This is an open access
article under the CC BY
licence
Sálvio Napoleão Soares Arcoverde
et al.Creative Commons

168

Growth and sugarcane cultivars productivity under notillage
and reduced tillage system1
Sálvio Napoleão Soares Arcoverde2* , Cristiano Márcio Alves de Souza2, Hideo de Jesus Nagahama3,
Munir Mauad2, Egas Jose Armando2, Jorge Wilson Cortez2
10.1590/0034-737X201966030002

ABSTRACT
This study aims to evaluate the growth and yield of the sugarcane plant cultivars, and their correlation to soil
mechanical penetration resistance in a Dystroferric Red Oxisol submitted to reduced tillage and, no-tillage systems.
Eight sugarcane plant cultivars (RB965902, RB985476, RB966928, RB855156, RB975201, RB975242, RB036066 and
RB855536) were in each soil preparation system, and the trial was conducted in a completely randomized design and
eight treatments and four replications. The trial evaluated: number of tillers per meter, stalks height and diameter, and
stalks yield and sugar content. Additionally, were evaluated the soil mechanical penetration resistance (PR) and soil
moisture. The highest rates of daily elongation, yield of stalks and sugar content were observed under no - tillage, due
to the lower soil mechanical penetration resistance and higher soil moisture. The cultivar RB966928 presented higher
values for growth, yield of stalks and sugar content, while RB855536 and the medium to late maturity cultivars RB975201,
RB975242, RB036066, which had either a lower stalk growth rate or presented lower number at the end of the cycle in both
soil tillage.
Keywords: Saccharum spp.; cane-plant; soil management.

INTRODUCTION
The sugarcane farming system involves several
successive mechanized operations, starting from soil
preparation, planting to harvest and transportation of the
raw material. The initial soil management influences its
structure, on regard to the fundamental physical-water
properties, such as aeration porosity, crop water
availability, soil water retention, nutrient absorption and
soil water infiltration (Silva & Castro, 2015), as well as the
factors related to pH alteration and root system
environment (Tavares et al., 2010; Cury et al., 2014). These
conditions imposed by the soil management systems,
influence directly the performance of sugarcane varieties

cultivated in clayey soils (Carvalho et al., 2011; Silva
Junior et al., 2013).
Concerning to the sustainability of sugarcane agroecosystems, is doubtful the adoption of the conventional
soil preparation system in sugar cane implantation
regarding to the impacts of successive operations in areas
previously cultivated with grains, which generally do not
have restrictions on soil fertility and soil physical
impairment (Carvalho et al., 2011).
Soil preparation system involving conservationist
methods, such as no-tillage and reduced-tillage systems,
to enable soil minimal disturbance, soil surface coverage
from previous crop residues, improve its structure, reducing
energy expenditure (Arcoverde et al., 2019a). Nevertheless,
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in sugarcane cultivations, there is still a low adoption of
these systems, what could improve soil structure and yield,
increasing the income. In studies of the agronomic
performance of the sugarcane plant cultivar SP 81-3250, in
Dystroferric Red clay Oxisol in region of Rio Brilhante, in
State of Mato Grosso do Sul, under three conventional
soil preparation systems, Silva Junior et al. (2013) observed
that minimum tillage and harrowing soil preparation showed
low yield values of the stalks and Pol, when compared to
the other soil preparation systems. Contrarily, Tavares et
al. (2010) observed that the treatment sugarcane removal,
under conventional soil preparation system and minimal
tillage, were statistically equal in yield, suggesting that to
observe differences under both soil preparations systems
need a large period to be significant.
Under the same farming environmental conditions,
varieties may express differently their genetic potential,
thus, an influence in production components, such as crop
height and diameter of stalks and tillering (Oliveira et
al., 2004; Costa et al., 2011; Morais et al., 2017), in the
same farming cycle or in successive cycles. In addition,
these components are more correlated to stalks yield and
tillering (Silva et al., 2008; Morais et al., 2017), especially
under adequate soil water availability conditions, enabling
the varieties to express their highest genetic potential
(Silva et al., 2014). Abreu et al. (2013) emphasized that the
knowledge of the cultivar growth performance during the
production cycle of the varieties is important to enable
planning the production to match the periods of maximum
growth to the ones of greater water availability, aiming at
the increase of the production of the crop.
Thus, Silva et al. (2014) evaluating sugarcane cultivars
observed differences for stalks yield and sugar yield
content, due to genetic issues, highlighting that the cultivar RB855536 had low yield among the others. Moreover,
when evaluating sugarcane plant cultivars of earl
maturation, Veríssimo et al. (2012) observed that the
RB966928 showed high Brix yield and huge adaptability,
while the standard cultivar RB855156 showed a moderate
stabilization and specific adaptation.
When planning the sugar-cane production, several
factors must be considered to maximize the yield. Thus,
sugar-cane varieties management is one of the main
strategies that allows sorting the local varieties for different
local edaphic-climatic local conditions. In this context to
guarantee the sugarcane energetic sector sustainability, is
necessary to understand the performance of cultivars
under conservationist soil management systems
(Arcoverde et al., 2019a). Thus, this study aimed to evaluate
the growth and agricultural productivity of sugarcane plant
cultivars and their correlation with the soil mechanical
penetration resistance in a Red Oxisol Dystroferric
submitted to reduced tillage and no-tillage systems.
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MATERIAL AND METHODS
Localization and characterization of the
experimental area
The trial was conducted from July 2016 (stalks planting)
to August 2017 (harvest) at the Experimental Farm of
Agricultural Sciences of the Federal University of Grande
Dourados (UFGD), in Dourados, MS (22º13’58’’ S, 54º
59’57” W and 418 m altitude), in Red Latosol Dystroferric,
with a clayey texture, composed with 603 g kg-1 of clay
layer up to 0.30 m depth, 147 g kg-1 of silt and, 250 g kg-1 of
sand (Arcoverde et al., 2019a).
The climate type of this area is classified as Am,
monsoon, with dry winter, annual precipitation average of
1.500 mm, and an annual temperature average of 22
ºC (Alvares et al., 2013). During the cane-plant farming
cycle, was recorded the data of the accumulated rainfall
average of 1.400 mm year-1 and an average temperature of
23 C (Figure 1).

