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EVOLUTION OF THE SOIL SURFACE ROUGHNESS USING
GEOSTATISTICAL ANALYSIS (Y

EVA VIDAL VAZQUEZ (*); ILDEGARDIS BERTOL (%); GLECIO MACHADO SIQUEIRA (¥); JORGE
PAZ-FERREIRO (*); JORGE DAFONTE DAFONTE (%)

ABSTRACT

The objective of this work was to investigate the decay of initial surface roughness induced by simulated
rainfall under different soil residue cover and to compare classical statistical indices with geostatistical parameters. A
conventionally tilled loamy soil with low structure stability, thus prone to crusting was placed at 1 m? microplots. Each
microplot received three successive rainfall events which bring about cumulative 25 mm, 50 mm and 75 mm at 65 mm
h' intensity. Five treatments without replication were tested with different corn straw quantities (0, 1, 2, 3 and 4 Mg
ha™). Soil surface microrelief was measured at the initial stage and after each simulated rainfall event. Five treatments
and four surface stages were monitored, resulting in 20 data sets. Point elevation data were taken at 0.03 m intervals
using a pinmeter. Digital elevation models were generated and analysed using semivariograms. All data sets showed
spatial dependence and spherical models were fitted to experimental semivariograms. A very significant relationship
was found between the random roughness index, RR, and the sill of the semivariogram (C+C,). All the treatments
showed a clear trend to sill value reduction with increasing precipitation. However, roughness decay was lower in
treatments with higher straw cover (3 and 4 Mg ha). Therefore, residue cover limited soil surface roughness decline.
The control treatment, without straw, showed the lowest nugget effect (C ), which means the lowest spatial discontinuity
of all treatments in this study. The range of spatial dependence (a) also showed a trend to decrease with increased
cumulative rain, which was most apparent in treatments without or with relatively low straw cover (0, 1 and 2 Mg ha?).
The suitability of using sill variance and range for describing patterns of soil surface microrelief decline is discussed.

Key words: soil tillage, roughness index, surface microrelief, simulated rain.

RESUMO

ESTUDO DA EVOLUCAO DA RUGOSIDADE DO SOLO UTILIZANDO FERRAMENTAS DE
GEOESTATISTICA

O objetivo deste trabalho foi avaliar a rugosidade superficial do solo com diferentes porcentagens de residuos
vegetais ap6s a aplicacdo de chuva simulada e comparar o desempenho de indices estatisticos e geoestatisticos. O
experimento foi desenvolvido em um solo franco com baixa estabilidade estrutural sob preparo convencional, onde foram
instaladas microparcelas de 1 m?. As microparcelas foram submetidas a trés sucessivas chuvas simuladas com 65 mm h!
de intensidade, resultando em chuvas acumulativas de 25 mm, 50 mm e 75 mm. Cinco tratamentos sem repeticdo foram
avaliados com diferentes quantidades de palha de milho (0, 1, 2, 3 e 4 Mg ha™). O microrrelevo da superficie do solo foi
medido antes da primeira chuva e depois da aplicagdo das trés chuvas simuladas (cinco tratamentos e quatro superficies),
sendo adquiridos 20 conjuntos de dados. A rugosidade do solo foi medida com rugosimetro de agulhas a cada 0,03
m. Tendo como base as medi¢des de rugosidade do solo foram gerados modelos de elevagdo digitais da superficie e,
posteriormente analisados usando semivariogramas. Todos os dados tiveram dependéncia espacial e se ajustaram ao
modelo esférico. Foi constatada uma relagdo significativa entre o indice de rugosidade aleatéria (RR) e o patamar (C0+C l).
Todos os tratamentos houve clara tendéncia de redugéo dos valores de patamar com o0 aumento da precipitacio pluvial.
A diminui¢io da rugosidade foi menor nos tratamentos com maior cobertura do solo (3 e 4 Mg ha™). Desta maneira,
verifica-se que os residuos vegetais atuam limitando o declinio da rugosidade superficial. No tratamento-controle, sem
palha, ocorreram os menores valores de efeito pepita (C,), ou seja, a menor descontinuidade espacial entre os tratamentos
em estudo. O alcance (a) da dependéncia espacial revelou tendéncia de diminuir com o aumento da chuva acumulada,
sendo mais evidente nos tratamentos com menor cobertura com palha (0, 1 e 2 Mg ha™). A utilizagdo do patamar e do
alcance da variabilidade espacial para descrever a diminui¢do do microrrelevo superficial do solo é discutida.

