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ABSTRACT 

Sugarcane requires planning aimed at maintaining production levels, technological 
quality, and longevity of the sugarcane field, as it is a semi-perennial crop. To this end, 
the adoption of soil management systems associated with the maintenance of remaining 
straw are some of the strategies aimed at protecting the soil structure and its properties 
vital to the sustainability of agricultural systems. In this context, this study aimed to 
evaluate the influence of soil management systems and remaining straw with and without 
ratoon chiseling on the optimum water range (OWR) and load-bearing capacity (LBC) of 
the soil. The experimental design consisted of randomized blocks in a split-plot scheme, 
with four replications. The plots were composed of no-tillage and conventional tillage, the 
subplots consisted of three levels of remaining straw (0, 50, and 100%), and the sub-
subplots consisted of the use or not of chiseling. Samples with preserved structures were 
collected at depths of 0.05 and 0.15 m for the analysis of the physical indicators OWR and 
LBC. Maintaining 100% straw associated with the use of chiseling resulted in an increase 
in OWR in both soil management systems and depths. Maintaining straw at 50 and 100% 
also led to lower LBC values in the evaluated soil management systems and depths, 
suggesting an improvement in soil physical quality. The use of chiseling of ratoons in 
conventional tillage promoted higher LBC values, indicating possible additional soil 
compaction in these areas. 

 
 
INTRODUCTION 

Sugarcane is one of the main crops produced in the 
world, being cultivated in more than 100 countries. 
Approximately 83% of sugarcane production is 
concentrated in ten countries, with Brazil considered the 
world’s largest producer of this crop, with around 37% of 
production, which represents 746 million tons per year 
(FAO, 2021). Sugarcane is a high-energy biomass crop, 
with the sugar stored in its stalk and the lignocellulosic 
residue remaining after sugar extraction used for 
producing biofuels or other bioproducts (Awe et al., 2020). 

Sugarcane is characterized as a semi-perennial 
crop, with an average cycle of approximately 5 years. 
Conventional tillage is normally used for planting 
sugarcane, presenting different combinations of plowing, 
harrowing, and subsoiling (Silva Junior et al., 2013). 

These operations aim to provide better conditions for the 
soil for the sprouting and initial development of the crop 
that will be planted and disaggregate the compacted soil 
layers (Silva Junior et al., 2013; Arcoverde et al., 2019) 
caused by the traffic of heavy machinery on the sugarcane 
fields (Vischi Filho et al., 2017). 

Research with the aim of proposing conservation 
practices for soil management in different edaphoclimatic 
environments for sugarcane production is essential for the 
sustainability of these systems, especially in environments 
with soil under physical and/or chemical restrictions and 
water deficit during periods of the year. Thus, 
management practices for soil cultivated with sugarcane 
can be selected to provide the appropriate balance between 
soil sustainability, high yields, and minimized costs 
(Marasca et al., 2016). In this context, no-tillage can be a 



Michele da S. Gomes, Sálvio N. S. Arcoverde, Carlos H. Kurihara, et al. 
 

 
Engenharia Agrícola, Jaboticabal, v.43, n.3, e20220084, 2023 

viable alternative and its use has demonstrated promising 
results in terms of sugarcane productivity (Arcoverde et 
al., 2023), in addition to being a more economical type of 
cultivation than the conventional tillage system (Moraes et 
al., 2017; Arcoverde et al., 2019). 

Along with conservationist soil management 
practices, the maintenance of remaining straw after 
mechanized harvesting of sugarcane on the soil surface 
influences some chemical, physical, and biological 
properties in the agricultural environment, such as the 
increase in soil organic matter (Bordonal et al., 2018), 
decreased thermal fluctuations in the surface soil layers 
(Santos et al., 2022), increased water infiltration, 
conservation of water content in the soil (Santos et al., 
2022), and reduced susceptibility soil compaction 
(Castioni et al., 2019), as straw maintenance on the soil can 
preserve its structural quality, increasing the productivity 
and longevity of sugarcane (Silva et al., 2022). 

