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Abstract: The objective of this research was to evaluate the genetic variability and associations 

between traits, in order to identify traits that can be used as selection criteria in the development 

process of high-yielding common bean cultivars in a breeding program. Plant height (PH), 

primary branches per plant (BP), pod length (POL), seeds per pod (SPO), pods per plant (POP), 

days to anthesis (DA), days to flowering (DF), days to maturity (DM), 100 seeds mass (SM) 

and grain yield (Y), were evaluated at Nampula Research Station, Mozambique, an augmented 

block design with 24 accessions, three checks and four blocks. Analysis of variance, genetic 

parameters, similarity network and path analysis were performed based on the genetic 

correlation matrix. The results indicated high heritability for all traits. High genetic variability 

were shown by PH, Y, POP, SM, SPO and BP. High genotypic correlations were shown by 

POP, SPO, DM, DA and BP. The POP and SPO additionally showed high positive direct effects 

and can be used as selection criteria in the development process of high-yielding bean cultivars 

in a breeding program. 
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Introduction 

The common bean (Phaseolus vulgaris L.) is an 

annual species, belonging to the Fabaceae 

family. It is one of the most important grain 

legumes for direct human consumption 

worldwide (ECPGR,2022). In Mozambique, are 

important staple food and source of dietary 

protein for rural and urban house holds. In 

addition, fresh and dry grains represent a major 

commercial value for small farmers. 

Despite the notorious socio-economic 

importance, the grain yield (kgha-1) reached by 

farmers in Mozambique is around 533.8 

(MADER, 2021), considered low compared to 

the average yield of some major producing 

countries such as China: 1744.1, United Republic 

of Tanzania: 1343.7, Myanmar: 911.6 

(FAOSTAT, 2020) and Brazil: 1.113 (CONAB, 

2022). The low yield in Mozambique can be 

attributed to several factors, such as poor 

agricultural techniques, abiotic and biotic 

stresses and the use of varieties with low genetic 

potential for yield. This last factor can be 

increased through genetic improvement. 

However, is a polygenic trait and very influenced 

by the environment, which makes it difficult to 

obtain gains in the direct selection process. 

Genetic improvement through direct selection in 

yield is generally not efficient, with the need to 

practice indirect selection in its easily measured 

traits, with high variability, heritability, 

correlation and direct effect. However, the study 

of correlations between traits does not allow, per 

se, to show conclusions about cause and effect 

relationships, that is, the correlation is just a 

measure of linear association between two traits. 

The estimated correlation may not represent the 

true association between two traits, since a high 

or low association may occur under the influence 

of a third trait or set of traits (Cruz et al.,2014). 

The similarity or correlation network is a 

multivariate technique that makes it possible to 

visually explore, through graphs, relationships 

that occur simultaneously between multiple traits 

and clusters of correlated traits (Ursem et al., 

2008; Epskamp et al., 2012; Leme et al., 2020). 

In this work, it was used to identify clusters of 

traits correlated with each other and with yield, 

allowing to discard those that are redundant and 

to increase the selection efficiency in the 

common bean breeding program. Similar studies 

carried out and published in Mozambique are 

scarce, however, several studies in the world, 

such as Ejara et al. (2017), Oliveira et al. (2018), 

AlBallat and Al-Araby (2019), Sharma et al. 

(2019), Medianeira Giroletta dos Santos et 

al.(2020),Yohannes et al. (2020) and Basavaraja 

et al. (2021) showed the importance identifying 

traits of interest that improve the yield of 

common bean. Studying the variability and 

relationships between traits is one of the most 

important steps in the initial genetic 

improvement program aimed at developing high-

yielding varieties. Thus, the objective was to 

evaluate the genetic variability and associations 

between traits, in order to identify traits that can 

be used as selection criteria in the development 

process of high-yielding common bean cultivars 

in a breeding program. 

