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ABSTRACT: The aim of this study was to characterize the spatial variability of soil bulk density 

(Bd), soil moisture content (θ) and total porosity (Tp) in two management systems of sugarcane 

harvesting, with or without burning, in a Haplustox soil, in the 0-0.20 m layer. The study area is 

located in Rio Brilhante, state of Mato Grosso do Sul, Brazil, in Eldorado Sugar Mill. The plots 

have presented 180 m length, and 145.6 m width, totaling 90 points distributed in the form of a grid 

of nine rows by ten columns, with points spaced 20 m from its neighbor. Soil samples were 

collected at 0-0.20 m layer in 2007/2008 and 2008/2009 crops. The harvest with burning system 

had a higher density compared to mechanized harvest, in the two study periods. The moisture 

content as well as the porosity increased proportionally with the decrease of the density of the 

harvest burning system compared to the mechanized. 
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VARIABILIDADE ESPACIAL DAS PROPRIEDADES FÍSICAS DO SOLO EM DOIS 

SISTEMAS DE MANEJO NA COLHEITA DA CANA-DE-AÇÚCAR 

 

RESUMO: O objetivo deste trabalho foi caracterizar a variabilidade espacial da densidade do solo 

(Ds), teor de água no solo (θ) e porosidade total (Pt) em dois sistemas de manejo da colheita da 

cana-de-açúcar, com queima e sem queima, em um Latossolo Vermelho, na camada de 0-0,20 m. A 

área de estudo está localizada no município de Rio Brilhante-MS, na Usina Eldorado. A parcela de 

cada talhão apresentou malha com comprimento de 180 m e largura de 145,6 m, perfazendo 90 

pontos distribuídos na forma de uma grade de nove colunas por dez linhas, com pontos distanciados 

20 m de seu vizinho. Foram coletadas amostras de solo na camada de 0-0,20 m, nos anos agrícolas 

de 2007/2008 e 2008/2009. O sistema de colheita com queima apresentou maior densidade em 

relação ao mecanizado, nos dois períodos de análise. O teor de água no solo, assim como a 

porosidade, teve aumento proporcional com relação à diminuição da densidade do sistema de 

colheita com queima para com o mecanizado. 

 

PALAVRAS-CHAVE: colheita mecanizada, densidade do solo, Saccharum spp. 

 

INTRODUCTION 

For the plant to be able to fully deploy its roots in the soil profile for water and nutrients, it is 

necessary that it presents a good condition of physical and chemical structure, allowing changes due 

to management applied, thus aiming higher productivity (FREDDI et. al., 2006). 

With the use of machines and implements of greater weight in the cultivation and 

management of sugarcane, it becomes necessary the development of researches that attempt to 

determine the impact of these practices in their physical and hybrid attributes (SOUZA et. al., 

2006a). 
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For determination of soil physical quality, different properties are analyzed related to the 

shape and structural stability, such as density, porosity, moisture content and soil resistance to root 

penetration (SILVA et. al., 2005). 

Soil compaction refers to the increase of density as a result of reducing its volume. This 

results in the expulsion of air from the pores and therefore a particle rearrangement, reducing 

porosity and increasing the density (RALISCH et. al., 2008). 

Because of that, the recent trend of adopting farming practices that lead to greater 

sustainability of the system persuades sugarcane agro-industry to review its processes, including 

harvesting cane without previous burning or without straw removal by burning, called a raw cane, 

or green cane. 

According to VITTI et al. (2008), the residues of sugarcane left by mechanical harvest 

represents around 15 t ha
-1

 of dry matter on the soil, 20 to 80 kg ha
-1

 of nitrogen, and half of that 

value in the form of sulfur, forming a layer of 8-10 cm thick. 

According to JOHNSON & RICHARD (2005), the economic importance in the culture of 

sugarcane justifies studies of spatial variability of soil attributes. Using these techniques, there is 

greater understanding of variations in the crop, thereby determining whether or not an attribute 

displays the spatial structure and, once known the model of spatial dependence, it is possible to map 

the studied area, providing a better management decision. 

The objective of this study was to characterize the spatial variability of soil physical 

properties in two management systems in sugarcane harvest, raw and burning, on a Dystrophic 

Haplustox at a depth of 0-0.20 m. 

