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SUMMARY 

Soil organic carbon and carbon stock influence, directly or indirectly, most of soil aggregate stability indicators. The 

objective of this study was to quantify the production of dry biomass (DB), total organic carbon (TOC) and carbon 

stock (CStk) in soil, and to evaluate their influence on some indicators of aggregation in an Oxisol at a Cerrado 

biome in Uberaba-MG, Brazil. The design was completely randomized blocks, in two evaluation periods: three and 

six cuts, at six depths (0-0.1, 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5 and 0.5-0.6 m). It was evaluated: soil density (SD), 

volumetric humidity (VH), aggregate stability index (AEI), weighted mean diameter (WDA), mean diameter (GDA), 

index of aggregates with diameter greater than 2 mm (AI) and sensitivity index (SI), replicated by 4. The best AEI of 

the soil and the highest TOC contents were found in the most superficial layers, 0 to 0.2 m, for both cuttings. The 

greater values of TOC and CStk, occurred at the sixth cut area, where there was a higher amount of DB on soil 

surface. The higher levels of organic matter did not provide higher AEI in the area of sixth cut, when compared to 

that of the third cut. The TOC and CStk levels in both areas generally had a positive influence on soil aggregation 

indicators for both cuts. 

Keywords: soil physical attributes; soil organic matter; soil aggregate stability. 

 

RESUMEN 

La producción de biomasa, el contenido de carbono orgánico total y del almacén de carbono, influyen, directa o 

indirectamente, los indicadores relacionados con la estabilidad de los agregados del suelo. El objetivo de este estudio 

fue cuantificar la producción de biomasa seca (BS), el carbono orgánico total (COT) y el stock de carbono (CSTK) 

en el suelo, y evaluar su influencia en algunos indicadores de agregación en un Oxisol en el bioma de El Cerrado, en 

Uberaba MG, Brazil. El diseño fue de bloques al azar, en dos períodos de evaluación: tres y seis cortes; en seis 

profundidades (0.00-0.10; 0.10-0.20; 0.20-0.30; 0.30-0.40; 0.40-0.50 y 0.50-0.60 m). Se evaluó la producción de 

biomasa seca (BS), la resistencia del suelo a la penetración (SMR), densidad aparente (BD), humedad volumétrica 

(UV), el índice de estabilidad de los agregados (ESI) diámetro medio ponderado (SMD), diámetro medio geométrico 

(DMG), índice de agregados de diámetro superior a 2 mm (AGRI) y el índice de sensibilidad (SI); cada uno con 

cuatro repeticiones. El contenido más grande de COT y de CSTK se encontraron en las capas superficiales 0,0 0,20 

m,  en ambos cortes. Los valores más altos de TOC y CSTK, se produjeron en la zona del sexto corte, donde había 

una mayor cantidad de BS en la superficie del suelo. Los niveles más altos de materia orgánica no contribuyeron a un 

mayor ESI en el área del sexto corte, en comparación con la sección del tercer corte. En general, los niveles de TOC 

y CSTK, en ambas áreas, influyeron positivamente en los indicadores de agregación del suelo, en ambos cortes. 

Palabras clave: propiedades físicas del suelo; materia orgánica del suelo; estabilidad de agregados del suelo. 
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INTRODUCTION 

 

Brazil is the world's largest producer of sugar cane 

which can be used to produce alcohol. Brazil has 

planted around 10.4 million hectares of sugar cane, 

Saccharum officinarum L. (Poaceae) (CONAB, 

2017), and the sugar cane area has consistently 

increased in the past years. The mechanized harvest 

system and the transshipment of the sugar cane 

production use heavy machineries, and lead to soil 

compaction and increase soil bulk density (SD) 

(Cavalieri et al., 2011). These soil modifications tend 

to worsen as the traffic in the crop area is repeated 

during different soil moisture conditions. This 

situation can modify the physical and chemical soil 

properties, and alter soil organic matter content 

(Oliveira Filho et al., 2015), leading to damages to 

the root development and the sugar cane productivity. 

 

The cropping operations has caused the decrease of 

the soil macroporosity and size of the soil aggregates, 

reducing the rate of water infiltration, increasing the 

SD and the mechanical resistance to root penetration 

(RP), in addition to changing the soil organic carbon 

stocks (CStk) (Camargo et al., 2010; Severiano et al., 

2011; Cavalieri et al., 2011; Torres et al., 2014). 

These attributes have been widely used as indicators 

of changes in soil quality, in order to assess the 

impacts caused by management systems (Torres et 

al., 2013; 2015). 

