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Annual variations of soil erodibility of silt loam developed
from loess based on 10-years runoff plot studies
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Abstract: Annual variations of soil erodibility of

silt loam developed from loess based on 10-years
runoff plot studies. Results of 10-years runoff plot
experiments carried out on two sites of the Lublin
Upland were presented. Despite similar soils and
climatic conditions, studies showed large diffe-
rences in annual soil erodibility (K factor of the
USLE) between both sites. Experimentally derived
values of the factor were dependent on tillage
direction and time of maintaining runoff-plots in
fallow conditions. On a site cultivated in contour
direction, 4-year period was insufficient to achieve
K values similar to the predicted values from
the USLE. In contrast to this, on a site cultivated
up-down slope, similar experimental and pre-
dicted K values were obtained after 2 years and
remained at the same level during next 4 years.
Results enabled to identify limitations of the USLE
application for erosion prediction in Poland.
Studies proved that soil erodibility could be
used for prediction of erosion risk for silt loam
developed from loess. However, application of soil
erodibility approach to the event-base models is
questionable for variation of K factor in the initial
years. As far, the factors affecting soil erodibility
changes are not recognized and need further
research.
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INTRODUCTION

Soil erodibility was developed in the
USLE (Universal Soil Loss Equation)
technology to evaluate soil reaction
to joining action of rainfall and runoff

(Wischmeier and Smith 1978). Origi-
nally the term was expressed as a ratio of
soil losses from standard runoff-plot to
rainfall and runoff erosivity factor, being
a product of total kinetic rainfall energy
and its maximal intensity during
30 minutes. Based upon multi-years
experiments conducted in the middle-
-east part of the USA, a multi-regression
equation was developed to quantify soil
erodibility from basic soil information
(texture, organic matter, structure and
profile permeability). Despite some
uncertainties of transfer of empirical
relations to other soil-climatic conditions,
soil erodibility values assessed from
the equation becomes one of the main
components of many models aimed to
predict areas of erosion risk at large scale
(Van Rompaey et al. 2003; Kirkby et al.
2004). Attempts of introduction of the
USLE technology were undertaken also
in Poland (Banasik and Gorski 1993;
Koreleski 1994; Niemiec 1998; Klima
2002; Licznar 2005). However, they
have not resulted in development of risk
assessment maps of water erosion, which
are still based on cross-factor analysis
and are deprived of quantitative informa-
tion of soil losses (Wawer and Nowocien
2007). Such information provides maps
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generated by international teams. Al-
though various models are used, majority
of them relies on the USLE approach. It
is assessed that for the most endanger
by water erosion regions of Poland, soil
losses could reach up to 20 Mg-ha™! (Van
Rompaey et al. 2003). Such evaluation
needs verification by field studies. Till
now, relatively short time of runoff-plots
experiments and rather low rainfall
erosivity suggested poor applicability
of the USLE for Poland (Rejman et al.
1998; Rejman et al. 1999; Stasik and
Szafranski 2001).

The aim of the studies is determination
of soil erodibility and its comparison
with predicted values from the USLE for
soils developed from loess on the basis
of 10-year studies on runoff plots.

MATERIALS AND METHODS

Studies were conducted on two sites
of the Lublin Upland, Czestawice
(1992-1995) and Bogucin (1997-2007),
located at the distance of 10 km from
each other. Sites are covered by deep
loess deposit form which silt loam was
developed. Characteristics of soils are
presented in Table 1. According to clas-
sification of Turski et al. (1987), soils
are ranked as slightly eroded. The slopes
of both sites varied by physiographic
features and direction of tillage. Plots in
Czestawice were located on 8% slopes
of southern exposure whilst in Bogucin
—on 12% slope of northern exposition.

TABLE 1. Some properties of studied soils

On the former site, plow was performed
in contour direction, on the latter up-and
down slope. In both sites, runoff-plots
were 3 m width and 20 m long. Immedia-
tely after plowing, plots were harrowed
to provide a smooth uniform surface and
plastic borders were driven about 10 cm
into soil to define a runoff collection
area. The plots were maintained in a bare
conditions by herbicide treatment, and
additionally, 2—-3 operation with a hoe
and a rake were provided each season to
destroy soil seal. At the lower parts of the
plots, runoff collection installations were
established. After each period of rainfall,
the amount of collected runoff and soil
was measured. For Czestawice site, plots
were established in the summer 1992,
and first measurements were started in
the autumn 1992, and ended in August
1995. For Bogucin, plots were established
in the autumn 1996, and measurements
were started in the spring 1997. Regis-
tration of erosion on this site on plots
maintained in fallow was carried in the
years 1997-2000, and 2004, 2007. In
the meantime (2002, 2003) plots were
planted with spring barley and sugar
beets (without organic manure), and in
the years 2005-2006 remained as fallow
without monitoring of erosion. Measure-
ments were carried on singular runoff
plots. In the period 1997-1998 erosion
was monitored on two bare plots, and the
differences between soil losses from both
plots were up to 20%. For each measure-
ment period, rain and runoff erosivity

