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ABSTRACT

The objective of this work was to investigate the interaction of irrigated rice genotypes in
different environments, based on the genotypic evaluation of grain quality traits, through the
adaptability and stability analysed by mixed models. These parameters were obtained from
cultivation trials in eight cultivation environments of irrigated rice in Southern Brazil. The
experimental design was randomized complete blocks, with 14 genotypes for each one and four
repetitions. The genotypic values were estimated using REML/BLUP, based on the harmonic mean
methods of the genotypic values, the relative performance of the predicted genotypic values
through the environments and the harmonic mean of the relative performance of the genotypic
values. The high accuracy values obtained for the most studied variables, show a great experimental
quality and safety in the selection of these traits. The lines AB11502 and AB10501 showed a better
agronomic performance in the milling yield. AB13008, AB13002 and AB13003 stood out for
chalky traits, showing higher adaptability and stability. These inbred lines revealed high potential

for grain quality attributes and have potential to be released.
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INTRODUCTION

The use of genetically superior rice genotypes is only possible through extreme efforts in
labor and investment, as this is a slow and long term process. However, researchers are not looking
only for genetic potential, but also for their performance when facing environmental changes.
According to Colombari Filho et al. (2013) this variation is due to genotype x environment
interaction (G x E), affecting mainly quantitative variables. Therefore the elite lines should be
evaluated in different environments and the obtained data should be analyzed for yield, adaptability
and stability, in order to select adapted cultivars to different cultivation regions.

Several authors defined the concepts about adaptability and stability. The most accepted

are Mariotti et al. (1976), that defined adaptability as being the ability of the genotype to respond
in a favorable way to environmental changes, while stability as being the ability of a genotype to
achieve predictable performance under different environmental conditions.
When the breeders goal is to select the lines with high homeostasis and adaptability, as well as
genotypes coupled with high yield and stability production, these evaluations are the most
important (BALESTRE et al., 2010). However, one needs to use accurate measurement tools for
the response of these lines to multiple testing environments (YAN et al., 2007).

Recently, there are several methods applied for the adaptability and stability analysis.
Among them, the mixed models analysis, such as REML/BLUP, proposed for information analysis
of several perennial and annual crops (RESENDE, 2004). The Restricted Maximum Likelihood
(REML), procedure which has the purpose of estimating the variance components that are
necessary to the model, and the Best Linear Unbiased Prediction (BLUP) which in turns estimates
the genotypic value (REGITANO NETO et al., 2013).

The mixed models analysis allows the consideration of correlated errors within the locals,
as well as the identification of adaptability and stability in order to select superior genotypes
(TORRES et al., 2015). However, provides genetic values not considering the instability, and can
be applied to several environments, in order to generate results in the unit or scale of the evaluated
trait, with the possibility of direct interpretations as genetic values, differing from other methods.
This model provides results such as genotype selection per local; stable genotype selection across
sites by the harmonic mean method of the genotypic values (HMGV), according to Resende (2004);

selection of genotypes with high adaptability, responsive to favorable environments, by the relative
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performance method of the predicted genotypic values (RPGV), based on the Annicchiarico (1992)
method; and the selection for productivity, stability and adaptability, by the harmonic mean of the
genotypic values relative performance method (HMGVRP), similar to the Lin and Binns (1988)
method, but in the genotypic context not in the phenotypic one.

Several studies using HMGV, RPGV and HMGVRP methods were develop for different
species, as rubber tree (GOUVEA et al., 2011), cassava (FARIAS NETO et al., 2013), eucalyptus
(PUPIN et al. 2015), beans (TORRES et al., 2015; CORREA et al., 2016), cotton (FARIAS et al.,
2016), coffee (SILVA et al., 2017), upland (BORGES et al., 2010; COLOMBARI FILHO et al.,
2013; REGITANO NETO et al., 2013), and irrigated rice (STRECK et al., 2018), for grain yield.
However, for irrigated rice there are few studies regarding G x E, especially when referring to the
attributes of grain quality, which are quantitative traits involving a lot of gens where the phenotypic
expression is highly influenced by the environment, even when is the main objectives of the
breeding programs.

