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Abstract

The agronomic performance and heterosis of common bean genotypes were evaluated using
the diallel cross between two cultivars IPR Uirapuru and IPR Campos Gerais and five local
varieties BGU-1, BGU-7, BGU-13, BGU-36 and BGU-36 and its 21 possible diallel hybrids.
The treatments were evaluated under greenhouse conditions in a randomized block design
with ten replications, at the Empresa Mato-Grossense de Pesquisa, Assisté@cia e Extens&
Rural (EMPAER), in the county of C&eres, state of Mato Grosso, Brazil. The characteristics
were evaluated: average number of days for emergence, number of days for flowering,
average height of insertion of the first pod, average final height of plants, average stem
diameter, average longitudinal length of pods, average total number of pods per plant,
average number of seeds per pod, average number of seeds per plant, average weight of seeds
and grain production. Based on the set of analysis performed and the characteristics evaluated,
it can be concluded that for the increase in production the combinations composed by the
parents IPR Uirapuru x BGU-1, IPR Uirapuru < BGU-6, BGU-7 x BGU-1, BGU -7 x
BGU-36, BGU-1 x BGU-36, BGU-25 x BGU-36 and BGU-13 =< BGU-36 showed positive
heterotic magnitudes being the most promising to provide highly productive lines.
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1. Introduction

Worldwide, common beans (Phaseolus vulgaris L.) are the most important legume in terms
of food, due to their grain being a rich source of essential proteins and amino acids (Talukder
et al., 2010; Kalavacharla et al., 2011). It is widely cultivated in different parts of the world as
well as in Brazil where it is produced in practically all regions of the country, using different
technological levels in the production systems (Baldissera et al., 2012).

Common beans have high genetic diversity, however in Brazil as in the world, genetic
variability is tending to extinction, due to the intense cultivation of single cultivars, or those
from a few parents (Tsutsumi et al., 2015). Bitocchi et al. (2013) points out those bean
cultivars of Mesoamerican origin suffered a severe reduction in genetic diversity, showing
loss of 72% of diversity during the domestication process.

The expansion of genetic diversity via hybridizations between contrasting superior parents
for the characters of interest is widely used in breeding programs, since these hybridizations
aim to combine desirable allele progenies that were in different parents (Zimmermann et al.,
1996; Rocha et al., 2014).

Information about the behavior of progenies is obtained by diagnosing the results that can be
performed by average of diallel analyzes that aim to estimate the general and specific
combining ability by the Griffing model (1956), to estimate the values of average, varietal
heterosis and specific by the method of Gardner & Eberhanrt (1966) and provides
information on genetic control by the method of Jinks & Hayman (1953) (Cruz, 2006).

In addition to the analyzes mentioned above, Kurek et al. (2001) and Silva (2013),
demonstrate that the use of the original average values of the evaluated characteristics
facilitates the verification of the best parents in advance of the diallel analysis, demonstrating
the agronomic variability and potential that exists between the evaluated genotypes and
hybrids. Several researchers Atnaf et al. (2014), Rocha et al. (2014), Senbetay & Tesfaye
(2015) and Vale et al. (2015), studied the averages previously and/or used it as an addition to
the results of the diallel analyzes.

The evaluation of the agronomic performance of progenies and heterosis, which is defined as
the genetic manifestation of the beneficial effects of hybridizations (Vieira, 1964; Falconer,
1987), has been analyzed among bean breeders in order to verify the increase in the desired
characteristics (Barelli et al., 1998; Torres et al., 2002; Vidigal et al., 2008; Tiruneh et al.,
2013; Ceyhan et al., 2014).

Vieira (1964), points out that the heterosis in beans can manifest itself in several ways, by the
increase in the number of pods per plant, in the height of plants, in the number of grains,
among others. In this context, the present research aims to evaluate the agronomic
performance and the heterotic gain of parents and their respective common bean hybrids.

2. Material and Methods

Seven common bean genotypes, five local varieties BGU-7, BGU-1, BGU-13, BGU-25 and
BGU-36 from the Active Germplasm Bank (BAG) from Phaseolus vulgaris from the State
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University of Mato Grosso, campus of C&eres and two commercial cultivars IPR Uirapuru
and IPR Campos Gerais both from the Agronomic Institute of Parana(lAPAR), were used for
the production of hybrids in a complete dialect scheme, without reciprocal. In the
hybridization process, the emasculation methodology of the floral button with interlacing was
used (Peternelli & Borém 1999). The crossings were carried out in a greenhouse in the
morning (07:00 to 10:00 h) and afternoon (15:00 to 18:00 h), in which the temperature during
the hybridizations varied from 20 <€ to 34 <€.

