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SUGARCANE CROPS WITH CONTROLLED WATER DEFICIT IN THE SUB-
MIDDLE SAO FRANCISCO VALLEY, BRAZIL'
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RAMOS DE OLIVEIRA?, MIRIAN PAULA MEDEIROS ANDRE PINHEIRO*

ABSTRACT - Sugarcane is one of the most affected crops by water scarcity. The efficient use of the irrigation
water is an alternative to minimize this problem. The objective of this work was to evaluate biometric
parameters, yield, and technological quality of sugarcane plants subjected to different controlled water deficit
regimes in the sub-middle Sdo Francisco Valley, Brazil. The experiment was conducted in a randomized block
design, in two crop cycles, with three replications, with ten treatments consisted of three controlled water
deficits (15%, 30%, and 45% of the crop evapotranspiration - ETc¢), applied at three development stages of the
plant—sprouting and tillering (Stage I), grand growth (Stage II), and maturation (Stage III)—and a control with
100% of the ETc throughout the entire crop cycle. The controlled water deficit did not affect the technological
quality of the sugarcane in any development stage. The sugarcane yield was higher when using a controlled
water deficit of 30% of ETc in the sprouting and tillering stages of the plants. The water deficit of 15% of ETc
is recommended for the grand growth, or maturation stages of the sugarcane plants for a greater water use
efficiency of the production system.

Keywords: Saccharum officinarum L.. Irrigation management. Technological quality. Water use efficiency.

CULTIVO DA CANA-DE-ACUCAR COM DEFICIT HIDRICO CONTROLADO NO SUBMEDIO DO
VALE SAO FRANCISCO

RESUMO - A cana-de-agucar ¢ uma das culturas que mais sofrem com a escassez hidrica e, para minimizar
esse problema, uma das alternativas é o uso eficiente da agua de irrigagdo. Objetivou-se com este trabalho
avaliar os parametros biométricos, produtividade e qualidade tecnoldgica da cana-de-agicar submetida a
diferentes regimes de deficit hidrico controlado, na regido do Submédio do Vale do Sdo Francisco. O
delineamento experimental utilizado foi em blocos casualizados, com 10 tratamentos e trés repetigdes, sendo
trés deficits hidricos controlados (15; 30; e 45% da evapotranspiragdo da cultura - ETc¢), aplicados nas trés fases
de desenvolvimento da planta (Fase I - brotagdo e perfilhamento, Fase II - desenvolvimento ¢ Fase III -
maturagdo) e tratamento controle com 100% da ETc, realizados em dois ciclos de cultivo. A qualidade
tecnolégica da cana-de-acucar ndo foi alterada em funcdo do deficit hidrico controlado nas diferentes fases de
desenvolvimento. A produtividade da cana-de-agucar foi maior utilizando-se deficit hidrico controlado de 30%
da ETc na fase de brotagdo e perfilhamento de desenvolvimento da cultura da cana-de-agticar. A fim de se
garantir maior eficiéncia do uso da agua pelo sistema produtivo, recomenda-se a aplicagdo de uma lamina com
deficit hidrico de 15% da ETc, nas fases de maior desenvolvimento ou maturacgdo do ciclo da cultura.

Palavras-chave: Saccharum officinarum L.. Manejo de irrigagdo. Qualidade tecnologica. Eficiéncia no uso da
agua.
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INTRODUCTION

The semiarid region of the Northeast of Brazil
has peculiar soil-climatic characteristics, with low
fertility soils, and irregular distribution of rainfall,
limiting agricultural production. However, it has a
high incidence of solar radiation, showing high yield
potential for sugarcane crops when using a correct
irrigation management (OLIVEIRA; BRAGA,
2011).