Therefore, this study had the objective to investigate the G x E of irrigated rice in the main
soil/climate regions of Rio Grande do Sul State irrigated rice agricultural zoning, based on the

genotypic evaluation of grain quality, adaptability and stability attributes by REML/BLUP method.
MATERIAL AND METHODS

Eight experiments of cultivation and use value were conducted, where three of them in the
2014/15 season and five in the 2015/16 season. The locals comprised municipalities located in
different irrigated rice producing regions of Rio Grande do Sul State, Brazil, whose edaphoclimatic
characteristics are presented (Table 1). Each experiment was composed of 14 genotypes, 10 elite
lines and/or hybrid and four control cultivars of irrigated rice, however some of these elite lines
were changed from one season to another (Table 2). The experimental design was randomized
complete blocks, with 14 treatments and four repetitions. The experimental unit consisted of nine
rows of 5.0 m in length, spaced in 0.17 m between the rows. The useful harvest area was composed
by 4 m in the center of four internal seven rows, to exclude some incident effect on the border.

The sowing density was 100 kg ha™, using a mechanical plot seeder, under no-tillage
system. The base fertilization was 300 kg ha of NPK (formula 05-20-20) and 90 kg ha? of
nitrogen as urea, being 50% applied in the V4 stage (start of tillering) and the rest in R1 stage

139



ADAPTABILITY AND STABILITY OF IRRIGATED RICE ELITE LINES FOR GRAIN QUALITY

(differentiation of the floral primordium). The irrigate system was adopted by permanent
inundation until R9 stage (genotype final maturation).

Grains were harvested manually, avoiding possible undesirable mixture among the
genotypes, with a moisture of the grains approximately 22%. After, the grains were placed in a
dryer for the reduction of relative humidity to 13%. Therefore, the grains underwent to a mini
testing machine, (Suzuki — MT) for the husking and the polishing process, thus generating the
percentual of total polished grains (TPG - %), percentual of whole grains (WG - %) and percentual
of broken grains (BG - %) after milling. Subsequently, the inner physical quality attributes of the
grains were evaluated with help of S21 grain statistical analyzer, based in the digital image analysis
of each sample, showing the following parameters: CL- caryopsis length (mm); CW — caryopsis
width (mm); P+WB - percentual chalky grains and with white belly (%); CD — general grain color
defects (burnt, moldy, squashed, stained and yellow grains) (%); and PA — total chalky area (%).

Table 1. Geographic environmental traits, season, location, latitude, longitude and altitude, of the
14 irrigated rice genotypes evaluated in the cultivation and use tests in the Rio Grande do
Sul State, Brazil, 2014/15 and 2015/16.

Environment  Season Location Latitude Longitude  Altitude (m)
1 2014/15 Capéo do Ledo 31°45'48" S 52°29' 02" W 21
2 2014/15 Capivari do Sul 30°08' 42" S 50°30'53" W 12
3 2014/15  Santa Vitoria do Palmar 33°31'08"S 53°22' 05" W 23
4 2015/16 Alegrete 29°46'59" S 55°47' 31" W 102
5 2015/16 Capéo do Ledo 31°45'48" S 52°29' 02" W 21
6 2015/16 Mostardas 31°06' 25" S 50°55'16" W 17
7 2015/16 Uruguaiana 29°45' 17" S 57°05'18" W 66
8 2015/16  Santa Vitoria do Palmar 33°31'08" S 53°22' 05" W 23
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Table 2. List of the 14 genotypes evaluated in each season in different environments of cultivation
and use tests, their respective classifications totalling 21 different genotypes. Pelotas, Rio
Grande do Sul State, Brazil, 2014/15 and 2015/16.

Genotypes
2014/15 2015/16 Classification
BR IRGA 409 BR IRGA 409 Cultivar
IRGA 417 IRGA 417 Cultivar
BRS PAMPA BRS PAMPA Cultivar
AVAXI CL AVAXI CL Hibrido
AB10572 AB11502 Line
AB11551 AB13715 Line
AB10501 AB13720 Line
AB13002 AB14001 Line
AB13008 AB13006 Line
AB13012 AB13689 Line
AB12597 AB13003 Line
AB12625 AB13002 Line
AB12683 AB13008 Line
H7 CL H7 CL Hybrid

From the phenotypic data, the genetic traits estimated under analysis were made through
the mixed linear models, being evaluated using the 54 statistical models of the software Selegen -
REML/BLUP (RESENDE, 2016), corresponding the y = Xr + Zg + Wi + and, where “y” is the

