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Abstract
TosiasovA, E. 2011. Land use influence on micro-aggregates. Folia oecol., 38: 126—132.

There were assessed differences in micro-aggregate composition depending on soil organic
matter and soil texture in different ecosystems (forest, meadow and urban ecosystems and
in agro-ecosystems on various plots) on Eutric Fluvisols and Haplic Chernozems. Micro-ag-
gregate formation is influenced mainly by soil texture, but in agro-ecosystems, the quantity
and quality of soil organic matter play an important role. The content of total organic carbon
and its labile fraction positively influence creation of micro-aggregates larger than 0.01 mm.
In relation to the quality of soil organic matter, creation of micro-aggregates is influenced
mainly by the stabilised humus substances. In this research, the effect of humic acids was
positive in case of smaller aggregates, but in case of their bound with the larger fraction of
0.25 mm their degradation occurred, thus the soil organic matter was less stabilised. Con-
versely, content of fulvic acids was mostly in negative correlation with the individual micro-
aggregate fractions, but in case of micro-aggregates to 0.001 mm it was the positive cor-
relation, because with increasing formation of aggressive humus substances, clay content
is increasing, as well. Soil organic matter plays an important role especially in the creation
of larger aggregates.
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cles and micro-aggregates are likely to expand the pe-
riod of resistance of organic carbon against degradation
by micro-organisms through chemical complexation or

In the recent years, soil structure is considered impor-
tant in assessing of carbon sequestration and turnover
(Six et al., 2004). Many studies (Six et al., 1998; MaRr-
TENS, 2000; HERNANZ et al., 2002; Zausec and SIMANSKY,
2006, 2008) have confirmed that the aggregates have
an important role in the stabilization of organic matter
within aggregates by inhibiting the oxidation of carbon.
Organic carbon in micro-aggregates is more protected
physically, therefore a higher content of biochemical re-
calcitrant fraction leads to more stable micro-aggregates
and lower intensity of decay inside the aggregates (Jas-
TROW, 1996). Organo-mineral particles and some micro-
bial polysaccharides may also participate in micro-ag-
gregate creation (ANGERS, 1998). Organo-mineral parti-
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improve physical protection (Powers and SCHLESINGER,
2002). Different fractions of organic matter participate
in creation and stabilization of soil aggregates in differ-
ent ways (RoBERSON et al., 1991). In the permanent state
of the micro-aggregates (0.053-0.250 mm), degraded
aromatic humus substances in conjunction with poly-
valent metal ions participate in bindings with clay
particles (TispaLL and OaDEs, 1982). The stabilization
of micro-aggregates (<0.25 mm), is participated sig-
nificantly also by the iron and aluminium hydroxides
(BARRY et al., 1998). The aim of this work was to assess
differences in micro-aggregate composition in different
ecosystems, depending on soil organic matter and soil
texture.



Material and methods

The study areas are located in the Danubian Lowland
consisting of a plain and a hilly part. Localities on Eutric
Fluvisols (Fao, 1998) (agro-ecosystem, forest ecosys-
tem, meadow ecosystem) are situated in the plain part
of the lowland, all ecosystems on Haplic Chernozems
(Fao, 1998) and urban ecosystem on Eutric Fluvisols
in the hilly part of the lowland. Geological substrates
of the Danubian lowland are neogene clays, sands and
gravels, in most areas covered with loess and loess
loam. Fluvial sediments are along the Vah and Nitra
rivers. The plain part of the Danubian lowland is most-
ly an alluvial plain. The hilly part is covered by loess
and loess loam. In some places, neogene rafts of clays,
sands and gravels appear. Sites on Haplic Chernozems
are located on aslight slope facing SW (forest and
meadow ecosystems, agro-ecosystem) and NE (urban
ecosystem).

