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The amount of straw of sugarcane needed to remain in field for sustainability of the production system
and quantity that could be used in sectors such as cogeneration and production of bioethanol for
optimization of power generation by the sector are unclear issues. The aim of this study was to evaluate
the effect of different amounts of straw on the development of the sugarcane root system and yield
using the variety SP 801816 in a Rhodic Eutrudox in southern Brazil. Six treatments were evaluated: O
(no straw), 25, 50, 75 and 100% (20 Mg ha'l) of straw and straw burned at 60, 180 and 270 days after
planting in 150 mzplots. Root samples were collected at 0.45 and 0.75 m from the planting line at depths
of 0-0.10, 0.10-0.20, 0.20-0.40 and 0.40 to 0.60 m at harvest, and the stems of the plots were weighed to
measure yield. In water stress period, the 50, 75 and 100% straw treatments promoted a greater root
mass to 0.20 m deep, which was also reflected in the yield. The 50 and 75% straw treatments resulted in
25% greater yield than the 0 and 25% straw and straw burned, resulting in 28 Mg ha™ more. The amount,
50% straw retention in the field is sufficient to increase the mass of the roots and, in turn, productivity,
which is possible to remove the 50% surplus from the field for industrial processes for the production
of energy, without the occurrence of damage to the crop.
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INTRODUCTION

Brazil supplies over 50% of the sugar sold globally and is in current production areas (Viana et al.,, 2008).
the largest producer of sugar and sugarcane ethanol. The According to Oliveira et al. (1999), the straw that remains
mechanized harvest of sugarcane, without straw removal on the soil after harvest may range from 8-30 t ha™ due to
by burning, is currently practiced in the main sugarcane the variety and age of the plantation. This residue layer
production areas in Brazil, and this practice is increasing generates physical, chemical and biological changes in
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the agricultural environment which may interfere with
rooting and, in turn, influence the final yield (Souza et al.,
2005a; Costa et al., 2011).

Changes in the agricultural environment caused by the
residue layer include the increase and stabilization of
moisture and soil temperature, elevated levels of organic
matter, improved fertility, greater efficiency in erosion
control, and interference with light interception by the soil
surface (Christoffoleti et al., 2007; Cavenaghi et al., 2007;
Garcia et al., 2007; Guimarées et al., 2008, Panosso et
al., 2010;, Shukla et al., 2013; Awe et al., 2014).

Despite the fact that root system of sugarcane play a
vital role in the regeneration of ratoons after harvest, the
root system has often been neglected in research, mainly
due to the difficulty of observation, especially in field
evaluations. The roots directly influence the efficiency of
the absorption of nutrients by the plant, which affects
drought resistance and tolerance to soil pests. These
impacts are reflected in both the development of the
culture and the final yield. According to Smith et al.
(2005), root growth is dependent on the soil environment,
which influences the shape and size of the root system,
and the greater the mass of the roots, the higher the
water and nutrient holding capacities.

Vasconcelos and Garcia (2005) states that death or
renewal of the root system does not follow cane cutting
but rather the water conditions to which the culture is
exposed in a given period of development. In this way,
the microclimate created by surface residue,
characterized by high relative humidity, restriction of soil
water loss and temperature stability, provides greater
water availability than is found in bare soil. This can
change the behavior of the roots and help minimize the
decline from one production cycle to another, particularly
during periods of water deficit.

Ball-Coelho et al. (1993) reported the positive effects of
straw on the productivity of sugarcane under low or
irregular rainfall, showing an increase of 43% in dry
matter production of sugarcane in soil under straw.

Several authors describe the benefits of retaining
sugarcane straw on the soil; however, the amount that is
sufficient to promote such benefits and the effects of
retaining smaller amounts, has not yet been investigated.
Determining the minimum amount of straw to leave in the
field is paramount to the sustainability of the sugarcane
production system. This information also affects the
energy generation sector because excess straw can be
used for producing bioethanol and/or bioelectricity,
sectors that have high demand for this material. (Azad et
al., 2014). It is estimated that the use of straw and
bagasse could triple Brazilian ethanol production (without
increasing the plantation area) and this would produce
the equivalent of 15% of the total energy consumed in
Brazil by 2020 (Lima and Natalense, 2010).

Given the importance of this information and the lack of
current literature, the aim of this study was to evaluate

the effect of different amounts of straw on the sugarcane
root system and its productivity in the first crop cycle
(plant cane) using the variety SP801816 in a Rhodic
Eutrudox soil.