 

However, the RP and the SD have been used to define 

levels of soil compaction. The RP is highly dependent 

on moisture, texture, mineralogy and organic matter, 

and due to that dependency, the DS has been more 

used as a reference to monitor this physical attribute 

(Moraes et al., 2012). The aggregate stability (AS) 

characterizes the resistance to rupture caused by 

external agents, i.e., mechanical action or action of 

water. The soil aggregation is of great importance to 

agricultural production because soils with stable 

aggregates are less subject to soil compaction and 

erosion (Maria et al., 2007). 

 

The total organic carbon (TOC) is not considered a 

physical attribute, but influences directly or indirectly 

the majority of these attributes. The increase of the 

TOC content increases the soil resilience and the 

ability to support loads (traffic); while, its decline is 

directly linked to the physical degradation of the soil 

(Braida et al., 2010). 

 

Studying the effect of the sugar cane mechanized 

harvest, over the levels of TOC and aggregation of an 

Oxisol, Souza et al. (2012) observed a positive and 

significant correlation between the levels of TOC and 

the values of weighted mean diameter (WMD) of the 

soil, being higher in the management involving sugar 

cane plant, compared to ratoon cane. The authors also 

claim that the management systems, without plowing 

or burning, favor the increase in TOC soil content in 

the superficial layers. 

 

High organic matter content, and consequently of 

TOC, favors the increase of aggregate stability 

expressed by higher content of macroaggregates, and 

lower content of stable microaggregates in water 

(Luca et al., 2008). Salton et al. (2008) noted that the 

formation of microaggregates, smaller than 0.25 mm, 

are related to the interaction of mineral matter among 

themselves and with organic compounds; while, the 

growth of roots and fungal hyphae, in addition to 

residues of plants, insects and other organisms, favor 

the formation of macroaggregates more stable and 

larger than 0.25 mm. 

 

The addition of crop residues is minimal in manual 

harvesting, while, in mechanical systems left a straw 

cover of estimated amounts above 10 Mg ha-1 year-1, 

which adds approximately 4.5 Mg ha-1 of carbon in 

the soil (Resende et al., 2006). In this context, the 

objective of this study was to quantify the production 

of dry biomass, the level of total organic carbon and 

the carbon stocks in the soil and evaluate their 

influence on some indicators of the aggregation in a 

Dystrophic Oxisol, in the Cerrado biome, at Uberaba 

district, Minas Gerais state, Brazil. 

 

MATERIAL AND METHODS 

 

Experimental area 

 

The study was conducted in the commercial area of a 

plant producing sugar and alcohol, in the city of 

Uberaba, Minas Gerais state, Brazil, located between 

the coordinates latitude 19º39'19' South and longitude 

47° 57'27'' West, at 795 m above sea level. Samples 

were taken in areas of third and sixth cuts, soon after 

the mechanized harvest held in December 2014. In 

the region, there is a Dystrophic Oxisol, medium 

texture, with 210 g kg-1 of clay, 710 g kg-1 of sand 

and 80 g kg-1 of silt, up to 0.20 m deep (Embrapa, 

2013). 

 

Climate 

 

The climate of the region is classified as Aw, tropical, 

hot, according to the classification of Köppen, having 

hot and rainy summer, and cold and dry winter. In the 

region, the annual averages of rainfall, temperature 

and relative humidity of the air are 1,600 mm, 22.6 ºC 

and 68%, respectively (Uberaba, 2009). 

 

Experimental design 

 

The experimental design was in blocks completely 

randomized, where the dry biomass (DB) of the 

residues, the soil mechanical resistance to penetration 
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(PR), soil density (SD), volumetric humidity (VH), 

aggregate stability index (ASI), weighted diameter 

average (WDA), geometric diameter average (GDA) 

and aggregate index for above 2 mm diameter (AI) in 

six depths (0-0.1; 0.1-0.2; 0.2-0.3; 0.3-0,4; 0,4-0.5 

and 0.5-0.6 m) were evaluated, in two seasons (third 

and sixth cut), all made with 4 replicates. Each plot 

consisted of 10 rows of sugar cane grown in spacing 

of 1.5 m between rows, with 50 meters of length (15 

x 50 m), making a total of 750 m2 per plot. 

 

Plant Dry Biomass 

 

The plant dry biomass (DB) production deposited on 

the soil surface, was assessed in four points at random 

per plot, using a template, 1 m2 area, which was 

released at random and all the material contained in 

the defined area were then collected. The plant 

material was weighed before and after cleaning, and 

the results expressed in Mg ha-1. 

 

Soil mechanical (root) resistance to penetration 

soil density 

 

The soil mechanical resistance to root penetration 

(PR) was determined with the use of an impact 

penetrometer model IAA/Planalsucar, with angle of 

Bevel tip of 30º. The field data were obtained by 

counting the number of impacts (impact m-1); then, 

they were transformed in kgf cm-2, through the 

equation R (kgf cm-2) = 5.6 + 6.98 N (Sene et al., 

1985). After, these values were multiplied by the 

constant 0.098 for processing in units MPa (Arshad et 

al., 1996). 

