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Abstract 
This study aimed to elucidate the maternal and paternal genetic effects of the physiological quality of hybrid 
seed corn over time, as well as the contribution of heterosis for this trait. The seeds of single hybrids, reciprocals 
and parents were obtained by manual crosses in a complete diallel cross scheme. The analyses of germination 
and accelerated aging were performed and the data were analyzed with Tukey test and Griffing method. The 
quadratic components of general combining ability were similar to the effects of specific combining ability and 
superior to reciprocal, in most evaluation periods, implying that the effects on seed quality characters were 
attributed to genes of additive effect and genes of non-additive effect. The maternal effect of corn seed longevity 
was highly significant however its contribution was smaller than general combining ability and specific 
combining ability effects, but proved to be important in combinations of parents with lower estimate of general 
combining ability. 
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1. Introduction 
In maize crop (Zea mays L.), the demand for seed hybrids with high performance and high physiological quality, 
has increased due to the importance of the crop in Brazilian agricultural scenario, driven mainly by growth in the 
off-season market (Gomes, E. Von Pinho, R. Von Pinho, & Vieira, 2000; Oliveira et al., 2015; Santos et al., 2016). 
The sector of seed production together with the improvement have intensified the search for hybrids that present 
high seed quality, in order to ensure that farmers will effectively receive seeds with different quality, allowing a 
successful establishment of crops. According to Oliveira et al. (2013), during corn seed breeding programs, there 
is no targeting for physiological quality traits, which can compromise the spread of the hybrid on the market. 

The term seed quality represents the sum of all attributes, genetic, physical, physiological and sanitary, involved 
in its production process, as well as the management adopted during its processing and storage, which guarantee 
high germination and vigor, influencing the establishment of the plants and the high productivity of a crop 
(Moterle et al., 2011; Moterle et al., 2012; Andrade et al., 2013). Among these attributes, the physiological 
quality of the seed is important when it desired to obtain new hybrids, since it is related to germination capacity, 
vigor and longevity of the seed that directly affect the production. 

Longevity is directly related to the possibility of storage of the seed for longer periods without loss of quality. 
The storage process is unable to increase the physiological quality of seed, which can be measured by the vigor 
and germination tests, however, under unfavorable conditions of temperature and humidity, the deterioration of 
the seeds can be accelerated, reducing its longevity. Knowledge of storage potential and longevity of seeds is 
important to the seed companies, production planning, logistics and marketing of hybrid seeds (Nerling, Coelho, 
& Nodari, 2013; Nerling, Coelho, & Brummer, 2018). 

There is little information on the mechanisms of genetic control related to the characters involved in the 
physiological quality of the seeds. According to Laude and Carena (2015), the high performance of corn hybrids 
is a result of the heterotic effect of cross breeding with good combinatorial capacity. However, the knowledge of 
these mechanisms is fundamental for the development of suitable selection methods that take into account the 
physiological quality of the seeds during all phases of the development of a new cultivar (Oliveira et al., 2013). 
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According to Gomes et al. (2000), the physiological quality of hybrid seed corn, compared to physiological seed 
quality of the parents is higher due to the expression of heterosis, that is, the presence of non-additive gene. It 
was observed that seeds of inbred lines with low physiological traits influencing the physiological quality of 
hybrid seeds, especially when used as females. Some authors found that the genetic control for quality temperate 
corn seed is due to additive effects of genes and partly by non-additive effects of genes (Barla-Szabo, Bocsi, 
Dolinka, & Odiemah, 1989; Odiemah, 1989). Pesev (1970) verified that there is a maternal effect on the degree 
of tolerance to low temperatures, the germination and the speed of emergence in the hybrid corn seedlings. 

Therefore, this study aims to elucidate the genetic effects of maternal and paternal parents on the physiological 
quality of hybrid corn seeds, over time, as well as the contribution of heterosis for this trait. 

2. Material and Methods 
2.1 Location 

The experiment for seeds production of parents and hybrids was carried out in a Syngenta Seeds Production 
Research area, in Irai de Minas, MG, Brazil, at an altitude of 1,040 meters, coordinates 18°59′28.66″S and 
47°24′17.56″W. We used a center pivot irrigation system and the previous crop soybeans RR, with planting in 
no-till system.  

