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Leaf analysis is one of the main methods used for the evaluation of nutritional requirements in 
sugarcane culture, contributing to a better management of fertilizers. This study aimed to evaluate the 
nutritional status of sugarcane varieties by quantifying the leaf content of macro and micronutrients of 
the +3 leaf. The varieties RB92579, RB867515, VAT90-212 and SP813250 were evaluated in a Yellow 
Oxisol at Fazenda Jequiá, Anadia, Alagoas (AL) state, during plant-cane, first and second regrowth 
cycles. The design was randomized blocks consisting of four varieties and five replications. Varietal 
differences were observed in leaf contents of macro and micronutrients. However, no variety had a 
higher leaf content regarding any element. 
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INTRODUCTION 
 
Sugarcane has a socio-economic importance for Brazil 
generating employment, income and exchange values 
(Zuanazzi and Mayorga, 2010; Marin and Nassif, 2013). 
Its average productivity is 76.9 t ha

-1
,  which  corresponds 

to less than 25% of the biological potential of the crop. 
The low productivity is caused, among other factors, by 
inadequate fertilization in relation to culture requirements 
(Conab, 2016). 
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Figure 1. Monthly precipitation during the period studied. 

 
 
 
Due to its high biomass production, sugar cane extracts 
and accumulates high amounts of soil nutrients 
(Calheiros et al., 2012; Mishra et al., 2014; Meena et al., 
2015). Oliveira et al. (2010) evaluating the extraction and 
export of macronutrients by  11 sugarcane varieties in 
Ultisol, obtained averages of 0.91, 0.13, 1.71, 1.18 and 
0.44 kg t

-1
 culm N, P, K, Ca and Mg, respectively. Thus, 

the accumulation of nutrients by sugarcane shows the 
need for an adequate fertilization for the crop to achieve 
high yields. Furthermore, fertilization represents a 
significant percentage of the production costs of 
sugarcane crops. Thus, it must follow strict optimization 
criteria to obtain a higher productivity and a lower cost 
(Otto et al., 2010). 

The optimization can be achieved by a proper 
application of nutrients regarding the quantity, timing and 
form of application. The diagnosis of plant nutritional 
status is a tool for planning, evaluating and calibrating the 
fertilization recommendations of a crop. Its use is 
essential to sugarcane production as the nutritional status 
of sugarcane influences photosynthetic rates and the 
metabolism of sucrose, directly affecting the productivity, 
longevity and profitability of crops (Malavolta et al., 1997; 
Raij, 2011). 

The diagnosis can be performed by evaluating the 
results of chemical foliar analysis. It allows identifying and 
correcting deficiencies and nutritional imbalances in 
plants, and it monitors and evaluates the efficiency of a 
particular crop fertilization and soil fertility program (Deus 
et al., 2012). In this sense, the proper use of the results 
obtained from leaf analyses contribute to a rational use of 

inputs, promoting the nutritional balance of plants, 
providing greater crop yield and increasing safety in the 
use of fertilizers (Souza et al., 2011; Santos et al., 2013). 

The literature reports appropriate ranges for nutrients 
levels using a well-nourished +3 leaf of sugarcane. These 
values were between 16 and 21, 1.5 and 3.5, 6 and 16, 2 
and 10, 1.0 and 3.6 and 1.3 to 3.0 g kg

-1
 for N, P, K, Ca, 

Mg and S, respectively. Regarding micronutrients, the 
leaf content ranges considered adequate for Cu, Fe, Mn 
and Zn are between 6 and 50, 8 and 17, 40 and 500, 25 
and 250, and 10 and 50 mg kg

-1
, respectively (Orlando 

Filho, 1983; Malavolta et al., 1997; Raij, 2011). These 
results were obtained under different soil and climatic 
conditions in Alagoas with varieties that are practically no 
longer cultivated in that state. This may hinder the use of 
leaf analysis as a tool for identifying and correcting 
deficiencies and nutritional imbalances. 

In face of such considerations, this study was 
conducted to evaluate by leaf analysis the nutritional 
status of four varieties of sugarcane, representing more 
than 50% of the sugarcane crop area in Alagoas, during 
plant-cane, first and second regrowth cycles. 

 
 
MATERIALS AND METHODS 

 
The research was conducted in the municipality of Anadia, state of 
Alagoas (09°41'04" S and 36°18'15" W). The experimental area 
belongs to the Triunfo Plant located in the municipality of Boca da 
Mata, AL. The climate of the experiment area is rainy tropical with 
dry summers, according to the Köppen classification. The average 
annual  rainfall  is  1500 mm (Figure  1)  and   the   average  annual  
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Table 1. Results of chemical analyses of soil samples at the layers 0-20 cm and 20-40 cm. 
 

