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This study aims to evaluate the growth and development of sugarcane under different supplemental 
irrigation depths. Irrigation treatments were 0.30, 0.60, 0.90 and 1.2 rate of crop evapotranspiration 
(ETc) and the control (no irrigation). The experimental design was a randomized complete block with six 
replications. The highest yield was ratoon cane with 190 t ha

-1
 in the treatment 0.6 of ETc. The difference 

between the highest and lowest yield were 11 and 7% in plant cane and ratoon cane, respectively. The 
rate of maximum technical efficiency of yield was 0.78 of ETc. Irrigation water productivity and water 
productivity was obtained in 35.8 to 146.0 kg m

-3
 and 18.0 to 70.9 kg m

-3
, respectively. The total mass 

and the dry mass showed increase of 20 and 25% in ratoon cane, respectively. The plant height showed 
no difference between treatments. The highest: number of tillers, leaf area and number of green leaves 
was treatment 1.2 of ETc. The deficit and excess moisture affect plant development, plant height, leaf 
area, stem diameter, number of tillers per meter, full mass and dry mass, affects the yield of sugarcane.  
 
Key words: Saccharum, drip irrigation, water deficit, strategies for efficient irrigation, sugarcane. 

 
 
INTRODUCTION 
 
The sugarcane is one of the most significant crop 
worldwide, cultivated over 100 countries, and it is 
considered an important source of jobs in rural areas. 
Brazil,    India,    China,    Mexico,    Thailand,    Pakistan, 

Colombia, Australia, Indonesia, and United States of 
America hold about 80% of sugarcane production (FAO, 
2008). In Brazil, sugarcane is the third crop in terms of 
cultivated  area  (9.0045  million   of   hectares),   with  an  
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Table 1. Monthly climatic data of the experimental area, relative humidity and insolation, evaporation cumulative during the 2013 to 2014 and 
2014 to 2015 growing seasons. 
 

Months 
Relative humidity mean (%)  Insolation (hour)  Evaporation (mm) 

2013 2014 2015  2013 2014 2015  2013 2014 2015 

Jan - 73.1 78.3  - 219.2 235.8  - 158.5 148.7 

Feb - 73.8 79.7  - 211.2 207.2  - 138.2 122.1 

March - 76.8 77.6  - 212.6 229.4  - 113.7 118.6 

April - 78.2 77.0  - 219.8 207.2  - 86.5 81.9 

May - 83.4 82.5  - 142.8 146.9  - 49.1 52.5 

June - 86.8 80.9  - 199.8 145.8  - 41.5 34.8 

July - 80.6 86.2  - 176.4 89.6  - 53.2 41.7 

Aug - 75.8 -  - 188.5 -  - 76.5 - 

Sept - 76.4 -  - 134.0 -  - 101.2 - 

Oct - 73.4 -  - 161.0 -  - 146.8 - 

Nov 71.6 71.0 -  229.2 173.1 -  144.3 131.6 - 

Dec 69.5 76.1 -  286.2 211.0 -  175.2 142.1 - 
 
 
 

average of production of 71.31 t ha
-1

. The Southern 
region has cultivated sugarcane in 0.636 million of 
hectares (7% of national sugarcane area), and the 
Southern of Rio Grande do Sul state grows sugarcane in 
0.014 million of hectares (2.2% of Brazil sugarcane area), 
with a production average of 55.22 t ha

-1
 (CONAB, 2014). 

Moreover, sugarcane has great socioeconomic 
importance, provides feedstock to the sugarcane industry 
for the production of alcohol (hydrous and anhydrous), 
sugar, brandy, bioplastic, biodiesel, kerosene, fertilizers, 
paper, animal feeding, and the sugarcane bagasse has 
been used as an energy source (electricity) (Souza et al., 
1999). 

