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ABSTRACT. The search for genetic material of snap beans with 
desirable yield traits is of utmost importance for yield increase in 
Brazil. We evaluated 12 snap bean genotypes by diallel crosses that 
presented characteristics of interest, so as to select the best genitors to 
generate productive populations in the snap bean breeding program 
of the Universidade Estadual do Norte Fluminense in Rio de Janeiro 
state, Brazil. Diallel crosses were performed applying Method 2 of 
Griffing. The F1 generation, composed of 36 hybrid combinations, 
was evaluated in a greenhouse, in a completely randomized design 
with two replicates. The traits evaluated were: pod weight, length, 
width and thickness, number of seeds and seed weight. There were 
significant differences among genotypes for most variables, 
indicating genetic variability between snap bean lines. The following 
genitor genotypes proved to be the most suitable when the trait to be 
improved was yield: Top Seed Blue Line, UENF 1445, UENF 7-20-
1, and UENF 7-10-1. The hybrids with higher values of combining 
ability estimates are indicated to generate promising segregating 
populations. Thus L3 (Top Seed Blue Line) × L18 (UENF 9-24-2), 
and L12 (UENF 7-14-1) × L1 (UENF 1445) hybrid combinations 
showed the best estimates of specific combining ability for the traits 
under evaluation, suggesting a high probability of obtaining superior 
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genotypes. The efficiency of selection for these traits is based on 
additive genic action and demonstrates progress in the of snap bean 
breeding program. 
 
Key words: Phaseolus vulgaris; Genetic breeding; General and specific 
combining ability; Gene action 

INTRODUCTION 
 
Snap bean product can improve social conditions by reducing the level of 

unemployment in rural areas and generating opportunities for diversification for small 
producers. This is a widely consumed and commercialized crop in Brazil, with production 
distributed among the Northeast, Midwest, Southeast and South regions (Melo and Vilela, 
2007). Rio de Janeiro state, considered one of the largest Brazilian centers of production 
and marketing of this vegetable, has been very promising in snap bean production, being 
responsible for 21% of the total produced in the southeast region (IBGE, 2006).  

The cultivation of snap beans in Rio de Janeiro is a traditional activity and, given its 
relevance for the agriculture of the state, the search for genetic materials with desirable 
traits for yield is of great interest. However, this state still exhibits a productivity considered 
low because it does not have a cultivar with high productivity for this region. 

In this way the search for genetic materials with characteristics desirable to the 
production is of high importance. High yields can be obtained from the use of more 
enhanced cultivation techniques or from using genetically superior cultivars, which are 
considered to be the most promising.  

The hybridization stage among contrasting genitors that display traits of interest is 
the first stage of a breeding program. Among all the analyses, diallels are allow estimating 
the best hybrid combinations, enabling to advance generations applying the selected 
genotypes, as they present favorable alleles for the traits of interest (Engelsing et al., 2011; 
Carvalho et al., 2016).  

In genetic breeding programs, the identification of snap bean lines with a high 
potential for pod and grain yield should be prioritized, and then line selection be made 
based fiber content (Londero et al., 2006). Moreover, breeding programs must satisfy the 
consumer market, focusing on the nutritional quality of the crops.  

Consequently, this research was conducted to select snap bean genotypes that 
present promising agronomic traits. 

MATERIAL AND METHODS 

Genetic Material and Conduction of the Experiment  
 

At first, diallel crosses among 12 snap bean genotypes were conducted, three 
commercial varieties and nine lines from the snap bean breeding program of the 
Universidade Estadual do Norte Fluminense Darcy Ribeiro – UENF, Rio de Janeiro State, 
Brazil. The genotypes used as genitors were selected regarding the traits of interest, 
evaluated from 37 morphological and agronomic traits, in accordance with the Minimum 
Morphological Descriptor List for Bean (Phaseolus vulgaris) (Formulário de Descritores 
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Morfológicos Mínimos de Feijão), recommended by the National Service for Cultivar 
Protection (Serviço Nacional de Proteção de Cultivares – SNPC) (Table 1).  
 
 

Table 1. Lines used as genitors and respective morphological markers applied.  
 