MATERIALS AND METHODS

This experiment was conducted at the Sugar and Alcohol Plant
Bandeirantes, in the municipality of Bandeirantes, PR, at latitude
23° 06 'S and 50° 21' W 440 m. The climate in the region is Cfa
(Koeppen climate classification), with annual rainfall of 1300 mm
(average of 30 mm in the driest month).

The climatic water balance (Figure 1) was calculated according
to Thornthwaite and Mather (1955). Monthly average temperature
and total monthly rainfall data from the weather station network of
the Agronomic Institute of Parand (IAPAR), located in
Bandeirantes-PR, three kilometers from the experimental site, were
used. For the available water capacity (CAD), 100 mm was used.
The soil is classified as Rhodic Eutrudox (Santos et al., 2013) with a
clayey texture. A particle size analysis showed that this soil was
61% clay, 2% silt and 37% sand.

The apparent density and the soil chemical analyzes were
performed in layers from 0-0.10, 0.10-0.20, 0.20-0.40 and 0.40-0.60
m deep in the soil profile before the initiation of the experiment,
both according to methodology described by the EMBRAPA (1997).
The apparent density of soil was evaluated using the volumetric
ring method (internal volume of 50 cm®) to verify the physical
existence impediment to the development of the roots. The values
of apparent density of soil in the layers were respectively, 1.33,
1.30, 1.30, 1.29 (g cm™ of the soil).

The soil chemical analyzes results are described in Table 1.
There was no need for chemical fertilizers. Prior to planting, 70 Mg
ha™ of filter cake was applied across the entire area after harvest to
replenish the potassium extracted by the crop. The soil was
prepared with a light harrowing, using a disk harrow.

In the experimental area, sugar cane has been grown for 65
years. During this period, a manual harvesting method with straw
removal by burning was used, and in 2010, the plant adopted a
mechanized harvesting system and an on-site test was conducted.
The experiment was installed in August 2010 and conducted over a
crop cycle (plant cane) in a randomized block design with four
replications. Each plot consisted of 10 rows of sugarcane (variety
SP 80-1816) that were 10 m long (10 x 10 m, 100 linear meters)
with a 1.5 m spacing between rows. The data were collected on the
six central lines, subtracting 0.50 m from each end. The harvest
occurred in September 2011. The authors evaluated six treatments:
0 (no straw), 25 (5 Mg ha™), 50 (10 Mg ha), 75 (15 Mg ha™), 100%
(20 Mg ha) and straw burned (20 Mg ha™ of the straw was burned)
on the root system of sugarcane at 60, 180, 270 days after planting
(DAP) and on yield at 390 DAP.

The straw used was collected after mechanical harvesting in a
cultivation area with the same variety of cane, which were
demarcated in plots with the same measures as the experimental
area. The amount of residue produced by this variety was
estimated from the weight of the dry matter collected at each site.
After weighing, the straw was evenly distributed over the
experimental site, immediately after planting, according to the
percentage required for each treatment.

To evaluate the root system, small trenches were opened
between the rows (dimensions of 0.80 x 1.00 x 0.80 m, width,
length and height, respectively) and metal cylinders (0.074 m
diameter and 0.10 m height) were used for sampling, resulting in a
volume of 0.00043 m?® ring (Azevedo et al., 2011). These were
spiked with the aid of a hydraulic tensioner in the trench
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Figure 1. Extract of the monthly water balance during the experimental period. *DAP: Days after

planting.

Table 1. Results of the chemical analysis of soil Rhodic Eutrudox at depths of 0 to 0.60 m, Municipality Bandeirantes - PR, 2010.

Prof. M.O pH p* K Ca Mg H+Al CTC K Ca Mg
(m) gkg? cCaCl, mgdm? Cmolc dm™ 9% Saturation
0-0.10 26.8 5.4 8.6 2.50 7.8 1.7 3.1 15.1 16 52 11
0.10-0.20 41.6 5.9 71.3 3.60 7.9 1.9 2.9 16.3 22 49 12
0.20-0.30 34.9 6.1 31.0 3.70 8.0 2.1 3.0 16.8 22 48 12
0.30-0.40 30.9 6.2 5.1 4.60 8.1 2.1 2.2 17.0 27 48 12
0.40-0.50 37.6 6.3 9.0 4.20 7.3 2.0 2.4 15.9 26 46 13
0.50-0.60 28.2 6.3 5.3 3.20 6.1 2.1 2.4 13.8 23 44 15

Methodology Embrapa (1997). *Used Melich extractor.

perpendicular to the seed row.

