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RESEARCH NOTE

The effect of longitudinal distribution and seed depth
on grain yield of common bean'

Pedro Marques da Silveira?, Adriano Stephan Nascente®’, José Geraldo da Silva?

ABSTRACT - The aim of this study was to quantify the longitudinal distribution of plants in the row and seed depth and their
effects on hypocotyl length and diameter and on yield components and grain yield of common bean, specifically the cultivar
BRSMG Realce in a Latossolo soil in the Cerrado (Brazilian tropical savanna). The data on plant distances in the row were
obtained in the field with the aid of a measuring tape in four rows of 2.5 m length. Seed depth was determined by measuring
the length of the hypocotyl that was within the soil after pulling up the plant. Hypocotyl diameter was evaluated at ground level
using a digital caliper. Descriptive (univariate) statistical analysis was applied to the data. Linear correlations were established
among distribution of distance between plants in the row, the depth of sowing, the characteristics of the hypocotyls, and grain
yield data of common bean. Negative linear regression was observed between grain yield with sowing depth, and positive
linear regression between hypocotyl diameter and longitudinal spacing between plants in the row. In the sowing process,
special attention should be given to seed distribution in the row to avoid subsequent uneven plant distribution and to seed
depth to avoid yield loss.

Index terms: Phaseolus vulgaris, hypocotyl diameter, hypocotyl length, plant spacing, sowing quality.

Distribui¢do longitudinal e profundidade da semente afetando a
produtividade de graos do feijao-comum

RESUMO - Objetivou-se com o presente estudo quantificar a distribuicdo longitudinal de plantas na linha e profundidade da
semente no solo e seus efeitos no comprimento e didmetro do hipocétilo, nos componentes de produgdo e produtividade de
graos de feijao-comum, cultivar BRSMG Realce, em latossolo do Cerrado. Os dados da distancia entre plantas na linha foram
obtidos em campo com o auxilio de trena em quatro linhas de feijdo de 2,5 m de comprimento. A profundidade de semeadura
foi determinada medindo-se o comprimento do hipocétilo dentro do solo apods o arranquio da planta. O didmetro do hipocotilo
foi avaliado ao nivel do solo utilizando-se paquimetro digital. Os dados foram submetidos a analise estatistica descritiva
(univariada). Estabeleceram-se correlagdes lineares entre a distribui¢do da distancia entre plantas na linha, da profundidade de
semeadura e as caracteristicas do hipocotilo e dados de produtividade de grdos do feijdo-comum. Observou-se regressao linear
negativa da produtividade de grdos com profundidade de semeadura e positiva com didmetro do hipocétilo e espacamento
longitudinal entre plantas na linha. Especial atencdo deve ser dada no processo de semeadura para evitar distribuicdo

desuniforme de plantas da linha de semeadura e na profundidade da semente para evitar redu¢des na produtividade.

Termos para indexagdo: Phaseolus vulgaris, comprimento do hipocétilo, didmetro do hipocétilo, espagamento entre plantas,
qualidade de plantio.
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Introduction

Dry edible bean or common bean (Phaseolus vulgaris)
is a crop of considerable economic and social importance in
many countries and one of the main sources of plant protein
in the human diet. Crop yield is affected by various factors,
such as diseases, insect pests, weeds, mineral nutrients,
environmental conditions, seeds, and sowing density (Didonet
and Costa, 2004). Controlling sowing density is among the
practices that lead to increased yield. Sowing density must be
well assessed since it is directly related to yield components
and crop yield (Azevedo et al., 2008).

However, even at adequate densities, the sowing process
can bring about bad seed distribution in the row and seed
placement at depths greater than planned. Plants may be very
near one another in the row and will compete, one inhibiting
the development of others. Longer hypocotyl lengths may
negatively affect crop yield. In any crop, sowing depth and
seed distribution in the row should be adequate to ensure
seed germination and seedling emergence and development
(Martins et al., 1999; Rodrigues et al., 2016). According to
Cortez et al. (2006), all plant spacings from 0.5 to 1.5 times the
mean spacing (MS) expected is considered acceptable. Values
outside this limit are considered missing plants (more than 1.5
times the MS) or multiple plants (less than 0.5 times the MS).

The depth of seed placement is specific for each species
and, when adequate, leads to uniform germination and seedling
emergence (Sousa et al., 2007; Trogello et al., 2013). Excessive
sowing depths can impede the still fragile seedling from emerging
from the soil. In contrast, if seeds are sown shallow, they are
exposed to any environmental variation, such as water or heat
stress through excess or deficit, and this may give rise to small and
weak seedlings (Silva et al., 2008). Modolo et al. (2010) reported
that irregularity in common bean seed depth can lead to big yield
losses. For Trogello et al. (2008), sowing common bean at a depth
of 4.5 cm exhibited the best final stand, as opposed to depths of 3
cm and 6 cm.

