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The variable distribution of soybean seeds in rows can reduce the final stand and compromise grain
yield. This article assesses the impact of seed distribution on the morphological characteristics of
some plants and on the final yield of soybeans. The study was carried out in the experimental area of
the federal university of Santa Maria, Frederico Westphalen campus, in the state of rio grande do sul,
Brazil, in a randomized block design with five treatments and four repetitions. The size of the spacing
between plants in the line constituted the variation factor and spaces of 0 (without space); 7.7; 15.4;
30.8 and 61.4 cm were evaluated. The evaluated parameters were plant height; main stem diameter;
number of lateral branches; fruit per plant; insertion height of the first legume; number of viable nodes
in the main trunk; number of viable nodes in the lateral branches and final grain yield. The spacing
between plants in the rows increases the number of side branches, the number of nodes in the side
branches and the number of fruits per plant, and spacing of up to 61.6 cm does not compromise the
final soybean productivity.
Key words: Glycine max L, plant distribution, plant parameters and final grain yield.

INTRODUCTION
The soybean culture [Glycine max (L.) Merril] stands out
for being among the most important commodities in the
world over the past few years, with Brazil responsible for
32% of the global production of these grains (FAO,
2020). In this context, the search for increased grain yield
of the crop is constant, with the current average yield
being around 3 Mg ha −1, far from the attainable yield of 6
Mg ha −1 (Tagliapietra et al., 2018).
Crop productivity is defined by the interaction between

