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Abstract: The erosion-induced spatial redistribution of macro- and microelements in the surface soils is
rarely investigated. The 14-km’ study area is located in the drainage basin of Lake Velence in NW
Hungary. At the micro-scale on two study plots of a vineyard and arable land, we measured element
redistribution rate due to rainfall with sediment collectors. At the meso-scale, the amount of soil motion
was determined with the soil erosion model Erosion 3D. The soil erosion model was validated by
comparing measured (collector) and estimated (model) values of eroded soil in the two study plots.
Subsequently, the erosional losses of each element were calculated with the help of the element maps and
enrichment ratios. The enrichment ratio (ER), as a quotient of the concentration measured in the topsoil
and that in the sediment, was calculated. There were slight differences between enrichment ratios
calculated from the two study plots with distinct land uses. Organic matter (OM) (ER=2.1-2.2), P,Os
(ER=1.8-2.1) and Ni (ER=2.2) accumulated the most in the sediment moved by erosion. The Cu, Pb, Zn
and Co accumulated moderately (ER= ~1.2), whereas Cr has not accumulated at all. The AL-P,Os wash-
off was significant, primarily in arable lands with higher phosphorus contents than the surrounding areas.
The average AL-P,Os wash-off during the studied rainfall events was 5.5 — 15.1 mg m™, the estimated Zn
transport was 14.3-39.1 mg m™, Cu 5.02-13.75 mg m™, Pb 4.1-11.3 mg m™. Our final element loss maps are
excellently used in environment-friendly nutrient management in order to delimit the areas of the nutrient
accumulation.
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1 INTRODUCTION

Knowledge and modelling of macro- and
microelement transport and temporal and spatial
changes in horizontal element redistribution at the
level of small watersheds is crucial (Fletcher et al.,
2004). The thesis that life in lakes depends on the
watershed is highly applicable to the drainage basin of
Lake Velence. Estimations suggest (Karaszi, 1984)
that 713.000 t of soil eroded from the entire watershed
of the lake each year, and about 83.000 t of sediment
are carried into the lake (2 mm-per-year increase silt
accumulation)  and  indirectly = caused  the
eutrophication process (Mucsi, 1995).

Precise calculation of the horizontal component
of macro- and microelement transport in the soil is
crucial from another point of view, as well. Erosional
surface wash-off is the second most important aspect
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in element balance (Joo, 1980; Déri, 1986;
Horvath, 1996; Marton, 2000; Szabd & Szabo,
2004). Estimations of the volume of particles
moving due to erosion and the movements of
attached elements differ greatly, from 0-34 kg N
ha” year”, 1.5-18.7 kg P ha year" and 3-8 kg K
ha™' year” (Debreczeni, 1987; Pansak et al., 2008),
to 5-20 kg P ha' year' (Duttmann, 1999). The
effects of soil erosion on the physical and chemical
properties of the soil have been widely studied
(Isringhausen, 1997; Kerényi & Szabd, 1997;
Heathwaite et al., 2003; Bogena et al., 2003; Ulén
& Kalisky, 2005; Jakab & Szalai, 2005; Veum et
al., 2009; Wang et al., 2009; Arghius & Arghius,
2011; Stefanescu et al., 2011). Lal et al., (2000)
examined changes in the physical and chemical
properties of soil as a function of landscape
position and erosional phase. Boy and Ramos
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(2002) studied the relationship between the macro-
and microelement concentrations moving with
sediment and rainfall events. Zhang et al., (2004)
characterised nutrient loss of the topsoil and its
connection with physical soil parameters by
measuring the enrichment ratio. The movement by
erosion of P of macro- and micro elements is
frequently studied owing to its environmental
significance. Sharpley (1995) ranked the vulnerability
for P loss from 30 unfertilized and P-fertilized,
grassed, and cropped watersheds in the Southern
Plains, USA. He claimed that a watershed
vulnerability to P loss in runoff was closely related to
actual losses measured 0.1-5 kg P ha™' yr'.

