
I1I/A/(0-15) 15.1 13.4 18.5 3.0x104
11I/H/(0-15) 17.6 15.2 17.7 6.1x10°2

Unsaturated hydraulic conductivity (K)

In figure 2 the curves calculated from conductivity and
water tension show that the values of the three top soils in
transect I behave almost equal. The similarity of the
hydraulic function in transect I is also confirmed by the data
of the particle size distribution which are rather equal as
well. All three curves show an almost steady course.
Between 30-40 hPa and 110-130 hPa the function is
decreasing about three orders of magnitude. The course of
the I/A/Ap-curve in the lower range cannot be caused by
different clay content or the content of fine pores because
this values are almost equal in the three described horizons.

10 100 1000

o URIA
A1H/Ap
D I/A/Ap

0,001 -

unsaturated hydraulic
conductivity [ecm/d]

0,0001

water tension [hPa]
Unsaturated hydraulic conductivity (K) of the A-hori-
zons of transect I as a function of the water tension

Ungesittigte hydraulische Leitfihigkeit (K,) der A-Hori-
zonte in Transekt I als Funkdon des Matrixpotentials

Figure 2:

Abbildung 2:
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So it must be caused by a different evaporation conditioned
by a different structure.

The curves in figure 3 are less steady as the ones in figure
30. Only the II/R/A- and II/A/Ap are almost steady in the
range from 60 to 105 respectively 130 hPa. It can be seen
that the values of the II/H/Ap horizon are only given for the
section from 110 to 160 hPa and that the course of this
curve is much flater as the other ones.
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water tension [hPa]
Figure 3: Unsaturated hydraulic conducrivity (K,) of the A-hori-

zons of transect 1 as a function of the water tension

Abbildung 3: Ungesittigre hydraulische Leitfshigkeit (K} der A-Hori-

zonte in Transeke II als Funkrtion des Matrixpotentials

Figure 4 shows that the curve of the III/H/A2-horizon, (fo-
rest) has a lower unsaturated hydraulic conductivity than
the III/A/A1-horizon (arable land). This two curves have
the III/R/Ah curve (meadow) in their middle. So no ten-
dency can be observed which would be deduced from the
values of conducrivity of disturbed horizons. An almost
equal decrease of the curves like in the other curves of
transect I and I is observed.

10 100 1000
1 4 . : t

o I/R/A1
A TD/H/A2
o IMI/A/AL

conductivity [cm/d]

unsaturated hydraulic

water tension [hPa]

Unsaturated hydraulic conductivity (K,) of the A-hori-
zons of transect I1I as a function of the water rension
Ungesitrigte hydraulische Leicfihigkeit () der A-Hori-
zonte in Transeks 11 als Funktion des Matrixpocentials

Figure 4:

Abbildung 4:

3.3 Micromorphological data

The calcaric Cambisol in transect I was formed on calcified,
later decalcified alluvial deposits. There are the signs of the
primary (clastogene) and secondary (authigene) calcires
etching (depletion features). Some signes of clay transloca-
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tion are visible but not enough pronounced to imply a dia-
gnostic “argillic” horizon, see figure 5 and figure 6.

The eutric Fluvisol in transect II has the signs of former
hydromorphic influence. This is clear from the bleached
colour and from iron spots, nodules and concretions. A
rusty appearence is a typical feature for this development.
The very high biological activity was also confirmed by the
high Corg—coment (= 2,17) and in the extreme high value of
the analysis of DMS-activity, see figure 7, 8, 9, 10.

The soil in transect I11 is confirmed as a Luvisol. This can
be proven from the micromorphological features, which
show the presence of an “argillic” horizon. The red colour
of the clay coatings gives the impression that this is an old

Ca-oxalate crystalls in the pores of the undisturbed A-hori-
zon of tansect I, (I/R/A, 0-22 cm, 86 x magnification)
Abbildung 5: Ca-Oxalatkristalle in den Poren des Referenzbodens von
Transekt I (A-Horizont, I/R/A, 0-22 cm, 86-fache Ver-
groflerung)

Figure 5:

Figure 6:

Calcite, partially weathered, in the reference BC-horizon
. of transec I (I/R/BC, 40-50 cm, 27 x magnification)
Abbildung 6: Angewittercers Kabzit im Referenzboden von Transeke
(I/R/BC, 40-50 cm, 27-fache VergroRerung)

Die Bodenkulcur

102

Figure 7: Organic debris in the reference A-horizon of transect 1
(I/R/A, 0-22 cm, 86 x magnificarion)
Abbildung 7: Organische Reste im Referenzboden von Transeke 1
(I/R/A, 0-22 cm, 86-fache Vergrdferung)
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Figure 8: Concentric iron nodules in the reference B-horizon of

cransect 1 (I/R/B, 2240 cm, 27 x magnification)
Abbildung 8: Fe-Konkretionen im Referenzboden von Transeke 1
(I/R/B, 2240 cm, 27-fache Vergréfierung)

horizon formed under warm and more humid conditions,
see figure 11 and figure 12.

