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Abstract ‒ The objective of this work was to estimate the effects of genotype x environment interaction and 
the genetic potential of flood-irrigated rice cultivars, released between 1972 and 2017, for the state of Rio 
Grande do Sul, Brazil. The experiments were carried out in the field, in all agroclimatic regions of flood-
irrigated rice crop in the state, between the 2005/2006 and 2015/2016 crop years, totaling 60 environments 
(trials), with 1,961 experimental units. Twenty-five cultivars of irrigated rice were evaluated for the traits 
grain yield, plant height, days to flowering, and whole grain quality after milling. The values of adaptability 
and stability were estimated with the aid of mixed models. The rice cultivars BRS Pampa, BRS Pampeira, and 
BRSCIRAD 302 showed simultaneously high-genotypic grain yield, adaptability, stability, good agronomic 
traits, and good whole-grain yield after milling. 'BRSCIRAD 302' and 'BRS Pampa' show high-yield stability 
and can be recommended for all rice cultivation regions of Rio Grande do Sul. 'BRS Pampeira' is responsive 
to environmental improvements and is indicated for high-technology conditions.

Index terms: Oryza sativa, genotype x environment interaction, mixed models, plant breeding, zoning of 
cultivars.

Adaptabilidade e estabilidade de cultivares de arroz irrigado por 
inundação lançadas para a região subtropical do Brasil

Resumo ‒ O objetivo deste trabalho foi estimar os efeitos da interação genótipo x ambiente e o potencial 
genotípico de cultivares de arroz irrigado por inundação, lançadas entre 1972 e 2017, para o Rio Grande do 
Sul. Os experimentos foram realizados em campo, em todas as regiões agroclimáticas de cultivo de arroz 
irrigado por inundação do estado, entre os anos agrícolas de 2005/2006 e 2015/2016, no total de 60 ambientes, 
com 1.961 unidades experimentais. Vinte e cinco cultivares de arroz irrigado foram avaliadas quanto aos 
caracteres produtividade de grãos, altura de plantas, dias para o florescimento e qualidade de grãos inteiros 
após o beneficiamento. Os valores de adaptabilidade e estabilidade foram estimados por meio de modelos 
mistos. As cultivares de arroz BRS Pampa, BRS Pampeira e BRSCIRAD 302 apresentaram, simultaneamente, 
alta produtividade genotípica de grãos, adaptabilidade, estabilidade, bons atributos agronômicos e bom 
rendimento de grãos inteiros após o beneficiamento. 'BRSCIRAD 302' e 'BRS Pampa' apresentam alta 
estabilidade produtiva e podem ser recomendadas para cultivo em todas as regiões orizícolas do Rio Grande 
do Sul. 'BRS Pampeira' é responsiva às melhorias do ambiente e é indicada para condições de alta tecnologia.

Termos para indexação: Oryza sativa, interação genótipo x ambiente, modelos mistos, melhoramento genético, 
zoneamento de cultivares.

Introduction

Rice (Oryza sativa L.) is the dietary basis of half 
the world’s population (Hao & Lin, 2010). In Brazil, 
flood-irrigated rice has a high-economic and social 
importance, and it is mainly produced in lowland 
areas. Rice in these areas shows high yields; however, 
there is a range of other agroclimatic regions, as well 

as technology uses. This generates diverse phenotypic 
responses of the genotype in the different regions, due 
to genotype x environment (GxE) interactions, which 
particularly affect the quantitative traits.

In order to obtain more precise estimates of GxE 
effects, it is necessary to conduct experiments in as 
many numbers of sites and years as possible, to evaluate 
the magnitude of the interactions and their possible 
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impact on the selection and recommendation of 
cultivars (Silva et al., 2013). Therefore, for the cultivar 
maximum yield performance, it is necessary to carry 
out comparative tests in different environments, to 
determine yield, adaptability, and stability to different 
agroclimatic conditions. The knowledge of these 
environmental requirements and peculiarities of the 
main available cultivars allows of the selection of the 
most appropriate genotypes to each crop and growing 
condition. Thus, for cultivar recommendation, it 
is essential to determine the adaptability (broad or 
specific) and stability in each production region.

