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ABSTRACT

The spatial arrangement and plant population have been highlighted as fundamental tools for increasing
productivity. The objective was to evaluate the vegetative and productive performance of two soybean
cultivars at different plant densities. Seeds of soybean cultivars (TMG 7063 IPRO and BS 2606 IPRO),
recommended for the Alto Paranaiba region in the state Minas Gerais, were used and sown at seven different
densities (8, 10, 12, 14, 16, 18 and 20 plants meter, equivalent to 160, 200, 240, 280, 280, 320, 360 and 400
thousand plants hectare?, where they were evaluated in the development stages R1 (plant height) and R8
(height of the insertion of the first pod, plant height, number of nodes, number of branches, productivity per
plant and productivity per hectare). The experiment was set up according to a randomized block design, in
the factorial scheme A x B, being factor A composed by the cultivars and factor B by plant densities with three
repetitions (blocks). Increased plant population resulted in greater first pod insertion height and final plant
height, fewer nodes and branches and the average yield per hectare increased linearly, with the TMG 7063
IPRO cultivar being more productive under these conditions (52.7 bags of 60 kg per hectare).
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INTRODUCTION

The soybean (Glycine max (L.) Merr.) crop has relevance in Brazil, being the main Brazilian agricultural
commodity. In this context, many producers have sought alternatives to increase their productivity (Tavares,
Correia, Sousa, Riquetti, & Silva, 2019). Most soybean cultivars have characteristics of high plasticity, which
is the ability to adapt to environmental conditions and management, through changes in morphology and
yield components (Ferreira-Junior, Espindola, Gongalves, & Lopes, 2010). This is particularity related to
adaptation to altitude, latitude, soil fertility, sowing season, plant population, and different row spacing (Oda
et al., 2015; Soares, Sediyama, & Matsuo, 2020).

Achieving maximum profitability in a commercial soybean crop is the main objective of producers, and for
this, along with favorable weather, various management techniques are employed. Among these techniques
we can highlight the control of insects, diseases and weeds, the conservationist preparation of the soil, the
efficient use of correctives and fertilizers, the choice of cultivars best adapted to the region, good quality
seeds and the spatial arrangement of plants (Cruz, Sena-Junior, Santos, Lunezzo, & Machado, 2016). The
association of spatial arrangements and plant population have highlighted as a potential tool for increasing
productivity (Brachtvogel, Pereira, Cruz, & Bicudo, 2009).

The sowing density besides determining the arrangement of plants in the environment where it is located
may influence the growth of soybean plants (Martins et al., 1999). Thus, the sowing density interferes in the
inter and intra-specific competition for soil resources, especially for light, water and nutrients, besides
causing morpho-physiological changes in the plants, such as height and engraftment (Argenta, Silva, &
Sangoi, 2001). In addition, it can affect the speed of closure between the rows (Heiffig, Cdmara, Marques,
Pedroso, & Piedade, 2006; Silva, Petter, Lima, & Andrade, 2013), the production of phytomass and soil cover
by the plants (Cox & Cherney, 2011), plant architecture (Pires, Costa, & Thomas, 1998), disease severity (Lima,
Alvarez, Theodoro, Bavaresco, & Silva, 2012) and lodging (Balbinot-Junior, 2012).

Manuscripts that report studies involving productivity suggest that the soybean culture was able to
withstand large population reductions without significant losses in productivity and this ability is influenced
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by the cultivar (Vazquez, Carvalho, & Borba, 2008), that increased sowing density causes lower phytomass
accumulation and soybean grain production per individual, a fact compensated by the larger number of
plants, not affecting grain yield in the cultivar BRS 359 RR (Procdpio, Balbinot-Junior, Debiasi, Santos, &
Panison, 2013). Thus, the objective was to evaluate the vegetative and productive performance of two
soybean cultivars at different plant densities.

