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LUDMILA FREITAS? DOUGLAS MARCELO PINHEIRO DA SILVA

ABSTRACT: The soil management system can modify the natusailelition of the soil attributes and, con-
sequently, the variability of the soil aggregatand organic matter content. Thus, the aim of traskwvas to
evaluate the aggregate stability and organic matetent spatial distribution on a Haplic Cambisabder
sugar cane cultivation in the Southern Amazonate SBrazil. A 70 x 70 m square mesh, with regul@dmie-
ters intervals, was designed over the cultivati@maaresulting in 64 sample points. Soil blockshvateserved
structure were collected at 0.0-0.2 m depth in otdeanalyze the aggregate stability and organitenaon-
tent. The data were submitted to the descriptivk gaostatistical analysis. The soil attributes @nésd a spa-
tial dependence structure and the greater rangeobserved for the mean weighted diameter and agtgeg
class <1.00 mm. Also, there is a spatial relatimoag the mean geometric diameter, mean weightedede
and aggregate classes2.00 and 2.00-1.00 mm).

Keywords: Geostatistics. Soil physical attributes. Soil aggtion.

DEPENDENCIA ESPACIAL DA ESTABILIDADE DE AGREGADOS E MATERIA ORGANICA DO
SOLO EM CAMBISSOLO SOB CULTIVO DE CANA DE ACUCAR

RESUMO: O sistema de manejo pode modificar a distribuicdittinal dos atributos do solo e consequente-
mente, a variabilidade da agregacédo e matéria icaa@o solo. Assim, o objetivo deste trabalho falar a
distribuicdo espacial da estabilidade de agregadwmstéria organica em um Cambissolo Héplico sotivoul
de cana-de-agucar na regido Sul do Amazonas. adéreultivo foi delimitado uma malha de 70 x 70com
intervalos regulares de 10 m, perfazendo um t&&4lpontos de amostragem. Foram coletados blecssld
com estrutura preservada na profundidade 0,0-0,paradeterminagdo da estabilidade de agregachus dé
matéria organica. Os dados foram submetidos asenéfitatistica descritiva e geoestatistica. Olsuttis do
solo apresentaram estrutura de dependéncia esaidb o maior alcance observado para os teonemtde

ria organica. Ha relacdo espacial entre o didamettdio geométrico, didmetro médio ponderado e dadse
agregados (> 2,00 e 2,00-1,00 mm).
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INTRODUQAO organic matter from a Cambisol under sugar cane
cultivation in the Southern Amazonas.

The soil physical and chemical attribute
modifications, which proceed from different man- .
agement techniques, have great importance in thiATERIAL E METODOS
plant growth analysis. From a practical point of
view, it is interesting to study those modificaton The study was performed in Humaita
because they are crucial in the agricultural paaént County, Southern Amazonas State, Brazil. The site i
recovery and maintenance (MARQUES JUNIOR etlocated at 7° 30’ 24” S and 63° 04’ 56” W. The re-
al., 2008), becoming a starting point of any preduc gion climate, according to the Képpen classificatio
tion system. is of “Am” type, rainy tropical (monsoon rains),epr

An important physical attribute in the soil senting a short dry period, with temperatures naggi
quality evaluation is the aggregates stability. Thefrom 25 to 27 °C and average annual rainfall of
aggregates are joint by physical forces and linking2,500 mm, with the wet period beginning in october
mechanisms via chemical elements or molecules thato june, and air relative humidity between 85 t&®0
act over the aggregation and stabilization of the a The soil was classified as Plinthic Alithic
gregates (SOUZA et al., 2004a). According to NevesHaplic Cambisol, of medium-texture (366 g kof
et al. (2006) the aggregate structure maintenanceand, 450 g Kipf silt and 184 g kg of clay)
facilitate the aeration and water infiltration, vethg (EMBRAPA, 2006) which, according to Braun and
the soil erosion. On the other hand, the soil agagre Ramos (1959), was developed from indistinct or old
tion is subject to change due to natural and aptiro  alluvial sediments that are chronologically orideth
genic phenomena as use and management (SOUZf&om Holocene. These authors mentioned that the
et al.,, 2009a; VIEIRA et al., 2011), and also beingregion was characterized by tablelands with small
influenced by a variety of other soil, as attrilsute slopes and slightly rounded edges.
besides being influenced by various soil properties The survey area covers approximately 10.5
such as texture, density, penetration resistance, ohectares and has been used for sugar cane cativati
ganic matter content, pH, cation exchange capacitypver the past five years. Harvesting is carried out
available water, total porosity, macroporosity and through the burning process. The soil samples were
soil moisture (TAVARES-FILHO et al., 2012) collected at 0.00-0.20 m depth, at the crossingtpoi

