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ABSTRACT. Six popcorn varieties were crossed in a diallel mating scheme to obtain 15 F1 

hybrids, with the purpose of analyzing the estimates of heterotic parametrization for 
agronomically important traits. The genitors and hybrids were evaluated in randomized block 
design with three replications in Viçosa and Visconde do Rio Branco, in Minas Gerais State, 
Brazil, in three growing seasons. Six traits were evaluated, including grain yield and popping 
expansion. There were highly significant effects for treatments, varieties and mean heterosis for 
plant and ear heights, and for the others traits the significance extended to all sources of variation. 
Amarela and Viçosa revealed superiority for grain yield in relation to performance per se, while Rosa 
Claro expressed the highest effect of varietal heterosis. The best combinations for grain yield were 
Roxa x Viçosa, Amarela x Rosa Claro, Rosa Claro x Beija-Flor and Branca x Beija-Flor. For popping 
expansion, there were positive and negative values for specific heterosis in all growing seasons 
evaluated, ratifying the influence of bidirectional dominance on this trait. Simultaneous genetic 
gains for grain yield and popping expansion may be obtained by using Viçosa in intrapopulational 
programs, while Amarela and Rosa Claro are recommended for using in interpopulational breeding. 
Key words: diallel, heterosis, popping expansion, bidirectional dominance, Zea mays L. 

RESUMO. Parametrização heterótica para características de importância econômica 
em milho pipoca. Seis variedades de milho pipoca foram cruzadas em esquema dialélico para 
obtenção de 15 híbridos F1, visando à análise das estimativas da parametrização heterótica para 
características de interesse agronômico. Os genitores e os híbridos foram avaliados em 
delineamento em blocos ao acaso, com três repetições, em Viçosa e Visconde do Rio Branco, 
Estado de Minas Gerais, Brasil, em três épocas de plantio. Foram avaliadas seis características, 
incluindo rendimento de grãos e capacidade de expansão. Houve efeitos altamente significativos 
para tratamentos, variedades e heterose média para altura de plantas e de espigas, enquanto as 
demais características expressaram efeitos significativos para todas as fontes de variação. Amarela e 
Viçosa revelaram-se superiores para rendimento de grãos quanto ao comportamento per se, 
enquanto Rosa Claro expressou o maior efeito de heterose varietal. As melhores combinações para 
rendimento de grãos foram Roxa x Viçosa, Amarela x Rosa Claro, Rosa Claro x Beija-Flor e Branca x 
Beija-Flor. Para capacidade de expansão houve valores positivos e negativos para efeitos de 
heterose específica em todos os ambientes avaliados, ratificando a influência da dominância 
bidirecional na expressão da característica. Ganhos simultâneos para rendimento de grãos e 
capacidade de expansão poderão ser obtidos com a utilização de Viçosa em programas 
intrapopulacionais, enquanto Amarela e Rosa Claro são recomendadas para seleção recorrente 
recíproca. 
Palavras-chave: dialelo, heterose, capacidade de expansão, dominância bidirecional, Zea mays L. 

IntroductionIntroductionIntroductionIntroduction    

The maize seed market had 237 cultivars of corn 
planted in Brazil during the growing season 2005/2006. 
However, only six were popcorn cultivars (Zélia and 
Jade, both three-way hybrids; IAC-112, a modified 
simple hybrid; and RS-20, BRS ANGELA and 
UFVM2-Barão-Viçosa, the open-pollinated varieties), 
ratifying the small amount of genotypes available to 

supply the demand (SCAPIM et al., 2006a; FREITAS 
JÚNIOR et al., 2006; SANTOS et al., 2007; PEREIRA 
et al., 2008; RANGEL et al., 2008; VILELA et al., 2008). 

Considering the continental dimension of 
Brazil, with different edaphoclimatic conditions, 
the releasing of popcorn hybrids by public and 
private institutions for each region is very 
important to reduce dependence on seeds from the 
foreign market, particularly due to the cultivation 



412 Vieira et al. 

Acta Scientiarum. Agronomy Maringá, v. 31, n. 3, p. 411-419, 2009 

of North American hybrids (for example, P608, 
P608 HT, P618, P621 and P625), indexed in Brazil 
and used by packaging companies, e.g, Yoki 
Alimentos S.A., which restrict the access to seed by 
the company’s partner producers (SAWAZAKI et 
al., 2003; DAROS et al., 2004a; FREITAS 
JÚNIOR et al., 2006; RANGEL et al., 2007). 

Lined up with this, the increasing of demand for 
the product on the domestic market, it is 
unquestionable that the popcorn breeding for release 
hybrids has a relevant importance for the Brazilian 
producers and consumers (ANDRADE  
et al., 2002; SCAPIM et al., 2006b; MIRANDA et al., 
2008; SANTOS et al., 2008). At the Zona da Mata Norte 
of Minas Gerais State, Brazil, packaging companies 
could buy the product if the farmers would start to sow 
on a large scale. However, in this region of the Minas 
Gerais State it is very difficult to find superior popcorn 
seed on the market for planting. 

