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ABSTRACT. With the aim of estimating genetic parameters and 
identifying superior popcorn combinations, 10 parents were crossed 
in a circulant diallel and evaluated together with the 15 resulting hy-
brids at two locations in two growing seasons for grain yield, num-
ber of broken plants, number of partially husked ears and popping 
expansion. The hybrids were less sensitive to environmental varia-
tions than the parents of the diallel in the 2003/2004 and 2004/2005 
growing seasons. The genetic parameters suggested possible genetic 
gains for grain yield and popping expansion, mainly. Bidirectional 
dominance could have occurred for popping expansion. Heterobelti-
osis for grain yield seems to be a common effect in popcorn. The 
intrapopulation breeding for popping expansion may offer superior 
genetic gains, but for grain yield, interpopulation breeding is re-
quired. The performance of UNB2U-C1 x BRS Angela indicated 
this hybrid for experimental cultivation in the northern and north-
western Fluminense region in Rio de Janeiro State, Brazil.

Key words: Combining ability; Diallel analysis; Heterosis; Zea mays L.



1021

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 7 (4): 1020-1030 (2008)

Experimental popcorn hybrids of circulant diallel

INTRODUCTION

Rather surprisingly, popcorn breeding in Brazil is not a recent activity. It dates 
back to 1932, initiated at the Instituto Agronômico de Campinas (IAC). The first national 
variety was released in 1941, derived from mass selection cycles of the base population 
South American Mushroom (SAM), of South American, originated in the USA. However, 
studies in Brazil were only resumed in the beginning of the 1980s, culminating in the 
release of the modified single hybrid IAC-112 in 1988, derived from a combination of 
lines of the variety SAM with lines from the intervarietal hybrid Guarani x UFV Yellow 
(Sawazaki et al., 2000; Sawazaki, 2001) and, almost simultaneously, from the three-way 
hybrid Zélia, commercialized by Pioneer.

Since the 1990s, Brazil has made slow progress towards a self-sustained popcorn sec-
tor, although this observation applies strictly to breeding studies in the country, since releases 
of improved cultivars of Brazilian breeding programs are rare. There are a few exceptions: 
IAC-112, a modified simple hybrid, used by the company Hikari; IAC-125, a three-way hybrid 
derived from IAC-112, indexed in April 2006; BRS Angela, an open-pollinated variety, ob-
tained by recurrent selection in the composite CMS-43, with the drawback of the white kernel 
color; RS-20, developed by IPAGRO and distributed by AGROESTE-SC, and UFVM2-Barão 
Viçosa (Rangel et al., 2007; Ricci et al., 2007).

The decline in importation is largely due to the cultivation of North American hybrids 
(for example, P608, P608 HT, P618, P621, and P625), indexed in Brazil and used by pack-
aging companies, e.g., Yoki Aliments S.A., which restrict access to seed to the company’s 
partner producers (Sawazaki, 2001; Sawazaki et al., 2003; Freitas Junior et al., 2006). In the 
2006/2007 growing season, the three-way hybrid Jade, sold by Pioneer, was included among 
these options for the Brazilian seed market (Cruz and Pereira Filho, 2008).

In 1995, Sawazaki claimed that in Brazil, popcorn was not given the same attention 
as common maize, and that breeding throughout the country had made little progress due to 
the limited number of institutions and breeders dedicated to the crop (Sawazaki, 2001). In 
fact, in the 2006/2007 growing season, only 7 of 278 maize cultivars available on the market 
were popcorn. Moreover, from the maize cultivars bred by EMBRAPA, only one is a popcorn 
cultivar. This paradox contrasts with the economic value of the crop. The possibility of total 
mechanization and the absence of governmental price control boost the commercial value of 
popcorn to at least twice the price of common maize (Sawazaki et al., 2003; Daros et al., 2004; 
Freitas Júnior et al., 2006; Cruz and Pereira Filho, 2008).

