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ABSTRACT. The oil and protein contents of soybean grains are important
quantitative traits for use in breeding. However, few breeding programs
perform selection based on these traits in different environments. This study
assessed the adaptability and stability of 14 elite early soybean breeding lines
in off-season cultivation with respect to yield, and oil and protein contents.
A range of statistical methods was applied and these analyses indicated
that for off-season cultivation, the lines UFUS 5 and UFUS 10 could be
recommended due to their superior performance in grain yield, oil content,
and specific adaptability to unfavorable environments along with high
stability in these characteristics. Also recommended were UFUS 06, which
demonstrated superior performance in all three tested characteristics and
showed adaptation to favorable environments, and UFUS 13, which showed
high adaptability and stability and a superior performance for protein content.
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INTRODUCTION

Soybean [Glycine max (L.) Merril] is widely used both as a foodstuff and as an animal
feed because of its high energy and protein content compared to other crops (Lee et al., 2013).
Thus, breeding programs to improve oil and protein contents in soybean in Brazil aim to add
value as well as to ensure competitiveness of the Brazilian soybean in the world market. These
factors highlight the importance of evaluating quantitative traits for guiding breeding pro-
grams (Rodrigues et al., 2010). However, genotype x environment (G x E) interactions hinder
the selection of genotypes based on quantitative traits that have low heritability and therefore
require evaluation in different environments. Several studies have reported that G x E interac-
tions can be reduced using either specific cultivars in particular environments or cultivars with
wide adaptability and stability (Ramalho et al., 2012).

In the present context, adaptability is defined as the ability of a genotype to take ad-
vantage of variations in the environment, while stability reflects the predictability of behavior
of a genotype under different environmental conditions. During the final stages of evaluation
and recommendation of cultivars for breeding programs, the study of adaptability and stability
is essential to guide the breeder in the selection of the most appropriate genotypes (Cruz et
al., 2012). Considering oil and protein traits in soybean, Nascimento et al. (2010) emphasized
the difficulty of recommending genotypes for different regions due to the paucity of studies of
these characteristics under Brazilian conditions.

The planting time of soybean is one of the major factors that affect grain yields (Meot-
ti et al., 2012). Off-season planting and cultivation (or in-between harvest) is a regime in
which the soybean is sown in succession to corn or another crop at the beginning of the rainy
season. Usually, off-season cultivation ranges from February to March, after the summer crop
harvest (Peixoto et al., 2000). Off-season cultivated soybean has not been widely adopted by
growers mainly due to the lack of information and technology regarding the practice. The
advantages reported in adopting the system are: i) higher selling price for the grain, ii) lower
transportation costs, and iii) lower risk of rain at harvest. Santos et al. (2014) also pointed out
that the lack of rain combined with low air humidity and low night temperatures favored the
production of seeds with higher quality attributes. Therefore, the soybean seed price, which is
higher than the price of grain, has become a major attraction for growers who adopt off-season
cultivation of soybean. However, because of edaphoclimatic differences and the need for new
cultivars that are adapted to new environments and planting dates, investigations are needed
for each region so that the effect of G x E interactions in the development of soybean lines or
cultivars on the desired agronomic traits can be thoroughly evaluated.

The objective of this study was, therefore, to assess adaptability and stability perfor-
mances of elite lines of soybeans in off-season cultivation with regard to yield, and oil and
protein contents.

MATERIAL AND METHODS

Fourteen early maturing soybean lines developed by the Soybean Breeding Program
of the Universidade Federal de Uberlandia and a commercial cultivar MSOY 8000, used as a
check cultivar, were evaluated in four locations: Porangatu and Campo Alegre de Goias, both
in Goias State; Buritizeiro and Uberaba, both in Minas Gerais State. A no-tillage system was
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employed, and planting was carried out in February (off-season cultivation). The geographical
location, altitude, soil type, and previous crops at the experimental sites are described in Table 1.

Table 1. Geographical location, altitude, soil type, and previous crop at each experimental site.

