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Abstract

The use of seeders with pneumatic distribution systems is increasingly demanding for plantation of corn crop. Knowledge about the
operation and adjustments of the components of agricultural machines is fundamental to increase the good distribution of plants
and to ensure higher productivity. The main goal of this research was to evaluate the influence of the size of the corn seed sieve
under different vacuum pressure regulations on a pneumatic distribution system, to understand the longitudinal uniformity of the
plants, as well as the final and individual productivity per plant. The vSet® (Precision Planting®) pneumatic distribution system
equipped with 4 corn seed sieves (C1, C4, R1, and R4) subjected to 4 different vacuum pressure adjustments (7, 12, 17 and 22 in
HZO’I) was applied as treatments on corn hybrid 30F53VYH. The design used was that of randomized blocks, with subdivided plots
and 4 replications. The main plot presented the vacuum pressures and the subplots presented the sieves, each composed of two
sowing lines of 20 m in length. The results showed that low vacuum pressure resulted in increased unevenness between corn
spacings and consequently lower yield. Smaller sieves showed less gaps and higher percentages of normal spacing. The larger
sieves showed higher standard deviation and more gaps. Regular and uneven gaps provided a higher number of grains per row,
higher number of grains per corn spike and a higher grain yield per corn spike.
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Introduction

Corn (Zea mays L.) is a very rich food source, especially due The quality of the longitudinal distribution of seeds can be
to the large energy reserve of its grains, being used to feed influenced by several factors such as correct regulation of
animals, humans and also as a source of raw material for the the seed drill, correct choice of dosing discs and vacuum
industry. The national production of corn is concentrated in pressure, use of lubricants (graphite) and sowing operation
the South, Midwest and Southeast regions, with the states speed. In the present study, the effect of increasing plant
of Parana, Mato Grosso, Rio Grande do Sul and Minas Gerais spacing on plant growth velocity and yield of corn crop were
being responsible for 51.04% of the Brazilian production increased, as the speed of sowing reduced the percentage of
(Alves et al., 2015). normal seed spacing (Mantovani et al., 2015; Melo et al.,,
Corn has an incredible capacity for geographical adaptation 2013; Dias et al., 2009; Trogello et al., 2013).

and high productive potential per area. In productivity In Brazil, most of the seed cultivators for corn cultivation are
competition tests, it easily surpasses 15,000 kg ha™. equipped with a mechanical honeycomb distribution system.
According to Merotto Junior et al. (1999), productivity However, in recent years, the seed drills are being replaced
improvements in corn crops in southern Brazil were by modern models, already equipped with pneumatic
achieved through the increase in plant population per area, distribution systems. Field estimates indicate that 20 to 25%
modern hybrids with the shorter cycle, rapid initial growth of seed drills are equipped with a pneumatic dosing system
and proper plant architecture. and that 50% of the new seeders purchased are already
The adequate population and the longitudinal distribution of equipped with this distribution system.

the plants in the sowing line play a fundamental role when This system is being widely used in the United States, but the
high vyields are pursued. Irregularity in longitudinal model of cultivation system, soil cover management and
distribution can reduce the efficiency of water, light and configuration of sowing are different from those adopted in
nutrient usage, increasing the number of plants with delayed Brazil. Also, information and studies on pneumatic
phenological development, fragile stems, which are distribution systems for corn crop in Brazilian conditions are
dominated in the crop, producing small corn spikes (Sangoi scarce.

etal., 2012). Every seed dosing system model requires specific
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adjustments. This is due to the particularities of the system,
and to the size and shape of the seeds used. Smaller seeds
need more attention so that a sowing rate above the desired
does not happen. On the other hand, larger seeds typically
require greater pressure force to remain attached to the
dosing disc.

Thus, the main goal of this research’s was to evaluate the
influence of the size of the corn seed sieve under different
vacuum pressure regulations on a pneumatic distribution
system, focusing on longitudinal uniformity of the plants, as
well as the final and individual productivity per plant.

Results and discussion
Plant distribution

The coefficient of variation (CV) of the plant distribution was
not significant for the vacuum pressure levels and for the
sieves studied, with an average value of 42.4%. According to
Vieira et al. (2006), the critical CV level should be lower than
20% to not affect the corn productivity. This level, much well
below the one obtained in this experiment. Silva et al. (2015)
observed a loss of 282 kg ha™ in corn productivity for each
10% increase in CV. Sangoi et al. (2012) evaluated the effects
of variability in the spatial distribution of corn plants in
experiments performed in two harvests, reporting losses of
64 to 83 kg ha™, per 10% of the increase in CV.