 

For determination of the soil density (SD), two 

undisturbed soil samples were collected per plot in six 

soil layers. This method uses volumetric rings (48 

mm diameter by 53 mm height) and an Uhland 

sampler type. The samples were saturated with water 

for 24 h, then evaluated using a suction unit 

equivalent to 0.6 m water column; after that the 

samples were dried at 105 °C for 24 h (Embrapa, 

2011). 

 

Soil water contend 

 

For the evaluation of the content of water in soil 

(SWC), samples were taken on the same day and 

depths that were determined to PR and SD. Two 

samples per plot were collected and homogenized, to 

obtain the wet and dry mass. These samples were 

packed in aluminum cans, weighed and placed for 

drying in ovens of forced air at 105°C for 24 hours. 

After obtaining the gravimetric moisture, this was 

multiplied by the SD and the volumetric soil water 

content (VH) (Embrapa, 2011). 

 

Aggregate stability index, weighted diameter 

average and geometric diameter average 

 

Samples were collected from each plot, with the aid 

of a hoe, at depths of 0-0,1; 0.1-0.2; 0.2-0.3; 0.3-0.4; 

0.4-0.5 and 0.5-0.6 m, for analysis of the contents of 

the stability of aggregates (ASI) (Kemper & Chepil, 

1965) (Eq. 1), which represents a measure of the total 

aggregation of soil and does not consider the 

distribution by class of aggregates; therefore, the 

greater the amount of aggregate < 0.25 mm, the 

smaller the ASI. 

 

ASI= {(SW – wp < 0,25) / (P.A)} *100 (Eq.1) 

 

Where SW is the weight of the sample; wp (grams) 

weight of soil aggregates lower than 0,25 mm 

(Demarchi et al., 2011). 

 

From the values of mass of aggregates, it was 

calculated the weight diameter average (WDA) (Eq. 

2), which depends on the percentage of large 

aggregates retained on the sieves with larger meshes, 

and the geometric diameter average (GDA) (Eq. 3), 

which represents an estimate of the size of the class of 

aggregates with the greatest occurrence. 

 

WDA = ∑ (xi ×wi) (Eq. 2) 

 

Where xi is the average diameter of the class (mm); 

and wi, is the proportion of each class in relation to 

the total (Wendling et al., 2005). 

 

GDA = exp {∑ [(ln [xi]*[pi])] / ∑ [pi]} (Eq. 3) 

 

Where ln[xi] is the natural logarithm of the average 

diameter of all class; and PI, the weight (g) retained 

in each sieve (Demarchi et al., 2011). 

 

It was determined that the aggregate index for above 

2 mm diameter (AI), which represents the proportion 

of aggregates larger than 2 mm (Eq. 4). 

 

AGRI = wi>2 × 100 (Eq. 4) 

 

Where wi>2 represents the portion of aggregates > 2 

mm (Wendling et al., 2005). 

 

Sensibility index 

 

To compare the values of ASI between the third and 

sixth cuts, it was used the sensitivity index (SI) which 

estimates the intensity of the changes in any soil 

attribute (Bolinder et al., 1999; Fontana et al., 2010; 

Pereira et al., 2010; Torres et al., 2015). This index 

was calculated as the equation 5. 

 

SI = as / ac (Eq. 5) 
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Where SI is the sensibility index, as is the variable 

(ASI) at the third cut, and ac is the variable (ASI) at 

the sixth cut. The closer to the SI unit, the less will be 

the change caused in the evaluated attributes. 

 

Total organic carbon and soil organic stock 

 

The soil retained in each sieve (2, 1, 0.5 and 0.25 

mm) was used for evaluation of the stability of the 

soil aggregates (IEA). For total organic carbon (TOC) 

evaluation, 0.5 g of air dried soil were macerated and 

passed through the sieve of 0.25 mm. The material 

was placed in 250 mL Erlenmeyer flask and then, 5 

mL of potassium dichromate (K2Cr2O7 0.167 mol L-1) 

and 7.5 mL of sulfuric acid (H2SO4) were added. 

Later, warmed up in a block digester at 170 °C for 30 

min. Then, it was added 80 mL of distilled water and 

0.3 mL of fenantrolina indicator for titration with 

ammonium ferrous sulfate 0.2 mol L-1solution 

(Yeomans and Bremner, 1988). 

 

It was determined the organic carbon stock (CStk) in 

the soil, based on the method of soil layer equivalent 

(Luca et al., 2008), which, in addition to the contents 

of carbon, takes into account the thickness of the 

layer and the density of the soil. In this way, the stock 

of carbon was obtained by the product between 

organic carbon content (g kg-1), the thickness of the 

layer (cm), and the soil bulk density (kg dm-3) (Eq. 6). 

