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Development and production of sugarcane under different levels

straw after four years of cultivation

Desenvolvimento e producio de cana-de-ac¢ucar sob diferentes

quantidades de palhada apos quatro anos de cultivo
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Abstract

Environmental constraints, labour shortages and the search for greater efficiency have induced the
mechanisation of sugarcane harvesting, providing a large amount of straw in the system, which provides
benefits to the soil, the crop and the environment. The objective of this work was to evaluate the effect of
the removal of different amounts of straw from the soil surface on the development and productivity of
sugarcane in eutrophic Red Latosol. The experiment was conducted in an area belonging to the Usina in
Bandeirantes, PR, using a randomised block design with four replications. The effects of six treatments
(0, 25%, 50%, 75%, 100% of straw and sugarcane) were evaluated after four years of cultivation on the
LAI (leaf area index), tillering, diameter, length and fresh mass of the stalks, in five periods: 60, 120,
180, 240 and 370 days after harvest (DAC). The results were submitted to analysis of variance and the
means compared by Tukey’s test. The straw on the soil surface provided benefits to the development
and productivity of sugarcane. The management of sugarcane burning, total removal of the straw (0%
of soil cover) or 75% of straw resulted in a lower IAF and stalk diameter and a 37% decrease in final
yield under conditions of water deficiency. The maintenance of 50% of straw is sufficient to favour
the development and to provide greater productivity of the sugarcane, as it is possible to use the 50%
surplus of the field for the production of ethanol of second generation or electric energy, without damage
to the productivity of the culture.

Key words: Straw sugarcane. Ground cover. Biometry. Biomass.

Resumo

Asrestrigdes ambientais, a falta de mao-de-obra e a busca por maior eficiéncia induzem a mecanizacgao da
colheita de cana-de-agucar, disponibilizando grande quantidade de palhada no sistema, que proporciona
beneficios ao solo, a cultura e ao meio ambiente. O objetivo desse trabalho foi avaliar o efeito da retirada
de diferentes quantidades de palhada da superficie do solo sobre o desenvolvimento e a produtividade da
cana-de-agucar em Latossolo Vermelho eutroférrico. O experimento foi instalado em area pertencente
a Usina em Bandeirantes, PR, utilizando delineamento em blocos casualizados com quatro repeti¢des.
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Foram avaliados os efeitos de seis tratamentos (0, 25%, 50%, 75%, 100% de palhada e cana-queimada),
apos quatro anos de cultivo, sobre o IAF (indice de area foliar), perfilhamento, diametro, comprimento
médio e massa fresca dos colmos, em cinco periodos: 60, 120, 180, 240 e 370 dias apds a colheita
(DAC). Os resultados foram submetidos a analise de variancia e as médias comparadas pelo teste Tukey.
A palhada sobre a superficie do solo proporcionou beneficios ao desenvolvimento e a produtividade da
cana-de-agucar. Os manejos queima da cana-de-agtcar, retirada total da palhada (0% de cobertura do
solo) ou de 75% de palhada resultaram em menor indice de area foliar, didmetro de colmos e diminui¢éao
de 37% na produtividade final, em condigdes de deficiéncia hidrica. A manutengdo de 50% de palhada
¢ suficiente para favorecer o desenvolvimento e proporcionar maior produtividade da cana-de-agticar,
sendo possivel utilizar os 50% excedente do campo para producdo de etanol de segunda geragdo ou
energia elétrica, sem prejuizos a produtividade da cultura.

Palavras-chave: Palhico de cana-de-agucar. Cobertura do solo. Biometria. Biomassa.

Introduction

The mechanised harvesting system, which
has been adopted recently by the main sugarcane
producing areas in Brazil (POTRICH et al., 2014)
leaves between 10 and 30 Mg ha' of dry matter
of vegetal residue — straw — on the soil surface
(OLIVEIRA et al., 2003). The straw is composed
of dried leaves, pointers and green leaves that are
cut and thrown on the surface of the soil. More than
140 million tons of straw are generated annually
(UNICA, 2015).

This layer of plant material on the soil causes
changes in the production environment that directly
interfere with budding, emergence and plant
development. This fact becomes more important
when we consider that the currently available
sugarcane varieties were genetically developed in
the harvesting system with burning (SOUZA et al.,
2005). Thus, studies need to identify the behaviour
of the plant in this new system and the correct
management to be applied in this new cultivation
reality.

The main changes caused by straw on the soil
surface are the following: greater efficiency in the
control of erosion and increase of the organic matter
content, macro and microfauna, improving the soil
structure, alteration in the incidence of light on the
surface; increased infiltration of water into the soil;
decrease in thermal amplitude and evaporation,
especially in the superficial layers (INMAN-
BAMBER; SMITH, 2004; GARCIA et al., 2007;

CHRISTOFFOLETI et al., 2007; CAVENAGHI et
al., 2007; GUIMARAES et al., 2008; TAVARES et
al., 2010; COSTA et al., 2014, PAREDES JUNIOR
etal., 2015; VALIM et al., 2016).