The 21 hybrids together with the seven parents were evaluated from February to April 2017,
in a greenhouse condition in the Empresa Mato-Grossense de Pesquisa, Assistécia e
Extens& Rural (EMPAER), in the county of C&eres—MT, (16°43°42” South and longitude
57°40°51”). The characteristic climate of the region, according to the K&pen classification,
is of the tropical, hot, humid and dry winter (Awa) type, with rainy periods varying from
October to March, and drought from April to September (Dallacort et al., 2014).

The cultivation of the parents and their hybrids were carried out in plastic pots, with a
capacity of 5.0 L. The substrate used was the commercial Topstrato HT®, prior to planting,
mineral fertilization was performed, consisting of 20 g of N, P20s and K20 4-14-8 per pot.
After 15 days, fertilization started, with weekly application of nitrogen at a dosage of 50
mg/dm?® in coverage, using ammonium sulfate [(NH4)2SOa4] as the source. When flowering
occurred, potassium chloride (KCI) was also applied, at a dosage of 75 mg/dm?3, weekly,
together with nitrogen. Four seeds were used per pot, seven days after emergence, thinning
was performed, leaving two plants per pot.

The design used was randomized blocks, with 28 treatments and ten repetitions, in which the
experimental unit was composed of a pot with two bean plants. The following characteristics
were evaluated: average number of days for emergence (EMERG), number of days for flowering
(FLOWER), average height of insertion of the first pod (INSERT) expressed in centimeters
average final height of plants (HEIGHT) expressed in meters, average stem diameter (SD),
average longitudinal pod length (LL), average total number of pods per plant (PP), average
number of seeds per pod (SPOD), average number of seeds per plant (SPLANT), average seed
weight (WEIGHT50) expressed in grams grain production (PROD) expressed in grams/plants.

The experimental data were submitted to analysis of variance and, when significant by the F
test, the averages were grouped by the Scott-Knott test at 1% probability of error. The
average percentage heterosis, for each evaluated trait, was obtained in relation to the average
of the parents, through the following expression:

v Y_n +Y i
Hmp(%) =| Y — o %100
Hmp (%)is the average percentage heterosis;

Y ij, Yiie \?jj are the respective averages of the combination ij and the parents i and j.
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All statistical analyzes were performed with the aid of the computer program Genes version
2016.6.0 (Cruz, 2013).

\ MacrOthi“k Journal of Agricultural Studies

3. Results and Discussion

For all characteristics evaluated, significant differences were recorded at the level of 1%
probability (Table 1), showing the existence of genetic diversity among the parents used in
the diallel crosses, which allows genetic gains in the bean breeding program using these
parents. The existence of this genetic variability in the genotypes used as parents, is of
fundamental importance for works of this nature, as emphasized by Krause et al. (2012),
Rocha et al. (2014) and Leite et al. (2019).

The coefficients of experimental variation (CV), shown in table 1, were low to medium in
magnitude, as pointed out by Pimentel Gomes (2009), indicating good experimental precision,
considering that the CV was less than 20%. Except for the characteristics Height of insertion of
the first pod, total number of pods per plant, average number of seeds per plant and average
grain production, which reached CV of 31.66, 26.23, 27.16 and 32.27%, these higher CV
results for these characters in bean culture are expected, since characters linked to production
and controlled by several genes tend to be influenced by the environment. High CV values in
the bean culture for characters linked to production have been previously reported by
Baldissera et al. (2014), Rocha et al. (2014), Gerrano et al. (2015) and Correa et al. (2015).

The analysis of grouping of average of the parents and hybrids in relation to the evaluated
characters were performed by the Scott-Knott™s test. The use of averages facilitates the
verification of the best parents and demonstrates the agronomic potential of their respective
hybrids. For the characteristic of emergence and flowering, the objectives are similar in that
individuals with lower average values are sought, that is, individuals who have a shorter
seedling emergence period and also shorter flowering times, thus combining 3 x4, 3 %6, 4 <7
and 5 =6 stood out in both characteristics presenting values of 3.80, 3.35, 3.45 and 3.37 days
for emergency and 33.20, 33.20, 33.60 and 33.60 days to flowering, respectively (Table 2).