 

CStk (Mg ha-1) = (C x SD x e)/10 (Eq. 6) 

 

Where CStk is the value of the total organic carbon in 

the layer (g kg-1); SD, soil bulk density (Mg m-3); and 

e is the thickness of the layer in analysis, in cm. 

 

Statistical analyses 

 

The results were submitted to assumptions of the 

ANOVA model: analysis of normality of the residue 

(errors) distribution (Shapiro-Wilk test), homogeneity 

of the variances of the errors (Levene's test), and 

additivity of blocks (Tukey test). Given the 

assumptions of normality and homogeneity, the mean 

values were compared by the Tukey test at 5% 

probability (p<0.05). It was also performed Pearson’s 

correlation among the variables AI, GDA, WDA,and 

PR in the planting line, and PR between planting 

lines, SD, VH and CStk. 

 

RESULTS AND DISCUSSION 

 

Biomass production 

 

The input of plant residues on the soil surface in the 

area of sixth cut (15.1 Mg ha-1) was significantly (p < 

0.05) greater than the quantity found in the area of 

third cut (10.2 Mg ha-1), being about 50% higher after 

three slices, which evidences an average input of 1.63 

Mg ha-1 year-1 of dry biomass (DB) in the area of 

sixth court. The production of DB obtained in the area 

of third cut was similar to the results found by 

Garbiate et al. (2011) in studies conducted in the 

Cerrado (Brazilian savanna like biome) and lower 

than the DB reported by Souza et al. (2005) (12 Mg 

ha-1 year-1), and by Schultz et al. (2010) (13.9 Mg ha-

1) in other climatic conditions. 

 

In the sixth cut area the quantity obtained (15.11 Mg 

ha-1) was superior to the data reported in the literature 

in other studies for the same period (Resende et al., 

2006; Torres et al., 2015). Whereas the sugar cane 

plant is completely renovated, on average, after seven 

cuts, an well managed crop can prolong its 

commercial life providing more and constant residue 

inputs on soil surface after each sugar cane cut, 

justifying this greater volume of straw found in the 

oldest areas. 

 

Resistance to penetration, density and soil 

humidity 

 

By analyzing the values of soil resistance to 

penetration in the planting line (PRL), between lines 

(PRBL) and soil density (SD), it was observed that 

the areas presented a layer compressed between the 

depths of 0.1 to 0.3 m, where the values were higher 

in the depth of between 0.1 and 0.2 m, for the third 

(3.85 and 5.78 Mpa and 1.58 kg dm-3) and sixth cut 

(5.86 and 7.07 Mpa and 1.77 kg dm-3), followed by 

the values of the depth of 0.2 to 0.3 m for the third 

(3.80 and 4.56 Mpa and 1.54 kg dm-3), and sixth cut 

(5.46 and 6.28 Mpa and 1.72 kg dm-3), respectively 

(Table 1). These figures show that traffic of chopping 

and the transhipment of sugar cane production cause 

gradual soil compaction, increasing the values after 

each sugar cane harvest. 

 

Even though, there is no consensus in the literature 

about what are the limits of compression that causes 

restriction in the development of plants, the values 

observed between the depths of 0.1 to 0.3 m are 

already causing restriction to root development, 

because all are above 3.5 MPa. Arshad et al. (1996) 

suggested that values of resistance to penetration (RP) 

between 2 and 4 MPa restricts the full growth of plant 

roots; while, Sene et al. (1985) reported values 

between 6 to 7 MPa as critical for sandy soils and 2.5 

MPa for clay soils. However, it has been accepted by 

most scholars of the subject that values of PR around 

2.5 MPa are considered low; while, values around 3.5 

to 6.5 MPa are considered high and capable of 

causing problems to the development of legumes and 

grasses roots (Torres and Saraiva, 1999). 

 

With respect to soil density (SD), the critical values 

are 1.65 Mg m-3 for sandy soils and 1.45 Mg m-3 for 

clay soils (Araújo et al., 2004); however, Reinert et 
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al. (2001) propose the critical value of 1.55 kg dm-3, 

characterizing the soil as compacted, when it has 

between 200 and 550 g kg-1 clay, pointing out that 

these values are the closest to the soil of this study, 

which has 210 g kg-1 clay, being classified as of 

medium texture (Embrapa, 2013). 

 

In this study, practically all values of RPL, RPBL and 

SD are within the range that causes restriction on 

plant root development, and the effect of compression 

is more pronounced in RPBL, where the traffic of 

machinery is more frequent. Results by Roque et al. 