The influence of straw in tillering, fresh biomass
accumulation and productivity of sugarcane variety
strains SP 832847 was evaluated by Campos et al.
(2008). They observed negative effects of straw in
total area with the three variables, with reduction
of about 10% in productivity. Similar results were
found by Campos et al. (2010), who evaluated the
effects of 10 t ha! of straw, in the second ratoon
variety RB 855453 in Red Oxisol Eutrophic.
However, Ball Coelho et al. (1993) observed that
the maintenance of the straw on the soil (Argisol
oxico) caused increases of 43% in the dry matter
production of the first sugarcane ratoon. Resende et
al. (2006) also reported the benefits obtained with
the maintenance of straw on the soil surface after 16
years of cultivation. However, the studies described
in the literature do not address the amount of straw
that would be sufficient to obtain such benefits or
the effect of maintaining smaller amounts on the
crop.

The straw represents approximately one-third
of the total primary energy of sugarcane. For this
reason, there is an increasing interest in the use
of straw left in the field that can be recovered and
used in the generation of surplus electricity, the
production of cellulosic ethanol and/or solid fuels
(pellets and briquettes). It is estimated that the use of
straw along with bagasse would triple the country’s
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ethanol production without the need for an increase
in the planting area (LIMA; NATALENSE, 2010)
or would produce the equivalent of 15% of the total
energy consumed in Brazil until 2020 (CEISE,
2016).

However, not all straw can be removed, as part
of it should remain on the ground to avoid changes
that compromise the sustainability of the production
system. If, on the one hand, removal of the straw can
generate additional profit for the mills, on the other
hand, its maintenance plays an important role in the
conservation of soil and water, avoiding erosion
and water losses that lead to the disintegration and
dragging of the fertile soil.

In this way, it is understood that work is
primordial that identifies the amount of straw
needed to remain in the field for greater benefit of
the crop and sustainability of the soil system, which
could be removed without damage to the crop.

The objective of this work was to evaluate the
effect of the removal of different amounts of straw
from the soil surface on the development and yield
of sugarcane ratoon after four years of cultivation in
Eutrophic Red Latosol.

Material and Methods

The experiment was conducted in the city of
Bandeirantes, in an area belonging to the Agtlcar
and Alcool Bandeirantes Plant, located at latitude
23° 06 ‘S, longitude 50° 21° W and altitude of 440
m, in an eutrophic Red Latosol (EMBRAPA, 2013),
with the following physical and chemical attributes
in the layer: 0-0.20 m (EMBRAPA, 1997): 61%
clay; 2% silt and 37% sand, OM (g kg') 34.2; P
(mg dm™- extractor Melich) 39.9; K (Cmolc dm)

3.0; Ca (Cmolc dm?) 7.8; Mg (Cmolc dm?) 1.8;
H+Al (Cmolc dm?) 3.0; CEC (Cmolc dm?) 15.7;
pH (CaCl)) 5.6 and V(%) 80.8.

The predominant climate in the region, based
on the Koeppen climate classification, is the Cfa
type, with an annual average precipitation of 1,300
mm. The average annual insolation is 7.14 h day
I, The climatological water balance (Figure 1) was
calculated according to Thornthwaite and Mather
(1955). The average monthly temperature data
and total monthly rainfall were provided by the
meteorological station of the Agronomic Institute of
Parana (IAPAR), located 2 km from the experiment
site. In the area where the experiment was installed,
sugarcane was cultivated for 65 years with manual
harvest and burning. In 2010, the plant adopted the
mechanised harvesting system without burning,
leaving the vegetal residue on the soil. Before
planting, as practice of the planting, 70 t ha™! of filter
cake was applied in total area. Soil density analysis
(g cm™) was performed, which presented depths of
0-0.10 m and 0.10-0.60 m, values of 1.33 and 1.30,
respectively, indicating that there was no physical
impediment to root development. The soil was
prepared by performing two harrowing treatments.