The main difference between the uncultivated reference
soils and the adjacent Hungarian and Austrian soils of all
transects lies in the higher biological activity in the A-hori-
zons of the reference soils. This leads to main differences in
the microstructure, with mostly crumby microstructure in
the undisturbed reference soils, whereas the tilled soils tend

to form subangular, cracky microstructure, as shown in fig-
ures 13, 14, 15.
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Figure 9: Pedotubes with organic debris and loose excremental ~ Figure 12: Clay coatings in the reference C-horizon of transect 111
infillings in the reference A-horizon of transect Il (II/R/A, (II/R/C, 70-95 em, 170 x magnificarion)
0-20 cm, 45 x magnification) Abbildung 12: Toncutane im Referenzboden von Transeke I1I (III/R/C,
Abbildung 9: Bodenporen mit organischen Resten und Tierexkremen- 70-95 cm, 170-fache Vergréflerung)

ten im Referenzboden von Transeke 11 (1I/R/A, 0-20 cm,
45-fache Vergroferung
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Figure 10: Secondary Fe-mottles in the reference Bb-horizon of
eransect 11 (1I/R/Bb, 65-95 cm, 27 x magnification)

Abbildung 10: Pedogene Fe-Flecken im Referenzboden von Transekr 11

(I/R/Bb, 65-95 cm, 27-fache Vergroferung).
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Figure 13: Microscructure of the topsoils of transect I (Reference

above, Austria middle, Hungary below, 4 x magnification)

(I1/R/Bt, 32-48 cm, 86 x magnification) Abbildung 13: Mikrostrukeur der Oberbsden von Transeke 1 (oben

Abbildung 11: Toncurane im Referenzboden von Transeke HI (III/R/ Referenzboden, mitte ésterreichischer Boden, unten un-
Bt, 3248 cm, 86-fache Vergrofierung) garischer Boden, 4-fache Vergroferung)
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Figure 14: Microstrucrute of the topsoils of transect 11 (Reference
above, Austria middie, Hungary below, 4 x magnification)
Abbildung 14: Mikrostrukeur der Oberbdden von Transekr I1 (oben

Referenzboden, mitte Ssterreichischer Boden, unten
ungarischer Boden)

3.4 Chemical data

pH-value

The pH-values of the investigated soils are shown in table
9. The chemical reactions of the studied soils are slightly
acidic to neutral and within the transects rather similar.
Only field I/H shows higher pH-values due to liming. The
pH is positively correlated with the amount of Ca (BaCl,)
(r = 0.8, P = 0.05) and with the cation exchange capacity
(r = 0.75, P = 0.02). The influence of the soil acidity on
the physiological properties of the soil microflora is
expressed by the negative relationship to the 4CO, (r
~0.7) and the positive relation to the CmiC/Corg ratio (r
0.87).
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Figure 15: Microstructure of the topsoils of transect 111 (Reference
above, Austria middle, Hungary below, 4 x magnification)
Abbildung 15: Mikrostruktur der Oberbéden von Transekr 111 (oben

Referenzboden, mitte sterreichischer Boden, unten
ungarischer Boden, 4-fache Vergroferung)

Electrical conductivity (EC)

The electrical conductivity represents the amount of solu-
ble salts in the soil. High salt concentrations affect soil
microorganisms by reducing their enzymatic activities. The
investigated soils are characterized by very low water solu-
ble salt contents, except for plot I/R (15-30 cm) and I/H,
which shows slightly enhanced values, see table 9. Thus
contamination of the investigated soils with sulphates,
chlorides etc. can be excluded.

Organic carbon (C org), soil organic matter (SOM)

Concerning the landuse and soil management the amount
of SOM can be raised by e.g. agricultural extensification
measures (BEYER et al., 1992), application of organic fertil-
izers (LEITHOLD, 1992) and crop rotation (SCHEFFER and
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Table9:  pH (H,0 and KClI), salc content, electrical conductivity (EC), organic carbon (Cmg) and soil organic matter (SOM) of the investigated
soils
Tabelle 9: pH (H,0 und KCl), Salzgehalr, elekerische Leitfihigkeit (EC), organischer Kohlenstoff (C Drg) und Humusgehalt (SOM) der uncersuchten
Béden
Transect pH pH sale EC CQrg SOM CaCO;,
H,O KCl % Ohm/cm % % %
Transect |
I/R/ (0~15cm) 5.9 4.8 <0.02 0.40 1.9 3.3 0.25
I/R/ (15-30cm) 7.0 6.0 0.02 0.47 1.2 2.1 0.42
I/A (0-15cm) 5.6 4.4 <0.02 0.33 1.0 1.7 0.00
I/A (15-30cm) 6.0 4.8 <0.02 0.34 1.0 1.7 0.00
I/H/ (0-15cm) 7.0 6.3 0.03 0.49 1.0 1.7 0.29
1/H (15-30cm) 6.9 6.1 0.02 0.46 1.0 1.7 0.13
Transecc I
II/R/ (0-15¢m) 6.2 5.2 <0.02 0.34 2.2 3.7 0.15
II/R/ (15-30cm) 7.1 6.4 0.03 0.47 1.0 1.7 0.89
II/A (0-15cm) 5.8 4.6 <0.02 0.40 0.9 1.6 0.00
1I/A (15-30cm) 5.6 4.5 <0.02 0.32 1.3 2.2 0.00
H/H/ (0-15¢cm) 5.7 4.7 <0.02 0.31 1.7 3.0 0.00
11/H (15-30cm) 5.6 4.7 <0.02 0.27 1.6 2.8 0.00
Transect I11
I1I/R/ (0-15cm) 5.4 4.4 <0.02 0.27 2.6 4.4 0.13
III/R/ (15-30cm) 5.3 4.0 <0.02 0.20 1.2 2.0 0.13
VA (0-15cm) 5.0 4.0 <0.02 0.40 1.1 1.8 0.00
JII/A (15-30cm) 5.0 3.9 <0.02 0.32 0.9 1.5 0.00
III/H/ {0-15¢m) 5.3 42 <0.02 0.33 2.0 3.4 0.00
HI/H (15-30cm) 5.3 3.9 <0.02 0.27 1.0 1.7 0.00

SCHACHTSCHABEL, 1992). Since within the transects the
natural conditions (climate, soil type, relief) for the three
sites are the same, changes of Corg reflect the effects of va-
rious agricultural management practices on the amount of
soil organic matter, as shown in table 9. The C ore CONTENT
in the reference soil I/R indicates the natural balance of soil
organic matter under undisturbed grassland. The arable
soils I/A and I/H, showed a decrease of about 50% of C ot
as a consequence of intensive landuse, application of artifi
cial fertilizers and field clearing.

