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Spatial variability of particle size fractions of an Oxisol cultivated
with conilon coffee

Julido Soares de Souza Lim&one Batista de OliveitaSamuel de Assis Sifva

ABSTRACT

Information on the spatial distribution of particle size fractisnsssential for use planning and management of
soils.The aim of this work to was to study the spatial variability of particle size fracti@Typic Hapludox cultivated
with conilon coffee. The soil samples were collected at depths of 0-0.20 and 0.20-0.40 m in the coffee canopy projection,
totaling 109 georeferentiated poindg.the depth of 0.2-0.4 m the clay fraction showed average value significantly
higher while the sand fraction showed was higher in the depth of 0-0.28arsilt showed no significant é#rence
between the two depthBhe particle size fractiorshowed medium and high spatial variabilitiie levels of total sand
and clay have positive and negative correlation, respectiwvély the altitude of the sampling points, indicating the
influence of landscape configuration.

Key words: geostatistic, soil management, erosion.

RESUMO

Variabilidade espacial das frac6es granulométricas de um latossdermelho -Amarelo
cultivado com café conilon

O conhecimento da distribuicdo espacial das fragdes granulométricas é fundamental para o planejamento de uso e
manejo do solo. Este trabalho teve como objetivo esteaduas profundidades, a variabilidade espacial das fraces
granulométricas de um LatossMermelho-Amarelo distréfico sob cultivo de café conilemamostras de solo foram
coletadas nas profundidades de 0-0,20 m e 0,20-0,40 m, na projecéo da copa do cafeeiro, em uma malha irregular
totalizando 109 pontos georreferenciadosacao agila apresentou o maior valor médio na profundidade de 0,20-0,40
m, enquanto, a frag&o areia total, na profundidade de 0-0,20 m. O silte ndo apresentou diferenca significativa entre as
duas profundidades avaliadas.fracdes granulométricas apresentaram de baixa a média variabilidade espacial. Os
teores de areia total e de argila apresentam correlacéo negativa e positiva, respectivamente, com a altitude dos pontos
de amostragem, mostrando a influéncia da configuracéo da paisagem.

Palavras-chave geoestatistica, manejo do solo, eroséo.
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INTRODUCTION MATERIAL AND METHODS

Variability in soil particle size fractiondirectly The study vas conducted in an experimental area
influences the surface flow and water movement in thaultivated with conilon coffee, located in the southern
soil, erosion, cation exchange capacity and retention Bgpirito Santo State, Brazil, 20° 45'17,31" South latitude
water and nutrients, which makes the knowledge on theggd 41° 17'8,86' west longitude, average altitude of 113 m
properties fundamental for a better use planning and sgid 16% slope. The climate, according to the classification
managementAccording toVieira et al (1988), other of Koppen, is Cwa type, with poorly distributed rainfall
characteristics, such as infiltration, permeability to rootgroughout the yeawith rainy summers and dry winters.
and aeration are also greatly ianuenced_by th_e spi_l texture. The study area is located in the upper third and middle

The slope and shape of the relief agmﬂcantlxhird of a rounded hill with convex side slope, and the soil

influence the spatial distribution of soil attributes (Souzria$ classified as dystrophic clayey Oxisol (Embrapa, 2006)
2001). Thus, in areas with mountainous terrain, different Samples were taken on a irregular grid in an areia@f '
zones of management usually have close correlation w'ﬁh o . .

a, containing 109 sample georeferenced points, using a

these factor_s,.espeually when considering developmesnl;[rveying GPS. The soil samples were taken in the
and productivity of the crops.

According to Souza (2001), the evolution of the Slopgrmectlon of plant canopin the layers 0-0.20 m and 0.20-

is associated with erosion caused by rfiobfainwater A0m. ) ) o
forming one of the most important physical agents in the After sampling, the soil was air dried, passed through a

configuration of the terrestrial landscape. Because tif§Ve ©f2mmand transformed into fine air-dried soil (TFSA).

effects of the erosion can be dominant over the others, i€ determination of particle size fractions (¢t and

the formation of the soil features, and this occurs ifptal sand) was performed by slow agitation, followed by

different directions and senses, its effect can be seen$iflimentation assay in test tubes, accordingpices law

the surface and/or in depth, changing the distribution &llowing the methodology of Embrapa (1997).

the attributes throughout the soil profile. For the identification and elimination of outliers in the
The availability of nutrients to plants is related tglata set, we used the boxplot tool that considers

the replacement process, the soil texture, which allowige interquartile range for setting those valédter this

greater or lesser mobility of some nutrients, and soil logsocedure, the data were analyzed by descriptive statistical

in the erosion procesAccording to Silveet al (2010), analysis.

