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Abstract – The objective of this work was to evaluate corn cultivars grown in the state of Amazonas, Brazil, 
which simultaneously show high grain yield, adaptability, and stability. The trials were carried out in seven 
environments in the state of Amazonas, in a randomized complete block design, with two replicates. The grain 
yield of 30 corn cultivars was evaluated in four growing seasons, from 2011/2012 to 2014/2015. The genetic 
parameters were estimated by the REML/Blup methodology. The selection for adaptability and stability was 
based on the predicted genetic value and on the harmonic mean of the relative performance of the genetic 
values. Despite the existence of genotype x environment interaction, cultivars with high adaptability and 
stability were identified. Iranduba – lowland, in 2011/2012 and 2014/2015 – and Rio Preto da Eva – upland, in 
2012/2013 – stood out as favorable environments, while Iranduba – upland, in 2011/2012 and 2012/2013 – and 
Manaus – upland, in 2012/2013 and 2013/2014 – were classified as unfavorable environments. The single-cross 
hybrid BRS 1055 showed productive superiority and high stability in this region. The Sint 10771, Sint 10781, 
and Sint 10699 synthetic varieties showed high adaptability. BRS Caimbé shows specific adaptability to 
cropping in upland environments of the state of Amazonas, Brazil.

Index terms: Zea mays, genotype x environment interaction, REML/Blup.

Seleção de cultivares de milho quanto à produtividade, 
estabilidade e adaptabilidade no Amazonas

Resumo – O objetivo deste trabalho foi avaliar cultivares de milho, cultivadas no Estado do Amazonas, que 
reúnam simultaneamente alta produtividade de grãos, adaptabilidade e estabilidade. Os ensaios foram conduzidos 
em sete ambientes do Amazonas, em delineamento de blocos ao acaso, com duas repetições. A produtividade 
de grãos de 30 cultivares de milho foi avaliada em quatro safras agrícolas, de 2011/2012 a 2014/2015. Os 
parâmetros genéticos foram estimados pela metodologia REML/Blup. A seleção quanto à adaptabilidade e à 
estabilidade baseou-se no valor genético predito e na média harmônica do desempenho relativo dos valores 
genéticos. Apesar da existência de interação genótipo x ambiente, identificaram-se cultivares com elevadas 
adaptabilidade e estabilidade. Os ambientes Iranduba – várzea, em 2011/2012 e 2014/2015 – e Rio Preto da 
Eva – terra firme, em 2012/2013 – destacaram-se como favoráveis, enquanto os ambientes Iranduba – terra 
firme, em 2011/2012 e 2012/2013 – e Manaus – terra firme, em 2012/2013 e 2013/2014 – foram classificados 
como desfavoráveis. O híbrido simples BRS 1055 apresentou superioridade produtiva e alta estabilidade nessa 
região. As variedades sintéticas Sint 10771, Sint 10781 e Sint 10699 apresentaram elevada adaptabilidade. BRS 
Caimbé apresenta adaptabilidade específica para cultivo em ambientes de terra firme do Estado do Amazonas. 

Termos para indexação: Zea mays, interação genótipo x ambiente, REML/Blup.

Introduction

In the state of Amazonas, Brazil, corn (Zea mays L.) 
can be grown in basically two production ecosystems: 
dryland and wetland. Ecosystem production in 
dryland is characterized by not being floodable, with 
the possibility of cultivation during the whole year, 

and by the low natural fertility of the soil. In wetland, 
it is characterized by periodic flooding and the high 
natural fertility of the soil, due to the sedimentation of 
minerals that occurs during the flood periods.

Corn productivity in the state of Amazonas is 2,515 
kg ha-1 (Acompanhamento..., 2016). Considered low, it 
is attributed to low-tech agriculture and to the use of 
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open-pollinated varieties, which allows the farmer to 
use the seeds in the following year or to acquire them 
at a low cost. However, some farmers grow hybrids that 
show higher productivity, but demand more technology 
and whose seeds are more expensive. Therefore, it is 
interesting for the Amazon farmer to have the option 
of acquiring seeds of varieties or productive hybrids 
with high adaptability and stability, according to each 
technological level.

