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ABSTRACT

Sugarcane quality for industry directly depends on irrigation, especially in semi-arid regions. This study aimed to evaluate the technological
performance for industry of six sugarcane varieties at five irrigation depths. Sugar-cane Brix and Pol%, juice Brix and Pol%, fiber, purity,
reducing sugars and total sugars were evaluated 11 months after planting. The experiment was conducted in Brazil, in the semi-arid
region of Minas Gerais state. The experiment was arranged in a randomized block design, in a subdivided parcel scheme (6 x 5) and four
repetitions. Different irrigation depths did not affected Brix. The cultivar RB83-5486 presented the highest value for juice Pol%, among
the evaluated varieties. Juice Pol% and sugar-cane Pol% presented similar behavior, and displayed the highest values at the 1081 mm
irrigation depth. In general, the analyzed varieties presented low fiber content. All the analyzed varieties surpassed 80% purity. The highest
irrigation depths enhanced purity. The highest value was obtained at the 1081 mm depth. Decreased reducing sugars and increased total
reducing sugars were observed at the highest depths and the highest accumulation was found at the 1081 mm depth. As conclusion for
industrial characteristics, the irrigation presented potential to enhance the technological performance of sugarcane in semi-arid conditions.
Considering the technological performance for industry, the cultivar RB83-5486 has good potential to be used under the studied conditions.

When higher levels of fiber and reduced sugars are desired, lower irrigation depths are recommended.
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INTRODUCTION

Sugarcane (Saccharum officinarum 1.) is one of the most
important cultivated plants, with an average global sugar
production of 188 million tons (USDA, 2018). Besides
sugar, the main product derived from sugarcane is alcohol,
which is exported and sold to fuel distributors, electricity
companies and food industry. Some byproducts, such as
vinasse, are used as fertilizers and sold to industries (Pedro-
Escher et al., 2016; Parsace et al., 2019).

Wiater deficit is one of the main factors that directly affect
the development of sugarcane and consequently sugarcane
technological quality (Lakshmanan and Robinson, 2014).
Brazil is one of the 10 countries with the highest water
availability, but many of its regions are considered semi-
arid, with extremely limited water resource (Montenegro
and Ragab, 2012). According to Cardozo and Sentelhas

(2013), water restriction is the primary variable related
to sugarcane ripening that directly affects production. In
this context, irrigation is an indispensable practice for the
achievement of adequate yield and technological quality,
not only in Brazil, but also in all regions and countries with
similar conditions (Walter et al., 2014).

Recent studies have reported the behavior of sugarcane
under water deficit conditions. Boaretto et al. (2014)
associated the improved performance of sugarcane
under drought stress with a more efficient antioxidant
system response, particularly under conditions of mild
stress. Santana et al. (2017) observed that water deficit
directly affected the agronomical performance of
sugarcane in semi-arid conditions. Coelho et al. (2019)
evaluated the higher heating value (HHV) and useful energy
from biomass partitions of different sugarcane varieties
drip irrigated at four water levels and four maturation
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processes. Among other results, these authors concluded
that the effect of water stress on the sugarcane “renewable
energy produced” is totally dependent of the biomass
quantity produced per unit of area.

The main goal of sugarcane agricultural industry is to
maximize yield, reduce costs and associate raw material
quality to the final products. In this context, sugarcane
quality provided to the industry can be defined as a series
of plant intrinsic characteristics, usually determined by
technological analyses on samples collected on the supply
moment and site (CONSECANA, 2006). According to
Stupiello (1987), sugarcane quality depends on a set of
attributes and should not be confused with the content
of sucrose, which is its main component. Other important
technological attributes of sugarcane which have been cited
in the literature are Pol%, juice Pol%, juice Brix, reducing
sugars, apparent purity, fiber and others (Hossain et al.,
2014; Li and Yang, 2015; Rhein et al., 2010).

However, few studies focus on varieties under water
deficit, since in many semi-arid regions worldwide, it is
still common to cultivate genetically degenerate sugarcane
varieties, with low yield and inferior technological quality.
Thus, it is desirable to introduce improved varieties, with
high technological potential, aiming to increase sugarcane
yield and quality in these regions.

Therefore, this study aimed to evaluate the technological
quality for industry of different and technological through
important attributes of sugarcane varieties, produced under
different irrigation depths and semi-arid conditions.