However, the intense traffic of machinery during 
the mechanized harvesting of sugarcane throughout the 
crop cycles is responsible for causing additional 
compaction to soils managed under these production 
systems (Vischi Filho et al., 2017). The water content 
during these mechanized operations is the main factor 
responsible for maximizing impacts on the soil structure in 
the traffic lines (Guimarães Júnnyor et al., 2019). This 
compaction generally occurs close to the planting row, 
where there is a predominance of roots in the surface 
layers (up to 40 cm) and close to the clumps, up to 30 cm 
(Sá et al., 2016). Sugarcane root growth is concentrated 
close to the center of the planting row and mechanical 
chiseling between ratoon rows can mitigate soil 
compaction, and improve physical-hydraulic attributes and 
nutrient availability to plants (Souza et al., 2022). 

Therefore, understanding soil-crop relationships 
through indicators is fundamental to assertively proposing 
sustainable management systems for agricultural 
production. The optimum water range (OWR), which 
integrates soil physical properties using the approach of the 
range of least water limitation, allowing for better 

knowledge of soil water availability and its relationship with 
use practices and management for different crops, is among 
the indicators with this potential (Mishra et al., 2015; Dias et 
al., 2016; Silva et al., 2017; Vischi Filho et al., 2017). 

The load-bearing capacity (LBC) is another 
indicator of structural quality used in studies in areas 
included in the sugarcane production system. It relates the 
pre-consolidation pressure to soil moisture, reducing the 
internal soil resistance and making it more susceptible to 
the compressive process. This indicator depends on the 
pressure applied to the soil and its structure and, therefore, 
the application of pressures higher than the soil load-
bearing capacity causes non-recoverable deformations, 
which results in its structural degradation (Vischi Filho et 
al., 2017; Moraes et al., 2019). Therefore, it is an 
important indicator in characterizing the compressive 
process of soils to prevent their physical degradation and 
provide development and productivity of crops (Guimarães 
Júnnyor et al., 2019), being fundamental for determining the 
most appropriate humidity conditions for the execution of 
agricultural operations (Pereira et al., 2015). 

In this context, this study aimed to evaluate the 
influence of soil management systems and remaining straw 
with and without chiseling of sugarcane ratoons on the 
optimum water range (OWR) and load-bearing capacity 
(LBC) of the soil. 
 
MATERIAL AND METHODS 

The study was carried out in the 2015/2016 
agricultural year in an experimental area of Embrapa 
Western-Region Agriculture in partnership with São 
Fernando Mill in the municipality of Dourados, MS, 
Brazil. The site is located at latitude −22°25′86″ S and 
longitude −54°97′47″ W, at an altitude of 410 m (Figure 
1). According to the Köppen classification, the regional 
climate is Am, that is, a tropical monsoon climate with 
rainy seasons in the summer and dry seasons in the winter 
(Alvares et al., 2013). The soil was classified as a very 
clay-textured Oxisol (Santos et al., 2018).

 

 
FIGURE 1. Location of the experimental area, which belongs to the São Fernando Mill, Dourados, MS, Brazil. 
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The experimental design consisted of randomized 
blocks in a split-plot scheme, with four replications. The 
plots were composed of management systems (no-tillage 
and conventional tillage), the subplots consisted of levels 
of remaining straw, that is, no straw removal (100%), 
partial straw removal (50%), and total straw removal (0%), 
and the sub-subplots consisted of mechanical chiseling in 
the cultivation of ratoons (with and without chiseling 
between the sugarcane rows). The experimental units were 
composed of six sugarcane rows with a spacing of 1.5 m 
and 30 m long (270 m2). 

