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Effects of variable-row-spacing harvesting picker platform scraping 
plates on cotton fiber quality and quantity

Placas de raspagem nas plataformas de colheita picker vrs e perdas 
qualitativas e quantitativas de algodão
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Abstract

There have been increasing demands for high-quality cotton fibers that meet the textile industry quality 
standards. Concurrently, there have been efforts to reduce contaminants during harvesting to reduce 
harvesting costs. The goal of this research was to evaluate the efficiency of the picker platform with 
Variable-Row-Spacing (VRS) for harvesting cotton in narrow rows, over two harvest seasons in two 
regions within the state of Mato Grosso, Brazil. In this study, how the presence vs. absence of scraping 
plates and variations in travel speed was related to quantifiable levels of impurities the harvested fibers 
was examined. The research was divided into three experiments (Exp. I, II, and III), using cotton varieties 
FM 975 WS, IMA 5672 B2 RF, and IMA 5675 B2 RF, with row spacing of 0.45 m. The experimental 
design was randomized blocks, in a 2 × 3 factorial design, using the presence/absence of the plate and 
three speeds (0.61, 1.0, and 1.42 m·s-¹), with seven repetitions, totaling 42 experimental plots. The plot 
size was 108 m² (3.6 × 30 m). The data were analyzed using the F test in ANOVA and the post-hoc 
Tukey test (p < 0.05). The results showed that scraping plates increased the number of stems and cones, 
and reduced the harvest efficiency of cotton planted in narrow rows in the region of Sorriso-MT during 
the 2013/2014 harvest. For the 2014/2015 harvest, the highest speed and the presence of the scraping 
plates increased the number of cones in the cotton samples. In the experiment conducted in Serra da 
Petrovina, the removal of the scraping plates decreased the amount of cones in the harvested cotton.
Key words: Cotton planted in narrow rows. Mechanical harvesting. Harvest efficiency.

Resumo

A demanda por fibras de algodão de alta qualidade para atender a demanda da indústria têxtil e a busca 
incessante para reduzir a presença de contaminantes no momento da colheita de forma a contribuir para 
a redução dos custos. O objetivo da pesquisa foi avaliar a eficiência da plataforma Picker VRS (unidades 
de espaçamento variável) de colheita do algodão adensado no Estado de Mato Grosso, com e sem placas 
de raspagem, variando a velocidade de deslocamento, quantificando as impurezas nesse processo e 
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avaliando a qualidade extrínseca e intrínseca da fibra colhida. A pesquisa foi dividida em 3 experimentos 
(Exp. I, II e III). As variedades de algodão utilizadas foram FM 975 WS, IMA 5672 B2 RF e IMA 
5675 B2 RF, com espaçamentos entre linhas de 0,45 m. O delineamento experimental utilizado foi de 
blocos casualizados, em esquema fatorial 2x3, sendo presença e ausência da placa e três velocidades de 
trabalho (0,61; 1,0 e 1,42m.s-¹), com sete repetições, totalizando 42 parcelas experimentais. A dimensão 
das parcelas foi de 108m² (3,6 x 30m). Os resultados obtidos foram submetidos à análise de variância 
por meio do Teste de F, e quando significativos submetidos ao teste de Tukey, a 5 % de probabilidade. 
As placas de raspagem aumentaram a quantidade de caule, casquinhas e reduziu a eficiência na colheita 
do algodão adensado na região de Sorriso-MT na safra 2013/2014. Para a safra 2014/2015 a maior 
velocidade e a presença das placas de raspagem aumentaram a quantidade de casquinhas nas amostras 
de algodão em caroço. No experimento realizado na Serra da Petrovina a retirada das placas de raspagem 
diminuiu a quantidade de cascas no algodão colhido.
Palavras-chave: Algodão adensado. Colheita mecanizada. Eficiência de colheita.