Palavras-chave: manejo do solo, indices de rugosidade, microrrelevo superficial, chuva simulada.
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1. INTRODUCTION

Soil surface roughness describes the micro
variation in the surface elevation across a plot or a
field (ALLMARAS et al., 1966; HUANG, 1998) and affects
many processes such as depression storage, infiltration,
sediment transport and runoff routing (KamMPHORST et al.,
2000; Paz GonzALEZ et al. 1998; Castro et al., 2006).

A rough soil surface has many depressions and
barriers that can store excess rainfall and this will enable
a longer time for infiltration (HUaNG, 1998). Depression
storage can be quite important on freshly ploughed
plots (> 20 mm) but values for seedbeds are much lower
(< 3 mm) (KampHorsT et al., 2000). In addition, runoff
will start well before all depressions are filled. Water
and sediments storage in depressions during rain causes
that rough surfaces erode at slower rates than smooth
surfaces under similar conditions (ELtz and NORTON,
1997; BerTOoLANI et al., 2000; BertoL et al., 2006; CASTRO
et al., 2006).

Surface roughness depends mainly on soil
tillage and also on soil type and quantity and kind
of plant residue (KamPHORsT et al., 2000). In general
conventional tillage increases soil surface roughness,
whereas no tillage can increase or maintain it (BErTOL
et al, 2006). Furthermore soil tillage increases
initially the infiltration rate due to the formation of
microdepressions and microelevations that favour
the temporal retention of water (BErTOLANI et al., 2000;
VDAL VAzQuEz et al., 2007).

Soil surface roughness decay is influenced by
heightand intensity of rain, runoff, stability of aggregates,
soil density and soil porosity (ELtz and Norron, 1997;
Paz GoNzALEZ et al., 1998; BErTOLANI et al., 2000; BErTOL
et al., 2006; Castro et al., 2006). Moreover, knowledge
of soil surface roughness provides information on soil
structural quality, because of its influence on the speed
and degree of degradation of the upper most soil surface
layer (BerTOL et al., 2006).

Random roughness (RR) is the most commonly
used index to assess the soil surface roughness (ALLMARAS
et al., 1966). However, as pointed out by Huanc and
BraDFORD (1992) and BertoL et al. (2006) RR describes
only the vertical component of roughness, namely the
distribution of height of clods and depressions, without
taking into account the spatial component, or the
location of clods and depressions. Soil surface roughness
is usually evaluated using a pinmeter, at the centimeter
scale, or by laser-scanner, at the millimeter scale (ELtz
and NORrTON, 1997; BertoLaNI et al., 2000; DarBOUX et
al., 2002; BerrtoL et al., 2007; VDAL VAZQUEZ et al., 2007),
which provides measurements of microdepressions and
microelevations present in the soil surface.

Studies relating soil erosion to spatial variability
can help to understand the response of crop production
to soil attributes, which may be useful to increase
yield and conservation of the environment and human
development. As stated before, soil surface roughness
influence soil erosion. Soil microrelief is constituted by
oriented and random roughness. Random roughness is
obtained after slope and tillage marks removal so that
it portraits the random spatial distribution of clods and
aggregates.

Research on spatial variability of soil
microtopography may help in the knowledge of
parameters before ignored in soil microrelief studies.
BEerTOLANI et al. (2000) studied the spatial variability
of soil roughness and emphasized the importance of
geostatistical parameters for a better understanding
of mathematical models of soil roughness. Moreover,
geostatistics is useful for analyzing the evolution of
surface water retention during rainfall events.

