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ABSTRACT 

In the different agricultural environments, the productivity of Brazilian sugarcane plantations has 

been limited, mainly, by the availability of nutrients in the soil, especially nitrogen. The cerrado 

(savanah) region covers the main Brazilian agricultural frontier, and sugarcane cultivation has 

advanced to these areas. Based on the hypothesis that the availability of N in soil influences the 

agronomic performance of sugarcane, the objective of this study was to evaluate the effects of N 

sources and rates on the growth, development and productivity of sugarcane- (CTC-4 variety), 

cultivated in a dystroferric Red Latosol. The experiment was carried out under field conditions at 

Fazenda Rio Paraiso II, belonging to the Raízen Usina, in the municipality of Jataí, GO, southwest 

region of Goiás, Brazil. The experimental design used was a randomized block design, with three 

replicates, analysed in factorial scheme of 4 × 2 × 4. The treatments were four doses of N (0, 60, 120 

and 180 kg ha-1), two N fertilizers (urea and ammonium nitrate) and four evaluation periods (210, 

250, 290 and 330 days after planting - DAP). The increase of the nitrogen fertilizer rate provided an 

increase in plant height, stalk diameter and stalk yield. Ammonium nitrate at doses of 60 and 120 kg 

ha-1 of N provided higher yield of stalks than did urea. 
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RESUMO 

Nos diferentes ambientes agrícolas, a produtividade dos canaviais brasileiros tem sido limitada, 

principalmente, pela disponibilidade de nutrientes no solo, em especial nitrogênio. A região de 

cerrado abrange a principal fronteira agrícola brasileira, e o cultivo da cana-de-açúcar tem avançado 

para estas áreas. Partindo da hipótese de que a disponibilidade de N no solo influencia o desempenho 

agronômico da cana-de-açúcar, o objetivo deste estudo foi avaliar os efeitos de fontes e doses de N 

no crescimento, desenvolvimento e na produtividade de colmos da cana-de-açúcar (variedade CTC-

4), cultivada em um Latossolo Vermelho distroférrico, fase cerrado. O experimento foi conduzido 

em condições de campo, na Fazenda Rio Paraiso II, pertencente à Usina Raízen, no município de 

Jataí, GO, região sudoeste de Goiás, Brasil. O delineamento experimental utilizado foi o de blocos 

casualizados, com três repetições, analisado em esquema fatorial de 4 × 2 × 4. Os tratamentos foram 

quatro doses de N (0, 60, 120 e 180 kg ha-1), duas fontes de N (ureia e nitrato de amônio) e quatro 

épocas de avaliação (210, 250, 290 e 330 dias após o plantio - DAP). O aumento da dose de 

adubação nitrogenada proporcionou aumento da altura de planta, diâmetro do colmo e produtividade 

de colmos. O nitrato de amônio, nas doses de 60 e 120 kg ha-1 de N, proporcionou maior 

produtividade de colmos do que a ureia. 

Palavras-chave: Saccharum officinarum, ureia, nitrato de amônia, latossolo. 

 

 

INTRODUCTION 

Sugarcane (Saccharum spp.) is a socio-

economically important crop in the Brazilian 

energy scenario. Brazil is the world's largest 

producer of sugarcane (its derivatives, sugar, 

and biofuel). Total area harvested with 

sugarcane in the country, in the 2016/2017, 

was approximately 9 million hectares. Among 

sugarcane producing states, Goiás is the 

second largest producer with 10.3% (CONAB, 

2017). This crop is of great importance for the 

Brazilian energy sector, as it is an alternative 

energy source that is environmentally 

sustainable and renewable. The Cerrado 

region has increased over the years its 

importance in the national scenario of 

sugarcane cultivation, especially the Goiás 

state. Among the factors that favored the 

increase of the numbers in this state, is the 

great volume of areas with potential for the 

grown of this of crop and the tropical climate 

most suitable for the sugarcane production. 

The sugarcane production has evolved in 

recent years; these gains in efficiency are the 

result of improvements in management 

practices and technology applied to sugarcane 

plantations. Nitrogen fertilization stands out as 

one of the cultural practices of higher demand 

for sugarcane research, because N studies 

present very variable and often even 

contradictory results (KORNDÖRFER et al., 

2002). However, there are many studies that 

show the importance of N in the sugarcane 

crop (WIEDENFELD & ENCISO, 2008, 

SILVA et al., 2009; FRANCO et al., 2011). 