Site Location Altitude (m) Soil Prior crop

Porangatu 13°26"27"S 391 Red Latosol Eutrophic Corn
49°8'56"W

Campo Alegre 17°3820"S 877 Red Latosol Dystrophic Sorghum
47°46'55"W

Buritizeiro 17°21'03"S 538 Red Latosol Eutrophic Corn
44°57'43"W

Uberaba 19°44'52"S 823 Red Latosol Eutrophic Corn
47°55'55"W

Fertilizer was applied at planting based on soil test results and recommendations for
soybean cultivation (Novais et al., 1999). After sowing, the seeds were inoculated with Brady-
rhizobium japonicum by spraying in the planting furrow with Biomax® in the proportion of 42
x 108 bacteria cells/mL of product, using 50 L/ha. Pests, diseases, and weeds were controlled by
spraying with the recommended insecticides or fungicides when necessary (Sediyama, 2009).

A randomized complete block design was used for the experiment with three replica-
tions. The experimental units (plots) consisted of four rows of 5 m, spaced 0.45 m apart, with
a density of 300,000 plants/ha. At stage R8 of development (Fehr and Caviness, 1977) and
grain moisture content of 15%, plants from the two central lines were harvested but disregard-
ing 0.50 m at each end of the rows. The grains were weighed to estimate yield (kg/ha). For
each plot 100 g of grain were randomly selected and sent to the Syngenta Testing Laboratory
in Uberlandia - Minas Gerais State for the analysis of oil and protein contents by Nuclear
Magnetic Resonance (Colnago, 1996). The data were expressed as percentages of dry matter.

The yield values, and oil and protein contents of the soybean elite lines and the check
cultivar MSOY 8000 in each environment and the G x E interactions for each trait were subject-
ed to an analysis of variance (ANOVA). Subsequently, the performance of each line was stud-
ied using other analytical methods to compare adaptability and stability for each characteristic.

One of these analytical approaches was the Eberhart and Russell method (1966) that
is based on a simple linear regression analysis with an angular regression coefficient (B,) that
is informative on the adaptability parameter and a regression deviation (&%d) that indicates
stability. Using this analytical method, information on the performance of each genotype in
relation to environmental averages is obtained and this information can be used to assist se-
lection of genotypes showing superiority in the characteristics under study (highest ), wide
adaptability (B,~ 1), and stability (G2d.= 0). The regression model applied was:

TI?.i.j = El:li. + E‘_i. ']j + 'Sl.j + Ei.j (Equation 1)
where Y is the average of genotype / in environment j, and /, is the environmental index codi-
fied accordmg to Finlay and Wilkinson (1963) as:

. T
Ij = Livy L 3 ¥ (Equation 2)
E Ee
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where Z; ; = 0; LZiYij s the average of all genotypes in environment j, and LiZiYi is the gen-

ga
eral average; g is tﬁe number of studied lines, and e is the number of studied environments.
The parameters of adaptability (B,,) and stability (E’fzdi) are respectively obtained as:

By = E_;I'Tfij I /EJ I (Equation 3)
And
ﬁzdl _ MS::davlatlnnjl — MSpegiduel (Equation 4)
r
where MS ... = mean square of the average deviation of genotype i; MS = = mean

square of the average residual, and r = number of replications.

The genotypic determination coefficient (R?) can be used as an auxiliary parameter
to prevent the elimination of lines with a higher yield but low stability. This coefficient is
estimated as:

Rz. =55 (Linear Regression)i/S5 4,z )x 100 (Equation 5)

where SS , | is the sum of squares of environment within genotype i.

The analytical method proposed by Lin and Binns (1988) evaluates each line based on
the parameter Pi defined as the deviation of one genotype relative to the genotype of maximum
response in each environment for the factor under consideration. The most stable genotype is
the one with the lowest Pi index. This parameter is obtained as:

P =Z&, (v;- Mj)? (Equation 6)

2e
where M;is the maximum value of a given characteristic among all genotypes in the environ-
ment j and e is the number of environments.

However, Carneiro (1998) suggested decomposition of the stability and adaptability
parameter (P)) for favorable and unfavorable environments. To carry this out, the environ-
ments are classified as favorable (P,) or unfavorable (P, ) according to the environmental
index of Finlay and Wilkinson (1963). In favorable (I, > 0) and unfavorable (I, < 0) environ-
ments, the parameters P, is then estimated as:

T (- ) ;
P, B (Equation 7)

where fis the number of favorable environments, and

— 2
P = i (Yij— M) (Equation 8)

2u

where u is the number of unfavorable environments.
In this method, the stable genotype is the one that presents the best performance for the
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characteristics analyzed and the lowest P, index in favorable and unfavorable environments.