Samples were taken in the spring down to the
depth of 0.3 m in 3 replications in the following eco-
systems: forest (CH-FO, FL-FO), meadow (CH-ME,
FL-ME), anurban ecosystem (CH-UR, FL-UR),
an agro-ecosystem (CH-AG, FL-AG), and from four
different plots (CH 01-04, FL 01-04), with different
crop composition. From the physical properties, there
were determined: the texture composition — by pipette
method (Fiara et al., 1999), micro-aggregate composi-
tion — by Kacinsky method (Hra$ko et al., 1962). Soil
for determination of micro-aggregate fractions was
sieved (<2 mm) and dispersioned with water. After
24 h, samples were shaking 2 h and sieved (<0.25mm).
Then the procedure is the same with the determination
of texture composition, and time periods for pipeta-
tion are different. From the chemical properties, there
were determined: organic carbon — by Tyurin method
(GrisiNa and Orrov, 1981), labile carbon (LoGIN et al.,
1987) and fractional composition of humus substances
by PoNnoMaREVA and PLoTNIKOVA (1975).

The obtained results were analyzed with using the
statistical software Statgraphic Plus. In addition to the
basic descriptive statistical indicators, multi-factorial
analysis of variance (ANova) was used for evaluation
the relevance of various factors on the observed pa-
rameters. Differences between the variants were as-
sessed with the Tukey test at a significance level P <
0.05. Correlation analysis was used for exploring mu-
tual dependences. Minimum significant correlation co-
efficient was determined at significance levels P < 0.05
and P <0.01.

Results and discussion
Shares of micro-aggregate fractions in different eco-

systems differed, with the highest content of the frac-
tion 0.01-0.05 mm (Fig. 1). Micro-aggregate stability

of this fraction was significantly influenced by the con-
tent of the total organic carbon (P <0.01, r = 0.674), la-
bile carbon (P < 0.05, r = 0.631), amounts of extracted
humic acids (P < 0.05, r=0.582) and fulvic acids (P
< 0.05, r=-0.542), with the strongest effect of fulvic
acids bound with Ca*".

Content of total organic carbon was in a negative
linear dependence with the smaller fractions of micro-
aggregates <0.01 mm (Table 1). The higher total organ-
ic carbon content, the lower amount of micro-aggre-
gates <0.01 mm was. Labile carbon was also in nega-
tive correlation with the smaller micro-aggregates. This
points to the fact that the smaller micro-aggregates,
the less organic matter they consist and in the smallest
fraction of the smallest micro-aggregates, organic mat-
ter almost is not present. This is too small fraction, in
which dominating binding agents are oxides. According
to OADES et al. (1989) the aggregating effect of oxides is
mainly at the micro-aggregate level.

According to SiMaNsky and Zauiec (2009) lower
contents of labile carbon are just in more intensively
cultivated soils.

If there is little organic carbon in soil, the function
of binding agents takes over polyvalent metals and sili-
cate clays (MBaGwu, 1989). The portions of smaller mi-
cro-aggregates were influenced by the amount of free
fulvic acids and fulvic acids bound with mobile R O,
and Ca?". In the case of fraction 0.01-0.05 mm, there
was a positive correlation, but in case of the smaller
micro-aggregates <0.001 mm it was a negative cor-
relation. This shows the effect of calcium on colloid
coagulation, occurring mainly in smaller particles, and
in the case of bivalent calcium and trivalent iron cau-
sing irreversible coagulation (KutiLek, 1978; RoTH and
Pavan, 1991; Barpock et al., 1994). In general, pres-
sure changes result in creation of micro-aggregates
(<0.002 mm), but in the case of particles <0.01 mm cal-
cium reduces the effect of the cohesion forces between
the particles (REnAk and Jansky, 2000). Higher share
of free fulvic acids and fulvic acids bound with mobile
RO, resulted in smaller share of the smallest fractions
of micro-aggregates (Table 1). In case of larger mi-
cro-aggregates 0.01-0.05 mm, correlation is positive,
because into the bindings with mineral portion enter
all molecules of fulvic acids, which are also stabilized
by calcium. On the surface of particles, they form coa-
tings, which act as cement.

