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Abstract – The objective of this work was to evaluate the agroindustrial production of sugarcane (millable stalks 
and sucrose yield) after successive nitrogen fertilizations of plant cane and ratoons in a reduced tillage system. 
The experiment was carried out at Jaboticabal, SP, Brazil, on a Rhodic Eutrustox soil, during four consecutive 
crop cycles (March 2005 to July 2009). Plant cane treatments consisted of N‑urea levels (control, 40, 80, and 
120 kg ha‑1 N + 120 kg ha‑1 P2O5 and K2O in furrow application). In the first and second ratoons, the plant cane 
plots were subdivided in N‑ammonium nitrate treatments (control, 50, 100, and 150 kg ha‑1 N + 150 kg ha‑1 K2O as 
top dressing over rows). In the third ratoon, N fertilization was leveled to 100 kg ha‑1 in all plots, including controls, 
to detect residual effects of previous fertilizations on the last crop’s cycle. Sugarcane ratoon was mechanically 
harvested. A weighing truck was used to evaluate stalk yield (TCH), and samples were collected in the field for 
analysis of sugar content (TSH). Increasing N doses and meteorological conditions promote significant responses 
in TCH and TSH in cane plant and ratoons, in the average and accumulated yield of the consecutive crop cycles.

Index terms: Saccharum, agroindustrial production, biomass, crop residues, subsoiling, unburned cane.

Produtividade de colmo e sacarose em resposta à adubação nitrogenada 
da cana-de-açúcar, sob preparo reduzido

Resumo – O objetivo deste trabalho foi avaliar a produtividade agroindustrial de cana‑de‑açúcar (produtividades 
de colmos e sacarose) após sucessivas adubações nitrogenadas de cana‑planta e soqueiras, em sistema de 
preparo reduzido. O experimento foi conduzido em Jaboticabal, SP, em um Latossolo Vermelho eutrófico 
durante quatro ciclos agrícolas consecutivos (março de 2005 a julho de 2009). Os tratamentos de cana‑planta 
consistiram de doses de N‑ureia (controle, 40, 80 e 120 kg ha‑1 de N + 120 kg ha‑1 de P2O5 e K2O no sulco de 
plantio). Na primeira e na segunda soqueiras, as parcelas de cana‑planta foram subdivididas em tratamentos 
de N‑nitrato de amônio (controle, 50, 100 e 150 kg ha‑1 de N + 150 kg ha‑1 de K2O, sobre as fileiras de cana). 
Na terceira soqueira, a adubação com N foi de 100 kg ha‑1 em todas as parcelas, inclusive nos controles, para 
detectar efeitos residuais das fertilizações anteriores na produtividade do último ciclo. Os colmos de cana foram 
colhidos mecanicamente. Utilizou‑se caminhão instrumentado com balança para avaliação da produtividade 
de colmos (TCH), e amostras retiradas no campo para análise da quantidade de açúcar dos colmos (TSH). 
As doses crescentes de N e as condições meteorológicas proporcionam respostas significativas na TCH e na 
TSH da cana‑planta e das soqueiras, na média e na produção acumulada dos ciclos agrícolas consecutivos.

Termos para indexação: Saccharum, produtividade agroindustrial, biomassa, resíduos culturais, subsolagem, 
cana crua.

Introduction

Nitrogen is an essential nutrient for food and 
bioenergy production that can be highly pollutant to 
water bodies and the atmosphere if not properly used 
in agriculture (Liu et al., 2010). Sugarcane extracts 
100 to 300 kg ha‑1 N from soil to produce 100 Mg ha‑1 

of millable stalks in each cycle (Trivelin et al., 2002; 
Cantarella et al., 2007). Significant yield responses 
to N fertilization have been reported, as well as 
possible residual effects of repeated N applications 
on subsequent sugarcane cycles (Wiedenfeld, 1998, 
2000; Orlando Filho et al., 1999; Vitti et al., 2007; 
Dourado‑Neto et al., 2010). Mineral N can also 
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enhance root growth within the crop residues of 
unburned harvested sugarcane and reduce the C:N 
ratio of those residues, building a nutritional N reserve 
on soil organic matter (SOM) and in crop underground 
parts (Vitti et al., 2007; Fortes et al., 2011).