Material and methods 

The trial was carried at Nampula Research 

Station (PAN) (15°09'01.8"S 39°18'47.0"W) 

under Mozambique Agricultural Research 

Institute (IIAM), in the Northeast Zonal Center 

(CZnd). 

Twenty-seven common bean genotypes were 

evaluated, being 24 accessions and three checks 

(Table 1) in an experiment with Augmented 

Block Design (Federer, 1956), with four blocks, 

through which the following traits were 

evaluated: plant height (PH), primary branches 

per plant (BP), seeds per pod (SPO), pods per 

plant (POP), days to anthesis (DA), days to 

flowering (DF), days to maturity (DM), 100 

seeds mass (DM) and grain yield (Y), according 

to the methodology of IPGRI (2001). 

Sowing was carried out on 25/02/2021, with a 

density of 10 seeds per linear meter in plots of 

two meters in length and two rows, spaced 0.5 

meters apart. The agronomic management 

consisted of two weedings, carried out 15 and 30 

days after plant emergence. Two foliar 

fertilization with codafol NPK liquid fertilizer 

(7-21-7) and two applications of the insecticide 
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Cypermethrin (Hitcel 44EC) for pest control 

were carried out at phenological stages V3 and 

V6. In each plot, the operations of harvesting, 

drying, threshing and seed selection were carried 

out, followed by weighing the 100 seeds mass 

(SM) in grams and the seed weight converted 

into grain yield (Y) in kilograms per hectare. All 

activities were performed manually. 

Table 1. Twenty-seven (27) common bean genotypes (24 accessions and three checks) from Nampula, Centro 
Zonal Nordeste (CZnd), Mozambique. 

ID ACCESSES ID ACCESSES ID ACCESSES ID ACCESSES 

1 CZnd01 8 CZnd08 15 CZnd17 22 CZnd26 

2 CZnd02 9 CZnd09 16 CZnd18 23 CZnd27 

3 CZnd03 10 CZnd11 17 CZnd20 24 CZnd29 

4 CZnd04 11 CZnd12 18 CZnd21 25 Check1-MAG 

5 CZnd05 12 CZnd13 19 CZnd22 26 Check2-CATAR 

6 CZnd06 13 CZnd14 20 CZnd23 27 Check3-BRAN 

7 CZnd07 14 CZnd16 21 CZnd24 - - 

ID = identification; - = Absent. 

 

To verify the existence of variability in the traits, 

analysis of variance was performed considering 

the genotypes as random to obtain the 

mathematical hopes of the mean squares and 

estimation of the variance components to obtain 

the genetic parameters and correlations between 

traits according to Cruz et al. (2012) and 

Ramalho et al. (2012).  

The significance of the estimates of genotypic 

correlations was done by t-test at 1 and 5% 

probability, later they were represented in Heat 

map to facilitate the reading of the direction and 

intensity of negative and positive correlations 

between the traits. 

These estimates were used in the construction of 

the similarity network according to Epskamp et 

al. (2012) to identify clusters of correlated traits. 

For better visualization and interpretation, the 

traits were partitioned into clusters of growth, 

reproduction, production components and their 

relationship with the main trait (yield). Negative 

correlations were represented by red lines, 

positive correlations were represented by green 

lines, and line thickness is proportional to the 

magnitude of the correlation. The lines showed a 

correlation in modulus greater than 0.3 (cutoff 

point: 0.3). 

The diagnosis of multicollinearity in the matrix of 

genotypic correlations was made by the method of 

(Montgomery et al. (2012) to perform the path 

analysis developed by WRIGHT (1921) which 

consists of standardized multiple linear 

regression, considering a casual chain model. The 

genotypic correlations were decomposed into a set 

of coefficients that indicate the direct and indirect 

effect of the explanatory traits considered as a 

cause on the main trait (yield), considered as an 

effect. All analysis were performed using the 

Genes software (Cruz, 2016). 

Results and discussion 
Statistical differences were observed at the level 

of 0.1, 1 and 5% for all traits (Table 2) inferring 

the existence of genetic variability and the 

possibility of selection of common bean accesses 

with desirable traits for genetic improvement. 

