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Abstra ct The object of the study were soils
representing three profiles of Mollic Gleysols. In the
genetic horizons of the soils under study, the granu-
lometric composition, pH, CaCO,, C,, N,, and the
total content of Si, Fe, Ti, Ca, Mg, l(l and Na were
determined. The study was conducted using a scanning
microscope with microanalyser (SEM-EDXRA) on
samples of undisturbed structure. It permitted more
precise determination of the spatial distribution of cer-
tain components in the soils and showed the differen-
tiation of their forms under the effect of the processes
taking place in the soils, and especially redox processes.
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INTRODUCTION

Soils classified among the Mollic Gley-
sols are developed under the conditions of
elevated ground water table, which frequently
determines their periodical excessive mois-
ture content [S]. This has a significant effect
not only on the cumulation of organic matter
and its transformation, but also determines
the transformation of the mineral compo-
nents in the particular genetic horizons [4].
These processes are considerably affected by
changes in the ground water table which
determine the redox processes [3,5]. Gleying
processes, causing changes in the forms of
certain soil components, €.g. Fe and Mn, can
also facilitate their solubility and transloca-
tion within the profile. Changes in the soil
mass, occurring under such conditions, can be

determined by means of chemical methods,
but their application not always permits accur-
ate interpretation of micro-processes occur-
ring within a single genetic horizon.
Explanation of these phenomena requires the
application of methods which, permitting
soils to be studied under their natural condi-
tion, at the same time allow the acquisition of
knowledge on the spatial distribution of the
content of the major components of the soil
material [1-3].

The objective of the study was to utilize
electron scanning microscopy and microana-
lysis (SEM-EDXRA) for the investigation of
the qualitative and quantitative differentia-
tion of soil mass components in certain
microprocesses occurring in the genetic hori-
zons of Mollic Gleysols.

MATERIAL AND METHODS

The object of the study were three Mol-
lic Gleysols profiles located in the Lower Sile-
sia. Samples were taken from the genetic
horizons of the soils studied, in which the
following were determined: granulometric
composition, pHy~, CaCO, according to
Kjeldahl, the content of total forms of Si,
Al, Fe, Ti, Ca, Mg, K and Na. Samples of
natural structure were used to prepare single-
side polished sections for observation under
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optical microscope. These observations were
performed in order to determine zones of dif-
ferentiated microprocesses which were then
subjected to study using a scanning micro-
scope with microanalyser (SEM-EDXRA)
at the Environmental Laboratory of Elec-
tron Microscopy in Wroclaw.

RESULTS AND DISCUSSION

The profiles under analysis represent
the basic kinds of Mollic Gleysols occurring
in the area of the Lower Silesia. They are
complete soils or multi-element soils de-
veloped from clays (profiles 1 and 2) and from
medium silty loams (profile 3), (Table 1).
They are characterized by neutral reaction
(profiles 1 and 2) or slightly acid reaction
(profile 3). Variation in the reaction of the
particular genetic horizons depends on the
content of CaCO,. The content of that com-
ponent generally increases in the lower hori-
zons of the soils studied (Table 1). The
presence of Ca in the form of a carbonate or
its high proportion in the sorptive complex of
the soils are conducive towards the process of
humifcation and the cumulation in the soils
of relatively large amounts of C, total [3].

The total content of N, is very closely
related to the content of organic matter and
displays similar profile relations to those of
total C, (Table 1).

Differentiation in these chemical proper-
ties is the result of the effect of the parent
rock and other factors on the soil formation
process. Results presented in Table 2 seem
to indicate that they determine the chemical
composition of the soil mass in the particu-
lar genetic horizons. A characteristic fea-
ture of the Mollic Gleysols in the Lower
Silesia region is the very strong differentia-
tion in the total content of Al, Fe, and Ca in
the genetic horizons (Table 2). Especially
large quantities of Al (14-17 %) and Fe (5-8 %)
were observed in profile 1, developed from
clay. The soils studied differ also in their
content of Ca whose amounts in the genetic
horizons studied are mainly related to the
presence of CaCO,. This is confirmed by the

high content of Ca in profile 2 (2.43-19.09 %)
characterized by the highest quantity of
CaCO;,.

The studies carried out indicate not
only the qualitative and quantitative dif-
ferentiation in the content of the major
components in the genetic horizons, but
show also certain differences between the
soils under study.

Profile 3 is representative of a Mollic
Gleysol soil which does not contain CaCO,
in the surface horizon. The composition of
the soil mass in this horizon is more homo-
geneous when compared to deeper horizons
(Fig. 1). In the AC horizon (Fig.2) the
composition of the soil mass is more varied,
and apart from components occurring in
the Al horizon it contains also concentra-
tions of strongly dispersed silica (Fig. 3).

