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ABSTRACT

Genetic improvement together with statistics has contributed to the growth of the
importance of soybean in Brazil. One of the contributions has been the launching of
new cultivars in the national market, which requires, in its legal procedures for
registration and protection, the verification of several tests, one of them being the
distinguishability test. Several studies have reported that some phenotypic
characters are potential in this distinction, one of them is the length of the epicotyl.
In this work, the objective was to identify soybean genotypes that present low or high
average, highly stable throughout the analyzed environments and that present
adaptability to different environments. Two groups of experiments were conducted
in a greenhouse to measure the epicotyl length of soybean plants submitted to
different environments (planting season). The data obtained were analyzed using the
analysis of individual variance, analysis of joint variance, Scott-Knott test and
adaptability and stability through the Artificial Neural Network and non-parametric
test. It can be concluded that the genotypes that showed low average for epicotyl
length, wide adaptability or poor responsiveness to environmental improvements
and stable over the seasons were TMG 1175 RR (in V2), BMX Tornado RR (in V2), BG
4272 (in V2), BRS283 (in V2 and V3) and FT-Cristalina (in V2 and V3). BRSMG 752 S (in
V2 and V3), TMG 4185 (in V3) and BRSGO 7560 (in V3) behaved as high medium, high
stability and wide adaptability. The genotypes BRS 8381, TMG 4185,
MG/BR46_Conquista, BRSMG 850 GRR, BRS Valiosa RR and BG 4277 were stable and
recommended for favorable environments.

Keywords: Glycine max, artificial intelligence, biostatistics, genetic improvement,
GxA interaction, morphological characters.
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INTRODUCTION

Soybean (Glycine max L. Merrill) is one important source of protein and
vegetable oil in the world and it can be used for human and animal food (Gontijo et
al., 2023; Paixdo et al., 2023; Pradebon et al., 2023). The soy crop has one of the most
successful historical programs and is the reason for changes in Brazilian agriculture
regarding the professionalization and specialization of agriculture in some regions of
Brazil, currently having the largest area and national production (Silva, Silva, Bezerra,
& Sediyama, 2021). In the 2019/2020 agricultural season, Brazil became the world's
largest soybean producer (Embrapa Soja, 2021). According to Oda et al. (2015) part
of this success is due to the genetic improvement programs of several Brazilian
research institutions and universities. Moreover, multidisciplinarity has become a
necessary and mandatory requirement in soybean breeding, from the planning of
potential parents to the commercialization of seeds of the new cultivar (Matsuo,
Borém, & Sediyama, 2021b).

Changes in soybean improvement have been observed after the approval of the
Cultivar Protection Law, in the sense of increasing the number and quality of cultivars
available to rural producers. That happened as a result of greater investments by
different research institutions, in addition to the number of companies (public and
private) active in soybean improvement, internationalization of research (mainly in
biotechnology topics) and improvements in the field research network (Matsuo,
Borém, Sediyama, & Ferreira, 2021a).

Soybean cultivars are differentiated when evaluated by several phenotypic
characters, such as: anthocyanin pigmentation of the hypocotyl, predominant flower
color, type of plant growth, among others. Nogueira et al. (2008) suggested the need
to expand the list of descriptors used in this differentiation. In this sense, among
several characters, the epicotyl length has stood out in terms of identifying
differences between cultivars (Nogueira et al.,, 2008; Matsuo, Sediyama, Cruz,
Oliveira, & Cadore, 2012a; Matsuo, Sediyama, Cruz, & Oliveira, 2012b; Chaves et al.,
2017; Camargos, Campos, Alves, Ferreira, & Matsuo 2019; Hanyu, Costa, Cecon, &
Matsuo, 2020; Gontijo et al., 2021). However, no manuscripts reporting phenotypic
stability and its behavior as a function of different environments were identified in
the literature.

This knowledge becomes important because when analyzing a genotype in
different environments, its phenotypic value, besides being influenced by the
environment to which it is subjected and its genotypic effect, can be influenced by
an additional component called interaction genotypes x environments (Cruz, Regazzi,
& Carneiro, 2012). Studies regarding the interaction genotypes x environments,
despite being of great importance for the improvement, do not provide detailed
information about the behavior of each genotype against environmental variations
(Cruz et al., 2012). For this purpose, these authors recommend the analysis of
adaptability and stability, through which it becomes possible to identify cultivars with
predictable behavior and that are responsive to environmental variations, under
specific or broad conditions. Several methodologies are available for analyzing the
stability and adaptability of a group of genotypes tested in a series of environments,
such as Artificial Neural Networks of Nascimento et al., 2013, Lin and Binns (1988),
modified by Carneiro (1998), among others.

