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Abstract – The objective of this work was to evaluate the adaptability and multi-trait stability of wheat 
(Triticum aestivum) genotypes according to the phenotypic index of seed vigor (PIV). Thirty wheat 
genotypes were grown in seven environments in the state of Rio Grande do Sul, Brazil, during one crop 
season. In each environment, a randomized complete block design with three replicates was used. The PIV 
was elaborated from the following traits: first germination count, germination percentage, accelerated aging, 
and electrical conductivity. The evaluated phenotypic index makes it possible to define macroenvironments 
for the production of wheat seeds with high physiological potential and to understand the implications of 
the genotype x environment interaction. The phenotypic index of seed vigor is effective to rank genotypes 
considering multi-trait selection related to the vigor of wheat seeds produced in Southern Brazil.

Index terms: Triticum aestivum, accelerated aging, AMMI, electrical conductivity, mixed models, seed 
quality.

Adaptabilidade e estabilidade de genótipos de trigo de 
acordo com índice fenotípico de vigor de sementes

Resumo – O objetivo deste trabalho foi avaliar a adaptabilidade e a estabilidade multicaráter de genótipos 
de trigo (Triticum aestivum) de acordo com índice fenotípico de vigor de sementes (IFV). Trinta genótipos 
de trigo foram cultivados em sete ambientes, no Estado do Rio Grande do Sul, durante uma safra. Em cada 
ambiente, utilizou-se o delineamento de blocos ao acaso, com três repetições. O IFV foi elaborado a partir das 
seguintes características: primeira contagem da germinação, percentagem de germinação, envelhecimento 
acelerado e condutividade elétrica. O índice fenotípico avaliado possibilita definir macroambientes para a 
produção de sementes de trigo com alto potencial fisiológico e compreender as implicações da interação 
genótipo x ambiente. O índice fenotípico de vigor de sementes é efetivo para classificar os genótipos ao se 
considerar a seleção de múltiplas características relacionadas ao vigor de sementes de trigo produzidas na 
região Sul do Brasil.

Termos para indexação: Triticum aestivum, envelhecimento acelerado, AMMI, condutividade elétrica, 
modelos mistos, qualidade de sementes.

Introduction

Low vigor seeds may result in reduced germination 
speed and seedling emergence uniformity, which can 
affect the initial establishment of the crop and the 
final plant stand, significantly compromising grain 
yield (Peske et al., 2012). Seed quality is affected 
by edaphoclimatic conditions, sowing season, 
growing environment, genotype, pests, nutritional 

management, timing, and harvest and post-harvest 
practices (Marcos-Filho, 2015).

The identification of more stable and adapted 
genotypes can improve the production of wheat seeds 
with high physiological performance. However, the 
use of isolated methods to measure the physiological 
attributes of wheat seeds can lead to different 
interpretations of the physiological potential of a 
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genotype. In this context, the use of the phenotypic 
index of seed vigor (PIV) can provide an estimative 
of the multi-trait response of important seed quality 
traits, such as first count, germination, accelerated 
aging, and electrical conductivity, in order to obtain 
accurate and reliable estimates of the physiological 
performance of wheat seeds. The multi-trait approach 
has been used in passion fruit (Oliveira et al., 2008) 
and eucalyptus (Nunes, 2015; Santos et al., 2016); 
however, no works dealing with this phenotype index 
for wheat were found in the literature.

The additive main effects and multiplicative 
interaction (AMMI) analysis combines, in a single 
model, additive components for main effects (genotypes 
and environments) and multiplicative components 
for effects of the genotype x environment (G x E) 
interaction, in which the experimental measures refer 
to a single biological trait (Duarte & Vencovsky, 1999). 
The REML\Blup method estimates statistics based on 
the harmonic mean of genotypic values (HMGV) to 
stability, the relative performance of genotypic values 
(RPGV) to adaptability, and the harmonic mean of the 
relative performance of genotypic values (HMRPGV) 
of the stability and adaptability parameters (Resende, 
2007). This biometric strategy has the advantage of 
revealing the randomness of the genotypic effects, 
but does not underestimate the effects of the G x E 
interaction, allowing to rank genotypes according to 
their performance based on genetic effects (Resende 
et al., 2001).

The objective of this work was to evaluate the 
adaptability and multi-trait stability of wheat genotypes 
according to the PIV.