The volume of roots was evaluated horizontally, at a distance of
0.45 and 0.75 m from the planting line, at depths from 0 to 0.10,
0.10 to 0.20, 0.20 to 0.40 and 0.40 to 0.60 m, with four replicates
per treatment (Figure 2). Each repetition consisted of three surveys
conducted in each plot, to provide representation results.
Subsequently, samples were taken to the Roots Study Laboratory,
Department of Agriculture, Universidade Estadual de Londrina.
Each sample was placed in a plastic bucket with water and stirred
manually, then the water and roots in suspension were poured
through a 1.0 mm mesh sieve until no soil remained.

All roots retained in the sieves were collected and held in a
greenhouse at 65°C until they reached a constant weight. After
drying, the roots were weighed on a precision balance, and the
results are reported as roots mg per cm3 of soil at each depth.

The fresh mass of stems in milligrams of cane per hectare (Mg
ha-1) was evaluated at 390 DAP (September 2011) by collecting all

stems contained in the useful area of the plots. Green leaves were
dried, tip clipped and then weighed.

The data were subjected to an analysis of variance (ANOVA) and
means were compared using Tukey’s test at 1 and 5% significance
levels. The software Sisvar 5.3 (Ferreira, 2010) was used for the
analyses.

RESULTS AND DISCUSSION

According to Tomé Jr. (1997), fertile soil with a good
nutritional status has the following: 3 to 5% K, 10 to 15%
Mg and 50 to 70% Ca. At a depth of 0.60 m, it was
observed that the Ca content was very close to the range
considered appropriate for that nutrient, and the Mg
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Figure 2. Schematic drawing showing the planting line distances (0.45
and 0.75 m) and depths (0-0.10; 0.10-0.20; 0.20-0.40 and 0.40 to 0 60

m) for rings used to sample the roots.

content was at the proper range for all measured depths
(Table 1).

K showed a high saturation (above 20%), which may
be because this nutrient is not connected to any organic
constituent, is easily leached, and the concentration will
decrease to the proper range during the rainy season
because there were no new vinasse or mineral fertilizer
applications.

Phosphorus (Table 1) showed adequate levels in the
0.30 to 0.40 and 0.50 to 0.60 m layers but was high in the
other layers (Sousa and Lobato, 2004). Notably, the soll
did not show any chemical (Table 1) or physical
impediments to root growth. At 60 DAP, there were no
roots at the 0.45 to 0.75 m distance from the planting line.
At 60 DAP, cane plants had less roots than soca cane
because the cane root system begins to develop at
planting. In addition, the water deficit experienced during
the months of August and September (Figure 1) may
have contributed to the absence of roots in this period
(Vasconcelos and Garcia, 2005). Water stress is one of
the main limiting factors for sprout and root growth, and
also reduces the total mass of the root system.

At 0.45 m from the planting line (Figure 3), there was
effect of straw on the root system to a depth of 0.20 m. At
both 180 and 270 DAP, there was a greater mean root
mass in the treatments with 50, 75 and 100% straw,
which was higher than for the other treatments, and these
treatments did not significantly differ from each other. The
25% straw treatment was insufficient to make changes at
any depth, and did not differ from the treatments with 0%

straw and burned cane. At 0.75 m from the planting line
(Figure 4), the same was observed at 0.45 m, indicating
that the straw influenced the root system to the middle of
the spacing.

Comparing the dry mass of roots (mg cm’® sail) in both
periods, we observed an increase in the amount of roots
at 270 DAP at 0.20 to 0.40 m and at 0.40 to 0.60 m
depth, both at 0.45 and 0.75 m from the planting line
(Figures 3 and 4, respectively) for all treatments. This
indicates a greater depth of the root system. These
results confirm those of Vasconcelos and Garcia (2005),
who found that under water deficit conditions, there is an
increase in roots in the deeper soil layers because
humidity is maintained for a longer time in these layers
and this provides less resistance to new root penetration.
The significant effect of straw in the first year of
cultivation may be due to the prolonged drought that
occurred, with rainfall below the historical average,
resulting in high water stress (up to 200 mm (Figure 1)).
This drought caused low sugarcane yields throughout
south-central Brazil, representing a decrease of 11.20%
(CONAB, 2015). The water deficit was especially
apparent in the early stages of crop development (up to
180 DAP) (Figure 1). Water deficit has a direct influence
on the development of the root system. However, the
results of this study show that the 50% straw treatment
mitigated this effect, allowing a greater mass of roots.

