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Abstract 
The aim of this study was to evaluate the visible loss of sugar cane and the 
damage to the knuckles, using the John Deere 3520 harvester on three differ-
ent travel speeds (3.0; 4.0 and 5.0 km∙h−1), in DIC with five repetitions in 
Campos dos Goytacazes, Rio de Janeiro/Brazil. Each treatment was composed 
by six lines of harvested cane stumps, with a length of 290 m each. In these six 
lines, the remains of sugar cane left in the field were collected by placing the 
sampling frame in two central lines every 50 m, and separating 40 m of edge. 
The sampling area was surrounded by 2 m wide and 10 m long, totaling 20 m2. 
To calculate the damage to stumps, a visual methodology by [1], was used, 
which classifies the damage grade, ranging from 1 to 4. Fifty stumps were as-
sessed randomly for each speed, in a sampling area of 1800 m2. The data were 
submitted to ANOVA and Tukey test at 5%, in order to compare the effect of 
different speeds on the losses and damages. There was no significant differ-
ence regarding the loss or damage by comparing the different speeds. There-
fore, it is more advantageous to use the speed of 5.0 km∙h−1, harvesting more 
in less time and causing the same level of damage.  
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1. Introduction 

The sugar cane (Saccharum spp.) is one of the main crops grown in Brazil. Me-
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chanized harvesting of the sugar cane, in the North Fluminense region, has in-
creased considerably in recent years, mainly due to the need for adjustments to 
state laws. However, this type of harvesting has caused great losses and may also 
cause damage to the stumps, which considerably reduce the flushing and provide 
the attack of pests and diseases, reflecting the loss of productivity on the subse-
quent crop.  

Due to that, it is necessary to evaluate the losses and damages to the brass 
knuckles that minimize correcting operational failures. The mills of sugar and 
ethanol productions are increasingly seeking innovative mechanization in the 
cane fields, but, in the interest of controlling costs, the aim is also not to lose the 
quality and to decrease visible loss of sugar cane in the field. Due to these rea-
sons, evaluations of losses by harvesters of sugar cane have been fundamental to 
the operation management, so that one can act on the process and make the ne-
cessary corrections to reduce its incidence, when certain values are very high [2]. 

The dislocation speed of the sugar cane harvester is directly influenced by the 
culture and terrain conditions, thus, due to the machine having a high speed, it 
increases its operational capacity. This leads to an increase on the losses, by con-
taining greater mass to be processed by the harvester, so the speed should be ad-
justed according to the characteristics of the field, the size and productivity of 
the sugar cane field [2].  

This article aims to evaluate the visible loss of raw material and damage to 
brass knuckles, using the John Deere 3520 harvester on three different disloca-
tion speeds (3.0, 4.0 and 5.0 km∙h−1) in DIC with five repetitions in Campos dos 
Goytacazes, Rio de Janeiro/Brazil. 

2. Material and Methods 

The work was conducted in the city of Campos dos Goytacazes, Rio de Janeiro, 
in a systematized area for mechanized harvesting of sugar cane. The area belongs 
to Usina Paraíso. The geographic coordinates are 21˚45'22''S and 41˚17'25''W.  

The harvester used in this research was the chopped sugar cane harvester John 
Deere 3520 (Figure 1).  
 

 
Figure 1. John Deere 3520 Harvester. 
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The experiment was composed by three treatments with speeds of 3.0; 4.0 and 
5.0 km∙h−1. The design was randomized (DIC), with five repetitions. 

The survey of visible loss was conducted in a demarcated area after the harv-
est, where the remains of sugar cane left in the field, in each treatment, were col-
lected. 

The area of each experimental treatment was comprised of six lines of cane 
stumps harvested with a length of 290 m each. In these six lines, regarding each 
speed, leftover sugar canes were collected in the field by placing the sampling 
frame in two central lines every 50 m, separating 40 m of edge. The sampling 
area was surrounded by 2 m wide and 10 m long, totaling 20 m2. Five replicates 
were used, as shown in Figure 2. With the data from the mass loss from each 
type of the five replicates, the losses t∙ha−1 and percentage of losses were calcu-
lated, per treatment.  