The experiment was conducted in an area cultivated 
with sugarcane renewed in 2013, which was subjected to 
mechanized harvesting, without collecting the remaining 
straw in the previous cycle (2006 to 2012). Part of the 
renewed area was conducted under no-tillage with 
chemical elimination of the regrowth of the last sugarcane 
ratoon through the application of 6.0 L ha−1 of the 
herbicide glyphosate  + 1.8 L ha−1 of the herbicide 2,4-D 
and a spray solution volume of 150 L ha−1. Then, 
amendments (2.0 Mg ha−1 of gypsum and 4.0 Mg ha−1 of 
dolomitic limestone) were applied to the soil surface. In 
the other part of the area, conventional preparation was 
carried out with chemical elimination, with the same doses 
of herbicide used in the direct planting area, regrowth of 
the last sugarcane ratoon, application of correctives 
(agricultural gypsum and limestone) in the same sources 
and doses of direct planting. Still in the area with 
conventional tillage, these amendments together with the 
remaining straw were incorporated into the soil through 
conventional tillage operations, conducted with harrowing 
with a plow harrow, subsoiling, harrowing with an 
intermediate harrow, and harrowing with a leveling harrow. 

The entire experimental area was cultivated with 
soybean in the 2012/13 growing season after applying the 
amendments and preparing the soil under the conventional 
tillage system. A new sugarcane field was established with 
the cultivar RB966928, which was planted mechanically at 
a single spacing of 1.5 m between rows in March 2013 
after the soybean harvest. 

The aforementioned levels of remaining straw were 
applied to the subplots after harvesting the plant cane in 
September 2014. Windrowing operations were carried out 
with a New Holland AL 1290 rake pulled by a 110-hp 
tractor. The straw windrows were then baled using a New 
Holland BB 1290 baler pulled by a 180-hp tractor. Finally, 
the bales were collected with a New Holland AC 1290 
trailer pulled by a 110-hp tractor. Partial collection (50%) 
was established by adjusting the working height of the 
straw rake. The implementation of collection treatments (0, 
50, and 100%) resulted in average amounts of remaining 
straw of 1.37, 12.17, and 17.96 Mg ha−1, respectively. 

Chisel plow was carried out with a DMB Novo São 
Francisco cultivator/ratoon fertilizer, equipped with straw 
cutting discs and scarifying rods that work at an 
approximate depth of 0.3 m in the center of the sugarcane 
inter-row. 

Soil samples with preserved structure were 
collected in September 2015, after harvesting the first 
ratoon (second cut), with the application of total and 
partial straw collection and ratoon chiseling, using 83-cm3 
metal cylinders (radius of 3.22 cm and height of 2.55 cm), 
which were placed 5 cm away from the row and centered 
at depths of 0.05 and 0.15 m. Seven samples were 

collected from each plot and each depth, totaling 42 
samples per treatment, that is, 21 samples at each depth. 

The 21 samples from each treatment were divided 
into 7 groups of 5 samples by depth, with each group 
subjected to saturation through the gradual raising of a 
water depth until they reached approximately two-thirds of 
the height of the metallic cylinder for subsequent 
stabilization of the water content. Subsequently, they were 
subjected to matrix potentials using a tension table (−0.006 
MPa) and Richards chamber at the following potentials: 
−0.004, −0.01, −0.033, −0.066, −0.1, −0.3, and −1.5 MPa, 
as described by Pereira et al. (2015). 

Soil penetration resistance was measured when the 
samples reached equilibrium at the aforementioned 
tensions using an electronic penetrometer with a constant 
penetration speed of 0.01 m min−1 (cone base diameter of 
4 mm and semi-angle of 30°). 

The procedures described by Pereira et al. (2015) 
were adopted to determine OWR. The critical values of 
water content associated with matric potential, soil 
resistance to root penetration, and soil aeration porosity 
were represented by water content at field capacity (θFC), 
with a potential of −0.01 MPa; the water content at the 
permanent wilting point (θPWP), with a potential of −1.5 
MPa; the volumetric water content in which the soil 
resistance to root penetration (θPR) reaches 2.0 MPa; and 
the volumetric water content in which the aeration porosity 
(θAP) is 0.10 m3 m−3. 