In view of the high profitability for kernel producers as well as for the seed trade, 
versus the lack of cultivars developed by research institutions in Brazil, 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, diallel 
analysis lends itself as viable alternative, even when the number of parents involved is high. In 
this situation, the circulant diallel is a particularly interesting methodology, as it requires only 
one sample of all possible parent combinations (Cruz et al., 2004).

Veiga et al. (2000) demonstrated the efficiency of circulant in comparison with com-
plete diallels, to classify parents as well as estimate parameters of general and specific com-
bining abilities. Ferreira et al. (2004) further verified the superior efficiency of the circulant 
over the complete diallel regarding the effects of general and specific combining abilities. 
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The authors evaluated maize ear yield in a circulant diallel and stated that a reduction of 30% 
in the number of crosses did not affect the choice of the best parents and hybrids.

The present study was carried out to estimate genetic parameters in 10 parents and 
15 hybrids derived from crosses in a circulant diallel that were evaluated in two locations and 
two growing seasons, to investigate the potential of the genotypes and to identify, a priori, 
adequate breeding strategies to obtain superior segregating materials.

MATERIAL AND METHODS

The following populations, previously selected by Freitas Júnior et al. (2006), were 
used to obtain hybrids in a circulant diallel: Beija-Flor, White-Viçosa, Viçosa-Viçosa, SE013-
Maringá, PA038-Maringá, BRS Angela, PR Ervália, Viçosa-UENF, UNB2U-C1, and UNB2U-
C2. As proposed by Kempthorne and Curnow (1961), the algorithm to establish the diallel 
crosses was based on three crosses per parent.

To establish the hybrid combinations, the 10 populations 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 be-
tween plants, in March 2003. At flowering, approximately 100 crosses were performed between 
the rows 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, parents and controls (IAC-112, Produtor-Maringá, PR023-Maringá, UNB2U-
C0, and Viçosa) were evaluated in two contrasting localities in Rio de Janeiro State: Colégio 
Estadual Agrícola Antônio Sarlo, in Campos dos Goytacazes, and Experimental Station of 
PESAGRO-RIO of Itaocara, sown on 12/9/2004 and 12/14/2004 (2004/2005 growing season), 
respectively. The same treatments had been planted on 11/11/2003, in Campos dos Goytacazes 
and on 11/16/2003, in Itaocara, by Freitas Júnior et al. (2006). The results of these trials were 
designated 2003/2004 growing season. In each environment, 30 treatments (the 10 pre-selected 
parents, 15 hybrids and 5 controls) were arranged in a randomized block design with four repli-
cations, planted in single 10-m rows (1.00 m between-row spacing and 0.20 m in-row spacing).

The following traits were measured: grain yield (GY), expressed in kg/ha of kernel 
weight after threshing; number of broken plants (NBP), determined by counting the plants 
with broken stem below the highest ear in each plot at harvest; number of partially husked ears 
(PHE), obtained by counting the partially husked ears, that is, where the tip of the ear was not 
covered with corn silk, in each plot at harvest, and popping expansion (PE), measured in the 
laboratory by a device developed by the Embrapa/Instrumentação Agropecuária. At a tempera-
ture of 270°C, the popcorn kernels were popped for 2.5 min and evaluated by the ratio mL/g, 
that is, volume relative to mass of 30 g of popped kernels, with two replications for each plot.

The individual and joint analyses of variance were performed using the Genes soft-
ware (Cruz, 2006). The joint analysis was based on the genetic-statistical model Yijkm = µ + 
(r/y)/ejkm + gi + ej + yk + gyik + geij + eyjk + geyijk + ξijkm, considering the sources of variation 
of genotype and environment or location as fixed, and the source of variation year as random 
effect, where: Yijkm = phenotypic value of the observation ijkm of genotype i, year k and envi-
ronment j in block m; µ = general mean; (r/y)/ejkm = effect of block m within year k at environ-
ment j; gi = effect of genotype i; ej = effect of environment j; yk = effect of year k; gyik = effect 
of interaction between genotype i and year k; geij = effect of interaction between genotype i 

and environment j; eyjk = effect of interaction between environment j and year k; geyijk = ef-
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fect of the interaction among genotype i, environment j and year k, and ξijkm = experimental 
error associated with observation ijkm ~ N (0, σ2

e) (Hallauer and Miranda Filho, 1995). The 
homogenous variance test was performed before doing the joint analysis. 