Materials and Methods

The experiments were conducted in a randomized 
complete block design, organized in a factorial 
arrangement, with seven growing environments 
and 30 wheat (Triticum aestivum L.) genotypes, 
with three replicates. In all growing environments, 
sowing occurred in the second half of May 2016. The 
experimental units were composed of five sowing 
lines, spaced 0.20 m apart and with 5.0-m length. A 
total of 330 viable seeds per square meter was used 
as the standard population density, and 250 kg ha-1 
N-P2O5-K2O (08-25-20) plus 50 kg ha-1 N (urea, 46% N) 
were applied as fertilizer during the full tillering stage. 

The studied genotypes and growing environments are 
described in Table 1.

The physiological quality of the seeds was 
evaluated in the didactic laboratory for seed analysis 
of Universidade Federal de Pelotas, located in the 
state of Rio Grande do Sul, Brazil. The following 
attributes were determined: FC, first germination 
count; G, final germination; AA, accelerated aging; 
and EC, electrical conductivity. Seed moisture content 
was obtained according to the Brazilian rules for seed 
testing (Brasil, 2009).

Germination was assessed using three subsamples 
of 50 seeds per treatment; the seeds were germinated 
on germitest paper, moistened 2.5 times the dry 
substrate mass. The rolls were packed in germinators, 
at 20°C constant temperature, and the percentage of 
normal seedlings was determined eight days after the 
start of the test. Together with the germination test, FC 
was evaluated four days after sowing, and the results 
were also given in percentage of normal seedlings 
(Brasil, 2009).

To assess AA, seeds were placed on a metallic 
screen, fixed inside a gerbox containing 40 mL 
saturated saline solution (11 g NaCl per 100 mL water), 
according to Pedroso et al. (2010). The gerboxes 
containing the seeds were kept in a BOD chamber, 
at 41°C, for 72 hours (Marcos Filho, 1994). After this 
period, the seeds were subjected to the germination 
test (Brasil, 2009).

After the determination of seed dry matter mass, 
EC was evaluated using three subsamples of 50 seeds, 
which were packed in polyethylene containers with 75 
mL deionized water and kept in a germinator at 20°C. 
EC was read after 24 hours (Vieira & Krzyzanowski, 
1999).

The data were subjected to the analysis of variance, 
at 5% probability, after verifying the fulfillment of the 
presuppositions of the model (Ramalho et al., 2000). 
Then, the four physiological tests related to vigor 
were used to create an index – the phenotypic index 
of seed vigor (PIV) – to conjugate seed physiological 
attributes into a unique tendency. Therefore, this index 
was elaborated from the FC, G, AA, and EC traits 
(Santos et al., 2016; Cruz et al., 2014), according to the 
following expression: PIV = FC/SFC x G/SG x AA/SAA 
x EC/SEC, where SFC, SG, SAA, and SEC are the standard 
deviation of their respective trait, i.e., FC, G, AA, and 
EC.
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The obtained PIVs were subjected to the analysis 
of variance, at 5% probability, for each growing 
environment. A joint analysis was carried out to 
identify the presence of interaction between growing 
environments and wheat genotypes, also at 5% 
probability. When a significant G x E interaction was 
observed, adaptability and phenotypic stability were 
analyzed according to the AMMI method (Zobel et al., 
1988). In order to distinguish genotype performances, 
the Scott-Knott test was used. Thereafter, the method 
based on restricted maximum likelihood (REML) was 
adopted to identify the significance of the components 
of variance and of the genetic parameters obtained, 
through the chi-square (x2) test, at 5% probability 
(Resende, 2007). The variance components and the 
genetic parameters for the PIV were estimated, and the 
predictions of the best linear unbiased predictor (Blup) 
were obtained for each growing environment, which 
made it possible to rank the genotypes according to 
their predicted genetic value. This model allows the 
analysis of stability estimates with the HMGV and 
RPGV, as well as of stability and adaptability with the 
HMRPGV, according to Resende (2007).

