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ABSTRACT

The particle size distribution (PSD) of soil plays a vital role in wind erosion prediction. However, the impact of
different pretreatments to remove binding agents for PSD and consequences for wind erosion modelling have not
been tested. We collected 90 topsoil samples of Chernozems and Kastanozems from different test sites in
Kazakhstan. Soil samples covered typical land-use types and farming methods with calcium carbonate contents
reaching from 2.2 to 117.3 g kg~! and soil organic carbon content from 11.2 to 48.7 g kg™ L. Prior to particle size
analysis by laser diffraction, samples were chemically pretreated separately and successively with 10% hydro-
chloric acid (HCI), to dissolve carbonates and 30% hydrogen peroxide (H203), to oxidise organic binding
material. The HCl pretreatment resulted in incomplete dispersion or even aggregation due to calcium ions
released by the dissolution of carbonates, while removing organic matter with HyO5 caused complete sample
dispersion. The associated changes in PSD were overall minor, and only a few of our samples were assigned to a
different texture class. Obtained PSD data was used to calculate texture-based properties, such as the geometric
mean diameter (GMD), with a pedotransfer function. Calculated and measured input data were applied to the
Single-event Wind Erosion Evaluation Program (SWEEP) to estimate potential soil losses. As a result, SWEEP’s
simulations showed substantial variations if the GMD is calculated based on PSD under the influence of different
pretreatments. At the same time, there was no variation if the GMD was independently measured. We suggest
that for standard particle size analysis of calcareous soils, pretreatment with HCI should be avoided because it
might cause misleading results. Considering the variation induced by PSD analysis and resulting potential soil
losses, pretreatments for laser diffraction analysis can be omitted for the investigated, silt-dominated Cherno-
zems and Kastanozems if additional texture-based parameters are measured.

1. Introduction

(Triticum L.) production (FAO, 2012; Sommer et al., 2013). As the largest
country in Central Asia, it is the most important grain exporter with

Adapting agriculture to climate change is currently one of the most
urgent challenges worldwide (Keesstra et al., 2016; UN, 2019; WEF,
2020). The semi-arid steppe regions of Asia suffer from extreme climate
conditions and land-use management. This enhances wind and water
erosion which causes a loss in soil productivity (Abbas et al., 2020; FAO,
2017; Li et al., 2020; Reyer et al., 2017).

Kazakhstan is one of the world’s largest grain exporters (FAO, 2017).
It showed its yield potential in 2009 with 2.5% of the world’s total wheat

potentially up to 84.5 Mio hectares of agricultural land (Almaganbetov
and Grigoruk, 2008). However, Kazakhstan is likely a major hotspot of
heat stress for wheat in the future climate change scenario A1B
(2071-2100) predicted from the baseline climate (1971-2000) (Teixeira
et al., 2013). Water scarcity (FAO, 2012) and wind erosion affect agri-
cultural productivity already on about 25.5 Mio hectares (Almaganbe-
tov and Grigoruk, 2008). Counteracting these developments require
reliable tools and methods to quantitatively assess soil erosion risk under

Abbreviations: GMD, geometric mean diameter; H,O», hydrogen peroxide; HCI, hydrochloric acid; HClsc, hydrochloric acid soluble compounds; LDA, laser
diffraction analysis; PSD, particle size distribution; SWEEP, Single-event Wind Erosion Evaluation Program.
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Fig. 1. Geographical location of the study area in Central Asia, including the three test sites in Kazakhstan. The test field for soil loss estimations and the meteo-

rological station are located in Losovoye.

current and future climatic conditions.

Soil texture is a key component of any data set used for implementing
sustainable agricultural practices (Kettler et al., 2001). It is one of the
primary soil properties affecting the soil’s susceptibility to water and
wind erosion (Bowker et al., 2008; Zobeck and Van Pelt, 2015). Esti-
mating the loss of soil by water erosion with the Revised Universal Soil
Loss Equation (RUSL) requires both information on soil texture and
organic matter content to derive the soil erodibility factor (K-factor). In
wind erosion models, the percentages of silt, sand, and clay are critical
components independent of the models’ complexity or capabilities
(Jarrah et al., 2020). They are necessary in order to estimate soil loss
with the Wind Erosion Prediction System (WEPS) or needed to compute
the erodible fraction to apply the Revised Wind Erosion Equation
(RWEQ).

Particle size analysis to assign texture classes requires the dispersion
of soil aggregates and the removal of binding agents: iron oxide, car-
bonates, and organic matter (Gee and Or, 2002). Iron oxide coatings are
usually not discussed for the topsoil layer in dry steppe biomes. They are
just slightly weathered and do not indicate acidity of less than a pH value
of six. Carbonates can be removed using hydrochloric acid (HCI).
However, decalcification is not a standardized procedure, and this time-
consuming pretreatment is often omitted in PSD (ISO 11277, 2002;
Schulte et al., 2016). To remove organic matter, hydrogen peroxide
(H505) has been recommended as a standard oxidant for most soils (Gee
and Or, 2002; Kroetsch and Wang, 2007). However, all chemical pre-
treatments could lead to unpredictable effects on particle size distribu-
tion (PSD). For instance, HCI does not only remove carbonates but also
small amounts of organic matter (Bisutti et al., 2004) and might dissolve

poorly ordered metal oxides, too (Carroll and Starkey, 1971). A treat-
ment with HoO5 might lead to a disintegration of layered silicates and,
when applied to calcareous soils, result in precipitation of calcium ox-
alate (Mikutta et al., 2005). Currently, there is uncertainty about the
consequences of different soil pretreatments on PSD analysis and the
subsequent variation in soil erosion estimates.

Therefore, we compared PSD data from non-pretreated soil, soil after
two different HCl pretreatments, after HyOy pretreatment, and after
sequential HoOy and HCI pretreatment. After each pretreatment, PSD
was measured by laser diffraction analysis (LDA). This method has
become widely used and accepted in soil science. Laser diffraction is in
good agreement with independent optical methods (Bittelli et al., 2019)
and has been applied to wind erosion modelling in the past (Pi et al.,
2016).

For our experiment, we relied on Chernozem and Kastanozem soils
from the dry steppe biome of Kazakhstan. They contain high amounts of
organic matter and secondary carbonates (Eckmeier et al., 2007) as
binding agents and are also favourable for agriculture. However, their
parent material consists of aeolian sediments and is most vulnerable to
wind erosion in drylands (Schmidt et al., 2020).

