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Abstract–Because of the economical and physiological importance of the chemical components of soybean
grain and the effects of environmental factors on these components, eight experiments were conducted in
the central region of the State of Tocantins, four in the 2014/15 harvest and four in the 2015/16 harvest. The
experimental design was a randomized block with three replications and eight treatments. The evaluated
cultivars were: 8473RSF RR, 8576 RSF, 8579RSF IPRO, ST 820 RR, TMG 132 RR, 9086RSF IPRO, M8644 IPRO,
and M9144 RR. The evaluated characteristics were: oil and lignin content in the grain. A study of
adaptability and stability was carried out using the methods of Eberhart and Russell (1966) and Lin and
Binns (1988) modified by Carneiro (1998), and of environment, stratification using Lin (1982) and Cruz and
Castoldi (1991). The adaptability methods proposed by Eberhart and Russel and Lin and Binns, as well as
those of environmental stratification proposed by Lin (1982), Cruz and Castoldi (1991), and by Pearson’s
correlation, were in agreement for most interpretations. The adaptability methods, well as those of
environmental stratification, were in agreement for most interpretations. The cultivars 8579RSF IPRO and
M8644 IPRO, for oil content, and 8579RSF IPRO, for lignin content, showed general adaptation and can be
grown in all environments. There was no similarity between the environments, for the oil and lignin
contents, demonstrating the need to conduct in a greater number of essays.

INTRODUCTION

Producing more than one million hectares, the State
of Tocantins is the main soybean grower of the
Brazilian Northern region, with averages of
production and yield increasing year by year.
Soybean represents the first crop in terms of
participation in the gross domestic product of the
aforementioned state, wherein in the 2019/20
harvest occupied an area of approximately 1.08
million hectares and produced close to three million
tons, representing 52% and 50%, respectively, of the
total observed for the Brazilian Northern region in
the same period (Conab, 2020).

The soybean grain presents a high content of
protein (40%) and oil (20%), which are the main
commodities, 25% of carbohydrates, 10% of
minerals and fibers (cellulose, hemicellulose, and

lignin), and 5% of moisture (Embrapa, 2019).
Among the chemical components of the grain, the

oil has the excellent quality, being used both for
human consumption, in food preparation, and
representing 92% of edible oils (Faria et al., 2018),
and in the industrial sector for the production of
biodiesel and refined oil (Amorim, 2011).

Lignin is an important molecule that contributes
to obtaining seeds with high physiological potential.
In addition to protecting against mechanical
damage, it is responsible for controlling the
moisture content of the seeds (Huth, 2015).

The expression of the grain chemical
characteristics is highly influenced by the
environments where the plants develop (Almeida et
al., 2018; Toller et al., 2018; Evangelista et al., 2017;
Reina et al., 2014). As most of the environments
under study are distinct, cultivar x environment
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interaction (C x E) occurs, which affects the selection
gain and arise demands of studies to estimate the
magnitude and nature of the interaction (Oda et al.,
2019; Capone et al., 2018).

The most used alternatives to mitigate the
impacts of the C x E interaction have been the
identification and use of cultivars with wide
adaptability and stability, and the stratification of
environments in homogeneous sub-regions
(Evangelista et al., 2017; Bicalho, 2018).

According to Carvalho et al. (2013a), the method
selection to investigate adaptability and stability
depends on the experimental data, the number of
environments, and the required precision. Among
the methods used, Eberhart and Russell (1966) is
based on linear regression, and Lin and Binns (1988)
modified by Carneiro (1998), which involves non-
parametric analysis.

As for environmental stratification, the methods
of Cruz and Castoldi (1991) have been used, which
measures the partition of these two fractions,
grouping the pairs of environments whose
interaction is predominantly of the simple and
significant fraction. Also, Lin’s algorithm (1982) has
been employed, which consists of estimating the
sum of squares of the interaction between cultivars
and pairs of environments, followed by grouping
the environments whose interaction is not
significant.

