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A B S T R A C T
Water is limiting for growth and essential for photosynthesis. Crop yield depends on the 
available amount of this resource and on the efficiency of its use by the plant. This study 
aimed to evaluate the vegetative growth and the gross yield of sugar and ethanol from 
sugarcane along cane-plant and ratoon cane cultivation, under different irrigation depths 
for water replenishment, with and without nitrogen (N) application by subsurface drip 
irrigation. The experimental design was randomized blocks, analyzed in a split-plot scheme, 
with four replicates, in which the plots were represented by the interaction: irrigation depths 
(0, 25, 50, 75 and 100% water replenishment of the field capacity), with and without N 
fertigation, and subplots were represented by 9 evaluation periods (90, 120, 150, 180, 210, 
240, 270, 300 and 330 days after planting/days after the first cutting for ratoon cane). The 
gross yields of sugar and alcohol for water replenishments below 93 and 97%, respectively, 
are higher in sugarcane of first year than in sugarcane of second year. Fertigation provided 
greater vegetative growth of ratoon cane.

Rendimento da cana-de-açúcar submetida
a adubação nitrogenada e a lâminas
de irrigação por gotejamento subsuperficial
R E S U M O
A água é limitante para o crescimento e fundamental para a fotossíntese; a produtividade 
das plantas depende da quantidade disponível deste recurso e da eficiência de seu uso pelo 
vegetal. Com esse estudo objetivou-se avaliar o crescimento vegetativo e o rendimento bruto 
de açúcar e álcool da cana-de-açúcar ao longo do cultivo da cana-planta e cana-soca, em 
diferentes lâminas de reposição hídrica, com e sem aplicação de nitrogênio pelo sistema 
de irrigação por gotejamento subsuperficial. O delineamento experimental utilizado foi o 
de blocos ao acaso analisado em esquema de parcelas subdivididas, com quatro repetições, 
sendo a parcela representada pela interação das lâminas de irrigação (0, 25, 50, 75 e 100% 
de reposição hídrica, da capacidade de campo) com e sem fertirrigação nitrogenada e as 
subparcelas por nove épocas de avaliações (90, 120, 150, 180, 210, 240, 270, 300 e 330 dias 
depois do plantio/dias após o primeiro corte para a cana-soca). Os rendimentos brutos 
de açúcar e álcool para as reposições hídricas inferiores a 93 e 97% são, respectivamente, 
maiores em cana-planta que em cana-soca. A fertirrigação proporcionou maior crescimento 
vegetativo da cana-soca.
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Introduction

Sugarcane cultivation is in full expansion in the Brazilian 
agriculture, especially due to the increase in the global demand 
for renewable and sugar biofuels (Quintana et al., 2012).

In Brazil, although sugarcane cultivation is concentrated 
in the Southeast and Northeast regions, the production moves 
preferentially to the Central West region of the country, notably 
the states of Goiás and Mato Grosso do Sul (Vieira Júnior et al., 
2008). Sugarcane has been cultivated in different types of soil 
under the influence of various abiotic factors that are peculiar 
to each region, evidencing different production levels (Maule 
et al., 2001). Among various abiotic factors, water deficiency 
must be highlighted, due to the harmful effects caused on plant 
development (Vitorello et al., 2005).

Since water is a limiting factor for plant growth and 
fundamental for photosynthesis, crop yield depends on 
the available amount of this resource and on the efficiency 
of use by the plant, which can be aggravated when water 
availability conditions are associated with soil acidity (Carlin 
& Santos, 2009). Therefore, water availability in the soil is one 
of the environmental factors that most influence sugarcane 
production, since only 30% of its weight consists of dry matter 
and 70% is water, depending on the phenological stage (Rhein, 
2012).

Nitrogen (N) fertilization can also promote yield increment 
in the plant cane cycle (Franco et al., 2010; Fortes et al., 2013); 
however, the responses to N application are still controversial. 
Localized irrigation, therefore, may present itself as an 
alternative, in which water and fertilizers are simultaneously 
applied through the drip system, promoting reduction in the 
consumption of water and fertilizers, which may result in 
higher sugarcane productions (Esperancini et al., 2015).

This study aimed to evaluate the vegetative growth and 
gross yield of sugar and alcohol of sugarcane along the 
cultivation of plant cane and ratoon cane, under different 
irrigation depths for water replenishment, with and without 
N application through a subsurface drip irrigation system.

