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Soil wind erosion in ecological olive trees in the Tabernas desert (S.E.
Spain): awind tunnel experiment.
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Abstract. Wind erosion is a key component of the soil degiiadgorocesses. The purposes of this
study were to find out the influence of materiadlddrom wind on soil properties for different siyphes
and changes in soil properties in olive groves wihey are tilled. We used a new wind tunnel model
over three different soil types (Calcisol, Cambianotl Luvisol) and concentrated on micro-plot losses
and deposits detected by a laser scanner integratee tunnel. We also studied the image procgssin
possibilities for examining the particles attachedollector plates located at the end of the tutme
determine their characteristics, and whether thesevapplicable to the setup. Samples collectetdan t
traps at the end of the tunnel were analyzed. Viteggeecial attention to the influence of organidoce,
carbonate and clay contents because of their dp@giact on soil crusting and the wind-erodiblectran.

A Principal Components Analysis (PCA) was done stneate any relationships on generated dust
properties and the intensity and behavior of thetgionships. Component C1 separated data with hig
N and OC contents from samples high in Fine si®;Cand Available KO content. C2 separated data
with high Coarse silt and Clay contents from daith Wwigh Fine sand. C3 was an indicator of Avaiabl
P.Os contentThen analysis of variance (ANOVASs) were done tolyeathe effect of soil type and
sampling height on different properties of captedtd Calculations based on tunnel data showed
overestimation of erosion in tilled Cambisol congzhto the other tilled soil typologies and calcoliat

of the fraction of soil erodible by wind done byet authors for Spanish soils. As the highest \o&ss
found in Cambisols, a Stevia cover crop was plabtsd/een the rows in this soil type and this fadore

retention of particles in vegetation.

Keywords:. Soil fertility; Laser scanner; Semiarid environmefitled soils.
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1 Introduction

Soil is the key component of the Earth System adrabthe hydrological, erosional, biological and
geochemical cycles, and also contribute with ses/igoods and resources to the humankind (Keesstra
et al., 2012; Brevik et al., 2015; Smith et al.18p The soil degradation is related to soil contipa¢

lost of vegetation and organic matter and the esean soil erosion, either by water or wind (Navar

al., 2011; Prosdocimi et al., 2016; Arjmand Sajfadilahmoodabadi, 2016). To research those processes
of degradation of the land will contribute to restand rehabilitate them and to understand thgysagsis

and related process on soil degradation and foomawvind erosion is a world wide environmental
concern (Houyou et al., 2014; Martinez-Grafa et2415) but some regions of the world are more
affected due to their climatic conditions. In semdaegions, where the distribution and intensity o
precipitation are irregular, wind moves enormousoants of soil, with the consequential ecological
imbalance. Several authors (Liu et al., 2003; Logeal., 2000; Li et al., 2004; Gao et al., 201&yé
studied the relationships of wind erosion, windeshesoil typology and vegetation, which affect the
quality of soil by modifying the organic carbon ¢ent.

Leys et al. (2002) evaluated the wind erosion rdrged on the effect of dry aggregation levels and
percentage of clay. Zobeck et al. (2013) obserliatidry mechanical and aggregate stability dimigiksh
and erodible material increased as soil organi¢canabntent decreased. Beniston et al. (2015) sssBu
losses driven by the transport of the mineral foagtunder different tillage management. Kaisealet
(2014) mention the stocks of the stable C and Nspwere not affected by the tillage intensity bugrev
positively correlated with the stocks of the clégedraction, indicating a strong influence of ssggecific
mineral characteristics on the size of these pools.

Benlhabib et al. (2014) analyzed dryland Meditesgam cultivation systems, discussing and
recommending sustainable cultivation technologiblwshowed a significantly positive effect on crop
productivity, yield stability and environmental saisability. Hevia et al. (2007) found that no-showed
more large aggregates and fewer fine aggregatadiaitional 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
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observed that soil erodibility by wind under traafital 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 thatieation increased the erodible fraction of soiFfE
and reduced dry aggregate stability (DAS) in medtariured soils by causing weakening of the soil
structure due to loss of organic carbon (OC) arebkup of aggregates. In fine-textured soils, the
formation of large resistant aggregates by tilliagises EF and DAS to be more alike than underino-ti
conditions. According to Rawlins et al. (2015), Isowith more stable aggregates have larger
disaggregation reduction values. These authorsiamesbil quality, measured by critical soil phydica
properties, may decline if the organic carbon catregion is less than a critical threshold. Hageale
(2010) observed that tilling ridges are effectioe trapping aggregates transported by saltationdbu
not usually reduce erosion rates in soil where eggges transported in suspension predominate.