plants, the production environment and management.
Among the management practices, choice of cultivar,
sowing time, spacing and density of sowing are some
factors that influence the components of production and,
consequently, the final productivity of the crop. The
maximization of grain yield is also associated with better
spatial distribution of plants, reflecting on the increase in
intercepted solar radiation and minimization of competition
between plants (Fantin et al., 2016).
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Seeds evenly distributed in the line can increase grain
yield through the improved use of environmental
resources, such as solar radiation, temperature,
photoperiod and atmospheric CO2 atmosférico, combined
with the reduction of stresses related to the limitation of
water and nutrients (Tagliapietra et al., 2021). In the
establishment of soybeans, when there is a reduction in
planting density, Ferreira et al. (2018) postulate that they
tend to produce a greater number of branches, more
pods and, consequently, an increase in production per
plant; compensating for this spacing in the stand, in view
of the high density, in which plants have fewer branches
and plant production depends only on the main root.
The spacing between rows is associated with
numerous factors, linked to the quality of seeds and
sowing, in addition to the damage caused by pests and
diseases. When problems occur in the process of sowing
and attacking pests during the emergence and
establishment of the crop, the plants are eliminated,
causing spaces, and the plants located at the edges of
these spaces’ present different conditions, adapting to
better occupy the space, presenting high phenotypic
plasticity. The equidistant distribution of plants in rows
can reduce competition between soybean plants and
increase grain production per individual plant (Balbinot et
al., 2015).
The hypothesis is that, in this context, management
practices of this nature are fundamental in the search for
increased grain productivity, since technicians and
producers question the compensatory capacity of soy in
relation to grain productivity and the spacing between
rows. Thus, the objective was to evaluate whether the
lack of plants in the sowing line affects the morphology
and the final productivity of the soybean crop.
MATERIAL AND METHODS
The experiment was conducted at the Federal University of Santa
Maria, Frederico Westphalen campus, in the Médio Alto Uruguai
region, 27°23'51'' South and 53°35'19'' west of the state of Rio
Grande do Sul, Brazil, at an altitude of 490 meters. The soil is
classified as Typical Dystrophic Red Latosol, clayey, deep and well
drained (EMBRAPA, 2006). The Köppen classification of the
region’s climate is humid subtropical (Cfa) (Moreno, 1961), with an
average rainfall of 1,881 mm and an average temperature of
19.1°C.
Before the implementation of the experiment, soil samples were
taken from the 0-10 cm layer, obtaining the following characteristics:
pH (1:1) = 6.8; SMP index = 6.4; clay content = 750 g kg-1; organic
matter = 38 g kg-1; potassium = 220.0 mg kg-1; calcium = 9.6 cmol c
dm³, magnesium= 5.5 cmol c dm³, aluminum = 0.0 cmol c dm³;
phosphorus = 5.6 mg km-1. With pH, aluminum and aluminum
saturation suitable for soybeans, liming was not necessary.
As a soil cover, preceding the sowing of soybeans, there was the
cultivation of black oats (Avena strigosa Schreb) and forage turnip
(Raphannus sativus). Fertilization followed the soil analysis report,
based on the recommendations of the CQFS RS / SC (2016), and
the phosphate was applied in the row at the time of soybean
sowing, using triple superphosphate as raw material, with potassium
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chloride applied right after sowing.
Meteorological data for the field experiment period were obtained
from the weather station at the National Institute of Meteorology
(INMET), on the UFSM campus in Frederico Westphalen, Rio
Grande do Sul State.
The experiment design was conducted with randomized block
design, with a unifactorial arrangement composed of five treatments
and four replications. The treatments were six different planting
spacings: T1 - fail-free control, resulting in the population of
288,889 plants ha-1; T2 - 7.7 cm failure (281,418 plants ha-1); T3 15.4 cm failure (274,074 plants ha-1); T4 - 30.8 cm failure (259,259
plants ha-1); T5 - 61.6 cm failure (229,629 plants ha-1).
The experimental units consisted of six rows, spaced at 0.45 m
from each other, five meters long. Sowing was performed on
November 16, 2017, and plants that established the spaces were
thinned in every line for each plot, two weeks after the emergence
and establishment of seedlings on December 1, allocating
treatment to the experimental units. The DM 5958 RSF IPRO
genotype was used in this study, with an undetermined growth rate
and ripening group of 5.8, with mechanized sowing at a depth of 3
to 5 cm on November 16, 2018. The seeds used were inoculated
with Bradyrhizobium japonicum, at a proportion of 300 ml/100 kg of
seeds. The seeds were treated with Cropstar insecticide (400
ml/100 kg seed) and Vitavax Thiram fungicide (300 ml/100 kg of
seed). For the other phytosanitary management purposes (weeds,
insect pests and diseases) the Technical Recommendations for
soybeans in the States of Rio Grande do Sul and Santa Catarina
were followed (Salvadori et al., 2016).
In the R8 phenological stage (fully ripe) (Ritchie et al. (1982)
adapted by Câmara 2006), eight plants from each experimental unit
collected from the edges of the spaces are these guard rows.
Guard row plants are different from the centre rows. Plant height
(PH) was evaluated; from the base of the plant to the tip of the stem
was measured as well as the diameter of the main stem (DMS).
The base of the plant was measured with a digital caliper; the
number of lateral branches (NLB) was determined by direct
counting of the lateral branches from the main stem and they bore
pods. The pods per plant (FPP) were determined by direct
counting. The height of the first fruit (HF1) was measured with a
ruler from the base of the plant to the first fruit on the main stem.
The number of viable nodes on the main stem (NMS) – being the
number of nodes on which fruit grew on the main stem, was
counted directly, and the number of viable nodes on lateral
branches (NLB), was also counted directly.
Two central sowing lines with three meters in length of each plot
were harvested manually (2.7 m²) to evaluate grain yield, the grain
volume being weighed and transformed into kg ha-1 with a humidity
correction of 13%.
The data collected were subjected to variance analysis (ANOVA),
followed by the Scott-Knott test (Scott and Knott, 1974) to compare
means, with 95% reliability, using Sisvar 5.6 software (Ferreira
2011).

RESULTS AND DISCUSSION
Figure 1 shows that the maximum and minimum
temperatures between 11/16/2017 and 03/22/2018 were
between 20 and 30ºC, with no thermal oscillations that
could compromise crop development and its genetic
potential. Likewise, for rainfall, there is no water deficit in
the crop cycle. The accumulated precipitation in the
soybean cultivation period was 632.8 mm, within the
volume Matzenauer et al. (2003) recommended for
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Figure 1. Rainfall distribution and maximum and minimum air temperatures during the field
experiment. Source: INMET automatic weather station.

Table 1. Plant height (PH), main stem diameter (MSD) as a
result of sowing spaces.