Based on different texture data, we modelled potential soil losses by
wind erosion for an arable field in Kazakhstan’s dry steppe with the
Single-event Wind Erosion Evaluation Program (SWEEP). This sub-
model of the Wind Erosion Prediction System, the state-of-the-art
research and decision-support system to predict wind erosion world-
wide, estimates soil losses for a single day storm event under the influ-
ence of site-specific input data (Hagen, 1991; Tatarko et al., 2019).
Besides texture, texture-based properties, such as the geometric mean



M. Koza et al.
.
[ surface samples ]
<2mm
—teo e 4
|
I no HCl HClg H0, H,0,
s I pretreatment pretreatment pretreatment pretreatment pretreatment
® I
2
2 : soluble HCl
o 1 compounds pretreatment
o
E |
©
n I
|
: dispersant dispersant dispersant dispersant dispersant
I
s
g2
% é ( PSD (1) ) ( PSD (2) ) PSD (3) ' PSD (4) ' PSD (5)
ol
» C
o ®

(sub-)
model data input

data output

field

clay | pedolrensier | toxture-based
sand functions properties
Liomass soil layer soil surface T

Single-event Wind Erosion Evaluation Program (SWEEP)

v

v v v

( soil loss (1) ) ( soil loss (2) ) soil loss (3) soil loss (4)

v

soil loss (5)

Geoderma 396 (2021) 115073

Fig. 2. Hierarchical data structure defining
the study design. Sample preparation for
measuring particle size distribution (PSD)
by laser diffraction included no pretreat-
ment and four different pretreatments,
such as hydrochloric acid (HCl) pretreat-
ment, HCl soluble compounds (HClgc)
pretreatment, hydrogen peroxide (H0-)
pretreatment and the sequential hydrogen
peroxide and hydrochloric acid (H,O2 +
HCl) pretreatment. Results of PSD were
used as data input for the Single-event
Wind Erosion Evaluation Program
(SWEEP) to estimate soil losses by wind
erosion and to calculate texture-based
properties with pedotransfer functions
from the SWEEP user manual (Tatarko,
2008).
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diameter (GMD) and other, are important input data for SWEEP. In case
only a minimum of measured parameters are available, these texture-
based properties can be derived from PSD with pedotransfer functions.

The main objectives of this study are (i) to compare the effects of
different chemical pretreatments on PSD by LDA, (ii) to test the effi-
ciency of pretreatments to remove binding agents, and (iii) to compare
modelling estimates of soil loss based on PSD with either calculated or
measured GMD.

2. Material and methods
2.1. Study area

The study area is located in the north-eastern part of Kazakhstan,
which is mostly flat. The area of interest connects the central and the
east-central part of the Eurasian steppe belt. Test sites (Fig. 1) are north
of Kokshetau in Yasnaya Poljana (fIcmas IMomsma: 54°01'11.8"N,
70°15'00.2"E), north of Kazakh’s capital Nur-Sultan in Shortandy
(Wopraupsr: 51°34'35.2"N, 71°16/04.3"E) and west at the Ishim River in
Losovoye (JIozosoe: 51°11'58.9”N, 70°02'06.2"E). All test sites belong
administratively to North Kazakhstan and Akmola. Both are provided
with water by the Ishim river basin, which has the lowest groundwater
reserves in Kazakhstan (FAO, 2012). The study area covers a transect of
300 km with a dry continental climate, following a weak climatic
gradient in precipitation and temperature from north to south. The
annual precipitation height and mean annual temperature in Yasnaya
Poljana are 352.0 mm and 2.8 °C, in Shortandy 327.0 mm and 3.3 °C,
and Losovoye 297.8 mm and 3.7 °C (1989-2019) based on weighted
interpolation (Harris et al., 2020; Zepner et al., 2020). One-third of the
annual precipitation occurs as snowfall. Overall, different types of
Chernozem and Kastanozem soils form a heterogeneous pattern in the
study area (FAO/UNESCO, 2007; Uspanov et al., 1975). Haplic Cher-
nozems are dominant at the north end of the study area close to Yasnaya
Poljana. In Shortandy, Calcic Chernozems and around Losovoye, pri-
marily Calcic Kastanozems exist (Uspanov et al., 1975).

Kazakhstan experienced the most considerable anthropogenic land
cover change in the twentieth century. During the ’Virgin Lands
Campaign’, about 420 000 km? of temperate grassland, mainly in
northern Kazakhstan and in the Altai region of Russia, were converted
into arable land for grain production (Frithauf et al., 2020; Prishchepov
et al., 2020). Large areas of arable land were abandoned after the
collapse of the Soviet Union in 1991. However, most areas have been
reploughed by now. North Kazakhstan and Akmola together with Kos-
tanay comprise the most extensive areas of arable land in Kazakhstan.
Grain crops are mainly cultivated, and spring wheat (Triticum aestivum
L.) is the most common crop. Despite agriculture, there are pastures and
native steppes with Stipa (Stipa capillata L.), Volga fescue (Festuca vale-
siaca Schleich. ex Gaudin) and shrubs (Artemisia spp.) typical
(Rachkovskaya and Bragina, 2012).

2.2. Soil sampling

In late May of 2018, we took 90 undisturbed topsoil samples from
twelve fields using 250 cm® soil sample rings (diameter = 80 mm,
height = 50 mm; Eijkelkamp, Giesbeek, Netherlands). A wide range of
different land-use types (native steppe, pasture and arable fields) and
farming methods were covered, including standard tillage practices such
as fallow, deep tillage (with chisel plough), no-till (without tillage),
reduced tillage (shallow tillage with a cultivator or disc harrow), diverse
tillage (with new farming procedures or machines). Irrigation was not
present. Each of the three fields in Yasnaya Poljana were sampled
with six topsoil samples. In Shortandy, two fields, and Losovoye,
seven fields were sampled with eight topsoil samples each
(n=(3 x 6) + (9 x 8) =90). Samples on arable fields were taken before
they were being sowed. Each field was sampled randomly according to
the general agricultural sampling procedure up to 30 cm representing
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the topsoil layer (Conklin and Meinholtz, 2004). All samples were taken
within the A horizon and the depth to where tillage practices extend.

2.3. Physical-chemical soil analysis

Soil samples from field sampling were transferred to plastic bags, air-
dried, gently crushed, and dry sieved with a 2-mm sieve. Loose organic
material was separated by electrostatics. Each sample (<2 mm) was then
adequately split into subsamples (ISO 14488, 2007) for physical-
chemical soil analysis.

Soil pH was determined potentiometrically using a glass electrode in
a 1:5 suspension of soil in distilled water (ISO 10390, 2005). Electric
conductivity was measured at a soil-to-water ratio of 1:2.5 (Sonmez
et al., 2008). The calcium carbonate (CaCO3) content was calculated by
analysing the carbonate content using a Scheibler calcimeter (Carl
Hamm, Essen, Germany). Therefore, the volume of carbon dioxide
released after adding 4 M HCI (ISO 10693, 1995) was determined. Total
carbon and total nitrogen were determined after high-temperature
combustion of 1 g soil by 950 °C using an elemental analyser
(vario Max Cube, Elementar, Langenselbold, Germany). Soil organic
carbon was calculated from total carbon and calcium carbonate (organic
carbon = total carbon — 0.12 x calcium carbonate). Organic matter was
estimated from organic carbon by the factor 1.72 (FAO, 2006).

