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Abstract

This study aimed at quantitatively evaluating the sugarcane losses and the damage caused to the
ratoon cane while using the Case IH A8800 harvester in different displacement speeds; it was
conducted in the municipality of Campos dos Goytacazes, in Rio de Janeiro, Brazil. Three speeds
were used as treatment (2 km-h-1, 3 km-h-1, and 4.5 km-h-1), and each treatment was composed of
six rows of harvested ratoon, each with a length of 290 m. In order to evaluate the quantitative
losses in t-ha-1 and the percentage of losses, the remaining sugarcane, left on the field after har-
vesting, was collected. The sampling frame was set to every 50 m, dividing the borders by 40 m;
the measurement for each sampling area was of 20 m?, with five repetitions. In order to evaluate
the damage caused to the ratoon canes, we chose a visual methodology to classify the damage de-
grees, ranging from one to four. There was no significant difference in losses when comparing dif-
ferent speeds. Therefore, it is more advantageous and economically viable to use the speed of 4.5
km-h-1, which collects more in less time.
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1. Introduction

The culture of sugarcane (Saccharum spp.) is amongst the most important cultures in Brazilian agribusiness [1],
with a significant participation not only in the economy of the country, but also worldwide. Its sub products are
used in the production of fuel and in the generation of electric energy, as well as acting as a raw material for the
chemical industry and as supplements for animal foods [2].

In the production of cane, one of the main operations is the harvesting. Until recently, the sugar and ethanol
sector depended exclusively on human workforce to carry out the harvesting of sugarcane [1]. The harvest must
meet the supply of sugar and ethanol plants, maintaining the quality at a low cost. However, the operational and
economical performance of the harvest is influenced by a number of systematically interrelated variables [2].

For the crop of 2013-2014, the area under sugarcane cultivation is still expanding. However, in the state of Rio
de Janeiro, the opposite is true: the cultivated area has been suffering continuous reductions since the crop of
2010-2011. In 2010-2011, the area comprised 51,330,000 hectares, whereas, in 2013-2014, the number was re-
duced to 35,870,000 hectares, corresponding to a reduction of 30.1% at the end of three crops [3].

Coagro (“Agri-Industrial Cooperative of the State of Rio de Janeiro Ltd.”), located in the municipality of
Campos dos Goytacazes, Rio de Janeiro, Brazil, harvested 25% of its total sugarcane production with the use of
machinery for the 2011-2012 crop, which is a result of the investment in equipment acquisition and of the hiring
of new machinery, as well as of the hiring of professionals from different states with experience in the process
of harvesting. Thus, the municipality of Campos dos Goytacazes is meeting the requirements of the Rio de Ja-
neiro State Act 5990 of 20 June 2011, which aims at gradually eliminating the burning of cane straw [4].

In the northern region of the state, which is the most expressive in the production of sugarcane—especially
regarding the municipality of Campos dos Goytacazes, its culture is still the main agricultural activity; however,
its productivity is below 50 t-ha™* [5]. In this region, the process of mechanized harvesting is still responsible for
many losses of raw material, which are caused by factors that still need clarification [4]. [6] classified the quan-
titative losses in the mechanized harvesting of sugarcane following the categories: stump, billets, fixed piece,
loose piece, splinters, top, whole cane, and shrapnel; the sum of these categories is accounted for by total losses.

Studies have observed that, in the manual harvesting, losses hardly surpass 5%. However, when machinery is
involved, these losses can reach 15% or more, in some cases, which directly reflect productivity numbers [7].

[8] described several factors related to visible losses in the mechanized harvesting, amongst which are: the
speed of the harvester, the variety, the preparation of the area, the training of the staff, and the maintenance of
the equipment involved.

The displacement speed of sugarcane harvesters is directly influenced by culture and terrain conditions;
therefore, faster-operating machinery will account for higher operational capacity. This may lead to an increase
in losses, for the mass to be processed is greater; therefore, the speed is to be adjusted considering the plot and
the size and productivity of the plantation [9].

In these ways, it is necessary to evaluate the losses in sugarcane harvesting for operational failures to be cor-
rected.

The study at hand aimed at evaluating the visible losses of raw materials and the damage caused to the ratoon
cane in the mechanized harvesting by using three different displacement speeds for the Case A8800 harvester.