Sugarcane (Saccharum officinarum L.) is a
C4 plant, consequently, it has a competitive and
efficient photosynthetic apparatus, even in conditions
of high temperatures and limited water (LOPES et
al., 2011). Its crop water requirements are different
depending on the development stage. The
development stages of sugarcane are sprouting and
tillering, characterized by slow growth (Stage I);
grand growth, when the plant height increases
rapidly, and accumulated dry matter reaches 75%
(Stage II); and maturation, characterized by slow
growth and accumulation of 11% of the total dry
matter (Stage III) (INMAN-BAMBER; SMITH,
2005). Irrigation technologies are used to meet the
sugarcane water requirements and ensure its good
sprouting and development in semiarid regions. Silva
et al. (2012) evaluated an irrigated sugarcane crop in
the Sdo Francisco Valley, Brazil, and found
satisfactory tillering. Moreover, sugarcane crops in
semiarid regions of Brazil have high biomass
accumulation when grown under irrigated conditions
(SILVA et al., 2014a).

Irrigation  management  strategies  with
controlled water deficit, without compromising the
crop yield, can save water, energy, and labor,
avoiding wasting water, which is a highly limiting
and costly factor in the semiarid region (OLIVEIRA
et al., 2016a). Thus, information on the effects of
water deficit on the physiology of this crop is
essential for an irrigation management capable of
increasing water use efficiency (AZEVEDO et al.,
2011).

Water deficits during the sugarcane crop
cycle were studied by several authors using different
irrigation depths, showing positive trends for the
plant  morphophysiological ~and  productive
parameters with increasing water availability
(MAURI, 2012; PEDROZO et al., 2015). However,
some cultivars respond differently, with greater
development and productivity when subjected to
irrigation  depths  lower than  100%  of
evapotranspiration (RODOLFO JUNIOR et al.,
2016; OLIVEIRA et al., 2016a). Controlled water
deficit is one of the strategies used in irrigated crops
to improve and synchronize some physiological
stages and, consequently, to achieve greater yields.
Irrigation management strategies such as controlled
water deficit can be an alternative of great success
potential in sugarcane crops, since these plants have
well-defined development stages that can be used to
define the water deficits. However, analyzing the
water use efficiency is important, since defining a
low water depth at a certain stage that does not alter
the sugarcane yield may not result in the best water
use efficiency.

Thus, the objective of this work was to
evaluate  biometric  parameters, yield, and
technological quality of sugarcane plants subjected
to controlled water deficit regimes in the Sub-Middle
Sédo Francisco Valley, Brazil.

MATERIAL AND METHODS
The experiment was conducted in the
municipality of Juazeiro BA, Brazil, in an

experimental sugarcane field at the Sdo Jorge Farm
(9°27'13.90"S, 40°26'27.04" W, and altitude of 395),
which belongs to the Agroindustrias do Vale do Séo
Francisco (Agrovale). The soil of the experimental
area is a Cambissolo Vértico (Inceptsol), according
to the classification of the Jacomine et al. (2013); its
characteristics were analyzed at the Embrapa
Semi-Arid Soil Laboratory (Table 1).

Table 1. Soil physical and chemical characteristics of the experimental area.

OM pH EC K Ca Mg Na Al

H-+Al SB

CEC V Cu Fe Mn Zn P

gkg! - dSm!

cmole dm™

% mg dm™

786 64 032 024 44 19 0.04 0.05

2.47 658 905 73

22 286 565 22 534

OM = organic matter; EC = electrical conductivity of the soil saturation extract; SB = sum of exchangeable bases;
CEC = effective cation exchange capacity; V = base saturation index.

The climate of the region was classified as
BSwh, according to the K&ppen classification, which
is characterized by a negative water balance,
resulting from an average annual rainfall of less than
550 mm, average insolation of 2,800 h year'l,
average annual temperatures of 21°C to 32°C,
average evaporation of 2,900 mm year™, and average

relative humidity of 63% (EMBRAPA, 2014).

The experiment was conducted in a
randomized block design with ten treatments and
three replications. The treatments consisted of three
controlled water deficits (15%, 30%, and 45% of the
crop evapotranspiration - ETc) applied at three
development stages of the plant sprouting and
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tillering (Stage I) (107 days), grand growth (Stage II)
(182 days), and maturation (Stage III)
(76 days) and a control with 100% of the ETc
throughout the entire crop cycle. The experiment
was carried out in two crop cycles, totaling 30
experimental plots, composed of five 12 m long
double rows of sugarcane plants.