2.4. Particle size analysis

2.4.1. Sample preparation

For particle size analysis, subsamples were exposed to the following
pretreatments (Fig. 2):

no pretreatment: 2 ml of 0.05 M sodium pyrophosphate (Na4P207 x
10 H,0) solution was added as the dispersion medium to 10-g soil. The
soil turned to a "paste-like’ consistency as required for LDA (ISO 13320,
2009).

HCl pretreatment: 25 ml of deionised water was added to 10-g soil. For
each percentage of carbonate, 1 ml of 10% HCl was added dropwise
until pH decreased between 4.0 and 4.5, resulting in a maximal volume
of 70 ml. Afterwards, the suspension was kept on a heating plate at 50 °C
until the reaction ceased completely. After removing the clear super-
natant, the dispersion medium was added as described above.

HCI soluble compounds (HClgc) pretreatment: 10-g soil was pretreated
as mentioned before. Following the HCI treatment, the recovered soil
was resuspended in deionised water between 500 and 3000 ml until the
electric conductivity in the clear supernatant turned < 500 uS/cm. After
removing the supernatant, the dispersion medium was added.

H30; pretreatment: 10-g soil was pretreated with 30% H20,. Each
time, 15 ml HyO, was added to avoid excessive foam production, and no
more than 100 ml H,04 was applied. After the initial reaction ceased,
the suspension was kept for one hour on a heating plate at 50 °C. Af-
terwards, the suspension was allowed to settle and the clear supernatant
removed with a pipette. The dispersion medium was added.

H>0, + HCI pretreatment: 10-g soil was sequentially pretreated with
Hy0, and HCI as described above but without washing out soluble
compounds. The dispersion medium was added.

2.4.2. Laser diffraction analysis

The PSD was measured with a laser diffraction analyser (Helos/KR,
Sympatec GmbH, Clausthal-Zellerfeld, Germany) equipped with a 60 W
sonotrode and a fully automated wet dispersion unit of 1000 ml water
(Quixel, Sympatec GmbH, Clausthal-Zellerfeld, Germany). A second
replicate was measured to ensure the first measurement. The diffraction
system uses a helium-neon laser light source (wavelength = 632.8 nm)
with fibre optical cable and a fixed beam expansion unit
(Sympatec, 2012). It has an accuracy of + 1%, a precision of < 0.04%,
and comparability from one system to another of < 1% (Sympatec,
2019). It does not merge laser diffraction and light scattering and de-
termines 49 physical particle size classes ranging from 0.5 to 3500 pm.
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Table 1 % § %
Single-event Wind Erosion Evaluation Program (SWEEP) input parameters and ¥ =8 = "
values for modelling wind erosion on the 29 of April 2019 on a fallow arable §g o .E 8 T
X . . =2 ° g|lwowayo
test field in Losovoye. Values were measured, assumed, estimated or calculated ; S g < w| T RS
following the SWEEP user manual (Tatarko, 2008). s é‘ § A Zlcossoo
[} 17
SWEEP parameter source value :gf g g g _
Field x lenght, y length [m] estimated 2000.00 5] g% g o‘lE ol wam
angle from north [°] assumed 0.00 'E" 2% 52| 2832883
wind barriers estimated none = f 2‘ 2ll2|s= 8o
Biomass residue average height [m] assumed 0.00 ': § il
residue stem area index [m® m?] assumed 0.00 g 9
residue leaf area index [m? m~?] assumed 0.00 3 —‘3 Eo a g é <~"7
residue flat cover [m? m~2] estimated 0.30 §° =R - & Elheegqy
growing crop average height [m] assumed 0.00 v E 3 g 'TS;; & 2 22235
growing crop stem area index [m®> m 2] assumed 0.00 28 SE=s
growing crop leaf area index [m? m~?] assumed 0.00 “; © & g‘ E 3 &
row spacing [m] assumed 0.00 = L g : % T: " BN g T RR
seed placement estimated  furrow 5] 3 e|s g 23 2 Saann
Soil layer  number of layers measured 1.00 E § ;g °
thickness [mm] measured 300.00 S| = g =
sand fraction [kg kg™'] measured *  0.08-0.14 g § % &O
very fine sand fraction [kg kg '] measured *  0.06-0.11 E °2 %3
silt fraction [kg kg~'] measured *  0.69-0.79 9 % 8 % o| B 4 % 3 % 3
clay fraction (<2 pm) [kg kg '] measured *  0.07-0.19 % =) §_ E 3 ElRTe®x
rock volume fraction [m® m~3] assumed 0.00 g 7S
dry bulk density [kg m~3] measured 1.09 Iy i ug é
average aggregate density [kg m~°] calculated 1.46 2 * 5 .g
average dry aggregate stability [In(J kg~")] calculated  1.80-2.98 B & = 3
geometric mean diameter [mm] calculated ** 4.15-5.30 = S E g "
geometric standard deviation [mm mm '] calculated 15.47-15.96 %’ E % "g .§
minimum aggregate size [mm] estimated 0.01 =) S5 £ s
maximum aggregate size [mm] estimated 14.84-18.86 g % é 2 go ‘E
soil wilting point water content [kg kg™'] measured 0.15 B 2 = ‘aE'S :.g Elomowo
Soil surface surface crust fraction [m* m 2] assumed 0.00 & g @ gz E I
surface crust thickness [m m™] assumed 0.00 | o & PN i
loose material on crust [m? m~2] assumed 0.00 5 § é ] l‘;
loose mass on crust [kg m 2] assumed 0.00 E & il '4% ?30
crust density [kg m~3] calculated  1.46 > | S| 8
crust stability [In(J kg’l)] calculated 1.80-2.98 :g E E ::5 g =
allmaras random roughness [mm] estimated 10.00 % _g %‘o E 8 EP Tno
ridge height [mm] assumed 0.00 3 &0 9 g &= = o o< ®
ridge spacing [mm] estimated 300.00 E § 2 § 4 'E E R8I35
ridge width [mm] estimated 100.00 L e 5 ‘:: : el=|aTaaa .
ridge orientation from north [°] assumed 0.00 g L & i ?g
dike spacing [mm] assumed 0.00 - 2 § Bl =
snow depth [mm] assumed 0.00 oo .(—? 2 g 5 s
hourly surface water content [kg kg™'] assumed 0.00 ";‘O g g SR <
Weather air density [kg m ™3] calculated 1.18 1= g E‘ % 5 ] *;:
wind direction from north [°] measured 250.8 2 s9 S| E 3 =)
anemometer height [m] measured  2.00 g g E 3 g & B
wind speed (max) [m s~'] measured  Fig. 3 :é “‘i %0 g % i e e %
* data input varies depending on pretreatment of particle size analysis by LDA 2 % é 3 I R g :‘7’_:
(Table 2 and Table 3). = T e | E
™ data input first derived from soil texture and calculated (Table 2), then E 2 % & ‘g’ :
measured (Table 3). - % 29 QE g 2888 &
| g)c o % > ol D|loocooo i}
2 5 E g E
o0 80 © © B
& S EE i ?
2838 =| 2 e o
SEES| E|T |w|¥328z |S
In laser diffraction, particl tter light with different intensiti “TEZ° ERE] Zlscsses 8
, particles scatte ¥l ere: ensities 87T q = -
according to their size in the near forward direction. The diffraction of Tw 2 E 2 £ g
light by a single particle is described mathematically by the Fraunhofer - ; E § § - 9
theory because it applies to mixtures of different materials. No optical % = § | o % N %Z N E
properties, such as each particle’s refractive index, are required (Green i § £ E g b E Z|lsssss E»
and Perry, 2007; ISO 13320, 2009). Particle size analysis was applied to ; g 218 & Z
2-3 g of soil for 20 sec after 1 min of 60 W sonicating. During laser » g :.3 2 §§ 7:} g
diffraction, the extent of obscuration was always between 20 and 30%. 23S E= s % % wleny g =
Based on the United States Department of Agriculture (USDA), eight > :? é E S ElD Slesssss §°
particle size subclasses were used to present PSD data between 0.5 and R R - 3
2000 pm (Soil Science Division Staff, 2017). The used 2-50-2000 um ; 2 E t g g) % E 2 2
particle size classification system is currently most common in wind & % E é 5 B % E g % Y
erosion and land-surface modelling (Shao, 2008). ~ é ; g § % ‘3,:; ‘% 2 ;‘? %O
g
23298 FEEELIE
g _ﬁ g a e [=jenaniieniient
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Fig. 3. Wind speeds [m s '] on the 29™ of April 2019 from the meteorological station in Losovoye. The data consists of 10-min wind speed averages, minima and
maxima. Wind speed maxima were used for modelling wind erosion following the SWEEP user manual (Tatarko, 2008).

