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ABSTRACT

In the satisfactory development of soybeans an ally is quality seeding and soil preparation.
The aim was to evaluate the quality of soybean seeding under different speeds and cover
crops. The experiment was conducted in a commercial soybean crop, using a high-
performance pneumatic seeder. The design experimental was randomized blocks, in 2x2

strip arrangement and nine repetitions. The factors consisted of two seeding speeds (7.0
km h' and 8.5 km h') and two cover crops (Urochloa brizantha cv. Marandu and
Urochloa ruziziensis). The operational quality was analyzed by statistical quality control,
statistical process control and boxplot. It was found that U. ruziziensis provided more
uniformity of coverage and soil humidity than U. brizantha cv. Marandu, but with lower
straw produced. It is recommended speeds of 7.0 and 8.5 km h! for no-till soybean in U.
ruziziensis straw, and 7.0 km h™! in U. brizantha cv. Marandu straw.

INTRODUCTION

Soybean (Glycine max (L.) Merrill) is one of the
most important crops worldwide because of its adaptability
to different conditions and its contribution to income, jobs,
and food production (Chen et al., 2019). One of the main
factors influencing the development and productivity of this
crop is sowing quality, which can be affected when sowing
is conducted using no-till systems in an incorrect manner
(Copetti, 2015).

The no-till system has been widely adopted for
soybean cultivation in Brazil, as it generally leads to higher
yields, related to increased organic matter and reduced soil
erosion losses (Chaveiro et al., 2022). Crop residues on the
soil surface help maintain temperature, reduce water
evaporation, and promote soybean germination and growth
(Cortez et al., 2019).

The no-till system efficiency is associated with the
combined action of several factors, such as the quantity and
quality of straw produced by cover crops (Andrade et al.,
2018) and the sowing process quality of the main crop
(Silva et al., 2020). In this context, increases in sowing

speed and straw input are closely related (Lenhardt et al.,
2022). Exceeding or decreasing the recommended sowing
speeds can increase operational variability, leading to a
higher percentage of double and missing plant spacings
beyond acceptable levels, which compromises the soybean
yield (Petrovic et al., 2024). This usually occurs by focusing
only on factors related to closing the sowing window, which
are generally linked to climatic conditions and field size,
which are determinants in a crop plantability. Therefore, it
is crucial to establish a spatial arrangement that ensures an
adequate plant stand and allows for high productivity
(Ariza-Sentis et al., 2024). The objective of this study was
to evaluate the quality of soybeans sown at different sowing
speeds in a no-till system with Urochloa sp. straw.

MATERIAL AND METHODS

Location of the Experimental Area

This study was conducted between January and June
2021 in a soybean commercial field located in the
municipality of Buriti, Maranhdo, Brazil, in the eastern
Maranhdo mesoregion (Figure 1). The soil in the
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experimental area is classified as LATOSSOLO
AMARELO Distrocoeso (Dantas et al., 2014). The climate
is hot, humid, and megathermic, with moderate water
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FIGURE 1. Schematic representation of the experimental plot

The experiment was arranged in a 2 X 2 factorial strip
design with nine replications. The first factor consisted of
two tractor-sowing speeds (7 km h™! and 8.5 km h™),
whereas the second factor included two Urochloa sp. straw;
specifically, Urochloa brizantha cv. Marandu (denoted as
C1), and Urochloa ruziziensis (denoted as C2) in two
distinct areas.

During the experiment, both areas were
characterized by their respective soil cover prior to sowing.
This characterization included measuring straw volume,
soil temperature, soil moisture content, and soil resistance.
For these measurements, 36 samples were taken using a
0.25 m? sampling square, randomly placed in the field.
Straw volume was estimated by collecting material from the
soil surface, and the samples were weighed using a semi-
analytical balance to provide an estimate of tons
per hectare.

Soil temperature was measured above and below the
straw at the 36 sample points, and soil moisture was
obtained by collecting material from a depth of 0-20 cm.
Fresh samples were weighed and naturally dried for 7 d in
the laboratory. The soil moisture was calculated as the
difference between fresh and dry sample weights, in both
steps using a semi-analytical balance. Soil resistance was
measured using a digital soil penetrometer (PLG 2040,
Falker), at a depth of 0—40 cm for all sample points.

