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Abstract 
Sugarcane produces a large amount of biomass, extracts and accumulates high amounts of nutrients. In the 
literature the nutritional requirements for most cultivated varieties in the past are found, however there is little 
information on the new varieties currently planted. The objective of this study was to evaluate the nutritional 
requirement of four sugarcane varieties, currently very planted, in the cycles of plant-cane, first and second 
ratoon. The study was installed in a Yellow Oxisol. The experimental design was a randomized block design, 
with five replications, and four treatments: RB867515, RB92579, SP813250 and VAT90212. During maturation 
of the cane, in the three evaluation cycles, the productivity of natural biomass and the nutritional requirement of 
macronutrients of the varieties were determined. It was evidenced that the cultivars of sugarcane are of high 
productive potential and resemble the accumulation of biomass, observing a yield of 158, 128 and 107 t ha-1 in 
the cycles of plant-cane, first and second ratoon. Regarding the nutritional requirement, the varieties did not 
differ among them and expressed the following order of need in the plant-cane K > N > Ca > Mg > S > P, in the 
first and second ratoon, the sequence observed was K > N > Ca > S > Mg > P.  

Keywords: biomass yield, nutrients extraction, nutritional efficiency, Saccharum spp.  

1. Introduction 
Sugarcane is one of the world’s most bioenergy crops, with a production of approximately 2.5 million Mg year-1. 
Brazil, considered as the largest producer, has approximately 9 million ha cultivated with sugarcane and 
generates about 25% of world production (Bellé et al., 2017). In spite of the high production, Brazilian sugarcane 
plantations have presented low yields, demonstrated by average less than 59 t ha-1, due among other factors, 
inadequate fertilization that does not meet the nutritional needs of the crop, a result of lack of nutritional 
knowledge for new varieties (Oliveira et al., 2012; Santos et al., 2017; Silva et al., 2017a).  

Due to its large production of biomass, the cane exports and accumulates high amounts of nutrients from the soil. 
Based on a compilation by Oliveira et al. (2007) for a production of 120 Mg ha-1 of biomass, the accumulation of 
nutrients in the aerial part of the plants is respectively 150, 40, 180, 90, 50 and 40 kg of nitrogen (N), phosphorus 
(P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S). In this way, to adequate nutritional 
management is important for sugarcane crop to become more productive and competitive.  

In this context, studies that evaluate the nutritional demand of sugarcane varieties are fundamental, since 
fertilization constitutes a significant part of the production costs of the sugarcane industry (Silva et al., 2017b), 
however, studies that identify nutrient requirements have not been carried out frequently, and the information 
available mostly refers to varieties that are no longer planted (Oliveira et al., 2010). The results of these studies 
have shown that cultivars may present variations in nutrient extraction (Oliveira et al., 2010; Calheiros et al., 
2011). 

These differences can be largely associated to the morphological and physiological characteristics of the varieties 
associated with nutritional uptake, including the nutrient influx rate, the Michaelis-Mentem constant and the 
minimum concentration, below which there is no net inflow (Malavolta et al., 1997; Marshner, 2012). 
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Figure 2. Monthly precipitation during the period studied 

 

The soil of the experimental area was classified as a Yellow Oxisol (Embrapa, 2013). Prior to the installation of 
the study, soil sampling was carried out in the 0.0-0.2 and 0.2-0.4 m layers for the chemical characterization 
(Table 1), All analyzes were performed according to the methodologies described by Embrapa (2009). 

 

Table 1. Soil chemical attributes of the experimental area at 0-20 cm and 20-40 cm (Silva et al., 2018) 

Layers pH P K Ca Mg Al H+Al 

(cm) H2O -------- mg dm-3 --------- -------------------------- cmolc dm-3 ---------------------------

00-20 5.9 103.0 40 1.8 0.8 0.0 3.80 

20-40 5.0 21.6 20 0.6 0.3 0.6 4.62 

 

2.2 Soil Preparation and Cane Planting 

From the results of the soil analysis (Table 1), the soil acidity was corrected using dolomitic limestone, 
calculated by the method that aims to increase saturation by base to 60%, according to Oliveira et al. (2007). 
After the application of limestone, the soil was plowed and meshed, and then the grooves were opened. The 
planting was done manually in September 2009. Sugarcane stalks with three buds per grinder were distributed in 
the planting grooves in order to reach 18 buds per meter. 