2.5. Wind erosion modelling

2.5.1. Test site for wind erosion modelling

The wind erosion model was set up for 24 h on the 29™ of April 2019
for a test field in Losovoye (51°11'11.2"N, 70°04'13.3"E), which has
been cultivated with a deep tillage chisel plough (<300 mm) since 2010.
This area’s prevalent soil type was identified as a dark chestnut calcar-
eous soil (Uspanov et al., 1975), which corresponds to a Calcic Kasta-
nozem (Stolbovoi, 2000). The field size is about 2000 x 2000 m, a
standard field size for the study area. There was no wind barrier to
protect the test field. The test field was to be sowed on the 20" of May
and fallow that day.

A meteorological station of about 6 km from the test site measured
weather data (51°14'12.3"N, 70°04'09.8"E) and provided 10-min av-
erages. The day’s average wind speed was 7.06 m s~ 1. The highest
measured wind speed (Vpax = 24.96 m s 1 in 2019, while topsoil was
not frozen, was recorded that day. The day’s average temperature was
15.4 °C, and there was no precipitation measured.

Overall soil physics, agricultural implementations as well as weather
parameters were predestined for a wind erosion event.

2.5.2. Single-event wind erosion evaluation program (SWEEP)

The process-based computer model SWEEP (Version 1.5.52,
USDA-ARS, Manhattan/Kansas, USA) was used to simulate soil loss by
wind erosion on the test site. The open-source model provides easy ac-
cess to in- and outputs for a single-day storm event (Jarrah et al., 2020)
and has been extensively validated worldwide (Tatarko et al., 2016).
The SWEEP computes soil loss and deposition of a specific test site with
particular field size and orientation in response to wind speed, wind
direction, and surface conditions on a sub-hourly basis. The model
determines first the threshold friction velocity at which erosion begins.
Then, it calculates when the aerodynamic forces (aerodynamic drag and
the aerodynamic lift) overcome the retarding forces of the surface
particles (gravity force and the inter-particle cohesive force). In the final
step, it simulates multiple physical erosion processes for each surface
condition (Shao, 2008; Tatarko, 2008). The threshold is calculated
based on different input parameters regarding biomass, soil layer,
soil surface, and weather. Once wind speed exceeds the threshold, it
calculates soil losses over a series of individual grid cells representing
the field. To evaluate off-site impacts, the model’s outcome of total soil
loss in kg m~2 is divided in saltation plus creep and suspension loss. Fine
particulate matter of 10 um or less in diameter (PM) is also identified
as part of suspension (Tatarko, 2008).

The Wind Erosion Prediction System has been developed initially

for soils with organic matter content of less than 0.03 kg kg!
(Tatarko, 2020). The test field with an average organic matter content of
0.025 kg kg~ could be applied to SWEEP. All input parameters of the
test field are shown in Table 1.

Field: Because of the extensive field size, the number of grids was
increased manually to 400x400 cells. The discretisation of SWEEP
depends on the erosion activity in each grid cell, which should be
downsized by increasing soil surface processes. However, it should
generally be at least 7x7 m.

Biomass: Input parameters regarding biomass could be mostly
omitted because the test site was fallow. Residue flat cover, described as
the flat biomass cover [m> m’z], was minimal and could be estimated
with photo examples from the SWEEP user manual (Tatarko, 2008).

Soil layer: Quantities of clay (<2 pm [kg kg~ '1), silt (2-50 pm
[kg kg~ 11), sand (50-2000 um [kg kg ~'1) and of the subclass very fine
sand (50-100 um [kg kg’l]) from LDA were used. The test sites average
was used as input data and varied depending on PSD pretreatment (see *
Table 1 and Table 2). To reduce the uncertainty of missing data, as-
sumptions were made carefully by considering all available information.
Estimates were used from the SWEEP user manual (Tatarko, 2008),
including all equations to derive texture-based properties. In-depth de-
scriptions of the used functions are explained in the Technical Docu-
mentation (Tatarko, 2020).

The average aggregate density is the oven-dry weight of soil aggre-
gates (<2 mm) per unit volume of dry soil aggregates [kg m~>]. It was
calculated using the method of Rawls (1983) from the SWEEP user
manual (Eq. (1)).

aggregate density = 2.01 x (0.72 + 0.00092 x layer depth) (€D)]

with,
layer depth is described as the bottom depth of the layer [mm].
The average aggregate stability is described as the mean of the nat-
ural logarithm of aggregates crushing energy [In(J kg~1)] (Eq. (2)).

aggregate stability = 0.83 + 15.7 x clay — 23.8 x clay’ 2

The GMD was calculated directly from PSD and test fields average
content of organic matter (0.025 kg kg’l) and calcium carbonate (0.074
kg kg™1) (Eq. (3)).with,

GMD = exp(1.343 — 2.235 x sand — 1.226 x silt — 0.0238
xsand/clay + 33.6 x organic matter + 6.85 X calcium carbonate)
x (1 + 0.006 x surface layer depth)

3

surface layer depth is 10 mm, and the sand, silt and clay fractions
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were measured under the influence of different pretreatments (Table 2).
The averaged GMD was utilised to calculate the geometric standard
deviation (Eq. (4)) and the maximum aggregate size (Eq. (5)).