Post-Sowing Analysis and Result Evaluation

Sowing was performed using a precision pneumatic
seed drill (PL 7027, New Holland), with 27 rows spaced
0.45 m apart, equipped with pneumatic distributors working
together for high-efficiency operation. The seed drill was
calibrated to distribute 13.5 seeds per meter at a depth of 3

deficiency in winter, leading to unstable climatic conditions
during the sowing period, and annual rainfall ranging from
16002000 mm (Passos et al., 2016).
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cm. The operation was conducted using a tractor (T8 385,
New Holland) with a 340 hp engine, 279 L min-1 flow rate,
five remote valves with electronic flow adjustment, high
hydraulic lift capacity, and automatic gear shifting
management with speed scaling. The soybean cultivar
‘Pampeana 9510 IPRO’ was used, with a medium life cycle
of 122 days, a determinate growth habit, and a
recommended stand of 13.5 plants per meter.

After sowing at different speeds and soil covers, seed
depth and longitudinal distribution were analyzed according
to the method used by Kurachi et al. (1989). For seed depth,
measurements were taken from two sub-samples (sowing
rows) parallel to 2 m for each replicate. The measurements
were performed by carefully opening the seed furrows
manually until the seeds were identified. Seed depth was
measured using two graduated rulers placed perpendicular
to the soil surface.

The seed longitudinal distribution was also measured
after manually opening the furrows and was estimated from
the longitudinal distance between seeds using a metric tape.
The spacings between seeds (Xi) were evaluated according
to the classification described by Kurachi et al. (1989),
determining the percentage of spacings corresponding to the
categories: normal (0.5 Xref < Xi < 1.5 Xref), multiple (Xi
< 0.5 Xref), and missed (Xi > 1.5 Xref), based on the
reference spacing (Xref) according to the seed drill settings.
Identifying the depth, longitudinal, and transverse
distribution of seeds significantly aids in evaluating sowing
quality (Jasper et al., 2013).

After sowing, the emergency speed index (ESI) was
evaluated daily. The number of plants that emerged were
counted after the appearance of the first true leaf. The
evaluation took place over a 7-d interval, and the estimate
was calculated using [eq. (1)] according to Maguire (1962).
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The stand closure was evaluated twenty days after sowing
by measuring the plants and counting the number of
emerged plants per meter.

E1 E2 EN

Where:
ESI is the emergency speed index;

El, E2, and EN are the number of normal seedlings
counted in the first, second, and last evaluations,
respectively, and

N1, N2, and NN are the number of days between the
first, second, and last evaluations, respectively.

Operational quality was visualized in a boxplot
diagram, showing the mean and median positioned within
the quartiles. The range between the first and third quartiles
contained 50% of the data, with the median value of the
evaluated variable. Outside the box, the data are represented
by vertical lines, showing the upper and lower limits, and
values that exceed these limits are outliers.

Statistical Quality Control (SQC) charts, specifically
the Statistical Process Control (SPC) were used. SPC is a
set of tools designed to understand, monitor, control, and
improve the performance of various production processes,
including agricultural processes, over time. Their use is

essential for achieving process stabilization by identifying
unstable moments (points) (Lim et al., 2014). The control
charts present central lines (overall mean and mean range)
as well as the upper and lower control limits (UCL and LCL,
respectively), calculated based on the standard deviation of
the variables, as shown in eqs (2) and (3).

UCL =X + 30 2)

LCL=X—-30 3
Where:

UCL is the upper control limit;

LCL is the lower control limit;

X is the overall mean of the variable, and

o is the standard deviation.

RESULTS AND DISCUSSIONS
Characterization of the experimental area

The contribution of residual biomass to the soil
indicates a greater increase in coverage in Cl than C2.
However, as shown in Figure 2, there is a greater oscillation
in the biomass produced within the C1 area, where the first
sampling points had more straw than the others. In contrast,
C2 had a more uniform ground cover.
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FIGURE 2. Control chart of individual straw values (t ha-1) for the Urochloa brizantha cv. Marandu (C1) and Urochloa

ruziziensis (C2) covers.

This may be related to the desiccation of the cover
crops, which were managed with the same dose of the
herbicide glyphosate (750 g e.a. ha™!) and, consequently, were
more efficient in terms of the senescence of C2, which was
smaller than that of C1. Therefore,C1 its more entouced and
cespitose growth habit, and the fact that the knife-roller was
not used, may have contributed to a greater contribution of
dry matter in clumps, generating greater variability. These
results are consistent with those of Salomao et al. (2020), who
recommended the efficient management of cover materials to

achieve a successful contribution of straw in no-till systems,
because even with the use of modern machinery, sowing can
be compromised when done in uneven plots.