Geostatistics is based on a semivariogram model
that describes the spatial dependence of data. This model
can be used on the interpolation process by the kriging
method. The kriging predictor allows description of
the behavior of an attribute within the studied area
and allows detailed and qualified mapping. Therefore,
kriging can be used to generate a continuous surface
area of soil roughness, expressed through maps of
spatial variability (VIEIRA, 2000).

The objectives of this study were to evaluate
the spatial variability of soil surface roughness under
different quantities of crop residue before and after
simulated rainfall and to compare the performance of
classical statistical and geostatistical indexes to assess
soil microtopography.

2. MATERIAL AND METHODS

The experimental area was sited in the Pazo de
Léngora experimental field, in the Province of A Coruiia,
in Galicia, Spain, between March and August 2005. The
soil of the area is classified as Cambisol (FAO, 1994).

On July 2005 five treatments were established,
without replications, in plots of 1 m?, as follows: TO -
without crop residue; T1, T2, T3 and T4 - 1 Mg ha?, 2
Mg ha', 3 Mg ha' and 4 Mg ha' of maize crop residue,
respectively. The residue of maize was cut into pieces
of about 0.05 m and distributed homogeneously on
the soil surface. Soil surface was sculpted to simulate a
scarification and as a result on the one hand “furrows”
were produced and on the other hand about 30% of the
maize crop residue was incorporated. The work depth
was 0.15 m, in the slope direction. The slope of the plots,
was 0.12mm™.
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Three tests of simulated rain were applied, so
that the cumulative amounts of simulated rainfall were
25 mm, 50 mm, and 75 mm. The rain simulator used
was similar to that described in Navas et al. (1990). The
artificial rain was produced by a single type of sprinkler
Fulljet 1/8 GG6SQ, fixed, with approximately square jet,
which covered a wetted area of 1.96 m?. The sprinkler
was located at 2.30 m above the soil surface. The time
interval, between the tests of simulated rain, ranged
from five to ten days, so the rainfall was applied on dry
soil surfaces.

The soil surface roughness was evaluated
immediately after the soil preparation (T0-0, T1-0, T2-0,
T3-0 and T4-0) and immediately after the first (T0-25,
T1-25, T2-25, T3-25 and T4-25), second (T0-50, T1-50, T2-
50, T3-50 and T4-50) and third (T0-75, T1-75, T2-75, T3-
74 and T4-75) test of rain.

Soil surface roughness was measured using
a pinmeter consisting of 20 rods of aluminum, with
0.6 m long and 0.008 m in diameter each; separation
among rods was 0.03 m. This measure device was
attached to a digital camera located at a distance of
1.80 m from the rods. The set of rods was moved on
the support of pinmeter on 20 positions perpendicular
to the direction of the slope, in distances of 0.03 m from
each other, for taking 20 photos in each plot. Therefore
a total of 400 elevation data were sampled on an area
of 0.32 m? (0.57 x 0.57 m), located in the centre of the
1m? experimental plot.

Height readings were corrected for slope and
tillage tool marks using the method described by
CurreNce and Lovery (1970). By this method each height
reading is corrected for row and column effects.

Soil surface roughness was calculated using
random roughness index (RR) according to methodology
proposed by KampHorst et al. (2000). This index is
calculated as the standard deviation of heights, using
the height data from the soil surface without log
transformation and without removing the extreme
values (Equation 1).

1)

where: RR - random roughness index (mm); Z,
- the height at each point (mm); Z - the average height
(mm) and 7 — is the total number of data points.

The software GEOSTAT developed by ViERa et al.
(2002) was used to calculate the main statistical moments
and assess the spatial dependence of surface roughness,
through modeling of experimental semivariogram
(Equation 2).

\ ] W 5
V(h):m;[z(xi)-z(xﬁh)] ©)

where: y*(h) is estimated semivariance, N(h) is the
number of pairs of points separated by h, Z(x), Z(x, +
h) values of parameter separated by a vector (h). In the
geostatistics, Z(x) is described as a regionalized variable
(VIEIRA, 2000).