Line Flowering 
in days Genitor Flower 

Color 
Pod Color at 
Maturation 

L1 - Progenitor 19 (UENF1445) 38 Male White Yellow 
L2 – Feltrin 37 Female White Yellow 
L3 - Top Seed Blue Line 40 Female White Yellow 
L4 - UENF 7-3-1 37 Male Pink Purple 
L6 - UENF 7-5-1 40 Female Pink Yellow 
L7 - UENF 7-6-1 41 Female White Yellow 
L10 - UENF 7-10-1 40 Female Pink Purple 
L11 - UENF 7-12-1 40 Male White Purple 
L12 - UENF 7-14-1 38 Female Pink Purple 
L13 - UENF 7-20-1 40 Male White Yellow 
L18 - UENF 9-24-2 39 Male Purple Yellow 
L20 - UENF 14-3-3 35 Male Purple Purple 

 
The F1 generation and the genitors were evaluated, in 2013, at a greenhouse in the 

Research Support Unit (Unidade de Apoio à Pesquisa - UAP) of the Universidade Estadual 
do Norte Fluminense, in a completely randomized design with two replicates, resulting in 
48 treatments, being 12 genitor genotypes and 36 hybrid combinations. Plants were sown by 
hand in 5 L pots with three seeds per pot. Thinning was carried out 10 days after sowing, 
leaving one plant per pot, and the tutoring was made using pieces of flat zinc wire and 
string. Irrigation was manually done, and phytosanitary treatments were performed 
following the recommendations of Filgueira (2013). 

Traits Evaluated 
 
The evaluated traits comprised the crop cycle of snap bean, estimated by the 

number of days from the date of planting to the date of flowering, when at least 50% of the 
plants had open flowers; flower color, evaluated during flowering; pod color, analyzed 
during physiological maturation; pod weight (PW), total weight in grams (g) of dry 
pods/plant in precision scale; seed weight per plant (SWPP), weighing of seeds/plant, after 
pod threshing, in a calibrated precision scale; pod length (PL), measurement in centimeters 
(cm) of dry pods with a ruler; pod width (PWID), measurement in millimeters (mm) at the 
central position of dry pods, with a digital pachymeter; pod thickness (PT), measurement in 
millimeters (mm) of dry pod with a digital pachymeter; and number of seeds per plant 
(GNPP), count of seeds per plant.  

Statistical Analyses 
 
The analyses of variance of all the agronomic traits were individually conducted for 

each trait regarding the effect of treatments as fixed. The statistical model used for the 
analysis of combining ability, derived from the mean of replicates, followed the model 
indicated by Geraldi and Miranda Filho (1988) adapted from the method 2 and model I of 
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Griffing (1956), in which the genitors are included in the analysis, and the experimental 
material is considered a fixed set of lines, according to the following model: 

 
ܻ = ߤ + 1

2ൗ (݀ଵ + ݀ଶ) + ݃ + ݃ + ݏ +                   (Eq. 1)ߝ
 

in which Yij = cross mean involving the i-th genitor of group I and the j-th genitor of group 
II; μ = overall mean of the diallel; d1, d2 = contrasts comprising means of groups I and II 
and the overall mean; gi = effect of the general combining ability of the i-th genitor of 
group I; gj = effect of the general combining ability of the j-th genitor of group II; sij = 
effect of the specific combining ability; εijk = average experimental error. The analyses 
were conducted using the Genes software (Cruz, 2013). 

RESULTS AND DISCUSSIONS 
 
The analysis of variance proved significant differences for the variables, other than 

seed weight and number of seeds (Table 2). Thus, the selected lines revealed that it is 
possible to succeed in the breeding program, given that genetic gains, in terms of hybrid 
crosses, depend on the existing variability (Krause et al., 2012; Machado, 2014). The PL 
values determined are similar to the means of estimates for coefficients of variation 
described in other experiments with snap bean crop (Silva et al., 2004).  

 
 

Table 2. Analysis of variance for pod weight (PW), grain weight (GWPP), grain number (GNPP), pod 
length (PL), pod width (PWID), pod thickness (PT) analyzed in 12 genotypes of snap bean.  
 

Sources of 
variation DF 

Mean Squares 

PW GWPP GNPP PL PWID PT 

Treatment 47 316.35* 141.64 541.40 08.20** 06.01** 00.84* 
Residue 48 178.24 117.57 423.95 00.94 00.75 00.46 
Phenotype  158.17 070.82 270.70 04.10 03.00 00.42 
Genotype  069.05 012.03 058.72 03.63 02.62 00.19 
Environment  089.12 058.78 211.97 00.47 00.37 00.23 
Heridability  043.65 016.99 21.69 88.52 87.36 44.86 
V.C.  028.80 035.16 033.50 06.62 08.15 08.86 

* and ** significant effects at 5% and at 1% by the F Test, respectively. 
 