In this context, researches involving popcorn 
have been increasing for several areas of scientific 
knowledge in Brazil, e.g., cytogenetic (RICCI et al., 
2007a and b; SILVA et al., 2007), quality of seeds 
(MOTERLE et al., 2008), agronomic performance 
(VENDRUSCOLO et al., 2001; VIEIRA et al., 
2009), genetic diversity (PEREIRA et al., 2006; 2008; 
DANDOLINI et al., 2008; VILELA et al., 2008; 
SILVA et al., 2009) and methods of breeding 
(DAROS et al., 2004a and b; FREITAS JÚNIOR et 
al., 2006; VIANA et al., 2007; RANGEL et al., 2008; 
RODOVALHO et al., 2008; SANTOS et al., 2008; 
ARNHOLD et al., 2009; FREITAS JÚNIOR et al., 
2009). 

In view of the high profitability for kernel 
producers as well as for seed trade, versus the lack of 
hybrids, it is imperative that studies be conducted to 
evaluate base populations for the potentiality of 
hybrids, for use at an experimental level and a 
possible future release as superior cultivars. For this 
purpose, the diallel analysis lends itself as a viable 
alternative, even when the number of parents 
involved is high (CRUZ et al., 2004; FREITAS 
JUNIOR et al., 2006; SCAPIM et al., 2006a; 
MIRANDA et al., 2008). 

But, there are few reports on diallel analysis in 
popcorn for Brazilian conditions. For example, Zanette 
(1989) analyzed diallel of seven popcorn populations 
and inferred the existence of intermediate heterosis for 
popping expansion. Later, Andrade et al. (2002) 
obtained low or even negative specific heterosis for this 
trait. In another diallel study (SCAPIM et al., 2002), 
nine yellow grain popcorn populations were evaluated 
in Paraná State, which concluded by recommending 
the Beija-Flor and RS-20 populations for a reciprocal 

recurrent selection program. Both are complementary 
regarding grain yield and popping expansion, aside 
from the possibility of developing composites among 
populations of high general combining ability. 

More recently, Scapim et al. (2006a), based on 
results of yield and popping expansion, used eight 
popcorn populations in a mating crosses diallel 
scheme to obtain all possible pair combinations in 
the Northwestern region of Paraná State. With the 
objective of indicating the best performance strategy 
and select parents to begin an improvement program 
of white grain popcorn, the authors recommended 
the application of intrapopulation breeding on BRS 
ANGELA and SC 002. Additionally, the application 
of intense selection was indicated to reduce plant 
and ear heights. 

In another study, Freitas Júnior et al. (2006) 
evaluated the combining ability of ten genitors and 
fifteen hybrids of popcorn in a partial circulant 
diallel crossing in two environments in Rio de 
Janeiro State, Brazil. The results indicated the 
genitors UNB2U-C1, BRS ANGELA, UNB2U-C2 
and Viçosa-UFV for intrapopulation breeding, while 
for interpopulation breeding the best combinations 
were PR-Ervália x BRS ANGELA and UNB2U-C1 
x BRS ANGELA. 

Miranda et al. (2008) working with only five 
genitors in a diallel scheme crossing from advanced 
generations of popcorn hybrids (IAC 112 and Zélia) 
and three open-pollinated varieties (RS 20, Branco 
and SAM), concluded: i) Brazilian popcorn has 
reduced heterosis and genetic variability for popping 
expansion in relation to commercial cultivars; ii) 
there is genetic variability among Brazilian popcorn 
populations that allows the exploitation of additive 
and non additive effects for grain yield; and iii) it 
would be difficult to obtain commercial hybrids 
directly from local varieties because they have poor 
performance for popping expansion. 

Admitting that the major importance of additive 
effects for popping expansion (PEREIRA; AMARAL 
JÚNIOR, 2001; SIMON et al., 2004; FREITAS 
JÚNIOR et al., 2006; RANGEL et al., 2007), but not 
the bidirectional effects could receive combinations 
with good expression for popping expansion exactly in 
the local Brazilian varieties. In this respect, Viana and 
Matta (2003), Freitas Júnior et al. (2006), and Rangel et 
al. (2008), working with Brazilian popcorn landraces, 
found that the specific combining ability estimates 
were important, but their mean values for popping 
expansion were very low, indicating the effect of the 
bidirectional dominance as well as observed by 
Andrade et al. (2002). 
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With the purpose of obtaining more precise 
estimates to achieve a diallel mating scheme with 
Brazilian popcorn populations, the present study 
was carried out, using landraces Amarela, Roxa, 
Branca, Rosa Claro, Beija-Flor and Viçosa and their 15 
hybrids F1 diallelic in two contrasting environments 
in three growing seasons for evaluating 
agronomically important traits based on analysis of 
heterotic parametrization. 

