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Abstract The purpose of this paper was to
characterisc soil structure from the point of view of its
acration properties and to verify applicability of some
methods for the determination of different properties related
to acration. The studies were performed on 15 representa-
tive soil samples from Austria, Czech Republic, Hungary,
Poland and Slovakia. The paper presents results of measu-
rements of different soil acration propertics such as oxygen
diffusion ratc (ODR), redox potential (£h), relative gas
diffusion coefficient (D/D,), air permeability (k), air-filled
porosity (£g) and activity of soil dehydrogenasc and cata-
lasc. All the acration parameters such as D/D,, ODR, k werc
correlated with soil water content, air-filled porosity, bulk
density and particle density. In most cascs the acration
indicators themselves were also intercorrelated. The acti-
vity of both studicd cnzymes was correlated with some of
the acration parameters. Threshold values of soil physical
conditions providing satisfactory acration status in particu-
lar soil profiles were determined.

K¢y words:soil acration, air-filled porosity, ODR,
Eh, DID,, air permcability, dehydrogenasc activity, catalase
activity, Central Europc soils

INTRODUCTION

Soil aeration status is an effect of equili-
brium between biological processes of oxygen
uptake combined with carbon dioxide produc-
tion in soil environment and physical processes
of gas transport between soil and atmosphere.
Gas transport depends directly on the diffusion
coefficient in the soil which is determined by
the amount, tortousity and continuity of the air
-filled pores, i.e., by water content and physical

arrangement of soil particles, and, indirectly, by
all the modifying factors (compaction, crusting,
tillage, irrigation, drainage etc.). Soil oxygena-
tion status which is closely related to soil redox
transformations, plays a fundamental role in the
functioning of plant and microorganisms, and
influences type of respiration and kind of po-
pulation of microorganisms.

Fluctuations in the enzyme activity could
be influenced by the type and density of the
vegetation cover, climate and soil type, and de-
pend on the state in which the enzyme is present
inthe soil, i.e., either as an extracellular enzyme
in the soil solution, associated with microorga-
nisms, or sorbed to colloidal particles [6,7]. De-
hydrogenases carry out a broad range of activi-
ties that are responsible for oxidation, i.e., dehy-
drogenation of organic matter. They give infor-
mation on the influence of natural environmen-
tal conditions and xenobiotics on enzyme acti-
vities [24].

Catalases decompose hydrogen peroxide,
formed as a by-product during respiration, to
water and oxygen. These enzymes play an im-
portant role for microorganisms, protecting
their cells from toxic H,O, [20].

Recently observed changes in climate with
an increase of temperature and the lowering of
ground water level led to proposal of a joint
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project to investigate structures of some se-
lected soil profiles in Central Europe [4,10].
The project was supported by the Austrian
Federal Ministry of Sciences, Research and Art.
Samples were chosen to represent a wide range
of chemical and physical soil properties and
different types of soil utilisation and cultivation.

The purpose of this paper was to characte-
rise the structure of 15 representative soil sam-
ples from Central Europe from the point of view
of their aeration properties such as oxygen dif-
fusionrate (ODR), redox potential (Eh), relative
gas diffusion coefficient (D/D,), air permea-
bility (k), air-filled porosity (Eg) and activity of
soil dehydrogenases and catalases and to deter-
mine correlations between these properties and
soil physical parameters such as: water content,
bulk density (d) and particle density (y).

MATERIALS AND METHODS

Soils

The soils examined came from 15 sites
representing typical regions of:

Austria - two profiles typical for the agri-
cultural production of Lower Austria (Wie-
selburg - Cambisol under corn and Fuchsenbigl
- Phaeozem under wheat) [10,23,31].

Czech Republic - cultivated Arenic Cherno-
zem from Central Bohemia (TiSice) [10,23,31].