Spaces (cm)
No space
7.7
15.4
30.8
61.6
CV (%)
y

PHy (cm)
1.07 a
1.10 a
1.09 a
1.09 a
1.01 a
4.04

MSDz (cm)
9.53 a
9.76 a
9.11 a
10.07 a
10.41 a
6.80

z

Plant height; Mean stem diameter; *Figures followed by the
same letter in the column do not differ from each other in the
Scott-Knott test, at 5% probability.

soybeans, at between 450 and 800mm per cycle,
depending on the climate, crop management and cycle
duration to maximize grain yield.
There was no significant difference in plant height and
main stem diameter as the size of the spaces in rows
increased (Table 1). According to Tourino et al. (2002),
besides hindering weed management, spaces reduce
plant size, increase stem diameter, produce more
branches and, consequently, a greater individual
production, which was not observed in this study,
especially for the plant height and main stem diameter
variables. The lack of response in plant height and the
main stem diameter (Table 1) may be associated with the
genetic characteristics of the cultivar, and the plants used
in these evaluations were those that were at the edge of

the space - that is, these plants competed with the rest of
the plants in the row that had a normal distribution.
In Table 2, in comparison with the control (no space),
an increase in lateral branches per plant is observed as
the size of the space in the row increased, especially for
the two largest spaces, that were similar to each other
and statistically greater than the other treatments. These
results are in line with those observed by Cox and
Cherney (2011), who found a reduction in lateral
branches with the increase in the soybean population in
the sowing row. Basso et al. (2016) also reported an
increase in the number of lateral branches with an
increase in the size of spaces in the sowing row.
Likewise, there were significantly more pods for the two
largest spaces in comparison with other treatments,
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Table 2. Number of lateral branches (NLB) and pods per
plant (FPP) as a result of sowing spaces.

NLBy
2.66 b
3.00 b
2.94 b
4.12 to
4.69 to
16.77

Spaces (cm)
No space
7.7
15.4
30.8
61.6
CV (%)
y

FPPz
65.06 b
70.61 b
71.37 b
86.69 to
80.44 to
11.45

z

Number of lateral branches; Pods per plant; Means followed
by the same letter in the column do not differ from each other in
the Scott-Knott test, at 5% probability.

Table 3. Height of the first pods (HF1), number of viable
nodes on the stem (VNS) and number of viable nodes on
lateral branches (VNLB) as a result of sowing spaces in
soybeans.

Spaces (cm)
Control
7.7
15.4
30.8
61.6
CV (%)
x

HF1x (cm)
22.81 a
21.75 a
23.19 a
23.12 a
24.56 a
11.53

VNSy
13.25 a
13.37 a
13.31 a
14.87 a
12.44 a
9.14

VNLBz
7.41 b
7.87 b
10.69 b
13.62 b
23.12 a
25.41

y

z

Height of the first pods; number of viable nodes on the stem;
and number of viable nodes on lateral branches;*Averages
followed by the same letter in the column do not differ from each
other in the Scott-Knott test, at 5% probability.

Table 4. Final soybean yield (kg ha-1) as a result of sowing
spaces.

Spaces (cm)
No space
7.7
15.4
30.8
61.6
CV (%)

Yield - (kg ha-1)
5,046.90 a
4,986.00 a
5,072.10 a
4,934.10 a
4,844.40 a
8.62

*Averages followed by the same letter in the column do not
differ from each other by the Scott-Knott test, at 5%
probability.

