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Abstract 
The sugar and alcohol sector have invested heavily in technologies to increase the productivity of sugarcane and 
consequently the gross income of sugar and alcohol; among these practices irrigation and fertilization stands out. 
Based on the hypothesis that the source and the availability of nitrogen influence the growth, development and 
yield of irrigated sugarcane in the cerrado region, this study aimed to evaluate the accumulation of biomass and 
yield to define the best source and dose of nitrogen fertilization in irrigated sugarcane, in the cane-plant cycle, in a 
very clayey dystrophic Red Latosol, cerrado phase. The experiment was carried out at the Raízen Plant, located in 
the municipality of Jataí-GO. Brazil. The variety IACSP95-5000 was used in a randomized block experimental 
design, analyzed in a split-split-plot scheme, with four replicates. The factors evaluated were in the plots of four N 
rate (0, 60, 120 and 180 kg ha-1); In the split-plot two N sources (urea and ammonium nitrate) and as split-split-plot 
were represented by four evaluation periods (210, 250, 290 and 330 days after the planting-DAP). The irrigation 
was by sprinkling, performed by a central pivot. The highest gross sugar yield and gross alcohol yield in the 
average source of 131.72 kg N ha-1 had an average increase of 32.19%, compared to without N application 0 kg N 
ha-1. 
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1. Introduction 
Sugarcane is a historically important and strategic agricultural crop for Brazil, presents an increasingly diversified 
and flexible production chain and directly contributes to making the Brazilian energy matrix cleaner and more 
renewable. However, in order to produce ethanol that meets the needs of our country, and also to export this fuel, 
there is a need for large areas planted with the crop. Due to this, sugarcane producers and agro-industries in the 
sugar-alcohol sector have invested heavily in technologies to increase crop productivity and improve the industrial 
quality of the raw material (Dantas Neto et al., 2006), irrigation and fertilization can be mentioned as these 
investment in management (Lelis Neto, 2012). The increase in sugarcane productivity with the use of irrigation is 
well known (Wiedenfeld & Enciso, 2008; Gava et al., 2011). Nevertheless, the improvement of the management 
techniques becomes necessary to reach the maximum efficiency in the use of the fertilization, aiming at maximum 
productivity, especially when dealing with nitrogen fertilization. 

The productive characteristics and growth is strongly influenced by the potential of adaptation of the varieties to 
the climate, especially to the temperature and rainfall regime, as well as to the cultural practices used (Lima & 
Alves, 2008). Among the environmental factors that most influence the conversion of energy to sugar by the 
sugarcane crop, we can mention: solar energy (intensity, duration and quality); the concentration of CO2; the 
temperature; and the availability of water and nutrients, especially nitrogen (N), which has great importance for 
being a component of proteins, among other biomolecules (Gava et al., 2010). For Donaldson et al. (2008) and Van 
Heerden et al. (2010) when adequate water availability, solar radiation and high temperatures occurs, the nutrient 
supply becomes the main limiting factor and may affect the increase of the biomass accumulation. 
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In the soil-plant-atmosphere system, N is one of the most limiting elements of plant growth (Moreira & Siqueira, 
2006). Among the mineral elements, N is essential for plant life because it is part of the composition of most 
organic compounds, such as amino acids, proteins, nucleic acids, hormones and chlorophyll (Malavolta, 2006). 
Thus, N is considered the most important mineral macronutrient in the chemical composition of plants (Raij, 1991). 
In addition, it participates in the main biochemical reactions of plant metabolism and has important participation in 
the biogeochemical cycles, which are controlled by physical, chemical, and biological factors and affected by 
difficult and predictive climatic conditions. The reduction of nitrate to ammonium and the incorporation of these in 
plants account for a quarter of the energy expenditure of plants (Epstein & Bloom, 2005). 

N fertilizer in sugarcane grown is performed in different doses and forms of application depending on the age of 
the crop, planting and cutting season, production environment and irrigation use. As in other crops the harvest 
expectation reflects the amount of fertilizer to be applied, the dose and the form (Schultz et al., 2015). According to 
Vitti et al. (2008), the advances in research with genetic improvement and the creation of more productive 
materials are probably leading to an underestimation of the potential economic response to N in sugarcane. 

