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Abstract

The aim of our paper was to determine selected morphometric indices of the main fabric units of

humus layers in soils with different vegetation cover and contaminated by heavy metals. The study sam-

pled soil from three sites located about 4 km NW from a zinc plant. In all humus layers decomposed or-

ganic matter occurred mainly in form of fine excrements, originated from small soil arthropods, while

macrofauna excrements were the absent. The dominance of soil mesofauna over macrofauna was proba-

bly attributed to elevated heavy metal concentrations. The high concentration of heavy metals affected

the major soil components, but the kind of vegetation and the degree of cover of the soil surface were as
important for the development of the humus layers as heavy metal contamination.
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Introduction

The high concentration of heavy metals in soils in the
vicinity of non-ferrous metal plants and smelters is one
of the main problems in industrialized regions. Such
a strong impact of heavy metals affects mostly upper soil
horizons, resulting in changes of their chemical proper-
ties, structure and a decrease of their biological activity
[4, 5]. The process of decomposition of soil organic mat-
ter in humus layers, as a result of biological processes, is
best studied in thin sections. The most objective way of
evaluating the soil microstructure is a computer-aided
image analysis of photographs which enables us to clas-
sify objects seen in the thin section in different groups
and then to quantify these objects [4, 7].

The aim of our paper was to determine selected mor-
phometric indices of the main fabric units of humus lay-
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ers of soils with different vegetation cover and contami-
nated by heavy metals.

Study Area and Soils

The investigations were carried out in the southern
part of Poland near Olkusz on soils derived from Pleis-
tocene sand deposits which cover Jurassic dolomites and
limestone. The climate of the research area is humid tem-
perate with mean annual temperature of 7.1°C, and mean
annual precipitation of 832 mm.

In this region, from the beginning of the 19" century,
the output and processing of zinc and lead ores has been
carried out, causing contamination of the environment by
heavy metals.

For the study, soil samples of surface and subsurface
layers from three sites, located at about 4 km NW from the
zinc plant, were sampled. Profile 1 (Table 1) represents the
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Table 1. Physico-chemical and chemical properties of studied soils.

Site number / depth in cm
Specification
1/0-10 2/0-10 2/10-30 3/0-15 3/15-30
Number of soil 1 2 3 4 5

Organic C content, g-kg™! 4.98 89.36 36.30 44.92 22.09
Total N content, g-kg™! 0.54 8.62 4.49 1.43 1.96

C:N ratio 9.2 10.4 8.1 31.4 11.3

pH,,,, 7.7 7.3 7.1 7.6 7.2

CEC, mmol(+)-kg! soil 152.8 229.9 166.9 126.1 132.4

Cd content, mg-kg! 6.3 106.5 41.5 53.0 50.2
Pb content, mg-kg™ 320.8 27233 1538.3 1843.4 1803.3
Zn content, mg-kg! 1027.3 7794.7 4919.7 49449 4944 .8

Cmﬁ?ﬁgﬁ‘l’)‘g&?ﬁ E‘]’;Vn‘ti oo | 099 2016 16.28 +2.40 7.2240.53 0.01£0.002 0.02+0.016

soil formed on a dump after reclamation, overgrown with
10-year-old pine greenwood cover together with under-
growth over 80% of the surface. Profile 2 represents the un-
cultivated soil with natural sequence of horizons which ear-
lier was arable land. Now the vegetation, which covers
100% of the surface, is compact and characteristic of
a meadow community (mainly monocotyledonous). Profile
3 represents the soil formed on a dump formed of a post
flotation material, 5 years after deposition. The surface of
the dump is overgrown only on 3% of the surface with pine
trees. According to WRB [1], soils from sites 1 and 2 can
be assigned to Anthropic Spolic Regosols while soil from
site 3 belongs to Haplic Cambisols.

Methods

In soil samples the following analyses were performed:
pH potentiometrically, the level of organic carbon after wet
combustion in K Cr,O,, total nitrogen after Kjeldahl's
method, the cation exchange capacity (CEC) as a sum of
hydrolytic acidity (determined using I M CH,COONa) and
basic exchangeable cations determined in 0.5 M NH Cl, the
total content of Cd, Pb and Zn determined after soil diges-
tion in aqua regia. Contents of the elements in solutions
were determined with the use of an atomic emission spec-
trophotometer with inductively coupled argon plasma (ICP-
AES) JY 238 ULTRACE. The dehydrogenase activity was
measured after 24 hours of incubation of soil samples at
37°C using Beckman DU 600 spectrophotometer at
a wavelength of 540 nm and TTC (chloride 2,3,5-tripheny-
lotetrazole) used as a substrate was applied to measure the
activity of the studied enzyme after Casida's method (3).
The accuracy of the analytical methods was verified with
the certified reference material GSS-8 (GBW 07408 —
State Bureau of Metrology, Beijing, China).