The decrease in vacuum pressure to 7 inches of HZO’1
resulted in an increase in the standard deviation (SD) (Figure
1A), indicating a greater dispersion of the data concerning
the mean of the desired spacing, in which the distance
between plants was higher than the ideal distance. This
increase in SD at low pressure may have occurred due to the
higher need for high pressure in sieves with the higher
weight of a one thousand seed (WTS) to remain adhered to
the dosing disc.

Lauer and Rankin (2004) observed a reduction of 1.06% in
corn productivity with each 1 cm of increase in SD (above 12
cm of SD). Therefore, we can consider that the three higher
vacuum pressures (12, 17 and 22 in Hzo'l) maintained levels
of SD within acceptable limits.

Regarding the sieves, the smaller sizes (C4 and R4) presented
a lower standard deviation, when compared to larger sieves
(C1 and R1) (Table 1). However, the significant difference
was only occurred between the C4 and R1 sieves, which
were the sieves with the highest WTS difference and seed
size, according to the seed analysis (Table 3).

The percentage of gap spacing was increased with the
reduction of vacuum pressure (Figure 1B). This result follows
the expected trend, since the seeding work performed with
pneumatic seeder at a low vacuum pressure in the system
results in poor retention of the seed in the orifice of the
dosing disk, thus falling or non-retention. It is believed that
this result is related to the low retention force of the seed in
the orifice of the dosing disc; thus, being easily removed by
the eliminator "fingers" (singulator), resulting in faulted
spaces. These results corroborate the work of Singh et al.
(2005), where low failure rates have been observed with the
use of higher vacuum pressure and low planting velocities.
Small sized sieve seeds and smaller WTS, such as the C4
sieve, are easily retained in the dosing disc orifices and
require a greater action of the eraser "fingers" to be
removed. Therefore, they present a lower percentage of
faulty spacing (Table 1). Therefore, sieves with larger size
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and WTS (R1) require greater suction force to remain
retained in the orifices of the dosing disc as they pass
through the eliminating "fingers." Thus, they present the
highest percentages of failed spacing.

According to Rascon et al. (2012), the eSet” (Precicion
PIantingQ) set requires higher vacuum pressure than the
ProMax40 (John Deere) in order to maintain distribution
uniformity. However, the shape of the seed must be taken
into the account to adjust the system pressure.

The double spacing between plants has not been
significantly influenced by the different vacuum pressures,
presenting an average value of 3.56%. Plants arranged very
close to each other, called double, can result in low or no
production. This is due to intraspecific competition for
nutrients, water, and light competition, acting as if it were
an invasive plant. In this sense, one must always seek a
better spatial occupation along the line by the plants,
minimizing intraspecific competition between them (Silva et
al., 2015), since double or triple space with separate plants
from 0 to 3 cm, cause a reduction from 6 to 10% productivity
when compared to plants with uniform spatial distribution
(Liu et al., 2004).

As for the sieves, C4 presented the highest percentage of
double spacings (Table 1), which is the allocation of two or
more seeds occurred in the same place. We can attribute
this to the fact that this sieve is smaller in size and WTS. A
flat shape can make the dosing system easily retain more
than one seed in the same hole in the dosing disk. In turn,
the double elimination system, consisting of five eliminating
"fingers" (singulators), did not present enough capacity to
remove the exceeding seeds of the orifice.

The normal spacing between plants has not been
significantly influenced by the different vacuum pressures,
presenting an average value of 84.60%. The C4 and R1 sieves
presented statistical differences between them for the
normal spacing (EN). The sieve R1 has the lowest percentage
of EN (81.80%), presenting a high percentage of irregular
spacings (EF and/or ED). This sieve presented the highest
percentages of EF. This is due to the greater need for
pressure to ensure the retention of the seed in the orifice of
the dosing disc until its release in the conducting tube. On
the other hand, the C4 sieve presented higher values of EN
(87.63%). This is due to the greater ease of retention in the
dosing disc because it presents smaller dimensions and WTS.
The increase in spatial non-uniformity of corn seeds along
with the planting line causes a reduction in several corn yield
components, such as stem diameter, spike length, number
of rows per spike, number of grains per row, the weight of
one hundred grains and yield of grains (Silva et al., 2015).
According to Sangoi et al. (2012) the increase of the
irregularity of the plants’ spatial distribution in the row
results in a decrease in grain yield, due to the lower
production of grains per square meter.