Visible loss of cane sugar were collected, separated and weighed according to 
the classification proposed by [1], presented in Table 1.  

The quantitative losses were converted into tons per hectare according to Eq-
uation (1). 

10mP
a

=                            (1) 

which 
 

 
Figure 2. Sampling model of the experiment to compare visible loss of sugar cane in the 
central rows of each treatment. 
 
Table 1. Description of the types of losses reviewed. 

Peaked grind stone 
Fraction of the stem with the characteristic cut of chipper knife  
or the base cutting, on both ends. 

Whole sugar cane 
Sugar fraction with size equal to or higher than 2/3 of the total,  
stuck or loose soil by the root length. 

Cane tip Fraction of stem left on the ground and aggregated to the pointer. 

Fixed piece 
Middle segment of sugar cane (greater than 0.2 m),  
necessarily attached to the ground. 

Loose piece 
Middle segment of sugar cane (greater than 0.2 m),  
necessarily not attached to the ground. 

Splinter Segmented fraction of the grinding wheel. 

Shrapnel Fragments of torncane. 

Stump 
Fraction of the stem, cut above the soil surface,  
attached to the non-torn roots, with length less than or equal to 0.2 m. 

Total losses Summation of alllosses 

Source: [1]. 
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P—quantitativelosses, t∙ha−1; 
m—mass collected in the area, kg; and 
a—samplingarea, m2. 
For total losses, the value was calculated in percentage, according to Equation 

(2). 

% 100PP
P prod

=
+

                     (2) 

which; 
P% = totallosses%; and 
prod = Productivity of sugarcane fields, t∙ha−1. 
To assess the damage caused to the stumps, a visual methodology used by [3] 

adapted from [4] was used, which quantifies the damage in degrees and is pre-
sented in Figure 3. Fifty stumps were analyzed randomly on each treatment. 

The results of the mass from each type of loss and damage to the brass 
knuckles were subjected to the analysis of variance and the treatment averages 
were compared by Tukey test at 5% probability, aiming to compare the visible 
loss between different speeds. 

3. Results and Discussion 

The characteristics of the evaluated sugar cane are rated in Table 2. 
The estimated crop yield was higher than the regional average, which average 

productivity is lower than 50 t∙ha−1 [5]. This result may be related to the fact that 
the first cut of the cane after the sugar plantation renewal and systematization of 
land for mechanized harvesting with correct spacing of 1.5 m between rows.  
 

 
Figure 3. Methodology for classification of damage to brass knuckles 
used by [1], adapted from [4]. 

 
Table 2. Characteristics of the evaluated sugar cane. 

Characteristics of culture  

Estimated crop yield (t∙ha−1) 74.7 

Average length of culms (m) 2.4 

Average diameter of culms (mm) 33.0 

Source: author. 
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Corroborating the estimated productivity encountered by [6] which was of 
89 t∙ha−1 after the evaluation of the productivity of the systemized area for the 
mechanized harvesting, also with the first cane cut in the North Fluminense re-
gion. 

Evaluation of apparent losses in mechanized harvesting of cane sugar has been 
performed by many researchers, highlighting the studies developed by [6]-[11] 
which evaluated losses due to the displacement speed. 

To minimize visible losses in mechanized harvesting process, it is necessary 
that the area which will receive the harvester does not have high gaps, has stan-
dardized the spacing between lines and length of planted areas and damping 
control [6]. 

The differences between the types of losses comparing the different speeds 
were not significant (Table 3).  

The data from this study corroborate those found by several authors as [6] 
who evaluated the influence of three displacement speeds (2.0, 3.0 and 4.5 km∙h−1) 
of the harvester CASE IH A8800 in Norte Fluminense (North Fluminense), not-
ing that there was no significant difference between the losses at different speeds.  

[7] [8] found no significant difference in losses when varying the speed of the 
harvester. 

On the other hand [10], who also evaluated two displacement speeds: 3.2 and 
3.6 km∙h−1, of the harvester John Deere 3520 in the state of Mato Grosso found 
higher values of losses at higher speed. 