Figure 3 shows the individual value control charts
for soil resistance in no-till system with C1 and C2 straw.
The area occupied by C2 straw had greater variability than
that occupied by C1 straw, with points 5 and 25 standing out
with 1.75 MPa and 1.95 MPa, respectively. However,
both materials were beneficial in terms of soil
conservation aspects.

Engenharia Agricola, Jaboticabal, v.44, e20230111, 2024



Bruna da S. B. Ribeiro, Leonardo B. Silva, Jarlyson B. C. Souza, et al.

MARANDU RUZIZIEN SIS

ol ’ : ucL

@ I

S 1.75- :

"',,_,J I

E 1,50 - A : "..,.f'/(.\" i

7 i1 Jt

2 125 N ;

o 1

= 14 :

g : LCL
1 5 g 13 17 P 75 78 13

OBSERVATION

FIGURE 3. Control chart of individual soil resistance values (MPa), for the Urochloa brizantha cv. Marandu (C1) and Urochloa

ruziziensis (C2) mulches.

According to Guimardes et al. (2013), critical soil
resistance values can vary from 1.5-4.0 MPa, although
values close to 2 MPa are accepted as impeding root growth.
Thus, C1 and C2 showed that there were no out-of-control
points, stabilizing the process for both straw types and
demonstrating compliance with the limits proposed in the

soil temperature of 24.6 °C (Figure 4). According to Mello
et al. (2020), this can benefit the soybean crops during
sowing and harvesting. Teodoro et al. (2021) added that the
occurrence of adverse weather, such as low rainfall and high
temperatures throughout the crop cycle could be mitigated

literature. Regarding soil temperature, there was greater by effective. SOﬂ. cover designed for conservation
uniformity and lower temperatures in C1, with an average management in no-till systems.
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FIGURE 4. Control chart of individual soil temperature values, under cover of Urochloa brizantha cv. Marandu (C1) and

Urochloa ruziziensis (C2).

The control charts for soil moisture showed greater uniformity in C2 than in C1, which may have been related to the

different straw volume (Figures 2 and 5).
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FIGURE 5. Control chart of individual soil moisture values, for Urochloa brizantha cv. Marandu (C1) and Urochloa ruziziensis

(C2) cover.
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This higher uniformity in C2 may favor germination,
as soil moisture is crucial for this physiological process.
According to Soares & Krupek (2019), germination can be
affected by water deficits, preventing emergence and
growth. Mello et al. (2020) related that the relative humidity
has a direct relationship with the soybean seeds moisture, as
they are hygroscopic and require a balance with the
environment.

Boxplot analysis of sowing quality

The wvariation in the results obtained between
the sowing speed and mulch was visualized using boxplot
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graphs. The boxplots included observations between the
second quartile (Q2) and third quartile (Q3), known as the
interquartile range, with lines extending to the minimum and
maximum values observed, as well as the mean and median.

For the sowing depth variable, at a sowing speed of
7 km h™" and Urochloa brizantha cv. Marandu (C1) and
Urochloa ruziziensis (C2) straw, the lower limit value was
1 cm, and the interquartile range was 2.9—4.9 cm (Figure 6).
In addition, at 7 km h™! there was a variation in sowing
depths of 3.8 cm and 4.0 cm, with a median of 3.6 cm and
3.8 cm, for C1 and C2, respectively.
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FIGURE 6. Boxplot of seeding depth under different seeding speeds (7.0 and 8.5 km h-1) and Urochloa sp. cover crops (C1 -

Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

At a sowing speed of 8.5 km h! there was more
variability in the database, with C1 showing variations in
the lower (2.0 cm) and upper (9.0 cm) depth limits, with an
interquartile range of 3.5-5.5 cm. There was an outlier in
Cl1, in which the sowing depth exceeded the upper limit of
9.0 cm (Figure 6). This may have been due to operational
failures during the sowing process. According to Barbosa et
al. (2018), the presence of outliers, whose atypical values
are far removed from the data set, may indicate an
abnormality arising from mechanical, climatological or
pedological processes during the sowing process. Morettin
& Toloi (2006) mentioned that outliers can be significant in
the obtained results and have a significant influence; thus,
they may not be generated only by random errors, and can
mask a statistical control assessment.