Layers pH P K Ca Mg Al H+Al SB T 

cm - mg dm
-3

 cmolc dm
-3

 

00-20 5.9 103.0 40 1.8 0.8 0.0 3.80 2.70 6.5 

20-40 5.0 21.6 20 0.6 0.3 0.6 4.62 0.95 5.57 

          

Prof T V m MO Zn Fe Mn Cu B 

cm cmolc dm
-3

 % 
Dag 
kg

-1
 

mg dm-
3
 

00-20 2.70 42 0 1.8 2.5 75.6 9.7 1.1 0.4 

20-40 1.55 17 39 0.8 0.4 53.4 0.3 0.2 0.3 
 

pH in H2O (Ratio 1:2.5). P K, Fe, Zn, Mn, and Cu: Mehlich extractor. Ca, Mg and Al: KCI extractor. H+Al: Calcium 
acetate extractor. B: Hot water extractor, S: Monocalcium phosphate in acetic acid extractor. 

 
 
 
temperature is 29ºC. The relief varies from flat to gently rolling.  

The soil of the experimental area was classified as a dystrophic 
Yellow Oxisol (Embrapa, 2013) with a medium texture. Before 
installing the experiment, soil chemical analyses were performed. 
The chemical characterization was carried out on samples collected 
at layers 0.0-0.2 m and 0.2-0.4 m (Table 1). The correction of soil 
acidity was performed using dolomitic limestone at 150 kg ha-1 
calculated by increasing base saturation to 60%, according to 
Oliveira et al. (2007). After the application of limestone, the soil was 
plowed and meshed. Then, grooves were opened. The planting 
density was 15-18 buds per furrow meter. 

The experimental design was randomized blocks with five 
replications consisting of four varieties of sugarcane: SP813250, 
RB867515, RB92579 and VAT90212. They were grown in plots 
with six grooves and 10-m length, spaced 1 m, totaling 60 m2 of 
total area. The four central lines, six meters long, totaling 24 m2, 
were considered as the useful area of each plot. The varieties were 
chosen because the sum of their cultivated areas was greater than 
50% of the area planted with sugarcane in the state of Alagoas 
during the 2010/2011 season, one year before implementing the 
experiment. 

The soil fertilization was based on the recommendation by the 
Triunfo Plant according to the results of soil analysis (Table 1), 60, 
100 and 150 kg ha-1 of N, P2O5 and K2O were applied. The sources 
were ammonium sulfate, simple superphosphate and potassium 
chloride, respectively. They were applied at the bottom of the 
grooves. The plant-cane cycle was harvested after 14 months. After 
the harvest, the research continued on the first and second 
regrowth cycles, each cycle during 12 months. In these cycles, all 
treatments received 500 kg ha-1 of the formula 20-05-25. 

The leaf analysis was performed at the maximum growth stage of 
the plants, eight months after planting the plant-cane cycle and six 
months after cutting the plant-cane and the first regrowth. For the 
evaluation of nutritional status, the +3 leaf was sampled. 20 leaves 
were randomly collected within the useful area of each plot. The 
sampled leaves were washed in deionized water. Then, the median 
third of the leaf blades, discarding the midrib, was separated for 
chemical analysis. Then, the samples were dried at 65°C in a 
forced-air circulation oven until constant mass and ground in a 
Wiley mill. The leaf blade was analyzed for nitrogen (N), 
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), 
sulfur (S), boron (B), copper (Cu), iron (Fe), manganese (Mn) and 
zinc (Zn), following the methods described by Malavolta et al. 
(1997). The nitrogen was extracted by sulfuric acid digestion 
following the  Kjeldahl  method.  The  boron  was  extracted  by  dry 

digestion and determined by the muffle method. The other nutrients 
were extracted by nitric-perchloric digestion. The P was 
colorimetrically determined by the development of the blue color by 
reducing the phospho-molybdenum complex. K, Ca, Mg, Mn, Zn, 
Cu and Fe were determined by atomic absorption spectro-
photometry and the S was obtained by turbidimetry of barium 
sulfate. 

Statistical analyses were performed using the software Sisvar 
(Ferreira, 2011). The variables were subjected to analysis of 
variance by F test. For variables with a significant F, the means 
were compared by Scott Knott test at 5% probability. 
 
