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Effect of sugarcane waste in the control of interrill erosion

Efeito de residuos vegetais de cana-de-acucar no controle da erosao

hidrica entressulcos

Wander Cardoso Valim'; El6i Panachuki®*; Dorly Scariot Pavei';
Teodorico Alves Sobrinho®; Wilk Sampaio Almeida*

Abstract

The cultivation of sugarcane uses different cropping systems that result in varying quantities of crop
waste, this may influence soil erosion. The objective of this study was to evaluate the loss of soil and
water, the infiltration rate, and soil surface roughness in an area cultivated with sugarcane (Saccharum
spp.). Six treatments with different levels of plant waste were evaluated: sugarcane without plant waste;
sugarcane with 4.0 Mg ha™! of waste; sugarcane with 8.0 Mg ha™' of waste; sugarcane with 12.0 Mg ha'!
of waste; sugarcane with 16.0 Mg ha™! of waste; and burned sugarcane. The treatments were arranged in a
randomized block design with four replications, totalling 24 experimental plots. As soil depth increased,
there is reduction in macroporosity, total soil porosity, organic carbon content, mean geometric diameter
and weighted mean diameter of the soil aggregates, whereas the bulk density of the soil displays the
opposite trend. The presence of sugarcane waste on the soil surface increases the time required for the
initiation of surface runoff. Sugarcane waste does not alter soil surface roughness, and at the minimum
amount of waste administered (4 Mg ha™') reduces losses of soil and water and increases the infiltration
rate. The lack of soil surface coverage after harvesting the sugarcane contributes to soil and water loss,
and reduces the rate of stable infiltration of water into the soil.

Key words: Saccharum spp. Simulated rain. Soil and water loss.

Resumo

O cultivo da cana-de-agucar utiliza diferentes sistemas de colheita, resultando em quantidades variadas
de residuos vegetais, que podem influenciar no processo erosivo. O objetivo foi avaliar as perdas de
solo e de 4gua, a taxa de infiltracdo e a rugosidade superficial do solo em area cultivada com cana-de-
acucar (Saccharum ssp.). Foram utilizados seis tratamentos com diferentes niveis de residuos vegetais:
cana crua sem residuo vegetal; cana crua com 4,0 Mg ha' de residuo; cana crua com 8,0 Mg ha' de
residuo; cana crua com 12,0 Mg ha' de residuo; cana crua com 16,0 Mg ha™! residuo e cana queimada.
Os tratamentos dispostos no esquema experimental de blocos casualizados, com quatro repeti¢des,
totalizaram 24 parcelas experimentais. Com o aumento da profundidade do solo verifica-se reducao
da macroporosidade, da porosidade total do solo, do teor de carbono orgénico, do didmetro médio
geométrico e do didmetro médio ponderado dos agregados do solo enquanto os valores de densidade
do solo apresentam comportamento inverso. A presenca de residuos vegetais de cana-de-agucar sobre a
superficie do solo aumenta o intervalo de tempo necessario para o inicio do escoamento superficial. A
palhada de cana-de-acucar ndo altera a rugosidade superficial do solo e a quantidade minima avaliada,
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de 4 Mg ha! de residuo, apresenta eficiéncia na reducdo das perdas de solo e de agua e no aumento
da taxa de infiltragdo. A auséncia de cobertura do solo apds a colheita da cana-de-agtcar, favorece a
ocorréncia das perdas de solo e de dgua e reduz a taxa de infiltragdo estavel de agua no solo.
Palavras-chave: Saccharum ssp. Chuva simulada. Perdas de solo e de agua.

Introduction

The success of a particular agricultural activity
depends, in part, on knowledge of the factors
contributing to soil erosion, such as rain and soil
attributes. These factors, in conjunction with
anthropic actions, may accelerate or slow down
the erosive process. Thus, inadequate management
of soil in sugarcane cultivation, the world market
production of which is led by Brazil, results in losses
of soil, water, and nutrients, causing reductions in
crop productivity.