In genetic breeding programs, the evaluation of the 
interaction of genotypes with environments (GxE) is of 
great importance, since, in the case of this interaction, 
the best genotype in a given environment may not 
be the best one in another environment. This fact 
affects the profit with selection and makes it difficult 
to recommend cultivars with wide adaptability and 
stability.

Several methods for adaptability and stability 
analyses have been proposed (Cruz et al., 2014). 
Therefore, measures that incorporate, in a single 
statistics, adaptability and stability and average grain 
yield have been used, as in the works of Lin & Binns 
(1988) and Annicchiarico (1992). These procedures, 
however, presuppose the fixed effects of genotypes, 
which is limiting for the analysis of unbalanced 
experiments (Resende, 2007). In contrast, in mixed 
models, for which the effects of genetic treatments are 
considered as random, these effects can be predicted 
without being affected by the effects of the fixed model, 
using the best linear unbiased predictor (Henderson, 
1975).

This methodology, based on the mixed model 
equations – residual or restricted maximum 
likelihood/best linear unbiased prediction (REML/
Blup) –, is supported by the principle that the lower 
the standard deviation of the behavior of the genotype 
between sites, the higher the harmonic mean of the 
genotypic values between sites. This way, selection 
using the highest values of the harmonic mean 
of the genotypic values (MHVG) simultaneously 
determines selection for productivity and stability 
(Resende, 2002). Adaptability, in this case, refers to 
the relative performance associated with the genotypic 
values (PRVG) between environments. The predicted 
genotypic values (or original data) are, then, expressed 
as a ratio of the overall mean of each site, and, 
subsequently, the mean value of the proportion between 
sites is obtained. Therefore, the simultaneous selection 

for average productivity, stability, and adaptability can 
be performed by the method of the harmonic mean of 
the relative performance of the predicted genotypic 
values (MHPRVG).

The REML/Blup method for this kind of estimate 
in the corn crop has been efficiently used in the 
selection of promising cultivars (Arnhold et al., 2012; 
Fritsche-Neto et al., 2012; Mendes et al., 2012). In 
addition, studies developed by Arnhold et al. (2012) 
and Silva et al. (2014) show the importance of studying 
the GxE interaction in the corn-growing regions in 
Brazil, due to the great diversity of edaphoclimatic 
conditions in the country, as well as to the diversity of 
corn cultivars available in the market.

The objective of this work was to evaluate corn 
cultivars grown in the state of Amazonas, Brazil, which 
simultaneously show high grain yield, adaptability, 
and stability.

Materials and Methods

Corn yield data from the corn breeding program of 
Embrapa Milho e Sorgo were used for the evaluation of 
corn cultivars in the growing seasons from 2011/2012 
to 2014/2015, in seven environments, in the state of 
Amazonas, Brazil.

The seven experimental environments consisted 
of a combination of site and year, in different 
edaphoclimatic conditions of the state, as follows: 
Iranduba in a wetland ecosystem, harvest 2011/2012; 
Iranduba, in a dryland ecosystem, harvest 2011/2012; 
Iranduba, in dryland, harvest 2012/2013; Manaus, 
in dryland, harvest 2012/2013; Rio Preto da Eva, 
in dryland, harvest 2012/2013; Manaus, in dryland, 
harvest 2013/2014; and Iranduba, in wetland, harvest 
2014/2015.

A group of 30 corn cultivars was evaluated, 
composed by the BRS 1055 simple hybrid, the BRS 
2020 double hybrid, 12 commercial varieties – AL 
Avaré, CMS EAO 2008, BRS Caimbé, BRS 4103, 
BRS Sol da Manhã, BR 106, DSS-0402, DSS-0404, 
MC 20, PC 0402, VSL BS 42 C 60, and Eldorado –, 
besides 16 synthetic varieties in development by the 
breeding program – Sint Mult. TL, Synthetic 1X, Sint 
RxS Spod, Synthetic 256 L, Sint Pro Vit A, Sint 10697, 
Sint 10699, Sint 10707, Sint 10717, Sint 10723, Sint 
10731, Sint 10771, Sint 10781, Sint 10783, Sint 10795, 
and Sint 10805. The commercial varieties AL Alvaré, 
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BRS 2020, CMS EAO 2008, DSS-0402, DSS-0404, 
Eldorado, MC 20, and PC 0402 were not cultivated in 
environments 6 and 7.