2. Materials and Methods

The research was conducted in the municipality of Campos dos Goytacazes/RJ, in an area reserved for the me-
chanized harvesting of sugarcane. This area belongs to a supplier to Coagro. Geographical coordinates: 21°37'16"S
and 41°15'48"W.

The climate of the Campos dos Goytacazes municipality if classified as Aw according to the Képpen classifi-
cation, i.e., hot and humid with a rainy summer, with an average temperature of 23.2°C. June is the coolest
month of the year (average temperature of 20.1°C), whereas February is the warmest (average temperature of
26°C). The soil is classified as red-yellow latosol, medium texture [10].

The piece of machinery utilized for this research was the Case IH A8800 harvester.

The experiment was divided in three different speeds: 2.0, 3.0, and 4.5 km-h . We chose a completely ran-
domized design, with five repetitions.

The collection of data on visible losses was conducted in a delimited area after harvesting, where the leftover
sugarcane left on the field was collected for each treatment.
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The experimental area for each treatment was composed of six rows of harvested ratoon, each with a length of
290 m. In these six rows, which refer to each speed of displacement, the leftover sugarcane was collected while
setting the sampling frame for the two central rows to every 50 m, dividing the borders by 40 m. The sampling
area for the experiment was set to 2 m width vs. 10 m length, for a total of 20 m?, with five repetitions, such as
Figure 1 demonstrates. The losses in (t-ha ™) and the percentage of losses per treatment were calculated from the
data on the masses of each type of loss out of the five repetitions.

The visible sugarcane and straw losses were collected, separated and weighted according to the classification
proposed by [6], as demonstrated in Table 1.

The visible losses were converted in tons per hectare, following Equation (1):

p="10 @)
a
P: visible losses, tha *;
m: collected mass in the area, kg;
a: sample area, m?.
For the total losses, the value was calculated in percentage, following the Equation (2):

P% = L100 2
P+ prod

P% = total losses, %;

prod = cane field productivity, t-ha .

In order to evaluate the damage caused to the ratoon cane, we chose a visual methodology by [11], which was
adapted from [12]. It serves to quantify the damage in degrees seen in Figure 2. Fifty randomly chosen ratoon
canes were chosen for each treatment.

The results for the masses of each type of loss and the data on the damage sustained to the ratoons were sub-
mitted to the analysis of variance, and the averages of the treatments were compared by using Tukey’s test at a
probability of 5%, aiming to compare the visible losses between the different speeds. All the data were statisti-
cally analyzed by the software SAEG.

50 m 50 m 50 m 50 m 40 m
2m
10 m 10 m

10 m 10 m 10 m

Figure 1. Model of sampling for the comparison of visible sugarcane losses.
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Figure 2. Methodology used to classify the damages to the rations according to [11] and adapted

by [12].
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Table 1. Description of the types of loss.

Billets Fraction of the thatch with the characteristic cut of the machete in both extremities.

Whole cane Fraction of cane with size equal to or greater than 2/3 of the total length, attached to the soil by its roots or not.
Top Fraction of the thatch left in the soil and attached to the pointer.

Fixed piece Medium cane segment (greater than 0.2 m) that is necessarily attached to the soil.

Loose piece Medium cane segment (greater than 0.2 m) that is necessarily not attached to the soil.

Splinter Segmented fraction of the billet.

Shrapnel Lacerated cane fragments.

Stump Fraction of the thatch cut above the soil, attached to the roots, with length smaller than or equal to 0.2 m.
Total losses Sum of every loss.

Source: [6].

3. Results and Discussion

The characteristics of the studied plantation are on Table 2.

The estimated productivity for the culture was much greater than the average for the region, whose average
productivity was below 50 t-ha™* [5]. This result may be related to the fact that it was the first sugarcane har-
vesting after renovating the plantation and to the systematization of the terrain being specifically designed for
mechanized harvesting, with an adequate distance of 1.5 m between rows.

3.1. Visible Losses of Raw Material

Several scientific studies have already been conducted in order to evaluate the raw material losses with the
harvester on the field, highlighting the researches by [1] [13]-[17], which evaluated the losses in function of the
speed of displacement.