Installation of the experiment
The triall area was being conducted with soybean and
corn under for 14 years ago in the system of crop succession
without soil mobility. Additionally, the area presented the
uniformity in the environment conditions, with a slowlevelled topography, with no soil variation and soil
management. The trial area was divided into two sub-areas,
composed by no-tillage and, reduced tillage soil
preparation systems, where sugarcane cultivars (RB965902,
RB985476, RB966928, RB855156, RB975201, RB975242,
RB036066 and RB855536) were manually planted on July
21, 2016, in density of 15 stalks per meter (Arcoverde et al.,
2019a; Arcoverde et al., 2019b). For each soil preparation
system, the sugarcane cultivars were planted in a
completely randomized design, and eight treatments and
four replications. Each experimental unit contained 5
sugarcane - plants lines of 5 meters length, spaced in 1.50
m (37.5 m2), adding up 32 experimental units per soil
preparation system. The fertilizer rate for planting was
uniform for the whole experimental area, with application
of 0.3 Mg ha-1 of NPK compost in a formulation 10-25-26
(Arcoverde et al., 2019a; Arcoverde et al., 2019b).

Soil preparation and crop managements
The reduced soil preparation consisted on the
mobilization with heavy harrowing. Thus, this was an offset harrowing-plough, completed at one pin, composed of
16 discs of 0.76 m of diameter in each section, working at
the depth of 0.15m. The direct planting system consisted
on controlled mechanized (straw crashing) of the weeds,
and then planting farrow opening. The straw crasher was
equipped with curved blade rotor, working in high rotation
and planting furrow opening. At the time of preparation,
Rev. Ceres, Viçosa, v. 66, n.3, p. 169-177, mai/jun, 2019
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the water content in the soil was 0.24 kg kg-1 and the soil
mechanical strength at the mean mechanical penetration
resistance of 2.48 MPa in the 0.00-0.20 m layer (Arcoverde
et al., 2019b).
For the soil tillage and furrow opening operations, the
New Holland 4x2, 8030 a tractor, 89.79 kW (122 hp) engine,
2200 rpm, 3rd gear reduced, 14.9-58 front tires and rear tires
23.1-30 and, mass of 4.51 Mg was used. For furrows
covering and phytosanitary treatment, was used the
Massey Fergusson 4x2 TDA tractor, model MF292 engine
power 68.74 kW, 2200 rpm, 3rd gear, 7.50-18 front tires and
rear 18.4 -34, and mass of 3.40 Mg; and a sprayer KO Crosss 2000, with 9.5-24 tires, 14 m spray boom and, weight of
1.4 Mg (Arcoverde et al., 2019a; Arcoverde et al., 2019b).
The chemical control of weeds was performed with
preemergence and post-emergence application on
September 16, 2016, and October 2, 2016, respectively. The
tebuthiuron concentrated suspension (500 g a.i. L-1) was
applied at a dose of 2.4 L ha-1. The haloxyfop-methyl
formulation was applied at a dose of 0.5 L ha-1. Additionally,
the manual weeding was also performed during the
sugarcane crop cycle.