The θFC and θPWP values were determined using the 
mathematical model θ = exp(a+bDs) (ψc), described by 
Pereira et al. (2015), in which the original data were 
adjusted by incorporating the variable Ds into the function 
used by Ross et al. (1991), where θ is the soil water 
content (m3 m−3), Ds is the soil density (Mg m−3), ψ is the 
soil matric potential (MPa), and the letters a, b, and c are 
the empirical model adjustment parameters. 

The PR values of all samples with known θ and Ds 
were adjusted mathematically using the model PR = 
dθeDsf, described by Pereira et al. (2015), where RP is the 
soil penetration resistance (MPa) and the letters d, e, and f 
are the empirical model adjustment parameters. This 
model allowed determining the critical value of θ so that 
the PR did not exceed 2.0 (θPR) as a function of Ds. For 
this purpose, RP is replaced in the model by the value of 
2.0 MPa, considered initially and totally limiting to 
calculate OWR. 

The θAP value was obtained using the model θAP = 1 
− (Ds/Dp) − 0.10], in which θAP is the volumetric water 
content of the soil in which the aeration porosity is 0.10 m3 
m−3 and Dp is the particle density (Mg m−3), with the value 
of 2.65 Mg m−3 being adopted as the average particle 
density (Pereira et al., 2015). 

The upper limits of OWR were considered to be θFC 
or the one at which θAP is considered adequate for plant 
growth and development. The θPWP or θPR that are limiting 
to the growth and development of the crop root system 
was considered when determining the lower limits. The 
critical soil density (Dsc), which is the soil density at 
which OWR equals zero, was established after 
determining the OWR limits, as the upper limit is 
numerically equivalent to the lower limit. 

The adjustments of the mathematical models and 
parameters a, b, c, d, e, and f were carried out using the 
non-linear regression method. Moreover, the adjusted 
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water retention curves presented coefficients of 
determination (R2) that were subjected to the F-test 
(Pereira et al., 2015). 

The samples were taken to a CNTA-IHM/BR-
001/07 automatic oedometer for the uniaxial compression 
test after determining the soil penetration resistance, as 
described by Pereira et al. (2015). The increasing pressures 
applied to each sample were 25, 50, 100, 200, 400, 800, and 
1,600 kPa, each one applied until 90% of the maximum 
deformation was reached (Guimarães Júnnyor et al., 2019). 
The samples were taken to an oven at 105–110 °C for 48 
hours after each uniaxial compression test to determine the 
volumetric moisture and soil density using the volumetric 
ring method, as described by Teixeira et al. (2017). 

The soil compression curve was obtained by 
placing the pressures applied on the abscissa axis versus 
the soil density obtained at the end of each stage of 
application of each pressure on the ordinate axis, 
determining the pre-consolidation pressure (σp) for each 
sample using the method proposed by Dias Junior & 
Pierce (1996). The letters a and b represent the empirical 
adjustment coefficients of the model, that is, the linear and 
angular coefficients, respectively. 

Comparisons between models were performed 
according to the linear model homogeneity test described 
in Snedecor & Cochran (1989). The logarithm was applied 
to the pre-consolidation pressure values to obtain linear 
models from the exponential model σp = 10(a+bθ), 
resulting in a log equation σp = a + bθ. This linear model 
test considers two models, which are compared by 
analyzing the intercept a, the angular coefficient b, and 
data homogeneity (F) (Pereira et al., 2015; Guimarães 
Júnnyor et al., 2019). 

The adjusted load-bearing capacity curves 
presented coefficients of determination (R2) that were 
subjected to the F-test (Pereira et al., 2015). 
 
RESULTS AND DISCUSSION 

All fitted soil water retention curves had significant 
coefficients of determination (R2) by the F-test. 