Pod weight, seed weight, and number of seeds displayed high values for phenotype 

and environment, and medium to low heritability. These results are explained because the 
traits are of quantitative nature, strongly influenced by the environment (Carvalho et al., 
2016). Concerning pod length, pod width, and pod thickness traits, which are not much 
influenced by the environment, low environmental values and high heritability are noticed. 

The application of the original means in the grouping by the mean test makes it 
easier the verification of the best genitors before the diallel analysis (Table 3). The existing 
genetic variability among the genitors is relevant to selecting the promising genotypes 
aiming at exploring the heterosis (Baldissera et al., 2012). 

Among the 12 genitor genotypes, line 7 (UENF 7-6-1) showed to be superior to the 
other ones concerning pod weight (PW), seed weight (SWPP), number of seeds (NSPP), 
and pod length (PL). For the PW trait, five groups were set. Some crosses also had high pod 
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weight, in which the main genitors were L3 (Top Seed Blue Line), L10 (UENF 7-10-1), and 
L12 (UENF 7-14-1).  

 
 

Table 3. Mean values of pod weight in grams (PW), grain weight in grams (GWPP), grain number 
(GNPP), pod length in cm (PL), pod width in cm (PWID), pod thickness in cm (PT) of 12 genitors and 36 
hybrids from the partial diallel. Campos dos Goytacazes, RJ, Brazil, 2013. 
 