However, there are few studies on cultivars’
chemical grain composition in different
environments, represented by year, location, or
sowing time, so that regionalized tests to quantify
the response of cultivars to environments becomes
necessary.

Thus, the objective was to study the cultivar x
environment interaction in soybean cultivars, as to
the content oil and lignin of grains, from tests
carried out in the central region of the state of
Tocantins, in the agricultural years 2014/15 and
2015/16.

MATERIAL AND METHODS

Eight cultivar comparative performance
experiments were conducted, four in 2014/15 and
four in the 2015/16 growing season. In each
agricultural year, two experiments were carried out
in the municipality of Porto Nacional - TO (Location
1 - Serra Azul Farm, 234 m altitude, 10°422 273S, and
48°242513W), and two in Santa Rosa - TO (Location
2 - Mariana Farm, 288 m altitude, 11°26’31'’S and

48°7’2'’W).
Sowing was carried out on two dates in each

location, the first being on November 3rd in Porto
Nacional and November 15th in Santa Rosa. The
second date occurred 15 days after the first planting,
being November 18th in Porto Nacional and
November 30th in Santa Rosa, respecting the
planting window of the two locations.

The experimental design used was a randomized
block with three replications and eight treatments.
The treatments consisted of eight cultivars, namely:
8473RSF RR (Desafio RR), 8576 RSF (Raça RR),
8579RSF IPRO (Bônus IPRO), ST 820 RR, TMG 132
RR, 9086RSF IPRO (Opus IPRO), M8644 IPRO, and
M9144 RR.

The temperature and rainfall data, recorded in
the 2014/2015 and 2015/2016 harvests, were obtained
monthly through data collection at the testing site
(Table 1).

Each competition trial was characterized as an
environment, totalizing eight distinct environments,
classified from 1 to 8, distributed as follows by
sowing date: Environment 1: (Porto Nacional,
November 3rd, 2014); Environment 2: (Porto
Nacional, November 18th, 2014); Environment 3:
(Santa Rosa, November 15th, 2014); Environment 4:
(Santa Rosa, November 30th, 2014); Environment 5:
(Porto Nacional, November 3rd, 2015); Environment
6: (Porto Nacional, November 18th, 2015);
Environment 7: (Santa Rosa, November 15th, 2015);
Environment 8: (Santa Rosa, November 30th, 2015).

The grains from each cultivar in each year,
location, and sowing date were harvested,
identified, ground, and stored in the form of
soybean meal in a cold chamber, at the Federal
University of Tocantins - Gurupi Campus, under
controlled temperature and humidity, aiming at
maintaining the chemical quality of the grain.

Subsequently, the samples were submitted to
physical-chemical analysis in the industrial raw
material laboratory of the Federal University of
Tocantins – Palmas Campus. The grain composition
of each cultivar was determined as to oil content
(Bligh-Dyer, 1959), and lignin content (Hatfield et al.,
1994).

After obtaining the data, individual analysis of
variance was performed, followed by joint analyses
of the experiments, in which the smallest residual
mean square did not differ by more than seven times
from the largest. Then, analyzes of adaptability and
stability, stratification, and environmental
dissimilarity were carried out.
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The adaptability and stability methods used were
Eberhart and Russel (1966) and Lin and Binns
(1988), modified by Carneiro (1998).

According to the methodology of Eberhart and
Russell (1966), cultivars with a regression coefficient
equal to the unit (1=1) have general or wide
adaptability; cultivars with 1>1 show specific
adaptability for favorable environments; cultivars
with 1<1 show specific adaptability to unfavorable
environments. The ideal cultivar presents
production above the general average, regression
coefficient equal to the unit (1 = 1), and predictable
behavior (²d = 0). The stability is estimated by the
deviations from the regression (²d) or by the
coefficient of determination (R2), which have an
opposite relationship, i.e. stable cultivars will
present higher values of R2 and smaller ²d.

Lin and Binns’ (1988) methodology is based on
the estimation of the Pi parameter, which measures
the deviation of a given character of a genotype
from the maximum in each environment. Carneiro
(1998) proposed an improvement of the method to

enable the determination of genotypes behavior in
specific environments (favorable and unfavorable).
The ideal genotype, i.e. with broad adaptability/
stability for each environment, is the one with a high
average and lowest Pi value.

