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GENETIC DIVERGENCE AND SELECTION OF COMMON BEAN CULTIVARS
BASED ON PLANT ARCHITECTURE AND GRAIN YIELD'

GREICE ROSANA KLASENER?, NERINEIA DALFOLLO RIBEIRO**, GREICE GODOY DOS SANTOS>

ABSTRACT - The characterization of genetic divergence in common bean cultivars for various traits related to
plant architecture and grain yield is unprecedented. This study proposes to determine whether common bean
cultivars of different grain types differ for 12 traits of plant architecture and grain yield; examine the
correlations between these traits; analyze the genetic divergence of these cultivars; and select superior cultivars
for these traits. A total of 22 common bean cultivars with the grains types most produced in Brazil were
evaluated in two growing seasons. Plant architecture was analyzed based on 12 traits, and grain yield was
determined at maturity. Significant genotype and genotype X environment interaction effects were obtained,
indicating the existence of genetic variability for all evaluated traits. Several plant architecture traits were
correlated, but none was highly correlated with grain yield. First- and second-internode lengths are more
important in differentiating common bean cultivars. Principal component and Tocher’s analyses resulted in the
formation of four and seven groups of cultivars, respectively. Both methods are efficient in analyzing genetic
divergence; however, Tocher's method is more informative. Cultivars BRS Campeiro, SCS 205 — Riqueza,
BRS Esteio, IAC Imperador and Guapo Brilhante have a high grain yield potential, but only BRS Campeiro,
BRS Esteio and Guapo Brilhante have upright plant architecture.

Keywords: Phaseolus vulgaris. Genetic variability. Pearson's correlation. Cluster analysis. Selection index.

DIVERGENCIA GENETICA E SELECAO DE CULTIVARES DE FEIJAO BASEADA EM
ARQUITETURA DE PLANTA E PRODUTIVIDADE

RESUMO - A caracterizacdo da divergéncia genética de cultivares de feijdo para varios caracteres
relacionados a arquitetura de planta e produtividade de grdos é inédita. Os objetivos desse estudo foram avaliar
se cultivares de feijao de diferentes tipos de grios diferem para 12 caracteres da arquitetura de planta ¢ para
produtividade de grios, estudar as correlacdes entre esses caracteres, analisar a divergéncia genética dessas
cultivares e selecionar as cultivares superiores para esses caracteres. Um total de 22 cultivares de feijao com os
tipos de graos mais produzidos no Brasil foram avaliadas em duas épocas de cultivo. A arquitetura de planta foi
analisada por 12 caracteres e a produtividade de graos foi determinada na maturagdo. Efeitos significativos de
genotipo e de interagdo gendtipo x ambiente foram obtidos, portanto ha variabilidade genética para todos os
caracteres avaliados. Varios caracteres da arquitetura de planta foram correlacionados, entretanto nenhum foi
altamente correlacionado com a produtividade de grdos. Os comprimentos do primeiro e do segundo entrends
apresentam maior importancia na diferenciagdo entre as cultivares de feijdo. As analises de componentes
principais e de Tocher resultaram na formag@o de quatro e de sete grupos de cultivares, respectivamente. Os
dois métodos sdo eficientes na analise da divergéncia genética, no entanto o método de Tocher ¢ mais
informativo. As cultivares de feijdo BRS Campeiro, SCS 205 — Riqueza, BRS Esteio, IAC Imperador e Guapo
Brilhante apresentam um alto potencial de produtividade de graos, mas apenas as cultivares BRS Campeiro,
BRS Esteio e Guapo Brilhante t€m arquitetura de planta ereta.

Palavras-chave: Phaseolus vulgaris. Variabilidade genética. Correlagdo de Pearson. Analise de agrupamento.
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INTRODUCTION

The common bean (Phaseolus vulgaris L.) is
a legume largely produced and consumed by people
of the most varied social classes, ethnicities and
ages, in different regions of the planet. However,
plant and production characteristics more widely
accepted by farmers may vary according to growing
conditions.

In the southern region of Brazil, the
development of high-grain-yielding common bean
cultivars with upright plant architecture meets the
demand of less capitalized producers, who harvest
the plants manually by pulling, and highly
capitalized producers, who use modern harvesters to
harvest the grains. This is because, in common bean
plants with upright plant architecture, pods have less
contact with the soil, which results in better quality
of the produced grains (MENDES; RAMALHO;
ABREU, 2009; MOURA et al., 2013).

Plant architecture in common bean has been
evaluated through qualitative traits using score
scales, such as lodging (JOST et al., 2013; RIBEIRO
et al., 2018a; SOLTANI et al., 2016) and general

adaptation score (RIBEIRO et al, 2018a).
Quantitative traits also have been wused to
differentiate ~ genotypes  with  upright plant

architecture, e.g. insertion of the first pod, plant
height and length and number of internodes (JOST et
al., 2013; MOURA et al., 2013; PEREIRA et al.,
2019; RIBEIRO et al., 2018a,b, 2019; SILVA et al.,
2013). These studies also analyzed the correlation
between plant architecture traits and grain yield,
aiming at the indirect selection of high-grain-
yielding common bean lines. Nonetheless, the
analysis of genetic divergence using different traits
related to plant architecture and grain yield is
unprecedented for common bean cultivars.