The sugarcane (variety VAT 90212) bud
chips was planted in the rows at density of 12 buds
per meter, in double rows spaced 0.70 m x 1.30 m
apart. Plants from the three central double rows were
used for evaluations, disregarding one meter at the

extremities of the rows, consisting in an evaluation
area of 60 m”.

The water depths applied in the experiment
were calculated based on the ETc. The reference
evapotranspiration (ET;) was obtained using data
(Table 2) from a meteorological station installed near
the study site, and the Penman-Monteith method
modified by Allen et al. (1998). The crop coefficient
(Kc) used for the irrigation management was the
conventionally used by the Sdo Jorge Farm, which
were obtained in previous studies (Table 3).

Table 2. Average annual temperature (T) and evapotranspiration (ET,), and monthly precipitation (P) during the

experiment.
2012 2013 2014
T ET, P T ET, P T ET, P
January - - - 34.6 8.4 76.9 335 9.3 34.9
February - - - 35.6 10.1 0.0 33.7 8.7 35.6
March - - - 35.6 9.3 44.8 33.7 8.4 41.0
April - - - 33.7 8.0 0.0 323 6.6 180.4
May - - - 325 6.7 0.0 309 5.7 0.0
June - - - 31.6 6.8 0.0 309 6.0 0.0
July 30.5 68 0.0 31.1 72 10.3 - - -
August 30.7 78 00 313 7.9 0.0 - - -
September 33.1 94 00 335 9.5 0.0 - - -
October 343 104 0.0 345 10.1 0.0 - - -
November 34.6 88 249 338 8.6 18.3 - - -
December 35.3 10.1 00 332 7.0 118.4 - - -

Table 3. Crop coefficients (Kc) used in the Sdo Jorge Farm, Juazeiro, BA, Brazil.

Plant age (months)

00to01 01to02 02t003 03to04 04to05 05t006 06t009 09tol0 10to1l 11to12 12to13
Crop coefficients (Kc)
0.45 0.65 0.8 1 1.1 1.15 1.15 1.1 1 0.9 0.9

A subsurface drip irrigation system was used;
it was installed at a depth of 0.20 m, between the
sugarcane double rows, spaced 0.70 m apart, with
self-compensating emitters spaced 0.5 m apart with
flow of 1.6 L h™'. Trifluralin (1 L ha per cycle) was
applied at the beginning of the water stress for
harvesting, to avoid interference of roots in the
drippers. The irrigation depths were automatically
controlled by a valve control panel, coupled to
hydraulic valves with solenoids; this enabled the
release of the exact amount of water defined for each
treatment.

Cultural  practices and  agrochemical
applications followed the crop requirements, using
the integrated pest and disease management.

Fertilization at planting consisted of 550 kg of
N-P-K (25-05-15) per hectare, using urea, MAP, and
potassium chloride, based on the soil chemical
analyzes (Table 1). Topdressing fertilization was
carried out via fertigation, using venture injectors,
three times a week, following the farm's schedule.
Two sugarcane crop cycles were evaluated
first and second cycles of the same plants from July
2012 to June 2014. All plots were subjected to the
water depth of 100% of ETc in both cycles until the
plants reached a mean height of 0.20 m, then, the
treatments with controlled water deficit were
applied. The crops were harvested at 12 months after
emergence of the plants; thus, plants of first cycle
were harvested in June 2013, and plants of second
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cycle was harvested in June 2014.

At each harvest, ten plants per plot were
selected and their number of live leaves, internodes,
and tillers, and stem diameter, height, and yield were
evaluated. The stem diameter was measured with a
digital caliper, considering the average of the
diameters measured between the fifth and sixth
internodes of three selected plants (three
replications). The stem height was measured with a
tape ruler, considering the distance from the soil to
the ligule of the first open leaf.

Regarding the analyses of the technological
quality, 10 stems per plot were randomly collected
and sent to the Agrovale's laboratory to determine
their soluble solids contents (°Brix), industrial fiber
percentage, juice purity, crude sugar percentage,
sucrose content, and moisture, according to the
methodology proposed by Farias et al. (2009).