C2 had a lower and upper depth limit of 1.4 cm and
8.3 cm, with an interquartile range of 2.5-3.5 cm at a sowing
speed of 8.5 km h™'. However, there was a significant
increase in outliers in C2 compared to C1, which can be
explained by the different straw volume and increase in
operating speed. At 7 km h™' for C1 and C2 there was
symmetry; however, with an increase to 8.5 km h™! there
may be greater instability (Figure 6). Regarding acceptable
longitudinal distribution, sowing of C1 and C2 at 7 km h!
showed less amplitude in the data compared to 8.5 km h™'.
At 7 km h™! sowing of C1 had a lower limit of 22% and an
upper limit of 88%, with an interquartile range of 59.0—
83.5%, a mean of 69.3%, and a median of 74.5%. C2 showed
an increase of 6.4% in the mean and 8.1% in the median for
acceptable longitudinal distribution (Figure 7).
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FIGURE 7. Boxplot of longitudinal distribution in relation to acceptable seed spacing, under different sowing speeds (7.0 and
8.5 km h-1) and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

Sowing of C1 at 8.5 km h™! had a lower limit of
22.0% and the upper limit of 92.0%, with an interquartile
range of 44.0-71.5%, mean of 57.0%, and median of 58.0%.
C2 had a lower limit of 18.0% and an upper limit of 88.0%,
with an interquartile range of 47.5-81.0%, mean of 63.2%,
and median of 70.0%. As the speed of the sowing process
increased, the range and percentage of acceptable seeds
increased (Figure 7).

In relation to the double spacing in the longitudinal
distribution, sowing at 8.5 km h™! showed higher rates of
double spacing for C1 and C2, with upper limits of up to
25.0% when compared to that at 7 km h™'. There was a
44.0% reduction in double spacings, which corroborates the
premise observed in the acceptable longitudinal
distribution, where an increase in sowing speed led to the
double spacing and sowing failures (Figure 8).
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FIGURE 8. Boxplot of longitudinal distribution in relation to double seed spacing, under different sowing speeds (7.0 and 8.5
km h-1) and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).
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Sowing at 7 km h™! resulted in a lowestfailed spacing
in the longitudinal distribution. In C1, the lower limit was
9% and the upper limit was 67%, with an interquartile range
of 13.8-34.5%. The average of failed spacings was

estimated to 26.3% and the median was 21.5%. In C2, the
data set was similar and there were no outliers. The
interquartile range was 10.0-32.8%, with a slight reduction
than C1 (Figure 9).
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FIGURE 9. Boxplot of longitudinal distribution in relation to seed spacing failures, under different sowing speeds (7.0 and 8.5
km h-1) and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

However, sowing at 8.5 km h™' showed a greater
amplitude of the database, with the lower and upper limits
estimated at 8.0 and 76.0%, respectively. In Cl, the
interquartile range was 20.3—41.8%, similar to those
observed at 7 km h™! in C1 and C2. However, they had an
average of 35.6% and median of 35.0% failed spacings in
longitudinal distribution. Regarding C2, sowing at 8.5 km
h™! produced a wider interquartile range, estimated at

between 13.8% and 55.8%, with an average of 34.3% and
median of 26.5% (Figure 9).

Analysis of seeding quality using control charts

Regarding the depth, both sowing speeds had out-of-
control points in C1, indicating an operational instability. The
desiccation of C1 at the same herbicide dose as C2, as well as
its cespitose growth habit, may have caused the higher
variability in C1 at 8.5 km h™! (Figure 10).
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FIGURE 10. Control charts of individual values of transverse distance (depth) of seeds, under different sowing speeds (7.0 and
8.5 km h-1) and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).
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As the sowing speed increased, the variability in
deposition also increased, reaching maximum of 7.3 cm depht,

Figure 11 shows the control charts for acceptable
spacing at sowing speeds of 7.0 and 8.5 km h™!, for C1 and

which is high and above the ideal values found in the literature.
Thus, they were significantly upper than the desired standard
for the operation (3 cm) (Figure 10A). In C2, both sowing
speeds indicated a failure in operational quality, but variability
decreased when the machine sowed at 8.5 km h™!, showing

C2 straw. In Cl1, there was an increase in variability when
from the sowing speed increased from 7.0 km h™! to 8.5 km
h™!, but the process remained stable with little out-of-control
points, which is consistent the results of Bortoli et al.

better uniformity compared to the average (Figure 10B). (2021).
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FIGURE 11. Control charts for longitudinal distribution of acceptable seeds under different sowing speeds (7.0 and 8.5 km h™!)
and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

At 8.5 km h'!, C2 had one out-of-control point; point 30, which was below the control limit, with a value of 24.4%. This
could be explained by operational failures or variations in the field (Figure 11).

