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Abstract. Wind erosion is a key component of the soil degiiadgrocesses. The purposes of this study
is to find out the influence of material loss frarimd on soil properties for different soil typesdarthanges

in soil properties in olive groves when they alledi [The study area is located in the north ofliaeernas
Desert, in Almeria Province, southeastern Spaiis tine of the driest areas in Europe, with sewhiari
thermomediterranean type of climate. We used awiem tunnel model over three different soil types
(olive-cropped Calcisol, Cambisol and Luvisol) astddied micro-plot losses and deposits detected by
an integrated laser scanner. We also studied thgamrocessing possibilities for examining theigiag
attached to collector plates located at the eridetunnel to determine their characteristics,\@hdther
they were applicable to the setup. Samples collect¢he traps at the end of the tunnel were aralyz
We paid special attention to the influence of orgaarbon, carbonate and clay contents becauseiof t
special impact on soil crusting and the wind-ertedfbaction. A Principal Components Analysis (PCA)
was carried out to find any relations on generaigst properties and the intensity and behavioho$ée
relationships. Component C1 separated data witt Hignd OC contents from samples high in fine silt,
COs™ and available K content. C2 separated data wigh hoarse silt and clay contents from data with
high fine sand. C3 was an indicator of availabl@gtontentAnalysis of variance (ANOVA) was carried
out to analyze the effect of soil type and samplegght on different properties of trapped dust.
Calculations based on tunnel data showed overestimaf erosion in soil types and calculation of th
fraction of soil erodible by wind done by otherlauts for Spanish soils. As the highest loss wasdou
in Cambisols, mainly due to the effect on soil tings and the wind-erodible fraction aggregation of
CaCQ, aSevia rebaudiana cover crop was planted between the rows in thisygee and this favored

retention of particles in vegetation.
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1 Introduction

Soil is a key component of the Earth System asiitrels the hydrological, erosional, biological and
geochemical cycles, and also contributes with sesyigoods and resources to the humankind (Keesstra
et al., 2012; Brevik et al., 2015; Smith et al.12D[Solil degradation is related to soil compactloss of
vegetation and organic matter and increase ofesosion, either by water or wind (Novara et al120
Prosdocimi et al., 2016; Arjmand Sajjadi & Mahmoloadi, 2016). The study of these land degradation
processes will contribute to appropriate restoraimd rehabilitation and the understanding of soil
genesis and related process on soil degradation famdation. Wind erosion is a world-wide
environmental concern (Houyou et al., 2014; Magi@gana et al., 2015) but some regions of the world
are more affected due to their climatic conditigggerda et al., 2010; Borrelli et al., 2016). In s
regions, where the distribution and intensity @&qapitation are irregular, wind moves enormous am®u

of soil, with the consequential ecological imbakanSeveral authors (Liu et al., 2003; Lopez e281Q0;

Li et al., 2004; Gao et al., 2015) have studiedrdhationships of wind erosion, wind speed, sqlotpgy
and vegetation, which affect the quality of soilrhgdifying the organic carbon content.

Leys et al. (2002) evaluated the wind erosion rdvaged on the effect of dry aggregation levels and
percentage of clay. Zobeck et al. (2013) observddcaease in dry mechanical and aggregate stability
and a progressive lost of organic matter under wnogion processes. Beniston et al. (2015) disduBse
losses driven by the transport of the mineral foactunder different types of soil tillage and mgement.
Kaiser et al. (2014) suggested that the stockdadfies C and N pools were not affected by the tdlag
intensity but were positively correlated with clegntent, indicating a strong influence of site-spec
mineral characteristics on the size of these pools.