For the checks, no variability was observed for the 

traits BP, DA, DF and SPO. The accessions were 

different in relation to the checks in the traits BP, 

DA, DF, DM, SPO and Y and similar in PH, POP 

and SM. Except for DF, all traits were non-

significant with adjusted block variation, indica-

ting homogeneity. The coefficient of variation 

(CV) for the traits ranged from 1.34% to 15.52% 

for days to maturity and plant height, respectively, 

indicating good experimental precision according 

to PIMENTEL-GOMES (2009). 

The genetic parameters of traits that exhibited 

genetic variability in the material evaluated 

showed heritability above 80%, which indicates 

a greater association between phenotypic and 

genotypic values, while the highest estimates of 
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GCV were observed in PH, POP, Y and SM, 

followed by SPO and BP, which indicates greater 

genetic variability and the possibility of genetic 

gain in these traits. Similar results were observed 

by Basavaraja et al. (2021) who reported high 

GCV for PH, POP, Y and SM followed by BP 

and SPO, and high h2 for PH, DM, DF, SM, Y, 

POP and SPO. 

Table 2. Analysis of variance and genetic parameters of nine traits evaluated in 27 common bean (Phaseolus 
vulgaris) genotypes (24 accesses and three checks), in Nampula Research Station, Mozambique, 2021. 

Sources of variation DF# 
Mean squares 

PH (cm) BP DA DF DM POP SPO SM (g) Y (kg ha-1) 

Blocks 3 4861 0.421 9.61 15.452 12.992 18.872 1.022 86.272 3451642 

Genotypes + 26 23443 0.2981 6.52 6.802 32.173 17.872 0.311 73.593 4526003 

Checks  2 115383 0.08 1.08 2.08 82.583 15.632 0.02 32.891 1732011 

T and T vs. Checks 24 15783 0.321 6.98 7.192 27.973 18.052 0.332 76.983 4758833 

Blocks+ 3 185 0.24 1.78 3.671 0.75 1.66 0.07 3.96 43751 

Genotypes 26 23793 0.321 7.43 8.162 33.593 19.852 0.422 83.093 4873793 

Test (T) 23 16823 0.311 6.41 8.032 23.353 21.063 0.432 79.743 4988343 

Test vs. Checks 1 78 0.942 53.56 23.352 171.133 0.49 0.912 260.41 8522522 

Error 6 90 0.064 0.86 0.75 0.92 1.20 0.04 4.02 25804 

Overall mean - 62.51 3.95 25.51 27.92 72.61 10.22 3.91 45.02 1447.15 

CV (%) - 15.17 6.26 3.73 3.17 1.34 10.96 5.52 4.32 11.52 

h2 (%) - 94.83 81.04 85.09 90.49 96.03 94.1 87.29 95.05 94.63 

GCV (%) - 64.02 13.26 8.64 9.58 6.45 43.25 14.17 19.73 44.84 

GCV/CV - 4.28 2.07 2.39 3.08 4.92 3.98 2.62 4.38 4.2 

3; 2; 1= significant at 0.1, 1 and 5% probability, respectively; * = ignoring Blocks; + = eliminating C vs. C; SV= sources of variation; DF 
= Degree of freedom; CV = coefficient of variation; h2 = heritability; GCV = genetic coefficient of variation; - = absent. PH = Plant 
height, BP = Primary branches per plant, DA= Days to anthesis, DF=Days to flowering, DM= Days to maturity, POP = Pods per plant, 
SPO = Seeds per pod, SM = 100 seeds mass and Y = Grain yield. 
 

Sharma et al. (2019) observed high GCV for Y, 

SM, PH, POP, BP, SPO and high h2 for DF, DM, 

PH and SM, Y and POP. Medianeira Giroletta 

dos Santos et al. (2020) observed higher GCV 

estimates for PH, POP, SPO and SM. Yohannes 

et al. (2020) observed high GCV for POP, Y and 

SPO and high h2 for DM, POP, Y and SM. All 

traits presented estimates of GCV/CV ≥ 1.0, 

confirming a favorable situation for the practice 

of the selection process according to 

Vencovskyand Barriga (1992) and Cruz et al. 

