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ABSTRACT. The objective of this study was to estimate the genetic 
effects on in vitro germination and development of chili peppers. For 
this, four genotypes (UFPB-132, -134, -137, and -390) were used as 
parents. They were crossed in a complete diallel scheme. The parents 
(4) and hybrid (12) seeds were germinated in glass bottles containing 
MS media. The following variables were evaluated: seed germination 
percentage, deformed seedlings percentage, radicle emission percentage, 
root length, root number, hypocotyl length, hypocotyl width, definitive 
leaf number, leaf length, and leaf width. The data were submitted to 
analysis of variance and the means were grouped by the Scott-Knott 
criteria (P ≤ 0.05). The diallel analysis was performed according to the 
Griffing method, method I, fixed model. Significant differences for all 
analysed variables were observed. Additive and non-additive effects 
were observed influencing the performance of the genotypes in relation 
to the evaluated variables. The genitor 132 showed the highest general 
combining ability for almost all evaluated characteristics, except seed 



2P.A. Barroso et al.

Genetics and Molecular Research 16 (3): gmr16038869

germination percentage and deformed seedlings percentage. This study 
revealed dominance effects are responsible for genotypic variation for 
almost all evaluated traits. In addition, we found significant reciprocal 
effects for all studied characters. For the traits to which non-additive 
variances were important (germination percentage, deformed seedlings 
percentage, root number, hypocotyl length, hypocotyl width, and 
definitive leaf number, leaf length, and leaf width), there was an 
additional opportunity for developing F1 hybrid.

Key words: Capsicum annuum; General combining ability; 
In vitro recalcitrance; Specific combining ability; Tissue culture

INTRODUCTION

The Capsicum genus shows great diversity of fruit and plant types. The chili pepper 
agribusiness, in Brazil, involves mainly small farmers, selling the pepper fruits in natura and 
processed. Recently, the use of chili as ornamental plant has increased in this country (Rêgo 
et al., 2012). Despite this genus showing great variability, only few ornamental varieties are 
available in Brazilian market (Rêgo et al., 2015a). According to Neitzke et al. (2016), the great 
challenge of ornamental plant breeders is developing new cultivars that meet the market needs 
of floriculture (Neitzke et al., 2016).

In breeding programs, the choice of genitors is a critical stage. Also critical is the 
knowledge of genetic control of the desirable traits (Ferreira et al., 2015; Rêgo et al., 2016). 
The diallel analysis estimates the general and specific combining ability and other useful 
genetic parameters, helping the breeders in the selection of best parents and crosses (Rêgo et 
al., 2009, 2016; Nascimento et al., 2014).

Tissue culture techniques give support to conventional breeding programs. These 
techniques allow rapid multiplication, germplasm conservation and improvement of several 
crop species (Rolando et al., 2010). The effective use of tissue culture techniques, such as 
micropropagation, haploids obtaining, in vitro selection, somaclonal variation exploration, 
and the possibility of genes introgression, among others, depends on the capability to initiate 
and establish in vitro cultures (Gogoi et al., 2013; Powell and Caligari, 1987), which is directly 
related to the germination and development of the species.

In contrast to other species of the Solanaceae family, the in vitro propagation by 
seeds in pepper plants is limited by low viability and low germination rate, in addition, in 
interspecific crossings a low seed viability has been observed due to cross incompatibility 
(Nascimento et al., 2012; Gogoi et al., 2013; Rêgo et al., 2016). In these cases, tissue culture 
has been an alternative for regeneration of Capsicum plants. However, in vitro regeneration 
presents some problems as formation of rosette shoots and in vitro recalcitrance (Steinitz et 
al., 1999; Rêgo et al., 2016). This last one is genotype dependent so the knowledge of genetic 
effects of in vitro germination and development is necessary to help breeders in genotypes 
selection (Jinks and Pooni, 1976; Powell et al., 1985).