The characterization of genetic divergence in
common bean cultivars of different grain types helps
to exploit the genotypic variation that can be
effectively used by breeding programs for the
development of new cultivars with upright plant
architecture and high grain yield potential. This will
provide greater efficiency in the planning of crosses
that will be implemented to generate new common
bean cultivars with the grain types most produced
and consumed in Brazil, namely, carioca (beige seed
coat with brown streaks), black, red and cranberry
(cream seed coat with red streaks and spots)
(LEMOS; MINGOTTE; FARINELLI, 2015). In
addition, combined selection for different traits
related to upright plant architecture and high grain
yield potential will allow the selection of common
bean cultivars with high agronomic performance that
can be indicated for cultivation in the most varied
production systems.

Therefore, this study was conducted to
determine whether common bean cultivars of

different grain types differ for 12 traits of plant
architecture and grain yield; examine the correlations
between these traits; analyze the genetic divergence
of these cultivars; and select high-grain-yielding
common bean cultivars with upright plant
architecture.

MATERIALS AND METHODS

Experimental layout and data collection

Both experiments were conducted in the area
of the Department of Plant Science at the Federal
University of Santa Maria, located in the
municipality of Santa Maria, Rio Grande do Sul,
Brazil (29°42" S latitude, 53°49” W longitude and 95
m altitude). The climate of the region is a humid
subtropical type with hot summers, without a clearly
defined dry season. The two experiments were
performed in the dry- and rainy-season crops. The
dry-season crop was implemented from February to
May of 2019, whereas the rainy-season crop covered
the months from October of 2019 to January of 2020,
which corresponds to the two traditional common
bean growing seasons in the southern region of
Brazil.

The soil of the experimental area is classified
as a typic alitic Argisol, Hapludalf, which was
prepared conventionally, by two plowings and one
harrowing operation. Based on the result of soil
chemical analysis, there was no need for soil acidity
correction. However, application of the following
fertilizers was required: 160 kg ha™ of the 05-20-20
formula (urea: 45% nitrogen, single superphosphate:
18% P,05 and potassium chloride: 60% K,O) at
sowing; and 40 kg ha” urea (45% nitrogen), which
were divided into two doses and distributed in the
stages of first trifoliate leaf (V3) and third trifoliate
leaf (V4).

The experiment was carried out in a
randomized-block design with three replicates, with
the experimental unit consisting of two 4-m rows,
spaced 0.5 m apart, and a usable area of 4 m”. A
sowing density of 15 seeds m” was adopted. The
evaluated treatments were 22 common bean cultivars
of different grain types, namely, carioca, black, red
and cranberry (Figure 1). The selection of these
cultivars was based on grain morphology, that is,
different grain colors, sizes and shapes, without
previously considering their agronomic performance
in the growing region. These cultivars represent the
common bean grain types most produced in Brazil,
namely, Mesoamerican (BRSMG Madrepérola, SCS
205 - Riqueza, IAC Imperador, Pérola, IPR Siriri,
BRS Esteio, BRS Campeiro, IPR Tiziu, IAC Netuno,
Guapo Brilhante, Macanudo, BRS Pitanga and Ouro
Vermelho) and Andean (others cultivars evaluated)
gene pools.
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Figure 1. Common bean cultivars of different grain types evaluated in the study.

Similar management practices were used in
the experiments, which consisted of phytosanitary
treatments, mechanical control of weed plants and
irrigation. The fungicide Maxim® (Fludioxonil and
Metalaxil-M) and the insecticide Cruiser® 350 FS
(Thiamethoxam) were applied in the form of seed
treatment, both at the dose of 200 mL 100 kg™ of
seeds. Weed plants were controlled by using the pre-
emergent herbicide Dual Gold® (S-Metolachlor), at
the dose of 1.25 L ha”', and by weeding after the
emergence of the common bean plants. The
insecticide Engeo Pleno (Thiamethoxam and
Lambda-cyhalothrin) was applied at the dose of 125
mL ha' whenever insect infestation caused 5%
damage to the leaf area. Sprinkler irrigation was
carried out before water deficit was observed, that is,
when the evapotranspiration rate was higher than the
absorption rate. The average irrigation volume was 3
mm day’ in the vegetative stage and 5 mm day’
during the reproductive stage, which is equivalent to
350 to 400 mm depending on the length of the crop
cycle.

At the maturity stage (R9), which is
characterized by the presence of dry pods and grains
exhibiting the typical color of each -cultivar,
qualitative assessments of plant architecture (lodging
and general adaptation score) were carried out on the
plants in the usable area of the plots. Lodging was
determined by using a score scale ranging from 1 to
9, in which score 1 corresponded to all plants upright
and score 9 indicated all plants fallen and touching
the soil. General adaptation score was also analyzed
using a score scale ranging from 1 to 9; on this scale,
score | referred to plants upright, with one stem, a
greater number of pods per plant and no disease
symptoms in the pods, and score 9 was assigned to
plants with long internodes, very prostrate, with a
lower number of pods per plant and high severity of
disease symptoms in the pods.