Thus, it was possible to determine the parameters
of the model fitted to the semivariogram. The nugget
effect (C,) represents a discontinuity between samples,
or the variability not detected during sampling, the
variance structure (C,) describes the extent to which
there is correction between the samples and the
range (a) represents the maximum distance of spatial
dependence. Scaled semivariograms were calculated
according to VIERrA et al. (1997), in order to compare the
spatial variability of soil roughness after the application
of different simulated rain volumes.

The spatial dependence (SD, Equation 3)
between samples was determined using the method
described by CaMBARDELLA et al. (1994), where: 0-25%
is high, 25-75% is medium and 75-100% is low spatial
dependence between samples.

+C

sp=| %0 100 3)
CO 1

where: SD - is the ratio of spatial dependence; C, -
is the nugget effect and C, - the structural variance.

The software SURFER 7.0 (GOLDEN SOFTWARE,
1999) was used to mapping the height of soil surface
roughness before and after each rainfall test, using
ordinary kriging.

3. RESULTS AND DISCUSSION

The results of statistical analysis (Table 1) show
that the average values of height decrease when
simulated rain intensity increases. The same behavior
is observed for the variance values. The coefficient of
variation (CV) for the treatment without maize residue
(TO) decreases when simulated rain increases, while for
the other treatments (T1, T2, T3 and T4) the coefficient of
variation increases when simulated rain increases. This
fact happened mainly because in TO when increasing
the volume and intensity of simulated rain decreases
the soil surface roughness; as a result, the soil surface
becomes more homogenous and coefficient of variation
(CV) values are lower (ELtz and NoORrRTON, 1997; CASTRO
et al., 2006; BertoL et al., 2007). On the other hand, all
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the treatments with crop residues showed a lower The values of asymmetry and kurtosis coefficients
roughness decay; the maintenance of the soil surface  and Kolmogorov-Smirnov test (d) show that only T0-25,
roughness was clearly related to the applied straw. T1-50, T2-25, T3, T3-25, T3-50, T4, T4-25, T4-50 and T4-
However, increasing simulated rain lead to increased 75 have normal distribution; the other treatments have
values of CV in these treatments. lognormal frequency distribution.

Table 1. Statistical parameters of soil roughness data (mm)

Variable Mean Variance SD CvV Skewness Kurtosis d*
TO-0 55.71 35891 18.94 34.00 0.29 -0.34 0.05Ln
TO-25 4795 265.49 16.29 33.98 0.30 -0.23 0.04 n
TO-50 51.35 247.86 15.74 30.66 0.38 -0.08 0.06 Ln
TO-75 45.61 226.04 15.03 32.96 042 -0.10 0.06 Ln
T1-0 57.67 305.87 17.48 30.32 0.21 -0.44 0.06 Ln
T1-25 50.10 233.75 15.28 30.52 0.28 -0.04 0.05Ln
T1-50 46.88 232.30 15.24 3251 0.30 -0.33 0.04n
T1-75 41.02 230.00 15.16 36.96 0.51 -0.28 0.08 Ln
T2-0 46.97 201.02 14.17 30.19 0.21 -0.19 0.04n
T2-25 40.83 164.24 12.81 31.39 0.35 0.22 0.04n
T2-50 49.94 162.23 12.73 25.50 0.17 -0.04 0.05Ln
T2-75 34.74 14291 11.95 3441 045 0.01 0.06 Ln
T3-0 58.97 326.58 18.07 30.64 0.19 0.20 0.02n
T3-25 55.59 275.13 16.58 29.83 0.33 0.48 0.04 n
T3-50 48.36 226.86 15.06 31.14 0.29 0.33 0.04 n
T3-75 43.57 229.11 15.13 3474 0.56 0.58 0.07 Ln
T4-0 5748 283.13 16.82 29.27 0.16 0.11 002n
T4-25 48.38 235.36 15.34 31.70 0.13 0.17 0.03n
T4-50 4521 235.15 1533 3392 0.51 0.64 0.04n
T4-75 43.65 217.30 14.74 33.77 0.51 0.65 0.04 n

SD: standard deviation; CV: coefficient of variation; d: normality of the date for test of Kolmogorov-Smirnov (* P < 0.05); Ln: Log-
normal; n: normal.