Environmental stratification and dissimilarity
were performed according to Lin’s (1982) algorithm.
The simple and complex fraction of the interaction
between cultivar and environment were also
estimated, according to the method of Cruz and
Castoldi (1991) and, finally, Pearson’s correlation
between the pairs of environments evaluated. The
analyzes were performed using the computational
program Genes, version 2007 (Cruz, 2007).

RESULTS AND DISCUSSION

The joint analysis of variance showed a significant
effect of the environment and the environment x
cultivar interaction for all evaluated characteristics
(Table 2) and, this being of the complex type for the
great majority of pairs of environments (Table 3),

Table 1. Monthly temperature and precipitation data for two agricultural years, 2014/15 (year 1) and 2015/16 (year 2),
in the municipalities of Porto Nacional and Santa Rosa.

Month 2014/2015 2015/2016 2014/2015 2015/2016
Temperature (oC) Precipitation (mm)

Porto Santa Porto Santa Porto Santa Porto Santa
Nacional  Rosa  Nacional  Rosa  Nacional  Rosa  Nacional  Rosa

October 28 28 27 27 155 148 90 90
November 27 28 28 27 206 206 136 215
December 26 27 31 28 245 237 123 142
January 27 25 27 25 312 210 452 518
February 27 26 29 27 185 145 68 75
March 28 26 27 26 125 158 138 382
Harvest average 27 27 28 27 205 184 168 237
Total average 1228 1104 1007 1422

Table 2. Summary of the joint analysis of variance of two chemical characteristics evaluated in experiments carried out
in Porto Nacional and Santa Rosa - TO, in two sowing dates and with eight soybean cultivars, in the 2014/15
and 2015/16 agricultural years.

Source of variation DF Mean Square
Oil Lignin

Block/Environment 16 1,46 0,01
Cultivar 7 12,77NS 0,04NS

Environment 7 89,54** 0,05**
Environment*cultivar 49 11,13** 0,04**
Error 112 1,06 0,01
Mean 23,52 0,624
CV (%) 4,376 13,01

**, NS = significant at 1% probability and not significant, respectively, by the F-test.
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combined with the low correlation magnitude
between environments (Table 3), indicates that
cultivars present differentiated behavior due to
environmental factors from a different location,
years, and/or sowing dates to which they are
subjected, thus justifying analyzes to investigate
stability, adaptability, and stratification
environmental.

The coefficients of variation (CV) obtained varied
between 4.37 and 13.01, being considered as low and
medium, respectively, similar to the results obtained
by Faria et al. (2018), demonstrating good precision
in the experiment execution.

Environment 1 (Sowing November 3rd, Porto
Nacional, 2014/15 harvest ); Environment 2 (Sowing
November 18th, Porto Nacional, 2014/15 harvest );
Environment 3 (Sowing November 15th, Santa Rosa,
2014/15 harvest ); Environment 4 (Sowing
November 30th, Santa Rosa, 2014/15 harvest);

Environment 5 (Sowing November 3rd, Porto
Nacional, 2015/16 harvest ); Environment 6 (Sowing
November 18th, Porto Nacional, 2015/16 harvest );
Environment 7 (Sowing November 15th, Santa Rosa,
2015/16 harvest ); Environment 8 (Sowing
November 30th, Santa Rosa, 2015/16 harvest).

The environmental index, for the four
characteristics studied, is shown in Table 4.
According to Eberhart and Russel (1966), a favorable
environment is one whose average is higher than the
general average of all studied environments,
resulting in a positive index. On the other hand, an
unfavorable environment is one whose average is
lower than the general average, providing a negative
index.