To minimize the visible losses in the mechanized harvesting process, it is necessary that the area that will re-
ceive the harvester not have great differences in the level of the terrain and that it be standardized regarding the
distance between planted rows and the length of the areas and that it have overturning control.

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

The data found in this research agree with those found by authors such as [15], which evaluated the effect of
four displacement speeds of the harvester on sugarcane losses on the field in the state of Mato Grosso do Sul and
observed that the loss indices were not influenced by the increase in the speed of displacement of the harvester.

Likewise, [14] evaluated the performance of a harvester with steer tires in a plantation previously systema-
tized with the mechanical harvesting in mind in four displacement speeds: 1.5, 3.0, 5.0, and 7.0 kmh*. The re-
sults showed that there was no influence of the displacement speed on the total raw material losses.

[1] and [13] also did not find any significant different in the losses by varying the displacement speed of the
harvester.

On the other hand [16], while analyzing the influence of the increase in the displacement speed of the harve-
ster on the visible losses of raw materials, concluded that there is a significant increase in the visible loss when a
higher displacement speed is associated to the greater pressure of the base cut and of the exhaustor, especially
when analyzing total losses. The data collected by these authors agree with those found by [17], who evaluated
two displacement speeds (3.2 and 3.6 km-h™*) and found greater loss values with higher speed.

[9] affirmed that the harvesters might work with higher speeds, offering greater quantities of raw materials,
with higher quality and lower visible losses on the field.

These results show that the influence of the displacement speed of the harvester on the amount of visible
losses does not follow a general rule, for it depends on the conditions of the experimental area, of the chosen
harvester, of the operator, of the synchronism between the machine and the overturning of the applied speeds.
We cannot infer that the behavior of a harvester will be the same while working under different conditions.

The differences amongst the types of losses for Treatment 1 were not significant; the loose pieces were nu-
merically found in greater quantities (Table 3). This type of loss accounts for 30% of the total losses (Figure 3).
The average total loss was of 8.54 t/ha, which corresponds to 9.6% of the total losses in the evaluated speed.
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Table 2. Characteristics of the plantation.

Characteristics of the culture

Estimated productivity of the farming (t-ha™) 89.1
Average length of the thatches (m) 2.37
Average diameter of the thatches (mm) 28.6

Table 3. Comparison of the averages of the types of loss between different speeds and their percentages of loss.

Types of loss Speed 1: 2 km-h™ Speed 2: 3 km-h™ Speed 3: 4.5 km-h™
Billets 0.49 Aab 0.42 Aa 0.29 Aa
Top cane 0.00 Ab 1.05 Aa 0.43 Aa

Fixed piece 0.20 Ab 2.01 Aa 0.73 Aa
Loose piece 1.61 Aa 2.56 Aa 1.17 Aa
Splinter 0.56 Aab 1.34 Aa 0.52 Aa
Shrapnel 0.20 Ab 0.57 Aa 0.23 Aa
Stump 0.00 Ab 0.16 Aa 0.31 Aa
Whole cane 0.46 Aab 0.43 Aa 0.99 Aa
Total losses 352A 8.54 A 4.67 A

% of total losses 4.0% 9.6 % 5.2%

Values followed by the same letter (capital case) dot not differ significantly amongst themselves within the same row. Values followed by the same
letter (lower case) dot not differ significantly amongst themselves within the same column according to Tukey’s test.
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Figure 3. Percentage of the types of losses for Treatment 1.

The differences amongst the types of losses for Treatment 2 were not significant; the loose pieces were nu-
merically found in greater quantities (Table 3). This kind of loss accounts for 25% of the total losses (Figure 4).
The average total loss was of 4.67 t/ha, which corresponds to 5.2% of the total losses in the evaluated speed.

The differences amongst the types of losses for Treatment 3 were significant; the loose pieces were numeri-
cally found in greater quantities (Table 3). This kind of loss accounts for 45% of the total losses (Figure 5). The
average total loss was of 3.52 t/ha, which corresponds to 4.0% of the total losses in the evaluated speed.