In order to carry out soil element transport
calculations and introduce environmentally friendly,
sustainable nutrient economy practices (Csatho et al.,
2009; Fletcher et al., 2004), it is essential to know the
volume of element loss due to surface macro- and
microelement movement and wash off for both
individual rainfall events and for a complete
vegetation period in a given area. By creating
appropriate digital map files, this information could be
applied to precision agricultural practices (Czinege,
1999). As post-fertilisation rainfall events greatly
rearrange the soil element maps of fields having
greater relief, differentiated element depositions must

be based not only on the so-called static element
map, but also on dynamic ones that summarise
element rearrangement patterns.

Our aim was to track the spatial variability
patterns of horizontal macro- microelement
transport in the 14-km” watershed of the Cibulka
stream (Fig. 1), a sub-catchment of the Vereb-
Pazmand headwaters, which plays a crucial part in
the variability of the water quality of Lake
Velence.

2 THE STUDY AREA

The studied area is situated in the catchment
area of Lake Velence in North-Western Hungary
(Fig. 1). The climate of the area is moderately cool
and dry. The annual average temperature is 9.5-
9.8°C and the volume of rainfall is 550-600
mm/year, with 50-55% coming in the form of
severe summer rainstorms (Marosi & Somogyi,
1990).

The catchment area exhibits great variety,
both petrologically and pedologically, as well as
from the aspect of land use (Fig. 2). The soil-
forming rock is granite and andesite at higher
plots, while slopes are covered with loess.
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Figure 1. The situation and the relief of the study area
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Areas covered with loess contain primarily
moderately eroded Chernozems and Phaeozems (Zech
& Hintermaier-Erhard, 2002). In lower areas and in
smaller patches, Gleyic Chernozems and Fluvisols
appear. In granite and andesite areas, Cambisols are
characteristic (FAO et al., 2007).

Natural oak forests, locust-trees and low-quality
grazing grounds are common on Cambisols. On
designated in order to calibrate the Erosion 3D model.
The characteristics of these plots are as follows: One
of the two studied plots is used for large-scale
production of grapes, while the other is arable land.
The soil type is eroded Chernozems, and the soil
texture is loam and sandy loam. The average slope
angle is 4°, ranging from 1° to 6°. The pH of soil is
neutral to moderately alkaline Chernozems, arable
land cultivation (winter wheat, maize, sunflower,
rape), vineyards and orchards are typical (Bodis &
Dormany, 2000.

3 METHODS AND MATERIALS
3.1 Plot and laboratory examinations

Sediment collectors were placed on the above
mentioned plots and spaced at a distance of 25 m in
March 2004. Fourteen and twelve collectors were
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1

applied in the vineyard and on the arable land,
respectively. At the bottom of the slopes, two big
tanks were placed in order to measure the total
sediment loss from the plots (Figs. 3, 4). The
primary aim of the examination was the validation
of the soil erosion model E3D (Schmidt et al.,
1999). Additionally, we compared the macro- and
microelement content, organic matter (OM)
content and particle size distribution of the
washed-off sediment and that of the soil samples
taken in the catchment area (average sample from
the upper 0-10 cm). Finally, we calculated
enrichment ratios (ERs) (Duttmann, 1999; Boy &
Ramos, 2002; Zhang et al., 2004). The sediment
build-up in the collectors and the topsoil around
the collectors was gathered after every rainfall
event. Enrichment ratios (ER) were calculated as
follows:

ER¢jement =Element concentr.seqir/ Element
concentr. g

ER1y =Clay contentseqim/ Clay contentgi

ERoMm = O.M. contentyegim/ O.M.content,;

Average topsoil samples were taken at 32
locations of the Cibulka catchment (at a depth of
0—10 cm covering an area of 2—4 m®).
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Figure 2. Land use on the Cibulka catchment
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—— Sediment trps