Hungary - six profiles from the region of
Nagykunsag (Great Kunsag) representing dif-
ferent agricultural practices: Fluvic Gleysol
(Abadszaldk, A-1, A-2) cultivated and unculti-
vated, i.e., under natural grassland, Vertic Gley-
sol (Kisujszallas, K-1, K-2) under cultivation
with deep loosening and without deep loose-
ning, Orthic Solonetz (Karcagpuszta, P-1, P-2)
uncultivated and cultivated with gypsum ame-
lioration [10,22,23].

Poland - three profiles (from Naleczow
Plateau) of Orthic Luvisol representing various
types of utilisation: under forest (Forest), pri-
vate farming (Farm) and state farming (Exp) [9,
10,23,31,32].

Slovakia - three profiles from the South
-West Slovakia: Calcaro-haplic Phaeozem

(Macov 1), Fluvi-calcaric Phaeozem (Macov 2)
and Calcaro-gleyic Phaeozem (Zemianska Ol-
¢a) [10, 23].

Basic soil properties are presented in
Table 1. A full description and characteristics
have been published by Glinski [10].

Measurement methods

Undisturbed soil samples in 100 cm’ brass
cylinders were collected in late autumn of 1991
and transported to Lublin in January 1992.
Measurements of all the parameters were taken
at four soil water tensions: 0 (capillary satura-
tion), 63, 159 and 500 hPa. Undisturbed soil
cores after capillary saturation were brought to
equilibrium at individual soil water tension le-
vels on kaolin tension plates at room tempera-
ture. Relative gas diffusion coefficient (D/D,)
and air permeability (k) were measured at each
equilibrium (except of Polish profiles at 0 hPa).
After these measurements had been completed,
the cylinders were resaturated and, after sub-
sequent equilibrations on the tension plates,
were used to determine oxygen diffusion rate
(ODR), redox potential (Eh), the content of
Fe*? and the activity of dehydrogenases and
catalases.

The ODR measurement method consists in
determining the intensity of electric current cor-
responding to oxygen reduction on a platinum
cathode placed in the soil and negatively po-
larised in respect to the reference electrode.
ODR values characterise potential oxygen avai-
lability for plant roots. For the ODR measu-
rement, a device described by Malicki and Wal-
czak [19], with an automatic control of the effe-
ctivereduction voltage was used. Four platinum
wire electrodes (0.5 x 4 mm) were placed at a
depth of 2 cm and polarised to -0.65 V versus
saturated calomel electrode, for 4 min. The
principle of the method is described in detail by
Glinski and Stgpniewski [17] and Glinski and
Konstankiewicz [11].

The Eh was measured potentiometrically
using four Pt electrodes of the same type as for
ODR measurements; with a saturated calomel
electrode as a reference electrode, and a laboratory



AERATION PROPERTIES OF SOME CENTRAL EUROPE SOILS 19

pH-meter (Radiometer, Copenhagen). The
electrodes were placed at the 2-cm depth.
The measurements were taken after stabilisa-
tion of the readings [17].

The measurement of D/D, was performed
according to an unsteady - state method of Ste-
pniewski [28] with the sample holder modifi-
cation described by Stgpniewski [27]. Oxygen
was used as a diffusing agent. The method is
also described by Glinski and Konstankiewicz
[11]. In this method the soil core is placed ho-
rizontally. The non-shrinking cores in this de-
vice are held in the cylinder, but the shrinking
cores (if they are stable enough) can also be
installed after their removal from the cylinder.

The measurement of k& was performed at 10
hPa air pressure with a laboratory permeameter
type LPIR-1 produced by the Experimental
Department of Metallurgy in Cracow. The soil
core (in the cylinder) in this device is placed
vertically and the air is blown through it from
the bottom [3,17].

The content of Fe™? was determined in the
extract in 0.05 M H,SO, (2.5 g of the wet soil
plus 25 ml of the sulphuric acid solution, shaken
for 5 min) with the use of ao’-dipyridyl in ace-
tate buffer solution of pH 4.5 [1].

Dehydrogenase activity was measured by
the method of reduction of TTC (2,3,5-triphe-
nyltetrazolium chloride) to formazan during in-
cubation for 20 hat 30 °C, at pH=8.2 according
to procedure of Casida et al. [8].