The centroid method proposed by Rocha et al. (2005) is based on the comparison of
Cartesian distance values between the genotypes and four ideotypes based on the analyzed
trait: I - general adaptability; II - specific adaptability in favorable environments; III - specific
adaptability in unfavorable environments; and IV - poorly adapted. Ideotype I is characterized
by maximum values in all studied environments. Ideotype Il presents a maximum perfor-
mance in favorable environments and a minimum performance in unfavorable environments.
Ideotype III shows the opposite behavior, i.e., maximum performance in unfavorable envi-
ronments and minimum performance in favorable environments. Ideotype IV has the lowest
values in all environments analyzed. Classification of environments using an environmental
index such as that of Finlay and Wilkinson (1963) is required to obtain the ideotypes. After this
classification, the points corresponding to each ideotype are created, and the points referring to
each genotype under study are plotted. With the aid of the measurement of spatial probability,
the distance between each genotype and the four ideotypes is estimated by:

P

i [ (Equation 9)
Lj) T4 1
=24
where P “p is the probability of showing a pattern of stability similar to the centroid j and di
is the distance from point i to centroid j.
In this study, the joint analysis of variance and the various analyses of adaptability
and stability of soybean genotypes were performed using the GENES software (Cruz, 2013).

RESULTS AND DISCUSSION

The values for yield, and oil and protein contents in grain from the different genotypes
were subjected to an individual analysis of variance. The homogeneity of residual variances
was checked for significance using the F-test proposed by Pimentel-Gomes (2009). A joint
analysis of the four locations for the characteristics studied was then performed (Table 2). The
coefficients of variation (CV) obtained for grain yield (25.49%) were considered acceptable
as this characteristic is quantitative and highly influenced by the environment (Barros et al.,
2008). Peluzio et al. (2008) reported a CV of 22.77% for grain yield, as a quantitative charac-
teristic; this value also indicates a good control of the sources of environmental variation with
regard to field trials. The CV for oil content (1.63%) and protein content (1.56%) were of low
magnitude indicating a higher experimental precision (Table 2). Nascimento et al. (2010) ob-
served CVs of 6.9 and 2.7% for oil and protein contents, respectively, in fifteen soybean culti-
vars. Although some authors have reported lower yields in off-season cultivated soybeans, the
average grain yield of the UFUS soybean lines (2,698 kg/ha) at the four sites was similar to the
national average (2,816 kg/ha) for the 2007/08 growing season. Previous studies have reported
yields from off-season cultivated soybean lines lower than obtained here for the UFUS lines.
Lima et al. (2009) reported that the IAC-19 soybean cultivar had an average yield of 753 kg/
ha, which is approximately one-third of the average of the UFUS lines.

The average oil content of the grain of the UFUS lines was 22.21% (Table 2). This
value is larger than those in the literature regarding the potential use of soybean crop for bio-
diesel production (Dorneles et al., 2011). Indeed, the percentage of oil found here surpassed
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even the elite lines from the UFU Soybean Breeding Program, such as UFUS 101 (21.59%),
UFUS 106 (18.10%), and UFUS 115 (19.52%) (Cavalcante et al., 2011). Since 2009, follow-
ing the BS deployment in Brazil (5% biodiesel in petroleum diesel) (Suarez et al., 2009), the
oil content of soybean grain has been included as a trait of interest for breeding programs.
However, to date, few studies have been carried out into this trait.

Table 2. Summary of the joint analysis of variance for grain yield (kg/ha), oil content (%), and protein content
(%) of 15 soybean genotypes at four experimental sites.

Source of variation df Mean square
Grain yield Oil content Protein content

Blocks/environment 8 1,444,387.32 0.21 0.51
Genotypes (G) 14 376,275.87™ 1.49%* 4.02%*
Environments (E) 3 10,225,612.28* 10.40%* 13.08%**
G x E interaction 42 805,334.87* 0.97%* 03.08%%*
Error 112 473,012.65 0.13 0.41
Average 2,697.84 2221 41.10
CV(%) 25.49 1.63 1.56

ns = Non-significant; ***Significant at 1 and 5% levels, respectively, by the F test.

The protein content of the grain averaged 41.10%. Comparing to the commercial soy-
bean cultivars of the 1990s cited by Mascarenhas et al. (1990), the UFUS lines showed an
approximately 7% increase in grain protein content. The performance of the UFUS lines with
regard to grain protein content is of interest for breeding programs due to the increased de-
mand for soybean meal with higher protein contents (Moraes et al., 2006). The significant G
x E interaction indicated that the lines had clearly different performances under the different
environmental conditions in the four locations, thus justifying the study of the performance of
the genotypes using adaptability and stability analyses (Table 2). Polizel et al. (2013) empha-
sized the importance of such analyses in the final stages of a soybean breeding program since,
for recommendation of high yielding genotypes, high stability and wide adaptability are of
major importance for soybean growers.