GxE can be studied by measures of adaptability 
and stability, which allows of a simple interpretation 
of a large dataset. In the context of mixed models, the 
harmonic mean of the relative performance of genetic 
values (MHPRVG) (Resende, 2007) has been shown to 
be one of the efficient alternatives for the simultaneous 
evaluation of genotypes for yield, adaptability, and 
stability, mainly when unbalanced data are produced 
(Balestre et al., 2010; Borges et al., 2010). This mixed 
model approach has been used efficiently in the 
analyses of numerous crops, such as sugarcane (Bastos 
et al., 2007), carrot (Silva et al., 2011), common beans 
(Torres et al., 2015), corn (Mendes et al., 2012; Faria 
et al., 2017), and rice (Colombari Filho et al., 2013).

Currently, the development of new high-yielding 
cultivars for different growing conditions (intrinsic 
conditions of planting, management, and climate) is 
one of the great challenges of breeders to attend the 
development requirements of technologies compatible 
with flood-irrigated rice. In this way, the plant 
breeding programs has developed numerous cultivars 
to meet the demand of various segments of cereal 
production chains. However, there is a lack of scientific 
information regarding the response of these flood-
irrigated rice cultivars released in Rio Grande do Sul 
and their interactions with the growing environments.

The objective of this work was to estimate the effects 
of GxE and the genetic potential of flood-irrigated rice 
cultivars released between 1972 and 2017 for the state 
of Rio Grande do Sul, Brazil.

Materials and Methods

The experiment was carried out in all agroclimatic 
regions of flood-irrigated rice cultivation in the state 
of Rio Grande do Sul, which are: Fronteira Oeste, 

Campanha, Depressão Central, Planície Costeira 
Interna e Planície Costeira Externa, and Zona Sul. 
Twenty-five flood-irrigated rice cultivars released by 
the Embrapa breeding program for Southern Brazil, 
from 1972 to 2017, were used (Table 1). These cultivars 
were released over 46 years to meet the needs of the 
main production chain and their genetic constitutions 
that define the morphological traits, and purposes of 
use have changed over time.

The evaluations were evaluated in 60 environments, 
covering 1,961 experimental units. The number of sites 
in each of the 11 years of trial ranges from two to seven, 
depending on the availability of annual partnerships 
with companies and rural producers.

The experiment was carried out in randomized 
complete block design, with four replicates, for 
which the plots were composed of nine 5 m rows, 
spaced at 0.20 m between lines. The useful plot area 
was composed by the central 4 m lines of the seven 
internal ones, in order to exclude any incident effect 
on the border. Sowing was performed in conventional 
system, with one mechanical sowing of plots. The 
cultivation followed technical recommendations for 
flood-irrigated rice crop in Southern Brazil. The 
permanent flood irrigation system was used until the 
final maturation stage of the genotypes.

The following agronomic traits were evaluated: 
grain yield (kg ha-1) adjusted to 13% humidity; plant 
height (cm) in the maturation stage, by measuring the 
length of the main tiller from the soil surface to the tip 
of panicles; number of days to flowering, measured by 
the number of days from emergence up to 50% of the 
panicles exposed; and the percentage of whole grains 
after milling, obtained by peeling and polishing of 
grains in a mini test device.

At first, the trials were grouped, considering each 
environment composed by a site in a given cultivation 
year. Not all the cultivars were evaluated in all 
the sites and cultivation years, since new cultivars 
were released over the evaluation period. Thus, the 
estimates of variance components were obtained by 
the residual maximum likelihood (REML) method, 
and the prediction of genetic values of each individual 
was performed with the best unbiased linear prediction 
procedure (Blup). The predicted values of the random 
effects (EBlup), associated to each of the genotypes, 
included a share allocated to the estimation of constant 
μp means (common average of cultivars without 
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random genotypic deviations), and another share 
referring to the particular genotypic effects of each 
genotype.