Plant architecture was also evaluated based on
10 quantitative traits measured in 10 plants collected
at random in the usable area of the plots, at the R9

stage. The following traits were measured using a
tape measure: insertion of first pod; insertion of last
pod; plant height; and first-, second-, third-, fourth-
and fifth-internode lengths. Epicotyl and hypocotyl
diameters were obtained using a digital caliper.

Grain yield was determined by extrapolating
the weight of the product obtained in the usable area
per hectare, after correcting grain moisture to 13%.
Due to the heterogeneity in the final plant stand
obtained in both growing environments, grain yield
was corrected using the Covariance — ideal stand
method proposed by Vencovsky and Cruz (1991).
Corrected grain yield (Z;) was estimated as
Zy=Y;—b (Xij - H), where Y is the grain yield
observed in the plot' b is the residual regression
coefficient of Y due to Xij; Xy is the plant stand
observed in the plot; and H represents the stand
considered ideal, which, in this case, was 120 plants.

Statistical analyses

The data were subjected to individual and
combined analyses of variance. The homogeneity of
residual variance was checked using Hartley’s
maximum F test. In combined analysis of variance,
the effects of genotype, environment and genotype
environment interaction were analyzed as fixed,
whereas the experimental error was considered
random. The genotype effect was decomposed into
grain types (carioca, black, red and cranberry beans)
by the hierarchical method. The F test was used at a
probability level of 5% to evaluate the significance
level for all traits.

Multicollinearity diagnostics was performed
with the phenotypic correlation matrix obtained in
combined analysis of variance. The condition
number (CN), which corresponds to the ratio
between the highest and lowest eigenvalue of the
matrix, was determined according to the
classification proposed by Montgomery and Peck
(1981). Traits that showed high correlation and
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greater weight in the last eigenvectors were excluded
until weak multicollinearity (CN < 100) was
obtained.

Pearson's linear correlation coefficients were
estimated from the genotype mean matrix of
combined analysis of variance. Only the traits in
which a significant difference was observed for the
sources of variation of genotype and/or genotype %
environment interaction were included. The
significance of correlation coefficients was assessed
by Student's ¢ test (p value < 0.05).

Residual variance and covariance matrices
were obtained from combined analysis of variance.
These matrices were used to generate the genetic
dissimilarity matrix between common bean cultivars
by generalized Mahalanobis distance. The traits with
the highest and lowest contribution to the total
variation were evaluated by principal component
analysis (PCA), using standardized means. The
following cluster analyses were implemented: PCA
and Tocher's optimization method. For PCA, a
scatter plot was generated from the first two
principal components, allowing the visualization of
the formed groups. Tocher's method included the
means obtained for each trait, considering the groups
of cultivars formed.

The index based on the rank sum
(MULAMBA; MOCK, 1978) was used to obtain
estimates of heritability and selection gain and to
select the five superior common bean -cultivars,
which corresponded to an intensity of 22.73%.
Narrow-sense  heritability (%) was estimated
considering the mean of the genotypes, using the

2 oG
following formula: " o2p, where h’ is the
heritability, 62G is the genetic variance and 2P is
the phenotypic variance. Selection gain (%) was
estimated by the  following  expression:

SG ={[(Xs—Xa)h2]100}/Xa, where SG is the
selection gain (%), Xs is the average of the selected

cultivars, Xa is the average of all cultivars and h? is
the heritability.

Selection was carried out to obtain the lowest
lodging and general adaptation score values and the
highest values for the other traits. The following
weights were assigned: 4 for grain yield and 1 for the
other evaluated traits. The analyses were performed
using the Office Excel spreadsheet and Genes
software (CRUZ, 2016).

RESULTS AND DISCUSSION

Overall results

The experimental error variance was
homogeneous (p value > 0.05) for all traits evaluated
in the two growing seasons, which allowed the
execution of combined analysis of variance. In this

analysis, a significant genotype effect (p < 0.05) was
observed for all traits (Table 1). However, in the
evaluation of grain type, there were no significant
differences for first-internode length and epicotyl
diameter. Therefore, there was genetic variability for
the plant architecture traits and grain yield, with
differences found between common bean cultivars of
different grain types.

The carioca bean cultivars differed for
insertion of the first pod, insertion of the last pod and
plant height. For the black bean cultivars, a
significant effect was observed for insertion of the
last pod, plant height, epicotyl diameter, hypocotyl
diameter and grain yield. However, in experiments
with carioca and black bean cultivars, Delfini et al.
(2017) detected a significant difference for insertion
of the first pod in common bean cultivars of both
grain types, although only the carioca bean cultivars
differed for grain yield. The observed differences can
be explained by the quantity and genetic diversity of
the carioca and black bean cultivars analyzed and by
variations inherent to the growing environment.