(2010), showed that the traffic of heavy machinery 

(20 to 30 tons, or greater) cause increase in SD, lower 

aggregation and porosity between planting lines, 

when compared to the planting line, causing the 

cumulative degradation of soil physical quality over 

the years of sugar cane cultivation. Souza et al. 

(2005), further highlighted that the traffic of heavy 

machinery in systems with low soil revolving 

promotes the soil compaction and increases it density 

at lower depths. 

 

In a similar study Centurion et al. (2007), evaluated 

areas of planted cane, second and fourth cut, and 

observed that the time of sugar cane cultivation 

interfered in soil structure, causing the increase of SD 

and decrease in total porosity, due to the intense 

traffic of machineries. Severiano et al. (2011) pointed 

that low levels of soil compaction is beneficial for 

plant growth, due to the increased water retention 

caused by the increase of soil microporosity; this is 

desirable especially in dry years and in soils with low 

water holding capacity. 

 

With respect to the content of water in soil, it was 

observed that the values were consistently higher in 

the sixth cut in all depths evaluated, when compared 

to third cut, which is easily justified by the greater 

amount of residue on the soil surface, which came to 

be 50% higher in this area, reducing the loss by water 

evaporation. 

 

According to Almeida et al. (2008), the RP is 

strongly influenced by soil water content, since the 

greater is the water content in the soil, the lower are 

the values of PR; however, in this study this effect 

seems not to have been observed, since the volumetric 

(VH) was higher in the area with the greatest RP. 

Studying the soil cultivated traditionally mechanized 

harvest and mechanized cutting with traffic control, 

Roque et al. (2010) and Oliveira Filho et al. (2015) 

observed no variation in water content of the soil to a 

depth of 0.4 m for none treatment. 

 

 

 

 

 

Table 1. Soil resistance to penetration in the planting line (RPL) and between lines (RPBL), soil bulk density (SD) 

and volumetric humidity (VH), in a sugar cane area. Uberaba-MG, Brazil. 

Depth RPL RPBL SD VH 

m ……….....Mpa................. kg dm-3 cm3 cm-3 

Third cut 

0.0 – 0.1 2.42 aB* 3.83 bC 1.61 bA 13.8 bA 

0.1 – 0.2 3.85 bA 5.78 bA 1.58 bA 13.6 bA 

0.2 – 0.3 3.80 bA 4.56 bB 1.54 bA 14.1 bA 

0.3 – 0.4 2.90 bB 3.09 bD 1.47 bB 13.8 bA 

0.4 – 0.5 2.37 bB 2.14 bE 1.45 bB 13.4 bA 

0.5 – 0.6 1.78 bC 1.79 bE 1.40 bB 12.8 bA 

Sixth cut 

0.0 – 0.1 2.87 aD 4.72 aC 1.78 aA 21.8 aA 

0.1 – 0.2 5.86 aA 7.07 aA 1.77 aA 21.4 aA 

0.2 – 0.3 5.46 aA 6.28 aB 1.72 aA 22.8 aA 

0.3 – 0.4 4.61 aB 4.72 aC 1.65 aB 21.5 aA 

0.4 – 0.5 3.75 aB 3.96 aD 1.63 aB 21.2 aA 

0.5 – 0.6 3.23 aD 3.46 aE 1.58 aB 22.5 aA 

CV (%) 11.55 7.95 4.52 12.25 
* Averages followed by the same minor letters do not differ among each other by the Scott-Knott test (p<0.05), 

comparing the same depth between third and sixth cuts; capital letters compare depths in the same treatment (same cut). 
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Aggregate stability index 

 

Analyzing the indicators of soil aggregation, it was 

observed that the values of WDA, GDA, ASI and AI 

were superior in the area of sixth cut for all depths 

evaluated (Table 2), which proves that it is occurring 

a reorganization and stabilization of the soil particles 

that can be explained by the input of organic material 

(sugar cane crop residues) on the soil surface after 

each cut and the action of the hairy (fasciculated) root 

system on the soil aggregates, which proves that the 

time of sugar cane cultivation and the number of cuts 

interfere in the indices of soil aggregation. 

 

In a similar study, Centurion et al. (2007) have 

compared areas of planted cane, cane of second and 

fourth cut, and observed that the time of sugarcane 

cultivation interfered in soil structure, reducing the 

aggregation, WDA and total porosity, as well as 

provide an increase of SD. Several factors can 

interfere with the soil aggregation and its stability. 

Studying the relationship between the aggregates and 

soil organic matter, Salton et al. (2008) identified that 

the mineral fraction, fauna, microorganisms, roots, 

inorganic agents, environmental variables, and 

management are the main factors involved in the 

formation and stability of soil aggregates. Pereira et 

al. (2010) noted that higher values of WDA and GDA 

highlights the contribution of management in the 

stabilization of soil aggregates (Table 2). 