 

MATERIAL AND METHODS 

The area of the study is located in the municipality of Rio Brilhante, in the State of Mato 

Grosso do Sul, Brazil, at Eldorado Sugar Mill (Usina Eldorado-ETH Bioenergia S/A), located in 

geographical coordinates, latitude 21°50' S and longitude 53°57' W at an elevation of 312 m. The 

climate was characterized as tropical Aw, according to Köppen-Geiger, with average rainfall of 

120 mm per month. 

The experiment was conducted in two plots of sugarcane representing the same class of soil, 

classified as Dystrophic Haplustox, with 501 g kg
-1 

of clay, 420 g kg
-1

 of silt, and 79 g kg
-1

 of sand, 

according to the methodology of EMBRAPA (2006). 

The experimental parcel of each plot was 180 m long and 145.6 m wide, totaling 90 points 

where soil samples were collected at a depth of 0-0.20 m for analysis of physical attributes. 

The distribution of sampling points in the mesh was made in a grid form, of nine rows by ten 

columns, with a point distant from its neighbor at regular intervals of 20 m. Soil samples were 

collected in two periods, 2007/2008 and 2008/2009, just after the second and third sugarcane 

cutting, respectively. 

In the pre-established period, a sample was removed of each point in the depth of 0-0.20 m, 

totaling 360 samples in the two plots and periods. Soil samples were collected using the volumetric 

rings of deformed structure with a volume already known, with samplers (Type Uhland). 

The wet sample mass was measured and it was then dried at a temperature of 105 °C, until 

reaching constant mass for determination of bulk density (Bd), water content (θ) and porosity (Tp). 

Initially, it was applied the procedures of descriptive statistical analysis with the help of the 

program STATISTICA 4.3 to visualize the general behavior of the data. The attributes that showed 

discrepant values ("outliers") were discarded and, in these situations, it was applied again the 

exploratory analysis. 
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For analysis of normality, was applied the parametric test of Shapiro & Wilk, where the study 

of percentage points was based on the table presented by REES (1995), and non-parametric of 

normality of Kolmogorov-Smirnov (KS), obtained in the same program. 

Through data analysis, it could verify and describe their mathematical and statistical 

measures, which improves the efficiency of the analysis and helps in the decision of the hypothesis 

of stationarity which may be assumed (FOLEGATTI, 1996). 

Later, geostatistical techniques were applied in the study of spatial variability, with the 

construction of semivariograms to analyze the degree of spatial dependence among the 90 points of 

each plot, in each period, in the studied layer, using the application GS + (version 7.0). 

 

RESULTS AND DISCUSSION 

Tables 1, 2 and 3 show the values obtained for the descriptive statistical measures of the 

variables density, water content and porosity, respectively, for the layer of 0-0.20 m of soil in both 

systems of sugarcane harvest, in each period. 

 

TABLE 1. Summary statistics for the variable bulk density. 

Statistical Measures 

Density (Bs) 

2007/2008 2008/2009 

Burning Mechanized Burning Mechanized 

 ------------------------------------------g cm
-3

------------------------------------------ 

Mean  1.55  1.27  1.57  1.47 

Median  1.56  1.30  1.58  1.47 

Maximum  1.73  1.54  1.82  1.72 

Minimum  1.33  0.87  1.17  1.17 

Upper quartile  1.60  1.41  1.66  1.58 

Lower quartile  1.50  1.12  1.49  1.37 

Standard  

deviation 
 0.08  0.17  0.13  0.13 

Coeff. Var. (%)  5.03 12.35  8.14  8.64 

Kurtosis  0.20 -0.84  0.78 -0.90 

Asymmetry -0.52 -0.43 -0.64  0.01 

 

TABLE 2. Summary statistics for the variable moisture content. 