The artificial neural network methodology for phenotypic adaptability and
stability by Nascimento et al (2013) was based on training an artificial neural network
considering the methodology of Eberhart & Russell (1966). Simulated genotypes are
used in the training and validation of the neural network. In this way, no assumptions
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about the model are made and the genotype assignment in terms of adaptability and
stability is not based only on the genotypes under study but on a large collection of
genotypes simulated according to characteristics of the experiment under study
(Nascimento, Nascimento, & Barroso, 2018). Thus, the interpretation of adaptability
by ANN should be similar to that of Eberhart & Russell (1966), whereas regarding
stability, the concept used in the ANN of Nascimento et al (2013) is based on the
work of Finlay and Wilkinson (1963), which differs from Eberhart by considering
stability as invariance and not predictability (Nascimento et al., 2013). Artificial
neural networks with a focus on adaptability and stability analysis have already been
used to evaluate the stability and adaptability of grain yield of soybean elite strains
by traditional methods and neural network-based approaches (Oda, Sediyama,
Matsuo, Nascimento, & Cruz, 2019) and for evaluating the interaction genotypes x
environments in soybean genotypes grown in Alto Paranaiba, Minas Gerais, and
identifying genotypes with indicated for broad (general) environment, those
recommended for favorable or unfavorable environments through different
methodologies of adaptability and stability (Matsuo, Dezordi, Nascimento, & Cruz,
2022).

The methodology of Lin and Binns (1988) is based on the estimation of the Pi
parameter that measures the deviation of the average of a genotype in relation to
the maximum in each environment. Carneiro (1998) proposed an improvement of
the method in order to make it capable of determining the behavior of the genotypes
in specific environments: favorable and unfavorable, in which the Pi parameter
started to be interpreted by MAEC (Measure of Adaptability and Stability of Behavior)
and the classification of the environments was made based on the environmental
indexes (Cruz & Carneiro, 2006). The use of the method of Lin and Binns (1988),
modified by Carneiro (1998), by means of the bissegmented straight line can also be
applied for cases in which the interest is in the best values of the variable analyzed
or when the interest is around a fixed value (highest, lowest average or a specific
value) (Cruz & Carneiro, 2006).

The identification of genotypes that are responsive or not to the improvement
of environment is important for the geneticimprovement in soybean, but specifically
regarding the differentiation of genotypes. Thus, the objective is to identify soybean
genotypes that present low or high averages, highly stable throughout the
environments analyzed and that present adaptability to different environments.

MATERIAL AND METHODS

The experiments were conducted under greenhouse conditions at the
Universidade Federal de Vicosa - Rio Paranaiba Campus, in Rio Paranaiba - MG
(19°12'50.4 "S 46°13'57.7 "0; 1133 msnm). Pots with 3 dm?3 of soil capacity were used
and arranged on benches. The seeds, of random size, were planted at a depth of 2
cm and the seedlings were grown according to the recommendation of the cultivar
(Sediyama, 2009).

Experiment A. Similar experiments were conducted in four planting seasons
(January, March, May, and October of the year 2018), in which 28 conventional
soybean genotypes were evaluated (BRS Candeia, BRS Carnauba, BRS Tracaja, BRS
283, BRS 284, MG/BR 46 (Conquista), P98C81, BRS 313 (Tiéta), TMG 803, M-SOY
8757, BRSGO 8660, FTM Tucunaré, TMG 4185, BRS 8381, BRSGO 8360, TMG 801,
TMG 4182, AN 8500, BRSMG 810C, BRSMG 68 Vencedora, BRSGO 7960, BRS 7980,
BRSGO 7560, BRSMG 752, FT Cristalina, TMG 401, CD 201 and CD 202).

When the seedlings reached the VC development stage (Fehr & Caviness, 1977)
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they were thinned leaving two per pot and the evaluation of the epicotyl length, in
mm, was performed when the plants reached the V2 and V3 development stages. In
each planting season, a randomized block design with four repetitions was
considered, with the experimental unit consisting of two plants and the mean of the
plot was used in the analysis of the epicotyl length data.

