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ABSTRACT. The common bean is widely distributed throughout 
Brazil and within Mato Grosso state. It has wide genetic variability 
and adaptability to various environmental conditions. We evaluated 
the genetic divergence and agronomic performance of common bean 
genotypes in order to initiate a bean breeding program in the region 
of Cáceres, MT. We included 58 genotypes (40 traditional 
accessions, 14 lines and four cultivars) using a randomized block 
design with three replications, at Empresa de Pesquisa, Assistência e 
Extensão Rural do Mato Grosso, evaluating 10 morphological and 
agronomic characteristics. The data were submitted to analysis of 

                                                            
 

http://www.funpecrp.com.br
mailto:rafhaelfelipin@gmail.com
http://dx.doi.org/10.4238/gmr18299


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 18 (2): gmr18299 

 
 
 
 
 
 
 
 

P.R.J dos Santos et al.                                   2 

 

variance and cluster analysis based on Mahalanobis distance; we used 
the Tocher and UPGMA grouping methods to group to the 
genotypes. Through analysis of variance, we detected significant 
differences at 1% probability for all traits. The shortest genetic 
distance was found between genotypes 13 and 26 ( 2

'iiD = 1.51) as the 

most similar, while 20 and 4 ( 2
'iiD  = 346.00) were the most 

dissimilar. The Tocher and UPGMA clustering methods were similar 
in grouping the genotypes, with the most divergence in different 
groups. Crossing of the earliest genotypes (11, 13 and 16) with the 
improved genotypes (43 and 51) resulted in the greatest heterotic 
effect, increasing the likelihood of the emergence of superior 
genotypes in the progenies, which is beneficial for the initiation of 
the bean breeding program for the Cerrado region of Cáceres in Mato 
Grosso. 
 
Key words: Phaseolus vulgaris; Plant breeding; Genetic divergence  

INTRODUCTION 
 
The common bean (Phaseolus vulgaris) is a legume of great nation-wide 

importance, cultivated in all Brazilian states and with three seasons distributed throughout 
the year (Vieira, 2006). It is important for human consumption, as it is a source of 
carbohydrates, proteins, fibers, minerals and vitamins for populations around the world 
(Broughton et al., 2003; Beraldo et al., 2009; Tsutsumi et al., 2015).  

In the world scenario, Brazil ranks as the third largest producer, being surpassed 
only by Myanmar and India (FAO, 2019); the states with the highest production are Paraná, 
Minas Gerais, Mato Grosso, Bahia and Goiás (CONAB , 2019). The state of Mato Grosso is 
one of the largest producers of common bean in Brazil; according to CONAB (2019), it is 
the third largest producer, especially Sorriso county, which is the largest producer of the 
country. In addition, the center-south region of the state has gained prominence in relation 
to the cultivation of common bean recently, mainly common beans of the carioca line. 

The common bean crop in Brazil is extremely diverse due to different environments 
and diseases, multiple production systems and farmer preferences (Coelho et al., 2007; 
Bertoldo et al., 2014). Also, Brazil can be considerate a secondary diversity center (Burle et 
al., 2010). The success of a breeding program depends on the genetic diversity available to 
breeders (Hoisington et al., 1999) for developing genotypes highly adapted to distinct 
environments and production systems. The importance of plant breeding will likely increase 
in the future in an effort to feed a growing population demanding specific characteristics; 
there is also a need to reduce environmental effects due to the use of agricultural inputs and 
climate change, specifically those associated with increases in temperature and water stress. 
The available evidence, particularly the degree of genetic diversity of common bean, 
suggests an opportunity for successful breeding programs (Ramalho et al., 2009). 

Furthermore, the characterization of the genetic variability of local cultivars 
together with the improved ones is of great importance for plant breeding programs, 
because it provides information about the variability existing in these materials, taking into 
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account the importance that these have due to their adaptation to the environmental 
conditions of a particular region; it allows the identification of genotypes to compose 
breeding programs, with the objective of using this local adaptation in crosses with 
improved cultivars, aiming at obtaining superior genotypes (Nass et al., 2012). 

According to Ferreira Junior et al. (2015), genetic variability information to 
choose parental for hybridization should be accompanied by information regarding the 
performance of the genotypes regarding production components, precocity and 
interesting characteristics for mechanized harvesting. 

In this sense, studies of genetic variability are fundamental for the breeding of 
plants, since they provide information about breeders that allow, when crossed, a great 
heterotic effect and greater segregation in recombinants, increasing the probability of 
the appearance of superior genotypes in the progenies (Silva et al., 2008). According to 
Alvares et al. (2012) to generate segregating populations for selection, the genetic 
complementation of the parents should be positive, so the grouping techniques help in 
guiding the choice of parents or genitors.  

We evaluated the genetic divergence and agronomic performance of common 
bean genotypes in order to direct the beginning of a common bean breeding program in 
Mato Grosso state, Brazil. 