The fertilization was based on the results of the soil analysis, and followed the recommendations of Oliveira et al. 
(2007). In the cane-plant cycle all plots received 60, 100 and 150 kg ha-1 of N, P2O5 and K2O applied to the 
bottom of the groove. In the ratoon, the plots received 500 kg ha-1 of the formula 20-05-25.  

2.3 Experimental Design 

The experimental design was a randomized block, with five replications. The treatments consisted of four 
varieties of sugarcane: RB867515, RB92579, SP813250 and VAT90212. The cultivars were planted in plots with 
six grooves of 10.0 meters in length, spaced of 1.0 meter, totaling 60 m2 of total area. The four central lines with 
six meters in length were considered useful area of each plot (2 m at each ending area was discarded), making up 
24 m2. 
The varieties used were chosen because of their high productivity and industrial quality (Silva et al., 2017b, 
2017c), as well as the high significance, which represented over 50% of the total area planted in the Brazilian 
Northeast in the year prior to the implantation of the experiment (Silva et al., 2018). 

2.4 Variables Analyzed 

To study the nutritional requirement of sugarcane varieties RB867515, RB92579, SP813250 and VAT90212, the 
biomass productivity and the nutrient accumulation were determined in the first and second ratoon cane cycles. 
For the evaluations, samples were taken in the useful area of the plots, determinations were made on maturation, 
in the plant cane at 14 months after planting, at the first ratoon at 12 months after cutting the cane-plant and at 
the second ratoon at 12 months after cutting the first ratoon. 
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2.4.1 Biomass Productivity of Sugarcane Varieties 

Biomass productivity was determined in the field by weighing the aerial part (pointers, leaves and stems) of 
plants contained in 2.4 m2 of each experimental plot, becoming the sequence in the production per hectare (t 
ha-1). 

2.4.2 Nutritional Requirement of Sugarcane Varieties 

After determination of the biomass yield, the samples of fresh plant material were crushed in a forage chopper, 
and then moist subsamples were collected. In the laboratory, the subsamples were dried in forced air ventilation 
oven at 65 ºC until constant mass and again weighed to determine the moisture of the material.  

After obtaining the dry matter, the subsamples were passed in a Willey mill, to determine the concentration of 
nutrients followed by methods described by Malavolta et al. (1997). N was extracted by sulfur digestion and 
determined by titration. The other nutrients were extracted by nitric-chloride digestion. P was determined 
calorimetrically by reduction of the phospho-molybdic complex. The K, Ca and Mg by the atomic absorption 
spectrophotometry method and the S by the method of barium sulfate. 

The extraction of nutrients by aerial part of the varieties was calculated by the product of the dry matter, 
concentration of the nutrients, and the results are presented in a study by Silva et al. (2017a). The nutritional 
requirement was estimated according to Oliveira et al. (2010) by dividing the mass of nutrients accumulated in 
the aerial part and the yield of stalks of each variety. 

2.5 Statistical Analyzes 

The data were analyzed using the Sisvar software (Ferreira, 2011), the variables submitted to the analysis of 
variance by the Test F and for those in which the F was significant, the means were compared by the Scott Knott 
test at 5% probability. 

3. Results and Discussion 
3.1 Natural Biomass Productivity of the Sugarcane Area 

Sugarcane cultivars were similar for biomass yields in the three harvests, with 158, 128 and 107 t ha-1 in the first 
and second ratoon cane-plant cycles, respectively (Figure 3). There was a decrease in the biomass yield of 30 t 
compared to the first ratoon and cane-plant, and from 21 t from the first to the second ratoon, this reduction 
between successive cycles has been reported in the literature (Gava et al., 2013; Silva et al., 2017b). This fact is 
possibly related to the genetic aspects of the cultivars and the interactions of the genotypes with the environment 
in which they are inserted (Silva et al., 2017c). Inherent factors such as sprouting, cane-age, and root activity 
may affect productivity decrease (Manhães et al., 2015; Cabral et al., 2017). In addition to environmental 
attributes such as luminosity, availability of water and mineral nutrients that can negatively influence sugarcane 
yield (Silva et al., 2017a).  