Thin sections were prepared of undisturbed soil sam-

ples, impregnated with epoxy resin and examined
through a Nikon Eclipse E400 POL polarizing micro-
scope. Excrements of soil fauna were described on the
basis of their morphology [2, 8]. Microphotographs were
taken with a Nikon Coolpix 995 digital camera and im-
ages were subjected to morphometric analysis using
the Aphelion 3.1 ADCIS S. A., AAI inc. computer pro-
gram and statistically reworked with the use of Statistica
6 program. The significance of differences among mean
values was estimated by Fisher's test.

Results and Discussion

Physico-chemical and chemical properties of studied
soils were presented in Table 1. Total amounts of cadmi-
um, zinc and lead indicate that the soils can be assigned
to medium (profile 1), and heavily polluted (profiles 2,
3) by heavy metals [6].

Examinations of thin sections and morphometric
analysis were focused on three components of the soil,
namely undecomposed, well-decomposed organic matter
and voids. Mineral parts of studied soils were neglected
as they are susceptible to environmental changes to
a small degree. All studied soils were characterized by
sandy texture, alkaline reaction and elevated contents of
heavy metals (Table 1) and in consequence showed
a similar microstructure and mean values of shape and
measure indices, confirming a poor differentiation among
studied soils (Table 2). In all humus layers decomposed
organic matter occurred mainly in the form of fine black
excrements with dia. <200 pm, when medium 200-800
um were scarce and coarse (> 800 um) excrements were
absent. The fine excrements originated from soil meso-
fauna such as springtails, with a smaller share of oribatid
mites and enchytraeid worms. The oribatid mites and
enchytraeids are supposed to be more sensitive to heavy
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Table 2. Results of morphometric analysis.
A) Selected characteristics of shapes and measurements of soil voids.
No. Mean indices of void shape Mean indices of void measurement
of soil elongation | compactness | circularity % share of pores dia. <30 pm surface in mm?
1 0.42 ab 0.62a 0.65a 4.17 ab 2.60a
2 0.44b 0.65 ab 0.67 ab 2.67a 6.33 ¢
3 0.41 ab 0.63a 0.66 a 1.87 a 435D
4 0.43 ab 0.68 b 0.69b 4.56 ab 3.07 ab
5 0.39a 0.64 a 0.66 a 5.80b 431D
B) Selected characteristics of shape and amount of decomposed organic components.
Mean indi f t of i t
No Mean indices of shape of organic components can Tefves & amout (.) 01-‘gan1c N
; : q % share of components with dia. surface in
of soi
clongation | compactness | circularity intensity <200 um 200-800 um > 800 um mm?
1 043 a 0.53 bc 0.60 be 245a 87.4 bc 123 a 02a 1.29a
2 0.49b 0.47a 0.54 a 25.6a 71.8 a 279b 0.1a 3.55bc
3 0.46 ab 0.50 ab 0.56 ab 26.1a 733 a 26.5b 02a 5.35d
4 0.45 ab 0.53 bc 0.59 be 28.8b 79.2 ab 19.8 ab 1.0a 4.70 cd
5 0.44 a 0.56 ¢ 0.61c 26.6 ab 89.1c 10.7 a 02a 2.74 ab
C) Selected characteristics of shape and amount of undecomposed organic components.
L . Mean indices of amount of organic components
No. Mean indices of shape of organic components S - . 3
ool % share of components with surface in pm surface in
of soi
elongation | compactness | circularity intensity <1000 1000-10,000 > 10,000 mm’
1 044 a 0.58b 0.62b 102.5a 38.8b 29.5 ab 31.7a 6.28b
2 0.51b 049 a 0.54a 1014 a 189a 41.3 ab 39.8a 041 a
3 0.47 ab 0.54 ab 0.60b 104.5a 12.1a 26.7 a 6120 0.06 a
4 044 a 0.56b 0.61b 1133 a 39.2b 36.6 ab 242 a 135a
5 0.46 ab 0.58b 0.62b 99.8 a 33.6b 42.4b 24.0a 1.18 a
D) Percentage share of studied components in the total image area.
No. of . . o
soil Decomposed organic matter Undecomposed organic matter Soil voids
1 8.8a 28.1¢c 17.7a
2 24.2 be 2.8 ab 43.1¢
3 36.5d 0.4a 29.6b
4 32.0cd 9.2b 20.9 ab
5 18.7 ab 8.1b 29.4b

The same letters indicate a lack of statistically significant differences among mean values; Elongation — 0 for a circle and 1 for an

ellipse which is long and narrow; Compactness — 1 for the perfect square and smaller for shapes with irregular boundaries; Circular-

ity — 1 for a circle and smaller for less circular objects; Intensity — differences in pixel values within an object.

metal pollution, while the springtails population was not
easily affected by heavy metals [4, 5]. The absence of
coarse organo-mineral excrements indicated a lack of
macrofauna in studied soil layers. The dominance of
small soil arthropods over macrofauna was probably at-
tributed to elevated heavy metal concentrations.

The soil of site 1, overgrown with pine greenwood,
was contaminated by heavy metals to the lowest degree.

