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Abstract

The aim of this study is to assess the impact of various row spacings on the morphology, components of grain yield, and
overall grain yield of soybean. The experiments were conducted over two planting seasons (2014/2015 and 2015/2016)
using two planting dates (November and December) and two cultivars, FPS Urano RR and BMX Tornado RR. The row
spacings tested were: 45 cm (wide row), 45 x 45 cm (cross row), 22.5 x 45 cm (twin row), and 22.5 cm (narrow row). Meas-
urements included leaf area index and sunlight interception at R2 stage, as well as grain yield components and overall grain

yield. Narrow rows, in addition to achieving canopy closure, also demonstrated enhanced sunlight interception at the R2

stage. However, the positive effect of increased sunlight interception on grain yield was only significant for the December
planting date, with no notable difference observed for the November planting date. These findings imply that while narrow
rows may offer advantages, particularly in later planting dates, their implementation should be carefully considered and

may not consistently lead to increased grain yield, reinforcing the continued preference for conventional row spacing.
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Introduction

Agriculture must strive for sustainability and increased effi-
ciency to ensure an adequate food supply for people world-
wide. In Brazil, the average grain yield of soybeans falls
short of its potential by 42%, with 29% attributed to water
scarcity and 13% to suboptimal crop management (Sen-
telhas et al. 2015). To address these challenges, strategies
such as irrigation, utilization of modern cultivars, optimal

planting dates, soil conservation practices, and appropriate
plant distribution are essential (Sentelhas et al. 2015).
Modern soybean cultivars exhibit diverse genetic traits,
morphology, and yield potential (Specht et al. 2014). Alter-
ing row spacing represents one strategy to optimize crop
performance and increase yield potential. Adjusting row
spacing modifies the spatial arrangement of plants, thereby
reducing or enhancing intraspecific competition and creat-
ing a growth environment conducive to crop requirements.
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Enhanced sunlight interception resulting from im-
proved plant distribution and branching development has
been shown to increase crop yield potential (Slattery et
al. 2021). Altering row spacing can facilitate this increase
(Kandel et al. 2021). The primary objective of modifying
plant distribution is to minimize intraspecific competition
(Klimek-Kopyra et al. 2021), often achieved through nar-
rower row configurations. Narrower rows mitigate early
leaf abortion in lower canopy regions. However, adjust-
ments in plant distribution may also exacerbate disease
incidence (Jaccoud-Filho et al. 2016), as evidenced by in-
creased severity of white mold in narrower rows (35 cm
between rows) compared to wider rows (75 cm between
rows). This phenomenon is attributed to differences in
branching development and spatial occupation between
row spacings, leading to prolonged soil surface wetness in
Narrow rows.

Even so, the narrow rows showed a higher grain yield
than the wide rows. In the Jaccoud-Filho et al. (2016)
study, the climatic conditions did not favor severity and
reduced grain yield in the narrow rows. The narrow rows
make disease management a huge problem, it should use
wide rows (Jaccoud-Filho et al. 2016). The choice of row
spacing must be done to adapt the crop to a specific con-
dition, which may vary among regions or even in planting
dates (Lamichhane et al. 2023).

In Brazil, the prevailing row spacing for soybeans typi-
cally ranges around 45 cm between rows, although it may
vary from 35 cm to 70 cm (Jaccoud-Filho et al. 2016).
Similarly, variations in row spacings are observed in the
United States, China, and Argentina. In irrigated systems
in the United States, the most common row spacing is
76 cm (Bellaloui et al. 2015), whereas in China and Ar-
gentina, row spacing typically ranges from 40 cm to 50 cm
(Zhou et al. 2011; Santachiara et al. 2017).

In addition to conventional row spacing, alternative
configurations such as cross and twin rows are utilized.
Cross-row planting involves two different row orienta-
tions, with one set transverse and the other perpendic-
ular to it. Twin rows consist of pairs of rows spaced ap-
proximately 20-25 cm apart, positioned 40-50 cm from
the next pair of rows. These arrangements can enhance
grain yield through the edge effect, promoting increased
light interception and air circulation between rows
(Slattery et al. 2017).

