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Abstract

The soybean crop presents several cultivars available. The performance of each cultivar in the field is associated
with its genetic characteristics and the interaction of these with environment. Specific recommendations
according to environment are made soybean cultivars release based on adaptability and stability analyzes. This
research evaluated twelve soybean cultivars in the northern region of Parana State Brazil, in order to recommend
the most suitable and stable cultivar. The experiment was designed in complete randomized blocks four sites:
Maringé, Floresta, Cambé and Apucarana, with four replications, in 2017/2018 growing season. Totaling 48
experimental units per site, that is, a total of 192 in the experiment. The variables evaluated were: one thousand
grain mass, productivity, hectoliter weight, number of pods per plant and number of grains per plant. The
cultivars were evaluated for adaptability and stability by the methodologies proposed by Lin and Binns (1988)
and a bi-segmented regression method according to Cruz et al. (1989). The results indicated that the selection
was more reliable when the two methodologies were used, due to their correlation coefficients. Soybean cultivar
3 presented promising behavior in regions studied.

Keywords: adaptability, stability, selection index, interaction
1. Introduction

During 2017/18 growing season, Parana State was the third largest in area cultivated with soybean [Glycine max
(L). Merr.]. in Brazil (5.4 million ha) preceded by Mato Grosso State (9.6 million ha) and Rio Grande do Sul
State (5.6 million ha). Although in terms of soybean yield, Paran4 State is leader with average of 3.5 Mg ha™ in
2017/18 growing season, the total amount of soybean produced in Parana State in the previous growing season
was around 19.2 million tons (CONAB, 2018). The counties of Apucarana, Cambé, Floresta and Maringa
(located in Parana State) produced approximately 300 thousand Mg of soybean grains, representing about 15%
of grains produced in the north central of Parana State.

Soybean crop has wide variety of cultivars (Carvalho et al., 2010). There are several soybean maturation groups
available to attend photoperiod variations throughout the different latitudes. The choice of maturation group and
soybean habit growth characterize the development cycle and phases of each growing stage to plan all crop
management practices from sowing until harvest (Zanon et al., 2015). Brazilian farmers need early and late
maturing cultivars to sow maize after the soybean harvest (Carvalho et al., 2010).

A lot of phenotypic characteristics including yield that have economic impact depends mainly on genotype (G),
environment (E) and their interactions (G X E). These interactions demonstrate that genotype expression depend
on environmental conditions. The same genotype may exhibit different behavior during different years and
growing locations due to innumerable adverse effects from the environment. Therefore, it is necessary to include
adapted and stable genotypes in soybean breeding programs (Prado et al., 2001).

Adaptability and stability analysis allow statistical identification of these genotypes. According to Cruz et al.
(2012), adaptability is the genotype’s ability to take advantages of stimuli provided by the environment. On the
other hand, stability is the ability to predict behavior according to the environmental stimulus exposed. Soybean
breeders seek to select cultivars which demonstrate broad adaptability, high stability and genotypes
recommended for specific environment (Barros et al., 2010).
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There are several methodologies to accomplish the analysis procedures to select superior genotypes, that differ in
concepts, parameters used and biometric procedures that aim to measure these G X E interactions (Rocha, 2002).
The models based on the bi-segmented regression method contemplate the group’s formation of favorable and
unfavorable environments, with the presence of positive and negative indices respectively (Cruz et al., 1989).
Otherwise, the methodology developed by Lin and Binns (1988) is based on the mean square of distance
between the average maximum response obtained in the environment and the general average response of the
cultivar, being defined as the difference between the average of the cultivars in each environment and the general
average.

The research hypothesis is based on the existence of more adapted and stable soybean cultivars for southern
climate of Brazil and on the efficiency in selection of adapted and stable cultivars by combination of two
different methodologies. The aim was to evaluate the adaptability and stability of the 12 most cultivated
genotypes in this region, with a purpose to recommend the genotype with major yield potential for prevailing
environmental conditions.