Figure 12 shows the charts of the double spacing. For Cl, at 7 km h™!, there was less variability, reflecting better
operational quality and points closer to the average. However, for C1, at 8.5 km h™!, there was a high variability, with points far
from the average.
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FIGURE 12. Control charts for the longitudinal distribution of double seeds under different sowing speeds (7.0 and 8.5 km h'!)
and Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).
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At 7.0 km h™! the C2 was the most stable, showing
low variability, with no points outside the control limits. At
8.5 km h!, the start of the operation was stable, but its
variability increased between points 24 and 29 (Figure 12).
These results corroborate those of Correia et al. (2020), who
found that double spacing increased as the operating speed

increased. According to them, this causes gaps in the
seeding lines, which favors competition between the plants.
In the control charts for seed distribution failures, it was
observed that sowing at 7.0 km h™! for both C1 and C2, caused
fluctuations at most of the points close to the center line, with
no points outside the control limit (Figure 13).
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FIGURE 13. Control charts for longitudinal distribution of seed failures under different sowing speeds (7.0 and 8.5 km h!) and
Urochloa sp. mulches (C1 - Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

In contrast, speed influenced C2, with one point
outside the upper limit (point 30), and with 75.8% of the
failures spacing at 8.5 km h™! (Figure 13). Carper et al. (2017)
suggested that it is extremely important to conduct periodic
maintenance of equipment to reduce failures and obtain a
uniform standard in the field, especially when the operating
speed increases.

Figure 14 shows the germination percentages in C1

and C2, corresponding to the sowing speed at 7 km h™'. In
Cl1, the germination percentage was highly variable;
however, there were no out-of-control points. In C2, there
was less variability and points fluctuated around the
average, showing a better germination percentage over the
study period. This may be related to the sowing quality at
7.0 km h™!, more uniform straw, lower temperature, and
higher soil moisture in C2.
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FIGURE 14. Control charts of individual germination values at a speed of 7.0 km h!, under different Urochloa sp. mulches (C1
- Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).
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At 8.5 km h™!, there was a high variability in both C1 and C2, with the presence of out-of-control points at the beginning
and end of the operation in C2 (Figure 15). This is possibly a result of operational failures that included a more heterogeneous
depth and above the recommended limit (3 cm) at 8.5 km h™' in C1 and C2 (Figure 15).
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FIGURE 15. Control charts of individual germination values at a speed of 8.5 km h-1, under different Urochloa sp. mulches (C1

- Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

Soybean yield

At 7 km h™!, C1 showed a lower limit of 3,147 kg ha™' and an upper limit of 4,224 kg ha™!, with an interquartile range
of 3,348-4,205 kg ha™!, an average yield of 3,742 kg ha™!, and a median of 3,604 kg ha™'. In C2 there was a reduction in the
amplitude of the yield database, with a lower limit of 3,015 kg ha™' and an upper limit of 3,763 kg ha’!, an average of 3,571 kg

ha!, and a median of 3,704 kg ha! (Figure 16).
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FIGURE 16. Boxplot of productivity under different sowing speeds (7.0 and 8.5 km h-1) and Urochloa sp. mulches (C1 -
Urochloa brizantha cv. Marandu, C2 - Urochloa ruziziensis).

At 8.5 km h™!, C1 showed a low amplitude in the
yield database. The lower limit was 3,447 kg ha™' and the
upper limit was 4,021 kg ha™!, with an average of 3,703 kg
ha!, and a median of 3,662 kg ha'!. In contrast, C2 showed
more variability with a lower limit of 2,706 kg ha! and an
upper limit of 4,185 kg ha!, an interquartile range of 2709—
3792 kg ha'!, and an average yield of 3,247 kg ha™..

CONCLUSIONS

Urochloa ruziziensis provided a more uniform soil
cover and moisture than U. brizantha cv. Marandu, but with
less biomass (straw). Sowing speeds of 7.0 km h™! and 8.5
km h™! are both recommended for Urochloa ruziziensis.
However in a no-till system with U. brizantha cv. Marandu
straw is recommended to use a sowing speed of 7.0 km h™!,
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