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Abstract. Wind erosion is a key component of the soil degiiadgrocesses. The purposes of this study
were to find out the influence of material lossnfravind on soil properties for different soil typessd the
changes in soil properties in olive groves whey e tilled. We used a wind tunnel over threeeaildht

soil types (Calcisol, Cambisol and Luvisol) and @amtrated on micro-plot losses and deposits detecte
by a laser scanner integrated in the tunnel. We stadied the image processing possibilities for
examining the particles attached to collector gldteated at the end of the tunnel to determine the
characteristics, and whether they were applicabtee setup. We paid special attention to the anfae

of organic carbon, carbonate and clay contentsusecaf their special impact on soil crusting aral th
wind-erodible fraction. A Principal Components Ayst (PCA) was done to estimate any relationships
on generated dust properties and the intensitylafcvior of those relationships. Then analysis of
variance (ANOVAs) were done to analyze the effeicsal type and sampling height on different
properties of capted dust. Calculations based oneludata showed overestimation of erosion indille
Cambisol compared to the other tilled soil typoésgand calculation of the fraction of soil erodibie
wind done by other authors for Spanish soils.

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

Soil is the key component of the Earth System adrobthe hydrological, erosional, biological and

geochemical cycles, and also contribute with sesjigoods and resources to the humankind (Keesstra
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et al., 2012; Brevik et al., 2015; Smith et al.12] The soil degradation is related to soil contipac
lost of vegetation and organic matter and the emeedn soil erosion, either by water or wind (Naver
al., 2011; Prosdocimi et al., 2016; Arjmand Sajgadilahmoodabadi, 2016). To research those processes
of degradation of the land will contribute to restand rehabilitate them and to understand thgyeaisis
and related process on soil degradation and foomatVVind erosion is a world wide environmental
concern (Houyou et al., 2014; Martinez-Grafia et28015) 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 enormousants of soil, with the consequential ecological
imbalance. Several authors (Liu et al., 2003; Logieal., 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 tent.

Leys et al. (2002) evaluated the wind erosion raraged on the effect of dry aggregation levels and
percentage of clay. Zobeck et al. (2013) obserivatidry mechanical and aggregate stability dimeush
and erodible material increased as soil organi¢enabntent decreased. Beniston et al. (2015) sssBu
losses driven by the transport of the mineral foactunder different tillage management. Kaisealet
(2014) mention the stocks of the stable C and Ngp@ere not affected by the tillage intensity bugrev
positively correlated with the stocks of the clagedraction, indicating a strong influence of ssfgecific
mineral characteristics on the size of these pools.

Benlhabib et al. (2014) analyzed dryland Meditegan cultivation systems, discussing and
recommending sustainable cultivation technologibglwshowed 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 aggregatadraditional tillage. This was also indicated bgdG
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 traatial 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 mediartured soils by causing weakening of the soil

structure due to loss of organic carbon (OC) arehkup of aggregates. In fine-textured soils, the
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formation of large resistant aggregates by tillkagises 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 authorsiamesoil quality, measured by critical soil phydica
properties, may decline if the organic carbon catredion is less than a critical threshold. Hageale
(2010) observed that tilling ridges are effective trapping aggregates transported by saltationdbu
not usually reduce erosion rates in soil where egggpes transported in suspension predominate.

Feras et al. (2008) demonstrated in a wind turtnelysthat sediment traps efficiency depended mainly
on patrticle 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™&entury,
accelerated erosion as a result. The introductidheouse of cover crops in the region due to apfithn
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@iigeduces the wind speed and soil erodibility,
and traps more eroded material (Touré et al., 2D&énders et al., 2011; Lozano el al., 2013; Aseasi
al., 2015). Udo & Takewaka (2007), in their winchiel experiments, arrived at the conclusion that in
addition to density, the height and flexibility wégetation are essential in determining the effeckss
in lowering mass transport by wind. Youssef e(20.12) 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) comphee
differences in soil loss due to the soil type, é)dobserve the changes in generated dust propertien

olive groves are tilled.