Material and methodsMaterial and methodsMaterial and methodsMaterial and methods    

Six varieties of popcorn (Amarela, Roxa, Branca, 
Rosa Claro, Beija-Flor and Viçosa) were used in 
diallelic crosses to obtain 15 F1 hybrid combinations 
without reciprocals. For establishing the hybrid 
combinations, the varieties were grown in 6-m rows, 
paired in all necessary combinations, in a row-plant 
spacing of 1.00 m between rows and 0.40 m between 
plants. At flowering, approximately 90 crosses were 
performed so as to establish a sufficient quantity of 
hybrid seed to ensure the continuity of the process. 
Kraft paper bags were used to collect the pollen 
grains and for the proper pollination. 

Hybrids and parents were evaluated in two 
contrasting environments in the State of Minas 
Gerais: Visconde do Rio Branco and Viçosa; during 
three growing seasons. Each environment, 21 
treatments (the six parents and fifteen hybrids) were 
arranged in a randomized block design with three 
replications. Plots of experiments consisted of a 
single 10-m row (1.00 m between-row spacing and 
0.20 m in-row spacing), which were fertilized with 
500 kg of 4-14-8 (N-P2O5-K2O) plus 40 kg of 
additional N, applied 40 days after sowing. The 
experiments had two additional surrounding border 
rows.  

The following traits were evaluated: plant height 
(PH) in cm; ear height (EH) in cm; grain yield (GY) 
in kg ha-1; weight of ears (WE); mass of one hundred 
seeds (MS) in g; and popping expansion (PE). PE 
was measured in samples with 12% humidity, from 
a humidity-controlled room. At a temperature of 
270ºC, in a machine developed by Embrapa-
Instrumentação Agropecuária, the popcorn kernels 
were popped for 2.5 minutes and evaluated by the 
ratio mL g-1, that is, volume compared to mass of  
30 g of popped kernels, with two replications for 
each plot. 

The analyses of variance were carried out for the 
data set from each place at 1% of probability by the 
F-test. The Scott-Knott procedure at 1% of 
probability was used to discriminate the treatments. 
According to the results from the analyses of 
variance, the modified statistical model of Gardner 

and Eberhart (1966) was fit to each appropriated data 
set. The individual and joint analyses of variance 
were performed using GENES software (CRUZ, 
2006). 

Results and discussionResults and discussionResults and discussionResults and discussion    

Considering that the maximum F test (p < 0.05) 
did not disclose heterogeneity for mean squares 
errors of the individual analyses, for all traits, it was 
possible the performed the jointed analysis 
considering the three growing seasons. 

Significant differences in the mean squares for 
the treatments were found by F-test (p < 0.01) in 
joint analysis, allowing the partition of the square 
sum between varieties and heterosis effects (data not 
shown). As plant varieties are non-homogeneous 
populations, heterosis effects were detected in the 
hybrids for all traits (p < 0.01). It ratifies that there 
was sufficient genetic divergence among landraces 
genitors assessed, resulting in a favorable situation 
for breeding. 

The further heterotic parametrization on the 
square sum for heterosis effects for plant and ear 
heights attachment revealed that only the mean 
squares of the mean heterosis were significant  
(p < 0.01). In addition, there was a large variance in 
the genic frequencies within varieties, probably 
caused by action of dominant loci on the genome of 
the landraces used in this study. But the non-
significant effects of varietal and specific heterosis 
indicated no differences in the mean genic 
frequencies among them with a similar dispersion of 
the genic frequencies in the landraces evaluated for 
plant and ear height. 

Scapim et al. (2002) working with a diallel set of 
crosses among nine varieties of popcorn for four 
traits evaluated in two crop years in Iguatemi, Paraná 
State, Brazil, also obtained significance for mean 
heterosis effects for plant and ear heights, 
nevertheless not for varietal and specific heterosis. 

Based on these results, it could be possibly assumed 
that plant and ear height traits are dispensable to be 
measure next study with the purpose of indicating the 
best performance hybrid for them. It would simplify 
the work in the experiments evaluated in different 
localities. But, Ji et al. (2006) on the evaluation of 
tropical maize by diallel analysis awared for the plant 
and ear eights had great importance for selection 
criteria in most maize breeding programs. For these 
authors, especially ear height has a great importance 
when it comes to root and stalk lodging. In fact, high 
ear position is likely to become more susceptible to 
root and stalk lodging. Thus, the discarding of these 
traits is not interesting for popcorn breeding selection, 
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mainly because popcorn plants are more fragile when 
compared to the common maize. But, usually there is a 
high correlation between these traits in popcorn 
(COIMBRA et al., 2001), indicating that it is not 
necessary to measure both of them in field 
experiments. 

The grain yield as well the weight and number 
of ears had significant effects of mean and specific 
heterosis (p < 0.01), rather than varietal heterosis 
(p < 0.05), suggesting differences in the levels of 
the genic frequency complementation. 

The mass of one hundred seeds had significant 
effects of the mean, varietal and specific heterosis  
(p < 0.01), suggesting a large variance in genic 
frequencies among the varieties, and that some of them 
were different based on the mean or the dispersion of 
genic frequencies. Additionally, differences among the 
levels of genic frequency complementation may be 
present in the landraces evaluated. 