Figure 3. The slope profile under the vineyard and the
collector tank

Element maps were drafted from these data as
the initial state of the investigation. The soil properties

and macro- and microelements taken into
consideration included pH (H,O), particle size
distribution (%), organic matter content (%),

ammonium-lactate soluble P,Os (AL-P,Os) content
(Riehm, 1958; Egner et al., 1960) and microelement
(Zn, Cu, Ni, Pb, Cd) contents. The tests were carried
out in accordance with the current Hungarian
standards (Buzas, 1988). In the case of microelements,
measurements were made using aqua regia digestion
with a Perkin Elmer AAS (Atomic Absorption
Spectrometer) 3110  (Buzas, 1988). These
measurements took place between 2005 and 2007.

Prior to modelling of the soil loss, the input plot
and soil parameters affecting erosion were determined
by measuring of initial soil moisture, soil texture, soil
organic matter content, changes in canopy cover and
rainfall parameters and mapping of land use. Canopy
cover was measured in the field with a 15-m long wire
divided into 100 equal parts. The two ends of the
measuring line were fixed so that it angled 45° with
respect to the plant rows. Parts above plant remains
were summarised by percentage. Depending on the
size of the plot, the number of measurements was
repeated (Keveiné & Farsang, 2002). Data regarding
precipitation in the sample area might be obtained
from rain gauge set up in the catchment (Type BCU
LITE2, Boeras Ltd., Hungary).

To determine soil erosion (10x10-m pixel
accumulation and soil loss, i.e., net erosion), the Erosion
3D (E3D) model developed in Germany was applied
(Schmidt, 1996; Schmidt et al., 1999; Michael, 2000).
Digital elevation models and maps of soil properties (soil
structure, soil type, OM content, etc.) and land use were
generated with ArcView (3.3) and ArcGIS (8.0)
software. For statistical analysis, we used the statistical
program package SPSS (11.0) for Windows.

3.2 Analysis of measurement data
Erosion 3D (Schmidt 1991, 1996) is a

physically based mathematical model that is suitable
for simulating runoff and sediment transport in a
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Figure 4. The slope profile on arable land and the
covering winter wheat before sowing

catchment area (Werner, 1995) (Fig. 5). E3D is
based on a regular grid of variable size that must
be consistent within the matrix. For this model, a
modified ‘nearest neighbour’ algorithm
(O’Callaghan & Mark, 1984) was used to identify
the surface runoff. The digital elevation model
(DEM) necessary for Erosion 3D was based on
analogue topographical maps (scale: 1:10.000)
(Bodis & Dormany, 2000) (Fig. 5).

Only the accurate definition of the catchment
areas of the two plots, the position and size of loess
subsoil paths and other artificial and natural
formations (e.g., unmetalled roads, grape terraces,
coppices) were adjusted by GPS measurements and
adapted in the DEM. The surface properties of the
catchment area that affect erosion were determined
by the resolution of the DEM (10 m).

Soil parameters were determined in the
laboratory before the studied rainfall events (Table
1). Canopy cover was measured for the different
land use plots every month. In addition, nine grids
were created, one for each soil property and others
for additional parameters necessary for modelling.
By exporting data from ArcView as ASCII grids,
we were able to transfer them to E3D. We
calculated 10-minute intensity values from the
measured rainfall data, which served as a base for
the PR rainfall file of the E3D. The main program
processed the three data files generated by the pre-
processor, calculated the erosion for one rainfall
event in the given area and provided data by cells.
Such data for a 10x10-m cell were, for example,
soil loss (kg m?), deposition (kg m?), and net
erosion (t ha™). The results can be saved in an
ASCII file and can be displayed in Arc/View,
where further analysis is possible.