For the red bean cultivars, significant
differences were obtained for all traits related to
plant architecture, but there was no significant effect
for grain yield. The cranberry bean cultivars did not
differ only for general adaptation score, fourth-
internode length, fifth-internode length and grain
yield. Ribeiro et al. (2014) described genetic
variability for insertion of the first pod and grain
yield in red and cranberry bean cultivars. In the
present study, the red and cranberry bean cultivars
showed greater genetic variability for the plant
architecture traits, allowing the selection of cultivars
with upright architecture. However, the selection of
red and cranberry bean cultivars with high grain
yield potential may be difficult due to the greater
homogeneity found for this trait in common bean
cultivars with these grain types.

All traits exhibited a significant genotype x
environment interaction effect, except lodging and
the length of all evaluated internodes. Experiments
evaluating common bean genotypes have frequently
described the occurrence of a significant genotype x
environment interaction for plant architecture traits
and grain yield (ARTEAGA et al, 2019
MAZIERO; RIBEIRO; CASAGRANDE, 2017;
MOURA et al.,, 2013; NADEEM et al., 2020;
RIBEIRO et al., 2018b). However, Ribeiro et al.
(2019) also reported a non-significant genotype X
environment interaction for the length of different
internodes measured in common bean genotypes,
confirming the present results. Thus, most of the
traits related to plant architecture and grain yield in
common bean varied in response to the change in
growing environment. On this basis, cluster analyses
performed only in a growing season can provide
incorrect information when a significant genotype %
environment interaction is observed for the evaluated
traits, as they do not consider the environment
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variability between years and growing seasons,
within the same location (CARGNELUTTI FILHO;
RIBEIRO; JOST, 2009). The data obtained in the
two growing seasons provided highly repeatable and

more accurate information in the cluster and
selection index analyses. Therefore, these analyses
were carried out to select superior common bean
cultivars for plant architecture and grain yield.

Table 1. Combined analysis of variance containing the degrees of freedom (DF), mean squares, mean, coefficient of
experimental variation (CEV%) and selective accuracy (SA) for the following traits: lodging (LDG), general adaptation
score (GAS), insertion of the first pod (IFP, cm), insertion of the last pod (ILP, cm), plant height (PH, cm), first-internode
length (1"IL, cm), second-internode length (2™IL, cm), third-internode length (3™IL, cm), fourth-internode length (4™IL,
cm), fifth-internode length (5™IL, cm), epicotyl diameter (ED, mm), hypocotyl diameter (HD, mm) and grain yield (YIELD,
kg ha™) of 22 common bean cultivars evaluated in the two growing seasons (dry season of 2019 and rainy season of 2019).

Mean square

Source of variation DF

LDG GAS IFP ILP PH 1ML 2MIL
Block/environment 4 0.26 0.88 3.71 71.05 107.98 0.32 0.35
Genotype (G) 21 7.49" 1.09" 86.08 " 746.03 " 141857 0.54" 126"
Grain type (T) 3 12.14 " 257" 80.65 1981.01 385246 " 021™ 1.92°
G/Type 18 6.72" 0.84™ 86.93 " 540.02° 1016.09 " 0.59" 117"
T/Carioca 4 1.95 " 0.20™ 39.92 " 167.15° 200.72 " 0.16™ 0.18™
T/Black 5 1.24™ 0.38 ™ 15.94 ™ 139.78 ° 29252° 0.28 ™ 0.39 ™
T/Red 5 18.49 " 191" 83.05 " 882.12 " 1617.00 1.00 " 3.01°
T/Cranberry 4 3.62° 0.72™ 227.51° 985.59 " 1984.78 * 0.89" 0.83"
Environment (E) 1 1.48 ™ 36.07 " 2795.88 6120.01° 577370 ° 481" 0.61™
GxE 21 120 140" 44.40° 63.76 ° 51.74° 0.34™ 0.41™
Error 84 0.75 0.47 450 18.47 27.41 0.25 0.29
Mean 4.88 5.01 18.45 49.41 57.06 3.55 5.46
CEV (%) 17.75 13.63 11.49 8.70 9.17 14.23 9.86
SA 0.95 0.76 0.97 0.99 0.99 0.73 0.88

39IL 41 5L ED HD YIELD
Block/environment 4 0.29 0.27 0.18 1.39 1.34 35414.39
Genotype (G) 21 130" 126" 208" 247" 2.60" 1233498.85 *
Grain type (T) 3 1.59 " 1.82° 332° 0.84 " 1.85° 7021201.81
G/Type 18 124" 1.19° 187" 271° 271° 231621.06 °
T/Carioca 4 0.07 ™ 0.13™ 0.52™ 0.48 ™ 0.48 ™ 24882530 ™
T/Black 5 033 ™ 0.33™ 0.48 ™ 131° 135" 310082.17 °
T/Red 5 325" 335" 479" 6.00 " 495" 105849.22 ™
T/Cranberry 4 1.04" 0.62™ 1.30™ 2.60° 3.82° 27355521 ™
Environment (E) 1 1.00 ™ 516" 1548 " 7494 " 9452 " 713241.07 "
GxE 21 0.35™ 0.39 ™ 1.01™ 1.06 " 111" 348473.46 "
Error 84 0.28 0.43 0.81 0.23 0.24 57826.09
Mean 6.85 8.44 10.48 6.19 6.13 1093.76
CEV (%) 7.70 7.82 8.59 7.74 7.96 21.98
SA 0.89 0.81 0.78 0.95 0.95 0.98

*: Significant by the F test at 0.05 probability. ™: non-significant.