The water deficit is the main factor in yield decrease in 
most crops worldwide (Bray et al., 2000). Strategies for 
the management and efficient use of irrigation water are 
the keys for the sustainability and profitability of crops, 
yet it is the great importance to improve yield and quality, 
reduce costs, and maximize water use (Padrón et al., 
2015a). Thereby, knowing how crops respond to abiotic 
stresses is a prerequisite to choose the best variety, 
management strategies, and the use of natural resources 
(Smit and Singels, 2006).   

Sugarcane yield is limited by edaphoclimatic factors 
such as water and nitrogen deficiency (Gava et al., 
2011). Moreover, sugarcane growth and development are 
directly related to evapotranspiration, and water 
availability is considered the main factor that causes 
production variability (Dalri, 2004). According to Inman-
Bamber (2004), the duration of water deficit negatively 
affects leaf production and increases leaf senescence of 
whole plant, yet it may reduce light interception, water 
use efficiency, photosynthesis, as well as increase 
transmitted radiation to the soil surface. Furthermore, the 
amount of water consumed daily by sugarcane depends 
on the variety, growth stage, and evapotranspiration 
demand, which varies according to the region and season 

of the year (Bernardo, 2006). Although some regions 
have high precipitation rates, its irregular distribution may 
sometimes prevent plant growth (Ometto, 1980). 
Therefore, the management of irrigation water is 
essential to maximize yield, growth, stem density, leaf 
area index, increase sugar content, sugarcane life, and 
the farmer profits (Bernardo, 2006; Neto et al., 2006; 
Dalri et al., 2008; Farias et al., 2008a).  

The evaluation of the phenology behavior provides 
knowledge and definition of the period that each 
vegetative phase occurs, and may help in the choice of 
management strategies, such as the best harvesting and 
planting time (Larcher, 2004). Sugarcane crop can 
tolerate some water deficit, however it highly responds to 
irrigation management (Singh et al., 2007). Effective 
management of water resources is the key to the 
sustainability and profitability of the crop, thus 
encouraging the development of new techniques for the 
analysis and efficient water management (Padrón el al., 
2015b). 

Thereby, the aim of this study was to evaluate the 
growth, development, and sugarcane yield submitted to 
different irrigation levels as an additional source of water 
for efficient use of irrigation water.  
 
 
MATERIALS AND METHODS 
 

This field study was conducted at the experimental area of the 
Polytechnic School of the Federal University of Santa Maria 
(altitude of 110 m, and 29°41'25" S, and 53°48'42" W), during the 
Spring-Summer seasons of 2013 to 2014 and 2014 to 2015. The 
soil is classified as typical dystrophic yellow argissolo, with a loam 
texture. The climate of the region, according to the Köppen 
classification is subtropical humid (Cfa). During the both growing 
seasons, air relative humidity ranged (69.5 to 86.8%), insolation 
(134 to 286.2 h), and evapotranspiration (41.5 to 175.2 mm; Table 
1). The precipitation, maximum, minimum, and average 
temperatures are shown in Figure 1. In the growing season 2013  to  
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Figure1. Climograph of the experimental area, during the 2013 to 2014 and 2014 to 2015 
growing seasons. 

 
 
 
2014 and 2014 to 2015, minimum, average, and maximum 
temperatures were 0.6, 21.2, 40.0, 0.1°C, 20.5 and 37.2°C 
respectively, with greater variation in the first growing season.  
Maximum and minimum precipitation occurred in November and 
June, and December, respectively in the 2013 to 2014 growing 
season. In the second growing season, maximum and minimum 
precipitation occurred in December and November, respectively.  

Treatments (0.3, 0.6, 0.9 and 1.2 of crop evapotranspiration) and 
a control treatment (rainfed) were arranged in a randomized 
complete block design with six repetitions. Each experimental unit 
had 20 m2 (4x5m), and 600 m2 of total experiment area, with plants 
on the edge. We used the variety RB93-5581, planted on 
November 14, 2015, row space of 1m, and continuous distributions 
of stems (3 to 4 buds per stem, totalizing 18 buds per meter) inside 
the furrow. The harvest occurred on 20 July 2014 and 8 June 2015 
in the first and second growing season, respectively. In order to 
reduce experimental errors, sugarcane stems were divided into top, 
middle, and bottom parts, and each part was planted in two blocks. 