According to the analytical method proposed by Eberhart and Russell (1966), the ide-
al genotype is one that presents a high average for the analyzed trait, a regression coefficient
(B,) equal to 1.0, and a regression deviation (ﬁzdi) as small as possible (equal to zero). As
described in Table 3, none of the regression coefficients were significant in a ¢-test, indicating
high adaptability, i.e. the presence of a genotype able to respond positively to environmental
improvements (Cruz et al., 2012). Genotypes with this response pattern are considered ideo-
types and therefore can be recommended for regions with high or low technological levels
as they will maintain their level of performance. This result is of relevance to Porangatu and
Buritizeiro, which have negative environmental indices and were designated as unfavorable
environments. In these environments, the behavior of a genotype with specific requirements
and low adaptability would be hampered and its genetic potential underestimated.

In the analytical method of Lin and Binns (1988) as modified by Carneiro (1998), the
decomposition of the Pi parameter provides insight into the behavior of the genotypes in fa-
vorable and unfavorable environments. Under this method, the best genotype is considered to
be the one with the greatest performance and the lowest value of Pi. Here, we found that most
UFUS lines showed lower unfavorable Pi values, indicating greater adaptability to these envi-
ronments. The exceptions were lines UFUS 01 and UFUS 02, which were adapted to favorable
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environments (Table 3). These two lines were also those with the highest yield, followed by
UFUS 10, UFUS 05, and UFUS 06 which demonstrated specific adaptability to unfavorable
environments. The methods of Eberhart and Russell (1966) and Lin and Binns (1988)/Car-
neiro (1998) did not agree about the classification of all genotypes with regard to grain yield.
Nevertheless, genotypic adaptability to unfavorable environments as described under the Lin
and Binns (1988)/Carneiro (1998) analytical approach is relevant for the planting season for
which these genotypes are being evaluated and recommended (i.e. off-season cultivation).

Table 3. Mean grain yield (kg/ha) and estimates of the parameters for adaptability and stability in 15 soybean
genotypes at four experimental sites.

Genotypes Mean grain yield Eberhart and Russell (1966) Lin and Binns (1988)/Carneiro (1998)
(kg/ha) @ —

¢ Bli azdi R? (%) igcncral Pifmcmblc Piunfavolablc
UFUS 01 2907.0 1.58 -87,941.3m™ 92.44 432,580.8 276,892.3 322,529.3
UFUS 02 2972.6 1.60" -25,108.9 86.85 417,184.2 252,087.6 295,936.0
UFUS 03 2767.0 1.33% -118,871.1™ 93.92 470,592.1 426,414.0 389,623.4
UFUS 04 2566.5 0.79 -106,489.7 80.56 755,493.8 997,625.8 557,245.0
UFUS 05 2835.1 0.23 -41,486.7" 12.99 633,404.4 709,301.5 514,770.2
UFUS 06 2822.1 0.81" -121,619.6™ 86.11 495,940.2 546,640.6 495,848.8
UFUS 07 2768.9 0.48" 549,681.8* 09.86 646,780.9 944,279.5 534,653.6
UFUS 08 2797.7 1.18 -110,861.8™ 91.01 478,204.6 492,921.0 409,768.6
UFUS 09 2451.5 0.88" 43,427.6™ 57.03 985,807.3 1,152,925.3 833,736.3
UFUS 10 2897.0 1.73 1,012,618.5%* 46.53 519,018.6 602,257.0 499,993.9
UFUS 11 2504.1 0.80" 15,402.0%* 55.64 832,650.1 1,026,918.4 588,269.4
UFUS 12 2589.6 0.88" 413,322.5* 31.67 855,085.2 1,130,646.7 761,804.4
UFUS 13 2568.5 0.89m 491,990.9* 29.51 743,844.6 987,695.2 545,116.3
UFUS 14 2584.9 0.96™ 132,068.2™ 52.15 771,518.9 1,015,138.8 582,280.8
MSOY8000 2434.6 0.86™ 399,451.7 31.21 1,138,360.9 1,514,917.5 944,696.3

ns = Non-significant. ***Significant at 1 and 5% levels of probability, respectively, by the F test.