Site Percentage of particle size fractions (mm) OM pHxa
1-0.1 | 0.1-0.05 | 0.05-0.02 | 0.02-0.005 | 0.005-0.002 | <0.002 | %

Czestawice 1.0 19.0 46.0 17.0 5.0 12.0 1.71 5.2

Bogucin 0.7 12.3 43.0 25.0 7.0 12.0 1.68 6.4
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factor El3o (Wischmeier and Smith 1978)
was caluclated from rainfall intensity
records obtained from raingauge placed
near the plots (Bogucin) or from meteo-
rological station of Czestawice (Lublin
Agricultural University), located 500 m
from plots.

Based on measured annual soil losses
and erosivity factor, soil erodiblity was
determined and compared with the values
obtained from the nomograph (Wische-
mier and Smith 1978) and the following
equation (Renard et al. 1997):

K=[2.1-10%- (12— OM) - M"14 +
+3.25-(s—2)+2.5 - (p—3))/100 (1)

where:

M — particle-size parameter, (m;, + m,z)-
(100 — mcy,y) where myg;y, is the %
of silt (0.002-0.05 mm diameter
particles, m, is the percent of very
fine sand (0.05-0.10 mm diameter
particles), and m,, is the percent
clay content (< 0.002 mm),

OM — organic matter (%),

s —soil structural class (2 — fine granular),

TABLE 2. Some characteristics of precipitation
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p — profile permeability class (4 — slow
to moderate: 5-15 mm-h™!).

RESULTS AND DISCUSSION

Rainfall characteristics

Precipitation characteristics are presented
in Table 2. Annual mean precipitation
was 572.7 mm (with standard deviation
0f'73.2), and erosivity index El3g— 1164.2
MJ-ha-mm~'-mm~! (468.1). For the period
1992-1995, both mean annual precipita-
tion (569.0 mm) and erosivity index
(1090.2 MJ-ha-:mm~'-mm~") were slightly
smaller in comparison to those for the
years 1997-2007 (respectively, 575.2 and
1213.5). To wet years belonged 1999 and
1997, whilst especially low precipitation
was recorded in 1993. Erosivity index
showed large annual variation being
resulted from the presence or absence
of intensive rainfalls. According to the
values of Elj index, the most favorable
conditions for erosion were in the years
1999, 1995 and 2007, whilst the least
—1993, 2000 and 2004. During measure-
ment periods, 4 intensive events took

Annual Precipitation in runoff measurement periods
Precipi- El;, Total Rainfall | % of El; No of events at various range
Year | tation | index |Rainfall |>12.7 mm| total | index of El3g (MJ-mm-ha"-h")
(mm) | (MJ'mm- | (mm) (mm) (MJ-mm- | 0-50 |50-100| 100—400| > 400
ha !*h ™) ‘ha*h ")

1992 | 606 1003.6 168.6 101.5 | 60.2 526.3 3 0 0 1
1993 | 457 5935 | 2922 111.8 38.3 312.6 4 2 0 0
1994 | 667 946.4 217.0 932 429 892.7 1 0 2 1
1995 | 546 1817.5 195.5 98.2 | 50.2 662.4 1 2 2 0
1997 | 508 1166.1 288.4 1787 | 62.0 975.2 3 4 1 1
1998 | 583 1122.6 | 3293 2744 | 833 947.7 7 3 3 0
1999 | 698 1853.3 | 2313 180.5 78.0 | 1181.0 4 0 4 0
2000 | 598 711.3 206.9 183.5 88.7 364.8 5 1 1 0
2004 | 542 734.7 78.0 712 | 91.3 347.4 4 0 1 0
2007 | 522 1693.3 | 270.4 193.8 71.7 | 1408.2 6 4 1 1




80 J. Rejman, R. Brodowski, I. Iglik

place: 07.10.1992 (50 mm, 315 minutes,
485.6 MJ-hamm'-mm™), 09.08.1994
(34.9; 140; 595.5), 06.09.1997 (33.0;
40; 506.5) and 22.05.2007 (47.4; 110;
898.17). In comparison to the previously
published data (Rejman 2002), a correc-
ted value was introduced to the rainfall
of 09.06.1998, which was estimated
initially on 690 MJ-ha-mm™!-mm™!. Taking
into account that this event consisted of
series of short storms (interrupted by
10-20 minutes pauses), its corrected
value should be lower and equals 295.5
erosivity units. To better understand the
El;o approach in description of rainfall
events it worth to add that typical short
intensive summer rain of 30 mm during
20 and 30 minutes responds to 209 and
503 units of erosivity, respectively.