Sugarcane has been undergoing changes 

in the management practices in the field. The 

main change is perhaps the transition from 

manual harvesting with the previous burning 

of the sugarcane to mechanized harvesting 

without fire extinguishing. Harvesting without 

burning ensures the permanence on soil the 

crops residues (dry leaves and pointers) and 

changes the dynamics of N mineralization-

immobilization in the sugarcane stalks. In 

addition, N-organic mineralization has a 

positive effect on plant nutrition (VITTI et al., 

2011; HOLST et al., 2012; TRIVELIN et al., 

2013). In the literature, several studies show 

the importance of nitrogen in sugarcane 

(SILVA et al., 2009), mainly because it is a 

constituent part of nucleic acids and amino 

acids, precursors of proteins, directly or 

indirectly participating in several biochemical 

processes (SILVA et al., 2006). In some 

studies, it has been verified, the effect of 

nitrogen fertilization on sugarcane yields and 

on growth parameters (SILVA et al., 2006; 

CUNHA et al., 2016). 
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According to Trivelin et al. (1995) for a 

yield of 100 t ha-1 of stalks, the crop extracts 

around 200-300 kg ha-1 of N. The amounts of 

N exported by the stalks are similar or even 

lower than the nutrient applied along the 

cycle, not counting the N losses from the soil-

plant system (CANTARELLA et al., 2007). 

The concentrations of N in the plant are 

generally variable, and the extraction and 

export varied between varieties (OLIVEIRA et 

al., 2011) and water availability (GAVA et al., 

2010; KÖLLN, 2012). The N use efficiency or 

recovery of N applied as fertilizer by 

sugarcane or other vegetables depends on the 

form and place of application, precipitation, 

variety (OLIVEIRA et al., 2011) and applied 

N source (BASANTA et al., 2003). 

At present, the N rates recommended for 

cane-plant fall short of the actual crop 

requirements. Considering that soil N losses 

reduce the nutrient concentration available to 

the crop, especially in the system with straw 

maintenance and in low or medium fertility 

soils, in this N deficiency condition, has no 

way of expressing its productive potential. 

Several factors can explain the low 

responses to N in cane-plant, such as the 

mineralization of soil organic matter and the 

cultural remains of the crop during the soil 

rotation in the sugarcane reforestation 

(CANTARELLA et al., 2007). Other 

justifications for the low response of the cane-

plant to N include greater vigor of the cane-

plant root system compared to that of the first 

ratoon sugarcane, the improvement of soil 

fertility associated with liming and 

fertilization made in sugarcane fallow period, 

biological N fixation, the lower initial nutrient     

demand of the cane-plant, the losses of N 

fertilizers by leaching and the contribution of 

the N stocked on the seed piece sugarcane 

(VITTI et al., 2008; URQUIAGA et al., 2012). 

Based on the hypothesis that N 

availability in soil influences the agronomic 

performance of sugarcane, the objective of this 

study was to evaluate the effects of N sources 

and rates on the growth, development and 

productivity of sugarcane (CTC-4 variety), 

cultivated in a dystroferric Red Latosol. 

 

 

MATERIAL AND METHODS 

The experiment was carried out under 

field conditions, during the 2014/2015 

growing season, in an area at Rio Paraiso II 

Farm (Raízen plant Mill), 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 & 

Geiger (1928), the climate of the place is type 

Aw, tropical, with rainfall from October to 

April, and dry season from May to September. 

The maximum temperature ranges from 35º to 

37 ºC and the minimum of 12 to 15 ºC (in the 

winter there are occurrences of up to 5º 

degrees).  

The annual precipitation reaches 

approximately 1,800 mm, but poorly 

distributed throughout the year. Daily water 

balance and meteorological data are presented 

in Figure 1. The soil of the experimental area 

is classified as Dystropherric Typic Rhodic 

Hapludox soil and dystroferric Red Latosol, 

very loamy, cerrado (savanah) phase 

(SANTOS et al., 2013).  