2.2 Genotypes 

Eight genotypes were selected, originating from a tropical germplasm belonging to Breeding Program of 
Syngenta Seeds, with contrasting and previously known traits about the physiological quality maintainability of 
their seeds over time (shelf life).Three genotypes were used with high physiological quality (G1, G2 and G8), 
three with medium physiological quality (G3, G4 and G5) and two with low physiological quality (G6 and G7). 
Each genotype was sown in four rows in four meters long, with 0.7 meters between rows, with plant population 
around 85,000 plants ha-1, guaranteed by practice of thinning.  

2.3 Obtaining the Seeds 

At flowering time, the genotypes were crossed manually in a complete diallel scheme, therefore the seeds of the 
crosses were harvested with moisture around 35%, dried in an experimental dryer till 13% of moisture and 
during the processing the seed sizes smaller than 18/64 and bigger than 22/64 were discarded, in order to 
standardize the seed mass. After processing, the seeds were submitted to chemical treatment with fungicides and 
insecticides, in order to avoid losses during the storage phase in a non-air conditioned environment, during 360 
days. The seeds were removed from the general sample and sent for analysis in the laboratory at five different 
times of evaluation of the physiological quality of the seeds (0, 90, 180, 270 and 360 days). 

2.4 Germination Test 

The standard germination test was carried out, according to the Brazilian Rules for Seed Analysis (Brasil, 2009), 
with four replications of 100 seeds in Germitest paper towel moistened with distilled water in the ratio 2.5 
mL.g-1 paper and the germination occurred in a germinating camera 25 °C, and the evaluation of normal 
seedlings occurred on the fifth day after the test installation and the data were expressed as a percentage. 

2.5 Accelerated Aging Test 

The accelerated or artificial aging test, was done as described by Marcos-Filho (1999). It was carried out with 
two replications of 100 seeds and each replication was wrapped in a plastic box type gerbox with grille (11.5 × 
11.5 × 3.5 cm), without overlapping seeds. At the bottom of the box type gerbox with grille (11.5 × 11.5 × 3.5 
cm), without overlapping seeds. At the bottom of the box, 40 ml of distilled water was added, establishing an 
environment with 100% relative humidity, maintained at the aging chamber (Biochemical Oxygen 
Demand-BOD) set at 42 °C for 96 hours. After the period of 96 hours, sowing took place in towel paper, taken at 
a constant temperature of 25 °C for five days, and thus after this period, the normal seedlings were quantified 
and the results were expressed as a percentage.  

2.6 Statistical Analysis 

The data were analyzed considering a completely randomized design, considering all the effects fixed, except the 
error as random. The averages were calculated using the statistical program JMP® (Sas Institute Inc., 2012), 
version 10 and compared by Tukey test at 5% probability. To elucidate the contribution of maternal effect on the 
physiological quality of corn seeds, using the average for the time of evaluation, the data obtained through the 
accelerated aging test was carried out diallel analysis by method I of Griffing (1956), which includes n2 number 
of possible genotypes according to the following model proposed by Cruz, Regazzi, and Carneiro (2012): 
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Yij	=	m	+ gi	+	gj	+	sij	+	rij	+	eij                              (1) 

where, Yij is the average value of the hybrid ij (i, j = 1, 2, ... p, i  j); is the general average; gi, gj are the 
effects of general combining ability of the i-th and j-th parent, respectively; sij is the effect of specific 
combining ability to cross between the parents of order i and j; rij is the reciprocal effect which measures the 
differences provided by the parent i or j when used as a male or female as the cross ij; and eij is the average 
experimental error associated with the observation ij order. In this model, it is assumed that sij = sji, rij = -rji 
and rii	=	0. To perform the diallel analysis, we used the statistical software version 7.0 Genes (Cruz, 2013). 

The general combining ability (GCA) refers to the average combination of a parental hybrid in any combination. 
The specific combining ability (SCA) is used in cases where the combination of certain parents is higher or 
lower than expected, based on the average performance of the parents of the hybrid in question. The SCA is 
directly correlated with heterosis. 