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

Expansion and intensification of olive tree cultiva in Andalusia, especially in the late"&ntury,
accelerated erosion as a result. The introductidheouse of cover crops in the region due to apfibhn
of the standards derived from the EU Common Agtical Policy, involves the need for additional
management investment (Gomez et al., 2014). Indattivation of Stevia down the center betweengow
of olive trees is under study in our experimentaba

Vegetation can diminish soil loss from wind, be@iiseduces the wind speed and soil erodibility,
and traps more eroded material (Touré et al., 2Dé@énders et al., 2011; Lozano el al., 2013; Aseesi
al., 2015). Udo & Takewaka (2007), in their winahieel experiments, arrived at the conclusion that in
addition to density, the height and flexibility wégetation are essential in determining the effecgss
in lowering mass transport by wind. Youssef e{2012) suggest that the pattern of vegetation wsro
parallel to the predominant wind direction lowestat mass transport.

Our objectives here were to: (1) study the infleeatmaterial loss on soil properties, (2) comphes
differences in soil loss due to the soil type, é3)dbbserve the changes in generated dust propertien
olive groves are tilled.
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2 Material and Methods

2.1 Study area

The study area is located in the north of the TiedeDesert, about 10 km NE of the town of the same
name (37°03°N, 22°23'W, 400 m a.s.l.) in Almeriavifice, Spain, which is in the Sorbas-Tabernas
Basin, south of the Filabres Mountains and paxtlyainded by the Betic Mountain Chain. The climate
is semiarid thermomediterranean, with a mean arteagberature of 17.8°C. It is one of the driesaare
in Europe, with a mean annual precipitation of #88 according to the Tabernas meteorological station
records for the last 15 years. Lithological mataggredominantly sedimentary, identified as aeseof
marls in contact with Miocene evaporites. Natudahp communities are comprised of isolated native
shrubs surrounded by areas of bare soil colonigduidlogical crusts and annual plant species (Ganto
et al., 2011). The study area is on the propertthefOro del Desierto” olive oil company, which has
around 25,000 olive trees of different ages scadten about 100 hectares surrounded by scrublashd an
other ecological crops, such as Stevia, almondgeaks. We concentrated on four-yeargbtdial olive
trees drip irrigated. Soils are mainly Calcisol$GCambisols (CM) and Luvisols (LV). Texture istgi
clay loam to loamy with 37 to 48% gravel fragmeatsl a weak, coarse subangular blocky to strong,

medium angular blocky structure.

2.2 Data acquisition and experimental design

Soil parameters of the different soil types arelyaeal, before making applications of artificial wiim
the tunnel, in order to get starting daka. analyze the soil volume lost from wind erosionl @s effect
on the surface microtopography, we tested bothteduand recently tilled soil. The crusted soils aver
strongly protected from wind erosion, while righitea tilling, soils were highly susceptible to After
tilling, soils tended to recover the physical saefarust within 10 to 12 days, reacquiring exti@getion

from the wind.
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The simulations were done in May 2013 in threegpfot each soil type with olive trees which were
only tilled once a year, with 7 x 5 m tree spaciagg where the aisles between the rows coincidédd wi
the predominant wind direction (there was abot a@ffset in Calcisols). The slopes and lengthsedfl§
of the three experimental plots were 2% and 143 w€b, 0% and 95 m on CM, and 0% and 152 m on
LV.

Our reference for weather records was the Tabeévietsorological Station (located about 2 km away
from the study area), one of the network of autdenstiations belonging to the Institute of Agrarian,
Fishing Research and Education of Andalusia, IFAPA

(http://www.juntadeandalucia.es/agriculturayped$apé/ria/ _servlet/FrontController), which is a

dependency of the Andalusian Regional Government.