The analyses were performed with the statistical 
software Selegen-REML/Blup (Resende, 
2016), by which the variance components were 
obtained according to the linear mixed model

y = +g +b +l +a +gl +ga +la +gla +ijkn i j(kn) k n ik in kn ikn ijknµ ε

in which: yijkn is the observed value of the ith genotype, 
in the jth block, in the kth environment, in the nth harvest 
season; µ is the effect of the general mean; gi is the 
random effect of genotype i; bj(kn) is the fixed effect of 
block j, inside site k, and year n; lk  is the random effect 
of site k; an is the random effect of year n; glik is the 
random effect of the genotype x site interaction; gain is 
the random effect of the genotype x year interaction;  

lakn is the random effect of the site x cultivation year 
interaction; glaikn is the random effect of the genotype 
x site x year interaction; and εijkn is the error or 
experimental residue.

The statistical matrix used to estimate the 
harmonic mean of the relative performance of genetic 
values (MHPRVG) was obtained from the model 
y Xr Zg Wi= + + + ε,  in which: y is the data vector; r is 
the block effect vector, considered as fixed, added to 
the general average; g is the genotypic effect vector, 
considered as random; i is the GxE (random) interaction 
effect vector; ε is the error or residue (random) vector; 
and X, Z, and W represent the incident matrices for 
these effects.

The harmonic mean of genetic values (MHVGi) and 
the relative performance of the predicted genotypic 
values (PRVG) was obtained, respectively, by 

Table 1. Flood-irrigated rice (Oryza sativa) cultivars used, with their respectively years of release, in the experimentation 
of 11 agricultural years, in different sites in the state of Rio Grande do Sul, Brazil.

Cultivar Year Crop year
2005/
2006

2006/
2007

2007/
2008

2008/
2009

2009/
2010

2010/
2011

2011/
2012

2012/
2013

2013/
2014

2014/
2015

2015/
2016

IAS 12-9 (Formosa) 1972 *
BR/IRGA 409(1) 1979 * * * * * * * * * * *
BR/IRGA 410 1980 * * * * * * * * *
BR/IRGA 411 1985 *
BR/IRGA 412 1986 *
BR/IRGA 413 1986 *
BR/IRGA 414(1) 1987 *
BRS 6 Chuí 1991 * * * * * *
BRS 7 Taim 1991 * * * * * * * * * * *
BRS Ligeirinho 1995 *
BRS Agrisul 1995 *
BRS Bojuru 1997 *
BRS Atalanta 1999 * * * * *
BRS Firmeza 1999 * * * * *
BRS Pelota 2000 * * * * * *
SCSBRS 113 - Tio Taka(2) 2004 *
BRS Fronteira 2005 * * * * * * * *
BRS Querência 2005 * * * * * * * * * * *
BRSCIRAD 302(3) 2010 * *
BRS Sinuelo CL 2010 * * * * * *
BRS Pampa 2011 * * * * * *
BRS 358 2015 *
BRS AG 2015 *
BRS Pampeira 2016 * * *
BRSCIRAD AH703 CL(3) 2017 * * * *
Number of genotypes 9 9 9 9 7 8 7 7 7 7 25
Number of sites 2 6 7 7 6 3 5 6 7 4 7

(1)Cultivar released by Embrapa and IRGA (Instituto Rio Grandense do Arroz). (2)Cultivar released by Embrapa and Epagri (Empresa de Pesquisa 
Agropecuária e Extensão Rural de Santa Catarina). (3)Hybrid released by Embrapa and Cirad.
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and the model which was considered simultaneously 
for yield, adaptability, and stability, obtained by 
harmonic mean of the relative performance of 
the genetic values (MHPRVG), was calculated by

MHPRVG n PRVGi j

n
= ( )=∑ 1

1
,

in which, n is the number of environments where the 
genotype i was evaluated; Vgij is the genotypic value 
of the genotype i in the environment j, expressed as 
the proportion of the average of this environment; and 
μj is the general mean of each environment j (Resende, 
2016).

Results and Discussion

Grain yield, number of days to flowering, and plant 
height showed a large share of the total phenotypic 
variation (σ̂ 

2
f) of genetic origin (σ̂ 

2
g), which can be 

evidenced by the high estimated values of total 
genotypic effect and heritability (ĥ2

g), even though 
these are considered traits of quantitative genetic 
inheritance (Table 2).