The reduction in vacuum pressure resulted in an increased
mean distribution uniformity (Figure 1C), which is the mean
distance between plants. The index of failed spacings can
justify this, since the mean distribution uniformity has been
measured using the average of all spacings directly
influencing this index. This in turn was higher for these two
sieves.

The C1 and R1 sieves have greater sizes and greater WTS
than the C4 and R4 sieves, thus requiring higher vacuum
pressure in the dosing systems to retain the seeds in the
holes and avoid planting failures. The greater the mean



Table 1. Mean standard deviation (SD) values, faulty spacing (EF), normal spacing (EN), Double spacing (ED) sowing depth (PS),
initial population (Pl) and dominated corn plants due to different screens.

Screens SD EF (%) ED (%) EN (%)
C1 13.69 ab 11.90 ab 3.00b 85.09 ab
ca 11.07 b 792b 4.45a 87.63 a
R1 15.13 a 14.75 a 3.46 ab 81.80b
R4 12.75 ab 12.78 a 3.34ab 83.89 ab
*Means followed by the same letter do not statistically differ to a 5% probability of error by Tukey's test.
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Fig 1. Standard deviation (A), faulty spacing (B) as a function of different vacuum pressures, uniform distribution of plants (C) and
final population of corn plants (D) have interaction with sieves with vacuum pressure.

Table 2. Mean number of rows per spike, number of grains per row, number of grains per spike and yield of grains per spike of corn

as a function of plant profile.

Plant profile

N¢ of rows per

N¢ of grains per

N¢ of grains per

yield of grains per

spike row spike spike (g)
Normal spacing 15.8a 37.7a 595.5a 229.5a
Faulty spacing 15.7 a 39.0a 613.0a 236.3a
Double spacing 15.8a 333b 527.3b 203.1b
Dominated plants 154 a 22.3c 345.4 ¢ 133.1¢c

*Means followed by the same letter do not statistically differ to a 5% probability of error by Tukey's test.
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Fig 2. Mean values of corn grain yield as a function of different vacuum pressures.

Table 3. Description of the seeds used in the experiment for the sieve, germination (Ger), purity (Pur), length (Leng), width (Wid),
thickness (Thic), weight of one thousand seeds (WTS) and Sphericity (Sph).
Leng Wid Thic TGM

Screens Ger* Pur* (mm)** (mm)** (mm)** (g)** Sph (g)***
c1 99% 100% 10.45 8.84 4.80 333.8 73.3%
ca 99% 100% 10.61 6.75 4.46 236.3 64.4%
R1 99% 100% 9.75 8.83 6.01 3716 82.6%
R4 99% 100% 10.08 6.61 5.38 246.8 70.8%

*Reports of germination and purity performed by Du Pont do Brasil SA - Pioneer Seeds Division (RENASEM No: GO-01198/2011); **Evaluations of length, width, thickness, and WTS performed
according to MAPA standards (2009); ***Sphericity (8) according to Karayel et al., 2004.
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Fig 3. Climatic condition during the 2016/2017 agricultural crop for the city of Veré/PR.
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distance between plants, the highest is the heterogeneity (a
measure of regularity) of the distance between plants. In
turn, the greater the measure of regularity, the productivity
may be significantly lower (Storck et al., 2015).

According to Yasgi and Degirmencioglu (2007), working with
modeling for pneumatic distribution systems, the mean
diameter, geometry, and mass of the seeds determine the
level of vacuum. Results of Karayel et al. (2004), show that
the vacuum seeder efficiency of uniformity of distribution
differs in lower or higher vacuum pressures and high seeding
speeds.

Crop yield parameters

For the final population of plants, there was significant
interaction between the factors. However, only the C1 sieve
presented significant statistical model (Figure 1D). The C1
sieve had a larger size and greater WTS than the other
sieves, which requires a higher vacuum pressure for its
retention in the dosing disc. This way, the lower pressure
results in higher rates of planting failure, and in turn, lower
plant populations. Unlike this work, Vasquez et al. (2015) did
not observe any influence on the final population, studying
different sieves and corn seed forms, whereas they reached
a final average population of 58,765 plants ha.

The percentage of dominated plants was not influenced by
vacuum pressures as well as different sieves, with a mean
value of 8.25%. The irregularity in the spatial distribution
lines may reduce water use efficiency, light and community
nutrients, increasing the number of plants with delayed
phenological development, fragile stalks which get
dominated in the crop, producing small spikes (Sangoi et al.,
2012).

