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Abstract

The purpose of this study was to select top cross hybrids of green maize for yield, derived from partially inbred S; lines based on
genetic values using the REML/Blup method, and to estimate important genetic parameters for green maize breeding programs. The
experiment was conducted in an experimental area located between 17253° S and 52243" W, 680 m altitude. The evaluation of 75
top cross hybrids was performed in a randomized block design with four replicates. A sample of five plants/ears was used in each
plot to evaluate grain mass trait (MASS). For commercial ear yield trait (CEYIELD), evaluations were carried out for the total number
of plants per plot. Hybrids were selected via BLUP procedures using the Selegen-REML/Blup program. Based on the Restricted
Maximum Likelihood (REML), we estimated the coefficients of genetic and residual variation and components of variance, by which
a genetic variability between the top cross hybrids was observed. This shows the possibility of successful selection for the traits
under evaluation. The estimated accuracy for the selection of top cross hybrids was 0.81 for commercial ear yield and 0.64 for grain
mass, pointing to high and moderate precision levels for CEYIELD and MASS traits, respectively, corroborating the possibility of
success in selecting top cross hybrids based on the CEYIELD trait. The predicted genetic gain from the selection was 20.12%, for
CEYIELD, and 6.10%, for MASS. Therefore, the REML/Blup statistical tool was efficient in selecting top cross hybrids of green maize,
providing significant genetic gains for the traits under evaluation. There was evidence that hybrids 19 and 48 were distinguished
from others because of the high genetic effects obtained for the commercial ear yield and grain mass weight.

Keywords: maize breeding; mixed models; genetic values; Zea mays.
Abbreviations: REML/Blup_ Restricted Maximum Likelihood/ Best linear unbiased prediction; CEYIELD_commercial ear yield;

MASS_ mean grain mass weight; cr;_ genotypic variance; gZ_ environmental variance; afz_ phenotypic variance; h2 _ broad

individual sense heritability; h,znh_ progeny mean heritability; Acine_ progeny selection accuracy; CV,4(%)_ genetic coefficient of

variation; CV(%)_ environmental coefficient of variation; CV, _ relative coefficient of variation.

Introduction

Cultivated worldwide, maize (Zea mays) is a cereal with 2011), thereby increasing the economic value of the final
agricultural and economic characteristics and social impact, product and motivating farmers to increase their incomes.
being used for human and domestic animal consumption, In maize breeding programs, genetic progress is achieved by
also providing the raw material for processing food products means of the search for populations with a higher frequency
(Wen et al., 2016; Szareski et al., 2018). Its increasing of heterozygous loci for traits of interest, increasing the
demands have been a constant challenge for breeders, likelihood of achieving promising lines (Lima et al., 2000).
which requires them to develop ways to achieve a higher Researches have evidenced the potential of landraces and
yield, together with quality genotypes (Ufaz and Galili, open-pollinated varieties as germplasm for maize breeding
2008). Breeding is crucial to increase maize yield. pointing at cycle (Nardino et al.,, 2016b), grain vyield
Conventional breeding techniques make use of available components (Baretta et al., 2016), bioactive compounds, and
germplasms, and hybridization and selection strategies are micronutrients in maize seeds (Carvalho et al., 2018).

used to develop agronomic ideotypes expected by breeders Maize breeding programs have constantly researched for
(Carvalho et al., 2018). cultivars with superior performance for the various traits of
Maize crop for green maize yield is one of the most interest, in order to meet the demand of producers and
important agricultural activities in Brazil. It is a product consumers. Regarding green maize, commercial ear yield and
appreciated throughout the country and can be consumed in grain mass weight are important traits to be selected from
natura or in several ways in cooking. It can also be the cultivars to be used in this niche market. Nevertheless,
industrialized and sold as canned green maize (DoVale et al., this is not an easy task to do, given that these traits are
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highly influenced by environmental conditions. Moreover, it
is essential to adopt increasingly powerful statistical tools,
which enable the breeder to select genotypes more
efficiently, on the basis of genetic values, resulting in
progressive gains in selection.