A few methods have been developed in the
cultivation of sugarcane, such as the burning of
waste (i.e., tops and leaves), to better facilitate
the collection, transportation, and processing of
sugarcane stalks (GALDOS et al., 2009). However,
sugarcane harvesting by pre-burning waste leads to
environmental damage, and eliminates soil biomass,
which provides coverage to the soil (SOUZA et
al., 2005). In addition, soil remaining uncovered
for relatively long periods accelerates the erosive
process, culminating in the physical, chemical, and
biological degradation of the soil by the actions of
rain and runoff.

Consequently, for economic and environmental
reasons, the harvesting of sugarcane without pre-
burning plant waste on the soil is increasingly
being adopted in the sugarcane-producing areas of
Brazil (GALDOS et al., 2009) by the introduction
of mechanical harvesting machines. By itself,
vegetative cover is an intervening factor in the
erosive process, influencing runoff and changing the
rate of water infiltration into the soil. Its presence
on the soil surface intercepts falling raindrops and
dissipates their kinetic energy, which prevents soil
breakdown and provides a form of surface sealing
(PANACHUKI et al.,, 2006; CARVALHO et al.,
2009). Thus, the maintenance of some sugarcane

waste on the soil surface, and its decomposition over
time, has physical effects on the soil, such as the
maintenance of soil moisture (TOMINAGA et al.,
2002), the facilitation of aggregate stability, increase
in water infiltration into the soil (GRAHAM et al.,
2002), and alterations to soil organic matter content
in areas that do not employ pre-harvest burning
(ROBERTSON, 2003).

In a study evaluating the effect of sugarcane
harvest systems on physical properties of the soil,
Ceddia et al. (1999) found a significant increase in
total porosity and the rate of water infiltration into
the soil surface layer, in a sugarcane cultivation area
in which plant waste was maintained. By contrast,
in a sugarcane harvest with a pre-harvest burn, there
was a decrease in the mean weighted diameter of
stable aggregates in water and an increase in the
density of the soil. Similarly, Bezerra and Cantalice
(2006) reported that sugarcane waste promotes the
increased interception of rain and water infiltration
into the soil, minimizing soil and water loss during
the crop cycle.

Thus, the favorable effect of surface roughness
on the increase in the rate of infiltration and the
consequent reduction of runoff is widely used
(BERTOL et al., 2007). In fact, surface roughness
has a positive effect on soil and water conservation,
but there is no clear trend regarding differences
between the effects of different types of plant
waste in an annual crop (AMARAL et al., 2013).
Currently, the efficacy of sugarcane plant residues,
in relation to the factors discussed above, has not
been evaluted.

Although the positive effect of vegetative cover
on physical, chemical, and biological soil processes
is well known, few studies have quantified the
optimal amount of sugarcane waste in the reduction
of soil erosion. This is important, because plant
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waste produced by the cultivation of different crops
can be used as fuel for energy production, as is the
case for sugarcane. For different quantities of waste
on the soil surface, it is possible to quantify the loss
of soil and water and the infiltration of water into
the soil, and assess its effect on erosion and runoff.
Thus, one can then determine what minimum level
of vegetative cover is necessary to successfully
reduce water erosion to acceptable levels, in order
to recommend how much waste can be removed
for other uses in sugarcane production without
impairing the conservation of soil and water. The
use of portable rainfall simulators allows this
question to be answered, and is easily repeatable
and cost-effective.

In this study, we evaluated the effect of different
quantities of sugarcane waste on the rate of interrill
erosion, infiltration of water into the soil, and on
soil surface roughness.

Material and Methods

The experiment was conducted in an area
cultivated with sugarcane (Saccharum spp.) under
a no-till system. The soil of the experimental area,
which has a smoothly undulating topography and a
mean slope of 0.03 m m’!, was classified by Schiavo
etal. (2010), as typical Dystrophic Red Argisol with
sandy loam texture. The physical attributes of the
soil (soil bulk density, macroporosity, total porosity,
mean geometric diameter and weighted mean
diameter), organic carbon, loss of soil and water,
and the infiltration of water under simulated rainfall
were evaluated after the crop had been harvested.
Initially, the physical attributes of the soil were
characterized at depth ranges of 0.00-0.10, 0.10-
0.20, and 0.20-0.40 m.