The primary objective of the present study is to assess
soybean morphology, grain yield components, and overall
grain yield across two cultivars under four different row
spacings and two planting dates.

Materials and methods
Location description
Four experiments were carried out through growing sea-

sons 2014/2015 and 2015/2016, in an experimental area
at the Federal University of Santa Maria, located in Rio
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Grande do Sul state in Brazil at 29°43'05"S, 53°43'59"W,
at an altitude of 116 m and flat topography. The climate
of the area according to the Koppen classification is Cfa
(Alvares et al. 2013). The soil in this area is classified as
Argissolo Vermelho-Distrofico tipico (Santos et al. 2018)
(a sandy clay loam Acrisol in the FAO classification).

Experimental design

Treatments were distributed in a factorial (2 x 4) in a com-
plete randomized block design with four replications. As a
first factor, it used two cultivars: FPS Urano RR and BMX
Tornado RR. The maturity group (MG) of both cultivars
is 6.2. As a second factor, it used four row spacings: wide
row (45 cm between rows), cross row (45 cm between
rows, with two diagonal passes in opposite directions,
90 degrees to normal field travel), twin rows (two paired
rows spaced 22.5 cm apart on 45 cm centers), and nar-
row row (22.5 cm between rows). The wide row represents
the most common row spacing used for soybean in Bra-
zil. Each plot had as total area 2.25 x 7.75 m, where there
were five rows in the wide row plots; 5 X 17 rows at cross-
row plots; seven rows at twin-row plots; and ten rows at
narrow-row plots. Through the 2014/2015 and 2015/2016
growing seasons, the experiments were conducted on two
planting dates: normal planting date in November and late
plating date in December. The plantings were performed
on: November tenth, 2014; December fifteenth, 2014; No-
vember fifteenth, 2015; and December seventeenth, 2015.
The different planting dates were not considered as a fac-
tor and just as a single experiment, analyzed separately.
Fertilizers were applied by broadcast at the last mo-
ment, before planters got in the experimental area, using 5
kg of nitrogen ha™', 20 kg of P,O, ha"', and 20 kg of K,O ha’
!. Two days prior to planting, phytosanitary seed treatment
was performed with pyraclostrobin (25 g L a. i.) + thio-
phanate methyl (225 g L' a. i.) and fipronil (250 g L* a. i.).
The seed inoculant used was composed of Bradyrhizobi-
um japonicum (100 mL 50 kg™’ of seed). The inoculation
process was done on the same day of planting. Herbicide,
insecticide, and fungicide application was performed to
maintain weeds, insects, and diseases at a certain level, to
avoid grain yield reduction. After emergence stage (VE,
Fehr and Caviness 1977) the soybean plants were pulled
out to reach the ideal plant population for each cultivar.

Variables measured

The following variables were measured: leaf area index
(LAI) are measured using digital images (Martin et al.
2013). For the LAI, all leaves of the three plants plot” were
detached and placed on a white surface for taking pho-
tos. The Image] calculated the area of every single leaf.
The LAI was measured at R2. The sunlight interception
was measured using a luximeter when the plants were at
R2. At R2, measurements were taken at four heights: On
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top of the canopy, upper (R2 upper), middle (R2 middle),
and lower (R2 lower) portion of the canopy. Sunlight
interception was represented as a percentage of the total
sunlight reaching the top of the canopy at the time of each
point of measurement. The grain yield (GY, kg ha") was
measured by harvesting 6.25 m? in each plot with the mass
adjusted to 130 g ka, based on the moisture content. The
number of pods per plants (NPP) was measured by count-
ing in five plants, collected from the central area of each
plot. The mass of 1000 grains was measured by counting
and weighing three samples of 1000 grains per plot.

Air temperature and precipitation and statisti-
cal analysis

The means of rainfall and air temperature during the ex-
periments were collected in a meteorological station lo-
cated at the Federal University of Santa Maria, located
about 1.4 km away from the experimental area (Fig. 1).