A common method used in a classical genetic analysis is diallel crossing applied to 
evaluate the combining ability of parents and progeny generations. One possible way to analyze 
diallel crosses is the method proposed by Griffing (1956), which divides the total genetic 
variance for the general combining ability (GCA) of parents and the specific combination 
ability (SCA) of obtained hybrids.
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The genetic bases of in vitro germination and development have been studied in other 
cultures such as tomatoes (Frankenberger et al., 1981), lettuce (Aslam et al., 1990), rice (Abe 
and Futsuhara, 1991), eggplant (Chakravarthi et al., 2010), and others. Diallelic crosses has 
been more used to study genetic control of morphological and agronomical traits but not to in 
vitro plant development for chili peppers (Rêgo et al., 2009; Schuelter et al., 2010; Nascimento 
et al., 2014). In a previous study, Rêgo et al. (2015b) and Medeiros et al. (2015) analyzed the 
germination percentage inheritance and plantlet development by Hayman’s diallelic analysis.

The objective of this study was to estimate the genetic effects involved on in vitro 
germination and plant development in chili pepper.

MATERIAL AND METHODS

The experiment was performed at the Laboratory of Plant Biotechnology of the 
Universidade Federal da Paraíba (UFPB), Centro de Ciências Agrárias, in the city of Areia, 
PB. Four lineages of pepper plants, belonging to the Capsicum Germplasm Bank of UFPB 
(132, 134, 137 and 390) were used as parents and crossed in a complete diallel scheme. The 
crosses were performed manually using emasculated floral buds in the pre-anthesis stage. 
Immediately after the emasculation, the flower buds were pollinated and protected with 
aluminum foil capsules to prevent pollen contamination (Nascimento et al., 2012).

The seeds of the genitors (4) and their hybrids (12) were taken to a laminar flow 
chamber under aseptic conditions and sterilized in 100 mL sodium hypochlorite solution (2% 
active chlorine) adding 3 drops of Tween 20, remaining immersed for 10 min. Subsequently, 
they were washed three times in distilled, deionized and autoclaved water (DDA).

After disinfestation, the seeds were cut transversely on the opposite side to the germ 
pore using forceps and scalpel blades, as recommended by Ezura et al. (1993). Soon after, 
the seeds were inoculated onto 9 cm Petri dishes containing filter paper moistened with 
approximately 3 mL DDA water and maintained in BOD with controlled temperature of 25° 
± 2°C and photoperiod of 16 h under luminous intensity of 90 μmol⋅m-2⋅s-1 for 4 days. After 
this period, the seeds were transferred to glass jars containing 30 mL MS media (Murashigue 
and Skoog, 1962) with half the concentration of salts, supplemented with 30 g/L sucrose and 
8 g/L agar and without growth regulator. The culture flasks were maintained in a growth room 
under fluorescent light with photoperiod of 16 h at 26° ± 2°C under luminous intensity of 40 
μmol⋅m2⋅s-1. On the 7th day, the percentage of germinated seeds was analyzed, considering 
as germinated the seeds that presented radicle emission of at least twice the size of the seed. 
After 30 days, the following variables were evaluated: seed germination percentage, deformed 
seedlings percentage, radicle emission percentage, root length, root number, hypocotyl length, 
hypocotyl width, definitive leaf number, leaf length, and leaf width.

The experimental design was entirely randomized with 16 treatments (four genitors 
and twelve hybrids) with 10 replicates. Each repetition was composed of a flask with three 
seeds, totaling 30 seeds per treatment. The data were transformed by √(x + 0.5) and then 
submitted to analysis of variance and the means were grouped by the Scott-Knott criteria (P ≤ 
0.05). The diallel analysis was performed according to the Griffing method (1956), method I, 
fixed model, which allows the obtainment of the estimates of GCA and SCA.

The statistical model used was: Yij = m + gi + gj + sij + rij + eij, where Yij: hybrid 
combination average (i ≠ j) or parental (i = j); m: general average; gi, e gj: effects of general 
combining ability of ith and parental jth (i, j = 1,2...p); sij: effect of specific combining 
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ability for the crosses between i and j order parental; rij: reciprocal effect which measures 
the differences afforded by the i or j parental, when used as male or female in ij crossing; eij: 
average experimental error, associated with the observation of jk order (k = 1, ..., r), r being 
the number of repetitions.