Biometry and productivity
At 100, 125, 150, 215 and 395 days after planting (DAP),
we evaluated the crop height, stalks diameter of ten plants
from the three central lines of each experimental unit,
considering 1.0 m of the ends of each line as border
(Arcoverde et al., 2019a; Arcoverde et al., 2019b). The
crop height measurements were performed using a
graduated tape measure, of 0.1 mm resolution, measuring
the distance from the stalks base to the collar (dewlap) of
leaf +1, according Abreu et al. (2013). The stalks diameter
was performed using a pachymeter, according Arcoverde
et al. (2019a) and Arcoverde et al. (2019b), measuring the
base of the stalks, 5 cm from the ground.

At 70, 98, 126, 215 and 395 DAP, the number of tillers
per meter (NTM) was obtained by counting the tillers in 3
meters of furrow in the 5 lines of the experimental unit,
considering 1 m at the ends of the 5 lines as border,
according Arcoverde et al. (2019b).
At 395 DAP, were determined the yield of stalks (TCH)
from the stalks weighs and the relation between the weight
and the number of stalks, pointing out the results in kg
stalks-1 and, later, the data was extrapolated to mega-grams
per hectare (Prellwitz & Coelho, 2011). Then a bundle of
industrialized stalks was submitted to the laboratory
technological analysis to obtain sucrose concentration
(polarization). The yield of sugar content (TPH) we
obtained by means of the product between the TCH and
the cane divided by 100 (Abreu et al., 2013).

Mechanical soil penetration resistance and soil
moisture
At the total sugarcane growth stage, 180 DAP, were
evaluated the soil mechanical penetration resistance (PR)
and soil moisture in both soil preparation systems. In each
experimental unit, were collected deformed soil samples at
three points in the 0.00-0.10 layers; 0.10-0.20; 0.20-0.30 and
0.30-0.40 m, at 0.10 m from the planting furrow. The
gravimetric moisture of the samples was determined
according to Donagema et al. (2011). The PR (soil
resistance to penetration) performed with PenetroLOG PLG 1020 field penetrometer, by determining the mean PR
and maximum PR stratified in the layers of 0.00-0.10; 0.100.20; 0.20-0.30; 0.30-0.40 m (Arcoverde et al., 2019a). Thus,
five sampling points were considered in the positions: cane
line and between tractor rolling tires.

Statistical analyzes
Was performed the regression analysis for stalks height,
stalks diameter and NPM, and the curve that best fit each

Figure 1: Monthly meteorological data on sugarcane cultivation (cane-plant) in the experimental area during the period, from July
2016 (planting) to August 2017 (harvest).
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data display regarding to determination coefficient,
significance of the regression coefficients at 1% of
probability test. The data of TCH and TPH was submitted
to variance analysis (F - test), in a combined experiments
(soil preparation). In this analysis, when observed the
interaction between experiment and cultivars (factorials
8x2), was performed the individual analysis of the cultivars
within the soil preparation systems. The mean values were
compared to Student-Newman-Keuls, test 5% probability.
The comparisons between soil tillage for soil moisture and
soil mechanical penetration resistance was performed (mean
PR and maximum PR) through t-test for independent
samples (p < 0.05). The statistical analysis was performed
with AGROESTAT software package (Barbosa &
Maldonado Júnior, 2015).