Another component not least in the stabiliza- of a regular square mesh of 70 x 70 m, with 10 m
tion and aggregation of soil aggregates is thericga intervals, totalizing 64 sample points over an akta
matter (SOUZA et al. 2004a), that is not only re- 0.49 hectares (Figure 1). These points were geerefe
sponsible for the structure, proper functioning-sus enced by a GPS receptor, Promark 2 model, with
tainability of the ecosystem (ROZANE et al., 2010), differential correction.
but also promotes improvement in other attributes a Soil blocks with their preserved structure
soil bulk density, hydraulic conductivity, totalq@s-  were collected at 0.00-0.20 m depth, air-dried and
ity, water infiltration and plant nutrient supply sieved through 9.52 and 4.76 mm meshes for the
(VASCONCELOS et al., 2010). determination of the aggregate distribution. The ag

In the face of the technological advances in gregates retained on the 4.76 mm mesh were used for
the agricultural production, quantifying the sphtia the analysis of the aggregate stability in water ac
and temporal variation of the soil attributes th&t  cording to Kemper and Chepil (1965), which was
fect the crop yield is to be essential, as theafizhe performed by placing the samples on 2.0; 1.0; 0.5;
resources has to be at low cost (CARVALHO et al.,0.25; 0.125 and 0.063 mm meshes and submitting
2002). Thus, studies on soil spatial variabilitwéa them to vertical oscillations for fifteen minutesith
become important, as agriculture information or soi 32 oscillations per minute. As stability indexese t
structure is fundamental to the understanding of>2 mm, 2-1 mm and <1 mm aggregate classes were
physical-hydric and chemical processes, which areadopted, as well as their mean geometric diameter
dynamic; and based on this information, make infer-(MGD) and mean weighted diameter (MWD).
ences about practices of crop and soil management The total organic carbon content was deter-
(SOUZA et al., 2009b). As observed by Grego andmined via the oxidation method in water, with exter
Vieira (2005), the knowledge of the soil attributes nal heating (YEOMANS; BREMNER, 1988), and
variability and crops, in the space and time, s th the organic matter content was estimated based on
beginning point for the accurate management of agri the first.
cultural areas, in any scale. In this respect,gibe- Soil variability was primarily evaluated by the
statistical analysis allows the detection of valigb  exploratory data analysis. The mean, median, mini-
and spatial distribution, becoming an important too mum and maximum values were calculated, as well
for the detailed description of the soil attributes as the standard deviation, variance and coeffisient
(SOUZA et al.,, 2004b; CAMPOS et al., 2007). of variation, asymmetry and Kurtosis. The coeffi-
Therefore, the aim of this work was to evaluate thecient of variation (CV%) was calculated on the basi
spatial dependence of the aggregates stability andf the criterion of Warrick and Nielsen (1980) that
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classifies the CV as low < 12 %, average of 12% to where:y(h) — the semivariance value for an h
60% and high > 60 %. The data normality hypothesisdistance; N(h) — number of pairs used to calculate
was tested by the Kolmogorov-Smirnov test usingthe semivariance; Z{x— Z attribute value at the x
the Minitab 14 statistical software (MINITAB®, position; Z(x+h) — Z attribute value separated by an
2000). h distance from the; position. From the mathemati-

For the characterization of the spatial variabil- cal model adjustment to th¢)(h calculated values,
ity, the geostatistical analysis was used (Vietral. the theoretical model coefficients are estimated fo
1983). According to the intrinsic hypothesis, the e the semivariogram (nugget effect,o;Clanding,
perimental semivariogram was estimated through theCy+C;; and range, a). The semivariogram models
equation: were the spherical, exponential, linear and Gaassia

N 1 N and were adjusted by the GS8.0 software
y(h) = 2N 3'[z(x)-2Z(x +h)?  (ROBERTSON, 1998).
i=1
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Figure 1. Digital elevation model of the survey area undeyasicane cultivation.
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The Cambardella et al. (1994) classification RESULTS AND DISCUSSION
was used to analyze the spatial dependence defyree o

the studied attributes, from which the The results referring to the descriptive analy-
semivariograms are considered strong when theysis show that the organic matter, GMD, WGMD and
have a nugget effect that is lower or equal to 2% the aggregate classes presented similar values of
the landing; moderate when it falls between 25 andmean and median (Table 1), which shows a symmet-
75%; and weak when it is higher than 75%. ric distribution, thereby corroborating with Margue
When more than one model was obtained forJunior et al. (2008) results, studying spatial afait
the same semivariogram, the one with the highestty of the soil attributes in a Latosol under sugane
correlation coefficient derived from the cross- cultivation. Due to Cambardella et al. (1994)siain
validation technique was chosen, as well as the onéndicative that the measures of central tendeney ar
with the best coefficient of determination’JR not dominated by atypical values in data distriuiti

Table 1 Descriptive statistics for the geometric mean di@méGMD), weighted geometric mean diameter (WGMD),
organic matter (OM) and aggregate percentage fg00>2,00-1,00 and<1,00 mm classes in an Haplic Gambnder
sugar cane cultivation.