2. Material and Methods
2.1 Environments and Experimental Design

The experiments were carried out during 2017/18 growing season, in four sites: 1) Technology Dissemination
Unit (TDU) of Cooperativa Agroindustrial de Maringda (COCAMAR) in Floresta, Parana State, located at a
latitude 23°35'42" south and longitude 52°04'02" west, and altitude of 395 m above mean sea level; 2) Iguatemi
Experimental Farm of Maringa State University (UEM), in Maringa, Paranad State, located at a latitude of
23°02'22" south and longitude of 52°04'32" west, and altitude of 509 m above mean sea level; 3) Soybean
Research Center, located on Cambé, Parana State, located at a latitude of 23°15'02" south and longitude of
51°14'56" to the west, and altitude of 650 m above mean sea level and 4) Cortés Farm, located in Apucarana,
Parana State, located at a latitude of 23°33'47"” south and longitude of 51°22'41" west, and altitude of 764 m
above mean sea level.

Twelve commercial soybean cultivars, named from 1 to 12, with a maturation group ranging from 4.8 to 6.7
were sown (Table 1). In the region under analysis in Parana State, maturation group indicated ranges from 5.5 to
8. All soybean cultivars had indeterminate growth habit, except cultivar 4 which had semi-determinate growth
habit (Sediyama et al., 2015).

Every 13.5m? plot consisted of 6 rows, 5 m long, spaced 0.45 m apart with useful area of 5.4 m?. The experiment
was outlined in completely randomized blocks with four replications with a total of 48 experimental units. All
cultivars were sown at a density of 31 seeds m™. All cultural treatments from sowing to harvest were carried out
following the guidelines for technologies, products and services (TPS) of Embrapa (2013).

Table 1. Cultivars and their characteristics with commercial nomenclature decoding

Cultivars 1 2 3 4 5 6 7 8 9 10 11 12
Maturation Group 6.4 4.8 6.1 6.2 6.3 5.9 6.4 6.1 6.3 5.9 6.7 6.3
Growth habit I I I SD I I I I I I I I

Note. I: Indeterminate; SD: Semi-determinate.

2.2 Evaluated Variables

Five variables namely yield (YIE), thousand grain mass (TGM), Hectoliter mass (HEM), pods per plant (NP) and
number of grains per plant (NG) were evaluated. TGM was determined by weighed 8 subsamples of 100 grains on
analytical precision balance of one milligram precision. Then, results were multiplied by 10, according to MAPA
(2009). HEM corresponds to mass of 100 liters of soybean grain expressed in kg hl™. This variable was obtained by
means of Portable Grain Moisture Meter, brand AGROLOGIC, Model AL-101.

At growing stage R6, five plants per plot were collected (Sediyama et al., 2015), and by direct counting were
obtained NP and NG. The YIE per 5.4 m” area was determined, the one external rows and 1.0 m at either end of the
central rows were disregarded; YIE was expressed in kg ha™ and seed moisture correction to 13% wet basis.

2.3 Data Analysis

All data were submitted to basic assumptions of statistical analysis by Lilliefors (Lilliefor, 1967) and Bartelett
(Steel et al., 1997) tests (p < 0.05). Then the data were submitted to F test (qualitative treatments) and the results
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obtained at four sites were analyzed in separate and compared by means of joint analysis (Zimmermann, 2014).
Adaptability and stability of the materials were analyzed using Lin and Binns (1988) methodologies and
bi-segmented regression according to Cruz et al. (1989).

According to Lin and Binns (1988), the overall superiority of one cultivar is defined by the square mean between
the response of cultivar and the maximum response in all the environments, thus, the ideal genotype is the one
with the lowest stability index (P). P is a parameter that quantifies the deviation of a cultivar from the highest
performance material in each environment, obtained by the estimation of Pi, where i is the number of evaluated
genotypes. It acts by estimate a relative measure of a hypothetical cultivar that presents general adaptability and
regression coefficient equal to, or close to, one unit.