Benlhabib et al. (2014) analyzed dryland Mediteggam cultivation systems, discussing and
recommending sustainable cultivation technologibElwshowed a significantly positive effect on crop
productivity, yield stability and environmental saigsability. Hevia et al. (2007) found that no-showed
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more large aggregates and fewer fine aggregatadiditional tillage. This was also indicated bgds
et al. (2015) and Wang et al. (2015) over soil-eovigg tillage in Northern China. Gomesa et al. 020
observed that soil erodibility by wind under traafial tillage was lower than in conservation tikagince
only a limited amount of material was availableviad erosion due mainly to crusting of the soilface.
Colazo & Buschiazzo (2010, 2015) confirmed thatication increased the erodible fraction of soiFjE
and reduced dry aggregate stability (DAS) in medtartured soils by causing weakening of the soil
structure due to loss of organic carbon (OC) arehkup of aggregates. In fine-textured soils, the
formation of large resistant aggregates by tilliagises EF and DAS to be more alike than underlno-ti
conditions. Rawlins et al. (2015) suggested thigs@lity, measured by critical soil physical pespes,
may decline if the organic carbon concentratidvei®w a critical threshold. Hagen et al. (2010)eseed
that tilling ridges are effective for trapping aggates transported by saltation, but do not usuadlyice
erosion rates in soils where aggregates transport®aspension predominate.

Feras et al. (2008) demonstrated in a wind turtnelysthat sediment traps efficiency depended mainly
on patrticle size and wind speed. Traps placedftdrent heights can measure vertical sediment flow
(Basaran et al., 2011).

Expansion and intensification of olive tree cultiva in Andalusia, especially in the late"&entury,
accelerated erosion processes. The introductiocoeér crops in the region after application of the
standards derived from the EU Common Agricultu@idy, requires the need for additional management
investment (Gomez et al., 2014). In fact, cultivatof S rebaudiana down the center between rows of
olive trees is under study in our experimental area

Vegetation protects soil from wind erosion, becatiseduces the wind speed and soil erodibilityd an
traps more eroded material (Touré et al., 2011ndess et al., 2011; Lozano el al., 2013; Asensal.et
2015). Udo & Takewaka (2007), in their wind tunegperiments, concluded that in addition to density,
the height and flexibility of vegetation are essdrn determining the effectiveness in decreasiass
transport by wind. Youssef et al. (2012) suggeshad the pattern of vegetation in parallel rowshe

predominant wind direction lowers total mass tramsp
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In this paper, our objectives are: (1) to studyitifeience of material loss on soil properties, @)
compare the differences in soil loss due to thetgpe, and (3) to observe the changes in generchist
properties in olive-cropped soils from a semiareban southeastern Spain.

2 Material and methods
2.1 Study area

The study area is located in the north of the TrdeDesert, about 10 km NE of the Tabernas town
(37°03'N, 22°23°W, 400 m a.s.l.) in Almeria Prowinsoutheastern Spain, which is in the Sorbas-
Tabernas Basin, south of the Filabres Mountainspartly surrounded by the Betic Mountain Range.
The climate is semiarid thermomediterranean, witliean annual temperature of 17.8 °C. It is onbef t
driest areas in Europe, with a mean annual pratipit of 283 mm according to the Tabernas
meteorological station records for the last 15 yehithological material is predominantly sedimewgta
identified as a series of marls in contact with 84ne evaporites. Most soil is covered by Meditexaan
shrubs, alternating with patches of annual gradsesgical crusts and bare surfaces (Canton et al.
2011). The study area is on the property of tbe"del Desierto” olive oil company, which has around
25,000 olive trees of different ages scattered bout 100 ha surrounded by scrubland and other
ecological crops, such as candyleaf, almonds aaplegr We concentrated on four-year-alcual -
(FeESNaripNiigate d. According to IUSS Working @GpoWRB (2015), soils are mainly Calcisols (CL),
Cambisols (CM) and Luvisols (LV). Texture is sitthay loam to loamy with 37 to 48% gravel fragments

and a weak, coarse subangular blocky to strongiumeangular blocky structure (FAO, 2006).
2.2 Data acquisition and experimental design

Soil parameters of the different soil types weralgred, before making applications of artificiaindiin
the tunnel. To analyze the soil volume lost from wind erosiondaits effect on the surface

microtopography, we tested both crusted and recéld soil. The crusted soils were strongly paied
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from wind erosion, while immediately after tillingpils were highly susceptible to it. After tillinthe
surface crust was re-established within 10 to 32 daacquiring extra protection to the wind.