The F test was used to evaluate the significant differences of GCA, SCA, and reciprocal 
effect. For the comparison of ĝi, Ŝij, and Ȓij, the t test was performed. All statistical analyses 
were performed using the Genes computer software (Cruz, 2006).

RESULTS

Significant differences among genotypes for all variables (P ≤ 0.01) were observed (Table 
1). The genotypes showed high germination percentage above 50%. Two groups were formed for 
this trait. The first group showed germination percentage from 51.62 (390 x 137) to 67.19% (137). 
The second one ranged from 77.57% (390 x 132) to 93.80% (134 x 132). Among the parents, 
only UFPB-137 presented low germination percentage (67.19) (Table 2). All genotypes showed 
considerable percentage of deformed seedlings (Figure 1A and B). The parents 132, 134, 137, and 
390 and the hybrid combinations 134 x 132, 134 x 137, 137 x 390, and 137 x 134 reciprocal showed 
the highest percentage of deformed seedlings ranging from 62.51% (137 x 390) to 86.54% (134 x 
132), forming the first group. The other hybrids formed the second group with a low percentage of 
deformed plants ranging from 37.79% (390 x 134) to 57.67% (390 x 132) (Table 2).

Table 1. Summary of analysis of variance for evaluated in vitro germination and plantlet development in chili 
pepper (Capsicum annuum L.).

Germinated seeds percentage (G), deformed seedlings percentage (DS), radicle emission percentage (RE), root 
length (RL), root number (NR), hypocotyl length (HL), hypocotyl width (HW), definitive leaf number (LN), leaf 
length (LF), and leaf width (LW). **Significant at 1% probability by the F test.

 

S.V Q.M. 

G DS RE RL RN HL HW LN LL LW 
Treatment 2026.13** 2040.32** 2686.84** 2.3** 7.29** 1.78** 0.002** 2.53** 0.2** 0.11** 
General Average 73.31 60.3 56.82 1.22 1.54 1.05 0.72 1.23 0.87 0.83 
Variation Coefficient (%) 26.72 33.53 29.37 39.12 59.07 53.03 3.99 69.23 29.48 24.11 

Table 2. Average of 10 quantitative characteristics of germination and in vitro development evaluated in four 
parents and twelve hybrids of chili pepper (Capsicum annuum L.).

Germination seed percentage (G), deformed seedlings percentage (DS), radicle emission percentage (RE), root 
length (RL), root number (NR), hypocotyl length (HL), hypocotyl width (HW), definitive leaf number (LN), leaf 
length (LF), and leaf width (LW). Means followed by the same letter in the column do not differ statistically by the 
Skott-Knott test at 5% probability.

 