(2012). 

The results of the genotypic correlation between 

secondary traits and these with yield considered 

the main trait (Figure1), indicate the traits POP, 

SPO, DM and DA showed significant positive 

correlations with Y. 

Non-significant correlations were shown by BP, 

PH and DF. This indicates that plants that 

produce many pods, have many seeds per pod, 

and have a relatively late period for anthesis and 

maturation can significantly increase grain yield. 

This expected effect can also be provided by 

plants that produce many branches, as they have 

a relatively higher correlation, although it is not 

statistically significant. The results agree with the 

genotypic correlations observed by several 

authors, such as AlBallat and Al-Araby (2019), 

Sharma et al. (2019) and Yohannes et al. (2020), 

who observed a positive and significant 

correlation of Y with POP, SPO and DM. Ejara 

et al. (2017) observed a positive and significant 

correlation of Y with SPO and non-significant 

with BP, PH and DF. Basavaraja et al. (2021) and 

Medianeira Giroletta dos Santos et al. (2020) 

observed positive and significant correlations of 

Y with POP and SPO and non-significant with 

PH and DF. The SM trait showed a negative and 

non-significant correlation with Y, indicating 

that selection in this trait may not cause 

noticeable changes in the negative direction for 
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yield. According to AlBallat and Al-Araby 

(2019), the SM trait showed a negative and 

significant correlation with Y. Basavaraja et al. 

(2021) observed a significant positive correlation 

with Y and Yohannes et al. (2020) observed a 

negative and non-significant correlation with Y. 

The differences between the different studies 

may indicate that this trait is highly influenced by 

genetic and environmental factors of the 

evaluation conditions. 
 

 

Figure 1. Significant genotypic correlation coefficients at 1% (**) and 5% (*) probability by t-test, evaluated 
in common bean (Phaseolus vulgaris) genotypes (24 accesses and three checks) in Nampula Research Station, 
Mozambique, 2021. The intense green to light and red to light orange color gradients represent positive and 
negative correlations, respectively. The strength of the color is proportional to the strength of the correlation. 
PH = Plant height, BP = Primary branches per plant, DA= Days to anthesis, DF=Days to flowering, DM= Days 
to maturity, POP = Pods per plant, SPO = Seeds per pod, P100S = 100 seeds mass and Y = Grain yield. 

 

Positive and significant genotypic correlations 

were observed between the PH trait with DA, DM, 

POP and SPO. A significant negative correlation 

was observed between PH and SM. This means 

that the practice of selection on tall plants implies 

the selection of genotypes for late flowering and 

maturation that also produce many pods and seeds 

per pod. However, this will imply the selection of 

genotypes with lower seed mass. Similar results 

were reported by AlBallat andAl-Araby (2019) 

who observed positive and significant correlations 

of PH with POP, SPO and DM and significantly 

negative with SM. Basavaraja et al. (2021) 

observed positive and significant correlations of 

PH with POP and SPO and non-significant 

negative correlations with SM. Sharma et al. (2019) 

observed positive and significant correlations of 

PH with POP, SPO and DM and non-significant 

negative correlations with SM. These authors 

observed significant and non-significant negative 

correlations between PH and MS. 

Positive and non-significant correlations were 

observed between AP with DF and BP. Ejara et 

al. (2017) also observed a non-significant 

positive correlation between PH and BP and 

Basavaraja et al. (2021) observed a non-

significant positive correlation between PH and 

DF. This indicates that selection on tall plants 

may not provide notable changes for the increase 

in primary branches, however, the correlation 

between PH and DF, although not statistically 

significant, in biological terms, can cause notable 

changes for late flowering. 