In the different agricultural environments, the productivity of Brazilian sugarcane plantations has been limited, 
mainly, by water restrictions and the availability of nutrients in soils. In this context, it becomes necessary to 
re-evaluate the nutritional requirements of sugarcane planted today, as well as nutrient doses in cane-plant 
fertilization. Based on the hypothesis that the N source and the availability of nitrogen influence the growth, 
development and productivity of the irrigated sugarcane in the Brazilian Cerrado region, this study aimed to 
evaluate the accumulation of biomass and yield to define the best source and dose of nitrogen fertilization in 
irrigated sugarcane, in the cane-plant cycle, grown in a very clayey dystrophic Red Latosol, Cerrado. 

2. Material and Methods 
The experiment was carried out under field conditions, during the 2014/2015 crop season, in an area at Rio Paraíso 
II Farm (Raízen Plant, in the municipality of Jataí, GO). The geographical coordinates of the site are 17°44′2.62″ S 
and 51°39′6.06″ W, with an average altitude of 907 meters. According to the classification of Köppen and Geiger 
(1928), the climate of the place is type Aw, tropical, with rainfall from October to April, and dries from May to 
September. The maximum temperature ranges from 35 to 37 ºC, and the minimum of 12 to 15 ºC (in the winter 
there are occurrences of up to 5 ºC). The annual precipitation reaches approximately 1,800 mm, but poorly 
distributed throughout the year, according to the climatic data shown in Figure 1.  

 

 
Figure 1. Daily water balance in the period resulting from the experiment, Jataí-GO, Brazil, crop season 2014/15 

Source: INMET Normal Station-Jataí-GO. 

 

The soil of the experimental area is classified as Dystropherric Typic Rhodic Hapludox soil (Soil Taxonomy, 
2010) and dystroferric Red Latosol, very loamy, Cerrado (savanah) phase (Santos et al., 2013). The experimental 
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area has a history of renovation of the sugarcane plantation of seven years of cultivation. The chemical, 
physical-water, granulometry and textural classification of the samples collected previous to the installation of 
the experiment are described in Table 1.  

 

Table 1. Chemical, physical-water, granulometry and soil textural classification of the experimental area, 0-0.10, 
0.10-0.20 and 0.20-0.40 m depth, Jataí-GO, Brazil, crop season 2014/15 

Layers pH O.M. PResin S K Ca Mg Al 

m CaCl2 g dm-³ -------- mg dm-³ -------- ------------------ mmolc dm-³ -----------------
0-0.10 5.9 72 45 13 9.9 53 22 <1 
0.10-0.20 5.6 46 13 26 12.1 31 12 <1 
0.20-0.40 5.2 41 8 91 8.9 15 6 <1 

Layers H+Al CEC V B Cu Fe Mn Zn 

m ------ mmolc dm-³ ------ % ---------------------------- mg dm-³ ----------------------------
0-0.10 22 106.9 79 0.28 1.2 39 3.4 2.1 
0.10-0.20 28 83.1 66 0.17 1.6 36 1.6 1.0 
0.20-0.40 21 60.9 49 0.12 1.4 25 0.7 0.3 

Layers 
Granulometry 

Textural classification θCC θPMP 
Sand Silt Clay 

m ------------------ g kg1 ------------------  ------------ cm3 cm-3 ----------- 
0-0.10 96 82 822 Clayey 

46.3 22.6 
0.10-0.20 97 82 822 Clayey 
0.20-0.40 85 71 845 Clayey 45.8 22.6 

Note. Manual of chemical analysis for fertility evaluation of tropical soils (Raij et al., 2001). O.M.-Organic matter; 
CEC-Cation exchange capacity; V-Bases saturation; θCC-Water content in field capacity; θPMP-Water content at the 
permanent wilting point.  