 

According to Ramos et al. (2010), the soils that are 

less disturbed maintain high quantity of roots, which 

has a positive influence on soil aggregation, because 

these roots act in the approximation of mineral 

particles due to the pressure exerted during its growth 

in the soil pore space and the release of organic 

exudates. 

 

The AI index confirms the effect of structuring that 

occurs in soil over time, since the values obtained in 

this study were high and always above 50%. Caetano 

et al. (2013), assessing areas under no-tillage system 

with high deposition of residues, observed that there 

was an increase in some aggregates smaller than 2 

mm, which caused the reduction of the WDA. 

 

Comparing different management systems in an 

Oxisol, Demarchi et al. (2011) evaluated the WDA 

and GDA, ASI and AI and observed that the best 

aggregation index occurred in the pasture area of 

Urochloa brizantha cv Marandu, which presented the 

values of 4.12 and 2.96 mm, 92.9 and 79.7% for 

grazing, and 3.43 and 2.04 mm, 88.4 and 63.7% for 

native forest, respectively. The authors justify the 

results favoring the pasture area through the greater 

soil aggregation promoted by hairy roots of the 

Marandu grass, the soil protection from the organic 

matter provided, and the lower soil moisture and 

temperature fluctuations in the pasture area. 

 

 

 

 

 

Table 2. Weighted diameter average (WDA), geometric diameter average (GDA), aggregate stability index (ASI), 

aggregate index for above 2 mm diameter (AI) and senssibility index (SI) in sugar cane area. Uberaba-MG, Brazil. 

Depth WDA GDA  ASI AI** SI 

m …………..mm………….  ………...%............ 

Third cut 

0.0 – 0.1 0.35 bA* 0.23 bA  42.19 bA 1.69 bA -- 

0.1 – 0.2 0.39 bA 0.24 bA  42.99 bA 2.16 bA -- 

0.2 – 0.3 0.35 bA 0.23 bA  41.20 bA 1.78 bA -- 

0.3 – 0.4 0.38 bA 0.24 bA  44.97 bA 1.86 bA -- 

0.4 – 0.5 0.40 aA 0.25 aA  45.17 bA 1.80 aA -- 

0.5 – 0.6 0.33 bA 0.22 bA  40.09 bA 1.73 bA -- 

Sixth cut 

0.0 – 0.1 0.67 aA 0.40 aA  70.09 aA 2.91 aA 1.7 

0.1 – 0.2 0.77 aA 0.46 aA  74.40 aA 3.37 aA 1.7 

0.2 – 0.3 0.63 aA 0.38 aA  67.52 aA 2.82 aA 1.6 

0.3 – 0.4 0.81 aA 0.49 aA  72.10 aA 3.36 aA 1.6 

0.4 – 0.5 0.59 aA 0.36 aA  66.01 aA  2.62 aA 1.5 

0.5 – 0.6 0.68 aA 0.41 aA  70.44 aA 2.95 aA 1.8 

CV (%) 25.06 22.94  11.86 27.77 -- 
* Averages followed by the same minor letters do not differ among each other by the Scott-Knott test (p<0.05), comparing the 

same depth between third and sixth cuts; capital letters compare depths in the same treatment (cut). ** The AI data was 

transformed by (x+1)0,5 to meet the ANOVA presumption of residue normality and homogeneity of variance. 
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Sensibility index (SI) 

 

By analyzing the sensitivity index (SI), which was 

calculated for the ASI, it was observed that the lowest 

value occurred in the depth of 0.4 - 0.5 m, and the 

ASI 50% higher in the sixth cut when compared to 

third cut, and in the other depths was even greater, 

ranging between 60 and 80% (Table 2). According to 

Bolinder et al. (1999) and Bertol et al. (2004), the SI 

has long been used to evaluate the influence of 

different types of vegetation cover and forms of 

management in the stability of aggregates; since the 

greater is the SI value, the closest to natural condition 

the soil will be. 

 

The SI values indicate that the soil aggregation in 

sixth cut has improved when compared to the area of 

third cut, and shows that for this attribute, the 

cultivation of sugar cane for a longer period in the 

area favors the restructuring of the soil aggregates. 

This happen because after each cut, the sugar cane 

root system is renewed with the emergence of new 

roots, where 75% of the hairy root system concentrate 

up to 0.4 m depth; however, if there are no chemical 

and physical barriers, the sugar cane root system can 

exploit soil depth up to 2 m or more (Souza et al., 

2014). 