The death or renewal of the roots is directly related to
water availability and soil temperature. Water deficit
results in a high expenditure of energy for the formation
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Figure 3. Dry root weight (mg) per cm® of soil at 0.45 m from the planting line on days 180 (a) and 270 (b) after planting (depths 0-
0.10; 0.10-0.20; 0.20-0.40 and 0.40-0.60 m) and mean percentage of root distribution in the evaluated profile. Means followed by the
same letter are not significantly different according to Tukey’s test at the 5% significance level. ns = not significant.

of new roots, which can vary according to the time of
exposure to the deficiency (Vasconcelos and Garcia,
2005), and this also impacts productivity (Tavares et al.,
2010 and Costa et al., 2014).

Thus, retaining sugarcane straw residue results in the
highest rate of water infiltration and retention in the soil

and lowers temperatures on the soil surface (Souza et
al., 2005b; Awe et al., 2015), which are important benefits
for the crop, especially in periods with water stress or
irregular rainfall. Others studies have reported an
approximately 70% reduction in soil water loss when
planting under straw (Braunbeck and Magalhédes, 2010).
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Figure 4. Dry root weight (mg) per cm?® of soil at 0.75 m from the planting line on days 180 (a) and 270 (b) after planting (depths 0-0.10;
0.10-0.20; 0.20-0.40 and 0.40-0.60 m) and mean percentage of root distribution in the evaluated profile. Means followed by the same
letter are not significantly different according to Tukey’s test at the 5% significance level. ns = not significant.

In addition to the benefits gained by increased humidity,
several authors (Oliveira, 1999; Resende et al., 2006)
have found that as the straw decomposes, it releases
nutrients into the soil, contributing to enhanced soil
fertility and better rooting.

Soares et al. (2004) reported that periods of water

stress can occur throughout the crop cycle, but damage
to the plant and final stalk yield varies, greatly depending
on the interaction between the time of the year in which
the stress occurs and the plant's phenological phase.
They also suggest that water stress has a greater
influence on sugarcane yield when it occurs in the early



de Aquino et al. 569

Table 2. Yield of sugarcane (Mg ha) in relation to the amount of surface straw
(%). 2010/11 Crop, Municipality of Bandeirantes, PR.

Treatment (% Straw)

Yield (Mg ha™)

0

25

50

75

100

Straw burned
CV

86.28 "
82.73"
112.28 2
112.78 2
96.88
89.05°
6%

Means followed by the same letter are not significantly different according to

Tukey’s test at the 1% significance level.

stages of culture and may hinder or delay the
development of the root system and aerial parts, which
agrees with the results obtained in the present study.
According to Soares et al. (2004), when water stress
occurs in other phenological phases, yield is rarely
affected.

Alvarez et al. (2000) evaluated the effects of the
management of raw cane and burned cane on rooting in
a Red Latosol dystrophic. They found no significant
differences in the first and second years of cultivation, to
a depth of 0.60 m, which differs from the results of the
present study. This lack of effect of the straw may be due
to differences in genotype, age and the production
environment of the evaluations. Alvarez et al. (2000)
reported that there were practically no adverse weather
events in either year of their study. Under relatively
stress-free climatic conditions, it is likely that the effect of
straw is not immediate, and the effects differ across
regions or periods that have less favorable conditions,
such as was found in the present study.

Vasconcelos and Garcia (2005), working with six
varieties of cane over two years, evaluated the root dry
matter in raw cane and burned cane at 0-0.20, 0.20-0.40,
0.40 to 0.60 and 0.60 to 0.80 m soil layers. Greater root
development of the harvested green cane was found in
only the 0-0.20 m layer, and this is in agreement with the
results of our study. Vasconcelos and Garcia (2005)
attributed this difference between treatments to greater
soil moisture under the straw in the dry season, a higher
calcium content from the decomposition of the straw on
the soil surface, and a higher content of organic matter
from microbial activity on the straw.

The distribution of the roots (Figures 3 and 4) on the
assessed profile (up to 0.60 m depth) was similar to that
of other tropical grasses, with an exponential decline in
the biomass function with depth and a variability in their
distribution (Smith et al., 2005).