Concerning popping expansion, there were 
significances of the mean square at p < 0.01 for varietal 
and specific heterosis, but rather than the mean heterosis 
(p < 0.05), indicating bidirectional dominance for this 
trait. According Vencovsky and Cruz (1989), significant 
mean square for heterosis and predominance of 
unidirectional dominance indicate importance for 
varietal and specific heterosis only when the mean 
square of the mean heterosis is also significant. 

The results from the analysis of variance are 
important to choose the suitable model to describe 
each trait as a complement about the genetic 
structure of varieties enclosed in the diallel. 
Considering the mean squares of the mean heterosis 
of the plant and ear heights were significant  
(p < 0.01) in opposite of the square means of 
varietal and specific heterosis, making possible to 
reach the goodness of fit for these traits on the 
model II (GARDNER; EBERHART, 1966; CRUZ 
et al., 2004). On the other hand, the model IV was 
suitable to fit the other significant traits, according to 
Gardner and Eberhart (1966), Scapim et al. (2002), 
and Cruz et al. (2004). 

Estimates of the mean effect due to varieties 
(Tables 1 and 2) revealed the higher values of $vj for 
plant and ear heights from the landraces Amarela and 
Roxa. In opposite, Beija-Flor and Branca had the lower 
estimates, indicating a small performance per se. The 
effects of the other traits were due to the genitors’ 
performance per se. The Viçosa variety, e.g., had the 
highest estimate of the mass of one hundred seeds with 
positive jv̂ , value that were 4.78 times greater than the 
standard deviation. 

The $vj estimates for grain yield showed only two 
landraces with positive values: Amarela and Viçosa, 
with the highest magnitude for Amarela. This variety 

also revealed the superiors estimates for the weight 
of ears and number of ears. 

Considering the two most important traits (GY 
and PE), only Viçosa had simultaneous positive 
values for $vj estimates, considering the three 
growing seasons evaluated (Tables 1 and 2). 
Therefore Viçosa has a good potential for 
intrapopulation breeding, to improve both grain 
yield and popping expansion, over all for the later 
trait, in consequence of the additive effect genes that 
had the most important influence for expansion, 
according to Larish and Brewbaker (1999), Pereira 
and Amaral Júnior (2001), Andrade et al. (2002), 
Scapim et al. (2002), Freitas Júnior et al. (2006), and 
Rangel et al. (2007) and because to demonstrate 
small positive value for jv̂  of grain yield.  

Table 1. Estimates of the mean parameters, the varieties ( $vj) effects 
and their standard error deviation (S.D.) between two populations for 
six agronomical traits assessed in six popcorn varieties crossed in a 
diallel scheme. 

Traits 1  
Varieties PH EH GY WE NE MS 
Amarela 0.257 0.259 0.492 0.525 7.042 -0.277 
Roxa 0.182 0.179 -0.028 0.025 3.222 -0.637 
Branca -0.233 -0.162 -0.038 0.015 0.552 -0.877 
Rosa Claro 0.060 -0.032 -0.108 -0.185 3.722 -0.087 
Beija-Flor -0.268 -0.232 -0.498 -0.565 -10.088 -0.427 
Viçosa 0.003 -0.012 0.182 0.185 -4.448 2.303 
S.D. ( $ $v vi j− ) 0.061 0.039 0.219 0.281 3.256 0.481 

Mean  1.897 1.112 1.178 1.565 31.058 13.837 
1PH: plant height, EH: ear height, GY: grain yield, WE: weight of ears, NE: number of 
ears, and MS: mass of one hundred seeds. 

Table 2. Estimates of the mean parameters, the varieties ( $vj) 
effects and their standard error deviation (S.D.) between two 
populations for popping expansion (PE) in three growing seasons 
assessed in six popcorn varieties and their F1’s hybrids. 

Growing Seasons 1  
Varieties I II III 
Amarela -2.565 -2.660 -2.407 
Roxa -2.335 -2.190 -0.507 
Branca 3.035 1.770 2.363 
Rosa Claro -1.865 -1.460 -0.937 
Beija-Flor 0.465 3.570 0.893 
Viçosa 3.265 0.970 0.593 

S.D. ( $ $v vi j− ) 1.730 1.494 1.638 
Mean 15.265 10.990 12.067 
1I: grown season at the first evaluation year in Viçosa, II: growing season at the second 
evaluation year in Visconde do Rio Branco, and III: growing season at the second 
evaluation year in Viçosa. 

The varieties Branca, Beija-Flor and Viçosa had 
positive $vj values for popping expansion, in all the 
growing seasons evaluated. In opposite, Amarela, 
Roxa and Rosa Claro revealed negative estimates. It is 
very important to perceive that there were no 
changes in the signals of the $vj value estimates for all 
landraces in all growing seasons evaluated, that is, 
under field conditions of the first growing season of 
Viçosa and Visconde do Rio Branco, and the second 
growing season of Viçosa, respectively. This result 
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favor the hypothesis that de environment influence 
on popping expansion is not so important to delay 
the conduction of breeding program in one locality 
for release superior material for a large 
edaphoclimatic conditions. 