 

The experimental design was a randomized block, analyzed in a 4 × 2 factorial scheme, with three replicates. The 
treatments were four rates of fertilizer labeled with 15N isotope (30, 60, 120 and 180 kg N ha-1); two N sources of 
fertilizer labeled with 15N isotope (urea and ammonium nitrate).  

N fertilization was performed according to the treatments, at 60 days after planting, applied to haul, on the line side 
(0.20 m), contrary to the slope of the land. All treatments were fertilized at planting with phosphorus (100 kg ha-1 
of P2O5) as triple superphosphate, potassium (80 kg ha-1 of K2O) as potassium chloride, and micronutrients, 
according to the results from soil analysis and recommendation of Sousa and Lobato (2004). 

Soil preparation was performed by the conventional system, by means of plowing and harvesting, followed by 
opening of the machining planting grooves, according to the experience of the plant the number of buds per meter, 
according to the recommendations for the respective variety. The variety used was the IACSP95-5000. 

The herbicides, insecticides, fungicides and other products for control of invasive plants, pests and diseases were 
used whenever necessary. 

The irrigation was carried out by a central pivot ZIMMATIC, monitoring the irrigation following the farmer 
recommendation. During the crop cycle, meteorological data of maximum and minimum temperature (ºC), 
maximum and minimum relative humidity (%), wind speed (m s-1), solar radiation (kJ m²) and rainfall 
precipitation were collected daily (mm), through a meteorological station. The water balance and the soil water 
balance were generated with the aid of irrigation management software (IRRIGER®). In the software, climate 
monitoring is used to estimate the daily water consumption of sugarcane, for the irrigation blade to be applied, at 
the appropriate moment to irrigate. The software uses the Penman-Monteith method (FAO Standard, 1991), 
adapted by Allen et al. (1989) for the estimation of evapotranspiration on a daily scale, with micrometeorological 
data of solar radiation, air temperature, wind speed and relative humidity. 

The monitoring the irrigation following the farmer recommendation. During the crop cycle, meteorological data of 
maximum and minimum temperature (ºC), maximum and minimum relative humidity (%), wind speed (m s-1), 
solar radiation (kJ m²) and rainfall precipitation were collected daily (mm), through a meteorological station. The 
water balance and the soil water balance were generated with the aid of irrigation management software 
(IRRIGER®). In the software, climate monitoring is used to estimate the daily water consumption of sugarcane, for 
the irrigation blade to be applied, at the appropriate moment to irrigate. The software uses the Penman-Monteith 
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method (FAO Standard, 1991), adapted by Allen et al. (1989) for the estimation of evapotranspiration on a daily 
scale, with micrometeorological data of solar radiation, air temperature, wind speed and relative humidity. 

Two tillers were collected in the central lines of the subplots to evaluate the variables plant dry matter of green 
leaves (DMGL), dry matter of dead leaves (DMDL), dry matter of stem (DMS) and dry matter of pointer (DMPT). 
Two plants were collected and then dried in a forced air circulation oven at 65 °C until constant mass, and the dry 
matter mass of each part of the plant was determined. The sum of the values corresponding to the biomass of each 
structural component of the plants (DMGL + DMDL + DMS + DMPT) allowed the determination of the total dry 
matter of shoot (TDMS), according to Marafon (2012): 

TDMS = DMGL + DMDL + DMS + DMPT                         (1) 

Monitoring of sugarcane ºBrix was carried out in the field during the last four weeks prior to harvest. For the 
rational determination of the sugarcane harvest point, the parameter known as the Maturation Index (MI) 
determined in the field was used, using a portable refractometer. The MI values are: (a) less than 0.60 for green 
cane; (b) between 0.60 and 0.85 for cane in the process of maturation; (c) between 0.85 and 1 for mature cane; and 
(d) greater than 1 for cane in the process of sucrose decline (Rosseto, 2012). 

The harvest was carried out on 08/25/2015, stem yield (SY) was determined by total weighing of the stems present 
in the respective subplots, quantifying the weight of stems in 2 m of the two central lines, whose value was 
extrapolated to t ha-1. For this, the cut was made as close as possible to the soil. The stem were then untidy and had 
the pointer highlighted. They were then weighed in a hook-type digital scale, with a Soil Control mark (accuracy = 
0.02 kg), with a capacity of 50 kg. 

