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Abstract 
 

Information about the capacity of the operation, harvest efficiency and performance of the harvester are of great importance in the 

management of agricultural mechanized systems, assisting in the decisions to be taken by the management aimed at its optimization. 

Mechanized harvesting was carried out at the farm located in Uberaba, Minas Gerais, in which eight repetitions for each evaluated 

plot format (irregular rectangular and trapezoidal) were performed. The activities of the harvester (harvest, unloading grain, harvest 

problems and climate pauses were monitored up. In determining losses circular frames were used with hoops made of 0.33 m², then 

were released soon after the harvester's platform passed, in pre-determined points. Two frames were located outside of the harvest 

machine (left and right) and a third was located between the rear wheelsets (centre). The total losses refer to the sum of losses on the 

platform and of the internal mechanisms. The rectangular plot allowed a better use of available time for harvest, and presented 

greater efficiency of time compared to the other plots. By contrast the irregular plot, showed reduction in relation the grain discharge 

logistics, when comparing with the others plots Among the losses were no differences in the formats of plots evaluated and to the 

sampling site, with samples taken at the centre of the harvest machine presenting less variability. 

 

Keywords: Glycine max (L.) Merrill; harvest efficiency; statistical process control. 

Abreviações: UCL_upper control limit; LCL_lower control limit; X̅_individuals average; M̅R̄_moving range average; σ_standard 

deviation; CV_variation coefficient; Ks_skewness; Kc_kurtosis; Coefficient AD_value of Anderson-Darling normality test; p-Value 

_probability distribution value; N_normal distribution – p > 0.05; A_no normal distribution – p < 0.05. 

 

 

Introduction 
 

Soybean (Glycine max (L.) Merrill) has great economic 

importance worldwide because of the extensive use of 

soybean for multiple purposes and the exceptional 

adaptability of soybean to a diversity of regions (Bianco et 

al., 2012). During the production process, numerous factors 

can affect soybean quality, from the installation of a 

production field until the storage of harvested soybean; 

however, the harvesting step is considered to be the most 

critical and important phase of the entire process (Carvalho 

and Novembre, 2012). Field efficiency is an important 

criterion to check the field capacity and to make important 

decisions about the management of the machines, especially 

at harvest (Grisso et al., 2004). According to ASAE standard 

D497.6 (2009) this efficiency is related to the unused total 

working width of the machine, with the operator's habits, 

time and maneuvering characteristics of the area and shape of 

the blocks. According to Hunt et al. (2001), time efficiency is 

the result of the relation between the time that the machine 

has worked effectively in field operation and the time it used 

to perform the operation. With increased field efficiency the 

production cost of the mechanical harvesting system will 

decrease and the net income will raise (Santos et al., 2014). 

Despite the high technology available to soybean harvest in 

Brazil, losses may occur during this process, reducing 

productivity and profits of producers (Holtz et. al, 2013).The 

high variability found in assessments of losses  is one factor 

that deserves further investigation, since the variability 

affects the quality of the harvesting operation (Loureiro et al., 

2014). With trying to minimize losses in the mechanized 

harvesting, the use of statistical control process tools is 

essential for monitoring the process, detection the actions of 

special causes and, finally, to create an improvement plan to 

eliminate extrinsic influence of the process actions, which, 

consequently, will increase the quality of operations by 

reducing the variability due to the same (Voltarelli et al., 

2013). Quality control is perfectly adaptable to the 

agricultural production system; however, the use of statistical 

process control (SPC) to evaluate and/or monitor the quality 

of mechanised agricultural operations is still in its incipient 

stage in Brazil. Nevertheless, a number studies have applied 

SPC tools to the mechanized harvest of beans (Silva et al., 

2013), coffee (Custodio et al., 2012; Cassia et al., 2013), 

soybean (Chioderoli et al., 2012), and sugarcane (Noronha et 

al., 2011). 

Considering these facts, assuming that the performance of 

mechanized harvesting of soybeans operation can be 

influenced by the format of the plots where the culture was 

established, the aim of this study was to evaluate the 

efficiency and losses in mechanical harvesting of soybeans in 

different formats plots, using statistical process control tools. 
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Results  

 

Efficiency time 

 

The control chart for the harvester operational efficiency as a 

function of plot shape (Fig 1) reveals a high variability in the 

harvesting process for the three plots evaluated, reflected by 

the high variability in the control limits. The amplitude 

between the limits for the rectangular plot was relatively low 

compared to the other plots, which represents the lower 

variability in the operation of this plot. 

