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Abstract

Estimates of genetic parameters allow to determine the genetic variability present in 
a population, constituting one of the initial steps in a breeding program. The objectives of 
this study were to estimate genetic parameters and identify agronomic traits directly and 
indirectly correlated with grain yield (GY), as well as to estimate their direct and indirect 
effects on the yield of special-grain common bean genotypes. The experiment was carried 
out in the 2016/2017 season, in a complete blocks design, with three repetitions. The 
evaluated traits were days to flowering, days to maturity, first pod height, plant height, 
number of pods per plant, number of grains per pod, mass of hundred grains, and grain 
yield. Data were subjected to analysis of variance, and genetic parameters were estimated 
followed by phenotypic and genotypic correlations. Phenotypic and genotypic correlations 
were split into direct and indirect effects by path analysis. The studied population seemed 
promising for breeding purposes considering most traits. Correlation and path analyses 
indicated that there was a positive direct effect of days to maturity on grain yield. The traits 
days to maturity and mass of hundred grains can be used in indirect selection aiming at 
higher grain yield. Path analysis also revealed that the indirect effects of number of pods 
per plant and number of grains per pod should be taken into consideration in the genetic 
breeding of the common bean for the increased grain yield. 
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Resumen

Las estimaciones de los parámetros genéticos permiten determinar la variabilidad 
genética presente en una población y constituyen uno de los pasos iniciales de un programa 
de mejoramiento genético. El objetivo de este trabajo fue estimar los parámetros genéticos, 
identificar los caracteres agronómicos que se correlacionan directa e indirectamente con la 
productividad del grano, así como estimar sus efectos directos e indirectos sobre la produc-
tividad de diez genotipos de frijol común de grano especial. El experimento se realizó en la 
campaña agrícola 2016/2017 en diseño de bloques aleatorios, con tres repeticiones. Los 
caracteres evaluados fueron: días hasta la floración, días hasta la maduración, altura de 
inserción de la primera vaina, altura de la planta, número de vainas por planta, número 
de granos por vaina, masa de cien granos y rendimiento de granos. Los datos obtenidos 
se sometieron al análisis de varianza y se estimaron los parámetros genéticos seguidos de 
correlaciones fenotípicas y genotípicas. La población estudiada ha demostrado ser prome-
tedora para la mejora de la mayoría de los caracteres evaluados. Hubo un efecto directo 
positivo de los días hasta la maduración en el rendimiento de granos. Los caracteres días 
hasta la maduración y masa de cien granos pueden ser utilizados en la selección indirecta 
con el fin de obtener un mayor rendimiento de granos.

Palabras clave 
mejoramiento vegetal • correlación genética • análisis de ruta • rendimiento de granos

Introduction

Common bean (Phaseolus vulgaris L.) is one of the most important components of the 
Brazilian diet. Its grain is an excellent source of protein, besides being rich in carbohydrates, 
vitamins, minerals, fibers and phenolic compounds with antioxidant action that can reduce 
the incidence of diseases (9). Due to its adaptation to different climatic conditions, it is 
grown practically all year round in all Brazilian States, making possible to have a constant 
supply in the market (2).

Brazil is one of the world’s largest common bean producers along with Myanmar and 
India, having in the 2018/2019 season a cultivated area of 2.9 million ha, where 3.02 million 
tons of grains were harvested, resulting in an average yield of 1,439 kg ha-1 (6). Production, 
consumption and imports have remained stable over the last 10 years. However, exports 
have increased from 4.5 t in the 2009/2010 season to 106.3 t in 2018/2019 (6, 20). One 
of the reasons why the export of common beans is not expressive is the low international 
demand of the main types of common beans produced in our country.

New common bean varieties with medium to large-size grain, and different tegument 
color (such as white, red, and cream), called “special-grain type” (1), have been launched 
in the last years and have become an alternative for the commercialization in the world 
market. This reveals the need for uninterrupted investments in research for the devel-
opment of special-grain cultivars which are resistant to diseases, adapted to climatic condi-
tions, productive, and with grain quality that meet the requirements of importing countries. 
In this group, the Andean beans of Jalo, brindle, red, white, among other types, present very 
incipient production in Brazil due to the lack of adapted and productive cultivars. This is 
due to the fact that the number of breeding programs that develop special common bean 
cultivars is still very restricted in Brazil (27).

