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Deposition Diagram studies - The Residual Erosion Potential of Soils
L Sisak* M. Palkovics and K. Plotar

ABSTRACT

Non-point P sources account for an increasing share
of the water quality problems. The aim of our study was
to investigate in deposition experiments, the wide range
of three major factors, which determine particulate P
runoff. The experiment was carried out with soil samples
from seven sites of the Hungarian Long-term
Fertilization Trials. The soil to water ratios (1, 4, 16, 64
and 264 g L), deposition times (100, 1000, 10000 and
100000 s) and soil P contents (25-343 mg kg’ P,0s
extractable by ammonium lactate method) covered the
possible ranges and combinations of the factors.

The K, value (a physical indicator of consistency
used in Hungary) was better indicator of deposition
processes and residual suspended sediment content
(from 2 to75 mg L") in our experiment than other
physical properties, such as clay content. Presumably,
consistency indices can be much better indicators for the
residual erosion potential of the soils and probably for
the sediment yield, as well. Our data reveal that plant
available P effects the particulate P runoff in addition to
dissolved P runoff . P enrichment was proved at six of
the seven sites and two different types of enrichment
process were distinguished.

The equations developed are not suitable to predict
SS and PP load from different areas during runoff
events since time and soil to water ratio as the most
important factors, cannot be exactly estimated in real
processes. But the equations can be used to study the
runoff events themselves. Time and soil to water ratio
may be estimated by measuring suspended sediment,
dissolved P and particulate P content in the runoff if the
deposition properties of the given soils are known. The
described deposition method can be a Kkind of
environmental soil tests to determine particulate and
dissolved P loading potential of the soils and the method
may help us to better understand the underlying

processes of runoff and erosion.

INTRODUCTION

The accelerated eutrophication of surface waters is one
of the major environmental problems in many countries and
also in Hungary. Nitrogen, carbon and phosphorus are the
major nutrients responsible for the eutrophication.
However, more attention has focused on controlling P inputs
because of free air-water exchange of N and C and the
fixation of atmospheric N by some blue-green algae
(Sharpley et al., 1994). Nonpoint P sources account for an

increasing share of the water quality problems due to the
easier identification and control of point source pollution
(Logan, 1987, Auerswalsd, 1989). Phosphorus is transported
in dissolved and particulate forms. Particulate P can provide
a long-term source of P to aquatic biota (Sharpley et al.,
1992). Its availability for algae according to the papers
reviewed by Hegemann et al. (1983) can be as high as 80 %
even in short-term bioassays. Recent results point out that
large part of the P load may be attributed to a small portion
of the watershed (Sharpley et al., 1998) and remediation
measures should be focused on these areas.

We need to better understand the major effects
influencing particulate P runoff in order to predict more
precisely P loading of surface waters and to manage water
quality problems. The aim of this study is to investigate in
deposition experiments, the wide range of three major
factors, which determine particulate P runoff: soil to water
ratio, deposition time and P content of soil.

MATERIAL AND METHODS

Surface soil samples (0-10 cm) were collected at seven
experimental locations of the Hungarian Long-term
Fertilization Trials in 1995, the 28" year of the experiment
started in 1967. The selected treatments were 0-0-0, 50-0-0,
50-50-0, 50-100-0 and 200-150-100 kg ha™ yr' N-P,Os-
KO respectively and the selected crop rotation wheat-corn-
corn-wheat. The seven experimental sites Karcag (KA),
Keszthely (KE), Kompolt (KO), Mosonmagyarovar (MO),
Bicserd (BI), Hajduboszormeny (HA) and Iregszemcse (IR)
represent the main agro-ecological regions of Hungary
(Debreczeni et al., 1996).

The clay content and the particle size fraction smaller
than 0.01 mm were determined with the pipette method
described by Day (1965) and Varallyay (1993 a). The K4
value of soils was measured as well (Varallyay, 1993 b).
This soil physical test is used in Hungary to characterize soil
consistency. It is the water content of the soil (cm® 100 g
dry soil) when it gives the “yarn test” (Figure 1) and its
value is close to the liquid limit described by Sowers (1965).
Its determination procedure is the following: the soil must be
thoroughly mixed in a mortar with increasing amount of
water. The test is positive when soil yarns form both on the
pestle and on the surface of the soil pulp if the pestle is
pushed into the pulp and is drawn out quickly. The yarns
must lean but must not flow together with the pulp. The
available P content of the soil was measured according to
Egner et al. (1960) with ammonium lactate extractant at 1:20
soil to extractant ratio. Phosphorus content of the extract
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Figure 1. Yarn test for the K, value. 1-pestle, 2-mortar.

was determined with the photometric method according to
Murphy and Riley (1962).

The soils were investigated in deposition experiments
(Sisak, 1995, Sisak et al., 1998) using different soil to water
ratios (1, 4, 16, 64 and 256 g L™"). Sieved (2 mm mesh size)
air-dry samples were suspended in six replicates and gently
shaken (10 upside down turns) in a deposition cylinder of 2
L volume. After different deposition times (100, 1000,
10000 and 100000 s), a 20 ml sample was taken with a
pipette from 5 cm below the surface of the suspension.
Three replicates were used to determine suspended sediment
and dissolved P content and three replicates were used to
determine total P content.