Table 2. Geostatistical parameters

Variable Model C, C+C, a SD RR

TO-0 Spherical 0.00 375.20 65.33 0.00 189.22
TO-25 Spherical 0.00 282.28 66.29 0.00 162.74
TO-50 Spherical 0.00 263.30 68.77 0.00 157.24
TO-75 Spherical 0.00 238.97 62.93 0.00 150.16
T1-0 Spherical 71.00 314.00 61.00 22.61 174.67
T1-25 Spherical 117.00 246.00 68.00 47.56 152.70
T1-50 Spherical 54.00 250.00 71.00 21.60 152.22
T1-75 Spherical 2.29 240.71 60.66 0.95 151.47
T2-0 Spherical 48.02 208.85 66.39 22.99 141.61
T2-25 Spherical 43.53 176.30 65.15 24.69 128.00
T2-50 Spherical 243 17221 63.76 141 127.21
T2-75 Spherical 23.74 144.26 61.52 16.45 119.40
T3-0 Spherical 32.08 328.04 64.85 9.78 180.49
T3-25 Spherical 0.00 262.00 62.00 0.00 165.66
T3-50 Spherical 41.19 228.36 75.11 18.04 150.43
T3-75 Spherical 38.85 219.44 75.39 17.70 151.17
T4-0 Spherical 17.82 258.62 65.12 6.89 168.05
T4-25 Spherical 35.82 227.63 78.58 15.74 153.22
T4-50 Spherical 20.47 222.06 70.78 9.22 153.16
T4-75 Spherical 32.54 206.24 75.71 15.78 147.23

C,: nugget effect; C +C,: sill; a: range (mm); SD: spatial dependence (%); RR: random roughness (mm).
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The parameters of the models fitted to the
semivariograms are shown in table 2. All semivariograms
were fitted to spherical model, confirming this model as
the one of the useful for parameters of soil and plant
(CaMBARDELLA et al., 1994; Souza et al., 2001; SIQUEIRA et
al., 2008). The fact that in this study all the data have
been fitted to spherical model, confirms that although
there have been changes in soil surface roughness caused
by the different amounts of simulated rain, it was not
detected changes in spatial variability pattern, according
to Paz GoNzALEZ et al. (1998) and BertoLaNI et al. (2000).

The treatment without crop residue (T0-0)
showed the lowest values of nugget effect (C, Table 2),
while in other treatments the values of C; vary when the

of nugget effect (C)) near to 0 indicate that the spatial
variability at short distance has been detected; therefore
it is an indicator of the experiment accuracy as reported
by VIEIRA (2000) and SIQUEIRA et al. (2008). All treatments
showed well defined sill values (CO + C,, Table 2 and
Figure 1 and 2). The analysis of Figure 1 and 2 confirms
the hypothesis that the spatial variability pattern has
not changed even after the application of simulated
rainfall.

The analysis of the semivariograms (Figure 1 and
2) and scaled semivariograms (Figure 3) allows that
even occurring specific changes between the values of
C, and C, + C, the distribution of semivariance pairs
after each of the rain events remains unchanged, the