The experiment was carried out in randomised
block design with six treatments: burned cane
(where 100% of the straw was burned) and without
burning where 0, 25% (5 t ha') and 50% (10 t ha
) were left, 75% (15 t ha') and 100% (20 t ha)
of straw on the soil, in four replications. Each plot
consisted of 10 sugarcane lines, variety SP 801816,
10 m long (10 rows x 10 m), totalling 100 linear
m, spacing 1.50 m between rows. The six central
rows with 9 linear m were used as a useful area for
collecting the data, totalling 54 linear m.
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Figure 1. Monthly water balance extract occurred during the third ratoon crop 2013/14. of sugarcane cv. SP801816
grown under different amounts of straw (%) on the soil surface. DAH: days after harvesting.
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The implementation of the experiment was
carried out in August 2010, and soon after planting
the amount of straw corresponding to each treatment
was added to the soil. In 2014, after four years of
cultivation with the respective quantities of straw
added or removed from the soil, the development
and productivity analysis of the sugarcane was
carried out. The following variables were evaluated
in all stems contained in 2 linear m per plot: number
of green leaves, leaf area (AF), leaf area index
(LAI) number, length, diameter and fresh stem mass
at 60, 120, 180, 240 days after cutting (DAC) and at
harvest (370 DAC).

The average number of green leaves per tiller
was determined by counting the fully expanded
leaves, with a minimum 20% of green area, from the
leaf +1 (HERMANN; CAMARA, 1999). The leaf
area (LA) was calculated with the help of a leaf area
metre LiCor model LI 3100, by collecting the TVD
leaf (‘top visible dewlap’) of each existing tiller,
both in the 2 linear m and posteriorly, using Nassif
et al. (2013) methodolgy. The leaf area per tiller
was calculated using the equation LAT = LAX(N +
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2), where: LA is the leaf area, N is the number of
open green leaves and 2 is the weighting factor for
leaves that are not yet fully expanded. The leaf area
index (LAI), evaluated only on the first ratoon, was
calculated using the equation: LAl = NTI x LA/A,
where: NTI is the number of tillers (m?), LA is the
leaf area per tiller (m?) and A is the land area in m?
used for the evaluation.

For the determination of the number of stems
per hectare, the stems contained in 2 linear m of
each plot were counted. The mean length (m) of the
stems was obtained from the measurement of the
soil level to the first visible auricle, classified as leaf
+1. The mean diameter of the stalks was obtained
with the aid of a pachymeter measuring the middle
third of the stalks. Productivity was obtained by
weighing the stems in each evaluation period.
Leaves and pointers were removed from all stalks
prior to weighing.

The data was analysed using analysis of variance
(ANOVA) and the means were compared via
Tukey’s test (P < 0.05).
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Results and Discussion

There was a significant effect of the straw on
the development of the third sugarcane ratoon.
Regarding LAI, the highest LAI means occurred
at 120 DAC (Figure 2), with subsequent decline.
This behaviour was also observed by Oliveira et
al. (2007) in the state of Parana and Farias et al.

(2008) in the state of Paraiba. Sugarcane presents a
phase in which there is greater growth. This differs
according to the variety and, after this period of
intense growth and competition of tillers, a decrease
is also expected in the IAF, since the crop reduces
the energy expenditure in the production of green
leaves.

Figure 2. Leaf area index (LAI) of sugarcane cv. SP801816 grown under different amounts of straw (0; 25; 50; 75;
100%) on the soil surface and Burned sugarcane (B.S) on the third ratoon (2013/14 crop). Means followed by the same
letter in each date of sampling are not significantly different by Tukey’s test at 5% significance level.
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IAF decreases with the reduction of the number
of tillers per linear metre. This, in turn, decreases
with the decrease in soil moisture (FARIAS et
al., 2008). Inman-Bamber (2004) confirms this
information and adds that factors such as elevated
temperatures in periods of water stress cause a
decrease in leaf area as they accelerate the process
of senescence of green leaves. In this cycle, where
water deficit was observed throughout the cycle,
except in November 2013 and June 2014, there
was a straw effect on LAI at 120, 180 and 350
DAC. The treatments 50 and 75% of straw had the
highest values until the end of the cycle, reaching
350 DAC (4.52 and 4.58, respectively) in relation to
treatments 0, 25% of straw and burned sugarcane,
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which presented values of 2.97; 2.95 and 2.52,
respectively. Silva and Pincelli (2010) report that
the IAF is effective for evaluating the final yield,
and higher values during the development cycle
would be related to a higher final yield of stems.
Inman-Bamber and Smith (2004) explain that after
hydric deficit, when rehydration occurs, stomata
can improve the water potential of the leaf but
cannot fully recover, because the complexity of the
stomata response will depend on the genotype and
drought intensity, influencing the severity of the fall
in production. Braunbeck and Magalhdes (2010)
point out that one of the main effects of straw on
the soil is to increase the infiltration of water in the
soil, and decrease the evaporation and the average
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temperature of the surface layer of the soil, thus
allowing the maintenance of moisture due to the
microclimate created.