Except for the number of rows per spike, all other evaluated
parameters presented significant differences (Table 2). The
number of rows per spike is a variable genetic character
among hybrids, meaning each hybrid can produce a certain
number of rows of grains. Trogello et al. (2013) evaluated 14
different commercial sieves in corn yield components and
did not observe any influence on different sizes of sieves on
the number of rows per spike.

The number of grains per row, grain production per spike
and, consequently, grain yield per spike was impaired when
there was a double horizontal distribution, or the plant
showed a slow initial development, resulting in a dominated
plant. The proximity between plants (double) or delayed
development may affect plant resources uptake and thus
affect the formation of grains in the row.

According to Sangoi et al. (2010), the adequacy of the plant
arrangement directly affects the interception of incident
solar radiation, which is one of the main factors of
productivity definition. Often, we can observe that there has
been division, formation, and fertilization of the egg in the
row. However, plant ends up aborting the grains in tip of
the spike due to lack of resources.

The spikes formed within double-spaced plants and
dominated plants had a reduction in the number of grains
per spike of 11.5 and 42.0%, respectively, when compared to
spikes of normal spacing plants. The spikes in failed spacings
showed an increase in the number of grains per spike of 3%,
compared to the spikes of normal spacings. Thus, the plants
neighboring a planting failure will be able to compensate in
only 6% of the productivity, because the corn plants were
not able to compensate the planting failures.

The grain yield showed a significant interaction between the

1572

factors of vacuum pressure and sieve (p<0.01). However,
only the C1 sieve, showed a model that fitted to the data
(Figure 2).

The corn productivity is a result of the condition of the
environment provided for the plants for the expression of
the productive potential, which is the maximum production
of grains per plant. An optimal population of plants must be
implanted in such a way that can express its productive
potential. However, the competition with other plants for
resources does not happen. Likewise, plant populations
below the ideal result in underutilization of resources, and
consequently low yields.

The plants with uniform spacing present greater efficiency in
the assimilation of water, light, and nutrients, since
intraspecific competition is minimal (Silva et al., (2015). In
addition to the correct population of plants, the correct
spatial arrangement between leads to a correct distribution
of the plants in the area (Horbe et al., 2016), which is
fundamental for a high yield.

In the experiment, we can observe that the larger sieves
require a higher vacuum pressure to remain adhered to the
dosing disc until the moment of its release. The sieve C1,
besides having a higher WTS (333.8 g), has a smaller
thickness (4.80 mm) than the studied round sieves (R1 and
R4). This can lead to a suction loss of the seed to the disk
when it is poorly positioned in the hole, resulting in planting
failures. This can be confirmed at the pre-harvest stage by
evaluating the final population of plants (Figure 1D), where it
has been observed that the C1 sieve presented the lowest
values of final plant population, sown at a lower pressure (7
inH,0™).

Several studies have demonstrated the influence of seed size
on crop yield components (Kara, 2011; et al., 2011, Trogello
et al.,, 2013; De padua et al., 2010), while evaluating 14
different sizes of corn seeds. They obtained the highest
means of productivities using larger seeds. Kara (2011) and
Enayatgholizadeh et al. (2011) evaluated three sizes of corn
seeds and obtained a maximunm productivity with the use
of larger seeds.

Materials and methods
Experiment location and characteristics

The experiment was conducted in the summer crop
2016/2017 in commercial farming in the municipality of Veré
- PR, located at coordinates 25°54'35.50" south latitude and
52°59'8.08" west longitude, with an elevation of 620 m, with
soil classified as Red Latosol (EMBRAPA, 2013). The climatic
condition of the 2016/2017 crop, during the conduction
period of the experiment, can be observed in Figure 3.

In the conduction area of the experiment, the no-tillage
system had been adopted for more than ten years, and in
the previous crop 2015/2016 soybean and later beans were
grown. During the winter period, the area remained fallow,
which resulted in a low amount of straw (< 2.0 t MS hal) in
the soil at the time of the experiment.

Installation and conduction of the experiment

Twenty days before planting, the desiccation of the cover
plants (black oats) in the area was carried out with
glyphosate (Roundupg), at the dose of 2.5 L ha™’. The early
cycle of simple hybrid 30F53VYH (CRM 134) was used.