The confidence intervals of the adjusted 
coefficients in the no-tillage and conventional tillage were 
significant in most treatments, as they do not include a 
value equal to zero (Pereira et al., 2015). They did not 
present significance for some treatments, except for 
parameter b at both no-tillage depths. The coefficient b 
was only significant for the treatments 0 and 50% straw 
without chiseling at a depth of 0.05 m, but only the 

treatment with 0% straw with chiseling had a significant 
effect at a depth of 0.05 m. In the conventional tillage, the 
water retention adjustments for parameters a and c were 
significant for both depths, while coefficient b was only 
significant for the 0% straw treatment without chiseling. 

The coefficients of the penetration resistance curve 
in the no-tillage for the values of confidence interval 
showed a variation between the parameters, and the 
coefficient d at both depths showed no significance. The 
coefficient f showed no significance for the treatments of 
0% straw with chiseling and 100% straw with and without 
chiseling at a depth of 0.05 m, and no significant equations 
were observed in the treatments of 50% straw with and 
without chiseling at a depth of 0.15 m. In the conventional 
tillage, among the coefficients of confidence interval, the 
parameter d was significant only for treatments with 100% 
straw without chiseling at a depth of 0.05 m, whereas     
the only significant treatments for de depth of 0.15 m were 
0 and 50% straw with chiseling and 100% straw      
without chiseling. 

Variations in matric tensions at the critical limits 
corresponding to the field capacity (FC) (0.006 MPa) 
(θFC), represented by the permanent wilting point (PWP) 
(1.5 MPa) (θPWP), the aeration porosity (AP) of 0.10 m3 
m−3 (θAP), and the moisture at which the soil penetration 
resistance (PR) is 2.0 MPa (θPR) were plotted for each   
soil density value at a depth of 0.05 m in the no-tillage 
(Figure 2). 

The values of θFC, θPWP, and θPR increased and θAP 
decreased with an increase in soil density in all treatments. 
An increase in OWR was observed in all treatments with 
chiseling and a higher range in the treatment with 100% 
straw and chiseling, in which there was no critical soil 
density (Dsc), as the water content was available 
throughout the entire range. Similarly, Garbiate et al. 
(2016) observed an improvement in OWR attributes with 
chiseling, which provided soil with physical attributes 
favorable to root growth. 

The upper limit of treatments with 0% straw with 
and without chiseling (Figures 2A and 2B) was defined by 
θFC and the other treatments with remaining straw showed 
that θAP replaced θFC as the upper limit of water content 
close to the density of 1.3 g cm−3. In contrast, the lower 
limit was defined by θPWP in all treatments, except for 
100% straw without chiseling, in which θPR limited the 
water content. Similar results have been observed in 
different soils and management systems (Pereira et al., 
2015; Dias et al., 2016; Fashi et al., 2017).
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FIGURE 2. Variation of water content at field capacity (θFC), permanent wilting point (θPWP), aeration porosity of 0.10 m3 m−3 
(θAP), and soil penetration resistance of 2.0 MPa (θPR) as a function of the density of an Oxisol at a depth of 0.05 m subjected to 
different levels of straw and chiseling of sugarcane under no-tillage. A: 0% straw without scarification, B: 0% straw            
with chiseling, C: 50% straw without chiseling, D: 50% straw with chiseling, E: 100% straw without chiseling, F: 100% straw 
with chiseling. 
 

The Dsc for treatments evaluated at a depth of 0.15 
m was obtained close to the density of 1.4 g cm−3 for most 
treatments, except for 0% straw without chiseling and 100% 
straw with chiseling (Figures 3A and 3F), which indicated 
Dsc at densities of 1.5 and 1.6 g cm−3, respectively. 

Treatments with chiseling showed a change in 
OWR, and the system with 100% straw with chiseling 
(Figure 3F) showed again a higher range in OWR than the 
others at a depth of 0.15 m. 

