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ABSTRACT

Several factors interfere in the efficiency of the seeding process in planting system, with the
quality of longitudinal seed distribution being particularly critical. This study aimed to identify
the most productive maize hybrid under the prevailing soil conditions and to evaluate the quality
of seed longitudinal distribution during cultivation. The experimental design consisted of strip
plots with seven treatments and five repetitions. The treatments comprised the following hybrid
maize cultivars: EXP T14M774265, Balu 761, EXP T14M6520, EXP T14M713265, Balu 383
VIP 3, EXP T14M7641 and EXP 7132MT14. The variable evaluated included maize productivity,
soil pH, soil mechanical resistance to penetration (RP) and the percentage of normal, double
and missing crop spacing. Data were subjected to analysis of variance (ANOVA), and means
were compared using Tukey’s test when the F-test was significant at the 5% probability level.
No significant differences were observed in soil pH (measured in both H,0 and KClI), and soil
compaction levels remained within acceptable limits, indicating favorable conditions for plants
development. However, the seed longitudinal distribution exhibited high variability, attributed
to inadequate planter calibration. Among the hybrids tested, EXP T14M6520 (C3) exhibited the
highest average productivity, reaching 8.43 t ha'.
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QUALIDADE DA DISTRIBUICAO LONGITUDINAL DA CULTURA DO MILHO NA
REGIAO AMAZONICA

RESUMO

Varios fatores interferem na exceléncia do processo de semeadura em sistema de plantio, destacando-
se entre eles a qualidade da distribuicdo longitudinal. Objetivou-se identificar a cultivar de milho
mais produtiva nas condigdes de solo em que as plantas cresceram, e determinar a qualidade da
distribuicdo longitudinal do cultivo. O delineamento utilizado no trabalho foi em faixas com 7
tratamentos e 5 repeti¢des. Os tratamentos foram as cultivares hibridas de milho: EXP T14M774265,
Balu 761, EXP T14M 6520, EXP T14M713265, Balu 383 VIP 3, EXP T14M7641 ¢ EXP 7132MT14.
Foram avaliados: produtividade, pH do solo, resisténcia mecéanica do solo a penetragdo (RP) ¢ a
porcentagem de espagamento normal, duplo e defeituoso da cultura. Os dados foram submetidos a
analise de variancia e, quando o valor do teste F foi significativo a pelo menos 5% de probabilidade,
foi utilizado o teste de Tukey para comparacao das médias. Nao houve diferenga nas médias de pH
em H,0 e em pH em KCI. Néo foi identificado condi¢des de compactagdo no solo acima dos limites
aceitaveis. As plantas desenvolveram-se em boas condigdes de solo. A distribui¢@o longitudinal das
sementes neste estudo apresentou uma grande variagdo percentual. Isso ocorreu devido ao ajuste
inadequado da maquina. O hibrido EXP T14M6520 (C3) foi o que mais se destacou no cultivo,
apresentando média 8,43 t ha! de produtividade.
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INTRODUCTION

During the 2022-2023 period, the United States
produced approximately 348 million metric tons
of maize (Singh et al., 2024). Of this total, about
166 million tons were processed through wet
milling for various applications, including 130
million tons for fuel ethanol production, as well
as for food and industrial uses (USDA ERS, 2023,
USDA NASS, 2023). Globally, the United States
ranks first in maize production, consumption, and
exports. In the 2022-2023 harvest, it accounted for
30% of global maize production, leading the top
five producers: China, Brazil, the European Union
and India (which had production comparable to
Argentina) (USDA FAS, 2023).

Maize production in Brazil for the 2024/2025
harvest was estimated at 126.9 million tons,
considering all three cropping harvests. The first
crop cultivation was expected to produce 24.7
million tons, followed by 99.8 million tons from
the second harvest, and 2.4 million tons from the
third harvest (Conab, 2025).

Maize is particularly relevant crop for research,
as it provides a basis for future agricultural
advances. As a major commodity, it has expanded
its presence in the national territory, following a
similar trajectory to other traditional crops such as
beans, rice and sugarcane. Historically, these crops
were cultivated with lower technological input,
often relying on non-arable lands and the natural
fertility of soils (Alves et al. 2019, Pinheiro et al.
2021).

It is well established that the State of Para
contains extensive areas of soil with high
agricultural potential which, when properly
managed, corrected and fertilized, and combined
with the use of suitable cultivars, can achieve
productivity levels comparable to those of major
agricultural regions (Silva Pinheiro et al., 2024;
Souza et al. 2002).