MATERIALS AND METHODS

The experiment was conducted under field conditions in the experimental area of the Federal University of
Vicosa - Rio Paranaiba Campus (Latitude: 19° 11’ 39" S, Longitude: 46° 14’ 37" W), in the 2019/2020 crop
season, with planting on October 24, 2019, and harvest of the experimental plots on February 14, 2020. The
cultivation site is at an altitude of 1,073 m and has a predominant Cwa climate, according to the Képpen-
Geiger classification, which is characterized by a dry season and a well-defined rainy period that occurs
between October and March (Figure 1).
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Figure 1. Rainfall and average daily temperature during the experiment in Rio Paranaiba, MG.
Source: Cooperativa Regional de Cafeicultores em Guaxupé Ltda (COOXUPE) (2020).

The soil of the area is classified as Red-Yellow Latosol with a very clayey texture (Empresa Brasileira de
Pesquisa Agropecudria [EMBRAPA], 2013). For soil preparation, two harrow operations were performed, and
afertilizer spreader was used to perform the planting fertilization, applying 250 kg ha™ of NPK 8-28-16 based
on soil analysis (Table 1).

Seeds of soybean cultivars (TMG 7063 IPRO and BS 2606 IPRO) (Table 2), recommended for the Alto
Paranaiba region in Minas Gerais, were sown at seven different densities (8, 10, 12, 14, 16, 18 and 20 plants
per meter, equivalent to, respectively, 160, 200, 240, 280, 320, 360 and 400 thousand plants per hectare), in
5.0m long by 2.0m wide plots. That is, each plot (experimental unit) was composed of four rows 5.0m long x
0.5m wide between the rows. Two central rows were considered for evaluation, disregarding 0.5m of border,
totaling 4 m? of usable area.

Sowing was done manually, considering 80% of germination. The plants were thinned, with the help of
previously marked wooden rulers, when the plants reached the V1 stage (Fehr & Caviness, 1977) to the exact
number of plants m? pre-defined for each density. Ten random plants per plot were evaluated for the
characters listed below:

At the R1 developmental stage (Fehr & Caviness, 1977): plant height, in centimeters, from the soil surface
to the end of the main stem;

At the R8 development stage (Fehr & Caviness, 1977): height of the first pod insertion, in centimeters, from
the soil surface to the node of first pod insertion;

Plant height, in centimeters, from the soil surface to the end of the main stem;
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Number of nodes, counted from the cotyledonary node of the main stem;
Number of branches;

Yield per plant, in grams per plant (g pl); and

Grain yield, in 60 kg bags per hectare (bg hal).

Table 1. Soil analysis of the area.

pH P (rem) S-SO4 K Ca Mg Al M.O.
H,0 CaCly mg dm3 (ppm) cmol. dm?3 gdm?3
5.8 4.9 5.7 11.0 0.19 2.4 0.5 0.0 30.0
SB t T B Cu Fe Mn Zn
Vg
cmolc dm?3 mg dm= (ppm)
3.09 3.09 8.59 36 0.14 1.2 23 0.8 1.5

Table 2. Cultivars and their respective characteristics.

Cultivar Maturity Group Growth type Cycle Population per hectare
TMG 7063 IPRO 7.0 Indeterminate Early 267 a 289 thousand
BS 2606 IPRO 6.0 Indeterminate Early 250 a 300 thousand

Source: Tropical Melhoramento & Genética (TMG) (2021) and BASF (2021).

In order to standardize the yields at a moisture content of 13%, the grains were weighed on an analytical
balance (wet grain weight), after this first weighing they were taken to an oven and kept at 105 eC for 24 hours
to reduce moisture, when they were removed, they were weighed again (dry grain weight) and then the
moisture content was standardized at 13%, according to the official method for determining moisture content,
established by the Ministry of Agriculture, Livestock and Supply (Ministério da Agricultura, Pecuaria e

Abastecimento [MAPA], 2009).