residue amount and rain volume is increased. Values  largest differences are caused by soil surface sealing
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Figure 1. Experimental semivariograms along with the corresponding fitted models for the studied variables: a) T0-0, b) T0-25,
¢) T0-50, d) T0-75, e) T1-0, f) T1-25, g) T1-50, h) T1-75, i) T2-0, j) T2-25, k) T2-50, 1) T2-75; TO - without crop residue; T1 and
T2 =1 Mg ha' and 2 Mg ha™ with incorporation of maize crop residue; and test of simulated rain (0 mm, 25 mm, 50 mm and
75 mm). Figures are presented for the adjustment of the semivariogram model and their respective values of nugget effect (C)),
structural variance (C,) and range (a).
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Figure 2. Experimental semivariograms along with the corresponding fitted models for the studied variables: a) T3-0, b) T3-25, ¢)
T3-50, d) T3-75, e) T4-0, f) T4-25, g) T4-50 and h) T4-75. T3 and T4 = 3 Mg ha' and 4 Mg ha with incorporation of maize crop
residue respectively and test of simulated rain (0 mm, 25 mm, 50 mm and 75 mm). Figures are presented for the adjustment of
the semivariogram model and their respective values of nugget effect (C), structural variance (C,) and range (a).

and rill formation during the water erosion process as
described by Darsoux et al. (2002) and VDAL VAZQUEZ
et al. (2007). This fact can be observed in Figure 4a,
which shows a value reduction of sill (C; + C,) when
the rainfall height (mm) increases. The largest variation
between the values of C + C, and rainfall (mm) occurs in
the treatment without residue (T0) where the reduction
of sill with simulated rain is around 36.30%. In other
treatments the reduction was 33.10% (T3), 30.92% (T2),
23.34% (T1) and 20.25% (T4).

The values of the range (a) show that in all
treatments, the radius of the spatial variability is around
67 mm, indicating that the spacing between measures
could be expanded until distances smaller than the
radius of spatial variability, without problems for the
adequate description of data spatial variability (VIERA,
2000; Souza et al., 2001; SIQUEIRA et al., 2008). On the other
hand, we can say that the greatest differences between
the values of range (Table 2 and Figure 1 and 2) for the
studied treatments are derived from the distribution and
sizes of soil aggregates, and the crop residue amount in
the case if the crop residue is used, as reported by Paz
GONZzALEZ et al. (1998).

The spatial dependence (SD, Table 2) is strong for all
treatments except for T1-25 that shows moderate spatial
dependence between samples. The scaled semivariogram
according to VIERa et al. (1997) allows comparisons of the
attributes of different magnitudes. Thus, it is possible to
examine the influence of the crop residue and separate
rain on the spatial variability of each of the treatments.
Analyzing the scaled semivariogram (Figure 3) it appears
that the semivariogram for T1-25 shows a different
behavior when compared to the others, thus explaining
the presence of moderate spatial dependence for this
attribute. This fact could be caused by reorganization of
aggregates of soil after the first application of simulated
rain (25 mm h?), contributing to have a difference in
spatial variability mainly in short distance.

The index of random roughness (RR, Table 2) is
considered high for all treatments and areas according
to the scale of values of roughness proposed by RENARD
et al. (1997) for RUSLE (Revised Universal Soil Loss
Equation). BertoL et al. (2007) studying the surface
roughness of a Cambisol in La Corufia with crop
residue amounts up to 8 Mg ha' found medium values
of random roughness. The presence of high value for
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Figure 3. Scaled semivariograms for the soil surface roughness evaluated: TO (in a) - without crop residue; T1 (inb), T2 (in ¢), T3 (in
d) and T4 (ine) - 1 Mg ha, 2 Mg ha, 3 Mg ha'! and 4 Mg ha with incorporation of maize crop residue; and test of simulated
rain (0 mm, 25 mm, 50 mm and 75 mm).
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Figure 4. Variation of sill with rainfall (a) and relationship between random roughness index RR and sill (b) for the surface
roughness of the soil evaluated: T0 - without crop residue; T1, T2, T3 and T4 - 1 Mg ha?, 2 Mg ha, 3 Mg ha' and 4 Mg ha! with
incorporation of maize crop residue; and test of simulated rain (0 mm, 25 mm, 50 mm and 75 mm).
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Figure 5. Three-dimensional maps of the surface roughness for the treatments without crop residue (T0) and with successive
rainfall events which bring about cumulative 0 mm (T0-0), 25 mm (T0-25), 50 mm (T0-50) and 75 mm (T0-75).
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Figure 7. Three-dimensional maps of the surface roughness for the treatment 2 Mg ha! crop residue (T2) and with successive
rainfall events which bring about cumulative 0 mm (T2-0), 25 mm (T2-25), 50 mm (T2-50) and 75 mm (T2-75).
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Figure 8. Three-dimensional maps of the surface roughness for the treatment 3 Mg ha crop residue (T3) and with successive
rainfall events which bring about cumulative 0 mm (T3-0), 25 mm (T3-25), 50 mm (T3-50) and 75 mm (T3-75).
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Figure 9. Three-dimensional maps of the surface roughness for treatment 4 Mg ha'! crop residue (T4) and with successive rainfall
events which bring about cumulative 0 mm (T4-0), 25 mm (T4-25), 50 mm (T4-50) and 75 mm (T4-75).