In the method of the bi-segmented linear regression proposed by Cruz et al. (1989), are given by adaptability and
stability parameters, being the mean (B(;) and the linear response to unfavorable (B;) and favorable (B; + B2;)
environments. In this methodology, stability is observed through the deviation of the regression of each genotype
as a function of the environmental variations (6’;) (Garbuglio et al., 2007).

To evaluate variables, among each other, the data were submitted to Pearson’s linear correlation analysis (p <
0.05), and the classification was made based on the classic selection index. All statistical analyzes were
performed using the Genes Software (Cruz, 2016).

3. Results and Discussion
3.1 Variance Analysis

Soybean yield did not present significant differences among cultivars (Table 2). This can be explained by the
similarity of genetic basis content in cultivars tested (Miranda et al., 2007). This similarity may be associated
with equal contribution of genes to productive cultivars. Because of this, the twelve commercial cultivars used
may contain similar genetic bases (Kiihl, 1994). Cultivar 2 belongs to maturation group 4.8, had its harvest
advanced in thirty days in all the sites comparing with the other cultivars, that were harvested on the same day.
The soybean cultivar choice depends on a lot of factors and among them is the land use planning after soybean
crop. Normally Brazilian farmers grow maize as a second crop, therefore earlier soybean cultivars should be
chosen to avoid unfavorable weather for maize cultivation later, mainly due to frost and lack of rainfall.

Maize development under favorable climatic conditions increases possibilities to reach higher yield potential.
The influence of sowing time on maize grain yield in second crop is directly related to rainfall regime. Better
distribution of rainfall is overriding, mainly in the final stages of vegetative development and at the beginning of
reproductive development (Simdo et al., 2018). Cardoso et al. (2004) evaluated 12 maize sowing times from
January to April, with and without water limitation. The authors have observed 38% decrease in yield due to
delayed sowing time and 44% decrease due to limitation in crop’s water supply. Because of this reason, soybean
with lower maturation group may be useful when farmers want to grow maize as second crop to realize higher
yields by sowing early time.

Cordeiro Junior et al. (2017) evaluated 30 commercial soybean cultivars in 2016/17 growing season, with
cultivar maturation groups ranging from 5.8 to 8.2 and genotypes of determinate, indeterminate and
semi-determinate growth habits. They observed similar results for yield. Soybean maturation group (5.8) did not
differ statistically from cultivars with larger maturation groups, such as 7.3 and 8.2. In addition, they also
observed that growth habit was not determinate for this variable.

Regarding environments there were significant differences for yield and TGM (Table 2). For yield, all cultivars
had a particular performance in each environment;

TGM was significant among cultivars. Perini et al. (2012) evaluated seven soybean cultivars and also observed
different mass of grain among cultivars. In addition, they have observed inverse relation between, grain mass and
number of grains per plant, that means a higher TGM results in lowest number of grains per plant and vice versa.

NG were not significant when analyzing the factors, treatments (genotypes) and environments, separately. There
were interactions between genotypes X environments, in other words the tested genotypes responded differently
in environments for this variable. Unfolding the ANOVA for factors Maringa and Apucarana, environments
presented differences among treatments (Table 2), Cambé and Floresta, did not. HEM and number of pods per
plant were not significant either.
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Table 2. Variance analysis for treatments within environments for the variable’s yield, number of grains per plant
(NG) and thousand grain mass (TGM)

Yield NG TGM

VS Treat

F Prob. F Prob. F Prob.
AMB/TRAT 1 10.06 0.00000 1.08 0.36 1.29 0.28
AMB/TRAT 2 8.40 0.00003 1.54 0.21 4.08 0.01
AMB/TRAT 3 8.01 0.00005 0.88 1.00 1.26 0.29
AMB/TRAT 4 9.45 0.00000 1.26 0.29 0.63 1.00
AMB/TRAT 5 9.47 0.00000 0.66 1.00 2.79 0.05
AMB/TRAT 6 9.59 0.00000 0.07 1.00 1.28 0.29
AMB/TRAT 7 9.60 0.00000 0.72 1.00 0.76 1.00
AMB/TRAT 8 9.59 0.00000 0.80 1.00 3.66 0.02
AMB/TRAT 9 10.33 0.00000 4.24 0.01 1.28 0.29
AMB/TRAT 10 7.70 0.00008 1.56 0.20 0.62 1.00
AMB/TRAT 11 7.20 0.00015 0.68 1.00 3.32 0.02
AMB/TRAT 12 5.40 0.00151 4.09 0.01 1.32 0.27

Note. VS = Variation source, Treat = Treatment, Env = Environment, Prob = Probability, F = Value obtained by F
test.

