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Abstract: This study, carried out in a sugarcane mill located in the center-west region of São Paulo state, Brazil, aimed to evaluate 
the association of sucrose amount (POL%) with sugarcane varieties and cutting stages using mechanized harvesting. A two-way 
analysis of variance (ANOVA), complemented by multiple comparison tests, was used in order to identify the effects of variety types 
and cutting stages on the sugarcane POL% content. An interaction between the sugarcane variety and the cutting stage was observed; 
therefore, both two factors cannot be independently evaluated regarding POL%. In addition, it was found that the sucrose amount 
from the plant production in the evaluated period presented significant differences between the cutting stages only for one variety, 
namely CTC2, which was different from the others in most of the cutting stages. Considering the observed results, it can be 
concluded that analyzing sucrose amount statistically in the mill production can allow producers to posteriorly better monitor 
information on the sugarcane varieties harvested under mechanized processes. 
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1. Introduction 

In the Brazilian agriculture, the sugarcane sector 

stands out as one of the oldest and most economically 

important areas of the country. Sugarcane production 

in the central-south region of Brazil was 617,709 tons 

in the 2015/2016 season, while production in the 

north-northeast region was 49,115 tons. Overall, the 

total Brazilian production was 666,824 tons in the 

above mentioned period [1]. 

Legal, environmental and economic aspects are 

inducing mechanization in sugarcane crop, a 

procedure which does not require straw burning. 

Reinforcing this process, a number of state programs 

and legislations have been established. One example 

occurred in 2007, when an agreement protocol was 

signed between the government and the sugar-energy 
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sector to consolidate the sustainable development of 

the sugarcane industry in the state of São Paulo. 

This voluntary protocol implemented a series of 

principles and technical directives to be followed by 

sugarcane producers. The agreement aimed to 

anticipate the deadline to terminate the burning of 

sugarcane straw from 2012 to 2014 in areas with 

declivity less than or equal to 12%, and from 2013 to 

2017 in areas with declivity greater than 12%, 

considered non-mechanizable. Participation in this 

agreement protocol gives producers an 

Agro-environmental Compliance Certificate, which 

provides important advantages for certification 

procedures for their export products [2]. 

Benedini and Conde [3] reported that the intense 

traffic of machines in areas that were not properly 

systematized causes trampling of sugarcane rows, 

resulting in loss of vigor, lower development, and 

smaller plant population in the harvest due to damage 
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caused to the rams. 

In order to choose the varieties to be planted, many 

variables must be considered, such as adaptability to 

mechanized processes, maturation, sprouting, yield 

(tons/ha), technological characteristics required by the 

industry as sucrose content (POL%) and fiber content, 

as well as its adaptation to the production environment 

[4]. 

Barbosa et al. [5] pointed out that the adoption and 

utilization of new sugarcane cultivars is the best way 

to verify research results and quantify public and 

private investments. The authors verified that 58.9% 

of the area cultivated with sugarcane in the country in 

2011 was covered with varieties identified by 

acronyms starting with “RB”, developed by 

Inter-University Network for the Development of the 

Sugar-Energy Sector (RIDESA); 32.4% with varieties 

identified by acronyms starting with “SP”, developed 

by a program named COPERSUCAR; and 3.4% with 

varieties identified by acronyms starting with “CTC”, 

developed by the Center of Sugarcane Technology. 

Other varieties, with less participation, represent the 

remaining 5.3% of the cultivated area. 

Margarido and Santos [6] emphasized that in the 

varietal planning, besides the stem production, the 

variety maturation, which is influenced by the 

edaphoclimatic conditions, must be considered. Early 

varieties should be harvested from April to June 

whereas medium-cycle varieties should be harvested 

from July to September, and late varieties in October 

and November. The maturation curves of the varieties 

considered to be early, medium or late are very similar 

and usually the highest sugar concentration occurs at 

the end of August or beginning of September. 

However, what determines the variety precocity is its 

richer sugar content during that period when compare 

to other verities.  

Recent studies were carried out to analyze the 

factors that affect sugarcane crop productivity. Moraes 

et al. [7] observed the interference of several types of 

soil preparation and planting systems in the 

agricultural characteristics and sugarcane productivity. 

Silva et al. [8] studied the productivity and 

technological quality of sugarcane in two successive 

crops, under the influence of different sources of 

mineral and organic fertilization. Silva et al. [9] 

evaluated different structures of the residual variance 

and covariance matrix in varietal sugarcane 

experiments. 