RR is justified because the soil preparation generated
micro depressions of large dimensions.

The highest value of random roughness (RR)
before the first rain test has been found for treatment
without crop residue (TO, 189.216 mm), followed
by T3 (180.492 mm), T1 (174.674 mm), T4 (168.055
mm) and T2 (141.606 mm). In all treatments after the
first rain test there was a reduction in values of RR,
according to the results found by other researchers
(Castro et al., 2006; BErTOL et al., 2007; VIDAL VAZQUEZ
et al., 2007). For the treatment without crop residue
(TO) there was a decrease in roughness of around
40 mm during the process of surface evolution after
simulated rain test. In other treatments there was a
minor reduction of the soil roughness (from 20 mm
to 30 mm), influenced by the action of crop residues
that favour the conservation of surface microrelief,
during the water erosion process (KAMPHORST et al.,
2000; DarBoux et al., 2002; Castro et al., 2006). The
treatment with the highest amount of crop residue (T4)
showed the smallest reduction in random roughness
index after the simulated rain test, demonstrating
the efficiency of crop residues to conservation of soil
roughness (BertoL et al., 2007).

The Figure 4b shows the correlation between the
values of therandom roughnessindex (RR) and sill values
(C, + C)). There is a high linear correlation between RR
and sill with a R? = 0.935. However, we must be careful
with the interpretation of this correlation, since it is
valid for semivariograms with well defined sill, where
the values of semivariance increase when the distance
of separation between pairs of semivariance increases,
stabilizing near the data variance value (Viera, 2000).
There are situations where the semivariance value
increases without limits, without a well defined sill,
indicating the presence of trends and lack of stationarity
(TRANGMAR et al., 1987; VIERrA et al., 2002).

The presence of stationary data allows an
experiment to be repeated, because in this case all
samples belong to the same population (ViERa, 2000;
SIQUEIRA et al., 2008). This fact can be observed in three-
dimensional maps of soil surface roughness (Figure 5,
6, 7, 8 and 9). Random roughness index (RR, Table 2)
reduce in all treatments. However the spatial pattern of
soil roughness remained constant as can be observed
in three dimensional maps of spatial variability. As
discussed above, this fact reinforces the hypothesis that
the amount of rain changed the soil surface roughness
without changing the behavior of spatial dependence of
the data even after the application of different rain test.
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4. CONCLUSIONS

1.The reduction of random roughness (RR), after
the events of simulated rain is influenced by the amount
of crop residue used in the soil preparation, since residue
cover maintains the soil structure.

2.The control treatment, TO (without crop
residue), showed the lowest values of nugget effect (C,),
which means the smallest space discontinuity for the
used treatments.

3.All the experimental semivariograms were
fitted to spherical models before and after simulated
rain, indicating that changes in surface roughness had
no bearing in the spatial variability pattern.

4.The range (a) of spatial dependence showed a
tendency to decrease with the increase of accumulated
rain water which was more evident in treatments with
less residue cover (0, 1 and 2 Mg ha).
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