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ABSTRACT. The estimation of genetic variability in germplasm banks is
important not only for the conservation of genetic resources, but also for
their use in plant breeding. However, a large number of traits from different
categories (qualitative and quantitative) can make the analysis and
interpretation of the results difficult, often resulting in an incomplete
distinction among accessions. We characterized 45 accessions of food-type
soybean (Glycine max) from the Soybean Germplasm Bank of Londrina
State University based on morphoagronomic traits. The experiment was
carried out in the university farm using a randomized block design with three
replicates. Twelve traits were evaluated: flower color, pubescence color,
tegument color, hilum color, days until flowering, days until maturation,
plant height, height of insertion of the first pod, mass of 100 grains, grain
yield per plot, agronomic value, and lodging index. The quantitative trait
data were submitted to deviance analysis. The genetic divergence among the
accessions was examined by Gower's distance and clustering of the
accessions was made based on Ward's hierarchical method.
Morphoagronomic descriptors proved efficient in detecting the levels of
genetic variability among the accessions maintained in the germplasm
collection. Gower's distance was efficient in the discrimination of
accessions, showing that simultaneous analysis of quantitative and
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qualitative traits is useful to evaluate the variability in a germoplasm bank.
These results can be used as an additional source of information to be
exploited in food-type soybean breeding programs.

Key words: Glycine max; Multivariate analysis; Morphoagronomic descriptors;
Gower’s distance

INTRODUCTION

Soybean (Glycine max) is a highly nutritious food, which can play an important
functional role in the human body, with beneficial effects for health and prevention of
diseases (Hea and Chen, 2017). According to FAOstat (2018), world soybean production is
337 million tons per year. Although less than 5% of world soybean production is for human
consumption as food (fresh and processed foods), niche markets of soybeans for food use
are growing worldwide, mainly due to their innumerable products, such as sprouts, tofu
(soybean curd), natto (fermented soybean), edamame (unripe soybean), kuromame (sweet
soybean), and salads (Yokomizo et al., 2000; Hirakuri and Lazarotto, 2014; Carrdo-Panizzi
etal., 2016).

Notably in Parana state, southern Brazil, the production of soybean for food use is a
very common activity by Asian ancestry family farmers, who usually grow this species
using seeds acquired from relatives or neighbors and maintaining them for generations. The
seeds used by these farmers are not transgenic and, in most cases, these are not commercial
varieties. The metropolitan region of Londrina has a large number of food-type soybean
farmers who frequently market their grains and/or soy products in free markets (Junior
Perini et al., 2018). In this context, we collected, characterized and evaluated these local
varieties to promote the conservation and maintenance of genetic diversity, as well as their
availability and use in soybean breeding programs for human consumption (Li et al., 2008;
Oliveiraet al., 2016).

The characterization of germplasm banks produces a massive amount of data from
different categories (quantitative and qualitative), which may hinder or limit the analysis
and interpretation of the results and, consequently, result in an incomplete distinction
among accessions. Joint analysis of quantitative and qualitative traits may provide a more
accurate indication of the genetic variability. Gower’s (1971) distance is a cluster mixed
data analysis of low complexity that has been used in various studies of characterization of
germplasm banks (Quintal et al., 2012; Kyriakopoulou et al., 2014; Cabodevila et al., 2017).

We characterized accessions of food-type soybeans in a germplasm collection by
means of morphoagronomic traits. The results of this study will increase the knowledge
about the variability found in food-type soybean accessions, contributing to the
conservation of the species, as well as the identification of potential accessions to be used in
breeding programs.

MATERIAL AND METHODS

The experiment was carried out at Londrina State University (UEL), located in the
municipality of Londrina, Parana, Brazil (23°19'42" S, 51°12'11" W), in the agricultural
harvest of 2012/2013. A total of 41 soybean accessions from the UEL Soybean Germplasm
Bank and four commercial cultivars (BRS 213, BRS 216, BRS 257, and BRS 258) were
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evaluated. The accessions were obtained from visits to small farmers and free markets in the
metropolitan region of Londrina between 2010 and 2011. The 45 accessions were sown in
four crop rows of 4 m spaced 0.5 m; we evaluated the two central rows and neglected 0.5 m
from each end. The experiment was performed using a completely randomized block design
with four repetitions

Twelve morphoagronomic descriptors were evaluated, encompassing four
gualitative and eight quantitative traits. The qualitative traits evaluated were: i) flower
color; ii) pubescence color; iii) tegument color, and iv) hilum color. Regarding the
quantitative traits, we evaluated: i) days until flowering (DF), ii) days until maturation
(DM), iii) plant height (PH, in cm), iv) height of insertion of the first pod (IP, in cm), v)
mass of 100 grains (MG, in g), vi) grain yield per plot (GY, in g), vii) agronomic value
(AV), through a visual scale of grades ranging from 1 (worst agronomic traits) to 5 (best
agronomic traits), and viii) lodging index (LI), through a visual scale ranging from 1
(upright plants) and 5 (lodging of the crop).