According to Singh and Chaudary (1985), the 
ranges of variation among the genitors and between 
two genitors differ when their amplitude is greater 
than twice the respective standard deviation. Based 
on Tables 1 and 2, there were variability among the 
landraces using as genitors for all traits with greater 
and smaller $vj effects: PH (8.60), EH (12.59), GY 
(4.52), WE (3.88), NE (5.26), MS (6.61), PE for the 
grown season at the first evaluation year in Viçosa 
(3.33), PE for the growing season at the second 
evaluation year in Visconde do Rio Branco (4.17), 
and PE for the growing season at the second 
evaluation year in Viçosa (2.91). 

Estimates of hybrid heterosis, in comparison to 
the mean parental population and the standard 
deviation among two hybrids without including 
identical genitors are showed in Tables 3 and 4. 
Hybrid heterosis is related of the square differences 
from the genic frequencies between two populations 
and the level of dominance. Then, heterosis appears 
when genetic divergence between populations exists 
in addition to some level of dominance. Even when 
heterosis does not exist it is possible to have genetic 
diversity among populations or absence of 
dominance because the sum of the dominance 
deviation can be zero when positive and negative 
estimates of dominants loci are found 
(VENCOVSKY; CRUZ, 1989; SCAPIM et al., 
2002; CRUZ et al., 2004; CRUZ, 2005). 

Positive 
ijĥ  values were expressed for plant height, 

ear height, grain yield and weight of ears, indicating 
that deviation from the dominance had higher 
influence on the performance of these traits. Only one 
hybrid (Amarela x Viçosa) showed negative value of the 

ijĥ  for number of ears, indicating a tendency for 
unidirectional dominance, but with moderate 
influence of the dominance effect. On the other hand, 
positive and negative 

ijĥ  values in joint analysis 
occurred for mass of one hundred seeds, that indicates 
bidirectional dominance on the expression of this trait, 
what it means of that some genes contribute to increase 
the mass of the seeds while other genes favoring the 
reducing of this trait (Table 3). 

Similarly to mass of one hundred seeds, for the 
popping expansion, there were positive and negative 
values of 

ijĥ  in all growing seasons evaluated 
demonstrating that bidirectional dominance it 
influences the expression for both traits (Tables 3 and 4). 

Table 3. Estimates of the total hybrids heterosis in comparison to 
the mean parental population and the standard deviation (S.D.) 
between two hybrids without include identical genitors for six 
agronomical traits assessed in fifteen F1’s from six popcorn 
varieties crossed in a diallel scheme. 

Traits 2  
Hybrids1 PH EH GY WE NE MS 
1 x 2 0.085 0.025 0.175 0.325 3.085 -0.480 
1 x 3 0.150 0.075 0.450 0.540 0.490 0.775 
1 x 4 0.155 0.040 0.915 1.025 3.235 1.175 
1 x 5 0.225 0.145 0.545 0.730 3.080 1.245 
1 x 6  0.050 0.010 0.480 0.565 -0.690 2.045 
2 x 3 0.015 0.000 0.525 0.615 2.660 0.925 
2 x 4 0.175 0.080 0.590 0.690 3.730 -0.115 
2 x 5 0.125 0.005 0.515 0.605 3.175 0.830 
2 x 6 0.105 0.005 1.005 1.425 7.415 1.715 
3 x 4  0.250 0.150 0.720 0.860 2.575 1.015 
3 x 5  0.280 0.165 0.635 0.795 9.990 -0.095 
3 x 6  0.060 0.050 0.320 0.435 0.665 1.185 
4 x 5  0.335 0.200 0.990 1.165 6.490 2.565 
4 x 6 0.185 0.120 0.765 0.875 0.900 2.490 
5 x 6  0.140 0.075 0.210 0.200 3.565 0.005 
S.D. ( $ $h hij kl− ) 0.011 0.005 0.048 0.079 10.600 0.231 

S.D. ( $ $h hij jk− ) 0.009 0.003 0.036 0.059 7.950 0.173 

11: Amarela, 2: Roxa, 3: Branca, 4: Rosa Claro, 5: Beija-Flor, and 6: Viçosa. 2 PH: plant 
height, EH: ear height, GY: grain yield, WE: weight of ears, NE: number of ears, and 
MS: mass of one hundred seeds. 

Table 4. Estimates of the total hybrids heterosis and the standard 
deviation (S.D.) between two hybrids without include identical 
genitors for popping expansion (PE) in three growing seasons 
assessed in fifteen F1’s from six popcorn varieties crossed in a 
diallel scheme. 