MATERIALS AND METHODS

Local, soil and plant material

The experiment was conducted in the semi-arid region of
Jaiba, Minas Gerais state, Brazil. The coordinates of the
experimental area were 15° 05” 34”S latitude and 43° 58’
44”W longitude, average temperature of 25.5 °C (minimum
of 18.7 °C and maximum of 32.3 °C), annual insolation of
2987 hours, relative humidity of 65.5% and mean annual

WENE RS i : PN :
Fig 1. General perspective of the experiment 11 months after planting.
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rainfall is approximately 800 mm, concentrated between
October and March.

Previously to the experiment, soil samples were collected
from the experimental area. The 0-20 and 20-40 cm
depths were used for the texture and fertility analysis. The
soil was classified as dystrophic red latosol, with medium
texture (Santos, 2013). Following the fertility test results,
fertilization was performed according to Korndorfer et al.
(1999), which consisted in the application of 150 kgsha' of
ammonium sulfate and 750 kg.ha™ of single superphosphate
before planting, Liming and micronutrient correction were
not performed following the fertility analysis. Pre-planting
fertilization was carried out in the trenches.

Before planting, the soil was prepared, aiming to reduce
compaction, by subsoiling, plowing and two harrowing
procedures. The six following sugarcane varieties were
used, TAC86-2480, RB76-5418, RB83-5486, RB85-5530,
SP80-1816 and SP80-1842. These varieties are potentially
used in semi-arid regions of Brazil and are accessible to
producers in these regions. The seedlings were distributed
in trenches, 25 to 30 cm of depth, with 1.20 m spacing
between them. Stalk selection criteria were 3 to 5 buds per
stalk, resulting in 16 to 18 gems for each trench meter. The
stalks were covered by a 5 to 10-cm soil layer.

Cover fertilization consisted of 150 kgha' of (NH,),SO,
and was performed 90 days after planting (DAP). During the
crop cycle, the occurrence of pests and diseases was observed
and controlled when necessary, through the chemical and
biological procedures recommended for sugarcane crop
(Dinardo-Miranda et al., 2007). Weed control was carried
out trough chemical spraying, following the identification of
weeds and the procedures recommended for sugarcane crops.

Irrigation treatments

Five irrigation depths were employed for all varieties.
They consisted of 271, 541, 811, 1081 and 1351 mm,
which corresponded to 25, 50, 75, 100 and 125% of the
recommended depth, respectively. Irrigation was performed
by line Source sprinkling, with line of 11 nozzles, NAAN
5035 model, with evenly spaced distribution. Water was
applied on decreasing levels and perpendicular to the
tabulation. The height of the sprinklers was proportional
to the plant growth and they were spaced 12 m away from
each other (Fig. 2). Irrigation outflow was 3100 L.h"

Irrigation management was performed using potential
reference evapotranspiration (ETo), calculated according
to (Eq. 1). For this calculation, precipitation data
were collected from a meteorological station near the
experimental area. The results of this equation presented
the irrigation period for each treatment. the irrigation
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Fig 2. Irrigation system used in sugarcane cultivation.

periods ranged from 1 to 3 days, according to irrigation
management (Bernardo et al., 20006).

Et0=0.0023 x Ra x (T+17.8) x (Tmax-Tmin)"*
Where: ETo = day mean evapotranspiration, mm.day
T = day mean temperatute (°C),

Tmax = day max temperature, (°C),
Tmin = day minimum temperature, (°C) and
Ra = radiation at the top of the atmosphere (mm.day™").

©)

An irrigation uniformity test was performed using collectors
on the irrigation line, aiming to effectively quantify the
water outflow. Irrigation was interrupted 45 days before
harvest. Harvest and evaluations were performed when
the plants were 11 months old.

Technological analysis

Three whole culms were collected from each parcel for
technological analysis, following the manual of sugarcane
quality analysis (CONSECANA, 2006). The collected
culms were sectioned according to Fig. 3.:

Brix and sugarcane juice Pol%.

Disintegration and homogenization were performed using
a concrete mixer equipped with protection to prevent
moisture decrease. Then, 500 g of sample were weighed
on an electronic scale. These samples were pressed under
250 kgf.cm™ for one minute, on a hydraulic press (Hidraseme
PHS 250). The juice was collected from the press for Brix
analysis (refractometer) (CONSECANA, 2000).