Where:
. o ~ 100(P — p) P= ifﬂtial W.eight (moist seed)
% of humidity (U) = “p_t p = final weight (dry seed)
t=tara

The final weight of the sample was determined according to the formula:

Where:
_ IW(100 —IH) FW = final weight of the sample
~ (100 — HS) IW = initial weight of the sample

IH = initial humidity of the sample, in percentage.
HS = humidity of the sample (13%)

The experiment was set up according to a randomized block design, in an A x B factorial scheme, where
factor A was composed of the cultivars and factor B was composed of the plant densities, with three
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repetitions (blocks). Each experimental unit was given by the average of the plants evaluated in each plot.
The results were submitted to variance analysis, where the cultivar factor was evaluated by Tukey's Test and
the plant density factor was evaluated by regression analysis. Statistical analyses considering 5% significance
were performed in the Biostatistics Laboratory using the R Program (R Core Team, 2019).

RESULTS AND DISCUSSION

The plant height, evaluated at the R1 stage, depends simultaneously on the cultivars and plant densities, in
other words, a significant effect was identified for the interaction cultivars vs densities and not significant for
the isolated effects of cultivars and densities (Table 3). In the unfolding of the interaction cultivars vs
densities, the cultivars (TMG 7063 IPRO and BS 2606 IPRO) did not differ regarding plant height when
analyzing the behavior of different densities (Table 4).

Table 3. Summary of variance analysis of plant height obtained at the stage of development R1 (APR1), in
cm, height of insertion of the first pod (APV), in centimeters, final plant height (ATF), in centimeters, number
of nodes (NN), number of branches (NR), productivity per plant (PF13), in g, and productivity, in 60 kg bags
per ha (PFHA) obtained at the R8 development stage in 2 soybean cultivars and 7 plant densities (Densities),
under field conditions, Rio Paranaiba-MG.

Mean Square?

FV GL
APR1 APV ATF NN NR PF13 PFHA
Block
Cultivar 2 2.828 5.664 57.20 1.700 0.401 4.68 37.10
(C) 1 14.408™  2.171™ 1.27™ 57.634  9.619" 25.92" 679.81°
Density 6 2.965"  10.644 324.69™ 3.612" 2.381" 25.96" 494.57"
(D) 6 12141  0.492™ 14.88™ 1.305™  0.557™ 7.30™ 232.94"
CxD 26 3.744 0.565 27.88 1.053 0.375 7.39 144.45
Residue
Average 19.35 10.05 55.64 15.48 2.86 10.90 48.70
CV% 10.00 7.48 9.49 6.63 21.37 24.93 24.68

* ok
1%

and "™: Significant at 5%, a 1% and non-significant, respectively, by the F Test.

Table 4. Average plant height at the beginning of flowering (APR1), in cm, of seven densities (plants per
linear meter) as a function of cultivars, under field conditions, Rio Paranaiba, MG.

Density
Cultivar

8 10 12 14 16 18 20

TMG 7063 IPRO  20.10 &' 19.71a 16.98 a 18.40 a 21.73 a 19.60 a 20.51a
BS 2606 IPRO 17.41a 21.30a 19.91a 20.83 a 16.10b 19.36 a 19.05a

!Averages followed by the same lower-case letter in the column do not differ at 5% probability using the
Tukey Test.

It was not possible to establish a significant regression equation to describe the behavior of plant height (at
R1) of the cultivars as a function of the seven densities (Figure 2); thus, plant height at flowering did not vary
as a function of plant densities, both for the TMG 7063 IPRO and BS 2606 IPRO cultivars and presented an
average value of 19.5 and 19.1 cm, respectively.
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Figure 2. Behavior of plant height at R1 (APR1), in cm, of cultivars as a function of the seven densities, in the
field, Rio Paranaiba-MG. A: TMG 7063 IPRO; B: BS 2606 IPRO.