2 Material and Methods

2.1 Study area
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The study area is located in the north of the TredeDesert, 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 paudilyainded by the Betic Mountain Chain. The climate
is semiarid thermomediterranean, with a mean arteugberature of 17.8°C. It is one of the driesasre
in Europe, with a mean annual precipitation of 888 according to the Tabernas meteorological station
records for the last 15 years. Lithological matesgredominantly sedimentary, identified as aeseof
marls in contact with Miocene evaporites. Natudahp communities are comprised of isolated native
shrubs surrounded by areas of bare soil colonigduidiogical crusts and annual plant species (Ganto
et al., 2011). The study area is on the properthefOro del Desierto” olive oil company, which has
around 25,000 olive trees of different ages scadten about 100 hectares surrounded by scrublahd an
other ecological crops, such as Stevia, almondgeagks. We concentrated on four-yeargbtdial olive
trees. Soils are mainly Calcisols (CL), Cambis@Mj and Luvisols (LV). Texture is silty clay loar t
loamy with 37 to 48% gravel fragments and a weakrge 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 wlim
the tunnel, in order to get starting dafa. analyze the soil volume lost from wind erosionl &s effect
on the surface microtopography, we tested bothteduand recently tilled soil. The crusted soils ever
strongly protected from wind erosion, while rigffitea tilling, soils were highly susceptible to After
tilling, soils tended to recover the physical saefarust within 10 to 12 days, reacquiring exti@tgetion
from the wind.

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 coinciddd wi
the predominant wind direction (there was about @ffset in Calcisols). The slopes and lengthsedil$
of the three experimental plots were 2% and 145ir€b, 0% and 95 m on CM, and 0% and 152 m on
LV.
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Our reference for weather records was the Tabdviedsorological Station (located about 2 km away
from the study area), one of the network of aut@enstitions belonging to the Institute of Agrarian,
Fishing Research and Education of Andalusia, IFAPA

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

dependency of the Andalusian Regional Government.
2.3Wind tunnel

To monitor wind intensity, as well as direction atakar, we worked with a wind tunnel with laminad a
turbulent flow similar to real wind conditions,which the material transported was collected ipgdrr
study. Our tunnel has two parts, as shown in Figureach of which has different functions based on
their components. Part 1 shows a generator whichigies the energy necessary for the industrial fan
which is the first component. The fan blows aibiatfolding tube structure, providing an air floviaiah
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 cosaéthree compartments (0.8x0.8x0.8 m each one) in
a telescopic structure:
-The first compartment has a metal sheet complem®gring the ground to keep the wind from
affecting this area.
-The second compartment is the study area itsérevwind erosion is actually quantified. This
area is equipped withRCE-424 hot wire anemometer with 0.1 ri-esolution, with which wind
speed is monitored, and a NextEngine Desktop 3& Esanner, which is used to find the volume
of eroded soil and alterations in the microrelighe soil. The scanner has an indispensablediftin
system which acts as a support structure and endlitebe set at the desired height.
-A liquid latex (Lateprefi Rx-505) coating was applied to the soil surfadi@third compartment
to fix particles so they would not move around dgriblowing and mix in with the particles in the

study zone. This way the natural roughness of thargl was maintained. The latex coating is
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spread with a bulb shape from outside the thirchélicompartment 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 ater lanalyzed using an industrial machine visionexanm
Finally, the particle traps (Fryrear BSNE, adapteda fixed wind direction), located at the same
height (O cm one was partially buried, to locate tindow at surface level) as the adhesive plates
(Asensioet al., 2015), retain the dust that is later analyzeguantify 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 In each case, the ground was scanned twicereef
and after simulation with the wind tunnel. Scanseandone at a height of 44 cm using a NextEngine 3D
laser scanner under conditions of natural dryrBsis. speed was chosen as the standard for applicati
in the wind tunnel because it has been the maximhaihg mean wind speed in the study area for thie las
15 years.
This scanner has shown its applicability in acauginmicroreliefs of agricultural soils (Aguilat al.,
2009) in high-precision field work (High Definitiamode and MACRO) considering a sample size large
enough to represent the plot in great detail. Phisvides a 12x10 cfrscan area with a 400 ppi capture

density and nominal precision of 0.127 mm.

Based on two point clouds found for each plot (befand after wind simulation), two digital terrain
models with a 0.1 x 0.1 cm resolution were gendraide eroded soil volume was estimated as the
difference in volume between DTMs. Once the solurte was known, we estimated the amount of soil
lost using the bulk density of each soil.

To find out how wind erosion modifies surface mtofmography, the point cloud from each scan was
used to calculate random roughness (RR) in eachplsalvefore 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 curvataned
profile), the elimination of slope does not elintimghe effects of changes in height caused by noesh

factors, such as mounds, curvature or higher-ovdeations in surface, so the RR index tends to
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overestimate surface roughness in experimentas.pldterefore, the local RR index (BRestimation
method was applied (Rodriguez-Caballero et al.20%ing Equation (1):

P (Z — )2
RR, = (3o G )
Where Nw is the number of points in window w, Zvitie height of each point after eliminating thepglo

effect anduw is the mean height in window w.