 

 

Figure 3. Productivity of biomass of sugarcane varieties in three crop cycles 

 

Bezerra et al. (2017) evaluated the yield of fresh matter of the varieties RB863129, RB943655 and RB98710 in 
the cane-plant cycle cultivated in the Brazilian semi-arid region, and accumulations ranged from 91 to 99 t ha-1, 
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about 30% lower than those obtained in the present study. Benett et al. (2013) in a study conducted with 
RB867515 cultivated in a Red Ultisol obtained yields of stalks that varied from 90 to 104 t ha-1, considering that 
the stems correspond to approximately 80% of the natural matter, biomass productivity estimation was 
approximately 130 t ha-1. Silva et al. (2017a) evaluated the growth of the variety RB967515 in the first three 
harvest cycles, and verified a productivity of 72, 63 and 67 t ha-1 for plant-cane, first and second ratoon, 
respectively, therefore inferior to those obtained in the present study. 

Our results demonstrated that the genotypes used are of high productive potential, since they demonstrated a 
biomass accumulation considered from medium to high for the Brazilian Northeast, where the maximum growth 
phase of sugarcane occurs in short days and with cloudiness (Oliveira et al., 2011). The non-coincidence of the 
maximum water availability with the luminous reduces the photosynthetic rates, resulting in lower productivity 
in the Brazilian Northeast when compared to the Center-South (Oliveira et al., 2014).  

3.2 Macronutrients Requirement 

The varieties analyzed were similar in macronutrient requirements (Figure 4). For cane-plant cycle they 
presented the following order of requirement: K > N > Ca > Mg > S > P, in the first and second regrowth the 
sequence observed was K > N > Ca > S > Mg > P (Figure 4). Our results confirm those of Franco et al. (2007) in 
a study with the cultivar SP80-1842 in the cane-plant cycle, and those of Bennett et al. (2013) in the first 
regrowth. On the other hand, Zambrosi (2012), studying the variety SP81-3250, in a Red-Yellow Oxisol, found, 
for second regrowth, the following order of nutrient extraction N > K > Ca > Mg > P > S.  

The varieties showed similar N requirements in the three evaluation cycles, on average 1.35 kg N per ton of cane 
in the cane-plant, 0.87 and 0.73 kg t-1 in the first and second regrowth, respectively (Table 2). Compared to the 
other macronutrients, N was the second most demanded (Figure 4). The high demand is justified by its 
participation in several cellular components, including chlorophyll, amino acids and nucleic acids (Taiz et al., 
2017). There are many studies in the literature that demonstrate the importance of N in the sugarcane crop 
(Teodoro et al., 2013; Costa et al., 2016). The nutrient constitutes less than 1% of sugarcane biomass, but its 
deficiency causes a reduction in the synthesis of chlorophyll, essential amino acids and the energy required to 
produce carbohydrates and carbon skeletons, directly reflecting the development and yield of the crop (Taiz et al., 
2017).  

 

 
Figure 4. Average macronutrient requirement of four sugarcane varieties in three crop cycles 

 

Despite the high demand for N in Brazil, sugar cane is grown at relatively low doses (90-120 kg ha-1), when 
compared to other producing countries, the quantities of N applied can be up to 100% higher the doses used in 
Brazil (Cantarella et al., 2007), this is related to the cane-plant response to N being small and usually occur only 
in low doses (Fortes et al., 2013). In the present study, only 50 kg ha-1 was applied to cane-plant, this dose, 
although low, conditioned a high productivity of natural biomass (158 t ha-1), possibly the application of 
limestone and soil preparation on occasion installation of the study stimulated the increase of the microbial 
activity of the soil resulting in a higher rate of mineralization of the organic matter of the soil, especially of the 
cultural remains and rhizomes of the previous crop. (Table 1), results in higher efficiency of the plants in the 
nitrogen absorption (Silva et al., 2017b).  
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Phosphorus was the macronutrient that the varieties required in less quantity 0.15; 0.16 and 0.20 kg t-1 of cane in 
the plant cane, first and second regrowth respectively. Oliveira et al. (2016) evaluated the nutritional 
requirements of 11 sugarcane varieties in the cane-plant cycle, and obtained for SP813250, RB867515 and 
RB92579, requirements of 0.42; 0.50 and 0.39 kg t-1 of stem, respectively. For the first ratoon Leite et al. (2016) 
observed that the varieties SP81-3250, SP89-1115 and RB855453 require on average 0.24 kg of P per ton of 
stalk. 