The correlations between BP and DM were 

significantly positive and between BP with DA 

and POP were not significant. Negative and non-

significant correlations were observed between 
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BP with DF and SPO. This indicates that 

selection on plants with many branches can 

provide plants with late maturation, however, the 

days for anthesis, flowering, increased 

production in pods per plant and the reduction in 

seeds per pod may not be noticeable. Similar 

results were observed by Ejara et al. (2017), who 

observed a positive correlation between BP and 

POP and a non-significant negative correlation 

between BP and SPO. Sharma et al. (2019) 

observed a negative and non-significant 

correlation between BP and DF. 

The correlations between DA and DF, DM, POP 

and SPO, between DF and SPO, between DM and 

POP were positive and significant. The 

correlations between DF and DM and POP, 

between DM and SPO and between POP and SPO 

presented non-significant correlations, but with a 

magnitude that may have biological meaning. The 

selection of these traits implies obtaining plants 

with late flowering and maturation, but which 

can produce many pods per plant and seeds per 

pod. These traits showed a negative correlation 

with SM, which may cause a reduction in seed 

mass, except for DM and BP, which showed a 

very low negative correlation with SM. Similar 

results were observed by Basavaraja et al. (2021) 

who observed non-significant positive 

correlations between DF and DM and POP and 

between DM and SPO. Yohannes et al. (2020) 

observed positive and significant correlations 

between DF and SPO and between DM and SPO. 

These same authors observed a significant 

positive correlation between POP and SPO.  

The genotypic similarity network between traits 

allows visualizing clusters of traits that are highly 

correlated with each other and with Y as the main 

trait (Figure 2). 

 

 

Figure 2. Similarity network based on genotypic correlation between growth (red-colored circles), 
reproduction (green-colored circles), production (blue-colored circles) and yield (violet-colored circle) traits 
evaluated in common bean (Phaseolus vulgaris) genotypes (24 accesses and three checks), in Nampula 
Research Station, Mozambique, 2021. Link vectors colored green indicate a positive correlation, and those 
colored red indicate a negative correlation. The greater thickness of the vectors indicates a greater correlation, 
and lesser thickness indicates less correlation. PH = Plant height, BP = Primary branches per plant, DA= Days 
to anthesis, DF=Days to flowering, DM= Days to maturity, POP = Pods per plant, SPO = Seeds per pod, P100S 
= 100 seeds mass and Y = Grain yield. 
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The traits PH, DA, DF, DM, SPO and POP 

formed a cluster positively correlated with each 

other and with Y, indicating that the selection in 

one of these traits will represent the other traits in 

the cluster and will positively influence the 

improvement of grain yield. However, the traits 

POP and SPO should be preferred, as they have a 

greater magnitude of correlation with grain yield. 

The traits DM, BP, POP and PH formed the 

second cluster positively correlated with each 

other and with Y. Furthermore, the POP trait can 

be recommended as a selection criterion to be 

preferred. Depending on the objective of 

improvement, in the first clustering of traits, it is 

possible to suggest the discard of DA, which is 

minimized by the presence of DF, as they are 

highly correlated traits, with the maintenance of 

one of them being representative of the genetic 

structure of the material studied. According to 

Cruz et al. (2012), the interest in evaluating a 

smaller number of traits, saves time and work, in 

obtaining data in the experiment, in addition to 

reducing the cost of future analysis. 

In Table 3, the results of the direct and indirect 

effects of the traits are presented. The coefficient 

of determination was greater than the residual 

effect, indicating that the set of explanatory traits 

included in the model satisfactorily explained the 

variations in the grain yield. This shows the 

existence of a few important traits that can play a 

critical role in the genetic improvement of the 

studied material. 

Table 3. Path analysis based on genotypic correlation (rg) of nine traits evaluated in 27 common bean (Phaseolus 
vulgaris) genotypes (24 accesses and three checks), in Nampula Research Station, Mozambique, 2021. 

