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Abstract: Soybean fatty acids( FA) are major sources of vegetable oil. The objective of the present study was to select stable

perform of FA of twenty-six cultivars across three environments. Three tested locations including Nanning in 2012, Harbin in

2013 ,and Harbin in 2012 were highly correlated. * Which-won where’ study partitioned the testing locations into three envi-
ronments , the result showed genotypes G17 ( Hefeng 52) ,G21( Bei 1484 ) ,G4 ( Donong 42 ) , G20 ( Heihe 45 ) and G20 ( Heihe

45 ) were the best performing genotypes for palmitic acid, stearic acid, oleic acid, linoleic acid and linolenic acid content, re-

spectively. Genotypes G9 ( Kenfengl5)and G20 ( Hehei45 ) located closer to the ‘ideal genotype’ are more desirable than oth-

ers. The result of the present study indicated that most genotypes varied depending on the tested environment. This study was

valuable to identify genotype with stable perform of fatty acid of these twenty-six cultivar for developing new cultivar.
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Soybean oil consisted of five FA including palmitic
(PA) ,stearic(ST) ,oleic( OL) , linoleic ( LI) , and lin-
olenic acids(LN)'"" which was approximately 20% of
the seed mass'>'. Human nutritional studies have sug-
gested that FA might play an important role in the pre-
vention and treatment of a number of diseases'>”'.
These five FA content were effected by significant gen-
otype x environments ( GE ). Hence, soybean cultivars
with reasonable FA content required evaluation in mul-
tiple environments, however, perform of soybean culti-
var across multi-environments didn’ t behave stable.
GGE biplot analysis offered a faster and more accurate
approach for evaluating stability of cultivar, because e-

valuation could be based on genetic main effect than
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solely on phenotype. GGE biplot analysis could remove
the environment and GE interaction effect'®’. Further-
more , GGE biplot analysis could identify ‘ which-won-

where ’  besides identifying different mega-environ-

(67

ments ") It has been used to analyze many crop spe-

. ’
cles
[8

stability across multi-environments including

. 10
rice [10]

! wheat"”’ ,peanut’ oat'"" sorghum[m. While
there has no analysis on FA for soybeen yet using GGE
biplot.

In this study,we analyzed the fatty acid performance of
twenty-six soybean cultivars from Heilongjiang province

using GGE biplot.
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1 Martial and methods

1.1 Plant materials

Twenty-six soybean cultivars from Heilongjiang

province were used to analyze, mainly from Northeast
Agricultural University, Soybean Institute of HAAS,
Suthua Branch of HAAS, Jiamusi Branch of HAAS and
Academy of Land Reclamation Science( Table 1).

Table 1 Twenty-six tested culticans and their developing settor information

Code Name Developing sector Code Name Developing sector

Gl Donong 50 Northeast Agricultural University Gl14 Suinong 4 Suihua Branch of HAAS
G2 Donong 49 Northeast Agricultural University G15  Hefeng 25 Jiamusi Branch of HAAS
G3 Donong 47 Northeast Agricultural University G16  Hefeng 50 Jiamusi Branch of HAAS
G4 Donong 42 Northeast Agricultural University G17  Hefeng 52 Jiamusi Branch of HAAS
G5  Heinong 33 Soybean Institute of HAAS G18 Heihe 38 Jiamusi Branch of HAAS
G6  Heinong 44 Soybean Institute of HAAS G19 Heihe 48 Jiamusi Branch of HAAS
G7  Heinong 50 Soybean Institute of HAAS G20 Heihe 45 Jiamusi Branch of HAAS
G8 Kenfeng 22 Heilongjiang Academy of Land Reclamation Sciences G21 Bei 1484 Beian Research Institute
G9  Kenfeng 15 Heilongjiang Academy of Land Reclamation Sciences G22 Bei 1361 Beian Research Institute
G10  Kenfeng 18 Heilongjiang Academy of Land Reclamation Sciences G23 Bei 1873 Beian Research Institute

G11  Suinong 14 Suihua Branch of HAAS

G12  Suinong 28 Suihua Branch of HAAS

G13  Suinong 20 Suihua Branch of HAAS

G24  Kangxian 1 -

G25  Kangxian 2 -

G26  Longxuan 1 Northeast Agriculture University

HAAS ; Heilongjiang Academy of Agricultural Sciences.