 

When comparing annual cropping soils with sugar 

cane and pasture, Fontana et al. (2010) observed that 

the values of the soils under pasture were higher than 

those under sugar cane. The authors also showed that 

the lowest SI values are found in the area of sugar 

cane, reflecting the harmful effect of hard tillage 

activities carried out in preparation of the area for the 

sugar cane planting. These activities break down the 

soil particles; however, planting the sugar cane hairy 

root system, promotes the approximation of soil 

particles and contributes to the restructuring of soil 

aggregates, and this fact was observed in this study, 

which presented higher SI value in the sixth cut, when 

compared to the third cut. Maia and Ribeiro (2004), 

studying the changes of physical attributes of an 

Ultisol submitted for different periods of cultivation 

of sugar cane (02 and 32 years), observed the same 

behavior, a positive influence of the sugar cane root 

system on the soil aggregation, after each cut. 

 

Torres et al. (2015), using the aggregate stability 

index (ASI) and the sensitivity index (SI) to assess 

changes in physical attributes in areas after 12 years 

of no-till system, observed that for all SI calculated, 

the soil density, the macroporosity and microporosity, 

and total porosity were higher 12 years after the 

employment of the no-till system. According to the 

authors, this occurred due to the protection provided 

by plant residues, which protect the soil against 

rainfall erosion and fluctuations of humidity, the 

organic matter added to the soil, and microbial 

activity that produces substances responsible for the 

formation and stabilization of soil aggregates, in 

addition to the aggregator effect of the hairy root 

system. 

 

Total organic carbon and soil carbon stock 

 

It was found that the highest values of total organic 

carbon (TOC) occur in the superficial layers, with a 

significant difference only in the sugarcane sixth cut, 

and with values numerically higher in the 2 mm sieve 

for both periods assessed (Table 3). When there is a 

difference between years of cutting, it was found 

higher values in the area of sixth cut. This evidence 

justifies the best soil aggregation in this area, even 

knowing that this area was exposed to the intense use 

of machinery for harvesting and transfer for longer 

period. 

 

According to Bertol et al. (2004), the TOC is one of 

the main factors of formation and stabilization of 

aggregates in areas without soil revolving, because 

the cycles of wetting and drying of the soil are 

improved and favors soil aggregation. Araújo et al. 

(2004) noted that the TOC content influences the 

physical properties of the soil, changing the form and 

the stability of the soil structure, which usually 

improve with the increase of soil organic matter 

content. 

 

The increase of soil organic matter resulting from 

successive inputs of plant residues and roots can 

reduce the values of SD in the superficial layer 

(Guareschi et al., 2012). This situation was also 

observed in this study in two areas assessed (third and 

sixth cuts), even the SD above the critical level (1.55 

kg dm-3) up to 0.3 m depth in the area of sixth cut. 

 

In their study, Souza et al. (2012) reported that the 

hairy root system of grasses have intense rhizospheric 

activity, which will contributes to the formation of 

soil organic matter, intensely favoring soil particles 

aggregation. Coutinho et al. (2010) noted that the 

greatest mass of aggregates in the 2 mm sieve may 

occur due to the larger volume of roots provided by 

the species of the Poaceae family and fungi hyphae 

associated, which benefit the formation and stability 

of larger size soil aggregates. 

 

The correlations between the indicators of soil 

aggregation showed that the SD was the attribute that 

correlated significantly (p<0.01) with almost all other 

attributes, positively with PRL, PRBL, VH and CStk 

in third cut and with PRL, PRBL, VH, GDA, WDA, 

ASI and CStk in the sixth cut; while, the correlation 

was negative with GDA, WDA, ASI, and AI in the 

third cut (Table 4). 
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Table 3. Total organic carbon (TOC) in function of the soil aggregates and depth, and soil carbon stock (CStk), in 

sugar cane area. Uberaba-MG, Brazil. 

Depth 

Sieve 

CStk 
(mm) 

0.25 0.50 1.00 2.00 

COT 

m ……………………...dag kg-1…………………….. Mg ha-1 

Third cut 

0.0 – 0.1   1.44 aA* 1.59 bA 2.14 bA 2.30 bA 18.70 bA 

0.1 – 0.2 1.31 aA 1.58 aA 1.93 bA 2.61 bA 18.57 bA 

0.2 – 0.3 1.10 aA 1.49 aA 1.77 bA 1.79 bA 15.91 bA 

0.3 – 0.4 1.24 aA 1.37 aA 1.62 bA 1.88 bA 15.29 bA 

0.4 – 0.5 0.99 aA 1.42 aA 1.64 bA 1.87 bA 14.83 aA 

0.5 – 0.6 0.95 aA 1.19 aA 1.66 aA 1.57 aA 13.97 aA 

Sixth cut 

0.0 – 0.1 1.46 aA 2.64 aA 3.50 aA 3.88 aA 28.72 aA 

0.1 – 0.2 1.15 aA 1.45 aC 3.46 aA 3.12 aB 22.97 aB 

0.2 – 0.3 1.12 aA 1.60 aB 2.40 aB 3.76 aA 22.23 aB 

0.3 – 0.4 1.26 aA 1.66 aB 2.21 aC 2.76 aC 19.73 aC 

0.4 – 0.5 1.02 aA 1.52 aC 2.12 aC 2.35 aC 17.53 aC 

0.5 – 0.6 1.08 aA 1.45 aC 1.72 aD 1.79 aD 14.58 aC 

CV (%) 25.12 16.14 
 * Averages followed by the same minor letters do not differ among each other by the Scott-Knott test (p<0.05), comparing the 