Soil losses and erodibility

In the years 1992-2007, erosion on runoff
plots was measured during 83 periods (33
— in Czestawice and 50 — in Bogucin).
Total soil losses in reference to the area
of 1 ha were 19.03 Mg (Czestawice) and
268.59 Mg (Bogucin). Majority of ero-
sion derived from April to October, and
soil losses from snowmelt were 13% and

1.5% of the total amount, respectively for
Czestawice and Bogucin. Whilst erosion
from snowmelt was not always collected
for the latter site, further analysis were
limited to the period April-October
(25 cases for Czestawice, and 47 for
Bogucin). It should be pointed that some-
times measurement period ended earlier
than in October, i.e. in 2004 measure-
ments were stopped after devastation of
plots by rill formation due to rainfall of
28.07.2004. To compare erosion on both
sites and to find a relation with the USLE
methodology, soil losses were adjusted
to 9% slope by experimentally derived
factor corrections (Rejman et al., 1999).
Thus, original data were multiplied by
1.03 for Czestawice and by 0.93 for
Bogucin. Excluding snowmelt periods,
corrected soil losses were presented in
Table 3. For each year of studies, soil
losses recorded in Czestawice were
much smaller in comparison to Bogucin
(on the average by 10 times). For the
former site, especially large erosion was
observed in 1994, and for the latter — in
1999 and 2007.

Soil erodibility, calculated as a ratio
of soil losses to the erosivity index

TABLE 3. Corrected soil losses for non-winter periods (April-October) and experimentally derived

soil erodibility

Site Years No of measurement Soil losses Soil erodibility
periods (Mg-ha™) (Mg-ha-h-MJ'mm"ha™)

1992 3 0.430 0.0008

Crestawice 1993 8 1.650 0.0053
1994 7 10.849 0.0122
1995 7 2.256 0.0034
1997 13 20.827 0.0214
1998 12 23.009 0.0243

Bogucin 1999 5 65.477 0.0554
2000 6 22.416 0.0614
2004 3 20.759 0.0598
2007 8 95.052 0.0675
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El;, showed large annual variation for
Czestawice and certain arrangement
for Bogucin. For the former site, mean
value of K factor was 0.0063 Mg-ha-h-
MJmmha! (at cumulative soil
losses 15.19 Mg-ha™! and Els, index of
2394.0 MJ-mm-ha'-h™"), for the latter
— 0.0474 (soil losses — 247.54 Mg-ha™!,
and Ely — 52243 MJ-mm-ha'-h™).
During erosion studies in Bogucin, two
periods with different values of soil
erodibility are distinguished. In the years
1997-1998, mean value was 0.0228 (with
standard deviation of 0.0021) and for the
other 4 years — 0.0610 (0.0050). Soil
erodibility calculated from the equation
[1] was 0.0795 and 0.0767 Mg-ha-h-MJ .
-mm"-ha”!, respectively for Czestawice
and Bogucin. However, in the case of
soil which contain more than 70% of
fine sand and silt fraction (as it is for the
studied silt loam), Wischmeier and Smith
(1978) recommend to use nomograph to
determine the K factor. According to the
latter method, soil erodibility is 0.0620
and 0.0598 Mg-ha-h-MJ~"\mm"-ha™! for
Czestawice and Bogucin.

Longer period of measurements on
runoff plots enabled verification and
better understanding of earlier results
about applicability of the USLE (and soil
erodibility factor) for erosion prediction
on loess areas of Poland. Studies in
Bogucin showed that soil erodibility
of the similar range as predicted values
from the USLE can be obtained after
2 years of maintaining runoff plots in
fallow conditions. In the next years, the
K wvalues remained at obtained level,
despite quite low of rainfall and runoff
erosivity in the 2000 and 2004. It is in
contrast to the earlier conclusions about
soil erodibility based on initial period