Experiment B. Similar experiments were conducted in six planting seasons
(November/2014, January/2015, March/2015, October/2015, February/2016, and
April/2016) in which 16 genotypes (P98Y30; BRSMGS820RR; BRSMGS850GRR;
BRS810C, BRSValiosaRR, BRSMGS811CRR, MG/BR 46 (Conquista), BG4277,
BRSMG760SRR, TMG1175RR, BRSMG752S, BG4272, PRE6336, BMXTornadoRR,
NAS5909RG and PRE5808).

When the seedlings reached the VC development stage (Fehr & Caviness, 1977)
the plants were thinned leaving three per pot and the evaluation of the epicotyl
length, in mm, was performed when the plants reached the V2 development stage.
In each planting season, a randomized block design with four repetitions was
considered, with the experimental unit being composed of three plants and the mean
of the plot was used in the analysis of the epicotyl length data.

Statistical analysis. Experiments A and B were analyzed separately. The data
obtained were initially analyzed by individual analysis of variance (i.e., each planting
season was characterized as a growing environment). Subsequently, the
homogeneity of the residual variances was analyzed using the Fnqy test (Cruz e al.,
2012) and the variances were considered homogeneous when this ratio was less than
7.0 (Pimentel-Gomes, 1990). The joint analysis of variance was performed
considering the randomized block design in the simple factorial scheme (genotypes
vs. Environments). It consisted of fixed effects for genotypes, random effects for
environments and for the interaction of genotypes x environments and 5% of error
probability (type | error). Additionally, the coefficients of genotypic determination
(H%%)) were estimated.

The model joint analysis of variance was Yjx= m + G;+ B/Aji + Ax + GAi + Eji ,
where: Yji is the observed value of productivity in genotype i in block j and within
environment k; m is the overall mean; G;is the fixed effect of genotype i; B/Aji is the
random effect of block j within environment k; A is the random effect of
environment k; GAi is the random effect of the interaction of genotype i with
environment k; and Eji is the experimental error.

After verifying the significance of the interaction (p<0.05) the Scott-Knott test
was performed to group the genotypes within each environment and the study of
adaptability and stability through the Artificial Neural Network of Nascimento et al.,
2013 and Lin and Binns (1988), modified by Carneiro (1998), to analyze the behavior
of each genotype throughout the different environments.

Regarding the artificial neural network (ANN), the simulation of the data for
computational training purposes and classification of the genotypes as to
adaptability and stability by means of the ANN were obtained according to
Nascimento et al. (2013). Therefore, the back-propatation single hidden layer
network was used, with 1 input, 1 intermediate and 1 output layer. The first layer
with 4 and 6 inputs which refer to the number of epicotyl length averages evaluated
in 4 and 6 environments (for experiments A and B, respectively). In the intermediate
layer the number of neurons was a whole value, between 1 and 15 neurons. The
output layer, on the other hand, was composed of 6 neurons that referred to the
classification of the genotype in one of the six classes defined by Eberhart & Russell
(1966), as described by Nascimento et al. (2013). The necessary arguments for the
network function, such as number of neurons in the hidden layer, initial values for
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the weights, decay rate and maximum iterations were chosen considering the
network that provided an error value of at most 2% for the test set, as performed by
Nascimento et al. (2013) and Barroso, Nascimento, Nascimento, Silva and Ferreira
(2013). These authors suggest that the best network architecture should be
established considering a classification error lower than 2%.

For the analysis using the method of Lin and Binns (1988), modified by Carneiro
(1998), specifically regarding the use of bissegmented straight lines, according to
Cruz & Carneiro (2006), 8om Was attributed the minimum and maximum value of the
variable throughout the experiment and the regression coefficients for the
unfavorable and favorable environments (6:m and B8:,) assumed the value zero.
Under this condition, the genotype with the best genotypic performance, that is, the
most adapted and with greater stability of behavior, would be the one closest to the
ideal in each location, which would present the lowest estimate for the MAEC
parameter (Cruz & Carneiro, 2006).

For adaptability and stability analysis using Artificial Neural Networks, the nnet
function from the nnet package (Venables & Ripley, 2002) implemented in the R
Program (R Development Core Team, 2021) was used and the other analyses were
performed in the Genes Program (Cruz, 2013).

RESULTS AND DISCUSSION

The genotypes showed significant differences (p < 0.01) for epicotyl length in
the four environments and the two developmental stages in Experiment A and in the
six environments in Experiment B (Table 1). This indicates that there is a possibility
of identifying genotypes that differ in epicotyl length in all environments analyzed
(Experiments A and B). The values of coefficients of variation ranged from 8.3% to
17.1%. These values are similar to those found in the literature as in Matsuo et al.
(2012a), Nogueira et al. (2008) and Hanyu et al. (2020), whose coefficient of variation
values obtained were, respectively, lower than 16%, 19% and 12% and 19.85%.