Material and Methods

The study was carried out under field conditions, 2012 
and 2013 seasons, at the experimental station of the Federal 
Institute of Goiás - Campus of Rio Verde, GO, Brazil (17° 48' 
28" S; 50° 53' 57" W; 720 m). According to Köppen & Geiger 

(1928), the climate of the region is classified as Aw (tropical), 
with rains from October to May and dry period from June to 
September. The mean annual temperature varies from 20 to 
35 ºC and the rainfalls oscillate between 1,500 and 1,800 mm 
per year, while the relief is gently undulating (6% of declivity).

The soil in the experimental area was classified as 
dystroferric Red Latosol (LVdf), Cerrado phase, with clay loam 
texture (0-20 cm) and clay texture (20-40 cm) (EMBRAPA, 
2013). The area has been cultivated for 10 years with Brachiaria 
decumbens.

The results of the physical-hydraulic and chemical 
characteristics of the soil in the experimental area are shown 
in Table 1.

In the present study, the experimental plots consisted 
of three double-row furrows (‘W’ planting or ‘Pineapple’ 
planting) at spacing of 0.40 m between furrows and 1.80 m 
between drip rows, with length of 8 m, corresponding to 52.8 
m2 of total area per plot, where the variety RB 85-5453 was 
cultivated for two years: plant cane (2012 season) and ratoon 
cane (2013 season).

The experimental design was randomized blocks, analyzed 
in split-plot scheme, with four replicates, in which the plots 
were represented by the interaction of irrigation depths (0, 
25, 50, 75 and 100% of water replenishment (WR), of field 
capacity) with and without N fertigation, and the subplots 
were represented by 9 evaluation periods (90, 120, 150, 180, 
210, 240, 270, 300 and 330 days after planting (DAP)/days after 
the first cut (DAC)). The crop was monthly evaluated for plant 
height in the central rows of each plot.

All experimental plots were fertilized based on the results of 
the soil analysis according to the recommendations described 
by Sousa & Lobato (2004). Except for the treatments without 
N application, the others received 100 kg ha-1 of N-urea, 120 
kg ha-1 of P2O5-single superphosphate and 80 kg ha-1 of K2O-
potassium chloride. Phosphate and potassium fertilizers were 
applied in the planting furrow and N along the crop growth, 
in ten monthly applications equivalent to 10 kg ha-1 of N, each 
one through a subsurface drip irrigation system. Urea (45% 
N) was the fertilizer used.

Soil tension readings were daily performed, thus allowing 
the evaluation of crop water consumption in relation to the 
utilized irrigation depths (0, 25, 50, 75 and 100% of field 
capacity).

The drip pipe, buried at depth of 20 cm from the soil 
surface between two planting furrows, showed the following 

*θFC - Field capacity (10 KPa); θPWP - Permanent wilting point (1,500 KPa); Ds - Soil density; TP - Total porosity; pH in distilled water. P and K, extractor Mehlich-1. OM - Organic matter. V - 
Base saturation. CEC - Cation exchange capacity

Physical-hydraulic characteristics

Layer

(m)

Granulometry (g kg-1) ΘFC θPWP Ds

g cm-3

TP

cm3 cm-3 Textural class
Sand Silt Clay m3 m-3

0.00-0.20 458.3 150.2 391.5 51.83 30.50 1.27 0.55 Clay loam

0.20-0.40 374.9 158.3 466.8 55.00 31.33 1.28 0.51 Clay

Chemical characteristics

Layer

(m)

pH

H2O

OM

g kg-1

P

mg dm-3

K Ca Mg Al H+Al S CEC V

(%)mmol dm-3

0.00-0.20 6.2 63.42 7.06 2.04 20.40 16.80 0.0 57.75 41.80 99.55 41.99

0.20-0.40 6.6 44.47 2.65 4.09 14.40 13.20 0.0 44.55 31.69 76.24 41.57

Table 1. Physical, hydraulic and chemical characteristics of the soil in the experimental area in the layers of 0-0.20 
and 0.20-0.40 m
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characteristics: Dripnet PC 16150 drip pipe with thin wall, 
service pressure of 1 bar, nominal flow rate of 1.0 L h-1 and 
spacing between drippers of 0.5 m.