Descriptive oM MGD MWD >2.00 2.00-1.00 <1.00
Statistic (g kgh) (mm) (mm) (%) (%) (%)
Median 29.53 2.61 3.11 90.57 1.91 7.49
Mean 29.80 2.54 3.07 89.64 2.11 8.24
Minimum 11.02 2.71 1.71 74.03 0.11 1.20
Maximum 40.55 3.10 3.29 97.82 5.83 20.13
sp 5.42 0.34 0.02 5.70 1.36 4.41
Variance 29.43 0.11 4.66 32.59 1.85 19.52
CV (%) 18.37 13.18 31.10 6.12 6.42 53.62
Kurtosis 1.18 -0.59 -0.11 -0.10 -0.2 -0.01
Asymmetry -0.55 -0.47 -0.69 -0.68 0.64 0.71
3d 0.08 0.11 0.11 0.11 0.12 0.12

WSp= Standard DeviatiofVC= Variation Coefficient®d= Kolmogorov-Smirnov test.

and according to Souza et £009b), when the soil values of variability except for the >2.00 and 2.00
attribute results are close to a normal distribytio 1.00 mm aggregate classes, which had low values
implies that are suitable to geostatistical use. (Table 1), corroborating with Lemos Filho et al.
A greater percentage of aggregates was veri{2008), Vieira et al. (2011), Souza et al. (200da)
fied in the >2.00 mm class, with values exceedingde Souza et al. (2009b). Although the variation’s
89% (Table 1), indicating a superior resistance tocoefficients allow us to compare the variability- be
disaggregation, what corroborates with Cajazeich an tween samples in different units, it does not allow
Assis Junior (2011) findings. For the area of sugaranalyzing the spatial variability of soil attribatand
cane, the increase in the size of the aggregatgs mat's spatial pattern (Camargo et al. 2008).
have been due to a higher pressure received by the For this reason, the soil chemical attributes
soil as result of mechanization (Oliveira et a013). were submitted to geostatistics analysis. These
For all the studied variables, the Kurtosis co- showed spatial dependence, expressed by adjusted
efficients varied from -0.59 to 1.18 while the asym semivariograms models (Table 2 and Figure 2).
metry ones ranged between -0.69 and 0.71 present- The organic matter, MGD and <1.00 mm ag-
ing, thus, values close to zero, what indicates-symgregate class showed a spherical semivariogram
metry for these variables. As Marques Junior et al.model while the other variables regarding the soil
(2008) reported, the asymmetry coefficient is moreaggregate distribution adjusted to the exponential
sensitive to extreme values than the mean and stamrmodel (Table 2 and Figure 2). As found by Carvalho
dard deviation, since a single value could stronglyet al. (2002), the mathematical spherical is the pr
influence it, as the deviations between each valuedominant model in soil science researches. However,
and its mean are raised to the third power. Souza et al. (2009b), when studying Red Latosols
The Kolmogorov-Smirnov test resulted in under sugar cane cultivation, found an exponential
normality for all studied variables. According to model for the MGD. On the other hand, Souza et al.
Marques Junior et al. (2008), the data normality is(2004a), when studying the spatiariability in dif-
not a Geostatistics request, but the distributiarstm ferent landforms, obtained an exponential model for
not be very asymmetric as it could compromise thethe 2.00-1.00 mm aggregate cladéieira et al.
analysis. Souza et al. (2004c), when studying theg(2011), when working with two no-till Latosols,
aggregate stability in areas under sugar canevaulti verified that the OM showed a similar spherical
tion, found a normal distribution, whereas Carvalho model to this research.
et al. (2003) did not obtain it for the organic teat The soil aggregate distribution and organic
All the studied variables presented moderatematter did not present a pure nugget effecs) (C
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(Table 2 and Figure 2), which is resulted frommra (2008) while studying the sugar-cane areas, did fin
dom allocation of the data, and could be caused byany random variability (C0O) for the MO and aggre-
measurement error or attribute variations that migh gate stability.

not be detected over the scale sample (SOUZA et al. The range (a) varied among the studied attrib-
2009a). According to Vieira (2000) the parameter utes, reaching 20.80 m for the OM, which is the-low
nugget effect is important to the semivariogram andest value, and 59.40 m for the >1.00 mm aggregate
indicates the unexplained variability when consider class, corroborating with results found by Souza et
ing the adopted sample distance. Lemos Filho et alal. (2009b) in Distrofic Red Latosols in Guariba re

gion, Sao Paulo State, Brazil.