Table 1. Summary of individual analysis of variance of epicotyl length measured in Experiment A on 28 soybean
genotypes (V2 and V3 stages in 4 environments) and in Experiment B on 16 soybean genotypes (V2 stage in 6
environments), Rio Paranaiba — Minas Gerais.

Environments QM (Gen) Average(mm) CVe)' H? HRV
1 =January/2018 227.028**2 45.6 13.9 0.823
Exp A 2 =March/2018 192.209** 38.9 16.3 0.791 181
V2 Stage 3 = May/2018 403.381** 45.6 16.8 0.854 '
4 = October/2018 283.722** 39.9 14.2 0.885
1 =January/2018 250.385** 48.1 12.9 0.845
Exp A 2 =March/2018 229.583** 44.1 12.6 0.865 172
V3 Stage 3 =May/2018 485.007** 48.8 14.9 0.890 '
4 = October/2018 323.201** 42.7 14.1 0.888
1 = November/2014 271.676** 33.0 8.3 0.972
2 =January/2015 691.973** 48.4 9.9 0.967
Exp B 3 = March/2015 258.464** 33.9 16.9 0.873
4.37
V2 Stage 4 = October/2015 306.580** 34.5 16.2 0.898
5 = February/2016 267.784** 41.0 114 0.918
6 = April/2016 266.866** 33.0 17.1 0.881

1CVe: Experimental Variation Coefficient (in %); H?: Coefficient of genotypic determination; and HVR: Homogeneity of residual variance obtained
by the ratio between Greater (QMR) and Lesser (QMR) proposed by Cruz et al. (2012). 2**: Significant by F test at 1% probability.
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The ratio between the largest and smallest residual mean square of the
experiments was 1.81 for the evaluations performed in the V2 stage (Exp A), 1.72 for
V3 (Exp A) and 4.37 for Experiment B. The values were lower than 7.0 and indicate,
according to Pimentel-Gomes (1990), homogeneity of variances, thus allowing the
joint analysis of the experiments.

In the joint analysis (Table 2) the effects of interaction genotypes x
environments (GxA), of environments and of genotypes were significant (p < 0.01) in
both experiments. The significance of the GxA interaction shows that there is a
response variation of the genotypes in the different environments. The coefficients
of variation, in the joint analysis, were 15.4% and 13.7%, respectively for the V2 and
V3 stages, in Experiment A and 13.3%, for V2 in Experiment B.

The estimates obtained for genotypic determination coefficient H2 were higher
than 0.79 (i.e., > 79%), considering the environments individually (Table 1) and the
pooled analyses of variance (Table 2). Estimates higher than 70% indicate high
genetic influence on phenotypic expression (Chaves et al., 2017). Therefore, the
results of the present work indicate high genetic influence for epicotyl length. Similar
results were obtained by Nogueira et al. (2008), Matsuo et al. (2012a) and Hanyu et
al. (2020).

Table 2. Analysis of variance summary for epicotyl length, in cm, measured in Experiment A, at the V2 and V3 stages on
28 soybean genotypes and 4 environments and in Experiment B, at the V2 stage, on 16 soybean genotypes in 6

environments.

Experiment A

Experiment B

FV GL V2 Stage V3 Stage GL V2 Stage

Blocks / Environments 12 245.895 245.747 18 37.714
Genotypes (G) 27 898.789%**2 1066.196** 15 1558.268**
Enviroments (E) 1446.358** 982.545** 5 2482.722**
GxA 81 69.184** 73.993** 75 101.015**
Residue 324 42.783 39.682 270 24.739
General average (in mm) 42.5 45.9 37.3
CVe (%)* 15.4 13.7 13.3

H? 0.923 0.930 0.935

1CVe: Experimental Variation Coefficient (in %); and H%: Coefficient of Genotypic Determination. 2**: Significant by the F test at 1%

probability.

The genotypes MG/BR46_Conquista, TMG 4185, BRSGO 7560 and BRSMG 752 S
were allocated in the highest average group and the genotypes FT Cristalina and BRS
283 in the lowest average groups for epicotyl length measured at the V2 stage (Table
3). By the RNA method of Nascimentos et al. (2013) (Table 3) of those selected as low
and high average by Scott-Knott, the genotype BRS 283, FT-Cristalina and BRSMG 752
S present high stability and recommendation for general environment for the
measurements performed at the V2 stage by ANN.