In breeding programs, throughout the selection process, the goal is to improve a main 
trait in addition to maintaining or enhancing the expression of other traits simultaneously 
(18, 25). Thus, the understanding of the relationships between traits, as estimated by 
correlations, has been of key importance to plant breeding, providing essential data to assist 
the selection process. According to correlation estimates, to conduct indirect selection for a 
low heritability and/or difficult to evaluate trait, may be possible. This practice allows the 
obtention of faster genetic gains in relation to the use of direct selection (8).

The quantification and interpretation of the magnitude of a correlation may, however, 
result in misunderstandings in the selection strategy, since high correlation between 
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two traits may be the result of the effect of a third trait or group of traits on the one of 
interest (8). Wright (1921), in order to better understand the causes involved in the asso-
ciations between traits, proposed a method called path analysis. This method unfolds the 
estimated correlations in direct and indirect effects of traits on a basic variable.

Considering the above, the objectives of this study were to estimate genetic parameters 
and identify agronomic traits that directly and indirectly correlated with grain yield of 
special-grain common bean genotypes.

 

Material and methods

Experimental data
The experiment was carried out at the experimental area of the State University of Mato 

Grosso do Sul, Unit of Aquidauana, located at 20°27’00” S latitude and 55°48’00” W, with 
altitude of 170 meters, in the period May to August 2017. The region climate according to 
Köppen classification is Tropical hot-humid with dry winter season (Aw). Annual rainfall 
values range from 1200 to 1300 mm, and the average annual temperature is 26 °C, with 
daily maximum of 36 °C during the spring and minimum of 12 °C in the winter.

 The soil is classified as Argissolo Vermelho-Distrófico, with a sandy loam texture, 
moderately deep, with restricted drainage (30), with the following chemical properties in 
the depth 0-20 cm: pH (H2O) = 5.85; organic matter = 16.03 mg dm-3; P =26.68 mg dm-3; 
K = 0.0012 cmolc dm-3; Ca = 0.016 cmolc dm-3; Mg = 0.68 cmolc dm-3; Al= 0.00 cmolc dm-3; 
Al + H = 3.29 cmolc dm-3. The total rainfall was 296.70 mm, which is considered sufficient 
to supply all the water needs of the crop, since according to Kay (1979) the common bean 
water requirements is between 300 mm and 400 mm per vegetative cycle. 

The experimental design was a randomized block with ten treatments and three repli-
cates, each plot was composed of four rows of 4 m long, spaced 0.5 m apart. The evaluated 
genotypes consisted of five advanced lines and five control cultivars from the Emprapa - 
National Rice and Bean Research Center germplasm bank (and are part of the National VCU 
Testing of special-grain common bean developed by that institution. The description of the 
genotypes evaluated are shown in table 1.

Table 1. Description of special-grain common bean genotypes, evaluated in the 
experiment. 

Tabla 1. Descripción de los genotipos de frijoles de grano especial evaluados en el 
experimento.

The soil preparation consisted of harrowing for the destruction weeds and to stimulate 
the germination of the seed bank of weeds in the soil by its revolving. Approximately 20 
days after the harrowing, with weed sowing already emerged and in vegetative growth, the 
application in tank mix of the herbicides Glyphosate (480 g de a.i. L-1) + 2, 4-D (806 g de a.i 
L-1) was performed at total area using the rates 1440 and 670 g of a.i. ha-1, respectively. One 
week after the application, two harrowing were sequentially performed followed by the 
mechanical opening of the grooves at a depth of 5 to 10 cm.

Genotype Cultivar/Line Commercial group
CF 250007 Line Big Dark Red – DRK
CF 200059 Line Mulatto
CF 840732 Line Big Dark Red – DRK
CF 240050 Line Big Dark Red – DRK
CNFRX 15446 Line Big Dark Red – DRK
IPR Garça Cultivar White
BRS Artico Cultivar White
BRS Antares Cultivar Striped
BRS Executivo Cultivar Striped
BRS Embaixador Cultivar Big Dark Red - DRK

Source/Fuente: 
Embrapa (2007, 2018); 

IAPAR (2018); and 
Kappes (2008).
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Cover fertilization was carried out at the phenological stage V4, at a rate of 60 kg ha-1 of 
Nitrogen, using urea fertilizer (45% of N), which was distributed in continuous fillet beside 
the plant lines. Three additional irrigations were carried out by means of a conventional 
sprinkler irrigation system. Irrigations were carried out at the stage where the crop was 
in fruiting and pod filling, corresponding to R7 and R8 stages, respectively (14), spaced 
from seven days, with a blade of approximately 25 mm being applied to each one. All crop 
management performed in the experiment followed the recommendations for common 
bean cultivation in Brazil provided by Fancelli and Dourado Neto (1999).