Although the Austrian arable soil II/A was cultivated till
1989 as orchard, 5 years of intensive single-crop farming
(maize) caused a decrease of C__ from 100 % (= II/R) to
42 % (1I/A). The more favourailc values of C__, in the
adjacent Hungarian arable soil (II'H, 79% of the refe-
rence) may result from the nourishing effects of crop rota-
tion and from the cultivated crops. Also in transect III the
influence of agricultural landuse on the soil organic mat-
ter is evident. Within 10 years the decreasein C | . of ITI/A
amounts to 58 % as compared with the reference. Corre-
lation analysis of C__, with microbiological and soil struc-
tural parameters of the investigated soils show a positive
correlation with the microbial biomass C_; (r=0.76, P
= 0.01) and with the soil aggregate stability (r = 0.6, P =
0.01).
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Effective cation exchange capacity (CEC,g) and exchangeable
cations

Due to the variable charges of particular soil components,
the CEC mainly depends on the soil pH. The CEC deter-
mined in the neutral range (pH 7-7.5) of the soil solution
represents the potential CEC (CECPM). The CEC deter-
mined at a given soil pH indicates the actual capacity of the
soil and is called effective CEC (CEC_p).

The CEC, 4 and the amount of exchangeable cations of
the investigated soils are shown in table 10. The cation sa-
turation in % of the CEC 4 and the base saturation are
quoted on table 11. The data show that soils have weak
acidic characteristics, nevertheless, the exchangeable Fe,
Mn and Al contents are neglectable. All soils have sufficient
amounts of exchangeable Mg, Ca and little Na. Al in
exchangeable form occurs in transect III under forest and
arable field.

Comparing the soils of transect I, the Hungarian arable
soil I/H (rape) showed the highest and the Austrian arable
so0il I/A (peas) the lowest CEC g, in agreement with pH and
Cyyg content. Ca-saturation predominared 76 to 87 %. The
base saturation was very high (99%). Fe and Al are not
exchangeable at this range of soil pH. A comparison of
CEC,g; between reference and both arable soils in transect
Il showed, again, a clear correlation with pH and Corg, with
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Table 10:  CEC,gand exchangeable cations of the investigated soils

Tabelle 10: Effekeive Kationenaustauschkapazitit und austauschbare Kationen in den untersuchten Boden

Transect CEC g Ca Mg K Na Fe Al Mn
megq/kg meq/kg

5r1§/nigc_tllscm) 202.1 162.3 30.3 4.4 0.1 0.00 0.0 4.6
I/R/ (15-30cm) 227.3 194.1 30.0 3.1 2.7 0.00 0.0 2.6
I/A (0~15¢cm) 157.0 120.6 26.3 3.9 2.2 0.00 0.0 4.1
1/A (15-30cm) 165.5 126.3 26.4 44 2.6 0.00 0.0 5.8
1/H/ (0-15¢cm) 227.5 198.1 222 3.8 2.0 0.00 0.0 1.3
1/H (15-30cm) 220.5 189.8 22.7 4.4 1.6 0.00 0.0 1.9
Transect 11

1/R/ (0-15¢m) 246.5 193.0 47.0 23 2.0 0.00 0.0 2.2
I/R/ (15-30cm) 188.1 145.6 36.1 2.0 23 0.00 0.0 2.2
1I/A (0-15¢cm) 213.8 164.6 42.3 2.3 2.6 0.00 0.0 2.0
1I/A (15-30cm) 2111 162.4 41.9 2.3 2.3 0.00 0.0 2.1
1I/H/ (0-15¢cm) 206.2 164.1 33.7 34 2.1 0.00 0.0 2.9
II/H (15-30cm) 208.5 166.4 33.7 2.5 2.2 0.02 1.7 3.5
Transect 111

HI/R/ (0—15¢cm) 134.9 99.3 234 4.5 1.7 0.04 12.6 4.6
IY/R/ (15-30cm) 104.0 75.3 17.2 24 1.8 0.02 34.1 3.5
1I/A (0~15¢m) 76.0 49.2 10.3 6.0 2.5 0.02 44.0 3.0
11I/A (15-30cm) 80.7 59.3 10.9 6.3 1.7 0.00 0.0 2.7
HI/H/ (0-15¢cm) 169.3 133.3 25.9 3.4 1.4 0.13 11.0 4.0
17H (15-30cm) 144.7 11.4 24.4 2.6 1.6 0.02 21.2 2.4

Table 11:  Base saturarion and saturation of exchangeable cations in % of the CEC, ¢ in the investigated soils
Tabelle 11: Basensicrigung und Sértigung an austauschbaren Karionen der untersuchten Béden in % der effektiven Kationenaustauschkapazitie

Transect CEC ¢ Base Ca Mg K Na Fe Al Mn
% saturat, Y% % % % % % %
Transect 1
I/R/ (0~15cm) 100 97.5 80.3 15.0 2.2 0.0 0.0 0.0 2.3
I/R/ (15-30cm) 100 98.9 85.4 11.0 1.4 1.1 0.0 0.0 1.1
1/A (0-15cm) 100 97.4 76.8 16.7 2.5 1.4 0.0 0.0 2.6
1/A (15-30cm) 100 96.5 76.3 16.0 2.6 1.6 0.0 0.0 3.5
1/H/ (0-15cm) 100 99.4 87.1 9.8 1.6 0.9 0.0 0.0 0.6
I/H (15-30cm) 100 99.1 86.1 10.3 2.0 0.7 0.0 0.0 0.9
Transect II
H/R/ (0-15¢cm) 100 99.1 78.3 19.1 0.9 0.8 0.0 0.0 0.9
/RS (15-30ecm) | 100 98.8 77.4 19.2 1.0 1.2 0.0 0.0 1.2
II/A (0-15cm) 100 99.1 77.0 19.8 1.1 1.2 0.0 0.0 0.9
/A (15~30cm) 100 99.0 77.0 19.9 1.1 1.1 0.0 0.0 1.0
H/H/ (0-15cm) 100 98.6 79.6 16.4 1.6 1.0 0.0 0.0 1.4
1/H (15-30cm) 100 98.2 79.8 16.1 1.2 1.1 0.0 0.8 1.7
Transect I
HI/R/ (0-15¢cm) 100 95.5 73.6 17.4 3.3 1.2 0.0 9.3 3.4
HI/R/ (15~30cm) 100 93.0 72.5 16.5 23 1.7 0.0 32.8 33
/A (0-15cm) 100 89.5 64.8 13.6 7.9 3.3 0.0 57.9 4.0
II/A (15-30cm) 100 96.7 73.4 13.5 7.7 2.1 0.0 0.0 3.3
1I/H/ (0-15¢cm) 100 96.8 78.7 15.3 2.0 0.8 0.1 6.5 2.4
II/H (15-30cm) 100 96.7 77.0 16.8 1.8 1.1 0.0 14.6 1.6