The plot  of format rectangular was characterised by a 

longer mean time of effective harvester operation (greater 

than 80% of the total), followed by the irregular plot shape 

(approximately 70%) and then the trapezoidal shape, which 

was associated with the poorest harvest conditions (less than 

60% of time in effective operation). Finally, there were two 

occurrences during the harvest period in plot rectangular 

associated with a lower range between the control limits 

because of the lower variability in the process, which 

contributed to the lower instability of the harvester operation. 

In the Fig 2 presents the proportion of time spent on each 

harvester function in each plot from the onset of the harvest 

operation at 10-minute intervals. In the graph, the radial lines 

represent the 10-minute intervals and tangents represent the 

scale, in percentage. Comparing the three plots, the irregular 

plot (Fig 2a) required a longer bean unloading time for the 

harvester because the plot shape did not favour the logistics 

of bean unloading and transport, with 50% of the time 

required for this activity alone. There was no considerable 

difference between the other two plot shapes, but the 

trapezoidal plot (Fig 2b) was characterised by a better 

performance for bean unloading because the plot shape was 

favourable for unloading, thus accelerating the harvesting 

process. 

There was a lower overall variability for harvester 

problems because of the lower frequency of occurrence of 

these situations, mainly related to the machine performance 

and the crop to be harvested. The irregular plot shape 

required longer time expenditure for dealing with unforeseen 

problems because it had rained at the site, resulting in 

unfavourable conditions that were associated with regular 

jams when the operator increased the harvester speed. 

There was a high variability for the weather-related pauses, 

regardless of the plot shape, because the weather was an 

uncontrolled variable in this study. There were a number of 

pauses in all of the plots, which confirms the instability of the 

harvesting process. Notably, the trapezoidal plot was 

characterised by the largest number of weather-related 

pauses, and it was necessary to end the harvesting operation 

one day and return on another. Thus, the rectangular plot (Fig 

2c) required the longest total operation time for the harvest. 

We attribute this longer duration of time to the fact that the 

crop was wet, and the conditions were poor for harvesting. 

 

Individual control charts for losses 

 

There was a difference amongst soybean losses for the plot 

shapes evaluated (Fig 3). The irregular plot shape was 

characterised by a higher variability in soybean losses (Fig 

3a, 3b). Except for the losses collected between the tire 

wheelsets (centre), there was a higher mean loss and a higher 

variability for the trapezoidal plot shape (Fig 3c). 

For total losses the plot of shape irregular presented more 

values and variability when compared to other plots (irregular 

and rectangular) (Fig 4). It is noted the presence of one point 

out of control in this spot, this occurrence is mainly due to 

the difficulty of maintaining the platform in the ideal 

position, thus hindering the harvest. 

 

Descriptive statistics for losses 

 

Based on the control charts for the bean losses for each plot 

(Fig 5), there were a number of outliers, except for the bean 

losses collected between the tire wheelsets (centre). These 

outliers were included in the statistical analyses because they 

are the result of the harvesting process and their further 

analysis can help to identify the occurrences of non-random 

causes of bean losses. The mean total loss was high for the 

three plots evaluated, exceeding the 1% tolerance level for all 

plots. Based on the analysis of control charts for individual 

harvester functions and the variation in the soybean 

harvesting process, the mean and median soybean loss values 

differed greatly, reflecting the asymmetric distribution, as 

confirmed by the test of normality (Table 3). The coefficients 

of variation for the losses were very high for all of the plots 

evaluated, regardless of where the losses were characterised 

(sides or centre), indicating that the results recorded at the 

sample locations varied greatly from the mean. 

The high positive kurtosis coefficients (Kc) (except for the 

soybean losses collected in the centre, between the tire 

wheelsets) indicate that there is a high concentration of 

values close to the mean, whereas the slightly positive 

asymmetry coefficients demonstrate a trend of increasing 

losses. The high coefficient of variation is attributed to the 

maximum values being equal or very close to the amplitude, 

demonstrating that there are certain times associated with 

very low losses and other times associated with extremely 

high losses. 

 

Discussion 

 

Efficiency time 

 

The efficiency of a harvest system basically depends on the 

environment where it is working, and the main factors to 

consider are the weather, the terrain, the plant species, and 

the infrastructure. The operational planning  the activities is 

to establish alternatives that provide compliance with 

production targets that are determined by the overall 

planning, through knowledge of efficiency and operational 

performance of machinery and equipment used in the harvest 

(Linhares et al., 2012). In studies by Molin et al. (2010) 

observed that field efficiency indicates how efficient the 

system with regard to the influence of the operation time and 

unloading times. The managerial efficiency indicates the 

influence of downtime on the operation. The overall 

efficiency indicates how much of the total time available 

field is actually being used for harvest. According to Araldi 

et al. (2013), the harvert problems and bean unloading 

required, on average, 11.1 and 10.8% of the total operation 

time during soybean harvest, respectively. By eliminating the 

time lost to bean unloading and to unforeseen problems, the 

field efficiency can be improved by approximately 13.4%. 