At flowering, the traits days to flowering (DFL), and plant height (PH), evaluated in cm, 
were measured. Subsequently, at maturity, the following traits were randomly evaluated in 
the plots: first pod height (FPH), days to maturation (DMT), number of pods per plant (NPP), 
number of grains per pod (NGP). The harvest was performed on the two central rows of 
each plot between August 10 and 20, 2017, when the plants presented with completely dry 
leaves, 90 to 95% of the dried pods and the grains with 13 to 15% moisture. The production 
of each plot was conditioned in paper bags and taken to the laboratories for weighing and 
determination of humidity. At this time, the traits mass of hundred grains (MHG, g), and 
grain yield (GY) were measured, in which GY was estimated by extrapolating the production 
obtained in the area to kg ha-1 and adjusting the values found for the 13% moisture.

Statistical analysis
The following genetic parameters and their estimators were analyzed for each trait: pheno-

typic variance ( ); environmental variance ), genotypic variance ), genotypic deter-
mination coefficient ( ), genotypic coefficient of variation ( ), coefficient of experimental 
variation ( ), and b quotient ( . We also estimate the following correlations: pheno-
typic correlation ( ), genotypic correlation ( ), and environmental correlation ( ). All genetic 
parameters were estimated according to the expressions described in Cruz et al. (2012), while 
the correlation estimates were obtained according to Falconer (1996) and Cruz et al. (2012).

To graphically express the functional relationship between the estimates of the coeffi-
cients of genetic correlations among variables, the correlation network was used, where the 
proximity of nodes (traits) is proportional to the absolute value of the correlation between 
these nodes. Only | | ≥ 0.40 had their edges highlighted, in which positive correlations 
were highlighted in green, while negative correlations were represented in red.

Subsequently,  were deployed by the path analysis into direct and indirect effects 
considering the following model : Y = p1X1 + p2X2 +... + pnXn + pƐu, where Y is the prin-
cipal dependent variable; X1, X2, ..., Xn are the explanatory independent variables; p1, p2, ..., 
pn: are the coefficients of the path analysis. Coefficient of determination was calculated by 
expression: R² = p1y2 + p2y2 + ..., 2p2yp2nR²n.

The degree of multicollinearity of the singular matrix X’X was established based on 
the condition number (NC), which is the relation between the largest and the smallest 
eigenvalue of the matrix (21). If NC<100, multicollinearity is weak and is not a problem 
for analysis; if 100≤NC<1000, multicollinearity is considered moderate to strong; and if 
NC≥1000 is severe. Lastly, path analysis was performed considering grain yield (GY) as prin-
cipal dependent variable and the other variables as explanatory.

Data were submitted to analysis of variance using the F test and considering the following 
model:  = , wherein:  = effect of the i-th genotype on the j-th block; 

 = overall mean; = random effect of the i-th genotype (i = 1, 2,..., 10);  = effect of the j-th 
block (j=1, 2, 3); and  = effect of experimental error associated with observation ,  
~ NID (0, σ2). In the correlations, the Student test (t) at 5% of probability was applied. All 
analyses were performed with the Genes software (7).

Results and discussion

Analysis of variance and genetic parameters
The results of analysis of variance and estimates of genetic parameters are shown in 

table 2 (page 5). It can be observed that the population has variability only for the PH, DMT, 
NPP and NGP, in which significant treatment effects were observed (p < 0.05), showing, at 
first, that the population is promising for the selection of these traits in breeding programs.
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The coefficient of variation (CV), which indicates the degree of experimental accuracy 
and, therefore, the reliability of the data obtained in the experiment, was below 20% for all 
traits, except for the NPP. According to Pimentel-Gomes (2009), CV values obtained in agri-
cultural tests below 10% are considered low, and medium between 10 and 20%, indicating, 
respectively, high and medium experimental precision. The nature of the trait interferes 
with the magnitude of the coefficient of variation (3), so that those more influenced by the 
environment tend to have greater magnitude, as observed for NPP (20.96%), PH (17.69%) 
and FPH (15.16%).