Statistical Measures 

Moisture Content (θ) 

2007/2008 2008/2009 

Burning Mechanized Burning Mechanized 

 ------------------------------------------- % -------------------------------------------- 

Mean 22.33 24.41 24.37 27.06 

Median 22.47 24.41 25.36 26.62 

Maximum 30.97 43.48 40.78 43.16 

Minimum 16.67  7.76   9.59 19.26 

Upper quartile 23.56 27.48 29.07 29.05 

Lower quartile 20.75 21.25 18.62 24.82 

Standard      

deviation 
  2.37   4.84   6.91   3.51 

Coeff. Var. (%) 10.57 18.55 25.03 13.66 

Kurtosis   1.85  3.22 -0.60   4.77 

Asymmetry   0.41 -0.05 -0.03   1.36 
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TABLE 3. Summary statistics for the variable total porosity. 

Statistical Measures 

Total Porosity (Tp) 

2007/2008 2008/2009 

Burning Mechanized Burning Mechanized 

 ------------------------------------------- % -------------------------------------------- 

Mean 46.16 55.99 45.43 48.96 

Median 45.78 54.94 45.29 49.11 

Maximum 53.75 69.65 59.31 59.36 

Minimum 39.87 46.47 36.97 40.40 

Upper quartile 47.63 60.77 47.93 52.09 

Lower quartile 44.25 50.81 42.18 45.13 

Standard  

deviation 
  2.72   5.85   4.48   4.42 

Coeff. Var. (%)  5.91 10.44   9.89  8.87 

Kurtosis  0.20  -0.84   0.78 -0.90 

Asymmetry  0.52   0.43   0.64   0.01 

 

In relation to the mean and median values, it is observed that in all the variables and the two 

harvesting systems, the ratio mean/median is close to 1, showing symmetric distributions, which 

may also be confirmed by asymmetry values near zero. 

Corroborating these results, CORÁ & BERALDO (2006) studied the spatial variability of soil 

properties in Haplustox soil with sugarcane, and they observed that the values of the mean and 

median for all variables were similar. 

According to CAMBARDELLA et al. (1994), this may be an indication that the measures of 

central tendency are not dominated by outliers in the distribution. 

Usually, measures of central tendency are insufficient to fully describe a set of data, so it was 

necessary to use measures of dispersion to enrich this description. 

According to ORTIZ (2003), for a normal distribution, the kurtosis coefficients must be zero, 

and the values between +2 and -2 are accepted. It is noted in Table 1 and Table 3 that the kurtosis 

coefficients of the variable Tp and Bs are close to zero, indicating symmetric distributions. On the 

contrary, it is observed in Table 2 that for the variable θ, these values were more distant from zero, 

thus indicating asymmetric distributions. 

For variable moisture content (Table 2), even with relatively high values of kurtosis in 

mechanized harvesting, it may be verified that, in the management with previous burning, the 

values are within the acceptable range. According to SOUZA (1999), where it is indicated a marked 

asymmetry to the right or left, there may be a high frequency of values below or above mean, 

respectively. 

The variability of the soil properties (Table 1, 2 and 3) measured by the coefficient of 

variation may be considered as the first indication of heterogeneity in the data. 

In this case, according to the classification of WARRICK & NIELSEN (1980), results 

showed low magnitude of variation (<12%) for the variables Bs and Tp, in agreement with the 

results of SOUZA et al. (2006a) and RAMIREZ-LOPEZ et al. (2008), in the same soil type. 

The data also show mean C.V. (12-24%) for the variable θ, disagreeing with SOUZA et al. 

(2006b), who obtained low C.V. for this variable in intensive cultivation with sugarcane. 

The maximum values for all variables and the two harvesting systems (Table 1, 2 and 3) are 

outside the range given by the upper quartile. According to CARVALHO (2006), this suggests that 

the data are possible candidates for asymmetric values. 
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Thus, in Tables 1, 2 and 3 it is confirmed that the mechanized system obtained values lower 

in density, with increasing porosity, and, consequently, the moisture content of the soil. SOUZA et 

al. (2005) comparing the harvest system on sugarcane also found better structural conditions of the 

soil with straw management system, assuming that was due to the addition of about 12 t ha
-1

 of 

plant material as straw. 

Even with the low coefficient of variation obtained in most variables, the graphs of 

semivariograms (Figure 1) showed no spatial dependence in much of the management with burning, 

in the first analyzed period. 

 

FIGURE 1. Experimental semivariogram is modeled for the variable bulk density: (A) with 

burning, (B) mechanized in 2008, (C) with burning and (D) mechanized in 2009. 