same depth between third and sixth cuts; capital letters compare depths in the same treatment (cut). 

 

 

 

Table 4. Pearson correlation coefficient among soil densit (SD), soil resistance to penetration in the planting line 

(PRL) and between planting lines (PRBL), volumetric humidity (VH), weighted diameter average (WDA) and 

geometric (GDA), aggregate stability index (ASI), aggregate index for above 2 mm diameter (AI), sensibility index 

(SI) and soil carbon stock (CStk) in sugar cane area. Uberaba-MG, Brazil. 

Variables PRL PRBL VH GDA WDA ASI AI SI CStk 

Third cut 

SD 0.51* 0.71* 0.62* -0.18* -0.19* -0.10* -0.09* - 0.37* 

PRL  0.81* 0.32ns -0.07* 0.01* -0.09* -0.09* - 0.29* 

PRBL   0.38* 0.01* 0.07* 0.01* 0.28ns - 0.48* 

VH    -0.23* -0.34* -0.05* -0.43 - 0.04* 

GDA     0.97* 0.94* 0.61* - -0.09* 

WDA      0.86* 0.77* - 0.01* 

ASI       0.51* - -0.12* 

AI        - 0.26ns 

SI         - 

Sixth cut 

SD 0.20* 0.54** 0.29* 0.33ns 0.33* 0.41* 0.31* -0.44ns 0.67* 

PRL  0.78** -0.01* 0.05* 0.12* 0.03* 0.10* -0.30* 0.07* 

PRBL   -0.02* 0.11* 0.12* 0.16* 0.16* 0.02* 0.40* 

VH    0.07* 0.11* -0.03* 0.18* -0.48* 0.01* 

GDA     0.98* 0.89* 0.93* -0.24ns 0.19* 

WDA      0.83* 0,98* -0.29ns 0.17* 

ASI       0.72ns -0.07* 0.21ns 

AI        -0.29* 0.16ns 

SI         -0.27* 
ns = non significative; * and ** = significative p<0.01 and p<0.05, respectively. 
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According to Ramos et al. (2010), the SD is one of 

the most important attributes and used as an indicator 

of soil quality, because it is a sensitive component to 

changes caused by management, this fact also 

demonstrated in this study, because as the SD has 

increased, at the same time occurred the elevation of 

the PRL and PRBL in both cuts, with the decrease in 

the third cut and increase sixth cut of the GDA, 

WDA, ASI and AI. 

 

In a similar study, comparing areas cultivated with 

sugarcane of third and fifth cuts, Torres et al. (2015) 

showed that the soil compaction caused by the system 

of collection and shipment of sugar cane, after 

successive cuts alters the soil physical properties, 

affecting almost all other indicators used (PRBL, SD, 

ASI, WDA, GDA and AI). 

 

In both evaluated areas, it was evident the influence 

of organic matter in the stability of aggregates; since 

almost all indexes were positive and significantly 

correlated with the CStk in soil (Table 4), which 

proves that the organic matter is one of the main 

aggregant agent of soil particles, also influencing on 

the variation of size and shape of the soil aggregates 

(WDA and GDA) and the aggregation index (ASI and 

AI). 

 

Similar results were observed by Wendling et al. 

(2005), in their study, they investigated soils 

submitted to different managements, and verified 

positive correlations among indices SD, WDA, Gda, 

AI, and ASI. 

 

CONCLUSIONS 

 

In both places, in the planting line and between them, 

it was found a layer of compacted soil between 0.1 

and 0.3 m, and for both cut periods (third and sixth) 

evaluated; 

The highest levels of organic carbon and carbon 

stocks in soil occurred at the sixth cut, where there 

was a greater amount of dry biomass on soil surface, 

which also contributed to moisture retention and 

increased soil density; 

High levels of organic matter in the area of sixth cut 

provided the best indices of soil aggregate stability, 

when compared to the third cut; 

Soil organic carbon and the carbon stocks increases in 

the superficial layers, they were only observed for the 

sixth cut, where there was a greater supply of dry 

biomass. 
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