At the beginning of flowering the soybean crop is expected to be completely covering the soil, especially if
the early material is fertilized and grown at spacing equal to or less than 0.50 m (Camara, Piedade, Monteiro,
& Guerzoni, 1998). For this to be possible, the authors suggest that plant height at the beginning of flowering
should be at least 50 cm. When this minimum height is not reached at this phenological stage, the soybean
crop has probably encountered problems related to management and/or the environment, such as late
sowing time, low plant stand and competition with weeds (Camara et al., 1998). In the present work, the
plants were not subjected to any problem reported by Camara et al. (1998); however, the flowering of
soybean plants started at 36 days after emergence which corroborates the information of Instituto Goiano
de Agricultura (IGA) (2018) for the cultivar TMG 7063 IPRO and of Camara et al. (1998) with the cultivar IAS-
5 and the IDS421-E7 strain. Due to the rapid flowering, plants grew less in height and row closure was not
observed, in other words, total soil coverage did not occur.

The height of insertion of the first pod, plant height, number of nodes and number of branches, evaluated
at the R8 development stage, showed no significant effect for interaction cultivars vs densities. For number
of nodes and number of branches, a significant effect was identified for the isolated factor of cultivars and
when analyzing the effects of densities, significant results were obtained for all characters (Table 3).

In research conducted and evaluated in the state of Minas Gerais, similar results regarding the non-
significant effect for interaction cultivars vs densities were reported by Bisinella and Simonetti (2017) for the
parameters root and aerial part length and by Ribeiro et al. (2017) for plant height, number of pods, number
of grains and number of grains per pod when studying the productive performance of soybean grown at
different densities. As well as the present work, Ribeiro et al. (2017) selected soybean cultivars with similarity
in maturity timing (similar maturity group among the assessed cultivars) and growth habit (indeterminate).
Moreover, they reported the need to conduct and evaluate tests in different locations to measure the effects
of cultivation sites.

The insertion height of the first pod showed within the studied interval a linear increase as a function of
increasing sowing density (Figure 3, A). It is a result that corroborates with those found by Mauad, Silva,
Almeida-Neto and Abreu (2010) and Ribeiro et al. (2017) in which they reported that for the insertion height
of the first pod, it could be observed that the increase in the number of plants per hectare provides an
increase in the insertion height.

This is an important variable to be considered in mechanized harvesting, because according to Sediyama,
Teixeira and Reis (1999) the ideal height for the insertion of the first pod is between 10 and 12 cm so that
there is no loss in harvesting on flat soils and, at least, 15 cm for soils with sloping topography, due to the
height of the cutting platform. Thus, only after the density of 16 plants m™! the ideal pod insertion height for
mechanized harvesting occurred. Due to the lower growth of the plants and the lack of closure between the
rows, it is believed that there was greater luminosity in the lower part of the plant, which resulted in the
development of pods at a height lower than the one that was recommended by Sediyama et al. (1999).

The leaves of the lower canopy which receive most of the diffuse radiation are more photosynthetically
efficient compared to leaves exposed to direct radiation (Souza, Rocha, Ribeiro, & Souza 2010) and the

Agronomy Science and Biotechnology, Rec. 133, Volume 7, Pages 1-12, 2021



6 L™

photosynthetically active radiation in the lower and upper part of the plant were influenced by the crop
densities (which ranged from 20 to 60 plants per square meter), with higher values in the lower densities
(Petter et al., 2016). This reinforces that the lower plant height allowed light to penetrate the canopy,
reaching the lower leaves, possibly favoring photosynthesis (Tancredi, Sediyama, Reis, Cecon, & Teixeira,
2006) and cultivars that receive more light in the canopy have lower first pod insertion heights (Coelho,
Benett, Arruda, Benett, & Nascimento, 2019).