Coefficients

of wvariation <21.98%

WwEere

obtained for the evaluated traits. These values are
similar to those described for plant architecture traits
and grain yield evaluated in common bean genotypes
(CABRAL et al, 2011; DELFINI et al., 2017,
MAZIERO; RIBEIRO; CASAGRANDE, 2017;
MOURA et al., 2013; RIBEIRO et al., 2018b, 2019).
When the experimental precision was analyzed based
on selective accuracy, values > 0.73 were observed,
which are similar to those previously reported by
Pereira et al. (2019) and by Ribeiro et al. (2019) for
plant architecture traits and grain yield in common
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bean genotypes. Low coefficients of variation and
high selective accuracy values, as observed in the
present study, indicate greater experimental precision
in the assessments of different traits. High
experimental precision in the evaluation of plant
architecture traits and grain yield contributes to
greater efficiency in the selection of superior
common bean cultivars.

Multicollinearity diagnostic revealed a CN of
4,273.81, characterizing severe collinearity. To
obtain weak collinearity (CN < 100), it was
necessary to exclude the traits of insertion of the last
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pod, plant height, third-internode length, epicotyl
diameter, and fourth-internode length. These five
traits were not included in the correlation, cluster or
selection-index analyses to prevent multicollinear
variables from implicitly receiving a greater weight,
which would lead to errors in the interpretation of
results.

Correlation between traits
architecture and grain yield

related to plant

Several traits showed significant positive and
negative correlations, but only values > 0.600 were
considered relevant and included in the discussion.
Lodging correlated positively with  general
adaptation score (r = 0.633) and with insertion of the
first pod (r = 0.638) (Table 2). Ribeiro et al. (2019)
found a similar response in the evaluation of carioca
and black bean lines. Therefore, common bean
cultivars that were more lodged showed a higher
general adaptation score, which characterizes inferior
adaptability, and a higher insertion of the first pod,
i.e., a prostrate plant architecture.

Table 2. Pearson's phenotypic correlation coefficients obtained between the traits of lodging (LDG), general adaptation
score (GAS), insertion of the first pod (IFP), first-internode length (1*'IL), second-internode length (2“dIL), fifth-internode
length (5™IL), hypocotyl diameter (HD) and grain yield (YIELD) obtained from 22 common bean cultivars evaluated in two

experiments carried out in the year 2019.

GAS IFP 1ML 2ML stIL HD YIELD
LDG 0.633" 0.638 " -0.385 -0.440 " -0.133 -0.521° 0.421°
GAS 0.485 " -0.461 " -0.552" -0.360 -0.116 0.196
IFP -0.644 " -0.475" -0.011 -0.283 0.151
1ML 0.859 " 0.518" 0.061 -0.232
ML 0.737" -0.039 -0.396
5L -0.388 -0.590
HD 0.027

* Significant by the t test at 0.05 probability.

Among the other traits related to plant
architecture, the following correlations are
noteworthy: insertion of the first pod and first-
internode length (r = -0.644), first-internode length
and second-internode length (r = 0.859) and second-
internode  length and fifth-internode length
(r = 0.737). Previous studies also described a high
correlation between the lengths of different
internodes determined in black and carioca bean
lines (RIBEIRO et al., 2018a, 2019). The observed
correlations between the plant architecture traits
suggest that it is not necessary to evaluate a large
number of traits, since correlated traits provide
similar information. Therefore, plant architecture in
common bean could perfectly be determined only by
a qualitative trait and a quantitative trait to be
defined based on the ease, simplicity, speed and
experimental precision obtained in these evaluations.
Lodging and insertion of the first pod meet these
requirements; thus, these traits are recommended for
evaluating plant architecture in common bean
genotypes.

Correlation estimates for the other evaluated
plant architecture traits were low or non-significant.
None of the plant architecture traits correlated highly
with grain yield, confirming the descriptions of other
authors for common bean genotypes (MOURA et al.,
2013; PEREIRA et al., 2019; RIBEIRO et al., 2018a,
2019; SILVA et al., 2013). According to Balestre et
al. (2013), a lack of correlation between two traits

indicates that there are no linked genes or pleiotropic
effects. As a consequence, the absence of a
correlation has been related to independence
between traits, so selection for a given trait is not
expected to negatively interfere with another trait.
Therefore, it is possible to select common bean
cultivars with upright plant architecture and high
grain yield potential, as these traits have proven to be
independent.