The experimental area has a history of 

renovation of the sugarcane plantation of 

seven years of cultivation. The chemical, 

physical granulometry and textural 

classification, and soil water content of the 

samples collected before the installation of the 

experiment are described in Table 1. 
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Figure 1. Daily water balance in the experimental period: data on temperature, rainfall, relative humidity (RH), 

irrigation and ETc, Jataí - GO, Brazil, harvest 2014/15. 

 

The experimental design was a 

randomized block, analyzed in a 4 × 2 

factorial scheme, with three replicates. The 

treatments were four N rates (30, 60, 120  

and 180 kg N ha-1); two N fertilizers  

(urea and ammonium nitrate). For the 

biometric growth, four periods (210, 250,  

290 and 330 days after planting - DAP)  

were evaluated, that is, a 4 × 2 × 4 factorial 

scheme.

Table 1. Chemical, physical, granulometry and soil textural classification, and soil water content of 

the experimental area, 0.00-0.20 and 0.20-0.40 m depth, Jataí - GO, Brazil, 2014/15 harvest. 

Layers pH O.M. K Ca Mg Al H+Al BS CEC 

(m) CaCl2 (g dm-3) ---------------- (mmolc dm-3) ---------------- 

0–0,20 6,6 86 1,1 37 18 <1 18 56,1 74,1 

0,20-0,40 6,0 75 0,9 23 13 <1 20 36,9 56,9 

Layers V P resin S B Cu Fe Mn Zn 

(m) (%) ---------------- (mmolc dm-3) ---------------- 

0-0,20 76 16 10 0,18 1,7 68 3,4 1,4 

0,20-0,40 65 11 8 <0,2 1,3 52 2,2 1,0 

Layers Granulometry (g kg1) θCC θPMP Textural classification 

(m) Sand Silt Clay cm3. cm-3  

0–0,20 96 82 822 46,3 22,6 Clayey 

0,20-0,40 85 71 845 45,8 22,6 Clayey 

 

The plots consisted of six lines of 

sugarcane, 5 m long, spaced 1.50 m apart. The 

assessed area was represented by three lines of 

3 meters linear, in the three central lines of 

each plot, scoring 1.0 m at each end.  

Soil preparation was performed by the 

conventional system, by means of plowing and 

harvesting, followed by opening of the 

machining planting grooves, on 09/20/2014, 

according to the experience of the plant the 

number of buds per meter, according to the 

recommendations for the respective variety, 

distributing seed piece with average, of 15 

gems per linear meter. The variety used was 

the CTC-4. N fertilization treatments, in the 

form of urea, were divided into three 

applications from 60 days after planting, 

applied to the 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 
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soil analysis and recommendation of Sousa & 

Lobato (2004). The herbicides, insecticides, 

fungicides, and other products for control of 

invasive plants, pests and diseases were used 

whenever necessary. 

At 210, 250, 290 and 330 DAP two 

tillers were collected in the central lines to 

evaluate the variables plant height (PH) and 

stalk diameter (SD), according to Benincasa 

(2003); the plant height was measured using a 

tape measure, from the soil to the collar of the 

leaf + 1 (sheet +1 is the one that can be 

completely visualized the collar), and 

expressed in m; The stalk diameter was 

determined with the aid of a pachymeter at the 

base of the plant, and expressed in mm. 

The sugarcane ºBrix was monitored 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) was determined 

in the field, using a portable refractometer. 

The MI values are: (a) less than 0.60 for green 

sugarcane; (b) between 0.60 and 0.85 for 

sugarcane in the process of maturation; (c) 

between 0.85 and 1 for mature sugarcane; and 

(d) greater than 1 for sugarcane in the process 

of sucrose decline (ROSSETTO, 2012). 

Harvesting was performed on 

20/10/2015, stalk yield (SY) was determined 

by total weighing of stalks present in the 

respective subplots, quantifying the weight of 

stalks present 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 stalks 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. The number of 

industrializable tillers averaged per linear 

meter was determined by counting the number 

of plants in 2 m of the two plot lines. 

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 SISVAR® 

(FERREIRA, 2011). 

 

 

RESULTS AND DISCUSSION 

It is observed that plant height (PH) and 

stalk diameter (SD) were significantly 

influenced by doses of nitrogen (DN), as well 

as by the evaluation period. 

The higher N rates provided higher PH, 

regardless of the source applied (Figure 2A). 