3. Results and Discussion 
During the process of obtaining seeds from genotypes and hybrids by hand pollinated, there are some limitations 
such as low potential for seed production and flowering difference between the parents, limited amount of seed 
produced for some materials. Therefore, the genotype G4, as well as all single and reciprocal hybrids produced 
by him, were removed from the analysis because it did not generate enough seeds for the study. 
3.1 Physiological Quality 

The contrasting genotypes for seed quality were selected based on Syngenta's data history. This assumption was 
fundamental for the single and reciprocal hybrids expressing different results for the traits evaluated. To compare 
the average of germination and accelerated aging at different times of evaluation, it was used the Tukey test at 
5% probability. It was verified that the parent G6 presented the lowest averages for the two characters in the 
different evaluation periods (Table 1).  

 

Table 1. Average results of corn seed germination test (%) and accelerated aging test (%) derived from the seven 
parents (inbred lines) at different times of assessment (days) 

Parents 
Germination (%) 

0 90 180 270 360 

G1 96.25 Aab 97.25 Aa 98.25 Aa 95.50 Aab 95.00 Aa 
G2 97.75 Aa 97.25 Aa 98.00 Aa 97.00 Aa 91.00 Bab 
G3 93.50 Aab 89.50 Ac 94.75 Aab 91.50 Abc 91.50 Aab 
G5 97.25 Aab 94.50 ABabc 94.50 ABab 92.00 ABabc 88.50 Bab 
G6 92.75 Ab 80.00 Cd 91.50 ABb 88.50 ABc 85.50 BCb 
G7 94.50 Aab 90.25 Abc 91.25 Ab 77.75 Bd 67.50 Cc 
G8 94.75 Aab 96.00 Aab 96.25 Aa 95.25 Aab 94.50 Aa 

 Accelerated aging (%) 

G1 92.00 Aa 95.00 Aa 89.50 Aa 92.50 Aa 57.50 Bb 
G2 96.00 Aa 96.00 Aa 94.00 Aa 94.00 Aa 72.00 Bb 
G3 83.50 Ab 81.00 Ab 65.50 Bb 63.50 Bb 20.00 Cc 
G5 90.00 Aab 78.00 Bb 77.50 Bab 19.00 Cc 22.50 Cc 
G6 42.00 Ad 17.50 Bd 37.50 Ac 11.00 BCd 2.00 Cd 
G7 69.50 Ac 39.50 Bc 24.00 Cc 2.50 De 0.00 Dd 
G8 93.50 Aa 93.50 Aa 94.50 Aa 93.00 Aa 94.50 Aa 

Note. Means followed by the same letter, lowercase in the column and uppercase in the row, do not differ by 
Tukey test at 5% probability. 

 

There was a highly significant difference between the evaluation periods (P < 0.01). Despite of the significant 
difference between parents, at the time zero germination analysis, all parents had high initial germination rates 
(above 90%), demonstrating the high physiological quality of seed produced for the experiment (Table 1). 

The parent G8 stood out compared to the others due to the traits of maintaining the germination and vigor 
throughout the evaluation period (360 days), without quality losses. The opposite occurred with the G6 and G7 
parents that especially the accelerated aging test showed undesirable results from the time zero evaluation (Table 
1). The accelerated aging test was considered by Gomes et al. (2000) and Nerling et al. (2013) as the best test 
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force to determine the physiological quality of seeds, to compare several tests that infer about the germination, as 
germination field, cold test, electrical conductivity, site in germination and emergence speed index. 

3.2 Diallel Analysis 

Because of the work reported above, about testing and diallel analysis, we only used data from accelerated aging 
test. The diallel analysis by Griffing method I (1956), allow us to evaluate the particular behavior of the crossing, 
as well as their reciprocal, due to cytoplasmatic genes, located in chloroplasts and mitochondria. According to 
Cruz et al. (2012) and Fan et al. (2013), the reciprocal effects of GCA allow also to identify which parent should 
be used as male or female line in the selected crossing. 

In the analysis of variance of accelerated aging data, evaluated over time obtained by Griffing diallel (1956) 
analysis, it was observed that all sources of variation were significant at 1% probability (P < 0.01) (Table 2). 
Besides the heterosis, represented by the SCA, commonly associated with the hybrid superiority effect in relation 
to the lines, as the storage potential feature, there are other effects, such as the predominance of additive effects, 
which were significant (P < 0.01) for GCA and maternal effects through their mutual analysis. The significance 
for the GCA and SCA are indicative of additive effects associated with the GCA and non-additive, associated 
with the SCA, in the genetic control of corn seed longevity evaluated. 

 

Table 2. Summary of variance analysis for parents, single hybrids and reciprocal according to accelerated aging 
test data for the different evaluation times (days) by Griffing test (1956), Model 1 (n2). 