According to Silveira et al. (2013), uniformity of seed
longitudinal distribution is one of the characteristics that
most contribute to adequate plant stand and to improved crop
yield. Rambo et al. (2003) and Silveira et al. (2005) affirmed
that equidistant plant spacing results in less intra-specific
competition and increases yield. Branquinho et al. (2004)
studied seed distribution along the soybean planting row
and concluded that more than half the seeds were deposited
with inadequate spacing, causing significant yield reduction.
With inadequate longitudinal distribution and greater seed
depths, dominated plants may appear, i.e., plants from lower
germination speed, and they will be shaded by dominant

plants. This will reduce yield per plant and affect yield per
area (Azevedo et al., 2008).

Thus, the sowing process is an important activity in setting
up crops and it must be carefully performed to obtain adequate
populations at the right depth and with equally spaced plants.
Otherwise, the whole investment made will not result in yield
gain. However, there are practically no studies on the effect
of longitudinal distribution and of seed depth in the common
bean crop (Teixeira et al., 2013). The need therefore arises to
investigate these factors to ascertain their real effect on final
crop yield. Given this situation, the aim of this study was to
quantify longitudinal distribution and seed depth and observe
their effects on hypocotyl length and diameter and on yield
components and grain yield of common bean in a Latossolo
of the Cerrado (Brazilian tropical savanna).

Materials and Methods

The experiment was conducted in the 2016/2017 summer
crop season on the Capivara Farm of ‘Embrapa Arroz e Feijao’,
located in the municipality of Santo Ant6énio de Goias, GO,
Brazil, at 16°28°00” S and 49°17°00” W, at 823 m altitude.
Climate in the region is tropical savanna, considered as type
Aw in the Koppen classification. There are two well-defined
seasons, normally dry from May to September (fall/winter) and
rainy from October to April (spring/summer). Mean annual
rainfall is from 1500 to 1700 mm. Mean annual temperature is
22.7 °C, ranging annually from 14.2 °C to 34.8 °C.

The soil was classified as a Latossolo Vermelho acrico
(Embrapa, 2006). Before setting up the experiment, in
November 2016, chemical analyses were performed on
samples from a depth of 0-0.20 m for characterization of
the experimental area (Table 1). Chemical analyses were
performed according to the methodology proposed by
Donagema et al. (2011). The experimental area had been
cropped under a no-tillage system with a maize and soybean
rotation in the summer.

Sowing of common bean, cultivar BRSMG Realce, type
I, upright plant, without branching and with a determined
growth habit (Melo et al., 2014), was performed mechanically
on 11/07/2016 at a fixed spacing of 0.45 m between rows,
and the planter was regulated for 10 plants.m™. A 5-row
fertilizing planter was used, pulled by a tractor, with a
hydraulic lift system with remote control. Seed was supplied
by a perforated horizontal disk and a guillotine-effect furrow
opener. Fertilizer was applied by area, based on soil analysis
(Sousa and Lobato, 2004) in the amount of 300 kg.ha! of a
4-30-16 formulation. Insect pests, diseases, and weeds were
controlled according to crop needs (Vieira et al., 20006).
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Table 1. Soil chemical attributes of the area before setting up the experiment. 2016/2017 crop season.
Depth Ca Mg Al H+Al P K pH (H,0)
(m) s mmolc. dm>----mmmmemeeeeee mg. dm>-----
0-0.05 17.4 10.5 1.0 38.0 24.9 134 4.8
0.05-0.10 11.3 6.8 2.0 37.0 56.8 86 4.6
0.10-0.20 7.1 4.6 4.0 35.0 20.2 42 4.4
Depth oM! Zn Cu Fe Mn
(m) g ke mg. dm”
0-0.05 36.34 124 1.9 6.9 22.7
0.05-0.10 30.38 13.8 2.6 8.8 16.0
0.10-0.20 27.81 7.7 2.6 6.7 12.0

'OM - organic matter.

Seedling emergence occurred at five days after sowing. In
the V4 phenological stage (third trifoliate leaf), fertilizer was
topdressed at the rate of 60 kg.ha! of N in the form of urea.
The beans were harvested on 01/24/2017.

Data were collected at random in the crop area. Thus, with
the aid of a measuring tape, four 2.5 meter rows were chosen
at random for evaluation. The following measurements were
performed: total longitudinal distribution of the plants in the
planting row (sum of the distance of the plant of interest to
the previous plant and to the subsequent plant), minimum
and maximum distance of each plant in the row in relation
to the other, length of the hypocotyl in the soil (based on this
information, seed depth in relation to the soil surface was
estimated), hypocotyl diameter at ground level (measured
with the aid of a digital caliper rule in all the plants), number
of pods, number of seeds, and grain weight from each plant.