We used six treatments to evaluate the effect
of six levels of sugarcane waste on the loss of soil
and water, and on the rate of water infiltration. The
plot types were characterized as: plots with burned
sugarcane waste (CQ) equivalent to 12 Mg ha’!
of burned waste; sugarcane without waste on the

surface (CCO); sugarcane with 4.0 Mg ha'! of waste
(CC4); sugarcane with 8.0 Mg ha! of waste (CC8);
sugarcane with 12.0 Mg ha'! of waste (CC12); and
sugarcane with 16 Mg ha! of waste (CC16). In the
CQ treatment, the quantity of dry, burned waste
corresponded to 12 Mg ha'!, which was the mean
mass of waste observed after the crop was harvested.
The treatments evaluated were 0% (CCO0); 33%
(CC4); 66% (CC8); 100% (CC12); 133% (CC106),
and 100% (CQ), of the mean productivity of waste
obtained in the experimental area. The treatments
were arranged in a randomized block design with
four replications, totalling 24 experimental plots,
each with an area of 0.70 m2. These plots were
separated from each other by galvanized sheet steel
with a funnel-shaped spout, allowing the runoff to
be collected. Plant waste was characterized by the
amount of dry mass of sugarcane waste crushed
and spread across the surface of the soil in each
experimental unit.

Simulated rain was applied using a rainfall
simulator developed by Alves Sobrinho et al. (2008),
calibrated at a rain intensity of 60 + 2 mm h'. The
rain applied by the rainfall simulator corresponded
to 91% of the value of the kinetic energy of natural
rainfall falling at the same intensity. The duration
of each test using the rainfall simulator was 60 min,
timed from the start of surface runoff. Samples of
runoff were collected at regular intervals of 2 min,
totalling 30 samples in each test. Thus, the depth
of runoff was measured based on the volume of
surface runoff and the area of the experimental
plot. The depth of water infiltration was measured
as the difference between the depth applied by the
simulator and the runoff depth calculated every
60 sec. The instant infiltration rate was measured
based on the infiltrated water depth and the time of
collection. The stable infiltration rate (SIR) of water
into the soil was measured after a constant runoff
depth was observed.

Pre-wetting of each experimental plot was
initiated using drippers, 24 h before the beginning
of the tests. This was conducted in order to provide
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uniform moisture conditions, and as a prerequisite
before the application of simulated rainfall (COGO
et al.,, 1984). Before using the rainfall simulator,
soil moisture was determined at a depth range of
0.0-0.20 m by the gravimetric method. The time
of runoff initiation and the roughness of the soil
surface were determined as an experimental control.
The time of runoff initiation, recorded for each
experimental plot, corresponded to the interval of
time between the start of the application of rain with
the simulator and the beginning of runoff. Surface
roughness was measured 72 h after the completion
of simulated rainfall, using a mechanical roughness
tester consisting of 20 rods aligned three cm apart
(PANACHUKI et al., 2010). This set of rods was
moved at right angles relative to its alignment.
Photographic records were obtained for 400
readings of the soil’s microrelief height.

Suspended solids were decanted in four drops of
37% hydrochloric acid that were added to each flask
from the field. After resting for 24 h, the water was
removed and measured, and the samples of solid
material were placed in an oven at 60 °C until the
weight of the dried materials was constant. Thus,
the volume of the water drained and the mass of

sediment from runoff was measured for each flask,
and subsequently, the loss of water and soil was
quantified.

The effect of the level of soil coverage on soil
and water loss, and on the rate of water infiltration,
was verified by means of the analysis of variance,
with subsequent comparison of means at a 5%
significance level using Tukey’s test.