Table 2 Experimentalemivariograms models and parameters to the geamawan diameter (GMD), weighted geomet-
ric mean diameter (WGMD), organic matter (OM) agdragate percentage for the classes >2,00, 2,0Dab@<1,00 mm
in a Haplic Cambisol under sugar cane cultivation.

Variables Model ¢ G a F RD (%)
OM (g kgh Spherical 4.85 29.91 20.80 0.91 83
MGD (mm) Exponential 0.02 0.12 41.40 0.97 82
MWD Spherical 0.00 0.02 59.40 0.98 60
>2.00 (%) Exponential 6.41 32.50 44.10 0.94 80
2.00-1.00 (%) Exponential 0.74 1.95 37.00 0.95 61
<1.00 (%) Spherical 8.33 22.49 59.40 0.97 63

Co: nugget effect; € structutal variance; a: reach; correlation coefficient; RD: ratio-dependence amsamples.

The range values (a) were higher than thosemore affected by the soil intrinsic properties @ho
established by the mesh (Table 2 and Figure 2)t whaoriginated from soil formation factors), so thedstu
shows a better continuity in the spatial distribntof  ied attributes are moderately affected by them.
the aggregates and organic matter in the soil under The adjustment correlation coefficients of the
sugar cane cultivation, highlighting the spatialree ~ semivariogram (B, which values reached above
lation among samples. As it was underlined by Mon-0.91, showed a good adjustment for all the studied
tanari et al. (2005), this fact allows the integimin ~ variables (Table 2 and Figure 2). However, it is
in larger meshes than those used in this work. Ac-worth to state that the MWD, MGD and aggregate
cording to Souza et al. (2004c), the knowledge onpercentages at the 2.00-1.00 mm class obtained the
the range is important for the definition of themsa lowest G values, indicating a higher spatial variabil-
pling rate, aiming at reducing labor, mean standardty representativeness of these attributes.
errors and sample representativeness increase. The krigging maps of the soil attributes are

The range, as described by Grego and Vieirapresented in Figure 3. It was observed that the OM
(2005), represents the distance among the samplingad values that ranged from 14 to 40 g-kdhe
points, that is, the sample points that are located MGD and MWD ranged from 1.85 to 2.97 mm and
an area with a similar radius to the range (a) are2.82 to 3.18 mm, respectively, while the >2.0002.0
more homogeneous among themselves. The rang#.00 and <1.00 mm aggregate classes showed values
values related to the semivariograms have a considthat varied from 78 to 96, 0.6 to 4.4 and 4.5 to
erable importance on the determination of the apati 15.7%, respectively.
dependence limit, what could also be an indicadive There was a spatial correlation of the MGD,
the distance among soil mapping units. MWD and aggregate percentage from the >2.00,

The evaluation of the ratio of spatial depend- 2.00-1.00 and <1.00 mm classes (Figure 3). These
ence among samples (RD) for the soil aggregate disresults could be assigned to the crop management
tribution and organic matter showed that the MGD over the soil attributes, as highlighted by Abreale
for the 2.00-1.00 and <1.00 mm aggregate classe§2003), or to the studied area location in the {and
had a moderate spatial dependence, while the arganiscape because the variability of the soil attribuge
matter, MGD and >2.00 mm aggregate class had anfluenced by its location in the landscape or slop
weak one (Table 2 and Figure 2), which corroborateeven in small scale (CAMPOS et al., 2007).
with the studies developed by Souza et al. (2009b) Generally, the OM contents were high and
and Vieira et al. (2011), when studying the spatialstrongly related to the >2.00 mm aggregate claais th
variability of the soil organic matter and aggregat presented the highest aggregate percentage, demon-
in Sdo Paulo State. For Cambardella et al. (1984), strating its influence on those OM contents in the
variables that present a strong spatial dependmmrce stability aggregate.
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Figure 2. Experimental semivariograms of the variables: oiganatter (OM); geometric mean diameter
(GMD); weighted geometric mean diameter (WGMD);aggregate percentage at >2.00, 2.00-1.00 and<1.00
mm classes in a Haplic Cambisol under sugar caltigation.
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