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Abstract
Studies addressing the interaction of different spatial arrangement in soybean are needed in order to
achieve management that leads to higher grain yield associated with rational seed use. The objective of this
work was to evaluate the yield components and productivity of an undetermined growth type soybean as a
function of different row spacing and plant densities. The treatments consisted of three row spaces (0.25,
0.35 and 0.45 m) and three plant population densities (30, 40 and 50 plants/m²). There was no interaction
of row spaces and plant population on soybean yield. Regarding the overall spacing average, the grain yield
of the population of 30/m² plants was higher than the productivity of the populations of 40 and 50/m² plants.
The largest populations reduce plant sizes due to greater competition between plants. In addition, smaller
populations promote higher individual plant yields due to the increase components of the production. This
characteristic is defined as the ability of the plant to change its morphology and yield components in order
to adapt to the conditions imposed by the spatial arrangement.
Keywords: Glycine max (L.) Merrill. Plant Population. Spatial Arrangement. Yield.
1. Introduction
In recent decades, the soybean crop production system has undergone several changes, such as soil
tillage system, fertility management, phyto-sanitary management, new production environments, use of
transgenic genotypes. These factors promoted changes in the spatial arrangement of plants, and this
arrangement is defined by sowing density (plants per hectare), row spacing and uniform distribution of
plants within these rows.
Several studies addressing population density in soybean have been completed. Although the
objectives of these studies were mainly to evaluate yield as a function of reduction in population, row
spacing reduction and cross-sowing of determined growth type cultures. In most of the results little effect
of population arrangement on grain yield was observed (Tourino et al. 2002; Rambo et al. 2003; Heiffig et
al. 2006; Procópio et al. 2013; Balbinot Junior et al. 2015a; Balbinot Junior et al. 2015b; Petter et al. 2016;
Souza et al. 2016; Andrade et al. 2016).
Generally, populations ranging from 160,000 to 360,000 soybean plants per hectare have little effect
on grain yield as long as the plants are evenly distributed in the area (Luca and Hungria 2014; Balbinot Junior
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et al. 2015b). This occurs due soybeans having high phenotypic plasticity, modulating their growth and yield
components against changes in plant arrangement (Procópio et al. 2013).
However, in recent years, the use of undetermined growth type soybean and new row spacing
patterns associated with the high cost of genetically modified seeds in Brazil has stimulated further studies
addressing the evaluation of plants arrangements aimed at increasing yields of grains along with the
reduction in plant density (Ferreira et al. 2018).
Most studies on soybean cultivation evaluated plant distribution in isolation, that is, either
considering only plant density or only row spacing. In this sense, studies addressing the interaction of
different types of spatial arrangement of plants in soybean crop of undetermined growth type are necessary
in order to obtain management that leads to higher grain yield associated with rational use of seeds.
The objective of this work was to evaluate the yield components and grain yield of soybean of
undetermined growth type as a function of different row spacing and plant densities.
2. Material and Methods
The experiment was carried out at the Faculdade de Ciências Agronômicas (FCA) of Universidade
Estadual Paulista “Júlio de Mesquita Filho” (UNESP), campus Botucatu-SP, during the 2016-2017 harvest
season. The soil of the experimental area was classified as Dystroferric Red Nitosol (Santos et al. 2018). It
had the following chemical attributes, in the 0 to 0.20 m layer: 30,0 g/dm3 of organic matter; 5,1 of pH in
CaCl2; 22.7 mg/dm3 of P; 5,1 mmolc/dm3 of K; 36 mmolc/dm3 of Ca; 12 mmolc/dm3 of Mg; e 55% base
saturation of CTC.
The experimental design contained random blocks with plots split in four replications. The main plot
consisted of three row spacings (0.25, 0.35 and 0.45 m). Subdivided plot consisted of three plant population
densities (30, 40 e 50 plants/m2). The experimental plot consisted of five rows of sowing by ten meters in
length, where the spacing between rows was according to each treatment.
BMX Potência RR, with characteristics of undetermined growth type, maturity group 6.7, and
developmental cycle ranging from 116 to 125 days was used. Sowing occurred on November 21 st, 2016 in
no-tillage system with application of 300 kg/ha of NPK formulated fertilizer 02-20-20 in the furrow. The seeds
were treated with fungicides thiabenazole (15 g a. i./100 kg of seed) + captana (90 g a. i./100 kg of seeds),
and inoculated at the time of sowing with Bradyhizobium japonicum bacteria, applied to the seeds as 100
mL per 60 kg of seed. The relevant weather data collected during the experiment can be found on Table 1.
The sowing was done to reach 80 plants/m2 and after germination, the plants were thinned according to the
population of each treatment at growth stage V4, according to the scale developed by Fehr and Caviness
(1977).
At the stages R2, R3, R4 and R5 were evaluated the plant’s height, number of leaves per plant, leaf
area (AF), leaf area index (LAI) and dry matter mass. For these analyzes were used ten plants, located in the
first 5 meters reserved for destructive collection in the useful area of each plot. The first assessment (R2)
was performed on the first meter, the second (R3) on the second meter and so on.
The average plant height was measured with measuring tape, from the soil surface to the apical end
of the main stem. Next, the plants were collected and packed in paper bags and taken to the laboratory. In
the laboratory the leaves of each plant were detached, cleaned, and counted. Leaf area was measured using
a leaf area meter (LI-COR, LI-3100C, Lincoln, NE, USA). The LAI was obtained through the relationship
between the leaf area and the land area occupied by the plant in the different population arrangements.
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Table 1. Climatic data recorded during the experiment. Botucatu, SP, Brazil, 2016/17 harvest season.
Total
Average
Phenological
N° of
Total solar radiation
Period
precipitation
temperature
phases*
days
(cal/cm2.d)
(mm)
(°C)
21/11/2016 to
S - VE
5
30.8
2,457.9
27.2
26/11/2016
26/11/2016 to
VE – R1
36
473.9
11,738.7
27.6
01/01/2017
01/01/2017 to
R1 - R5
34
401.9
10,227.2
25.7
04/02/2017
04/02/2017 to
R5 - R8
48
415.8
13,968.9
25.9
24/03/2017
Total
123
1,322.4
38,392.7
Average
26.6
*S – sowing; VE – emergency; R₁ – early flowering; R₅ – early of granation; R₈ – field maturity.