Genotype G DS RE RL RN HL HW LN LL LW 
132 81.89 a 80.67 a 62.87 b 1.42 b 1.37 c 1.14 b 0.74 a 1.28 b 0.92 b 0.86 b 
132 x 134 87.27 a 42.46 b 40.57 c 0.78 c 0.96 c 0.81 b 0.71 b 1.06 b 0.78 b 0.76 b 
132 x 137 61.65 b 55.07 b 52.66 c 1.01 c 1.12 c 0.98 b 0.71 b 1.11 b 0.89 b 0.84 b 
132 x 390 55.43 b 48.85 b 40.55 c 0.74 c 0.76 c 0.71 c 0.71 b 0.71 b 0.71 b 0.71 b 
134 x132 93.80 a 86.54 a 87.25 a 1.93 a 2.30 b 1.07 b 0.74 a 1.3 b 0.92 b 0.94 a 
134 85.70 a 71.68 a 62.87 b 1.26 b 1.64 c 0.94 b 0.74 a 1.11 b 0.86 b 0.86 b 
134 x 137 66.68 b 65.11 a 57.84 c 1.16 b 1.65 c 1.03 b 0.72 b 1.35 b 0.85 b 0.8 b 
134 x 390 65.11 b 49.90 b 45.22 c 0.91 c 1.16 c 0.99 b 0.72b 1.33 b 0.89 b 0.83 b 
137 x 132 62.34 b 45.22 b 43.32 c 0.90 c 1.07 c 0.90 b 0.72 b 1.11 b 0.85 b 0.81 b 
137 x 134 90.68 a 71.68 a 83.77 a 1.99 a 3.58 a 2.08 a 0.75 a 2.23 a 1.16 a 1.02 a 
137 67.19 b 62.87 a 54.21 c 1.09 b 1.39 c 1.04 b 0.73 b 1.12 b 0.87 b 0.83 b 
137 x 390 85.32 a 62.51 a 77.57 a 2.09 a 3.33 a 2.06 a 0.76 a 2.49 a 1.19 a 1.06 a 
390 x 132 77.57 a 57.67 b 40.55 c 0.79 c 0.79 c 0.71 b 0.71 b 0.71 b 0.71 b 0.71 b 
390 x 134 54.21 b 37.79 b 37.79 c 0.71 c 0.71 c 0.71 c 0.71 b 0.71 b 0.71 b 0.71 b 
390 x 137  51.62 b 50.76 b 47.99 c 0.96 c 1.17 c 0.71 b 0.71 b 0.71 b 0.71 b 0.71 b 
390 85.54 a 76.00 a 74.09 a 1.80 a 1.68 c 0.89 b 0.72 b 1.32 b 0.9 b 0.82 b 
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The highest values for radicle emission percentage and root length were found in the 
following genotypes: 134 x 132, 137 x 134, 137 x 390, and 390. Both variables were grouped 
into three groups (Table 2). Regarding the root number and hypocotyl length, the genotypes 
with highest values were 137x134 and 137 x 390 hybrids (Table 2).

In regards to hypocotyl width, the hybrids (134 x 132, 137 x 134, and 137 x 390) 
and the parents (132 and 134) showed the highest values for this character (0.74 to 0.76 mm) 
(Table 2). For leaf number, length, and width, the best hybrid combinations were 137 x 134 
and 137 x 390. Besides these combinations, pertaining to leaf width, the reciprocal cross 134 
x 132 does not differ from the previously mentioned ones.

According to the quadratic components of GCA and reciprocal effect were significant 
for all evaluated traits. There was significance to SCA, for all characters except to root length 
(Table 3).

Figure 1. In vitro germination and development of ornamental pepper (Capsicum annuum L.). A. and B. Deformed 
seedlings; C. hybrid 132 x 134; D. reciprocal 137 x 134. Bar = 1 cm.
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The additive gene ratio effects were superior to the dominant ones in radicle emission 
(1.708559) and root length (7.273938). On the other hand, 2 2/g sΦ Φ  ratio values were below 
than 1 for the remaining traits. This shows the importance of non-additive effects controlling 
these characters (Table 3).

The GCA effects estimates (ĝi) presented significant positive and negative values 
in all studied traits (Table 4). The genitor 134 presented significant and positive values for 
germination percentage (6.1406). This same genitor presented negative and significant iĝ  
value (-8.5375) for the deformed seedlings percentage.

Table 3. Analysis of variance of the estimates of the quadratic components associated with the effects of general 
combining ability ( g2Φ̂ ) and specific combining ability ( s2Φ̂ ) and the reciprocal ( re2̂  ) evaluated in vitro 
germination and development in chili pepper (Capsicum annuum L.).