Drip irrigation system was used, with drippers spaced 0.2 m and 
a flow rate of 0.8 L h-1.  In each experimental unit was installed a 
gate valve and a pressure control valve in order to control irrigation 
time and obtain regular pressure, respectively. Moreover, irrigation 
system uniformity and soil wetted volume tests were performed, 
following the results reported by (Padrón et al., 2015c). From day 
one up to 29 days after planting, water management was performed 
based on 1.0 of evapotranspiration for all treatments in order to 
have uniform emergence of the sugarcane. Subsequently, the 
irrigation treatments were started, performed every seven days and 
irrigation was finished 30 days before harvest.  

The reference evapotranspiration was calculated on a daily 
scale, based on this results, different percentages were applied to 
set the irrigation by the formula of Penman-Monteith/FAO (Equation 
1), and the crop evapotranspiration at a standard condition 
(Equation 2) (Allen et al., 1998). Climate  data  were  obtained  from 

the weather station of the Federal University of Santa Maria, 
National Institute of Meteorology, localized approximately 2000 m 
from the experimental area. Precipitation (mm), maximum and 
minimum temperature (°C), maximum and minimum air relative 
humidity (%), insolation (hours) and wind speed (m s-1) were 
collected daily.  
 

             (1) 

 
where ETo is the reference evapotranspiration (mm day-1), Rn, G, 
and T are net radiation value at crop surface (MJ m-2 day-1), soil 
heat flux density (MJ m-2 day-1), and daily mean air temperature at 2 
m height (°C), respectively. Also, u2, es ea, (es - ea), Δ and γ 
represent wind speed at 2 m height (m s-1), saturation vapor 
pressure (kPa), actual vapor pressure (kPa), saturation vapor 
pressure deficit (kPa), slope of the saturation vapor pressure curve 
(kPa/°C) and psychrometric constant (kPa/°C), respectively. 

 

                (2) 

 
Where ETc crop evapotranspiration (mm), kc single crop coefficient 
and ETo reference crop evapotranspiration (mm). Single crop 
coefficient values used were: Kcini= 0.40-25 day; Kcmed= 1.25-70 
day and Kcfin= 0.75-50 day (Allen et al., 1998). 

Soils parameters such as chemical analysis, texture, the 
apparent density of soil, field capacity, and infiltration test were 
performed (Table 2) (Padrón et al., 2015c). Fertilizers were applied 
according to the chemical analysis of the soil and crop 
requirements to obtain a production of 80 to 100 t ha-1. Moreover, 
3.5 t ha-1  of  lime  was  applied  (Broadcast  on  the soil surface and  
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Table 2. Average soil attributes of the experimental area. 
 

Soil layers (m) 
Bulk density 

(g cm
-3

) 

Field capacity 

(m
3
 m

-3
) 

Wilting point 

(m
3
 m

-3
) 

Water content 

(m
3
 m

-3
) 

Infiltration 

(mm h
-1

) 
Texture 

0-0.2 1.42 0.31 0.14 0.18 

15.0 

Loam 

0.2-0.4 1.38 0.34 0.17 0.17 Clay-loam 

0.4-0.6 1.36 0.37 0.23 0.13 Clay 

 
 
 
disked) to correct soil pH.  