Introduction

Cotton (Gossypium hirsutum L.) is one of the 
primary economic crops in Brazil. The country is 
the world’s fifth largest cotton producer, with 4.4 
million tons produced in the 2013/2014 harvesting 
season. This production is concentrated in the West 
Center, where 66% of the total cotton production 
was reported. The State of Mato Grosso leads the 
national production with a planted area of almost 
600,000 hectares, where conventional cotton is 
grown in 90% of the sown area, with row spacing 
between 0.76 and 0.90 m, when sown after soybeans. 
The remaining area is used as a narrow row system, 
with spacing between 0.40 and 0.76 m (CONAB, 
2014).

The picking spindles that remove the bolls 
from the plants can leave behind contaminants, 
such as leaves, cones, branches, and soil particles, 
that influence the quality of the cotton fibers 
(ALVAREZ et al., 1990; BAKER et al., 1994). The 
globalization of the production of cotton and related 
textile products has increased the demand for high 
quality fibers to supply to the textile industry. There 
is also increased competition from the production 
of synthetic fibers that do not contain contaminants 
and are not prone to degradation (SMITH et al., 
2008). Therefore, it is necessary to determine which 
harvesting methods can maintain or increase the 
competitiveness of the cotton farming sector, as 
well as the farmers. 

The spindle picker harvesters are able to extract 

the cotton without touching the cones. The spindles 
of these harvesters operate by curling around the 
cotton and extracting it from the capsule. The cotton 
is subsequently shaken off the spindles by rubber 
shredders and blown the machine basket (BELOT 
and VILELA, 2006).

To harvest cotton sown in narrow rows, using 
the VRS (variable-rows-spacing) picker system, 
the plants of one row are cut at a height of 0.05 to 
0.15 m and vertically transported to join the non-cut 
plants in the adjacent row (SOFIATTI, 2011), where 
the cotton bolls are extracted.

Mechanized cotton harvesting is one of the most 
critical aspects of crop management because the 
high production costs affect the fiber quality. There 
have been many efforts to find a system that is not 
only efficient but also reduces impurities in the 
harvested cotton fibers (FAIRCLOTH et al., 2004). 

This study hypothesized that the presence of 
scraping plates on the cotton picker platforms 
would increase the quality and decrease the losses 
of cotton fibers because these plates reduce the 
space through which the plant mass enters the 
platform at the moment of harvest. The goal of this 
research was to evaluate the efficiency of the picker 
platform with VRS on the mechanical harvesting 
of narrow-row cotton, over two harvest seasons 
in two regions within the Brazilian state of Mato 
Grosso. To evaluate this, we examined the effects 
of the presence vs. absence of scraping plates and 
variations in travel speed on the harvested fiber.
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Material and Methods

Three experiments were conducted in the Serra 
da Petrovina region in southern Mato Grosso and in 
the northern part of the state, in the municipality of 
Sorriso. Crops from the 2013/2014 and 2014/2015 
harvests were examined.

The experimental design was randomized blocks, 
in a 2 × 3 factorial design, for all experiments. The 
tests were made on the two operation methods 
(presence vs. absence of scraping plates) (Figure 
1), and at three harvesting speeds (0.61, 1.0, and 
1.42 m·s-¹), with seven replications, totaling 42 
experimental plots, each with an area of 108 m² (3.6 
× 30 m). 

Figure 1. (A) Harvester with picker variable-row-spacing harvesting platfortm used in the experiments and (B) 
Scraping plates removed from the harvesting units.
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(Table 1), as well as the number of plants in the rows, the number of open, semi-open, and closed bolls per 

plant, the maximum plant height, and the height of insertion of the first boll. A measuring tape was used to 

measure the bolls on each plant and the insertion height of the first boll for three randomly selected plants; 

these measurements were then averaged.  

Productivity and pre-harvest loss were estimated prior to harvesting using a known area of 4.5 m² (5.0 

 0.9 m), within which all the cotton was manually harvested. Pre-harvest losses were estimated as the weight 

of cotton on the soil surface. Within the same area of 4.5 m², post-harvest losses were estimated by manually 

A B 

Agrotech® narrow row cotton was used in all 
experiments. The cotton variety FM 975 WS was 
used for the experiment in the Sierra Petrovina 
region. In the Sorriso region, for the 2013/2014 
crop, the cotton variety was IMA 5672 B2RF, and 
for the 2014/2015 crop, the cotton variety was IMA 
5675 B2RF. For all three harvests, we used a John 
Deere cotton harvester, model 9930, with a VRS 
platform with four lines spaced 0.45 m apart. The 
harvester was driven by the same operator for all 
experiments. 