SV DF 
MS 

0 90 180 270 360 

Parents 48 177.6** 454.3** 519.0** 1208.5** 1463.3** 
GCA 6 500.6** 1663.0** 1678.6** 2236.1** 4753.5** 
SCA 21 230.7** 470.6** 518.4** 1214.0** 1157.2** 
Reciprocal 21 32.2** 92.6** 188.3** 909.3** 829.3** 
Residue  2.9(49)+ 5.6(47)+ 12.6(47)+ 7.4(41)+ 12.7(37)+

Note. ** Significant F test at 1% probability. 

+ The number in parenthesis represents the degree of freedom of the residue at different times of evaluation. 

GCA: general combining ability; SCA: specific combining ability. 

 

The results differ from the ones found by Gomes et al. (2000), in which the effect of the superiority of hybrid in 
relation to parents for the trait of storage potential measured by accelerated aging test, through diallel with six 
parents and thirty hybrids, was due to heterosis. That is, by non-additive effects, determined by SCA. Reis, 
Pereira, Silva, and Meireles (2011) verified heterosis for germination and vigor in hybrid sweet corn seeds when 
compared to their parents and Prazeres and Coelho (2016) observed that accelerated aging vigor test was 
effective in determining the genetic divergence between the lines and the hybrids (48.6%) and indicated a greater 
heterosis for the hybrids with respect to the line.  

However, in studies conducted by Odiemah (1989), inheritance of traits related to the quality of seeds occurred, 
mainly due to the additive effect of genes and partly as consequence of the non-additive effect. Barla-Szabo et al. 
(1989) also investigated the genetic determination of seed vigor and found greater importance of the additive 
effect of genes. 

Regarding the maternal effect on seed longevity, the quadratic components of the reciprocals were lower than the 
SCA and GCA. However, there was significance (P < 0.01) for the reciprocal effect, confirming the existence of 
maternal effect on the quality of corn hybrid seed over time. 

The natural deterioration caused by the storage of seeds in uncontrolled conditions of temperature and air 
humidity, caused the difference between the quadratic components of the GCA and reciprocal in relation to the 
SCA, showing the greater contribution of additive effect of genes on storage capacity (shelf life) of hybrid corn 
seeds, in accordance with the results found by Barla-Szabo et al. (1989), and Odiemah (1989) (Figure 1). 
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Table 4. Average results of the accelerated aging test (%), the different evaluation periods (days) to compare the 
single hybrids, reciprocals and parents based on the G8 genotype crossed with the genotypes G1, G2, G5, G6 
and G7 

Parents/Hybrids 
Evaluation periods (days) 

0 90 180 270 360 

G8 93.5 bc 93.5 a 94.5 a 93.0 a 94.5 a 
G8/G1+ 97.0 ab 97.0 a 96.0 a 96.0 a 97.5 a 
G1 92.0 c 95.0 a 89.5 a 92.5 a 57.5 b 
G1/G8+ 97.5 a 97.0 a 96.0 a 88.0 a - 

G8 93.5 b 93.5 a 94.5 a 93.0 a 94.5 a 
G8/G2+ 97.0 a 97.0 a 97.5 a 98.0 a - 
G2 96 ab 96.0 a 94.0 a 94.0 a 72.0 b 
G2/G8+ 97.0 a 96.5 a 98.0 a 95.0 a 96.5 a 

G8 93.5 ab 93.5 a 94.5 a 93.0 a 94.5 a 
G8/G5+ 96.5 a 92.0 a 90.0 a 97.0 a 91.5 a 
G5 90.0 b 78.0 b 77.5 b 19.0 b 22.5 b 
G5/G8+ 96.5 a 97.5 a 95.5 a - 97.0 a 

G8 93.5 a 93.5 a 93.5 a 93.0 a 94.5 a 
G8/G6+ 96.0 a 96.5 a 93.5 a 96.0 a 95.0 a 
G6 42.0 b 17.5 c 37.5 b 11.0 c 2.0 c 
G6/G8+ 95.5 a 88.0 b 91.0 a 67.0 b 75.0 b 

G8 93.5 a 93.5 a 93.5 a 93.0 a 94.5 a 
G8/G7+ 97.0 a 96.0 a 96.0 a 97.0 a 95.5 a 
G7 69.5 b 39.5 b 39.5 b 2.5.0 b 0.0 b 
G7/G8+ 97.0 a 98.0 a 98.0 a 96.5 a 91.5 a 

Note. Means followed by the same letter in the column belong to the same grouping by Tukey test at 5% 
probability. 