Catalase activity was measured by manga-
nometric titration of surplus H,O, under acidic
conditions according to the procedure by
Johnson and Temple [18].

Water content, bulk density and particle
density were determined by the methods de-
scribed by Turski et al. [30].

All analytical results were calculated on the
basis of the oven-dry (105 °C) soil mass.

The 15 soil profiles studied were subjected
to preincubation at controlled water content in
the range from full saturation (0 hPa) through 63
and 159 to 500 hPa. The results obtained were
elaborated for the individual soil profiles at 159
hPa (water easy available for plants) and also

for all the horizons of the 15 profiles taken
together at 4 soil water tensions.

The analysis of variance and regression
analysis were used in the statistical processing
of the data. A linear (y=a+bx), exponential
(y=exp(a+bx)) and power law (y=axb) models
were used to express the observed relationships.
Statistical analyses of soil parameters were
done for each soil water tension.

RESULTS AND DISCUSSION

Oxygenation indicators at 159 hPa
water tension

The Eg (Fig. 1) varied widely for the stu-
died soils in the range from almost 0 (P-2) to
0.333m’m™ (Forest). Itis reasonable to assume
an air content of above 0.25 m’m™ to be suffi-
cient for good aeration. In the range of air con-
tents from 0.10 to 0.25 m3m'3, aeration may be
deficient under some conditions while the air
contents below 0.10 m®m™ characterise deci-
dedly deficient aeration [17]. Figure 1 shows Eg
values in all the investigated horizons. Among
the Ap horizons of the studied soils incubated at
159 hPa, only three horizons had values above
0.25m’m™ (Fuchsenbigl, Farm and Forest), six
soils showed Eg values between 0.1 to 0.25 m*m™
(A-1, A-2, TiSice, Macov 1 and 2, Exp) and six
profiles were below 0.1 m>m™. This indicates
that most of the investigated soils displayed
deficient aeration conditions at 159 hPa.

The upper horizons of the four soil profiles
(Wieselburg, Fuchsenbigl, Macov 1 and Zemia-
nska Ol¢a) showed high k values, up to about 55
p.m2 (Fig. 1). In the case of Fuchsenbigl and
Macov 2 air permeability levels were higher in
the underlying horizons than in the upper ones.
All the Hungarian soils showed very low k
values (between 0.2 pmz and 6.5 pmz for P-1
and P-2, respectively).

Data from literature show D/D,=0.005 as
the lower critical value corresponding to low
respiration activities, and D/D,=0.02 as the
upper one for the highest respiration rates [17].
A relative gas diffusion coefficient of the upper
horizons (at 159 hPa) in five investigated
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profiles (P-1, P-2, K-1, K-2, Exp) was lower
than that of the lower critical value and was
within the range from 0.00087 to 0.003 (Fig. 1).
D/D, of the Austrian and Slovakian soil sam-
ples were above 0.02 corresponding to high
respiration rates with the highest value (0.051)
in the Macov 1 profile. When the above are con-
sidered for the studied soils we can conclude
that there are favourable conditions for respi-
ration in the upper and lower horizons of these
five profiles.

The critical ODR value, which is usually
considered to be below 30 pg m2s™! was found
in the five Hungarian Ap horizons incubated at
159 hPa (Fig. 2). The remaining studied profiles
showed relatively high levels of ODR. The
highest ODR value observed in Wieselburg

(332 ugm” 25 ) by far exceeded the values most
frequently observed in soils, which usually ran-
ge between 0 and 200 pg m%s”! [17].