According to Nestlehner (2018), several factors
influence the effectiveness of the sowing process
in no-tillage system, with operating speed being
one of the most critical. Increased sowing speed
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negatively affects seed placement, leading to
reduced accuracy in longitudinal distribution and
sowing depth, as speed is inversely proportional to
sowing quality.

The state of Para has expanded its maize
cultivation area in recent years (Brito ef al., 2024).
Therefore, it is essential to identify the cultivars
being planted and to understand the sowing
systems used. Based on this context, the hypothesis
of this study is that inadequate longitudinal
distribution of seeds in the soil negatively affects
maize productivity. Considering the productive
potential of the Parauapebas-PA region, the
objective of this study was to identify the maize
hybrid with the highest productivity under the
region’s soil conditions and to assess the quality
of the longitudinal seed distribution during crop
establishment.

MATERIAL AND METHODS

This study was conducted at the Technological
Center for Family Agriculture, in the municipality
of Parauapebas-PA, located at 06°12°45” S
and 49°51°14” W, at an altitude of 197 meters.
According to Koppen-Geiger classification, the
region has a hot and humid tropical climate (Aw),
characterized by high annual precipitation. The dry
season occurs from May to November, while the
rainy season, known locally as the “rainy winter”,
precipitation can reach up to 2800 mm. During
this period, relative humidity exceeds 90%, and
the average annual temperature is approximately
29 °C. The local soil was classified as Yellow-Red
Latosol, according to Embrapa (2018).

During the experiment in 2019, April was the
rainiest month within the experimental period,
with a recorded precipitation of 250 mm. In
comparison, May had 98 mm of precipitation,
while June was the driest month, with only 38 mm
of precipitation. Soil granulometric and chemical
analyses (Table 1) were conducted at a depth of
0.0 - 0.2 m, shortly after sowing. Composite soil
samples, representative of the entire experimental
area, were collected from this depth range.
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Table 1. Particle size and chemical composition of the experimental area at a depth of 0.0 to 0.2 m, in

Parauapebas-PA in 2019

Depth Clay Silt Sand Ca Mg H+Al K oM pH
g kg mol kg! % H,0
0-0.2 m 512.490 168.240 319.270 0.050 0.004 0.021 0.004 1.330 6.090

Ca=Calcium; Mg=Magnesium; H+Al= Hydrogen + Aluminum; OM= Organic matter

This study utilized a strip-plot experimental
design with seven treatments and five repetitions.
The treatments consisted of hybrid maize cultivars:
EXP. T14M774265, Balu 761, EXP T14M6520,
EXP T14M713265, Balu 383 VIP 3, EXP
T14M7641, EXP 7132MT14. The allocation of
cultivars to experimental units was randomized.
For clarity, the hybrids were designated Cl1, C2,
C3, C4, C5, C6 and C7 respectively.

The experimental area was prepared using
conventional tillage, which involved disc plowing
to a depth of 30 cm, followed by harrowing.
Fertilization was carried out with 110 kg ha' of
nitrogen, 150 kg ha' of phosphorus (applied in
three stages: one-third at planting and two-thirds
as topdressing), 90 kg ha'! of potassium, and 50
kg ha! of FTE BR 12, a blended mineral fertilizer
containing essential micronutrients.

Planting was performed on April 3, 2019, using
the Jumil-2040 G2 mechanical seeder-fertilizer,
equipped with a double offset disc system for
fertilizer distribution. The equipment operated
with five rows spaced 0.70 meters apart and was
pulled by a 4x2 tractor in fourth gear with reduced
transmission at 1700 RPM, achieving a working
speed of 4 km h'. A uniform planting density of
approximately 60,000 plants ha™! was used for all
treatments.

Data collections were performed on April 27,
2019, with the objective of evaluating the initial
crop performance and assessing the longitudinal
distribution of the plants. Soil pH in H,O and
KCI was determined following the methodology
recommended by Embrapa (2017). The analyses
were conducted in the laboratory of the Federal
Rural University of the Amazon using soil samples
collected with Dutch auger to a depth of 0.20
meters.

Soil resistance to penetration (RP) was measured
using a LOG FALKER electronic penetrometer
(Falker, Brazil). Measurements were taken at five
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randomly selected points within a representative
area of each cultivar treatment. In this study, soil
compaction was considered acceptable when
RP values were below 2.6 MPa, following the
threshold proposed by Canarache (1990).

Longitudinal distribution was assessed based
on the percentage of normal, double and missing
spacings between seeds and plants. Initially,
seed placement along the planting row was
inspected, and relevant information was recorded.
Germination was subsequently verified, confirming
that 100% of the distributed seeds had germinated.
Plant-to-plant distances were then measured along
a 3-meter segment of the row (Figure 1), with
five replicates per treatment. Measurements were
consistently taken from the same planting rows at
15-day intervals.