However, for the trait percentage of whole grains 
after milling, there was a high contribution of the 
GxE complex interaction (low-genotypic correlation 
between genotype x year x site) and low heritability. 
Grain quality traits are highly affected by the 
environment in the irrigated rice cropping (Cameron 
et al., 2008; Hakata et al., 2012; Lyman et al., 2013; Li 
et al., 2014; Xu et al., 2015).

In the comparative trials of cultivars, in order to 
have a good experimental reliability, the genetic and 
statistical approaches should show the proportion 
between the genetic and residual variations associated 
to the studied trait; therefore, the selective accuracy 
is the most indicated parameter (Resende & Duarte, 
2007). Accuracies of 0.97, 0.98, 0.99, and 0.77 were 
observed for yield, cycle, height, and percentage of 
whole grains, respectively.

The high number of evaluated trials in different 
sites, during the 11 agricultural years, led to precise 
estimates of the genotypic value of the cultivars and 
of the GxE interaction effect. The presence of such 
interaction makes it difficult to recommend a single 

cultivar for all the producing environments; however, 
it allows of the recommendation of adapted cultivars 
to each environment. This accuracy can be verified by 
the estimates of the genetic and variance components 
(Table 2).

Based on the genotypic values and the measures of 
adaptability and stability obtained, the genetic potential 
for grain yield (Gi) of 'BRS Pampa' (9,837 kg ha-1), 
'BRSCIRAD 302' (9,247 kg ha-1), 'BRS Pampeira' 
(9,216 kg ha-1), and 'BRSCIRAD AH703 CL' (9,093 
kg ha-1) could be highlighted. These genotypes showed 
genetic potentials above 9,000 kg ha-1 (Table 3), and it 
should be noted that the predicted genetic values were 
validated by high accuracy.

Table 2. Estimates of variance components and genetic 
parameters for the traits grain yield (GY), days to flowering 
(DTF), plant height (PH), and percentage of whole grains 
after milling (WG) of 25 irrigate rice (Oryza sativa) 
cultivars, evaluated in 60 environments of the state of Rio 
Grande do Sul, Brazil(1).

Variance 
component(1)

Grain yield  
(kg ha-1)

DTF  
(days)

Plant height 
(cm)

WG  
(%)

σ̂ 2
g 1,787,804.963 75.644 39.733 4.704

σ̂ 2
ga 12,678.722 3.187 3.341 0.250

σ̂ 2
gl 273,379.473 0.622 0.620 0.111

σ̂ 2
gla 771,868.191 11.557 4.981 11.185

σ̂ 2
e 856,431.061 9.082 17.437 7.801

σ̂ 2
f 3,702,162.410 100.093 66.112 24.051

ĥ2
g 0.483±0.040 0.756±0.060 0.601±0.050 0.196±0.030

ĉ2
ga 0.003 0.032 0.051 0.010

ĉ2
gl 0.074 0.006 0.009 0.005

ĉ2
gla 0.208 0.115 0.075 0.465

Âc
g 0.970 0.990 0.980 0.770

r̂gl 0.867 0.992 0.985 0.977
r̂ga 0.993 0.960 0.922 0.950
r̂gl_a 0.868 0.992 0.986 0.978
r̂ga_1 0.994 0.960 0.924 0.951
r̂gla 0.628 0.831 0.816 0.289
μ̂ 7,718.2 89.0 94.2 60.6
(1) σ̂ 

2
g, σ̂ 

2
ga, σ̂ 

2
gl, σ̂ 

2
gla, σ̂ 

2
e, σ̂ 

2
f, are respectively the estimates of the genotypic 

variance, genotype x year interaction, genotype x site interaction, genotype 
x site x year interaction, residual variance and phenotypic individual; ĥ2

g, 
estimate of the coefficient of heritability related to the individual plots of 
total genotypic effects; ĉ 

2
ga and ĉ 

2
gl , respectively, estimates of coefficient 

of determination of the genotype x year interaction effects, and genotype 
x site interaction effects; ĉ 