At the end of the two crop cycles, the water
use efficiency of the water regimes was determined;
it consisted of the ratio between the crop yield
(kg ha') and the applied water depths plus

precipitation (mm).

The data were processed and subjected to
analysis of variance to find significant difference
between the treatments (water depths) and crop
cycles. Significant means of the crop cycles were
compared by the Tukey's test, and significant means
of the treatments were compared by the Scott-Knott's
test (p<0.05), using the statistical program SISVAR
(FERREIRA, 2014).

RESULTS AND DISCUSSION

The controlled water deficits used did not
affect the stem diameter, plant height, and number of
tillers of the sugarcane plants; they had means of
25.75 mm; 3.11 m; and 15 tillers per linear meter,
respectively. Although sugarcane plants of first crop
cycle presented, on average, more live leaves than
those of the second cycle (Table 4), no significant
effects on the leaf area were found; it had mean of
3,813.54 cm?.

Table 4. Number of live leaves (NLL), number of internodes (NI) and yield of sugarcane plants (cultivar VAT 90212) in

two crop cycles.

Cycle NLL NI Yield (Mg ha™)

First 6.5b 20.53 b 122.03 b
Second 80a 2585a 142.15a
CV (%) 13.32 8.06 8.16

Means followed by the same letter in the columns are similar by the Tukey's test at 5% probability.

The numbers of live leaves and internodes,
and yield of the sugarcane plants were higher in the
second cycle (Table 4). Yield differences between
crop cycles are reported by several authors (SILVA
et al., 2014a; SILVA et al., 2014b; HANAUER et
al., 2014), with plants presenting different results as
a function of the management and genetic material
evaluated. The highest yield of plants of second
cycle may be connected to the adequate post-
harvesting management of the first cycle. According
to Vasconcelos (2011), the death or renewal of the
sugarcane root system is not dependent on the
sugarcane cutting, but on the hydrological condition
to which the crop is subjected in a given
development stage. Thus, part of the root system
may eventually be lost after harvesting when the
water availability is inadequate. However, the root
remnant facilitates and increases the plant's growth
capacity during the reestablishment process for the
new cycle, which results in higher yields.

These results confirm those found by Hanauer
et al. (2014), who evaluated three sugarcane clones
in Santa Maria RS, Brazil, and found increased yield
for the SP 711406 clone from the first to the second

cycle, and no significant differences between cycles
of the IAC 822045 and CB 4176 clones. Silva et al.
(2014b) evaluated the productive potential of 11
sugarcane varieties subjected to drip irrigation as a
function of the crop cycle and found higher stem
yield for the first cycle; and the variety [AC
SP933046 presenting higher yield in second cycle.
Therefore, the plant growth reduces under water
deficit conditions, especially the shoot, due to an
adaptive response that results in a lower water
consumption by the plant; the main effect of water
stress is the significant loss of plant weight,
decreasing the crop yield (FREIRE; LEAO;
MIRANDA, 2012).

The analysis of the ten water regimes showed
significant yield differences (p<0.05) (Figure 1). The
treatment that received water depth of 100% of ETc
throughout the entire crop cycle had average yield of
135.13 Mg ha'. However, the highest yield
(154.25 Mg ha™') was achieved with a water depth of
70% of ETc in the sprouting and tillering stages
(Stage I). This occurred probably because of the root
system of the plant is forming (first cycle), or
reestablishing (second cycle) at this stage.
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Figure 1. Average yield of sugarcane crops subjected to different water depths in two crop cycles. Means followed by the
same letter are similar by the Scott-Knott's test at 5% probability.

Roots of sugarcane plants in formation
explore reduced volume of soil at this stage.
However, the lower water depth applied (55% of the
ETc) may have been insufficient to meet the water
requirements of the plants; similarly, the excess soil
moisture (85% and 100% ETc) probably hindered
the soil aeration and the full root development.