[IPbl

data vector, “r” is the vector of repeating effects (assumed as fixed) plus the general mean, “g” is

[13%4]
1

the vector of genotypic effects (assumed as random), is the vector of G x E effects (random)

and “e” is the vector of the errors or residues (random). Capital letters represent incidence matrices
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for these purposes. The same way as Torres (2015), the distributions, mean structures (E) and

Xr
y . g) (162 0 0
variances (Var), were assumed as: E g = o Var|i |=| 0 16 0
i
e 0 0 |I67
e 0

From the equations of the mixed models, we obtained the model fit:

X'X X'Z X'W f X'y , ,
52 1-h;—i
Z'X Z'Z+1) Z'W  |x|§|=|Z'y|,  where Az&;:%, and
W' X W'z  WW+IA, ] W'y g g
A2 1_h2_i2 6'2
A, =—% =————— being the broad sense heritability in the block: hf = ———3——; the
log [ G, +0; +0,
A2
coefficient of determination of the G x E effects: i* =— (fiz —; 6, is the genotypic variance
G, +67 +6,

among the irrigated rice genotypes; &7 is the G x E variance; &7 is the residual variance among the
plots; genotypic correlation of the genotypes, across environments is determined by
A 2
2 h,

+ 672 h@]2+i2 '

However, the estimaton of components of variance by REML, in EM algorithm corresponds to :

&z_[Y'y—f'X'y—Q'Z'y—fW'y]_ & :[g'g+&ftrC22] &_ZZW' where C2

. [N=r ()] o a :

-1

Cll C12 C13 Cll C12 ClS
and C3 correspondtoC*=|C,, C,, C, | =|C, C, C, |, where the coefficient matrix of
CSl CSZ C33 C31 C32 C33

the mixed models is denominated by C; tr is the dot matrix operator; r(x) the matrix post X; N is

the total number of data, g number of genotypes and s is the number of the G x E combinations.
Thus, with this model empirical BLUP predictors was obtained (eBLUP or REML/BLUP)

of the genotypic values without interaction, given by z+ ¢, , where the & is the total mean of the

environments and ¢ is the genotypic effect without G x E interaction. The genotypic values (\Vg),
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for each environment j, were predicted by ; + §; +(@je)Tj , where £, is the mean of environment j,

g. is the genotypic effect of the genotype i, in the environment j, and ((je)n. is the G x E interaction

relative to the genotype i.

The prediction of genotypic values capitalizing the mean interaction ( ge,, ) in the different

A2 A2
o ey
n

A2
O-g

environments is given by &, + g, + @e,, , calculated by: Vg; = i+ g, being i the overall

mean of all environments; n is the number of environments; and g, the genotypic effect of the
genotype i.
The results regarding the genotypic stability by the harmonic mean method of the genotypic

n

n

=1 Vgij

values were calculate by: MHVG, =

The results regarding the genotypic adaptability by the relative performance method of the

nV“
11_29.,

predicted genotypic values across the environments were calculated by: PRVG, ==
n

j

The model that simultaneously considers the yield, adaptability and stability of irrigated
rice genotypes is given by the harmonic mean method of relative performance of the genotypic

values: MHPRVG, = " Where n is the number of the environments that genotype i was

. 1
2 PRVG
evaluated; “Vgjj” the genotypic value of the genotype i in the environment j, expressed as a
proportion of the environment mean; M;j is the general mean of each j environment.
To obtain the results in scale or unit of measurement of the studied variables, both PRGV

and HMMPGV were multiplied by the overall mean (), generating mean genotypic values

(PRGV) capitalized by the interaction, and genotypic values of each genotype (HMMPGV )
penalized by the instability and capitalized by the G x E interaction.
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RESULTS AND DISCUSSION

The predictions of variance components estimate (Table 3) refer to the unfolding of the
genetic structure of one plant population, in order to answer how much the phenotypic proportion
is due to genetic, environmental or genotype x environment interaction effects. According to Maia
et al. (2009) the importance of this information for the breeding programs in the direct use as a
more practical way for the selection, besides serving as theoretical reference in support for
recommendations of new cultivars.