In the treatments without application of N, the 

estimate of the PH was 1.73 m, while with the 

application of 60 kg ha-1 of N the estimate was 

1.85 m. At the doses of 120 and 180 kg ha-1 of 

N, the estimated PH were 1.96 and 2.08 m, 

respectively, which represents an increase in 

PH of approximately 16.82% in relation to the 

control (without application of N).  

The PH also increased by 5,5% for each 

60 kg ha-1 increase in N (Figure 2A). The PH 

estimates for DAP were 1.71; 1.81; 1.91 and 

2.19 m, respectively, at 210, 250, 290 and 330 

DAP (Figure 2B). It can be observed an 

increase of 21.91% when 180 kg ha-1 was 

applied in relation to the treatment without 

application of N. Beneficial effects of the 

application of nitrogen in the plant growth, in 

several phenological stages of of sugarcane 

were observed by several studies (ALVES, 

2014; OLIVEIRA et al., 2014, SOUZA  

et al., 2015). 
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Figure 2. Height of the sugarcane plant as a function of nitrogen doses (A), days after planting (B) and stalk 

diameter as a function of nitrogen (C) and days after planting (D), in the municipality of Jataí, GO, Brazil, harvest 

2014/2015. ** and * significant respectively at 1% and 5% of probability by the test F. 

 

 Nitrogen fertilization has promoted 

increases in plant height and stalk diameter of 

sugarcane (SCUDELETTI; LONGATTO, 

2015; RIBEIRO, 2016), with positive effects 

on stalk yield (OLIVEIRA et al., 2010). 

McCray et al. (2014) add that the effect of N 

response on stalk yield can be explained 

physiologically by changes in plant growth, 

number of tillers, and biomass production.  

A number of studies have shown the 

importance of nitrogen for sugarcane (SILVA 

et al., 2009; OLIVEIRA et al., 2010), mainly 

because it is a constituent part of nucleic acids 

and amino acids, precursors of proteins, 

directly or indirectly participating in several 

(EPSTEIN; BLOOM, 2006), whose nutrient is 

part of the chlorophyll molecule, with reflexes 

in the processes of photosynthesis,  

division and cell expansion (MALAVOLTA  

et al., 1996). 

For the SD variable, the application of N 

provided an increase of 13.55%, from the 

lowest to highest dose of N. For the treatment 

without application of N, the estimate value of 

SD was 28.02 mm, while with the application 

of 60 kg ha-1 of N, the estimate was 29.67 mm. 

At the highest doses of N (120 and 180 kg ha-

1), the estimated SD were 31.35 and 33.00 

mm, respectively (Figure 2C). The SD also 

increased by 4,5% for each 60 kg ha-1 increase 

in N. Plant height of 2.05 m and stalk diameter 

of 27.6 mm of sugarcane fertilized with 92 kg 

ha-1 of nitrogen were observed by Sime 

(2013). Nitrogen fertilization, in general, has 

promoted increases in plant height and stalk 

diameter of sugarcane (ROCHA, 2013; 

SCUDELETTI; LONGATTO, 2015; 

RIBEIRO, 2016). 

Soomro et al. (2014) observed that 

higher doses of nitrogen had greater effect on 
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plant height (> 244.1 cm) and stalk diameter 

(> 25 mm). Nitrogen fertilization increases the 

growth of sugarcane and allows the plants to 

absorb other nutrients, which favors the 

internode elongation and stalk growth, which 

significantly increases the height of the plant 

(BIANCHINI et al., 2014). The SD as affected 

by the DAP is presented in Figure 2D, whose 

estimates were 27.77; 29.72; 31.67 and 33.62 

m, respectively, at 210, 250, 290 and 330 

DAP. The increase of the stalk diameter in 

accordance with the evaluation stages was also 

verified in other studies; however, followed by 

the reduction of this morphological parameter 

from the 291 days after the cut (OLIVEIRA et 

al., 2010; RHEIN, 2012). There is an effect 

significant effect for NF x DN interaction on 

stalk yield of sugarcane (PC) stalk. The Figure 

5A and 5B showed that the values for the N 

doses 0, 60, 120 and 180 kg ha-1, applied N as 

urea, were 91.38; 102.75; 132.07 and 187.20 t 

ha-1, respectively.  