which are explained by the greater number of lateral
branches, as discussed above. This may also be
associated with greater conversion of solar radiation into
photoassimilates, allowing the lateral branches to flower
and produce grain, which can also explain the phenotypic
plasticity of the soybeans. Comparing the control with
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increased plant spaces in the sowing row, there was an
increase of 33 and 24% in pods, respectively, for 30.8
and 61.6 cm spaces. This was observed by other authors
(Pinto, 2010; Junior et al., 2018), and they all say pod per
plant is one of the components that contribute directly to
offsetting plant shortages or population reduction in
soybean crops.
Regarding the height of the first fruit on the main stem
(Table 3), there was no significant response to the
treatments, which can be attributed to the fact that the
population recommended for the cultivar was used, which
did not stimulate the etiolation that usually occurs when
there is competition between plants for a factor, such as
luminosity (Lima et al., 2012). Similar responses were
observed by Rezende et al. (2004) when evaluating
certain plant parameters associated with population
density, with populations ranging from 300 to 700,000
plants ha-1.
The number of nodes in the main stem did not differ
significantly between treatments, as this parameter is
directly related to plant height, which also did not differ
between treatments. This same observation was also
made by Masino et al. (2018) who, when studying
different soybean sowing times, noted stable values for
the variable analyzed.
With regard to the variable number of viable nodes on
lateral branches (NNLB), Table 3 shows an increase in
this variable with the progressive increase in spaces but
without differing significantly for spaces smaller than the
spacing between crop lines. For the largest space (61.6
cm), there is a 212% increase in the number of viable
nodes in relation to treatments without spaces, differing
significantly from the other treatments. This response to
the largest space can be attributed to the larger number
of lateral branches in this treatment, stimulating the
emission of reproductive nodes; it converts intercepted
radiation into flowers and grains. This is because the fruit
volume is directly related to the emission of flowers and
the percentage of these that develop until the final fruit
phase (Basso et al., 2016).
For grain yield (Table 4), there was no significant
difference between the treatments. This can be attributed
to the high capacity of the cultivar in altering its
morphology and its yield components when in free space,
adjusting components such as the number of lateral
branches; pods per plant; number of reproductive nodes
on the lateral branches, and fruit on the lateral branches.
This feature of soybean, modifying morphology to the
area available for growth and development, was also
reported by Nakagawa et al. (1986) and Heiffig-del Aguila
et al. (2005); both concluded that soybeans compensate
for population reductions without decreased productivity,
unlike what was observed by Tourino et al. (2002) and
Heiffig et al. (2006), who concluded that grain yield
increases in line with plant population. The data found in
the literature are contradictory, but factors such as
weather, soil type, cultivar growth habits and experiment
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site can directly influence the results. The cultivar used in
this study has a lot of potential for branching,
undetermined growth and ripening group 5.8, factors that
allow it to express its genetic potential, explaining the
data presented here. Although the soybeans
compensated for sowing spaces, for the variable
productivity showing no significant difference, there was a
gradual reduction in productivity with the increase in
spacing because the control (no spaces) produced 202.5
kg.ha-1 more than 61.6 cm spacing; that is, larger spacing
reduced productivity by 4% in comparison with the control
(Table 4).
It is important to note that the data presented in this
study are valid for the studied genotype and materials
with the same ripening group, and that a number of
factors influence the morphological and reproductive
characteristics of the crop. Other studies should be
conducted, evaluating soybean responses to sowing
spaces with early cycle cultivars and at a preferred
sowing time, such as winter soybeans and/or early
sowing, as posited by Basso et al. (2016). According to
the same author, it seems clear in a study along these
lines and the study herein that, while not significant from
a statistical point of view, plant spacing in rows above the
spacing between crop rows reduces the final soybean
yield.
CONCLUSIONS
The pods per plant and the number of viable nodes per
plant on lateral branches were the two factors that
responded most to the spacing of plants in rows. Even in
the high spacing, there was no reduction in the final
soybean yield, demonstrating the high capacity soybeans
have to adjust to uneven spacing of plants in rows.
CONFLICT OF INTERESTS
The authors have not declared any conflict of interests.
REFERENCES
Balbinot Junior AA, Procópio SDO, Debiasi H, Franchini JC, Panison F
(2015). Semeadura cruzada em cultivares de soja com tipo de
crescimento determinado. Ciências Agrárias 36:1215-1226.
Basso CJ, Muraro DS, Aguiar ACM, Lira M (2016). Resposta da soja
frente a falhas na distribuição de sementes. Revista Cultivando o
saber 9(4):451-460.
Câmara GMS (2006). Fenologia é ferramenta auxiliar de técnicas de
produção. Visão Agrícola 5:63-66.
Cox WJ, Cherney JH (2011). Growth and yield responses of soybean to
row spacing and seeding rate. AgronomyJournal 103(1):123-128.
Comissão de Química e Fertilidade do Solo (CQFS-RS/SC) (2016).
Manual de calagem e adubação para os Estados do Rio Grande do
Sul e de Santa Catarina. Sociedade Brasileira de Ciência do Solo
376 p.
de Lima SF, Alvarez RDCF, de Faria Theodoro G, Bavaresco M, Silva
KS (2012). Efeito da semeadura em linhas cruzadas sobre a
produtividade de grãos e a severidade da ferrugem asiática da soja.

