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Abstract. The paper includes the results of comparative investigation of soil organic matter
(SOM) content, aggregate size distribution (ASD) and water-stability of structural aggregates
(WSA) of humus horizon (0-30 cm) of non-carbonate silty clay gleyic fluvisol in the Kolubara
river valley (West Serbia) under natural deciduous forest vegetation and the same gleyic
fluvisol used for more than 100 years as arable soil.

Long-term cultivation significantly (P < 0.01) decreased the SOM content in the plough
horizon (0-20 cm). Due to long-term anthropogenization, the ASD and WSA in plough and
sub-plough (20-30 cm) horizons of cultivated gleyic fluvisol are significantly degraded. In
plough and sub-plough horizons, the content of the agronomically most valuable fraction (0.25—
10 mm) is decreased about twice (from 67.7-74.0% to 37.1-39.2%), while the content of very
coarse aggregates (> 10 mm) is increased to the same degree (from 22.8-31.2 % to 48.3—
62.1%).

The conversion of forest semigley to continuous cropping using conventional cultivation
significantly (P < 0.05) decreased the water stability of soil aggregates in the plough horizon.
The lowest water-stability is found in structure aggregates > 3 mm. Their content is 2-3 times
lower in the plough horizon (12.6-15.6%) than in the same depth zone of forest gleyic fluvisol
(31.9-42.3%). Due to anthropogenization, water-stability of micro-aggregates (< 0.25 mm) is
decreased in the plough horizon. The content of these aggregates is about twice as high in this
horizon (29.9-34.0%), as in the same depth zone of the forest gleyic fluvisol (16.7-17.2%).

Key words: forest, cultivated fields, soil organic matter, aggregate composition, water
stability of aggregates, mean weight diameter

INTRODUCTION

At present, anthropogenic influences of various types and intensities, distributed
within traditional appropriating of new arable lands, disturb complex ecosystems and
change the character, direction and mutual relations of natural pedogenic processes.

The available experience shows that human activity mainly caused the
degradation of soil and the soil cover as a whole. Increased anthropogenic influence on
soil leads at first to its degradation, i.e. deformation and destruction of micro- and
macro-aggregates. By soil tillage, structural aggregates are exposed to fragmentation
during rapid and fast wetting due to the impact of rain drops and the direct influence of
agricultural machines.
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Soil structure varies in time and space as a function of soil properties, climatic
conditions and land management practices (Angers, 1998). Perennial crops generally
improve soil structure, while annual row cropping often results in structural
degradation, mainly as a result of a loss of ground cover and organic matter losses from
soil disturbance (Magdoff & van Es, 2000). Soil degradation is accelerated when
perennial crops are converted to annual row crops, primarily due to increased soil
disturbance from tillage (Karunatilake & van Es, 2002). Soil structure and aggregation
are strongly influenced by processes such as tillage, cropping systems and climate
(Guérif et al., 2001).

Soil organic matter is an essential, but transient, component of the soil that
controls many physical, chemical and biological properties of the soil (Carter, 1996).
Continuous cropping and cultivation of many of the world's soils, which had
previously been under forest or grassland, has resulted in a substantial decline in SOM.
Soil structure and SOM content are considered important indicators of soil in
agricultural soils (Lal & Kimble, 1997). SOM binds mineral particles into stable
aggregates (Tisdall & Oades, 1982). In many soils intensive cultivation degrades the
soil structure which is reflected by a decrease in stability of soil aggregates. The lower
stability is usually associated with a decrease in SOM content and significantly affects
plant development. Soil structural stability and soil organic carbon (SOC) content
usually decrease with cultivation (Eynard et al., 2004). Tillage practices and low
residue inputs have caused rapid losses of SOM and stable aggregation worldwide
from conventionally cultivated soils (Lal & Kimble, 1997). Six et al. (2000a) reported
that cultivation reduces soil carbon content and changes the distribution and stability of
soil aggregates.

There exists a closer inter-relation between SOC concentration and aggregation
(Hermawan & Bomke, 1997). Aggregate stability is significantly correlated with SOC
due to the binding action of humic substances and other microbial by-products (Haynes
et al., 1997; Shepherd et al.,, 2001). In some cases, however, SOC may be only
moderately (Skeien, 1993) or weakly (Holeplass et al., 2004) correlated with aggregate
stability.