Some grain quality traits evaluated, are not only related to genotypic variance but also under
significant environmental influence (HAKATA et al., 2012; LI et al., 2014; XU et al., 2015). The
high CVe values are expected. However, only three showed this behavior with 26.40% for WG,
58.45% for P+WB, and 29.50% for Cd. The other traits analyzed presented low CV. ranging from
1.01 to 9.53%.

The accuracy results refer to join assessments of CVg and CVe (RESENDE & DUARTE,
2007), showing the experimental quality. High accuracy values were obtained for all studied traits,
with exception of total percentage of polished grains that presented 45.50%. The other traits
ranging from 83.50% to 98.50%, for whole grains percentage and grains width respectively,

revealing a great experimental quality and safety in selection.

Grain length and width (GL and GW) are high o traits, showing a h; (total genotypic

heritability effects) of 53.40 and 77.00% respectively, not demonstrating significant influences
from &2 and . Therefore, they can be considered less complex traits to select, as they do not

change significantly among the environments. These attributes do not determine the grain quality,
however, Castro et al. (1999) demonstrate the consumption pattern of white and polished rice in
Brazil, being long and thin grain according to the results of the general with CL of 6.628 mm and
CW of 2.040 mm (length/width relation = 3.249).

This consumption pattern was introduced with Bluebelle, an american cultivar being
gradually replaced by BR IRGA 409 and BR IRGA 410, cultivars released in the late 70s, directly
responsible for the green revolution of irrigated rice in Brazil due to the new plant architecture
(semi-dwarf). This new architecture allowed to increase the milling yield as well as the yield

potential in the Rio Grande do Sul State (STRECK et al., 2017) and consequently the grain quality.

144



Brazilian Journal of Agriculture
DOI: 10.37856/bja.v97i2.4277

v.97,n.2, p. 137 — 153, 2022

Table 3. Estimates of variance components (REML individual) in irrigated rice genotypes, cultivated
in eight environments in Estado do Rio Grande do Sul, for the variables: TPG — Total
percentage of polished grains; WG — percentage of whole grains; BG — percentage of broken
grains; P+WB — sum of percentage of chalky grains with white belly; LC — mean of the
caryopses length; WC — mean of caryopse width; CD — sum of percentage of grain color
defects; PA — total grains chalky area. Pelotas, Rio Grande do Sul State, Brazil, 2016.

TPG WG BG P+WB
Te 0.121 4,527 4.303 0.107
g.

o 2.062 8.717 5.303 0.089

o2 2.112 9.238 5.915 0.182
W 4.295 22.482 15.522 0.378
5 0.028+-0.024 0.201+-0.065 0.277+-0.076 0.282+-0.078

: 0.207 0.697 0.781 0.821

Ac, 0.455 0.835 0.884 0.906
¢ 0.48 0.388 0.342 0.236
?‘gﬂ
) 0.055 0.342 0.448 0.545
CVy(%) 0.497 3.51 2252 44.803
CVe(%) 2.081 5.013 26.405 58.455
u 69.831 60.628 9.211 0.729

CL CW CD PA
2

T 0.014 0.003 0.351 1.325
g.

o 0.006 0 0.597 0.821
o2 0.006 0 0.774 1.693
W 0.026 0.003 1.722 3.838
,fz" 0.534+-0.105 0.770+-0.126 0.204+-0.065 0.345+-0.085

0 0.91 0.969 0.716 0.861

Ac, 0.954 0.985 0.846 0.928

2

G 0.239 0.106 0.347 0.214
?‘m
; 0.691 0.879 0.37 0.618
CVy(%) 1.785 2.513 19.872 8.436

CVe(%) 1.161 1.006 29.501 9.533
u 6.628 2.04 2.982 13.646

2 . . 2 - . . . 2 . . 2 . . 2
(o} g - 9enotypic variance; O - genotype x environment interaction variance; O - residual variance; O p- phenotypic variance; hg - total
genotypic effects heritability; hmg - heritability in the broad sense at the level of mean of the genotypes; Acy — Accuracy of the select of level of

the mean of the genotypes; Ci - coefficient of determination of the genotype x environment interaction effects; I’ga - genotypic correlation between

genotype x environment; CV, — coefficient of genetic variation; CV, — coefficient of environmental variation; p- overall mean.
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The o represented by the h’ results for the other evaluated traits ranging from 20.10%

and 34.50%, for para WG and PA respectively, except for TPG being of 2.80%. These heritability
values are considered low to be use as criteria of direct selection in the breeding of these traits
assuming that such results can include not only additive (fixable) but also dominance and epistasis
(non-fixable) effects.