The REML/BLUP method is an efficient statistical tool for
data analysis, both balanced and unbalanced. In this
methodology, treatment effects are considered as random
ones, and the other main effects as fixed (Resende, 2007).
Moreover, this technique involves estimating components of
variance and prediction of genetic values simultaneously,
making it a very accurate tool to be used in plant breeding
selection and variety tests (Piepho et al., 2008).

Therefore, information on genetic progress is of utmost
importance, since it enables breeding programs to be
regularly analyzed to estimate their success. Furthermore,
they facilitate the study of new methodologies that enhance
their efficiency and lead to future research. As such, the
estimate of genetic progress is a significant option for
assessing breeding programs (Cruz et al., 2018).

Hence, the goal of the current study is to select top cross
hybrids of green maize for yield from partially inbred S, lines,
based on genetic values by means of the REML/Blup
method, and to estimate important genetic parameters for
green maize breeding programs.

Results and Discussion
Estimates the genetic parameters

Table 1 shows the genetic parameters for CEYIELD and MASS
traits. Results indicated the genetic variability between the
evaluated hybrids is embedded, having presented genetic
variance of 996,609.75 and 77.91, for CEYIELD and MASS
traits, respectively, promising for obtaining genetic gains by
selection. Sousa et al. (2017) stated, the estimate of genetic
variance (cg) that displays positive and different values of
zero shows variability due to the genotype and,
consequently, the possibility of successful selection for the
evaluated trait. As such, the top cross hybrids from partially
inbred S; lines presented significant genetic variability for
commercial ear yield in kg per hectare and mean grain mass
in grams, pointing out to be promising materials for
commercialization of fresh consumption or processing in
pamonharias (factory of pamonha, which is a traditional
Brazilian food).

The estimates of individual heritability in the broad sense
(htz,) for CEYIELD and MASS traits were 0.328 and 0.146,
respectively. For mean heritability of hybrids (hlznh), the
estimates were 0.66 for CEYIELD and 0.41, for MASS traits. In
general, these estimates are moderate to low, respectively,
for the traits given that they are very much influenced by
environmental effects. These values can be explained by the
complex genetic nature of the trait, resulting from the action
of several genes with little effect on the phenotype (Allard,
1971). Arnhold et al. (2009); Nardino et al. (2016a); Faria et
al. (2017); Oliveira et al. (2017); and Olivoto et al. (2017),
also found moderate to low heritability values for maize
yield, which confirmed the results of this study.

For the estimates of selective accuracy (Acine), Values in the
order of 0.81 and 0.64 were observed for CEYIELD and MASS
traits, respectively, indicating the possibility of selecting
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hybrids on the basis of CEYIELD trait, as it had a higher
accuracy value. Resende and Duarte (2007) reported that
the selective accuracy can vary from 0 to 1, which can be
classified as very high (Ac;i,20.90), high (0.70< Acji,.<0.90),
moderate (0.50< Acji,.<0.70), and low (Ac;n<0.50). In this
way, the authors noted high and moderate precision levels
for CEYIELD and MASS traits, respectively, corroborating the
possibility of success in the selection of top cross hybrids
based on CEYIELD trait. High magnitude estimates for
selective accuracy were also found by Baretta et al. (2017)
for yield trait in maize populations. Another parameter that
provides information regarding the genetic contribution to
the variation of the trait is the coefficient of genetic variation
(CV4(%)), which in this work, were 18.83 and 6.78%, for
CEYIELD and MASS traits, respectively. This denotes genetic
variability between the traits under study. Equally important,
the relative coefficient of variation (CV,), is the best breeding
strategy for defining each trait, which is expressed as the
ratio between CV, and CV,.. Vencovsky (1987) explained,
when this ratio is close to or higher than 1, there is a
favorable selection situation for a particular trait. The values
of 0.70 and 0.41 for CEYIELD and MASS traits, suggest a
more suitable selection situation for CEYIELD trait.