strong decrease in the arable soils. In transect III the refe-
rence forest soil (I1I/H) showed the highest CEC,g resul-
ting from the high clay (35%) and C ore CONtent. The base
saturation was high. The occurance of Ige, Al and increased
Mn values are due to the lower pH values of these soils.

Nitrogen, phosphorus and potassium

The inorganic form of nitrogen (N_; ) constiturtes a very
small fraction (2-5 %) of the total nitrogen (N). The
N forms, however, are available to plants. NH,* and
NO;" are the main N, -compounds. The available nitro-
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gen in soils undergoes a dynamic cycle. Plant uptake,
microbial assimilation, volatilization and leaching easily
alter the level of available soil nitrogen. Hence, periodic
determination would be necessary to obtain information
on the levels and fluctuations of available nitrogen in the
soil. The major part of the nitrogen in the soil forms a
compound of the soil organic matter. The N ig-content
can be related to the C org-cOntENt and its concentratlon
depends on climate, rehef, vegetation and cultivation
practices. The quantities of the different nitrogen com-
pounds are listed in table 12.

The different N_. -concentrations in the arable soils
originate from different fertilization practices as well as
from microbial mineralisation of organic nitrogen com-
pounds. The microbiological activity is governed by the cli-
mate, vegetation and soil properties and naturally shows
seasonal fluctuations. Thus, the amount of N, also alter-
ates during ayear, The N, -concentrations of the reference
plots reflected the natural level under meadow. In the upper
horizon, where microbiological activity is concentrated, the
NH," concentration was higher as compared to the layer
15-30 cm. The NO;" content of the upper layer was very
low, resulting from root-uptake, denitrification and lea-
ching. With regard to N, the concentrations of the refer-
ence soils and the forest soxl (ITII/H) indicate the Norg
tent under natural conditions and their magnitudes are

Table 12:
Tabelle 12:  Srickstofffrakrionen (NH,*, NO;, N,

almost twice as high as found in the arable soils. The loss of

in soils under agricultural management is evident and
cani)e closely related to the loss of C, . Regarding the ver-
tical N distribution in the soil, a decrease of N org by
almost the half in the deeper horizons of the reference and
forest soils is obvious, whereas in the arable soils the differ-
ences become indistinct due to plowing.

The amounts of plant available P (P,Os) in the investi-
gated soils are listed in table 12. The data showed how the
P-content in the soil depends on the fertilization practices.
In all arable soils (I/A, I/H, II/A, II/H, 111/A) the increased
P concentrations can be attributed to fertilizers, whereas the
amount of phosphorus in the reference soils (I/R, II/R,
III/R) and in the forest soil (III/H) indicates the P-supply
under natural conditions. The P (AL)-content of the differ-
ent soils are classified according to the guidelines of the
BMFL (1999), in which the limiting P concentration in
arable soils (0~15 cm) is specified with 60 mg P,Os per kg
fine earth. All arable soils (I/A, 1/H, Il/A, II/H and III/A)
were sufficiently supplied with P due to fertilization.

Table 12 shows the amount of plant available potassium
(K,0). As the results show, the K-content in the soil
depends mainly on the fertilization practices. Particularly in
transect II the Austrian soil was sufficiently supplied with
K, whereas the Hungarian soil was low in K-supply.

Nitrogen fractions (NH,*, NO,- N, N)) and plant available P,0q and K,O of the investigated soils
- N)) und planzenverfiigbares P,O5 und K,O in den untersuchten Béden

Transect NH* NO.~ Norg N, P,Os K,0
mglkg m /ﬁ mg/ke mg/kg mglkg mg/ kg

Transect I

I/R/ (0-15cm) 17.2 6.9 2389 2413 34 246
R/ (15-30cm) 6.9 10.3 1596 1613 10 196
/A (0-15¢m) 20.6 10.3 1381 1412 69 241
I/A (15-30cm) 13.7 3.4 1441 1469 69 241
1/H! (0-15cm) 6.9 3.4 1333 1344 139 221
U/H (15-30cm) 10.3 13.7 1346 1370 174 250
Transect II

I/R/ (0-15¢m) 13.7 3.4 2534 2551 26 133
[/R/ (15-30¢cm) 0.0 0.0 1198 1198 11 101
11/A (0-15¢m) 10.3 13.7 1296 1320 145 322
I/A (15-30cm) 10.3 10.3 1983 2004 25 125
1I/H/ (0-15cm) 13.7 6.9 2166 2186 115 175
II/H (15-30cm) 20.6 13.7 2040 2074 87 139
Transect T

/RS (0~15¢cm) 24.0 6.9 2744 2775 27 263
HI/R/ (15-30cm) 13.7 3.4 1309 1326 11 158
1II/A (0-15cm) 10.3 13.7 1276 1300 139 294
III/A (15-30cm) 13.7 3.4 1169 1186 131 300
III/H/ (0-15cm) 20.6 13.7 2037 2071 29 206
II/H (15-30cm) 17.2 3.4 1150 1180 1 157
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Heavy metals
To evaluate the environmental hazards of heavy metals, the
so-called “background concentrations” has to be known.
The “Tron Curtain” region can serve as a control area for
that, because in the past 40—50 years the only source of pol-
lution by heavy metals in the strict border zone was airborne
pollution. The results of the aqua regia-fraction give infor-
mation about the “total” concentration or the “potential
hazard” of heavy metals in soils. The amounts found in the
investigated soils are listed in table 13.