 

RESULTS AND DISCUSSION 
 

Tables 2, 3 and 4 show the mean squares of the analysis 
of variance and the mean test for nitrogen, phosphorus, 
potassium, calcium, magnesium and sulfur in the middle 
third of the +3 leaf of sugarcane varieties VAT90212, 
RB92579, RB867515 and SP813250 during the plant-
cane, first and second regrowth cycles. 

For leaf nitrogen contents, there was a significant 
difference by F test during the plant-cane and the first 
regrowth cycles (Table 2). The cane plant variety 
RB92579 showed a higher leaf content (15.16 g kg

-1
). 

The other varieties did not show differences. Comparing 
the leaf N contents of the four varieties during the plant-
cane cycle with those reported by Orlando Filho (1983), 
Malavolta et al. (1997) and Raij (2011), the values were 
below those considered as appropriate concentrations. 
During the first regrowth, the highest leaf contents (19.16 
and 19.35 g kg

-1
) were observed for the varieties 

RB92579 and SP813250, respectively. In this cycle, four 
varieties were at a suitable concentration according to the 
authors above.  

During the second regrowth and similar to the plant-
cane, the overall mean for leaf nitrogen content was 
below the appropriate as mentioned by Orlando Filho 
(1983), Malavolta et al. (1997) and Raij (2011). Oliveira et 
al. (2007) stated that the nutrient content in the limbo of 
the   +3    leaf   cannot   be   related   to   the   quantity  of  
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Table 2. Average macronutrient contents (N and P) in the +3 leaf of sugarcane during the maximum growth phase of plant-cane (PC), 
first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Nitrogen (g kg

-1
) Phosphorus (g kg

-1
) 

PC FR SR Average PC FR SR Average 

VAT90212 13.2
b
 17.5

b
 14.8 15.1 1.6

b
 2.3

b
 1.6

b
 1.8 

SP813250 13.7
b
 19.3

a
 14.2 15.7 1.8

b
 2.5

b
 1.5

b
 1.9 

RB867515 13.9
b
 16.6

b
 14.3 14.9 1.4

a
 2.0

a
 1.4

a
 1.6 

RB92579 15.1
a
 19.1

b
 15.4 16.5 1.4

a
 1.9

a
 1.4

a
 1.6 

Average 14.0 18.1 14.7 15.6 1.6 2.2 1.5 1.7 

         

Source of variation DF Mean squares 

Varieties 3 3.36** 9.07** 1.56
ns

 - 0.21** 0.39** 0.03** - 

Blocks 4 2.91 0.81 5.48 - 0.02* 0.02 0.008 - 

Residue 12 0.51 1.73 1.43 - 0.02* 0.03 0.005 - 

CV (%) 
 

5.35 7.25 8.13 - 10.14 8.58 5.06 - 
 

*
 
and**

 
- significant at 5 and 1% probability, respectively, by F test; 

ns
 = not significant at 1% probability. Means followed by the same letter do not 

differ statistically by Scott-Knott test at 5% probability. 

 
 
 
Table 3. Average macronutrient contents (K and Ca) in the +3 leaf of sugarcane during the maximum growth phase of plant-cane (PC), 
first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Potassium (g kg

-1
) Calcium (g kg

-1
) 

PC FR SR Average PC FR SR Average 

VAT90212 9.7
b
 8.8

a
 8.0

b
 8.8 3.0

a
 4.6

a
 3.3

b
 3.6 

SP813250 8.4
a
 8.8

a
 8.0

b
 8.4 3.9

b
 4.8

a
 3.2

a
 3.9 

RB867515 8.7
a
 8.9

a
 7.0

a
 8.2 3.4

a
 4.5

a
 3.5

b
 3.8 

RB92579 8.4
a
 10.0

a
 7.9

b
 8.7 4.0

b
 4.8

a
 2.8

a
 3.8 

Average 8.8 9.1 7.7 8.5 3.6 4.7 3.2 3.8 

         

Source of variation DF Mean squares 

Varieties 3 1.97* 1.58
ns

 1.09* - 1.00* 0.14
ns

 0.42** - 

Blocks 4 2.61 1.63 1.17 - 0.32 0.29 0.25 - 

Residue 12 0.58 0.92 0.40 - 0.14 0.23 0.04 - 

C.V(%) - 8.84 10.49 8.27 - 10.62 10.29 6.89 - 
 

* and** - significant at 5 and 1% probability, respectively, by F test; ns = not significant at 1% probability. Means followed by the same letter 
do not differ statistically by Scott-Knott test at 5% probability. 