Results and Discussion

Soil macroporosity and soil bulk density values
were lower in the superficial layer (0.00 — 0.10
m), while the aggregate stability (mean geometric
diameter and weighted mean diameter) declined as
depth increased (Table 1). In general, the differences
observed between soil depths were due to a lower
content of organic matter at greater depths (SOUZA
et al., 2005; PRADO et al., 2014), and the pressure
exerted by the upper layers. In soybean cultivation,
under no-tillage
Panachuki et al. (2015) observed macroporosity
values that ranged between 6.26% and 15.36%,
while the total porosity ranged between 26.55%
and 34.63%, with a mean geometric diameter range
between 2.3 and 4.4 mm.

in Red Dystrophic Argisol,

Table 1. Mean values of macroporosity (Ma), total porosity (Tp), soil bulk density (Sd), organic carbon (Corg), mean
geometric diameter (MGD), and weighted mean diameter (WMD).

D(;f’[;h Ma Tp Sd . MGD WMD
(m) (m’ m”) (Mg m?) (gkg") (mm)
0.00-0.10 011a 038a 142¢  2562a 2082 3.00a
0.10-0.20 0.06 b 033b 154b  2216a 136 b 221b
0.20-0.40 0.04 b 030c 1L6la 1542 111b 1.74 b

* Mean values in columns followed by the same lowercase letter are not significantly different (P > 0.05).

The critical limit of soil density is variable, and
values close to, or above, 1.45 Mg m™ are normally
considered as a reference for most crops (CORSINI;
FERRAUDO, 1999; REINERT et al, 2001;
BAQUERO et al., 2012), although these values tend

to increase with a decrease in clay content (ARSHAD
et al., 1996). The values observed in the superficial
layer of the soil (0.00-0.10 m) are not, according
to this criterion, restrictive to root development.
However, in the other depths evaluated, the values
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were higher than the critical threshold and may be
considered as compressed. Soil layers with high
values of soil bulk density, and low macroporosity,
restrict the infiltration of water into the soil, and
limit root growth (CORSINI; FERRAUDO, 1999).
Regarding macroporosity values, Centurion et al.
(2007) stated that values for this variable must be
greater than 0.10 m* m3to allow an adequate supply
of air to enter the sugarcane root system. Thus, the
macroporosity values (Table 1) observed between
the depths of, 0.10 and 0.40 m, are limiting to root
development, and limit water infiltration into the
soil, promoting runoff.

The values of MGD and MWD observed in the
deepest layer of the soil (0.20-0.40 m) correspond
to 46% and 42%, respectively, of the values at the
soil surface layer (0.00-0.10 m). This indicates
that the aggregate stability declined as soil depth
increased, as verified by Souza et al. (2005). These
results were related to the presence of surface
vegetation (SHUKLA et al., 2003), as well as a
larger concentration of roots in the soil surface layer,
which, after decomposing, add a greater amount of

organic matter to the soil. This, according to Prado
et al. (2014), contributes to the stability of the
aggregates.

We found that the values of soil moisture prior to
the rainfall tests ranged between 18.5% and 22.5%
(Table 2). Since no significant differences were
observed between the soil moisture values in each
treatment, as recommended in the pre-wetting, it
can be assumed that this variable did not influence
the time of runoff initiation, loss of soil and water,
and infiltration of water into the soil. We recorded
shorter time intervals to observe the start of surface
runoff in treatments without vegetative cover on
the soil (e.g., treatments CQ and CCO0) (Table 2).
The time required to observe surface runoff in
treatments with soil cover exceeded, on average,
approximately 3.90 times the value observed in
treatments without plant waste covering the surface.
This finding highlights the influence of soil coverage
by plant waste on delaying the start of surface
runoff, by cushioning the impact of raindrops on the
soil surface, favoring the infiltration of water into
the soil, and acting as a physical barrier to runoff
(KATO et al., 2009; PANACHUKI et al., 2011).

Table 2. Mean values of soil moisture for each treatment before the tests (01), at the initiation of runoff (IT), and

random roughness (RR).