There was a significant effect on stem diameter
(Figure 3) in the 240 DAC period. The treatments
50 and 75% of straw provided a larger diameter of
stalks (2.85 c¢m) in comparison to the cane burned
and 25% of straw (2.15 and 2.10 cm, respectively).
At harvest, 100% straw had a larger diameter (2.90
cm), differing only from 0 and 25% straw (2.72
and 2.65 cm, respectively). Silva and Pincelli.

(2010) evaluated the production components of
80 sugarcane genotypes as indicators of drought
tolerance in Neossolo. They verified that stem
diameter is the most sensitive of the biometric
indicators as it is one of the first parameters, and
that the water deficit in the initial phase affects the
cell division, reducing the diameter and weight of
the stalks. This may explain the smaller diameter
observed in treatments with uncovered soil (cane
burned and the total removal of straw from soil).

Figure 3. Stem diameter of sugarcane cv. SP801816 grown under different amounts of straw (0; 25; 50; 75; 100%) on
the soil surface and Burned sugarcane (B.S) on the third ratoon (2013/14 crop). Means followed by the same letter in
each date of sampling are not significantly different by Tukey’s test at 5% significance level.
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The mean length of stems (Figure 4) increased
from the first to the last evaluation period. Similar
results were found by Castro (1999). The stem length
showed growth curves, as found in the literature.
There was no significant effect of the treatments on
the average length of stalks in any period evaluated.

There was a straw effect on the fresh stem mass
(Mg ha') in the third ratoon at 60, 240 and 370 DAC
(Figure 5). The treatments 50% and 75% of straw
did not differ and provided the highest average of

production in the whole cycle, in relation to the
burned sugarcane 0 and 25% of straw. At the end
of the cycle, at 370 DAC (Mg ha'') treatments 50
and 75% of straw yielded the highest yields (119
and 122 Mg ha’!, respectively), with an average of
37% more compared to burned sugarcane and 0% of
straw (74 and 77 Mg ha’!, respectively). Although it
did not differ statistically, it represented 31% more
than the 25% straw treatment on the soil.
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Figure 4. Stem length (m) of sugarcane cv. SP801816 grown under different amounts of straw (0; 25; 50; 75; 100%)
on the soil surface and Burned sugarcane (B.S) on the third ratoon (2013/14 crop). Means followed by the same letter
in each date of sampling are not significantly different by Tukey’s test at 5% significance level.

3,5 1

3" RATOON
3,0
2,5
g
= 2,0
g —.— 0%
= L5 —0—25%
E ——50%
Z ——75%
19 4 —&—100%
. —4—B.S.
0,5 ” /
1CV=16% CV=10%_CV=7% _ CV=5% . CV=10%
60 120 180 240 350

Days after harvesting

Figure 5. Productivity of sugarcane (Mg ha') cv. SP801816 grown under different amounts of straw (0; 25; 50; 75;
100%) on the soil surface and Burned sugarcane (B.S) on the third ratoon (2013/14 crop). Means followed by the same
letter in each date of sampling are not significantly different by Tukey’s test at 5% significance level.
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The results of the productivity of cane-plant and  research, corroborate the results of the present study.
ratoon under different amounts of straw obtained The authors verified that in the cycles where water
by Aquino and Medina (2014) and Aquino et deficiency occurred in the initial stages of the crop,
al. (2017), in the same experimental area of this treatments with 50 and 75% of straw increased the
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average productivity in the cane-plant cycle by 25%
and in the cycle of the ratoon by 29%, comparing
with treatments with smaller amounts of straw.

These data show that the presence of straw has
a significant influence on the cropping system, and
may reflect the final productivity in the short-term,
especially in periods of water deficiency, as in the
present work. Another relevant result to highlight
is that the practice of harvesting sugarcane with
burning reduced productivity by 37% in periods of
water deficiency. This is important information for
choosing the harvest management technique to be
adopted, especially for those states where there is
no prohibition of burning and it is common to carry
out the burning of sugarcane before harvesting.

It can be observed in the present study that under
conditions of water deficit, the amount of 50% of
straw was sufficient to promote improvements in
crop productivity, and that, above this value, there
were no statistically significant responses. The
remainder residue could be used in the sectors of
production of bioenergy, maximising the energy
use coming from the crop, without prejudice to the
sustainability of the cultivation system.

Considering that straw plays a fundamental
role in soil erosion protection, which is one of
the most damaging forms of degradation, by
irreversibly reducing the productive capacity of the
crops, the maintenance of straw on the surface is
a very important management technique when the
sustainability of the soil system is sought.

Conclusion

The straw on a soil surface provided a
benefit the
sugarcane. The management technique of burning

development for production of
the sugarcane, total removal of straw (0% of soil
cover) or 75% of straw results in a lower leaf area
index and stalk diameter, and a 37% decrease in
final yield, in conditions of water deficiency. The

maintenance of 50% straw is sufficient to favour

the development and the majority production of
sugarcane.
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