The percentages of accordance between the methodology of Eberhart & Russell
(1966) and the training of an artificial neural network to analyze the phenotypic
adaptability and stability of alfalfa (Medicago sativa L.) genotypes were, respectively
for adaptability and stability, 81.52% and 83.69% comparing Eberhart & Russell
(1966) and Artificial Neural Networks (Barroso et al., 2013). Teodoro et al. (2015)
indicated that the magnitudes of agreement between the methods were 100% and
70%, respectively for phenotypic adaptability and stability. Carvalho et al. (2018)
found 100% and 81.82% agreement for phenotypic adaptability and stability of
cotton genotypes. Alves et al. (2019) when considering all cultivars analyzed,
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identified 87.5% and 81.25% of agreement between the methods (Eberhart & Russell
(1966) and Artificial Neural Networks) for Adaptability and Stability, respectively.
Oda, Sediyama, Cruz, Nascimento, and Matsuo (2022) the agreement, regarding the
classification of genotypes, between the ANN proposed by Nascimento et al. (2013)
with the method of Eberhart and Russell (1966) was 94% in adaptability and
regarding phenotypic stability was 53%. Therefore, according to Nascimento et al.
(2013), Teodoro et al. (2015) and Carvalho et al. (2018) ANNs can be considered an
effective alternative to measure adaptability and phenotypic stability of genotypes
in breeding programs.

Table 3. Averages of epicotyl length, in mm, measured in Experiment A, V2 stage, in 28 soybean genotypes as a
function of 4 environments and estimates of adaptability and stability parameters by using the ANN method of
Nascimento et al., 2013 and Lin and Binns (1988), modified by Carneiro (1998) (L&B).

Environments! RNA? L&B3
Genotypes - -
1 2 3 4 Average? Adap Est  Pimin  Pimax
BRS Candeia 466 b 448 a 476 ¢ 439 b 45.7 G H 325.3 300.3
BRS Carnauba 451 b 480 a 437 c¢ 441 b 45.2 U H 312.6 3135
BRS Tracaja 389 ¢ 359 b 440 ¢ 355 c 38.6 G H 173.5 505.6
BRS 283 365 ¢ 272 ¢ 274 d 286 d 29.9 G H 53.9 818.2
BRS 284 486 b 415 a 442 ¢ 400 b 43.6 G H 277.6  359.0
MG/BR46_Conquista 56.8 a 504 a 702 a 492 a 56.6 F L 696.7 126.5
PO8C81 527 b 463 a 409 ¢ 389 b 44.7 G H 313.4 3389
BRS 313 _Tieta 397 ¢ 345 b 411 ¢ 350 c 37.6 G H 154.3 535.7
TMG 803 481 b 401 a 465 ¢ 462 b 45.2 G H 316.0 316.5
M-SOY 8757 498 b 390 a 450 ¢ 425 b 44.1 G H 292.4 3475
BRSGO 8660 408 ¢ 315 b 430 ¢ 349 ¢ 37.5 G H 160.1 543.0
FTM Tucunaré 36.6 c 379 a 41.3 c 405 b 39.1 G H 179.1 4854
TMG 4185 567 a 413 a 656 a 516 a 53.8 F H 601.9 1725
BRS 8381 507 b 358 b 484 ¢ 367 c 42.9 F H 279.3 394.2
BRSGO 8360 416 ¢ 317 b 324 d 296 d 33.8 G H 1029 671.6
TMG 801 46.2 b 415 a 448 ¢ 482 a 45.2 G H 313.7 3156
TMG 4182 458 b 444 a 432 ¢ 409 b 43.6 G H 274.2 354.9
AN 8500 451 b 427 a 574 b 408 b 46.5 G H 365.1 301.7
BRSMG 810C 466 b 420 a 399 ¢ 446 b 43.3 G H 268.3 365.2
BRSMG68Vencedora 51.8 b 384 a 499 ¢ 401 b 45.1 G H 3254 3323
BRSGO 7960 506 b 462 a 499 ¢ 469 a 48.4 G H 397.7 239.2
BRS 7980 435 ¢ 286 ¢ 420 ¢ 338 ¢ 37.0 G H 158.3 569.9
BRSGO 7560 625 a 420 a 609 b 565 a 55.5 F L 652.2 140.9
BRSMG 752 S 493 b 506 a 610 b 548 a 53.9 G H 577.2 1425
FT Cristalina 266 d 221 ¢ 292 d 203 d 24.6 G H 15,5 1047.3
TMG 401 345 ¢ 338 b 347 d 331 c 34.0 G H 94.8 654.5
CD 201 394 ¢ 348 b 411 ¢ 278 d 35.8 G H 133.6  605.7
CD 202 458 b 363 b 415 ¢ 334 c 39.2 G H 191.6 490.1