Traits Direct effect on Indirect effect through 

Y (Kg ha-1) PH (cm) BP DA DF DM POP SPO SM(g) rg 

PH -0.95  0.04 0.01 -0.06 0.09 0.72 0.44 -0.03 0.26 

BP 0.32 -0.11  0.00 0.05 0.07 0.15 -0.10 -0.01 0.36 

DA 0.02 -0.47 0.02  -0.15 0.07 0.51 0.43 -0.01 0.41 

DF -0.20 -0.28 -0.07 0.02  0.04 0.26 0.44 -0.02 0.19 

DM 0.17 -0.50 0.13 0.01 -0.05  0.42 0.25 0.00 0.42 

POP 0.96 -0.71 0.05 0.01 -0.06 0.07  0.25 -0.02 0.56 

SPO 0.82 -0.51 -0.04 0.01 -0.11 0.05 0.29  -0.02 0.49 

SM 0.05 0.52 -0.05 -0.01 0.08 0.00 -0.39 -0.35  -0.15 

R2=0.84; ꜫ=0.40 
R2 = Coefficient of determination. 𝜀= Residual variation. PH = Plant height, BP = Primary branches per plant, DA= Days to anthesis, DF 
= Days to flowering, DM = Days to maturity, POP = Pods per plant, SPO = Seeds per pod, P100S = 100 seeds mass and Y = Grain yield. 
 

The traits POP and SPO, followed by BP, 

showed positive direct effects of high magnitude 

on grain yield along with high correlation, 

indicating a true genetic relationship to increase 

grain yield. The traits DA and DM had less 

positive direct effects and high correlation on 

grain yield, indicating that direct selection may 

not provide satisfactory yield gains, however, 

DA had greater positive indirect effects on yield 

through POP and SPO and DM through POP. 

Thus, the simultaneous selection of these traits 

could provide greater yield gains. According to 

Cruz et al. (2012) traits with high favorable 

correlation, but with low direct effect, indicate 

that direct selection in the auxiliary trait may not 

provide satisfactory gains in the main trait. In this 

case, the best strategy should be the simultaneous 

selection of these traits, with those whose 

indirect effects are significant. These results 

agree with Ejara et al. (2017) who observed 

greater direct effects on grain yield through SPO, 

POP and BP. AlBallat andAl-Araby 

(2019)observed a greater direct effect through 

SPO and DM and a positive indirect effect 

through DM. Sharma et al. (2019)observed 

greater direct effects through POP and BP and a 

positive indirect effect through DM. Although 

the PH and DF traits showed a positive correlation 

with yield, they had greater direct negative effects 

on grain yield, indicating that these traits are not 

the main determinants of yield increase and that 

direct selection based only on these traits can 
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reduce the grain yield. However, these traits had 

greater positive indirect effects through POP and 

SPO, traits of which are highly and positively 

correlated. Thus, it is recommended to select 

plants with many pods and many seeds per pod to 

improve yield. Similar results were observed by 

AlBallat and Al-Araby (2019)who reported a 

direct negative effect of DF. Ejara et al. (2017) and 

Sharma et al. (2019) observed a direct negative 

effect of PH on grain yield. 

Greater negative indirect effects were showed by 

POP, SPO, DM and DA through PH, indicating 

that the cause of the greatest indirect negative 

effect on yield is due to the high positive 

correlation that these traits have with PH, which 

in turn has a high direct effect negative on grain 

yield. Therefore, selection based only on these 

traits can provide an increase in grain yield and 

simultaneous selection with PH is not recom-

mended, as it can reduce grain yield.SM had very 

low positive direct effect and negative correlation, 

but negative indirect effects through POP and 

SPO were greater on grain yield. The high 

magnitude positive indirect effect was exerted 

through PH. Selection in SM for this material is 

not recommended to obtain gains in yield, because 

SM presented a high negative correlation with 

POP and SPO, which are important traits for 

increasing yield. Ejara et al. (2017) and AlBallat 

& Al-Araby (2019) observed a negative indirect 

effect of SM. Sharma et al. (2019) observed 

negative indirect effects of POP and SPO. In 

general, for the genetic improvement of the yield 

of the studied material, it is recommended that the 

selection criteria be based on the direct selection 

of the POP, SPO and BP traits. 