The juice Pol% is the percentage of sucrose mass contained
in a sugary solution of normal weight, determined by
the capacity of sugars to divert polarized light to a single
direction. Pol is determined by saccharimetric methods
(polarimeters or saccharometers) (CONSECANA, 20006).
It was calculated by Eq. 2:

JuicePol=(1.0078 x sucrose+0.0444) x (0.2607-
0.009882 x Brix) 2

Sugarcane fiber

The fiber was determined by the juice Brix extracted
from the hydraulic press, humid bagasse (HB) and dry
bagasse (DB), following Fernandes (2003). The fiber was
determined by Eq. 3:
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Fig 3. Section of sugarcane culms for technological analysis.

F=(0.08 x HBW)+0.876 3
Where: F = fiber percentage and
HBW = humid bagasse weight.

Coefficient C

The coefficient “C” represents the transformation of the
extracted juice into the whole juice. It is the extraction of all
juice from the hydraulic press, determined by Eq. 4:

C=(1.0313-0.00575 x Fiber) “
Sugarcane °Brix
The refractometer Brix is determined by the measure of
the refraction index of the dissolved solutions on a sugary
solution, which provides the mass on percentage. Measuring
was performed using an optical refratometer with 20 °C
correction. Approximately 50 mL of juice, filtered through
cotton, were used for the measurement. Droplets of
the filtered juice were placed on the refratometer prism,
followed by the Brix measurement. Eq. 5 was used to
determine the sugarcane Brix:

Sugarcane °Brix=JuiceBrix x (1 - 0.01) x C  (5)
Sugarcane Pol%
Sugarcane Pol is obtained when juice Pol is multiplied by
the fiber and coefficient “C”, which transforms the juice
Pol into Sugarcane Pol%, according to Eq. 6:
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Sugarcane Pol=Juice Pol x (1-0.01 x Fiber)x C  (6)
Where: C = Coefficient of juice transformation.
Purity
Purity is the percentage of sucrose (Pol) contained in the

soluble solids (Brix). This is the main indicator of maturity.
Eq. 7 was used to determine it:

(Sugarcane Pol)

Purity= x 100

(Sugarcane °Brix)

)
Reducing sugars (RS%)

Glucose and fructose are the main reducing sugars
present in sugarcane. These sugars have potential to
reduce copper from cupric into cuprous. These are the
main precursors of the sugar dark color in industrial
processes (Tasso Junior, 2009). Eqs. 8 and 9 were used
to calculate the reducing sugars in juice and sugarcane,
respectively:

Juice RS=(3.641-0.0343 x Purity) (8)
Sugarcane RS=Juice RS x (1-0.01 x Fiber) x C  (9)
Where: C = Coefficient of juice transformation.

Total reducing sugars (TRS%)

The total reducing sugars, also known as total sugars, regard
all sugars contained in sugarcane in a reducing form or
inverted sugar (Oliveira et al., 2014). Egs. 10 and 11 were
used to calculate the total reducing sugars in juice and
sugarcane, respectively:

Juice TRS% = (Juice Pol)/(0.95) + Juice RS ~ (10)

Sugarcane TRS% = Juice TRS% x (1 — 0.01 x Fiber) x C
11)

Where: C = Coefficient of juice transformation.

Total recoverable sugars (TReS%)
Using sugarcane Pol (PC) and sugarcane reducing sugars
(SRS), the TReS is calculated by Eq. 12:

TReS=10 x PS x 1.05263 x 0.905+10 x SRS x 0.905 (12)

Where: 10 x PS = Pol per sugarcane ton,
1.05263 = stoichiometric coefficient to the conversion of
sucrose in reducing sugars,
0.905 = Recovery coefficient to an industrial loss of 9.05
% and
10 x SRS = Reducing sugars per sugarcane ton.
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Experimental design and statistical analysis

The experiment was arranged in a randomized block
design, in a subdivided parcel scheme (6 x 5). The six
varieties were used in the parcels (IAC86-2480, RB76-5418,
RB83-5486, RB85-5536, SP80-1816 and SP80-1842) and
sub-parcels composed of five irrigation depths (271, 541,
811, 1081 and 1351 mm), with four repetitions. The total
area presented 5000 m? (100 x 50 m).