2.3 Wind tunne

To monitor wind intensity, as well as direction afekar, we worked with a wind tunnel with laminada
turbulent flow similar to real wind conditions,which the material transported was collected ipgrr
study. Our tunnel has two parts, as shown in Figureach of which has different functions based on
their components. Part 1 shows a generator whiohiges the energy necessary for the industrial fan
which is the first component. The fan blows aioiatfolding tube structure, providing an air floiiah
combines laminar and turbulent flows as it padsesigh an intermediate honeycomb structure. This pa
is 2 meters length.
Then comes the tunnel itself (Part 2) which cossi$three compartments (0.8x0.8x0.8 m each one) in
a telescopic structure:
-The first compartment has a metal sheet comple@hering the ground to keep the wind from
affecting this area.
-The second compartment is the study area itseBxQ08 m), where wind erosion is actually
quantified. This area is equipped witlPGE-424 hot wire anemometer with 0.1 ri-gesolution,
with which wind speed is monitored. There is aldtextEngine Desktop 3D laser scanner, which
Is used to find the volume of eroded soil and attens in the microrelief of the soil. The scanner
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has an indispensable lifting system which actsagaort structure and enables it to be set at the
desired height.

-A liquid latex (Lateprefi Rx-505) coating was applied to the soil surfad@é@third compartment

to fix particles so they would not move around dgrblowing and mix in with the particles in the
study zone. This way the natural roughness of thargl was maintained. The latex coating is
spread with a bulb shape from outside the thirchéiicompartment to avoid return of external
particles due to edge turbulence.

At the end of the tunnel, the particles becomechtd to some vertical adhesive plates placed at
different heights (0, 15, 40 and 70 cm), and aex lanalyzed using an industrial machine visioneam

Finally, the particle traps (Fryrear BSNE, adapteda fixed wind direction), located at the same
height (0 cm one was partially buried, to locate thindow at surface level) as the adhesive plates
(Asensioet al., 2015), retain the dust that is later analyzegiu@antify the loss.

The duration of the wind tunnel experiment wasrtenutes by using a wind speed of 7.6 fras$ 70
cm height, following criteria of Fister & Ries (280 The wind speed value corresponds to the maximum
daily average wind speed (last 10 years) registatéddm height by Tabernas Statiéiow simulation
software, according to 15 cm tunnel rounding radshews wind profile homogeneity from 70 cm height
to the central part of ground study area, at ceession. In each case, the ground was scanned, twice
before and after simulation with the wind tunnelas were done at a height of 44 cm using a NextEng
3D laser scanner under conditions of natural drynd$is speed was chosen as the standard for
application in the wind tunnel because it has khermaximum daily mean wind speed in the study area
for the last 15 years.

This scanner has shown its applicability in acepginmicroreliefs of agricultural soils (Aguilat al.,
2009) in high-precision field work (High Definitiomode and MACRO) considering a sample size large
enough to represent the plot in great detail. Pinevides a 120 cfnscan area with a 400 ppi capture
density and nominal precision of 0.127 mm. Basedaanpoint clouds found for each plot (before and
after wind simulation), two digital terrain modedsth a 0.1 x 0.1 cm resolution were generated. The
eroded soil volume was estimated as the differemgelume between DTMs. Once the soil volume was

known, we estimated the amount of soil lost ushegliulk density of each soil.
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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 eaclplsalmefore and after simulation. RR is defined as
the standard deviation from the points within thet @fter eliminating the slope effect. But in natiu
areas with a complex topography or on hillsideswigh variability (changes in both flat curvatamed
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

Where Nw is the number of points in window w, Zwihis height of each point after eliminating thepsio

effect anduw is the mean height in window w.

The adhesive plates were analyzed using a mackimn\camera (JAI-CM080). This monochrome
progressive scan camera with a 1024 x 768 pixelu@en 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 aggregate€olor histogram of the image can be found.