The phenotypic means were used to estimate the following genetic parameters:
a) mean phenotypic variance,

(Equation 1)

where  = quadratic component that expresses genotypic variability in the treatment means, 
r = number of replications, e = number of environments, and y = number of years;
b) genotypic variability, 

;                                (Equation 2)

where MSG is the mean square of the genotype,
c) residual variance, 

;                                          (Equation 3)

where MSR is the mean square of the error, 
d) variance of genotype-by-location interaction,

;                              (Equation 4)

e) coefficient of genotype determination,

;                                     (Equation 5)

variation index,

,                                            (Equation 6)

and relative heterosis,

where  is the mean of the hybrid combinations and MP the mean of the parents (Hallauer and 
Miranda Filho, 1995; Cruz et al., 2004). 

,                                 (Equation 7)
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RESULTS AND DISCUSSION

With exception of NBP, the mean squares of the source of variation per year were 
significant (at 1% probability) for the other traits (Table 1), indicating differences between the 
means of the 2003/2004 and 2004/2005 growing seasons.

Source of variation d.f.                                         Mean squares

  GY NBP    PHE PE

Replications/Locations x   12      501,434.4800   238.5986         8.2743         6.0210
  Year (R / L x Y)
Year (Y)     1 58,975,130.2100 **       33.0750 ns          23.8520 **        123.4240 **

Location (L)     1 29,363,413.3300 **  2,641.4083 ns            3.8520 ns        206.1940 **

L x Y     1   7,648,225.2100 **  5,440.5333 **          46.2520 **        116.2300 **

Treatment (T)   29   1,596,583.6600 **     196.7100 **            4.6701 ns        316.1132 **

Genotype (G)   24   1,879,863.7700 **     184.0089 **            5.0837 ns        302.2309 **

Parents (P)     9  1,556,404.6000 *    319.4972 *            6.4506 ns        406.5829 **

Hybrids (H)   14      553,272.0700 **     100.2470 ns            4.0416 ns        255.2566 **

P x H      1 23,363,280.0100 **     137.2816 **            7.3704 **          20.7018 **

Control (C)      4      269,014.3750 ns    317.1437 *            1.3437 ns        478.4059 **

G x C      1      108,138.3700 **       19.8016 ns            8.0504 **            0.1176 ns

T x Y    29      277,472.4500 **       50.2775 ns            3.6150 ns          16.2508 **

G x Y    24      317,819.1500 **      50.6922 *            3.3854 ns          14.3995 **

P x Y      9      326,986.2700 **       55.8194 ns            2.2006 ns         11.7054 *

H x Y    14      132,624.7500 ns       47.2875 ns           4.3821 *          16.0639 **

P x H x Y      1   2,828,036.7600 **       52.2150 ns            0.0937 ns          15.3440 ns

C x Y      4        91,972.1870 ns       37.5437 ns            5.8312 ns          28.9126 **

G x C x Y      1        51,152.6700 ns       91.2600 ns            0.2604 ns          10.0362 ns

T x L    29      218,012.2600 ns       80.2402 ns            2.0632 ns          14.2311 ns

G x L    24      240,434.3400 ns       72.9818 ns            2.1016 ns          15.6245 ns

P x L      9      106,229.6000 ns       88.1000 ns            2.2784 ns          12.8382 ns

H x L    14      128,625.1900 ns       67.0875 ns            2.1130 ns          18.2880 ns

P x H x L      1   3,013,605.0100 **       19.4400 ns            0.3504 **            3.4126 ns

C x L      4      106,409.0620 ns       37.1687 ns            2.1562 ns            7.1466 ns

G x C x L      1      126,295.0400 **     426.7266 **            0.7704 **            9.1266 **

T x L x Y    29      201,376.0700 **      61.1497 *            2.4460 ns          14.3138 **