The number of tillers was evaluated monthly, by counting in a 
linear meter. Samplings were performed in the central rows, 
evaluating 2 meters per row and three rows per experimental unit 
(six meters per plot). Plant height, number of green leaves, and leaf 
area were evaluated monthly on six randomized plants per plot, 
marked along the experiment. Plant height was measured from the 
base of soil up to leaf A+1, with a measuring tape. The number of 
green leaves was determined by counting fully expanded leaves, 
with a minimum of 20% of green area, counted from the leaf A+1. 
The leaf area was calculated using the methodology determined by 
Hermann and Câmara (1999) (Equation 3), numbering the leaves of 
each plant according to Kuijper and Van Dillewijn (1952). 
Measurements were performed by counting green leaves and with 
the long and width of the leaf+3, at the mid part. In each plot, leaf 
area was determined by the multiplication of the number of tillers in 
a linear meter. 

 

              (3) 

 
where: LA – Leaf area; C – Length of +3 leaf  (m); L – Width of +3  
leaf (m); 0.75 - correction factor for crop leaf area; N - number of 
open leaves with at least 20% of green area; 2 - correction factor. 
The total mass and dry matter content were determined in both 
harvests by selecting six randomized plants in each experimental 
unit. To determine total mass, plants were divided into top, leaves, 
and stem parts, measured individually using an analytical scale.   

Subsequently, each stem was identified; juice extraction 
performed with a sugarcane mill machine, and the juice volume of 
each stem was measured using a graduated cylinder of 1000 ml. 
The bagasse mass, top, and plant leaves were oven dried at 75°C 
for 72 h, or until they reached a constant mass. Ten randomized 
plants per plot were used to determine sugarcane yield by 
measuring the base diameter (between first and second node from 
bottom) and stem height, with a graduated ruler and a Pocotest 
micrometer, respectively. The total yield of each experimental unit 
was determined according to Landell and Silva (2004) (Equation 4)  

 
                             (4) 

 
where: TSH – Tons of sugarcane per hectare (t ha-1); D – Base 
stem diameter (mm); C – Number of stem per linear meter; H – 
Stem height (m); E – Row space (m); 0.007854 – Correction factor. 

 
Water productivity (WP) and irrigation water productivity (IWP) were 
calculated with the fresh total yield (kg ha-1) divided by crop 
evapotranspiration (ETc) Equation 5 and total irrigation water 
applied Equation 6, respectively (Padrón et al., 2015c). 

 

               (5) 

              (6) 

 
Weeds were controlled either by herbicides application or by 
manual pulling. Moreover, insecticides and fungicides were used to 
control insect pests and diseases, respectively. Statistical analysis 
were performed using the SPSS software package (SPSS V17.0). 
 
 
RESULTS AND DISCUSSION 
 
Evapotranspiration, effective rainfall, irrigation applications 
and days of irrigation are shown in Table 3. The cycle of 
sugarcane in the growing season 2013 to 2014 and 2014 
to 2015 was 237 and 323 days, respectively, with a 
difference of 86 days. The evapotranspiration, 
precipitation, and days of irrigation were greater in the 
2014 to 2015 growing season, with a difference of 312 
mm, 147 mm, and 7 days, respectively. These differences 
might be attributed to the climate conditions of the region 
and crop cycle of the crop, once the irrigation levels were 
similar.  

Dalri and Cruz (2008) studying ratoon cane reported 
that 26 irrigations were necessary, with a level of 520 mm 
for the growth period of the crop, performed on an 
average of 13.1 days. Yet, for the second ratoon cane 37 
irrigations (740 mm for the life cycle), performed every 
13.1 (average) days were necessary.  

The study results are similar to those found by 
Nogueira et al. (2016), who determined the water 
demand for sugarcane production for a historic period of 
20 years, using supplementary irrigation in Santa Maria-
RS, (average of 645 mm and evapotranspiration of 
1,310.75 mm). Several studies have demonstrated 
similar values of water demand in sugarcane: Neto et al. 
(2006) 1,164.0 mm; Almeida et al. (2008) 1,584.0 mm; 
Alves et al. (2008), 1,105.7 mm; Gava et al. (2011) for 
plant cane (1,095.0 mm) and ratoon cane (1,121.0 mm) 
and  Silva et al. (2011), 1,710.0 mm for the whole cycle of 
production. 