Total porosity: (E) with burning, (F) mechanized in 2008, (G) with burning and (H) 

mechanized in 2009. Soil moisture content (I) with burning, (J) mechanized in 2008, 

(K) with burning and (L) mechanized in 2009. 

 

According to CAMPOS et al. (2008), the reach indicates the limit of the spatial dependency of 

the variable, i.e., measurements performed at distances greater than the extent has a random spatial 

distribution, and therefore is independent of each other. Moreover, measurements performed at 
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distances smaller than the range are correlated with each other, which allow us to make 

interpolations for spacing smaller than the sampled. 

Looking at the graphs that showed pure nugget effect in Figure 1 (graphs A, G and I), it may 

observe that its range does not indicate any correlation between sampling points in the distance of 

20 m, but it does when it is more than 100 meters, showing the full spatial independence, confirmed 

by the coefficient of determination (r
2
) of less than 5%. Although the graphs B, F and J present 

range ranging from 41.80 to 135.80 m, the coefficient r
2
 (>5%) indicates a correlation between 

neighboring points, despite the trend line of the graphics. 

In general, the other graphs presented range around 16.8 m to 17.9 m for the variable density, 

18.5 to 19.2 m for the variable moisture content, and 16.2 to 18.2 m for the variable total porosity, 

with coefficient r
2
 greater than 5%. In order to analyze the degree of spatial dependence of the 

physical attributes under study, we used the classification of CAMBARDELLA et al. (1994), where 

it is calculated the ratio Co/(Co+C). Thus, it is considered strong spatial dependence in 

semivariograms which have a nugget effect of 75% of the baseline, moderate when it is between 25 

and 75%, or low if the ratio is less than 25%. 

The analysis of the relation Co/(Co+C) showed that all variables have low degree of spatial 

dependence, contrary to the claims of SOUZA et al. (2010), except for the variable moisture in the 

mechanized management (second period) which had moderate spatial dependence. 

The model of the semivariogram, mostly, was fitter for the Gaussian model, in disagreement 

with SIQUEIRA (2006), which obtained the highest setting in the spherical model. To check the 

normality of data distribution, tests of Shapiro-Wilk and Kolmogorov-Smirnov (KS) were applied, 

which can be viewed in graphical histograms (Figure 2). 

 
FIGURE 2. Histograms and normality tests for the variable bulk density (A) mechanized, (B) with 

burning in 2008, (C) mechanized and (D) with burning in 2009; total porosity (E) 

mechanized, (F) with burning in 2008, (G) mechanized and (H) with burning in 2009; 

soil moisture content (I) mechanized, (J) with burning in 2008, (K) mechanized and 

(L) with burning in 2009. 
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The Kolmogorov-Smirnov (KS) test indicated normality for all variables, since p>5% 

probability. SOUZA et al. (2010) also found normal values for this parameter by analyzing the Bs 

in Dystrophic Haplustox with sugarcane. 

It may be noted that in Figure 2, the parametric test of Shapiro & Wilk indicated normality in 

the graphs A, C, E, F, G, I and K, since p>5%. Similar results were obtained by MELO FILHO & 

LIBARDI (2005), confirming normal distribution for the variable moisture content and LIMA et al. 

(2009) who, analyzing the physical attributes of soil under pasture and secondary vegetation, found 

normal distribution for the variable density and moisture content. 

 In the other graphs (B, D, H, J, L), the test did not achieve normality and correlated with 

semivariograms that showed a strong trend in the data. 

 

CONCLUSIONS 

The geostatistical methods used were adequate to describe the spatial dependence structure of 

variables: density, porosity and soil moisture content; 

The presence of highest rates in the variable density, comparing the two periods of analysis 

and management methods, shows that the succession of cycles and time of cultivation of the crop 

have led to greater increases in density in the mechanized harvesting; 

The harvesting system with burning had higher soil bulk density compared to mechanized 

harvesting system, in two different periods of analysis, which may be suffering from compression; 

The soil moisture content and the porosity was clearly increased in proportion with respect to 

the decrease in density of the harvesting system with burning by the mechanized system, showing 

the existence of correlation; 

The variables studied showed weak spatial dependence structure, especially in the first period 

of analysis and harvesting management with previous burning of straw. 
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