Growing season 
Hybrids1 

    I II             III 
1 x 2 0.615 2.330 -0.110 
1 x 3 0.180 -0.130 -0.215 
1 x 4 -1.185 1.565 -0.350 
1 x 5 -0.470 -0.550 0.070 
1 x 6 0.030 -0.650 -2.450 
2 x 3 -0.535 0.285 -2.030 
2 x 4 -0.985 2.000 0.485 
2 x 5 4.665 2.765 2.020 
2 x 6 -1.435 2.465 0.005 
3 x 4 -1.335 -1.665 -1.400 
3 x 5 -2.635 -4.880 -1.300 
3 x 6 -2.120 -1.915 -0.645 
4 x 5 -2.835 0.320 -0.065 
4 x 6 -2.935 -0.800 0.170 
5 x 6 -0.020 -0.750 1.805 
S.D. ( $ $h hij kl− ) 2.994 2.232 2.683 

S.D. ( $ $h hij ik− ) 2.246 1.674 2.012 
11: Amarela, 2: Roxa, 3: Branca, 4: Rosa Claro, 5: Beija-Flor, and 6: Viçosa. 2I: grown season at the 
first evaluation year in Viçosa, II: growing season at the second evaluation year in Visconde do 
Rio Branco, and III: growing season at the second evaluation year in Viçosa. 

This result had also been reported by Andrade  
et al. (2002), Scapim et al. (2002) and Viana and 
Matta (2003). If there was a link between grain size 
and capacity of expansion, it is feasible to assume 
that minor grains have a proportionally capable to 
optimize the capacity of to expand in relation to the 
bigger grains. In fact some authors demonstrated the 
occurrence of negative correlation between grain 
size and popping expansion (SAWAZAKI et al., 
2003; DAROS et al., 2004b). 

Consequently not only grain yield and popping 
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expansion are the most important agronomical traits in 
popcorn, but also size of grains. In reason of this, high 
importance must be directed for grain size in breeding 
programs, e.g., recurrent selections. In this respect 
although some breeding programs announcing success 
on release of new cultivars based mainly grain yield and 
popping expansion, the caution needs be dispensable 
for the selection of grain sizes too, because of the 
possible occurrence of the higher difference between 
the upper and the lower limit for popping expansion in 
the progenies under advanced selection cycles. This 
can be occurred even though in recurrent selection 
breeding programs with value of mean for popping 
expansion of the 30 mL g-1 or superior mean 
magnitudes. 

In relation to grain yield, the highest estimate of 
heterosis was revealed by the hybrid Roxa x Viçosa, 
whereas the combination Amarela x Roxa and Beija-
Flor x Viçosa had the lower estimates. The higher 
values of ijĥ 's were hierarquically expressed by 
combinations Roxa x Viçosa, Rosa Claro x Beija-Flor, 
Amarela x Rosa Claro, Rosa Claro x Viçosa and Branca x 
Beija-Flor (Table 3). As result, these hybrids had 
importance for using in experimental plantation or 
to be used in breeding programs, as recurrent 
selections, to obtain superior cultivar for one the 
most important economically trait in popcorn. 
Moreover, it is important to emphasize that the 
differences among heteroses were small in 
comparison to the standard deviation for grain yield. 

Regarding the popping expansion (Table 4), the 
hybrids Branca x Rosa Claro, Branca x Beija-Flor and 
Branca x Viçosa showed negative values of heterosis 
for all growing seasons evaluated (Table 4), 
revealing that all hybrids derived from Branca 
expressed expected results, based on the estimates of 
$vj values (Table 2), which ratifies the poor 
performance per se of this variety, resulting in 
inferior genic accumulation on the hybrid 
combinations in which it participates. There was 
only one combination (Roxa x Beija-Flor) with 
positive heterosis estimates in all environmental 
conditions studied (Table 4). 

The better hybrids for grain yield not presented 
the better-quality performance for popping 
expansion. But, the pair Roxa x Beija-Flor should not 
be disregarded in future breeding programs for 
obtained genetic gains for both traits, because it did 
not had negative heterosis for grain yield, although it 
was allocated in the tenth placed in the rank for 
effect of total heterosis (Table 3) amongst the fifteen 
hybrids achieved. 

Moreover, even though negative values for 
heterosis were found in popping expansion (Table 4), 
the exploitation of heterosis for this trait can be 

obtained in view of the fact that crossing among 
varieties whose dominance deviations predominantly 
act in the direction to increase this trait. This situation 
occurs when they have negative $Sii . 

The mean heterosis for grain yield and weight of 
ears were 0.589 ± 0.069 kg ha-1 and 0.723 ± 0.089 kg  
ha-1 higher than the means of the varieties, respectively 
(Table 5). These expressive values are eight times 
superior to the standard deviation, indicating that 
hybrids had high variability for the both traits to be 
exploited in the future breeding programs. Rosa Claro 
expressed de highest effect of varietal heterosis. 