Simulations were performed in May 2013 in thregpfor each soil type with olive trees, with 7 x 5
m tree spacing, which were only tilled once a yeat where the aisles between the rows were vesg clo
to the predominant wind direction (there was al@6f offset in Calcisols). The slopes and lengfths o
fields of the three experimental plots were 2% 348 m on CL, 0% and 95 m on CM, and 0% and 152 m
on LV.

Our reference for weather records was the Tabaéviessorological Station (located about 2 km away
from the study area), one of the network of autaergtations belonging to the Andalusian Instituie f

Agriculture, Fishing, Research and Education (IFAPA

2.3 Wind tunne

To monitor wind intensity, as well as direction aiear intensity, we worked with a wind tunnel with
laminar and turbulent flow similar to real wind cbimons, in which the material transported wasextid

in traps for study. Our tunnel has two parts, aswshin Figure 1, each one with different functioRart

1 includes a power generator which provides theggneecessary for the industrial fan which is tingt f
component. The fan blows air into a folding tubeidure (2-m long), providing an air flow which
combines laminar and turbulent flows as it passesugh an intermediate honeycomb structure. Part 2
comes the tunnel itself which consists of threegarments (0.8 x 0.8 x 0.8 m each one) into atelas
structure: [i] the first compartment has a metaetlcompletely covering the ground to keep the wind
from affecting this area; [ii] the second companitnis the study area itself (0.8x0.8 m), where wind
erosion is actually quantified. This area is eqaipwith aPCE-424 hot wire anemometer with 0.1 rt-s
resolution, with which wind speed is monitored. féhies also a NextEngine Desktop 3D laser scanner,
which is used to find the volume of eroded soil atidrations in the microrelief of the soil. Thesnoer
has an indispensable lifting system which actssag@ort structure and enables it to be set alébized
height; and [iii] a liquid latex (LateprénRx-505) coating was applied to the soil surfacehia third
compartment to fix particles so they would not maweund during blowing and mix in with the partgle

5



10

15

20

25

in the study zone. This way the natural roughnédfe ground was maintained. The latex coating is
spread with a bulb shape from outside the thirchéicompartment to avoid return of external pagscl
due to edge turbulence.

At the end of the tunnel, particles are attacheckttical adhesive plates placed at different hisig,

15, 40 and 70 cm), which are later analyzed usicanaera.

Particle traps (Fryrear BSNE, adapted for a fixaddwdirection), located at the same heights as the
adhesive plates (Asensgbal., 2015), retain the dust that is later analyzeguantify the loss. O cm one
was patrtially buried, to locate the window at sceféevel.

The duration of each wind tunnel experiment wasrtenutes at a wind speed of 7.6 h 30 cm
height, according to Fister & Ries (2009). The wspked value corresponds to the maximum daily
average wind speed (last 15 years) registereddt@ght by Tabernas Statiddlow simulation software,
according to 15 cm tunnel rounding radius, showsdwirofile homogeneity from 70 cm height to the
central part of ground study area, at cross section

At each case, the soil surface was scanned twefeye and after simulation with the wind tunnel.
Scans were carried out under conditions of natimaless by a NextEngine 3D laser scanner placad at
height of 44 cm. This scanner has shown its aglpility in acquiring microreliefs of agriculturabss
(Aguilar et al., 2009) in high-precision field work (High Defiroin mode and MACRO) considering a
sample size large enough to represent the plotdatgletail. This provides a 120 €stan area with a
400 ppi capture density and nominal precision @2®.mm. Based on two point clouds found for each
plot (before and after wind simulation), two digjif@rrain models (DTMs) with a 0.1 x 0.1 cm resmnt
were generated. The volume of eroded soil was agtiinas the difference in volume between both
DTMs. Once the volume of eroded soil was known estmated the amount of soil lost using the bulk
density of each soil.