CQ CCo CC4 CCs8 CCl12 CCl6

01 (%) 21.68 a 19.53 a 20.00 a 21.59a 18.50 a 22.50 a

IT (min) 1.80 a 1.37 a 522b 6.42b 5.86b 7.18b
B B The The The The

RR (mm) 11.65 a 1242 a 12.02 a 1248 a 13.55a 11.72 a

* Mean values in columns followed by the same lowercase letter are not significantly different (P > 0.05). CQ = Burned sugarcane
with 12 Mg ha! of burned waste; CCO = Cane without plant waste on the surface; CC4 = Cane with 4 Mg ha! of waste; CC8 = Cane
with 8 Mg ha! of waste; CC12 = Cane with 12 Mg ha'! of waste; CC16 = Cane with 16 Mg ha™! of waste.

No significant variation was observed in the
soil surface roughness of the treatments studied
(Table 2). The similarity observed between the soil
roughness values may be related to the thickness
of the sugarcane leaves, which are the greatest
contributors to plant waste remaining after a harvest.
Thus, when randomly distributed on the surface of

the soil, these leaves are not efficient in increasing
soil roughness. However, sugarcane waste reduces
the direct impact of rain drops on the surface of the
soil, and acts as a barrier to surface runoff, which
reduces the loss of soil and water, and increases
water infiltration into the soil.
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Based on the values depicted in Figure 1, it can be
assumed that the presence of sugarcane plant waste
on the soil surface aids significantly in reducing
the loss of soil and water. In the treatments without
plant waste on the surface (e.g., CCO and CQ), the
accumulated losses of soil and water exceeded the
mean value of the treatments with plant waste on the
soil surface. However, this effect is more evident for

soil loss than for water loss (Figure 1). The lower
influence of soil cover on the reduction of water
loss, compared to the reduction of soil loss, can be
justified by the fact that soil has a limited storage
capacity of water infiltrating the soil. Beyond
this limit, the excess water runs off, reducing its
effectiveness in controlling water losses by erosion
(KOHNKE, 1968).

Figure 1. Mean values of soil loss (102 Mg ha!) and water loss (mm) as a function of different levels of soil cover:
CQ = Burned Cane with 12 Mg ha! of burned waste; CCO = Cane without plant waste on the surface; CC4 = Cane
with 4 Mg ha'! of waste; CC8 = sugarcane with 8 Mg ha! of waste; CC12 = Cane with 12 Mg ha™! of waste; CC16 =
Cane with 16 Mg ha! of waste. (*): values differ from the other treatments, at a 5% significance level, by Tukey’s test.

E1Soil Loss

E Loss of Water

100

80

60

40

CQ(*) CCo(*)

The largest losses of soil and water were
observed in treatments without sugarcane waste
on the surface, displaying a lower efficiency in
controlling water erosion when vegetation covering
the soil is removed, even under a no-till system.
With the removal of vegetation, there is, therefore,
a reduction in the value of the stable infiltration rate
(SIR). On the other hand, studies have shown that the
variation of the SIR can also be related to physical
properties of the soil, such as density, porosity, and
aggregate stability, that restrict the infiltration of
water in the soil and limits root growth.

The fact that the greatest losses of soil and water
are observed in the treatments without plant waste
on the surface is related, according to Bezerra and
Cantalice (2000), to the higher exposure of soil to the
erosive action of raindrops that cause detachment of

cC4

cCl12
Levels of vegetation cover on the soil

CCS8

the particles and surface sealing of the soil (VOLK;
COGO, 2008). Surface sealing reduces the rate of
water infiltration and increases soil water runoff and
the transport of particles (GARBIATE et al., 2011).

According to Silva et al. (2012), 75% coverage
with sugarcane waste should be implemented in
order to minimize the loss of soil in interrill erosion,
and 50% coverage for loss of water. In this study,
the loss of soil and water were reduced when the
amount of crop waste added corresponded to 33%
(4 Mg ha'') of the total quantity produced by the
crop (12 Mg ha'). Moreover, as observed by
Martins Filho et al. (2009) and Silva et al. (2012),
the increase in the amount of crop waste on the soil
surface tends to exponentially reduce the loss of soil
and water as a result of the interception of raindrops
and the runoff that reduces the breakdown of soil
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particles provided by the presence of waste on the
soil surface. Therefore, there is a threshold value
of soil coverage from which the effects on soil and
water conservation are minimal, allowing excess
sugarcane waste to be used as a source of energy in
alcohol plants.