The relationship between yield and irrigation rates is 
shown in Figure 2. No significant results were found for 
the treatments in the same year; however, a significant 
difference at 5% of probability level was found between 
the years, which the second growing season had a 
greater yield. The difference between greater and lower 
yield in the first and second growing season was 11 and 
7%,  respectively.  The  maximum  yields were 177.3 and 
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Table 3.  Evapotranspiration, effective rainfall, irrigation, and days of irrigation during the growing seasons. 
 

Treatment 

2013-2014  2014-2015 

Rainfall
Z
 

(mm) 

ETc 

(mm) 

Irrigation
Y
 

(mm) 

Days 

irrigation 

 Rainfall
Z
 

(mm) 
ETc (mm) 

Irrigation
Y
 

(mm) 

Days irrigation 

 

0 

1362.6 

869.9 - 

17 

 

1508.8 

1129.7 - 

24 

0.3 260.9 126.6  338.9 125.7 

0.6 521.9 253.2  677.8 251.5 

0.9 782.9 379.8  1016.8 377.2 

1.2 1043.8 506.4  1355.7 503.0 
 
Z 

Effective rainfall; 
Y
Effective irrigation. 
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Figure 2. Sugarcane yield with irrigation rate applied as a fraction of crop evapotranspiration with different irrigation depths. 

 
 
 
189.4 t h

-1
, with a 0.77 and 0.79 of crop 

evapotranspiration in the first and second growing 
season, respectively. Moreover, the maximum technical 
efficiency in yield were 177.3 and 189.4 t h

-1
, with 0.77 

and 0.79 of evapotranspiration in the first and second 
growing season, respectively. The second crop cycle had 
an increase in yield (6.4%) and evapotranspiration (1.4%) 
when compared to the first crop cycle, being attributed to 
a longer life cycle.  

Nogueira et al. (2015) studied 11 sugarcane varieties in 
Santa Maria-RS (dryland cropping system), had a 
minimum and maximum plant cane yield of 27.22 to66.30 
t ha

-1
,  and ratoon cane yield of  35.3 to 149.22 t ha

-1
, 

respectively. This small difference may be influenced by 
the row space (1.4 m) and varieties used. Raskar and 
Bhoi (2003) studied plant cane and ratoon cane found 
that yield with 0.9 m row space was significantly greater 
when compared to 0.3 and 0.6 m row space. Dalri et al. 
(2008)   reported    an    increase   in   yield   (48.57%)  in 

treatments submitted to irrigation compared to rainfed 
treatments. Júnior et al. (2012) applying fertigation, 
reported an increase (49.5 t ha

-1
; 33%) in irrigated 

conditions compared to rainfed treatments. Furthermore, 
Gava et al. (2011) studying three varieties, plant and 
ratoon cane with drip irrigation system reported an 
increase in yield of 20 and 28%, respectively. Similar 
yield results comparing irrigation and rainfed treatments 
were reported by Neto et al. (2006), Dalri and Cruz 
(2008) and Farias et al. (2008b).  

Sánchez-Román et al. (2015) studying different water 
depths had highest yields with water replacement of 
100% of field capacity. Wiedenfeld and Enciso (2008) 
studied different water managements and did not 
increase yield with water depths below the soil water 
storage capacity. Moreover, Vieira et al. (2014) reported 
that yield increased when water applied is increase with a 
maximum value of 112.3 t ha

-1
 (150% of 

evapotranspiration   and   of   1,537.2  mm;   rainfall   and  
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Table 4. Water productivity and irrigation water productivity the sugarcane with different irrigation depths. 
 