Mineral fertilization was carried out with potassium



fertilization at pre-sowing stage with distribution of 200 kg
ha™ of KCI (00-00-60), and disk distributor. At sowing, 355 kg
ha™! MAP fertilizer (11-52-00) was used as the base fertilizer.
Nitrogen cover fertilization was performed in two different
seasons (V2/3 and V5), using Super N urea (45-00-00) at a
dose of 150 kg ha, in each application.

A precision seeder-fertilizer spreader (Stara), Victoria Top
4950, with model vSet’ pneumatic distribution system was
used, with the option of variable rate distribution of seeds
and fertilizer, by means of the monitor control. Another
important feature was the utilization of a system of five
singular "fingers" to eliminate double seeds in the same
orifice, those of permanent position and without
adjustment.

The sowing velocity was 4.3 km ht (gait 1B), so that there
was no distribution influence on the treatments. The sowing
rate was adjusted for the final population of 68,000 plants
ha™, equivalent to 3.4 seeds m™, the seeding depth was
preliminarily adjusted to 6.0 cm.

Experimental design

The experimental design consisted of a randomized block
design with subdivided plots, and the treatments were
composed of four negative vacuum pressure levels (7, 12, 17
and 22 inches of water column —inch of HZO'l) and the four
different seed sieves (C1, C4 (flat-shaped seeds), R1 and R4
(round-shaped seeds)), with four replicates, totaling 64
experimental units. Each experimental unit consisted of a
useful area of 2 sowing rows of 20 m of length each. The
description and evaluations of the seeds are shown in Table
3.

The sowing depth and initial plant population evaluations
were performed after stabilization of the plant stand in V4.
Seed depth measurement has been performed on 10 plants
of each experimental unit, cutting the plant at the soil
surface level and then measuring the distance from the cut
to the position of the seed.

Parameters evaluated
Plant distribution

To evaluate plant distribution, the plant-to-plant distance
was measured in the valid area of each experimental unit,
using the methodology proposed by Kurachi et al. (1989),
classifying the spacings into three groups: double spacing
(ED): when the distance between plants is less than 0.5 of
the standard distance (Dp); normal space: when they fit
between > 0.5 and < 1.5 to Dp; failed space (EF): when the
distance between plants is greater than 1.5 to Dp, where Dp
is the recommended standard distance for the crop at a
given sowing rate. In addition to these parameters, the
standard deviation (SD), and coefficient of variation (CV)
were calculated.

Crop yield parameters

For the initial and final population evaluations of plants
(PFP), plants were counted in the two rows of 20 m for each
experimental unit.

Dominated plants, plants neighboring sowing faults and
double plants were also evaluated to measure productivity
losses per plant. For measuring the losses in dominated,
faulted and doubled plants, the individual evaluation of the
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grain yield of 50 plants at random in the test has been
performed, which is 50 dominated plants, 50 double plants
and 50 planting faults.

For yield estimation, the yield components was evaluated,
considering the average grain yield per plant (number of
rows per spike, number of grains per row, the weight of a
thousand grains and the population of plants in the area).
Besides, the productivity of the dominated plants and the
yield related to the condition of horizontal distribution of
the plants in the line were considered, which are plants in
the condition of a normal distribution, failure and double.
The evaluation of the standard spikes was performed in five
spikes, each in the two lines of each experimental unit,
measuring the number of rows per spike and number of
grains per row. For the measurement of a thousand-grain
weight, 30 random spikes were collected and the total
number of grains and measuring the humidity were counted
using a FARMEX MT-PRO model manual for each sample, for
conversion to a standard moisture of 13%.

Statistical analysis

Data have been submitted to analysis of variance by the F
test (p<0.05), and when significant, the means of the sieves
were compared using the Tukey test at 5% probability. For
the vacuum pressure, the polynomial regression analysis was
adopted. The models were selected by the criterion of
greater R? and the significance (p<0.05) of the parameters of
the equation. The spike evaluation data were analyzed using
the Tukey test, at a 5% probability. The software R (R
Development Core Team, 2011) was employed to analyze
the data.

Conclusion

Low vacuum pressure resulted in increased unevenness
between corn spacing and consequently lower yield. Smaller
sieves showed lower gaps and higher percentages of normal
spacing. The larger sieves showed higher standard deviation
and gaps. Regular and uneven gaps provided a higher
number of grains per row, a higher number of grains per
corn cob and a higher grain yield per spike. Thus, it can be
concluded that the 17 inch HZO'1 vacuum pressure sieve C1
presented better results for the valid parameters.
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