The Ap horizons studied at 159 hPa were
characterised by high Eh (Fig. 2), which drop-
ped below 400 mV only in the Exp profile and
did not drop below 300 mV, even at capillary
saturation (0 hPa) in the most studied profiles
(Fig. 2). The period of capillary saturation las-
ted for 7 days in the heavy Hungarian profiles
and for 2 days in the other profiles. Very high £k
values suggested high redox buffering capacity
of the soils, except in the two Hungarian profiles
(K-2 and P-2) and one Austrian profile (Wie-
selburg). Glinski and Stgpniewska [13] sug-
gested that saturation time needed to decrease
Eh value to 300 mV at 20°C can be used as a
measure of the soil redox buffering capacity
(soil redox resistance - t,). It is related to
many soil properties [13], among others to the
presence of reducible iron content and oxidised
forms of nitrogen and manganese.

The studied profiles exhibited low levels of
Fe' content at the soil water tension at 159 hPa
(Fig. 3). Only three of the profiles (A-1, A- 2
K-1) showed Fe*? content above 50 mg kg .
This low level of the reduced forms of iron was
accompanied by high EA values. None of the
studied soils reached £ below 300 mV cor-
responding to the initiation of iron reduction
[25]. A possible reason for high EA values may

be the presence of nitrates. It was found out that
supplementing soil with nitrates maintains soil
Eh at a constant level for a certain period, and
delays reduction of Mn(IV) and Fe(III) com-
pounds [2,12,16].

Dehydrogenase activity varied widely in
the Ap horizons of the tested soils (Fig. 3). The
Hungarian soils and the Forest soil in Poland
exhibited very low activities, Which did not
exceed 0.007 nmol formazan g~ 'min", Among
the remaining profiles the highest dehydroge—
nase activity (0.0825 nmol formazan g 'min- )
occurred in the Macov 2 profile.

Catalase activity (Fig. 3) in the Ap horizons
were the highest for the Macov 2 (up to 105
pmol KMnQOy g'l), the lowest for P-2 (below 24
pmol KMnOy, g'l) and did not show such as
high differentiation as the dehydrogenase
activity.

Oxygenation indicators in the range
from 0 to 500 hPa water tension

A decrease of water content following
changes of soil water tension from 0 to 500 hPa
improved soil oxygenation (Fig. 4). This ten-
dency was confirmed by a significant increase
of soil oxygenation parameters like: Eg, £,
DI/D,, ODR and Eh values and a significant de-
crease of Fe*2 content as well as of dehydroge-
nase and catalase activity in all the studied hori-
zons (Table 2). The same tendency was found
for the Ap horizons except for the dehydro-
genase activity and Fe" 2 content (Table 3).

Figure 4 shows average values of water
content of the 15 investigated profiles versus
soil water tension. Water content is the main
factor influencing aeration state of the studied
soils and modifying aeration indicators presen-
ted in this figure.

Air-filled porosity increased as the soil
water tension increased in the range of 0-500
hPa. The average Eg values were 0.055, 0.092,
0.114,0.151 m3 m3 at 0, 63, 159 and 500 hPa,
respectively (Fig. 4).

Air permeability for the profiles studied
considerably increased at 63 hPa when com-
pared to the saturated soils and slowly increased
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at 159 and 500 hPa. The average values of k
were 0,10.3,12.0and 15.1 umz at0,63,159 and
500 hPa, respectively (Fig. 4).

A relative gas diffusion coefficient increa-
sed with a decrease of soil water content. The
average D/D, values were 0, 0.009, 0.013 and
0.018 at 0, 63, 159 and 500 hPa, respectively
(Fig. 4).

ODR showed a typical tendency for chan-
ges under different air-water conditions (Fig. 4).
The average values of ODR were 19.7, 37.7,
80.1,100.4 pgm%s™" at 0, 63, 159, and 500 hPa,
respectively.

The average Eh values in all the horizons
studied ranged from 377 to 458 mV and showed
atendency to increase with increasing soil water
tension. The most pronounced difference was
found between soil preincubated at 0 hPa (377
mV) and 63 hPa (443 mV). Relatively small
changes in the £/ values was observed at soil
water tensions >63 hPa (Fl§ 4).