G x L x Y    24      221,705.0400 **       61.6443 **            2.6141 ns           8.6033 *

P x L x Y      9     162,290.0200 *     123.0444 **            2.3951 ns            9.8374 ns

H x L x Y   14     230,850.8500 *       24.5017 ns            2.9392 ns            8.0663 ns

P x H x L x Y     1     628,398.8400 *       29.0400 ns            0.0337 ns            5.0142 ns

C x L x Y     4      129,251.2500 ns       70.1687 ns            2.0437 ns          50.8114 **

G x C x L x Y     1          1,980.1700 ns       13.2016 ns            0.0204 ns            5.3770 ns

Error 348   102,340.7000     34.9664         2.5932         5.4761
General mean    1,222.87 13.86     2.28   19.32
Genotype mean    1,229.58 13.95     2.34   19.33
Control mean    1,189.31 13.41     2.00   19.29
CVe (%)         26.16 42.64   70.33   12.10

GY = grain yield, in kg/ha; NBP = number of broken plants; PHE = partially husked ears; PE = popping expansion, 
in  mL/g. **Significant at 1% probability by the F test. *Significant at 5% probability by the F test. ns = not significant. 
d.f. = degrees of freedom.

Table 1. Values and significances of the mean squares and percentage coefficients of experimental variation 
(CVe) based on the mean of the treatments for the four traits evaluated in hybrid combinations, respective parents 
and controls, in the 2003/2004 and 2004/2005 growing seasons.
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For location, the significance (at 1% probability) for GY and PE only shows that, 
in principle, different programs should be conducted for each location. Considering only 
popping expansion, Vendruscolo et al. (2001) evaluated 15 genotypes (varieties and in-
tervarietal hybrids) in 15 localities in the Central-South region of Brazil, and observed 
an environmental influence on PE. This trait was reported to be strongly location-related, 
contributing to the supposition of quantitative inheritance. The environmental influence 
on popping expansion of popcorn is explained by the fact that not all genes that contrib-
ute to endosperm hardness contribute to popping expansion (Robbins Jr. and Ashman, 
1984).

With regard to the sources of variation for treatment and genotype, the differ-
ences of all traits but PHE were significant, which implies the absence of undesirable 
variations in relation to partially husked ears and indicates the existence of considerable 
genetic variability in the genotypes evaluated. Compared to the control performance, no 
significant differences were determined (5% probability) for GY and PHE, suggesting 
that these genotypes were genetically less dissimilar than the set of parents and hybrids 
of the diallel.

In the analysis of the genotype-by-control, the traits GY and PHE were significant 
by the F test, leading to the conclusion that the averages of parents and hybrids of the dial-
lel were different from the controls. The non-significance for PE indicates that there was 
no difference between the parents and hybrids of the diallel compared to control means 
(respective means of 19.33 and 19.29 mL/g).

The traits GY and PE were significant for the treatment-by-year and genotype-by-
year interactions, indicating that the genotypes performed differently in the two growing 
seasons. 

The statistical difference for PE in the interactions parents-by-year and hybrid-by-
year is worth mentioning. Only GY was significant for the former, denoting that the hy-
brids were less sensitive to variations between growing seasons than the diallel parents.

The genotype-control-location interaction showed that the mean of the parents 
and hybrids of the diallel differed from the mean of the controls in the locations for all 
traits evaluated. Since the analysis of the genotype-by-control interaction denoted dis-
similarity for GY and PHE, it was concluded that the evaluation in distinct environments 
favored the detection of differences in the genotypes studied.

The analysis of the treatment-location-year interaction revealed differences be-
tween the treatments evaluated in the different localities and growing seasons for GY, 
NBP and PE; likewise, the genotype-location-year interaction suggested that the dissimi-
larity observed for these triple interactions was influenced by the cultivation in different 
years.

The parent-location-year interaction indicated significance for GY and NBP, 
while hybrid-location-year only for GY, which is evidence that the parents and mainly the 
hybrids were not very dissimilar when evaluated in different years and locations. This is 
corroborated by the parent-hybrid-location-year contrast, in which only GY was statisti-
cally different.