Samples of 10 stems per plot were collected for the determination of the percentage of raw sugar contained in 
stems (PRS) and free reducing sugars (FRS) in the Agrindustrial Laboratory of the Raízen Plant, in Jataí-GO, 
according to CONSECANA (2006) methods. To determine the quality of the technological attributes of the 
sugarcane, the samples were disintegrated or ground and homogenized. Then, 500 g of sample were removed and 
pressed in a hydraulic press for one minute at 250 kgf cm-², resulting in two fractions: the broth and the wet cake 
(wet cake). 

The gross sugar and alcohol yields were calculated using the amount of raw sugar determined in the technological 
analysis according to the methodology described by Caldas (1998): 

GSY	=	 PRS·SP

100
                                      (2) 

where,  

GSY-gross sugar yield in kg ha-1; PRS-Percentage of raw sugar in % contained in stems and determined in 
laboratory; SP-Stems production in t ha-1.  

GAY = [(PRS·F) + FRS]·Fg·10·SP                           (3) 

where,  

GAY-gross alcohol yield in liter per ton of sugarcane; PRS-Percentage of raw sugar in % contained in stems and 
determined in laboratory; F-stoichiometric transformation factor of sucrose in one molecule of glucose plus one of 
fructose, equal to 1,052; FRS-are the free reducing sugars in %, whose values vary from 0.7 to 0.85%, with the 
distillery using 0.7 for high PCC; Fg-Gay Lussac factor equal to 0.6475; SP-Stems production in t ha-1. 

The data obtained were analyzed statistically by variance analysis and when detected significant effects (F test 
5% of probability), they were adjusted to regression equations. Linear and quadratic components were tested and 
chosen the model with larger significant degree. The means for N source (urea and ammonium nitrate) were 
compared by the Tukey test to 5% of probability. The statistical analyses were carried out using the SAS 
package 8.02 (SAS, 2001).  

3. Results and Discussion 
In the growing season of 2014/15, the rainfall precipitation at the experiment site was 1701.40 mm shown in 
Figure 1, close enough value for the development of sugarcane, which varies from 1500 to 2500 mm, according to 
Doorenbos and Kassam (1979). However, it did not occur regularly throughout the harvest, predominating in the 
months of 10/2014 to 06/2015. Therefore, the following two months after planting, 08/2014 to 10/2014 and at the 
end of the growth phase 06/ 2015 to 08/2015 the rainfall was insufficient, needing irrigation (650.0 mm, totaling 
the volume of 2351.40 mm during the growing cycle). 
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In the analysis of variance, it was observed that there was a significant interaction between the dose and time 
factors for the variable dry matter of green leaves (DMGL), evidencing that the effect of the dose of nitrogen 
fertilization was dependent on the time of growth and development of sugarcane. On the other hand, the 
variables dry matter of dead leaves (DMDL) and dry pointer (DMPT) had a significant effect on the time factor, 
evidencing that the evaluation period had an effect during all growth stages of development of sugarcane. 

In Brazil, low cane-plant responses to nitrogen fertilization are observed, possibly due to the marked dynamics 
of O.M. in tropical soils and by the probable occurrence of biological fixation (Urquiaga et al., 2012). As in the 
present study a very clayey soil with a high O.M. content was used, the nitrogen responses and the interaction of 
the inoculation with the nitrogen fertilization were possibly influenced by O.M. from soil. 

In the unfolding of the dose factor within each season for the DMGL, it was observed that there was an estimated 
linear increase of 19.12 and 30.17 g plant-1 with 180 kg N ha-1, corresponding to 40.33 and 37.78%, respectively, 
for 250 and 290 DAP. At 330 DAP, there was an estimated maximum quadratic increase of 107.34 g plant-1 with 
146.0 kg N ha-1, corresponding to the increase of 34.10 g plant-1 (31.77%) (Figure 2A). 