MATERIAL AND METHODS 
 
The experiment was conducted in an experimental area belonging to the 

Government Company, Empresa de Pesquisa, Assistência e Extensão Rural do Mato 
Grosso (Empaer - MT), in Cáceres county, MT. 58 common bean genotypes were 
evaluated, among which 40 were traditional genotypes cultivated in the central south 
region of Mato Grosso State, 14 advanced lines and from commercial cultivars from the 
Phaseolus germplasm Active Bank (BAG) of the State University of Mato Grosso - 
UNEMAT, Cáceres campus (Table 1). 

The typical weather of the region, according to the classification of Köppen, is 
tropical, hot, humid and dry winter (Awa), with a rainy season from October to March, 
and drought from April to September (Dallacort et al., 2014). The soil is classified as 
Chernosolic Eutrophic Yellow Red Argissolo, with a medium clay texture (Arantes et 
al., 2012). 

Seeding was carried out in the second planting season (dry bean, cultivated in 
the summer-fall), adopting a planting density of 20 plants per linear meter, with 
subsequent thinning after emergence, leaving 15 plants per linear meter of initial stand. 
In addition to plowing and harvesting, fertilization was carried out at depths of 0 - 10 
and 10 - 20 cm, based on soil chemical, to reach the nutritional requirements of the 
crop. 

The cultural treatments were those recommended for common bean crop, in 
addition to irrigation whenever necessary, aiming at maintaining the amount of water in 
the soil profile. Harvesting was performed respecting the physiological maturity period 
(when 90% of the whole pods were dry) drying the grains in the sun until reaching 12% 
of humidity. 
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Table 1. Common bean genotypes that were evaluated, including commercial group, flower color, gene 
pool and origin (Cáceres, MT). 
 

 Name Commercial Group Flower Color Gene pool Origin 
11 BG-UNEMAT –18 Manteigão White Mesoamerican UNEMAT 
12 BG-UNEMAT – 28 Manteigão White Mesoamerican UNEMAT 
13 BG-UNEMAT – 11 Bolinha White Andean UNEMAT 
14 BG-UNEMAT – 27 Mulatinho White Mesoamerican UNEMAT 
15 BG-UNEMAT – 22 Carioca White Mesoamerican UNEMAT 
16 BG-UNEMAT – 40 Carioca White Mesoamerican UNEMAT 
17 BG-UNEMAT – 17 Preto Violet Mesoamerican UNEMAT 
18 BG-UNEMAT – 32 Manteigão White Mesoamerican UNEMAT 
19 BG-UNEMAT – 4 Mulatinho White Mesoamerican UNEMAT 
10 BG-UNEMAT – 30 Roxo White Mesoamerican UNEMAT 
11 BG-UNEMAT – 3 Manteigão White Mesoamerican UNEMAT 
12 BG-UNEMAT – 6 Carioca White Mesoamerican UNEMAT 
13 BG-UNEMAT – 29 Mulatinho White Mesoamerican UNEMAT 
14 BG-UNEMAT – 35 Manteigão White Mesoamerican UNEMAT 
15 BG-UNEMAT – 42 Carioca White Mesoamerican UNEMAT 
16 BG-UNEMAT – 23 Carioca White Mesoamerican UNEMAT 
17 BG-UNEMAT – 26 Mulatinho White Mesoamerican UNEMAT 
18 BG-UNEMAT – 31 Mulatinho White Mesoamerican UNEMAT 
19 BG-UNEMAT – 37 Roxo White Mesoamerican UNEMAT 
20 BG-UNEMAT – 38 Manteigão Violet Andean UNEMAT 
21 BG-UNEMAT – 75 Carioca White Mesoamerican UNEMAT 
22 BG-UNEMAT – 1 Carioca White Mesoamerican UNEMAT 