Data collection, utilization of analytic tools, and 

subsequent information monitoring of processes 

involving sugarcane from planting to harvesting are 

important because of the many variables that may 

impact these operations, both positively and 

negatively. The mechanization of the mills in their 

agricultural activities demands quantitative data 

analysis techniques to monitor crop productivity. 

Therefore, data collection and statistical analysis 

allow a better understanding of factors that can be 

associated with technological indicators of the 

sugarcane varieties used by mills. 

This study presents real data (i.e., in field 

conditions) and proposes a methodology that can 

contribute to the mill managers’ decision making 

regarding the monitoring of technological variables of 

sugarcane varieties. The objective of this work was to 

describe, in an exploratory way, the association 

between the sucrose amount (POL%), sugarcane 

varieties and cutting stages of a sugarcane plant 

production using mechanized processes in the 

harvesting operations. 

2. Materials and Methods 

This work was carried out in a sugarcane mill 

located in the center-east region of São Paulo state, 

Brazil. Due to the requirements of plant managers, 

who did not authorize the disclosure of the trademark, 

company name and company images, this information 

has been omitted. However, data collection was 

authorized for the execution of this experiment. Thus, 

documentary surveys were conducted in the company 

databases. 
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Table 1  Agricultural characteristics of the evaluated varieties.  

Variety Features 

CTC2 
High yield and sucrose content, average maturation, low flowering and average isoporation, good 
productivity in poor soils, excellent sprouting.a 

SP813250 
High yield and excellent sprouting, low soil requirements, average isoporation and maturation, high 
sucrose content, low flowering and high fiber content.b 

RB855453 High yield, sucrose content, flowering and isoporation, early maturation and resistance to diseases.b 

SP891115 
High yield and soil requirements, medium/high flowering and isoporation, early maturation and resistance 
to diseases.b 

Source: aCTC [10], bTasso Júnior [11]. 
 

For the characterization of pluviometric conditions 

of the region during the evaluation period, monthly 

average rainfall data were obtained from the 

Meteorological Station of School of Agricultural 

Sciences of Botucatu, located at the coordinates of 

22°50′47.45″ south latitude and 48°25′54.14″ west 

longitude, and at altitude of 786 m. 

This study has an observational nature and uses the 

average POL% from 2008 to 2012 of four sugarcane 

varieties (Table 1), harvested without prior burning 

with mechanized processes in the cutting and loading 

operations in five cutting stages.  

The four sugarcane varieties were distributed in 464 

batches on different farms owned by the mill under 

study. A total of 10 batches per cutting stage were 

randomly selected, summing up 50 batches for each 

variety. The sugarcane POL% analyses were carried 

out in the laboratory of the power plant. Thus, 

information that was available in the database 

provided by the company was used. 

The statistical analysis was performed using 

software R, version 3.0.1 [12]. The information on the 

variable POL% was preliminarily analyzed through 

descriptive statistics techniques, such as position and 

dispersion measurements (mean, median, first and 

third quartiles and standard deviation), considering the 

five cutting stages in each of the four varieties. 

Then, a two-way analysis of variance technique 

complemented with Tukey’s multiple comparisons 

test was used to evaluate the association of variety 

types and cut stages with POL% [13]. After residue 

analysis, the Box-Cox transformation was used to fit 

the basic technique assumptions [14]. The analytical 

procedures were performed at 5% level of significance. 

Due to the exploratory nature of the study and the 

practical importance of the data evaluation of this type, 

analytical procedures can be used as long as the 

conclusions are restricted to the analyzed data set. 

3. Results and Discussion 

3.1 Characterization of the Studied Region Regarding 

Rainfall Index 

Given the agricultural characteristics of the varieties 

and their optimum maturation periods, the early 

varieties RB855453 and SP891115 were harvested 

between April and June, which is the beginning of the 

dry season. Meanwhile, the average varieties CTC2 

and SP813250 were harvested from July to September, 

a period with increasing levels of rainfall. This should 

be considered in the harvest planning since the sucrose 

content of sugarcane varieties reaches different 

concentration levels of concentration throughout the 

year, and the climatic variables influence this factor. 

Moraes et al. [15] analyzed the influence of climatic 

variability in the period between sugarcane growth 

and harvest time and found out that it directly 

influences the crop productivity. Fig. 1 shows the 

average region rainfall of the evaluated power plant. 

The period with greater rainfall is concentrated from 

October to January, and January is the wettest month, 

reaching an average of approximately 370 mm. From 

May to August the rainfall is quite low, with an 

average of just over 55 mm in June. 
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Fig. 1  Average monthly rainfall (mm) from 2008 to 2012, with bars representing the standard deviation.  
 