Treatment PW GWPP GNPP PL PWID PT 

L1 39.80 b-e 23.51 b-d 045 c-d 17.52 a-b 11.20 d-l 8.12 a-g 
L2 48.73 b-e 35.94 a-d 075 a-d 12.45 i-n 07.87 p-q 9.14 a-b 
L3 35.70 b-e 24.23 b-d 050 b-d 10.60 n 07.75 p-q 9.32 a 
L4 44.53 b-e 23.19 b-d 045 c-d 13.66 e-l 09.86 i-p 6.84 f-g 
L6 62.59 b-c 37.88 a-c 055 b-d 15.28 b-f 12.43 b-f 7.64 b-g 
L7 92.62 a 55.38 a 110 a 18.87 a 14.92 a 7.74 a-g 
L10 49.89 b-e 32.84 a-d 060 a-d 19.42 a 10.55 f-o 8.88 a-c 
L11 44.74 b-e 30.72 a-d 065 a-d 17.52 a-b 12.14 b-h 8.34 a-f 
L12 35.06 b-e 22.01 b-d 043 c-d 14.55 c-j 12.32 b-g 7.49 b-g 
L13 60.71 b-c 34.52 a-d 070 a-d 18.80 a 11.57 b-j 8.48 a-f 
L18 36.94 b-e 21.36 c-d 048 c-d 14.64 c-i 13.41 a-c 7.01 e-g 
L20 44.50 b-e 28.95 a-d 060 a-d 12.53 h-n 11.92 b-i 7.09 e-g 
L2 × L1 33.92 c-e 24.29 b-d 050 b-d 14.83 c-i 10.13 h-o 6.90 f-g 
L2 × L4 26.07 d-e 19.29 c-d 040 c-d 11.58 l-n 07.83 p-q 7.74 a-g 
L2 × L11 44.54 bcde 29.85 abcd 060 abcd 14.90 c-h 09.25 k-q 7.34 c-g 
L2 × L13 57.06 b-d 41.05 a-c 085 a-c 15.10 c-g 09.99 i-o 7.25 c-g 
L2 × L18 41.06 b-e 29.54 a-d 050 b-d 11.25 m-n 09.19 l-q 6.84 f-g 
L2 × L20 41.88 b-e 23.39 b-d 048 c-d 13.22 f-m 08.60 o-q 7.17 d-g 
L3 × L1 55.51 b-d 30.44 a-d 065 a-d 13.80 d-l 11.06 d-l 7.79 a-g 
L3 × L4 53.92 b-d 41.54 a-c 080 a-c 11.82 k-n 07.18 q 8.05 a-g 
L3 × L11 38.87 b-e 28.16 b-d 060 a-d 16.13 b-d 08.67 n-q 7.34 c-g 
L3 × L13 61.97 b-c 42.46 a-c 085 a-c 14.05 c-k 10.76 e-n 8.83 a-d 
L3 × L18 67.45 a-b 48.54 a-b 100 a-b 12.23 j-n 11.58 b-j 7.89 a-g 
L3 × L20 43.29 b-e 22.58 b-d 050 b-d 14.09 c-k 10.20 g-o 8.12 a-g 
L6 × L1 52.34 b-d 38.96 a-c 080 a-c 14.93 c-g 10.87 e-m 7.82 a-g 
L6 × L4 50.11 b-e 32.23 a-d 065 a-d 13.72 e-l 12.70 b-e 8.64 a-e 
L6 × L11 51.56 b-d 36.27 a-d 075 a-d 15.86 b-e 12.36 b-f 7.04 e-g 
L6 × L13 52.92 b-d 39.75 a-c 080 a-c 13.91 d-l 09.64 j-p 7.51 b-g 
L6 × L18 17.73 e 11.07 d 025 d 14.09 c-k 13.52 a-b 8.63 a-e 
L6 × L20 37.67 b-e 34.14 a-d 070 a-d 15.71 b-e 11.88 b-i 7.64 b-g 
L7 × L1 44.35 b-e 31.44 a-d 060 a-d 15.04 c-g 10.56 f-o 7.69 a-g 
L7 × L4 35.12 b-e 31.47 a-d 065 a-d 13.08 f-m 13.51 a-b 8.41 a-f 
L7 × L11 34.88 b-e 23.11 b-d 050 b-d 15.15 c-g 12.14 b-h 6.65 g 
L7 × L13 43.07 b-e 26.58 b-d 055 b-d 14.93 c-g 10.45 f-o 7.25 c-g 
L7 × L18 35.16 b-e 18.88 c-d 040 c-d 13.22 f-m 13.14 a-d 7.86 a-g 
L7 × L20 35.57 b-e 24.66 b-d 050 b-d 15.04 c-g 11.36 c-k 8.26 a-g 
L10 × L1 54.59 b-d 29.08 a-d 055 b-d 15.43 b-f 10.85 e-m 7.45 c-g 
L10 × L4 54.76 b-d 35.75 a-d 060 a-d 16.12 b-d 08.67 n-q 7.41 c-g 
L10 × L11 39.25 b-e 33.03 a-d 065 a-d 16.35 b-c 11.17 d-l 7.55 b-g 
L10 × L13 39.76 b-e 24.40 b-d 050 b-d 19.57 a 09.39 k-p 8.25 a-g 
L10 × L18 55.89 b-d 38.71 abc 080 a-c 14.15 c-k 12.40 b-f 7.77 a-g 
L10 × L20 44.26 b-e 31.25 a-d 060 a-d 14.82 c-i 11.03 d-l 7.68 a-g 
L12 × L1 56.24 b-d 43.10 a-c 085 a-c 14.72 c-i 08.86 m-q 7.23 c-g 
L12 × L4 34.34 c-e 26.18 b-d 055 b-d 12.06 k-n 09.21 l-q 6.90 f-g 
L12 × L11 50.96 b-d 39.96 a-d 070 a-d 15.26 b-f 09.46 j-p 7.21 c-g 
L12 × L13 26.90 d-e 19.25 c-d 040 c-d 13.84 d-l 10.19 g-o 6.61g 
L12 × L18 53.74 b-d 33.42 a-d 065 a-d 14.63 c-i 09.11 l-q 7.47 b-g 
L12 × L20 61.95 b-c 28.80 a-d 052 b-d 12.85 g-n 10.14 h-o 7.55 b-g 

Means with different letters in the same column differ at 5% by the Duncan Test 
 
Considering the SWPP trait, the genitor genotypes that demonstrated the best 

hybrids were L3 (Top Seed Blue Line) and L6 (UENF 7-5-1). The other variables formed 4, 
15, 17, and 7 groups for NSPP, PL, PWID, and PT variables, respectively. These results 
confirm the findings of Oliveira et al. (2018), besides proving the existing variability among 
the lines under study, ensuring success in the crosses.  