By comparing the values of the aqua regia fraction (table
13) with the Eikmann/Kloke-limits (EIKMANN and KLOKE,
1993) for arable soils and also compared to the background
concentrations of the reference, it could be stated that the As,
Co, Cr, Cu, Ni, Sr, and Zn contents of the arable soils were
above the “background” concentrations of the reference, but
still far below the Eikmann/Kloke-limits. Especially in Hun-
gary the As, Co, Cr, Cu, Ni, Sr and Zn concentrations were
enhanced due to the application of fertilizers (Kola-phospate)
containing As and Sr as by-minerals and to alloyers, which
were used in agricultural machines having an attrition (Cr,
Ni, Co, Cu). The concentrations of these elements in the
Austrian fields were near the “background” concentrations of
the reference soils and referred to the geochemistry of the
region. Despite of the lower dosage of P-fertilizers in Austria,
the Cd concentration was higher in the Austrian soils than in
the Hungarian rape fields. The reason for this was addressed

Table 13:

to the higher amount of Cd in the P-fertilizers used in Aus-
tria. The highest concentrations of Cd are found in the fo-
rest and reference, where the original amount of Cd has
remained in the soil due to the absence of plant uptake by the
crop (no loss of elements by agricultural products).

3.5 Microbiological data

The microbial activity and biomass fluctuate during a year
and change with the successional status of the ecosystem
(INsaM, 1990). The amount of the microbial biomass is also
influenced by anthropogenical impacts such as agricultural
management practices (ANDERSON and DOMSCH, 1989),
application of contaminated sewage sludge and atmospheric
immissions (particularly near industrial areas). By comparing
soils which had developed under identical environmental
conditions but under different cultivation the performance of
the soil organisms can be related to the cultivation practices.

Microbial biomass nitrogen (N,,.)

Soil microbial biomass usually comprises about 3 % of the
soil organic matter. N_. represents a biomass parameter
and fluctuations in N, reflect environmental impacts on
the soil populations (e.g. acid rain, contaminations with
heavy metals and pesticides treatments). The N, pools of
the investigated soils are shown in table 14.

Heavy meral contents (mg/kg ) of the investigated soils in the aqua regia-extract

Tabelle 13: Schwermerallgehalte der untersuchten Béden im Kénigswasser-Extrake

Transect ] As ‘ Co [ Pb Cu J Zn Cr Ni Sr Cd
Transect I
1/R/ (0~15cm) 12.1 11.5 20.3 16.4 77.6 25.9 28.4 10.2 0.46
I/R/ (15-30cm) 11.4 12.2 19.9 15.4 57.1 26.9 29.3 9.1 0.43
I/A (0-15cm) 10.1 13.0 17.2 18.6 61.6 28.1 25.9 9.2 0.37
I/A (15-30cm) 12.7 13.0 20.1 16.2 61.8 28.5 27.3 10.0 0.43
I/H/ (0~15cm) 12.4 13.5 16.9 16.4 66.2 30.4 29.4 20.6 0.38
I/H (15-30cm) 11.7 13.5 17.4 17.4 67.2 29.5 29.4 20.6 0.23
Transect I1
II/R/ (0—15cm) 11.0 10.1 19.2 17.9 76.2 229 25.9 16.1 0.52
II/R/ (15-30cm) 10.7 10.0 13.9 16.1 62.9 23.3 25.0 15.7 0.44
II/A (0-15cm) 13.2 10.0 19.5 13.4 51.7 23.2 19.5 7.2 0.33
II/A (15-30cm) 13.3 12.2 17.5 27.6 83.2 29.8 26.7 17.9 0.47
11/H/ (0—15cm) 14.1 12.2 17.8 19.8 85.6 272 27.1 229 0.28
II/H (15-30cm) 13.8 11.8 174 20.3 84.8 29.5 26.9 22.4 0.44
Transect I1I
III/R/ (0—-15¢cm) 7.8 9.1 20.5 13.8 58.6 19.8 21.3 7.4 0.51
III/R/ (15-30cm) 8.4 9.5 16.8 12.1 49.2 18.7 21.8 6.4 0.37
I1I/A (0—15cm) 7.2 9.3 16.3 9.5 49.5 17.8 19.6 7.0 0.38
III/A (15-30cm) 8.2 10.1 17.0 10.2 53.7 21.1 19.0 7.0 0.26
III/H/ (0-15¢cm) 11.3 11.4 16.6 16.4 64.0 27.1 26.9 8.8 0.38
I1I/H (15-30cm) 11.7 10.3 16.6 437 61.1 24.1 26.3 7.5 0.42
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Table 14:  Microbial biomass-N (N .), substrate-induced-respira-
tion-rate (SIR), microbial biomass-C (C_;.) and basal res-

piration rare (BR) in the investigared soils

Tabelle 14:  Mikrobieller Biomasse-N (N_, ), Substrac-Induzierte-Res-
pirations-Rate (SIR), mikrobieller Biomasse-C Co c) und
Basal Respirations Rate (BR) in den untersuchten Béden
Site N SIR i BR
mg/ mgCO,/ | mgCO,/ pgCO,/
kg dry mass | 100g soilx h | 100g soil |g dry massx h
Transect [
Reference 2.6 2.79 57.22 7.8
Austria 6.8 1.80 37.10 2.6
Hungary 27.2 2.92 47.10 1.6
Transect 11
Reference 18.6 5.74 117.28 8.4
Austria 25.7 2.40 49.32 4.3
Hungary 26.1 3.52 72.11 7.3
Transect 11
Reference 40.3 2.97 60.99 7.8
Austria 23.3 1.41 23.62 2.7
Hungary 50.8 2.41 49.42 6.5

After a multiple range test a significant difference between
the reference and the arable soils could be determined only
for transect III, in which the reference and forest soil
showed twice as high N . contents as the arablé soil.