A good soil structure for crop growth depends on the presence of aggregates
between 1 to 10 mm diameter. Such aggregates should be stable when wetted
(Edwards, 1991; Tisdall, 1996).

The objectives of this research were to determine and to estimate the effects of
long-term (more than 100 years) tillage on (1) the SOM content, (2) the dry aggregate
size distribution, (3) the aggregate stability, and (4) some soil structural parameters
such as mean weight diameter (MWD) and structure coefficient (Ks) of humus horizon
in gleyic fluvisol.

MATERIALS AND METHODS

The investigations were carried out with one of Serbia’s most important
agricultural soils (gleyic fluvisol; FAO, 1998), i.e. non-carbonated silty-clayey
semigley (according to local classification — Skoric et al., 1985) formed over poorly
carbonated alluvial deposit, which occupies the area of 10000 ha in the Kolubara river
valley (western Serbia). The depth of its humus (Ah) horizon is mostly 30—40 cm. This
soil was formed over a plateau (the first dry terrace of the Kolubara river). During the
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summer, the soil is dried down to a great depth. The mean annual temperature of the
region is about 11°C. The mean annual precipitation is 725 mm, 65% of which is
received during the fall and winter.

The soil samples for determination of dry aggregate-size distribution, aggregate
stability and chemical analysis were taken from 0—10 c¢cm, 10-20 cm and 20-30 cm
depths of 9 profiles under forest, as well as of 9 profiles under stubbles. The collection
of soil samples from field profiles was performed immediately after wheat harvest. At
the same time, in vicinity of the arable field profiles (about 150 m far), the profiles
were opened under natural forest vegetation, comprised of common oak and common
ash association (As. Querceto-Fraxinetum serbicum, Rud.). Gleyic fluvisol under
natural forest vegetation served as a control, i.e. referent (virgin) soil for the
establishment of the influence of long-term tillage on SOM content and on the changes
of their aggregate size distribution and water stability of structural aggregates.

The total organic carbon content is obtained by wet oxidation using potassium
dichromate in a sulphuric medium (Rowell, 1997). Organic matter was calculated by
dividing the organic C using a conversion constant of 0.58.

The total N content was determined by modified Kjeldahl method (ISO 11261).

Macro-aggregate composition of the investigated soils was determined by dry
sieving, and the water stability of structural aggregates, by wet sieving by the
Savinov’s method (Gajic, 2005). By dry sieving, 8 classes of structural aggregates
were separated by their size (> 10; 10-5; 5-3; 3-2; 2—-1; 1-0.5; 0.5-0.25 and < 0.25
mm); by the wet sieving procedure 6 classes were separated (> 3; 3-2; 2—1; 1-0.5; 0.5—
0.25 and < 0.25 mm).

The coefficient (Ks) was calculated as the ratio between the content of the
agronomically most valuable fraction (0.25-10 mm), and the total content of the
aggregates > 10 mm and < 0.25 mm separated by dry sieving (Shein et al., 2001). The
mean weight diameter (MVD) of the structural aggregates was calculated by the
following equation (Hillel, 2004):

n
MWD = X W,
i=1

where X; is the mean diameter of any particular size range of aggregates separated by
sieving, and w; is the weight of the aggregates in that size range as a fraction of the
total dry weight of the sample analyzed.

Bulk density was determined on 5 replicate samples by the core method (Gajic,
2005).

Conventional statistics (ANOVA) were used to assess treatment differences
(SPSS 10.0 for Windows).

RESULTS AND DISCUSSION
In Table 1 the results are presented of the determination of average SOM (humus)
content, organic C, total N, bulk density and particle size distribution of the

investigated gleyic fluvisol. The detailed presentation of physical and chemical
characteristics of these soils is given previously (Gajic, 1998).
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Table 1. Some physical and chemical properties of the soil.

Soiluse Depth  Bulk  Organic Total C/N SOM Particle size Textural
density C N distribution classes®
%
ecm  Mgm® gkg' gkg' Mgha' sand silt  clay
Forest 0-10 1.01 44.7 3.69 121 778 51 478 471 S.CC
(n=9) 1020 132 18.6 1.68 11.0 423 6.5 492 443 S.C.
20-30 147 104 098 10.6 264 79 506 415 S.C.
Crop 0-10 1.31 16.8 1.60 10.5 379 6.8 518 414 S.C.
(n=9) 1020 1.44 15.1 165 92 375 9.1 496 413 S.C.
20-30 1.50 8.7 094 93 225 102 503 395 S.C.