Environment 1 (Sowing November 3rd, Porto
Nacional, 2014/15 harvest ); Environment 2 (Sowing
November 18th, Porto Nacional, 2014/15 harvest );
Environment 3 (Sowing November 15th, Santa Rosa,

Table 3. Estimates of simple (%SF) and complex (%CF) fraction of the C x E interaction and the correlation (r) between
the pairs of environments, of eight soybean cultivars, based on the contents of oil, and lignin of the grain, in
tests, carried out in Porto Nacional and Santa Rosa - TO, under two sowing dates, in the 2014/15 and 2015/16
harvests, based on the method of Cruz & Castoldi (1991) and Pearson’s correlation.

Oil content Lignin content
Pairs %FS % FC R Pairs %FS % FC R

1 x 2 -11.3 111.3 -0.26 1 x 2 47.1 52.9 0.69
1 x 3 30.9 69.1 0.45 1 x 3 2.3 97.7 0.03
1 x 4 33.6 66.4 0.50 1 x 4 47.6 52.4 0.49
1 x 5 9.3 90.7 0.16 1 x 5 -16.1 116.1 -0.51
1 x 6 -9.5 109.5 -0.23 1 x 6 -8.8 108.8 -0.20
1 x 7 -22.8 122.8 -0.51 1 x 7 -18.8 118.8 -0.59
1 x 8 -8.5 108.5 -0.42 1 x 8 31.1 68.9 0.19
2 x 3 4.2 95.8 -0.08 2 x 3 32.2 67.8 0.46
2 x 4 -22.3 122.3 -0.51 2 x 4 17.6 82.4 0.18
2 x 5 0.0 100.0 -0.06 2 x 5 -17.1 117.1 -0.42
2 x 6 11.2 88.8 0.21 2 x 6 0.8 99.2 0.01
2 x 7 37.4 62.6 0.59 2 x 7 -11.5 111.5 -0.30
2 x 8 20.8 79.2 0.25 2 x 8 40.2 59.8 0.46
3 x 4 23.2 76.8 0.17 3 x 4 -4.4 104.4 -0.50
3 x 5 5.3 94.7 0.08 3 x 5 28.4 71.6 0.27
3 x 6 34.3 65.7 0.41 3 x 6 -1.5 101.5 -0.09
3 x 7 10.6 89.4 0.12 3 x 7 31.6 68.4 0.30
3 x 8 11.2 88.8 -0.26 3 x 8 17.9 82.1 -0.13
4 x 5 -6.7 106.7 -0.27 4 x 5 -18.1 118.1 -0.43
4 x 6 -19.3 119.3 -0.43 4 x 6 18.1 81.9 0.15
4 x 7 -27.4 127.4 -0.68 4 x 7 -27.2 127.2 -0.64
4 x 8 -21.5 121.5 -0.54 4 x 8 -0.2 100.2 -0.01
5 x 6 40.0 60.0 0.57 5 x 6 -21.5 121.5 -0.55
5 x 7 -17.9 117.9 -0.41 5 x 7 8.1 91.9 0.16
5 x 8 32.0 68.0 0.25 5 x 8 -20.9 120.9 -0.54
6 x 7 10.4 89.6 0.18 6 x 7 37.5 62.5 0.53
6 x 8 22.5 77.5 0.29 6 x 8 48.0 52.0 0.52
7 x 8 31.7 68.3 0.34 7 x 8 20.6 79.4 0.31



694 DE FARIA ET AL

2014/15 harvest); Environment 4 (Sowing November
30th, Santa Rosa, 2014/15 harvest); Environment 5
(Sowing November 3rd, Porto Nacional, 2015/16
harvest); Environment 6 (Sowing November 18th,
Porto Nacional, 2015/16 harvest ); Environment 7
(Sowing November 15th, Santa Rosa, 2015/16 harvest
); Environment 8 (Sowing November 30th, Santa
Rosa, 2015/16 harvest).

Environments 5, 6, and 7, for oil content, were
classified as favorable. Among these, environments
5 and 6 showed the highest means for oil content for
the lignin content, only environments 1, 2, 6, and 8
were classified as favorable. Environments 2 and 8
(belonging to the same place and time) were
considered favorable for lignin and unfavorable for
oil content.