For the same N rates, applied as 

ammonium nitrate, the respective values were 

94.96; 128.41; 142.00 and 181.66 t ha-1.Mean 

values of stalk yield for 60 and 120 kg ha-1 N 

rates were statistically superior with the use of 

ammonium nitrate when compared to the same 

doses of N as urea, equivalent an increase of 

23.36 and 25.01%, respectively (Figure 5A).

 

 

 

 

  
Figure 5. Stalk yield of sugarcane (CTC-4) (cane-plant), (A) and (B) interaction sources x doses, Jataí-GO, 

Brazil, harvest 2014/2015. ** and * significant respectively at 1% and 5% of probability according to test F. 

 

Roy et al. (2006) and Franco et al. 

(2010), evaluating the productivity of 

sugarcane plant in relation to nitrogen 

fertilization, verified that there was an increase 

in productivity, and also add that high yields 

are frequently associated with high doses of N. 

For both sources, with increasing doses of N 

occurred an increase in CP, as can be observed 

in Figure 5B, whose source of ammonium 

nitrate provided the highest estimated means, 

except for the dose of 180 kg ha-1 of N.  

The dose of 120 kg ha-1 N as urea had a 

stalk yield increase of 23.77% when compared 

to the dose of 60 kg ha-1, which had its 

average estimated at 101.57 t ha-1. For the 

dose of 60 kg ha-1 of N, as ammonium nitrate, 

the mean estimated stalk yield was 121.52 t 

ha-1, whose increase was 19.96% when 

compared to the absence of N application 

fertilizer, which had the estimated average 

stalk yield of 97.26 t ha-1. On the other hand, 

the dose of 120 kg ha-1 of N provided an 

increase in stalk yield of 18.38%, when 

compared to the dose of 60 kg ha-1 of N, the 

estimated mean PC for the 120 kg ha-1 dose of 

N ratio was 148.89 t ha-1.  

Korndörfer et al. (2002) obtained mean 

increases of 10 t ha-1 with the application of 60 

kg ha-1 of N and Castro et al. (2014) obtained 

increments of up to 21% in sugarcane plant 

productivity when 130 kg ha-1 of N. 

Nitrogen fertilization promotes an 

increase in sugarcane plant productivity, being 

important the addition and increase of N 
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mineral doses to guarantee, also, vigor and 

high productivity of sugarcane (FORTES et 

al., 2013). 

Factors such as high values of 

experimental errors associated with field 

fertilization trials and the evaluation of the 

results of isolated trials with small increases in 

productivity due to nitrogen fertilization lead 

many technicians to consider that cane-plant 

can exempt the application of nitrogen 

fertilizer (VITTI et al., 2007). In this context, 

considering the high costs and the 

inconsistency of responses obtained in 

sugarcane with nitrogen fertilization, it is 

fundamental to develop agricultural practices 

and the search for alternative sources that aim 

at the best use of N by sugarcane (FRANCO et 

al., 2010). 

In Brazil, many studies have shown 

increases in cane-plant productivity associated 

to nitrogen fertilization (FRANCO et al., 

2010; FORTES et al., 2011; FORTES et al., 

2013); however, there are divergences 

regarding the dose of N that provides the 

maximum economic productivity (OTTO et 

al., 2016). The response of sugarcane to 

nitrogen fertilization is generally related to the 

biological fixation of atmospheric nitrogen; 

leaching losses from fertilizer N; the vigor of 

the root system; climatic conditions; the 

improvement of soil fertility, after the reform 

of the sugarcane fields, associated with liming, 

mechanical preparation and the incorporation 

of remains of the previous crop (CARNEIRO 

et al., 1995; ORLANDO FILHO et al., 1999; 

URQUIAGA et al., 1992). 

Thus, studies in different soil and 

climatic conditions, such as the Cerrado 

region, are important, in order to improve the 

N recommendation with positive impacts on 

stalk yield and on the maintenance of N stocks 

in the soil, as a consequence of their potential 

productive long-term. 

 

 

CONCLUSIONS 

Ammonium nitrate provided higher 

yields of sugarcane stalks than urea at 60 and 

120 kg ha-1 N. 

Regardless of the source used, the 

increment of the dose of N provided an 

increase in plant height, stalk diameter, with 

positive effects on stalk yield. 
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