Concentration of Fe™ declined with the
increase of soil water tension levels. Mean
values of reduced i 1ron content were 44.0, 40.0,
38.5and 22. 9mgkg at0, 63, 159 and 500 hPa
respectively (Fig. 4). Low concentration of F e+j
in the soils saturated with water corresponds to a
relatively high Eh value under the same
conditions.

Dehydrogenase activity in general decre-
ased with the decrease of soil water content
(Fig. 4). The highest activity was observed in
the soils saturated with water and the lowest in
the soils preincubated at water tension of 500
hPa. The range of the average (for the 15 soils
and all the horizons) values of enzyme act1v1ty
was from 0.0082 nmol formazan g Imm (for
500 hPa)to 0.0163 nmol formazan g "min’ (for
0 hPa). The phenomenon of changes in dehy-
drogenase activity related to soil aeration status
had been observed earlier [5,14,15,21,29].

An average catalase activity in all the stu-
died hOI’lZOl’lS ranged from 44.8 to 59.1 umol
KMnO4 g ! and showed a tendency to decrease
with increasing soil water tension. The most
pronounced differentiation occurred between
so1l preincubated at 0 hPa (59.1 pumol KMnO4
g ) and 63 hPa (47.9 umol KMnO, g )

Relatively small changes of catalase activity
were observed at soil water tensions >63 hPa
(Fig. 4).

Soil aeration parameters changed with
depth. We observed a significant decrease of
values of k, D/D,, ODR, dehydrogenase activi-
ty and catalase activity, as well as a significant
increase in bulk density (d) and particle density
(y) for all the studied proﬁles No depth-related
trends were found for Fe > content, Eg, Eh and
soil water content (Table 4), although this last
one showed atendency to decrease with depth.

Results of regression analysis of the in-
vestigated parameters for the Ap horizons of the
15 profiles are shown in Table 5 and for all the
horizons of the 15 profiles in Table 6. The Ap
horizons were treated separately. A linear
(y=atbx), exponential (y=exp(a+bx)) and mul-
tiplicative (y=ax ") model was used and a model
giving the best fit were chosen for the descrip-
tion of the analysed relationships. High correla-
tion coefficients were found for the relation-
ships between the investigated parameters for
both Ap horizons and all the horizons treated
jointly.

Dehydrogenase activity correlated only
with redox potentlal (r=-0. 28" for all the
horizons andr=-0.33" for Ap horizons only) and
with a1r-ﬁlled porosity in the Ap horizons
(r=-0.33 ) (Tables 5 and 6).

Catalase activity was positively correlated
with ODR, k and D/D, (Tables 5 and 6). The
correlation coefﬁcxents were hlgher for the Ap
horizons (from 0. 34" 0 0.42" ) as compared to
all tﬂi horizons treated jointly (0. 25" to
038 ).

The content of Fe'? was negatively cor-
related with ODR, &, D/D, and Eg (in this last
case only for all the horizons) and positively
with water content (Tables 5 and 6). The highest
correlation coefficients were observed with
water content (r=0.61**%*),

Redox potentlal was correlated thh ODR
(0. 39" <r<0.43" ) Eg (0. 30" <r<0 52" )and
water content (-0.27 <r<-0. 24" ) and when all
the horizons were treated together the cor-
relation with d (=-0.21%), g (r=-0.18*) and
D/Do (r=0.16*) was observed (Tables 5 and 6).



28 J. GLINSKI et al.

Table 2. Statistical significance of diffcrences in the tested parameters found between soil water tension levels of the
sclected soil profiles from Central Europe (on the basis of 95% LSD method)

Soil Dehydro- Catalasc Fe?* Eh ODR k DID, Eg Water

water genase activity content
tension activity by mass
(hPa)
0- 63 0 0 + 0 + & & -
0- 159 0 - 0 + + + + + -
0- 500 - - - + + + + + -

63 - 159 0 0 0 0 + 0 0 0 0
63 - 500 0 0 0 0 + 0 + +

159 - 500 0 0 0 0 0 0 * ik -

(+) - significant increase, (-) - significant decrease, (0) - no significant difference.