Source: The author, 2024

Figure 1. Evaluation of longitudinal distribution of
plants

The data were subjected to analysis of variance
(ANOVA), and when the F-test was significant
at the 5% probability level, mean comparisons
were performed using the Tukey test (p <0.05).
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Statistical analyses were conducted using the
SISVAR software (Ferreira, 2019).

RESULTS AND DISCUSSION

No significant differences were observed in
the mean pH values measured in H,O (indicating
actual soil acidity) or in KCI (reflecting potential
acidity) (Table 2). These results suggest that all
plants developed under comparable soil acidity
conditions.

Although variations in soil pH values were
observed among treatments, no significant
differences were detected for either pH in H,O or
for pH in KCI. The pH in H,O ranged from 6.2 to
6.8, while pH in KCI ranged from 5.4 to 6.0. All
cultivars were grown under conditions considered
ideal for soil acidity, with the exception for cultivar
7, which exhibited a potential acidity (pH in KCI)
of 5.4—slightly below the recommended range
of 5.5 to 6.5 for optimal maize development in
the Amazon region (Silva, 2003). The limited
variation in pH is likely due to the relatively small
experimental area (two hectares), as pH variation
tends to be more pronounced over larger spatial
scales.

Regarding soil penetration resistance (RP),
significant differences were observed among
treatments (Table 2), with the highest value
observed at 1.41 MPa in the soil where cultivar 5
was grown. However, none of the mean RP values
exceeded 2.6 MPa, the threshold beyond which
soil compaction may restrict crop development
(Oliveira et al. 2020). This findings indicate

that none of the cultivars experienced limiting
compaction conditions during cultivation. Although
RP values varied depending on the treatment, they
remained below the critical resistance limit (Vigolo
et al., 2024). Excessive soil compaction can lead
to significant reductions in crop performance,
affecting both root development and the aerial part
(Resende Neto et al., 2024).

According to the standard protocol proposed
by Correa et al. (2020), acceptable plant spacing
in this study was defined as ranging from 0.5 to 1.5
times the average spacing within each evaluated
row. Spacings greater than 1.5 times the average
were classified as missing (faulty) spacings,
while those less than 0.5 times the average were
considered double spacings. The mean percentages
of normal, double and missing spacings for each
cultivar are presented in Table 3. The results
indicated substantial variation in longitudinal plant
distribution among cultivars.

Cultivar 1 exhibited the highest percentage of
normal spacing among all treatments, with 88%
of spacings classified as adequate. In contrast,
cultivar 2 showed the lowest percentage of normal
spacing, with only 52% of spacings falling within
the acceptable range. Irregularities in longitudinal
plant distribution can negatively impact crop
performance, as non-uniform spacing may lead to
inefficient use of available resources such as water,
nutrients, and light.

Correia et al. (2020) concluded that higher
tire inflation pressure can influence planter

Table 2. Mean values and standard deviations for soil pH in H,O, pH in KCl and resistance to penetration (RP)

Cultivar pH-H,O pH-KCI RP (MPa)
Cl 62+0.14a 6.0+0.16a 1.07£0.11 ab
C2 62+0.16a 6.0+0.11a 1.05+0.11 ab
C3 6.4+0.41a 58+0.57a 1.15+0.10 abc
Cc4 62+022a 58+0.29a 1.28 £0.19 abc
Cs 6.4+0.15a 6.0+0.11a 141+021c¢
Co6 6.8+0.14a 6.0+0.14a 1.33+0.25 be
Cc7 62+0.17a 54+132a 0.96+0.13 a

F Test 0.4185m 0.5524r 0.0010"

CV (%) 7.6 9.3 14.10

DMS 0.98 1.10 0.33

Means followed by the same letter in the column do not differ significantly by Tukey’s test for a 5% probability level; RP = Mechanical Soil

Resistance to Penetration. DMS = Minimum significant difference; ns = not significant; * = significant at the 5% probability level; CV - coefficient

of variation. The values represent the mean + standard deviation. The cultivars were designated as follows: C1-EXP. T14M774265, C2-Balu 761,
C3-EXP T14M6520, C4-EXP T14M713265, C5-Balu 383 VIP 3, C6-EXP T14M7641, and C7-EXP 7132MT14
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performance. Specifically, a pressure of 241
kPa (35 psi) was associated with a lower rate of
missed and double spacings, a reduced coefficient
of variation in seed spacing, and greater precision
in the longitudinal distribution of deposited
seeds. Thus, although variability in longitudinal
distribution was observed for most treatments, it is
unlikely that tire pressure alone was responsible for
this outcome. It is more plausible that a combination
of factors contributed to the observed variation,
including proper calibration of the seeder, adequate
lubrication of mechanical components, correct
adjustment of clearances, and overall machine
condition. Additionally, the advanced age of the
implement and the lack of regular maintenance,
as recommended by the manufacturer, may have
further compromised sowing precision.