2
gla, estimate of the coefficient of heritability in 

the broad sense, at the level of averages of genotypes; Âc
g, estimate of the 

accuracy of selection, at the level of averages of genotypes. The estimates 
r̂gl, r̂ga, r̂gl_a, r̂ga_1, r̂gla are genotypic correlations respectively of: genotype x 
site; genotype x year; genotype x site with the year; genotype x year with 
the site; and of genotype x year x site; μ̂, estimate of general mean of the 
experiment.
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As to the genotypic stability (MHVG), 'BR/IRGA 
412', 'BRS Pampa', and 'BRS Agrisul' showed a stable 
behavior in the studied environments. The higher 
stability under conditions of environmental variations 
was obtained by 'BRSCIRAD 302' (Table 3), that is a 
hybrid released in 2010. This high-yield stability was 
expected because hybrids are less affected by adverse 
cultivation conditions. This was reported for 140 
hybrid cultivars subjected to three levels of nitrogen 
(0, 60, and 120 kg ha-1), in which positive heterosis for 
grain yield was observed, irrespectively of the tested 
environment (Young & Virmani, 1990).

Regarding the genotypic adaptability (PRVG), the 
cultivars that showed the highest  genetic potential 
for yield were also considered more adapted to the 
cultivated regions in Rio Grande do Sul (Table 3). 'BRS 
Pampa', 'BRS Pampeira', 'BRSCIRAD AH703 CL', and 
'BRSCIRAD 302' were quite productive and responsive 
to the cultivated conditions in Rio Grande do Sul.

The MHPRVG method, which is obtained by 
penalizing the genotypic instability effect and 
capitalizing by the favorable response of the genotype 
to the environment, allowed to discriminate the flood-
irrigated rice cultivars considering, simultaneously, 
yield, genotypic adaptability, and stability (Table 3). 
Therefore, the outperformers were again 'BRS 
Pampa', 'BRS Pampeira', 'BRSCIRAD AH703 CL' and 
'BRSCIRAD 302' that showed their greater potential 
for cultivation in lowland regions under flood-irrigated 
system. The high-yield potential of 'BRS Pampeira' 
had already been reported by Magalhães Júnior et al. 
(2017a).

The amplitude of fluctuation of genotypic responses, 
observed for each cultivar among environments, can 
be attributed to changes associated to cultivation years 
and sites within the year. The genetic parameters 
indicated three favorable and three unfavorable 
regions (Figure 1). The most favorable one was the 
Campanha region, with 10,389 kg ha-1 average yield, 

Table 3. Predicted genotypic value (Ĝi), selective accuracy (r̂ĝg), genotypic stability (MHVG), genotypic adaptability 
(PRVG), and adaptability and stability of the genotypic values (MHPRVG), for the trait grain yield (kg ha-1) of 25 irrigated 
rice (Oryza sativa) cultivars, evaluated in 60 environments in the state of Rio Grande do Sul, Brazil(1).