Table 1. Summary of the analysis of variance for 11 evaluated agronomic characteristics, parents
and respective hybrid combinations, resulting from the diallel crosses between seven genotypes
(two cultivars and five local varieties) of Phaseolus vulgaris L. Caeres-Mato Grosso

Mean square’*

FV GL EMERG FLOWER INSERT HEIGHT SD LL PP SPOD SPLANT  WEIGHTS50 PROD

Blocks 9 0.6487 4.7286 133.7151 0.2165 1.7538 0.0938 49.7509 0.3218 1254.8521 8.4873 58.2458

Genotypes 27 3.5777%* 28.6032**  1247.6618**  3.3765**  2.8238** 2.9373** 107.9482** 3.5976** 3949.1583**  30.1585**  88.5817**
Error 243 0.4487 2.0850 145.9691 0.1163 0.2814 0.1946 31.3799 0.7787 685.0527 5.4728 28.4131
Average - 4.36 35.54 38.17 1.98 5.52 10.38 21.36 4.56 96.37 27.48 16.52
CV (%) - 1535 4.06 31.66 16.25 9.62 4.25 26.23 19.35 27.16 8.51 32.27

YEMERG = average number of days for emergence; FLOWER = number of days to flower;
INSERT = average height of insertion of the first pod; HEIGHT = final plant height; SD =
average stem diameter; LL = average longitudinal length of pods; PP = average total number
of pods per plant; SPOD = average number of seeds per plant; SPLANT = average number
of seeds per pod; WEIGHT50 = average weight of 50 seeds and PROD = average grain
production. ** significant at the 1% probability level, by the F test.
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Table 2. Averages values of the parents and respective F1’s hybrids for 11 agronomic
characteristics evaluated in hybrid combinations and their parents, resulting from the diallel
crosses between seven genotypes (two cultivars and five local varieties) of Phaseolus

vulgaris L
Agronomic characteristicsY/
Parents/hybrid
combinations EMERG FLOWER INSERT HEIGHT SD Lt PP SPOD SPLANT WEI(O;HTS PROD
IPR Uirapuru (1) 4.15¢¥ 38.20a 34.30c 1.87b 6.19b 10.06 ¢ 18.20c 5.26 a 95.75¢ 2591b 12,95 b
BGU-7 (2) 430c 37.40b 28.50d 2.26b 6.36 b 9.72¢ 20.70c 4.88 a 100.10 ¢ 2440c 12,20 b
BGU-1 (3) 5.53a 35.00¢c 25.45d 091c 5.11d 11.15a 18.25¢ 3.88b 70.60 c 27.60b 13,80 b
BGU-25 (4) 490b 34.90c 26.35d 0.95¢ 5.39¢c 9.92¢ 18.05¢ 441b 79.80¢c 27.04b 13,52 b
BGU-13 (5) 458b 33.50d 22.45d 0.72¢c 5.87d 9.63 ¢ 18.10¢c 4.38b 78.35¢c 23.34c 11,67 b
BGU-36 (6) 5.55a 3840a 54.80 a 227b 5.03d 947¢c 22.85¢c 341b 76.70 ¢ 28.63a 1431b
IPR Campos gerais (7) 427c 37.40b 44.35b 220b 579b 10.38 b 21.15¢ 4.07b 84.75¢ 2894 a 14,47b
1x2 4.00c 38.10a 34.25¢ 2.29b 731a 10.32b 31.30a 511a 15520 a 2595b 22,29a
1x3 490b 38.50 a 29.10d 215b 5.83b 11.38a 25.35b 5.56 a 11450 b 29.76 a 20,89 a
1x4 467b 35.90¢c 36.50 ¢ 220b 542c¢ 10.31b 21.35¢c 498 a 114.95b 27.03b 16,13 b
1x5 473b 36.90 b 38.15¢ 212b 6.16 b 10.48 b 2150c¢c 5.23a 11255b 2758 b 17,9 a
1x6 422¢c 35.20¢c 58.80 a 2.56 a 5.27¢c 10.28 b 19.85¢ 3.80b 74.10c 29.48a 17,64 a
1x7 4.05c 37.10b 47.05b 2.25b 5.87b 10.50 b 2250¢c 5.05a 120.75b 27.03b 16,17 b
2x3 472b 35.60 ¢ 28.70d 2.18b 550c 11.04 a 2470 b 4.47 a 11555b 28.23a 18,29 a
2x4 4.20c 3540c 34.60 c 2.32b 5.62¢c 10.32b 21.85¢ 484 a 108.40 b 26.41b 15,81 b
2x5 5.28 a 36.50 b 30.90d 2.08b 549c¢c 9.99¢ 2255¢ 4.68 a 108.50 b 26.27b 1433b
2x6 4.25¢ 35.60 ¢ 57.73a 2.75a 5.27¢c 9.80c 19.30¢c 3.78b 75.10c 30.74a 18,80 a
2x7 3.60d 35.10c¢c 39.75¢ 210b 6.08 b 10.32b 21.95¢ 491a 106.30 b 25.86 b 15,77b
3x4 3.80d 33.20d 29.00d 111c 4.98d 11.32a 17.25¢ 491a 85.25¢ 27.23b 14,93 b
3x5 470b 34.20d 23.90d 0.83¢c 4.88d 10.78 a 18.55¢ 543a 73.00c 26.02b 13,01 b
3x6 3.35d 33.20d 44.05b 220b 4.89d 11.04 a 20.70c 356b 91.75c¢ 28.46a 20,04 a
3x7 4.38¢c 34.80c 47.30b 2.28b 4.95d 11.39a 19.15¢ 498 a 95.00 ¢ 28.28a 14,14b
4x5 5.00b 34.90c 22.75d 1.03¢ 6.72a 9.92¢ 30.00 a 423b 125.90 b 25.75b 21,76 a
4x6 387¢c 32.80d 36.27 ¢ 2.34b 5.26 ¢ 10.17 b 19.45¢ 479 a 82.45c¢c 2891a 17,25a
4x7 3.45d 33.60d 42.05b 2.33b 5.06d 10.35b 2040c 451a 92.20¢c 29.80 a 16,46 b
5x6 3.37d 33.60d 49.70 b 244 a 4.89d 9.70 ¢ 22.00c 357b 79.10c 29.89a 20,90 a
5x7 442¢c 34.90c 42.90 b 215b 5.03d 10.46 b 19.95¢ 479 a 94,90 c 27.29b 19,13a
6x7 3.90c 35.30¢c 59.00 a 2.30b 5.11d 10.37b 21.10c 411b 86.95c 27.46 b 17,77 a