1Averages followed by the same lower-case letters, in the column, form statistically similar groups by the Scott-Knott method at

5% significance. 2F: Specific adaptability to favorable environments, G: General adaptability, U: Specific adaptability to unfavorable

environments, H: High stability and L: Low stability. 3Pimin: The minimum value for 8om was adopted and Pimax: The maximum value
for Bom was adopted.

By the method of Lin and Binns (1988), modified by Carneiro (1998), the

genotypes with the best genotypic performances are BRS 283 and FT-Cristalina when
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considering the ideal genotype as the one with the lowest average and the genotypes
MG/BR46_Conquista and BRSMG 752 S when considering the ideotype as the one
with the highest average. Through this methodology, the most adapted genotypes
and with greater stability of behavior will be those with values closer to the ideal
(lowest, average, highest or a fixed value of the average), that is, with lower
estimates for the MAEC parameter, Pi (Cruz & Carneiro, 2006).

For the V3 stage, the genotypes MG/BR46_Conquista, TMG 4185, BRSGO 7560
and BRSMG 752 S formed the group with the highest average and FT Cristalina and
BRS 283 the two groups with the lowest average (Table 4). When analyzing the results
for V3 stage, it was verified by the RNA methodology, that BRS 283, TMG 4185,
BRSGO 7560, BRSMG 752 S and FT Cristalina were of high stability and
recommendation for general environment.

Table 4. Averages of epicotyl length, in mm, measured in Experiment A, V3 stage, in 28 soybean genotypes as a function
of 4 environments and estimates of adaptability and stability parameters by using the ANN method of Nascimentos et
al., 2013 and Lin and Binns (1988), modified by Carneiro (1998) (L&B).

Environments! RNA? L&B3
Genotypes : :
2 3 4 Average? Adap Est  Pimin  Pimax
BRS Candeia 493 b 509 a 500 ¢ 468 b 49.2 G H 3976 4298
BRS Carnauba 500 b 507 a 454 ¢ 455 b 47.9 G H 362.7 4716
BRS Tracaja 426 ¢ 404 b 453 c 374 ¢ 41.4 G H 211.2 6921
BRS 283 391 ¢ 318 ¢ 293 d 314 d 32.9 G H 76.6 1048.1
BRS 284 523 b 473 a 473 c 429 ¢ 47.4 G H 352.7 488.6
MG/BR46_Conquista 59.7 a 53.8 a 78.5 a 525 b 61.1 F H 856.2 205.2
P9O8C81 554 b 494 a 449 c 399 ¢ 47.4 G H 3621 500.9
BRS 313 _Tieta 438 ¢ 389 b 440 ¢ 375 ¢ 41.0 G H 203.0 707.1
TMG 803 505 b 490 a 487 c 536 b 50.5 G H 433.0 396.0
M-SOY 8757 529 b 430 a 466 c 456 b 47.0 G H 343.2 5024
BRSGO 8660 425 ¢ 350 b 451 c 386 ¢ 40.3 G H 191.8 738.3
FTM Tucunaré 39.0 c 4238 a 43.3 c 430 c 42.0 G H 220.5 668.1
TMG 4185 603 a 489 a 670 b 527 b 57.2 G H 676.2 251.8
BRS 8381 488 b 460 a 50.1 c 386 ¢ 45.9 G H 3172 54238
BRSGO 8360 431 ¢ 370 b 336 d 320 d 36.4 G H 126.3 896.3
TMG 801 474 ¢ 443 a 493 c 498 b 47.7 G H 3564 4774
TMG 4182 484 b 489 a 510 ¢ 433 ¢ 47.9 G H 363.0 4734
AN 8500 448 ¢ 459 a 644 b 424 ¢ 49.4 G H 438.7 463.0
BRSMG 810C 463 ¢ 441 a 442 c 488 b 45.9 G H 308.6 5354
BRSMG68Vencedora 59.7 a 488 a 53.3 c 424 ¢ 51.1 G H 469.2 397.1
BRSGO 7960 518 b 483 a 545 c 502 b 51.2 G H 4553 3764
BRS 7980 454 ¢ 377 b 46.2 ¢ 354 ¢ 41.2 G H 213.0 7079
BRSGO 7560 648 a 575 a 661 b 635 a 63.0 G H 8817 126.8
BRSMG 752 S 528 b 564 a 633 b 562 a 57.2 G H 6586 235.0
FT Cristalina 285 d 238 ¢ 317 d 211 e 26.3 G H 219 1374.2
TMG 401 363 d 375 b 372 d 387 c 37.4 G H 133.3 846.1
CD 201 422 ¢ 377 b 422 c 301 d 38.0 G H 155.5 832.7
CD 202 484 b 402 b 439 c 363 ¢ 42.2 G H 2328 669.6