To obtain the dry matter mass, leaves and stems dried at 65°C to constant mass. At 123 days after
sowing (DAS) the pod, grain numbers per plant, and the grain yield were determined. Pod and grain numbers
per plant were determined in a sample of 12 plants. The number of pods was obtained by direct counting in
each plant. These pods were collected and threshed manually and the total number of grains per plant
determined by direct counting.
Grain yield was obtained in four linear meters of each plot, making a total of 12 linear meters of the
useful area of each experimental plot. With the aid of mechanical plot harvester, and subsequent weighing
of the grains and standardization of moisture degree to 13% on wet basis, determined by the oven method
at 105 oC ± 3 for 24 hours (Brasil 2009).
Data was subjected to analysis of variance to compare the effect of treatments on the parameters
analyzed. When the value of the F test indicated a significant effect, the Tukey test (p < 0.05) was used to
compare the differences between treatments.
3. Results and Discussion
In general, there was a greater effect in increasing population density (30 to 50 plants/m2), than
spacing (0.25, 0.35 and 0.45 m), with little interaction between treatments. Plant height or population was
not influenced by spacing. The average plant height at R5 stage was 0.9 m (Table 2).
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Table 2. Biometric parameters of soybean as a function of sowing spacing (0.25, 0.35 and 0.45 m) and three
population densities (30, 40 and 50 plants/m2).
Population (plants/m2)
30
40
50
Spacing (m)
Plant heigh (m)
Average
aA
aA
aA
0.25
0.87
0.91
0.92
0.90a
0.35
0.92aA
0.94aA
0.95aA
0.94a
0.45
0.85aA
0.90aA
0.91aA
0.89a
A
A
A
Average
0.88
0.92
0.93
Dry mass per plant (DMP, g)
aA
0.25
28.98
24.46aA
22.64aA
25.36a
0.35
28.58aA
28.46aA
25.95aA
27.66a
aA
aA
aA
0.45
26.32
25.16
21.95
24.47a
Average
27.96A
26.02AB
23.51B
Dry mass yield (kg/ha)
aA
0.25
7.08
8.15aA
9.53aA
8.27a
aB
aAB
aA
0.35
7.21
9.48
10.93
9.21a
0.45
6.58aB
8.58aAB
9.29aA
8.15a
Average
6.96B
8.74A
9.92A
Means followed by the same lower case letters in a column and capital letters on the lines, within the same parameter, do not
differ significantly by the Tukey test (p < 0.05).