The quantitative traits data was analyzed by restricted maximum likelihood
(REML) and best linear unbiased prediction (BLUP) methods using the software Selegen-
REML/BLUP (Resende, 2016). The predicted genotypic values were calculated after
verification of normality and homogeneity of data by Shapiro and Wilk (1965) and Hartley
(1950) tests, respectively. The data that did not follow the assumptions of normality and
homogeneity were subjected to Box-Cox transformation (1964). The deviance analysis was
performed considering the following model:

y=Xb+Za+e (Eq. 1)

where: y is the vector of data; a is the vector of the effects of blocks (assumed to be fixed)
added to the general mean, b is the vector of the genotypic effects (assumed to be random),
e is the vector of error (random), X and Z represent the incidence matrices for b and a,
respectively.

Pearson linear correlation and Singh’s relative importance (Singh, 1981) analysis
were performed using the predicted genotypic values. A genetic distance matrix among the
accessions was generated through a joint analysis of qualitative and quantitative descriptors
based on Gower's distance (Gower, 1971), according to the following formula:

Sij = Yh_, Wijk.Sijk/¥h_, Wijk (Eq. 2)

where: k is the number of variables (k = 1, 2, ...); p is the total number of descriptors
evaluated; i and j, any two individuals; Wij is a weight given the comparison ijk, assigning
value 1 for valid comparisons and O for invalid comparisons (when the value of the variable
is absent in one or both individuals); S is the contribution of variable k in the similarity
between individuals i and j, with values between 0 and 1.

The Ward method (1963) was used in the hierarchical cluster of the accessions. The
clusters were validated based on the cophenetic correlation coefficient (Sokal and Rohlf,
1962), using a thousand permutations at 5% probability level. The optimal number of
groups, formed in the dendrograms, was determined using the methods described by
Milligan and Cooper (1985). Statistical analyses were performed using the Genes (Cruz,
2016) and R software (www.r-project.org) by the NbClust (Charrad et al., 2014),
dendextend (Galili, 2015), corrplot (Wei et al., 2017), and factoMineR (Lé et al., 2008)
packages.
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RESULTS AND DISCUSSION

Polymorphism was observed for all the qualitative traits evaluated in food-type soybean
accessions (Table 1). Regarding flower color, 29 of the 45 accessions had purple flowers, while
16 had white flowers. For pubescence color, 35 of the 45 accessions had a gray color and 10
were brown. The yellowish tegument was the most predominant, being observed in 37 of the 45
accessions, but also green (n = 4), black (3), and brown (1) teguments were found. The color of
the hilum descriptor had the largest diversity, with brown (n = 16), light brown (14), black (9),
dark black (3), yellow (1), green (1), and gray (1) colorations.

Table 1. Identification and qualitative descriptors of 45 food-type soybean accessions.

Accession Flower color Pubescence color Tegument color Hilum color
SF1 Purple Brown Black Black

SF2 Purple Brown Yellow Black

SF3 Purple Brown Black Black

SF4 Purple Brown Green Black

SF5 Purple Brown Green Black

SF6 Purple Brown Green Green

SF7 White Brown Yellow Black

SF8 White Gray Yellow Brown

SF9 Purple Brown Yellow Black

SF10 Purple Brown Green Black

SF11 Purple Gray Yellow Brown
SF12 Purple Gray Yellow Light brown
SF13 Purple Gray Yellow Brown
SF14 Purple Gray Yellow Light brown
SF15 Purple Gray Yellow Light brown
SF16 White Brown Black Black

SF17 Purple Gray Yellow Brown
SF18 White Gray Yellow Brown
SF19 Purple Gray Yellow Dark black
SF20 Purple Gray Yellow Brown
SF21 Purple Gray Yellow Light brown
SF22 Purple Gray Yellow Brown
SF23 Purple Gray Yellow Brown
SF24 Purple Gray Yellow Brown
SF25 Purple Gray Yellow Light brown
SF26 Purple Gray Yellow Light brown
SF27 White Gray Yellow Brown
SF28 Purple Gray Yellow Light brown
SF29 White Gray Yellow Light brown
SF30 Purple Gray Yellow Brown
SF31 White Gray Yellow Brown
SF32 Purple Gray Yellow Light brown
SF33 Purple Gray Yellow Gray

SF34 Purple Gray Yellow Light brown
SF35 White Gray Yellow Brown
SF36 White Gray Brown Brown
SF37 White Gray Yellow Brown
SF38 Purple Gray Yellow Dark black
SF39 Purple Gray Yellow Dark black
SF40 White Gray Yellow Brown
SF41 White Gray Yellow Light brown
BRS 213 White Gray Yellow Yellow
BRS 216 White Gray Yellow Light brown
BRS 257 White Gray Yellow Light brown
BRS 258 White Gray Yellow Light brown
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These qualitative traits have a great importance in soybean breeding programs. The
occurrence of natural cross-pollination, varietal mixture or mutations can be confirmed by
the presence of plants that differ from the expected traits in segregating generations, since
they are easily distinguishable traits in the field or laboratory (Vernetti and Vernetti Junior,
2017). Additionally, qualitative traits are considered to be less influenced by environmental
conditions (Dashek and Harrison, 2006).