3.2 Influence of Cutting Stage and Variety Type on 

Sucrose Content 

By evaluating the average POL% of the mill 

production in the period, a significant interaction 

between the sugarcane varieties and the cutting stages 

(p = 0.006) can be observed. Both two factors produce 

a synergistic effect and, therefore, cannot be 

independently assessed regarding their association 

with POL%. 

Table 2 shows the mean and standard deviation 

(values first line), as well as the POL% median, first 

and third quartile values (second line) considering the 

varieties and the cutting stages, as well as the analysis 

of split interaction, that is, the level effects of one 

factor within the levels of the other factors. 

Significant differences of the effect of sugarcane 

varieties and cutting stages on POL% are represented 

in lowercase and uppercase letters, respectively. Thus, 

two averages followed by distinct uppercase letters 

indicate differences between the respective cutting 

stages for a given variety, while two averages 

followed by different lowercase letters indicate 

differences between varieties for a given cutting stage. 

The only variety that revealed significant difference 

between POL% means within different cutting stages 

was CTC2 (p < 0.001); only in this variety, it can be 

said that POL% was associated with the cutting stages. 

This variety has had the lowest POL% value in cutting 

stage 2, which was significantly inferior only to 

cutting stages 3 and 4. On the other hand, these stages 

did not present differences among themselves or 

regarding other cutting stages. 

When comparing the average POL% between the 

varieties at each cutting stage, it was observed that 

there are no significant differences with p-values 

equal to 0.226 and 0.216, respectively, except in 

cutting stages 2 and 5. In the other cutting sages, there 

is a significant association between POL% and 

sugarcane varieties. 

In cutting stage 1, SP891115 variety presented the 

lowest POL% average (13.3 with a standard deviation 

of 1.2) when compared to varieties CTC2 and 

RB855453. CTC2 and RB855453 presented the 

highest variety averages, 15.3 and 15.1, respectively, 

and standard deviations equal to 0.41 and 1.0.      

At cutting stages 3 and 4, CTC2 variety had the highest 
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Table 2  Mean (standard deviation) and median (Q1-Q3) of POL% of each variety, considering the cutting stage (original 
data of the variable). 

Variety 
Cut stage 

Total p-value 
C1 C2 C3 C4 C5 

CTC2 
15.3 (0.41) ABa 13.9 (0.69) B 15.8 (0.59) Aa 15.7 (0.86) Aa 14.9 (1.3) AB 15.1 (1.0) < 0.001 

15.5 (14.9-15.5) 13.9 (13.4-14.7) 16.0 (15.7-16.2) 15.8 (15.5-16.2) 15.1 (14.8-16.0) 15.4 (14.7-16.0)  

SP813250 
14.2 (1.4) ab 13.8 (1.4) 13.9 (1.4) b 14.0 (1.4) b 14.5 (1.5) 14.1 (1.3) 0.768 

13.9 (13.0-15.1) 14.0 (13.3-14.6) 14.0 (12.9-15.0) 14.1 (13.3-15.0) 15.0 (13.1-15.3) 14.0 (13.1-15.1)  

RB855453 
15.1 (1.0) a 14.8 (1.2) 14.2 (1.3) b 14.1 (0.9) b 14.0 (1.3) 14.4 (1.2) 0.170 

15.5 (13.8-15.6) 14.8 (13.8-15.6) 14.3 (13.4-15.2) 14.1 (13.6-14.8) 13.7 (13.5-15.2) 14.3 (13.6-15.5)  

SP891115 
13.3 (1.2) b 14.1 (0.8) 14.1 (2.1) b 13.3 (1.9) b 13.9 (1.3) 13.7 (1.5) 0.309 

12.7 (12.5-13.7) 14.2 (13.6-14.6) 13.5 (13.0-16.2) 14.1 (12.1-14.2) 13.9 (13.1-15.2) 13.8 (12.7-15.1)  

Total 
14.5 (1.3) 14.2 (1.1) 14.5 (1.6) 14.3 (1.6) 14.3 (1.3)   

14.9 (13.5-15.5) 14.1 (13.5-14.9) 14.6 (13.1-16.0) 14.3 (13.6-15.3) 14.8 (13.2-15.3)   

p-value < 0.001 0.226 0.001 < 0.001 0.216   

The summary measurements were obtained from original data. Statistical analysis was performed with transformed data (Box-Cox 
with λ = 3.2). Means followed by distinct uppercase letters indicate significant differences between cutting stages (p < 0.05) within 
each variety. Means followed by distinct lowercase letters indicate significant differences between varieties (p < 0.05) for each 
cutting stage. Absence of letters indicates that there are no significant differences. 
 

average POL% in comparison with all analyzed 

varieties. 