 
 
 
accumulated nutrients in the shoot biomass. When the 
plant grows and consequently accumulates more dry 
matter, there is a dilution of such elements in the 
biomass, including leaves. This effect has been called 
"dilution effect." 

In sugarcane reform areas, the application of liming 
and the soil preparation (plowing and harrowing) increase 
soil microbial activity and there is a greater mineralization 
rate of the soil organic matter (Ferreira et al., 2015), 
especially residues and rhizomes of the previous crop. 
Thus, the nitrate content in the soil solution increases. 
This  increase,   combined    with    a    high   phosphorus 

availability in the soil resultant from fertilization, results in 
an increased efficiency of nitrate uptake by plants 
(Oliveira et al., 2007; Isaac et al., 2011). Magalhães 
(1996) showed that the absorption and translocation of 
nitrogen for corn plants are greatly influenced by the 
phosphorus endogenous availability: plants with a higher 
phosphorous endogenous availability have a lower Km 
(Michaelis-Mentem constant) and a higher inflow rate 
(Malavolta et al., 1997; Oliveira et al., 2007).  

The leaf P concentration was influenced by the varieties 
during the three crop cycles (Table 2). VAT90212 and 
SP813250,  both  during  plant-cane and first and second  
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Table 4. Average macronutrient contents (Mg and S) in the +3 leaf of sugarcane during the maximum growth phase of plant-cane (PC), 
first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Magnesium (g kg

-1
) Sulfur (g kg

-1
) 

PC FR SR Average PC FR SR Average 

VAT90212 3.5
b
 3.6

b
 2.5

c
 3.2 1.2

a
 1.9

b
 1.7

a
 1.6 

SP813250 3.4
b
 3.3

b
 1.9

b
 2.8 1.5

b
 1.7

a
 1.5

a
 1.5 

RB867515 3.6
b
 3.8

b
 2.6

c
 3.3 1.5

b
 1.9

b
 2.1

b
 1.8 

RB92579 2.4
a
 2.1

a
 1.4

a
 1.9 1.2

a
 1.6

a
 1.4

a
 1.4 

Average 3.2 3.2 2.1 3.7 1.38 1.80 1.70 1.6 

         

Source of variation DF Mean squares 

Varieties 3 1.62** 2.69** 1.52**  0.13* 0.08
ns

 0.47** 1.62** 

Blocks 4 0.08 0.15 0.15  0.01 0.008 0.054 0.08 

Residue 12 0.11 0.17 0.04  0.04 0.02 0.029 0.11 

C.V(%) 
 

10.30 12.83 9.81  15.36 9.03 10.09 10.30 
 

* and **Significant at 5 and 1% probability, respectively, by F test; 
ns

 = not significant at 1% probability. Means followed by the same letter do not 
differ statistically by Scott-Knott test at 5% probability. 

 
 
 
regrowth, showed a leaf P greater than RB867515 and 
RB92579. Averaging each cycle of leaf P of VAT90212 
and SP813250 and comparing them with an average of 
leaf P of RB867515 and RB92579, it is observed that, 
during the plant-cane and the first regrowth, the leaf P of 
VAT90212 and SP813250 was about 20%, but in the 
second regrowth it decreased to 10%. The contents of 
phosphorus in leaf, during the plant-cane cycle, are of the 
similar as observed by Vasconcelos et al.(2014). 

Considering the high availability of P in the soil, which 
in the layer 0-20 cm had 103 mg dm

-3
 of phosphorus 

extracted with Mehlich 1, the plants, particularly during 
the plant-cane cycle, should also have a high leaf P 
content. However, both in plant-cane and the second 
regrowth, leaf contents were at the limit established by 
Raij (2011) but lower than values advocated by Orlando 
Filho (1983) and Malavolta et al. (1997). 

In a study conducted at the Triunfo Plant with 
RB867515 during the first regrowth cycle in a soil with a 
high P content (average values above 30 mg dm

-3
 of 

phosphorus extracted by Mehlich), Oliveira et al. (2011) 
found leaf P values lower than 1.6 g kg

-1
, characterizing, 

according to Malavolta et al. (1997) and Orlando Filho 
(1983), an inadequate supply of this element, however, 
the productivity of RB867515 was 166 tonnes of culms 
per hectare. Considering this and other observations of 
high-productive sugarcane fields and leaf P levels lower 
than 2.0 g kg

-1
, Oliveira et al. (2011b) pondered whether 

the reference values set by Orlando Filho (1983) and 
Malavolta et al. (1997) would be suitable for the 
evaluation of the nutritional state of Alagoas sugarcane 
fields.  