Table 3. Statistical significance of differences in the tested parameters found between soil water tension levels of the
selected soil Ap profiles from Central Europe (on the basis of 95% LSD method)

Soil Catalase Eh ODR k DID, Eg Water
water activity content
tension by mass
(hPa)
0- 63 0 + 0 + 0 *+ -
0- 159 0 * + + + + -
0- 500 - + + + + + _
63 - 159 0 0 0 0 0 0 0
63 - 500 0 0 + 0 0 + -
159 - 500 0 0 0 0 0 0 0

No significant changes were found for dehydrogenase activity and Fc*? content. For other explanations sec Table 2.

Table 4. Statistical significance of differcnces in the tested parameters found between soil depths of the selected soil
profiles from Central Europe (on the basis of 95% LSD method)

Soil Dchydro- Catalasc ODR k DID, Bulk density, Particle

depth genase activity d density, y
activity
A-B - - 0 0 0 + +
A-C - 0 0 = 0 + +
A-D - - 0 - - + +
B-C 0 0 0 0 0 0 0
B-D 0 0 0 0 0 0 *
C-D 0 - - 0 0 0 &

No significant changes were found for Fc'?, Eh, Eg, and water content by mass. For other explanations scc Table 2.
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Table 5. Correlations between particular acration indicators calculated for all the soil water tension levels (Ap horizons) of
the soil profiles from Central Europe. No significant correlations with bulk density () and particle density (y) were found
(they are omitted in the tablc)

Parameter ODR k DID, Eg Water content
by mass
Dehydrogenase -0.33* n.s n.s n.s -0.33* n.s.
activity y:axb y=axb
Catalase activity n.s. 0.38** 0.34* 0.42** n.s n.s
y=a,xb y=a+bx y=a+bx
Fe'? n.s. -0.43%** -0.55%** -0.49%** n.s 0.61%**
y=axb y=0(3+bx) yzc(a+bx) yzc(a+bx)
Eh 0.43%* n.s. n.s 0.52%** -0.27*
y=axb y=axb y=a+bx
ODR 0,67+ 0.53%** 0:62 %1% -0.78***
y=a+bx y=a+bx y=ax’ y=c@rbo
k 0.86%** 0:52%#* -0.61***
y=a+bx y=a+bx y=at+bx
D/D, 0.37%* -0.45%**
y=a+bx y=a+bx
Eg -0.41*
y=a+bx

* - significant at P<0.05, ** - significant at P<0.01, *** - significant at P<0.001, n.s. - not significant.

Table 6. Correlations between particular aeration indicators calculated for all the soil water tension levels of the soil
profiles (all the horizons jointly)

Parameter Eh ODR k DID, Eg d Y Water
content by
mass
Dchydrogen  -0.28** n.s n.s n.s n.s. n.s. n.s n.s.
asc activity  y=cl"%)
Catalase n.s. 0:25%* 0.38** 0.38*** n.s n.s n.s. n.s
activity y=axb y=a+bx y=a+bx
Fo'? n.s. -0.49** -0.39*** -0.40%** -0.55%** n.s. n.s 0.60***
y=axb =c(a+bx) yzc(cﬁ-bx) y=c(a+bx) y=a+bx
ERD 0.39%* n.s. 0.16* 0.30%* -0.21%* -0.18* -0.24%x
y=axb yzc(a+bx) y=axb y=a+bx y___c(a+bx) yzc(a+bx)
ODR 0.65%** 0,59 057 pxx n.s. -0.24** =0.71#%%
y=a+bx y=a+bx y=axb y=at+bx y=axb
k 0.85%** 0:5i1*%% -0.18* -0.26%** -0.45%**
y=a+bx y=a+bx y=a+bx y=a+bx y=a+bx
D/D, 0.53*** -0.24%** -0.27%** -0.44 %%
y=a+bx y=a+bx y=a+bx y=a+bx
Eg -0.51 -0.3]1*** -0.42*
y=a+bx y=a+bx y=a+bx

(eorrclations between £h and particular parameters were calculated for the soils incubated at the water content in the rangc
of 0-159 hPa. For other explanations sec Table 5.
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ODR was posrtrvely correlated with air
permeablllty (0 65 <r<0.67" ) and D/D
(0.53""<r<0.59""), Eg (0.51" "<r<0.62" *)
and negatrvely with water content (-0. 78"
<<-0.71" ) Moreover, a negative correlation
was observed with particle density when all the
horizons were considered jointly (r=-0. 24" )
(Tables 5 and 6).