The erosion model was previously calibrated in
the study area (Farsang & Barta, 2005). The measured
data from the two above-mentioned plots were used
for testing the model in order to determine the so-
called “‘sensitive” parameters. The input parameters
were changed with +10 and -10 % during sensitivity
test. The parameters are defined as sensitive ones that
cause higher deviation in output ones than 10%.
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Figure 5 The research process flowchart

Table 1. Applied parameters for model Erosion 3D (before
rainfall event on 11™ July 2005)

Arable land Vineyard
(winter wheat)

Measured parameters

initial soil moisture (v/v 23 23

%)

canopy cover (%) 93 53

particle size distribution® | sandy loam (9 | sandy
classes) loam (9

Org. matter cont. (m/m%) | 2.0 2.75

From parameter catalogue

Manning’s n (s m'?) 0.1 0.16

bulk density (kg m™) 1550 1500

critical impulse flow 0.1 0.009

(N m?)

correction factor 1.5 1.0

Other

saturated hydraulic inner data, calculated from

conductivity (mm h™) the bulk density , particle
size distribution by the
software

"German grain size analysis standard and terms are used

Changes in the four input parameters
demonstrated large variability in the output runoff and
soil loss values such as bulk density, initial soil
moisture and soil cohesion and correction factor.

Several rainfall events in 2004 and 2005 helped
us to calibrate the three chosen input parameters for the
two different land use types (Farsang & Barta, 2005).
The calibrated model was validated on the vineyard and
the arable land. The differences between the simulated
and measured values were less than 30%.
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With the help of the final erosion map, the
initial element content (EC) map and the
enrichment ratios (ERs), a map of macro- and
microelement due to erosion in the catchment area
was created via the following two steps:

1. Calculation of element concentration
motion with sediment in mg kg™:

= k
ECsediment - ERelement ECoriginal topsoil

(M

2. Calculation of element movement for each
pixel in mg m™:

Element loss/deposition=Soil erosion /
deposition (kg m™?)*ECqegiment (mg kg")  (2)
4 RESULTS AND DISCUSSION

4.1 Soil characteristics

The soil texture in the catchment area is loam
and sandy loam. The ratio of the silt+clay fraction
shows great variation in different parts of the area,
ranging between 25.4 and 78.5%. The organic
matter content of the topsoil ranged from 0.2 to
4.8%. The extremely low values were measured in
the eroded areas. The macro- and microelement
contents of the soil were low (Farsang & Toth,
2003). The vineyards had not received a nutrient
supply since nutrient replacement in 1990. In the
arable lands, maintenance of the nutrient content is a
primary goal; thus, mainly nitrogen and phosphorus
fertilisers were applied.



Table 2. Descriptive Statistics — summary about the measured data along the two slopes (arable land and vineyard)
during the early summer of 2004 (three rainfall events)