3.2. Cultivar's Adaptability and Stability

According to Lin and Binns (1988) methodology, cultivar 4 presented lower Pi for TGM (3.05) and yield
(59099,99) and was the second one for number of grains (590,3053) preceded by cultivar 11 (549,84) (Table 3),
thus it can be inferred that cultivar 4 presented greater stability, in other words, it exhibited predictable behavior
when exposed to these environments. Otherwise, cultivar 7 had the highest Pi for TGM (1581.71) and cultivar 5
for yield (499727.73) and HEM (100.99) (Table 3).

Cultivar 2 had the highest values of Pi for number of pods per plant (942,7141) and number of seeds per plant
(10645,5456) (Table 3). Polizel et al. (2013) found greater stability for the UFU 23 genotype because its value of
Pi was the lowest and its percentage of contribution to the interaction was low (1.11%), thus it was considered as
a promising genotype. In contrast, the genotype Msoy 6101 was considered of low stability because it had the
highest observed Pi value and percentage of contribution to the high interaction (17.19%).

Table 3. General Pi of soybean genotypes, obtained by Lin and Binns (1988) methodology, in the north region of
Parana State in 2017/18 growing season

Genotype TGM YIE. HEM NP NG

1 1093.78 190545.98 1.64 377.49 2306.91
2 1078.38 24284231 40.65 942.71 10645.55
3 541.87 163391.20 1.17 351.95 2027.28
4 3.05 59099.99 1.07 42.48 590.31
5 713.51 499727.73 100.99 346.11 2755.45
6 908.78 90605.45 1.61 291.57 1935.82
7 1581.75 63289.91 1.31 385.38 2334.65
8 731.56 365984.86 55.79 364.47 2338.79
9 430.05 193637.87 3.43 382.03 243245
10 422.74 179244.58 1.69 253.23 2111.59
11 1379.56 183351.34 49.03 91.43 549.84
12 225.85 275157.47 1.81 295.12 3549.94

Note. TGM = Thousand grain mass; YIE = Yield, HEM = Hectoliter mass, NP = Number of pods per plant and
NG = Number of grain per plant.
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Regarding bi-segmented regression methodology for environmental classification, Maringa and Floresta, were
classified as unfavorable environments, although Apucarana and Cambé were classified as favorable for TGM
and YIE (Table 4). This classification may have been influenced by altitude, since sites classified as favorable
were those at higher altitude. Lower soybean yields were revealed by Teixid6 (2013) when cultivated at low
altitudes. This author identified a better performance in the soybean cultivars in higher altitude environment and
consequently greater thermal amplitude.

For the variable number of grains per plant, a different classification was observed, only Apucarana was
considered favorable (Table 4). This could have occurred due to favorable climate at highest altitude for this site
(764 m). This methodology classifies the environments considering the set of environmental factors which
influence the productivity of genotypes, being possible to highlight best environment based on the variable
studied (Fernandes Junior et al., 2013).

Table 4. Environmental classification as favorable (F) and unfavorable (U), following the Cruz et al. (1989)
methodology in the 2017/18 growing season

Envirolment Thousand grain mass Yield Number of grain per plant
Maringa U U u
Apucarana F F F
Floresta U U U
Cambé F F U

In the bi-segmented linear regression method, adaptability and stability parameters were estimated for yield
variable. Cultivar 10 is closest to ideal genotype, because it presents the fourth largest Po; p; < 1, that means,
presents low responsiveness at unfavorable sites and B, + B, > 1, indicating that the cultivar responds to
favorable environments, besides being stable because &% is not significant (Table 5).