After making applications of artificial wind in the tunnel, wanalyzed changes in surface
microtopography from both crusted and recentledilsoils. The results of the scans done in the wind
tunnel only take the loss model (no deposit moiht) account. Deposits would have to be considered

along with the loss model for the erosion balacee more moderate.
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To find out how wind erosion modifies surface mtofmography, the point cloud from each scan was
used to calculate random roughness (RR) in ead) bafore and after simulation. RR is defined as th
standard deviation from the points within the @tier eliminating the slope effect. But in natuae¢as
with a complex topography or on hillsides with higariability (changes in both flat curvature and
profile), the elimination of slope does not elintm#he effects of changes in height caused by noesh
factors, such as mounds, curvature or higher-ovdeiations in surface, so the RR index tends to
overestimate surface roughness in experimentas.pldterefore, the local RR index (BRestimation

method was applied (Rodriguez-Caballero et al.2P0%ing Equation (1):

= (Z - )2
RR, =[St G 1

WhereNw is the number of points in window; Zw is the height of each point after eliminating shepe

effect anduw is the mean height in window.

The adhesive plates were analyzed using a mackimn\camera (JAI-CM080). This monochrome
progressive scan camera with a 1024 x 768 pixelugsn is connected to a computer. During image
processing with the “ImageJ” program, the numbggasficles present in each image can be counted, an
the mean size of particles, presence of aggregatesolor histogram of the image can be found.

The possibilities for image processing for detadedmination of particles adhering to the platesewe
studied. In a first approach, to determine the attaristics and applicability to the setup, a seaé
images of reference samples was taken to demamslyatem capabilities for: [i] colorimetry studies;
guantitative study of the color of adhered parictehanging the color model and using the H comipione
in the HSV model; [ii] measurement on image of adteparticles; [iii] particle count; and [iv] rouglss

analysis of isolated particles

2.4 Sampling and analytical deter minations
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Soil samples were collected from the 0-3 cm sgitaWe therefore concentrated on recently tilleits
from which three repetitions of each soil type wevaluated. When using aggregate stability to asses
soil erodibility, samples are usually collectednfrthe plough layer, while soil erosion occurs &t $bil
surface. Hence, the potential changes in erodiliiused by crusting are ignored (Algayer et &114.
Using soil material immediately below the crustdaywvould have led to greatly over-estimated
erodibility.

Ground and collected samples were dried, crusmebpassed through a 2-mm sieve to eliminate large
fragments. Surface stoniness was determined inhwéigr both collected soil and trapped particle
samples, particle size distribution was assessedrpgieving and the Robinson pipette method after
eliminating organic matter with 4@, (30%) and dispersion by agitation with sodium megtphosphate
(10%). The sand fraction was separated by wetrgie\dried in an oven and later fractionated by dry
sieving. Obtained granulometric fractions were:yvenarse sand (2000-1000 um), coarse sand (1000-
500 pm), medium sand (500-250 um), fine sand (ZBDilm), very fine sand (100-50 pum), coarse silt
(50-20 pm), fine silt (20-2 um) and clay (< 2 pmhe organic carbon content (OC) was determined
using the Walkley-Black wet digestion method. Totdirogen content was calculated from NH
volumetry after Kjeldahl digestion. Available spiosphate (#s) was calculated by photocolorimetry.
Available soil potassium was calculated by flametpmetry. To determine bulk density (BD), 1005cm

cylinders were used to refer to sample dry weightyinder volume.

2.5 Statistical analysis

Data on soil characteristics acquired were examioedny changes or differences. Previously tohierrt
analyses, the normal distribution of data and hamedgy of variances was checked using the Shapiro-
Wilk and Levene’s test, respectively. A Principaingponents Analysis (with Varimax rotation) was
carried out to estimate any relationships on geedrdust properties and the intensity and behafior
those relationships. Then an analysis of variaddéQVA) was done to analyze the effect of soil type
on OC and C@ contents and another ANOVA was done to analyzetteet of height on clay content.
When the ANOVA null hypothesis was rejected, pasevcomparisons were assessed using the least
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significant difference test. The level of signiiic@ was 0.05 in all tests. All statistical analys&se
carried out withSPSSv20 (IBM Corp., 2011).