In relation to dry mass per plant (DMP), there was effect only on the general average of plant
populations, the highest MSPA per plant was observed in the population of 30 plants/m2, while the lowest
in the population of 50 plants/m2. The DMP per hectare in the 0.35 and 0.45 m spacing, as well as in the
general average, was higher in the largest plant population.
The leaf area of the soybean plant throughout the cycle varied according to the plant population. The
population of 30 plants/m2 promoted the largest leaf area, and the leaf area was reduced as the plant
population increased (Figure 1A). The spacing did not influence the leaf area of the plants. However, in the
R6 stage at the 0.25 m spacing, the largest leaf area was obtained by the smaller plant population. Also, in
the general average, the leaf area was larger in the population 30 plants/m2 (1,332.39/cm2) and lower in the
population of 50 plants/m2 (1,020.65/m2) (Table 3).
The leaf area index (LAI) was higher in the population of 50/m2 plants throughout the crop cycle, as
well as the lowest LAI was observed in the population of 30 plants/m2 (Figure 1B). In the three populations
studied, the highest LAI occurred between 65 and 66 DAS, which coincided with the R3 stage. In this period,
the LAI peak was 6.2; 7.0 and 8.0 in the 30, 40 and 50 plants/m2 populations, respectively. At stage R6 the
highest LAI was obtained by the population of 50/m2 (5.1) and the lowest by the population of 30/m2 plants
(4.0) (Table 3).
The total number of pods and grains was influenced only by population density (Figure 2). The highest
number of grains and pods was observed in the treatment with lower population density (30/m2 plants). As
the population density increased, the pods and grains numbers decreased. The number of grains per plant
was 90, 81 and 67 in the populations of 30, 40 and 50 plants/m2, respectively.
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Figure 1. A – leaf area; B – leaf area index (LAI) of soybean plants in four phenological stages
R2 (48 DAP); R3 (55 DAP); R5 (75 DAP) and R6 (82 DAP) under three population densities
(30, 40 and 50 plants/m2).
Table 3. Leaf area and leaf area index (LAI) of soybean as a function of sowing spacing (0.25, 0.35 and 0.45
m) and three population densities (30, 40 and 50 plants/m2).
Population (plants/m2)
Spacing (m)
Average
30
40
50
Leaf area (cm2)
0.25
1,466.98aA
1,198.25aAB
992.16aB
1,219.13a
0.35
1,289.51aA
1,299.98aA
1121.97aA
1,237.15a
0.45
1,240.70aA
1,157.19aA
947.82aA
1,115.23a
Average
1,332.39A
1,218.47AB
1,020.65B
Leaf area index (LAI)
0.25
4.40aA
4.79aA
4.96aA
4.72a
0.35
3.87aB
5.20aAB
5.61aA
4.89a
0.45
3.72aA
4.63aA
4.74aA
4.36a
Average
4.00B
4.87AB
5.10A
Means followed by the same lower case letters in a column and capital letters on the lines, within the same parameter, do not
differ significantly by the Tukey test (p < 0.05).
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Number of grains and pods per plant

100
90

a

Number of grains

Number of pods

a

80

b

70

60
50

40
30

a

ab

b

20
10
0
30

40

50

Population densities/m2

Figure 2. Total number of grains and pods per plant under three population densities (30, 40 and 50
plants/m2). Means followed by the same lowercase letters within the same color bar do not differ
significantly by the Tukey test (p <0.05).
There was no interaction of spacing, and plant population on soybean yield (Table 4). Regarding the
average spacing, the grain yield of the population of 30/m2 plants (2,838.25 kg/ha) was higher than the
population productivity of 40 and 50/m2 plants (2,541.76 kg/ha). In the population of 30/m2 plants the grain
yield was 11.6% higher than the average productivity of the populations of 40 and 50/m 2 plants. Regarding
the weight of 100 grains, there was no difference and interaction between treatments (data not shown), in
which the average weight of 100 grains of all treatments was 18.06 g.
In this study two different ways to perform the spatial distribution of plants in soybean were
evaluated. First, in a culture of undetermined growth type, one by reducing the row spacing, secondly,
through the population increase of plants, as well as the interaction of these managements. In general, there
was no effect of reducing row spacing from 0.45 to 0.25 m on grain yield and yield components.
In recent years, several studies have been conducted to address the spatial arrangement of plants in
soybean through reduced row spacing (Tourino et al. 2002; Rambo et al. 2003; Heiffig et al. 2006), increasing
density (Petter et al. 2016; Souza et al. 2016) and cross-sowing (Procópio et al. 2013; Balbinot Junior et al.
2015a; Andrade et al. 2016). In most of these studies it was observed that soybean yield is little influenced
or negatively influenced with increasing plant density (Tourino et al. 2002; Heiffig et al. 2006; Petter et al.
2016; Souza et al. 2016; Andrade et al. 2016).
In the present study, the yield components and grain yield were not influenced by the reduction of
spacing from 0.25 to 0.45 m, where the average yield was 2.640 kg/ha (Table 4). Tourino et al. (2012) did not
identify differences in soybean yield by evaluating the 0.40 and 0.60 m spacing at five population densities
(10 to 22 plants/m2). Additionally, Rambo et al. (2003) evaluated soybean yield in two row spacings (0.20
and 0.40 m) in three plant populations (20, 30 and 40 plants/m2), and reported increased yield only in the
interaction 20 plants/m2 with 0.20 m between spacing. While Heiffig et al. (2006) evaluated soybean yield
in six rows spacing (0.20 to 0.70 m) and six plant’s populations (7.0 to 35.0 plants/m 2) and found no
difference in any combination of treatments.
Table 4. Soybean grain yield as a function of row spacing and plant population.
Population of plants/m2
Spacing (cm)
30
40
50
a
a
0.25
2,764.66
2,512.49
2,428.14a
a
a
0.35
2,848.92
2,470.39
2,556.65a
0.45
2,898.18a
2,711.25a
2,571.66a
Average
2,838.25A
2,564.71B
2,518.81B