23 BG-UNEMAT – 56 Mulatinho White Mesoamerican UNEMAT 
24 BG-UNEMAT – 50 Carioca White Mesoamerican UNEMAT 
25 BG-UNEMAT – 49 Carioca White Mesoamerican UNEMAT 
26 BG-UNEMAT – 45 Manteigão White Mesoamerican UNEMAT 
27 BG-UNEMAT – 46 Carioca White Mesoamerican UNEMAT 
28 BG-UNEMAT – 72 Manteigão White Mesoamerican UNEMAT 
29 BG-UNEMAT – 55 Carioca White Mesoamerican UNEMAT 
30 BG-UNEMAT – 16 Manteigão White Mesoamerican UNEMAT 
31 BG-UNEMAT – 60 Manteigão White Mesoamerican UNEMAT 
32 BG-UNEMAT – 58 Manteigão White Mesoamerican UNEMAT 
33 BG-UNEMAT – 5 Carioca Violet Mesoamerican UNEMAT 
34 BG-UNEMAT – 68 Bolinha White Mesoamerican UNEMAT 
35 BG-UNEMAT – 7 Manteigão White Andean UNEMAT 
36 BG-UNEMAT – 47 Roxo White Mesoamerican UNEMAT 
37 BG-UNEMAT – 12 Carioca White Mesoamerican UNEMAT 
38 BG-UNEMAT – 13 Carioca White Mesoamerican UNEMAT 
39 BG-UNEMAT – 20 Carioca White Mesoamerican UNEMAT 
40 BG-UNEMAT – 21 Carioca White Mesoamerican UNEMAT 
41 Pérola Carioca White Mesoamerican IAPAR 
42 IPR Campos gerais Carioca White Mesoamerican IAPAR 
43 IPR Uirapuru Preto Violet Mesoamerican IAPAR 
44 CNFP 10104 Preto Violet Mesoamerican IAPAR 
45 C 4-7-7-2-2 Carioca White Mesoamerican IAC 
46 C4-7-8-1-2 Carioca White Mesoamerican IAC 
47 CHC 98-42 Carioca White Mesoamerican EPAGRI 
48 CHP 01-238 Preto Violet Mesoamerican EPAGRI 
49 CNFC 10762 Carioca White Mesoamerican CNPAF 
50 CNFP 10794 Preto Violet Mesoamerican CNPAF 
51 FT 08-47 Carioca White Mesoamerican FT 
52 FT 08-75 Carioca White Mesoamerican FT 
53 LEC 01-11 Carioca White Mesoamerican UEM 
54 LEP 02-11 Preto Violet Mesoamerican UEM 
55 LP 09-192 Preto Violet Mesoamerican IAPAR 
56 LP 09-40 Carioca White Mesoamerican IAPAR 
57 TB02-23 Preto Violet Mesoamerican CPACT 
58 TB 03-13 Enxofre Violet Andean CPACT 
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The agronomic characteristics evaluated were: a) Number of days till flowering 
(FLOWER): period from emergence to full opening of the first flower, in 50% of the plants 
of the plot, in days; b) Average height of first pod insertion (AHFPI): in centimeters (cm), 
measurement from the soil base until insertion of the first pod of 10 plants per plot; c) Final 
average height of plants (FAHP): measurement in centimeters from ground level to the end 
of 10 plants per plot; d) Average longitudinal length of pods (ALLP): in centimeters, 
longitudinal measurement from one end to the other of the pod, ten pods of the 10 plants 
evaluated per plot; e) Average number of pods per plant (ANPP): in 10 plants evaluated in 
each plot; f) Average number of seeds per pod (ANSP): in 10 pods of the ten plants 
evaluated per plot; g) Average number of seeds per plant (ANSPL): in 10 evaluated plants 
of each plot; h) average weight of 100 seeds (W100): in grams (g) of four samples of 100 
seeds of each plot, with humidity of 12%; i) Cycle (CYCLE): number of days of emergency 
until the harvest season on each plot; j) Grain Productivity (GPROD): in kg per hectare 
(kg.ha-1), relation between the total weight of the grains of each plot and the respective 
number of plants. 