A Sand 50-2000 pm; Silt 502 pm; Clay < 2 pum.
B USDA Classification (Soil Survey Staff 1996).
€S. C. - Silty clay.

The results presented in Table 1 show that all analyzed samples, according to the
American soil texture classification (Hillel, 2004), belong to silty clays, with almost
the same portions of silt fraction and clay.

Bulk density was significantly greater in the plough horizon than in the surface
part (0—10 cm and 10-20 cm) of the humus horizon of the forest soil, but this effect
was not present at 20-30 cm depth. Bulk density was negatively correlated with
organic matter attributes, as organic matter generally lowers the mean density of soils
(Hillel, 1998). Giilser (2006) reported that bulk density gave the significant negative
correlation with SOM. According to Idowu (2003) the negative relationship of bulk
density to aggregate stability is reflecting the extent of soil degradation that occurs
over time, which in turn has influenced factors such as organic matter, which
contribute directly to the formation of stable soil aggregates.

Soil organic matter

The data in Table 1 clearly show that due to long-term tillage, the average SOM
content (Mgha ') in surface samples (0—10 cm) of the plough horizon is decreased
about 2 times in comparison with gleyic fluvisol under forest vegetation. The
differences were found at 10-20 cm; no significant differences were found at 20-30
cm. Our results are in general agreement with Reeves (1997) who found decreasing
SOM in intensively cultivated soils. Conventional agriculture has caused large losses
of SOM from cultivated land worldwide (Francis et al., 2001; Pulleman et al., 2005).
The lower carbon content in cultivated soils can be attributed to lower residue return to
the soil, as a significant portion of dry matter production is removed in harvested
material (Golchin et al., 1995).

As expected, the forest gleyic fluvisol soil had significantly greater organic C
content and total N content through the sampled depths compared with the cultivated
soil (Table 1). The cultivated soil had a lower C/N than forest through the sampled
depths (Table 1). Our results are in general agreement with Martens et al. (2003) who
found decreasing organic C content, total N content and aggregate stability in
cultivated soils.
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Research has shown that plant residue additions in forests can increase soil
aggregation and, concomitantly, soil C content (Bossuyt et al., 2002). The loss of C
with cropped land use has been linked to soil disturbance (Bremer et al., 1994) and
change in plant litter C composition (Martens, 2000).

Some additional parameters of SOM (humified organic carbon, polysaccharides,
etc.) can describe in more detail the relationship between SOM and aggregate
composition. Hot-water soluble carbon and acid hidrolysable carbohydrate fractions
are considered to be more informative in determining aggregate stability. However, it
is not possible at this moment to determine and assess these parameters in our
laboratory.

Saroa and Lal (2001) reported that the SOM concentration decreased with
decreasing aggregate size and was statistically higher in aggregates > 0.5 mm than
< 0.5 mm. Skeien (1993) did not find any significant differences in the SOM
concentration in different aggregate size fractions, although there was a slight trend of
a decrease in SOM concentration with decreasing aggregate size. Holeplass et al.
(2004) find a trend of increasing SOM concentration with decreasing aggregate size for
> (0.25 mm fraction.

Dry aggregate size distribution

The results obtained from the dry sieving analysis, in Table 2 show that, due to a
long-term use of gleyic fluvisol as arable field soil, i.e. due to human activity, there
occurred a substantial change of its dry aggregate size distribution in comparison with
the gleyic fluvisol under natural forest vegetation. The agronomically most valuable
fractions of structural aggregates with the diameters between 0.25 and 10 mm prevail
in all investigated depth zones of the humus horizon of forest gleyic fluvisol. Due to
increased dispersion during the tillage, as well as to the compaction caused by
threading, the plough horizon (0-10 and 10-20 cm) shows lower (37.1-39.2%) content
of the agronomically most valuable aggregates (by their size) than the forest gleyic
fluvisol (67.7-74.0%). On the basis of the content of these aggregates, and according
to the classification by Shein et al. (2001), the arable gleyic fluvisol does not have
satisfactory aggregate composition, while the gleyic fluvisol under forest vegetation is
well structured in dry state. Soil structural changes under cropping were mainly related
to a decline in the > 5 mm sized aggregates (Carter et al., 2002).