In relation to the genetic parameters, considering the main traits for breeding, GY 
and PE, the high values of the coefficient of genotype determination (Table 2) indicate 
the possibility of selection gains with the application of simpler breeding methods. The 



1026

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 7 (4): 1020-1030 (2008)

R.M. Rangel et al.

values of the variation index corroborate this assumption (0.97 for GY and 1.81 for PE), 
demonstrating that the phenotype clearly expressed the genotype. 

Traits                                 Genetic parameters

      

GY 104,024.07 6,396.29 97,627.78 26,934.80 93.95 0.97
NBP          10.51        2.18          8.33          1.96 79.25 0.48
PHE            0.26        0.16          0.10          0.09 38.46 0.20
PE          18.32        0.34        17.98          1.11 98.14 1.81

Table 2. Estimates of genetic parameters of four traits of popcorn evaluated in a circulant diallel in the 2003/2004 
and 2004/2005 growing seasons.

GY = grain yield, in kg/ha; NBP = number of broken plants; PHE = partially husked ears; PE = popping expansion, 
in mL/g.  = mean phenotypic variance;  = residual variance;  = genotypic variability;  = variance of 
genotype-by-environment interaction;  = coefficient of genotype determination;  = variation index.

As for NBP and mainly for PHE, due to the lower magnitudes of  (coefficient 
of genotype determination) and  (variation index), care must be taken with the indication 
of selection methods for satisfactory gains. By any means, a popcorn breeder must pay 
attention not only to grain yield and popping expansion but also to other traits of interest 
for the crop as well (e.g., number of broken plants and number of partially husked ears). 
In this case, the breeding method cannot be very simple and neither can direct selection 
be considered an appropriate procedure. As to the breeding strategy, the results of selec-
tion among and within half-sib families were promising in recurrent selection procedures 
in popcorn in the country, representing the most widely applied method in Brazil (Zinsly, 
1969; Lira, 1983; Galvão et al., 2000). The method is preferred owing to the ease of use, 
besides the efficiency in increasing the frequencies of favorable alleles in the populations, 
as demonstrated by Matta and Viana (2003).

Pereira and Amaral Júnior (2001) determined the best possibilities of predicted 
gains for the conditions of the northern and northwestern Fluminense region, in an evalu-
ation of 92 progenies of Design I of the base population UNB-2U, ranking the recurrent 
methods, as follows: full-sib families, S1 progenies, half-sib families, and stratified mass 
selection. Consequently, the intrapopulation method with selection of full-sib families 
seems adequate, since higher gains will be obtained (Balestre et al., 2008). Additionally, 
the strategy of selection index should be used to select the best progenies for the recom-
bination. By the selection index, it is possible to please producers with increased yields 
and stands with less broken and partially husked ears and, concomitantly, satisfy consum-
ers with a greater popping expansion of the product, since the robustness of the analytic 
procedure of the selection index exceeds the negative signal of correlations between the 
traits of interest, as is the case with GY and PE in popcorn.

In the Scott-Knott cluster analysis (Table 3), the expressions of the traits in the 
cultivations were considered interesting in set, rather than in a particular year or location 
per se, in spite of the statistical significance of parents-location-year for GY and NBP 
(5 and 1%, respectively) and hybrid-location-year for GY (at 5% probability) (Table 1). 
This concept was based on the fact that the study target is the future release of a cultivar 
adaptable to the northern and northwestern Fluminense region, which implies the need to 
consider the performance of the genotypes in location and years simultaneously.
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For GY, all estimates of the relative heterosis were positive, and interestingly, in only one 
pair (White-Viçosa x Viçosa-Viçosa) was there no heterobeltiosis effect. In an evaluation of hybrids 
derived from complete diallel crosses among nine parents for the trait grain yield (growing season 
1998/1999), Scapim et al. (2002) found heterobeltiosis in 25 of 36 possible combinations. This 
confirms the argument that heterobeltiosis for GY may be a common effect in popcorn and shows 
that the parents that have been used in diallel cross systems may belong to distinct gene pools. 
Moreover, the occurrence of positive values in all combinations in this study and the higher posi-
tive heterotic values found by Andrade et al. (2002), Scapim et al. (2002) and Miranda et al. (2008) 
reinforce the assertion that dominance effects are essential to obtain GY gains in popcorn.