The obtained data were submitted to analysis of variance, considering the effect of 
fixed genotype and the clustering test of the average employed was that of Skott Knott. For 
the estimation of the genetic divergence among the accesses, a multivariate analysis was 
used based on the generalized distance of Mahalanobis, then performing Tocher's cluster 
analysis (RAO, 1952) and of Average Clustering Between Groups (UPGMA), by the 
computational software Genes (Cruz, 2013). 

RESULTS AND DISCUSSION 
 
Significant differences at 1% probability by the F test (P < 0.01) were found for all 

traits (Table 2), confirming the existence of genetic variability among the genotypes. The 
coefficient of variation ranged from 2.07 and 24.39%, for FLOWER and GPROD, 
respectively, indicating adequate experimental accuracy, being considered reliable, 
according to Cabral et al. (2011) when studying the genetic divergence of 57 common bean 
accessions (31 local genotypes, 20 Embrapa genotypes and six commercial cultivars), 
obtained a coefficient of variation between 2.70% and 20.86%, for variables similar to those 
studied, considering this constant coefficient of variation to determine the variability among 
the genotypes. 

 
 

Table 2. Significance of mean square and percentage coefficients of experimental variation for the 10 
characteristics evaluated in 58 common bean genotypes. 
 

Source 
Variation DF Mean square 

FLOWER AHFPI FAHP ALLP ANPP ANSP ANSPL W100 CYCLE GPROD 
Block 002 0.36 23.78 62.34 00.55 28.75 0.15 968.36 09.99 012.16 1.854.461,75 
Genotype 057 13.78** 32.84** 78.71** 01.26** 30.13** 0.69** 646.26** 67.48** 317.24** 2.303.699.17** 
Residue 114 0.60 09.24 14.16 00.22 11.08 0.25 265.82 02.28 011.51 00532.609.08 
Average  37.29 21.22 51.86 10.33 17.95 5.38 070.72 25.31 084.98 00002.991.67 
C.V. (%)  2.07 14.33 07.26 04.54 18.54 9.30 023.05 05.97 003.99 0000024.39 
FLOWER = number of days till flowering; AHFPI = average height of insertion of the first pod; FAHP = final average 
height of plants; ALLP = average longitudinal length of pods; ANPP = average total number of pods per plant; ANSP = 
average number of seeds per pod; ANSPL = average number of seeds per plant; W100 = average weight of 100 seeds; 
CYCLE = cycle; GPROD = grain productivity. (**) significant at the 1% level of probability, by the F test. 
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Similar results were found by Barelli et al. (2009) analyzing nine agronomic 
characteristics of 35 traditional common bean cultivars in Mato Grosso do Sul state, found 
values of coefficient of variation from 0.80% to 24.41%, considered adequate to study 
genetic divergence among cultivars, demonstrating good execution of the experiment. Table 
3 shows the results obtained by the Scott-Knott cluster test for 10 characteristics of the 58 
evaluated genotypes, where for the FLOWER characteristic, the flowering period ranged 
from 31 to 40 days, which made it possible to divide the genotypes into five distinct groups. 
The traditional accessions behaved as early as the majority of the lines and the improved 
cultivars evaluated, where the earliest genotypes were 3 and 57, with 31 days for flowering. 
These results resemble those obtained by Lima et al. (2012), evaluating 100 genotypes of 
common bean in Coimbra, Minas Gerais, in which the average flowering values were 34.4 
to 43.3 days. It is also noted that this characteristic is key to evaluating precocity of the 
common bean crop (Silva et al., 2007), and the use of early flowering genotypes gives the 
farmer better use of the area and can optimize the cultural practices carried out in the crop 
and adjust its planting and harvesting schedule according to the environmental conditions of 
the growing region (Ribeiro et al., 2004). 

For the CYCLE characteristic, five groups were formed, the latest belonging to 
Group I and the earliest to Group V, with a variation of 73 to 100.7 days, where the 
improved genotypes were mostly allocated to the latest group, and the traditional accessions 
all can carry out their productive cycle with less time than the improved genotypes. 

Considering both FLOWER and CYCLE, genotype 3 is the most precocious 
compared to the other analyzed, the great majority of the traditional accessions that present 
a little later flowering but it is as early as the 3 for closing of the cycle, which makes it 
possible to say that as for the precocity characteristic, the traditional accessions present a set 
of favorable alleles for breeding for a shorter flowering period. 

Results concordant with Buratto et al. (2007), where comparing days for flowering 
and days for physiological maturation, found from 28 to 43 days for flowering, followed by 
54 to 88 days for physiological maturation, evidencing significant differences between 
promising lines and cultivars, observing that the cultivars presented less precocious than 
most of the lines studied for the two characteristics. 

For the FAHP characteristic, four distinct groups were formed, ranging from 40.53 
to 62.27 cm. Salgado et al. (2011) evaluating the behavior of common bean genotypes in 
Tocantins, obtained plant height considered high between 75.11 to 108.90 cm, values higher 
than those observed in this research. However, Oliveira et al. (2012) also evaluating 
common bean genotypes in Tocantins obtain similar results for plant height (ranging from 
38.20 to 74.70 cm) and considers the results of this characteristic for the mechanized 
harvest to be satisfactory for the cultivars. 

In the AHFPI evaluation two distinct groups were formed, ranging between 16.4 
and 29.07 cm of insertion of the first pod, which favors the health of pods and grains, and 
for ALLP, the genotypes were clustered into 3 distinct groups (ranging from 9.09 to 11.94 
cm). In this way the genotypes studied have characteristics of AHFPI and ALLP that favor 
the mechanized harvest, which is extremely positive for crop improvement. According to 
Peluzio et al. (2009), the ideal height of first pod insertion varies between 10.00 and 15.00 
cm, since the insertion of very low pods can lead to losses in the harvest and quality of the 
harvested grains, caused by fungal diseases of soil in pods, in addition to reach of demand 
for mechanized harvesting.  
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Table 3. Clustering of the average of 58 common bean genotypes by the Scott-Knott method, estimated 
from 10 agronomic characteristics. 
 