According to Vasconcellos (2019), the performance
of seeders is directly influenced by the operating

speed, which can affect both sowing quality and
overall machine efficiency. In general, increased
sowing speeds are associated with reduced
sowing quality, including the lower plant stand
establishment, increased incidence of missed
plants, irregular spacing, and a higher rate of
mechanical seed damage. Although sowing speed
was standardized in the present study, it is possible
that inadequate equipment ballast contributed to
slippage rates exceeding recommended limits.
This, in turn, may have influenced the variation
observed in the longitudinal distribution of seeds.
The productivity values of the different maize
cultivars evaluated in the study is presented in
Table 4.

With the exception of the second hybrid, all
treatments exhibited higher productivity than
the national average of 5.624 tons ha' (Conab
2024), confirming the favorable productivity

Table 3. Mean percentages of normal, double and missing spacings in each treatment

Cultivar Normal Double Missing
(%)
Cl 88.00 0.00 12.00
C2 52.84 12.72 34.44
C3 81.52 7.42 11.06
C4 69.24 8.04 22.70
C5 84.10 5.16 10.74
C6 71.70 7.60 20.68
C7 72.82 3.50 23.68

Cultivar were designed as follows: C1-EXP. T14M774265, C2-Balu 761, C3-EXP T14M 6520, C4-EXP T14M713265, C5-Balu 383 VIP 3, C6-EXP

T14M7641, and C7-EXP 7132MT14

Table 4. Mean productivity values of maize cultivars

Cultivar Productivity
(t ha'!)
Cl 7.97 £0.53 be
C2 538+049a
C3 843+1.40¢
C4 7.23+0.57 be
C5 6.26 +£0.97 ab
C6 7.66 +0.85 be
Cc7 7.62 +£0.78 be
F test 0.0001*
CV (%) 11.79
DMS 1.71

Means followed by the same letter in the column do not differ by Tukey’s test at the 5% probability level; DMS = Minimum significant difference;

ns = not significant; * = significant at the 5% probability level; CV - coefficient of variation. Values are expressed as mean + standard deviation.

Eng. Agric., v.33, p. 45-52, 2025
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performance of the cultivars. Kopper et al. (2017)
reported productivity values of 7.5 tons ha'!, which
surpassed the performance of only two cultivars in
the present study (C2 and C5). In contrast, Oliveira
et al. (2021) reported productivity exceeding 11
tons ha'! in a study evaluating different irrigation
regimes.

The productivity results were favorable for all
treatments. The highest average productivity was
observed for cultivar C3, with 8.43 t ha!, which
did not differ statistically from cultivars C1 (7.97
t ha'), C4 (7.23 t ha'l), C6 (7.66 t ha'), and C7 (
7.62 t ha'). The lowest productivity were recorded
for cultivars C2 and C5, with 5.38 and 6.26 t ha
I, respectively. According to Conab (2025), the
average maize productivity in Brazil during the
2024/2025 harvest was 5.93 t ha''. Therefore, most
of cultivars evaluated in this study exhibited higher
productivity than the national average, with the
exception of cultivar C2, which yielded 5.38 t ha''.
These results suggest that, despite irregularities in
longitudinal seed distribution, overall productivity
remained satisfactory when compared to national
benchmarks.

It is important to highlight the growing
global concern regarding maize productivity.
Human activities have significantly contributed
to global climate alterations and over the past
two decades, the intensification of an extreme
phenomenon —climate change— has exacerbated
climate variability. This variability has produced
widespread impacts across all geographic scales,
posing significant challenges to agricultural
systems globally, particularly in maize production
(Cruz-Gonzalez et al., 2024).

Addressing climate requires strategic actions,
including the development of new maize varieties
with extended growing seasons, the adoption of
more efficient irrigation systems, and improvements
in irrigation management to enhance water and food
security while minimizing the risk of conflicts over
water resources (Gongalves et al., 2024). These
results contribute to the ongoing discourse on
effective strategies for mitigating climate change
impacts and promote sustainable resource security
at both national global levels.

CONCLUSION

e The plants developed under favorable soil
conditions. However, considerable variation
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was observed in the longitudinal distribution
of seeds, primarily due to inadequate machine
calibration. Among the evaluated cultivars,
the hybrid EXP T14M6520 (C3) exhibited the
highest performance, with a mean productivity
of 8.43 tha'.
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