Plant height (PH) was monthly evaluated in the central 
rows of each plot (90, 120, 150, 180, 210, 240, 270, 300 and 
330 days after planting/cutting), measured with a tape measure 
from the soil to the insertion of the +1 leaf (+1 leaf is that in 
which the insertion can be completely viewed) (Benincasa, 
2003).

The gross yields of sugar and alcohol were determined 
through Eqs. 1 and 2 using the value of gross sugar content 
determined through the technological analysis of the juice, 
based on a sampling of 10 stems per plot (330 days after 
planting/cutting), according to the methodology described 
by Caldas (1998):

PSS StYSgY
100
× =  

 

where:
SgY  - sugar yield, in kg ha-1; 
PSS  - percentage of gross sugar in the stem; and, 
StY  - stem yield, in kg ha-1.

( )AY PSS F FRS Fg 10 StY= × + × × ×  

where: 
AY  - gross alcohol yield, in L per ton of sugarcane; 
PSS  - percentage of gross sugar in the stems; 
F  - stoichiometric transformation factor of sucrose into 

one molecule of glucose and one of fructose, equal to 1.052;
FRS  - free reducing sugars in %, which varied from 0.7 to 

0.85%, while the distillery uses 0.7 for high PSS;
Fg  - Gay Lussac factor equal to 0.6475; and,
StY  - stem yield, in t ha-1.

The obtained data of plant cane and ratoon cane were 
subjected to analysis of variance by F test at 0.05 probability 
level and, in cases of significance, regression analysis was 
performed for the water replenishment levels and days after 
planting/cutting, while for the factor N application the means 
were compared by Tukey test at 0.05 probability level using the 
statistical program SISVAR® (Ferreira, 2011).

Results and Discussion

There was significant effect of the interaction N application 
x Evaluation period only for plant height of sugarcane in the 
second production cycle. The fact that there was no effect of 
N application, especially in the plant cane cycle, was possibly 
due to the high content of organic matter in the soil used in 
the study (Table 1). The response of the plant cane to N is little 
expressive and normally occurs at low doses (Franco et al., 
2010; Fortes et al., 2013).

According to the data, there was linear increase in plant 
height as a function of the water replenishment, with R2 above 
90% for both plant cane and ratoon cane (p < 0.01); thus, water 
replenishment affected plant height (Figures 1A and 1C).

Figure 1.  Plant height as a function of water replenishment 
and days after planting/cutting for plant cane (A and B) and 
ratoon cane (C and D)
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As to the evaluation periods (DAP and DAC), this growth 
for plant cane fitted to an exponential model, while it did not 
occur for the ratoon cane, which fitted to a linear model (p < 
0.01), with R2 superior to 95% (Figures 1B and 1D).

The maximum plant height (plant cane) reached at 100% 
WR was 10.7% higher compared with 0% WR (rainfed 
condition); for the plant height observed at 75% WR, the 
difference was only 2.7% while for WR of 25 and 50%, it was 
approximately 8 and 5.3%, respectively, thus demonstrating a 
growth of 0.16 cm for each 1% increase in WR (Figure 1A). 
Water plays a fundamental role in the greater elongation of 
the internodes, which results in taller plants under conditions 
favorable to growth (Shigaki et al., 2004).

Plant height as a function of the evaluation period in plant 
cane, for fitting to an increasing exponential model, showed 
a constant percent increment over time; consequently, the 
growth between the evaluation periods was equivalent, with 
increase of 23.66% every 30 days and plant height, at 90 days, 
88.46% lower than that at 330 days (Figure 1B).

The greater growth in this period occurred because it is 
characterized by low or irregular rainfall, higher light intensity 
and higher temperatures that, associated with the water 
availability promoted by subsurface irrigation, led to higher 
gains in plant height (Oliveira et al., 2010; Rhein, 2012).

Figure 1C shows sugarcane growth as ratoon cane for the 
periods with significant difference of water replenishment; 
according to the regression equation, there were increments 
of 7.3, 9.9, 5.5, 3.5, 4.2, 3.1 and 2.7% in plant height, for each 
25% increase in WR, at 150, 180, 210, 240, 270, 300 and 330 
days, respectively (Figure 1C).