Prediction of genetic effects and genetic gain

Table 2 depicts the prediction of genetic effects, predicted
genetic gain, and a new inbred mean of the population for
CEYIELD and MASS traits. About 50% of the total hybrids
evaluated showed positive genetic effects for both traits,
suggesting the possibility of high genetic gains during the
selection stages of the breeding program. This is congruent
with the high predicted genetic gain for hybrids, the
superiority obtained for hybrid 19, highest predicted gain for
CEYIELD trait and hybrid 8 for MASS trait, when compared
with the commercial hybrid AG 1051 (control), and with the
population that was used as a tester. Regarding the
classification of top cross hybrids selected for CEYIELD and
MASS traits, 24 hybrids (19, 48, 42, 25, 5, 40, 14, 2,17, 60, 9,
10, 23, 11, 74, 43, 73, 69, 18, 26, 29, 31, 8, and 27)
presented positive and superior predicted genetic effects for
the two evaluated traits (Figure 1). This made the mean and
predicted gains increase as possible (Table 3).

Predicted genetic values (u + g)

Table 3 displays the mean predicted genetic values (i + g) of
the chosen hybrids for CEYIELD and MASS traits (in
accordance with Figure 1). We was noted that the mean of
the selected hybrids was superior to the overall mean of the
hybrids, with values 5918.58 kg ha™ and 135.17 g for
CEYIELD and MASS traits, respectively, providing predicted
genetic gains of around 20.12% and 6.10% for the traits.
Thus, the REML/Blup methodology is an important statistical
tool, which can help breeders to conduct breeding programs
during selection processes. Similar results demonstrating the
potential for the REML/Blup technique were seen in studies
on beans, by Sousa et al. (2017), Gomes et al. (2018), and
Cruz et al. (2018); and maize, by Arnhold et al. (2009),
Oliveira et al. (2016), Entringer et al. (2016), and Mendonga
et al. (2016), all confirming the results of this study.



Table 1. Genetic parameters for commercial ear yield (CEYIELD) (kg ha'l), mean grain mass weight (MASS) (g) and overall mean of
hybrids of 75 top cross hybrids of green maize from partially inbred S, lines, commercial hybrid AG 1051, and broad genetic base
tester (F, of the AG 1051), via REML/Blup mixed model analysis, municipality of Jatai, Goias State, Brazil, UFG, 2018.

ESTIMATE CEYIELD MASS
o 996609.75 77.91
o2 2041313.38 454.83
o? 3037923.13 532.75
h2 0.328056 +- 0.0923 0.14625 +- 0.0616

hZ, 0.66 0.41
Acline 0.81 0.64
CV,(%) 18.83 6.78
CVo(%) 26.94 16.38

cv, 0.70 0.41
Mean 5302.96 130.22

agzzgenotypic variance; g4 = environmental variance; ofzz phenotypic variance; hZ = broad individual sense heritability; h,znh =
progeny mean heritability; A.i,e= progeny selection accuracy; CVg(%) = genetic coefficient of variation; CV¢(%) = environmental
coefficient of variation; CV, = relative coefficient of variation; (CV, = CV,/CV,).
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Genetic effects for the average weight of the grain mass
Fig 1. Diagram of dispersion of the predicted genetic effects of 75 top cross hybrids of green maize from partially inbred S, lines, the
commercial hybrid AG 1051, and the broad genetic base tester (F, of the AG 1051) for commercial yield (kg ha™) and mean grain
mass, municipality of Jatai, Goids State, Brazil, UFG, 2018.

Table 2. Prediction of genetic effects, predicted genetic gains, and new inbred mean of population for commercial ear yield trait
(CEYIELD), in kg ha™, and mean grain mass weight trait (MASS), in grams, in 75 topcross hybrids of green maize from partially inbred
S, lines, commercial hybrid AG 1051, and broad genetic base tester (F, of the AG 1051), via REML/Blup mixed model methodology,
municipality of Jatai, Goias State, Brazil, UFG, 2018.