In the centroid method, which is based on analysis of principal components, the dis-
crimination of genotypes is determined by their adaptation to distinct environmental groups
(i.e. favorable or unfavorable) (Rocha et al., 2005). The lines UFUS 01 and UFUS 02 were
both grouped in ideotype II (specific adaptability to favorable environments) but were never-
theless promising materials as they had the highest average grain yield as well as high adapt-
ability and high stability according to the classification provided by the Eberhart and Russell
(1966) method (Table 4). UFUS 10, which was ranked as the third most productive line, was
classified as adapted to favorable environments according by the centroid method, whereas
by the Lin and Binns (1988)/Carneiro (1998) method its adaptation was specific to unfavor-
able environments. The UFUS 05 genotype was classified as ideotype III indicating specific
adaptability to unfavorable environments; the same classification was produced by the Lin and
Binns (1988)/Carneiro (1998) method. This information is relevant not only because of the
presence of locations with a negative environmental index (Porangatu and Buritizeiro), but
also because this lineage was ranked as the fourth for yield trait. Despite the restricted clas-
sification of UFUS 01, UFUS 02, UFUS 05, and UFUS 10 as showing specific adaptability to
favorable or unfavorable environments, it is important to highlight the conditions under which
these genotypes were evaluated, i.e., grown in a non-recommended planting season and in en-
vironments not previously used for these lines. These conditions allowed expression of genetic
potential in these lines during off-season cultivation as evidenced by their good yield perfor-
mance and their superiority compared to the check cultivar ‘MSOY 8000’. This improved

Genetics and Molecular Research 14 (3): 9633-9645 (2015) ©FUNPEC-RP www.funpecrp.com.br



R.O. Batista et al. 9640

behavior might be attributed to various factors, such as the presence of “long juvenility” al-
leles in UFUS lines. The expression of these gene variants under conditions of suboptimal
photoperiod for flowering stimulation, may allow the plants to maintain vegetative growth.
This might allow increased accumulation of biomass that is ultimately transferred to the grain.

Table 4. Mean grain yield (kg/ha), ideotype classification by the centroid method, and probability of association
to ideotype in 15 soybean genotypes at four experimental sites.

Genotypes Mean grain yield Ideotype Centroid'
Prob (I) Prob (IT) Prob (I1T) Prob (IV)

UFUS 01 2907.04 I 0.26 0.35 0.18 0.21
UFUS 02 2972.67 I 0.27 0.35 0.18 0.20
UFUS 03 2767.08 I 0.24 0.30 0.21 0.25
UFUS 04 2566.50 v 0.19 0.22 0.26 0.33
UFUS 05 2835.10 I 0.23 0.21 0.30 0.26
UFUS 06 2822.13 v 0.25 0.25 0.25 0.25
UFUS 07 2768.94 it 0.23 0.19 0.34 0.24
UFUS 08 2797.71 I 0.25 0.27 0.23 0.25
UFUS 09 2451.56 v 0.18 0.23 0.22 0.36
UFUS 10 2897.06 I 0.27 0.32 0.19 0.21
UFUS 11 2504.15 v 0.19 0.21 0.27 0.34
UFUS 12 2589.60 v 0.21 0.22 0.27 0.30
UFUS 13 2568.52 v 0.21 0.24 0.26 0.30
UFUS 14 2584.92 v 0.21 0.26 0.23 0.31
MSOY 8000 2434.63 v 0.19 0.22 0.24 0.34

'T: general adaptability; II: specific adaptability to favorable environments; I11: specific adaptability to unfavorable
environments; [V: poorly adapted.

Analysis of the grain oil contents showed that eight UFUS lines were classified as
having general adaptability (Eberhart and Russell, 1966), including UFUS 10 and UFUS 02,
which were first and sixth most productive for this trait (Table 5). Among these genotypes
with general adaptability, only UFUS 05 and UFUS 13 showed high stability. In addition to
productivity, UFUS 05 showed specific adaptability to unfavorable environments, a valuable
characteristic for off-season cultivation. In addition to having high oil content, the UFUS 06
line showed specific adaptability to favorable environments. The UFUS 04 line stood out be-
cause of its high oil content in the grain, adaptability to unfavorable environments, and high
stability; these characteristics make it an interesting option for breeding for oil content. Also
noteworthy was UFUS 10 which, in addition to being the line with the highest oil content in
the grain, showed general adaptability (Eberhart and Russell, 1966) and had the third high-
est grain yield, resulting in a higher oil yield per hectare. Ten UFUS lines showed specific
adaptability to favorable environments by the Lin and Binns (1988)/Carneiro (1998) method
including UFUS 10 and UFUS 06 that were classified as lines with high oil contents in the
grain (Table 5). For this characteristic, both Eberhart and Russell (1966) and Lin and Binns
(1988)/Carneiro (1998) methods were consistent in describing UFUS 06 as showing specific
adaptability to favorable environments and UFUS 04 to unfavorable environments. Among
the six most productive breeding lines with regard oil content, UFUS 02, UFUS 10, and UFUS
06 were also ranked as first, third, and fifth places, respectively, for yield.