Conclusion 
The traits POP and SPO showed high variability, 

heritability, correlation and positive direct 

genotypic effect to be used as selection criteria in 

the development process of high-yielding 

common bean cultivars in a breeding program. 

Acknowledgement 
The research team on grain legumes at the 

Mozambique Agricultural Research Institute, 

Northeast Zonal Center, who participated in the 

field experimentation and data collection and 

collaborators in the quality validation, analysis 

and interpretation of the data. 

To Bheard for his support through the Master's 

post-completion research grant, based in the 

United States Agency for International 

Development, as part of the Feed the Future 

initiative, under the CGIARFund, award number 

BFS-G-11-00002, and the predecessor fund the 

Food Security and Crisis Mitigation II grant, 

award number EEM-G-00-04-00013. 

 

References 

ALBALLAT, I. A.; AL-ARABY, A. A. A. M. 2019. Correlation and Path Coefficient Analysis for 

Seed Yield and Some of Its Traits in Common Bean (Phaseolus Vulgaris L.). Egyptian Journal 

of Horticulture, 46(1):41–51. 

BASAVARAJA, T.; MANJUNATHA, L.; CHANDORA, R.; GURUMURTHY, S.; SINGH, N. P. 

2021. Assessment of Genetic Variability, Diversity and Trait Correlation Analysis in Common 

Bean (Phaseolus Vulgaris l.) Genotypes. Legume Research, 44(3):252–60.  

CONAB. 2022. Acompanhamento da safra Brasileira, grãos. Safra 2021/2022, 9o levantamento. 

Available at https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos. 

Accessed on Jun 08, 2022. 

CRUZ, C. D.; CARNEIRO, P. C. S.; REGAZZI, A. J. 2014. Modelos Biometricos Aplicados Ao 

Melhoramento Genetico. Editora UFV. Ed.3, Viçosa. 

https://www.conab.gov.br/info-agro/safras/graos/boletim-da-safra-de-graos


Functional Plant Breeding Journal / v.4, n.1, a2 

 

 

P. 21 

CRUZ, C. D.; REGAZZI, A. J.; CARNEIRO, P. C. S. 2012. Modelos Biométricos Aplicados Ao 

Melhoramento Genético. Editora UFV. Ed.4, Viçosa. 

CRUZ, C. D. 2016. Programa Genes – Ampliado e Integrado Aos Aplicativos R, Matlab e Selegen. 

Acta Scientiarum - Agronomy, 38(4):547–52. 

MONTGOMERY, D. C.; PECK, E. A.; VINING, G. G. 2012. Introduction to Linear Regression 

Analysis. Publishing company John Wiley and Sons. ed.5. 

ECPGR-European Cooperative Programme for Plant Genetic Resources. 2022. Phaseolus Vulgaris 

L. (Common Bean). Available at https://www.ecpgr.cgiar.org/in-situ-landraces-best-practice-

evidence-based-database/crop?cropUid=13178. Accessed on Jun 08, 2022. 

EJARA, E.; MOHAMMED, W.; AMSALU, B. 2017. Correlations and Path Coefficient Analyses of 

Yield and Yield Related Traits in Common Bean Genotypes (Phaseolus Vulgaris L.) at Abaya 

and Yabello, Southern Ethiopia. International Journal Of Plant Breeding and Crop Science, 

4(2):215–224. 

EPSKAMP, S.; CRAMER, A. O.; WALDORP, L. J.; SCHMITTMANN, V. D.; BORSBOOM, D. 

2012. “Qgraph: Network Visualizations of Relationships in Psychometric Data.” Journal of 

Statistical Software, 48(4):1-18. 

FAOSTAT-Food and Agriculture Organization Corporate Statistical Database. 2020. Available at 

https://www.fao.org/faostat/en/#compare. Accessed on Jun 08, 2022. 