'Averages followed by the same lower-case letters, in the column, form statistically similar groups by the Scott-Knott method at 5%
significance. 2F: Specific adaptability to favorable environments, G: General adaptability, D: Specific adaptability to unfavorable
environments, H: High stability and L: Low stability. 3Pimin: The minimum value for 8om was adopted and Pimax: The maximum value

for Bom was adopted.
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Also by this methodology, MG/BR46_Conquista was shown to be of high
stability, but recommended for favorable environments. When analyzing the results
of Lin and Binns (1988), modified by Carneiro (1998), when considering the highest
average as the ideal, the genotypes TMG 4185, BRSGO 7560 and BRSMG 752 S were
the ones with the best genotypic performance. Whereas FT Cristalina and BRS 283
were the most recommended when the ideal was the lowest average. In this case,
FT-Cristalina and BRS 283 were allocated in the groups of the lowest averages in the
four environments and show high stability of behavior because the values obtained
were the closest to the lowest average in each of the evaluation sites.

The genotypes BRSMG 850 GRR, MG/BR46_Conquista and BG 4272 were
allocated to the highest average groups, in 5 of the 6 analyzed environments, and
TMG 1175 RR and BMX Tornado RR to the lowest average groups, considering each
environment separately (Table 5).

Table 5. Epicotyl length averages, in mm, measured in Experiment B, V2 stage, in 16 soybean genotypes in function of
6 environments.

Environments! 2?2

Genotypes 1 > 3 2 5 6
P98Y30 33.2 b 43.1 d 28.0 b 31.7 C 43.6 b 28.7 o
BRSMG 820 RR 36.0 b 48.0 d 34.0 b 35.0 C 49.8 a 40.5 a
BRSMG 850 GRR 43.6 a 68.6 b 42.1 a 39.4 b 53.2 a 42.3 a
BRS 810 C 36.7 b 46.5 d 37.8 a 47.0 a 46.8 b 33.6 b
BRS Valiosa RR 34.7 b 64.0 b 37.3 a 33.8 C 51.3 a 37.6 b
BRSMG 811 CRR 334 b 51.6 o 31.8 b 41.8 b 42.2 b 38.5 b
MG/BR46_Conquista 48.3 a 74.1 a 42.3 a 41.8 b 46.7 b 36.2 b
BG 4277 24.9 d 54.6 C 29.3 b 30.5 C 37.2 o 29.1 o
BRSMG 760 SRR 29.3 c 44.8 d 39.7 a 22.6 d 29.8 d 22.1 d
TMG 1175 RR 19.9 d 36.0 e 21.0 C 17.2 d 28.9 d 194 d
BRSMG 752 S 42.2 a 53.8 o 42.2 a 37.7 b 46.6 b 45.6 a
BG 4272 41.9 a 52.7 c 46.8 a 50.8 a 44.8 b 44.9 a
PRE 6336 25.6 d 34.2 e 30.9 b 315 C 33.9 o 25.7 o
BMX Tornado RR 22.3 d 23.6 f 17.2 C 24.3 d 27.5 d 23.6 d
NA 5909 RG 31.0 o 42.5 d 30.1 b 31.8 C 38.0 C 29.2 o
PRE 5808 25.3 d 36.5 e 31.4 b 35.6 C 36.2 o 31.1 C

!Averages followed by the same lower-case letters, in the column, form statistically similar groups by the Scott-Knott method at 5%
significance. 2Environments: 1 = November/2014, 2 = January/2015, 3 = March/2015, 4 = October/2015, 5 = February/2016 and 6
= April/2016.