Among the hybrids, although higher heterotic effects were expressed by other pairs, 
the means of the combination UNB2U-C1 x BRS Angela were the highest in absolute terms 
in the evaluations in different locations and years and seems promising with the aim of experi-
mental use in the northern and northwestern Fluminense region.

The magnitude of the experimental coefficient of variation (CVe) for GY decreased be-
tween the trial of 2003/2004 (Freitas Júnior et al., 2006) and the joint analysis of the 2003/2004 
and 2004/2005 growing seasons, expressed in the respective values of 28.91 and 26.16% (Table 

Genotype                             GY                                    NBP                       PHE                        PE

 Means  Means  Means
 

 Means 

  1 1,307.81A - 13.38A - 2.00A - 22.68C -
  2    576.88B - 22.00A - 2.32A - 16.93D -
  3 1,099.38A - 15.63A - 2.19A - 16.56E -
  4    512.50B - 11.00A - 1.25A - 12.89E -
  5    681.25B - 17.50A - 2.82A - 17.57D -
  6 1,032.82A - 11.82A - 1.87A - 30.77A -
  7    910.00B - 13.88A - 1.75A - 19.63D -
  8 1,288.43B - 11.82A - 1.63A - 23.38C -
  9    645.94B -   9.13A - 2.56A - 15.81E -
10 1,215.31A - 15.63A - 3.44A - 19.93D -
1 x 5 1,343.75A    35.12 13.19A -14.57 2.56A    6.22 21.76C    8.12
1 x 6 1,721.88A    47.13 10.88A -13.65 1.75A   -9.56 26.01B   -2.67
1 x 7 1,416.25A    27.72 15.13A  11.00 3.06A   63.20 20.71D   -2.10
2 x 6 1,393.75A    73.17 15.63A   -7.57 2.06A   -1.67 25.73B    7.88
2 x 7 1,072.82A    44.30 17.38A   -3.12 2.93A   43.98 18.21D   -0.38
2 x 8 1,333.44A    42.98 14.94A  -11.65 1.37A   -30.63 20.31D    0.77
3 x 7 1,299.38A    29.33 14.75A   -0.03 3.00A   52.28 17.02D   -5.94
3 x 8 1,649.07A    38.13 12.88A   -6.16 2.68A   40.31 19.37D   -3.00
3 x 9 1,624.07A    86.11 10.50A  -15.19 3.00A   26.32 14.16E -12.52
4 x 8 1,590.63A    47.74 12.38A     8.50 2.25A 108.33 17.66D   -2.62
4 x 9 1,330.32A  129.67   7.94A  -21.11 1.94A     1.84 14.33E   -0.14
4 x 10 1,651.88A    91.21 13.50A     1.39 2.50A     6.61 15.69E   -4.38
5 x 9 1,372.50A  106.83 14.56A     8.60 2.81A     4.46 13.89E -16.77
5 x 10 1,180.63A    24.50 16.63A     0.39 2.56A -18.21 18.16D   -3.15
6 x 10 1,423.43A    26.63 11.94A  -13.00 2.12A -20.15 23.11C   -8.84
Means followed by the same letter belonging to the same group did not differ from each other by the Scott-Knott 
procedure, at 5% probability. GY = grain yield, in kg/ha; NBP = number of broken plants; PHE = partially husked 
ears; PE = popping expansion, in mL/g. 1 = UNB2U-C1; 2 = PR Ervália; 3 = Viçosa-UENF; 4 = PA038-Maringá; 5 
= White-Viçosa; 6 = BRS Angela; 7 = Beija-Flor; 8 = UNB2U-C2; 9 = SE013-Maringá; 10 = Viçosa-Viçosa. 