The centroid method classified lines UFUS 02, UFUS 06, UFUS 10, and UFUS
11 as having high adaptability and similarity to ideotype I for oil contents (Table 6). Lines
UFUS 01, UFUS 04, and UFUS 05 and the check cultivar MSOY 8000, also had superior
performance with respect to oil content when compared with the overall average and were
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Table 5. Mean oil contents (%) and estimates of the parameters for adaptability and stability in 15 soybean
genotypes at four experimental sites.

Genotypes Mean oil content (%) Eberhart and Russell (1966) Lin and Binns (1988)/Carneiro (1998)
B:Li Cl'ii R? (%) Pigeneral Pifavomble Piunfavolablc
UFUS 01 22.29 0.09°" 0.16* 1.32 0.47 0.99 0.30
UFUS 02 2231 1.09 0.15* 68.35 0.53 0.20 0.63
UFUS 03 22.09 1.87 0.08™ 90.43 0.67 0.98 0.87
UFUS 04 22.53 -0.01" 0.04 0.08 0.26 0.87 0.10
UFUS 05 22.29 0.58 -0.02m 82.87 0.47 0.57 0.43
UFUS 06 22.71 1.57* 0.79%* 50.77 0.23 0.00 0.31
UFUS 07 21.69 1.23m 0.15* 73.37 1.26 0.66 1.46
UFUS 08 22.21 1.64' 0.89%* 49.92 0.70 0.18 0.88
UFUS 09 21.98 0.63™ 0.48%* 20.64 0.98 0.74 1.06
UFUS 10 22.74 1.14" 0.21%* 63.64 0.11 0.03 1.14
UFUS 11 22.40 2.02" 0.08 91.86 0.47 0.00 0.62
UFUS 12 22.07 1.227 0.39™ 54.03 0.87 0.36 1.03
UFUS 13 21.78 0.81 0.01™ 80.11 1.00 0.96 1.03
UFUS 14 21.54 0.72 0.79%* 17.92 1.72 1.43 1.82
MSOY8000 22.46 0.39* 0.10* 27.35 0.30 0.52 0.23

ns = Non-significant; (**) and (*) significant at 1 and 5% levels of probability, respectively, by #-test; ***Significant
at 1 and 5% levels of probability respectively by the F test.

classified as ideotype III (specific adaptability to unfavorable environments). The centroid
method was effective at discriminating lines by their oil content performance and classified
the genotypes into ideotypes I or III with higher oil contents or into ideotypes II or IV with
lower oil contents. For genotypes with higher oil contents (i.e., UFUS 10, UFUS 06, UFUS
04, UFUS 11, and UFUS 02), the adaptability classification was consistent in at least two of
the three analytical methods. The highest yielding line, UFUS 10, for example, was classified
as having general adaptability by both Eberhart and Russell (1966) and centroid methods.
The second most productive line, UFUS 06, was classified as showing specific adaptability to
favorable environments by Eberhart and Russell (1966) and Lin and Binns (1988)/Carneiro
(1998). UFUS 04 (the third most productive line) showed specific adaptability to unfavorable
environments in all three methods. UFUS 02 (sixth highest oil content) showed general adapt-
ability by Eberhart and Russell (1966) and centroid methods. With regard to these four lines,
it is worth mentioning that the oil content in each was higher than the average levels reported
for genotypes with high potential for biodiesel production (Cavalcante et al., 2011; Dorneles
et al., 2011). In addition, UFUS 02, UFUS 06, and UFUS 10 also excelled for grain yield,
giving these lines great potential as cultivars for off-season cultivation and for use as parental
lines in breeding programs. Silva (2013) highlighted the fact that the soybean crop worldwide
contributes to 29.4% of the vegetable oil market and that this production is primarily intended
for human consumption or as raw material for the production of biodiesel.