TispaLL and OapEs (1982) describe this as a per-
manent state, in which inbinding participate de-
graded aromatic humus substances in conjunction
with the polyvalent metal ions, which are strongly
bound to the clay particles to produce micro-aggregates
(0.053-0.250 mm).

Since fulvic acids are less stable than humic acids,
they are more oxidized and the binding is less stable, as
well. In contrast, the content of humic acids was in po-
sitive correlation with the amount of micro-aggregate
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Fig 1. Shares of micro-aggregate fractions in different ecosystems on Eutric Fluvisols and Haplic Chernozems. FL, Eutric
Fluvisols; CH, Haplic Chernozems; UR, urban ecosystem; ME, meadow ecosystem; FO, forest
ecosystem; AG, agro-ecosystem.

fractions 0.01-0.05 mm. So it seems that the most sta-
ble fraction of micro-aggregates is just fraction 0.01—
0.05 mm binded with humic acids.

Conversely, in case of larger fraction >0.25 mm,
dependence between the content of this fraction and
humic acid content was negative. In this case, humic
acids are a mediator of binding between mineral parti-
cles, but they are more exposed to oxidation. This leads
to their degradation, causing aggregate disintegration.
This means that the greater share of larger aggregates,
the lower share of humic acids, because they decom-
pose and the organic matter is less stabilized. The
strongest bindings are formed at the creation of humus
substances (PiccoLo and MBagwu, 1990; ReEHAK and
Jansky, 2000), and gradually they get weaker. The larg-
est fraction of aggregates was in negative correlation
with the fraction of humic acids bound to the mineral
component and stable R,O,, which is also in accordance
with the theory that the most stabilized components are
in case when higher portion of larger micro-aggregates
are more degraded.

Micro-aggregate stability is given by the shares
of granularity fractions. Micro-aggregate creation was
influenced mainly by clay and silt (Table 1). Accor-
ding to REHAK and Jansky (2000), fractions of sand
and silt make micro-aggregate creation impossible.
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All fractions of micro-aggregates are not affected
equally (Table 1). Content of coarse silt (0.01-0.05 mm)
negatively correlated with the smallest micro-aggre-
gates <0.001 mm. The fraction of fine and medium silt
(0.001-0.01lmm) was in turn in a positive correlation
primarily with smaller fractions of micro-aggregates
<0.01 mm.

Shares of micro-aggregate fractions in each eco-
system (Fig. 1) considerably fluctuated. The highest
content of the micro-aggregate fraction (0.01-0.05 mm)
was inthe forest ecosystem (47.21%), followed by
the meadow ecosystem (43.94%), urban ecosystem
(42.32 %) and agro-ecosystem with the lowest content
(38.04%). The content of this fraction is significantly
affected by the total organic carbon, as well as its labile
form. The highest shares were just in the forest ecosys-
tem, the richest one in organic matter. Content of this
micro-aggregate fraction was in a positive exponential
dependence with the content of fulvic acids, having
also the highest average portion in the forest ecosystem,
in particular the fraction of fulvic acids bound with sta-
ble R,O,. Their extractability was the highest in the for-
est ecosystem (9.81%). The values in the meadow and
the urban ecosystem were lower by about 19% and
26%, respectively, in the agro-ecosystem even by about
54%. Soil in the forest ecosystem of the same soil types
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is considered as the soil of the highest quality, because
its properties are nearly equal to the natural undisturbed
territory, in which physical, chemical and biological
properties are in equilibrium (DoraN and PArkiN, 1994).
But forest soils are characterized by the highest content
of fulvic acids in humus. Ratio of C, : C_, showed
that humus quality decreased from the agro-ecosystem
(1.46), meadow ecosystem (1.28), urban ecosystem,
(1.23) down to the the forest ecosystem (1.17).