Gen 1/ FLOWER AHFPI FAHP ALLP ANPP ANSP ANSPL W100 CYCLE GPROD 
01 36.33 c 16.53 b 56.83 a 11.74 a 20.23 a 5.70 a 077.80 a 25.91 e 078.0 e 2972.50 c 
02 35.00 c 16.77 b 53.80 b 09.92 c 19.93 a 5.03 b 079.90 a 19.76 g 074.3 e 2339.54 c 
03 31.00 e 17.37 b 42.13 d 10.25 c 16.00 b 4.07 b 044.90 b 32.86 c 073.0 e 2524.29 c 
04 37.00 c 22.83 a 48.47 c 10.63 b 19.57 a 5.53 a 075.21 b 17.21 g 073.0 e 1802.22 c 
05 39.00 a 22.40 a 47.03 c 10.04 c 15.13 b 5.83 a 066.19 b 24.72 e 087.7 c 2708.54 c 
06 39.00 a 23.27 a 53.60 b 10.37 c 15.60 b 5.20 b 053.30 b 26.76 e 088.7 b 2211.49 c 
07 38.67 a 23.17 a 61.70 a 09.67 c 17.17 b 5.53 a 075.93 b 23.89 e 087.7 c 2845.84 c 
08 36.67 c 18.07 b 50.53 c 11.83 a 20.77 a 5.27 b 068.53 b 24.05 e 073.0 e 2874.98 c 
09 36.67 c 18.17 b 51.07 c 10.78 b 22.07 a 5.73 a 091.03 a 18.14 g 073.0 e 2505.90 c 
10 39.00 a 20.97 b 41.37 d 09.72 c 17.00 b 5.60 a 073.50 b 19.51 g 087.7 c 2350.85 c 
11 35.33 c 16.70 b 52.43 b 09.31 c 24.30 a 5.17 b 094.83 a 18.59 g 073.0 e 2775.80 c 
12 36.00 c 20.67 b 57.47 a 09.97 c 14.87 b 4.90 b 057.97 b 25.76 e 079.3 d 2103.36 c 
13 35.33 c 16.97 b 50.30 c 10.20 c 19.60 a 5.30 b 070.10 b 19.78 g 073.0 e 2139.53 c 
14 36.33 c 17.33 b 51.90 b 11.94 a 24.07 a 5.07 b 081.83 a 24.61 e 073.0 e 2874.49 c 
15 40.00 a 20.17 b 49.60 c 09.82 c 17.83 b 5.17 b 075.67 b 24.47 e 085.0 c 2346.03 c 
16 33.33 d 21.37 b 54.60 b 10.81 b 19.60 a 4.77 b 073.20 b 24.77 e 073.0 e 3067.62 c 
17 39.00 a 29.07 a 50.50 c 09.33 c 14.23 b 5.03 b 051.20 b 24.52 e 084.3 c 2006.32 c 
18 36.00 c 18.03 b 52.47 b 10.65 b 22.17 a 6.13 a 104.70 a 20.46 f 074.3 e 2590.02 c 
19 38.67 a 20.70 b 40.53 d 11.31 a 18.67 a 5.93 a 072.27 b 21.28 f 090.3 b 2553.48 c 
20 34.00 d 17.93 b 53.47 b 10.73 b 16.73 b 4.43 b 041.90 b 43.07 a 085.3 c 2723.88 c 
21 38.00 b 23.30 a 56.13 b 10.84 b 16.37 b 5.13 b 064.40 b 25.36 e 082.7 d 2636.82 c 
22 39.00 a 22.77 a 52.13 b 10.44 c 16.37 b 4.93 b 063.53 b 24.86 e 082.0 d 2398.31 c 
23 36.33 c 22.33 a 57.53 a 11.28 a 15.43 b 6.10 a 070.95 b 22.99 e 075.7 e 2325.09 c 
24 39.00 a 18.03 b 48.97 c 10.41 c 18.03 b 5.67 a 080.63 a 25.85 e 086.7 c 3178.76 c 
25 37.00 c 19.60 b 51.43 b 10.55 b 19.57 a 5.60 a 084.37 a 25.56 e 075.7 e 2978.99 c 
26 35.67 c 17.13 b 46.73 c 10.00 c 21.03 a 5.17 b 070.87 b 19.91 g 074.3 e 2109.68 c 
27 34.33 d 19.83 b 50.97 c 10.41 c 17.90 b 5.33 b 072.97 b 25.41 e 073.0 e 2862.57 c 
28 36.33 c 16.60 b 42.80 d 09.80 c 20.70 a 5.10 b 069.67 b 20.58 f 074.3 e 2040.55 c 
29 38.00 b 20.33 b 49.77 c 11.68 a 12.23 b 5.50 a 052.00 b 23.72 e 082.0 d 2711.83 c 
30 35.67 c 16.40 b 47.57 c 09.75 c 19.00 a 4.63 b 061.13 b 21.66 f 075.7 e 1964.78 c 
31 35.67 c 20.37 b 55.60 b 10.55 b 23.33 a 5.50 a 096.30 a 20.74 f 078.0 e 2897.84 c 
32 35.33 c 23.67 a 50.80 c 10.04 c 17.63 b 5.17 b 064.67 b 20.67 f 073.0 e 2098.43 c 
33 36.67 c 17.43 b 49.83 c 10.59 b 16.70 b 5.60 a 066.70 b 25.09 e 075.7 e 2716.85 c 
34 35.67 c 18.07 b 49.67 c 10.00 c 19.63 a 5.83 a 090.40 a 22.02 f 080.3 d 3112.54 c 