The additivity, homogeneity, normality, and inde-
pendence of errors were tested using a randomized block
model. Analyses of variance (ANOVA) was performed to
evaluate the treatment differences in the variables meas-
ured. When there was a significant effect of treatment, the
means were separated out by conducting the Scott-Knott
test or regression analyses. For cultivars and row spacings
the means were separated by Scott-Knott with 5% proba-
bility. When these additional factors presented a signifi-
cant effect, the means were evaluated by regression, using
TableCurve®.
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List of abbreviations

ANOVA Analyses of variance;

C cultivar;

D days after planting;

GY Grain yield;

LAI leaf area index at R2;

MG maturity group;

NGP Total number of grains plant™;
NPP Total number of pods plant’;
PORT portion of the plant;

R row spacing;
TGM 1000 grains mass;
VE Emergence stage.

Results and discussion

At Table 1 there is the synopsis of ANOVA, showing the in-
teraction among factors. Grain yield showed a significant
effect for the interaction (CxR; cultivar x row spacing) when
cultivated in November (14/15). And for the second year
(November 15/16) only the Cultivar main effect showed
significance. For the December cultivation (14/15 and
15/16) only the main row spacing effect was observed. The
LAI (R2) was significant for the double interaction (CxR;
cultivar x row spacing) in all evaluations, indicating that the
LAI changes according to row spacing for all evaluations.
Changes in row spacing are capable of modifying the leaf
area of plants. This occurs because the way the plants are
distributed alters the growth and development of the leaves.
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Figure 1. Rainfall and air temperature during the experiments. The line arrows indicate the moment where planting,

R2, R5, and harvest happened. The black line arrows represent those experiments carried out in 2014/2015 growing

season and gray line arrows represent those experiments carried out in 2015/2016 growing season. Those line ar-

rows with 12 and 22 mean November and December planting date, respectively.
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Table 1. Main effect, double and triple interaction ob-
served in the analyses of variance for the following vari-
ables: grain yield (GY, kg ha™), light intercepation at R2 in
the upper part (R2 upper), middle part (R2 middle) and
lower part (R2 lower); leaf area index at R2 (LAl R2); to-
tal number of pods plant™ (NPP); total number of grains
plant™ (NGP); 1000 grains mass (1000, g).

Variables November December November December
14/15 14/15 15/16 15/16
GY CxR R C R
R2 upper S - C CxR
R2 middle - - GR CxR
R2 lower - - G R CxR
LAIR2 CxR CxR CxR CxR
NPP C C C R
NGP C C C C
1000 C CxR C C

*C = cultivar; R = row spacing; D = days after planting; PORT = portion
of the plant. **there was no evaluation.

Grain yield

The narrow rows showed similar or better results related
to wide rows (YG). Narrow rows reached the highest yield
in both December 2014/2015 and 2015/2016 (Fig. 2).

Planting date: November 10th, 2014

Twin rows showed lower grain yield compared to the wide
rows in November 2014/2015 for the BMX Tornado RR
cultivar. The cross row did not show any increase in grain
yield in any experiment. Besides that, the cross row had a
higher operational cost, up to 34% higher than the wide
row (Silva et al. 2015). Also, to get the planting done in
time, in the cross row it needs more tractors and planters
to accomplish it in an adequate time.

The low intraspecific competition imposed by the nar-
row row does not increase grain yield when planting oc-
curs on the normal date. According to the “Zoneamento
Agricola de Risco Climatico da Soja” for Rio Grande do
Sul, the normal planting date is usually during October
and November. Increase in grain yield with narrow rows
usually occurs in late planting dates (Lee 2006). This must
be due to sunlight interception during the reproductive
stages, mainly between R1 and R5 (Santachiara et al. 2017).