Geometric standard deviation = 1/(0.0203 +0.00193 x GMD
+ 0.074/GMD"?) )]

Max. aggregate size = geometric standard deviation” x GMD + 0.84
5

with, p = 1.52 x geometric standard deviation=%44°

Soil surface: Event-based input data such as crust density and crust
stability were estimated by applying aggregate density and aggregate
stability values. Allmaras random roughness was estimated following
the pin-type profile meter (Allmaras et al., 1966) via photo examples
from the user manual. Surface water content could be omitted based on
meterological data.

Weather: One hundred and forty-four measured values of wind speed
were applied. Following SWEEP’s advice, the maximum wind speed for
each 10-min period (Fig. 3) and the mean wind direction (250.8°) was
used as data input. Aerodynamic roughness was automatically ignored
by SWEEP because wind speeds were measured at anemometer site
under field conditions. Air density was estimated by SWEEP itself based
on elevation (335 m) and the day’s average temperature.

2.5.3. Geometric mean diameter

To improve modelling results, the GMD ( Table 1), was determined
by fitting the measured mass percentage of different aggregate sizes to a
log-normal function (Gardner, 1956; Larney, 2007). Therefore, a hori-
zontal sieve apparatus (Analysette 3, Fritsch GmbH, Idar-Oberstein,
Germany) with eight different sieves (8 mm, 5 mm, 3 mm, 2 mm,
0.85 mm, 0.5 mm, 0.25 mm, and 0.05 mm) was applied for 1 min with
an amplitude of 1 mm to four samples from the test field. The GMD was
then utilised to derive the geometric standard deviation and the
maximum aggregate size with pedotransfer functions (Egs. (4) and (5))
and used for modelling erosion losses (Table 3).

2.6. Statistical analysis

The open-source software 'RStudio’ (Version 1.2.5019, RStudio
Team, Boston, USA) as an integrated development environment for 'R’
was used to perform statistical analysis and graphical illustrations of
LDA results (R Core Team, 2020; RStudio Team, 2020). Texture classes
and texture triangles were computed and illustrated with the ’soiltex-
ture’ package (Moeys, 2018).

Statistical analyses were carried out for each field and each test site.
In Yasnaya Poljana each test site is represented by the average of six
measured values, and the average mean of test sites in Shortandy and
Losovoye consisted of eight values. All parameters, including LDA re-
sults of different parameters, were tested for normal distribution (Sha-
piro-Wilk test) and variance homogeneity (Levene’s test) followed by
variance analyses (one-way ANOVA). Tukey’s range test was used to
identify mean group values that are significantly different (p < 0.05) and
are presented in Appendixes Table A1 and Table B1.

3. Results
3.1. Effect of pretreatments on texture class

The results of LDA showed that samples from the study area were
predominantly assigned to the texture class silt loam (Soil Science Di-
vision Staff, 2017). Pretreatments for PSD did not influence the assigned
texture class (Fig. 4). Silt loam consists of more than 50% silt and be-
tween 12 and 27% clay or between 50 and 80% silt and less than 12%
clay.

Nevertheless, exceptions were assigned to adjacent texture classes
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depending on the pretreatment used. All samples with no pretreatment
were assigned to silt loam (Fig. 4(1)). In comparison, one-third of HCI
pretreated samples (Fig. 4(2)) showed a low amount of clay content
(between 5 and 9%) and a high amount of silt content (>80%) and were
therefore assigned to silt. Results of HClgc pretreatment (Fig. 4(3))
assigned three out of 90 samples as silt (>80% silt content). The HyO9
pretreatment (Fig. 4(4)) assigned one sample as loam because of its low
silt content (49%) and one as silty clay loam as a result of high clay
content (30%). Following the results of HoO5 + HCl pretreatment (Fig. 4
(5)), only one sample was assigned as silty clay loam (28% clay content).

Even though silt loam is the dominant texture class for all pre-
treatments, the distribution of results within one class varies for each
method. The HCl pretreatment results (Fig. 4(2)) show a low scatter,
while pretreatments including HyO9 (Fig. 4(4) and 4(5)) result in a
higher scattering. Data of averaged clay, silt, and sand fractions for each
test field are shown in Appendix Table Al.

3.2. Effect of pretreatments on particle size distribution

The averaged cumulative distribution curves of the different pre-
treatments are shown in Fig. 5. Each curve represents one pretreatment
and consists of 40 physically measured classes. Values shown are the
averages of all samples. The curves order was mainly the same on all
three test sites and under all typical land-use types. Pretreating samples
with HyO5 generated the highest dispersion (Fig. 5(4)) while pretreating
additionally with HCl afterwards did not cause further dispersion for
most fields. Only two fields in Yasnaya Poljana (pasture and arable land)
showed further breakdown into smaller particles with HyO, + HCl
pretreatment. On average, samples with no pretreatment were slightly
better dispersed than samples pretreated with HClgc. Contrary, HCL
pretreatment had the opposite effect, and PSD shifted into coarser sizes
(Fig. 5(2)).

The scatterplots in Fig. 6 show the effects of pretreatment on PSD for
all samples. Comparing the two different HCl pretreatments with no
pretreatment showed that percentages of clay, silt, and sand were
similar between no pretreatment and HClgc pretreatment (Fig. 6A). In
contrast to HCl pretreatment (Fig. 6B), the amount of silt increases and
clay drastically decreases. Samples with no pretreatment showed be-
tween 8 and 20% of clay but only between 5 and 9% after pretreating
with HCl. Comparing H,O3 pretreatment and HyO5 + HCI pretreatment
revealed no drastic shift between particle classes (Fig. 6C). Measured
values are close to the 1:1 line for both methods. Primary dispersion is
already seen in samples pretreated with only H2O5 in comparison to
samples with no pretreatment. The HyO5 pretreatment increases the
amount of clay and decreases the sand and silt fraction (Fig. 6D).

3.3. Influence of calcium carbonate content on HCI pretreatment

The calcium carbonate content in the study area spanned for the
single measured samples from 2.2 to 117.3 g kg~! with an average of
32.5 g kg™! for all Chernozem and 52.6 g kg™! for all Kastanozem
samples. Overall, arable fields had a higher content of calcium carbonate
on average (56.5 g kg~!) than uncultivated fields (27.9 g kg™!)
(Appendix Table B1).