Analysis of genetic divergence for plant
architecture traits and grain yield
The first three principal components

explained 82.32% of the variation contained in the
data (46.83%, 23.22% and 12.26% for the first,
second and third components, respectively) (Table
3). This percentage exceeds those previously found
in evaluations of different morphological traits
(GRAHIC et al., 2013; HEGAY et al.,, 2014) and in
the determination of morphological and production
traits (ARTEAGA et al.,, 2019; FREITAS et al.,
2011; SOFI et al., 2014; YEKEN et al., 2019) in
common bean genotypes using PCA. Therefore,
there was greater consistency in the clustering
pattern in the present study. This can be explained by
the better discriminatory capacity of the evaluated
descriptors and by the greater genetic diversity
between the analyzed common bean cultivars.
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Table 3. Estimation of eigenvalues (root and % cumulative [cumul.]) and relative importance of the traits of lodging
(LDG), general adaptation score (GAS), insertion of the first pod (IFP), first-internode length (1*IL), second-internode
length (2™IL), fifth-internode length (5"IL), hypocotyl diameter (HD) and grain yield (YIELD) obtained in each principal
component (PC) to estimate genetic dissimilarity among 22 common bean cultivars evaluated in two experiments carried

out in the year 2019.
PC ROOT (%) CUMUL (%) LDG  GAS IFP IMIL 2L 5MIL HD YIELD
PC1 46.83 46.83 038 -038  -0.36 0.43 0.46 032  0.08 -0.27
PC2 23.22 70.05 037 -0.11  -033  -0.06 -020 -053  0.60 0.22
PC3 12.26 82.32 033  -0.07  -0.28 0.41 0.19  -0.13  -0.25 0.73
PC4 7.84 90.15 018 079  -0.17 0.38 0.15  -0.03 031 -0.22
PC5 6.08 96.24 0.08  -0.12 0.63 0.10 0.27 025 058 0.31
PC6 1.87 98.10 0.68 -043  -0.12 021 029 -007 027 -0.35
PC7 1.02 99.13 0.15 009 -048 -044  -0.11 0.64 024 0.24
PC8 0.87 100.00 029 -0.05 -0.12  -0.50 072  -033  0.04 -0.13

Second-internode length (0.46) and first-
internode length (0.43) were the traits that most
contributed to differentiating the common bean
cultivars, according to PCl of PCA. However,
hypocotyl diameter (0.60) was the most important
descriptor for PC2 of PCA. No studies were found in
the literature including the measurement of different
internode lengths and hypocotyl diameter in the
analysis of genetic divergence between common
bean cultivars, using PCA or other cluster analyses.
However, previous studies identified the following
agronomic traits as making the greatest contribution
to genetic dissimilarity between common bean
cultivars: grain yield and grain dimensions
(ARTEAGA et al, 2019) and the phenological
stages of pod-filling and maturation, along with plant
height (YEKEN et al., 2019), using PCA. These
results reinforce the need to evaluate the genetic
divergence of common bean cultivars considering
traits related to plant architecture, as the present
study showed that the first- and second-internode
lengths and hypocotyl diameter were efficient to
differentiate common bean cultivars of different
grain types.

Principal component 2

The first two principal components separated
the common bean cultivars into four groups (Figure
2). Group 1 was formed by cultivar Ouro Vermelho,
which exhibited the lowest first-and second-
internode length values and the third lowest
hypocotyl diameter. Group 2 consisted of cultivar
Light Red Kidney, which has the highest first-and
second-internode length values and lowest hypocotyl
diameter among the evaluated cultivars. Group 3
contained cultivars BRS Radiante, Irai and Hooter,
which had lower first-and second-internode length
values than that observed in group 2, but higher than
those found in groups 1 and 4, and higher hypocotyl
diameter values than those observed in the groups 1
and 2. Group 4 comprised the other common bean
cultivars. Determining first-and second-internode
lengths and hypocotyl diameter made it possible to
cluster common bean cultivars with similar
measurements for these traits in the same group.
However, the clustering obtained using PCA was not
very informative regarding the other traits related to
plant architecture and grain yield that differentiate
common bean cultivars.

1. BRS Radiante
(G2 2.BRSEsteio

3. Pérola
4.IAC Imperador
5. Guapo Brilhante
6. BRS Executivo
7. BRS Embaixador
8. Irai
9.IAC Netuno
10.SCS 205 —Riqueza
11.1PR Siriri

G3 12. Ouro Vermelho
13.BRS Campeiro
14. Amendoim Comprido
15. Light Red Kidney
16. Macanudo
17. BRSMG Madrepérola
18.BRS Pitanga
19.1PR Tiziu
20.Hooter
21.BRSMG Realce

22. Vermelho Graiudo

Principal component 1

Figure 2. Scatter plot obtained from the plant architecture traits and grain yield of 22 common bean cultivars for the first

two principal components.