3 Reaults

At the study area, mean soil characteristics bedatiéicial wind recorded for Calcisols, Cambisaisd
Luvisols (Cly, CMp and L) are shown in Table 1. Three replicates were take&ach solil type.

Surface stoniness of these soils is high and teeage gravel for the different typologies is 37 %7
inCL,48+8 % inCMand43+5 % inLV.

Wind experiments caused different intensities @f ®wering, soil loss and roughness in the
studied types of soils (Table 2).

As an example of the results found by scanning,dijéal terrain models and erosion maps for a
sample from the Cambisol plot are shown in Figurgh# variations in random roughness are conditione
by the balance of material lost and deposited.

Some of the results of the image processing plattysare shown belowF{gure 3). Calcisols have
fewer granulometric fractions susceptible to wimdsen. The three typologies have a clear contrast
color conditioned by their clay content and thespreee of iron oxides, which makes them darker. In
Calcisols, the aggregating effect of Cadfay be seen even with the naked eye.

Figure 3 shows large-sized particles, plant resahd in the color analysis, two groups of matsrial
with different colorimetry.

The samples collected in the traps at the endeditthnel were also analyzed. A Principal Components
Analysis (PCA) of the results was performed usimg R correlation matrix. The variables included in
the PCA were fine sand, very fine sand, coarsgfisitt silt, clay, OC, N, available;®s, available K and
COzs". Only the first three components were considesisdhey explained 81.01% of variance.

Figure 4 (a) shows the correlation coefficientglmn plane of Components 1 and 2. From this figure,
it is obvious that the % fine silt, % GOand available K variables are clearly negativelyogiated with
Component C1 while % N and % OC are associatedipelgiwith C1. Thus C1 separates data with high

N and OC contents from samples high in fine silsCand available K content. Component C2 is
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negatively associated with fine sand and positiaslyociated with % coarse silt and % clay. C2 stpar
data with high coarse silt and clay contents fratadvith high fine sand.

Figure 4 (b) shows the correlation coefficientstiom plane of Components 1 and 3, where it may be
observed that Component 3 is positively associadédavailable POs. Therefore C3 is an indicator of
available ROs content

Figure 5 shows sample clustering around the thisaa ocomponents. C1 is strongly related to the soil
group (Figure 5a). Thus, dust samples from CL stiehighest available K content and dust samples
from LV show higher N content.

Furthermore, C2 is related to the sampling heigltt separates 0 and 15 cm from 40 and 70 cm.
Therefore, the lower heights are associated wigiindri content in fine sand while higher heights are
associated with more content in coarse silt angl cla

C3 separates soil Groups CL and LV from CM, sudggshat available s content is the major
difference (Figure 5b).

Special attention should be paid to PCA result©6r CQ™and clay contents because of their special
impact on soil crusting and the wind-erodible fiaat Variables OC and CGOwere associated with
component C1, which is strongly related to soiktypo we tested the effects of soil type on OCGDst
contents with an analysis of variance (ANOVA). lrerimore, the clay variable was associated with
component C2, which was related to the height, taedefore, we tested the effect of height on clay
content. We did not need to apply transformati@nsatisfy the requirements of residual normalitgl an
variance homogeneity.

The ANOVA results for collected dust samples froifiedent soil types (Table 3) applied to OC
% and CG %, show significant differences for soil provenama two variables. When its effect was
found to be significant in the ANOVAs, and as naves considered the reference soil, we performed
pairwise comparisons of the three soils. These wesessed using the least significant differensie te
(LSD, p<0.05). Samples with the highest OC content were f€EM, but with no significant difference
from LV (Table 4). From CL had significantly low&C than the other two soil types where this vagabl
was similar. C@ contents were significantly different in the thisal types and CL had the highest
% CQ™ while LV had the lowest.
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The ANOVA results for height (Table 3) applied tayccontent shows significant differences too.
From Table 4, the difference between heights af 05tand 40 to 70 is referred in Eq. (2):

L= %(23.844 +23.811) — %(26.900 +28.900) = —4.0725 [2]

As tis 7.0912 (t=4.0725/0.5743, p=4.811713e-08) difference between the heights of 0-15 and 40-70
is highly significant.