The environment classification, which is
dependent on the characteristic studied, occurred in
function of the differential behavior of the cultivars
provided by the climatic differentiation
(precipitation and temperature) that occurred in the
two harvests/sowing seasons/locations (Table 1). In
this sense, in the 2014/15 harvest, there was a more
uniform distribution of rainfall and average
temperatures without much fluctuation, when
compared to the 2015/16 harvest, where irregularity
in rainfall distribution was observed, associated
with higher temperatures, mainly during the grain
filling phase (February).

The occurrence of water stress and the presence
of higher temperatures during the grain-filling
phase promotes changes in the metabolic pathways
(Naoe et al., 2017), resulting in variations in oil
contents (Faria et al., 2018; Naoe et al., 2017; Finoto et

al., 2017) and lignin content (Huth, 2015).
Soybean oil has gained importance in breeding

programs with an increase in the search for raw
materials for biofuels production (Oliveira et al.,
2019). Thus, high-oil-containing cultivars with wide
adaptation and product stability are the most
envisaged (Bicalho, 2018).

The means and parameters of adaptability and
stability of each cultivar, for oil content, obtained by
the method of Eberhart and Russell (1966) and Lin
and Binns (1988), modified by Carneiro (1988), are
shown in Table 5.

According to the method of Eberhart and Russell
(1966), all cultivars showed significant deviations
from the regression (ó²d), indicating the non-
predictability of behavior (instability), i.e. the
cultivars present variations in the oil content of the
grains according to the environmental condition to
which are subject.

The cultivars 8579RSF IPRO and M8644 IPRO
showed a regression coefficient greater than the unit
(B1>1) and a mean higher than the general mean of
the group, being considered adapted to favorable
environments, that is, where the technological level
employed is high, by the Eberhart and Russell (1966)
method. As for Lin and Binns (1988) modified by
Carneiro (1998), the cultivars above mentioned,
together with 9086RSF IPRO also presented the
lowest PiF values. Cultivars with this characteristic
are highly responsive to improvements in the
environment, but they need an adequate positioning
because if cultivated in unfavorable environments,
where the technological level is low and/or adverse
climatic conditions occur, they usually present a
reduction in their contents (Faria et al., 2018).

The cultivar 8576RSF RR presented a regression
coefficient lower than the unit (B1<1) and mean
lower than the general mean of the group, by
Eberhart and Russell (1966), and adaptability/high
instability of behavior by the nonparametric
method. As this cultivar presented a low mean, it is
poorly adapted to low investment environments or
is unable to exhibit increments in oil content when
exposed to a high investment environment. In this
environment, the cultivar 9086RSF IPRO presents as
ideal by the method of Lin and Binns (1988)
modified by Carneiro (1998), since it presents a high
mean and lower PiU value.

The cultivars 8473RSF RR and 9086RSF IPRO
showed a regression coefficient equal to the unit
(B1=1) and high productive capacity (higher than the
general mean), by the method of Eberhart and

Table 4. Environmental index (Ij) of eight environments,
for content (%) of oil and lignin, obtained by the
method of Eberhart and Russell (1966), under
two sowing dates, in Porto Nacional and Santa
Rosa - TO, in 2014/15 and 2015/16 harvests.

Environment % Oil % Lignin
Mean Index Mean Index

(Ij) (Ij)

1 22.53 -0.99 0.66 0.03
2 22.07 -1.45 0.66 0.03
3 22.76 -0.77 0.61 -0.01
4 21.54 -1.98 0.58 -0.04
5 26.27 2.75 0.56 -0.06
6 26.32 2.80 0.64 0.01
7 24.59 1.07 0.60 -0.03
8 22.10 -1.42 0.69 0.07
Mean 23.52 0.62
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Russell (1966), and Pi values from medium to low,
demonstrating wide adaptation. By the
methodology of Lin and Binns (1988) modified by
Carneiro (1998), the cultivar 8579RSF IRPO also
presented low Pi. These cultivars can respond
satisfactorily to the improvement of the
environment and present high productive capacity
in adverse environmental conditions.