 

Table 2. Extraction of nitrogen (N) and phosphorus (P) in different varieties of sugarcane for each one ton of 
stems produced (TCH) 

Varieties 
Nitrogen (kg t-1) Phosphorus (kg ha-1) 

Plant-cane First ratoon Second ratoon Average Plant-cane First ratoon Second ratoon Average 

VAT90212 1.12 a 0.93 a 0.81 a 1.01 0.16 a 0.16 a 0.17 a 0.17 

SP813250 1.31 a 0.81 a 0.78 a 0.97 0.15 a 0.17 a 0.20 a 0.17 

RB867515 1.41 a 0.81 a 0.63 a 0.95 0.17 a 0.15 a 0.23 a 0.18 

RB92579 1.36 a 0.95 a 0.70 a 1.00 0.13 a 0.13 a 0.19 a 0.15 

Average 1.35 0.87 0.73 0.98 0.15 0.16 0.20 0.17 

Note. Means followed by the same letter do not differ statistically by Scott-Knott test at 5% probability. 

 

Phosphorus, although required in much smaller quantities than nitrogen and potassium, has a great effect on 
productivity in terms of plant mass and sugar, since phosphorus is a vital component of photosynthesis, where it 
participates in the conversion of solar energy in chemical energy and, later, in the transfer of energy to vital 
processes. In sugarcane, it plays an important role in cell enlargement and the transfer of genetic information 
(Taiz et al., 2017). Besides the metabolic importance, for sugarcane, phosphorus is important in the 
industrialization of the broth, positively influencing the clarification. Low-phosphorus broths are difficult to 
flocculate, damaging the decantation of impurities, which in turn will produce lower quality sugar and lower 
economic value (Mahadevaiah et al., 2007).  

The K was the nutrient required in higher amounts in the three crop cycles, demonstrating a requirement of 1.73, 
1.87 and 1.89 kg t-1 of shoots in the cane-plant, first and second regrowth, respectively (Table 3). The highest 
requirement of this nutrient in sugarcane cultivation has been reported in the literature (Oliveira et al., 2010; 
Oliveira et al., 2011). Oliveira et al. (2010) in a study with 11 varieties in the cane-plant cycle verified on 
average that each ton of stalk produced is absorbed by the plant and removed with the crop 1.72 kg of potassium. 
Pancelli et al. (2015) verified for the first regrowth of RB867515 a requirement of 0.98 kg of K t-1 of sugarcane, 
which corresponds to half of the requirement observed in the present study. Cavalcante et al. (2016) verified 
potassium accumulations in the aerial part of SP 93-3046 that reach up to 192 kg ha-1 for a yield of 120 t ha-1. 

The high dependence of potassium by sugarcane is explained by the important role as metabolic activator of 
many metabolic processes related to photosynthesis, osmoregulation, respiration, nitrogen absorption, protein 
and starch synthesis (Marschener et al., 2012). Potassium also influences the industrial quality of cane, when the 
nutrient is high in the plant, there is a delay in the maturation of sugarcane, proportionally increasing the 
contents of reducing sugars and the ashes of the broth that hinder the crystallization of the sugar and reduce the 
purity of the sugar sucrose obtained (Silva et al., 2017d). 

 

Table 3. Extraction of potassium (K) and calcium (Ca) in different varieties of sugarcane required to produce one 
ton of stems (TCH) 

Varieties 
Potassium (kg t-1) Calcium (kg ha-1) 

Plant-cane First ratoon Second ratoon Average Plant-cane First ratoon Second ratoon Average 