In all trials, the used experimental design was 
randomized complete blocks with 30 cultivars and two 
replicates. Each plot was organized in two plant rows 
with 4 m of length and spaced 0.8 m apart, with 0.2 m 
between plants.

The trials in the wetland areas were sown in 
October, on solid ground. Sowing was carried out in 
November and December, and the harvest of all trials 
was done around 120 days after sowing. Fertilization 
at sowing was performed according to the results of 
the soil analysis in each experimental area. Crop 
handling consisted of the following applications: 
atrazine herbicide + S-metolachlor, 4.0 L ha-1 of the 
commercial product, in pre-emergence; deltamethrin 
insecticide, 5 g ha-1 of the active principle to control 
the army worm; and 100 kg ha-1 N for topdressing 
fertilization, using half of the dose when the corn had 
four unfolded leaves, and the other half when it had 
seven unfolded leaves. The variable evaluated was 
grain yield (kg ha-1), corrected to 13% humidity.

To evaluate the effect of the GxE interaction, the 
following model was used: y = Xb + Zg + Wc + ε, 
in which y, b, g, c, and ε correspond, respectively, to 
the vectors of the data of fixed block effects (averages 
of blocks between the environments), of the random 
effects of the cultivars, of the random effects of the 
GxE interaction, and of random errors; and X, Z, and W 
are the incidence matrices for b, g, and c, respectively 
(Resende, 2007).

Through this model, the Blup (REML/Blup) 
predictors of the genotypic values free of the GxE 
interaction were obtained, given by 

 µ + gi ,  in which: 
μ is the average of all environments and, 

∝ gi  is 
the prediction of the genotypic effect. For each j 
environment, the genotypic values (Vg) are predicted 
by   µ j i ijg ge+ + ( ) ,  in which: μj is the average of the 
j environment; gi  is the effect of the i genotype, in 
the j environment; and ( )ge ij  is the effect of the GxE 
interaction relative to the i genotype.

The prediction of the genotypic values, which 
reunites the average interaction (gem) in the different 
environments, is given by   µ j i mg ge+ + ( )  and calculated 
by 

    µ σ σ σ+ +( ) { }g c g in g2 2 2 ,  in which μ is the overall 
average of all environments; n is the number of 

environments; and gi  is the specific genotypic effect 
(i genotype).

Joint selection, which considers the average yield, 
stability, and adaptability of the corn cultivars, is 
determined by the MHPRVG, according to 

MHPRVG n Vgi ijj

n
= ( )=∑ 1

1
/ ,

 
in which: n is the number of sites where the i genotype 
was evaluated; and Vgij is the genotypic value of 
the i genotype, in the j environment, expressed as a 
proportion of the average in this environment. To 
facilitate the interpretation, the MHPRVG values were 
multiplied by the overall average of all environments 
(MG), which results in the same order of magnitude of 
the studied trait.

The environments were classified as favorable 
and unfavorable, according to the overall average, 
performing MHPRVG analyses separately for each 
environment class, as in Mendes et al. (2012). To 
evaluate the capacity for adaptability, which considers 
stability and productivity, the MHPRVGxMG results 
were compared in a dispersion graph, to contrast 
favorable and unfavorable environments. The results 
of the favorable environments were plotted on the 
abscissa, and of the unfavorable ones on the ordinate 
axis. This way, the Cartesian plane was divided into 
four quadrants, in which the bottom left quadrant 
represents the cultivars with the worst performance in 
both groups of environments, with lack of adaptability 
and low productive stability; while the cultivars in the 
top right quadrant present superior performance in 
both environment classes, which is an indicative of 
adaptation to these environments and of high stability. 
The cultivars grouped at the bottom right quadrant show 
specific adaptability to the favorable environments, 
and those plotted on the top left quadrant have specific 
adaptability to the unfavorable environments. 

Results and Discussion

The overall average of the corn cultivars, evaluated 
in the seven environments, in the state of Amazonas, 
was 4,342.6 kg ha-1 (Table 1), a value greater than the 
state average of 2,515 kg ha-1 (Acompanhamento…, 
2016). Genotypic effects and the GxE interaction were 
observed, according to the likelihood test, which is 
indicative of variability among cultivars regarding 
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grain yield and their differential behavior due to 
environmental variations.