The cultivars ST820 RR, TMG132 RR, and M9144
RR, presented the regression coefficient equal to the
unit (B1=1) and production below the general mean,
which enables us to classify them as poorly adapted
to the studied environments. Similar results were
obtained for the cultivar M9144 RR in studies
conducted by Carvalho et al. (2013b) and Monteiro et
al. (2017) for oil content in the State of Tocantins.

Lignin is an important polymer complex in water
transport, mechanical support, and plant protection,
in addition to providing rigidity and resistance to
seed tissues (Huth, 2015). Cultivars with a high
lignin content in the grain have a greater capacity to
protect the radicle, greater resistance to attack by
microorganisms, better control in the absorption
and loss of water by the grain, less loss of quality
during harvest, resulting in better quality grains
and/or seeds (Huth, 2015).

The adaptability and stability parameters of each
cultivar for lignin content are described in Table 6,
according to the methods proposed by Eberhart and
Russell (1966) and Lin and Binns (1988) - Modified
by Carneiro (1988).

All cultivars showed significant deviations from
the regression (²d), indicating the non-
predictability of behavior, using the method of
Eberhart and Russell (1966).

Considering Eberhart and Russell’s (1966)
method, the cultivars 8473RSF IPRO, 8576RSF IPRO,
and M8644 IPRO presented a value of B1>1, showing
adaptation to high investment environments.
Among these, the first two presented means higher
than the general mean and, by the method of Lin
and Binns (1988) modified by Carneiro (1998), all
presented the lowest PiF values.

The cultivars ST820 RR, TMG132 RR, and M9144
RR showed B1<1, by the method of Eberhart and
Russell (1966), and only ST820RR presented a mean
higher than the general mean of the group. By the
non-parametric method of Lin and Binns (1988)
modified by Carneiro (1998), the cultivars ST820 RR
and M9144 RR, together with 9086RSF IPRO and
8579RSF IPRO had the lowest PiF values.

The cultivars 8579RSF IPRO and 9086RSF IPRO
presented values of regression coefficient equal to
the unit (B1=1) and high mean for lignin content,
according to the methodology of Eberhart and
Russell (1966). By the method of Lin and Binns
(1988) modified by Carneiro (1998), 8579RSF IPRO,
together with 8576RSF RR and 8473RSF RR
presented low Pi values.

The grouping of environments, for all
characteristics studied, by the method proposed by
Lin (1982), is shown in Table 7.

Table 5. Parameters of adaptability (B1) and stability (²d) for oil content (%) obtained by the method of Eberhart and
Russell (1966) and Lin and Binns (1988) - Modified by Carneiro (1988) (Pi, Pi F, and PiU), in experiments carried
out in Porto Nacional and Santa Rosa - TO, under two sowing dates and with eight soybean cultivars, in the
2014/15 and 2015/16 harvests.

Oil content

Cultivar Means Eberhart & Russell Lin & Binns

B1 ²d Pi PiF PiU

8473RSF RR 24.028 1.154 ns 3.050 ** 3.333 1.500 4.433
8576RSF RR 22.944 0.004 ** 1.770 ** 6.718 12.365 3.329
8579RSF IPRO 24.353 1.246 * 3.102 ** 2.451 1.020 3.309
ST820 RR 22.865 1.169 ns 1.912 ** 6.321 2.222 8.780
TMG132 RR 22.582 1.177 ns 2.357 ** 8.002 2.979 11.016
9086RSF IPRO 24.348 1.060 ns 0.790 ** 1.962 0.632 2.760
M8644 IPRO 23.998 1.231 * 2.717 ** 3.746 0.472 5.710
M9144 RR 23.053 0.960 ns 6.577 ** 7.021 7.367 6.813
General mean 23.521

B1= regression coefficient; ²d= deviations from the regression; Pi= superiority index; PiF= adaptation to favorable
environments; PiU = adaptation to unfavorable environments; **, *, ns= significant at 1%, 5%, and e not significant,
respectively, by the t-test.
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For oil and lignin contents, no groups of similar
environments were formed. Thus, for these
characteristics, it is recommended to conduct as
many tests as possible in different years/sowing
dates/locations.