We were also interested in the comparison betwegghts of 0 and 15 cm and between 40 and 70 cm.
The difference between 0 and 15 cm is clearly mgptifscant (Table 4), whereas the difference betwee
40 and 70 is significant, and the highest conté@lay was at a height of 70 cm.

4 Discussion

As suggested by Lozano et al. (2013) and Asensab €2015), bulk density is doubly influenced, on
one hand it tends to be reduced by the effect gérmc enrichment, but on the other, increased by th
accumulation of fine materials. This has greatufice in physical soil crusting. Organic matteewft
combines with fine soil particles and Zhao et 2009) found a correlation coefficient between cag
organic matter content of 0.95.

In semiarid environments, the availability of phioafes for plants is conditioned by neighboring fdan
and seasonal dynamics. Zhang et al. (2014) obseammdges by windblown sand and Zhao et al. (2007)
showed that the effect of small deposits of sandahproperties and performance of vegetation were
not significant, although the soil temperature thtb rise with increasing thickness of depositsictv
could affect the decomposition rates of organictenat
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According to PCA, component 1 separates data vigh ©C contents from high GOcontent and
component 3 is an indicator of availabDP content, being able to establish differences dngsoups
C1 separates the three groups of soil, and sarbplesging to the LV group show high content in OC.
C2 is related to the sampling height and show highuér heights are associated with higher content in
clay. ANOVA shows significant differences for CMdanV in front of CL in OC content. We also found
significant differences in clay content for heighfsi0-70 cm.

It is well known that wind velocity threshold foagicle detachment increases as the size is ireseas

We did not take into account aggregate size fot dapted samples because these were crushed and
passed through a 2-mm sieve for chemical analydihg.soil fraction erodible by wind (EF) is a key
parameter for estimating soil susceptibility to @ierosion. Fryrear et al. (1994) proposed a maitipl
regression equation for calculating EF which comsidhe organic matter, sand, silt, clay and caiciu
carbonate contents as predictive variables. In fabfs been included in prediction models sucthas
current Revised Wind Erosion Equation, RWEQ. Catoh of the EF in Spanish soils is problematic
due to their high content in Ca@Q.6pez et al., 2007), so the equation proposeltis= 4.77 + 7.43
sand/clay + 27.6/organic matter. Average EF catedldhis way for our soils shows a slightly higher
result in Cambisols (31%, compared to 27% in Calsiand Luvisols).

Making a comparison for crusted and filled soileiyon the average soil loss, the intensity of wind
erosion in tilled CLs was more than 6 and 14 titmg&er than in CMs and LVs, respectively. But tikis
taking into account only a loss model, without degosition one.

Image analysis is a useful tool enabling submiltiaeparticles to be counted, and to analyze their
size, shape and color. This could lead to creati@endatabase of soils with objectively measuratdeal
characteristics in the mid-term.

As the highest loss was found in CMs, a candyleaéccrop has been planted between the rows in
this soil type (Figure 1). Candyleaf cultivatiomaaffer up to three crops a year, which is doneunéy
for leaf that after drying is crushed.This cropdeed retention of particles in vegetation in thedstarea.

5 Conclusions
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Tilled soils in olive groves show a direct relathip between the differences in OC and clay corattet
wind tunnel experiments. CMs are more eroded thbs &d LVs, mainly due to the effect on soil
crusting and the wind-erodible fraction aggregatbaCQ in CLs and clay in LVs.

The wind tunnel experiments led to overestimatibdifferences in soil type loss compared to other
EF evaluation methods. We could suggest that highesision data have been found with this new wind
tunnel than found with other any tunnel designedate, due to high resolution of the devices usech
as laser scanner and particle imaging.