The suspended sediment content of the suspension was
determined by filtering the suspension through a membrane
with 0.45 micrometer pore diameter and by drying the
filtrate at 105 C. Sampling with pipette and filtering were
not possible after 100 seconds when 256 g soil was
suspended. Dissolved P content of the suspension was
determined on filtered samples and total P content was
determined on unfiltered samples following digestion with a
semimicro Kjeldahl procedure (Bremner and Mulvaney,
1982) by the colorimetric method of Murphy and Riley
(1962). Particulate P content was calculated as the
difference between total and dissolved P content.

The suspended sediment content of the suspensions was
not influenced by the available P content of the soil and it
was described by the following equation:

logSS = A*logTIME + B*logSWR + C

where
A, B and C = parameters of the fitted equation,
logSS = logarithm of suspended sediment (mg L™),
logTIME = logarithm of deposition time (s), and
logSWR = logarithm of soil to water ratio (g L™).

Particulate P content must be a function of the suspended
sediment content, the phosphorus content of the original
soil, and deposition time. Multiple regression equations
were fitted for each site in the following general form:

PP = A*SS + B*SS?+ C*logTIME + D*ALP + E

where
A, B, C, D and E = parameters of the fitted equation,
SS = suspended sediment (mg L™),
logTIME = logarithm of deposition time (s), and
ALP = plant available P determined with the ammonium-
lactate method (P,Os mg kg™).

RESULTS AND DISCUSSION

Selected physical and chemical properties of soils

Soil test results are shown in Table 1. The measured
physical parameters vary considerably among the sites (clay
contents between 12 and 41 % , K, values between 37 and
54, particle size class smaller than 0.01 mm between 22 and
59 %). The available P contents vary according to the
fertilizer treatments between 25 and 343 mg kg’ with
considerable differences among the sites. The available P
content within the site is in close correlation with the P
fertilization levels and P balances (Debreczeni and Sisak,
1996)

Suspended sediment

The analysis of variance of the suspended sediment
results has shown that the variations in soil to water ratio, in
deposition time and in the experimental sites explain 34.18
%, 21.38 % and 1.68 % of the total variance respectively
(p>0.01). The effect of P treatments was not significant. The
soil to water ratio had the strongest effect and this parameter
underlines the importance of precise estimation of the
effective depth of interaction (Storm et al., 1988) in runoff
models. Experimental sites have a small but significant
effect.

Equations were fitted for each sites to describe the
effects of deposition time and soil to water ratio on
suspended sediment content. A multiple linear relationship
existed between the logarithms of the wvariables. The
parameters for the different sites are shown in Table 2.

The deposition rates vary considerably (parameter A). It
is the lowest at Hajduboszormény and the highest at
Iregszemcse. The ”A” parameter doesn’t have significant
correlation with the clay content and with the particle size
fraction smaller than 0.01 mm but it has with the K, value at
p>0.05 (Figure 2). The higher amount of soil suspended has
always led to an even higher suspended sediment
concentration which is consequence of the aggregate
dispersion during initial shaking due to the bigger sheering
effect. The B parameter has significant correlation with the
K4 value as well (p>0.05). B values can be regarded as an
indicator of aggregate stability, which is the best at Bicsérd

(B~ log4) and is the worst at Iregszemcse (B ~ 2 log4).
Those soils of which the aggregates tend to disperse easily
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Figure 2. Dependence of the A, B, and C values of the logSS=A*logTIME+B*logSWR+C equation on K, values.
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Figure 3. Suspended solid deposition curves (Bicserd).

are prone to erosion and may contribute to the dissolved
and particulate nutrient load of surface waters. The C
parameter is also strongly dependent on the K, value.

The results were represented on double logarithmic time-
concentration diagrams. The deposition lines at higher soil
to water ratios (16, 64 and 256 g L) have been
consequently linear but those for the lower ratios (1 and 4 g
L") have leveled out after reaching a bottom in the case of
most soils (Fig. 3). The individual lines for the different soil
to water ratios can be brought into coincidence by one unit

horizontal shift (Fig. 4). Apparent deposition curve for each
soil can be determined by averaging the values, which are
above each other on the shifted diagram (Fig. 5). The final
suspended solid content varied between 2 and 75 mg L™ for
the different soils and their values have shown close
correlation with the K, value (Fig. 6) but haven’t with the
other two physical properties. This final suspended sediment
content remains suspended even after long deposition time
and may enter surface waters as "residual erosion" carrying
considerable amount of nutrients. Based on the data of 11
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Figure 4. Shifted suspended solid deposition curves (Bicserd).
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Figure 5. Apparent deposition curves.
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Figure 6. Dependence of the residual suspended sediment content from the K, value.

Table 1 Selected physical and chemical properties of the experimental soils.