Among the genotypes identified as having low or high averages, it was identified
that all were classified as having high stability by RNA by Nascimento et al. (2013).
For adaptability, TMG 1175 RR is recommended for general environments, BG 4272
and BMX Tornado RR are recommended for Unfavorable environments, while
BRSMG 850 GRR and MG/BR46_Conquista are recommended for favorable
environments. For Lin and Binns (1988), modified by Carneiro (1998), the genotypes
TMG 1175 RR and BMX Tornado RR are the most recommended when the ideotype
is the one with the lowest average and the genotypes BRSMG 850 GRR,
MG/BR46_Conquista and BG 4272 when analyzed based on the one with the highest
average (Table 6).

The search for genotypes that are not or only slightly responsive to
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environmental improvements is justified, in this work, to identify those that even in
the presence of some environmental stimulus, the genotype will remain with an
average statistically similar to that of the environment that did not receive this
stimulus. Thus, the aim was to identify the genotypes of wide adaptability or
adaptability to unfavorable environments. This is because the concept of adaptability
refers to the ability of genotypes to respond to environmental stimuli and are
classified as: genotypes with broad or general adaptability (8 = 1); genotypes with
specific adaptability to favorable environments (81 > 1); genotypes with specific
adaptability to unfavorable environments, (8:i< 1) (Barroso et al., 2013).

Table 6. Averages of epicotyl length, in measured in Experiment B, V2 stage, in 16 soybean genotypes as a function of 4
environments and estimates of adaptability and stability parameters by using the ANN method of Nascimentos et al.,
2013 and Lin and Binns (1988), modified by Carneiro (1998) (L&B).

Averages RNA? L&B?
Genotypes . o . .
(in mm) Adap. Stability Pimin Pimax
P98Y30 34.7 General High 174.0 793.5
BRSMG 820 RR 40.5 General High 292.6 581.2
BRSMG 850 GRR 48.2 Favorable High 531.2 385.7
BRS810C 41.4 General High 308.7 547.7
BRS Valiosa RR 43.1 Favorable High 397.1 538.7
BRSMG 811 CRR 39.9 General High 279.1 605.1
MG/BR46_Conquista 48.2 Favorable High 556.1 407.7
BG 4277 34.3 Favorable High 193.8 839.9
BRSMG 760 SRR 31.4 General High 136.1 944.2
TMG 1175RR 23.7 General High 43.2 1287.5
BRSMG 752 S 44.7 General High 391.2 443.0
BG 4272 47.0 Unfavorable High 451.0 373.2
PRE 6336 30.3 Unfavorable High 92.2 962.9
BMX Tornado RR 23.1 Unfavorable High 22.1 1304.0
NA 5909 RG 33.8 General High 149.5 822.4
PRE 5808 32.7 Unfavorable High 128.0 863.7
Overall Average 37.3

Favorable: Specific adaptability to favorable environments, General: General adaptability, Unfavorable: Specific adaptability to
unfavorable environments, High: High stability, and Low: Low stability. 2Pimin: The minimum value for Bom was adopted and Pimax: The
maximum value for 8om was adopted.

Conversely, it becomes possible to identify genotypes that are responsive to
environmental improvements, i.e. specific adaptability to favorable environments. In
this sense, the genotypes BRS 8381 and TMG 4185 (in V2 of Experiment A),
MG/BR46_Conquista (in V3 of Experiment A) and BRSMG 850 GRR, BRS Valiosa RR,
MG/BR46_Conquista and BG 4277 (in Experiment B) were recommended for
favorable environments. This indicates these genotypes showed favorable response
to environment stimulus and therefore epicotyl length can be influenced when the
growing environment is favorable for its growth.

Thus, it was verified that there is a difference between genotypes, that the
epicotyl length is a character that is influenced by environmental effects and that the
genotypes present different responses when cultivated in different environments. In
other words, the epicotyl length in some genotypes is stable and poorly responsive
to environmental improvements, while in others the response is stable and
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responsive to environmental improvements. Therefore, further studies focused on
the identification of genotypes with these characteristics are important to improve
the knowledge about the epicotyl length of soybean plants.

CONCLUSIONS

The genotypes that showed low averages for epicotyl length, wide adaptability
or poor responsiveness to environmental improvements and stable across seasons
were TMG 1175 RR (in V2), BMX Tornado RR (in V2), BG 4272 (in V2), BRS283 (in V2
and V3) and FT-Cristalina (in V2 and V3). Whereas BRSMG 752 S (in V2 and V3), TMG
4185 (in V3) and BRSGO 7560 (in V3) behaved as high average, high stability and wide
adaptability.

The genotypes BRS 8381, TMG 4185, MG/BR46_Conquista, BRSMG 850 GRR,
BRS Valiosa RR, and BG 4277 were stable and recommended for favorable
environments.
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