Treatment 
Irrigation water use efficiency (kg m

-3
)  Water productivity (kg m

-3
) 

2013-2014 2014-2015  2013-2014 2014-2015 

 I0 - -  20.1 15.6 

I0.3 140.8 146.0  70.9 54.2 

I0.6 74.5 75.6  37.5 28.0 

I0.9 49.2 49.8  24.8 18.5 

I1.2 35.8 37.0  18.0 13.7 

 
 
 

Table 5. Total mass, stem mass, and dry matter content of sugarcane submitted to different irrigation depths. 
 

Treatment 

2013-2014  2014-2015 

Total mass 

(kg) 

Dry matter 

(kg) 

Stem mass 

(kg) 

 Total mass 

(kg) 

Dry matter 

(kg) 

Stem mass 

(kg) 

I0 1.246ª
B
 0.225ª

B
 0.808  1.523

aA
 0.283

aA
 1.143 

I0.3 1.283ª
B
 0.228ª

B
 0.813  1.628

aA
 0.312

aA
 1.238 

I0.6 1.285ª
B
 0.249ª

B
 0.832  1.656

aA
 0.332

aA
 1.251 

I0.9 1.311ª
B
 0.233ª

B
 0.860  1.617

aA
 0.320

aA
 1.249 

I1.2 1.274ª
B
 0.198ª

B
 0.853  1.613

aA
 0.312

aA
 1.247 

Sig. ** ** -  ** **  

 
 
 
irrigation). Yet, Farias et al. (2009) had sugar yield per 
unit area of less than 12.99 t ha

-1
, with a total irrigation 

level of 1.221 mm (precipitation + irrigation), which 
corresponds to 100% of evapotranspiration.  Oliveira et 
al. (2014) reported that 100% of water replacement 
increased productivity by 40% when compared with 
drought-stricken area management (water replacement of 
0%) of 178 t ha

-1
, and maximum curve peak had gross 

alcohol yield of 25.34 m
3
 ha

-1
, obtained with 79.7% of 

water replacement.  
Carvalho et al. (2014) reported that an irrigation depth 

of 75% of evapotranspiration in ratoon cane increased 
(21.34%) when compared to 50% of evapotranspiration. 
Conversely, irrigation depth of 100% of evapotranspiration 
reduced yield by 53.4%. Water productivity and irrigation 
water productivity are shown in Table 4. Water 
productivity (WP) and irrigation water productivity (IWP) 
decreased as irrigation rates increased. The IWP was 
greater in the second growing season due to weather 
conditions and increase in yield. Conversely, WP was 
lower in the second growing season affected by the crop 
cycle. In both growing seasons, the IWP was similar, 
being attributed to the same irrigations levels, 
temperature variation, and evapotranspiration. Moreover, 
the WP was lower (both growing seasons) in the 
treatment of 1.2 of evapotranspiration, being similar to 
the rainfed treatment.  

Oliveira et al. (2011a) reported an increase in water 
use efficiency (69.8% on average) when comparing 
rainfed and irrigated treatments, obtaining values of  70.1 

kg m
-3

 and 140.3 kg m
-3

, respectively.  Doorembos and 
Kassam (1994) reported that sugarcane under irrigated 
conditions in the dry tropics and subtropics, in soils with 
80% of available water, might yield between 5 to 8 kg m

-3
. 

Farias et al. (2008b) determined the WP with the total 
volume of water applied (rainfall + irrigation), and found a 
difference of 3.23 kg m

-3
 between sugarcane treatments 

submitted to 100% of evapotranspiration (7.22 kg m
-3

) 
and rainfed (3.99 kg m

-3
) .  

The total mass, stem mass, and dry matter content are 
shown in Table 5. No significant differences were found 
between the treatments, however, significant results were 
found between the growing seasons, with highest values 
for ratoon cane.  The greater values for total mass were 
found in the treatments of 0.9 and 0.6 (cane plant and 
ratoon cane, respectively), an increase of 20% for ratoon 
cane. The dry mass content was greater in both growing 
season for the treatment of 0.6, with an increase of 20% 
for ratoon cane. The treatment of 0.9 (0.860 kg) and 0.6 
(1.251 kg) had greater stem mass in the first and second 
growing season, respectively.  