For final plant height, there was a positive linear effect with the increase in sowing density, that is, within
the studied interval, for each plant unit that the density increases, there is an approximate increase of 1.6 cm
in height (Figure 3, B). Komori, Hamawaki, Souza, Shigihara and Batista (2004) observed that in denser
plantings there was greater plant growth in relation to less densely planted plants sown in the same period.
Competition between plants occurs when there is less availability of photo-assimilates for vegetative growth
in the form of branches, because they are preferentially destined for the growth of the main stem (Martins
et al.,, 1999). Increased sowing density also increases intraspecific competition for water, nutrients and
especially for light, resulting in plant etiolation (Mauad et al., 2010).

In the soybean culture, solar radiation is related to photosynthesis, main stem elongation, branching, leaf
expansion, pod setting and biological fixation (Camara, 2000). The higher plant height at the higher sowing
densities was probably attributed to the search for factors necessary for its development, mainly light (Silva,
Ferreira, Silva, Paiva, & Sediyama, 2004). For this character associated with the cultivars analyzed in this work,
further studies are suggested for a better understanding of the behavior since there was no total coverage of
the soil by the plants.
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Figure 3. A: Insertion height of the first pod (APV), and B: Final plant height (ATF), in cm, as a function of
the seven densities, in the field, Rio Paranaiba, MG.

Tall plants or plants with very thin stems tend to become lodged more easily (Sediyama et al., 1999). This
is important because generally the highest levels of lodging occur in cultivars that have the greatest heights
(Mauad et al., 2010). For Rezende, Gris, Gomes, Tourino and Botrel (2004) populations greater than 400,000
plants per hectare provide higher rates of lodging. Carvalho, Resende, Andrade, Passos and Oliveira (2011)
concluded that fertilization with the organic waste "poultry litter" increases plant height, but in high doses it
favors the lodging of the plants. Under the conditions of the experiment, it was not observed plant lodging in
any density. For the characters number of nodes and number of branches within the studied interval, a
negative linear effect was observed with the increase in sowing density (Figure 4, A and B).

The reduction in the number of branches reduces the number of potential nodes and, consequently, the
number of pods (Board & Settimi, 1986) and the number of flowers per plant is determined by the number
of flowers per node and the number of nodes per plant (Jiang & Egli, 1993).

The morphophysiological characteristics such as the number of branches per plant and the number of fertile
nodes, are related to the productive potential of the plant, since they represent a greater photosynthesizing
and potentially productive surface through the number of sites for the appearance of flowers (Navarro-Jinior
& Costa, 2002). On the other hand, these authors reported that the number of branches may also represent
additional demand that diverts photoassimilates that would otherwise be used in the fixation and production
of reproductive structures.

Agronomy Science and Biotechnology, Rec. 133, Volume 7, Pages 1-12, 2021



7 L™

The cultivar TMG 7063 IPRO showed the highest average for number of nodes compared to BS 2606 IPRO,
but in relation to the number of branches, the cultivar BS 2606 IPRO due to its high potential for budding
obtained an average 1.4 times higher than the cultivar TMG 7063 IPRO (Table 5).
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Figure 4. A: Number of nodes (NN) and B: Number of branches (NR), in cm, as a function of plant densities
(plants per meter), in the field, Rio Paranaiba, MG.

Table 5. Average number of nodes (NN) and branching (NB) obtained at the R8 development stage, as a
function of two soybean cultivars (TMG 7063 IPRO and BS 2606 IPRO), under field conditions, Rio Paranaiba,
MG.

Cultivar NN NB
TMG 7063 IPRO 16.65a* 2.39b
BS 2606 IPRO 14.30b 3.34a

!Averages followed by the same lower-case letter in the column do not differ at 5% probability using the
Tukey Test.

The productivity per plant and productivity in bags per hectare showed a non-significant effect for cultivar
vs density interaction. For isolated effect, the cultivar factor was significant for productivity in bags per
hectare and for density both characters showed significant effects (Table 3). The productivity in sacks per
hectare differed among cultivars (Table 6) and it was observed that the TMG 7063 IPRO cultivar presented a
superior average compared to the BS 2606 IPRO cultivar, reaching a difference of 8 sacks per hectare in favor
of TMG 7063 IPRO.