Variance    components    are    crucial  in  a plant  breeding program,  since  the population    
and    the    breeding    method to  be  used  depend  on  the results of these componentes 
(25). In the decomposition of the phenotypic variance ( ) in its genetic and environmental 
components it is observed a greater participation of the environmental variance ( ) for the 
traits DFL and GY, indicating that these traits are strongly influenced by the environment in 
their phenotypic expressions, similar participation of both variances for the FPH and MHG 
traits and greater participation of the genetic variance for the FPH, NGP, NPP and DMT traits, 
allowing to infer greater possibility of genetic gains in the early selection cycles for these traits.

Table 2. Summary of the analysis of variance and estimates of genetic parameters for days to 
flowering (DFL), first pod height (FPH, cm), plant height (PH, cm), days to maturity (DMT), 
number of pods per plant (NPP), number of grains per pod (NGP), mass of hundred grains 

(MHG, g), and grain yield (GY, kg ha-1), evaluated in 10 special-grain common bean genotypes.
Tabla 2. Resumen del análisis de varianza y estimaciones de parámetros genéticos para 
días hasta la floración (DFL), altura de inserción de la primera vaina (FPH, cm), altura de 
la planta (PH, cm), días hasta la maduración (DMT), número de vainas por planta (NPP), 

número de granos por vaina (NGP), masa de cien granos (MHG, g) y rendimiento de granos 
(GY, kg ha-1) evaluados en 10 genotipos de frijoles de grano especial.

Heritability (h2), parameter that gives the proportion of the genetic variance present in 
the total phenotypic variance is one of the parameters that most contributes to the breeder’s 
work by its predictive role, allowing to estimate the genetic gains in selection cycles, being, 
therefore, essential to the choice of methods to be applied (12). Yokomizo and Vello (2000) 
state that when the treatments are considered fixed, as in the present study, the heritability 
becomes called the genotypic determination coefficient (H²).

For most traits, it is considered that estimates of H² above 70% are considered high and 
indicate that the population is promising for trait selection. Estimates of H² above 70% were 
observed only for the PH (85.13%) and NGP (75%), allowing to infer that these traits are the 
most easily selected in a breeding program.

F.V. DF DFL FPH PH DMT NPP NGP GY MHG

Mean squares

Block 2 0.30 1.50 83.59 0.23 7.03 0.17 197455.53 200.60

Genotype 9 30.40ns 10.39ns 0.03* 3.81* 3.46* 0.24* 29.14ns 10.30ns

Error 18 0.41 8.37 96.01 4.05 3.50 0.12 23181.05 46.66

Mean 30.80 19.09 55.37 64.46 8.92 3.87 1308.88 52.17

CV(%) 2.08 15.16 17.69 3.12 20.96 9.12 11.63 13.09

Genetic parameters

0.17 5.53 215.19 3.56 3.15 0.20 10236.32 30.88

0.14 2.79 32.00 1.35 1.16 0.04 7727.02 15.55

0.03 2.74 183.19 2.21 1.99 0.15 2509.30 15.33

H² (%) 23.53 49.55 85.13 62.08 63.17 75.00 24.51 49.64

CVg (%) 0.65 8.67 24.44 2.31 15.79 10.19 3.83 7.50

b quotient 0.31 0.57 1.38 0.79 0.79 1.11 0.33 0.70

 = phenotypic 
variance;  = 

environmental variance; 
 = genotypic 

variance; H² (%) = 
genotypic coefficient 

of determination; b 
quotient = (CVg/ CVe), 

wherein CVg(%) = 
genotypic coefficient of 
variation, and CVe(%) = 
coefficient of variation; 

* and ns = significant and 
not significant at 5% 
probability level by F 

test, respectively.
= varianza fenotípica;

 = varianza 
ambiental; = 

varianza genotípica; 
H² (%) = coeficiente 

de determinación; 
cociente b = (CVg/ 

CVe), donde CVg(%) = 
coeficiente de variación 

genotípica, y CVe(%) = 
coeficiente de variación; 

* y ns = significativo y 
no significativo al nivel 

de probabilidad del 
5% por la prueba F, 

respectivamente.
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Estimates of H² between 50 and 70% indicate greater difficulties in trait selection due to 
the greater influence of the environment on its expression, in this sense, the population is 
only moderately promising for the selection of DMT trait (62.08%) and NPP (63.17%), due 
to the difficulty of obtaining expressive gains in earlier generations. Estimates of H² below 
50% indicate that population is unpromising for trait selection. The data in table 3 allow 
us to infer that the study population is unpromising for the selection of FPH (49.55%) and 
MHG (49.64%) and non-promising traits for selection of DFL (23.53%) and GY (24.51%).