The content of calcium carbonate affected PSD if pretreated with HCI
and had no effect if pretreated with HClg¢ (data not shown). The HCl
pretreatment mainly changed the relative amount of coarse and fine silt
minimal. Samples pretreated with HCI tended to increase the coarse silt
fraction while the fine silt and coarse clay fraction decreased. The dif-
ference between HCI pretreatment and no pretreatment for samples with
high calcium carbonate content was not as distinct as the difference
between no pretreatment and HO» pretreatment for samples with high
organic carbon content.
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Table 3

Measured data input of clay [kg kg1, silt [kg kg1, sand [kg kg1, very fine sand [kg kg™ '] and geometric mean diameter of aggregate sizes [mm]. Average dry aggregate stability [In(J kg~1)] was derived from clay
content. Geometric standard deviation of aggregate sizes [mm] and maximum aggregate size [mm] were derived from measured GMD following the SWEEP user manual (Tatarko, 2008). Estimates of soil losses for a fallow
arable test field in Losovoye are shown as data output. Total soil loss [kg m 2] consists of saltation and creep loss [kg m 2] and suspension loss [kg m~2]. The fine particulate matter of 10 ym or less in diameter (PMo) [kg

m~2] is part of the suspension loss.

data output SWEEP

simulated

data input SWEEP

estimated

measured

measured (laser diffraction analysis)

(derived values by pedotransfer functions)

(dry sieving)

suspension PM, loss

loss

saltation/
creep loss

total soil
loss

max.

geometric standard

average dry
aggregate
stability™

geometric mean

sand very fine
sand

silt

clay

aggregate

size

deviation of aggregate

sizes

diameter of aggregate

sizes

[kg m~2] [kg m~2]

kg m~2]

[kgm %]

[mm mm ] [mm]

[In(J kg~ H1*

2.58
2.58

[mm]

[kg kg 11

0.09
0.11

[kg kg 11

0.12
0.14

[kg kg1

0.72
0.79

kg kg 11

0.16

1.114 9.011 0.317

1.020

10.125
9.561

4.93
4.93

11.03
11.03

1.18
1.18

no pretreatment

HClL

0.442

8.541

0.07

pretreatment

HClgc

9.104 0.325

1.139

10.243

4.93

11.03

2.58

0.74 0.13 0.09 1.18

0.13

pretreatment

H20,

0.316

8.788

1.064

9.852

4.93

11.03

2.58

1.18

0.06

0.08

0.74

0.19

pretreatment
Hy0, + HCL

8.847 0.318

1.080

9.927

4.93

11.03

2.58

1.18

0.08

0.11

0.69

0.19

pretreatment

" average dry aggregate stability is also used as an estimate for crust stability (Tatarko, 2008).
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3.4. Influence of organic carbon content on H,O pretreatment

The organic carbon content in the study area reached for the single
measured samples from 11.2 to 48.7 g kg~! with an average of
29.5 g kg™! for all Chernozem and 16.3 g kg™! for all Kastanozem
samples. Overall, arable fields had a lower content of organic carbon on
average (17.7 g kg™) than uncultivated fields (26.6 g kg™!)
(Appendix Table B1).

The effect of HyO, pretreatment depends on organic carbon content
and affects texture subclasses differently (Fig. 7).

In comparison to HCl pretreatment effects (see 3.3), results of HoO»
pretreatment showed the opposite effect. There was no difference be-
tween no pretreatment and HyO5 pretreatment for particle sizes above
100 um (data not shown). However, HyO, pretreatment decreased par-
ticles of very fine sand (50-100 um) and coarse silt (20-50 um)
(Fig. 7A and B) in comparison to no pretreatment. The HyO; pretreat-
ment causes an increase of particles in the fine silt (2-20 um) and coarse
clay (0.2-2 um) subclasses (Fig. 7C and D). Additionally, differences
within subclasses between no pretreatment and HyO, pretreatment rely
upon the amount of organic carbon. While the sample with the lowest
organic carbon content led to a small difference in the coarse silt fraction
between no pretreatment (22%) and HyO. pretreatment (14%), the
sample with the highest organic carbon content caused a considerable
difference between no pretreatment (26%) and HyO, pretreatment
(8%). This behaviour applies contrary to the fine silt fraction.

The mentioned effects of organic carbon on HyO» pretreatment were
similar to HyOy + HCI pretreatment (data not shown).

3.5. Simulated soil loss using SWEEP

3.5.1. Impact of PSD pretreatments on derived properties

The PSD (Table 2) of different pretreatments from the test field in
Losovoye ranged for clay from 0.07 to 0.19 kg kg~}, silt from 0.69 to
0.79 kg kg1, and sand from 0.08 to 0.14 kg kg 1. The very fine sand
subclass ranged from 0.06 to 0.11 kg kg~ *. Pretreatments with H,0 led
to the highest amount of clay (0.19 kg kg™!) and the lowest amount of
very fine sand (0.06 kg kg™1). In comparison, HCI pretreatment led to
the highest amount of very fine sand (0.11 kg kg™1) and the lowest
amount of clay (0.07 kg kg ™).

Calculated values of aggregate stability reached from 1.80 to 2.98 In
(@] kg’l), the GMD from 4.15 to 5.30 mm, the geometric standard
deviation from 15.47 to 15.96 mm mm ™}, and the maximum aggregate
size from 14.84 to 18.68 mm (Table 2). Modelling results were diverse if
PSD under the impact of different pretreatments was used to estimate
texture-based properties to model wind erosion.

SWEEP simulated a total soil loss between 3.595 kg m™2 for
H20, + HCI pretreatment and 12.858 kg m 2 for HCl pretreatment. It
further simulated the lowest soil losses for HyO, pretreatment, regard-
less of whether HCl was used or not. If PSD with no pretreatment was
used to calculate derived properties, SWEEP simulated a total soil loss of
5.717 kg m~2. Overall, the largest part of total soil loss was due to
suspension. The no pretreatment and HCI pretreatment estimates were
similar for the saltation/creep loss (0.887 and 0.885 kg m3). However,
they differed for soil loss by suspension (4.830 and 11.973 kg m~2).

Because Hy0, pretreatment removed particle binding agents most
efficiently, the potential total soil loss estimate simulated by SWEEP
(3.753 kg m~2) is shown for the test field in Fig. 8A. All texture-based
properties were calculated from PSD data (including HyOy pretreat-
ment). The simulation of soil loss due to saltation and creep movement
(0.730 kg m~2) is visualised in Fig. 8B.

3.5.2. Impact of PSD pretreatment on potential soil loss

For the case that PSD and GMD were independently measured,
and additional texture-based properties were used as steady
estimates, SWEEP simulated a possible total soil loss between
9.561 and 10.243 kg m~2, depending on pretreatments used for LDA
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Fig. 4. Soil texture triangles (Soil Science Division Staff, 2017) defining texture classes for all samples (n = 90) depending on different pretreatments: (1) no
pretreatment, (2) hydrochloric acid (HCI) pretreatment, (3) hydrochloric acid soluble compounds (HClgc) pretreatment, (4) hydrogen peroxide (H20,) pretreatment,
(5) sequential hydrogen peroxide and hydrochloric acid (H,0, + HCI) pretreatment. Texture classes were assigned from clay, silt and sand fractions measured by

laser diffraction analysis (LDA).

clay
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Fig. 5. Cumulative distribution of particle size analysis by laser diffraction (logarithmic scale) depending on pretreatment: (1) no pretreatment, (2) hydrochloric acid
(HCI) pretreatment, (3) hydrochloric acid soluble compounds (HClsc) pretreatment, (4) hydrogen peroxide (H205) pretreatment, (5) sequential hydrogen peroxide
and hydrochloric acid (H205 + HCI) pretreatment. Data shown represent averages of all samples (n = 90). The laser diffraction analyser measured 40 physical classes

up to 100% cumulative distribution.