In the unfolding of the time factor within each N dose for DMDL, there was an estimated linear increase of 64.22, 
82.14, 95.57 and 90.87 g plant-1 at 330 DAP, corresponding to 89.66, 89.86, 89.68 and 85.79%, respectively, for 0, 
60, 120 and 180 kg N ha-1 (Figure 2B). 

The highest accumulation of biomass from 250 to 330 DAP corroborated by study of Leite (2016), three distinct 
phases of growth were identified as follows: 1) 0 to 135 DAC was marked by slow growth and low accumulation 
of biomass accumulating 10% of total biomass; 2) 135-270 DAC, period characterized by the rapid growth that 
produced, on average, 65% of the total biomass; and 3) from 270 to 370 DAC, phase exhibited slower growth and 
represents the phase of accumulation of sugar, on average, 25% of the total biomass. A similar pattern to the 
accumulation of sugarcane biomass was previously described by other authors for cane-plant and ratoon cycles 
(Inman-Bamber et al., 2002; Gava et al., 2005; Oliveira, 2011), for various varieties, locations and environmental 
conditions. 

For Bell & Garside (2005) and Allison et al. (2007), these times of slow growth are related to tillering and slow 
production during plant establishment. After the establishment of the canopy (pointers), sugarcane is highly 
efficient in the conversion of light intercepted in biomass (Rae et al., 2005; Allison et al., 2007). The last phase, 
depicts the appearance of sugar accumulation, increasing its concentration in the stem. Low air temperatures, 
reduction of rainfall and reduction of photoperiod are important factors that contribute significantly to the 
maturation of sugarcane (Inman-Bamber et al., 2002; Allison et al., 2007). 

 

 
Figure 2. Dry matter of green leaf as a function of the nitrogen dose (A) and as a function of the evaluation 

period (B), Jataí-GO, Brazil, crop season 2014/15 

Note. ns not significant; ** and * significant respectively at 1% and 5% of probability, according to test F. 
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For MSFM due to DAP, it was observed that there was an estimated maximum linear increase of 74.10 g plant-1 at 
330 DAP, corresponding to (14.70%) 10.89 g plant-1 in relation to the 210 DAP (Figure 3A). In DMPT due to DAP, 
it was observed that there was an estimated maximum linear increase of 69.27 g plant-1 at 330 DAP, corresponding 
to (51.47%) 35.65 g plant-1 in relation to 210 DAP (Figure 3B). 

 

 
Figure 3. Dry matter of dead leaf (A) and of pointer (B), as a function of the evaluation period, Jataí-GO, Brazil, 

crop season 2014/15 

Note. ** and * significant respectively at 1% and 5% of probability, according to test F. 

 

In the analysis of variance, it was observed that there was a significant interaction between the dose and time 
factors for the dry matter of stem (DMS) and total dry matter of shoot (DMTAP), evidencing that the effect of the 
nitrogen fertilization dose was dependent on the time of growth and development of sugarcane. 

Bologna-Campbell (2007) and Vitti et al. (2007) also obtained a linear response in the production of dry matter of 
cane-plant and the addition of N in the plantation (doses of 40, 80 and 120 kg N ha-1). Franco et al. (2008) observed 
a highly significant quadratic response (p < 0.05) for shoot dry matter, shoot dry matter (shoot, dry leaves and 
pointer) and total shoot (shoots and roots), with emphasis on treatment with 80 kg N ha-1. 

In the unfolding within each season for DMS, there was an estimated linear increase of 90.34, 178.51, 273.546 and 
258.17 g plant-1 with 180 kg N ha-1, corresponding to 28.43, 34.21, 35.39 and 26.85%, respectively, for 210, 250, 
290 and 330 DAP (Figure 4A).  

This result corroborates with Farias et al. (2008), because in their study they verified that the water supply through 
the irrigation provides an increase of the dry matter accumulation rate of the stem of the sugarcane. 