In general, the grain quality attributes (WG, BG, TPG, P+WB, CD and PA) were strongly

influenced by G x E interaction, demonstrated by the c¢* results, which corresponds to the
percentage of o> compared to total aﬁ (38.80%, 34.20%, 48.00%, 23.60%, 34.70% and 21.40%,

respectively) (Table 3). However, these physical attributes are quantitative traits, responsible for
many factors. They are also controlled by maternal and cytoplasmatic effects with large genetic
effects (ZHOU et al., 2009) and the G x E interaction ends up not being noticeable.

The genotypic correlation among the performance of many environments (r,,) shows the

behavior of the genotypes beyond the changing environments tested, a way to indicate the
occurrence of constant or if whether there will be genotype classification according to the evaluated

for the physical attributes of grain quality ranging from 34.20

trait. The observed proportions of r__ ,
to 61.80% (WG and PA respectively), not being considered high when pointing out the variations
in order of genotypes. This has also been observed in other studies in different species (MAIA et
al., 2009; TORRES et al., 2015).

Based in the stability parameters of genetic values (HMGV), adaptability of genotypic
values (PRGVp) and simultaneously the adaptability and stability of genotypic values
(HMMPGV), a small difference in the ranking of the genotypes among the methods was observed.
These circumstances were reported in a rice yield study by Colombari Filho et al. (2013).

The percentage of whole grain attributes (WG), considered as major trait of grain quality
in irrigated rice is extremely sought by breeding programs. It is of fundamental importance in the
commercialization and the most required attribute by the industry segment in the rice chain. The
more stable genotypes for WG by HMGV were in successive order AB11502, BR IRGA 4009,
AB13006, AB10501, AB14001, AB13003 and AB13715, maintaining means higher than 62.00%
of whole grains, in the constant way among the environments this same genotypes showed a great

stability for lowest percentage of broken grains except for AB14001 (thirteenth of the ranking).
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The AB10501 elite line showed higher adaptability for the percentage of whole grains and
percentage of broken grains, reaching the mean genotypic value of 66.61% and 5.23% respectively,
beyond the favorable environments for both PRGVu and HMMPGVpu methods. In addition, it
surpassed all the control cultivars in these traits followed by BR IRGA 409, which was the control
that demonstrated both adaptability and stability in relation to the environments in all proposed
methods.

In general, the line AB11502, together with AB10501, proved to be better in all three
methods (HMGV, PRGV and HMMPGV), with stability in different environments and great
adaptability in favorable environments for the three milling process traits (WG, BG and TPG). It
is worth mentioning that the line AB11502 was originated by selection within the cross between
the cultivars IRGA 417 and BR IRGA 409, both excellent in grain quality.

About the control cultivars IRGA 417, rice denominated as type “premium” in grain quality
(CHAMPAGNE et al., 2010), and BRS PAMPA a cultivar of high concept and acceptance by the
producers in Rio Grande do Sul state because of its grain quality (MAGALHAES JUNIOR et al.,
2012), which refers to stability and adaptability for the percentage of total and whole grains were
higher in some elite lines (Table 4). However, beyond the P+WB, CD and PA attributes (Table 5),
both remained among the best ranked means.

For these same (P+WB, CD and PA) attributes, when observed together the AB13008,
AB13002 and AB13003 lines were the most stables among the environments studied and showed
good adaptability in all three methods.

Recently, the adoption of rice hybrids is under discussion, because of their low grain
quality, one of the restrictions present in some of these cultivars. A lot of studies show this
difference between the conventional and hybrids cultivars (BLANCHE et al., 2009; LONDERO et
al., 2015). However, in this study the H7 CL hybrid genotype demonstrated satisfactory
adaptability and stability parameters unlike the control Avaxi CL hybrid (HMGV, PRGV and
HMMPGV) against the grains quality attributes throughout the tested environments.