Substrate induced respiration rate (SIR), and microbial bio-
mass carbon (C ;)
The substrate induced respiration (SIR) method is a physio-
logically-based method. The rate of respiration (= CO,-
production) by the microbial population is measured fol-
lowing the addition of substrate to the soil, but before po-
pulation growth occurs. The data obrtained reflect the
potential activity of the microbial population, but are also
used to estimate microbial biomass. The results are listed in
table 14. The SIR correlated positively with the C org €O
tent (r = 0.76, P = 0.02), with the water content (r = 0.7, P
= 0.04) and with N_ (r = 0.85, P = 0.004). The respiration
rate was negatively correlated with the bulk density (r = -
0.55). No positive relation could be found with the clay
content, in contrast to VAN VEEN et al., (1985), nor to the
CEC,g in contrast to KAISER et al. (1992) and to the pH.
The SIR rates were positively correlated with other micro-
bial parameters such as the basal respiration (r = 0.87, P =
0.002), the DRA (r=0.9, P = 0.001) and the ergosterol con-
tent (r = 0.79, P = 0.01). A definite correlation with N_;_
could only be found in transect III (r = 0.76, P = 0.05).
Differences between the SIR rates and the C_;_dara of the
arable soils and those of the reference soils were significant.
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A significant difference could also be determined between
the Austrian and Hungarian fields for these parameters. The
low values of the Austrian soils reflected their low C_ con-
tents, whereas in the Hungarian soils the SIR rates and the
C,rg CORtents were higher.

Basal respiration

The basal respiration, resulting from decomposition of
organic matter, indicates the C-mineralisation rate of the
soil and is defined as CO,-release by the indigenous micro-
bial pool such as bacteria, fungi, algae and protozoa
(ANDERSON and DOMSCH, 1989). Under undisturbed con-
ditions the ecological balance between soil organisms and
their activity is stabilized. Thus the basal respiration repre-
sents the metabolic status of the soil microbial population
and is affected by environmental impacts. The basal respi-
ration rates of the investigated soils, which strongly corre-
lated to C_, are shown in table 14. The basal respiration
was positively correlated to the SIR (r = 0.87, P = 0.002), to
DRA (r=0.83, P = 0.005), to the Corg content (r= 0.78, P
= 0.01) and to the N_ content in the soil (r = 0.82, P =
0.007).

Dimethylsulfoxid-reductase-activity (DRA)

The system dimethylsulfoxide (DMSO) and dimethylsul-
fide (DMS) plays an important part in the global sulfur
cycle, especially berween aquatic and terrestrial ecosystems.
DMS is chiefly produced by algae and is highly volatile. In
the atmosphere DMS is oxidized to DMSO and gets via
precipitation to aquaric and terrestrial systems. The reduc-
tion of dimethylsulfoxid (DMSO) to dimethylsulfid
(DMS) is a widely occuring metabolic process and takes
place in microorganisms, higher plants and animals. As

-reported by ALEF and KLEINER (1989), among 114 strains

of soil microorganisms only 5 strains are not capable of
reducing DMSO to DMS. Thus by the DMSO-reduction-
method the total microbial acitivity in the soil can be
described. The DRA data of the investigated soils are listed
in table 15.

The results can be related to other microbiological data.
The DRA is positively correlated with the basal respiration
rate (r= 0.8, P=0.005) and with the SIR (r= 0.9, P = 0.001).
A positive relation to N, was found in transect III (r =
0.84, P = 0.05). A strong positive relation could be found
with the Corg content (r = 0.84, P = 0.005), N (r= 0.8, P
= 0.01) and the water content (r = 0.87, P = 0.002). The
DRA in the arable soils could be significantly distinguished
from the reference and forest soils (significance level =
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Dimethylsulfoxid-reducrase-activity (DRA), total ergosu?rol
contents and ergosterol/C,; -ratio in the investigated soils
Tabelle 15: Dimethylsulfoxid-Redukrase-Akrivitit (DRA), Ergosterol
Gesamuigehalte und Ergosterol/C,; -Verhilenis in den
untersuchten Béden

Table 15:

Site DRA Ergosterol | Ergosterol/C ;.
ng DMS/gsoil xh | pg/g soil mg/g
Transect 1
Reference 1578 4.77 0.83
Austria 2394 1.98 0.35
Hungary 1885 1.53 0.33
Transect IT
Reference 609 5.16 0.44
Austria 1083 1.98 0.27
Hungary 663 6.32 0.88
Transect 1
Reference 700 499 0.82
Austria 1670 1.40 0.59
Hungary 1703 6.69 1.35

0.05), where activities were about twice as high as in the
arable soils, resulting from the higher C and N, contents
and from the more favourable moisture conditions.

Ergosterol

Ergosterol is used to characterize the fungal distribution in
the soil, as ergosterol constitutes the most important sterin
of the fungal membrans. The ergosterol/C_,  ratio repre-
sents a relative measure for the mycological contribution to
the soil microflora. The magnitude of fungal biomass to the
total microbial biomass depends on specific soil properties.
Fungi predominate at a soil pH below 6 and are more to-
lerant to heavy metals as compared with bacteria. The
ergosterol contents found in the investigated soils are listed
in table 15. As the quantity of extracted ergosterol depends
on the amount of the microbial biomass, the ergosterol con-
tents were related to C_,_(table 15).