Descriptive (univariate) statistical analysis was applied to
the data collected, and in analysis of variance of the results, the
descriptive statistical parameters calculated were considered,
namely, the minimum and maximum values, the mean, median,
standard deviation, and coefficient of variation. The dispersion
measures allowed visualization of the dimension of dispersion
of the values observed in relation to the mean, and of asymmetry
and kurtosis, to analyze the type and the shape of the distribution
curve of the results of each variable evaluated. The asymmetry
and kurtosis values found for the data were compared to the lower
and upper limits at a significance level of 5%. The Shapiro-Wilk
test was performed to verify the normality of the data, testing
the null hypothesis that the sample belongs to a population with
normal distribution, using the statistic W (0 < W < 1); if W is
equal to 1, the data perfectly fit normal distribution, whereas
small values of W are evidence of deviations from normality. The
value of the statistic and the associated p-value were obtained;
if this p-value was less than the nominal value of significance
p < 0.01, the null hypothesis of normality was rejected. The
data were not transformed. The aim was to check for a central

tendency, normality, and dispersion of the original data.

The Pearson correlation matrix was established for the
purpose of making linear correlations for the combinations, two
by two, among all the attributes studied, as well as presenting
the regression analyses for the pairs of greatest interest.

Results and Discussion

Seed density in the planting row was projected to obtain
a mean of 10 plants per meter, i.e., each plant should be
at a distance of around 10 cm distance from the previous
plant and 10 cm from the subsequent plant. Analyzing only
the mean (11.93 cm) and median (11.25 cm), these values
approximated the projected value (Table 2). However, the
amplitude was relatively large, ranging from 1 cm to 28 cm.
This showed that plants were doubled up or missing (Cortez
et al., 2006). The very small distance between plants can
cause greater competition between them and reduce yield
per plant and per area. In contrast, greater distances between
plants may mean reduction in yield per area since the plants
utilize smaller total areas and leave more empty spaces,
giving weeds a chance to arise. During the process of setting
up crops, there may be shortcomings and sowing might not be
performed adequately, resulting in plants not distributed in an
equidistant manner. According to Silveira et al. (2005), one
of the characteristics that most contribute to adequate plant
stand and to improvement of crop yield is uniformity of the
longitudinal distribution of seeds. Thus, an individual within
a population experiences the effects of restriction on growth
rate according to the presence and arrangement of neighbors
in the plant population (Mondo et al., 2012). More equidistant
distributions reduce these effects of restriction and contribute
so that plants more completely and efficiently utilize the
resources of a determined soil area (Freitas et al., 2013).

Together with irregular distribution of seeds in the row,
very unequal seed depth can bring about development of
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Table 2. Minimum, maximum, mean, median, standard deviation (SD), coefficients of variation, asymmetry, and kurtosis
values, and the W Test of Shapiro-Wilk for total transversal distance between plants (ET), hypocotyl length in the soil
(HL), hypocotyl diameter at ground level (HD), number of pods per plant (NPP), number of seeds per plant (NSP),
and grain weight per plant (GWP) obtained from evaluation of 80 common bean plants, cultivar BRSMG Realce,
2016/2017 crop season.
Attributes  Minimum M aximum Mean Median SD — Cocfficient - W Test!
Variation  Asymmetry  Kurtosis
ET 1.00 28.00 11.93 11.25 5.09 42.68 1.05 1.67 0.92™
HL 1.40 7.00 3.47 3.00 1.17 33.78 0.56 -0.05 0.97"
HD 3.38 8.50 6.04 5.93 1.14 18.90 0.03 -0.51 0.98™
NPP 1.00 19.00 7.71 7.50 3.80 49.22 0.69 0.30 0.96™
NSP 3.00 78.00 28.40 25.00 16.23 57.16 1.06 0.83 0.92"
GWP 4.85 110.30 44.01 40.45 24.58 55.86 0.86 0.27 0.94™

Y Shapiro-Wilk Test (W) for normal distribution; ns: not significant. Not significant indicates that the hypothesis for normal distribution is accepted.

plants dominated by neighboring plants (dominant plants),
whose seedlings emerged more rapidly (Azevedo et al., 2008;
Modolo et al., 2010), as occurred in this experiment in which
hypocotyl length in the soil ranged from 1.7 cm to 7.0 cm;
this indicated that seed depth was variable. In this situation,
the lack of uniformity in speed of emergence will affect
plant development; seedlings that emerge first will shade the
seedlings that emerge later (Pommel et al., 2002). In addition,
seedlings with delayed emergence have less shoot and root
system growth, resulting in lower ability to compete for water,
light, and nutrients (Azevedo et al., 2008).