RESULTS AND DISCUSSION
Plant growth
The biometric parameters of the cane-plant cycle
showed that the stalks height adjusted to the quadratic
linear regression model, for all cultivars, either for no-tillage
or in reduced tillage (Figure 2). Moreover, the stem diameter
in all cultivars, adjusted to square root linear regression
model, except to cultivar RB975201, which presented a
quadratic linear regression model under reduced tillage
(Figure 3). For the number of tillers per meter (NTM), all
cultivars adjusted to square root linear regression model,
for both soil preparation systems (Figure 4).
The stalks height showed an increase growth from the
first to the last evaluation for all cultivars. All cultivars
showed a slow growth up to 150 DAP, what has been
expected, regarding up to the tillering stage of the crop,
what enabled elongation of stems with a high potential at
this growth phase.
The highest growth rates of the stalks were observed
up to 215 DAP in the both soil preparation systems, which
coincided to the stalks elongation phase increasing the
sucrose accumulation levels. Another factor that
contributed to this condition was the increase of rainfall
and temperature (Figure 1), which favored the vegetative
development of the crop.
In the same period, the cultivar RB985476, showed its
maximum rates of 2.20 cm day-1 and 2.13 cm day-1 under
no-tillage and reduced tillage, respectively; while the
minimum rates of 1.25 cm day-1, in the cultivar RB855156
were observed under reduced tillage, and 1.44 cm day-1 in
the cultivar RB975201 under no-tillage.
From the maximum rates, was observed a reduction of
stalks growth due to the beginning of the maturation phase
of the crop and also to the reduction of the precipitation,
corroborating to Tavares et al. (2010) and Abreu et al.
(2013) when evaluating the growth of cane-plant and cane-
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shoots. Additionally, was verified that, either in reduced
tillage or in no-tillage, RB966928 had higher stalks growth
at the end of the crop cycle while the RB855536, showed
the lowest one. It is noteworthy that the reduction of shoots
growth at the maturation stage is extremely favorable for
the industry, since the plant directs its photo-assimilates
to the accumulation of sucrose, instead of directing them
to shoots elongation.
The results showed that the growth rate of the stalks
had similar behavior to those observed by Santos et al.
(2009) and Abreu et al. (2013), which characterized three
stages of the crop development: the first of slow growth;
the second with accelerated growth and the third with
decreasing growth and maturation rates.
Abreu et al. (2013) emphasized that the knowledge of
the growth patterns during the production cycle of the
varieties is important when planning the production to
adjust the periods of maximum growth to the ones of greater
water availability, aiming at the increase of the production
of the crop.
In general, all the evaluated cultivars presented higher
daily stalks growth rate when cultivated under no-tillage
than when cultivated in reduced tillage. These results are
related to the lower values of the mechanical penetration
resistance, in the layer 0.20-0.40 m, under no-tillage when
compared to the reduced tillage, with maximum PR values,
due to the lower values of soil moisture observed (Table 1).
Arcoverde et al. (2019a) observed that more than 90%
of sugar-plant roots develop in the layers 0.00-0.20 and
0.20-0.40 m (Cury et al., 2014), and 75% of the roots are in
the first 0.45 m of depth in dry or irrigated condition
(Farias et al., 2008). Moreover, Sá et al. (2016) observed
that values of PR above 3.8 MPa for the cultivation of
sugarcane cultivated in clay soil (600 g kg-1) may interfere
on root mass reduction.
The diameter of stalks showed a highest growth in the
period between 150 and 215 DAP, for all cultivars under
both soil preparation systems (Figure 3). This issue is
related to the end of the tillering phase and the beginning
of the stalk growth stage with greater internodes elongation
in order to increase sucrose accumulation points.
In addition, there was observed a maximum stalk
diameter at approximately 300 DAP, with a slight decrease
until harvest (395 DAP), for all cultivars, in both soil
preparation systems, what might probably be related to
the shade presence, reducing the luminosity, interfering in
the increase of stalk diameter as observed by Tavares et
al. (2010).
Analyzing the linear regression models for NPM (Figure 4), was observed higher growth between 70 and 98
DAP, 126 and 215 DAP for all cultivars in both soil
preparation systems, in comparison to the other evaluated
periods. This situation dues to the interference of favorable
Rev. Ceres, Viçosa, v. 66, n.3, p. 169-177, mai/jun, 2019
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cultivars RB975201 and RB975242. These results support
the hypothesis that the best physical-water conditions in
the soil under no-tillage (Table 1) favor the continuity of
the late cultivar cycle, which did not occur under the reduced
tillage, showing the effect of the environment in tillering
restriction.
Possibly, the higher values of soil moisture in the deep
layers (0.20-0.40 m) under no-tillage (Table 1) favored the

higher tillering of the cultivars in this system from the initial
growth phase, when compared to the reduced tillage.
Hence, according to Tavares et al. (2010), although the
better soil structure under no-tillage due to the ploughing
only in planting, conduced to low evaporation enabled by
the maintenance of vegetal remains, this, also resulted in
differences in soil penetration resistance. Moreover, was
observed low values of PR under no-tillage, on regard to

Figure 4: Estimates of the number of tillers per meter (NPM) of the eight sugarcane cultivars during the cane-plant farming cycle
submitted to reduced tillage and no-tillage. **: significant (p < 0.01).