The high accuracy and the values of the genetic 
coefficients and of the coefficients of residual variation 
that were observed are indicative of good experimental 
quality (Table 1). This shows relative ease in the 
selection of superior cultivars, as reported by Mendes 
et al. (2012) and Silva et al. (2014), when evaluating 
the adaptability and stability of corn hybrids in Brazil. 
The heritability based on the averages of the genotypes 
(h2

m) was of 0.70, which indicates a trustworthy 
selection of the corn cultivars, based on the predicted 
genotypic values.

Despite this trustworthiness, the measure of a 
character in the field trials refers to its phenotypic 
value, constituted by the genetic effect, environment 
effect, and the interaction of this genotype in a specific 
environment, that is, the sum of the genotypic and 
residual variances between plots and of the GxE 
interaction results in the individual phenotypic 
variance (Torres et al., 2015). Therefore, the coefficient 
of determination (R2

GxE=0.51) confirmed the large 

participation of the GxE interaction in the phenotypic 
variance of the genotypes (Table 1). This fact was also 
shown by the median genotypic correlation between 
the performances in the various environments 
(rg(L)=0.31), which results in the complex part of the 
GxE interaction and causes certain difficulty in the 
selection of genotypes with a more ample adaptation, 
as also noted by Arnhold et al. (2012) and Mendes et 
al. (2012), in a study on the genotype x environment 
interaction in corn.

The BRS 1055 simple hybrid had the highest 
genotypic value, the highest free average of the 
interaction, and the highest overall average (Table 2), 
which, summed to the effect of the average interaction, 
shows the superiority in productivity of the simple 
hybrids, in comparison with the varieties. The 
productive superiority of the hybrids, in relation to 
the open-pollination varieties, was also observed by 
Cardoso et al. (2009). In the present study, the Sint 
10771, Sint 10781, and Sint 10699 varieties stood 
out due to genotypic values and the overall average, 
summed to the average interaction effect, which were 
superior to those of the remaining commercialized 
varieties and to those of the BRS 2020 double hybrid, 
which is indicative that these corn varieties have 
superior productive potential for the edaphoclimatic 
conditions of the state of Amazonas.

Although the BRS 1055 simple hybrid outperforms 
the other cultivars, it requires greater investment. 
Despite this, it is still a cropping alternative with 
high yield for less technicized areas, since its seeds 
are cheaper than those of other hybrids, allowing the 
storage and re-sowing of the harvested seeds and 
avoiding the annual purchase of seeds.

The average genetic gain, obtained with the selection 
of 20% of the evaluated cultivars (corresponding to the 
six superior cultivars), was above 10%, highlighting the 
BRS 1055 hybrid and the Sint 10771 variety (Table 2). 
According to Pimentel et al. (2014), the genetic gain 
is predicted from the average genetic value of the 
populations and from the average genetic value of the 
selected individuals; the latter represents the sum of 
the average additive effect of the selected individuals 
and the average genetic value of the populations, and, 
for a considerable genetic gain, the genotype with a 
high average and ample variability should be selected.

There was an agreement in the classification of 
most genotypes, based on MHVG, PRVG, MHPRVG, 

Table 1. Overall mean, genetic parameters, estimates of 
the variance components and likelihood ratio test (LRT) 
regarding grain yield (GY) in corn (Zea mays) cultivars 
evaluated in seven environments in the state of Amazonas, 
Brazil, between the 2011/2012 and 2014/2015 harvests.

Genetic parameters and variance components (individual REML)
VG, genotypic variation 143,259.61
VGxE, variation of the genotype x environment interaction 319,088.06
Ve, residual variation 156,898.68
VF, individual phenotypic variation 619,236.35
h2

i, broad-sense heritability 0.23±0.07
h2

m, average heritability 0.70
rg, accuracy of genotype selection 0.84
R2

GxE, coefficient of determination of the effects of the 
genotype x environment interaction 0.51
rg(L), genotypic correlation between performance in the 
various environments 0.31
CVg (%), coefficient of genotypic variation 8.72
CVe (%), coefficient of residual variation 9.12
Overall average (kg ha-1) 4,342.6