To determine the displacement speed, a length of 
50 m was demarcated and the time that the machine 
took to cover this distance was recorded. Three 
replicates were performed to obtain the machine’s 
average time of displacement along 50 m.

The moisture from the cotton field was instantly 
determined at the time of harvest, using calibrated 

Hygron® measuring equipment. Data regarding the 
number and height of plants, height of the first boll, 
and number of bolls per plant were obtained from 
within the delimited area. 

Before the harvester passed through the plots, 
the agronomic characteristics of each plot were 
recorded (Table 1), as well as the number of plants in 
the rows, the number of open, semi-open, and closed 
bolls per plant, the maximum plant height, and the 
height of insertion of the first boll. A measuring tape 
was used to measure the bolls on each plant and the 
insertion height of the first boll for three randomly 
selected plants; these measurements were then 
averaged. 

Productivity and pre-harvest loss were estimated 
prior to harvesting using a known area of 4.5 m² (5.0 
× 0.9 m), within which all the cotton was manually 
harvested. Pre-harvest losses were estimated as the 
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weight of cotton on the soil surface. Within the same 
area of 4.5 m², post-harvest losses were estimated 
by manually harvesting the cotton that remained on 
the plant, as well as the cotton that fell onto the soil 

surface as a result of harvester activity. All samples 
were packed in plastic and raffia bags, according 
to the size of the samples, and were identified with 
tags and stored for analysis.

Table 1. Agronomic characteristics of the experimental area located at Serra da Petrovina and Sorriso regions – MT, 
during the crops (2013/2014) and (2014/2015).

Agronomic characteristics Serra da Petrovina 
(2013/2014)

Sorriso-MT
(2013/2014)

Sorriso-MT
(2014/2015)

Cultivar FM 975 WS IMA 5672 B2RF IMA 5675 B2RF
Productivity (kg ha-1) 5,796 1,845 3,089
Number of plants per hectare (thousand) 108.88 128.88 166.44
Average plant height (m) 1.07 0.94 0.92
Average height of first boll (m) 0.30 0.25 0.26

Average Number 
of bolls

Open 8 4.00 6.00
Semi-open 0.08 0.15 0
Closed 0.01 0.03 0

The samples collected from the harvester basket 
during each treatment were weighed. The impurities 
were manually separated into two categories (stem 
and cones) and weighed on an analytical scale to 
quantify the amount of contaminants present in the 
fibers. The percentage of stems and the percentage 
of cones were calculated as the ratio of the weight of 
each impurity to the total sample weight.

After the separation and identification of 
impurities, these samples were taken to the IMA-
MT experimental station in Primavera do Leste-
MT, processed in a ginning machine with 20 
saws, and sent to the UNICOTTON laboratory 
in Primavera do Leste-MT to determine the fiber 
quality using the HVI (High Volume Instrument). 
The following characteristics were measured: short 
fiber index (SFC), fiber length uniformity index in 
% (IU), fiber length in mm (UHM), fiber strength 
in gf/tex (STR), micronaire index (MIC), degree of 
yellowing (+b), reflectance degree of the fibers in % 
(Rd), area occupied by the impurities relative to the 
total sample area in % (Area).

Harvesting efficiency was calculated according 
to the equation provided by RODRIGUEZ (1977) 
(Equation 1):
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       Picker Eficiency = 100 × algodão colhido
algodão colhido + perdas pós colheita

                                                                          (1) 

 

where, 

Harvested cotton - productivity kg·ha-1, and  

Post-harvest losses - results in kg·ha-1. 

Efficiency was calculated as the proportion of the losses incurred during harvesting and crop 

productivity. 

The data were analyzed using the F test in ANOVA and the post-hoc Tukey test (p < 0.05) using 

ASSISTAT 7.7 (SILVA, 2014). 