In case of ecosystems, shares of micro-aggregates
depended on the shares of clay fraction <0.001 mm,
being the highest in the agro-ecosystem (19.48%) and
urban ecosystem (19.53%) and lower in the meadow
(15.08%) and forest ecosystem (14.36%). More marked
than the effect of organic matter on shares of micro-
aggregate fractions was the influence of clay content
—which is in accordance with the theory that the micro-
aggregates are less affected by management system than
the macro-aggregates (Six and Jastrow, 2002). There
is also a secondary effect — regulating the quantity and
quality of soil organic matter in soil.

The reason is a higher intensity of mineralization
in macro-aggregates than micro-aggregates (ELLIOTT,
1986).

Even in the case of plots in each agro-ecosystem
(Fig. 2), differences in distribution of micro-aggre-
gate fractions were observed. Differences were more

marked in Eutric Fluvisols than in Haplic Chernozems.
In the agro-ecosystem in Haplic Chernozems, the plots
CH-01 and CH-04 exhibited the lowest portion of mi-
cro-aggregate fraction <0.01 mm, while only on these
plots was recorded positive carbon balance during the
6-year period. In the other two, the balance was found
negative. GARTZIA-BENGOETXEA et al. (2009) report that
concentration of organic carbon was not increasing
with enlarging aggregates in a forest ecosystem; how-
ever, this was found true for agricultural soils by Tis-
pALL and OaDEs (1982).

In the case of permanent cultivated soils, however,
the importance of soil organic matter is indisputable,
even in the case of micro-aggregate creation — as the
reduction of organic matter in soil results in distortions
of micro-aggregates. OADEs (1984) reports, that decom-
position of particular organic matter is associated with
releasing of metabolism products. Macro-aggregates
become more stable and micro-aggregates form inside
the first.

In case of Eutric Fluvisols, formation of smaller
micro-aggregates <0.001 mm was limited by content of
sand fraction.

It follows that under natural conditions, the micro-
aggregate dynamics is more influenced by natural fac-
tors, such as soil texture; but in case of cultivated soils,
soil organic matter is the governing factor affecting
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Fig 2. Shares of micro-aggregate fractions in different plots of agro-ecosystems on Eutric Fluvisols and Haplic Chernozems.

FL, Eutric Fluvisols; CH, Haplic Chernozems; 01-04, plots in agro-ecosystems.

130



the micro-aggregate formation. Since the micro-ag-
gregates are the key element in macro-aggregate crea-
ting, it is essential to monitor inputs of organic matter
in the soil, especially in intensively cultivated soils.
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Vplyv vyuzivania pody na mikroagregaty

Suhrn

V réznych ekosystémoch (lesny, 1G¢ny, urbanny ekosystém a v agroekosystéme aj na ré6znych honoch) na ¢erno-
zemi a fluvizemi boli posudzované rozdiely v zastipeni mikroagregatov v zavislosti od pddnej organickej hmoty
a podnej textury. Tvorba mikroagregatov je ovplyviiovana predovsetkym pddnou textirou, ale v agroekosysté-
moch zohrava dolezitt ilohu aj mnozstvo a kvalita pddnej organickej hmoty. Obsahy celkového organického uhli-
ka a jeho labilnej frakcie vplyvaju pozitivne na tvorbu mikroagregatov vacsich ako 0,01 mm. Vo vztahu ku kvalite
podnej organickej hmoty ovplyviiuju tvorbu mikroagregatov predovsetkym stabilizované humusové latky. Vplyv
huminovych kyselin bol pozitivny v pripade mensich agregatov, pricom v pripade ich vdzby s vacsou frakciou
nad 0,25 mm dochadzalo k ich odburavaniu, teda stabilizacia pddnej organickej hmoty bola niz$ia. Naopak obsah
fulvokyselin bol prevazne v negativnej korelacii s jednotlivymi frakciami mikroagregatov, ale v pripade mikroag-
regatov do 0,001 mm v pozitivnej, pretoze pri zvySenej tvorbe agresivnych humusovych latok sa zvysuje obsah
ilu. P6dna organicka hmota zohrava ddleziti tilohu predovsetkym pri tvorbe vac¢sich agregatov.
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