The possibilities for image processing for detagedmination of particles adhering to the platesewe
studied. In a first approach, to determine the attaristics and applicability to the setup, a seadé
images of reference samples was taken to demamsistem capabilities for:

-Colorimetry studies: Quantitative study of thearobf adhered particles, changing the color
model and using the H component in the HSV model.

-Measurement on image of adhered particles

-Particle count

-Roughness analysis of isolated particles

2.4 Sampling and analytical deter minations
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Soil samples were taken from the upper 3 cm. Weetbee concentrated on recently tilled soils, from
which three repetitions of each soil type were eatdd. When using aggregate stability to assess soi
erodibility, samples are usually collected from flleugh layer, while soil erosion occurs at the soi
surface. Hence, the potential changes in erodiliiused by crusting are ignored (Algayer et &114.
Using the sub-crust would have led to greatly esrmated erodibility.

Ground and collected samples were dried, crusmebpassed through a 2-mm sieve to eliminate large
fragments. For both ground and trap samples, padize distribution was assessed by dry sievirty an
the Robinson pipette method after eliminating orgamatter with HO. (30%) and dispersion by agitation
with sodium hexametaphosphate (10%). The sanddreatas separated by wet sieving, dried in an oven
and later fractionated by dry sieving. The orgaaidon content (OC) was determined using the Wialkle
Black wet digestion method. Total N (N) was caltedafrom NH volumetry after Kjeldahl digestion.
Available soil phosphate £Ps) was calculated by photocolorimetry. Availabld paitassium (KO) was
calculated by flame photometry. To determine budksity (BD), 100-cricylinders were used to refer
to sample dry weight by cylinder volume.

2.5 Statistical analysis

Data on soil characteristics acquired were examiftgdany changes or differences. A Principal
Components Analysis was done to estimate any oelstiips on generated dust properties and the
intensity and behavior of those relationships. Taeanalysis of variance (ANOVA) was done to analyz
the effect of soil type on OC and @@ontents and another ANOVA was done to analyzestfeet of
height on clay content. The variables under study ribt require transformation to satisfy the
requirements of residual normality or variance hgameity, so when the ANOVAs showed the effect
analyzed to be significant, pairwise comparisonsevessessed using the least significant differezste

The level of significance was 0.05 in all testd. gihtistical analyses were carried out W8B#ES 20.

3 Resaults
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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% in
CL, 48% in CM and 43% in LV.

After makingapplications of artificial wind in the tunnel, vamalyze the soil volume lost from wind
erosion and its effect on the surface microtopadgyapoth crusted and recently tilled soil. The Hessof
the scans done in the wind tunnel only take the lnedel (no deposit model) into account. Deposits
would have to be considered along with the lossehémt the erosion balance to be more moderate.
However, in this study, we were concentrating asés and deposits localized in a micro plot, wigch
what the laser scanner can detect. The resulthéothree soil typologies in soil blown with thersa
wind intensity generated artificially in the tunrage shown in 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 Figurgh2 variations in random roughness are conditione
by the balance of material lost and deposited.

Some of the results of the image processing ptat¥ysare shown belowF{gure 3). The results, still
being validated, can give us an idea that Calcisal® fewer granulometric fractions susceptibheitcd
erosion. The three typologies have a clear contnasblor conditioned by their clay content and the
presence of iron oxides, which makes them darkeCadlcisols, the aggregating effect of Ca®aay be
seen even with the naked eye.

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

The samples collected in the traps at the endediuthnel 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, CoarseFsie silt, Clay, OC, N, Available:Ps, Available
K20 and CQ@". First, eigenvalues were calculated and used ¢@dérow many components should be
extracted to adequately explain the data. Onlyiteethree roots were worth exploring further, aese

the rest of them were less than 1. The first thoe¢s account for 81.091% of the variance.
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The factors extracted were rotated by Varimax topéfy the interpretation of the Pearson’s
correlation coefficients of the principal componegbres and the raw data. Figure 4 (a) shows the
correlation coefficients on the plane of Componérdasd 2. From this figure, it is obvious that %aé-ine
silt, % CQ~ and Available KO variables are clearly negatively associated @Wittmponent C1 while
% N and % OC are associated positively with C1.sTGa4 separates data with high N and OC contents
from samples high in Fine silt, GOand Available KO content. Component C2 is negatively associated
with Fine sand and positively associated with % r€eailt and % Clay. C2 separates data with high
Coarse silt and Clay contents from data with higtelsand.