Sequence Hybrid CEYIELD Hybrid MASS
Genetic Effect Gain New Mean Genetic Gain New Mean
Effect
1 19 2200.92 2200.92 7503.88 8 14.02 14.02 144.24
2 77 1769.48 1985.20 7288.16 42 10.77 12.39 142.61
3 48 1689.13 1886.51 7189.48 61 10.71 11.83 142.05
4 6 1295.56 1738.77 7041.74 25 9.55 11.26 141.48
5 28 1211.96 1633.41 6936.37 48 9.55 10.92 141.14
6 42 1067.03 1539.01 6841.98 10 8.84 10.57 140.79
7 25 902.73 1448.12 6751.08 5 8.63 10.29 140.51
8 5 880.53 1377.17 6680.13 27 8.53 10.07 140.29
9 40 877.77 1321.68 6624.64 43 6.86 9.72 139.93
10 14 813.78 1270.89 6573.85 3 6.56 9.40 139.62
11 2 786.24 1226.83 6529.79 23 6.11 9.10 139.32
12 59 776.94 1189.34 6492.30 11 6.04 8.85 139.07
13 38 738.91 1154.69 6457.66 18 5.42 8.58 138.80
14 24 728.55 1124.25 6427.22 26 5.38 8.35 138.57
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Table 3. Predicted mean genetic value (U + g) of the selected hybrids for commercial ear yield trait (CEYIELD), in kg ha™, and mean
grain mass weight (MASS) trait, in grams, via REML/Blup mixed model methodology, municipality of Jatai, Goias State, Brazil, UFG,
2018.

Hybrid CEYIELD (pn +g) MASS (u +g)
19 7503.88 133.57
48 6992.10 139.77
42 6370.00 140.99
25 6205.69 139.77
5 6183.49 138.85
40 6180.74 133.44
14 6116.74 132.08
2 6089.21 130.72
17 5993.36 131.31
60 5922.05 132.39
9 5826.33 133.77
10 5787.02 139.05
23 5782.72 136.33
11 5660.33 136.26
74 5642.48 130.37
43 5638.57 137.08
73 5629.77 131.63
69 5600.91 130.56
18 5522.37 135.64
26 5516.68 135.60
29 5492.30 131.37
31 5474.46 130.54
8 5474.27 144.24
27 5440.41 138.75
Overall Mean of Hybrids 5302.96 130.22
Mean of Selected Hybrids 5918.58 135.17
Predicted Genetic Gain 1066.77 7.95
Predicted Genetic Gain (%) 20.12 6.10

Table 4. Genealogy of maize lines used to obtain top crosses. UFG — municipality of Jatai, Goias State, Brazil, 2018.

Hybrid Code Origin Hybrid Code Origin

1 TGO2R2 X AG 1051 41 TGO2R2 X AG 1051
2 TGO2R2 X AG 1051 42 TGO2R2 X AG 1051
3 TGO2R2 X AG 1051 43 TGO2R2 X AG 1051
4 TGO2R2 X AG 1051 44 TGO2R2 X AG 1051
5 TGO2R2 X AG 1051 45 TGO2R2 X AG 1051
6 TGO2R2 X AG 1051 46 TGO2R2 X AG 1051
7 TGO2R2 X AG 1051 47 TGO2R2 X AG 1051
8 TGO2R2 X AG 1051 48 TGO2R2 X AG 1051
9 TGO2R2 X AG 1051 49 TGO2R2 X AG 1051
10 TGO2R2 X AG 1051 50 TGO2R2 X AG 1051
11 TGO2R2 X AG 1051 51 TGO2R2 X AG 1051
12 TGO2R2 X AG 1051 52 TGO2R2 X AG 1051
13 TGO2R2 X AG 1051 53 TGO2R2 X AG 1051
14 TGO2R2 X AG 1051 54 TGO2R2 X AG 1051
15 TGO2R2 X AG 1051 55 TGO2R2 X AG 1051
16 TGO2R2 X AG 1051 56 TGO2R2 X AG 1051
17 TGO2R2 X AG 1051 57 TGO2R2 X AG 1051
18 TGO2R2 X AG 1051 58 TGO2R2 X AG 1051
19 TGO2R2 X AG 1051 59 TGO2R2 X AG 1051
20 TGO2R2 X AG 1051 60 TGO2R2 X AG 1051
21 TGO2R2 X AG 1051 61 TGO2R2 X AG 1051
22 TGO2R2 X AG 1051 62 TGO2R2 X AG 1051
23 TGO2R2 X AG 1051 63 TGO2R2 X AG 1051
24 TGO2R2 X AG 1051 64 TGO2R2 X AG 1051
25 TGO2R2 X AG 1051 65 TGO2R2 X AG 1051
26 TGO2R2 X AG 1051 66 TGO2R2 X AG 1051
27 TGO2R2 X AG 1051 67 TGO2R2 X AG 1051
28 TGO2R2 X AG 1051 68 TGO2R2 X AG 1051
29 TGO2R2 X AG 1051 69 TGO2R2 X AG 1051
30 TGO2R2 X AG 1051 70 TGO2R2 X AG 1051
31 TGO2R2 X AG 1051 71 TGO2R2 X AG 1051
32 TGO2R2 X AG 1051 72 TGO2R2 X AG 1051
33 TGO2R2 X AG 1051 73 TGO2R2 X AG 1051
34 TGO2R2 X AG 1051 74 TGO2R2 X AG 1051
35 TGO2R2 X AG 1051 75 TGO2R2 X AG 1051
36 TGO2R2 X AG 1051