S.V G DS RE RL RN HL HW LN LL LW 
GCA 2614.60** 8768.993 ** 8073.13** 8.3970** 7.32** 4.68** 0.01** 14.41** 1.953** 1.162* 
SCA 8760.12** 4205.12** 848.80** 0.370ns 2.30* 2.25** 0.004** 6.34** 0.562** 0.333** 
Reciprocal 4445.34** 3061.82** 4578.37** 5.75 ** 8.79** 5.33** 0.011** 14.68 ** 1.05 ** 0.57** 
�̂�𝛷²𝑔𝑔 27.884599 104.49912 97.432481 0.102097 0.081159 0.054691 0.000225 0.171056 0.023591 0.014032 
�̂�𝛷²𝑠𝑠 837.628906 379.6065 57.026083 0.014036 0.146907 0.194855 0.000307 0.562079 0.049646 0.029281 
𝛷𝛷²̂𝑟𝑟𝑟𝑟 203.075458 132.6381 214.9916 0.276344 0.398178 0.251013 0.000524 0.697808 0.049569 0.02667 
�̂�𝛷2𝑔𝑔/�̂�𝛷²𝑠𝑠 0.03328 0.27528 1.708559 7.273938 0.552451 0.280675 0.732899 0.304327 0.475184 0.526134 

 Germination seed percentage (G), deformed seedlings percentage (DS), radicle emission percentage (RE), root 
length (RL), root number (NR), hypocotyl length (HL), hypocotyl width (HW), definitive leaf number (LN), leaf 
length (LF), and leaf width (LW). **Significant at 1% probability. *Significant at 5% probability by the F test. ns 
= not significant.

Table 4. Estimates of general combining ability ( ĝi ) for in vitro germination and development chili pepper 
(Capsicum annuum L.).

Germination seed percentage (G), deformed seedlings percentage (DS), radicle emission percentage (RE), root 
length (RL), root number (NR), hypocotyl length (HL), hypocotyl width (HW), definitive leaf number (LN), leaf 
length (LF), and leaf width (LW). **,*Significant at 1 and 5% probability, respectively, by the t-test.

Parents G DS RE RL RN HL HW LN LL LW 
132 -2.6818 12.855** 12.2185** 0.3956** 0.19* 0.2312** 0.018** 0.22** 0.0837** 0.0543** 
134 6.1406** -8.5375** -6.3787** -0.1743** 0.0525 0.0737 -0.0012 0.0637 -0.0287 -0.0268 
137 3.1268 4.22* 3.9975* 0.1168* 0.2* 0.035 0.0012 0.3312** 0.1512** 0.1268** 
390 -6.5856** -8.5375** -9.8375** -0.3381** -0.4425** -0.34** -0.0187** -0.615** -0.2062** -0.1543** 

 

The Ŝij and Ȓij effects were significant to germination percentage for all hybrids, except 
132 x 390, 134 x 137, 137 x 132, and 390 x 137 (Table 5). Based on the Ŝij and Ȓij effects, the 
most favorable combinations for reduction of deformed seedlings percentage were: hybrid 132 
x 134 (-11.77) and 137 x 390 (-16.97).

For the root characteristics, the best hybrids combinations were 134 x 132, 137 x 
132, 390 x 132, and 137 x 134. The hybrid 132 x 134 (+0.48) showed the major SCA effects 
values for hypocotyl length, as well as the 137 x 132 and 137 x 134 (Figure 1C). For hypocotyl 
diameter the best combinations were 134 x 132 (+0.04) and 137 x 132 (+0.03). To number, 
length and diameter of leaves, the best combinations were 134 x 132, 137 x 132, and 137 x 
134 (Figure 1D).
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DISCUSSION

There were significant differences among genotypes for all evaluated traits. This 
variability allows to select responsive genotypes and to insert this trait by backcross in 
commercial varieties. Desbrunais et al. (1992) also found distinguishable genotypic effects in 
coffee. These authors highlighted the importance of this variability to slow growth conditions 
for the storage of coffee shoots cultured in vitro.