+ (Female/male): order of female and male parents in crosses.  

 

The results for the G8 genotype agree to those reported by Barla-Szabo et al. (1989) and Odiemah (1989), which 
related the traits associated with quality seeds to the general combining ability of the parents. 

Other diallel crosses involving parents with low GCA estimate by Griffing method, in the case of the G6 
genotypes, for example, perform differently than that found for the G8 genotypes. In this case, when used as a 
female in diallel, single hybrids were always statistically lower (P < 0.05) by Tukey test at 5% probability, for the 
single reciprocal hybrids, for 270 and 360 days evaluation (Table 5).  
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Table 5. Average results of the accelerated aging test (%), the different evaluation periods (days), compared to 
the single hybrids, reciprocal and parents based on the G6 genotype crossing with G2 genotypes G3, G5 and G8 

Parents/Hybrids 
Evaluation periods (days) 

0 90 180 270 360 

G6 42.0 c 17.5 c 37.5 b 11.0 c 2.0 c 
G6/G2+ 89.0 b 81.5 b 79.0 a 96.0 a 59.0 b 
G2 96.0 ab 96.0 a 94.0 a 94.0 a 72.0 b 
G2/G6+ 98.0 a 95.0 a 98.0 a 77.5 b 97.0 a 

G6 42.0 c 17.5 b 37.5 c 11.0 c 2.0 c 
G6/G3+ 81.5 b 70.5 a 82.5 ab 93.5 a 75.5 a 
G3 83.5 b 81.0 a 65.5 b 63.5 b 20.0 b 
G3/G6+ 93.5 a 89.0 a 91.5 a 94.5 a 91.5 a 

G6 42.0 c 17.5 c 37.5 c 11.0 d 2.0 c 
G6/G5+ 84.0 b 71.5 b 69.5 b 55.5 b 27.5 b 
G5 90.0 ab 78.0 b 77.5 ab 19.0 c 22.5 b 
G5/G6+ 95.5 a 94.5 a 97.0 a 92.0 a 73.0 a 

G6 42.0 b 17.5 c 37.5 b 11.0 c 2.0 c 
G6/G8+ 95.5 a 88.0 b 91.0 a 67.0 b 75.0 b 
G8 93.5 a 93.5 ab 94.5 a 93.0 a 94.5 a 
G8/G6+ 96.0 a 96.5 a 93.5 a 96.0 a 95.0 a 

Note. Means followed by the same letter in the column belong to the same grouping by Tukey test at 5% 
probability. 

+ (Female/male): order of female and male parents in crosses. 

 

Single hybrids, originated from the parent G6 using it as a female were inferior to their reciprocal. It was 
possible to infer that a maternal effect has a greater effect on the maintenance of germination and vigor of seeds 
than the paternal effect or simply heterosis. In general, single hybrids and reciprocal, originated from other 
crossings, showed results that varied according to the parents used, possibly is due to the specific combining 
ability (SCA), which was highly significant (P < 0.01) (Table 2). 

Despite the effect of specific combining ability was useful to indicate the best hybrid combinations, it does not 
show how the parent must be used in the cross, as female or male. To make such an inference, it is necessary to 
use estimates of reciprocal effects (rij). 

In the analysis of the estimates for the reciprocal effect, single hybrids must be observed (sij), compared with its 
reciprocal (rij) (Table 6). As for the reciprocal effect for most of the hybrids in the different evaluation times, 
there was significance, with higher or lower estimates for single hybrids.  
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Table 6. Estimate of SCA of single hybrids (sij) and reciprocal hybrids (rij) in the different evaluation times for 
the accelerated aging data 

Hybrids 
Single hybrids (sij) Reciprocal hybrids (rij) 