Bioscience Journal 28(6).
Empresa Brasileira De Pesquisa Agropecuária (EMBRAPA) (2006).
Sistema Brasileiro de Classificação de Solos. 2 ed. EMBRAPA-SPI,
412 p.
Fantin NAM, Meert L, Hanel A, Petean LP (2016). Components of
production and quality of soybean sowing according to different
velocities of the tractor+ seeder assembly. Applied Research and
Agrotechnology 9(3):7-15.
Food and Agriculture Organization (FAO) (2020). produção agrícola.
Roma, Itália: FAO. Obtido dehttp://faostat.fao.org/
Ferreira AS, Balbinot JAA, Werner F, Franchini JC, Zucareli C (2018).
Soybean agronomic performance in response to seeding rate and
hosphate and potassium fertilization. Revista Brasileira de
Engenharia Agrícola e Ambiental 22(3)151-157.
Ferreira DF (2011). Sisvar: a computer statistical analysis system.
Ciência e Agrotecnologia 35(6):1039-1042.
Heiffig LSMS, Câmara GMDS, Marques LA, Pedroso DB, Piedade
SMDS (2006). Fechamento e índice de área foliar da cultura da soja
em diferentes arranjos espaciais. Bragantia 65(2)285-295.
Heiffig-DEL ALS, Sousa CGM, Marques LA, Pedroso DB, Stéfano PSM
(2005). Plasticidade da cultura da soja (Glycine max (L.) Merrill) em
diferentes arranjos espaciais. Revista de Agricultura 80(2)188-212.
Junior AAB, Oliveria MCN, Frachini C, Debiasi HZ, Ferreria AS, Werner
F (2018). Phenotypic plasticity in a soybean cultivar with
indeterminate growth type. Pesq. agropec. bras., Brasília 53(9):10381044.
Masino A (2018). Efeitos da variabilidade planta-planta espacial e
temporal no rendimento de soja. Revista Européia de Agronomia,
Volume 98, edição indefinida, agosto de 2018.
Matzenauer R, Barni NA, Maluf JRT (2003). Estimativa do consumo
relativo de água para a cultura da soja no Estado do Rio Grande do
Sul. Ciência Rural, 33(6):1013-1019.
Moreno JA (1961). Clima do Rio Grande do Sul. Porto Alegre:
Secretaria da Agricultura.
Nakagawa J, Machado JR, Roselem CA (1986). Efeito da densidade de
plantas e da época de semeadura na produção e qualidade de
sementes de soja. Revista Brasileira de Sementes 8(3):99-112.
Pinto JF (2010). Comportamento da plasticidade de plantas de soja
frente a falhas e duplas dentro de uma população. (2010). 43 f. Tese
(Doutorado) - Programa de Pós-Graduação em Ciência e Tecnologia
de Sementes. Faculdade de Agronomia Eliseu Maciel. Universidade
Federal de Pelotas.
Rezende PM, Gris CF, Gomes LL, Tourino MCC, Botrel ÉP (2004).
Efeito da semeadura a lanço e da população de plantas no
rendimento de grãos e outras caracteristicas da soja (G lycine max L.
Merrill). Ciência e Agrotecnologia 28(3):501-507.
Ritchie S, Hanway JJ, Thompson HE (1982). How a soybean plant
develops. Ames, Yowa: Yowa State University of Science and
Technology, Cooperative Extension 20:53.
Salvadori JR (2016). Indicações técnicas para a cultura da soja no Rio
Grande do Sul em Santa Catarina, safras 2016/17 e 2017/18. 1. ed.
Ed.
Universidade
de
Passo
Fundo
128
p.
http://editora.upf.br/index.php/e-books-topo/44-agronomia-area-doconhecimento/158-indicacoes-tecnicas-para-cultura-da-soja
Tagliapietra EL, Streck NA, Da Rocha TSM, Richter GL, Da Silva MR,
Cera JC, Guedes JVC, Zanon AJ (2018). Índice de área foliar ótimo
para atingir o potencial de rendimento da soja em ambiente
subtropical. Agronomy Journal 110:932-938.
Tagliapietra EL, Zanon AJ, Streck NA, Balest DS, da Rosa SL, Bexaira
KP, Richter GL, Ribas GG, da Silva MR (2021). Fatores biofísicos e
de manejo que causam lacunas na produtividade da soja nas regiões
subtropicais do Brasil . Agronomy Journal 2021:1-13.
Tourino CCM, Rezende MP, Salvador N (2002). Espaçamento,
densidade e uniformidade de semeadura na produtividade e
características agronômicas da soja. Pesquisa Agropecuária
Brasileira 37:8.