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

The possibilities for image processing for detadgdmination 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 demamsiystem 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

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 asses$s soi
erodibility, samples are usually collected from fileugh layer, while soil erosion occurs at thd soi
surface. Hence, the potential changes in erodilmhused by crusting are ignored (Algayer et 814).

Using the sub-crust would have led to greatly cestimated erodibility.
7
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Ground and collected samples were dried, crusmebpassed through a 2-mm sieve to eliminate large
fragments. For both ground and trap samples, parize distribution was assessed by dry sieviry an
the Robinson pipette method after eliminating orgaratter with HO- (30%) and dispersion by agitation
with sodium hexametaphosphate (10%). The sanddraatas 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 caltedhfrom NH volumetry after Kjeldahl digestion.
Available soil phosphate §Ps) was calculated by photocolorimetry. Availablel gaitassium (KO) was
calculated by flame photometry. To determine budksity (BD), 100-crhcylinders were used to refer

to sample dry weight by cylinder volume.

2.5 Statistical analysis

Data on soil characteristics acquired were examifegdany changes or differences. A Principal
Components Analysis was done to estimate any oekstips 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 analyzestfet of
height on clay content. The variables under study bt require transformation to satisfy the
requirements of residual normality or variance hgereity, so when the ANOVAs showed the effect
analyzed to be significant, pairwise comparisongevessessed using the least significant differezste

The level of significance was 0.05 in all testd. Shtistical analyses were carried out WBBES 20.

3 Results

Mean soil characteristics before artificial windweded for Calcisols, Cambisols and Luvisols {GIMo
and LVp) are shown in Table 1. Three replicates were takesach soil type.

Surface stoniness of these soils is high and tkeage gravel for the different typologies is 37% in
CL, 48% in CM and 43% in LV.
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The results of the scans done in the wind tunng} take the loss model (no deposit model) into
account. Deposits would have to be considered alotigthe loss model for the erosion balance to be
more moderate. However, in this study, we were eotrating on losses and deposits localized in amic
plot, which is what the laser scanner can detdwt.ré€sults for the three soil typologies in sodviah with
the same wind intensity generated artificiallyhe tunnel are shown in Table 2.

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

Some of the results of the image processing ptatdysare shown belowF{gure 3). The results, still
being validated, can give us an idea that Calcisal® fewer granulometric fractions susceptibleitcd
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 material
with different colorimetry.

The samples collected in the traps at the endedtithnel 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, Coarse-sile silt, Clay, OC, N, Available;Bs, Available
K20 and CQ@". First, eigenvalues were calculated and used ¢mlddrow many components should be
extracted to adequately explain the data. Onlyiteethree roots were worth exploring further, dese
the rest of them were less than 1. The first thoe¢és account for 81.091% of the variance.

The factors extracted were rotated by Varimax topsfy the interpretation of the Pearson’s
correlation coefficients of the principal componeabres and the raw data. Figure 4 (a) shows the
correlation coefficients on the plane of Componérdaad 2. From this figure, it is obvious that %aé-ine
silt, % CQ~ and Available KO variables are clearly negatively associated @itmponent C1 while
% N and % OC are associated positively with C1.sT@& separates data with high N and OC contents

from samples high in Fine silt, GOand Available KO content. Component C2 is negatively associated
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with Fine sand and positively associated with % r€eailt and % Clay. C2 separates data with high
Coarse silt and Clay contents from data with higlesand.

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

Figure 5 show how samples cluster around the timaa 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 Avaéa;O content, while data for LV show high content
in N.

Furthermore, C2 is related to the sampling heiglit separates 0 and 15 cm from 40 and 70 cm.
Therefore, the lower heights are associated wigihdri 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 fract Variables OC and GOwere associated with
Component C1, which is strongly related to soiletyBo we tested the effects of soil type on OC and
COs™ contents with an analysis of variance (ANOVA). Rerimore, the Clay variable was associated
with Component C2, which was related to the heighdtl therefore, we tested the effect of height laty C
content. We did not need to apply transformatiansatisfy the requirements of residual normalitg an
variance homogeneity.

The ANOVA table for collected dust samples fromfatiént Soil Types (Table 3) applied to % OC
and % CQ@ shows significant differences for soil provenaimctvo variables. When its effect was found
to be significant in the ANOVAs, and as none wassodered the reference soil, we performed pairwise
comparisons of the three soils. These were assesseg the least significant difference test (LSD,
P<0.05). Table 4 show that samples with the high&stcOntent were from CM, but with no significant
difference from LV. From CL had significantly low&C than the other two soil types where this vagiab

10
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was similar. C@ contents were significantly different in the thisal types and CL had the highest
% CQ™ while LV had the lowest.