knowing the spatial distribution of particle size fractions The verification of the normality of the data was

in areas cultivated with coffee will allow us to infer theperformed by the ShapiroW’'s test (p< 0.05).We

availability of the chemical elements in the soil. The samgerformed a Pearson correlation analysis<(p.05)

authors, assessing the relationship between the texty&ween the valuetound for the fractions and the altitu-

of a humic Oxisol and the mineral nutrients from the soilje of the sampling points in order to evaluate the effect of

found a negative correlation of potassium (K) with thgyng sjope on the distribution of fractiodsgualitative

total sand fraction and positive correlation for magnesiughawsis using the Student t tes(.05) was performed

(Mg) with silt. . __ to verify whether the average valuesf the fractions
According to Campost al. (2007), in areas with soils differ between the depths studied

apparently homogeneous in a single soil class, using The tendency of the distribution of fractions in

landscape models and geostatistics, one can C‘fjlptlrjéﬁ':\tion to north-south and east-west was analyzed by

spatial dependence of texture attributes in short distances . S )
o : . o cohstructing scatterplots, and when significant, it was
sufficient to interfere with crop productivity

Several studies have shown that the physical ar(amoved by fitting a polynomial of the first degree, for the

chemical attributes of the soil, as well as those reIatingTBa(?t'on values, a_‘e’ a function of the coordinates, and the
plants, exhibit spatial variability and that the distancEes'due was obtained by sub.tractlng the measured value
between samples must be taken into account in the stf§jy™ the value of the polynomial at each point, to meet the
of these attributes, as prescribed by the geostatistf@én'm“m stationarity required to using geostatistics, as
(Vieira, 2000)According to Coré&t al (2004), management described in Goncalve al (2001).
can change the soil attributes, affecting mostly the upper The geostatistical analysis was performed to determi-
layers, even in areas that are identical from the pedologi® the existence of the spatial dependency of each soil
point of view fraction, by determining the classical experimental
In this context, this work aimed to study the spatiatariogram of Matheron, using the software GS +
variability of particle size fractions of an Oxisol under(Robertson, 1998).
conilon coffee, at two depths, using classical statistics In the setting of variograms for each particle size
and geostatistics. fraction, the following parameters were deterndine
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nugget effect (Q), sill (C, + C) and range of spatial for these attributes data confirm the trend to normality
dependence (a). The choice of the model was basedaithough the occurrence of non-normality is common for
the results of the cross validation, given by the correlatiatata obtained from nature @lister1985).
of the observed value with the estimated value at each The clay (0.20-0.40 m) and the total sand (0 to 0.20 m
sampling pointTo determine the spatial dependence indeand 0.20-0.40 m) had non-normal distribution; but the tail
(SDI), we used the ratio f£CO + C), according to criteria of the distribution was not too elongated, which does not
established by Cambarde#ital. (1994), who considered limit the use of geostatistical analysis. Sim&es et al. (2006),
the weak spatial dependence (IDE> 75%), moderate (258an Oxisol, Lima et al. (2007), in a dystrophic Oxisol and
< 75%c< IDE) and strong (IDE <25%). Lima et al. (2009), in an Ultisol, found normality for all size
To facilitate interpretation and comparisons betweeifnactions.
the parameters, the variograms were scaled by dividing According to the classification proposed \Marrick
the semivariance by the variance of the data, ¥g&ina & Nielsen (1980), except for clay (0.20-0.40 m) with low CV
etal (1988). (less than 12%), other size fractions showed average CV
Knowing the theoretical variograms, interpolation wagbetween 12 and 60%). Overall, these variabilities are close
done by the method of ordinary kriging to estimate valudge those found by Lima et al. (2009) in areas cultivated
at unsampled locations and construction of thematic mapgth pasture and natural vegetation in Ultisol.
Pocay (2000) discussed that the total sand fraction in

RESULTSAND DISCUSSION Oxisols is one of the most stable features of soil, ie, it
The analysis of the outliers in the data set, in the layersodifies slightly over time by the action of weathering,
0-0.20 m and 0.20-0.40 m, is shown in Figure 1. thus, it has an average range of values, regardless of the