Average
2,568.43a
2,630.32a
2,722.02a

Means followed by the same lower case letters in a column and capital letters on the lines do not differ significantly by the Tukey
test (p < 0.05).
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In studies conducted by Gan et al. (2002) and Procópio et al. (2013) also did not observe an increase
in soybean yield due to different densities and population arrangements. The authors reported that soybean
crop has a high capacity to modulate its growth as a function of population density, mainly growing cultures
of undetermined type, making grain yield less sensitive to plant management.
Grain yield is not influenced by the fact that soybean has high phenotypic plasticity, therefore, yield
is little influenced by plant density (Balbinot Junior et al. 2015b). In this work, the reduction in grain yield
was close to 11% due to the increase in population density, where this reduction was associated with the
reduction of the main components of plant production (dry mass, leaf area, number of pods, and grains).
With increasing population density, there was a reduction of 13 and 25% in the number of pods and
grains per plant, respectively. Other studies have also observed a reduction in the number of pods per plant
as a function of population increase. Mauad et al. (2010) observed a reduction close to 36%, while Souza et
al. (2016) reported a reduction in the number of pods per plant due to a population increase of 22 to 37%.
Increasing plant population density promotes water, light and nutrient competition, reducing the individual
productive potential of the plant, which in turn causes a reduction in leaf area and production components,
especially in the number of branches, pods and grains per plant.
Larger plant populations promoted higher leaf area index and dry mass yield (kg/ha). This fact is
related to the larger number of plants obtained in the highest population densities, in which a compensatory
effect occurs, where the low individual development of the plant is compensated by the increase of the
number of plants per unit of area.
The maximum LAI occurred at approximately 66 DAS, which in this case corresponded between
stages R3 and R4. In work conducted by Heiffig et al. (2006) the largest LAI in five soybean populations
occurred between stages R4 and R5. The reduction in leaf area index in this period is related to the beginning
of leaf senescence of the lower third of the plant, in which, after this period, the plant prioritizes its
development for grain filling.
In a recent study by Balbinot Junior et al. (2018) with five population densities, it was observed that
the maximum LAI of two genotypes was obtained from the R.3 stage. The authors reported that LAI smaller
than 6.5 may limit productivity due to lower light interception and biomass conversion. LAI values higher
than 7.0 can cause reduction in productivity due to increased energy expenditure of plants in respiration and
photorespiration.
However, the compensatory effect of the larger amount of plants does not occur for grain yield,
because as the plant population increases the individual plant yield is greatly reduced. This is related to the
fact that at higher densities there is greater competition for light, and less availability of photo assimilates,
causing the plant to shrink the number of branches and produce fewer nodes (Hanway and Thompson 1967).
At lower sowing densities, the higher yield of pods is explained by the increase in the number of branches,
which determines the higher knot potential and, thus, the greater number of pods per plant (Mauad et al.
2010).
4. Conclusions
Our studies have shown that soybean culture of undetermined growth type has high plasticity in plant
population management, where larger populations reduce plant size due to greater competition between
plants, while smaller populations promote higher individual yield of plants due to increased production
components. This characteristic is defined as the capacity of the plant to alter its morphology, and yield
components to adapt them to the conditions imposed by the spatial arrangement of the individuals.
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