Green cane management or harvesting without 
burning is a current practice in producing countries 
worldwide used to reduce environmental impacts and 
to prevent respiratory illnesses related to airborne ash 
particles in surrounding neighborhoods (Cançado et al., 
2006). This cropping method preserves 5 to 20 Mg ha‑1 
of crop residues (dry leaves, tops, and previous crop 
ratoons) on soil surface, which comprise an important 
source of carbon and nutrients that can potentially 
increase sugarcane lifespan and yields due to the 
reduction of N losses throughout the soil‑plant system 
(Trivelin et al., 2002; Vitti et al., 2007; Hemwong 
et al., 2009). However, residues from green harvested 
sugarcane also decrease the rate of SOM oxidation and 
soil acidification, enhance erosion control, and increase 
soil biological activity and water infiltration (Dourado 
Neto et al., 2010; Rossetto et al., 2010).

Global models suggest that recovery rates of the 
overall N applied in agriculture are around 55%, being 
35% in harvested products and 20% in crop residues; 
but the latter are still underestimated in nutrient 
recycling in developing countries (Liu et al., 2010). 
Therefore, N fertilization management is a challenge 
beyond the replacement of crop requirements and must 
take into account the agronomic and environmental 
impacts of mineral fertilizers and crop residues on the 
agroecosystems, as well as in C, N, and other nutrient 
balances in soil‑plant‑atmosphere (Dourado Neto 
et al., 2010; Fortes et al., 2011; Thorburn et al., 2011).

Reduced tillage consists of a soil conservation 
system, which preserves part of the crop residues 
left on soil surface after crop renewal, enables higher 
erosion control (Stolf, 1985), and reduces nutrient 
losses (Hemwong et al., 2009). The increasing costs 
of high‑yielding sugarcane production are mainly 
driven by fossil fuel consumption, both in mechanized 
operations and N fertilizer production. Therefore, 
conservation practices, such as reduced tillage and 
green harvested sugarcane, are mandatory to support 
economic and environmental sustainability and for a 
better utilization of N by sugarcane (Fortes et al., 2011; 
Thorburn et al., 2011).

The objective of this work was to evaluate the 
agroindustrial production of sugarcane (ratoon and 
sucrose yield) after successive nitrogen fertilizations 
of plant cane and ratoons in a reduced tillage system.

Materials and Methods

The experiment was carried out in the county of 
Jaboticabal, SP, Brazil (21º17'20"S, 48°12'30"W) 
on a clayey Latossolo Vermelho eutrófico (Rhodic 
Eutrustox), according to the Brazilian and American 
soil classification systems, respectively (Santos et al., 
2006; Soil Survey Staff, 2006). This area had been 
previously cropped with sugarcane, during seven 
years, without burning prior to harvest, as reported 
by Vitti et al. (2011). The soil was chemically and 
physically characterized according to Raij et al. 
(2001), and the 0–0.25 and 0.25–0.50 m soil layers 
indicated the following results: 5.2 and 5.6 pH (CaCl2); 
31 and 18 g dm‑3 of SOM; 42 and 12 mg dm‑3 P; 3.1 
and 0.5 mmolc dm‑3 K; 31 and 24 mmolc dm‑3 Ca; 9 
and 6 mmolc dm‑3 Mg; 77.4 and 53 mmolc dm‑3 CEC, 
respectively.

The adopted soil preparation system was reduced 
tillage. Therefore, the previous ratoon was eradicated 
with herbicide, followed by a single subsoiling 
operation, and the subsequent ratoon crops were 
conducted without interow scarification after each 
harvest.

Sugarcane was planted on 3/2/2005, with 1.5 m 
spacing between rows, and 120 kg ha‑1 P2O5 and K2O 
were applied at planting (Espironello et al., 1996). 
A randomized complete block design was used, with 
four replicates (48x15 m rows) of N‑urea levels  
(control, 40, 80, and 120 kg ha‑1 N), manually 
incorporated into the planting furrows immediately 
before the seed cane distribution. The planting 
population density was 20 viable buds per meter of 
the sugarcane variety SP81‑3250 (Copersucar, 1995), 
which encompasses about 13% of the overall national 
sugarcane area due to its high suitability to mechanical 
green harvesting (Chapola et al., 2010).

After plant cane harvesting in 2006, the experiment 
was settled in a split‑plot design; therefore, each N‑urea 
level at plant cane was divided into four subplots 
(12x15 m rows), with four treatments – control (0), 50, 
100, and 150 kg ha‑1 of N‑ammonium nitrate, which 
were added to 150 kg ha‑1 K2O as KCl was applied 
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in all subplots as top dressing. The first and second 
ratoons (2007 and 2008) received these treatments, 
whereas N fertilization in the third ratoon (2009) was 
leveled to 100 kg N + 127 kg ha‑1 K2O during the whole 
trial (including controls) in order to assess probable 
residual effects of the previous N fertilizations on the 
last cycle’s yield. In plant cane plots, sugarcane was 
manually cut without burning in August 2006, and 
the stalks contained in the eight central rows were 
weighed with a grab loader instrumented with load cell 
to evaluate crop yield (TCH).