YEMERG = average number of days for emergence; FLOWER = number of days to flower;
INSERT = average height of insertion of the first pod; HEIGHT = final plant height; SD =
average stem diameter; LL = average longitudinal length of pods; PP = average total number of
pods per plant; SPOD = average number of seeds per plant; SPLANT = average number of seeds
per pod; WEIGHT50 = average weight of 50 seeds and PROD = average grain production.
2 Averages followed by the same letter do not differ by the Scott-Knott test, at the level of 1%.

These average values presented in the present research for the flowering characteristic are
better when compared with 11 common bean cultivars from the early group evaluated by
Leite et al. (2015) whose flowering values were 38.66 to 44.33 days as well as the result of
the hybrid combinations of the research carried out by Atnaf et al. (2014) who obtained
average values from 38.5 to 52.5 days. With this, the hybrid combinations 3 x4, 3 <6, 4 <7
and 5 x 6 showed potentiality in the precocity question and can be explored in genetic
improvement programs in obtaining superior segregating populations.
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Regarding the height of insertion of the first pod, the values of the parents and their
respective combinations, the values will ranged from 22.45 to 59.00 cm (Table 2), these
values are satisfactory since values above 15 cm facilitate production in large scale
facilitating mechanized harvesting and providing less grain losses, since it avoids direct
contact of pods with soil as pointed out by Oliveira et al. (2014).

About the plant height Gonalves (1979) points out that cultivars that exhibit greater plant
height are highly desired, since the plant height is related to grain yield, thus the hybrid
combinations 1 %<6, 2 <6 and 5 <6, made up the group with the highest averages with 2.56,
2.75 and 2.44 cm, respectively (Table 2), being those indicated for breeding programs that
aim to increase these characteristics.

Regarding the stem diameter, genotypes are separated into four groups, with values ranging
from 7.31 to 4.88 cm (Table 2). According to Coelho et al. (2007) this characteristic is not
very relevant in research that analyzes genetic divergence and in the identification of
duplicity in germplasm collections. However, the stem diameter plays an important role in
supporting the plant, so that larger diameters prevent lodging, facilitating the mechanization
process as pointed out by Oliveira et al. (2014). In this sense, the values obtained in this
research are adequate for good plant support in the soil and ease for mechanized harvesting.