Vinevard Unit N Min. Max. Mean Std. Dev.
Cu Sed* mg ko' 41 12.6 61.3 28.3 7.3
Cu Soil’ mg ko' 41 16.9 36.1 23.9 5.3
Ni_Sed mg kg’ 41 30.1 103.3 58.5 17.2
Ni_Soil mg kg 41 9.6 59.9 30.1 11.9
Pb_Sed mg kg’ 4] 12.8 56.2 31.4 13.1
Pb_Soil mg ko' 41 15.0 36.2 25.9 7.2
Zn Sed mg kg’ 41 38.4 134.9 57.1 15.7
Zn_Soil mg kg 41 20.1 59.8 46.2 7.8
Cr Sed mg kg 41 91.9 196.5 135.7 23.1
Cr_Soil mg kg’ 41 56.0 173.9 136.2 23.1
Co Sed mg kg 41 0.6 38.6 16.9 13.1
Co _Soil mg kg 41 4.8 42.1 21.3 11.3
Clay+Silt Sed m/m % 41 32.0 81.1 58.7 11.9
Clay+Silt Soil m/m % 41 25.4 73.2 52.3 15.6
OM® Sed m/m % 28 0.4 3.9 2.1 1.0
OM Soil m/m% 28 0.5 4.8 1.1 0.8
P,0O: Sed mg kg’ 28 11.5 64.0 35.1 16.8
P,O< Soil mg kg 28 5.9 51.6 22.7 13.7
Arable land
Cu Sed* mg kg’ 35 20.4 58.7 31.9 9.2
Cu Soil’ mg ko' 35 14.5 57.8 31.9 9.9
Ni_Sed mg kg’ 35 18.2 112 57.8 27.1
Ni_Soil mg kg 35 19.1 55.8 33.6 10.9
Pb_Sed mg kg’ 35 10.6 56.3 31.2 13.5
Pb_Soil mg kg 35 12.5 53.3 31.7 10.8
Zn Sed mg ko' 35 30.1 76.0 52.6 10.7
7n_Soil mg kg’ 35 16.2 65.2 46.1 10.4
Cr Sed mg kg 35 93.8 167.7 137.8 23.6
Cr_Soil mg kg’ 35 101.7 166.8 129.6 20.1
Co Sed mg ko' 35 1.3 41.1 22.1 12.5
Co _Soil mg ko' 35 2.9 45.2 27.1 11.9
Clay+Silt Sed m/m % 35 38.2 83.2 60.5 11.6
Clay+Silt Soil m/m % 35 27.0 78.5 52.4 17.7
OM® Sed m/m % 24 0.5 3.1 1.4 0.6
OM Soil m/m% 24 0.2 2.7 0.9 0.5
P,O< Sed mg kg 24 8.4 61.6 19.0 11.8
P,O< Soil mg kg 24 3.0 18.6 10.3 3.8

“Concentration in sediment. "Concentration in soil.“Organic matter

Table 3. The results modeled by E3D based on rainfall events between 2002 and 2006 (successful measurement with
sediment collectors are highlighted)

Date Quantity of Netto erosion Rainfall Summation | Rainfall intensity

13. 07. 2002. 1.00 0.05 20 5 28.2

18. 07. 2002. 1519.10 6.27 140 32.9 51

06. 08. 2002. 7.00 0.77 140 13.1 18.6

07. 08. 2002. 300.94 1.24 90 17.6 45.6

20. 08. 2002. 311.17 1.28 50 15.5 55.8

20. 09. 2002. 54.28 0.22 100 11.6 27.6

24. 06. 2003. 1.00 0.06 20 9.4 37.8

07. 05. 2004. n.d. n.d. 20 2.85 10.8

06. 06. 2004. 1.50 0.03 60 8.95 16.8

24. 06. 2004. 2.00 0.04 90 18 31.2

30. 07. 2004. 5.00 0.05 70 7.5 21

14. 05. 2005. 1.14 0.08 90 8.5 21

18. 05. 2005. 1124.6 4.64 100 17.3 55.2

15. 06. 2005. 6.00 0.66 20 6.9 39

29. 06. 2005. 1.59 0.11 70 12.6 39

11. 07. 2005. 741 0.06 120 25.3 45

06. 03. 2006. n.d. n.d. n.d. 7.2 Snow melting
09. 07. 2006. 1534 6.34 n.d. n.d.

19. 09. 2006. 1134 4.68 40 19.1 12.7

20



Cibulka catchment

Met erosion

0.0-05 [Kgm’]
05-10
10-15

Bl 15.0-18.0 500 0 500 1000 meters

Study area

Arc View

Figure 6. Spatial pattern of erosion/accumulation in the Cibulka catchment

Table 4. Descriptive Statistics — summary of the calculated
enrichment ratios along the two slopes (arable land and
vineyard) during the early summer of 2004 (three rainfall

events) (“Enrichment ratio - ER "Organic matter - OM)