It was characterized by the highest accumulation of un-
decomposed organic matter (statistically significant dif-
ference — Table 2C), mainly anisotropic, composed of
undecayed root fragments. In this case the development
of the humus layer was determined by chemical proper-
ties of pine litter rich in lignin, a high content of which
caused a slow decomposition of organic matter and con-
sequently the accumulation of the litter on the soil sur-
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Photo. 1. Site 2, 0-10 cm. Imperfectly decomposed organic

matter in forms of loosely packed, black, elongated fragments,
not mixed with mineral parts of the soil. Paralell nicols.

face. Moreover, the soil is characterized by rather low
biological activity, indicated by a low level of estimated
dehydrogenase activity, (Table 1) and the abundance of
mesofauna (mostly springtails) which decomposes
organic matter only to a low degree.

The soil of site 2 was heavily contaminated by heavy
metals, but besides such high pollution, is overgrown
with compact grass community, tolerant of the heavy
metals which created a rich organic matter humus hori-
zon, porous and with a high cation exchange capacity
(Table 1A). This soil was more active biologically than
others, which was indicated by a high level of dehydro-
genase activity (Table 1B) and a higher amount of medi-
um sized aggregates of animal origin (Table 2B). Results
of morphometric analysis of aggregate shapes showed
the dominance of elongated aggregates (Table 2B). These
excrements are characteristic for springtails and the pre-
dominance of these animals over other mesofauna point-
ed to their tolerance to heavy metals. The accumulation
of imperfectly decomposed organic matter, observed in
thin sections of humus horizons, in the form of loosely
packed, black elongated fragments, not mixed with min-
eral particles, indicates reduced decomposition of soil or-
ganic matter, which again could be a result of heavy
metal contamination (Photo. 1).

The soil of site 3 is scarcely covered by small pine
trees and is heavily polluted by heavy metals. A high con-
tent of organic carbon in this soil demonstrates that post
flotation material which was recently deposited, must be
spoiled with substances containing organic carbon. This
supposal was confirmed by observations of thin sections
(Photo. 2) and the very low level of dehydrogenase ac-
tivity (Table 1B). Therefore, results of morphometric
analysis regarding the shape and amount of decomposed
organic matter were not related with aggregates of ani-
mal origin as the organic matter in the soil was not
formed through humification of plant litter.

Although the elevated concentration of heavy metals
affected major soil components, the development of

Photo. 2.
pieces of organic carbon. Paralell nicols.

humus layers indicated that the kind of vegetation, its
age and degree of cover of the soil surface were as im-
portant for the development of the humus layers and or-
ganic matter accumulation as heavy metal contamina-
tion. In the case of soil which is both polluted by heavy
metals and covered by plants tolerant to elevated
amounts of these metals in the soil material (soil 2 —
Tab. 1), content of organic matter is visibly higher in
upper layers of the profile than in respective layers of
other studied soil profiles. Under these conditions the ac-
cumulation of organic matter is probably a result of the
reduction of the density of the soil fauna responsible for
the decomposition and humification of the accumulated
plant material. In spite of the neutral reaction of this soil,
excrements of earthworms, enchytraeids, oribatid mites
and macroarthropods have not been found, whereas
springtail's fecal pellets could be easily observed. Nev-
ertheless, springtails have a poor effect on the soil struc-
ture as they feed mainly on fungi and not on plant litter,
which may accumulate despite high densities of these
animals.

Conclusions

1. Total amounts of cadmium, zinc and lead indicate that
the soils are polluted by heavy metals to a varying de-
gree.

2. In all humus layers decomposed organic matter oc-
curred mainly in the form of fine excrements, origi-
nated from small soil arthropods, while macrofauna
excrements were quite absent. The dominance of soil
mesofauna over macrofauna was probably attributed
to higher heavy metal concentration.

3. The elevated concentration of heavy metals affected
major soil components but the kind of vegetation and
the degree of cover of the soil surface were as impor-
tant for the development of the humus layers as heavy
metal contamination itself.



Micromorphometric Characteristics ...

421

References

. World reference base for soil resources. 84 World Soil Re-
sources Reports FAO, ISRIC and ISSS, Rome, pp. 109, 1998.
. BAL L. Morphological investigation in two moder humus
profiles and the role of the soil fauna in their genesis. Geo-
derma 4, 5, 1970.

. CASIDA L. E., KLEIN D. A., SANTORO T. Soil dehydro-
genase activity. Soil Science 98, 371, 1964.

. DIJKSTRA E. F. A micromorphological study on the devel-
opment of humus profiles in heavy metal polluted and non-
polluted soils under Scots pine. Geoderma 82, 341, 1998.

6.

. GILLET S., PONGE J. F. Humus forms and metal pollution

in soil. European J. Soil Science 53, 529, 2002.
KABATA-PENDIAS A., MOTOWICKA-TERELAK
T., PIOTROWSKA M., TERELAK H., WITEK T.
Evaluation of a degree of soil and plant pollution by
heavy metals and sulphur (in Polish). IUNG, P (53), 20,
1993.

. PROTZ R., VANDENBYGAART A. J. Towards systemat-

ic image analysis in the study of soil micromorphology. Sci-
ences Soils 3, 4, 1998.

. RUSEK J. Die bodenbilde Funktion von Collembolen und

Acarina. Pedobiologia 15, 299, 1975.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


