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ABSTRACT

Assuring the quality of mechanical soybean harvesting is crucial to ensure that investment
in other stages of crop production is converted into profit for the farmer. Because the quality
of this operation is related to decreased losses, which may be affected by the combine header
used and by the harvesting speed, the aim of the present study was to assess the quality of
mechanical soybean harvesting in the Southern Cone of Rondénia, using harvesters with
different combine headers and travel speeds via statistical process control. The experiment
was performed during the 2015/16 harvest in an agricultural area of the municipality of
Cabixi, RO, located at the geographical coordinates 13° 27’ S and 60° 41’ W. The study was
designed based on the premises of the statistical process control, sampling 80 points 100 m
apart. Combine header, internal, total, and cutting height losses were assessed. Quality of
the harvesting process was assessed using the draper header. Travel speed had little effect
on process quality. Crop losses were higher than the acceptable limit, indicating the need
to improve the process.
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controle estatistico de processo
colhedora
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Plataformas de corte e velocidades podem afetar
a qualidade da operacao de colheita de soja?

RESUMO

A qualidade da colheita mecanizada de soja é essencial para garantir que todo investimento
realizado nas demais etapas do processo produtivo da cultura seja convertido em lucro para
o produtor. Considerando que a qualidade dessa operagéo esta relacionada com menores
perdas e que a plataforma de corte utilizada e a velocidade de colheita podem influenciar
nisso, objetivou-se avaliar a qualidade da colheita mecanizada da soja, no Cone Sul de
Rondonia, em colhedoras com diferentes plataformas de corte e velocidades de deslocamento
por meio do controle estatistico de processo. O experimento foi realizado na safra 2015/16
em uma area agricola no municipio de Cabixi, RO, localizada nas coordenadas geograficas
13227’ S e 60° 41’ W. O delineamento experimental foi estabelecido de acordo com as
premissas do controle estatistico de processo, sendo amostrados 80 pontos distanciados
a cada 100 m. Avaliaram-se as perdas na plataforma, nos mecanismos internos e totais e
a altura de corte. A melhor qualidade do processo de colheita foi obtida na plataforma de
esteira, com pouca influéncia da velocidade de deslocamento. O nivel de perdas na colheita
foi acima do limite aceitével, indicando necessidade de melhorias do processo.
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INTRODUCTION

Harvesting must be high-quality and efficient to ensure
that investments during production are converted into profit,
because this is the final agricultural operation in the field, and is
conducted over a short period of time. Production losses often
occur during this process (Loureiro Junior et al., 2014), and
they may be affected by several characteristics of the harvester
and the field conditions (Toledo et al., 2008).

Methods for monitoring losses in harvesting operations
may generate data that help to reduce production losses
(Chioderoli et al., 2012). Of these methods, statistical process
control (SPC) has been used to monitor agricultural processes
in mechanical soybean harvesting (Chioderoli et al., 2012;
Compagnon et al., 2012; Loureiro Junior et al., 2014; Paixdo et
al., 2017), peanut sowing (Santos et al., 2017), and mechanical
sugarcane fertilization (Carneiro et al., 2017).

However, few studies have applied SPC to monitor
mechanical soybean harvesting losses as a function of combine
header type because they may account for 80-85% of losses
(Cunha & Zandbergen, 2007).

The area under soybean production has been increasing
in Rondonia, and soybean is considered one of the main
agricultural products of the state. Therefore, the quality of
agricultural operations must be controlled to ensure increased
efficiency and profitability. Because the use of the combine
header and the harvesting speed may affect the quantity of
operational losses, the aim of this study was to assess the
quality of mechanical soybean harvesting in the Southern Cone
of Rondoénia, performed using two types of combine header
and two speeds, using cutting height and harvesting losses as
quality indicators.