Cultivar YL(1) r̂ĝg Rº(2) Ĝi Rº MHVG Rº PRVG Rº MHPRVG
BRS Pampa 2011 0.97 1st 9837 3rd 9455 1st 1.302 1st 1.287
BRSCIRAD 302 2010 0.93 2nd 9247 1st 10280 4th 1.187 4th 1.177
BRS Pampeira 2016 0.96 3rd 9216 5th 8625 2nd 1.209 2nd 1.193
BRSCIRAD AH703 CL 2017 0.96 4th 9093 6th 8590 3rd 1.198 3rd 1.188
BR/IRGA 412 1986 0.91 5th 8783 2nd 9514 5th 1.144 5th 1.141
BRS 7 Taim 1991 0.97 6th 8641 9th 8322 6th 1.123 6th 1.117
BRS Pelota 2000 0.97 7th 8557 8th 8482 8th 1.108 8th 1.093
BRS Agrisul 1995 0.90 8th 8533 4th 9253 7th 1.113 7th 1.108
BR/IRGA 410 1980 0.97 9th 8377 12th 8070 9th 1.080 10th 1.070
BRS Fronteira 2005 0.97 10th 8280 11th 8122 11th 1.075 11th 1.066
BRS 358 2015 0.93 11th 8259 10th 8234 12th 1.074 9th 1.070
BRS Querência 2005 0.97 12th 8239 13th 7930 10th 1.075 12th 1.060
BR/IRGA 409 1979 0.97 13th 8185 14th 7909 13th 1.066 13th 1.060
BRS Sinuelo CL 2010 0.97 14th 8058 16th 7589 14th 1.056 14th 1.047
BR/IRGA 413 1986 0.91 15th 7963 7th 8563 15th 1.035 15th 1.026
BRS 6 Chuí 1991 0.97 16th 7779 15th 7806 16th 1.012 16th 1.002
BRS AG 2015 0.93 17th 7290 19th 6914 17th 0.935 17th 0.905
BR/IRGA 414 1987 0.90 18th 6765 17th 7273 18th 0.874 18th 0.872
IAS 12-9 (Formosa) 1972 0.91 19th 6689 18th 7005 20th 0.864 20th 0.839
BRS Firmeza 1999 0.96 20th 6672 20th 6538 19th 0.867 19th 0.845
BRS Bojuru 1997 0.91 21st 5958 21st 6273 21st 0.764 21st 0.753
SCSBRS 113 - Tio Taka 2004 0.88 22nd 5831 23rd 5826 23rd 0.733 23rd 0.710
BRS Atalanta 1999 0.96 23rd 5679 24th 5766 22nd 0.748 22nd 0.721
BR/IRGA 411 1985 0.91 24th 5574 22nd 5856 24th 0.715 24th 0.701
BRS Ligeirinho 1995 0.90 25th 5067 25th 5275 25th 0.649 25th 0.629

(1)YL, year of cultivar release. (2)Rº, ranking of the cultivars, according to the parameters of the analyses.
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Figure 1. Average yield, environmental index, and classification of irrigated rice (Oryza sativa) cultivars conducted in 11 
harvest seasons, in the six rice regions of the state of Rio Grande do Sul, Brazil.

and an environmental index of +2,344 kg ha-1; and the 
least favorable was the Depressão Central region, with 
an average yield of 6,752 kg ha-1, and an environmental 
index of -1,293 kg ha-1. Slightly different responses 
were reported in experiments performed in the regions 
Depressão Central, Fronteira Oeste, Planície Costeira 
Externa and Interna, and Zona Sul, showing average 
yields of 7,938, 9,774, 8,501, 8,314, and 9,759 kg ha-1, 

respectively (Rosa et al., 2015). These contrasting 
results can be explained by the distinction in the group 
of evaluated cultivars in each study, which shows 
the importance of these GxE studies to define an 
agricultural zoning, with the purpose of recommending 
regionalized cultivars and selecting trial sites.

It is also important to verify the response as for 
the genotypic yield of cultivars in favorable and 
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unfavorable environmental conditions (Table 4). In 
favorable environments, three highly responsive 
cultivars stood out, with yields higher than 10,000 
kg ha-1: 'BRS Pampa' (10,593 kg ha-1), 'BRS Pampeira' 
(10,423 kg ha-1), and 'BRS Pelota' (10,105 kg ha-1). 
Besides these, several others showed satisfactory yield 
potentials under favorable cultivation conditions, with 
general genotypic means of 8,667 kg ha-1. However, 
in cultivation environments considered unfavorable, 
the genotypic mean of the cultivars was much lower 
(7,298 kg ha-1), and only 'BRS Pampa' displayed yield 
above 9,000 kg ha-1. This small difference in genotypic 
yield (ΔĜi), when different cultivated conditions 
were compared, shows the excellent yield capacity 
associated to a good stability of this cultivar regarding 
grain yield, which makes 'BRS Pampa' indicated for 
cultivation in all rice regions of the state.

Genotypic estimates of favorable agronomic 
attributes for rice improvement are displayed (Table 5). 
Among the cultivars released after the end of the 
1970s, only 'BR/IRGA 411' and 'BRS AG' were taller 
than 100 cm. It should be noted that 'BRS AG' was 
developed and released recently for ethanol production 
or animal feed (Magalhães Júnior et al., 2017b).