The actual depth was 0.20 m for the distance of 0.45 m
(Figure 3) from the planting line at 180 DAP. After the

new water deficit period (April and May), the depth was
0.28 m at 270 DAP. For the distance of 0.75 m (Figure 4),
the effective depth was 0.34 at 180 DAP and 0.40 m at
270 DAP, confirming the results obtained by Vasconcelos
and Garcia (2005). This is a characteristic of the root
system of the cane plant, which explores beyond
superficial soil layers, in contrast with that of ratoon
(Vasconcelos and Garcia, 2005). The greatest water
infiltration, low humidity and temperature in the soil were
provided by the straw in the surface layers in 0 to 0.20 m.
This finding is important because it allows for the
development and maintenance of roots during periods of
lower water availability and high temperatures, precisely
at the depth where the highest concentration of roots
occurs.

Medina et al. (2002) found similar results when
evaluating roots of the RB 785148 variety in a Rhodic, to
a depth of 0.50 m. They found that there was a higher
concentration of roots in the 0 to 0.25 m layer. Costa et
al. (2007) evaluated the vertical distributions of RB83-
5486 and RB83-5089 cultivar roots in an Oxisol and
found that there was a greater root length in the first 0.18
m of soil. The root lengths declined from a 0-to 0.18- m
depth to a 0.18 to 0.36-m depth.

Straw coverage had a significant effect on final yield
(Mg ha). The 50 and 75% treatments did not differ (112
Mg ha) and showed an average yield that was 23%
higher than the 0, 25% straw and burned cane (86, 82
and 89 Mg ha™, respectively) treatments, representing an
increase of 26 Mg ha™* (Table 2).

It was observed that the treatments influenced the root
system to 0.20 m deep, resulting in a greater mass dry
root (50, 75 and 100% straw treatments) and resulting in
higher yield of sugarcane.

A natural characteristic of sugarcane is that it has the
highest concentration of roots in the 0- to 0.20 m layer.
This layer, being superficial, is vulnerable to climatic
conditions, directly influencing the root system and
causing a sharp drop in production under unfavorable
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environmental situations. Thus, the use of a management
practice that provides a greater stability in this layer will
result in a more developed root system, which
consequently helps mitigate yield declines in sugarcane
exposed to adverse weather conditions.

Resende et al. (2006) evaluated the effect of harvesting
with and without straw burning after 16 years of
cultivation. They found a 15% increase in vyield of
sugarcane under straw when compared with burned cane
in the evaluated ratoons from 1988 to 1992. From 1992
to 1999 (after the renewal of the sugarcane culture),
these values reached 59 and 12 to 28% in harvest
ratoons. Resende et al. (2006) also stressed that the
greatest differences occurred mainly in years with a lower
rainfall, indicating that the presence of straw in the field
was beneficial in conserving soil moisture. These results
agree with those obtained by Oliveira et al. (1999) and
those of this study.

Despite the benefits obtained with straw retention in
this study and those described by these authors, there
are others who reported disadvantages in using 100%
straw for raw cane (Campos et al., 2008; Campos, 2010).
Notably, the negative results described have typically
been found in 100% straw retention; therefore, it is not
possible to determine whether the same effect would
occur with smaller amounts of this material. We observed
that different amounts of residue retained in the field have
different effects. This is particularly important if we
consider that recently, the use of this waste as a
feedstock for second generation ethanol and bioelectricity
production has been one of the main alternatives to
supply the world's growing energy demand, and we must
determine how much straw retention is required to
guarantee the sustainability of the production system.

Overall, 50% (10 Mg ha'l) straw retention provided
enough residue to promote improvements in the root
system and yield of sugarcane. Above 50%, there were
no statistically significant responses. The withdraw of the
50% surplus straw from the field for use in industrial
processes did not cause damage to the crop yield
(Figures 3, 4 and Table 2).

Conclusions

1. The 50, 75 and 100% straw treatments promoted a
greater root mass to a depth of 0.20 m.

2. The effective depth for the 0.45 m distance from the
planting line was 0.28 m and was 0.40 m for 0.75 m at
270 DAP.

3. The harvesting with straw burning, the total removal of
straw from the field or the 25% straw maintenance
reduced crop yield of sugarcane in periods with a water
deficit.

4. Retaining of the 50% straw on the field is sufficient to
increase the mass of roots and yield of sugarcane, even

in periods of water stress.
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