0 90 180 270 360 0 90 180 270 360 

G1×G2 -3.2 -5.0 -4.5 -5.2 -7.2 -2.0 -1.8 -0.8 -5.0 -17.8 
G1×G3 -0.4 1.4 4.1 -0.2 3.0 -1.8 -0.3 1.3 ns -1.2 
G1×G5 -0.2 -0.8 -3.0 10.8 -10.3 0.3 1.3 -1.3 -2.5 -24.8 
G1×G6 8.4 5.5 5.3 8.8 18.5 1.3 10.3 8.5 4.5 2.1 
G1×G7 4.1 6.5 9.8 11.6 0.8 0.3 1.3 3.8 0.5 -8.9 
G1×G8 -1.7 -3.1 -4.1 1.0 -1.7 0.3 ns ns -4.0 -11.0 
G2×G3 0.5 -1.0 -0.2 -10.5 -3.1 1.0 0.5 5.5 9.0 18.8 
G2×G5 0.2 0.0 -0.4 4.4 9.0 0.5 0.8 0.6 3.6 17.7 
G2×G6 5.8 8.4 3.2 1.2 13.7 4.5 6.8 9.5 9.3 19.0 
G2×G7 2.7 6.4 12.2 -3.1 -4.7 -0.3 -0.8 0.3 14.6 13.9 
G2×G8 -2.4 -3.9 -4.0 -5.2 -5.4 ns -0.3 0.3 -1.5 6.9 
G3×G5 2.3 0.2 7.2 8.6 18.8 ns 3.0 1.0 7.3 8.7 
G3×G6 2.9 5.3 12.3 23.0 24.6 6.0 9.3 4.5 0.5 8.0 
G3×G7 3.8 8.3 -11.9 7.3 0.1 -2.3 -1.8 -2.3 0.8 -0.1 
G3×G8 0.8 -5.3 2.1 -3.2 0.1 ns 2.0 -0.3 -1.2 -4.3 
G5×G6 3.3 7.8 2.4 1.1 -5.1 5.8 11.5 13.8 18.3 22.8 
G5×G7 2.8 7.4 12.2 15.8 13.4 -0.5 1.5 1.8 11.8 20.7 
G5×G8 -1.5 -1.2 -4.5 1.7 8.1 ns 2.8 2.8 -1.6 2.8 
G6×G7 5.3 1.8 4.0 -2.4 0.5 -8.0 -8.1 -7.0 28.5 -11.8 
G6×G8 8.3 12.6 5.6 11.7 0.0 -0.3 -4.3 -1.3 -14.5 -10.0 
G7×G8 2.2 7.9 13.6 23.2 20.4 ns 1.0 ns -4.9 -2.0 

DP 1 0.73 1.02 1.54 1.18 1.52 0.8 1.2 1.8 1.4 1.8 
DP 2 1.01 1.41 2.12 1.62 2.09 1.2 1.7 2.5 1.9 2.5 

Note. DP1: Standard deviation (sij) – (rij); DP2: Standard deviation (sij – skl) – (rij – rkl); ns: Not significant for the 
test of reciprocal.  

 

For the G1 genotype, considering 360 days, all estimates of single hybrids were higher than the reciprocal, 
implying the superiority of this genotype as a female when compared to other parents. The opposite occurred 
with the G2 genotype, in which the estimate of the reciprocal was superior to single hybrids. 

For the G3 genotype, estimates of single hybrids were superior to all other genotypes, except for the G1 
genotype, whose G1×G3 combination was superior to G3×G1. In this case, G1 and G3 have good potential for 
use as females. Estimates of the SCA are relatively low, expressing low deviation of hybrids in relation to what 
would be expected based on general combining abilities of parents. 

For genotype G5, estimates of hybrids were higher than those in reciprocal cross with the G8 and G2 genotypes. 
It was lower compared to the others, expressing the superiority of the SCA regarding the GCA. The same applies 
to the estimates of non-reciprocal hybrids based on G7 genotype, which is superior to G7×G8 and G7×G5 
reciprocal, being lower when crossed with other genotypes. Estimates of GCA from non-reciprocal hybrids 
obtained based on the G8 genotype were in general, always higher than the reciprocal. Except when crossed with 
G2 genotype, although both had a similar GCA estimate values. 

4. Conclusions 
The characteristic of seed longevity was due to additive and non-additive gene effects, depending on the crossing 
evaluated; 

The maternal effect was highly significant, it proved to be important for crosses between parents with low 
estimate of GCA; 

The prediction of hybrid corn seed storage time must be made from seeds from the cross that originates the 
referred hybrids, with the female and male parents in their correct positions, and not considering only data from 
homozygous females or different hybrid compounds for the same female. 
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