All the fractions present in the two depths showedepths. The silt at both depths showed the highest CVs.
unilateral outliers, except for the silt layer 0-0.20 m (Sil1)This variation may be related to its determination process
which showed bilateral points. Clay presented, at both the laboratoryas the clay is separated by sedimentation
depths, valuesbelow the range of distribution, while the and silt determined by difference and may be incorporated,
total sand had valuesabove this rangeéAfter further thus, being part of the variability of total sand and clay
analysis of the samples at the points that indicated tfractions.
outliers, and when confirmed their presence, were removed The clay was positively correlated with altitude of the
for performing the descriptive analysis of the data and alsampling points (42 and 51%), in the layers 0-0.20 m and
the t-test (p <0.05) between the means at both degthie(T 0.20-0.40 m, respectivelyconfirming the highest
1) in order to not compromise the geostatistical analysisconcentration in the upper third. In correlation analysis

The attributes clay and silt at a depth of 0-0.20 m, araf total sand with the altitude of sampling points were
silt at 0.20-0.40 m, had normal distributiong(p.05). The obtained -55 % and -27% for 0-0.20 m and 0.20-0.40 m,
coefficient of asymmetry (Cs) and kurtosis (Ck) near zem@spectively Negative correlation was also detected by
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Figure 1.Boxplot of size fractions at two depths: claygl (0-0.20 m) andrg2 (0.20-0.40 m), silt: Sil1 (0-0.20 m) and Sil2 (0.20
- 0.40 m) and total sandrel (0-0.20 m) anére2 (0.20-0.40 m).
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Torrado (1989) and Lima et al. (2009) for the total sand The silt showed no spatial dependence, as found by
fraction, in pasture and natural vegetation and also I8flva etal. (2007) and Lima et al. (2007), in Oxisol, allowing
Ortiz (2003), in stands of eucalypts grown in sloppy areto conclude that in the scale of soil sampling, its
The authors claim that this is due to erosion as a resultdi$tribution is presented independently in the space, i.e.,
runoff, which, over the years, favors the transport antbnsidered random for distances greater than the smallest
accumulation of larger and heavier particles on the loweistance used in the experiment.
levels of the ground during the rainy season and removal The spatial dependence index (IDE) was moderate,
of smaller particles from the area. compared to the total variance, with values ranging from
The trend of concentration of soil size fractions 87 to 50% at both depths. Cross-validation was significant
relation to the positions of the sampling area was analyzéddr the correlation between observed and estimated values
In the north-south direction, the attributes silt (0-0.20 nmfased on fit models of the variograms chosebid 2).
and total sand (0.20-0.40 m) showed no trend and only the The range of spatial dependence for the clay was 41.0
total sand (0-0.20 m) tended toward east-west. Considerimgand 47.0 m, in the layers 0-0.20 m and 0.20-0.40 m,
this, it was used the residues of the multiple lineaespectively showing the same pattern of spatial
regression of the fraction relative to the local coordinatedistribution, while the total sand presented ranges with
since according to Goncalves et al. (2001), the presenedues of 54.0 m and 12.0 m, in the layers 0-0.20 m and
of trend in attributes could compromise the geostatistic@l20-0.40 m, respectivelyrhis means that samples
analysis. separated by distances smaller than the range are
The clay and total sand at the two depths exhibitezbrrelated to each othewrhich allows interpolations are
spatial dependencedble 2), with Rgreater than 89.0% carried out for values of spacings smaller than those
of the variogram fit, indicating that the variability in theused in the sampling. Trangmar et al. (1985) argue that the
estimated values of semivariance is explained by therange defines the maximum radius for which the
fitted models. For the clayt the depths of 0-0.20 andneighboring samples are used for interpolation by kriging.
0.20-0.40 m, and total sand at 0.20-0.40 m, the spherid¢althis case, lower ranges may influence the estimation of
model was adjusted, and the Gaussian model was ajustedampled values.
for the total sand at 0-0.20 m. Souza et al. (2004) found that The difference between the ranges for the total sand
the spherical model fit for the fractions of an Oxisol.  between depths was reported by Souza et al. (2004), who

Table 1.Descriptive statistics of the soil size fractions (d)kand t-test between means at the layers 0-0.20 m and 0.20-0.40 m

i Values Coefficients
Fractions Mean Md s DN
Minimum Maximum Ccv C, C,
Clay* 416.4b 411.9 78.6 251.7 602.8 18.9 0.06 -0.52 ns
Clay? 495.8a 499.0 55.4 336.0 622.0 11.2 -0.22 -0.04 *
Silt? 192.9a 195.6 57.0 89.8 348.4 29.6 -0.50 -0.07 ns
Silt? 195.6a 188.4 57.7 103.2 378.0 29.5 0.55 0.00 ns
Total sanél  397.4a 397.4 59.2 259.8 540.0 14.9 -0.08 -0.27 *
Total sand 315.7b 309.3 48.1 235.5 542.7 15.3 1.14 3.61 *

 attributes in the depth of 0-0.20 rhattributes in the depth of 0.20-0.40 m; Md — median; s - standard deviation; CV - coefficient of
variation; C - Coefficient of asymmetry; G coefficient kurtosis; * - non-normal distribution, and ns - normal distribution by the Shapiro-
Wilk’s test (p< 0.05). For the same attribute, means followed by the same small letter in the column are not signifitemretht Oif t-

test (p< 0.05)