Rev. Ceres, Viçosa, v. 66, n.3, p. 168-177, mai/jun, 2019

175

Growth and sugarcane cultivars productivity under notillage and reduced tillage system
reduced tillage (Table 1), showing the effects of soil tillage
in the appearance of more compacted layers in deeper soil
areas. Oliveira et al. (2015) point out that such differences
for PR are indicative of variation in soil structure and/or
moisture at the time of sampling between soil preparation
systems.
According to Morais et al. (2017), the height and
diameter variables of the stalks are the main components
that most correlate with the yield of stalks associated with
the tillering, what was affirmed by Silva et al. (2014),
especially under adequate soil water availability, enabling
the varieties to express their better genetic, highly correlated
to soil moisture levels, hence, the greater the soil water
availability, the greater the crop growth. On the other hand,
the longer the drought period, the greater the formation of
nodes and very short are the internodes and close to each
other, thus, significantly reducing the parenchyma volume for sucrose storage (Câmara, 1993).

Agricultural productivity

The TCH and TPH showed higher values under notillage when compared to reduced tillage, what can be
related to the better physical-water conditions of the soil
in the zone of high concentration of the crop root system.
There was also pointed out that these variables are highly
influenced by the variety, the farming environment
conditions and, above all, the availability of water since
sugar content is adversely affected by excess moisture at
the maturation stage (Silva et al., 2014).
Machado et al. (2009) when studying phenological
stages of the crop under soil water deficit, verified reduction
of the dry matter of the stalks and soluble solids content
caused by the reduction of photosynthesis, reducing
photo assimilates production required for stem growth and
sucrose production. Inman-Bamber & Smith (2005),
Table 2: Mean of the stalks yield (TCH) and sugar yield content
(TPH) evaluated submitted to no-tillage and reduced tillage
TCH

Treatment

The ANOVA was not significant in the interaction of
the factors experiment and cultivars for the variables yield
of stalks (TCH) and sugar yield (TPH), what was observed
only for the singular effect of the factors. During the caneplant farming cycle, there was observed a significant
difference for the TCH and TPH among cultivars, with a
higher value for RB965902, RB985476, RB966928,
RB855156, and lower for RB855536 cultivars respectively
(Table 2). Moreover, no difference was observed from
RB975201, RB975242, RB036066, which in general, the
medium to late maturation, contributed to lower stalks
growth rate, leading to a lower final stalks number.

TPH
Mg ha-1

RB965902
RB985476
RB966928
RB855156
RB975201
RB975242
RB036066
RB855536
No-tillage
Reduced tillage

171.57 ab
174.74 a
166.75 ab
172.89 ab
140.10 abc
150.00 abc
138.61 bc
131.58 c
164.80 a
146.76 b

25.64 ab
26.38 ab
25.72 ab
27.10 a
19.56 c
21.66 bc
16.83 c
18.28c
24.00 a
21.25 b

The similar letters do not differ by Student-Newman-Keuls, test 5%
probability. TCH: stalks yield; TPH: sugar yield content.

Table 1: Mean values of soil moisture, soil mechanical strength at average penetration (mean PR) and maximum (maximum PR)
determined on the field (PR) per soil layer under soil tillage and sampling position
Mechanical penetration resistance (PR)
Preparation

Soil moisture
-1

kg kg

Mean
Inter tires

Maximum
Row

Inter tires

Rows

2.54 a
2.66 a

1.87 a
1.69 a

MPa
Reduced
No-tillage

0.22 a
0.22 a

1.18 a
1.29 a

0.00-0.10 m
0.81 a
0.67 a

Reduced
No-tillage

0.21 b
0.22 a

2.14 a
2.10 a

0.10-0.20 m
1.57 a
1.29 a

3.31 a
3.27 a

2.74 a
2.45 a

Reduced
No-tillage

0.20 b
0.24 a

2.40 a
2.07 b

0.20-0.30 m
2.16 a
1.75 b

3.48 a
2.90 b

3.15 a
2.73 b

Reduced
No-tillage

0.20 b
0.24 a

2.66 a
1.99 b

0.30-0.40 m
2.42 a
2.06 b

3.59 a
2.68 b

3.23 a
2.78 b

Mean values followed by letters compare sampling site with soil preparation, the similar letters do not differ by Student t test, 5%
probability.
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observed greater susceptibility of sugarcane to water
deficiency when the plants are in the growth phase of
stems, which causes serious losses in phytomass
production and sucrose yield. Thus, was observed the
highest extension of the rate of daily elongation stalks,
yield of stalks and sugar content for varieties cultivated
under no-tillage.

CONCLUSIONS
We observed the highest rates of daily elongation
stalks, stalks yield and sugar under no-tillage, due to
the lower soil penetration resistance and higher soil
moisture.
The cultivar RB966928 presented higher growth and
yield of stalks and sugar content, while RB855536 and the
medium to late maturity cultivars RB975201, RB975242,
RB036066, which had either a lower stalk growth rate or
presented lower number at the end of the crop cycle for
both soil preparation systems.
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