The parcels were arranged parallel to the irrigation lines.
Sub-parcels presented 33.75 m?* (7.5 x 4.5 m) and were
composed of five 8 m lines. Externally to the parcels, three
lines of sugarcane, RB73-9735 cultivar, were planted as
turnrows (headlands).

The data were statistically analyzed on bulk and the
means were compared to the rates of the varieties, by the
Tukey test. Data unfolding was performed for significant
interactions. Regression analysis was performed for
significant interactions identified by the F test (P<0.05).
The models used to explain the results were chosen
considering the significance of the equation parameters
and determination coefficient value (R*> 0.70).

RESULTS AND DISCUSSION

Regarding the variance analysis, it was observed that no
interaction with other variation source was observed only
for brix evaluation, which suggests that the different depths
did not affect this characteristic of the studied varieties.
For the varieties, was significant difference was detected
for Juice Pol% and TRS at 1% probability. Regarding purity
and RS%, the significance level was 5%. For irrigation
depth, significant differences were observed for all the
characteristics at 1% probability. No significant difference
was detected by the F test for °Brix and fiber. The cultivar
x irrigation depth interaction presented significant effect
at 5% probability only for the fiber variable.

The cultivar RB83-5486 presented the highest juice Pol%
value, 17.85%. Significant differences were not observed
between the varieties SP80-1816 and SP80-1842. The

Table 1: Juice Pol% of 6 sugarcane varieties, 11 months after
planting

Varieties Juice Pol%
IAC86-2480 15.72°
RB76-5418 14.90°
RB83-5486 17.852
RB85-5536 15.56°
SP80-1816 16.49%
SP80-1842 16.20°

(a) Means followed by the same letters in the column not differ based on
Tukey test (P=0.05).
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cultivar RB76-5418 presented the lowest value for this
characteristic, 14.90% (Table 1).

The results suggest that the maturation behavior of
cultivar RB83-5486 may indicate precocious harvest. This
process can be related to a higher accumulation of sucrose
within the studied vatieties. Souza et al. (2005) observed
similar results, with values higher than 15.3% Pol% (which
indicates the first sugarcane cut), except for the variety
RB76-5418 (Table 1).

Oliveira et al. (2014) studied the cultivars RB85-5453 and
SP80-1816 under different irrigation and fertilization
conditions and observed mean values of 17.59 for
sugarcane Pol% and 20.97 for juice Pol%, which exceed
the mean values found in this study.

Regarding irrigation depths, for juice Pol% and sugarcane
Pol%, a similar behavior was observed. The highest values
were found for the 1081 mm depth, with a tendency of
decrease at 1351 mm (Fig. 4).

Similar results were observed by Dantas Neto et al. (2000).
Increased Pol values were observed for higher irrigation
depths up to a certain limit, followed by a decrease. Dalri
and Cruz (2008) verified results similar to those and
observed for sugarcane Pol%, with values of 15.7%. Silva
et al. (2014) observed values of sugarcane Pol% above

Table 2: Fiber (%) of 6 sugarcane varieties under 5 irrigation
depths, 11 months after planting

Varieties Irrigation depths (mm)
271 541 811 1081 1351

IAC86-2480 9.772 9.09? 2.58° 2.312 443
RB76-5418  10.522 8.28° 7.90% 10.69° 10.922
RB83-5486 12.592 7.912 5.60% 9.842 8.842
RB85-5536  7.772 5.272 11.07% 6.852 9.732
SP80-1816 5.992 9.072 13.252 8.312 7.522
SP80-1842 10.26*  10.55° 8.30% 9.502 2.60°

(a) Means followed by the same letters in the column not differ based on
Tukey test (P=0.05)

14% for the cultivars SP89-1115 and IACSP96-3060, under
drip irrigation.

In general, the analyzed varieties presented low fiber
potential. Significant differences among varieties were
observed only for the 811 mm depth, where the varieties
SP80-1816 and IAC86-1480 presented the highest (13.25%)
and lowest (2.58%) values, respectively (Table 2).

At the 811 mm depth, the variety SP80-1816 presented
values higher than those recommend to mill processes,
which are between 10 and 11% (Fernandes, 2003). Bagasse
is the material that remained after sugarcane stalks were
crushed for the extraction of juice (Boomtima et al., 2015).
Thus, high fiber content affects juice extraction.