Air permeability (k) was correlated posi-
trvely wrth D/DQ (0. 85" <r<0.86" ) Eg
(0. 517" <r<0. 62 ) and ne%atlvely with water
content (-0. 61" "<r<-0.45 ). It showed also a
negatlve correlation with bulk dens1ty (r=
-0.18 ) and particle density (r=-0. 26" ) for all
the horizons considered jointly (Tables 5 and 6).

A relative gas diffusion coefficient (D/D )
was correlated positively with Eg (0.37
<r<0. 53 ) negatrvely with water content
(-0. 45" " <r<-0.44" ) The negative correlation
was observed with d and y when all the horizons
were analysed jointly (r=-0. 24" and r=
027 , respectively), (Tables 5 and 6).

Air-filled porosity (Eg) showed an obvious,
on the other hand, negative correlatron with
water content by weight (-0. 42" <r<0.41 )and
- when all the horizons were considered Jomtl}/*
also a negatrve correlatron with d (r=-0.51 )
and y (r=-0. 31" ) (Tables 5 and 6).

CONCLUSIONS

Application of the measurement methods
used in this study for the characterisation of soil
samples preincubated under variable water
conditions (range 0-500 hPa) allowed us to
characterise satisfactorily aeration properties of
the 15 investigated soils from Central Europe
and to draw the following conclusions (based on
average values):

1. Air-filled porosity (Eg) increased from
about 0.06 m>m™ at 0 hPa gvolume ofthe entra-
pped air) to about 0.15 m m™ at 500 hPa and
was negatively correlated with soil water
content, bulk density and the density of solid
particles.

2. Air permeability (k) varied from 0 (at 0
hPa) to 15 pmz (at 500 hPa) and was positively
correlated with D/D, and Eg and negatively

with soil water content, bulk density and the
density of solid particles.

3. Relative gas diffusion coefficient (D/D,)
varied from 0 (at 0 hPa) to 0.02 (at 500 hPa) and
was correlated positively with Eg and nega-
tively with soil water content, bulk density and
the density of solid particles.

4. Oxygen diffusion rate (ODR) ranged
from about 20 pg m2s7! (at 0 hPa) to about 100
ug m2s and was positively correlated with £,
DID,, and Eg and negatively with soil water
content and particle density.

5. Redox potential (£h) ranged from 377
mV (at 0 hPa) to about 460 mV (at 159 hPa) and
was positively correlated with ODR, Eg and
D/D,, and negatively with dehydrogenase acti-
vity, bulk density, particle density, and soil wa-
ter content.

6. Content of Fe™? varied from 44 mg kg'1
(at 0 hPa) to about 24 mg kg'1 (at 500 hPa) and
was correlated positively with soil water con-
tentand negatively with Eg, D/D,,, kand ODR.

7. Dehydrogenase activity was wrthm the
interval of 0.016 nmol formazan g mm (at 0
hPa) to 0.008 nmol formazan g min (at 500
hPa) and was correlated only negatively with £k
and Eg in the Ap horizons.

8. Catalase activity ranged from about 60
p.mol KMnO4 g (at 0 hPa) to 45 pumol KMnOy4
g (at 500 hPa) and was correlated positively
with D/D, k, and ODR.

9. A common feature for all the investigated
soils was a highly significant correlation among
indicators of soil aeration (£h, ODR, Eg, D/D,,
k) and other physical soil properties (bulk
density, particle density, water content).
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