VAT90212 1.82 a 1.86 a 1.92 a 1.88 0.54 a 0.52 a 0.58 a 0.54 

SP813250 1,72 a  1.91 a 1.80 a 1.81 0.57 a 0.49 a 0.67 a 0.58 

RB867515 1.80 a 1.88 a 1.81 a 1.83 0.51 a 0.53 a 0.76 a 0.60 

RB92579 1.59 a 1.83 a 1.98 a 1.80 0.49 a 0.51 a 0.63 a 0.54 

Average 1.73 1.87 1.89 1.83 0.53 0.51 0.66 0.57 

Note. Averages followed by the same letter in the column do not differ statistically by Scott-Knott test at 5% 
probability. 
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The varieties were similar in the Ca requirement, and evidenced for the production of one ton of sugarcane a 
requirement of 0.53, 0.51 and 0.66 kg of Ca in the plant-cane cycles, first and second regrowth, respectively. 
After high potassium and nitrogen, calcium has been the macronutrient most accumulated by sugarcane (Franco 
et al., 2007; Zambrosi et al., 2012; Benett et al., 2013), its high demand stems from its structural role in which 
Ca2+ binds to acidic groups of membrane lipids (phospho and sulfulipids) and to cross-links between pectins, 
particularly in the lamella medium recently dividing cells; and its signaling role, in which Ca2+ acts as a 
secondary messenger that initiates the plant responses to environmental stimulation. Also as a secondary 
messenger, Ca2+ can bind to calmodulin, a protein found in the plant cell cytosol. The calmodulin-Ca2+ complex 
then binds to different types of proteins, including kinases, phosphatases, secondary signaling messenger 
proteins, and cytoskeletal proteins. Thus, it regulates many cellular processes, from transcription control and 
cellular survival to the release of chemical signals (Taiz et al., 2017).  

Mg requirements for production of one ton of cane were obtained, ranging from 0.48 kg of Mg in cane-plant to 
0.42 of Mg in the first regrowth (Table 4). Oliveira et al. (2010) observed for varieties RB9279, SP813250, 
RB8575150 in the plant-cane cycle a requirement of Mg of 0.48; 0.43 and 0.48 kg t-1, respectively. Coleti et al. 
(2006) found in the first regrowth of RB835486 and SP813250 nutritional requirements ranging from 0.13 to 
0.26 kg t-1. The high importance of Mg for sugarcane stems from being a major enzymatic activator in plants, 
among which are those involved in energy transfer via (ATP). In addition, the Mg2 + participates in the activation 
of enzyme kinases and most of the reactions that act on the transfer of P.  

Considering that the levels of Ca and Mg in the soil before the installation of the study (Table 1) were above the 
critical limits established by Oliveira et al. (2007) and that dolomitic limestone (> 12% MgO) was applied in a 
dose sufficient to raise base saturation to 60%, we expect that the plants had no limitation on the supply of this 
secondary macronutrients. 

 

Table 4. Extraction of magnesium (Mg) and sulfur (S) in different varieties of sugarcane required to produce one 
ton of stalks (TCH) 

Varieties 
Magnesium (kg t-1) Sulfur (kg t-1) 

CP FR SR Average CP PR SR Average 

VAT90212 0.48 a 0.39 a 0.47 a 0.45 0.42 a 0.38 a 0.47 a 0.42 
SP813250 0.48 a 0.46 a 0.47 a 0.47 0.51 a 0.47 a 0.54 a 0.51 
RB867515 0.49 a 0.45 a 0.45 a 0.46 0.48 a 0.39 a 0.46 a 0.44 
RB92579 0.46 a 0.37 a 0.52 a 0.45 0.47 a 0.44 a 0.53 a 0.48 

Average 0.48 0.42 0.48 0.46 0.47 0,42 0,50 0,46 

Note. Means followed by the same letter do not differ statistically by Scott-Knott test at 5% probability. 

 

For S, similar nutrient requirement value was observed in the first and second regrowth requirements of 0.47, 
0.42 and 0.50 kg t-1 of stem yield, respectively (Table 4). Orlando Filho et al. (1980) obtained for CB41-76 in the 
cane-plant cycle S requirement of 0.84 kg t-1, whereas Coleti et al. (2006) obtained for the first regrowth of 
RB835486 and SP813250 average requirement of 0.18 kg t-1 of stem produced.  

4. Conclusion 
The sugarcane varieties RB92579, SP813250, VAT90212 and RB857515, presented high productive potential 
and resemble the accumulation of natural biomass and macronutrient demand. 
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