The lowest SIR values were observed in
treatments without soil coverage. The treatment
with the highest amount of vegetation coverage on
the soil surface (16 Mg ha') presented a SIR more
than 100% higher than that of the treatments without
soil coverage (Figure 2).

Figure 2. Stable Infiltration Rates (Mean = SD) of water into the soil of areas cultivated with sugarcane as a function
of different levels of soil cover: CQ = Burned sugarcane with 12 Mg ha™' of burned waste; CC0O = Cane without plant
waste on the surface; CC4 = Cane with 4 Mg ha™! of waste; CC8 = Cane with 8 Mg ha™! of waste; CC12 = Cane with
12 Mg ha! of waste; CC16 = Cane with 16 Mg ha™' of waste.

(=23
=

o
[

40

Stable Infiltration Rate (mum h!)

Qo cco

CC4

CC8 cCl12 CCl16

Levels of vegetation cover on the soil

The highest SIR was observed in treatments with
plant waste on the soil surface and may be due to the
effect of these materials in absorbing and dissipating
the impact energy of raindrops, thereby decreasing
the breakdown of soil particles by acting as a barrier
to the shearing energy of runoff (BEZERRA;
CANTALICE, 2006). Thus, plant waste prevents
sealing of the soil surface, which could reduce the
rate of water infiltration into the soil.

With 4 Mg ha™! of plant waste on the soil surface,
we observed that the SIR was 66 and 99% higher,

respectively, than the CQ and CCO treatments,
which had no waste on the soil surface (Figure
2). In this situation (e.g., CC4), the SIR in the soil
was similar to that of treatments CC8 and CCI12
(8 and 12 Mg ha'). The shortest duration to reach
the SIR was observed in the CQ treatment, which
had a pronounced reduction within the first 20
min of simulated rainfall (Figure 3). According to
Silva (2007), the impact of raindrops displaces soil
particles, and, subsequently, seals the soil surface,
thereby reducing the infiltration of water into the
soil.
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Figure 3. Variation in the rates of infiltration of water into the soil as a function of different levels of soil cover: CQ
= Burned sugarcane with 12 Mg ha! of burned waste; CC0O = Cane without plant waste on the surface; CC4 = Cane
with 4 Mg ha! of waste; CC8 = Cane with 8 Mg ha'! of waste; CC12 = Cane with 12 Mg ha! of waste; CC16 = Cane

with 16 Mg ha™! of waste.
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In cultivated areas where vegetation covering
the soil surface was removed (e.g., CQ and CCO),
the direct effect of raindrops on the soil resulted
in a quick sealing surface, due to a reduction in
soil porosity caused by the displacement of soil
particles. In the CQ and CCO treatments, the instant
infiltration rate fell sharply within the first 20 min
after surface runoff initiated. Consequently, the
surface water depth was higher than in systems
with plant waste on the soil surface. By contrast,
in treatments with plant cover, the decrease in the
instant infiltration rate was lower. However, within
30 minutes the infiltration rates of treatments, CC4
and CCS8, showed a greater decline than those of
CC12 and CC16 (Figure 3). Therefore, we infer that
as soil plant trash cover increases, so does the rate at
which water infiltration occurs.

The similarities between our soil surface
roughness values (Table 2) allows us to infer that
this variable did not affect the differences that
occurred in the losses of soil and water, and the rate
of water infiltration into the soil, indicating a greater

effect of sugarcane plant waste on erosion and water
infiltration into the soil.

Conclusions

There is a reduction of soil macroporosity, total
porosity, organic carbon content, mean geometric
diameter, and weighted mean diameter of soil
aggregates as soil depth increased, while the bulk
density of the soil displayed the opposite trend.

The presence of sugarcane waste on the soil
surface increase the time required to initiate runoff.

Sugarcane waste do not alter soil surface
roughness, and the minimum amount of plant waste
administered (4 Mg ha') reduce losses of soil and
water, and increase the rate of water infiltration into
the soil.

The lack of soil coverage after harvesting
sugarcane favours soil and water loss and reduces
the rate of water infiltration into the soil.
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