Results and Discussion

The analysis of variance revealed a significant 
interaction among growing environments and wheat 
genotypes (G x E) for PIV estimates. The AMMI 
analysis showed that only the first axis of the main 
components representing the sum of squares of the 
interaction (EPCA1) was significant, explaining 
39.6% of the existing variation. This magnitude of 
explanation can be considered satisfactory for a multi-
trait index, which combines information from four 
physiological tests sensible to variations in the growing 
environment. The first significant axis represents the 
largest eigenvalues and expresses the largest fraction 
of data; the noise is captured in the last axis (Resende 
et al., 2014).

These adaptive relationships can be identified in 
the biplot chart obtained with the AMMI method 
scores. The ORS 1403, TBIO Sossego, Estrela Atria, 
ORS Vintecinco, and ORS 1401 genotypes had 
superior PIV estimates (Table 2) and showed general 
adaptability to the Santo Augusto, Passo Fundo, 
and São Gabriel environments found in the upper 
right quadrant (Figure 1). In contrast, the Esporão, 
LGPrisma, CD 1440, TBio Tibagi, and BRS 331 
genotypes were located in the lower left quadrant, 

Table 1. Geographic information, altitude, soil type, genotypes used, and growing environments for the 2016 crop season.

Initials Growing environment(1) Coordinate Altitude (m) Soil(2) 

Environment
E1 São Luiz Gonzaga , RS 28°24'42"S,54°45'45"W 270 Latossolo Vermelho distrófico (Oxisol)
E2 Santo Augusto, RS 27o54'47"S,53o49'04"W 503 Latossolo Vermelho distroférrico (Oxisol)
E3 Cruz Alta, RS 2838'19"S,5336'23"W 452 Latossolo Vermelho distrófico (Oxisol)
E4 Cachoeira do Sul, RS 30o17'52"S,52o57'54"W 113 Planossolo Háplico eutrófico (Alfisol)
E5 Vacaria, RS 28o30'44"S,50o56'02"W 971 Latossolo Bruno (Oxisol)
E6 Passo Fundo, RS 28o13'17"S,52o19'39"W 709 Latossolo Vermelho distrófico (Oxisol)
E7 São Gabriel, RS 30o20'09"S,54o10'21"W 159 Planossolo Háplico eutrófico (Alfisol)

Genotype
G1 ORS 1403 G11 TBio Mestre G21 TBio Toruk
G2 TBio Sossego G12 FPS Certero G22 ORS Vintecinco
G3 TBio Sinuelo G13 Jadeíte 11 G23 Celebra
G4 CD 1550 G14 BRS Parrudo G24 LGPrisma
G5 LGOro G15 LGCromo G25 Esporão
G6 ORS 1401 G16 ORS 1405 G26 BRS 331
G7 TBio Iguaçu G17 CD 1104 G27 TBio Tibagi
G8 BRS Marcante G18 BRS 327 G28 TBio Sintonia
G9 Estrela Atria G19 Mirante G29 Marfim
G10 Quartzo G20 CD 1440 G30 LGSupra

(1)RS, state of Rio Grande do Sul, Brazil. (2)Source: Santos et al. (2013) and Streck et al. (2008).
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showing specific adaptation to the Cachoeira do Sul, 
São Luiz Gonzaga, and Vacaria environments. The 
Celebra and TBio Mestre genotypes were found in the 

lower right quadrant and were specifically adapted to 
the Cruz Alta environment.

Both genotypes and environments with low scores, 
when located near the origin of the biplot coordinate 
system, contribute little to the interaction, which, in this 
case, is characterized as stable; the more distant from 
the point of origin, the lower is the stability of the trait 
being evaluated (Duarte & Vencovsky, 1999; Szareski 
et al., 2017). In this sense, Cachoeira do Sul was 
considered stable, revealing the smallest contribution 
to the G x E interaction (EPCA1, -5.75); however, 
this environment showed PIV estimates lower than 
the overall mean of the experiment (PIV=2,132). The 
São Luiz Gonzaga and Vacaria growing environments 

Table 2. Estimates of the phenotypic index of seed 
vigor (PIV) obtained with the additive main effects and 
multiplicative interaction method for seven growing 
environments and 30 wheat (Triticum aestivum) genotypes, 
in the 2016 crop season(1).