The varieties IAC86-2480 and SP80-1842 presented a
similar behavior for fiber. Decreased fiber content was
observed for higher irrigation depths. However, the
cultivar SP80-1816 presented the highest fiber content at
the 811 mm depth, and the lowest values at the 271, 541,
1081 and 1351 mm depths (Fig, 5).

Similarly to the varieties IAC86-2480 and SP80-1842,
according to Dias et al. (2012), the fiber content in non-
irrigated areas is higher, compared to irrigated areas. Under
water deficit conditions, sugarcane tends to accumulate
fiber (Farias et al., 2009). Gongalves et al. (2014) observed
between 11 and 13% fiber contents in sugarcane. According
these authors, lower levels of fiber predispose plants to
lodging and difficulties in harvesting;

Carlin and Santos (2009) mention that higher sucrose
content is related with lower fiber percentage, a
hypothesis that can be observed in this study with the
cultivar IAC86-2480 (Table 2 and Fig. 4). However, these
authors affirm that variations in fiber content among
different cultivars are genetic and differ according to
the given conditions. In general, the varieties RB76-
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Fig 4. Juice Pol% (A) and sugarcane Pol% (B) for sugarcane under five different irrigation depths, 11 months after planting. ns, **: Equations
are not significant and significant at 1% probability (P<0.01), respectively.
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Fig 6. Purity of sugarcane at five different irrigation depths, 11 months
after planting. *: Equation is significant by F test, at 5% (P <0.05).

5418, RB83-5486 and RB85-5536-5536 showed a similar
behavior (reduction of fiber content with increasing
irrigation depths), indicating low genetic variability
between them for this parameter.

The variety RB83-5486 presented the highest purity
(87.13%) among the analyzed varieties. On the other hand,
the varieties IAC86-2480 did not differ from RB765418,
RB85-5536, SP80-1816 and SP80-1842.
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Table 3: Purity of 6 sugarcane varieties, 11 months after
planting

Varieties Purity
IAC86-2480 81.14°
RB76-5418 81.30°
RB83-5486 87.132
RB85-5536 8285588
SP80-1816 82.87%
SP80-1842 81.84°

(a) Means followed by the same letters in the column not differ based on
Tukey test (P=0.05)

The purity of sugarcane juice is directly related to the raw
material quality and can be affected by the mineral and
plant impurities incorporated during harvest. It is important
to obtain values of purity above 80% during the harvest

process. Industrial unities usually reject raw materials with
purity lower than 75% (CONSECANA, 2000).

In this context, all the analyzed varieties presented over
80% purity, evidencing the good quality of the raw
materials (Fernandes, 2003) (Table 3). Similar harvest
results were observed by Prado and Pancelli (2006) and
Silva et al. (2008), who obtained values of 84.4 and
83.8%, respectively. Rhein et al. (2016) evaluated the
purity of sugarcane cultivar SP80-3280 under nitrogen
doses via drip irrigation and also observed increased
purity. It was observed that higher irrigation depths
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increased purity, and the maximum value was obtained
at 1081 mm (Fig. 6).

Farias et al. (2009) also observed that purity was affected
by the irrigation depth, with an increase of 10% to the
characteristic when compared to areas without irrigation.
A high purity percentage provides a high sucrose
concentration in the sugarcane juice, which results in higher
industrial yield, propitiated by irrigation. Increased purity is
also related to higher sugarcane juice quality, according to
a reduction in amino acids, organic acids, starch, reducing
sugars and color related substances (Silva et al., 2014).

The cultivars presented significant differences for reducing
sugars (RS) and total reducing sugars (TRS). The varieties
TAC86-2480, RB76-5418 and SP80-1842 presented the
highest RS values and no significant differences. The

Table 4: Reducing sugars (RS) and total reducing
sugars (TRS) of 6 sugarcane varieties, 11 months after
planting

Varieties RS (%) TRS (%)
IAC86-2480 0.732 14.43%
RB76-5418 0.712 12.86°
RB83-5486 OIS52 16.452
RB85-5536 0.69% 14.63%
SP80-1816 0.66% 15.202
SP80-1842 0.702 15.092

(a) Means followed by the same letters in the column not differ based on
Tukey test (P=0.05)

varieties RB83-5486 presented the highest TRS value,
similatly to the cultivars TAC86-2480, RB85-55306, SP80-
1816 and SP80-1842 (Table 4).