Rev. Caatinga, Mossor6, v. 35, n. 4, p. 818 — 828, out. — dez., 2022

824



GENETIC DIVERGENCE AND SELECTION OF COMMON BEAN CULTIVARS BASED ON PLANT ARCHITECTURE AND
GRAIN YIELD

G. R. KLASENER et al.

When cluster analysis was performed by
Tocher’s optimization method, based on the
generalized Mahalanobis distance matrix, seven
groups were formed (Table 4). The number of
common bean cultivars contained in each group
ranged from one (groups 6 and 7) to seven (groups 1
and 2). Groups 1 and 2 included a higher number of
cultivars, confirming a trend frequently reported in
the literature of a higher number of common bean

cultivars being concentrated in the first two groups
when genetic divergence is analyzed by Tocher’s
method (GONCALVES et al., 2016; LIMA et al.,
2012; MAZIERO; RIBEIRO; CASAGRANDE,
2017; PEREIRA et al., 2019; SANTOS et al., 2019).
However, in all of these studies, Tocher’s method
showed to be efficient in the formation of
homogeneous groups in relation to the evaluated
agronomic traits.

Table 4. Cluster analysis formed by Tocher’s optimization method, based on Mahalanobis’ generalized distance, for the
traits of lodging (LDG), general adaptation score (GAS), insertion of the first pod (IFP, cm), first-internode length (1*IL,
cm), second-internode length (2™IL, cm), fifth-internode length (5™IL, cm), hypocotyl diameter (HD, mm) and grain yield
(YIELD, kg ha) determined in 22 common bean cultivars evaluated in two experiments carried out in the year 2019 and

means obtained in each group.

Cultivars

BRS Embaixador, Vermelho Graudo, Hooter, Guapo Brilhante, BRSMG Realce, IAC Netuno and IPR Tiziu
SCS 205 - Riqueza, BRS Campeiro, IAC Imperador, IPR Siriri, BRS Esteio, Pérola and Macanudo
BRS Radiante and Irai

Ouro Vermelho and BRS Pitanga
BRS Executivo

1
2
3
4 Amendoim Comprido and BRSMG Madrepérola
5
6
7

Light Red Kidney

Means obtained in each group

Group LDG GAS IFP 1ML 2"IL 5L HD YIELD
1 4.05 5.00 16.39 3.61 5.48 10.34 6.76 955.52
2 531 5.00 19.14 3.45 5.34 10.18 6.06 1634.86
3 3.50 4.25 12.84 3.83 5.89 10.82 5.90 538.14
4 6.08 5.33 18.98 3.49 5.24 10.56 5.27 990.60
5 6.25 5.67 24.34 3.23 4.93 10.19 6.12 941.68
6 5.33 4.83 26.93 3.13 5.47 11.52 5.80 427.42
7 4.83 4.83 17.98 4.33 6.82 12.42 4.85 561.89

Group 1 comprised the cultivars with the
largest hypocotyl diameter (a trait that can give
upright architecture to the plant), namely, BRS
Embaixador, Vermelho Gratido, Hooter, Guapo
Brilhante, BRSMG Realce, IAC Netuno and IPR
Tiziu. Group 2 consisted of the highest-grain-
yielding cultivars: SCS 205 - Riqueza, BRS
Campeiro, IAC Imperador, IPR Siriri, BRS Esteio,
Pérola and Macanudo. Group 3 contained the
cultivars with the lowest lodging and general
adaptation scores, namely, BRS Radiante and Irai,
which were the least prostrate cultivars. Group 4 was
formed by the other cultivars that did not show
favorable upright architecture traits (highest lodging
and general adaptation scores) for the selection of
superior cultivars. Groups 5 and 6 comprised
cultivars with the highest insertion of the first pod,
that is, with desirable upright plant architecture traits:
Ouro Vermelho, BRS Pitanga and BRS Executivo.
Group 7 consisted of cultivar Light Red Kidney,
which showed the highest first-, second- and fifth-

internode length values. The use of Tocher’s method
provided greater detail in relation to the differences
observed between the formed groups based on the
evaluated traits when compared with PCA, agreeing
with previous results obtained by Kumar et al.
(2009) and Maziero, Ribeiro and Casagrande (2017).

Greater knowledge of the dissimilarity
between groups and the similarity of common bean
cultivars from the same group allows a better
planning of the crosses to be carried out by the
breeding program. Based on results obtained with
Tocher’s method, the following crosses are
recommended: SCS 205 - Riqueza x Light Red
Kidney, BRS Campeiro x Light Red Kidney, TAC
Imperador x Light Red Kidney, IPR Siriri x Light
Red Kidney, BRS Esteio x Light Red Kidney, Pérola
x Light Red Kidney and Macanudo x Light Red
Kidney. These crosses use combinations of parents
from group 2 and group 7, and hence they are
promising for obtaining recombinants with high
grain yield potential and a higher number of upright
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plant architecture traits. However, crosses between
Mesoamerican and Andean common bean cultivars
may result incompatibility, making it difficult to
obtain hybrids.

Selection of superior common bean cultivars for
plant architecture and grain yield

All  traits showed high narrow-sense
heritability (h* > 61.03%), except general adaptation
score and first-internode length, which showed
intermediate heritability (Table 5), according to the
classes proposed by Soltani et al. (2016). Similarly,
Jost et al. (2013) obtained heritability estimates of
intermediate to high magnitude for plant architecture
traits and grain yield in carioca and black bean
genotypes. However, all plant architecture traits and
grain yield determined in common bean genotypes
exhibited high heritability (RIBEIRO et al., 2018b,
2019). These higher heritability values are related to
greater genetic variability in the plant architecture

and grain yield traits, which is favorable to the
selection of superior common bean cultivars.