Significant differences were found by F test for leaf 
potassium   contents    during    plant-cane    and  second 

regrowth cycles (Table 3). During the plant-cane cycle, 
the leaf potassium content for VAT 90212 was 
approximately 15% higher than other varieties. However, 
during the second regrowth, the K content in the +3 leaf 
of RB92579 was 13% lower than the others. In the three 
crop cycles, leaf contents were below the sufficiency 
range mentioned by Malavolta et al. (1997) and Raij 
(2011), but at appropriate concentrations when the 
values reported by Orlando Filho (1983) are taken as a 
reference. For this author, the minimum adequate content 
would be 6.0 g of K per kg of dry matter. Potassium 
contents in the +3 leaf, during the plant-cane cycle, are of 
the similar as mentioned by Oliveira et al. (2016). 

There was a variety effect in leaf calcium contents 
during plant-cane and second regrowth cycles (Table 3). 
The leaf contents during the three cycles were below the 
proper range reported by Malavolta et al. (1997). For the 
first sugarcane regrowth, the leaf contents were in a 
range considered adequate by Orlando Filho (1983) and 
Raij (2011): 2.0-8.0 g of calcium per kg of dry matter in 
the +3 leaf. Since the soil received dolomitic lime in a 
quantity sufficient to increase the base saturation to 60% 
(Oliveira et al., 2007) and because of soil analyses 
conducted in each plot after the implementation of the 
experiment (data not shown), it was found that the 
saturation increased to 60% or more. The inadequate 
supply of calcium should not have occurred. 

Calcium levels in the +3 leaf, during the plant-cane 
cycle, are of the same order of magnitude as mentioned 
by Faroni et al. (2009), Oliveira et al. (2011b) and Omollo 
et al., (2016). During the first regrowth, an average 
content of 4.72 g kg

-1
 was observed. It was lower than 

that obtained by Rozane et al. (2008), who obtained a 
content  of  5.6 g kg

-1
 for the first harvest of SP791011. In  
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Table 5. Average micronutrient contents (Zn and Fe) in the +3 leaf of sugarcane during the maximum growth phase of 
plant-cane (PC), first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Zinc (g kg

-1
) Iron (g kg

-1
) 

PC FR SR Average PC FR SR Average 

VAT90212 15.2
b
 14.0

a
 15.0

a
 14.7 45.4

a
 56.6

a
 47.2

a
 49.7 

SP813250 12.4
a
 13.2

a
 12.8

a
 12.8 99.4

a
 58.6

a
 49. 0

a
 69.0 

RB867515 15.8
b
 13.8

a
 14.2

a
 14.6 48.0

a
 55.8

a
 49.0

a
 50.9 

RB92579 13.8
a
 12.6

a
 12.6

a
 13.0 46.2

a
 62.2

a
 55.4

a
 54.6 

Average 14.3 13.4 13.6 13.7 59.7 58.3 50.1 56.0 

         

Source of variation DF Mean squares 

Varieties 3 11.53* 2.00
ns

 6.58
ns

  3499.51
ns

 40.73
ns

 64.85
ns

 11.53* 

Blocks 4 9.67 2.32 2.70  5202.25 131.42 67.07 9.67 

Residue 12 2.57 0.62 8.66  3327.68 65.19 57.97 2.57 

C.V(%) 
 

11.22 5.90 21.57  96.55 13.93 15.18 11.22 
 

* and **Significant at 5 and 1% probability, respectively, by F test; 
ns

 = not significant at 1% probability. Means followed by the 
same letter do not differ statistically by Scott-Knott test at 5% probability. 

 
 
 
the second regrowth, leaf calcium contents were similar 
to those obtained by Prado and Pancelli (2008). 

The magnesium contents in the +3 leaf differed among 
varieties during the three cycles (Table 4). The values are 
within the range considered adequate by Orlando Filho 
(1983). The average levels during plant-cane and first 
regrowth cycles, compared to values mentioned by  Raij 
et al. (1996) and Malavolta et al. (1997), are above the 
indicated concentration range.  

The RB92579 variety had the lowest concentrations 
during plant-cane, first and second regrowth cycles. 
During plant-cane, the results obtained were higher than 
those observed by Píperas et al. (2009). In the first 
regrowth, leaf contents were 28% higher than those 
observed by Mendes (2006). In the second regrowth, the 
average leaf Mg content was similar to that obtained by 
Prado and Pancelli (2008). 