The upper limit for no-tillage at a depth of 0.15 m 
(Figure 3) was defined by θFC up to a density of 1.3 g cm−3,  

being replaced from this point by θAP, except for treatments 
with 0% straw without chiseling and 50% straw with 
chiseling (Figures 2A and 2D), in which θAP limited the 
water content throughout the OWR limit. θPR restricted 
OWR in all treatments for the lower limit. The results 
corroborate those found by Silva et al. (2017), who 
evaluated an Oxisol under no-tillage and observed that the 
high total porosity in Oxisols minimizes possible aeration 
problems, which may eventually appear in cases of severe 
compaction, excess moisture, or high clay content.
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FIGURE 3. Variation of water content at field capacity (θFC), permanent wilting point (θPWP), aeration porosity of 0.10 m3 m−3 
(θAP), and soil penetration resistance of 2.0 MPa (θPR) as a function of the density of an Oxisol at a depth of 0.15 m subjected to 
different levels of straw and chiseling of sugarcane under no-tillage. A: 0% straw without chiseling, B: 0% straw                 
with chiseling, C: 50% straw without chiseling, D: 50% straw with chiseling, E: 100% straw without chiseling, F: 100% straw 
with chiseling. 
 

The upper limit in the conventional tillage was 
defined by θFC in all treatments up to a Dsc of 1.4 g cm−3 at 
a depth of 0.05 m, except for 0% straw with chiseling 
(Figure 4B), in which θAP was replaced as an upper limit of 
water content. Similarly, Vischi Filho et al. (2017) 
evaluated OWR attributes in mechanized sugarcane 

systems with conventional tillage. Importantly, the fact 
that the upper limit of OWR is always defined by θFC for 
all Ds values below Dsc reveals that θAP was not a limiting 
factor in the soil. It agrees with Fashi et al. (2017), who 
evaluated soil OWR under conventional and 
conservationist tillage. 
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FIGURE 4. Variation of water content at field capacity (θFC), permanent wilting point (θPWP), aeration porosity of 0.10 m3 m−3 
(θAP), and soil penetration resistance of 2.0 MPa (θPR) as a function of the density of an Oxisol at a depth at a depth of 0.05 m 
subjected to different levels of straw and chiseling of sugarcane under conventional tillage. A: 0% straw without chiseling, B: 
0% straw with chiseling, C: 50% straw without chiseling, D: 50% straw with chiseling, E: 100% straw without chiseling, F: 
100% straw with chiseling. 
 

The θPR for the lower limit of treatments without 
chiseling (Figures 4A, 4C, and 4E), limited the range of 
OWR due to the strong relationship between Ds and PR. 
Several authors have found the influence of θPR on soil 
OWR in different management systems (Silva et al., 2017; 
Fashi et al., 2017) and textural classes (Pereira et al., 2015; 
Dias et al., 2016; Klein et al., 2016). On the other hand, 
treatments with chiseling in crop management (Figures 
4B, 4D, and 4F) had limits initially defined by θPWP up to a 
density of 1.2 g cm−3, and θPR began to limit OWR from 
this point. 

A significant increase was observed in the range of 
OWR at a depth of 0.15 m in the conventional tillage with 
chiseling (Figure 5). 

Treatments with 0 and 50% straw without chiseling 
(Figures 5A and 5C) had their upper limits defined by θAP 
and the others were limited by θFC up to densities of 1.15, 
1.31, 1.35, and 1.22 g cm−3 (Figures 5B, 5D, 5E, and 5F), 
being replaced by θAP from this point. All treatments had 
θPR as lower limits, except for 100% straw with chiseling 
(Figure 5F), in which θPWP limited close to the density of 
1.2 g cm−3. Similarly, Garbiate et al. (2016) found an 
increase in OWR in treatments with straw maintenance 
associated with chiseling of ratoons, which was attributed 
to the mechanical action of the implement combined with 
the benefits of organic matter, as a consequence of the 
more significant mitigation of negative effects of 
compaction, reflected by relief of θPR and θAP.
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FIGURE 5. Variation of water content at field capacity (θFC), permanent wilting point (θPWP), aeration porosity of 0.10 m3 m−3 
(θAP), and soil penetration resistance of 2.0 MPa (θPR) as a function of the density of an Oxisol at a depth of 0.15 m subjected to 
different levels of straw and chiseling of sugarcane under conventional tillage. A: 0% straw without chiseling, B: 0% straw 
with s chiseling, C: 50% straw without chiseling, D: 50% straw with chiseling, E: 100% straw without chiseling, F: 100% 
straw with chiseling. 
 