With regard to protein content in the grain, seven of the fourteen UFUS lines and
MSOY 8000 had high adaptability by the method of Eberhart and Russell (1966) (Table 7).
UFUS 13 was found to be the line with highest protein content in the grain, to have general
adaptability, and to be very stable. Lines UFUS 14 and UFUS 12 were second and third most
productive for protein content and also had high adaptability; however, the analysis indicated
that they were rather unstable. Line UFUS 05, which also showed promise for other traits,
showed general adaptability and higher than average protein content in grain. UFUS 07, which
ranked fourth for grain yield, and was also considered to have enhanced protein production,
showed high stability and specific adaptability to unfavorable environments.
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Table 6. Mean oil contents (%), ideotype classification by the centroid method, and probability of association to
ideotype in 15 soybean genotypes at four experimental sites.

Genotypes Mean oil content (%) Ideotype Centroid'
Prob (I) Prob (II) Prob (I1I) Prob (IV)

UFUS 01 22.29 11 0.27 0.17 0.38 0.19
UFUS 02 22.31 I 0.27 0.25 0.25 0.23
UFUS 03 22.09 I 0.23 0.31 0.21 0.25
UFUS 04 22.53 11 0.27 0.12 0.47 0.13
UFUS 05 22.29 I 0.27 0.21 0.30 0.22
UFUS 06 22.71 I 0.41 0.18 0.26 0.16
UFUS 07 21.69 v 0.15 0.30 0.16 0.38
UFUS 08 2221 I 0.26 0.26 0.24 0.24
UFUS 09 21.98 v 0.22 0.26 0.24 0.29
UFUS 10 22.74 I 0.47 0.14 0.26 0.13
UFUS 11 22.40 I 0.29 0.28 0.22 0.21
UFUS 12 22.07 v 0.21 0.29 0.21 0.29
UFUS 13 21.78 v 0.19 0.26 0.22 0.34
UFUS 14 21.54 v 0.15 0.26 0.16 0.43
MSOY8000 22.46 11 0.31 0.16 0.36 0.17

Tdeotype I has general adaptability; ideotype II has specific adaptability to favorable environments; ideotype IIT
has specific adaptability to unfavorable environments; ideotype IV is poorly adapted.

Using the Pi parameter (Lin and Binns, 1988; Carneiro, 1998), eight UFUS genotypes
demonstrated specific adaptability to favorable environments and six to unfavorable environ-
ments. UFUS 13, which was the most productive line for protein content, showed specific
adaptability to favorable environments; this line showed general adaptability and high stability
by the Eberhart and Russell (1966) method. UFUS 14 and UFUS 12, both of which had high
protein content in the grain, showed specific adaptability to unfavorable and favorable environ-
ments respectively, However, they were classified as general adaptability by the Eberhart and
Russell (1966) method. The lines UFUS 07 and 06, which ranked fourth and fifth for protein
content, showed similar behaviors by Linn and Binns (1966)/Carneiro (1998) and Eberhart and
Russell (1966) and were classified as having specific adaptability to unfavorable (UFUS 07)
and favorable environments (UFUS 06). The similarity of the two analytical methodologies for
distinguishing adaptability in UFUS genotypes was more frequent for the least productive lines.

Table 7. Mean protein contents (%) and estimates of the parameters for adaptability and stability in 15 soybean
genotypes at four experimental sites.

Genotypes Mean protein content (%) Eberhart and Russell (1966) Lin and Binns (1988)/Carneiro (1998)
B:Li aﬁi R? (%) Pigenerul Piﬁwomblc Piunfavolablc
UFUS 01 40.77 0.81™ 0.47* 32.48 2.63 2.98 2.27
UFUS 02 40.25 -0.27* 0.21m 08.45 3.90 5.44 2.35
UFUS 03 41.11 1.78* 0.08" 86.90 1.59 1.03 2.15
UFUS 04 40.60 1.29™ 0.89%* 42.24 3.12 2.72 3.52
UFUS 05 41.32 0.70 0.68%* 21.31 1.72 2.25 1.18
UFUS 06 41.53 2.647 0.94%* 74.43 1.22 0.48 1.97
UFUS 07 41.57 0.08" -0.10™ 07.40 1.05 1.66 0.44
UFUS 08 40.76 1.82° 0.55%* 68.47 2.41 1.51 3.31
UFUS 09 40.85 -1.377 0.44* 59.09 3.12 5.73 0.52
UFUS 10 40.01 2117 0.56%* 74.06 4.28 2.96 5.60
UFUS 11 41.23 1.59 1.41%* 42.37 1.69 0.96 2.43
UFUS 12 41.80 1.22m 0.837%* 40.60 0.89 0.72 1.05
UFUS 13 41.92 1.29™ 0.20™ 68.50 0.65 0.45 0.86
UFUS 14 41.87 0.48" 1.17%* 07.31 1.00 1.28 0.72
MSOY8000 40.97 0.84m 4.73%* 06.13 2.77 3.00 2.52