Variable PIV EPCA1(2)

Genotype
ORS 1403 2,452.61a 9.75
TBio Sossego 2,339.25a 25.20
TBio Sinuelo 2,077.62b 3.25
CD 1550 1,993.59b -0.26
LGOro 2,337.11a -1.97
ORS 1401 2,375.72a 7.25
TBio Iguaçu 2,126.42b -5.54
BRS Marcante 2,206.89a 0.42
Estrela Atria 2,452.95a 19.70
Quartzo 2,136.59b 3.43
TBio Mestre 2,380.71a -14.59
FPS Certero 1,978.29b 15.89
Jadeíte 11 1,984.24b 4.73
BRS Parrudo 2,178.41a -3.56
LGCromo 2,582.28a -2.06
ORS 1405 1,967.26b 8.08
CD 1104 2,094.81b 6.37
BRS 327 2,097.84b 1.92
Mirante 2,026.15b -1.63
CD 1440 1,964.52b -6.43
TBio Toruk 2,084.35b 5.35
ORS Vintecinco 2,331.01a 12.92
Celebra 2,277.04a -20.20
LGPrisma 1,849.33b -7.95
Esporão 1,532.66b -10.29
BRS 331 1,744.17b -13.95
TBio Tibagi 1,632.35b -23.30
TBio Sintonia 2,113.87b -7.73
Marfim 2,475.94a 0.19
LGSupra 2,151.53b -4.99

Environment(3)

São Luiz Gonzaga, RS 1,146.93 -10.24
Santo Augusto, RS 2,330.04 24.38
Cruz Alta, RS 2,383.15 -32.56
Cachoeira do Sul, RS 1,629.38 -5.75
Vacaria, RS 1,250.61 -21.07
Passo Fundo, RS 3,211.88 12.14
São Gabriel, RS 2,968.60 33.10

(1)Means followed by equal letters do not differ by the Scott & Knott test, at 
5% probability. (2)EPCA1, first axis of the main components representing 
the sum of squares of the interaction. (3)RS, state of Rio Grande do Sul, 
Brazil.

Figure 1. Main component scores, where EPCA1 is the 
first axis of the main components that represents the sum of 
squares of the genotype x environment interaction obtained 
by the additive main effects and multiplicative interaction 
analysis of the phenotypic index of seed vigor (PIV) for the 
following wheat (Triticum aestivum) genotypes: G1, ORS 
1403; G2, TBio Sossego; G3, TBio Sinuelo; G4, CD 1550; G5, 
LGOro; G6, ORS 1401; G7, TBio Iguaçu; G8, BRS Marcante; 
G9, Estrela Atria; G10, Quartzo; G11, TBio Mestre; G12, FPS 
Certero; G13, Jadeíte 11; G14, BRS Parrudo; G15, LGCromo; 
G16, ORS 1405; G17, CD 1104; G18, BRS 327; G19, Mirante; 
G20, CD 1440; G21, TBio Toruk; G22, ORS Vintecinco; G23, 
Celebra; G24, LGPrisma; G25, Esporão; G26, BRS 331; G27, 
TBio Tibagi; G28, TBio Sintonia; G29, Marfim; and G30, 
LGSupra. Environments in the state of Rio Grande do Sul, 
Brazil: E1, São Luiz Gonzaga; E2, Santo Augusto; E3, Cruz 
Alta; E4, Cachoeira do Sul; E5, Vacaria; E6, Passo Fundo; 
and E7, São Gabriel.
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also had PIV estimates lower than the overall mean, 
being characterized as unstable, with EPCA1 values of 
-10.24 and -21.07, respectively (Figure 1 and Table 2). 
In contrast, Santo Augusto, Cruz Alta, Passo Fundo, 
and São Gabriel presented EPCA1 scores of 24.38, 
-32.56, 12.14, and 33.10, respectively (Table 2 and 
Figure 1). Therefore, these environments were 
unstable; however, because their PIV was higher than 
the overall mean of the experiment, they still may be 
specific for certain genotypes, favoring high PIV in 
seed production.

The genotypes considered stable, with PIV revealing 
the smallest contribution to the G x E interaction, were 
Marfim, CD 1550, BRS Marcante, Mirante, BRS 327, 
LGOro, and LGCromo. These genotypes, therefore, 
can be used in all growing environments tested. 
However, only Marfim, BRS Marcante, LGOro, and 
LGCromo were stable and revealed PIV above the 
overall mean of the experiment (Table 2 and Figure 1).