These results show that the influence, or not, of the speed of the harvester on 
the quantities of visible losses do not follow a general rule, it always depends on 
the local conditions of the experiment, the harvester rated, the operator, the 
synchronism, between the harvester and the transfer, and the speeds applied. 
Thus not being able to infer that for the same harvester in different conditions 
results will be the same [6].  
 
Table 3. Comparison of the average types of losses among the different speeds and their 
respective percentages of total losses in t∙ha−1. 

Types of losses 
Speed 1: 
3 km∙h−1 

Speed 2: 
4 km∙h−1 

Speed 3: 
5 km∙h−1 

Peaked Grindstone (t∙ha−1) 2.18Aab 1.21Aa 0.18Aa 

Tied Piece (t∙ha−1) 0.06Ab 1.13Aa 0.57Aa 

Untied Piece (t∙ha−1) 0.93Ab 0.96Aa 0.55Aa 

Splinter (t∙ha−1) 3.4Aa 1.82Aa 1.71Aa 

Shrapnel (t∙ha−1) 1.27Aab 0.65Aa 0.61Aa 

Stump (t∙ha−1) 0.0Ab 0.10Aa 0.05Aa 

Whole Cane (t∙ha−1) 4.24Aa 1.31Aa 2.36Aa 

Total Losses (t∙ha−1) 12.08A 7.19A 6.02A 

% of Total Losses 16.2% 9.6% 8.1% 

Values followed by the same letter (in uppercase) do not differ significantly within the same line. Values 
followed by the same letter (in lowercase) do not differ significantly within the same column. 
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Data from [10] corroborate the findings of [11] who analyzed the effect of in-
creased displacement speed (4.0 and 5.5 km∙h−1) of the harvester CASE IH 
A8800 in the state of São Paulo and observed that the increase in speed caused 
higher losses of raw material.  

Likewise [9], analyzing the influence of the increased displacement speed (6.5 
and 8.0 km∙h−1) in the visible losses of raw materials in the state of São Paulo, 
using the harvester John Deere 3510, previous model than the evaluated in this 
study, concluded that there is significant increase in visible losses when using 
higher displacement speed associated with higher cutting base pressure and the 
hood of the harvester, especially when analyzing total losses. 

The differences between the types of losses within the treatment 1 were signif-
icant, with whole cane and splinters found in greater amounts (Table 3). These 
types of loss amounted 63% of the total losses (Figure 4). The average total loss 
was 12.1 t/ha, which means 16.1% of the total losses in the evaluated speed.  

The differences between the types of losses within the treatment 2 were not 
significant, being numerically splinters the type of loss found in greater amounts 
(Table 3). This type of loss totals 25.3% of the total losses (Figure 5). The aver-
age total loss was 7.2 t/ha, which means 9.6% of the total losses in the evaluated 
speed.  

The differences between the types of losses were not significant within the 
treatment 3 (Table 3), being numerically whole cane found in greater amounts. 
This type of loss totaled 39.1% of total losses (Figure 6). The average total loss 
was 6 t/ha, which means 8.1% of the total losses in the evaluated speed. 

The results found for the splinters and whole cane types of losses in greater 
amounts are justified, according to [12], the splinter type of loss directly indi-
cates the influence of the rotation of the primary exhaust to the losses. As the  
 

 
Figure 4. Percentage of the types of losses in treatment 1. 
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Figure 5. Percentage of the types of losses in treatment 2. 

 

 
Figure 6. Percentage of the types of losses in treatment 3. 

 
rotation of the primary hood is increased, the grinding are now sucked along 
with straw and earth, being released the field; when passing through the exhaust, 
the grinding wheels are hit by the blades, being lacerated into splinters and un-
tied pieces, contributing to increase losses.  

The whole cane type of loss found in large quantities in this study is probably 
related to the lodging of the cane field, because the cane field is not presented 
uniformly as to its size, with some culms bedridden. According to [13], this lack 
of uniformity can be lead to increase the losses during harvesting, since it may 
impair the cutting action in the base of the harvester with the presence of culms 
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bedridden. [14] reported that the harvesters operate best in upright, vigorous 
and deep rooted system canes. Upright canes facilitate cutting, from the base and 
the top, presenting thereby gains in the ability to work of the machine, because 
the harvest occurs without major disruptions, leading to lower losses in uncut 
canes and better cleaning.  