An explanation for the low heritability that is generally observed in the grain yield, and 
the consequent difficulty of selection gains may be the fact that this trait is controlled by 
several genes of small effect on the phenotype determining strong influence of the envi-
ronment on its expression (12). 

Table 3. Phenotypic, genotypic and environmental correlation estimates (rF, rG and rE, 
respectively) for days to flowering (DFL), first pod height (FPH), plant height (PH), days 
to maturity (DMT), number of pods per plant (NPP), number of grains per pod (NGP), 

mass of hundred grains (MHG), and grain yield (GY), evaluated in 10 special-grain 
common bean genotypes. 

Tabla 3. Estimaciones de correlaciones fenotípicas, genotípicas y ambientales (rF, rG y 
rE, respectivamente) para días hasta la floración (DFL), altura de inserción de la primera 
vaina (FPH), altura de la planta (PH), días hasta la maduración (DMT), número de vainas 

por planta (NPP), número de granos por vaina (NGP), masa de cien granos (MHG) y 
rendimiento de granos (GY) evaluados en 10 genotipos de frijoles de grano especial.

The estimates of H² are specific for a given population in a specific environment and the 
comparisons are not valid. However, the estimates of H² obtained in this work were similar 
to those obtained by Oliveira (2018) studying in the same environment for the traits NGP 
(73.5%) and GY (27.7%), differing in relation to the others. Santos et al. (2015) working 
with common bean from several groups, in the same place and time, but in a different year, 
also obtained an estimate of H² similar to that found in this work for the NGP trait (76.07%).

Traits DFL FPH PH DMT NPP NGP GY MHG
 rF 1.00* -0.236* 0.267* 0.146ns 0.020ns 0.053ns -0.368* 0.155ns

 DFL rG 1.00*  0.092ns 0.714* 0.568* -0.169ns -0.217* -0.279ns -0.117ns

 rE 1.00* -0.428* -0.142ns -0.126ns 0.159ns 0.360* -0.085ns 0.311ns

 rF 1.00* 0.075ns 0.207* -0.483* -0.224* -0.166ns 0.109ns

 FPH rG 1.00* 0.336* 0.151ns -0.793* -0.547* 0.194ns 0.526*

 rE 1.00* -0.519* 0.282* -0.091ns 0.361* -0.378* -0.300*

 rF 1.00* 0.691* -0.311* 0.449* 0.132ns 0.814*

 PH rG 1.00* 0.981* -0.522* 0.624* 0.151ns 0.250*

 ,rE 1.00* -0.095ns 0.305* -0.354* 0.188ns 0.005ns

 rF 1.00* -0.234ns 0.488* 0.566* 0.772*

DMT rG 1.00* -0.479* 0.664* -0.241ns 0.104ns

 rE 1.00* 0.175* 0.080ns 0.299ns 0.364ns

 rF 1.00* -0.086ns -0.086ns -0.200ns

 NPP rG 1.00* -0.105ns 0.940* -0.573*

 rE 1.00* -0.043ns 0.296ns 0.279ns

 rF  1.00* 0.267ns 0.105ns

NGP rG 1.00* 0.693* 0.055ns

 rE 1.00** -0.096ns 0.217ns

 rF 1.00* 0.373ns

 GY rG 1.00* -0.011ns

 rE 1.00* 0.611*

 rF 1.00*

MHG rG 1.00*

 rE 1.00*

* and ns = significant and 
not significant at 5% 
probability level by F 

test, respectively.
* y ns = significativo y 

no significativo al nivel 
de probabilidad del 
5% por la prueba F, 

respectivamente.
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The high CVg may be a positive factor considering its use in the CVg/CVe ratio, which 
assists the selection. It should be used together with the heritability (H²) to compare the 
genetic variability of different populations and different traits, as well as to have an idea of 
the expected gain with selection. The highest CVg values were obtained for PH (24.44%), 
NPP (15.75%) and NGP (10.19%), confirming the fact that the population is more prom-
ising for the selection of these trait as a function of their genetic variability for them. The 
lowest CVg estimates were for DFL (0.65%), DMT (2.31%) and GY (3.83%).