All adjusted curves of the LBC models presented 
significant coefficients of determination (R2) at 1% 
(p<0.01) by the F-test. The confidence interval of the 
model adjustment coefficients was significant, as it did not 
include a value equal to zero, except for the coefficient     
b in treatment T2 at a depth of 0.05 m in the no-tillage     
of sugarcane. 

Treatment T3 (50% straw without chiseling) 
presented the lowest coefficient values at a depth of 0.05 
m compared to the other treatments, while treatment T6 
(100% straw with chiseling) indicated lower values of 

coefficients in the no-tillage at a depth of 0.15 m. 
According to Pereira et al. (2015), this treatment may have 
a lower LBC range when coefficient estimates present 
lower values for both the angular and linear coefficients. 

The confidence intervals of the model adjustment 
coefficients for conventional tillage are significant for all 
treatments, except for coefficient b at a depth of 0.05 m for 
T2 and T4. 

Treatment T4 presented the lowest coefficient 
values for the angular coefficient (b) at a depth of 0.05 m 
and the linear coefficient (a) at a depth of 0.15 m           
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and, therefore, a lower LBC range, according to        
Pereira et al. (2015). 

The homogeneity test of linear models proposed by 
Snedecor & Cochran (1989) was used to compare changes 
in soil structure caused by different levels of straw 
remaining on the soil and the use of chiseling in the       
no-tillage and conventional tillage of sugarcane in the 
LBC models. 

Treatments T1, T2, T3, and T5 were similar at a 
depth of 0.05 m of no-tillage, showing the effect of the 
absence of straw in the treatment with 0% and chiseling in  

treatments with 50 and 100% straw. Treatments T3, T4, 
and T6 were homogeneous for a depth of 0.15 m. 

Comparisons between LBC models that did not 
differ from each other and, therefore, were homogeneous 
and adjusted to a new equation for each data set, 
considering all LBC and θ values (Figure 6). The groups 
T1=T2=T3=T5 (1st) and T3=T4=T6 (2nd) were formed 
for a depth of 0.05 m (Figure 6A), whereas the groups 
T1=T2=T4=T5 (1st) and T3=T5=T6 (2nd) were formed at 
a depth of 0.15 m (Figure 6B) in the no-tillage system. 

 

 

FIGURE 6. Load-bearing capacity models for an Oxisol subjected to no-tillage at depths of 0.05 m (A) and 0.15 m (B) under 
different levels of straw and chiseling of sugarcane ratoons. T1: 0% straw without chiseling, T2: 0% straw with chiseling,    
T3: 50% straw without chiseling, T4: 50% straw with chiseling, T5: 100% straw without chiseling, and T6: 100% straw      
with chiseling. 
 

Thus, the adequate straw level on the soil was 50% 
at a depth of 0.05 m, and the treatment with only 100% 
straw was similar with the use of chiseling to promote the 
best LBC values. Therefore, the total removal of straw and 
the absence of chiseling in the no-tillage of sugarcane can 
aggravate problems with compaction and, consequently, 
reduce crop productivity. 

Higher LBC values were observed at a depth of 
0.15 m in the first grouping than compared to the second 
grouping, which is due to the positive effect of the 
remaining straw in the evaluated systems to minimize the 
influence of mechanized management carried out in the 
area before and after sugarcane planting, thus reducing soil 
compaction at this depth. 