This may also be related to the lack of operator training and the lack of effi-
ciency from the harvester crop divider. Other factor would be related to the poor 
condition of the cutting knives on the base of the harvester, probably they pre-
sented wear or damage at the time of harvesting, not allowing the cut of all the 
stumps, leaving lots of whole cane in the field. Also, another very important fac-
tor is related to the unevenness found in the ground, some points in the sampled 
area had large gaps, lying lots of whole sugar cane in these areas mainly because 
of high unevenness in the field, the harvester ends up stomping the stumps and 
lying it on the ground without being able to cut it. 

[12] also found splinter types of losses along with untied pieces in greater 
quantity.  

Total losses greater than 4.5% are classified as high. Following this criterion, 
losses found in this study in all treatments are rated as high, as it ranged from 
8.1% to 16.2% (Table 3).  

Other authors also found in their works total losses classified as high. [9] [13] 
[15] [16] and [17] found, respectively, in their words, total losses in the order of 
4.7%; 12.5%; 5.0%; 9.3% and 11%. 

Damage sustained in stumps can lead to higher incidence of fungus and dis-
ease in it because the fragmentations cause a wound that becomes a gateway to 
insects and fungi. The damage also influences the ability of regrowth of the 
stumps. The greater the damage is, the greater will be the probability of pest and 
disease incidence and less will be the capacity of regrowth of the stumps [6].  

By observing Table 4, we can see that the statistical differences between the 
speeds were not significant. Thus, suggesting that using the higher speed would 
be indicated to prevent further damage to the stumps under the field conditions 
of this study. 

On the other hand [6], while evaluating the damage to stumps at three differ-
ent displacement speeds (2.0, 3.0 and 4.5 km∙h−1) of the harvester CASE IH 
A8800, found a significant difference between the speeds only for level 1 (with-
out damage), being found more damage of level 1 at the highest speed used,  
 
Table 4. Comparison of the stump damage levels between different speeds. 

Damage level 
Speed: 

3 km∙h−1 
Speed: 

4 km∙h−1 
Speed: 

5 km∙h−1 

1—Without damage 22A 15A 16A 

2—Peripheral damage 14A 21A 20A 

3—Crack 12A 7A 8A 

4—Fragmented 2A 7A 6A 

Values followed by the same letter do not differ significantly within the same line (Tukey, 5%). 
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concluding that the use of the higher speed (4.5 km∙h−1) would be more appro-
priate because it causes less damage to stumps.  

In treatment 1, level 1 was found in greater numbers, totaling 44% of the eva-
luated stumps, followed by grade 2, grade 3 and grade 4 (Table 4). This means 
that the type of damage found in greater amounts in the lower speed used was 
the “without damage”, and the “fragmented” was the level found in lesser 
amounts in only 4% of the stumps (Figure 7).  

In treatment 2, level 2 was found in greater numbers, totaling 42% of the eva-
luated stumps, followed by grade 1, grade 3 and grade 4 (Table 4, Figure 8). 
This means that the type of damage found in the largest amount was the peri-
pheral damage and damages classified as cracks, and fragmented was the level 
found in smaller quantities, these two totaling 28% of the stumps.  

In treatment 3, level 2 was found in greater numbers, totaling 40% of the eva-
luated stumps, followed by grade 1, grade 3 and grade 4 (Table 4, Figure 9). 
This means that the type of damage found in the largest amounts was the peri-
pheral damage, and damages classified as fragmented were found in lesser 
amounts, totaling 12% of the stumps.  
 

 
Figure 7. Percentages of damage levels in the treatment 1. 

 

 
Figure 8. Percentages of damage levels in the treatment 2. 
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Figure 9. Percentages of damage levels in the treatment 3. 

4. Conclusions 

 In the conditions under which this experiment was conducted, the displace-
ment speed of the harvester did not influence significantly the visible crop 
losses nor in the stump damage.  

 Thus, it is elucidated that regardless of the displacement speed applied in the 
harvester John Deere 3520, significant loss differences will not occur. This 
way, it is more advantageous to apply in the harvester the speed of 5 km∙h−1, 
harvesting more in less time as compared to the other speeds studied. 
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