The b quotient expresses the relationship between CVg and CVe and makes it possible 
to infer about the chances of success of breeding in the study population. According to 
Vencovsky (1978), the quotient b constitutes an additional information for the breeder, 
because, when it reaches value ≥1.0 indicates a situation very favorable to the selection, 
allowing the selection of genotypes with superior performance. Estimates of b ≥ 1 were only 
observed for the PH (1.38) and NGP (1.11), which confirms the possibility of greater success 
for selecting these traits.

Correlation estimates
Phenotypic (rF), genotypic (rG), and environmental (rE) correlation estimates between the 

traits are shown in table 3 (page 6). In order to graphically express the phenotypic correla-
tions among the traits, a correlation network was created (figure 1). It can be observed that 
there was a general disagreement in magnitude and direction, and the genotypic correlation 
coefficients are mostly higher than the phenotypic and environmental correlation coefficients, 
which shows greater contribution of the genetic factors than the environmental factors in 
the expression of these traits. Signal and magnitude mismatches between correlations for the 
same pair of traits can be attributed to environment-modifying effects and different physio-
logical mechanisms controlling the expression of the traits involved (4, 12).

Figure 1. Correlation network between the traits days to flowering (DFL), first pod 
height (FPH), plant height (PH), days to maturity (DMT), number of pods per plant (NPP), 

number of grains per pod (NGP), mass of hundred grains (MHG), and grain yield (GY), 
evaluated in 10 special-grain common bean genotypes.

Figura 1. Red de correlación entre los caracteres días hasta la floración (DFL), altura de 
inserción de la primera vaina (FPH), altura de la planta (PH), días hasta la maduración (DMT), 
número de vainas por planta (NPP), número de granos por vaina (NGP), masa de cien granos 
(MHG) y rendimiento de granos (GY) evaluados en 10 genotipos de frijoles de grano especial.

DFL

FPH

PH

DMT

NPP

NGP

GY

MHG
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The highest positive phenotypic correlations occurred between PH x MHG (0.814), DMT 
x MHG (0.772) and PH x DMT (0.691) pairs of traits, allowing us to infer that taller and later 
cycle plants tend to accumulate more photosynthesized content in the grains making them 
heavier, in the same way that later maturing plants tend to be taller. The most expressive 
negative phenotypic correlation, although of medium magnitude occurred between FPH x 
NPP (-0.483), indicating that the higher the first pod insertion height, smaller the number of 
pods per plant, an aspect that should be considered when selecting for increased pod height 
as a function of the mechanical harvest. Positive phenotypic correlation between pheno-
logical traits and PH was also found by Morais et al. (2001), when evaluating grain yield and 
development of four common bean cultivars under three spacings between plants.

Genotypic correlations are the most important because they involve an association of 
inheritable nature and can be used to guide breeding programs (8, 25). When positive, it 
indicates that the selection aiming gain in one trait will have the same effect on the other 
and, if negative, that the improvement in one trait will cause damage in another, being this a 
situation undesirable to the breeder.

The highest positive genotypic correlations were observed between the DMT x PH 
(0.981), NPP x GY (0.940) and DFL x PH (0.714), indicating that later cycle selection will imply 
taller plants and that NPP followed by NGP (NGP x GY = 0.693) is the primary production 
component that most influences grain yield in common bean. Santos et al. (2011 y 2015), 
Sousa et al. (2016), and Oliveira (2018), when studying common bean also observed that 
NPP trait is the one that most influences the grain yield, which allows to infer about the 
possibility of indirect selection for GY via NPP.

Negative genotypic correlation of high magnitude was observed between the PH x NPP 
(-0.793) and medium magnitude between FPH x NGP (-0.547) and PH x NPP (-0.522). These 
results confirm the need for care when selecting plants with high pod insertion height for 
mechanical harvesting, because grain yield via number of pods per plant may be impaired, a 
fact observed by Oliveira et al. (2018), although not confirmed in this study (the ALV vs. PRD 
correlation was not significant) and also in the studies developed by Moura et al. (2013) and 
Mambrim et al. (2015).

Negative genotypic correlation observed between the production components NPP x MHG 
(-0.573) can be explained by the need for compensation among the production components, 
such that an increase in the NPP will induce a decrease in grain mass (MHG) and vice versa (5).