Figure 4 (b) shows the correlation coefficientstiom plane of Components 1 and 3, where it may be
observed that Component 3 is positively associaidt Available BOs. Therefore C3 is an indicator of
Available BROs content

Figure 5 show how samples cluster around the tma@a components. Figure 5 (a) shows that C1 is
strongly related to the soil group, that is, Clasafes the three groups of soil, and so the cantdrihe
variables associated with C1 differentiate groupsal. Thus from Figure 5 (a), the dust samples
belonging to the CL group are the highest in Audéa>O content, while data for LV show high content
in N.

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 ang.Cla

Figure 5 (b) shows that C3 separates soil Groupar@lLV from CM, suggesting that Availabled?
content is the major difference.

Special attention should be paid PCA results for OG:™ 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 soiletyBo we tested the effects of soil type on OC and
CGOs™ contents with an analysis of variance (ANOVA). lrerimore, the Clay variable was associated
with Component C2, which was related to the heighdl therefore, we tested the effect of height laty C
content. We did not need to apply transformati@nsatisfy the requirements of residual normalitgl an

variance homogeneity.

10
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The ANOVA table for collected dust samples fronfetént Soil Types (Table 3) applied to % OC
and % CQ@ shows significant differences for soil provenaimcevo variables. When its effect was found
to be significant in the ANOVAs, and as none wassidered the reference soil, we performed pairwise
comparisons of the three soils. These were assessed the least significant difference test (LSD,
P<0.05). Table 4 show that samples with the high&tcOntent were from CM, but with no significant
difference from LV. From CL had significantly low&C than the other two soil types where this vdeiab
was similar. C@ contents were significantly different in the thisal types and CL had the highest
% CQs™ while LV had the lowest.

The ANOVA table for height (Table 3) applied to Y%a¢ shows significant differences too, but this
time we did not do pairwise comparisons of allfine heights, but analyzed for a significant diéece
in heights of 0-15 cm and 40-70 cm. From TablenB,difference between heights of 0 to 15 and 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) with a p-valuePe#4.811713e-08, the difference between the heights
of 0-15 and 40-70 is highly significant.

We were also interested in the comparison betwegyhts of 0 and 15 cm and between 40 and 70 cm.
As seen in Table 5, the difference between 0 anchis clearly not significant, whereas the differe
between 40 and 70 is significant, and the highestent of Clay was at a height of 70 cm.

4 Discussion
As suggested by Lozano et al. (2013) and Asensb €015), bulk density is doubly influenced,amre

hand it tends to be reduced by the effect of o@amrichment, but on the other, increased by the
accumulation of fine materials. This has greatufice in physical soil crusting. Organic matteewft
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combines with fine soil particles and Zhao et 2009) found a correlation coefficient between cay
organic matter content of 0.95.

The availability of phosphates to plants is infloed by factors such as neighboring plants and
seasonal dynamics in this semiarid environmentnghet al. (2014) made reference to damages by
windblown sand and Zhao et al. (2007) showed tiaetfect of small deposits of sand on soil prapsrt
and performance of vegetation were not significatthough the soil temperature tended to rise with
increasing thickness of deposits, which could affiee decomposition of organic matter.

According to PCA, Component 1 separates data wigh ©®C contents from high GOcontent and
Component 3 is an indicator of Availablgd2 content, being able to establish differences dr&oups
C1 separates the three groups of soil, and sarbplesging to the CL group are the highest insGCO
while data for LV show high content in OC. C2 itated to the sampling height and show how higher
heights are associated with more content in CI&OXA shows significant differences for CM and LV
in front of CL in OC content. We also find signdiat differences in Clay content for heights of 4D0-7
cm.