The PIV averages revealed two groups of genotypes 
according to the Scott-Knott test. The superior group 
comprehended 40% of the genotypes (Table 2) and was 
formed by: LGCromo, Marfim, Estrela Atria, ORS 
1403, TBio Mestre, ORS 1401, TBio Sossego, LGOro, 
ORS Vintecinco, Celebra, BRS Marcante, and BRS 
Parrudo. The second group, in general, was formed 
by the following genotypes with inferior PIV values: 
LGSupra, Quartzo, TBio Iguaçu, TBio Sintonia, BRS 
327, CD 1104, TBIO Toruk, TBIO Sinuelo, Mirante, 
CD 1550, Jadeíte 11, FPS Certero, CD 1440, LGPrisma, 
BRS 331, TBio Tibagi, and Esporão.

Estimates of the variance components and of the 
genetic parameters obtained with REML were split in 
percentages of their contribution to the PIV, according 
to Carvalho et al. (2017a), where the genotypic 
variance was responsible for 12.9% of the phenotypic 
manifestation of the PIV (Table 3) and the G x E 
interaction (Vint) was responsible for 51.8%. However, 
64.7% of the Vint effects were due to genetic effects. 
It is known that the PIV values are closely related 
to the characteristics of the genotype; however, the 
environment is also determinant for the production of 
seeds with high physiological quality (Borges et al., 
2010).

The broad-sense heritability of the mean had 
estimates of 0.59, which reflects a considerable 
genetic variability among the tested genotypes. These 
estimates are supported by a high accuracy (Acgen of 
0.77), allowing good precision in inferences regarding 
the PIV. Accuracy depends on the residual and 
genotypic fractions of the variance in the experimental 
trial (Carvalho et al., 2017b), and greater accuracies 
allow a greater predictability of genetic value (Resende 
& Duarte, 2007).

The genotypic correlation between genotype 
performance and growing environments (rgloc) allows 
classifying the nature of the interaction – whether 
simple or complex –, and a high rgloc indicates a 
simple kind of interaction, which results in lower 
distortions in genotype classification (Pupin et al., 
2015). However, the search for lower rgloc values can 
result in the identification of complex interactions, 

Table 3. Estimates of the variance components and of the genetic parameters of maximum restricted likelihood (REML) for 
the phenotypic index of seed vigor (PIV) obtained for 30 wheat (Triticum aestivum) genotypes grown in seven environments, 
in the state of Rio Grande do Sul, Brazil, in 2016.

Abbreviation Variance component REML
Vg Genotypic variance 36,637.70
Vint Genotype x environment interaction variance 146,304.68
Ve Residual variance 99,056.65
Vp Phenotypic variance 281,999.04
h2g Broad-sense heritability 0.12
h2mg Broad-sense heritability of the mean 0.59
Acgen Selection accuracy 0.77
rgloc Genotypic correlation of the performance among growing environments 0.20
CVgi (%) Genotypic coefficient of variation 8.97
CVe (%) Residual coefficient of variation 14.75
CVr Coefficient of relative variation (ratio) 0.60
Overall mean Overall mean of the experiment 2,132.99
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which harm the selection and ranking of the genotypes 
in the evaluated environments (Rosado et al., 2012). 
In this study, the obtained rgloc of 0.20 (Table 3) 
indicates an interaction of complex nature, which 
means that genotype selection should be performed in 
each growing environment.

The genotypic coefficient of variation (CVgi) 
quantifies the genetic fraction responsible for total 
variation in the PIV, with high magnitudes being 
desirable. The  CVgi obtained here (8.97%) indicates 
high genetic variability among genotypes regarding 
the PIV. The relationship between the CVgi and 
the residual coefficient of variation (CVe) allows 
determining the coefficient of relative variation (CVr), 

which indicates a favorable situation for selection 
when magnitudes are higher than 1.0 (Vencovsky & 
Barriga, 1992); this allows to infer with high accuracy 
and precision (Resende & Duarte, 2007). It should be 
noted that the CVr of 0.60 obtained in the present work 
was low (Table 3).