In the unfolding of the time factor within each N dose for DMS, there was an estimated linear increase of 481.15, 
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(Eutrophic Red-Yellow Latosol and Dystrophic Red Latosol), verified that the N fertilization of planting promoted 
an increase in the growth of roots and shoot part of the cane-plant in Eutrophic Red-Yellow Latosol. However, in 
the dystrophic Red Latosol with a large amount of organic N incorporated in the soil by means of crop residues. 
Therefore, the nitrogen fertilization of planting did not affect the growth of roots and shoot part of the cane-plant. 

Kölln (2012) also observed dry matter elevation as affected by N dose and also irrigated management with 
increases as a function of the N (0 to 140 kg ha-1) dose elevation of 40%. For Otto et al. (2009), the efficiency of N 
utilization by plants can favor root growth, increasing nutrient uptake by sugarcane, making them better nourished, 
thus promoting adequate growth.  
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Figure 4. Dry matter of stem as affected by nitrogen dose (A) and as a function of the evaluation period (B), 

Jataí-GO, Brazil, crop 2014/15 

Note. ** and * significant respectively at 1% and 5% of probability, according to test F. 
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Figure 5. Total dry matter of shoot as affected by nitrogen dose (A) and as a function of the evaluation period (B), 

Jataí-GO, Brazil, crop season 2014/15 

Note. ** and * significant respectively at 1% and 5% of probability, according to test F. 

 

In the analysis of variance, it was observed that the variables crude sugar yield (GSY) and crude alcohol yield 
(GAY) were significant for the nitrogen dose factor. 
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hectare. According to Gava et al. (2010), the increase of yield of irrigated sugarcane with the simultaneous 
application of N-fertilizer occurs through the increase of nitrogen fertilizer utilization efficiency. 

These results agree with Silva (2014), in an Oxisol, in Rio Verde, GO, Brazil, for variety RB85-5453, observed 
increase in GSY of (25.98%) 9.64 t ha-1 and in RBAL of (26.25%) 1.7 m3 ha-1, in treatments irrigated with nitrogen 
fertilization under cane-plant conditions. 

Dantas Neto et al. (2006) observed that fertilizer coverage at doses of 157 kg ha-1 of N provided significant 
increases in the technological quality of sugarcane, with an increase of 39.8% for GAY. Azevedo (2002) obtained 
a maximum gross alcohol yield of 11.5 m3 ha-1 with a total applied water of 1043 mm and a minimum crude 
alcohol yield of 4.8 m3 ha-1 with the total applied water of 609 mm. 
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Figure 6. Gross sugar yield (A) and gross alcohol yield (B) as a function of the nitrogen dose, Jataí-GO, Brazil, 

crop 2014/15 

Note. ** and * significant respectively at 1% and 5% of probability, according to test F. 

 

Cantarella (2012) assessed the sugarcane response to nitrogen application in a three-year period and found that the 
dry matter yield of the stem was significantly higher in urea-fertilized plants (100 kg N ha-1), and the residual effect 
of this fertilization also appeared in the following year. These results demonstrate that the applications of N in 
sugarcane increase the production of dry matter of the stem and the final productivity. 

Otto et al. (2009), evaluating the root and shoot biomass of the sugarcane related to the nitrogen fertilization of 
plantation, verified that the treatments that did not receive the nitrogen fertilizer, resulted in a higher energetic 
expenditure for the roots growth. Such fact that promoted competition for photoassimilates for shoot growth and 
may also explain the lower values for MST in treatments without application of N-fertilizer in the present study. 

4. Conclusions 
The dry matter of dead leaveas and dry matter of pointer had increases with the evaluation period, respectively, of 
14.70 and 51.47%.  

The highest green leaf dry matter accumulation was observed at 250 DAP (40.33%). For dry matter of stem and 
total dry matter of shoot was observed at 290 DAP (34.16%). 

The source of nitrogen fertilization does not influence the accumulation of biomass of irrigated sugarcane. 

The increase of the nitrogen fertilization dose provides an increase in the accumulation of dry matter of green leaf, 
dry matter of stem and total dry matter of aerial part. 

The highest gross sugar yield and gross alcohol yield in the average source of 131.72 kg N ha-1 had an average 
increase of 32.19%, compared to without N application 0 kg N ha-1.  
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