 

Descriptive statistics parameters 

 

The analysis of datasets, especially variability, can be used to 

monitor data dispersion over time and detect possible flaws 

occurring  during  the  operation  (Mudholkar  and Natarajan,  
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                 Table 1. Characteristics of the plots evaluated and their respective areas. 

Shape Plot Irregular Trapezoidal Rectangular 

Area 5.14 ha 4.82 ha 6.97 ha 

Length 400 m 617 m 480 m 

Width 107 m 97 m 153 m 
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Fig 1. Control chart to the efficiency of harvesting operations throughout the experiment for the three plots. 

 

   Table 2. Soybean harvester of activities throughout the harvesting operation, monitored during the experiment. 

Observations Description 

 Harvest operation 
Time during which the machine performed the intended mechanised harvest 

operation, including manoeuvring times. 

Bean unloading 
Time required for the machine to move to the unloading points, unload the 

beans, and return to harvest activity. 

Harvester problems Time required to resolve unforeseen problems, such as repairs and/ or jams. 

Climatic pauses 
Time devoted to pauses caused by adverse weather conditions, before returning 

to the harvesting operation in the plot. 
 

 

 
 

Fig 2. Radar graph to show, as a percentage, the monitoring of harvesting operation, unloading grain, harvest problem and climatic 

pauses in the three plots evaluated a) irregular plot; b) trapezoidal plot; c) rectangular plot. 
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Fig 3. Control charts for the soybean losses from the 

mechanised soybean harvest for the irregular, rectangular, 

and trapezoidal plot shapes recorded a) on the right side of 

the harvester; b) in the centre of the harvester; c) on the left 

side of the harvester. 

 

 

 

2002; Kim and White, 2004). The study of descriptive 

statistics is also essential for assessing the general behaviour 

of datasets (Léon et al., 2005). Further information on the 

behaviour of datasets and their interpretation and on the 

analysis of normal distributions was explained by Bai (2003). 

Bai and Ng (2005) reported an association between the mean 

and standard deviation that can be used to predict data 

behaviour, with data monitoring over time, in which they 

somewhat affect the higher or lower variation of the dataset. 

A normal distribution of the data is a pre-requisite of 

statistical process control and the calculation of process 

capability indices to more accurately estimate process 

capability over time (Montgomery, 2004). Bakir (2012) 

reported that a normal distribution is desirable for performing 

process capability analysis and for such analysis to be 

representative. Further information on studies of normality 

associated with the use of statistical process control can be 

found in Chakraborti (2006) and Zhou and Tsung (2010). 

 

Harvest losses 

 

According to Carvalho Filho et al. (2005) the crop losses are 

influenced by inherent culture factors as factors related to the 

harvester. The choice to the cultivars suitable for the region, 

sowing time, cultural practices and minimizing crop losses is 

among the main factors affecting productivity, it is necessary 

to know cultural practices consistent with economic 

production. Costa et al. (2002) confirmed that the axial 

harvesters have greater harvesting capacity and offer 

reduction of mechanical damage to the seeds, while still 

presenting an acquisition cost considered high for Brazilian 

producers. 

 

Individuals control charts 

 

A normal distribution is essential for determining the process 

capability of production, conforming items. Otherwise, the 

process can be underestimated and will not reflect the 

situation accurately, requiring data transformation to perform 

the analysis. Further information on the effects of non-

normality and process stability on the subsequent analysis of 

process capability can be found in Somerville and 

Montgomery (1996) and Abbasi (2009). Toledo (2008) 

studied the quality of mechanised planting operation in the 

region of Jaboticabal, São Paulo, Brazil using control charts 

and found some of them to be stable or to indicate a 

predictable process suitable for the analysis of process 

capability, similar to this study, for which the process 

capability could be estimated. According to Shinde and 

Katikar  (2012),  the  use  of  statistical process controls  for 

 

 

 

Table 3. Statistical analyses for the soybean losses recorded on the right side of the harvester; in the centre of the harvester; on the left 

side of the harvester; and for the total losses. 