According to Hatzig et al. (2015), seed germination was influenced by genetic and 
environmental factors. In pepper, for example, the germination is affected for temperature 
stresses (Guo et al., 2012). Since the experiment was conducted in controlled environment, 
the response found was due the genotypic differences. The parents showed different behavior 
for germination. The hybrids, 137 x 134 and 137 x 390, showed heterosis for seed germination 
although the cross involves a parent with low seed germination rate (137). In this case, the 
exploitation of hybrids was recommended. Rapid and uniform seed germination is a crucial 
prerequisite for crop establishment in vitro. Rêgo et al. (2015b) studying seed germination in 
vitro of chili peppers found dominance effects in this trait. In a generation analysis performed 
gerboxes in BOD, in C. annuum, Barroso et al. (2015) also observed predominance of non-
additive effects considering analysis of the parameters of the additive-dominant model, also 
concluding on a heterosis, confirming the finds in this study.

For several authors, the morphogenetic recalcitrance in pepper plants is one of the 
major problems of tissue culture. This limits procedures such as genetic engineering (Ochoa-
Alejo and Ramirez Malagon, 2001; Mok and Norzulaani, 2007, Rêgo et al., 2016). Parents 
and hybrids showing high percentage of deformed seedlings should not be used, despite 
having a high seed germination rate. The hybrids 132 x 134 and 390 x 132, on the other hand, 
should be selected, since they showed high seed germination percentage and low percentage 
of deformed seedlings. The negative heterosis found in the hybrids for deformed seedlings 
percentage should be explored in breeding programs to break in vitro recalcitrance. The range 
of seed germination found in this study (51.62 to 93.80) was higher than those found by Rêgo 
et al. (2015b) (16.66 to 86.66) working with these same parents. Despite the low germination 
rate, these authors showed the same genetic effects reported in this research.

Table 5. Estimates of specific combining effects and their reciprocal effects for in vitro germination and 
development of chili pepper (Capsicum annuum L.).

Genotypes G DS RE RL RN 
132 x 134 -24.96** 13.835** -11.77** 13.83** 1.84 23.36** 0.03 0.7** 0.22 0.97** 
132 x 137 10.93** 0 -1.17 9.52* 5.3 9.52* 0.068 0.95** -0.2 0.18 
132 x 390 -2.71 23.36** -2.25 23.36** 5.3 23.36** -0.07 0.42** 0.001 0.25 
134 x 137 0.33 17.27** 20.21** 9.52* 0.5387 13.83** -0.006 0.38** 0.5** 1.26** 
134 x 390 10.044** 17.27** -4.22 0 0.5387 0 0.068 0 -0.11 0 
137 x 390 -31.88** 0 -16.97** 0 -9.83 0 -0.22* 0 -0.26 0 
 HL HW LN LL LW 
132 x 134 0.48** 1.12 0.003 0.04** 0.02 0.92** 0.08 0.34** 0.07* 0.26** 
132 x 137 -0.37** 0.23** -0.008 0.03** -0.58** 0.58** -0.18** 0.25** -0.13** 0.2** 
132 x 390 -0.23* 0 -0.01 0 -0.22 0 -0.08 0 -0.05 0 
134 x 137 0.08 0.53** 0.01 0.03** 0.78** 1.79** 0.036 0.36** -0.004 0.25** 
134 x 390 -0.07 0 0.001 0 -0.06 0 0.02 0 0.02 0 
137 x 390 -0.03 0 -0.001 0 -0.33* 0 -0.15** 0 -0.12** 0 

 Germination seed percentage (G), deformed seedlings percentage (DS), radicle emission percentage (RE), root length 
(RL), root number (NR), hypocotyl length (HL), hypocotyl width (HW), definitive leaf number (LN), leaf length 
(LF), and leaf width (LW). **Significant at 1% probability by the t-test. *Significant at 5% probability, by the t-test.
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All hybrids presented positive heterosis for radicle emission percentage, root length, 
root number, hypocotyl length, hypocotyl diameter, definitive leaf number, leaf length, and 
leaf width. This demonstrates the potential to introduce development ability into recalcitrant 
lines by hybridization. Pratta et al. (2003) and Sparrow et al. (2004), working with tomato 
and brassicas, respectively, found similar results in an in vitro diallel analysis. In this study, 
it is recommended to use hybrids 137 x 134 and 137 x 390, since they showed the highest 
values for all these traits, with well-developed seedlings. On the other hand, the hybrids with 
less developed seedlings (132 x 390 and 390 x 134) should not be discarded, because for 
germplasm conservation (George, 1993) in short-term and medium-term storage, the aim is to 
reduce growth and to increase the intervals between subcultures (Engelmann 2011).