Where wind erosion is higher, it is recommended ¢baer crops be planted between the rows of olive

trees.
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Table 1. Initial soil characteristics for Calcisols (g)LCambisols (CM) and Luvisols (L) tested
(OC: organic carbon; A.W.C.: available water cotiten

SOIL % Very % Coarse % Medium % Fine % Very % Coarse ; ;

TYPE  coarse sand sand sand sand fine sand silt % Fine silt % Clay
Clo 0.0+0.0 5.2+0.2 5.5+0.3 1.9+0.1 10.7+0.8 34.7+1.2 18.3+0.8 23.7+1.8
CMo 0.2+0.0 8.1+0.4 7.6+0.2 8.8+0.4 20.2+0.7 28.4+0.9 7.9+0.5 18.8+0.7
LV, 0.3+0.1 5.3+0.1 6.1+0.4 8.9+0.6 25.9+1.1 26.8+1.6 6.3+0.2 20.4+1.0
SOIL Available RO Available K - E.C.

TYPE % 0C %N (mg-100G)  (mg-100 &) % CO; (dS-mb)
Clo 1.04+0.07 0.036+0.005 4+1 28+4 36+3 5.55+0.24
CMo 1.82+0.14 0.273+0.027 2+0 75+3 20+2 1.47+0.08
LV, 2.84+0.32 0.195+0.015 5+2 16+2 2+0 4.76+0.41
SOIL pH pF AW.C. Bulk density

TYPE H.O KCl % H 33 kPa % H 1500 kPa (mm) (g-cm®)

CLo 7.78+0.07 7.57+0.09 13.068+0.114 6.966+0.084 11.1+0.2 1.40+0.02
CMo 8.28+0.09 7.60+0.13 15.450+0.318 8.112+0.128 14.9+0.5 1.35+0.02
LV, 8.17+0.12 7.63+0.11 29.163+0.527 13.416+0.345 33.1+0.9 1.22+0.01
5 Data are means = standard deviation before applyingd in three replicates for each soil type.

10
Table 2. [AUEFAGE lowering of the soil Surface, soil loss amdom roughness (RR
before and after wind experiments in different sgjles.
. Lowering of the Surface Soil loss RRL RRL
Soil type  Surface (mm) (g (before) (after)
Crusted 0.54 + 0.06 756 + 84 2.60+0.33 2.36 +0.38
Calcisols
Tilled 1.06 + 0.15 1484 + 210 7.81+0.84 7.28+0.78
Crusted 0.25 + 0.04 338 +54 3.54+041 3.51+0.44
Cambisols
Tilled 1.83+0.21 2471 + 284 7.47+0.91 6.51 + 0.89
Crusted 0.09 + 0.00 110+0 2.45+0.32 2.43+0.40
Luvisols
Tilled 1.39+0.18 1696 + 220 7.52+0.85 6.18 + 0.72
15 Data are means * standard deviation
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Table 3. Summary table for the ANOVAs of % OC, % €@nd % Clay.

Souce o squares  square P10 P
% OC
Sail 2 3.914 1.957 85.036 0.000
Residuals 33 0.760 0.023
Total 35 4.674
% CO3~
Soil 2 4167.722 2083.861 143.116 0.000
Residuals 33 480.500 14.561
Total 35 4648.222
% Clay
Height 3 167.252 55.751 18.785 0.000
Residuals 32 94.971 2.968
Total 35 262.223

Table 4. ),
es.

Mean

Source difference LSD P-Value
% OC
Soils
CLvs CM -0.71167 0.1259 0.000
CLvs LV -0.68667 0.1259 0.000
CMvs LV 0.02500 0.1259 0.689
% COs™
Soils
CLvs CM 6.083 3.1694 0.000
CLvs LV 25.250 3.1694 0.000
CMvs LV 19.167 3.1694 0.000
% Clay
Height
Ovs 15 0.0333 1.6543 0.968
40 vs 70 -2.0000 1.6543 0.019
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Figure 1. Details of the wind tunnel device.
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