There were significant differences in plant-cane, first 
and second regrowth cycles regarding leaf sulfur 
contents (Table 4). The average levels in the three cycles 
were below the levels indicated by Malavola et al. (1997), 
but within the range recommended by Orlando Filho 
(1983). The leaf S content during plant-cane was similar 
to that observed by Faroni et al. (2009), but, during 
regrowth, the levels increased. A "dilution effect" may 
have occurred on the plant-cane.  

The average levels of macronutrients in the middle third 
of the +3 leaf of the varieties VAT90212, RB92579, 
RB867515 and SP83250 during plant-cane, first and 
second regrowth cycles showed the following descending 
order of concentration: nitrogen, potassium, calcium, 
magnesium, phosphorus and sulfur, coinciding with that 
mentioned by Prado and Pancelli (2008) and Oliveira et 
al. (2011a). However, for the plant-cane cycle,  there  are 

reports of a potassium leaf content higher than nitrogen 
(Mendes, 2006).  

Tables 5, 6 and 7 show the mean squares of the 
analysis of variance and the mean test for zinc, iron, 
manganese and boron in the middle third of the +3 leaf of 
sugarcane varieties VAT90212, RB92579, RB867515 
and SP813250 during the plant-cane, first and second 
regrowth cycles. 

During the plant-cane cycle, there was a significant 
difference only for leaf zinc levels (Table 5). During the 
first regrowth, there was a variety effect for copper, and 
during the second regrowth there were significant 
differences for manganese and boron. Based on the 
compilation by Oliveira et al. (2007), the lowest values of 
leaf micronutrients considered adequate are 6.0, 9.0, 
40.0, 25.0 and 10.0 mg kg

-1
 for boron, copper, iron, 

manganese and zinc, respectively. Thus, the sugarcane 
varieties of this study, during the plant-cane cycle, would 
have an adequate supply of boron, iron and zinc (Tables 
5 and 6). However, only the variety VAT90212 was not 
deficient in Mn (Table 7). In the first and the second 
regrowth cycles, there was a general micronutrient 
deficiency according to the reference values established 
by Malavolta et al. (1997). 

Copper deficiency has been widespread in many 
sugarcane fields: from the northeast of Minas Gerais 
state to Rio Grande do Norte (Oliveira et al., 2011b). In 
the vast majority of these soils, the copper content 
extracted by Mehlich is lower than 0.80 mg dm

-3
, a critical 

value according to Marinho and Albuquerque (1981) 
based on studies conducted in Alagoas. 

The availability of micronutrients in the soil, estimated 
by chemical extractors, varied widely in terms of methods 
and extractors used for the chemical analysis  of  the soil.  
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Table 6. Average micronutrient contents (Cu and B) in the +3 leaf of sugarcane during the maximum growth phase of plant-cane 
(PC), first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Cooper (g kg

-1
) Boron (g kg

-1
) 

PC FR SR Average PC FR SR Average 

VAT90212 2.2
a
 6.6

b
 3.8

a
 4.1 7.1

a
 9.8

a
 4.4

b
 7.1 

SP813250 2.2
a
 7.4

b
 4.4

a
 4.6 7.1

a
 9.4

a
 3.4

a
 6.6 

RB867515 2.2
a
 6.6

b
 3.8

a
 4.2 6.3

a
 8.1

a
 3.4

a
 5.9 

RB92579 1.8
a
 5.8

a
 4.0

a
 3.8 7.3

a
 9.8

a
 3.4

a
 6.8 

Average 2.1 6.6 4.0 5.9 6.9 9.2 3.7 6.6 

         

Source of variation DF Mean squares 

Varieties 3 0.20
ns

 2.13* 0.400
ns

 - 1.01
ns

 3.19
ns

 1.07* 0.20
ns

 

Blocks 4 0.70 0.57 0.250 - 1.18 64.34 1.42 0.70 

Residue 12 0.36 0.34 0.316 - 0.45 3.90 0.18 0.36 

C.V(%) - 28.83 8.86 14.07 - 9.63 21.28 11.72 28.83 
 

* and  **Significant at 5 and 1% probability, respectively, by F test; 
ns

 = not significant at 1% probability. Means followed by the same letter 
do not differ statistically by Scott-Knott test at 5% probability. 

 
 
 

Table 7. Average micronutrient contents (Mn) in the +3 leaf of sugarcane during the maximum 
growth phase of plant-cane (PC), first regrowth (FR) and second regrowth (SR) cycles. 
 