Due to the application of various agrotechnical measures, in the plough (0-20 cm)
and sub-plough (20-30 cm) horizons, the total content of very coarse- (> 10 mm) and
micro-aggregates (< 0.25 mm) is increased approximately twice. The content of these
aggregates in humus horizon of forest gleyic fluvisol varies within a rather narrow
interval, from 26.0 to 32.3%, and in the arable soils within a much wider interval, from
49.2 to 62.9%. Hakansson et al. (1988) made similar observations. They reported that
the size of soil aggregates increases under intensive cultivation as a result of increased
clodding.

Both structure coefficient (Ks) and MWD values of dry aggregates support the
conclusion that the aggregate size distribution of arable gleyic fluvisol during long-
term tillage suffered from significant qualitative changes (Table 2). In the humus
horizon of the forest gleyic fluvisol, the Ks is about 2.5—4 times higher than in the
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cultivated one. The values of Ks in the profiles of forest gleyic fluvisol are regularly
> 1.5, i.e. they vary between 2.09 and 2.85. According to the classification of Shein et
al. (2001), the values Ks are characteristic for the soils of good structure. In the plough
horizon (0-10 and 10-20 cm) the values Ks vary between 0.59 and 0.64, which is,
according to the mentioned classification, a characteristic of soils with unsatisfactory
structure. Sub-plough horizon (20-30 cm) of the investigated profiles, by its Ks value
(1.03), shows satisfactory structure.

Table 2. Effects of different gleyic fluvisol use on dry aggregate size distribution.

Soil  Depth - AW
use  (cm) Dry aggregate size distribution (%)

>10 5-10 3-5 2-3 2025 <0.25 10-0.25

mm mm mm mm mm mm mm

Forest 0-10 228 349 154 105 13.2 32 74.0 285  7.09
(n=9) 1020 312 372 134 7.8 9.3 1.1 67.7 2.09 853
20-30 26.5 369 15.1 9.0 10.5 2.0 71.5 2.51 7.71

Crop 0-10 57.6 255 5.8 3.1 4.8 0.7 39.2 0.64 11.02
(n=9) 1020 62.1 263 5.6 2.7 2.5 0.8 37.1 0.59 11.62

20-30 48.3 313 9.9 5.1 4.5 0.9 50.8 1.03 10.19
A Ks—structure coefficient.

The values of MWD (Table 2) of the dry aggregate size distribution in plough and
sub-plough horizons are significantly increased (P< 0.01) (10.19-11.02 mm) compared
to the forest gleyic fluvisol (7.09-8.53 mm). Similar to the data reported by Shepherd
et al. (2001).

Water stable aggregates

Soil aggregate stability is a crucial soil property affecting soil sustainability and
crop production (Amezketa, 1999). The data presented in Table 3 show that, under the
influence of long-term tillage, there occurred a significant decrease of WSA in plough
and sub-plough horizons. Laffan et al. (1996) made similar observations. The lowest
stability in the investigated semigley is found in structural aggregates with the diameter
> 3 mm (Table 3). The content of these aggregates in humus horizon (0-30 cm) of the
forest gleyic fluvisol is about 2-3 times greater than in the same depth zone of
cultivated soils. The virgin soils had a greater aggregate stability than the cultivated
sites (Golchin, 1995). The stability of soil aggregates generally increases with
increased levels of soil organic carbon (Tisdall & Oades, 1982). The consequent
decrease in SOM reduces the percentage of water-stable aggregates (Lal, 1993). The
low WSA in the cultivated soils may be due to more mechanical disturbance by tillage,
raindrop impact and harvest traffic (Holeplass et al., 2004).

Comparative analysis shows that under the influence of anthropogenic factors,
there occurred a significant decrease in water stability of aggregates, indicated by an
increase of micro-aggregates, (< 0.25 mm) in plough horizon (0—20 cm). Their content
(29.9-34.0%) in the mentioned horizon is about 15% higher than in the same depth
zone of the humus horizon of the forest gleyic fluvisol (16.7-17.2%). The difference in
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the content (29.7%) of water-stable aggregates < 0.25 mm between the sub-plough
horizon (20-30 cm) and the same depth zone in the forest horizon is much narrower,
about 4%, but it is also statistically significant (P < 0.05). Many studies have shown
that cultivation leads to a decline in water-stable macro-aggregates (> 250 pm),
resulting in a rapid loss of SOM that binds micro-aggregates (< 250 pum) into macro-
aggregates (Tisdall & Oades, 1982; Elliott, 1986).