  (1)

where,

Harvested cotton – productivity kg·ha-1, and 

Post-harvest losses – results in kg·ha-1.

Efficiency was calculated as the proportion 
of the losses incurred during harvesting and crop 
productivity.

The data were analyzed using the F test in 
ANOVA and the post-hoc Tukey test (p < 0.05) 
using ASSISTAT 7.7 (SILVA, 2014).

Results and Discussion

Of all the variables analyzed, only the percentage 
of stems was significantly related to the presence/
absence of the scraping plates, with the highest 
percentage of stems (0.44%) occurring when 
scraping plates were used and the lowest percentage 
of stems (0.30%), occurring when scraping plates 
were not used, in the region of Serra da Petrovina 
– MT, during the 2013/2014 crop (Table 2). 
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Contamination with stems within a batch of ginned 
cotton causes technical problems in spinning mills 
and weaving industries (CHANSELME; RIBAS, 
2010). This can pose significant production losses 
during the weaving process from interruptions in 
the open-end process, different absorption of dye by 
stem fragments and, consequently, a lower quality 
end product.

The harvesting speed did not affect the studied 
variables in the 2013/2014 crop in Sorriso. However, 
a larger percentage of stems (0.38%) were obtained 
in samples from the harvester basket in the absence 
of the scraping plate, than when a scraping plate was 
used (Table 2). The lowest incidence of stems in the 
samples occurred with the absence of the scraping 
plate, probably because of machine conditions and 
the plant architecture, productivity, and defoliation 
characteristics of this cotton variety. The lowest 
percentage of cones (1.14%) was found in the 
absence of the scraping plates (Table 2).

The most efficient (90.38%) harvest did not use 
scraping plates in the collection units (Table 2). 
Williford et al. (1994) reported that spindle harvesters 
typically have harvest efficiencies between 85% and 
90%, but can reach 95% efficiency.

During the agricultural year of 2014/2015 in 
Sorriso, the highest percentage of cones (2.65%) 
was found when scraping plates were used and the 
lowest percentage (2.16%) was found when the 
scraping plates were not used (Table 2). In addition, 
the lowest percentage of contaminants within the 
cones (2.17%) occurred at speed 1 (0.61 m·s-1). 

Several characteristics of cotton cultivars can 
influence the amount of impurities in the harvested 
cotton and the percentages of crop losses. Belot and 
Vilela (2006) showed that there were differences 
in how impurities in various cultivars adhered to 
seed cotton in the open capsule. Baker et al. (1994) 
and Mangialardi Junior and Anthony (1998) stated 
that harvesting and cotton processing procedures 
may have significant effects on fiber characteristics 
such as length, impurities, color, and non-fibrous 
material, which interfere with the manufacturing 
and quality of the threads and, consequently, on the 
weaving and dyeing processes.

To reduce the harvesting time, producers use 
a higher harvester displacement speed. However, 
for the 2014/2015 crop in Sorriso, the lowest 
speed (0.61 m⋅s-1) left fewer cones in the cotton 
samples (Table 2). Bruneta (2005) reported that the 
appropriate speed for cotton harvesting should be 
determined based on plant characteristics and the 
operator’s productivity and skills.

During the 2013/2014 Serra da Petrovina harvest, 
there were no significant relationships between 
displacement speed and the presence/absence of 
scraping plates and the variables of MIC, IU, UHM, 
Area, STR, +b, SFC, and Rd.

There was an isolated effect between MIC and 
IU and the presence/absence of scraping plates 
(Table 3). MIC is a measurement of the relative 
maturity and fineness of the fiber. Low MIC values 
may result from the presence of immature fibers, 
whereas high MIC values indicate decreased thread 
strength. Products with MIC values below 3.7 and 
above 4.2 typically bring in less revenue (AMPA, 
2014).



1174
Semina: Ciências Agrárias, Londrina, v. 38, n. 3, p. 1169-1178, maio/jun. 2017

Baraviera, C. M. C. et al.

Table 2. Average stem (%), bark (%) and harvester efficiency (%) in relation to displacement velocity and absence or 
presence of the scrapping plate on narrow row cotton harvest in the experiments at Serra da Petrovina (2013/2014), 
Sorriso (2013/2014), and Sorriso (2014/2015).