Table 2.Variogram parameters scaled adjusted for the soil attributes in the layers 0-0.20 m and 0.20-0.40 m

Attributes Model A(m) C, C,+C IDE (%) R%(%) VC
Clay ESF 41.00 0.54 1.09 50.00 89.00 *
Clay? ESF 47.00 0.56 1.15 49.00 92.00 *
Silt? EPP 0.00 0.95 0.95 - - -
Silt? EPP 0.00 1.00 1.00 - - -
Total sand GAU 54.00 0.55 1.28 37.00 93.00 *
Total sand ESF 12.00 0.12 1.02 40.00 90.00 *

1 attributes in the 0-0.20 m depthattributes in the depth of 0.20-0.40 m; ESF-spherical model; EPP - pure nugget effect; GAU-Gaussian;
C, - nugget effect; C+ C - sill; IDE - index of spatial dependence (C/, (€C)); a - range; R- coefficient of determination of the
semivariogram model; and VC (*) - significant between observed and predicted values by cross-validation.
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discussed that in deeper layers the soil fractions hakiad the highest concentration in the upper portion, toward
greater discontinuitythat is, with smaller ranges, whichthe south, at a depth of 0.20-0.40 m, according to the
is related to the little action of weathering in depth. Coréorrelation with altitude, discussed earligigure 2)

et al. (2004) stated that the soil management, carried outin The average total sand fraction (397.4 d)kig the

an area, over time, can contribute to greatearea (0-0.20 m)is inthe range 360-420 ¢ kodicating a
homogenization of the surface layand, consequently more continuous region, as a function of the greater ran-
increase the range of spatial dependency of sajk of spatial dependence (54.0 m). The lowest range (12.0
properties, which limits a greater continuity in the spatiah) is reflected by the discontinuity in the region between
distribution in this layer in relation to the deeper layei300 and 360 g kg indicating a more random distribution,
Furthermore, Fields et al. (2007) pointed out that the actuaith the average value of 315.7 g'kdimilar spatial
relief variation significantly influences the determinatiordistribution pattern can be seen in the clay fraction, the
of the transport and deposition of sediments, so as region with the greatest concentration of valuiesthe
cause spatial variability in soil attributes. upper portion of the area.

According to the parameters and models of the Spatial analysis allows for a more complete
variogram defined, values for the soil fractions wereterpretation of the distribution of particle size fractions,
estimated by ordinary krigingat locations that were not in the area cultivated with coffee, and also shows the size
measured (Figure 2). It is seen that, considering the saofefractions between the depths studied. In addition, it
scale and the same fraction, at different depths, the totadables to realize the negative spatial correlation between
sand has a higher concentration in the lower portion tiie clay and total sand fractions for the soil under study
the area, at a depth of 0-0.20 m, northward, and the clegmplementing the analysis by classical statistics.
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Figure 2. Thematic maps of clay and total sand size fractions in the layers 0-0.20 m and 0.20-0.40 m.
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CONCLUSIONS Silva SA, Lima JSS, Oliveira RB, Souza GS & Silva MA (2007)
Analise espacial da erosdo hidrica em um Latos¥elmelho-

The size fractions have low to medium variability in Amarelo sob cultivo de café conilon. Revista Ciéndigsono-
the area micas, 38:335-342.

) o ) Silva SA, Lima JSS & Souza GS (2010) Estudo da fertilidade de um
All fractions exhibit spatial dependence at both Latossolovermelho-Amarelo htimico sob cultivo de café arabi-

depths, with the exception of silt, by relating the spatial ca por meio de geoestatistica. Revista Ceres, 57:560-597.

continuity of fractions with the depth of soil sampling. SimesWL, Silva EL, Lima DM & Oliveira MS (2006)ariabili-
) dade espacial de atributos fisicos de um Latos¥elonelho
The levels of total sand and clay have negative anddistroférrico submetido a diferentes manejos. Revista Brasileira

positive correlations, respectivelyith the altitude of the ~ de Ciéncia do Solo, 30:1161-1068.
sampling points, showing the influence of the landscap®ouza CK (2001) Relagéo solo-paisagem-eroséo e variabilidade
espacial de Latossolos em &reas sob cultivo de cana-de-agucar
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