MATERIAL AND METHODS

The experiment was conducted in the municipality of
Cabixi, RO in an agricultural area located at the geographical
coordinates 13° 27’ § and 60° 41’ W, during the 2015/16
harvest. The average altitude was 208 m, and the climate was
defined as Am, according to the Képpen climate classification
(Alvares etal., 2013). The soybean cultivar P98Y12 was planted
in the experimental area and generated a mean crop yield of
3.781 kg ha.

Two Massey Ferguson combine harvesters, model MF 9790,
with an axial flow threshing system, 261 kW (355 hp) engine
power rating, and 10.570 L grain tank capacity, were used to
monitor mechanical soybean harvesting losses. The combine
harvesters were equipped with a 10.7 m (35 feet) powerflex
draper header and a 9.1 m (30 feet) screw conveyor (auger).
Two travel speeds were used, V1: 6 km h”and V2: 8 km h'’.

The study was designed according to the basic premises
of SPC. Samples were collected over time at two points in the
field, 100 m apart, at each passage of the combine harvester
header, totaling 80 points (40 points for each machine). The
following quality indicators were assessed in the field: cutting
height, combine header, internal and total losses.

Four circular frames (A, B, C, and D), totaling an area
of 1.0 m?, were used to determine the harvesting losses. The
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circular frames were dropped to the ground immediately after
the passage of the combine harvester header, positioned along
the width of the combine harvester. Grains and pods found
in the circular frames were collected; those found under the
frame were considered header losses, and those found over
the frame were considered internal losses. Total losses were
calculated by adding the previous losses, disregarding natural
losses, which were assessed at 10 points in an area of 2 m*. The
effective cutting height was measured using a ruler.

The results were analyzed by descriptive statistics for
general data analyses, and normality was assessed using the
Ryan-Joiner test. Individuals and moving range control charts
were used to assess the quality of the soybean harvest.

The mean losses in each circular frame (A, B, C, and D)
were presented separately in the individual control charts for
combine header and internal losses to assess the distribution
of losses along the width of the combine header.

Specific upper and lower limits of 0 and 1.5%, respectively,
were set in the total losses chart, based on a tolerable level of
losses of 60 kg ha'! (EMBRAPA, 2017) and on the mean crop
yield of the study area.

RESULTS AND DI1SCUSSION

Standard deviation (SD) and coefficient of variation (CV;
Table 1) analysis shows the data dispersion or variability.
According to the classification by Gomes & Garcia (2002), the
CV of the present study was high, possibly due to the effects
of harvester, climate, plant, and soil factors, which cause high
variability during data collection. High CV values have been
observed by other researchers (Campos et al., 2005; Holtz
& Reis, 2013; Silva et al., 2013; Loureiro Junior et al., 2014;
Cassia et al., 2015) and suggest the need for a classification that
considers the specificities of the agricultural area, particularly
with respect to agricultural mechanization.

The coefficients of skewness were moderate to high,
according to Tavares et al. (2015), for all study variables except
for cutting height with a draper header at a speed of 8 km h".
Most quality indicators showed positive asymmetry (to the
right), thus indicating data concentration at the lowest values.
This type of asymmetry is interesting in the case of harvesting
losses, because it indicates that, despite the asymmetry, the
losses are concentrated in values close to and/or lower than
the mean and are therefore acceptable.

Control chart analysis showed that the mean effective
cutting height ranged from 8.15 to 9.06 cm (Figure 1), which
is within the limits considered ideal for mechanical harvesting
by cutting below the insertion of the first pod, which, in
the present study, had a mean height of 10.5 cm. This mean
height was lower than that observed by Ormond et al.
(2015) at 10.84 cm, who used a combine header with a lower
technological level (5 m, rigid header), demonstrating that the
type of header used may affect the cutting height and, therefore,
the operational quality.