The low content of CaCO, in the Al
horizon of profile 1 occurs in strongly dif-
fused forms, which is confirmed by micro-
analyses. The strongly diffused soil phase in
this horizon is composed mainly of alumi-
nosilicates containing Al, Si, K, Ca, and a
slight amount of Fe (Fig. 4).

In the CG horizon of this profile the com-
ponents mentioned above occur also (Fig. 5a
and 5b), as well as diffused tarnishes charac-
terized by differentiated chemical composition
(Fig. 5¢). Some of the tarnishes contain Al, Si,
and a considerable amount of K, which indi-
cates that they are potassium aluminosilicates.
Other tarnishes contain only Si, which shows
their silica origins (Fig. 6a and 6b).

In profile 2, with large amounts of CaCO,
in all the horizons, the main components of
the soil mass are Si and Ca (Fig. 7a and 7b)
which are uniformly distributed in the Al
horizon. In the deeper horizons, which re-
tain their natural structure, greater dif-
ferentiation can be observed in the soil
mass, due to the effect of soil formation
processes. This is confirmed by the image of
strongly dispersed soil plasma in the AC
horizon, and by the microanalyses per-
formed in various its fragments (Fig. 8a-8f).
As compared to the surface distribution of



Table 1. Texture and some chemical properties of investigated soils

Profile Sampling Percentage of fractions
Genetic depth pH in KCI CaCO3y G N, Ci.N;
horizon >1 1-0.02 0.2-0.06  0.06-0.002 <0.002
No (cm) - %)
1 Ap 5-15 0 26 17 9 48 7.0 0.62 2.23 0.220 10.1
Aa 27-37 0 22 15 10 53 6.9 0.49 2.09 0.160 13.2
AC 45-55 1.5 20 17 10 53 6.8 0.41 0.94 0.070 13.4
CG 70 - 80 0 15 9 2 74 7.0 231 nd.* n.d. n.d.
CG, 130 - 140 0 9 16 0 75 6.8 8.07 n.d. n.d. n.d.
2 Apca 4-14 0.9 37 22 15 26 7.1 31.44 223 0.210 10.6
Aac, 30-40 11 37 24 14 25 6.9 32.79 2.00 0.190 10.5
ACcy 48 - 54 0.1 35 25 15 25 7.2 32.00 0.62 0.060 10.3
Cca 75 - 80 0.1 43 30 12 15 7.2 12.25 n.d. n.d. n.d.
I1CG, 145 - 150 0 9 6 3 82 7.0 3.25 n.d. n.d. n.d.
3 Ap 5-15 0.2 54 21 9 16 5.9 217 0.200 10.8
Aa 30-37 0.5 53 22 9 16 5.8 1.95 0.180 10.8
AC 45-53 03 53 21 8 18 6.1 123 0.110 11.2
CG 65 -175 18 64 11 6 19 6.1 n.d. n.d. n.d.
I1CGy 115-125 5.2 61 13 6 20 6.4 3.08 n.d. n.d. nd.

* not determined.
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Table 2. Chemical composition of investigated soils

Profile Genetic Sampling

Elemental analysis of fine particles (%)

No. horizon depth -

(cm) lg:nition Si0, Al,04 Fey03 CaO MgO Ky0 Na0 TiOy MnO P20
oss

1 Ap 5-15 14.64 61.26 14.08 4.88 1.82 0.63 1.69 0.48 0.64 0.081 0.121
Aa 27-37 14.46 61.47 14.46 528 1.75 0.45 1.66 0.40 0.66 0.042 0.095
AC 45 - 55 1592 58.23 14.37 6.24 1.47 0.86 1.85 0.40 0.68 0.042 0.063
CG 70 - 80 15.83 55.77 15.59 8.08 1.75 0.96 1.82 0.16 0.73 0.087 0.095
CGcy 130 - 140 12.59 50.75 17.18 8.00 6.17 0.01 2.56 0.14 0.68 0.126 0.065
2 Apca 4-14 2295 46.52 6.75 248 18.37 0.68 142 053 042 0.096 0.201
Aac, 30-40 2296 45.67 6.92 264 19.09 0.98 1.20 0.48 042 0.081 0.182
ACcy 48-54 19.61 49.03 721 2.00 1892 091 1.42 0.61 038 0.087 0.096
Cga 75-80 10.75 64.04 9.08 2.64 9.19 151 1.79 0.82 0.46 0.042 0.092
IICGc,  145-150 13.37 57.07 19.17 6.88 245 0.96 243 0.14 0.64 0.042 0.088
3 Ap 5-15 8.85 76.48 8.79 232 1.02 0.23 1.66 0.63 0.50 0.055 0.138
Aa 30-37 815 76.56 8.89 2.64 0.95 030 1.82 0.70 0.54 0.055 0.095
AC 45-53 6.89 7747 9.34 256 091 030 1.82 0.65 0.50 0.055 0.071
CG 65-75 4.66 80.58 9.02 320 0.59 0.23 135 0.40 0.040 0.034 0.053
IICGey  115-125 5.65 80.10 853 2.08 2.04 0.25 123 0.40 0.035 0.034 0.060