The highest yield found was higher than that
found by Silva et al. (2014b) (127.86 Mg ha™) for
the variety RB867515 when evaluating the
productive potential of sugarcane crops subjected to
drip irrigation as a function of varieties and cycles.
However, Machado et al. (2009) found no effect of
the controlled water deficit applied in the initial
stage on plant height, stem dry weight, and soluble
solid contents in the juice of plants of the genotype

150 1~
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130 -

120 1

Crop yield (t ha'!)
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TACSP 94-2094 when evaluating growth and yield of
two sugarcane genotypes in Campinas SP, Brazil,
under the same conditions of the present study.

The crops under controlling water deficits in
Stage I had higher yield than those under controlling
water deficits in other development stages,
presenting approximately 140 Mg ha™, not differing
from the treatment without deficit (135.1 Mg ha™).
This denotes that the controlled water deficit in the
Stage I of the sugarcane cycle is advantageous, with
water savings and, consequently, energy savings, and
similar yield to those reached with 100% of the ETc
(Figure 2). The water stress applied in Stage I
represents a period of acclimatization of the plants
that make them to equal or surpass the yield of plants
with no water stress.

ab

Stage 1

Stage 11

Stage 111 100

Figure 2. Average yield of sugarcane crops subjected to different water depths in three development stages (Stage I, Stage
11, and Stage III), and no water stress (100% of ETc), in two crop cycles. Means followed by the same letter are similar by

the Tukey's test at 5% probability.
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Plants subjected to controlled water deficits in
Stage II presented lower yields, with lower number
of stems per hectare, but with similar results to those
with water stress in Stage IlI, and the control (100%
of ETc). Lower yields with water deficits in Stage 11
is normal, since the longest development period
occurs in this stage, which comprises a period of
approximately 150 days (MARAFON, 2012), about
60% of the total crop cycle. Therefore, the plants
were subjected to a longer time of stress due to water
deficit. According to Willadino and Camara (2010),
the longer the water deficit time, the greater the
damages on the plants due to water stress.

The applied water regimes had no significant
effect on the parameters of technological quality,
with average sucrose content (SC) of 16.72%, juice
purity (JP) of 85.29%, total recoverable sugars
(TRS) of 13.17%. Similar results were found by

Carvalho et al. (2008) who found no effects of
irrigation depths in technological quality of sugar
cane. Oliveira et al. (2016b) evaluate the
technological quality of seven sugarcane cultivars
subjected to four water depths (based on ETc) and
found preserved technological quality, even in the
plants subjected to the lowest water depths.

The SC and JP found in both crop cycles are
within the values recommended by Ripoli and Ripoli
(2004) above 14% for SC, and above 85% for JP.
The TRS was below the recommended level above
15%. This may be related to inherent characteristics
of the cultivar. The plants of first cycle presented
higher °Brix (19.45) and moisture (68.98%) than
those of second cycle. The plants of second cycle
had higher percentages (15.8%) of industrial fiber
than those of first cycle (Table 5).

Table 5. Technological quality of sugarcane juice soluble solids contents (°Brix), moisture, and percentage of industrial

fiber—of plants of two crop cycles.

Cycle °Brix Moisture Fiber%

First 19.45a 68.98 a 14.63 b
Second 15.62b 67.78 b 1580 a
CV (%) 8.44 1.38 6.04

Means followed by the same letter in the columns were similar by the Tukey's test at 5%

probability.

The sugarcane soluble solid contents
decreased from the first to the second cycle.
Contrastingly, Simdes et al. (2015) found an increase
in soluble solid contents in sugarcane plants from the
first to the third crop cycle. The soluble solid
contents found were also lower than those found by
Carvalho et al. (2008) (20.56°Brix), who evaluated
11 sugarcane crops (1986 to 1997) subjected to
irrigation depths in the state of Paraiba, Brazil.

According to Oliveira et al. (2016b), high
irrigation depths generates greater dilutions of
soluble solids and, therefore, this variable tends to
decrease with water replenishments.

The percentage of industrial fiber increased
from the first to the second cycle, as also found by
Simdes et al. (2015). The percentage of industrial
fiber were higher than those recommended by Ripoli
and Ripoli (2004) who defined as ideal values
between 11% to 13%. According to Castro and
Kluge (2001), the fiber content in the stem is a
disadvantageous factor in the industrial process since
sugarcane milling is usually regulated for canes with
approximately 12.5% fiber. Each addition of 0.5% in
fiber content reduces 10% to 20% the milling yield,
reducing approximately 1 kg of sugar per Mg.