The discovery of the sd-1 gene, responsible for 
the semidwarf rice, allowed breeders to include this 
phenotype (associated with other agronomic traits of 
interest) into flood-irrigated rice cultivars leading to 
increased yield potential, especially 'BR/IRGA 409' 
and 'BR/IRGA 410' in Rio Grande do Sul (Streck et al., 
2017). In this context, it is verified that a large share 
of the cultivars released by the Embrapa breeding 
program, after the two mentioned ones, have aimed at 
lower-stature genotypes.

Table 4. Classification of the cultivars (Rº) according to the response of predicted genotypic values for grain yield (kg ha-1) 
and the yield difference of each cultivar, on average, in favorable and unfavorable environmental conditions (ΔĜi) for 25 
irrigated rice (Oryza sativa) cultivars in the state of Rio Grande do Sul, Brazil.

Cultivar Rº Favorable  
(kg ha-1)

Rº Unfavorable  
(kg ha-1)

Rº ΔĜi  

(kg ha-1)
BRS Pampa 1st 10,593 1st 9,436 15th 1,157
BRS Pampeira 2nd 10,423 3rd 8,651 8th 1,772
BRS Pelota 3rd 10,105 6th 8,185 4th 1,920
BR/IRGA 410 4th 9,980 9th 7,946 2nd 2,033
BRS 7 Taim 5th 9,895 8th 8,109 7th 1,786
BRSCIRAD 302 6th 9,741 2º 8,971 23rd 771.0
BRS Querência 7th 9,600 14th 7,776 5th 1,824
BRSCIRAD AH703 CL 8th 9,595 4th 8,517 16th 1,078
BR/IRGA 412 9th 9,559 5th 8,488 17th 1,072
BRS Agrisul 10th 9,528 7th 8,159 14th 1,369
BRS Fronteira 11th 9,352 10th 7,873 11th 1,478
BR/IRGA 409 12th 9,272 13th 7,792 10th 1,480
BRS 6 Chuí 13th 9,097 16th 7,378 9th 1,719
BRS 358 14th 8,757 11th 7,844 20th 913.0
BRS Sinuelo CL 15th 8,546 12th 7,812 24th 734.0
BR/IRGA 413 16th 8,525 15th 7,728 21st 797.0
BRS Firmeza 17th 7,955 20th 6,136 6th 1,819
BR/IRGA 414 18th 7,824 19th 6,348 12th 1,476
BRS AG 19th 7,730 17th 6,959 22nd 771.0
BRS Atalanta 20th 7,587 23rd 5,204 1st 2,383
IAS 12-9 (Formosa) 21st 7,073 18th 6,496 25th 577.0
SCSBRS 113 - Tio Taka 22nd 6,999 24th 5,061 3rd 1,938
BRS Bojuru 23rd 6,605 21st 5,668 19th 937.0
BR/IRGA 411 24th 6,281 22th 5,260 18th 1,022
BRS Ligeirinho 25th 6,044 25th 4,656 13th 1,388
Average - 8,667 - 7,298 - 1,368
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As for the trait days to flowering (DTF), most of 
the released cultivars were observed as displaying 
cycles ranging from early (between 80 and 90 DTF) 
to medium (between 91 and 100 DTF). However, 'BRS 
Ligeirinho' and 'BRS Atalanta' display super-early 
cycles (<80 DTF), which puts them as alternatives to 
specific cultivation conditions. At the other extreme, 
'SCSBRS 113 - Tio Taka', obtained by recurrent 
selection (Rangel et al., 2007), showed a very late cycle 
(>101 days to flowering) for the cultivation conditions 
of Rio Grande do Sul. This cultivar was developed 
and released specially for the State of Santa Catarina. 
The long cycle until flowering can explain the low-
yield potential showed by this cultivar in the state of 
Rio Grande do Sul (Table 3). Rio Grande do Sul has 
a higher probability of low temperatures (Steinmetz 
et al., 2003) and low luminosity (Klering et al., 2008) 
at late February and early March.