Particles<0. Ky Extractable P,O5 with ammonium-lactate method
. . Clay 3 -1
Experimental sites o, 01 mm cm” water mg kg
% 100 g’ dry soil
fertilizer treatments for 28 years N-P,05-K,0 kg ha™' yr’!
0-0-0 50-0-0 50-50-0 50-100-0  200-150-100
Karcag 37 59 47 55 63 91 125 149
Keszthely 24 37 37 94 92 181 255 294
Kompolt 41 58 44 56 48 118 201 254
Mosonmagyarovar 12 22 43 120 117 180 263 343
Bicserd 33 45 45 42 25 58 108 151
Hajduboszormeny 35 53 54 31 28 71 151 215
Iregszemcse 22 36 37 132 124 178 249 299
Table 2. Parameters, constants and determination data reveal that consistency indices, such as K, value can
coefficients of the logSS = A*logTIME + B*logSWR + be much better indicators for the residual erosion potential
C equations (p>0.01). of the soils and probably for the sediment yield, as well.
Experimental sites A B C R’
Karcag -0.510 0.860 1.095 0.906 Particulate phosphorus
Keszthely -0.625  0.958 0.787  0.869 The analysis of variance of the particulate phosphorus
Moscfa?nn;gogro . 8228 83?3 (1)333 8§;§ results has shown that the variations in soil to water ratio,
y \% -0. . . . . .. . . . . .
Bicsord 0568 0.607 1014 0894 in deposition time and in the experimental sites explain

Hajduboszormeny 0484 0.665 1613  0.809 37.55 %, 16.68 % and 5.03 % .of. the. total variance
Tregszemese 0792 1.146 0502 0.901 respectively (p>0.01) and the variation in P treatments
causes 0,86 % variance (p>0.05).
Particulate P content was a function of the suspended
sediment content, the phosphorus content of the original
soil, and deposition time. Multiple regression equations

agricultural watersheds, Wall et al. (1982) reported that the
clay content positively influenced the sediment yield. Our



were fitted for each site, the parameters for the different
sites are shown in Table 3.

Based on the equations, three main types of particulate
P deposition can be distinguished. In case of Keszthely the
particulate P concentration is simple linear function of
suspended sediment content and available P content. The
sand fraction had settled down at the time of the first
sampling (100 s) and the P was uniformly distributed
among the remaining aggregate size classes so P
enrichment cannot be recognized during the deposition.
The second type of deposition is represented by Karcag,
Kompolt and Mosonmagyarovar. The logarithm of
deposition time has a positive effect on the particulate P
content. That means the P content of finer aggregates is
higher and enrichment is caused by deposition of coarser
aggregates as a single major process. The third type of
deposition is represented by Bicserd, Hajduboszormeny
and Iregszemcse. At these sites, the particulate P content is
a quadratic function of suspended sediment. The
particulate P content is not proportionally higher with the
higher suspended sediment content, independent of
whether the high SS content is caused by shorter
deposition time or high soil to water ratio. This indicates
that beyond the process described at the second type of
deposition another process also reduces PP content. At
higher SS concentration the secondary formation of bigger
aggregates must be accelerated which settle faster
removing P from the upper suspension layer. This is the
characteristic process, which overrides the processes
described above. Our data reveal that plant available P
may also affect the particulate P runoff in addition to
dissolved P runoff (Sharpley, 1995).

CONCLUSIONS

The K, value was better indicator of deposition
processes and residual suspended sediment content in our
experiment than other physical properties, such as clay
content. Presumably, consistency indices can be much
better indicators for the residual erosion potential of the
soils and probably for the sediment yield, as well. Our data
reveal that plant available P effects the particulate P runoff
in addition to dissolved P runoff. P enrichment was proved
at six of the seven sites and two different types of
enrichment process were distinguished.

The equations developed are not suitable to predict SS
and PP load from different areas during runoff events
since time and soil to water ratio as the most important
factors, cannot be exactly estimated in real processes. But
the equations can be used to study the runoff events
themselves. Time and soil to water ratio may be estimated
by measuring suspended sediment, dissolved P and
particulate P content in the runoff if the deposition
properties of the given soils are known. The described
deposition method can be a kind of environmental soil
tests to determine particulate and dissolved P loading
potential
of the soils and the method may help us to better
understand the underlying processes of runoff and erosion.
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Table 3. Parameters, constants and determination coefficients of the PP = A*SS + B*SS? + C*logTIME + D*ALP + E

equations (p>0.01).
Experimental sites A *10° B *10° C D *107 E R’
Karcag 3.74 2.56" 14.40 -19.85 0.861
Keszthely 5.35 1.76 0.928
Kompolt 3.18 1.81 2.16 -1.71 0.907
Mosonmagyarovar 5.38 1.88" 1.85" 927" 0.939
Bicserd 5.81 -5.25 2.81 0.950
Hajduboszormeny 3.56 -10.83 1.27 0.802
Iregszemcse 11.74 -24.38 1.53 0.905
* =p>0.05

+=p>0.1

Nonsigificant parameters and constants are omitted
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