The Blup method predicted the PIV values of the 
genotypes in each environment (Table 4), revealing 
overall superiority of the LGCromo, Marfim, ORS 
1403, Estrela Atria, ORS 1401, TBio Mestre, TBio 
Sossego, LGOro, ORS Vintecinco, and Celebra 
genotypes in all growing environments. In the São 
Luiz Gonzaga environment, ORS 1401, Celebra, 
TBio Toruk, TBio Tibagi, LGCromo, BRS Marcante, 

Table 4. Ranking predicted by the best linear unbiased predictor (Blup) for the phenotypic index of seed vigor (PIV) 
obtained for 30 wheat (Triticum aestivum) genotypes grown in seven environments, in the state of Rio Grande do Sul, 
Brazil, in 2016.

Ranking(1) Genotype Growing environment(2)

E1 E2 E3 E4 E5 E6 E7

1 LGCromo ORS 1401 Estrela Atria TBio Mestre LGCromo Marfim LGCromo TBio Sossego
2 Marfim Celebra LGCromo Celebra TBio Sinuelo BRS Marcante TBio Sinuelo Estrela Atria
3 ORS 1403 TBio Toruk ORS 1401 LGCromo ORS 1403 BRS Parrudo ORS Vintecinco ORS 1403
4 Estrela Atria TBio Tibagi ORS 1403 Marfim CD 1440 TBio Tibagi TBio Sossego ORS Vintecinco
5 ORS 1401 LGCromo ORS Vintecinco LGOro BRS Marcante Celebra BRS 327 ORS 1401
6 TBio Mestre BRS Marcante Marfim TBio Sintonia Marfim BRS 327 Estrela Atria Marfim
7 TBio Sossego Marfim FPS Certero LGPrisma ORS 1401 LGSupra LGSupra CD 1104
8 LGOro TBio Sossego LGOro TBio Iguaçu LGOro CD 1104 TBio Toruk Quartzo
9 ORS Vintecinco ORS 1405 TBio Sossego ORS Vintecinco Estrela Atria ORS 1403 LGOro TBio Toruk
10 Celebra BRS Parrudo TBio Sinuelo LGSupra TBio Sossego Mirante TBio Sintonia ORS 1405
11 BRS Marcante LGPrisma BRS Marcante ORS 1401 TBio Mestre Quartzo TBio Mestre FPS Certero
12 BRS Parrudo Jadeíte 11 TBio Mestre BRS 331 CD 1104 LGCromo ORS 1403 BRS 327
13 LGSupra ORS 1403 LGSupra ORS 1403 TBio Iguaçu LGOro Celebra BRS Marcante
14 BRS 327 Estrela Atria Jadeíte 11 BRS Parrudo Quartzo TBio Mestre FPS Certero CD 1550
15 Quartzo BRS 327 BRS Parrudo Estrela Atria Mirante CD 1550 TBio Iguaçu BRS Parrudo
16 TBio Iguaçu LGOro BRS 327 BRS 327 TBio Sintonia Jadeíte 11 Jadeíte 11 TBio Iguaçu
17 TBio Sintonia TBio Sintonia Celebra TBio Toruk Celebra CD 1440 ORS 1405 LGOro
18 CD 1104 FPS Certero CD 1104 CD 1440 CD 1550 TBio Sintonia Quartzo Mirante
19 TBio Sinuelo Quartzo CD 1550 CD 1550 BRS Parrudo FPS Certero BRS Parrudo TBio Sintonia
20 TBio Toruk Mirante TBio Toruk Quartzo Jadeíte 11 TBio Iguaçu Mirante TBio Mestre
21 Mirante TBio Mestre LGPrisma TBio Tibagi ORS Vintecinco ORS 1401 CD 1104 CD 1440
22 CD 1550 CD 1550 ORS 1405 BRS Marcante LGSupra BRS 331 Marfim LGCromo
23 Jadeíte 11 LGSupra Quartzo Mirante TBio Tibagi TBio Toruk ORS 1401 Jadeíte 11
24 FPS Certero TBio Sinuelo TBio Iguaçu ORS 1405 LGPrisma ORS Vintecinco Esporão LGSupra
25 CD 1440 TBio Iguaçu Mirante Esporão BRS 331 Estrela Atria CD 1550 LGPrisma
26 ORS 1405 BRS 331 TBio Sintonia TBio Sossego TBio Toruk TBio Sinuelo CD 1440 Celebra
27 LGPrisma Esporão CD 1440 CD 1104 BRS 327 ORS 1405 BRS Marcante BRS 331
28 BRS 331 ORS Vintecinco BRS 331 TBio Sinuelo ORS 1405 Esporão LGPrisma TBio Sinuelo
29 TBio Tibagi CD 1440 Esporão Jadeíte 11 Esporão TBio Sossego BRS 331 TBio Tibagi
30 Esporão CD 1104 TBio Tibagi FPS Certero FPS Certero LGPrisma TBio Tibagi Esporão