These results corroborate those observed to juice Pol%
and purity. The variety RB83-5486 presented the best
values among the analyzed varieties. The observed RS
values (< 1%) are acceptable for sugar/alcohol production
(Oliveira et al., 2014).

It was observed that increased irrigation depth reduced RS
and increased TRS and TReS, with maximum accumulation
at 1081 mm (Fig, 7).

Cardozo et al. (2015) studied the effects of water deficit
on sugarcane ripening and observed a high correlation
among water availability, Brix, Pol, TRS and purity. The TRS
represents all sugarcane sugars, although other reducing
substances present in sugarcane juice can also be included.
The unfolding of sucrose into glucose and fructose is a
two way reaction that occurs in the plant. Similarly, the
reaction inversion occurs as the combined processes
of photosynthesis metabolism and plant respiration
(Fernandes, 2003).

Therefore, the reduced photosynthetic process can
directly or indirectly affect sugar production, as
observed by Silva et al. (2012) in sugarcane under
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Fig 7. RS (A) TRS (B) and TReS (C) of sugarcane at five different irrigation depths, 11 months after planting. *,**: Equations are significant by

F test, at 5% (P <0.05) and 1% (P <0.01) probability, respectively.
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drought stress. Zhao et al. (2013) observed when the
sugarcane plants were submitted to increasing periods
of water stress, chlorophyll level, stomatal conductance,
net photosynthetic rate and transpiration rate rapidly
declined. Junior et al. (2019) investigated the physiological
responses of sugarcane varieties under drought stress
conditions and among the conclusions, they cited that
leaf width, specific leaf area, stomatal conductance,
transpiration, photosynthesis and carboxylation efficiency
were quite sensitive to changes in soil humidity. The
water stress tolerance may also be associated with a
more efficient enzymatic antioxidant system. Boaretto
et al. (2014) reported that the improved performance
of sugarcane under drought stress was associated with a
more efficient antioxidant system response, particulatly
under mild stress conditions.

The higher TReS value, regarding the studied treatments,
occurred when the crop was irrigated at 1081 mm
approximately 143 kg.t'. At 1351 mm, sugar production
reached approximately 138 kg t', which accounts for a
difference of 5 kg t-1 when compared with the 1081 mm
depth (Fig. 6C). These results corroborate the findings of
Farias et al. (2009), in which the best TReS values where
obtained at the 100% depth (1026.57 mm).

In general, the beneficial effects of irrigation on
technological quality can be related to increased root
development and the establishment of tillers (Surendran
et al., 2016). These factors enhance the capitation of
low mobility ions, such as phosphorus (P) and increase
nutrient cycling and plant tolerance to a wide range of
stresses (Surendran and Murugappan, 2010). Water stress
may reduce the amount of roots in the soil surface and
affect sugarcane production and quality, as observed by
Otto et al. (2009). However, Neto et al. (2018) reports that
the production and distribution of sugarcane from the
biomass of the roots did not explain sugarcane yield. It
is important to emphasize that other factors such as light
(quality and intensity) can affect vegetative development
and maturation, since they directly affect synthesis,
accumulation and translocation of carbohydrates from the
leaves to the culm.

However, it must be pointed out that, besides enhancing
technological quality, irrigation also works in a combined
form, especially with cultivars adapted to the edaphic local
conditions, which favors quality enhancement (Carvalho
et al., 2009). In this context, Uribe et al. (2013) compared
the use of water and nitrogen during irrigated and rain-fed
conditions in different cultivars of sugarcane and observed
a synergic effect of the combined application of these
factors. Lastly, technological performance should be aligned
with satisfactory yield.
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CONCLUSIONS

For industrial characteristics, the irrigation presented
potential to enhance the technological performance of
sugarcane varieties in semi-arid conditions. Although
all the varieties have potential for these conditions,
RB83-5486 has good potential to be used under the
studied conditions, with superior results for JuicePol%,
purity and total reducing sugars. In this way, if this
variety reaches a satisfactory yield, can be indicated for
semi-arid conditions. When higher levels of fiber and
reducing sugars are desired, lower irrigation depths are
recommended, especially 271 mm.
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