The analysis of deviance was significant (P < 0.01) for all descriptors, which
denotes a wide genetic variation among the food-type soybean accessions (Table 2). The
coefficients of variation (CV) ranged from 2.11 (DM) to 9.17% (AV) and are considered
low and similar to those reported by Silva et al. (2016) and Silveira et al. (2016), indicating
high experimental quality and, consequently, greater reliability of the results.

Table 2. Analysis of deviance and coefficients of variation (CV) of the following traits: days until
flowering (DF), days until maturation (DM), plant height (PH), height of the first pod insertion (IP), mass
of 100 grains (MG), grain yield (GY), agronomic value (AV) and lodging index (LI) of 45 food-type
soybean accessions.

Traits Deviance Mean CV (%)
DF 243.67* 60.12 2.56
DM 235.66* 136.38 211
PH 135.61* 80.33 9.08
IP 145.56* 9.80 9.17
MG 233.83* 22.47 8.85
GY 211.34* 449.62 9.12
AV 137.44* 3.43 5.56
LI 122.46* 217 6.92

* = significant at a 1% probability level by the Chi-squared test.

The mixed models methodology (REML/BLUP) is an accurate procedure for
prediction of genetic values and estimation of components of variance in genotypic
diversity studies, since most of studies show an imbalance of the data due to various factors
(e.g. reduced number of seeds, non-germination or death of the plants not adapted to the
evaluation sites) (Resende et al., 2017).

Through the predicted genotypic values based on the quantitative descriptors, high
amplitude can be observed within the evaluated traits, which denotes a genetic variability
among the accessions (Figure 1). DF values ranged from 51.9 (SF6) to 82.4 days (SF3),
while mean DM ranged from 127.6 (SF7) to 156.5 days (SF3). Despite the variation, in
general, the accessions presented a crop production cycle similar to most of the soybean
cultivars adapted to Brazilian conditions, between 90 and 150 days (Bezerra et al., 2017).

Plant height ranged from 65.2 (SF7) to 101.3 cm (SF2), while mean values of IP
varied between 7.1 (SF39) and 18.1 cm (SF3). Very tall or extremely short plants present
great difficulty for mechanized harvesting. In relatively flat areas, plant heights varying
between 50 and 60 cm are reported to be satisfactory in mechanical harvesting. However, in
areas with uneven topography, the ideal height is 70 to 80 cm (Sediyama et al., 2009). As
for IP, the cultivars most efficiently harvested are those whose insertion varies between 10
and 15 cm from the ground (Bezerra et al., 2017).
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Figure 1. Boxplot of agronomic traits of 45 food-type soybean accessions. Data scaled to have mean zero and
unit variance. Days until flowering: DF, days until maturation: DM, plant height: PH, height of the first pod
insertion: IP, mass of 100 grains: MG, grain yield: GY, agronomic value: AV, and lodging index: LI.

GY ranged from 75.1 (SF1) to 812.3 g (BRS 213), while MG ranged from 9.8
(SF39) to 35.4 g (SF13). Food-type soybeans can be classified into two categories: (i) small
seeds when the MG is less than 10 g; this category is destined for consumption as sprouts or
natto (fermented), and (ii) large seeds (greater than 10 g), a category used in direct human
consumption, such as unripe soybeans (edamame), sweet soybeans (kuromame) and in
salads (Yokomizo et al., 2000; Cantelli et al., 2017).

Genotypic correlations among the traits are presented in Figure 2. Positive and
significant indexes of moderate levels were observed between traits DF x DM (r = 0.61),
PH x LI (r =0.62), and AV x GY (r = 0.63). On the other hand, negative correlations were
found between AV x LI (r = -0.51). These results indicate the possibility of indirect
selection of a particular trait related to another, when they are correlated (Falconer and
Mackay, 1996). Similar results were also reported by Yokomizo et al. (2000), Lopes et al.
(2002), Nogueira et al. (2012), and Dalchianon and Passos (2012).
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Figure 2. Genotypic correlations among the traits: days until flowering (DF), days until maturation (DM), plant
height (PH), height of the first pod insertion (IP), mass of 100 grains (MG), grain yield (GY), agronomic value
(AV) and lodging index (LI) of 45 food-type soybean accessions.