3.3 Importance of Variety Characterization for 

Harvest Planning 

CTC2 variety showed the highest POL% average 

(15.1) considering the total number of cutting stages 

and the lowest variation coefficient in the analyzed 

batches of cutting stages 1 (2.7%), 2 (5.0%), 3 (3.7%), 

4 (5.5%) and 5 (8.7%) compared to other varieties. 

Low variability is an important attribute, since it 

ensures stability in the industrialization process. 

These results, summarized in Fig. 2, indicate that 

CTC2 is the variety that presented the highest POL% 

values in different cutting stages when compared to 

the other evaluated varieties, since it presented the 

highest average in the third and fourth cutting stages 

(15.8 and 15.7, respectively), while in the other 

cutting stages it was either among the varieties with 

the highest averages or presented no significant 

differences. 

Variety RB855453 had the highest average along 

with CTC2 in cutting stage 1 (15.1 and 15.3, 

respectively) and coefficients of variation of 6.6% 

(C1), 8.1% (C2), 9.2% (C3), 6.4% (C4) and 9.4% 

(C5). According to González and Sánchez [16], 

relating the allowed variability with natural variability 

of the process as a process dispersion measurement of 

the dispersion of the process (i.e., its precision) is the 

main function of a capability index, regardless of its 

location (i.e., its accuracy). 

It can be highlighted that, for sugarcane plantation, 

a sugar mill’s managers can select the varieties with 

the highest sucrose content and low heterogeneity, 

reinforcing the importance of data collection and 

statistical analysis to assist the decision-making 

process. 

Dias et al. [17] indicated that it would be ideal to 

plant one or more improved industrial varieties with 

different maturation cycles, as long as these can be 

adapted to local conditions, considering the climate, 

soil relief and type, and agroindustrial characteristics 

such as productivity, sugar content, regrowth, 

resistance to pests and diseases, and absence of 

tipping. The authors found that this may result in a  

15% increase in production. 

Silva et al. [18] evaluated the sugar yield in first 

harvest and the residual effect on the second harvest 

as a function of several maturators. The authors 

concluded  that  there  was  no  interaction  between  the 
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Fig. 2  Average POL% for sugarcane varieties and different cutting stages.  
 

studied cultivars and maturators. They also concluded 

that the differences found between the cultivars are 

reflections of the genetic constitution inherent to each 

sugarcane variety. This demonstrates the productivity 

potential and longevity of the cultivars, characteristics 

that are necessary for the search of the economicity of 

this agricultural activity. 

Maule et al. [19] studied the behavior of sugarcane 

varieties in two soil types, evaluating agricultural 

productivity and maturation at different harvesting 

times. The authors verified that there are differences 

in maturation periods between cultivars, and that 

environmental conditions can influence sugarcane 

productivity. Understanding the interaction between 

these factors favors harvest management and improves 

efficiency of crop exploration. 

Proper planning and variety selection is paramount 

to the useful industrialization period in order to obtain 

sugarcane plantations with desirable maturation 

patterns, which are appropriately distributed 

throughout an area belonging to an agroindustry 

during the harvest period [20]. 

4. Conclusions 

In this study it was showed that data collection and 

statistical analysis of the production can contribute to 

the evaluation of sugarcane varieties under 

mechanized processes used in different cutting stages. 

It was observed that the average POL% obtained from 

the mill production in that period was associated with 

the utilized sugarcane variety and cutting stage. 

CTC2 variety was among the ones with highest 

POL% values in different cutting stages when 

compared to the other varieties, standing out as the 

highest average in the third and fourth cutting stages 

and presenting the highest homogeneity of sucrose 

content. 

This type of posterior study can be used 

continuously, harvest after harvest, as a control 

measurement of the utilized sugarcane varieties in 

function of the responses that each of them presents, 

mainly regarding the sucrose content, and also to 

verify the variety adaptation to mechanized harvesting 

processes. 

A suggestion for further research studies is to verify, 
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through statistical analyses, the influence of the 

climatic variables on POL% of sugarcane varieties 

used by mills, which may contribute to the field 

information monitoring and help the decision-making 

process of mill operations. 
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