The study results are similar to those found by Neto et 
al. (2006), who studied levels of irrigation and nitrogen 
dose associated with potassium in ratoon cane, and 
concluded that growth parameters and the quality of 
ratoon cane were more influenced by fertilization than by 
irrigation. Yet, the same authors reported an average 
stem weight for the highest and lowest dose of fertilizer 
applied of 1,077.50 and 918.42 g, respectively. Moreover, 
Azevedo  (2002)  reported a mean weight of 917.00 g per 
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Figure 3.  Plant height, and number of tillers with different irrigation depths. 

 
 
 
stem in sugarcane plant. Likewise, Silva (2002) studying 
irrigated sugarcane under different fertilizer levels, 
reported an average stem weight of 1,384.17 g. 

Plant height and number of tillers are shown in Figure 
3. These variables did not differ between treatments, but 
had interaction between the years of study, having the 
highest value for ratoon cane. Maximum plant height was 

269.5 and 205 cm in plant cane and ratoon cane, 
respectively, in the treatment submitted to 0.9 of 
evapotranspiration. The difference between maximum 
and minimum height was 3% for the plant cane and 5% 
for ratoon cane, (increased 24.1% over the seasons), 
which might be influenced by the crop cycle.  

Neto et al. (2006) reported an average plant height of
227 and 196 cm for ratoon cane submitted to different 
doses of fertilizer. Moura et al. (2005) studied ratoon 
cane under different irrigation levels, reported that 
irrigation increased plant growth (25%) when compared 
to the rainfed treatments (2.34 and 1.87 m, respectively). 
Oliveira et al. (2011b) studied different varieties of 
sugarcane, fertilizer doses, and water deficit found that 
plant height (average of 3.083 m) did not have a 
significant difference between treatments. Yet, the 
average stem height was 359.1 cm (Carmo et al., 2010). 
Silva et al. (2008) analyzing plant cane growth found 
values of 280.7 cm, whereas, Farias et al. (2008a) 
studying the same variety in irrigated and rainfed system, 

reported that cane plant growth stabilized after 193.85 
days (irrigation condition; height of 152. 80 cm), and 
236.20 days  (rainfed; height of 148.19 cm). Souza et al. 
(2015) reported that increasing irrigation level to 100% of 
evapotranspiration increased plant height when 
compared to the rainfed treatments, yet with total 
irrigation depths of 1, 177.33 and 568 mm, plant height 
were 2.66 m and 1.99 m, respectively.  

The highest number of tillers per meter was 28 in plant 
cane, at 63 days after planting and 24 in ratoon cane 
(148 days after cutting) in the treatment I1.2. The lowest 
value was in the rainfed treatment, cane plant (23 tillers) 
and  ratoon cane (21 tillers). At harvest of each cycle, the  
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Figure 4. Number of green leaves and leaf area the sugarcane with different irrigation depths. 

 
 
 
greatest number of tillers (18) in plant cane (treatment 
I0.9) and 14 in ratoon cane (treatments I0.6 and I1.2). 
The lowest were 16 and 13 in the plant cane and ratoon 
cane, respectively. Watering early in the cycle increased 
the number of tillers, and at the end of the sugarcane 
cycle, the excess of moisture affects development. 
Thereby, Carmo et al. (2010) reported that in early 
development, under irrigated system and high availability 
of solar radiation, there is an intense tillering at the 
beginning of the cycle since there is water, energy, and 
space for plant growth. Yet, the number of tillers was 
greater at the beginning of sugarcane cycle, but fell 
abruptly when the culture demonstrated a tendency 
toward stabilization in the number of tillers, which 
occurred about 327 days after cutting.  