The effects of genotypes of group I, when applied as female genitors, were 
significant for all variables; however, for group II, when used as male genitors, the 
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significance was only for PL, PWID, and PT (Table 4). That points to the occurrence of 
variability in the expression of those traits, validating the possibility of selection gain. 
 
 

Table 4. Analysis of variance for pod weight (PW), grain weight (GWPP), grain number (GNPP), pod 
length (PL), pod width (PWID), and pod thickness (PT) analyzed in diallel crosses in 12 genitors of snap 
beans. Campos dos Goytacazes, RJ, Brazil, 2013. 
 

* and ** indicate significant effects at 5% and at 1% of probability by the F Test, respectively. 
 
The diallel cross method proposed by Griffing (1956) is founded on the concepts of 

general and specific combining ability defined by Sprague and Tatum (1942). They 
described general combining ability (GCA) as the average behavior of a line in hybrid 
combinations, and specific ability (SCA) as the behavior that leads specific hybrid 
combinations to be superior or inferior regarding the average line implied in the process. 

The estimate effects of the general combining ability were expressive for LP, 
PWID, and PT variables. These results prove the presence of, at least, one genitor that has a 
superior average performance in hybrid combinations (Oliveira et al., 2016). Moreover, the 
significance shows a strong influence of the additive effects on the control of these traits, 
along with the possibility of achieving promising lines (Arunga et al., 2010). Likewise, the 
estimate effects of specific combining ability were also significant for the same traits, 
suggesting that there is also an influence of the dominance effects on the expression of 
those traits and complementarity among the genitors (Cruz et al., 2012; Oliveira et al., 
2016). 

It is worth mentioning that works approaching diallel analysis in snap beans are 
unusual, having, among those few studies, divergence regarding results achieved. Rodrigues 
et al. (1998), when analyzing the genic effects in diallel, showed that the dominance effects 
were predominant for plant height. In turn, when Leal et al. (1979) applied the potential of 
the partial diallel in the snap bean to evaluate the genic effects on the yield trait, they 
inferred that the additivity and the epistasis were predominant.  

In breeding programs, selections are made in advanced segregating generations to 
obtain greater genetic progress, considering the occurrence, in these generations, of several 
pure lines in the population with additive effects of the genes. In the opinion of Cruz et al., 
(2012), this is why the GCA is of greater relevance to the breeders, given that it depends on 
the additive variance.  

 By the estimates of the GCA effects on the PW, SWPP, and NSPP traits, it can be 
confirmed that the L1 Progenitor 19 (UENF 1445) and L3 (Top Seed Blue Line) genitors 
showed high and positive estimates, which suggests a possible contribution to the increase 

Sources of 
variation 

FD Mean Squares 
PW GWPP GNPP PL PWID PT 

Treatment 47 316.35* 141.64 0541.40 08.20** 06.01** 0.84* 
Genitors 11 523.67* 185.97 0706.43 16.90** 08.73** 1.41** 
Group I 05 921.44* 285.41* 1192.08* 24.17** 15.87** 1.38* 
Group II 05 135.67 053.11 0242.08 12.60** 02.72** 1.10* 
Group I×II 01 474.81 353.12 0600.00 02.04 03.02* 3.10** 
Genitor×Cross. 01 350.19 000.05 0034.72 22.31** 13.15** 2.94** 
Cross 35 250.23 131.75 0504.00 05.06** 04.95** 0.60 

GCA G-I 05 372.69 138.72 0628.88 10.81* 16.21** 1.44* 
GCA G-II 05 081.67 044.15 0204.72 12.95** 03.83 0.69 

SCA I×II 25 259.45 147.87 0538.88 02.34** 02.93** 0.42 

Residue 48 178.24 117.57 0423.95 00.94 00.75 0.46 
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of these traits (Table 5). Similar results for pod weight and number of seeds per plants were 
found by Rainey and Griffiths (2005) and Francelino et al. (2011). 

 
 

Table 5. Values of the general combining ability (gi) of six traits in 12 snap bean genitors for pod weight 
(PW), grain weight (GWPP), grain number (GNPP), pod length (PL), pod width (PWID), and pod 
thickness (PT). 
 