Fiber content is directly related to the genetic
characteristics of each cultivar. Thus, cultivars that
meet the recommendations (11% to 13%) must be
selected for ethanol or sugar production. However,
this can be considered a favorable factor for energy
cogeneration from bagasse burning, which requires
higher percentage of fiber than those recommended
to produce ethanol and sugar. Although according to
Matsuoka et al. (2012), the genetic improvement of
sugarcane is prioritizing the production of fiber for
energy purposes.

A deeper analysis for the selection of
irrigation depth based on controlled water deficit
must consider the Dbiometric developmental
characteristics of the sugarcane cultivars, and their
yield, and technological quality. However, a more
pressing need is the development of more accurate
techniques that can be the base for more sustainable
systems. Thus, analyzing the water use efficiency
(WUE) is essential, because the higher yield that can
be achieved may not coincide with the better WUE.

Considering both crop cycles, the plants of
first cycle presented higher WUE index, i.e., they
had a stronger response to irrigation and produced
more biomass per mm of water applied (Table 6).
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Table 6. Water use efficiency (WUE) of sugarcane crops in two crop cycles.

Cycle

WUE (kg ha” mm™)

First

Second

95.84 a
88.72b

CV (%)

7.98

Means followed by the same letter in the
columns are similar by the Tukey's test at 5%

probability.

The WUE found in the two cycles were
higher than those reported by Souza et al. (2012),
who analyzed WUE of sugarcane crops based on
several studies and concluded that it is possible to
produce 50 to 80 kg ha™ of sugarcane stems per
millimeter of water. However, the experiment in the
present study was conducted under irrigated
conditions, using a subsurface drip irrigation system,
which increases the WUE. The reduced water losses
by evaporation due to the subsurface drip irrigation
may explain the increased WUE found. According to

120 -

1004 b
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- [=) o0
= S S

[
=
1

=]
!

100 L 85 70

55' 185

Levidow et al. (2014), such practices enhance the
viability of the activity, and promote environmental
sustainability.

Higher WUEs were found when the crops
were subjected to water deficits of 15% in Stages II
or III (Figure 3). Contrasting these results with those
in Figure 2, the water deficit that resulted in the
highest yield is not the one with higher WUE; the
water deficit of 30% was among the treatments that
presented the lowest WUE.

85 70 55

70 551

\ J

1
Stage |
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Stage 11 Stage 111
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Figure 3. Water use efficiency of sugarcane plants subjected to different water depths in three development stages (Stage I,
Stage II, and Stage III), and no water stress (100% of ETc), in two crop cycles. Means followed by the same letter are simi-

lar by the Scott-Knott's test at 5% probability.

The water depths applied in Stage I reduced
the WUE. Similarly, Mauri (2012) evaluated
sugarcane crops under water deficit and found
significantly reduced WUE when the water deficit
was applied at the initial stage of plant growth.
However, the highest WUE found in Stage II with
controlled deficit of 15% of ETc confirms the results
found by Silva et al. (2011), who evaluated the WUE
of sugarcane crops in the semiarid region and found
higher WUE between the seventh and eighth month
of the crop cycle, period of the greatest crop
development. The highest WUE of plants subjected
to water deficit of 15% of ETc in Stage II or Stage
IIT was a positive result, since it denotes that
controlled water deficits can be applied in this crop
to save water and energy, without significant losses

in yield. The choice for a water depth which
provides the highest yield (70% of ETc in Stage I) or
the highest WUE (85% of ETc in Stages II or III)
will depend on the local financial and environmental
return of these irrigation managements.

CONCLUSIONS

The biometric parameters and technological
quality of the sugarcane juice were not affected by
the controlled water deficits applied in the different
development stages of the plants. The sugarcane
yield was higher when using a controlled water
deficit of 30% of ETc in Stage I sprouting and
tillering. The water deficit of 15% of ETc in plants at
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Stages II (grand growth) or III (maturation),
improved the water use efficiency of the sugarcane
crop.
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