Table 3. Grouping of means and relative heterosis of the traits GY, NBP, PHE and PE evaluated in popcorn 
genotypes at two locations and in two seasons in Rio de Janeiro State, Brazil.
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1). Cargnelutti Filho and Storck (2007) ascribe this to the fact that, according to the propriety 
of the mathematical expectation, when adding a constant to a variable, the new mean is to be 
added to this constant; thus, the variance remains unchanged, while the CVe decreases.

For the number of broken plants, a greater quantity than the 66.66% of the hybrids that 
exhibited negative heterosis was expected (Table 3), since the influence of the additive effects 
is far greater in the trait expression, as stated by Freitas Júnior et al. (2006) and Rangel et al. 
(2007). A possible reason for the expression of this result can be explained by the high per-
centage of CVe for NBP (Table 1). This value, considered very high by Scapim et al. (1995), 
denoted considerable variation within treatments for the trait in question, which interferes with 
more accurate presuppositions on the number of broken plants. The estimates of heterosis for 
10 of the 15 hybrids were positive (Table 3), among them UNB2U-C1 x BRS Angela, Viçosa-
UENF x UNB2U-C2 and Viçosa-UENF x SE013-Maringá, with outstanding grain yield.

For PHE, Freitas Júnior et al. (2006) found values close to the mean squares of GCA 
and SCA effects, with slightly higher dominance effects (0.1273 compared to 0.1352, respec-
tively) in the evaluation of the treatments in question in the 2003/2004 growing season. Ran-
gel et al. (2007) further stated that in the joint analysis of the 2003/2004 and 2004/2005 grow-
ing seasons, the mean squares of the GCA and SCA effects were practically equal, with only 
slightly higher additive effects (0.0772 compared to 0.0637, respectively). Considering that 
the dominance and additive effects are equivalent in the expression of PHE, the existence of a 
bidirectional dominance effect may be assumed, although not as absolute, due to the negative 
heterosis estimates of 5 of the 15 hybrids (Table 3). Once more, in relation to the coefficient 
of experimental variation, the highest CVe value was found for trait PHE (Table 1), which 
explains the possibility of selection of only one superior hybrid for GY and PHE, from the set 
of the above-cited: UNB2U-C1 x BRS Angela.

The interaction genotype by location for PE indicates that the genotypes behaved sim-
ilarly in relation to the changes in edaphoclimatic conditions, supporting the idea of Alexander 
and Creech (1977) that the expansion phenomenon is a polygenic trait, but subject to a low 
environmental influence. However, Robbins and Ashman (1984) suggested that the environ-
mental influence seems to be relevant to PE, since there is evidence that not all the genes that 
contribute to endosperm hardness also contribute to PE, which suggests that the adaptation to 
the growing area influences the capability of expansion of the popcorn kernel.

On the other hand, considering the interaction with year for PE, treatment-year and 
treatment-location-year were significant at 1% probability (Table 1). These results are dif-
ferent from that obtained by Miranda et al. (2008), where there were similar edaphoclimatic 
conditions studied in a complete diallel scheme.

For popping expansion, the heterotic values of only three combinations were posi-
tive, which ratifies the greater importance of additive effects in PE expression, corroborat-
ing the findings by Pereira and Amaral Júnior (2001), Matta and Viana (2003), Simon et al. 
(2004), and Freitas Júnior et al. (2006). Miranda et al. (2008) confirmed that there was re-
duced heterosis for PE in Brazilian popcorn populations in relation to commercial cultivars. 
However, these results must be considered with caution, because the hypothesis of bidirec-
tional dominance on the effect of PE cannot be refuted.

The present results indicate that intrapopulation breeding for PE may offer superior 
genetic gains; however, for GY interpopulation breeding is required, in agreement with Pereira 
and Amaral Júnior (2001).
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Experimental popcorn hybrids of circulant diallel

Based on the set of traits evaluated, the hybrid UNB2U-C1 x BRS Angela may be 
indicated for experimental cultivation in the northern and northwestern Fluminense region.
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