This hybrid such as BRSCIRAD 302 development through a collaborative research
between EMBRAPA (Brazilian Agricultural Research Corporation) and CIRAD (“Centre de
Coopération Internationale en Recherche Agronomique pour le Développement”). This
partnership does rely on single crosses between Brazilian cultivars already established in the
market, but the development through constant improvement of the lines corresponding to the
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parents (previous parental improvement) in order to obtain better results both yield and grain
quality (NEVES, 2010). Therefore, the improvement of specific lines for the use in the
development of rice hybrids specially for females which refers to physic attributes for grain quality
(due to the effects already mentioned), is an alternative to be used to enhance this trait in order to
break barriers for the use of this type of cultivars in southern Brazil.

All the methods (HMGV, PRGV and HMMPGV) demonstrated that the control AVAXI
CL (hybrid) presented low levels of adaptability in favorable environments and among the least
stables in may environments for all the physics attributes of grains quality assuming a small
improvement only in the TPG and CD.

Analyzing all the physical traits of grain quality the elite line AB13003 has shown constant
performance through the many environments (PRGVp and HMMPGV ), followed by the cultivar
BR IRGA 409, with a small exception for CD.

The results of this work point to the existence of genetic variability in the irrigated rice in
breeding program of Embrapa in Rio Grande do Sul, for grain quality attributes among the
evaluated lines with potential for future releases or for variability maintaining in the germplasm
bank.
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Table 4. Stability of genotypic values (HMGV). adaptability of genotypic values (PRGVu) and simultaneously adaptability and
stability of the genotypic values (HMMPGV ) of the 21 irrigated rice genotypes predicted by the analysis BLUP. for the
variables of WG — percentual of wholes grains. BG - percentual of broken grains and TPG — total percentual of polished
grains. with their respective classifications (r° - ranking); cultivated in eight environments in the Rio Grande do Sul State,

Brazil, 2016.
HMGV PRGVu HMMPGVu
GENOTYPE WG rr BG r© TPG r° WG r BG r TPG r° WG rr BG r° TPG r°
AB11502 666 1 426 2 7142 1 6387 3 683 4 7117 1 6382 3 662 4 7115 1
BRIRGA409 6508 2 376 1 702 7 6467 2 523 2 7014 6 645 2 502 1 7011 6
AB13006 642 3 548 4 7034 6 6157 7 856 6 70.09 7 6155 7 845 8 70.08 7
AB10501 63.26 4 543 3 7066 3 6661 1 523 1 7087 3 6658 1 515 2 7087 2
AB14001 628 5 751 13 7112 2 603 11 1175 18 709 2 6024 11 1168 18 70.86 3
AB13003 6269 6 612 7 7005 9 6012 12 992 14 69.79 11 60.12 12 983 14 69.79 11
AB13715 6249 7 611 6 6936 15 5992 13 956 11 69.11 18 5987 13 924 11 69.1 18
IRGA 417 6242 8 562 5 70.09 8 6208 6 7.7 5 7001 8 6205 5 757 5 7001 8
H7 CL 605 9 6.28 8 70.03 10 6067 10 858 7 69.95 9 6044 10 829 7 6995 9
AB11551 602 10 6.81 9 6874 21 6334 4 636 3 6894 20 6326 4 625 3 6894 20
BRS Pampa 60.08 11 729 10 69.77 11 5984 14 981 13 69.71 12 59.79 14 978 13 69.68 12
AB13008 59.99 12 746 12 69.27 16 59.6 15 10.29 15 69.21 17 5955 15 10.13 15 69.18 17
AB13720 5995 13 7.31 11 69.02 19 5757 20 1196 19 68.78 21 5751 19 11.73 19 68.76 21
AB13689 598 14 8.67 15 69.67 12 5769 19 13.74 20 6954 13 57.39 20 13.08 20 69.43 13
AB13002 50.31 15 8.01 14 69.38 14 59.05 16 10.46 17 693 15 59.02 16 10.34 17 69.29 15
AB12683 59.04 16 9.61 16 69.64 13 6218 5 874 8 6985 10 6198 6 828 6 69.85 10
AB13012 58.13 17 991 17 7056 4 6136 8 917 10 7076 4 6135 8 914 10 70.76 4
AB12597 5784 18 1032 18 68.89 20 6088 9 915 9 691 19 6067 9 884 9 69.09 19
Avaxi CL 55,89 19 1096 20 7046 5 56.36 21 1442 21 7038 5 5596 21 1412 21 7037 5
AB12625 55.82 20 1148 21 69.2 17 5883 17 1032 16 694 14 5883 17 10.27 16 694 14
AB10572 5553 21 10.36 19 69.08 18 58.72 18 9.7 12 69.29 16 58.68 18 9.64 12 69.29 16
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Table 5. Stability of genotypic values (HMGV), adaptability of genotypic values (PRGVp) and simultaneously adaptability and
stability of the genotypic values (HMMPGV ) of the 21 irrigated rice genotypes predicted by the analysis BLUP, P+WB —
sum of the percentual chalky grains and with white belly, CD — sum of the percentual of the grains color defects and PA —
total grains chalky area, with their respective classification (r° - ranking); cultivated in eight environment in the Rio Grande
do Sul State, Brazil, 2016.