For medium longitudinal length of the pods, three groups were formed, with the highest
averages ranging from 10.78 to 11.39 cm. Regarding the total number of pods per plant, the
formation of three groups can be observed (Table 2). With the superior results being obtained
by hybrid combinations 1 %2 and 4 x5 with an average of 31.30 and 30.00 pods per plant,
respectively. These results are similar to the hybrid bean combinations of the research carried
out by Arunga et al. (2010) in which the pod average per plant varied from 16.64 to 32.40 and
higher than the results obtained by St&nelin et al. (2011), in research evaluating the genetic
diversity of 38 accessions and 2 commercial cultivars IPR Uirapuru and BRS Supremo, with
an average number of pods per plant ranging from 6.7 to 21.3.

The hybrid combinations and the parents were grouped into two groups for the average
number of seeds per pod, with the group consisting of the hybrid combinations 1 <2, 1 <3, 1
x4,1 x5 1x7,2x%x3,2x%x4,2x52x7,3x4,3x5 3x7,4x6,4x7,5x7andthe
parents IPR Uirapuru (1) and BGU-7 (2), stood out with an average of seeds per pod from
4.88 to 5.56 (Table 2). These results are similar to the hybrid combinations of the research
Kurek et al (2001), in which these authors evaluated the hybrid combinations of the cultivars
Rud3a Pé&ola and Cl 9661 of the group from Rio, and CI 967/2V, IAPAR 44 and FT Nobre of
the group of black beans that presented values from 4.70 to 5.60.

The hybrid combination composed by the parents IPR Uirapuru (1) and BGU-7 (2), obtained
the best result for the average number of seeds per plant, with an average of 155.20 (Table 2).
Followed by the hybrid combinations composed by the parents 1 <3, 1 x4, 1 x5, 1 x7,2 x
3,2 x4,2x5 2x7and 4 x5 also stood out, presenting superior results in their parents.
Such results are relevant to the genetic improvement program, considering that several hybrid
combinations were superior to the parents, this demonstrates the beneficial effects of
hybridization as previously reported by Santos et al. (2011).
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For the average weight of 50 seeds, the parents and their respective hybrids were grouped
into 3 groups, the group that showed superiority showed average values of 28.23 to 30.74 g,
being composed by the parents BGU-36 (6) and IPR Campos Gerais (7) and hybrid
combinations 1 <3, 1 x6, 2 x3,2 %6, 3 x6,3 x7,4 x6,4 <7 and 5 x6. These results were
satisfactory for the bean culture and the hybrid combinations of the LPSPI 93-17, LPSPI -
93-19, FT-Nobre, Aporé Rudaand Camped&o-1 parents were also superior in the research
carried out by Barelli (1997) in which the best hybrid combination obtained 15.20 g.

A\\ Macrothi“k Journal of Agricultural Studies

Comparing the estimates of grain production averages, the Scott-Knott cluster analysis shows
the formation of two groups, the one with the best result being composed exclusively by the
following hybrid combinations: 1 %2, 1 x3,1 x5, 1 %6, 2 %3, 2 X6, 3 X6, 4 x5, 4 x6,5 x
6, 5 %7 and 6 <7 in which they obtained values from 17,25 to 22,29 g/plant (Table 2).

In the evaluation of the average percentage heterosis, the hybrid combinations expressed
negative and positive values. According to Barelli et al. (1998) the results for each trait must be
carefully analyzed, according to what is really desired in each genetic improvement program,
bearing in mind that, for some characteristics, negative values are preferred to positive ones. As
for the emergence feature, which actually aims, how much comes in seedling emergency period
IS negative heterosis for portraying smaller planting time intervals to the emergence of
seedlings. In this way, it can be said that the best hybrid combinations for these characteristics
were 3 <6, 5 <6 with percentage values of heterosis of -39.54 and -33.38% respectively (Table
3). Note that these combinations expressed the lowest averages for the number of emergency
days, whose respective average values were 3.35 and 3.37 days (Table 2).