(1)Genotype ranking based on the predicted genetic value. (2)Environments in the state of Rio Grande do Sul: E1, São Luiz Gonzaga; E2, Santo Augusto; E3, Cruz Alta; E4, 
Cachoeira do Sul; E5, Vacaria; E6, Passo Fundo; and E7, São Gabriel.
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Marfim, TBio Sossego, ORS 1405, and BRS Parrudo 
had superior PIV estimates. In the Santo Augusto 
environment, Estrela Atria, LGCromo, ORS 1401, 
ORS 1403, ORS Vintecinco, Marfim, FPS Certero, 
LGOro, TBio Sossego, and TBio Sinuelo were 
superior. In the Cruz Alta environment, the TBio 
Mestre, Celebra, LGCromo, Marfim, LGOro, TBio 
Sintonia, LGPrisma, TBio Iguaçu, ORS Vintecinco, 
and LGSupra genotypes stood out. In the Cachoeira do 
Sul environment, LGCromo, TBIO Sinuelo, ORS 1403, 
CD 1440, BRS Marcante, Marfim, ORS 1401, LGOro, 
Estrela Atria, and TBio Sossego were superior. In the 
Vacaria environment, Marfim, BRS Marcante, BRS 
Parrudo, TBio Tibagi, Celebra, BRS 327, LGSupra, 

CD 1104, ORS 1403, and Mirante were highlighted. 
In the Passo Fundo environment, the LGCromo, TBio 
Sinuelo, ORS Vintecinco, TBio Sossego, BRS 327, 
Estrela Atria, LGSupra, TBio Toruk, LGOro, and 
TBio Sintonia genotypes stood out. Finally, in the São 
Gabriel environment, TBio Sossego, Estrela Atria, 
ORS 1403, ORS Vintecinco, ORS 1401, Marfim, 
CD 1104, Quartzo, TBIO Toruk, and ORS 1405 were 
superior.

The HMGV refers to the phenotypic stability (Table 5) 
of the PIV values. This method adjusts the predicted 
genetic values penalizing them according to the 
instability of the cultivated genotypes in the evaluated 
environments (Borges et al., 2010). The highest stability 

Table 5. Stability (HMGV), adaptability (RPGV), and stability and adaptability of genotypic values (HMRPGV) 
for the phenotypic index of seed vigor (PIV) obtained for the 30 wheat (Triticum aestivum) genotypes grown in seven 
environments, in the state of Rio Grande do Sul, Brazil, in the 2016 crop season.

Ranking Stability Adaptability Stability and adaptability

Genotype HMGV Genotype RPGV Genotype HMRPGV
1 Marfim 2,186.88 LGCromo 2,563.48 LGCromo 2,516.43
2 LGCromo 2,180.91 Marfim 2,505.92 Marfim 2,477.67
3 ORS 1403 2,086.04 ORS 1403 2,435.74 ORS 1403 2,413.22
4 Celebra 2,030.80 ORS 1401 2,377.77 ORS 1401 2,335.44
5 ORS 1401 2,029.06 Estrela Atria 2,360.73 LGOro 2,318.72
6 BRS Marcante 2,026.63 LGOro 2,331.38 Estrela Atria 2,291.35
7 LGOro 2,009.10 Celebra 2,331.15 TBio Mestre 2,283.66
8 TBio Mestre 1,960.61 TBio Mestre 2,329.96 Celebra 2,263.75
9 BRS Parrudo 1,956.35 BRS Marcante 2,293.18 BRS Marcante 2,240.17