The highest values of [, were observed for cultivars 4 and 7 and the lo west values for cultivars 5 and 8, which
also did not present significant &% indicating that they were not stable for these growing conditions (Table 5).
Garbuglio et al. (2007), evaluated 27 maize cultivars in 22 sites in the southern region of Brazil, and observed
that for the two cultivars with lower value of f, stability was not found using the same methodology. Backes et
al. (2005) evaluated 13 beans genotypes in Santa Catarina State, in 10 sites for two growing season, and found
that the two lowest values of yield did not show stability by the bi-segmented methodology. These authors
observed stability (non-significant &%) for cultivars which reached higher yield averages (Bo).

The parameter which demonstrates cultivars behavior in unfavorable environments is the El, and cultivar
selection depends on the aim of the breeders. For cultivars with {3, > 1, responses to environmental improvement
are observed, but there is also cultivars sensibility when stress conditions happened. On the other hand, cultivars
with B, < 1, are more rustic to environmental adversities, although yield responses are smaller (Cruz, 2012).

Cultivars 4 and 7 presented responsive behavior to environmental improvement (B, > 1). Thus, investments in
technology resources, such as water availability, nutrition and control of pests and diseases may allow higher
yield patterns, although without favorable conditions these cultivars will have its yield impaired. Otherwise,
cultivar 5 was shown to be less sensitive to environmental adversities as well as 3 and 10 (Table 5), and may be
indicated for unfavorable environments (f; < 1 and 6 non-significant). These results corroborate with those
obtained by Backes et al. (2005), whose tested the bi-segmented linear regression methodology and found
cultivars that could be recommended for unfavorable environments, with Gl <1and &% non-significant.

The B, + P, parameter is associated with cultivars behavior in favorable environments. None of cultivars
showed broad adaptability with com B, + B, = 1. Cultivars 5 and 8 presented B, + P, > 1 (Table 8), indicating
that they would be recommendable for specific favorable environments, if they had presented satisfactory yield.
Differently, cultivars 4 and 7 had B, + B, < 1, that means, they did not respond satisfactorily to favorable
environments, but presented better yields averages (Bo) (Table 8).
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Table 5. Adaptability and stability parameters for yield estimated by the bi-segmented linear regression method
proposed by Cruz et al. (1989), in north of Parana State in 2017/18 growing season

Genotype Bo B P2 Bit B F &%
1 3938.46 1.07 0.96 2.03 0.004™
2 3862.06 1.02 -1.82 -0.80 0.07™
3 3983.24 0.96 0.67 1.63 0.17™
4 4257.21 1.09 -1.53 -0.45 0.32™
5 3751.81 0.88 2.47 3.35 1.72%*
6 4063.93 1.10 -0.26 0.84 0.02™
7 4135.23 1.10 -0.36 0.73 0.05™
8 3700.73 1.05 0.24 1.29 1.71%*
9 3952.60 1.12 -0.95 0.16 1.68*
10 4007.10 0.92 0.92 1.84 0.51™
11 3989.85 0.93 -0.71 0.22 1.34%*
12 3922.10 0.77 0.39 1.15 1.38%*
Note. Bo; = mean, B;; = response to unfavorable environments, 3,; = component of the parameter related to

favorable environments, B;; + ,; = response to favorable environments, 6% = deviation of the regression of each
genotype as a function of the environmental variations, *Significant at 5% probability and ™ non-significant, by
F test.

3.3 Classical Selection Index and Correlation

Classical index shows the distribution of expected genetic gains in a more balanced way (Martins et al., 2003)
and through this index the first one third of cultivars classified was selected (5, 3, 9 and 4). As an economic
weight, the coefficient of genetic variation corresponding to each variable was used as suggested by Cruz (1990).