Likelihood ratio test (LRT)
Effect(1) GY (kg ha-1)
Genotype 106.06**
Genotype x environment 109.00**
(1)LRT values. **Significant by the chi-square test, at 1% probability, with 
1 degree of freedom.
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and average yield (Table 3). From these results, it can 
be inferred that the predictions about the genotypic 
values can be made based only on a standard yield 
that includes stability and adaptability (Verardi et al., 
2009). The simultaneous selection regarding yield, 
stability, and adaptability, using mixed models through 
the MHPRVG method, is adequate for use in corn 
breeding programs, as shown by Mendes et al. (2012).

The superior genotypes (BRS 1055, Sint 10771, 
Sint 10781, and Sint 10699) by the criteria of genetic 
averages free of the GxE interaction were also superior 
by the MHPRCG method (Table 3). This is indicative 
that these cultivars presented higher adaptability to the 
evaluated environments, besides good predictability, 
as also found by Maia et al. (2009). These results 
corroborate those of Mendes et al. (2012), who verified 

that the same order of corn genotypes was maintained 
by these methods.

The MHPRVG method was applied separately for 
the classes of favorable and unfavorable environments, 
according to local grain yield. In this case, environments 
with productivity above the overall average (4,342.6 
kg ha-1) were classified as favorable, and those with 
productivity below the overall average, as unfavorable. 
Mendes et al. (2012) evaluated the adaptability 
and stability of corn in favorable and unfavorable 
environments, and showed that this classification is 
important in the selection of genotypes with specific 
adaptability to the environments.

Of the seven environments evaluated, three (1, 7, 
and 5) were classified as favorable, and four (3, 2, 4, 
and 6) as unfavorable (Table 4). The unfavorable 

Table 2. Estimates of the components of grain yield averages of corn (Zea mays) cultivars, in seven environments, in the 
state of Amazonas, Brazil, between the 2011/2012 and 2014/2015 harvests.

Genotype Genotypic effect ( ) µ + g Genetic gain (%) Average (kg ha-1) ( )  µ + +g gem
BRS 1055 919.02 5,261.66 21.16 5,261.66 5,554.10
Sint 10771 476.52 4,819.16 16.07 5,040.41 4,970.79
Sint 10781 412.79 4,755.42 13.88 4,945.41 4,886.78
Sint 10699 353.20 4,695.83 12.44 4,883.02 4,808.23
AL Avaré 267.00 4,609.63 11.18 4,828.34 4,694.60
CMS EAO 2008 256.90 4,599.54 10.31 4,790.21 4,681.29
Sint. Mult. TL 232.94 4,575.58 9.60 4,759.55 4,649.71
BRS Caimbé 220.72 4,563.36 9.04 4,735.02 4,633.59
Sint 10795 183.94 4,526.58 8.50 4,711.86 4,585.11
Sint 10717 150.90 4,493.53 8.00 4,690.03 4541.55
BRS 2020 66.55 4,409.19 7.41 4,664.50 4,430.36
Sint 10723 61.84 4,404.48 6.91 4,642.83 4,424.16
DSS-0404 32.47 4,375.10 6.44 4,622.24 4,385.44
MC 20 15.55 4,358.19 6.00 4,603.38 4,363.14
Sint 10783 -24.45 4,318.19  - 4,584.36 4,310.41
BRS 4103 -66.59 4,276.04  - 4,565.09 4,254.85
Sint 10697 -72.83 4,269.80  - 4,547.72 4,246.63
DSS-0402 -88.43 4,254.21  - 4,531.42 4,226.07
PC 0402 -102.45 4,240.19  - 4,516.09 4,204.58
Sint 10805 -123.57 4,219.06  - 4,501.24 4,179.74
Sintético 1X -163.57 4,179.06  - 4,485.90 4,127.01
Eldorado -175.70 4,166.94  - 4,471.40 4,111.03
Sint RxS Spod -230.48 4,112.16  - 4,455.78 4,038.82
Sint 10707 -235.75 4,106.89  - 4,441.24 4,031.87
Sint 10731 -236.36 4,106.28  - 4,427.84 4,031.06
BR 106 -361.27 3,981.37  - 4,410.67 3,866.40
VSL BS42 C 60 -374.58 3,968.06  - 4,394.28 3,848.87
Sintético 256 L -389.71 3,952.93  - 4,378.52 3,828.92
Sol da Manhã -402.45 3,940.19  - 4,363.40 3,812.13
Sint. Pro Vit A -602.14 3,740.50  - 4,342.64 3,548.89
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upland environments showed, according to Fajardo 
et al. (2009), dystrophic or low nutrient-content soils, 
with Al saturation above 50%, base saturation below 
50%, and contents of the K, Ca, and Mg bases and of 
P below the critical values used for the interpretation 
of soil analysis, which, together with the elevated Al 
concentration, represent one of the biggest problems for 
root development, negatively affecting the development 
of plants. Most of the favorable environments are 
lowland areas, with soils with high Ca, Mg, K, P, Zn 
availability and low Al content.