The number of green leaves and leaf area are shown in 
Figure 4. The largest number of green leaves (13 in plant 
cane) was at 160 days after planting (treatment I0.9), and 
it was 12 green leaves in ratoon cane, at 240 days after 
cutting (I1.2 treatment). At each harvest cycle, the 
number of green leaves demonstrated homogeneity in  all 

treatments, with values of 11 to 12 and 10 in plant cane 
and ratoon, respectively. No significant effect of irrigation 
was observed for the number of green leaves, yet it was 
greater for plant cane. Silva et al. (2015) highlight that the 
mature sugarcane has a number of green leaves per 
plant around ten, depending on the variety and growing 
conditions. Pincelli (2010) states that the variable number 
of green leaves is important because through this we can 
observe the photosynthetic efficiency of the plant in 
advance of the stresses (deficit or water excess). In 
addition, Machado et al. (2009) observed that water 
deficit causes leaf senescence and restriction to the 
emergence of new leaves. However, the degree of these 
changes is due to the intensity of water stress and 
depends on the genotype (Smit and Singels, 2006). 

The irrigation treatments influenced leaf area and leaf 
development in both growing seasons. The treatment I1.2 
had the greatest development at the beginning of the 
cycle and decrease towards the end. Conversely, rainfed 
treatments had reduced development at the beginning 
and  increase  towards  the end. The rate of the plant and  



 
 
 
 
ratoon cane growth were 7.5 dm

2 
day

-1
 and 3.6 dm

2
 day

-1
, 

respectively. There was a decrease in both growing 
seasons, by 15% in the development of the crop, and 
33% at harvest, being the ratoon cane lower. Silva et al. 
(2015) reported similar results with great values to the 
plant cane.  

Machado et al. (2009) found that for irrigation 
purposes, the period of greatest susceptibility to water 
deficit is the rapid development of the crop. At this time, 
the plants have great leaf area and require more water to 
make the gas exchange with the atmosphere (Pires et al., 
2008). Farias et al. (2008a) reported that leaf area 
ranged significantly over the growing season for rainfed 
sugarcane, with a maximum leaf area of 5,168.04 dm

2
 (at 

166.68 days and growth rate of 31.00 dm
2
 d

-1
).  

In addition, the sugarcane cultivated under irrigated 
conditions reached the point of maximal leaf area 
(5,359.65 dm

2
) at 152.63 days (growth rate of 35.11 dm

2
 

d
-1

). Souza et al. (2015), reported the greatest leaf area 
was obtained in the treatment submitted to 100% of 
evapotranspiration (LA = 2,461.62 cm

2
). According to the 

climatic conditions of the region, comparing rainfed and 
irrigated sugarcane, there was an increase in sugarcane 
yield under irrigation system, thereby justifying 
investments in irrigation system as a supplementary 
strategy for the agriculture.  

Furthermore, studies on optimizing water resources 
and maximization of crop yields ensuring economic 
returns in agriculture are necessary. The deficit and the 
excess of moisture affect the vegetative development of 
sugarcane, affecting plant height, leaf area, stem 
diameter, the number of tillers per meter, total and dry 
mass content, which might have negative effects on 
sugarcane yield. Moreover, the experimental design 
adopted for planting sugarcane, dividing the stem in the 
tip, mid and base parts, reduced experimental errors and 
homogenized the blocks. Yet, stem tip had highest 
emergence and development at initial phase and middle 
part stem had the greatest development at the end of the 
cycle in the first growing season, and no differences were 
observed for ratoon cane. 
 
 

Conclusions 
 

The irrigation affects positively the vegetative growth of 
sugarcane, increasing plant height, stem diameter, the 
number of tillers per meter, and leaf area. The 
determination of the evapotranspiration rate increases 
yield, ensuring the efficient use of irrigation water and the 
profitability of the crop. The irrigation rate of 78% of 
evapotranspiration as an irrigation strategy for sugarcane 
production might be adopted to obtain stable yields. 
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