For oil and lignin contents, the complex fraction
present in 100% of the pairs and Pearson’s low
correlation between environments, reveals the need
to conduct all experiments represented by years/
locations and/or sowing dates. These results agree
with the non-formation of groups of similar
environments from Lin’s method (1982) (Table 7).

When the complex fraction (% CF) has a very
heavyweight on the C x E interaction, it shows the
great difference between environments and
reinforces the necessity to evaluate the cultivars in

different conditions (Carvalho et al., 2013b).
As presented in Table 6, the methodologies of

Cruz and Castoldi (1991) and Pearson’s correlation
are complementary and presented results close to
those observed in Table 7 by Lin’s methodology
(1982). Therefore, the three methodologies can be
used in an associated way to complement each other
and provide more reliable results.
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CONCLUSION

The adaptability methods, well as those of

Table 6. Parameters of adaptability (B1) and stability (²d) for lignin content (%) obtained by the method of Eberhart &
Russell (1966) and Lin and Binns (1988) - Modified by Carneiro (1988) (Pi, Pi F, and PiU), in experiments carried
out in Porto Nacional and Santa Rosa - TO, under two sowing dates and with eight soybean cultivars, in the
2014/15 and 2015/16 harvests.

Lignin content

Cultivar Means Eberhart & Russell Lin & Binns

B1 ²d Pi Pi F Pi U

8473RSF RR 6.48 2.129 * 0.03 * 0.11 0.05 0.16
8576RSF RR 6.75 1.897 ** 0.07 ** 0.09 0.02 0.17
8579RSF IPRO 6.63 1.443 ns 0.08 ** 0.11 0.10 0.12
ST820 RR 6.32 0.088 * 0.02 * 0.14 0.19 0.09
TMG132 RR 5.55 -0.341 ** 0.06 ** 0.32 0.34 0.30
9086RSF IPRO 6.30 0.367 ns 0.19 ** 0.15 0.21 0.09
M8644 IPRO 5.99 2.382 ** 0.10 ** 0.24 0.07 0.41
M9144 RR 5.93 0.035 ** 0.08 ** 0.23 0.32 0.14
General mean 6.24

B1= regression coefficient; ²d= deviations from the regression; Pi= superiority index; PiF= adaptation to favorable
environments; PiU = adaptation to unfavorable environments; **, *, ns= significant at 1%, 5%, and e not significant,
respectively, by the t-test.

Table 7. Grouping of the environments in which the soybean cultivars were evaluated based on the contents (%) of oil
and lignin, according to the method proposed by Lin (1982), in experiments carried out in Porto Nacional and
Santa Rosa - TO, under two sowing dates, in the 2014/15 and 2015/16 harvests.

% Oil % Lignin
Croup Environments Group Environments

I — I —
II — II —
III — III —
IV — IV —

Environment 1 (Sowing November 3rd, Porto Nacional, 2014/15 harvest ); Environment 2 (Sowing November 18th, Porto
Nacional, 2014/15 harvest ); Environment 3 (Sowing November 15th, Santa Rosa, 2014/15 harvest ); Environment 4
(Sowing November 30th, Santa Rosa, 2014/15 harvest ); Environment 5 (Sowing November 3rd, Porto Nacional, 2015/16
harvest ); Environment 6 (Sowing November 18th, Porto Nacional, 2015/16 harvest ); Environment 7 (Sowing November
15th, Santa Rosa, 2015/16 harvest ); Environment 8 (Sowing November 30th, Santa Rosa, 2015/16 harvest).
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environmental stratification, were in agreement for
most interpretations.

The cultivars 8579RSF IPRO and M8644 IPRO, for
oil content, and 8579RSF IPRO, for lignin content,
showed general adaptation and can be grown in all
environments.

There was no similarity between the
environments, for the oil and lignin contents,
demonstrating the need to conduct in a greater
number of essays.
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