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Abstract: The effect of plant cover on the me-
chanical composition of eroded soil. Water ero-
sion causes migration of the finest soil particles
and chemical compounds. The paper attempts
to compare the mechanical composition of sedi-
ments susceptible to water erosion on the hill-
slopes with different cover crops. The research
was conducted on the experimental plots in Puc-
zniew. Its results showed that the composition of
the sediment washed out from the fallow land sig-
nificantly differed from that washed out from the
plots with grass and barley crops. In the case of
fallow land, soil particles were markedly larger.
This might indicate the existence of a very hard
mineral fraction.

Key words: water erosion, grain size distribution,
sediment.

INTRODUCTION

Soil degradation due to, inter alia, water
erosion causes significant physical dam-
age and economic losses, as well as de-
terioration of the natural environment,
thus reducing the agricultural develop-
ment potential. A change in the use of
land covered by natural vegetation, like
forest or steppe, into arable fields auto-
matically causes increased erosion on
the hillslopes.

Erosion intensity depends on vegeta-
tion cover selection. Field crops provide
some protection, however, the seasonal-

ity of vegetation cover, mechanical cul-
tivation and tending, intervals between
crop rotations create conditions for the
development of erosion processes. Due
to the lack of vegetation cover in the pe-
riods of snowmelt and summer torrential
rainfalls, arable land is particularly vul-
nerable to water erosion. The soil loss re-
sults in a loss of soil fertility and reduces
the economic effectiveness of agricultur-
al production (Rejman 2006). Fertilizer
components and plant protection agents
leached from the soil increase surface
water pollution. The soil particles carried
out with sediments to ditches, water bod-
ies and hydrological facilities deteriorate
their functioning and shorten the period
of their technological usefulness. Water
erosion causes the migration of ultrafine
soil particles and elements, which is re-
flected in the granulometric composition
of soils and their chemical properties.
The aim set by the authors of this pa-
per was to analyze the differences in the
mechanical composition of the sediment
washed out from the plots with different
cover crops. In the studies on soil ero-
sion, much attention was given to the
glanulometric composition of the eroded
sediments (Govers 1985; Slattery and
Burt 1997; Beuselinck et al. 2000). De-
posited after heavy rains were analysed
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or subjected to rainfall simulation. The
paper presents the results of the exem-
plary results of the studies on the gran-
ulometric composition of eroded soils
from the plots on the slopes covered with
grass and barley. The plot with black fal-
low was established as control.

MATERIALS AND METHODS

The research station was established in
the Agricultural Experimental Station in
Puczniew. The arable land in the Pucz-
niew RZD is underlain by Quaternary
soils formed by the action of glaciers,
mostly composed of boulder clays of the
older glaciation ground moraine and gla-
cier accumulation sands with rocks on
boulder clay.

The mechanical composition of soils
showed that loamy soils, poorly resistant
to erosion processes, occurred all along
the slope length (Jozefaciuk A. and Joze-
faciuk C. 1996). In the top area of the
slope, the soil surface is less permeable,
as evidenced by the permeability coeffi-
cient—0.01 m-d"". In the bottom area, the
soil surface is characterized by a greater
and more variable permeability (permea-
bility coefficient was 0.8-10 m-d"!). The
bulk density of soil for a layer of 1015
cm is 1.60 g cm™. The studies were con-
ducted on three 4 m wide and 40 m long
plots, with an average slope gradient of
10%. Prior to the experiment established
in 2006, the plots were tilled (shallow
ploughing), then one plot was sown with
grass, the second — with barley and the
third plot was maintained as black fal-
low throughout the experiment. The
sediment washed out during the rainfall
was taken from the tanks placed at the

end of each plot and subjected to analy-
sis. A Mastersizer Microplus of the Mal-
vern Instruments Ltd. was used for grain
size distribution analyses (Rawle 1997).
The technique applied in this device is
compatible with the ISO13320 standard
— The International Standard For Laser
Diffraction Measurements.

According to Adamiak (2001), the
results obtained by the applied laser
diffraction technique are different to
those obtained by the previously used
sedimentation methods. This is dictat-
ed by the fact that the laser diffraction
technique is based on different laws of
physics and applies different approxi-
mations compared to the sedimentation
method. In comparison with traditional
methods, the laser marking technique
slightly underestimates the clay (< 4 mi-
crons) and sand (> 63 microns) content
and overestimates the silt content (4—63
microns) (Beuselinck et al. 1998; Ma-
son et al. 2003 for Jary 2007). Nonethe-
less, many authors (Banasik and Hejduk
2005; Szewranski 2009) believe that this
method has many advantages. Among
the most important are the speed of anal-
ysis, small sample weight (0.3 g), high
measurement accuracy, repeatability of
results, the possibility to analyze grain
sizes up to 100 classes, automatic laser
marking. In order to break up soil aggre-
gates, the collected samples were treated
with ultrasound waves, and microscopic
images were taken.

RESULTS AND DISCUSSION

The studies showed (Fig. 1) that in the
case of black fallow, the average sand
content was 72%, silt content — 23% and
clay content — 5%. For the plot with the
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FIGURE 1. Sediment grain size

grass cover, the sand content was 91%,
silt content — 7%, clay content — 2%. For
the plot with barley, the sand content was
93%, silt content — 5% and the clay con-
tent — 2%.

The obtained data showed that the
smallest sand content was for black fal-
low (20% on average), whereas in the
case of barley and grass the sand content
was at a similar level accounting for 91%
and 93%, respectively. The silt content
was highest for the fallow land. In all
cases, the sand content had the largest
share in the analyzed sediments.