The ANOVA table for height (Table 3) applied to %a¢ shows significant differences too, but this
time we did not do pairwise comparisons of allfiner heights, but analyzed for a significant diéiece
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 EqQ. (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 betweaghts of 0 and 15 cm and between 40 and 70 cm.
As seen in Table 5, the difference between 0 anchif 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 Asensab €015), bulk density is doubly influenced,amre
hand it tends to be reduced by the effect of oga@mrichment, but on the other, increased by the
accumulation of fine materials. This has greatuifice in physical soil crusting. Organic matteewoft
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 tiemeffect of small deposits of sand on soil prapsrt
and performance of vegetation were not significaithough the soil temperature tended to rise with

increasing thickness of deposits, which could affee decomposition of organic matter.

11
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According to PCA, Component 1 separates data wigh ®C contents from high GOcontent and
Component 3 is an indicator of Availablgd? content, being able to establish differences droups
C1 separates the three groups of soil, and sarbplesging to the CL group are the highest insCO
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 signéiat differences in Clay content for heights of 4D-7
cm.

It is well known that velocity threshold increasesthe particle size is increases. We did not itatke
account aggregate size for dust capted samplesidgetiacse were crushed and passed through a 2-mm
sieve for chemical analysing. The soil fractiond#iote 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 Revis@dwW
Erosion Equation, RWEQ. Calculation of the EF imph soils is problematic due to their high conten
in CaCQ (Lépez et al., 2007), so the equation proposeltks= 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 soiledgmn 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.

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

As the highest loss was found in Cambisols, a 8teaver crop has been planted between the rows in
this type of soil (Figure 1) and this favored reim of particles in vegetation, on the propertijsat of
study.

5 Conclusions

12
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Tilled soils in olive groves show a direct relasbip between the differences in OC and clay coratet
blowing. Cambisols are more eroded than CalcisudsLaivisols, mainly due to the effect on soil chogt
and the wind-erodible fraction aggregation of Ca@OCL and Clay in LV.

The wind tunnel led to overestimation of differem@@ 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, dubkigh resolution of the devices used, such as lase
scanner and particle imaging.

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

trees.
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Table 1. Initial soil characteristics for the three sgibés tested.
5

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 KO - E.C.

TYPE % 0C %N (mg-100d)  (mg-100 §) % CO; (dS-m)
ClLo 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-cmd)
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

Data are means + standard deviation before applying in three replicates for each soil type.
10
Table 2. Average soil loss and random roughness in diffesantples.
EROSION
RRL
(mm) (g-n7)
Crusted 054 756 Poore 26
oL after 2.36
. before 7.81
Tilled 1.06 1484 after 708
before 3.54
o Crusted 0.25 338 after 351
. before 7.47
Tilled 1.83 2471 after 6.51
Crusted 009 110 PDefore 245
LV after 2.43
before 7.52
Tilled 1.39 1696
e after 6.18
15
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Table 3. Summary table for the ANOVAs of % OC, % €@nd % Clay.

Source Degrees of  Sum of Mean F ratio p
freedom squares square
% OC
Soil 2 3.914 1.957 85.036 0.000
Residuals 33 0.760 0.023
Total 35 4.674
% COs™
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. Fisher’s least significant difference (LSD) postlamalysis for % OC, % CGOand % 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
% CGs™
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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Components 1 and 2 (a) and Components 1 and 3 (b).
2000004 @ Height-Dust from 1000004 b
Qo-cL
®0-ci
®o.Lv
* O1s-cL
Wis.cu *
(o] - . l1s.tf 2,00000 &
1] & * Ce L3 .CM
Q’ LV L]
70-CL
o~ 'e) * » ®70-CH .
< Q70-LV pe 1,00000 ] *
g @n w] s O<b|:| ° -
g 00000 =) o %4 L] o6
5 7 . LE) 00000 % a .
= ' o4&
9
|
° |
-1,00000-] .-
| -1,00000-]
e 1 *
]
e
- -
-2,000004 -2,00000-
-"_’O.E)DEIO -1 [1')000 00000 1.00'000 Z.DDFIJDO -2.0CIIDCI} -1 .uc'looo 00000 1.0&00 Q,IIHKJDD
Component 1 Component 1

Figure 5. Scatter plot of the height-dust from different $gpe categories for
the Components 1 and 2 matrix (a) and the Compesrieand 3 matrix (b).

21