In the present experiment, there was also lack of uniformity
in hypocotyl diameter, which ranged from 3.38 cm to 8.50 cm
(Table 2). In the other characteristics evaluated, there were also
big variations: in the number of pods per plant, which ranged
from 1 to 19; in the number of seeds per plant, which ranged
from 3 to 78; and in grain weight per plant, which ranged
from 4.85 g to 110.30 grams. These values indicate that the
sowing process was inefficient and brought about significant
differences in important characteristics that define crop yield.
According to Kachman and Smith (1995), a good acceptable
level of precision between maximum and minimum values are
variations up to 29%. Based on our results, all the parameters
evaluated were higher than this value. One of the factors that
may have caused this lack of uniformity in the parameters
evaluated is planter adjustment, especially in operating speed.
In an evaluation of nine fertilizing planters of maize at three
different speeds, Mantovani and Bertaux (1990) found that,
in general, longitudinal distribution of seeds was irregular
and outside the acceptable limits, tending to become more
irregular as forward speed increased. For Delafosse (1986),
Kurachi et al. (1989), Garcia et al. (2006), and Santos et
al. (2011), operating speed is the variable that most affects
planter performance. It affects longitudinal distribution of

seeds in the planting furrow and the depth of seeds in relation
to ground level, which affects crop yield.

The mean was greater than the median in all the
variables evaluated, which indicates a positive asymmetry,
i.e., displacement of the mean of the population to the left
(Table 2). The data were positive in regard to the asymmetry
coefficient. This indicates distribution with an asymmetric tail
that extends in the direction of more positive values. Positive
kurtosis values indicate that the data were more concentrated
around the mean (total spacing, number of pods per plant,
number of seeds per plant, and grain weight) and the negative
values indicate that they were slightly distanced from the mean
(hypocotyl length within the soil and hypocotyl diameter). The
Shapiro-Wilk test indicated that all the variables evaluated
had a normal distribution pattern.

In the variable designated as total longitudinal distance
between plants in the row (sum of the distance of a plant to the
previous plant and of the distance to the subsequent plant), a
positive and significant correlation was found with hypocotyl
diameter, number of pods per plant, and grain weight per plant
(Table 3). Thus, it is noteworthy that an increase in the area
of development of the plant led to an increase in hypocotyl
diameter. This characteristic is important in breeding
programs, for it is an effective indicator of the common bean
plant architecture (Moura et al., 2013). In greater longitudinal
distances between plants, there is likely less competition, and
this favors greater absorption of nutrients, sunlight, and water,
with a positive effect on yield (Mondo et al., 2012). Azevedo
et al. (2008) observed increases in the number of pods per
area, 100 grain weight, and grain yield of common bean as
the number of plants per area declined. This information was
corroborated by a positive correlation between hypocotyl
diameter and the yield components of number of pods
per plant, number of seeds per plant, and grain yield per
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plant (Figure 1). In grain yield, there was a negative linear
regression with seed depth, and a positive linear regression
with hypocotyl diameter and longitudinal distance between
plants in the row (Figure 2). Rocha et al. (2015) also observed
positive correlations between common bean grain yield and
hypocotyl diameter.

The results obtained showed that errors can occur during
crop sowing that can compromise the investment made. The

sowing process must be performed in an adequate way to
provide uniformity in seed depth and in longitudinal distance
between plants. Uneven stands with big differences in
longitudinal distances between plants in the planting row and
in seed depth lead to an increase in dominated plants, which
cause significant reductions in yield per plant and per area.

Conclusions

Table 3. Pearson linear correlation between the total distance of the plant in the row (TDR), hypocotyl length in the soil (HL),
hypocotyl diameter at ground level (HD), number of pods per plant (NPP), number of seeds per plant (NSP), and
grain weight per plant (GWP) obtained in evaluation of 80 common bean plants, 2016/2017 crop season.

Attributes TDR HL HD NPP NSP GWP
TDR 1.000 -0.102™ 0.246* 0.129*¢ 0.148™ 0.354**8
HL - 1.000 -0.148™ -0.191™ -0.244" -0.204 ™
HD - - 1.000 0.705%* 0.725%* 0.727**
NPP - - - 1.000 0.947%* 0.945%*
NSP - - - - 1.000 0.981%**
GWP - - - - - 1.000

", * and **: Not significant, significant at 5% and 1%, respectively, by the t test.
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Figure 1. Relation between hypocotyl diameter and seed depth, space available for the plant in the row, and space between two

plants in the common bean crop.
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Figure 2. Relation between plant yield and seed depth, hypocotyl diameter, and total space available for the plant in the common

bean crop.

Lack of uniformity in depth and in longitudinal distance
of seeds in the planting row leads to significant variations
in hypocotyl diameter, number of pods per plant, number of
seeds per plant, and grain yield per plant in common bean.

There is a significant correlation between hypocotyl diameter
and the yield components and grain yield in common bean.

There is negative linear regression between grain yield of
common bean and seed depth, and a positive linear regression
between grain yield and hypocotyl diameter and longitudinal
spacing between plants in the planting row.
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