According to [18], the result found for the type of loss with greater quantities of loose pieces is justified by
the fact that they directly indicate the influence of the rotation of the primary extractor. The rotation of the pri-
mary extractor utilized in this research was of 750 rpm. This number is higher than the value recommended by
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Figure 4. Percentage of the types of losses for Treatment 2.
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Figure 5. Percentage of the types of losses for Treatment 3.

manufacturers, which would range from 110 and 600 rpm. The higher value was utilized due to the great quanti-
ties of green leaves and straw on the plantation at the time of harvesting, since no desiccant was used prior to the
experiment. Therefore, if the rotation of the exhauster were within the recommended limit, the level of impuri-
ties in the sugarcane would be beyond acceptable. However, augmenting the rotation of the primary exhauster
can diminish the amount of impurities, but, on the other hand, this process also augments the amount of losses of
splinters and loose pieces. According to [19], as the rotation of the primary exhauster is augmented, the billets
are sucked along with the straw and the dirt and then launched onto the field; when going through the exhausters,
the billets are hit by the paddles, which contributes to the increase of splinters and loose pieces, therefore also
increasing losses.

[18] also found higher quantities of loose pieces, much like the findings of this research. [19] and [20] also
found greater quantities of loose pieces while evaluating the Case A7700 harvester, which was the model manu-
factured prior to the one studied in this research. The two models share several sectors.

According to [8], losses greater than 4.5% are classified as “high”. The loss percentages on this paper are
considered high for Treatments 1 & 2 and medium for Treatment 3. Different authors have also found high total
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losses; [16] [19]-[21] found, while studying the subject, the following numbers: 4.7%, 4.96%, 9.3%, and 12.5%.

3.2. Degree of Damage to the Ratoon

The damage sustained to the ratoon may lead to a higher incidence of fungi and ratoon diseases, for its fragmen-
tation causes a wound that becomes an entryway for insects and fungi. The damages also influence the capacity
of the ratoon to resprout; the greater the damage is, the higher is the probable incidence of plagues and diseases
and the lower is capacity of resprouting.

Table 4 demonstrates that the statistic differences between the damage degrees were only significant for De-
gree 1, which was more commonly found at the highest speed (4.5 km-h ™). The other degrees did not demon-
strate a significant difference between speeds. This results shows that the highest displacement speed led to
greater values of the desired degree, which is Degree 1 (no damage), meaning that the high speed is indicated to
avoid greater damages to the ratoons when under the conditions that the present study met.

For Treatment 1, Degree 2 was found in greater number, for a total of 38% of the evaluated ratoons, followed
by Degrees 4, 3 & 1 (Table 4). It means that the damage found the most often was peripheral; the most uncom-
mon was not to find any damage, which occurred in only 6% of the ratoons (Figure 6).

In Treatment 2, Degree 2 was the most found, accounting for 34% of the ratoons, followed by Degrees 4, 3 &
1 (Table 4, Figure 7). It means that the damage found the most often was peripheral; the most uncommon was
not to find any damage, which occurred in 16% of the ratoons.

In Treatment 3, Degree 2 was the most found, accounting for 32% of the ratoons, followed by Degrees 3, 4 &
1 (Table 4, Figure 8). It means that the damage found the most often was peripheral; the most uncommon was
not to find any damage, which occurred in only 12% of the ratoons.

Table 4. Comparison of the damage degrees to the ratoons between different speeds.

Damage degree Speed 1: 2 km'h ™ Speed 2: 3 km-h™* Speed 3: 4.5 km-h ™
1—No damage 6 AB 3B 8 A
2—Peripheral damage 16 A 19A 17A
3—Cracking 15A 17A 15A
4—Fragmentation 13A 11A 10A

Values followed by the same letter do not differ significantly amongst themselves within the same row (Tukey, 5%).
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Figure 6. Percentage of damage degree for Treatment 1.
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Figure 7. Percentage of damage degree for Treatment 2.
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Figure 8. Percentage of damage degree for Treatment 3.

4. Conclusions

Under the conditions met in this study, the displacement speed of the harvester did not significantly affect the

visible losses of the crop, but it did influence the damage to the ratoon.

Damage Degree 1 (no damage) was influenced by the different speeds, for it was found the most often when

the highest speed, corresponding to 4.5 km-h*, was applied.

Thus, it is clear that, regardless of the displacement speed applied to the Case A8800 harvester, there is no
significant loss. It is more advantageous to apply the speed of 4.5 km-h™* to the harvester, which collects more in

less time when compared to the other velocities studied.
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