35 35.33 c 19.23 b 55.47 b 11.24 a 17.00 b 4.73 b 055.30 b 37.88 b 079.3 d 3101.86 c 
36 38.00 b 22.00 a 43.17 d 09.63 c 09.57 b 5.23 b 037.20 b 22.02 f 092.0 b 1473.47 c 
37 38.00 b 18.53 b 48.23 c 09.57 c 14.03 b 5.90 a 061.97 b 23.43 e 082.7 d 2828.83 c 
38 37.33 b 20.27 b 51.83 b 10.04 c 12.80 b 5.73 a 064.57 b 22.91 e 081.7 d 2336.76 c 
39 38.67 a 17.03 b 46.90 c 11.27 a 17.43 b 6.53 a 086.33 a 25.39 e 079.3 d 3231.34 c 
40 39.00 a 20.20 b 48.70 c 10.33 c 16.17 b 6.40 a 078.93 a 24.13 e 081.7 d 2516.29 c 
41 39.00 a 25.57 a 56.17 b 09.92 c 19.43 a 5.10 b 069.83 b 28.75 d 100.7 a 3567.60 b 
42 39.67 a 24.87 a 58.63 a 10.49 c 15.97 b 5.37 b 059.43 b 29.90 d 099.0 a 4013.25 b 
43 39.67 a 24.90 a 59.53 a 10.32 c 20.73 a 6.07 a 099.03 a 28.03 d 100.7 a 5347.52 a 
44 38.00 b 22.63 a 53.07 b 10.10 c 20.20 a 5.87 a 090.77 a 26.36 e 099.0 a 4657.80 a 
45 39.33 a 27.80 a 58.90 a 10.29 c 17.47 b 5.10 b 063.53 b 28.75 d 100.7 a 3753.08 b 
46 39.00 a 20.93 b 52.30 b 10.34 c 19.57 a 4.80 b 066.80 b 25.80 e 100.7 a 3740.12 b 
47 39.00 a 23.97 a 55.37 b 10.03 c 26.10 a 5.50 a 089.77 a 28.93 d 099.0 a 5221.27 a 
48 39.00 a 24.37 a 54.60 b 09.75 c 16.73 b 5.43 a 068.33 b 23.92 e 099.0 a 3718.93 b 
49 39.67 a 25.30 a 53.80 b 10.88 b 17.47 b 4.97 b 067.20 b 27.01 e 099.0 a 3837.44 b 
50 38.00 b 20.97 b 54.23 b 10.21 c 23.67 a 5.70 a 101.20 a 30.03 d 099.0 a 5743.19 a 
51 40.33 a 23.50 a 51.60 b 10.42 c 16.20 b 5.37 b 071.93 b 31.24 c 099.0 a 4623.30 a 
52 39.00 a 26.90 a 52.77 b 09.93 c 14.97 b 6.03 a 065.30 b 29.69 d 099.0 a 3577.75 b 
53 39.00 a 22.67 a 52.63 b 09.45 c 19.23 a 5.77 a 068.63 b 26.52 e 099.0 a 4026.13 b 
54 39.33 a 23.70 a 58.20 a 09.38 c 15.53 b 4.97 b 061.90 b 25.48 e 099.0 a 3566.85 b 
55 39.67 a 25.53 a 62.27 a 10.12 c 16.33 b 5.13 b 058.63 b 24.35 e 099.0 a 2798.52 c 
56 39.00 a 26.87 a 61.80 a 10.86 b 17.13 b 5.90 a 073.13 b 25.72 e 100.7 a 3337.15 c 
57 31.00 e 21.90 a 46.73 c 09.98 c 14.70 b 5.07 b 054.50 b 31.44 c 082.0 d 3065.59 c 
58 34.00 d 26.63 a 41.13 d 09.09 c 13.47 b 4.83 b 049.00 b 35.79 b 082.0 d 3083.35 c 
Gen: genotypes; 1 FLOWER = number of days to flowering; AHFPI = average height of insertion of the first pod; FAHP = final average height of 
plants; ALLP = average longitudinal length of pods; ANPP = average number of pods per plant; ANSP = average number of seeds per pod; ANSPL 
= average number of seeds per plant; W100 = average weight of 100 seeds; CYCLE = cycle; GPROD = grain productivity. 
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This characteristic has importance in the grains quality in relation to the first pod 
height insertion, that is, long pods inserted closer to the soil increase the possibility of 
diseases in the pods together with reduction in grain quality. Kappes et al. (2008) 
determined that a first pod insertion height of 15.5 cm along with the pod length of 6.4 are 
favorable to mechanized harvesting, guaranteeing grain quality and lower crop loss.  