of studies (1997-1998) or analysis of
singular events for the years 1997-2000
(Rejman et al. 1999; Rejman 2002).
More than twice an increase of K factor
in 1999 in comparison to 1998, can not
be directly explained in terms of change
of Elj index, although total precipita-
tion in 1999 was larger by 115 mm.
The increase of soil erodibility is well
recognized by Wischmeier (1977), who
link the change to some modification of
soil properties and recommend start of
measurements on runoff plots after two
years period of maintaining plots under
fallow conditions. Till now, the reasons
of the change remain unidentified. Most
probably, they cannot be connected with
a decrease of total C organic content of
soil. Such analyses were made in 1997
and repeated in 2004, and did not showed
a significant drop of C organic on runoff-
-plots. In contrast to Bogucin site, 4-year
period of studies in Czestawice was
insufficient to obtain soil erodibility
values similar to the prediction from the
USLE. For sure, it was affected by main
tillage performed in contour direction.
Summarizing, both studies showed that
level of soil erodibility is variable being
dependent on certain still unrecognized
soil property, being related to the status
of soil culture achieved by cultivation
system. Soils of similar experimental and
predicted (from the USLE) values of K
factor can be characterized as those that
maintain in poor agricultural conditions
(i.e. without organic manure applica-
tions). Such interpretation suggests that
use of soil erodibility concept is valid for
potential erosion risk assessment and can
be applied in event-base models for soil
prediction due to water erosion as SWAT
(Neitsch et al. 2002) only for degraded
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or for soils with poor status of agricultu-
ral practices. For soils maintained under
good practices (as it is still for Polish
conditions), it provides to over estimation
of soil losses.

CONCLUSIONS

Studies of erosion on runoff-plots of two

sites of Lublin Upland showed that:

1. Soil erodibility derived from field
experiments could reach similar values
as those predicted from the USLE.
Obtaining of similar level of measured
and predicted K depended on tillage
direction and time of maintaining plots
under fallow conditions.

2. Under down-up slope plow, two years
period of maintaining plots under fallow
conditions was sufficient to get similar
experimental and predicted values of
soil erodibility. Under contour plow
and during four years, soil erodibility
derived experimentally showed large
annual variation and was much lower
than values predicted from the USLE.

3. Soil erodibility of the USLE can be used
for development of potential risk assess-
ment maps of water erosion. However,
whilst reasons of instability of K factor
remains still not recognized, use of
soil erodibility approach in event-base
models to predict erosion can be
misleading.
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Streszczenie: Zroznicowanie wartosci rocznych
czynnika podatnosci na erozje gleby pytowej wy-
tworzonej z lessu na podstawie 10-letnich badan
poletkowych. Koncepcja podatnosci gleby na
erozj¢, zaproponowana w modelu USLE i wiaza-
ca zespot parametrow glebowych z czynnikiem
erozyjnosci opadu i splywu powierzchniowego,
znajduje zastosowanie w wielu modelach progno-
zujacych erozje wodna. W pracy przedstawiono
wyniki 10-letnich badan poletkowych prowadzo-
nych na dwoch obiektach Wyzyny Lubelskiej.
Pomimo podobnych warunkéw klimatycznych,
badania wykazaly duze zréznicowanie podatnosci
lessowej gleby pytowej na erozjg (czynnika K
modelu USLE). Stwierdzono, ze rdznice te byly
zwiazane z kierunkiem uprawy roli oraz czasem
utrzymywania poletek w stanie czarnego ugoru.
Na obiekcie z uprawa w poprzek spadku zbocza,
4-letni okres utrzymywania w czarnym ugorze
poletek okazat si¢ niewystarczajacy do osiagnig-
cia warto$ci K zblizonych do warto$ci prognozo-
wanych z USLE. Na obiekcie z uprawa wzdhz
spadku zbocza, wartosci eksperymentalne zbli-
zone do prognozowanych uzyskano po dwodch
latach i utrzymywaly si¢ one na podobnym
poziomie przez nastgpne 4 lata. Uzyskane wyniki
dowiodly, ze podatnos¢ gleby na erozje moze by¢
wykorzystana do wyznaczenia obszarow poten-
cjalnego zagrozenia erozja wodna w Polsce, ktore
odzwierciedlalyby rzeczywisty stan zagrozenia
gleb pozostajacych w stabej kulturze rolnej. Brak
rozpoznania przyczyn zréznicowania podatnosci
gleby na erozj¢ w okresie do osiagnigcia jej sta-
bilizacji ogranicza mozliwo$¢ wykorzystania
czynnika K w modelach symulujacych pojedyn-
cze zdarzenia erozyjne. Nieuwzglednienie w tych
modelach aktualnej wartosci podatnosci gleby na
erozje¢ prowadzi do przeszacowania prognozo-
wanych wielko$ci erozji. Okreslenie czynnikow
warunkujacych zréznicowanie podatnosci gleby
na erozj¢ wymaga dalszych badan.
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