Vineyard N Min. | Max. | Mean | Std.
Cu ER? 41 0.7 3.0 12 | 04
Ni ER® 41 1.0 6.8 22 | 1.1
Pb ER® 41 0.7 2.1 12 | 05
Zn ER? 41 0.8 3.1 13 | 04
Cr ER® 41 0,7 2.8 1.0 | 03
Co ER® 41 0.1 6.9 12 | 1.5
Clay+Silt ER* | 41 0.6 2.4 12 | 05
OM® ER® 28 | 04 55 2.1 1.2
P,0s ER® 28 | 0.6 3.4 1.8 | 0.7
Arable land
Cu ER? 35 | 04 1.9 1.0 | 03
Ni ER® 35 | 04 5.8 22 | 1.6
Pb ER® 35 | 06 1.6 09 | 02
Zn ER® 35 | 0.6 2.5 12 | 03
Cr ER® 35 | 08 1.5 1.1 | 02
Co ER® 35 | 0.1 49 09 | 038
Clay+Silt ER* | 35 | 0.7 2.2 13 | 04
OM" ER® 24 0.5 6.3 2.2 1.7
P,0; ER? 24 | 07 4.9 2.1 1.2

The macro- and microelement contents of the
topsoil were lowest in the north-western arable lands
(maize, winter wheat) with greater relief, which is the
area most exposed to erosion, as well as in the study
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areas characterised by vineyards.

The lower south-western arable lands, with
lower relief, had higher element contents. The
values characteristic of the soils and of the
sediments that accumulated in the collectors of the
two study plots are summarised in table 2.

4.2 Modelling soil erosion with Erosion 3D

19 erosion rainfall events were registered in
the sample area between 2002 and 2006. The rain
gauge in this area recorded 18 rainfall events in
2004, but intensity and quantity of just 4 ones
exceeded the 10 mm/h (Table 3). Consequently,
these can be considered to erosive events. These
events caused significant erosion in the sampling
site on the 6™ and 24™ of June. At the same time,
measurements with sediment collectors succeed in
carrying out.

The E3D model was run to study these
rainfalls. The rainfall on June 6™ was not as intense
as the other rainstorm, and the intensity exceeded
15 mm h' in the first 10 minutes. After a 20-
minute light rainfall in the following 30 minutes,
the intensity was about 8-10 mm h™'. The rainstorm
on June 24" was much more severe, with intensity
in the first half -hour of almost 30 mm h’,
followed by only a slight drizzle.



Table 5. The correlation matrix of the studied parameters measured in the
sediment moving with erosion. Pearson Correlations.

Cu Ni Pb Zn Cr Co Clay+silt [oM°  [P,Os
Cu 1
Ni 0.128 |1
Pb 0223 [0.056 |1
Zn 0.464° 0320 [0.214 1
Cr 0.252  [0.466° [0.556*  |0.038 |1
Co 0246 [0.004  [0.897° 0.09 -0.564" |1
Clay-silt -0.149  [0.424* [0.221 0.011  [0.304 0.114 |1
OM® 0.406*°  [0.175 [0.256 0.412*  [0.181 -0.468 [0.127 |1
P,O; 0.379*  [0.379" [0.189 0.505*  0.062 -0.395° |-0.258  [0.801° |1

“Correlation is significant at the 0.01 level (2-tailed). "Organic matter.
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Figure 7. Examples of concentration differences in soils and sediments along the two slopes for various elements

Using E3D (Fig. 6), analysis of macro- and
microelement transport at the catchment scale has
become possible. Arable lands seem to be more
critically affected by erosion than vineyards. The roles
of water and sediment transporting of soil roads are
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also clear. Both events resulted in similar patterns in
the catchment; however, while erosion caused by
the first rain was below 1-2 kg m™, the storm on the
24™ resulted in erosion rates of 2-6 kg m™ in areas

with underdeveloped linear drainage networks.




4.3 Macroelement and microelement
concentration in sediment and enrichment ratios

On the basis of experiments conducted with 14
(vineyard plot) and 12 collectors (arable plot) on two
slopes of the sample plots (Fig. 2, 4), we observed that
the organic matter and silt+clay fraction ratio did not
show any increase down the slope. The element
content statistic was created in accordance with soil
and sediment samples collected after erosive
precipitation events in 2004. There were no significant
differences in the above-mentioned parameters.