On the normal planting dates, the sunlight availability
during the vegetative stage is sufficient for plants devel-
op an adequate canopy, to intercept a sufficient amount of
sunlight during the reproductive period, for high yields. In
these cases, there is no necessity to change row spacing for
improving resource use and increasing grain yield (Basso
etal. 2021). On late planting dates, there is less availability
of factors such as, sunlight, photoperiod, and heat units,

Planting date: December 15th, 2014
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Figure 2. Means of grain yield according to interaction between cultivars and row spacings (a), main effect of row
spacings (b), main effect of cultivars (¢) and main effect of row spacings (d). *Lower-case letters differ means of
row spacings and upper-case letters differ means by of cultivars by the Scott-Knott test with 5% of probability.
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for crop growth. In this situation the probability to increase
grain yield with narrow rows is greater (Jaccoud-Filho et
al. 2016). The increase in grain yield provided by narrow
rows in relation to wide rows was 320.50 kg ha™ (8.93%)
and 234.55 kg ha (6.16%), in 2014/2015 and 2014/2015,
respectively. These values result in an average increase
of 277.52 kg ha' (7.54%). Moreover, for the grain yield
differences, it is necessary to look at the implications im-
puted by narrow rows. The number of rows that a planter
would need to perform the process is doubled, which can
increase the cost of get the planting done. With cross rows,
a 54% increase in the cost of this operation was found by
(Silva et al. 2015). Depending on the increase in the cost of
planting soybean in narrow rows, the observed grain yield
increase in this study may not represent an increase in the
economic yield. However, there is a possibility of using
the same drill used to plant small grains like wheat. These
authors have concluded that the purchase is economically
worthwhile in areas greater than 144 ha, in the state of Io-
wa-USA, where 30% or more is covered by soybean. How-
ever, it is necessary to investigate if this option is feasible
in Brazilian conditions. It is also important to state that the
plant population in the narrow rows cannot be increased
to keep intraspecific competition at an adequate level, to
allow increases in grain yield (Jaccoud-Filho et al. 2016).

Sunlight interception at R2

The sunlight interception at R2 had a great effect on cul-
tivars and row spacings in November and interaction be-
tween these factors in December. In November all row
spacings were intercepting 92% of the sunlight at lower
portion of the canopy, on an average. In December, in
the same portion of the canopy, these values decreased to
87%, on an average. Sunlight interception at R2 in Decem-

ber was higher in the narrow and cross rows, where both
intercepted more than 88% of the sunlight, 2% more than
in the wide and twin rows, on an average (Table 2). This
result worked only for narrow rows, which showed higher
grain yield in the December planting dates (Fig. 2).

The plant distribution in cross rows probably does not
improve biomass accumulation even though it intercepts
more sunlight at R2 than that in the wide and twin rows.
Perhaps there is more variability in the field due to the
crossing of the rows. Intraspecific competition must be
higher at row intersections. The crossing of the rows can
also make air circulation difficult which has an impact on
biomass accumulation via evapotranspiration, and aids
disease infection due to the wetness of leaves (Zhou et al.
2011). In the narrow rows the plant distribution is more
uniform (Zhou et al. 2011) showing a positive impact on
biomass accumulation. It is a little different with wide and
twin rows. Both wide and twin rows showed less potential
to intercept sunlight at R2, but they reached a higher grain
yield than cross rows. Even these row spacings present
high intraspecific competition, both plant distributions
allow enough air circulation to improve biomass accumu-
lation (Jaccoud-Filho et al. 2016).

Leaf area index

The leaf area index (LAI) had an effect of cultivars and
row spacings (Table 3). Because of the availability of sun-
light, photoperiod, and heat units, soybean reaches higher
values of LAT in early or normal planting dates than late
planting dates (Tagliapietra et al. 2018). However, in the
2014/2015 growing season the LAI at R2 showed similar
results in both November and December planting dates.
According to Fig. 1, there was a lack of rainfall around
R2 in the soybean planted in November, in that growing

Table 2. Means of the main effect and the interaction between cultivars and row spacings for the light interception at

R2 in Upper part, Middle part, and Lower part of the canopy in November and December 2015/2016 growing season.