The ergosterol contents of the investigated soils could be
related to other microbiological parameters suchasto C_;_
(r=10.7, P = 0.04), to the basal respiration (r = 0.65, P =
0.05) and to DRA (r = 0.8, P = 0.01). There was also a po-
sitive relation to the C_, content (r = 0.66, P = 0.05), to the
water content (r = 0.72, P = 0.03) and to the amount of N,
(r=0.69, P = 0.04).

- Significant differences between the ergosterol/ C e tatio
of the arable soils and that of the reference soils could be
found in transect I and III; whereas in transect I1 this ratio
was highest in the Hungarian soil. The differences between
the reference and arable soils result from the input of dif-
ferent ligneous substrates and from different fertilizing
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practices, influencing the pH. High ergosterol concentra-
tion were particularly found in the forest soil of Hungary
(III/R).

Eco-physiological parameters

The physiological status of the microorganisms is deter-
mined by the nutrient-conditions as well as by factors like
soil type, climate and environmental impacts. The ¢CO,
and C_, /C org ratio are two parameters, which can be
employed to characterize the physiological status of the
microbial communities.

Metabolic quotient gCO,, C,,/C,, ratio

The metabolic quotient gCO,, representing the ratio
between the basal respiration and microbial biomass-C, is
an eco-physiological parameter and describes the C-
turnover. The gCO, is the amount of CO,-C respired per
unit C_._ in a non-amended soil. The more efficiently the
soil microorganisms function, the less C is lost via respira-
tion. This fact plays an important part in the soil C budget
(INsaM, 1990). The effect of environmental influences or
particularly that of different cropping systems on the micro-
bial pool may be reflected in such gCO,. The 4CO, calcu-
lated for the investigated soils are listed in table 16.

Table 16:  Merabolic quotient (9CO,) and C ;, /C org ratio in the inves-
tigaced soils
Tabelle 16: Metabolischer Quotient {(4CO,) und Cm;C/CDYg-Verhiltnis

in den untersuchten Béden

Sice 9C02 Cmic/Cor
mg CO,-C/mg C_. xh 10° mgC . /gC_ .
Transect I
Reference 1.31 84.20
Austria 1.92 37.86
Hungary 0.72 61.43
Transect I1
Reference 1.93 54,42
Austria 2.38 54.40
Hungary 2.76 41.91
Transect 111
Reference 3.47 23,76
Austria 2.52 27.10
Hungary 3.55 25.05
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Several works (ANDERSON and DOMSCH, 1990; INsAM et al.,
1989) reported that the 4CO, can be correlated with the
number of years the plots were under continuous manage-
ment. The younger the plots were with respect to a particu-
lar management, the higher was the observed 4CO,. Typi-
cally, a high 4CO, is found in arable soils with recent input
of easily degradable substrates. This tendency was confirmed
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fortransect I and II. Such substrates induce a microflora com-
posed of mainly r-strategy ecotypes, which usually respire
more CO, per unit degradable C than K-strategists. K-
strategists are prevailing in soils that currently have not
received fresh organic matter and have evolved 2 more com-
plex detritus foodweb (INSAM, 1990). According to ANDER-
SON and DOMSCH (1990), there is no influence of fertilizers,
previous crop cover, soil type, and % clay on the 4CO,.

In contrast to transect I and II, the reference and forest
soils in transect III showed very high 4CO, resulting from
moister conditions and accelerated decomposition of
organic material. The high input of easily degradable plant
litter and the lower pH in the forest and reference soil also
contributed to the high 4CO,. The contribution of C_;_to
the amount of Corg in the soil is expressed as the C; / Corg
ratio (mg C_, /g Corg) TheC ./ Corg atio is influenced by
climatic conditions, in particular, precipitation and evapo-
ration (INSAM et al., 1989), substrate quantity and quality
(HERMANN et al,, 1977), agricultural practices such as
tillage, cropping sequences, manuring or residue incorpo-
ration (CARTER and RENNIE, 1982; JumA and McGILL,
1986; DORAN, 1987). Crop rotations usually exhibit 2
higher C_. /C . ratio than monocultures do. Some inves-
tigations (ANDERSON and DOMSCH, 1986; ANDERSON and
DoMSCH, 1989) have shown that soils under permanent
monoculture have significantly lower amounts of C_;_ per
unit C__ (23 mg C_. /g C_ ) than soils under continuous
crop rotations (29mgC_, C/g Corg): As the climatic condi-
tions for the investigated fields ate the same the cffect of
agricultural practices on the Cic/ Corg ratio could be eva-
luated. The lec/C ratio of the investigated soils are list-
ed in table 16. In contrast to INSAM (1990), a high positive
correlation between the C_, /C_  ratio and the pH of the
investigated soils could be reported (r = 0.87, P = 0.002).
Moreover, in contrast to WOLTERS and JOERGENSEN
(1992), a positive relationship could be established to the
amount of exchangeable Ca (r = 0.75, P = 0.02) and to the

cation exchange capacity (r=0.73, P = 0.02).

Transect I

Compared to the reference soil I/R, indicating the natural
Ci/C, g TALI0 under pasture, the arable soils show a signifi-
cant lowcr ratio resulting from the high input of easily
degradable organic matter and hence from the enhanced
mobility of organic C. Moreover, the protection of organic
matter in aggregates by mineral particles against microbio-
logical decomposition is much lower in arable soils than in

undisturbed soils. As other investigations showed, the
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increased Crnic/ Corg ratio of I/H can be due to the high

CaCOj,-content and thus higher pH-value compared to I/A.