Grain yield was of 4,955.7 kg ha-1, in the favorable 
environments, and of 3,884.1 kg ha-1, in the unfavorable 
ones (Table 5). The favorable and unfavorable 
environments presented high accuracy and low value 

of the coefficient of residual variation; according to 
Pimentel et al. (2014), the higher the selective accuracy 
in the evaluation of an individual, the more trustworthy 
is the evaluation and the predicted genetic value for 
the individual. In addition, the average heritability 
above 0.70 is an indication of trustworthiness in the 
selection of the corn genotypes based the predicted 
genotypic value (Resende, 2007). It was also possible 
to observe a significant participation of the GxE 
interaction due to the high R2 values of the effects of 
this interaction, as well as to the median values of the 
genotypic correlation between the performances in the 
environments, both favorable and unfavorable.

The BRS 1055 simple hybrid presented the best 
productive and adaptability performances in the 

Table 3. Stability (MHVVG), adaptability (PRVG and PRVG×MG), and stability and adaptability (MHPRVG and MHPRVG) 
of the genetic values of corn (Zea mays) cultivars, predicted by the best linear unbiased prediction (Blup) analysis, evaluated 
in the state of Amazonas, Brazil, between the 2011/2012 and 2014/2015 harvests(1).

Genotype MHVG PRVG PRVG×MG MHPRVG MHPRVG×MG
BRS 1055 5,529.29 1.30 5,639.66 1.28 5,568.32
Sint 10771 4,871.58 1.15 4,997.65 1.14 4,952.12
Sint 10781 4,758.10 1.13 4,888.05 1.12 4,861.17
Sint 10699 4,708.71 1.11 4,821.79 1.11 4,803.55
CMS EAO 2008 4,616.13 1.09 4,728.27 1.08 4,673.57
BRS Caimbé 4,539.36 1.08 4,672.40 1.06 4603.81
Sint 10795 4,464.12 1.06 4,593.43 1.05 4,,555.18
Sint. Mult. TL 4,475.98 1.08 4,688.68 1.04 4,536.30
AL Avaré 4,371.46 1.07 4,653.28 1.04 4,510.75
Sint 10717 4,371.44 1.04 4,516.10 1.03 4,484.77
BRS 2020 4,381.85 1.02 4,452.23 1.02 4,431.07
Sint 10723 4,337.98 1.02 4,445.51 1.01 4,415.18
DSS-0404 4,301.65 1.01 4,381.55 1.01 4,367.44
MC 20 4,315.41 1.01 4,388.88 1.00 4,355.45
Sint 10697 4,149.34 0.98 4,249.84 0.98 4,239.55
DSS-0402 4,191.03 0.98 4,256.60 0.97 4,212.02
BRS 4103 4,105.90 0.98 4,237.22 0.97 4,208.79
Sint 10783 4,095.62 0.99 4,284.35 0.97 4,208.76
PC 0402 4,124.47 0.97 4,221.61 0.96 4,160.35
Sintético 1X 3,915.62 0.94 4,087.63 0.93 4,037.65
Sint 10731 3,983.74 0.94 4,076.08 0.93 4,028.44
Eldorado 3,936.47 0.93 4,061.71 0.93 4,024.37
Sint 10805 3,876.48 0.95 4,108.90 0.93 4,021.86
Sint 10707 3,875.37 0.93 4,021.87 0.92 3,978.28
Sint RxS Spod 3,791.90 0.92 3,994.30 0.90 3,921.43
BR 106 3,780.68 0.89 3,880.80 0.89 3,855.45
Sol da Manhã 3,706.30 0.88 3,812.97 0.87 3,783.68
VSL BS 42 C 60 3,580.76 0.87 3,801.98 0.87 3,761.18
Sintético 256 L 3,606.20 0.87 3,785.56 0.85 3,714.74
Sint. Pro Vit A 3,437.92 0.81 3,533.25 0.81 3,528.34
(1)MHVG, harmonic mean of the genotypic values; PRVG, genotypic values; MG, overall average; and MHPRVG, harmonic mean of the relative perfor-
mance of the predicted genotypic values.
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favorable and unfavorable environments, besides high 
productive stability (Figure 1). Mendes et al. (2012) 
also showed higher productive stability of hybrids 
compared with varieties, in 49 environments. In the 
present study, besides the BRS 1055 simple hybrid, the 
Sint 10781, Sint 10771, and Sint 10699 varieties also 
showed high productive performance and adaptability 
to the favorable and unfavorable environments, as well 