This indicator indicated better process quality when using
the draper header because, at both speeds, the draper header
showed lower variability and higher stability. The screw
conveyor presented the highest variability at a speed of 8 km h,
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Table 1. Descriptive statistics for cutting height, header, and internal and total losses as a function of combine header

and travel speed

Header losses (%)

| 343  3.05 7798 270 132 111 0919 <001
Header losses Screw conveyor I 217 183 68.15 148 142 197 0932 002
Draper header | 182 1.30 69.59 127 092  -059 0926 <001
I 123 099 10506 130 338 1317 0760  <0.014
Internal losses (%)
| 095  0.60 8869 084 155 148 0882 <001
internal losses SCIEW.COMveyor I 148 113 62.08 092 1.9 175 0943  0.04
Draper header | 082 073 63.22 052 165 339 0921  <0.01*
I 191 059 18143 347 297 928 0709  <0.01*
Total losses (%)
| 438 359 68.70 301 118 102 0936 002
T Screw conveyor I 365 3.9 5426 198 155 276 0911 <0014
Draper header | 264 228 51.89 137 095 039 0961  >0.10
I 315 150 12240 385 253 703 0789  <0.01*
Cutting height (cm)
| 9.08 861 214 201 251 825 0860  <0.01*
Cuting height Screw conveyor I 977 933 2989 292 145 210 0928  <0.01*
Draper header | 878 842 1423 125 107 091 0954 007
I 815 808 1214 099  -002  -023 0987  >0.10"

S - Speed; M - Arithmetic mean of the sample; Med - Median; CV — Coefficient of variation; ¢ — Standard deviation; Cs - Coefficient of skewness; Ck - Coefficient of kurtosis; RJ - Ryan-Joiner
test for normality; P — Probability value according to the Ryan-Joiner test (" Normal distribution; #Non-normal distribution with p < 0.10)
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Figure 1. Individual (A) and moving range (B) control charts for cutting height as a function of combine header and speed

due to special causes. Soil irregularities occurred during the
experiment, which complicated the monitoring of the combine
header. In addition, the higher speed (8 km h'), which requires
a faster response time of the header sensors to monitor the
terrain, may have contributed to this process instability, thereby
adversely affecting the operational quality and increasing the
level of losses.

Compagnon et al. (2012) reported that a deficiency in cutting
height favored an increase in losses during mechanical soybean
harvest. Toledo et al. (2008) stated that the cutting height of the
header may directly affect mechanical harvesting losses.

The lowest average values of combine header losses and
process variability were assessed when using the Draper header

R. Bras. Eng. Agric. Ambiental, v.22, n.10, p.732-738, 2018.

(Figure 2). The mean screw conveyor losses were 35% higher
than the mean Draper header losses at a speed of 6 km h!
(V1) and 51% higher at a speed of 8 km h* (V2). Therefore,
the Draper header provides higher stability and quality to the
harvesting process even when operating at higher speeds.

The higher quality of the Draper header was also observed
by Gobbi et al. (2014), who noted that the Draper header
decreased losses by 40% compared with the screw conveyor.
According to Nietiedt et al. (2011), this decrease in harvesting
losses may be explained by the absence of friction between the
pods and the screw conveyor in Draper headers. This confirms
that the harvesting quality of Draper headers is higher than
that of screw conveyors.



Can combine headers and travel speeds affect the quality of soybean harvesting operations?

735

20 V1 - Screw conveyor V2 - Screw conveyor V1 - Duaper header V2 - Draper header
- I I [
Izi 15 | | |
. | | |
uw
£ 10 I | I
- | | |
S 54 I I !
* ("N‘WWW b
0 T T T T T T T T : T T T T T 1 T §CL
1 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20
B.
20
I I I
%J 15 4 I I I
& I I I
—
&0 4
g | | |
& I I |
2 57 I I |
AY. A 1UCT.
0 d . ety W W y WO y \I_I(I%L
1 5 10 15 20 5 10 15 20 5 10 15 20 5 10 15 20

Observations

V1 = 6 km h'; V2 = 8 km h"'; UCL - Upper control limit. LCL - Lower control limit. X - Mean, MR - Mean moving range
Figure 2. Individual (A) and moving range (B) control charts for header losses as a function of combine header and speed

The draper header also presented lower mean internal losses
and process variability at both travel speeds compared with the
screw conveyor (Figure 3). The best process quality was assessed at
V1 (6km h'), with lower mean losses and without special causes.