FEDERER, W. T. 1956. Augmented (or Hoonuiaku) Designs. Hawaiian Planters’ Record, 

(55):191-208. 

IPGRI. 2001. Descritores para Phaseolus vulgaris. International Plant Genetic Resources Institute, 

Rome. 

LEME, D. E. D. C.; ALVES, E. V. D. C.; LEMOS, V. D. C. O.; FATTORI, A. 2020.Network 

Analysis: A Multivariate Statistical Approach for Health Science Research. Geriatrics, 

Gerontology and Aging, 14(1):43–51. 

MADER-Ministério da Agricultura e Desenvolvimento Rural. 2021. Inquérito Integrado Agrário 

2020. Maputo, Mocambique. Available at 

https://www.agricultura.gov.mz/wp.content/uploads/2021/06/MADER_Inquerito_Agrario_20

20.pdf. Accessed on Jun 08, 2022. 

OLIVEIRA, J. T. D.; RIBEIRO, I. D. S.; ROQUE, C. G.; MONTANARI, R.; GAVA, R.; 

TEODORO, P. E. 2018. Contribution of Morphological Traits for Grain Yield in Common 

Bean. Bioscience Journal, 34(2):951–956.  

PIMENTEL-GOMES, F. 2009. Curso de Estatística Experimental. Editora FEALQ. Ed. 15, 

Piracicaba. 

RAMALHO, M. A. P.; ABREU, A. F. B.; SANTOS, J. B.; NUNES, J. A. 2012. Aplicações da 

Genética Quantitativa no Melhoramento de Plantas Autógamas. Editora UFLAEd. 1. 

Lavras. 

https://www.ecpgr.cgiar.org/in-situ-landraces-best-practice-evidence-based-database/crop?cropUid=13178
https://www.ecpgr.cgiar.org/in-situ-landraces-best-practice-evidence-based-database/crop?cropUid=13178
https://www.fao.org/faostat/en/#compare
https://www.agricultura.gov.mz/wp.content/uploads/2021/06/MADER_Inquerito_Agrario_2020.pdf
https://www.agricultura.gov.mz/wp.content/uploads/2021/06/MADER_Inquerito_Agrario_2020.pdf


FPBJ - Scientific Journal 

 

 

P. 22 

MEDIANEIRA GIROLETTA DOS SANTOS, C.; DOS SANTOS SILVA, A.; PREVEDEL 

CAPRISTO, D.; MATINHO CORREA, A.; PEREIRA RIBEIRO, L. 2020. Genetic Parameters 

and Association between Agronomic Traits in Special-Grain Common Bean (Phaseolus 

Vulgaris l.) Genotypes. Revista de La Facultad de Ciencias Agrarias, 52(2):1–11. 

SHARMA, S..; PATHANIA, A.;, CHAUDHARY, H. K.;KUMAR, S. 2019. Variability , Correlation 

and Association Studies for Seed Yield and Component Traits in Common Bean Genotypes 

under North Western Himalayas. Journal of Pharmacognosy and Phytochemistry, 

8(4):1647–1651. 

URSEM, R.; TIKUNOV, Y.; BOVY, A.; VAN BERLOO, R.; VAN EEUWIJK, F. 2008. A 

Correlation Network Approach to Metabolic Data Analysis for Tomato Fruits. Euphytica, 

161(1–2):181–193.  

VENCOVSKY, R.; BARRIGA, P. 1992. Genética Biométrica no Fitomelhoramento. Revista 

Brasileira de Genética, 1992 (1992): 496p.  

WRIGHT, S. 1921. Correlation and Causation. Journal of Agricultural Research, (20):557–85. 

YOHANNES, S.; LOHA, G.; GESSESE, M.K. 2020. Performance Evaluation of Common Bean 

(Phaseolus Vulgaris L.) Genotypes for Yield and Related Traits at Areka, Southern Ethiopia. 

Advances in Agriculture, 6(2020):1–8.  