ns = Non-significant; (") and (") significant at 1 and 5% levels of probability, respectively, by #-test; ***Significant
at 1 and 5% levels of probability respectively by the F test.
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By the centroid method, the four genotypes with the highest protein content in the
grain, (UFUS 13, UFUS 14, UFUS 12, and UFUS 07) clustered with ideotype I and showed
general adaptability (Table 8). The less productive lines clustered with ideotype IV, whose
behavior was considered poorly adapted. Line UFUS 06, the fifth most productive for protein
content, was classified as ideotype Il and showed specific adaptability to favorable environ-
ments by all three methodologies in this study (Tables 7 and 8). Moreover, the three most
productive lines (UFUS 13, UFUS 14, and UFUS 12) also had high adaptability according
the Eberhart and Russell (1966) method. The centroid method gave a similar result for lines
UFUS 03, UFUS 06, UFUS 08, and UFUS 09 as the Lin and Binns (1988)/Carneiro (1998)
and Eberhart and Russell (1966) methods (Table 7).

Comparison with previously reported data on commercial cultivars of the 1990s (Mas-
carenhas et al., 1990) indicated that the UFUS lines showed an approximately 7% increase in
protein content. Souza et al. (2009) obtained an average of 35% protein in an assessment of the
BRS 206 cultivar. Thus, the performance of the UFUS lines for this characteristic is of inter-
est for breeding programs due to the increasing global demand for soybean meal with higher
protein contents for animal feed.

Table 8. Mean protein contents (%), ideotype classification by the centroid method, and probability of association
to ideotype in 15 soybean genotypes at four experimental sites.

Genotypes Mean protein content (%) Ideotype Centroid!
Prob (I) Prob (IT) Prob (I1IT) Prob (IV)

UFUS 01 40.77 v 0.22 0.25 0.24 0.29
UFUS 02 40.25 v 0.16 0.18 0.28 0.38
UFUS 03 41.11 il 0.26 0.32 0.20 0.22
UFUS 04 40.60 v 0.20 0.27 0.22 0.31
UFUS 05 41.32 I 0.28 0.25 0.25 0.23
UFUS 06 41.53 I 0.30 0.36 0.17 0.17
UFUS 07 41.57 I 0.32 0.21 0.28 0.19
UFUS 08 40.76 I 0.23 0.31 0.21 0.26
UFUS 09 40.85 I 0.19 0.16 0.41 0.24
UFUS 10 40.01 v 0.16 0.28 0.18 0.38
UFUS 11 41.23 I 0.28 0.29 0.22 0.22
UFUS 12 41.80 1 0.37 0.25 0.21 0.18
UFUS 13 41.92 I 0.40 0.24 0.19 0.16
UFUS 14 41.87 I 0.37 0.22 0.24 0.18
MSOY8000 40.97 I 0.25 0.25 0.25 0.25

Tdeotype I has general adaptability; ideotype II has specific adaptability to favorable environments; ideotype II1
has specific adaptability to unfavorable environments; ideotype IV is poorly adapted.

Regarding grain protein content, no agreement has been reached on the relationship
of this trait to grain yield as is evident for oil content. Thus, the strategies suggested are: 1)
direct selection for grain yield with gain in oil content for biodiesel production, or ii) specific
selection for increased protein content in soybean meal. The UFUS 10 and UFUS 05 lines
can be recommended for planting in off-season cultivation of soybeans due to their better per-
formance in both grain yield and oil content and the associated traits of general and specific
adaptability to unfavorable environments for these characteristics. The UFUS 06 line showed
superior performance in the three characteristics and proven to be specifically adapted to fa-
vorable environments. For protein content in the grain, the UFUS 13 genotype was found to
be well adapted, stable and to have a high performance.
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