In the ratoon plots, the four central rows were 
mechanically harvested without burning (first, second, 
and third ratoons on August 2007, July 2008, and 
July 2009, respectively), and TCH was obtained 
using a truck instrumented with a weighing scale 
belonging to the Centro de Tecnologia Canavieira, 
located at Piracicaba, SP, Brazil. The industrial quality  
(sucrose % and fiber %) was obtained according to the 
Brazilian guidelines of sugarcane payment (Conselho 
dos Produtores de Cana‑de‑Açúcar, Açúcar e Álcool 
do Estado De São Paulo, 2006) by collecting samples 
of ten sequentially harvested stalks in each plot, which 
were processed in the cane payment laboratory of the 
São Martinho sugarmill, located at Pradópolis, SP, 
Brazil. Sugar yield (TSH) was obtained by multiplying 
crop yield (TCH) by the amount of sugar (sucrose %) 
contained in the raw material. The ramaining rows 
of plant cane plots were mechanically harvested and 
provided adequate trash blanketing for upcoming crops.

Besides agroindustrial production, water balances 
of each crop cycle (plant cane and three ratoons) were 
assessed according to Allen et al. (1998), attempting to 
facilitate the detection of response differences among 
the N treatments after the evaluated cropping cycles. 
The considered water holding capacity of soil was 
100 mm in the first 1.0 m soil layer, and meteorological 
data was obtained from an automatic weather station. 
The agroindustrial yields (TCH and TSH) of each 
cropping cycle (2006 to 2009) were subjected to 
analysis of variance and to regression analysis (at 1 
or 5% probability) of the N applied in plant cane and 
ratoons.

Results and Discussion

No differences were observed in the weather  patterns 
during the evaluated cycles, with periods of intense 

water stress due to high evapotranspiration rates and 
concentrated distribution of rainfall, respectively, in 
plant cane (2006) and in the first and second ratoons 
(2007 and 2008). The last crop cycle or third ratoon 
(2009) presented a better rainfall distribution and 
less severe evapotranspiration, which, together with 
the N levels previously applied, resulted in positive 
responses on the average yield (TCH) observed in this 
cycle (Figure 1).

In general, there were significant responses of TCH 
and TSH due to the increasing N levels applied along 
the evaluated cropping cycles, and a linear response 
was detected for the plant cane crop (Figure 2). TSH 
responses were exclusively driven by TCH, since the 
interactions between the N levels applied in plant cane 
and ratoons were not significant as well as  the average 
sugar contents of the four evaluated crops (Table 1). 

Korndörfer et al. (1997) also reported TCH increases 
in the plant cane of four sugarcane varieties with 
increasing levels of N‑urea (0, 30, 60, and 120 kg ha‑1) 
in a clay loam Oxisol in the state of Minas Gerais, 
Brazil. Korndörfer et al. (2002) obtained 10 TCH as 
an average increase in the sugarcane yield of seven 
varieties cropped on a clayey Ultisol in the north 
of the state of São Paulo, Brazil, using 60 kg ha‑1 N 
fertilization.

Franco et al. (2010) evaluated the responses of plant 
cane of that same variety, using the same N‑urea levels 
as those in the present work, but in two different sites in 
the state of São Paulo, and observed an increase in cane 
TCH only in the sandy soil, whereas in the clay loam 
this response was not evident. This lack of response 
could be related to the heavier soil tillage performed 
in the second site prior to planting, which could have 
led to a more pronounced N mineralization of SOM 
and, consequently, increased N availability to plants. 
Likewise, Wiedenfeld (1998, 2000) did not verify 
responses of plant cane to increasing N levels in Texas, 
which was attributed to the amount of N available in 
the soil, adequate for sugarcane nutrition.

Cantarella et al. (2007) reported that plant cane 
responses to N were erratic and only 30% out of the 
74 trials conducted in the state of São Paulo presented 
significant responses. According to the authors, an 
economic N level for plant cane would be of nearly 
75 kg ha‑1. Penatti & Forti (1997) observed a higher 
frequency of response to N in 12 month sugarcane, 
planted in spring (September to November), than in 
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18 month cane planted in summer, regardless of soil 
texture. These authors recommended that plant cane 
doses should be ruled by profitability, which, in this 
case, would be around 50 kg ha‑1 N.