November
Upper part Middle part Lower part
FPS Urano RR 75.74 A* 88.72 A 92.28 A
BMX Tornado RR 74.02 B 87.82B 92.07 B
Wide row 74.45 88.02B 91.97B
Cross row 75.15 87.75B 92.14B
Twin row 74.57 88.48 A 9220 B
Narrow row 75.38 88.82 A 92.39 A
CV (%) 2.3 1.38 0.37
Average 74.88 88.27 92.18
December
Upper part Middle part Lower part
Urano** Tornado*** Urano Tornado Urano Tornado
Wide row 70.66 Ab 69.51 Bc 80.08 Ab 79.55 Bc 85.77 Ab 85.65 Ac
Cross row 72.12 Aa 72.47 Aa 82.50 Aa 82.09 Aa 88.30 Aa 88.14 Aa
Twin row 70.37 Ab 70.54 Ab 80.02 Ab 80.30 Ab 85.91 Bb 86.23Ab
Narrow row 72.38 Aa 72.11 Aa 82.31 Aa 82.47 Aa 88.23 Aa 88.29 Aa
CV (%) 1.11 0.62 0.29
Average 71.27 81.17 87.07

*Means followed by the same letter do not differ themselves by the Scott-Knott test with 5% of probability. Absence of letters next to the numbers means no
difference among the means. Upper-case letter on vertical and lower-case letter on the horizontal differ means by the Scott-Knott test with 5% of probability.
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Table 3. Means of the main effect and the interaction between cultivars and row spacings for the leaf area index at R2.

November 2014/15 December 2014/15 November 2015/16 December 2015/16

Espagamentos R2

Urano** Tornado*** Urano Tornado Urano Tornado Urano Tornado
Wide row 2.98 Ab 3.49 Aa 3.51 Aa 2.79 Bb 5.78 5.47 3.83 Ab 3.81 Aa
Cross row 2.40 Bc 3.29 Aa 3.24 Ba 3.71 Aa 5.38 5.90 2.65 Ac 2.74 Ab
Twin row 3.02 Bb 3.59 Aa 3.39 Aa 3.59 Aa 6.60 5.71 4.58 Aa 3.63 Ba
Narrow row 3.15 Aa 3.32 Aa 3.66 Aa 341 Aa 6.05 5.68 5.03 Aa 3.63 Ba
CV (%) 7.54 5.92 11.33 9.94
Average 3.20 3.41 5.82 3.74

*Means followed by the same letter do not differ themselves by the Scott-Knott test with 5% of probability. Absence of letters next to the numbers
means no difference among the means. Upper-case letter on vertical and lower-case letter on the horizontal differ means by the Scott-Knott test with
5% of probability. **Urano = FPS Urano RR. **Tornado = BMX Tornado RR.

season (Fehr and Caviness 1977). The lack of water caused
reduction in leaf expansion. Probably that lack of rainfall
during R2 decreased the LAI in November and it showed
a negative impact in grain yield as well (Fig. 2).

The LAI at R2 show a good relationship with grain
yield (Tagliapietra et al. 2018), but sometimes that does
not occur. The angle and shape of the leaves must allow
light interception and absorption along all the portions
of the canopy (Hu and Wiatrak 2012). When a canopy
shows a very high LAI those leaves located at the upper
portions of the canopy will be shading those leaves at the
lower portions. The leaves located at the lower portion will
not form photoassimilates and hence the soybean yield is
decreased (Miiller et al. 2017). Photoassimilates are also
stored in other parts of the plant like stem and branch-
es. In some cases where fields show the same LAI, grain
yield can vary according to its ability for redistributing of
photoassimilates. In early or normal planting dates there

is enough water and solar radiation available. In this sit-
uation the ability to redistribute photoassimilates is high-
er. However, in late planting dates there are less resources
available and the ability to redistribute is poor.

Grain yield components

Among the grain yield components, the number of plants
area’ is only adjusted by direct action, with seeding rate.
The most malleable grain yield component, which usually
presents a greater impact in grain yield, is the number of
pods plant! or even grains plant” (Silva et al. 2020). The
lowest values of the number of pods plant! have been in
December (Table 4), where also the lowest grain yield has
also been observed (Fig. 2). As for the row spacings, the
number of pods plant? is not always the most important
component in grain yield differences.

Table 4. Means of the main effect and the interaction between cultivars and row spacings for the number of pods

plant”, number of grains pod™, and 1000 grains mass.