Comparing macro- and microelement contents
in soil with those in sediment, it can be seen that Cu
concentrations in the vineyard plot were high, whereas
the average values in both soil and sediment were
similar. There was considerable element excess in the
sediment of both plots in the cases of Ni, Zn and P,Os
(Fig. 7, Table 4).

As far as macro- and microelements are
concerned, in the cases of all the studied rainfall
events and slopes, Ni, Pb and Co showed increases in
concentration in both soil and sediment in the
collectors. Elemental Cu, Cr, Zn and AL-P,Os
concentrations changed irregularly down the slope
(Fig. 7). However, in connection with all of the
studied parameters, the concentration measured in the
washed-off sediment was higher than that in the soil.

The biggest measured difference was between
the element (Ni, Pb and AL-P,Os) concentrations in
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the sediment caught in the collectors and those of
the original soil surrounding them, in connection
with the erosion due to the rainfall event on 24"
June 2004.

On the basis of our measurement results, we
can state that, given the soil type and slope
conditions in the erosional sediments compared to
the original soil, organic matter enrichment
(ERuabie=2.1, ERine=2.2) and clay +silt enrichment
(ERyanie=1.3, ER.in=1.2) were characteristic.
Among the microelements, primarily Ni (ERape
and ERyjne=2.2), Zn (ERypie=1.2, ERyine=1.3) and
Cu (ER;upie=1.0, ERine=1.2) were enriched. P,Os
was also enriched to a great extent (ER,upe=2.1,
ER,in=1.8) (see Table 4). The enrichments of Pb
and Co were different on two slopes with an
enrichment ratio of 1.2 in the case of metals
originating from the vineyard plot. These two
elements did not accumulate in sediment from
arable land (ER=0.9). In addition, there was no
enrichment in the case of Cr for both slope types
(ER=1.0-1.1).

A great proportion of the macro- and
microelements of the topsoil that were moved were
adsorbed to the humus and clay colloids of the
sediment. This was indicated by the fact that the
concentrations of some elements showed
significant correlations with the organic matter and
silt+clay contents of the sediment (Table 5).
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Table 6. Values of element movement connected with the particles of the topsoil in the catchment

on June 2004 (mg m?)
06.06.2004. 24.06.2004.
Max. Mean SD Max. Mean SD
AL-P,0:s 408.09 5.48 20.55 1017 15.05 55.32
Zn 784.39 14.26 49.35 1928 39.09 133.44
Cu 255.45 5.021 16.38 626.03 13.75 44.29
Pb 251.08 4.11 13.93 620.9 11.26 37.29

The concentrations of Cu, Zn and AL-P,Os
showed significant positive correlations with the
organic matter content, while the concentration of Ni
did so with clay+silt content.

With the help of the erosion map (kg m™) (Fig.
5) calculated per rainfall event in the catchment area,
the initial element distribution maps (mg kg™) and the
enrichment factors calculated on the study plot, we
generated macro- and microelement variability maps
for each rainfall event (mg m?) (Fig. 5, Fig. 8). The
enrichment ratios for each land use type (vineyard,
arable land) were used to create maps of element
movements. As a result, two areas were outlined that
are endangered by erosion and sensitive to element
wash-out. One area included the high-relief arable
lands in the northwest of the catchment area (maize,
winter wheat), while the other consists of the area
under grape production.