Genitors PW GWPP GNPP PL PWID PT 
L1 -4.25 -2.06 1 4.02 -0.41 -0.08 -0.12 
L2 -4.48 -2.92 --6.38 -0.89 -1.30 -0.39 
L3 -8.26 -4.79 11.52 -0.68 -0.56 -0.39 
L4 -2.85 -0.25  -0.97 -1.31 -0.62 -0.25 
L6 -1.52 -1.24 14.02 -0.32 -1.35 -0.27 
L7 -7.21 -4.79  -8.47 -0.03 -1.38 -0.08 
L10 -2.84 -1.21  -0.13 -1.70 -0.11 -0.07 
L11 -1.89 -0.40  -1.52 -1.23 -0.03 -0.41 
L12 -2.11 -0.46  -0.55 -0.48 -0.97 -0.44 
L13 -1.70 -1.42  -4.02 -0.85 -0.40 -0.01 
L18 -0.06 -0.79  -1.80 -1.11 -1.01 -0.13 
L20 -1.13 -3.35  -6.80 -0.08 -0.06 -0.13 

 
With regard to PL, the L10 (UENF 7-10-1) and L11 (UENF 7-12-1) genitors were 

the ones that presented positive values for GCA, which allows their indication in crosses to 
promote gains for that trait. For PWID, a higher contribution of the L7 (UENF 7-6-1) and 
L18 (UENF 9-24-2) genitors was seen; and the best genitors for PT, according to the GCA, 
were the L3 (Top Seed Blue Line) and L4 (UENF 7-3-1).  

 The L1 and L3 genitors were the ones proving the best GCA, being always among 
the best for PW, SWPP, and NSPP, with high and positive values. These results show 
higher potential to enhance those traits, suggesting their use on the crosses in breeding 
programs of snap bean. Nevertheless, the hybrid from the cross between L1 × L3 did not 
present good performance, confirming Cruz and Vencovsky (1989), when they compared 
some methods of diallel analysis, revealing that not always two genitors of high general 
ability originate the best hybrid of the diallel when they are crossed.  

 The highest SCA effect for PW was in the L3 (Top Seed Blue Line) × L18 (UENF 
9-24-2), L3 (Top Seed Blue Line) × L13 (UENF 7-20-1), and L6 (UENF 7-5-1) × L1 
(UENF 1445) hybrids, proving that the use of their genitors in the breeding program should 
lead to superior lines and possible promising cultivars.  The L3 (Top Seed Blue Line) × 
L13 (UENF 7-20-1) cross tends to be more promising than the L3 (Top Seed Blue Line) × 
L18 (UENF 9-24-2) cross because the L13 (UENF 7-20-1) genitor has better agronomic and 
quality traits over the L18 (UENF 9-24-2). 

 The hybrids of L2 (Feltrin) × L11 (UENF 7-12-1) and L2 (Feltrin) × L13 (UENF 
7-20-1) were the only ones with positive SCA for all traits. Nevertheless, as stated by 
CRUZ et al. (2004), the significance of the SCA is not enough to recommend these crosses; 
there should be, at least, one of the genitors with high GCA. Thus, as none of these genitors 
showed a high estimate of GCA, these crosses should be carefully considered. 

The SCA estimates for SWPP evidence that the hybrids of higher and more positive 
values were L3 (Top Seed Blue Line) × L18 (UENF 9-24-2) and L12 (UENF 7-14-1) × L1 
(UENF 1445). For NSPP, the L3 (Top Seed Blue Line) × L18 (UENF 9-24-2), L2 (Feltrin) 
× L13 (UENF 7-20-1), and L12 (UENF 7-14-1) × L1 (UENF 1445) crosses provided higher 
values (Table 6). 
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Table 6. Estimate of the effects of the specific combining ability for pod weight (PW), grain weight 
(GWPP), grain number (GNPP), pod length (PL), pod width (PWID), and pod thickness (PT) from a diallel 
cross involving 12 genitors of snap bean and their 36 hybrids.  
 