It is well known that velocity threshold increasessthe particle size is increases. We did not itatke
account aggregate size for dust capted samplesistiaese were crushed and passed through a 2-mm
sieve for chemical analysing. The soil fractiondéiote by wind (EF) is a key parameter for estimgtin
soil susceptibility to wind erosion. Fryrear et €1994) proposed a multiple regression equation for
calculating EF which considers the organic masand, silt, clay and calcium carbonate contents as
predictive variables. In fact, it has been includegrediction models such as the current RevisaidwW
Erosion Equation, RWEQ. Calculation of the EF im&ph soils is problematic due to their high conhten
in CaCQ (Lopez et al., 2007), so the equation proposelths= 4.77 + 7.43 sand/clay + 27.6/organic
matter. Average EF calculated this way for ourssellows a slightly higher result in Cambisols (31%,
compared to 27% in Calcisols and Luvisols).

Making a comparison for crusted and tilled soilaymn the average soil loss, the tilling loss iasee
from CL more than six times in CM and more thanrfeen times in LV. But this is taking into account

only a loss model, without the deposition one.
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Image analysis is a useful tool enabling submiltmaeparticles 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 Cambisols, a Steaver crop has been planted between the rows in
this soil type (Figure 1). Stevia cultivation cdifeo up to three crops a year, which is done mawpuiai
leaf that after drying is crushed.This crop favoretention of particles in vegetation, on the prope
subject of study.

5 Conclusions

Tilled soils in olive groves show a direct relasbip between the differences in OC and clay coratet
blowing. Cambisols are more eroded than Calcisaddlaivisols, mainly due to the effect on soil crogt
and the wind-erodible fraction aggregation of Ca@OCL and Clay in LV.

The wind tunnel led to overestimation of differes@@ soil type loss compared to other EF evaluation
methods. We could suggest that higher-precisioa dave been found with this new wind tunnel than
found with other any tunnel designed to date, a@ukigh resolution of the devices used, such as lase
scanner and particle imaging.

Where wind erosion is higher, it is recommendedl¢baer crops be planted between the rows of olive
trees.
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Table 1. Initial soil characteristics for the three sgpés tested.

SOIL % Very % Coarse % Medium % Fine
TYPE  coarse sand sand sand sand

% Very % Coarse

fine sand

silt

% Fine silt % Clay

Clo 0.0+0.0 5.2+0.2 55+0.3 1.9+0.1 10.7+40.8 34.7+1.2

18.3+0.8 23.7+18

CM, 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 KO - E.C.
TYPE % 0C %N (mg-100d)  (mg-100 &) % CO; (dS-m)
Clo 1.04+0.07 0.036+0.005 4+1 28+4 36+3 5.55+0.24
CM, 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+2 240 4.76+0.41
SOIL pH pF A.W.C. Bulk density
TYPE H.O KCI % 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 applyind in three replicates for each soil type.

0 Table 2. Average soil loss and random roughness in diffesantples.
- @ RR
Crusted 054 756 Perre 26
cL e 01
Tiled 106 1484~ ° 70
bef 3.54
. Crusted 025 338 baef;ce’rre ?;Z 17
Tiled 1.83 2471 jﬂ‘;rre so1
bef 2.45
N Crusted 009 110 b:fftzrre 27 2 ‘Z
Tiled 139 1696 aeﬂzrre P
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Table 3. Summary table for the ANOVAs of % OC, % €@nd % Clay.

Source Degrees of  Sum of Mean E ratio
freedom squares square
% OC
Soil 2 3.914 1.957 85.036
Residuals 33 0.760 0.023
Total 35 4.674
% COs™
Soil 2 4167.722 2083.861 143.116
Residuals 33 480.500 14.561
Total 35 4648.222
% Clay
Height 3 167.252 55.751 18.785
Residuals 32 94.971 2.968
Total 35 262.223

Table 4. Fisher’s least significant difference (LSD) posttamalysis for % OC, % GOand % Clay.

Source . Mean LSD P-Value
difference
% 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
40vs 70 -2.0000 1.6543 0.019
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Figure 1. Tunnel arrangement on Cambisol.
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Component 2

Component 2

Figure5. Scatter plot of the height-dust from differenil $gpe categories for
the Components 1 and 2 matrix (a) and the Comperieand 3 matrix (b).
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