Table 3. Heterosis estimates of the 21 hybrid common bean combinations, based on parents'’
averages values (HMP)

Hybrid Average percentage heterosis

combinations YEMERG FLOWER INSERT HEIGHT SD LL PP SPOD SPLANT WEIGHT50 PROD
1x2 -5.32 0.79 9.07 10.85 1649 435 60.92 0.85 58.48 3.14 77.24
1x3 1.21 5.19 -2.59 55.32 310 729 39.09 2159 37.66 11.21 56.15
1x4 331 -1.77 20.36 56.66 -6.48 3.17 17.79 3.07 30.95 2.09 21.82
1x5 8.39 2.92 34.44 63.74 11.39 6.38 1845 8.44 29.29 12.00 46.09
1x6 -12.88 -8.09 31.98 23.69 -6.13 523 -3.28 -12.28 -14.06 8.10 29.38
1x7 -3.85 -1.85 19.64 10.78 -209 276 1435 8.22 33.79 -1.42 17.93
2x3 -4.06 -1.65 6.39 37.44 -418 574 26.82 2.15 35.38 8.58 40.72
2x4 -8.52 -2.07 26.16 44.38 -432 504 1277 4.25 20.51 2.67 22.98
2x5 18.94 2.96 21.29 39.32 -224 326 16.23 1.14 21.60 10.04 20.12
2x6 -13.70 -6.06 38.60 21.39 -759 211 -11.36 -8.79 -15.04 15.96 41.79
2x7 -16.03 -6.14 9.12 -5.83 070 272 4.89 9.82 15.01 -3.02 18.29
3x4 -27.14 -5.00 11.96 19.78 -515 7.46 -495 1837 13.36 -0.33 9.28
3x5 -7.06 -0.14 -0.20 2.31 -219 370 2.06 31.36 -1.98 2.16 2.16
3x6 -39.54 -9.53 9.78 38.41 -356 7.03 0.72 -2.30 24.57 121 42.58
3x7 -10.61 -3.86 35.53 46.63 -911 580 -279 2521 22.30 0.04 0.04
4x5 5.45 2.04 -6.76 23.83 3093 148 6597 -3.78 59.21 2.22 72.77
4x6 -25.83 -10.50 -10.59 45.49 083 492 -4.88 22.54 5.36 4.13 23.98
4x7 -24.79 -7.05 18.96 47.62 -9.56 2.01 4.08 6.39 12.06 6.44 17.59
5x6 -33.38 -6.53 28.67 62.55 -1.22 151 7.44 -8.22 2.031 15.03 60.84
5x7 -0.09 -1.55 28.44 46.79 -5.68 4.59 1.65 13.35 16.37 441 46.37
6x7 -20.61 -6.86 19.02 2.69 -5.66 453 -4.09 9.81 7.71 4.59 23.49
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YEMERG = average number of days for emergence; FLOWER = number of days to flower;
INSERT = average height of insertion of the first pod; HEIGHT = final plant height; SD =
average stem diameter; LL = average longitudinal length of pods; PP = average total number
of pods per plant; SPOD = average number of seeds per plant; SPLANT = average number of
seeds per pod; WEIGHT50 = average weight of 50 seeds and PROD = average grain
production.

About the flowering, whose objective is similar to that intended for the emergence
characteristic, the combinations between parents 4 <6, 3 <6 and 1 <6 showed the highest
negative magnitudes of heterosis of -10.50, -9.53 and -8.09% respectively (Table 3). Of these,
only the first two combinations are in the group with the lowest flowering days with average
values of 32.80 and 33.30 days (Table 2). In this way, the hybrid combinations mentioned
above have potentiality in the precocious question and can be explored in genetic
improvement programs in obtaining superior segregating populations.

For the height of insertion of the first pod, the average heterosis ranged from -0.20 to 38.60%,
unlike the characteristics mentioned above, positive values are desirable, thus the combinations
2 x6,3 x7and 1 x5 are stood out with positive magnitudes of 38.60, 35.53 and 34.44%,
respectively. It is noteworthy that hybrids with greater heterosis are not always synonymous
with the elevation of the trait under study, since heterosis depends both on the amount of loci in
heterozygosis and on the average of the parents (SILVA 2013; FARIA et al., 2012).

Referring to plant height characteristics, the 1 <5 and 5 % 6 combinations obtained the
highest magnitudes with values of 63.74 and 62.55% respectively (Table 3). These values are
higher than those obtained by Barelli et al. (1998), whose most promising combinations were
LPSPI 93-19 x Aporé& LPSPI 93-17 x Aporéand FT-Nobre x Aporé& with 41.05, 24.47 and
23.05%, respectively.