‘1819 dZoddar



PROCESSES IN MOLLIC GLEYSOLS 41

Collision number

L L 1 : 1
Al Six, KK 5000  FeyFe,, Elev)
Cuu

(ollision number

1 1 1 1 1
KK 5000 Fe,, Fe,, Elev)
(a,,

1
ALSi,

L

(ollision number

o L
r?’ .,.:n £

L 1 1 1

1 ‘2
S Co, 5000 Elev)

: - L] .
30HM 03002

Fig. 3. SEM-EDXRA image, profile 3, horizon AC: a - accumulation of strongly dispersed SiO,; b - microanalysis
of the surface.
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Fig. 5. SEM-EDXRA image, profile 1, horizon CG: a - fragment of soil material; b - microanalysis of the surface;
¢ - microanalysis of the fragment indicated by pointer.
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Fig. 6. SEM-EDXRA image, profile 1, horizon CG: a -cumulation of SiO,; fragment of soil material; b -
microanalysis of the fragment indicated by pointer.
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Fig. 7. SEM-EDXRA image, profile 2, horizon Al: a - fragment of soil material; b - microanalysis of the surface;
¢ - distribution of Si; d - distribution of Ca.
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Fig. 8. SEM-EDXRA image, profile 2, horizon. AC: a - fragment of soil material; b - microanalysis of the surface;
¢ - distribution of Ca; d - distribution of Mn; e - microanalysis in frame 1; f - microanalysis in frame 2.
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Fig. 9. SEM-EDXRA image, profile 2, horizon CG: a - fragment of soil material with visible globular forms;
b - microanalysis of right globule; ¢ - microanalysis of light globule.

Si, Ca, and Mn, they indicate an irregular
distribution of Al, Si, Ca, Mn, and Fe in that
horizon. With a high content of CaCO3, the
distribution of Ca in the horizon is non-uni-
form (Fig.8a). The occurrence of large
amounts of Mn in certain fragments of the
sample indicates that it forms Fe-Mn or Mn
concretions (Fig. 8f). Cumulation of those
components is probably the result of micro-
processes occurring in those areas of the
soil mass. Another effect of those processes
can be the occurrence of morphologically
similar forms of spherical intrusions in the
CG horizon (Fig. 9) which are characterized
by a different chemical composition.

In the lower horizons of all the three
profiles under study an effect of excessive
moisture can be observed, manifested in the

occurrence of bluish-greenish colouration
of the gleyed horizons - Cg or II CG. Micro-
morphological studies and macroscopic ob-
servations showed soil mass differentiation
in those horizons, caused by reduction pro-
cesses. Apart from zones affected by reduc-
tion, in the CG horizons there are also
localized areas of brownish colouration, which
indicates the occurrence of microprocesses of
oxidative character. Observations carried out
in both differentiated zones indicate changes
in the qualitative composition between the
reduction and oxidation zones (Fig. 10a-10d).
Analysis of the former indicates an increased
presence of Al and Si, and a lower content of
Fe (Fig. 10b). In areas with predominance of
oxidative processes, a considerably greater
number of counts in the range characteristic
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Fig. 10. SEM-EDXRA image, profile 2, horizon CG: a - fragment of reduction zone; b - microanalysis of the
surface; ¢ - fragment of oxidized zone; d - microanalysis of the surface.

of Fe is observed among the components of
the soil mass. This indicates a significant ef-
fect of the reduction processes on the quan-
titative presence of some components of the
soil mass.

CONCLUSIONS

1. The results presented above confirm
the great applicability of scanning electron
microscopy and microanalysis in the study
of the effects of microprocesses occurring in
the adjacent zones of genetic horizons of
Mollic Gleysols.

2. The reduction processes occurring in
the lower horizons of Mollic Gleysols have
a differentiating effect on the soil mass and
can be the cause of a decrease in Fe content
in the reduction zones.
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