The soil fertility of this area (Eutrophic and clayey 
soil) could be classified as a high yielding environment 

for sugarcane, since the tropical conditions and the 
reduced tillage system, in which part of the crop 
residues had been preserved in soil after crop renewal, 
enabled a positive response of sugarcane to N levels 
(Figure 2). These results corroborate with Orlando 
Filho et al. (1999), who obtained linear responses 

Figure 1. Water balances and average stalk yield (Mg ha‑1 of millable stalks) of each sugarcane cycle from March 2005 to 
July 2009. Precipitation and evapotranspiration, respectively, for plant cane (1,752 and 1,283 mm), first ratoon (1,719 and 
1,002 mm), second ratoon (1,372 and 901 mm), and third ratoon (1,477 and 821 mm). 
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of plant cane and ratoons of the variety SP71‑1406, 
grown in an eutrophic soil, with increasing N levels 
up to 120 kg ha‑1. Besides Eutrophic soils and reduced 
tillage, the authors also emphasized that plant cane 
responses to N fertilization are expected in areas where 
sugarcane is planted for the first time.

Trivelin et al. (2002) found linear responses of the 
plant cane SP80‑1842 on TCH with increasing levels 
of N‑urea (0, 30, 60, and 90 kg ha‑1), but did not report 
differences on yield due to cane straw incorporation on a 
sandy soil in crop renewal. Although the plant cane can 
show responses to N fertilization in tropical conditions, 
this crop also accumulates N from other sources, such 
as soil organic matter (Dourado Neto et al., 2010) and 
biological N fixation by microorganisms (Boddey 
et al., 2003), which can decrease N response in this 
cycle.

As in the plant cane cycle, the first and third ratoons 
(2007 and 2009, respectively) also presented linear 
responses on TCH to the applied N, whereas the second 
ratoon (2008) showed a quadratic response (Figure 2). 
However, this cycle also provided the lowest TCH of 
the evaluated cycles (average of 62 Mg ha‑1), mainly 
due to environmental constraints, including a period 
of approximately six months of water stress that 
occurred immediately after harvesting of the previous 
cycle (Figure 1), associated to an intense leafhopper 
(Mahanarva fimbriolata) attack at the end of this 
cropping cycle (Fortes, 2010).

Orlando Filho et al. (1994) also found that leafhopper 
attack was more intense in unburned harvested plots, 
which could have interfered on yield responses more 
than the N levels. Although restrictive yield conditions 
have been verified in the present work, N fertilization 
increased sugarcane TCH and yield, which reached 

Figure 2. Agroindustrial yields related to N levels in plant cane (2006) and in the three consecutive ratoons (2007 to 2009). 
TCH, crop yield of each year (Mg ha‑1 of millable stalks); TSH, sugar yield (Mg ha‑1 of sucrose). PC, plant cane; nR, ratoons.
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its peak with 110 kg ha‑1 (Figure 2). This result is 
important because, in restrictive environmental or 
economic conditions, N fertilization should not be 
radically aborted, since it sustains the upcoming 
sugarcane cycles, as well as SOM, as pointed out by 
Vitti et al. (2007) and Dourado Neto et al. (2010).

In the third ratoon, in which all plots received 
100 kg ha‑1 N, the conditions were adequate for crop 
growth, with regular rainfall distribution and lower 
evapotranspiration rates (Figure 1). Consequently, 
a TCH recovery was observed in this cycle, with an 
average of 89 Mg ha‑1, in addition to a linear response 
to the previously applied N levels in plant cane and in 
the first and second ratoons (Figures 1 and 2).

No significant interactions were observed between 
N fertilizations in any cycle; therefore, the TCH 
differences in the ratoons took into consideration 
the average of the plant cane factor (Fortes, 2010). 
However, the results obtained for TCH on the third 
ratoon (Figure 2) and the average of the four cycles 
(Figure 3) indicated that higher N doses applied on the 
previous cycles maintained the yield in this last cycle, 
which was confirmed by the absence of TCH recovery 
on the control replicates. According to Orlando Filho 
et al. (1999) and Vitti et al. (2007), the indirect effect 
of residual N of plant cane may reflect more intensely 
in the subsequent ratoons. The authors concluded that 
after 60 and 120 kg ha‑1 N on planting, the subsequent 
ratoons yielded 20 and 35% higher, respectively. 
Moreover, the green harvested sugarcane grown under 
reduced tillage can potentially deliver higher yields due 
to enhanced SOM conservation and nutrient cycling, 
as highlighted by Hemwong et al. (2009) and Fortes 
et al. (2011). On the average of four crops (2006 to 
2009), the N rate that provided the highest yield was 
121 kg ha‑1 (Figure 3).