Genitors PW GWPP GNPP PL PWID PT 

L2 × L1 -11.08 1-5.67 11-9.44 -0.93 -1.05 -0.18 
L2 × L4 -11.83 1-8.86 1-14.44 -0.59 -0.71 -0.27 
L2 × L11 1-5.68 -11.54 11-3.05 -0.18 -0.05 -0.55 
L2 × L13 -14.59 -11.72 -25.55 -0.75 -1.23 -0.02 
L2 × L18 1-0.37 1-2.43 1-3.61 -1.11 -0.99 -0.50 
L2 × L20 1-2.26 1-1.16 1-1.11 -0.17 -0.62 -0.16 
L3 × L1 -2.24 1-7.24  -12.36 -0.30 -1.23 -0.08 
L3 × L4 1-3.26 1-5.66 -17.63 -0.55 -2.10 -0.21 
L3 × L11 -12.73 1-7.86 -14.86 -1.20 -1.27 -0.24 
L3 × L13 1-6.76 1-5.41 -17.63 -0.49 -1.25 -0.81 
L3 × L18 -14.01 -13.71 -28.47 -0.34 -0.65 -0.25 
L3 × L20 1-9.07 1-9.68 -16.52 -0.48 -0.23 -0.01 
L6 × L1 1-4.36 -14.82 -10.13 -0.19 -0.87 -0.06 
L6 × L4 1-9.24 1-0.09 -10.13 -0.32 -1.49 -0.50 
L6 × L11 1-9.73 -13.79 -17.63 -0.07 -0.50 -0.42 
L6 × L13 1-7.49 -16.25 -10.13 -1.65 -1.78 -0.38 
L6 × L18 -25.92 -20.20 1-0.39 -0.49 -0.67 -0.60 
L6 × L20 1-4.91 -15.42 -10.97 -1.09 -0.01 -0.37 
L7 × L1 1-2.07 1-3.35 -12.63 -0.21 -1.21 -0.12 
L7 × L4 1-0.05 1-5.18 -12.63 -0.01 -2.27 -0.46 
L7 × L11 1-1.24 1-3.32 1-4.86 -0.49 -0.24 -0.62 
L7 × L13 1-3.33 1-0.86 1-2.36 -0.33 -1.00 -0.44 
L7 × L18 1-2.79 1-6.34 -11.52 -0.07 -0.26 -0.03 
L7 × L20 1-1.31 1-1.99 1-3.47 -0.71 -0.55 -0.43 
L10 × L1 1-2.25 1-5.01 -10.69 -1.05 -0.34 -0.11 
L10 × L4 1-9.53 1-3.45 1-0.69 -1.35 -1.29 -0.53 
L10 × L11 1-6.93 1-0.58 -11.80 -0.95 -0.54 -0.28 
L10 × L13 -10.03 1-9.06 -15.69 -2.63 -0.78 -0.55 
L10 × L18 1-7.87 1-7.47 -20.13 -0.81 -0.80 -0.05 
L10 × L20 1-2.68 1-2.56 -15.13 -1.16 -0.38 -0.13 
L12 × L1 1-4.63 1-9.73 -19.72 -0.40 -0.55 -0.18 
L12 × L4 -10.16 1-5.35 1-5.27 -0.52 -0.33 -0.51 
L12 × L11 1-5.50 1-5.26 -17.22 -0.13 -0.07 -0.46 
L12 × L13 -22.15 -13.46 -25.27 -0.90 -1.10 -0.56 
L12 × L18 1-6.45 1-2.93 -15.55 -1.84 -1.39 -0.17 
L12 × L20 -15.73 -10.86 1-1.94 -0.95 -0.58 -0.25 

 
The L10 (UENF 7-10-1) × L13 (UENF 7-20-1), L10 (UENF 7-10-1) × L4 (UENF 7-3-

1), and L3 (Top Seed Blue Line) × L11 (UENF 14-3-3) crosses are suitable to generate 
promising segregating populations for the PL trait, once they are composed of, at least, one 
genitor genotype with a positive and significant GCA value. For the PWID trait, the L7 (UENF 
7-6-1) × L4 (UENF 7-3-1) and L10 (UENF 7-10-1) × L18 (UENF 9-24-2) crosses displayed the 
best estimates for the SCA.  

The L3 (Top Seed Blue Line) × L13 (UENF 7-20-1) and L6 (UENF 7-5-1) × L4 (UENF 
7-3-1) crosses were the hybrids with the best positive and significant SCA values for the PT 
trait, thus the most indicated to be used in crosses to increment this trait in the population. It is 
verified that the crosses L3 (Top Seed Blue Line) × L18 (UENF 9-24-2) and L12 (UENF 7-14-
1) × L1 (UENF 1445) almost always provided the best SCA estimates for the traits under 
evaluation, showing a high probability to obtain superior genotypes, using them in the artificial 
crosses.  
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