Table 3. Effects of different gleyic fluvisol use on size distribution of water-stable aggregates.

Soil use Depth % of water-stable aggregates of size (mm) MWD (mm)
©em "S53 32 21 105 05025 <025

Forest 0-10 42.3 10.5 17.1 9.1 3.8 17.2 2.32

(n=9) 1020 319 10.4 22.9 12.7 54 16.7 2.02
20-30 17.5 10.7 26.5 13.9 5.8 25.6 1.52

Crop 0-10 12.6 7.3 22.0 15.6 8.5 34.0 1.21

(n=9) 1020 15.6 9.2 22.8 14.9 7.6 29.9 1.37
20-30 9.8 10.5 27.7 15.0 7.2 29.7 1.25

Soil disturbance from tillage is a major cause of reduction in the number and
stability of soil aggregates when native ecosystems are converted to agriculture (Six et
al., 2000b).

The tendency of the decrease of WSA under different land use in agricultural
production was established by Koposov et al. (1994). Soil aggregate stability declined
rapidly in the first year after ploughing, but more slowly after that (Francis et al.,
2001). The main cause of the decrease of WSA in arable field soils after deforestation
and soil tillage is, according to Hamblin (1985) and Lal (1993), the decrease of the
content of humus and some of its components (Caron et al., 1992).

According to the results of the determination of MWD of water-stable aggregates
presented in Table 3, it may be seen that due to long-term cultivation, there occured a
very significant decrease of WSA. The values of MWD (1.21-1.37 mm) are about 1.5—
2 times lower in the plough horizon than in the surface part (0—10 cm and 10-20 cm)
of the humus horizon of the forest gleyic fluvisol (2.02—2.32 mm). Similar results were
reported by Skeien (1993). Golchin et al. (1995) reported that the virgin sites and sites
which had been under long-term pasture had a greater aggregate stability than the
cultivated sites. Statistically significant (P < 0.05) differences in the values of MWD
water-stable aggregates, although somewhat smaller, are found also in the third depth
zone (20-30 cm) of the investigated gleyic fluvisol.

The decrease in MWD was mostly due to a decrease in the proportion of water-
stable aggregates > 1 mm. It appeared that macro-aggregates of larger sizes are more
sensitive to cultivation than smaller sizes when a virgin soil is brought under long-term
cultivation.

CONCLUSION

On the basis of the results of comparative investigation of SOM content, dry
aggregate size distribution and water-stable aggregates in humus horizons (0-30 cm) of
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noncarbonate, silty clay gleyic fluvisol in the Kolubara river valley, under native forest
vegetation and the long-term (more than 100 years) cultivated areas, the following
conclusions may be formed:

The average SOM content in surface samples (0—10 cm) of the plough horizon is
about 2.5 times decreased in comparison with gleyic fluvisol under forest vegetation.

Long-term tilled areas, in the absence of regular crop rotation, lead to a strong
impairment of aggregate composition of plough (0—10 and 10-20 cm) and sub-plough
(20-30 cm) horizons. The content of very coarse, poorly porous aggregates (> 10 mm)
in the plough and sub-plough horizons is increased by about twice, and the
agronomically most valuable aggregate (0.25-10 mm) content is significantly
decreased, also about twice in comparison with the gleyic fluvisol under natural forest
cover.

The values of Ks in the plough horizon are 2.5—4 times lower than in the forest
gleyic fluvisol, which also shows a degradation of the aggregate composition of
cultivated gleyic fluvisol after deforestation.

Under the influence of anthropogenization, there occured a great decrease of
WSA > 3 mm. The content of these aggregates is 2-3 times lower in the plough
horizon (0—10 and 10-20 c¢m) than in the same depth zone of the forest gleyic fluvisol.

The content of water-stable micro-aggregates (< 0.25 mm) in the plough horizon
(0-20 cm) of long-term cultivated gleyic fluvisol is about twice as low as in the same
depth zone of forest gleyic fluvisol.
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