The map (Fig. 8) clearly shows that the ridges
exposed to erosion, along with gills, ditches and roads,
carried most of the moving sediment. These are the most
important tracks for element transport. In these areas, net
erosion may reach 14-18 kg m™. As a result of the 8.9
mm of precipitation that fell between 15:40 and 16:40 on
6™ June 2004 (maximum intensity of 16.8 mm h™), 200-
400 mg m™” of Zn transport was observed in the areas
eroding most intensely. The average Zn transport in the
sample area was 14.26 mg m™. As a result of the more
intense rainfall event on 24™ June 2004 (18 mm of
precipitation) at the portion of the slopes exposed to the
most intense erosion, Zn transport exceeded 1500 mg m°
? depending on the initial element content (Table 6). AL-
P,Os wash-off was significant in arable lands having
greater phosphorus contents than the surrounding areas
(Fig. 7). The arable lands in the northern and south-
western parts of the catchment area were the most
endangered from the point of view of nutrient loss. We
compared the measured phosphorus wash-off values (P=
P,Os * 0.4364) to the values for the catchment area of
Lake Balaton (the largest Hungarian lake), which were
15.0-18.7 kg P ha year" (Debreczeni, 1987). Based on
our rainfall data, we can say that in 2004 there were 14
erosive rainfalls in the area, and 8 of those occurred in
May and June. In our catchment area, the phosphorus
wash-off ranged between 0.024.44 kg ha'. The
resulting lower value may be caused by the fact that the

fertilisation practice in Hungary has changed since
the 1990s. The volume of deposited fertilisers has
largely decreased with halts of subsidies; therefore,
the volume of nutrient wash-off from arable lands has
also decreased. As far as microelements are
concerned, there were no comparable data for the
catchment area of Lake Balaton.

5 SUMMARY AND CONCLUSIONS

During our research, we carried out
examinations in a typical rural area of Hungary in
the catchment area of a shallow, environmentally
sensitive lake (Lake Velence, NW Hungary). We
examined enrichment ratios (ER) in erosive
sediment created by rainfall events by setting up
sediment collectors. Taking the whole catchment
area into consideration (14 km®), we modelled soil
erosion with Erosion 3D software. After soil
sampling and analysis, we constructed initial
element maps (AL-P,Os, Zn, Ni, Pb, Cr, Co, Cu),
and with the help of the enrichment ratios, we
modelled macroelement and microelement
transport caused by rainfall events in the catchment
area.

As a result of our examinations, the two modelled
rainfall events resulted in similar patterns in the
catchment; however, while total erosion due to the
first rain (6th June 2004) remained under 10 t ha™,
erosion due to the rainstorm on the 24™ reached
20-60 t ha™' in the areas with undeveloped linear
drainage networks. Our analyses of the sediment
collectors set up along the slopes showed that the
element concentration measured in the washed-off
sediment exceeded the concentration in the soil for
every studied parameter. Studying the element loss
maps, it can be stated that spatial changes were not
determined by the differences in the initial element
map, but by erosional conditions. They clearly
show that ridges exposed to intensive erosion, as
well as gullies, ditches and roads, carry the most
moving sediment. These are the most important
tracks for element transport. There were slight
differences between enrichment ratios calculated
from the two plots with distinct land uses. OM
(ER=2.1-2.2), P,0O5 (ER=1.8-2.1) and Ni (ER=2.2)
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accumulated the most in the sediment moved by
erosion. The particle sizes less than 0.02 mm, Cu, Pb,
Zn and Co accumulated moderately (ER= ~1.2),
whereas Cr has not accumulated at all.

The AL-P,Os wash-off was significant, primarily
in arable lands with higher phosphorus contents than
the surrounding areas. The average AL-P,Os wash-off
during the studied rainfall events was 5.5 — 15.1 mg m’
?_the estimated Zn transport was 14.3-39.1 mg m*, Cu
5,02-13.75 mg m?, Pb 4.1-11.3 mg m™.

The erosion model for the entire catchment area
based on the above method, and the detection of
macro- and microelement transport patterns, is useful.
These models help with land use planning,
determination of land use and the determination of
cultivation methods optimal for reducing erosion in
rural areas. Our final maps are excellently used in
environment-friendly nutrient management in order to
delimit the areas of the nutrient accumulation.
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