37 TGO2R2 X AG 1051

38 TGO2R2 X AG 1051

39 TGO2R2 X AG 1051

40 TGO2R2 X AG 1051
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Materials and Methods
Conduction of the Study

The evaluation experiment was conducted in an
experimental area of the Universidade Federal de Goids,
located in the municipality of Jatai, Goias State, Brazil, in the
micro-region of the Southwest of Goias State, with 17953" S
and 52243" W, and 680 m altitude, between February and
June 2018, in the second harvest (little crop).

Plant material and treatments

Top cross hybrids of partially inbred S; lines from a
population with potential for green maize yield were used.
These lines were crossed with a broad genetic base tester (F,
of the AG 1051 hybrid), in accordance with the Irish system,
to obtain the top cross hybrids. To carry out the crosses,
seeds from the selected S; families were sown in a five-
meter line. At every three lines, a tester line was sown.
Planting was performed in July 2017, in an isolated area and
drip irrigation. When the male flowering was occurred, the
emasculation of the S; lines was performed in a way that
only the tester would supply pollen. Then, 75 top cross
hybrids were generated. At the harvest, a visual evaluation
of the ears was made, and those with undesirable agronomic
performances were discarded. The best quality ears were
used to compose the material for experimental evaluation.

Experimental design and traits measured

The evaluation experiment of the 75 top cross hybrids (Table
4) was carried out in a randomized block design with four
replicates. Plots were made up of four-meter rows spaced
0.90 m between rows and 0.20 m between plants. A sample
of five plants/ears was used in each plot for the evaluation of
grain mass trait (MASS). For the commercial ear yield
(CEYIELD) trait, evaluations were performed for the total of
plants per plot. The stand was corrected for 20 plants per
plot.

Commercial ear yield (CEYIELD) was derived from the sum of
the weighing of ears with no straw larger than 15 cm with a
diameter greater than 3 cm, free of pests and diseases. All
data collected were transformed into kilograms per hectare.
Grain mass trait (MASS) was obtained using an electric maize
grater, which removed all grain mass of five representative
ears of the plot, then the cutting of grains from the base of
the cob performed, and subsequent weighing, with the
implementation of value mean.

Statistical analysis

The SELEGEN-REML/Blup software was adopted for
statistical analysis of mixed models (Resende, 2016). The
statistical model 21 (complete blocks) was used as follows:
y=Xr+2g+e,

in which, y is the data vector, r is the repetition effect vector
(assumed as fixed) plus the overall mean, g is the genotypic
effect vector (assumed as random), and e is the vector errors
or residues (random). Capital letters represent the incidence
matrices for these effects.

Genetic values of each top cross hybrid were calculated by
summing up each genotypic effect (g) to the overall mean of

177

the experiment (u). The genetic gain is equivalent to the
mean of the vectors of the predicted genetic effects for the
selected hybrids (Freitas et al.,, 2013). The overall mean
added to the genetic gain resulted in the inbred population
mean.

Conclusions

The study concluded that the REML/Blup statistical tool was
efficient to select top cross hybrids of green maize from
partially inbred lines, providing important genetic gains for
the traits under evaluation. There was evidence that hybrids
19 and 48 distinguished themselves from the others due to
the high genetic effects obtained for commercial ear yield
and grain mass weight traits. It proved possible to select 24
top cross hybrids with positive and superior genetic effects
for both CEYIELD and MASS traits, having been predicted
genetic gains of 20.12% and 6.10%, respectively.
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