Using Singh’s method (1981), we observed that all the descriptors contributed
moderately to the discrimination of accessions, since the values of relative importance
ranged from 10.11 (MG) to 16.72% (GY) (Figure 3). Almeida et al. (2011), studying the
genetic diversity among soybean cultivars, verified that DM and MG were the traits
presenting the greatest discriminatory power among the cultivars. Similarly, Rigon et al.
(2012) reported that IP and DM were the variables that contributed the most to the
dissimilarity of the soybean cultivars evaluated.

The genetic dissimilarity among soybean accessions presented an average Gower’s
distance of 0.37 (£0.08). The shortest distance was observed between SF23 and SF24 (0.12)
accessions, while the BRS 213 and SF3 accessions were the most genetically distant (0.73).
Ward's hierarchical cluster presented a high cophenetic correlation coefficient (CCC =
0.82), which indicates reliability between the dissimilarity matrix and the graphical
representation obtained (Sokal and Rohlf, 1962). In addition, the CCC among the matrices
was highly significant by the Mantel test (P < 0.01).
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Gower’s distance is a simple method and has shown robust results in several
studies, even though it is not often used by researchers in genetic variability studies of
germplasm banks (Oliveira et al., 2016). Some studies using such an approach have
already been carried out on Carica papaya (Quintal et al., 2012), Abelmoschus
esculentus (Kyriakopoulou et al., 2014), Urochloa brizantha (Torres et al., 2015),
Cucurbita moschata (Oliveira et al., 2016), and Solanum lycopersicum (Cabodevila et
al., 2017).

IP

W Relative importance (%)

Figure 3. Relative importance of days until flowering (DF), days until maturation (DM), plant height (PH), height
of the first pod insertion (IP), mass of 100 grains (MG), grain yield (GY), agronomic value (AV), and lodging
index (LI) of 45 food-type soybean accessions.

In a dendrogram obtained using Ward’s method, the formation of five distinct
groups can be observed as suggested by the Milligan and Cooper (1985) method
(Figure 4). Group | clustered accessions SF1 and SF3, which commonly presented
purple flowers, black hilum and brown pubescence. Regarding the quantitative traits,
these soybean accessions were characterized as the tallest and the longest maturity
cycle, since they showed an average of 101.3 cm and up to 77.4 DM.
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Figure 4. Dendrogram of 45 food-type soybean accessions by Gower’s distance.
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Group I clustered eight soybean accessions (SF2, SF4, SF5, SF6, SF7, SF9, SF10,
and SF16), which showed predominantly black hilum and brownish pubescence, and
presented green, black, or yellow tegument. DF values ranged from 51.9 to 76.6 days, while
DM ranged from 127.6 to 138.4 days. There was large amplitude in GY, since the averages
ranged from 120.9 to 624.4 g.

Group 111 clustered 21 soybean accessions, in which all presented gray pubescence
and yellow tegument color. Regarding the quantitative traits, no pattern of a common trait
was observed and it was not possible to make a clear relation among the clusters, since there
was great variation between them [e.g. PG mean values ranged from 69.2 (SF21) to 819.8 g
(SF14)].

The commercial cultivars BRS 213, BRS 216, BRS 257, and BRS 258, clustered
with soybean accessions SF8, SF31, SF35, and SF41 in group IV, presenting the best
required morphoagronomic traits. As qualitative traits in common, the accessions presented
white flowers, gray pubescence, and yellow tegument. Regarding the quantitative traits, the
accesses presented high GY values, ranging from 469.2 (SF8) to 812.3 g (BRS 213), low LI
values, mostly close to 1 (upright plants), and high values for AV, ranging from 4.33 to 5.

Six soybean accessions were clustered in group V (SF18, SF27, SF29, SF36, SF37,
and SF40), which were characterized by yellowish and grayish pubescence. The GY
averages ranged within the group, from 69.2 (SF1) to 559.4 g (SF39). The group presented
high MG, between 28.56 (SF17) and 33.1 g (SF29). Accessions exhibited DM up to 135.5,
while PH were lower than 87.6 cm.

The genetic diversity observed among food-type soybean accessions using the
mixed model methodology (REML/BLUP), as well as the use of the Gower’s distance
associated with the Ward’s clustering analysis, allowed a good discrimination by the
evaluated descriptors and the clustering of the accessions based on their similarity,
indicating that analysis of quantitative and qualitative traits allows accurate estimation of
genetic variability.

CONCLUSIONS

Food-type soybean accessions showed genetic variability for all morphoagronomic
descriptors evaluated, indicating a high potential of these accessions in food-type soybean
breeding programs. The Gower’s distance associated with Ward’s method allowed the
discrimination of accessions into five groups by clustering analysis based on quantitative
and qualitative traits, which enables the selection of divergent parents for the breeding
program.
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