Table 6. Average productivity (in 60 kg bags hectare™) obtained at harvest as a function of 2 soybean cultivars,
under field conditions, Rio Paranaiba-MG.

Cultivar Productivity (in 60 kg bags hectare™)
TMG 7063 IPRO 52.7a'
BS 2606 IPRO 44.7b

1Averages followed by the same lower-case letter in the column do not differ at 5% probability using the
Tukey Test. Planting date: October 24, 2019 and experimental plots harvest date: February 14, 2020.

When analyzing the productivity per plant characteristic, it was observed that within the studied interval
with increasing sowing density the characteristic has a negative linear effect and for each plant unit increased
in density there is an approximate decrease of 0.41 grams per plant (Figure 5, A). In plots with lower densities
(10 plants per meter) the cultivar CAC-1 produced more than the plots with higher plant densities (22 plants
per meter); this is because the genetic material was able to better express the productive potential of each
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plant to the point of overcoming the greater number of plants in the row (Tourino, Rezende, & Salvador,
2002).

Soybean has great facility to emit branches mainly at lower plant densities, which can consequently produce
more seeds (Sediyama, Pereira, Sediyama, & Gomes, 1996) and it is expected that more compact plants, such
as some cultivars with indeterminate growth type, could tolerate higher plant populations without reducing
the productive potential of each individual, which in fact did not occur, in other words., the expected results
were not observed (Garcia, Procdpio, & Balbinot-Junior, 2017), which reinforces the results obtained in this
work. Furthermore, they reported that the productive behavior of soybeans in reduced spacing proved to be
variable, with strong influence of climatic conditions and genotypes.
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Figure 5. Final yield average per plant at 13% (PF13), in g (A), and final productivity per hectare (PFHA), in
60kg bags hectare™ (B), as a function of sowing density (plants per meter), in the field, Rio Paranaiba-MG.

The productivity in bags per hectare, by means of the average of the two cultivars, indicated an increasing
linear effect as a function of the increase in sowing density, that is, an increase in the magnitude of 1.77 bags
per hectare for each increase of one plant per linear meter, for the interval from 8 to 20 plants (16 to 40
plants per square meter) (Figure 5, B). This result corroborates with several authors. Peixoto et al. (2000)
reported increased soybean productivity as a function of increased plant density only in the interim-harvest
sowing season (planting on March 18) and that, within the interval studied, for each plant unit increased in
density, there is an approximate increase of 10 kg of grains per hectare. Heiffig et al. (2006) noted the
proportional growth of crop yield with increasing plant population. Cruz et al. (2016) reported increase in
soybean yield as plant population is increased, i.e., in the present work, increase in sowing density provided
increase in soybean grain yield regardless of the spatial arrangement between plants.

Plant densification can alter the leaf area and increase the percentage of interception of solar radiation
and, consequently, the accumulation of dry matter (Porras, Caydn, & Delgado, 1997). This is because
optimizing the capacity of the plant to intercept solar radiation and or the accumulation of dry matter during
its development determines the maximum vyield of soybean, and the accumulation of dry matter is also
dependent on other factors such as weather conditions, sowing date, genotype, soil fertility, plant population
and row spacing (Wells, 1991; Wells, 1993). Furthermore, Petter et al. (2016) in an analysis of agronomic
performance and through the dynamics of photosynthetically active radiation in the canopy, the densified
soybean crop does not provide gains in productivity when the densification is greater than 40 plants per
square meter.

CONCLUSIONS

The increase of the plant population resulted in greater first pod insertion height and final plant height,
reduced number of nodes and branches and the average yield per hectare increased linearly.

The cultivars differed in the number of nodes and branching and the average yield per hectare was higher
(52.7 kg bags per hectare) in the TMG 7063 IPRO cultivar.
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