Although an outlier was observed with the draper header
at V2 (8 km h'!; observation number 16), this had no effect
on process quality, because a lower SD was observed in this
chart, and therefore, a shorter distance between the mean and
upper control limits.

The better process quality observed with the Draper header,
in terms of internal losses, may be attributed to the higher feed
rate uniformity of this header. This results in lower mass flow

>

fluctuations, which are processed by internal mechanisms and
therefore, maintain better tracking conditions, causing lower
loss variability (Gobbi et al., 2014).

Thus, as shown for internal losses, an outlier was also
observed for total losses (Figure 4A, B), which may be
explained as described above.

The total losses ranged from 1.8 to 4.4%, exceeding the
upper control limit of 1.5%. This limit was set based on the
tolerable level of losses, which, according to EMBRAPA
(2017), is up to 60 kg ha™'. Considering this result, harvesting
operations urgently require interventions to reduce losses and
to improve the process.
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Figure 3. Individual (A) and moving range (B) control charts for internal losses as a function of combine header and speed
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Continued from Figure 5
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Figure 5. Individual control charts for header (A) and internal (B) losses as a function of the type of combine header

and speed in circular frames A, B, C, and D

This improvement may be achieved by reducing header
losses because they account for 70-53% of the total losses from
screw conveyor and draper headers, respectively. The higher
losses observed with the screw conveyor reflect the higher
variability in total losses when using this type of combine
header (Figure 4A ), which had points with high losses (higher
than 5%) at both V1 and V2. Although header losses had
a stronger impact, corrective measures to reduce losses in
internal mechanisms cannot be disregarded because the mean
internal losses were also higher than the specific limit of 1.5%.

The mean header losses assessed in each circular frame
(Figure 5A) were higher and more variable in frame C with
the screw conveyor, at both speeds. Outliers occurred in most
frames when using this header, thus indicating the occurrence
of special causes, which may be due to the way the material
cut is transported to the center of the header. The contact
between pods and the screw conveyor (auger) often causes

grains to fall outside the header. In the present study, a large
number of weeds was detected in the harvested area, which
overloaded the material transported by the header, thereby
causing packing owing to the way the material is transported
by the screw conveyor. Transport of material by this type of
header was not continuous, which may have caused the high
variability in the distribution of losses.

Draper header losses were more uniform (Figure 5A).
No outliers were found, thus showing process stability, and
variability was lowest at V2. The results suggest that this type of
header, even when working under adverse conditions, such as the
presence of weeds and at high speeds, increases process stability
and reduces losses, thereby improving the operational quality.

The internal losses in each circular frame (Figure 5B) varied
with the combine header used. The highest header losses of the
screw conveyor were concentrated in the center of the combine
harvester, frames B and C, with 73% at V1 and 81% at V2. The

R. Bras. Eng. Agric. Ambiental, v.22, n.10, p.732-738, 2018.
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draper header losses were distributed more evenly across the
combine harvester width, that is, in the four circular frames
(A, B, C,and D).

Data collection using circular frames to assess harvesting
losses makes it possible to assess the distribution of grain
losses across combine harvesters and to indirectly assess
stalk distribution. This is because the behavior of both will be
similar, thereby enabling losses and function to be monitored
in order to adequately adjust the controls with the ultimate
aim of improving the operational quality.

CONCLUSIONS

1. The draper header showed better harvesting quality with
lower mean losses and process variability.

2. Travel speed had little effect on operational quality based
on the quality indicators assessed.

3. The level of harvesting losses was higher than the
acceptable limit, indicating the need for improved processes.
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