For ANPP, ANSP and ANSPL there were two distinct groups, ranging from 9.57 to 
26.10 pods per plant, from 4.07 to 6.53 seeds per pods and from 37.2 to 104.7 seeds per 
plant. Correa and Gonçalves (2012), when analyzing the genetic divergence among 13 
genotypes, between cultivars and lines of common bean, obtained results similar to those 
observed for these characteristics, with number of pods per plant slightly above those found, 
the observed values are concordant with common bean culture and because they are factors 
of production can be considered positive at the moment of selection of parents for 
hybridization and obtaining upper segregants. 

For W100 there were seven groups, ranging from 17.21 to 43.07 grams. For the 
GPROD variable, three groups were formed, and the improved genotypes were responsible 
for the best performance, group I, with yields more than 3.566.85 Kg.ha-1. The other 
genotypes were allocated to groups II and III constituents of traditional accessions and only 
four improved genotypes, with GPROD ranging from 1.473.47 to 3.337.15 Kg.ha-1, which 
shows a superior productive performance of improved genotypes in relation to traditional 
accesses, however, when comparing this performance of groups II and III with the national 
average of common bean productivity that is 1.004.00 kg.ha-1, we observe that we have 
favorable results with potential to be explored in all genotypes studied. 

Oliveira et al. (2012), evaluating 11 cultivars of common bean obtained similar 
results for W100, presenting the formation of only three groups, but presented similar 
weight to those obtained (ranging from 17.15 to 30.00 g). Farinelli and Lemos (2010), 
reaching yields higher than 4.157.00 kg.ha-1 when evaluating agronomic characteristics and 
productive performance of 24 genotypes of common bean (carioca and black commercial 
group), confirming the fact that the improved genotypes present higher yields of grains 
through the beneficial effect of yield components such as number of pods per plant and 
mass of 100 grains. 

The observed results favor the use of these genotypes to compose the breeding 
program in question since the studied variables demonstrate the existence of genotypes with 
favorable alleles that will provide a positive increase in the production components and that 
will directly influence the yield of grains. 

The estimated divergence among genotypes, based on the generalized distance of 
Mahalanobis ( 2

'iiD ), made it possible to identify the combination with greater magnitude of 

dissimilarity between genotypes 4 (Mesoamerican) and 20 (Andean), ( 2
'iiD  = 346.01), and 

based on the genetic distance this would be the most promising crossing for maximum 
heterosis. Other combinations with high magnitude dissimilarity were found between 
genotype 11 and 20 ( 2

'iiD  = 332.88), 3 and 55 ( 2
'iiD  = 341.72) and 3 with 43 ( 2

'iiD  = 
330.62). The lowest magnitude of dissimilarity was between genotypes 13 and 26 because 
they had a minimum value of 2

'iiD  = 1.51, both belonging to the Mulatinho group, 
determining these accessions as the most similar among the others, not being recommended 
for crosses between them. According to Singh (2001) knowledge of genetic diversity makes 
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it possible to improve efficiency in the conservation, utilization and genetic improvement of 
common bean.  

In the cluster analysis of the genotypes by the Tocher optimization method, we have 
the formation of six distinct groups, allocating the most similar genotypes within the 
different groups (Table 4). Group I, composed of 22 genotypes, was the most numerous 
with 37.95% of the total, where it clustered only traditional genotypes. The group II, 
consisting of 20 genotypes, with 34.48% of all genotypes evaluated, of which only 4 are 
traditional genotypes and the others are improved genotypes. Group III was composed of 11 
genotypes (18.96%), consisting only of traditional genotypes. The group IV and V, formed 
by only two genotypes each, conferring a percentage of 18.95 of the total genotypes studied, 
allocating only genotypes of the Andean gene group, except for genotype 57, being 
Mesoamerican. Finally, group VI, containing only the genotype 58 (1.72% of the total 
studied) belonging to the Andean gene group, being a genotype of the commercial group 
Enxofre. 

 
 

Table 4. Representation of the clusters of genotypes generated by the Tocher optimization method based 
on the dissimilarity among the 58 accessions of common bean. 
 

Groups Accesses % of accesses 
I 13, 26, 30, 28, 2, 32, 9, 31, 18, 11, 4, 34, 23, 27, 33, 25, 12, 16, 38, 1, 8 and 14 037.93 
II 41, 45, 42, 49, 56, 46, 48, 54, 55, 53, 44, 43, 47, 52, 50, 51, 6, 7, 5 and 24 034.48 
III 21, 22, 29, 19, 15, 14, 40, 37, 39, 17, 10 and 36 020.69 
IV 3 and 57 003.44 
V 20 and 35 003.44 
VI 58 001.72 
Total  58 100.0 

 
The groups showed a clear division of the traditional accessions to the cultivars and 

improved lines, besides separating the genotypes of Andean of the genotypes of 
Mesoamerican origin. This distribution of genotypes in relation to the center of origin was 
also reported by Cabral et al. (2018) investigating the genetic diversity of 57 common bean 
accessions.  