The studies by Smolska (2008) using
traditional methods demonstrated that in
the case of black fallow, the content of
silt and clay were larger in the bottom
area of the slope indicating the transport
of smaller particles, with the larger ones
being left on the slope.

The use of the laser diffraction meth-
od allowed precise definition of effective
diameter sizes d10, d50 and d90. The
value of the d10 diameter amounted to
2 um for black fallow, 5.5 microns for
grass and 9.5 um for barley. The value of
the D50 diameter was 15 um for fallow,

39 um for grass and 42 pum for barley.
The uniformity coefficient U = d60/d10
calculated for the analysed distributions
attained the value of 12.5 um for grass,
8.7 um for fallow and 6.5 pm for barley.

The obtained results also enabled
to determine the vulnerability of a soil
to soil loss. Two factors influence this
characteristic: soil compaction and soil
aggregate stability. The smaller is soil
compaction and aggregate stability, its
erosivity is greater.

According to Prochal (1984) this re-
lationship can be characterized as the
ratio of silt fractions (0.1-0.02 mm) to
colloidal fraction (0.002 mm). For sur-
face runoffs, sand particles with a small
aggregate surface area are rarely carried
away by water. However, particles with
larger aggregate surface area (silts) are
transported even when water velocity is
0.02-0.05 m/s.

During runoff, the eroded particles
(with a diameter of less than 0.02 mm)
increase their adhesive properties with
the increasing aggregate surface area. It
means that soils with the prevalence of
silt fractions with a small colloidal frac-
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tion are most vulnerable to soil loss. As
regards clay loamy soils in Puczniew, the
ratio of the silt fraction to the colloidal
fraction for the topsoil amounted to 3.3 —
for medium clay in which the content of
silt was 10.7% of weight and of eroded
fractions — 35% of weight.

Figures 24 illustrate the selected
sediment density distributions for indi-
vidual land uses.
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FIGURE 2. Selected sediment density distribu-
tions — black fallow
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FIGURE 3. Selected sediment density distribu-
tions — grass
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FIGURE 4. Selected sediment density distribu-
tions — barley

The obtained results of the sediment
density distribution (Figs. 2—4) for indi-
vidual land uses allowed to state that in
the case of the sand content, the particles
in the black fallow sediment were much
larger than in the sediment washed from
the plots with barley and grass cover,
which was confirmed by the additional
peak for the largest particles. The peak
was noted even after breaking up the soil
samples by ultrasound waves. This might
indicate a very hard mineral fraction.
The microscopic analyses of sediments
from three plots with different land uses
were compared with sediments after
their breaking up by ultrasound waves.
The obtained results are presented in
Photos 1-3.

The analysis of microscopic images
showed that after the break up by ultra-
sound waves, the tested sediment did not
change significantly, which might indi-
cate that the content of organic material
was low.
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FOT. 1. The microscopic analyses of sediments from black fallow plot with sediments after their break-
ing up by ultrasound waves

t : o) :
FOT. 2. The microscopic analyses of sediments from grass plot with sediments after their breaking up
by ultrasound waves

FOT. 3. The microscopic analyses of sediments from barley plot with sediments after their breaking up
by ultrasound waves

CONCLUSIONS The comparison of the results of grain

size analysis using the laser diffrac-
The analyses of the sediment composi- tion method with other techniques, like
tion transported from 3 plots showed dif- aerometric creates certain difficulties
ferences which might be important for (Banasik and Hejduk 2005). The stud-
the agricultural use of land. ies on loess soils (Dgbicki et al. 2002)
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showed that their granulometric compo-
sition was different when using the laser
method and aerometric methods. Some
authors emphasize the need to seek cor-
relations between the results obtained by
the above-mentioned methods for each
tested sample (Bauselinck et al. 1998,
Frankowski and Smagata 2000).

The obtained results allowed to for-
mulate the following conclusions:

1. As regards clay loamy soil clear
differences were found in the granulo-
metric composition of the sediment car-
ried from the plots with a different crop
cover.

2. The studies showed that the sedi-
ment washed out from black fallow sig-
nificantly differed from the composition
of'the sediment washed out from the plots
with grass and barley. Large differences
were noted for the sand content — 20%,
silt content — 14%, clay content — 6%.

3. As regards the fallow plot, the par-
ticles were significantly larger compared
to those of barley and grass plots (which
might indicate a very hard mineral frac-
tion and the absence of unstable aggre-
gates).
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Streszczenie: Wplyw pokrywy roslinnej na sktad
mechaniczny erodowanej gleby. W wyniku ero-
zji wodnej nastgpuje migracja najdrobniejszych
czastek glebowych oraz zwiazkow chemicznych.
W artykule podjgto probg poréwnania sktadu me-
chanicznego osadow ulegajacych erozji wodnej
na stokach ro6znie uzytkowanych na podstawie ba-
dan prowadzonych na poletkach do§wiadczalnych
w Puczniewie. Z przeprowadzonych badan wy-
nika, ze wymywany sedyment z ugoru znacznie
rozni si¢ od sktadu sedymentu wymywanego
z poletek uzytkowanych jako trawa i jgczmien.
W przypadku ugoru pojawity si¢ duzo wigksze
czasteczki niz w przypadku jeczmienia i trawy,
$wiadczy o tym dodatkowy pik przy czastkach
najwigkszych. Moze to swiadczy¢ o tym, Ze jest
to bardzo twarda frakcja mineralna.

Stowa kluczowe: sktad mechaniczny sedymentu,
zmywy powierzchniowe, erozja wodna.
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