Cultivars 5, 3, 9 and 4 were the first in the classification of the index in the direction of the increases and cultivar
2 was the lower limit of the selection. Cultivars 4 and 3 were also classified in the first one third by the general
parameter (Pi) (Table 3).

According to Cruz, et al. (1989) methodology (Table 5), cultivars 5 and 3 were classified as adapted to
unfavorable environments (B; < 1) and cultivars 5 and 9 presented no stability (8% significant). As for favorable
environments, cultivars 5 and 3 could be recommended for favorable environments (§; + f, > 1). Cultivar 2 in
both methodologies maintained patterns that are not selectable (Table 6). The coefficients of determination
explained well the behavior of the cultivars discussed because of the index selection (5, 3, 9, 4 and 2) against the
environmental variations.

Table 6. Adaptability and stability parameters estimated by the methods proposed by Cruz et al. (1989) and Lin
and Binns (1988) for yield variable, in north region of Parana State in the 2017/18 growing season

Genotype Pi () Pi() Pi Pit+ B
1 239511.60 141580.40 1.07 2.03
2 305090.00 180594.60 1.02 -0.80
3 275447.90 51334.48 0.96 1.63
4 96654.15 21545.84 1.09 -0.45
5 606044.70 393410.70 0.88 3.35
6 101370.30 79840.59 1.10 0.84
7 52864.09 73715.72 1.10 0.73
8 517776.40 214193.30 1.05 1.29
9 72335.66 314940.10 1.11 0.16
10 333527.40 24961.72 0.92 1.84
11 140920.90 225781.80 0.93 0.22
12 545013.20 5301.74 0.77 1.15

Note. Pi(+) and Pi(-) are parameters referring to the methodology proposed by Lin and Bins (1988), and B, and
By + B, to the methodology proposed by Cruz et al. (1989).
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Cultivar 3 was promising in the two methodologies used and was selected by the classical index. This behavior is
observed, because in Pearson’s correlation analysis between the parameters of favorable and unfavorable
environments for yield was significant (0.60) (Table 7). The correlation between f;, and Pi for positive
environments (Pi+) was also significant, but inversely. In this case, the result was already expected because P,
infers on unfavorable environments and Pi+ on favorable environments, so the correspondence between the two
parameters is -0.71 (Table 7).

These results do not corroborate with those observed by Pereira et al. (2009), who evaluated 71 sites with 16
genotypes and tested six methods of evaluation of the adaptability and stability analysis, in order to verify the
presence of correspondence in the methodologies and did not found significant correlations between Cruz et al.
(1989) and Lin and Binns (1988).

Polizel et al. (2013) evaluated seven methodologies of adaptability and stability analysis, among them Cruz et al.
(1989) and Lin and Binns (1988) methodologies. They classified all genotypes in each methodology and made
the simple Pearson correlations between the methodologies. They were able to observe that the methodology
proposed by Lin and Binns (1988) and bi-segmented regression proposed by Cruz et al. (1989) are
complementary and the use of both is recommended for the evaluation and recommendation of cultivars.

Table 7. Pearson correlation coefficients-estimates for adaptability and stability parameters obtained by 12
genotypes in four soybean sites, in the north of Parana State in 2017/18 growing season

Pi (+) Pi(-) B Bi+ B2
Pi (1) 1 0.22 0.71% 0.60*
Pi () - | 0.07 0.23
B1 - - 1 -0.41
B1+RB2 - - - 1

Note. Pi (+) and Pi (-) are parameters referring to the methodology proposed by Lin and Bins (1988), and B and
B + P to the methodology proposed by Cruz et al. (1989). * Significant at 5% probability, by t Student test.

4. Conclusions

The use of the methodology proposed by Lin and Binns (1988) and the one proposed by Cruz et al. (1989), when
used together, can make the selection of cultivars more reliable, since in the case of this work they presented a
good correlation, which concretely reveals the best place for possible recommendation.

The evaluated variables have different behavior in the different environments. There is no homogeneity when
evaluated in heterogeneous climatic conditions.

Cultivar 3 presented promising behavior for the evaluated environments.
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