In spite of no significance for the mean squares of 
the varietal heterosis for number of ears  
(p < 0.01), the varieties Roxa, Rosa Claro and Beija-Flor 
showed positive values of varietal heterosis ( $h j

) 
indicating existence of genetic divergence among the 
varieties for this trait. In relation to the mass of one 
hundred seeds, the amplitude between two more 
discrepant genitors for $h j

 estimate was superior on 3.88 
times in relation the respective standard deviation, 
making possible the discrimination the varieties al least 
two groups, as following: i) the first, including the 
varieties with positive estimates values for jĥ , which 
are Viçosa and Rosa Claro; and ii) the second group, 
formed by the varieties Amarela, Roxa, Branca and Beija-

Flor. On this respect, the Viçosa and Rosa Claro were the 
most divergent varieties among the landraces used in 
this study. Thus, the variation for grain sizes in the 
varieties evaluated were sufficiently higher to require 
attempt of the breeders on improvement of this trait 
for more uniformity in size of grains, but associated 
with high popping expansion. 

Table 5. Estimates of the effects of mean ( $h ) and varietal ( $h j
) 

heterosis and its standard deviation (S.D.) for four agronomical 
traits in six popcorn varieties crossed in a diallel scheme. 

Traits 1  
Varieties GY WE NE MS 
Amarela -0.095  -0.108 -1.897 -0.083 
Roxa -0.034     0.011 0.819 -0.555 
Branca -0.074 -0.093 -0.102 -0.322 
Rosa Claro 0.258 0.250 0.035 0.509 
Beija-Flor -0.013 -0.030 2.378 -0.136 
Viçosa -0.042 -0.029 -1.233 0.587 
S.D. ( $ $h hi j− ) 0.134 0.172 1.994 0.294 

$h   0.589 0.723 3.358 1.019 
S.D. ( $h )  0.069 0.089 1.030 0.152 
1GY: grain yield, WE: weight of ears, NE: number of ears, and MS: mass of one 
hundred seeds. 

Concerning the popping expansion, the 
estimates of mean heterosis were negative in two 
growing seasons (first and second evaluation years in 
Viçosa). Besides, on the third growing season 
(second evaluation year in Visconde do Rio Branco) 
this trait revealed small value of the mean heterosis, 
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with magnitude eighteen times inferior to the 
respectively standard deviation (Table 6). It 
evidences the existence of genetic differences among 
the varieties and their hybrid combinations as well 
the effect of dominance on genic complementation 
aren’t important for to produce popcorn with 
desirable capacity to popper. Considering that the 
dominance effect is the component on expression of 
heterosis that less impact has for popping expansion 
(LARISH; BREWBAKER, 1999; PEREIRA; 
AMARAL JÚNIOR, 2001; SCAPIM et al., 2002; 
FREITAS JÚNIOR et al., 2006; RANGEL et al., 
2008), then the genetic distance assume great 
importance on expression of popping expansion, but 
only when the additive gene effects is loaded in the 
materials for crosses. 

Table 6. Estimates of the effects of mean ( $h ) and varietal ( $h j
) 

heterosis and its standard deviation (S.D.) between two 
populations for popping expansion (PE) in three growing seasons 
assessed in six popcorn varieties and their F1’s hybrids. 

Growing Seasons 1  
Varieties I II III 
Amarela  0.709  0.609 -0.430 
Roxa   1.498  2.429   0.427 
Branca -0.695 -2.109  -1.063 
Rosa Claro -1.402 0.322  0.044 
Beija-Flor  0.593 -0.806  0.967 
Viçosa -0.703 -0.445  0.055 
S.D. ( $ $h hi j− ) 1.060 0.915   1.003 

$h   -0.733 0.026 -0.267 

S.D. ( $h )  0.540 0.472  0.518 
1I: grown season at the first evaluation year in Viçosa, II: growing season at the second 
evaluation year in Visconde do Rio Branco, and III: growing season at the second 
evaluation year in Viçosa. 

The Roxa variety showed positive estimates of 
varietal heterosis in all growing seasons evaluated what 
suggests that it has the highest genetic divergence 
among the varieties used as genitors (Table 6). On the 
other hand, Branca revealed the negative values at the 
same environments (Table 6) that corroborate the 
explanation done previously based on Tables 2 and 4 
for this variety in to produce inferior hybrids. 

According to the specific heterosis estimates (Table 
7), for grain yield, the hybrids Roxa x Viçosa, Amarela x 
Rosa Claro, Rosa Claro x Beija-Flor and Branca x Beija-
Flor had the higher positive values for ijŝ . Although 
not on the same order, these hybrids were the same 
that showed the favorable effects of $sij  for weight of 
ears and among of them, three hybrids (Branca x Beija-
Flor, Roxa x Viçosa and Amarela x Rosa Claro) performed 
may contribute genetically to increasing the number of 
ears. Regarding the MS trait, in opposite of the hybrids 
Beija-Flor x Viçosa, Roxa x Rosa Claro and Amarela x Roxa, 
the crosses Rosa Claro x Beija-Flor, Roxa x Branca and 
Roxa x Viçosa could be indicated for programs to obtain 
plants with more accentuated grain sizes because they 

have positive $sij  values. 
Amarela x Branca, Amarela x Rosa Claro, Roxa x Beija-

Flor, Branca x Viçosa and Beija-Flor x Viçosa showed 
positive estimates of $sij

 values in all growing seasons 
evaluated for popping expansion (Table 8). Amongst 
these, only Amarela x Rosa Claro may be included into 
group of the combinations that had high estimates with 
regard to specific heterosis for grain yield. 