10 Estrela Atria 1,908.18 TBio Sossego 2,243.69 BRS Parrudo 2,202.74
11 Quartzo 1,853.43 BRS Parrudo 2,223.74 ORS Vintecinco 2,148.31
12 LGSupra 1,844.63 ORS Vintecinco 2,210.91 LGSupra 2,125.58
13 TBio Sintonia 1,806.90 LGSupra 2,158.42 Quartzo 2,122.27
14 Mirante 1,800.22 Quartzo 2,140.90 TBio Sossego 2,119.96
15 BRS 327 1,795.58 BRS 327 2,125.61 TBio Iguaçu 2,090.36
16 TBio Iguaçu 1,794.07 TBio Iguaçu 2,108.88 TBio Sintonia 2,087.28
17 CD 1104 1,772.92 TBio Sintonia 2,105.13 BRS 327 2,067.46
18 ORS Vintecinco 1,761.36 CD 1104 2,096.79 CD 1104 2,052.61
19 TBio Sossego 1,760.18 TBio Sinuelo 2,076.20 Mirante 2,041.49
20 CD 1550 1,750.40 Mirante 2,056.48 CD 1550 2,004.88
21 Jadeíte 11 1,749.75 TBio Toruk 2,043.99 TBio Toruk 1,999.49
22 TBio Toruk 1,711.30 Jadeíte 11 2,009.29 TBio Sinuelo 1,983.55
23 CD 1440 1,708.32 CD 1550 2,009.17 Jadeíte 11 1,982.81
24 TBio Sinuelo 1,706.51 CD 1440 2,000.44 CD 1440 1,954.16
25 ORS 1405 1,587.49 FPS Certero 1,930.88 ORS 1405 1,868.01
26 TBio Tibagi 1,575.09 ORS 1405 1,921.85 FPS Certero 1,766.72
27 BRS 331 1,554.71 LGPrisma 1,839.60 BRS 331 1,764.74
28 FPS Certero 1,503.09 TBio Tibagi 1,813.69 LGPrisma 1,747.52
29 LGPrisma 1,472.81 BRS 331 1,789.83 TBio Tibagi 1,654.41
30 Esporão 1,301.95 Esporão 1,555.15 Esporão 1,495.19
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for the PIV, according to this method, was obtained, in 
descending order, with the Marfim, LGCromo, ORS 
1403, Celebra, and ORS 140 genotypes. The HMGV 
method is based on the phenotypic measures used to 
predict the genetic value of the genotypes, taking into 
account the harmonic means and deviations in each 
environment.

The adaptability method of the genotypic values 
(RPGV) can capitalize the response of genotypes 
to improvements in the growing environment and 
is suited to identify the specific adaptability of each 
genotype (Resende, 2007). In the present study, the 
LGCromo, Marfim, ORS 1403, ORS 1401, and Estrela 
Atria genotypes showed greater adaptability.

The HMRPGV is based on the genetic values 
predicted with the Blup method. It brings together 
the stability and adaptability estimates, providing the 
ranking of the best genotypes (Borges et al., 2010). 
This method indicated the superiority of the LGCromo, 
Marfim, ORS 1403, ORS 1401, and LGOro genotypes, 
which were widely adapted and stable (Table 5).

Genotype ranking was similar with the methods 
HMVG, RPGV, and HMRPGV. In all three of them, 
LGCromo, Marfim, LGOro, BRS Marcante, ORS 
1401, Estrela Atria, and ORS 1403 were the most 
stable genotypes for the PIV in the Cachoeira do Sul 
environment. The prediction of the PIV via Blup made 
it possible to infer, in general terms, as to the superiority 
of the LGCromo, Marfim, ORS 1403, Estrela Atria, 
ORS 1401, TBio Mestre, TBio Sossego, LGOro, ORS 
Vintecinco, and Celebra genotypes. The REML/
Blup method, however, does not group environments, 
providing results that must be interpreted directly as 
genetic values, already penalized or capitalized by 
adaptability and stability estimates (Verardi et al., 
2009; Silva et al., 2011). Therefore, the combination of 
a phenotypic method (AMMI) and a genotypic method 
(RELM/Blup) can provide reliable estimates for PIV 
adaptability and stability parameters.

Conclusions

1. The phenotypic index of vigor (PIV) makes 
it possible to define macroenvironments for the 
production of wheat (Triticum aestivum) seeds with 
high physiological potential and to understand the 
implications of the genotype x environment interaction.

2. The PIV is effective to rank genotypes considering 
multi-trait selection related to the vigor of wheat seeds 
produced in Southern Brazil.
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