Although it was not observed in the present study, 
N fertilization can reduce sucrose content due to the 
dilution effect of higher moisture content on plant 
tissues and to the increased consumption of energy 
as a result of a more intense vegetative development 
(Wiedenfeld, 1998, 2000). This author concluded 
that, in the case of negative responses to N in the 
sugar content on sugarcane stalks, the N levels that 
maximize this factor are lower than those that provide 
the highest TCH. Therefore, the sugar yields (TSH) 
observed in the present work were linearly different 
among N treatments in plant cane and ratoons, due 
to the variation in cane yield per hectare (TCH)  
(Figures 2 and 3), which is in accordance with findings 

Figure 3. Average agroindustrial yields related to N levels 
applied on ratoons (2007 to 2009) and average yield of 
plant cane. TCH (Ave 4 crops), average crop yield of 
PC+1R+2R+3R (Mg ha‑1 of millable stalks); TSH (Ave  
4 crops), average sugar yield of PC+1R+2R+3R (Mg ha‑1 of 
sucrose), in which: PC, plant cane; nR, ratoons.

Table 1. Average values of sugar content in sugarcane in the 
evaluated cycles(1).

N treatment PC (2006) 1R (2007) 2R (2008) 3R (2009)
(kg ha‑1) ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ Sucrose (%) ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑           
0 16.7 16.3 16.8 16.8
40 or 50 17.5 16.1 16.8 16.8
80 or 100 16.7 16.0 16.8 16.6
120 or 150 17.2 16.1 16.8 16.9
Average 17.0ns 16.1ns 16.8ns 16.8ns

(1)PC, plant cane 2006; 1R, first ratoon 2007; 2R, second ratoon 2008; 3R, 
third ratoon 2009.
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of Orlando Filho et al. (1994), Korndörfer et al. (1997, 
2002), and Trivelin et al. (2002).

Differently from other studies, the present work 
also considered the accumulated yields against all N 
treatments applied during the four evaluated cycles 
(2006–2009). The amount of accumulated N that 
maximized TCH was 420 kg ha‑1 and corresponded to 
120–100 kg ha‑1 in plant cane and ratoons, respectively. 
Similarly, the accumulated dose of 440 kg ha‑1 N, 
or 40–150 kg ha‑1 in plant cane and ratoons, also 
performed very close to this last one for both TCH and 
TSH (Figure 4).

Although 120 kg ha‑1 N is twice higher than the 
indicated dose for plant cane, Espironello et al. (1996) 
and Penatti & Forti (1997) recommended this amount 

of N for ratoon cane at that age and with the same 
expected TCH level, respectively. Wiedenfeld (1998) 
observed quadratic responses in the TCH of the second 
and third ratoons in Texas, after the same N doses (0, 
50, 100, and 150 kg ha‑1) were applied, and concluded 
that maximum responses occurred between 100 and 
150 kg ha‑1. In another field trial, this author found that 
the N rates that maximized TCH ranged between 140 
and 175 kg ha‑1.

The above mentioned trials were conducted under 
the burned cane system, which could have also 
influenced the differences in sugarcane responses to 
N found in the present work. Rossetto et al. (2010) 
observed that, in the average of 15 trials of N and K 
fertilization under unburned sugarcane, the N level that 
provided the highest TCH was 150 kg ha‑1, but that an 
economic level should be of 120 kg ha‑1 N, which is 
in agreement with the obtained results (Figures 2, 3, 
and 4). The fact that all plots were fertilized in the last 
ratoon did not interfere in the accumulated results as 
shown by Fortes (2010), who evaluated the cumulative 
yields on a yearly basis and reported the same trend of 
N rates in plant cane and ratoons.

Franco et al. (2011) observed that, in sugarcane 
under trash blankets, the N fertilizer is more important 
in the early development of sugarcane and that, 
after maturation and leaf senescence, part of the N 
accumulated by sugarcane is lost to the environment. 
Moreover, in reduced tillage, N and other nutrients 
available on crop residues are conserved on soil layers, 
since this system delivers a slow release source of N to 
sugarcane (Fortes et al., 2011).

Conclusion

Nitrogen fertilization in plant cane and ratoons 
promotes increases in agroindustrial production, 
millable stalks (TCH), and sugar (TSH), during the 
crop cycles, both individually and in the accumulated 
production of four crops.
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Figure 4. Accumulated agroindustrial yields and total N 
applied on sugarcane after four consecutive cycles (2006 
to 2009). TCH (Accum 4 crops), accumulated crop yield of 
PC+1R+2R+3R (Mg ha‑1 of millable stalks); TSH (Accum  
4 crops), average sugar yield of PC+1R+2R+3R (Mg ha‑1 of 
sucrose), in which: PC, plant cane; nR, ratoons.
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