Position Average Median  Range CV  Ks Kc AD p-Value    Distribuition 

Right  1.49 1.06 1.28 5.90 85.78 1.95 5.03 1.255 <0.005 A 

Centre 1.73 1.80 0.94 3.72 54.44 0.24 -0.55 0.218 0.82 N 

Left 1.65 1.20 2.24 11.42 135.28 0.18 19.01 4.034 <0.005 A 

Total  4.88 4.54 2.85 14.19 58.39 2.41 8.48 0.200 <0.005 A 
 

σ – standard deviation; CV – variation coefficient ; Ks- Skewness coefficient; Kc - Kurtosis coefficient;  AD - value of Anderson-Darling normality test; p-Value – 

probability distribution value. (N: normal distribution – p > 0.05; A: no normal distribution – p < 0.05). 
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Fig 4. Control charts for the soybean losses from the mechanised soybean harvest for the irregular, trapezoidal and 

rectangular plot shapes recorded for the total losses. 

 

 
Fig 5. Position of screen (in red) for evaluation of losses. 

 

the monitoring and consequent development of improvement 

plans to increase the quality of produced items is essential for 

reducing production costs by decreasing the production of 

defective items. In this study, all evaluated quality indicators 

were found to be related to the production costs of 

mechanised sugarcane planting, and if this operation is well 

controlled and monitored over time, its financial returns can 

be increased. 

 

Materials and Methods 

 

Experimental conditions 

 

The experiment was performed in March 2013, within an 

area of the Nossa Senhora Aparecida farm, in Uberaba, MG, 

Brazil, located at the coordinates, 19º44'54"S latitude and 

47º55'55"W longitude, with a mean altitude of 801 m and a 

Köeppen climatic classification of Aw. The soil of the 

experimental site is classified as a typical, eutrophic red 

latosol with a clayey texture.  

 

Experimental design and plant materials 

 

Three shapes of plots with similar areas were evaluated 

(Table 1). The soybean crop was sown with the super-young 

variety AS7307RR from the Agroeste Company. The rows 

were spaced 0.50 m apart, with 17 to 18 plants m-1, for a 

mean total population of 350.000 plants ha-1. A Massey 

Ferguson harvester (model FW 5650 Advanced, year 2010, 

with approximately 700 hours of work) was used for the 

mechanised soybean harvest. The harvester has an AGCO 

Sisu Power six-cylinder motor, with a rated power output of 

130 kW (175 hp) at 2.570 rpm. The harvester is equipped 

with 5.50 m wide cutting platform and a tangential trail 

system, a straw walker for separation, and a 5.500 L grain 

tank.  

Quality indicators or variables measured 

 

The data were collected for each plot by monitoring the 

harvester's activities from the onset of the harvesting 

operation at 10 minute intervals. The individual designated 

for this task recorded the activities, separated into four 

functions, as shown in Table 2. To determine the losses 

during harvest, 3 circular frames that were covered with an 

area of 0.33 m² of sombrite screen were installed (total area 

of approximately 1.00 m²). The frames were released soon 

after the harvester's platform passed pre-determined points; 

two frames were located outside of the track of the 

harvester's wheelsets (left and right) and a third was located 

between the rear wheelsets (centre) (Fig 8). All of the beans 

and pods present were collected above and below each rim 

and stored in a previously identified paper bag.  

 

Statistical analysis 

 

The results were statistically analysed using the Minitab® 16 

program, analysing the variability of the mechanised harvest 

process using statistical process control methods to analyse 

the control charts for each variable as an analytical tool, 

where the harvester operational efficiency and the bean losses 

during harvest were considered to be indicators of quality. 

The "individual" control charts (four functions) each contain 

a sequential graph that corresponds to the individual point-to-

point values and the established control limits, considering 

the variation in the results attributed to uncontrolled causes 

associated with the harvesting process (special causes) and 

calculated based on the standard deviations of the variables. 

The means plus or minus approximately three standard 

deviations were designated as the control limits 

(Montgomery, 2009). When an observation failed the test for 

special causes, the data point was highlighted in the control 

chart, indicating non-random variation in the results that 
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should be further investigated. For such cases, the process 

was considered to be “unstable” or “out of control”. If there 

were no highlighted data in the control chart, the variable was 

considered to have no special causes of variation, and 

consequently, the process was considered “stable” or “under 

statistical control”. 

 

Conclusion 

 

The mechanised harvest operation was unstable, regardless of 

the plot shape, because the harvest is strongly affected by 

factors external to the harvesting process. The trapezoidal 

rectangular plot shape allowed for higher machine production 

efficiency, whereas the irregular plot shape compromised the 

harvester's bean unloading function because it did not favour 

the logistics of transport within the area and; thus, unloading. 

In terms of soybean losses, there was a difference amongst 

plot shapes, with greater losses for irregular plot shapes. 
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