(Table 3). Pretreatments of particle size analysis did not affect SWEEP’s
output severely. From the total soil loss, only 1.020-1.139 kg m ™2 of soil
were lost through saltation and creep movement, while most soil was
lost due to suspension (8.847-9.104 kg m32).

Comparison between calculated and measured GMD for modelling
results are shown in Fig. 8. Measured PSD (including H;O, pretreat-
ment) and measured GMD was used to simulate potential soil losses with
SWEEP. Visualisations of the total soil loss (9.852 kg m’z, Fig. 8C) and

saltation and creep loss (1.064 kg m? Fig. 8D) are shown.

4. Discussion

4.1. Efficiency of pretreatments to remove carbonates

The dominant occurrence of silt loam in the study area results from
the same parent material loess, which is an aeolian and reworked
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Fig. 6. Scatter plots of cumulative particle size [%] comparing the clay (o), silt (A) and sand ([]) fractions between different pretreatments. On the left side, results of
(A) hydrochloric acid soluble compounds (HClsc) pretreatment and (B) hydrochloric acid (HCI) pretreatment are compared to no pretreatment. On the right side,
differences between (C) the sequential hydrogen peroxide and the hydrochloric acid (H,0, + HCI) pretreatment and (D) no pretreatment are compared to the

hydrogen peroxide pretreatment (H205). The grey line corresponds to the 1:1 line.

aeolian carbonaceous sediment. Chernozems and Kastanozems of the
study area are located within the Russian loess belt (Muhs et al., 2014)
and experience similar soil pedogenesis. The high concentration of
secondary carbonates usually starts in Chernozem soils within 50 c¢m, at
the lower limit of the A horizon (Eckmeier et al., 2007).

In our study, HCl pretreatments caused incomplete dispersion.
Schulte et al. (2016) observed that HCl pretreatment is particularly se-
lective and inscrutable. Adding plain HCl to samples dissociates car-
bonates and may cause a cationic bridging effect of the calcium ions
(Ca®"). In that case, carbonates act as an abundant source of calcium
ions due to HCI pretreatment. Calcium ions favour inter-molecular in-
teractions between clay and organic matter to form a covalent bond
(Rowley et al., 2018; Six et al., 2004; Virto et al., 2011; Wuddivira and
Camps-Roach, 2007). The mechanism behind this stabilisation is the

10

flocculation of negatively charged separates by outer-sphere in-
teractions. If samples are already pretreated with HyO, and organic
matter is oxidised, the described effect does not occur for Kastanozem
soils. Only Chernozem soils of Yasnaya Poljana, with the high organic
carbon content and the low carbonate content, showed a slight increase
in smaller particles if pretreated with HyO, + HCl. Reasons could be
HCI’s selective character during pretreatment, or that HCl is already
affecting mineral compounds. In case the soil is pretreated with HCI and
soluble compounds are washed out, particles remain similar in size.
Pretreatments with HCl did not dissolve aggregates, had no considerable
effect or even caused aggregation. Carbonates are not the primary
binding agent between particles in our study. We would advise avoiding
decalcification of Chernozems and Kastanozems because it might lead to
unpredictable effects.
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Fig. 7. Influence of soil organic carbon content [g kg '] on H,O, pretreatment (+, dark brown) was compared with no pretreatment (+, light orange) for the texture
subclasses (A) very fine sand (50-100 pm), (B) coarse silt (20-50 um), (C) fine silt (2-20 um) and (D) coarse clay (0.2-2 pm) in %. Trendline (- — -) and statistics for

each pretreatment and texture subclasses are shown.
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Fig. 8. Graphical visualisation of total soil loss [kg m~?] (A and C) and saltation/creep soil loss [kg m~2] (B and D) for the test field simulated by SWEEP. A and B
show soil loss simulations based on laser diffraction analysis, including a hydrogen peroxide pretreatment (Table 1 and Table 2) if the geometric mean diameter is
calculated with a pedotransfer function from the SWEEP user manual. C and D show soil loss simulations based on laser diffraction analysis, including a hydrogen
peroxide pretreatment and independently measured GMD (Table 1 and Table 3).
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4.2. Efficiency of pretreatments to remove organic matter

The distribution of Chernozems and Kastanozems from north to
south reflects a declining humus gradient similar to the western Siberian
steppe (Bischoff et al., 2018). Our results also agree with the organic
carbon loss study in the Russian dry steppe caused by land-use changes
from native ecosystems to arable fields (Illiger et al., 2019).

Mineral components, especially the silt and clay fraction, are
strongly associated with organic matter. All samples pretreated with
H»0, showed dispersion of soil aggregates and an increasing amount of
finer particles. Our results agree with the study of Di Stefano et al.
(2010). They also measured a shift towards finer particles in PSD by LDA
with HyO» pretreatment, especially in the silt fraction.

Fisher et al. (2017) pretreated samples with sodium hypochlorite
solution (NaClO) to remove organic matter and subsequently with HCl
to remove carbonates. Using sodium hypochlorite differs from interna-
tional standard methodologies but is suitable for their local Australian
soils. They expected that the difference of the effect by NaClO + HCl
pretreatment depends on the amount of organic carbon content. How-
ever, their results did not show a significant correlation between pre-
treatment and organic carbon content but showed a significant effect
due to the soil type and therefore expected differences between no
pretreatment and chemical pretreatment for different soil types. This
supports our results of Chernozems and Kastanozems. The difference
between no pretreatment and HyO5 pretreatment correlated with the
organic carbon content and indicates that organic matter is likely the
primary binding agent. Our results show that HyO pretreatment offers a
complete dispersion for measuring PSD.

4.3. Pretreatments for laser diffraction analysis

Results of LDA assigned overall the same texture class in our study.
Chemical pretreatment, soil type or land-use did not have an impact. On
our test sites, chemical pretreatments for particle size analysis can be
omitted if only the texture class is of interest. Even though
sample preparation did affect particles within the silt fraction between
2 and 50 um most severely, particles of the coarse and fine silt fractions
are subjected to compensating effects. Changes in subclasses are hidden
if they are not explicitly observed.

We agree with Fisher et al. (2017) that the advantages and disad-
vantages of using pretreatments for LDA for a broader range of soil types
are warranted. In their study, the purpose of adapting a pretreatment for
removing carbon seemed only of little purpose. Different effects were
observed from pretreatment, but sample preparation generally
decreased rather than increased the concordance correlation coefficient.
Our results show similarities because only HyO5 pretreatment was effi-
cient but did not change PSD severely. Additional pretreatments seem
questionable despite the time-consuming preparation and potentially
misleading results.

Laser diffraction has been increasingly applied for analysing PSD
(Yang et al., 2019). It measures a 3-dimensional shape with a
1-dimensional parameter (Fisher et al., 2017) differently than the sieve
and sedimentation method. Overall, LDA dismisses methodological
disadvantages of the traditional sedimentation methods (Bittelli et al.,
2019). It is questionable if the complete dispersion for particle size
analysis is always necessary if measured by laser diffraction. Even
though little is known about the possible effects of different
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pretreatments (Fisher et al., 2017), our results showed only minimal
differences. For most soil types with a low and medium amount of
organic binding material, a pretreatment seems nonessential if PSD is
measured by laser diffraction.