Figure 1D shows the vegetative growth of sugarcane as 
ratoon cane for each water replenishment as a function of the 
evaluation period. According to the regression equation, there 
were increments of 13.3, 12.9, 12.8, 12.8 and 12.7%, for each 
increase of 30 days, for the water replenishments of 0, 25, 50, 75 
and 100%, respectively. Plant height also indicated increments 
of 1.21, 1.24, 1.29, 1.3 and 1.35 cm d-1, for water replenishments 
of 0, 25, 50, 75 and 100%, respectively.

The results of plant height for the DAC of ratoon cane with 
and without N fertigation are presented in Figure 2. According 
to the data, plant height increment followed a potential 
function in relation to the DAC, with R2 above 97%.

The mean increases in plant height as a function of the 
DAC were 1.42 and 1.33 cm d-1 in the presence and absence 
of N fertigation (p < 0.01), respectively, with a difference of 
approximately 6.3% (Figure 2A).

For plant height in relation to N fertigation, the difference 
was significant only between 270, 300 and 330 DAC; thus, in 
the presence of fertigation, plant growth was intensified in 
these periods, demonstrating increments of 5.8, 4.3 and 4.8% 
for 270, 300 and 330 DAC, respectively (Figure 2B).

According to the regression analysis, the gross yield of sugar 
and alcohol fitted to a linear model as a function of the water 
replenishment, for both plant cane and ratoon cane (p < 0.01) 
(Figures 3A and 3B); consequently, the maximum gross yields 
of sugar and alcohol were obtained with water replenishment 
of 100% in both cycles.

The gross yields of sugar observed at WR of 75 and 100% 
were 33.8 and 34.8 t ha-1 (plant cane) and 32.7 and 35.2 t ha-1 

(ratoon cane). Under full irrigation conditions, in a study with 
24 varieties, Maschio (2011) observed variation in the gross 
yield of sugar on the order of 19.5 to 27.5 t ha-1, with lower 
values for the varieties RB855453 (22.0 t ha-1), CTC8 (21.6 t 
ha-1), RB925211 (20.6 t ha-1), CTC14 (20.4 t ha-1) and SP81-3250 
(19.5 t ha-1). Barbosa et al. (2013) reported mean sugar yield of 
25.5 Mg ha-1 only in the cycle of the second ratoon cane under 
irrigated cultivation and vinasse application.

According to the regression equation, gross sugar yield 
obtained increment of 3.8 and 10.08% for each 25% increase in 
WR for plant cane and ratoon cane, respectively (Figure 3A), 
thus demonstrating increase in gross sugar yield of 0.04 and 
0.1 t ha-1 for each 1% increase in WR for plant cane and ratoon 
cane, respectively. The high percent difference observed mainly 
in the ratoon cane is about twice as high as that observed in the 
plant cane, which demonstrates the importance of irrigation 
and its relevant effect, especially in ratoon cane, to obtain 
higher yields and, therefore, promote greater economic return. 
Increases in the concentration of sucrose in the juice have been 
observed in the irrigated cultivation of sugarcane (Dantas Neto 
et al., 2006; Tasso Júnior et al., 2007; Singh et al., 2007; Barbosa 
et al., 2012; 2013). 

The gross yield of alcohol showed increments of 0.03 and 
0.07 m3 ha-1 for each 1% increase in WR for plant cane and 
ratoon cane, respectively (Figure 3B).

The maximum gross yields of alcohol were 24.8 and 24.9 
m3 ha-1 in plant cane and ratoon cane, respectively (Figure 3B) 
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for 100% WR, while the minimum gross alcohol yield was 21.6 
and 17.7 m3 ha-1, in plant cane and ratoon cane, respectively, 
for 0% WR. Carvalho et al. (2009) also observed increase in 
gross sugar yield, as well as in stem yield and gross alcohol 
yield, with the increase in irrigation levels.

The intersection of gross sugar yield between ratoon cane 
and plant cane is estimated to occur at water replenishment of 
93% (Figure 3A), while the intersection of gross alcohol yield 
occurred at water replenishment of 97% (Figure 3B). Thus, 
the gross yields of sugar and alcohol for water replenishments 
lower than 93 and 97%, respectively, demonstrated higher yield 
values in plant cane, making this difference more expressive 
with the decrease in water replenishment.

Conclusions

1. Nitrogen fertigation promoted greater vegetative growth 
of ratoon cane, especially in the periods of 270, 300 and 330 
days after cutting.

2. The gross yields of sugar and alcohol for water 
replenishments lower than 93 and 97%, respectively, are higher 
in plant cane than in ratoon cane.
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