Serra da Petrovina – MT, (2013/2014)
Velocity (m s-1) Bark Stem Efficiency Plate Bark Stem Efficiency
0.61 0.36 a 1.25 a 87.48 a Absence

Presence
0.30 b
0.44 a

1.18 a
1.18 a

88.16 a
87.91 a1.0 0.37 a 1.11 a 88.41 a

1.42 0.37 a 1.18 a 87.81 a
Sorriso – MT, (2013/2014)

Velocity (m s-1) Bark Stem Efficiency Plate Bark Stem Efficiency
0.61 0.32 a 1.46 a 90.10 a Absence

Presence
0.38 b
0.28 a

1.14 a
1.78 b

90.38 a
87.91 b1.0 0.32 a 1.56 a 87.22 a

1.42 0.36 a 1.40 a 90.10 a
Sorriso – MT, (2014/2015)

Velocity (m s-1) Bark Stem Efficiency Plate Bark Stem Efficiency
0.61 0.33a 2.17 b 92.55 a Absence

Presence
0.37 a
0.39 a

2.16 a
2.65 b

93.08 a
92.28 a1.0 0.37a 2.40 ab 92.90 a

1.42 0.44a 2.65 a 92.59 a
Average values followed by the same letter, on the vertical columns, do not statistically differ between each other according to 
Tukey’s test at 5% probability.

MIC decreased when the scraping plate was used, 
possibly because of the characteristics of the cotton 
variety and the quantity of the closed and semi-open 
(immature) bolls, which may have significantly 
altered the overall maturity of the fibers, resulting 
in a low MIC. Similarly, Kerby et al. (1986) found 
that sampling methods showed more pronounced 
differences during years of adverse growing 
conditions. Faulkner et al. (2008) reported that there 
were no significant differences in SFC and visible 
foreign matter between harvesting treatments 2007, 
although the SFC was lower in 2006.

The IU is the ratio between the mean length (ML) 
and the average length of half of the longer fibers 
(UHM), expressed as a percentage. This percentage 
represents the homogeneity of the fiber lengths. A 
higher UI indicates more uniform lengths, which 
are better for weaving (AMPA, 2014). According to 
standard (ASTM D1447, 1995), the UI found in this 

study was high (83 to 85%) and, according to the 
Normative Instruction No. 63 of December 5, 2002 
from MAPA (BRASIL, 2002), the UI both in the 
absence (83.59%) and in the presence of scraping 
plates (84.36%) was also high (Table 3). Faulkner et 
al. (2011) evaluated mechanized harvesting systems 
with a picker platform and observed UI values of 
80.4%, showing that the speed does not influence 
the intrinsic properties of the cotton fiber quality, in 
years with ideal growing conditions. 

For the Sorriso region 2013/2014 crop, UHM, 
Area, STR, +b, SFC, MIC, IU, and Rd, were not 
significantly related to the displacement speed or 
the presence/absence of scraping plates (Table 4). 
In the 2014/2015 crop, UHM, Area, STR, +b, SFC, 
MIC, IU, and Rd were not significantly related to 
the displacement speed or the presence/absence of 
scraping plates (Table 5).
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Table 3. Average Micronaire index (Mic), Fiber length uniformity index (UI), Upper half mean fiber length (UHM), 
surface area covered by trash in relation to the total sampling area (Area), Fiber strength (STR), Yellowness index 
(+b), Short fiber content (SFC) and Degree of reflectance of the fibers (Rd) in relation to the absence or presence of 
scraping plates and displacement velocity at Serra da Petrovina (2013/2014).