This study revealed dominance effects are responsible for genotypic variation for 
almost all evaluated traits. In addition, we found significant reciprocal effects for all studied 
characters. According to by Rêgo et al. (2009) and Nascimento et al. (2014), in the traits 
where non-additive variances were important (germination percentage, deformed seedlings 
percentage, root number, hypocotyl length, hypocotyl width, definitive leaf number, leaf 
length and leaf width), there was an additional opportunity for developing F1 hybrid.

For radicle emission percentage and root length, since additive variances were found 
to be important in the genetic control of root traits, the use of population improvement method 
in the form of diallel selective mating, recurrent selection or mass selection might lead to 
release new varieties with higher values for these traits. The results of this study clearly 
show that non-recalcitrant varieties can be developed through hybrid breeding in C. annuum. 
Medeiros et al. (2015) found similar data in a Hayman diallel analysis.

The parent 134 is ideal for the in vitro establishment, considering the variables germination 
percentage and deformed seedlings and based on ĝi values. In the majority of the cases, good 
general combiners showed better mean performance (Rêgo et al., 2009). Then, the parents may be 
selected either on the basis of ĝi values, mean performance or a combination of both.

The genitors 132 and 137 present high development ability with significant positive 
values for radicle emission, root length, roots numbers, hypocotyl length, hypocotyl diameter, 
leaf number, leaf length, and leaf width. Although these parents showed no good germination, 
they present good general combining ability and should be used in hybrid combinations in 
order to increase production of normal seedlings. Hazarika (2003) and Chandra et al. (2010) 
highlighted the importance of well-developed in vitro seedlings to establish the culture during 
the acclimatization. In addition, more developed seedlings have higher biomass, which will 
serve as a source of explants for micropropagation and as a carbon source to be consumed by 
the emergence of new leaves (Rolland et al. 2002). On the other hand, if the aim is germplasm 
in vitro conservation the parent 390 contributes significantly to favorable alleles diminishing 
the seedling development. According to Roca et al. (1991) and George (1993), this is desired 
to maximize the period of subculture. The hybrids including this genitor (132 x 390 and 390 x 
134) also have the lowest means for hypocotyl length.

Significant SCA effects observed in this work indicate the deviation from hybrid value 
compared with parents values. Hybrids with significantly positive estimates should be selected 
to increase the evaluated character. The results suggest the possibility of exploiting the hybrid 
vigor for all characters studied in this research. According to Griffing (1956), the hybrids 
with high specific combining ability effects, and being involved in at least one parent with 
high or average GCA effects for a particular trait is a good strategy for plant breeding. For the 
percentage of deformed seedlings, however, hybrid combinations with significant negative 
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values are desired since it will reduce the number of deformed seedlings. Hybrids as 132 x 134 
and 137 x 390 are suitable for this purpose, with the normal development after germination 
(Figure 1C and D).

The reciprocal hybrids presented almost all significant values showing great 
importance of maternal effects to the control of these characteristics. The underlying genetic 
basis of the reciprocal differences for in vitro response could be cytoplasmic factors (e.g., 
mtDNA), physiological characteristics of maternal plants, or segregation of nuclear factors of a 
maternal parent (Lazar et al. 1984). These effects have already been determined for other traits 
such callus production in eggplant (Chakravarthi et al., 2010), sprouts regeneration in lettuce 
(Sparrow et al., 2004), and organogenesis from Helianthus embryos (Sarrafi et al., 1996). 
Based on these results, it is possible to detect the predominance of non-additive effects on the 
determination of evaluated characters. In this case, the exploitation of hybrids is indicated.
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