Espacamentos November 2014/2015 December 2014/2015 November 2015/2016 December 2015/2016

Urano** Tornado*** Urano Tornado Urano Tornado Urano Tornado

Number of Pods Plant!
Wide row 4240 B 63.27 A 49.55 B 52.65 A 61.62 62.18 44.83 Ba 60.00 Ab
Cross row 36.20 B 63.85 A 47.65B 57.25 A 57.10 54.89 40.17 Ba 53.50 Ab
Twin row 39.30 B 58.30 A 46.10 B 58.65 A 64.87 56.63 43.14 Ba 57.25 Ab
Narrow row 38.35B 63.10 A 41.55 B 54.75 A 60.59 67.4 51.10 Ba 69.75 Aa
CV (%) 7.74 10.39 13.23 10.81
Average 50.59 51.01 60.65 52.49
Number of Grains Pod!
Wide row 1.93B 2.36 A 2.27B 249 A 2.23B 247 A 2.27B 2.55A
Cross row 1.98 B 234 A 2.18B 244 A 2.29B 2.55 A 2.29B 247 A
Twin row 2.02B 2.40 A 2.23B 2.56 A 2.27B 251 A 2.23B 251 A
Narrow row 2.04B 2.32A 2.23B 2.51 A 2.26B 2.53 A 2.26B 253 A
CV (%) 2.54 3.17 3.29 3.17
Averag 2.17 2.36 2.39 2.39
1000 grains mass

Wide row 19151 A 147.31 B 129.26 Bc 136.41 Aa 141.04 B 148.22 A 143.61 A 133.54 B
Cross row 179.02 A 144.46 B 129.58 Ac 129.08 Ab 146.11 B 153.63 A 140.45 A 130.08 B
Twin row 172.47 A 154.13 B 132.95 Ab 130.63 Ab 142.16 B 151.09 A 139.23 A 130.46 B
Narrow row 17471 A 160.19 B 137.78 Aa 133.89 Ba 139.73 B 151.19 A 146.80 A 133.80 B
CV (%) 9.87 1.62 3.44 3.40
Average 165.47 132.45 146.65 137.18

*Means followed by the same letter do not differ themselves by the Scott-Knott test with 5% of probability. Absence of letters next to the numbers
means no difference among the means. Upper-case letter on vertical and lower-case letter on the horizontal differ means by the Scott-Knott test with
5% of probability. **Urano = FPS Urano RR. ***Tornado = BMX Tornado RR.
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In December 2014/2015, the narrow row showed
higher than a 1000-grain mass than other row spacings.
In this specific situation, the 1000-grain mass was the
grain yield component responsible for the grain yield
differences among row spacings. However, a 1000-grain
mass usually did not vary according to the row spacing
modifications. The 1000-grain mass had a trait more in-
fluenced by cultivar genetics (Santachiara et al. 2017) or
environmental conditions during seed filling. The greatest
1000-grain mass, in this case, could be related to factors
such as longer duration of seed filling, temperature in the
canopy during seed filling, and greater ability to redistrib-
ute photoassimilates from source to the seeds, in narrow
rows. However, in December 2015/2016 the difference in
the 1000-grain mass has not occurred again and the num-
ber of pods plant” was the most important component for
the grain yield. In this situation there was no difference
between row spacings for FPS Urano RR and narrow rows
showed higher values for BMX Tornado RR (Table 4).

Regarding cultivars, they have a different adjustment
for grain yield components. The plant population recom-
mended by the breeders of the two cultivars is different
due to their ability for branching. Indeterminate cultivars
have more grain yield stability. BMX Tornado RR main-
tains a value for number of pods plant! close to 60, which
maintains its grain yield level above 3500 kg ha'. FPS Ura-
no RR when planted in better growth conditions (Fig. 1),
reached values of number of pods plant” close to those
of the BMX Tornado RR, increasing its grain yield level
(Fig. 2), as in November 2015/2016. As the narrow rows
were the ones that showed the highest sunlight intercep-
tion at the lower portion of the canopy in December, this
resulted in the highest number of grains and consequently
the highest grain yield. In November, FPS Urano RR and
BMX Tornado RR showed the same number of grains at
the lower and upper middle and lower at upper portion
of the canopy. It drove both cultivars to reach the same
number of grains and increase FPS Urano RR grain yield
due to its higher number of plants area™. In the December
planting date BMX Tornado RR showed a higher number
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