Plate Mic UI (%) UHM 
(mm)

Area
(%)

STR 
(gf/tex) +b SFC Rd

(%)
Absence 3.96 a 83.59 b 29.21 a 0.81 a 29.87 a 8.60 a 8.18 a 76.67 a
Presence 3.86 b 84.36 a 29.46 a 0.65 a 30.20 a 8.52 a 7.81 a 76.80 a

Velocity Mic UI
(%)

UHM
(mm)

Area
(%)

STR
(gf/tex) +b SFC Rd

(%)
V1 3.91 a 83.74 a 29.21 a 0.67 a 30.23 a 8.55 a 8.19 a 76.81 a
V2 3.92 a 84.19 a 29.46 a 0.62 a 29.79 a 8.56 a 7.77 a 77.25 a
V3 3.91 a 83.99 a 29.46 a 0.90 a 30.07 a 8.58 a 8.02 a 76.14 a

Average values followed by the same letter on the vertical columns do not statistically differ between each other according to 
Tukey’s test at 5% probability.

Tabela 4. Average Micronaire index (Mic), Fiber length uniformity index (UI), Upper half mean fiber length (UHM), 
surface area covered by trash in relation to the total sampling area (Area), Fiber strength (STR), Yellowness index 
(+b), Short fiber content (SFC) and Degree of reflectance (Rd) in relation to the absence or presence of scraping plates 
and displacement velocity at Sorriso (2013/2014).

Plate UHM
(mm)

Area
(%)

STR
(gf/tex) +b SFC MIC UI

(%)
Rd
(%)

Absence 26.92 a 1.28 a 28.24 a 9.20 a 8.87 a 3.96 a 81.70 a 75.88 a
Presence 26.41 a 1.13 a 28.33 a 9.04 a 9.59 a 3.92 a 81.21 a 75.89 a

Velocity UHM
(mm)

Area
(%)

STR
(gf/tex) +b SFC MIC UI

(%)
Rd
(%)

V1 26.92 a 1.30 a 28.28 a 9.07 a 8.69 a 4.04 a 81.76 a 75.16 a
V2 26.67 a 1.15 a 28.18 a 9.23 a 9.41 a 3.85 a 81.00 a 76.79 a
V3 26.67 a 1.16 a 28.39 a 9.06 a 9.59 a 3.93 a 81.61 a 75.71 a

Average values followed by the same letter, on the vertical columns, do not statistically differ between each other according to 
Tukey’s test at 5% probability.

Tabela 5. Average Micronaire index (Mic), Fiber length uniformity index (UI), Upper half mean fiber length (UHM), 
surface area covered by trash in relation to the total sampling area (Area), Fiber strength (STR), Yellowness index 
(+b), Short fiber content (SFC) and Degree of reflectance (Rd) in relation to the absence or presence of scraping plates 
and displacement velocity at Sorriso (2014/2015).

Plate UHM
(mm)

Area
(%)

STR
(gf/tex) +b SFC MIC UI

(%)
Rd
(%)

Absence 28.95 a 1.34 a 26.23 a 8.22 a 9.18 a 3.25 a 82.10 a 74.62 a
Presence 28.70 a 1.23 a 26.66 a 8.39 a 9.25 a 3.17 a 82.10 a 75.10 a

Velocity UHM
(mm)

Area
(%)

STR
(gf/tex) +b SFC MIC UI

(%)
Rd
(%)

V1 28.70 a 1.36 a 26.39 a 8.22 a 8.93 a 3.18 a 82.11 a 74.61 a
V2 29.21 a 1.28 a 26.67 a 8.46 a 9.11 a 3.20 a 82.39 a 75.51 a
V3 28.70 a 1.22 a 26.27 a 8.24 a 9.60 a 3.24 a 81.79 a 74.45 a

Average values followed by the same letter, on the vertical columns, do not statistically differ between each other according to 
Tukey’s test at 5% probability.
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Conclusion

The scraping plates increased the number of 
stems and cones and reduced the harvest efficiency 
of dense cotton in the Sorriso-MT region, during 
the 2013/2014 harvest. For the 2014/2015 harvest, 
the highest speed and the presence of the scraping 
plates increased the number of cones in the seed 
cotton samples. In the experiment carried out in 
Serra da Petrovina, the removal of the scraping 
plates decreased the number of cones in the 
harvested cotton. In all regions, crop efficiency was 
below that which is recommended and farmers are 
suffering high losses. Further studies are necessary 
to determine which specific issues are contributing 
to these losses.
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