as high productive stability, which confirms the results 
of the evaluation of the prediction of genotypic values 

Table 4. Average grain yield of corn (Zea mays) and 
classification of the environments evaluated in the state of 
Amazonas, Brazil, between the 2011/2012 and 2014/2015 
harvests.

Environment/harvest Average (kg ha-1) Class
1, Iranduba – wetland – 2011/2012 5,472.98 Favorable
7, Iranduba – wetland – 2014/2015 5,044.01 Favorable
5, RPE – dryland – 2012/2013 4,347.55 Favorable
3, Iranduba – dryland –  2012/2013 4,241.50 Unfavorable
2, Iranduba – dryland –  2011/2012 4,149.37 Unfavorable
4, Manaus – dryland –  2012/2013 3,590.67 Unfavorable
6, Manaus – dryland –  2013/2014 3,552.38 Unfavorable

Table 5. Genetic parameters and estimates of the variance 
components regarding grain yield of corn (Zea mays) in 
favorable and unfavorable environments, in the state of 
Amazonas, Brazil, between the 2011/2012 and 2014/2015 
harvests.

Genetic parameters and 
variance components(1)

Favorable 
environments

Unfavorable 
environments

VG 36,942.72 198,094.30
VGxE 478,361.68 226,867.04
Ve 204,906.40 122,210.08
VF 720,210.80 547,171.42
h2

i 0.35±0.05 0.36±0.11
h2

m 0.75 0.72
rg 0.89 0.85
R2

GxE 0.56 0.41
rg(L) 0.37 0.47
CVg (%) 3.88 11.46
CVe (%) 9.13 9.00
Overall average (kg ha-1) 4,955.67 3,884.13
(1)Description according to Table 1.

Figure 1. Dispersion plot of the MHPRVG×MG stability for grain yield of corn (Zea mays) cultivars, in favorable and 
unfavorable environments, in the state of Amazonas, Brazil, between the 2011/2012 and 2014/2015 harvests. MHPRVG, 
harmonic mean of the relative performance of the predicted genotypic values; and MG, overall average.
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(Table 2). With these results, the productive superiority 
of these synthetic varieties is confirmed in relation to 
the BR 106 and Sol da Manhã commercial varieties, 
which showed low productivity, lack of adaptability 
to both classes of environment, and little stability. 
Mendes et al. (2012) also observed low a productive 
stability of the Sol da Manhã and BR 106 varieties, 
in evaluations in different environmental conditions of 
Brazil.

The BRS Caimbé variety presented the best 
productive performance and specific adaptability in 
unfavorable environments (Figure 1), which makes it 
a good option for cultivation in the upland areas of the 
state of Amazonas.

Conclusions

1. The BRS 1055 simple corn (Zea mays) hybrid 
shows superior productivity and high stability.

2. The Sint 10771, Sint 10781, and Sint 10699 
varieties have potential to be cultivated in the state 
of Amazonas, Brazil, because they combine high 
productivity and productive stability.

3. The BRS Caimbé variety presents specific 
adaptability, which makes it a cultivation option for the 
upland environments of the state of Amazonas.
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