Regarding the total number of pods per plant, the best results were obtained by combinations
between parents 1 <2 and 4 x5 with heterosis of 60.92 and 65.97%, respectively (Table 3).
This characterizes that these combinations are extremely important, when the intention is to
obtain bean plants that contain a greater number of plant pods. For the characteristic stem
diameter, whose objective is to increase to avoid lodging the plants positive estimates of
heterosis should be preferred, the highest magnitudes obtained by the combinations were
30.93 and 16.49%, for the 4 <5 and combinations 1 %<2, respectively (Table 3).

The highest magnitudes of average heterosis for the characteristic longitudinal average length
of the pods were obtained by the hybrid combinations 3 <4, 1 %3 and 3 %6, with respective
values of 7.46, 7.29 and 7.03% (Table 3). Similar results were obtained by Barelli et al.
(1998), obtained with the highest heterotic magnitudes being expressed by the combinations
between the genomes Aporéx Ruda(4.84%), LPSPI 93-17 x Aporé (4.62%) and LPSPI
93-19 x FT-Nobre (4,26 %).

The values of heterosis observed for total number of pods per plant ranged from -4.95 to
65.97%, in which combinations between parents 4 x5 and 1 x 2, should be preferred in
breeding programs because they presented the highest positive magnitudes of 65.97 and
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60.92%, respectively, this fact represents that these combinations are more than 60 %
superior compared to the best parent of their combination. These values observed in this
study are higher than those observed by Goncalves-Vidigal et al. (2008), evaluating the
hybrid combinations generated by the parents BRSMG Talism& IPR Uirapuru, FT Soberano,
BRS Campeiro, IAC Tybat&and IPR Juriti.

The estimates of the effect of heterosis specify for the average number of seeds per pod show
favorable effects to increase this characteristic through the crossings between the parents 4 x
6 and 3 x 5, since they present a high percentage of heterosis of 22.54 and 31, 36,
respectively (Table 13). These heterosis values (%) of the present research are similar to the
results obtained by Torres et al. (2002), in the state of Durango-Mexico where the best
combination for this characteristic was obtained by crossing Bayo victoria and Durango 222
with a heterosis value of 35.41%. Goncalves-Vidigal et al. (2008), obtained higher values
with the combination BRS Campeiro x IAC Tybatawith heterosis of 123.76%.

The values of heterosis for the average number of seeds per plant varied from -15.04 to
59.21%, and the combinations indicated for breeding programs for positive increase of this
characteristic are 4 <5 and 1 <2 presenting a heterosis of 59, 21 and 58.48%, respectively
(Table 3). The values of these combinations are similar to the results obtained by Tiruneh et al.
(2013), in a research carried out at the Agricultural Research Center Melkassa, in Ethiopia,
for this characteristic with values of 57.88% for the combination between the parents of
common beans Zebra ><Red wolayta.

For the average weight of 50 seeds, except for the combinations 6 <7 and 1 <7, all the others
obtained positive values for heterosis, presenting genetic gain in at least one of the parents of
their combination. However, the combinations 4 <7, 2 <6, 1 x3 and 5 %6 stood out because
they presented respective heterosis values of 6.44, 15.96, 11.21 and 15.03% (Table 3).

The heterosis for average grain production was positive for all hybrid combinations, with the
most promising combinations being composed by the following crossings between the
parents 1 <2, 4 x5 and 5 x6, with 77.24, 72.77 and 60,84 % respectively (Table 3). These
combinations showed results superior to those obtained by Silva et al. (2013) evaluating 14
bean parents in partial diallel in Vigosa, Minas Gerais, in which their best combination for
this trait was composed by the crossing between the A525 =< L2 lines that showed a 55.99%
heterosis.

4. Conclusion

Based on the set of analysis performed and the characteristics evaluated, it can be concluded
that:

For the precocity question, the combinations between the parents BGU-25 < BGU-36 and
BGU-1 x BGU-36 stood out, being able to generate promising lines with shorter period of
emergence and flowering of the plants.

To increase production, the combinations composed by the parents IPR Uirapuru < BGU-1,
IPR Uirapuru xBGU-6, BGU-7 xBGU-1, BGU-7 xBGU-36, BGU-1 xBGU-36, BGU-25 x
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BGU-36 and BGU-13 x BGU-36 showed positive heterotic magnitudes being the most
promising for providing highly productive lines.
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