Additionally Cabral et al. (2011), evaluating the genetic divergence in 57 common 
bean genotypes shows that most of the improved genotypes are clustered in only one group, 
and Rodrigues et al. (2002), with the objective of determining the genetic diversity of 
common bean cultivars in Rio Grande do Sul state, using agronomic descriptors, reported 
that the commercial genotypes evaluated presented a high degree of similarity between 
them, so these studies corroborate with the present research considering that in group II we 
have the union of 90% of the improved genotypes, that is, among them the variability is low 
in relation to the traditional accesses.  

The low diversity presented in the cultivars is linked to the center of origin and the 
domestication of the common bean culture, since, except for the line TB03-13, that has 
Andean origin, all the others have Mesoamerican origin, and as pointed out by Schmutz et 
al. (2014), in the process of domestication the reduction of diversity was more pronounced 
in the Mesoamerican races. 

The largest intragroup distance was observed in group I (dI = 26.20) and the lowest 
in group IV (dI = 19.14), where group I, besides being the largest group, is the group that 

http://www.funpecrp.com.br


©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 18 (2): gmr18299 

 
 
 
 
 
 
 
 

P.R.J dos Santos et al.                                   10 

 

has the greatest genetic variability within the group in front of the other groups formed 
(Table 5). Likewise, the greatest intergroup distance was between groups II and V (dI = 
235.37), suggesting that crosses between genotypes of these two groups tend to produce 
progenies with a broader genetic base with favorable alleles and potential to be exploited in 
the breeding program. According to Gonçalves et al. (2014), through the intergroup analysis 
we showed the most divergent genotypes, suggesting that we cross between groups with 
higher intergroup distance values. 

 
 

Table 5. Average intra and intergroup distance estimated by the Tocher optimization method based on the 
dissimilarity among the 58 accessions of common bean. 
 

 I II III IV V VI 
I 26.20 126.34 59.36 110.07 186.91 145.38 
II  25.18 55.52 235.37 188.38 171.23 
III   25.76 167.76 182.94 135.47 
IV    019.14 090.80 052.72 
V     020.35 071.32 
VI      - 

 
Between groups IV and VI, we have the smallest intergroup distance (dI = 52.72), 

determining that the cross between genotypes of these groups should be avoided, since it 
presents difficulties to generate genotypes with potential superior to the parents, since the 
parents have a lot of proximity to the characteristics. According to Vasconcelos et al. 
(2007), there will always be more homogeneity between genotypes of the same group than 
between genotypes of different groups, since the Tocher method presents the average 
distance within the groups always smaller than the average distance between the groups. 

When analyzing the dendrogram of the Hierarchical UPGMA method (Figure 1), 
we can visualize the formation of 5 distinct groups, clustering the genotypes based on the 
agronomic characteristics analyzed, providing information to choose possible genotypes to 
be selected to form a cross-scheme, thus allowing the generation of transgressive 
segregants. 

The 22 genotypes belonging to Group I (13, 26, 28, 30, 32, 11, 4, 9, 18, 34, 31, 16, 
27, 8, 14, 1, 25, 33, 12, 23 e 39) presented as main characteristics for the formation of this 
group, greater number of pods per plant and number of seeds per plant, combined with 
lower mass of 100 seeds and earlier genotypes. Group III, constituted by 15 genotypes (19, 
29, 10, 36, 37, 38, 5, 24, 40, 15, 21, 22, 6, 17 e 7) has the main characteristic of this group 
being a higher average number of seeds per pods, but in compensation they presented lower 
grain yield. Both groups were formed by genotypes belonging to the Mesoamerican gene 
group and constituted only by traditional accesses. 

The Group II, composed of the accessions 51, 52, 44, 53, 47, 50, 43, 41, 45, 42, 46, 
49, 48, 54, 55 e 56, has a characteristic of the genotypes that compose this group, the later 
cycle, in addition to presenting greater pod insertion, higher plant height and higher grain 
yield, since only promising cultivars or lines were allocated in this group. Group IV, 
constituted by accessions 20 and 35, having the main characteristics of the group, due to the 
greater length of pod and mass of 100 seeds, and lower height of pod insertion, lower 
number of seeds per pod and seeds per plant. Group V, formed by accessions 3, 57 and 58, 
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Thus, the genetic divergence observed between the groups formed by the two 
Tocher and UPGMA methodologies allows us to select improved parents with positive 
characteristics for productivity and mechanized harvest, with traditional accessions that 
present favorable alleles for precocity, that can be crossed and thus obtain transgressive 
segregants for the characteristics of precocity and productivity, which allow us to initiate a 
common bean genetic improvement program. 

CONCLUSIONS 
 
The genotypes presented significant genetic variability, indicating that they are 

promising for exploitation in a breeding program, especially the genotypes: 11 (Manteigão), 
13 (Mulatinho) and 16 (Carioca), which are earlier, besides presenting greater dissimilarity 
when compared with genotypes 43 (IPR Uirapuru) and 51 (FT 08-47), and are highly 
productive, being useful therefore for initiating a common bean breeding program. 
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