Varieties 
Manganese 

PC FR SR Average 

VAT90212 28.0
a
 38.6

a
 28.0

b
 31.53 

SP813250 22.8
a
 39.0

a
 22.2

a
 28.0 

RB867515 22.6
a
 31.8

a
 29.6

b
 28.0 

RB92579 20.0
a
 33.0

a
 19.0

a
 24 

Media 23.3 35.6 24.7 27.8 

   

Source of variation DF Mean squares 

Varieties 3 56.18
ns

 69.60
ns

 122.73** - 

Blocks 4 166.70 420.20 170.42 - 

Residue 12 18.93 69.43 17.85 - 

CV (%) - 18.63 23.41 17.11 - 
 

* and **Significant at 5 and 1% probability, respectively, by F test; ns = not significant at 1% 
probability. Means followed by the same letter do not differ statistically by Scott-Knott test at 5% 
probability. 

 
 
 
analysis should be associated to the history of the area, 
especially to the record of their deficiency in previous 
crops (Oliveira et al., 2007, 2011b; Raij, 2011). 
 
 
Conclusions 
 
The varieties RB92579, RB867515, VAT90212 and 
SP813250 show differences in leaf contents of macro 
and micronutrients, but no variety has a higher content 
regarding any element.  

Conflict of interests 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGEMENTS 
 
To the Triunfo Mill for the logistical support in conducting 
the study. To Conselho Superior de Desenvolvimento 
Científico e Tecnológico (CNPq) to finantial support and 
the fellowships conceeded.  



 

 
 
 
 
 
REFERENCES 
 
Calheiros AS, Oliveira MW, Ferreira VM, Barbosa GVS, Santiago AD, 

Aristides EVS (2012). Produção de biomassa, de açúcar e de 
proteína em função de variedades de cana e de adubação fosfatada. 
Semin: Cien. Agrar. 32:809-818. 

Conab (Companhia Nacional de Abastecimento) (2016). 
Acompanhamento da safra brasileira: cana-de-açúcar. Primeiro 
Levantamento. 66p.  

Deus JAL, Barreto JHB, Soares I, Souza NCS, Sales JAF, Oliveira 
Filho, JS (2012). Mathematical chance in determination of nutritional 
status of peanut. Biosci. J. 28:115-123. 

Embrapa (Empresa Brasileira de Pesquisa Agropecuária) (2013). 
Sistema Brasileiro de Classificação de Solos. Centro Nacional de 
Pesquisa de Solos: Rio de Janeiro. 353p. 

Faroni CE, Trivelin PCO, Franco HCJ, Vitti AC, Otto R, Cantarella H 
(2009). Estado nutricional da cultura de cana-de-açúcar (cana-
planta) em experimentos com 15N. Rev. Bras. Ci. Solo. 6:1919-1927. 

Ferreira, DA, Franco, HC, Otto, R., Vitti, AC, Fortes, C., Faroni, CE, 
Garside, AL, Trivelin, PC (2015). Contribution of N from green 
harvest residues for sugarcane nutrition in Brazil. GCB Bioenergy. 
8:859-866. 

Ferreira DF (2011). Sisvar: a computer statistical analysis system. 
Ciênc. Agrotecnol. 35:1039-1042.  

Isaac ME, Harmand JM,  Drevon JJ (2011). Growth and nitrogen 
acquisition strategies of Acacia senegal seedlings under exponential 
phosphorus additions. J. Plant Physiol. 168:776-781. 

Magalhães JV (1996). Absorção e translocação de nitrogênio por 
plantas de milho (Zea mays, L.) submetidas a períodos crescentes 
de omissão de fósforo na solução nutritiva. Viçosa, MG. 76p. 
Dissertação de mestrado em Solos e Nutrição de Plantas – 
Universidade Federal de Viçosa.  

Malavolta E, Vitti GC, Oliveira SA (1997). Avaliação do estado 
nutricional das plantas: princípios e aplicações. 2.ed. Piracicaba: 
ABPPF 319 p. 

Marin F, Nassif DS (2013). Mudanças climáticas e a cana-de-açúcar no 
Brasil: Fisiologia, conjuntura e cenário futuro. Rev. Bras. Eng. Agríc. 
Ambient. 12:232-239. 

Marinho ML, Albuquerque GAC (1981). Efeito do cobre e do zinco na 
produção de cana-de-açúcar em solos de tabuleiros de Alagoas. 
Bras. Açuc. 98:41-50. 

Meena BS, Ram B, Narolia, RS,  Singh, P. (2015). Yield, quality, 
nutrient uptake and economics of spring sugarcane (Saccharum 
officinarum) as influenced by balanced fertilization in clay loam soils 
of Rajasthan. Indian J. Agron. 60:457-463. 