HMGV PRGVp HMMPGVu
Genotype PtwB r CD r° PA T P+tWB r CD r° PA 1 P+tWB r® CD r© PA [r°
AB13008 0.31 1 012 4 1118 1 0.36 1 137 5 1157 1 032 1 593 18 1153 1
IRGA 417 0.34 2 009 3 1232 8 0.36 2 141 7 1275 5 034 2 648 19 1273 5
AB13002 0.38 3 0 1 1213 5 041 3 017 2 1254 4 039 3 264 2 1251 4
AB13003 0.4 4 017 5 1141 3 042 4 027 3 1297 7 041 4 1334 20 1297 7
BRS Pampa 0.42 5 055 8 1148 4 045 5 338 13 1184 3 043 5 336 9 1182 3
BRIRGA 409 0.46 6 121 14 1133 2 051 6 524 19 1183 2 046 6 431 14 1174 2
AB14001 0.5 7 09 12 1228 6 0.57 8 6.01 20 139 11 052 7 479 16 13.87 10
H7 CL 0.56 8 046 7 1327 13 058 9 312 12 1367 9 057 9 308 6 1365 9
AB13012 0.57 9 298 21 166 18 0.56 7 376 16 1409 14 054 8 366 12 14.08 14
AB11551 0.68 10 252 18 164 17 067 12 3.09 11 1393 10 065 10 308 7 139 11
AB13006 0.68 11 092 13 123 7 073 13 6.26 21 1398 12 07 13 52 17 1395 12
AB12625 069 12 229 16 1762 21 067 11 288 9 1496 20 066 11 284 4 1496 20
AB10572 0.7 13 267 19 1562 15 067 10 3.39 14 1326 8 066 12 322 8 1326 8
AB13689 073 14 023 6 1247 10 094 16 06 4 1421 16 077 14 179 21 1413 15
AB12683 0.87 15 1.87 15 16.67 19 083 14 231 8 1417 15 083 15 229 1 1416 16
AB11502 0.9 16 0.67 9 1253 11 098 18 505 18 1426 17 093 18 462 15 1425 17
AB13715 0.9 17 006 2 1233 9 095 17 001 1 1403 13 093 17 346 10 14.01 13
AB12597 094 18 232 17 1761 20 0.9 15 291 10 1496 19 089 16 284 3 1493 19
AB13720 1 19 09 11 1291 12 109 20 139 6 1466 18 103 20 299 5 1461 18
AB10501 105 20 279 20 1523 14 103 19 36 15 1293 6 099 19 349 11 1292 6
Avaxi CL 165 21 085 10 1582 16 172 21 418 17 1624 21 166 21 386 13 16.19 21
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CONCLUSION

There are significant changes resulting by the genotype x environment interactions for grain
quality attributes in irrigated rice.

The methodologies used to determine adaptability and stability for the irrigated rice
genotypes were effective for the grain quality attributes.

The lines AB11502 and AB10501 presented a good agronomic performance, adaptability
and stability in the beneficiation yield traits against the proposed methods.

The lines AB13008, AB13002 and AB13003 presented agronomic performance for the
traits percentage of chalky grains and with white belly and total chalky area against the proposed
methods showing a higher adaptability and stability.

Among the evaluated lines AB13002 was the one presenting a better agronomic
performance in terms of percentage of colors defects against the proposed methods revealing

superior adaptability and stability.
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