All treatments were homogeneous in the 
conventional tillage at a depth of 0.05 m (Figure 7A), 
except for T5 (0% straw without chiseling), which was not 
similar to the other treatments. Treatments T3 and T4 
(50% straw without and with chiseling) at a depth of 0.15 
m (Figure 7B) were not homogeneous compared to the 
others. A single equation was adjusted to all LBC and θ 
values for treatments that did not differ from each other, 
and a single LBC model was obtained. 

According to the Snedecor & Cochran (1989) test, 
the treatments were grouped as follows: 
T1=T2=T3=T4=T6 (1st) and T5 (2nd) (Figure 7A). Only 
T5 (100% straw without chiseling) showed a lower LBC 
range. In this case, chiseling may be an additional 
compaction agent, possibly caused by the execution of this 
management practice under inadequate moisture 
conditions or even due to a possible increase in soil 
moisture promoted by the remaining straw and its effects 
on reducing density, increased macroporosity, and lower 
load-bearing capacity, conditions that would provide 
higher susceptibility to soil compaction resulting from 
harvester and tractor + transshipment combination traffic 
in the scarified rows. 

Similarly, Moraes et al. (2019) evaluated the effect 
of different soil management systems and observed a 
negative effect of mechanical chiseling, which caused 
changes in the soil structure with increased compaction. In 
addition, Guimarães Júnnyor et al. (2019) studied soil 
compaction under different soil management systems and 
harvesting cycles and found that mechanized sugarcane 
harvesting for conventional tillage promoted additional 
compaction in the crop inter-rows after the second cycle.
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FIGURE 7. Load-bearing capacity models for an Oxisol subjected to conventional tillage at depths of 0.05 m (A) and 0.15 m 
(B) under different levels of straw and chiseling of sugarcane ratoons. T1: 0% straw without chiseling, T2: 0% straw with 
chiseling, T3: 50% straw without chiseling, T4: 50% straw with chiseling, T5: 100% straw without chiseling, and T6: 100% 
straw with chiseling. 
 

Two groups were formed for a depth of 0.15 m 
between treatments in the conventional tillage: 
T1=T2=T3=T5=T6 (1st) and T3=T4 (2nd) (Figure 7B). 
Treatments T3 and T4 (50% straw without and with 
chiseling) presented the lowest LBC values at this depth 
compared to the others, showing that they are the most 
efficient management systems in reducing the effects of 
soil compaction. The maintenance of intermediate amounts 
of remaining straw during the sugarcane cycle benefits soil 
physical quality (Castioni et al., 2019). According to these 
authors, the total removal of residues provided an increase 
in soil compaction (increase in density, increase in 
penetration resistance, and reduction in the weighted 
average diameter of aggregates). 

Therefore, the treatment with 50% straw at higher 
depths in the conventional tillage was more efficient        
in reducing the effects of compaction regardless of the use 
of chiseling. 

Regarding the volumetric moisture at a depth of 
0.15 m in the conventional tillage, the 1st group with the 
highest compaction levels had its lowest LBC range at a 
moisture of 0.61 m3 m−3, with a pressure of 65.73 kPa, the 
same observed in the T3=T4 group. However, the 
necessary moisture was lower in these treatments at this 
same pressure, and the lowest moisture was observed at 
0.52 m3 m−3. 

Importantly, knowledge of load-bearing capacity 
models is essential to determine the most appropriate 
moisture conditions for adopting implements in 
agricultural operations. The use of management practices 
that minimize soil density, with the consequent reduction 
in compaction, is recommended when operations are 
carried out at high water levels in the soil or when the 
equipment is at a pressure above the pre-consolidation 
pressure (Pereira et al., 2015). 
 
CONCLUSIONS 

Maintaining 100% of the straw concomitantly with 
the use of chiseling in both no-tillage and conventional 
tillage systems results in increased OWR at both depths. 

 
 

Maintaining total or partial straw favors lower LBC 
values, regardless of the evaluated soil management and 
depths, thus improving soil physical quality. 

The use of chiseling of ratoons in the conventional 
tillage promoted higher LBC values, indicating possible 
additional soil compaction in these areas. 
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