Table 7. Estimates of specific heterosis ( $sij
) and standard 

deviations (S.D.) for four agronomical traits assessed in fifteen 
hybrids from six popcorn varieties crossed in a diallel scheme. 

Traits 2  
Hybrids1   GY   WE NE  MS 
1 x 2 -0.285 -0.301 0.805 -0.861 
1 x 3 0.030          0.018 -0.869   0.162 
1 x 4 0.163 0.160   1.739 -0.270 
1 x 5 0.064 0.145 -0.759  0.446 
1 x 6 0.028 -0.021 -0.917  0.523 
2 x 3 0.044 -0.026 -1.415  0.783 
2 x 4 -0.224 -0.294 -0.482 -1.088 
2 x 5 -0.027 -0.099 -3.380  0.502 
2 x 6 0.492          0.720  4.472 0.664 
3 x 4 -0.054 -0.020 -0.716 -0.191 
3 x 5   0.133          0.195  4.357 -0.656 
3 x 6 -0.154 -0.166 -1.357 -0.098 
4 x 5 0.155          0.223  0.719    1.173 
4 x 6 -0.041 -0.069 -1.260  0.376 
5 x 6 -0.325 -0.464 -0.937 -1.465 
S.D. ($ $s sij ik− ) 0.134 0.172 1.994 0.294 

S.D. ($ $s sij kl− ) 0.110 0.141 1.628 0.240 

11: Amarela, 2: Roxa, 3: Branca, 4: Rosa Claro, 5: Beija-Flor and 6: Viçosa. 2 GY: grain yield, 
WE: weight of ears, NE: number of ears, and MS: mass of one hundred seeds. 

Table 8. Estimates of specific heterosis ( $sij
) and standard deviations 

(S.D.) between two hybrids, of popping expansion assessed in fifteen 
hybrids from six popcorn varieties crossed in a diallel scheme. 

Growing Seasons 2  
Hybrids1 

I    II III 
1 x 2 -0.859   -0.734 0.160 
1 x 3  0.899 1.344 1.545 
1 x 4 0.241 0.608 0.303 
1 x 5 -1.039 -0.379 -0.200 
1 x 6 0.758 -0.840 -1.809 
2 x 3 -0.605 -0.061 -1.126 
2 x 4 -0.348 -0.777 0.282 
2 x 5  3.308 1.117 0.894 
2 x 6  -1.496 0.455 -0.210 
3 x 4  1.495 0.095 -0.114 
3 x 5  -1.800 -1.991 -0.936 
3 x 6  0.011 0.613 0.630 
4 x 5  -1.292 0.778 -0.809 
4 x 6  -0.096 -0.704 0.338 
5 x 6  0.824 0.475 1.050 
S.D. ($ $s sij ik− ) 1.060 0.915 1.003 

S.D. ($ $s sij kl− ) 0.865 0.747 0.819 

11: Amarela, 2: Roxa, 3: Branca, 4: Rosa Claro, 5: Beija-Flor and 6: Viçosa. 2I: grown season at the 
first evaluation year in Viçosa, II: growing season at the second evaluation year in Visconde do 
Rio Branco, and III: growing season at the second evaluation year in Viçosa. 

Therefore, the hybrid Amarela x Rosa Claro had 
potential to be exploited in recurrent selection for 
obtained successive genetic gains for grain yield and 
popping expansion, as result of increasing the 
favorable alleles on consecutive cycles of selection. 
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This is the first report in Brazil the jointed potential 
for grain yield and popping expansion on intercrossing 
of landraces, that indicates the possibility to exploit this 
advantage to initiate a reciprocal recurrent selection on 
the populations Amarela and Rosa Claro, at time its are 
complementary in relation to grain yield and popping 
expansion. Considering these varieties are prolific, the 
strategy proposed by Hallauer and Eberhart (1970) is a 
good option, because it provides the improve of the 
landraces by obtained full-sib progenies, that permit to 
obtained genetic gains per se and in intercrossing 
besides to derived lines that may be evaluated by 
testcrosses and obtained superior simple, simple 
modified or three-way hybrids. 

ConclusionConclusionConclusionConclusion    

For the first time in Brazil the jointed potential for 
grain yield and popping expansion on intercrossing of 
landraces is reported, by using Amarela and Rosa Claro 
to initiate a reciprocal recurrent selection. 

The mean heterosis was the main component 
describing effects in plant and ear heights. 

The estimates of heterosis of grain yield were 
positive and popping expansion had negative and 
positive heterosis estimates derived from bidirectional 
dominance due to the predominant performance of the 
deviation from dominance for each variety. 

Simultaneous genetic gains for grain yield and 
popping expansion may be obtained by using Viçosa 
in intrapopulation recurrent selection programs. 
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