Mendes LC (2006). Eficiência nutricional de cultivares de cana-de-
açúcar. Viçosa, MG. 46 p. Dissertação de mestrado em Solos e 
Nutrição de Plantas – Universidade Federal de Viçosa.  

Mishra AK, Shukla SK, Yadav DV, Awasthi SK (2014). Iron, manganese 
and sulphur uptake and nutrients availability in sugarcane based 
system in subtropical India. Sugar Tech. 16:300-310. 

Oliveira ECA, Freire FJ, Oliveira RID, Freire MBGDS, Simões Neto, DE; 
Silva, SAMD (2010). Extração e exportação de nutrientes por 
variedades de cana-de-açúcar cultivadas sob irrigação plena. Rev. 
Bras. Cienc. Solo 4:343-1352. 

Oliveira ECA, Freire JF, Oliveira  RI, Oliveira AC, Freire MBGS (2011a). 
Acúmulo e alocação de nutrientes em cana-de-açúcar. Rev. Ciênc. 
Agron. 42:579-588. 

Oliveira MW, Freire FM, Macêdo GAR, Ferreira JJ (2007).  Nutrição 
mineral e adubação da cana-de-açúcar. Inf. Agropec. 28:30-43. 

Oliveira MW, Magrini JL, Lyra, FEV, Valduga GR., Pereira MG, Tenorio 
CJM, Aristides EVS (2011b). Produção da RB867515 influenciada 
pela aplicação de substâncias húmicas, aminoácidos e extrato de 
algas marinhas. Stab. 30:30-33. 

 
 
 

da Silva et al.          57 
 
 
 
Oliveira RI, Medeiros MRFA, Freire CS, Freire FJ, Neto DES, Oliveira 

ECA (2016). Nutrient partitioning and nutritional requirement in 
sugarcane. Aus. J. Crop Sci. 10-69-75. 

Omollo JO, Semu E, Msaky J, Owuor P (2016). Effects of Cropping 
Systems and Agricultural Lime on Soil Properties and Nutrient 
Content of Sugarcane on Acidified Soils of Kisumu County, Kenya. 
Am. J. Agric. Forest. 44:97-111. 

Orlando Filho J (1983). Nutrição e adubação da cana-de-açúcar no 
Brasil. Instituto do Açúcar e do Álcool. Programa Nacional de 
Melhoramento da Cana-de-Açúcar. Planalsucar. 368 p.  

Otto R, Vitti GC, Luz PHC (2010). Manejo da adubação potássica na 
cultura da cana-de-açúcar. Rev. Bras. Ci. Solo. 34:1137-1145. 

Píperas GV, Creste JE, Eche FR (2009). Uso do DRIS na avaliação do 
estado nutricional da cana-de-açúcar.  Ceres 56:556-563. 

Prado RDM, Pancelli MA (2008). Resposta de soqueiras de cana-de-
açúcar à aplicação de nitrogênio em sistema de colheita sem 
queima. Bragantia 67:951-959. 

Raij BV (2011). Fertilidade do solo e manejo dos nutrientes. Piracicaba: 
International Plant Nutrition Institute. 

Rozane DE, Prado RM, Romualdo LM, Pancelli AM, Franco C 
(2008). Amostragem de folha em cana-de-açúcar submetida à 
adubação nitrogenada. Rev. Agric. 83:8-18. 

Santos EF, Donha RMA, Magno CM (2013). Faixas normais de 
nutrientes em cana-de-açúcar pelos métodos ChM, DRIS E CND e 
nível crítico pela distribuição normal reduzida. Rev. Bras. Cienc. 
Solo. 37:1651-1658. 

Souza HA, Hernandes A, Romualdo LM, Rozane DE, Natale W, 
Barbosa JC (2011). Folha diagnóstica para avaliação do estado 
nutricional do feijoeiro. Rev. Bras. Eng. Agríc. Ambient. 15:1243-
1250. 

Vasconcelos RL, Prado RM, Campos CNS, Caione G, Almeida HJ, 
Moda LR, Mello FT, Dela Marta CC (2014). Sources of phosphorus 
with sugar cane filter cake on the nutritional status and productivity of 
sugar cane (Saccharum officinarum L) cultivated in red-yellow 
latosoil. Aus. J. Crop Sci. 8:1467-1474. 

Zuanazzi JAS, Mayorga P (2010). Phytoproducts and economic 
development. Quím. Nova 33:1421-1428. 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 