Table 5. Estimates of predicted genotypic values (Ĝi) and selective accuracy (r̂ĝg) for the traits number of days to flowering 
(DTF), plant height (PH), and percentage of whole grains after milling (WG) of 25 irrigated rice (Oryza sativa) cultivars, 
evaluated in 60 environments in the state of Rio Grande do Sul, Brazil.

Cultivar Release DTF (days) Plant height (cm) WG (%)

Ĝi r̂ĝg Ĝi r̂ĝg Ĝi r̂ĝg

BRS Ligeirinho 1995 69 0.94 83.23 0.94 60.50 0.70
BRS Atalanta 1999 72 0.97 91.54 0.97 58.99 0.88
BR/IRGA 414 1987 81 0.94 92.72 0.94 62.40 0.73
BRS 6Chuí 1991 81 0.97 90.32 0.97 60.80 0.92
BRS Querência 2005 81 0.98 96.01 0.98 59.05 0.94
BRS Firmeza 1999 84 0.97 89.13 0.97 61.99 0.90
BRSCIRAD AH703 CL 2017 84 0.97 93.02 0.97 62.85 0.88
BRS Pampa 2011 85 0.97 95.33 0.97 62.19 0.92
BRS 358 2015 88 0.96 86.42 0.96 62.04 0.78
BRS Pelota 2000 89 0.97 95.58 0.97 60.51 0.92
BR/IRGA 410 1980 91 0.98 96.81 0.98 61.66 0.94
BRS Sinuelo CL 2010 91 0.97 86.51 0.97 61.45 0.92
BRSCIRAD 302 2010 91 0.96 98.31 0.96 60.91 0.82
BR/IRGA 411 1985 92 0.94 108.83 0.94 58.20 0.75
BRS AG 2015 92 0.96 109.50 0.96 56.21 0.78
BR/IRGA 412 1986 92 0.94 91.51 0.94 60.89 0.75
IAS 12-9 (Formosa) 1972 92 0.94 104.55 0.94 58.17 0.74
BRS 7 Taim 1991 92 0.98 89.60 0.98 61.14 0.94
BRS Agrisul 1995 93 0.94 94.03 0.94 56.91 0.75
BR/IRGA 413 1986 93 0.94 98.38 0.94 62.86 0.75
BRS Bojuru 1997 93 0.94 92.98 0.94 59.49 0.75
BR/IRGA 409 1979 94 0.98 93.95 0.98 62.49 0.94
BRS Fronteira 2005 94 0.97 95.08 0.97 63.32 0.93
BRS Pampeira 2016 99 0.97 96.07 0.97 60.28 0.88
SCSBRS 113 - Tio Taka 2004 114 0.94 86.05 0.94 61.16 0.70

Grain quality is also a widely considered parameter 
for the flood-irrigated rice improvement, as it 
determines the market value of the cereal. In this 
sense, the majority of the cultivars recently released 
by the breeding program have a high index of whole 
grains after milling, which is the main trait referring to 
rice industrial quality (Table 5). It should be noted that  
'BRS Pampa', 'BRS Pampeira' and 'BRSCIRAD 302' 
which were outstanding for grain yield, also showed 
high-grain quality with, respectively, 62.19, 60.28 and 
60.91% whole grains after milling.

Therefore, it can be considered that a wide range 
of flood-irrigated rice cultivars, developed by the 
Embrapa breeding program, shows good agronomic 
attributes for different cultivation conditions in the 
state of Rio Grande do Sul.
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Conclusions

1. 'BRS Pampa', 'BRS Pampeira', and 'BRSCIRAD 
302' rice (Oryza sativa) show, simultaneously, high-
genotypic grain yield, adaptability, stability, good 
agronomic attributes and good whole-grain yield after 
milling.

2. 'BRSCIRAD 302' and 'BRS Pampa' show 
high-yield stability, which makes them suitable for 
cultivation in all rice regions of Rio Grande do Sul; 
and 'BRS Pampeira' is a highly responsive cultivar 
to environmental improvements and is, therefore, 
indicated for high-technology conditions.
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