4.4. Modelling effect of LDA pretreatments on wind erosion

The Wind Erosion Prediction System is a promising tool, and SWEEP
can be used to estimate soil loss easily for single wind events in the dry
steppe of Kazakhstan. Wind barriers were not present at the test site,
even though Russia systematically introduced wind agroforestry to
protect soils from erosion in the late nineteenth century (Chendev et al.,
2015). Since 1991, the afforestation of agricultural land in Kazakhstan
has usually been decreased because of political and economic change. In
Losovoye, shelterbelts were partly cleared in the past because the
trapped amount of snow caused gully erosion after melting.

Soil texture is a critical parameter for estimating wind erosion pro-
cesses. However, particles without structure and binding agents do not
occur under field conditions in the dry steppe’s topsoil layer. Properties
derived from particle sizes, such as dry aggregate size distribution and
aggregate stability, have a considerable impact on wind erosion
modelling results which can be changed by mechanical breakdown.
Parameters regarding the actual size and distribution of aggregates in
the field have a higher impact on SWEEP’s output than soil texture pa-
rameters from LDA under the influence of different pretreatments.
Suppose the texture-based parameters were derived and used as input,
soil loss estimates were very diverse and ranged between 3.3 and 11.8
mm of topsoil depth. All estimates would be noticeable under field
conditions. Chepil (1960) associated quantities of annual soil loss of
around 37 t ha™! to be distinctly visible.

Regarding particle size, the very fine sand fraction is the determining
factor in wind erosion because of its lowest threshold (Shao, 2008). Our
results of LDA showed low amounts of sand, including low amounts of
very fine sand in general, and SWEEP predicted low saltation loss.
Pretreatment of samples did not lead to a shift in soil texture class. Silt
loam with a generally low amount of fine sand is not that susceptible to
wind erosion from the perspective of size.

In our study, the consequences of chemical pretreatments for particle
size analysis by LDA for modelling wind erosion did not differ, if the
additional parameter GMD was independently measured. The SWEEP
simulations from our test field are representable for our study area
because averaged PSD data estimated similar soil losses. At the test field,
topsoil loss was estimated less than 10 mm during the potentially strong
wind event independent of LDA pretreatment. These potential soil losses
are certainly overestimations, based on the maximum wind speeds as
input data. However, with quantities of about 100 t ha™!, they would
cause considerable on- and off-site damage (Funk and Reuter, 2006).

Modelling results indicate that parameters derived from soil texture
are more influential for wind erosion modelling than the texture itself.
Therefore, deriving GMD from texture and binding agents with a
pedotransfer function or a regression equation from the erodible fraction
needs further validation (Fryrear et al., 1994; Lopez et al., 2007; Rakkar
et al., 2019). This is especially important for different dry steppe soil
types, with a high aggregation potential at the microscale. New pedo-
transfer functions are required to derive soil parameters based on PSD
with no pretreatment (Zimmermann and Horn, 2020) and for PSD data
obtained by laser diffraction.
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Table B1

Geoderma 396 (2021) 115073

Parameters of physical-chemical analysis including particle size analysis with different pretreatments from two test sites and different land-use-types: (I) steppe, (II)
pasture, (IIT) diverse tillage, (IV) deep tillage, (V) no-tillage, (VI) reduced tillage and (VII) fallow. Statistical significance (p < 0.05) between land-use-types is indicated
by lower case letters. The Single-event Wind Erosion Evaluation Program (SWEEP) was applied to the deep tillage test site (IV).

Parameter Yasnaya Poljana Losovoye
m an (1) m an (111 av W) (VD (VID
bulk density [g cm ™3] 1.02° 1.06% 0.98° 1.172 1.122 1.12° 1.09* 1.112 1.06% 1.08°
total carbon [g kg~ ] 39.6° 34.5% 31.8° 21.5% 24.3° 23.2° 23.4° 24.2° 19.1° 22.3%
total nitrogen [g kg™'] 3.392 2.73% 2.57° 1.88%° 1.96° 1.52° 1.56° 1.53° 1.61%° 1.73%
soil organic carbon [g kg™!] 35.3% 30.9% 29.5% 21.1° 19.4%° 13.7¢ 14.5¢ 13.7¢ 15.2% 16.2%¢
calcium carbonate [g kg '] 36.5° 30.0° 19.37 2.8° 41.2° 78.7° 74.2° 88.0° 32.7° 50.9°
particle size and sample preparation
clay [%] (1) no pretreatment 11.27° 10.45° 11.56% 10.68" 12.14%° 14.00% 15.76° 15.56° 11.61%° 13.68%
(2) HCI pretreatment 7.14° 6.72° 7.41° 6.56%° 6.52% 5.86° 6.91° 5.54¢ 5.70% 6.19°
(3) HClgc pretreatment 9.20° 9.97° 11.412 13.87% 11.97% 8.83° 13.172 11.85% 11.68% 11.20%
(4) H,0, pretreatment 19.61° 16.10° 19.20% 18.29% 16.18° 19.40% 18.83° 19.34° 17.022 17.912
(5) Hy0, + HCI pretreatment 20.23% 20.55% 22.58° 16.22° 17.27% 16.79% 19.34 18.66% 17.62% 19.76%
silt [%] (1) no pretreatment 73.15" 78.11% 76.05% 66.80" 71.74% 72.69° 72.30% 72.17% 72.78% 74.84°
(2) HCl pretreatment 77.73% 80.01% 78.27% 68.61¢ 76.73% 79.62¢ 79.44% 79.822¢ 75.72° 79.92¢
(3) HClgc pretreatment 74.98% 77.60° 75.07% 64.66° 71.97% 76.67° 73.58% 72.90% 69.38%¢ 75.39°
(4) H,0, pretreatment 74.74° 78.29° 70.37% 58.51° 74.03% 73.20° 73.64° 72.84% 70.50° 74.20°
(5) Hy0, + HCl pretreatment 73.37% 74.35% 70.03% 58.10° 69.86% 69.19° 69.32% 68.58% 67.18% 70.33%
sand [%] (1) no pretreatment 15.58% 11.44% 12.39% 22.53¢ 16.11% 13.31%° 11.94% 12.272° 15.61%° 11.48°
(2) HCl pretreatment 15.14% 13.27% 14.32% 24.834 16.75% 14.52%¢ 13.66° 14.64° 18.59° 13.89%
(3) HClgc pretreatment 15.822 12.43% 13.522 21.47¢ 16.072 14.50% 13.26" 15.25% 18.94% 13.42%
(4) Hy0, pretreatment 5.65% 5.62° 10.43% 23.20° 9.78° 7.40° 7.53% 7.81° 12.49% 7.89°
(5) Hy0, + HCl pretreatment 6.40°° 5.10% 7.39° 25.68" 12.87° 14.02° 11.34° 12.76% 15.21% 9.91°
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