The existence of significant environmental correlation indicates that the two traits are 
influenced by the environmental conditions, when positive, as for GY x MHG (0.611) and 
DFL x NGP (0.360). This means that the variation effect is favorable to both traits and, when 
negative, as observed for FPH x PH (-0.519) and DFL x FPH (-0.428), indicates that the envi-
ronment favored one over another trait (8).

Path analysis
In the unfolding of phenotypic correlation, we considered the study on the influence 

of the phenological (DFL and DMT), morphological (FPH and PH) and primary production 
components traits (NPP, NGP and MHG), denominated explanatory variables, on grain 
yield (GY), considered a dependent variable (table 4, page 9), taking care that the that the 
presence of collinearity would not impair the reliability of the results. Thus, we proceeded 
to the multicollinearity diagnosis proposed by Montgomery and Peck (1981), which indi-
cated the presence of severe multicollinearity (CN>1000). For this reason, path analysis was 
performed using a constant k = 0.15 in the diagonal of the phenotypic correlation matrix. 

According to Vencovsky and Barriga (1992), with the unfolding of the correlation coeffi-
cient, some situations and conclusions emerge, such as: a) the similar correlation in sign and 
magnitude with direct effect shows that the trait determine variations on the basic trait; b) 
if the correlation is positive, but its direct effect is negative or small, indirect effects should 
be considered in the selection; and c) negative correlation associated with positive and high 
direct effect indicates that the variable should not be discarded in common bean breeding.

The path coefficient (direct effect), positive and of greater magnitude was obtained 
by DMT (= 0.503), however, the genotypic correlation coefficient for DMT x GY pair was 
negative (-0.241) (table 4, page 9), this fact indicates that the DMT variable should not be 
discarded in common bean breeding. The positive genotypic correlations between the NPP 
x GY (0.940) and NGP x GY (0.693) pairs associated with the direct effects expressed by the 
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negative path coefficients -0.269 (for the NPP trait) and -0.003 (for the NGP trait), allow to 
infer that the indirect effects of these traits (NPP and NGP) should be taken into consider-
ation in the genetic breeding of the common bean for the increased grain yield (GY).

 The genotypic correlation DFL x GY (-0.279), equal in sign and of magnitude not so 
different from the direct effect of the explanatory variable DFL on GY (-0,408), indicates 
that this variable is determinant in the variations of the GY in common bean. It is possible 
to observe the relevant importance of the MHG, PH and NGP, via DMT (table 4) on GY. The 
analysis of the coefficient of determination (R²) indicates that the variables used partially 
explain (69.5%) the behavior of the basic variable GY and that other variables not considered 
here also influence the behavior of this trait.

Table 4. Estimates of direct and indirect effects of the explanatory traits days to flowering 
(DFL), first pod height (FPH), plant height (PH), days to maturation (DMT), number of 

pods per plant (NPP), number of grains per pod (NGP) and mass of hundred grains (MHG) 
on the grain yield (GY), evaluated in 10 special-grain common bean genotypes. 

Tabla 4. Estimaciones de los efectos directos e indirectos de los caracteres explicativos 
días hasta la floración (DFL), altura de inserción de la primera vaina (FPH), altura de la 

planta (PH), días hasta la maduración (DMT), número de vainas por planta (NPP), número 
de granos por vaina (NGP), masa de cien granos (MHG) sobre el rendimiento de granos 

(GY), evaluados en 10 genotipos de frijoles de grano especial.

Conclusions

Days to maturity have a positive direct effect on grain yield in special-grain common bean.
The traits days to maturity and mass of hundred grain can be used in the indirect 

selection aiming at higher grains yield.

Effect DFL FPH PH DMT NPP NGP MHG
Direct on GY -0.408 -0.421 -0.296 0.503 -0.269 -0.003 0.174
Indirect via FL -- 0.096 -0.109 -0.059 -0.008 -0.022 -0.063
Indirect via FPH 0.099 -- -0.031 -0.087 0.203 0.094 -0.046
Indirect via PH -0.079 -0.022 -- -0.205 0.092 -0.133 -0.242
Indirect via DMT 0.086 0.122 0.409 -- -0.139 0.289 0.458
Indirect via NPP -0.005 0.129 0.083 0.063 -- 0.023 0.054
Indirect via NGP -0.002 0.008 -0.001 -0.002 0.003 -- -0.004
Indirect via MHG 0.027 0.019 0.142 0.135 -0.035 0.018 --
Total -0.368 -0.166 0.131 0.566 -0.213 0.266 0.373

Coefficient of determination (R²) = 0.695
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