All traits showed individual genetic gain
estimates favorable to the selection of high-grain-
yielding common bean cultivars with upright plant
architecture, except lodging, insertion of the first pod
and fifth-internode length, which showed a negative
gain sign. Negative genetic gains for insertion of the
first pod were also described in the selection of
common bean genotypes of higher agronomic
performance (RIBEIRO et al, 2018ab, 2019).
Therefore, common bean cultivars with a lower
insertion of the first pod have been selected in
breeding programs, which may make manual and
mechanized harvesting operations difficult due to the
closer proximity of the pods to the soil. However, all
cultivars selected in the present study showed an
insertion of the first pod > 12 cm, which
characterizes upright plant architecture in common
bean.

Table 5. Average of the original population (X,), average of selected cultivars (Xs), heritability (h?), genetic gain (GG) and
percentage of genetic gain (GG%) with simultaneous selection by the rank-sum index for the traits of lodging (LDG),
general adaptation score (GAS), insertion of the first pod (IFP, cm), first-internode length (1¥IL, cm), second-internode
length (2™IL, cm), fifth-internode length (5™IL, cm), hypocotyl diameter (HD, mm) and grain yield (YIELD, kg ha™) and
the five common bean cultivars selected based on the evaluation of two experiments carried out in the year 2019.

Trait X, X h’*% GS GS%
LDG 4.88 4.93 90.00 0.05 1.01
GAS 5.01 4.93 57.12 -0.04 -0.85
IFP 18.45 18.34 94.77 -0.10 -0.57
1ML 3.55 3.61 52.91 0.03 0.94
2ML 5.46 5.49 77.09 0.02 0.35
S*IL 10.48 10.16 61.03 -0.20 -1.91
HD 6.13 6.30 90.86 0.15 2.41
YIELD 1093.76 1615.01 95.31 496.81 4542
Total gain 496.81 46.80
Selected cultivars
Trait BRS Campeiro SCS 205 - Riqueza BRS Esteio IAC Imperador ~ Guapo Brilhante

LDG 5.50 5.00 4.83 5.00 4.33
GAS 4.83 5.00 5.17 5.00 4.67
IFP 19.98 20.02 18.18 18.25 15.28
1L 3.72 342 3.52 3.57 3.83
2ML 5.83 5.35 5.47 522 5.57
5L 10.73 9.87 9.97 10.03 10.18
HD 6.05 5.97 6.82 5.87 6.78
YIELD 1695.12 1788.07 1643.51 1710.42 1237.93

Cultivars BRS Campeiro, SCS 205 - Riqueza,
BRS Esteio, IAC Imperador and Guapo Brilhante
were highlighted for plant architecture and/or grain
yield and were selected by the rank-sum index.
Similarly, Ribeiro et al. (2019) selected high-grain-
yielding common bean lines with upright plant
architecture using the rank-sum index. Cultivars
BRS Campeiro, BRS Esteio and Guapo Brilhante

have black grains and stood out with the highest
second-internode length (> 5.47 cm) and hypocotyl
diameter values (> 6.05 cm), characterizing upright
plant architecture. Cultivars SCS 205 — Riqueza and
IAC Imperador have carioca grains and stood out
with  the  highest grain  yield  values
(>1710.42 kg ha™").

Because the black- and carioca-bean growing
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area in Brazil is larger than those used for other grain
types, it is to be expected that breeding programs
have devoted more time to the development of black-
and carioca-bean cultivars adapted to the growing
conditions. The three black bean cultivars selected
(BRS Campeiro, Guapo Brilhante and BRS Esteio)
have a type-II growth habit, i.e., indeterminate with
short guides, which explains the upright plant
architecture. In contrast, the carioca bean cultivars
SCS 205 — Riqueza and IAC Imperador have a type-
IIT growth habit, i.e., indeterminate with long guides
and with a tendency to prostrate. The five common
bean cultivars selected by the rank-sum index
exhibited high grain yield potential in the evaluated
environments, indicating greater adaption to the
growing conditions. The other cultivars evaluated
showed low grain yield in the dry and rainy seasons
of2019.

CONCLUSIONS

Common bean cultivars of different grain
types have genetic variability for plant architecture
traits and grain yield. Several plant architecture traits
are correlated; however, none is highly correlated
with grain yield.

First and second internode lengths and
hypocotyl diameter are more important in
differentiating common bean cultivars. The number
of groups formed and the composition of these
groups of cultivars differ by principal component
and Tocher’s analyses, the latter of which is more
informative.

Common bean cultivars BRS Campeiro, SCS
205 — Riqueza, BRS Esteio, IAC Imperador and
Guapo Brilhante, selected by the rank-sum index,
have high grain yield potential. Only BRS Campeiro,
BRS Esteio and Guapo Brilhante have upright plant
architecture.
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