Transect 11

As compared to the adjacent reference soil, the arable soils
show similar C__ of Copg ratios. The reason for the relatively
high ratio can be found in the low C org COntent of the Ap
horizon and the overproportionally high C_. . The yield,
maintained by fertilization, is supporting C . by C supply
and making it overproportional when compared with C ot

Transect 11T
Thelow C_, /C__ ratios in the arable, forest and reference
soil result from the low pH of these soils. In these soils aci-
dity influence the C ; -to-C  fatio, allowing decomposi-
tion only by microorganisms adapted to acid conditions.

3.6 Zoological data

Earthworms

Earthworms generally prefer soils with nearly neutral pH
values and there are few earthworms in acid soils. Earth-
worms are found in higher abundance in pasture soils than
in arable and bare fallow soils, reflecting differences in
organic matter input, but in general, their distribution
within the soil depends on the soil type, pH, temperature
and drought. The previous long dry period before sam-
pling, interrupted only by short rainfalls, did not influence
the activity of the earthworms, but as previous studies show
(Z1csy, 1967), the earthworms got decimated. At the time
of sampling the soil was still very dry in a depth of 20-30
cm, especially in transect IIL

The species, abundancy and biomass of the earthworms
found in the investigated soils are listet in table 17.

9 different species were found in the investigated soils. 5
of them, A. caliginosa, A. rosea, A. chlorotica, O. lacteum and
P, tuberculatus are mineral species (endogaeic type) and have
optional periods of diapause. They predominantly inhabit
deeper horizons and are not found on the soil surface. A.
caliginosa, A. rosea, A. chloroticaand O. lacteum are peregrin
wide-spread and occur most frequently in arable soils. 4
chloroticaand P tuberculatusindicate good moisture condi-
tions in the soil. L. rubelfus mainly lives in the surface orga-
nic horizon (epigaeic type) and is not typical for the inves-
tigated plots II/R and II/A. This species is generally inhabi-
ting forest soils, thus the investigated biotops may former-
ly have been covered by forest. L. rubellus is a species com-
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Table 17:

Species, abundancy, diversity and biomass of earthworms in the investigated soils

Tabelle 17: Spezies, Abundanz, Diversicit und Biomasse von Regenwiirmern in den untersuchten Boden

Species Transect | Transect 11 Transect I11

: I/R A I/H 1I/R 1I/A 1I/H 1I/R 1I/A 11I/H
Allolobofora caliginosa 40 14 64 10 10 2 0 0 0
Allolobofora chlorotica 0 0 2 0 0 0 0 0
Allolobofora rosea 12 38 66 2 4 6 2 2 0
Firzingeria pl. Platyura 0 0 0 8 12 0 0 4 2
Firzingeria pl. Depressa 0 0 0 2 0 0 6 0 0
Lumbricus polyphemus 0 0 0 0 2 2 2 0 2
Lumbricus rubellus 0 0 0 2 6 0 0 0 0
Lumbricus sp. Juv. 2 0 2 0 0 0 0 0 0
Octolasium lacteum 2 0 4 2 14 2 8 0 4
Proctodrilus tuberculatus 0 18 46 0 4 2 0 0 0
Abundancy (I/m?) 56 70 184 26 52 14 18 6 8
Diversity 0.81 L.15 1.26 1.52 1.78 1.47 1.22 0.64 1.39
Biomass (g/m?) 25.1 27.9 58.1 29.6 43.0 17.4 17.2 4.5 9.2

mon on the whole European continent. L. polyphemus, E p.
platyura and E p. depressa are subsurface species (anecic
type), burrow deep holes into the ground and consume
plant litter. They represent typical species in lessivated soils
of Querco-Carpinetum-associations and their propagation is
restricted to Central Europe.

A distinct difference of the abundance between the re-
ference and the adjacent arable soil could be determined
only for transect IIl. The differences were based on small
figures of individuals and so not very significant, although
experiences showed, that the abundance of earthworms in
undisturbed biotops (e.g. pasture) is increased compared
to that in arable soils (Zics], 1967). It seemes possible that
the reference soils were not thoroughly wetted by rain
before sampling and thus the earthworms still inhabited
the deeper horizons and were not seized with the method
applied. Regarding the homogenity within transect I the
abundance of the reference could be significantly distin-
guished from the adjacent arable soils. At the time of sam-
pling the arable soils were plowed and covered with a win-
ter crop. The species found in these soils indicated a good
water supply. Within transect II and transect III a signifi-
cant difference could be determined between II/R and
I1/H and between III/R and III/A. The earthworm popu-
lations were influenced by the cultivation practices and by
the vegetation form (Robinia pseudoakacia). The factors,
which show stronger impacts on the worm populations
could only be determined by further long-term investiga-
tions.
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4. Conclusions

In Austria and Hungary soil management practices have
been different in the last 50 years. Different types and
dosages of fertilizers were used and the size of agricultural
fields also differed. Large plots, high inputs of mineral fer-
tilizers, intensive tillage activities were characteristic for
Hungary. In Austria small scale farming was performed,
especially in the neighbourhood of the border. The aim of
the study was, how these differences were reflected in soil
mineralogical, physical and especially micromorphological
characteristics analyzed in the two countries and how these
would differ from a non agriculturally utilized reference site.

The mineralogical results indicated that under undis-
turbed conditions in the reference zone a higher weathering
of illite and formation of smectite occured than in the cul-
tivated Austrian and Hungarian sites. This showed also
some influence on the genesis of the microstructure, lea-
ding to a more angular structured type in the tilled areas
and to a more crumby structured type in the reference pro-
file. By comparing the mineral contents of the Austrian,
Hungarian and reference soils it can be presumed that in
Hungary more intensive and deeper tillage practices were
used.

The negative effects of cultivation were reflected in an
higher bulk density and a decrease of total porosity. A ge-
neral decrease of aggregate stability with soil depth could be
observed at the reference sites (R), this is normally due to dif-
ferences in root density and microbiological activity. Aggre-
gate stability decreased in Austrian and Hungarian soils as a
consequence of tilling , lower organic carbon content, most-
ly uncovered soil surface and microbiological activity. The
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