1.2 Field design and evaluation of fatty acid

Those twenty-six cultivars were grown in a ran-
domized complete block design at Harbin during 2012
and 2013 and at Nanning during 2102 in two row
plots. The rows were 3 m long,90 cm apart and there
was a space of about 6 cm between two plants in a row.
FA content was extracted and determined by gas chro-
matograph analysis'"!.
1.3 Data analysis

14]

All analysis was done through GGE biplot'
2 Results and analysis

2.1 Genetic parameter analysis
Phenotypic values of FA across three environments
were showed in Table 2. The differences among those

26 cultivars were significant across three environments.

Of the five FA, LN was significantly different from dif-
ferent environments.
2.2 Mean performance and stability of the geno-
types across locations

Performance and stability of FA of genotypes were
visualized graphically through GGE biplot ( Fig. 1),
which could indicate through average environment coor-
dination ( AEC) method. The result showed that twenty-
six tested soybean cultivars performed so differently in
five FA contents, some of them were excellent germ-
plasm in three years two sites experiment. As showed in
Fig.1,G17,G21,G4,G20 and G20 were the best per-
forming genotypes for PA,ST,OL, LI and LN content,
on the other hand,G4,G16,G18,G4 and G2 were the

poorest in these five fatty acids,respectively.
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AEC abscissa( delegated by the line with single arrow head ) marker average environment and points towards higher mean values, which average

PC1 and PC2 scores over all environments. The perpendicular lines to the AEC passing through the biplot origin were referred to as AEC ordinate ( dele-

gated by the line with double-arrowed lines)

Fig. 1

Perform of twenty-six cultivar cultivars for five fatty acids
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Table 2 Statistical analysis of fatty acid of twenty-six cultivars at different environments

Locations Fatty acid Means SD CV/% Range

Harbin 2012 Palmitic acid 12.31 1.19 10. 57 8.70-18.21
Stearic acid 3.09 0.92 19.97 1.29-7.30

Oleic acid 25.37 3.21 23.20 8. 88-30.01

Linoleic acid 55.7 3.01 4.89 47.08-62. 48

Linolenic acid 8. 11 1.5 19. 56 4.40-13.02

Harbin 2013 Palmitic 13. 60 1.38 1487 10. 34-17.77
Stearic acid 2.80 0.56 20. 00 1.76-5. 89

Oleic acid 24.48 5.01 24. 01 15. 88-48. 00

Linoleic acid 52.24 4.04 9.22 32.15-61. 40

Linolenic acid 8.08 1.08 15.77 3.63-11.99

Nanning 2012 Palmitic 11.88 1.27 10. 10 10. 32-17. 00
Stearic acid 3.50 0.56 16. 00 2.20-5.36

Oleic acid 34. 61 7.79 22.30 19.57-61.91

Linoleic acid 47. 86 4.04 10. 11 27.95-59. 40

Linolenic acid 4.20 0.97 10. 00 3.67-11.31

2.3 Environment evaluation

The angles between different environments were a-
cute ( Fig. 2) , which are indicative of closer relationship
among the environments. It showed that the three loca-
tion were highly correlated ( Fig. 2). On the other
hand , discriminating ability of the tested environments
were also analyzed with projection of the environments
to the average environment axis ( AEA, Fig. 3). Thus
Nanning in 2012 was closest to the average environ-

ment followed by Harbin in 2013 and Harbin in 2012.
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Fig.2 Analysis of relatedness among

different environments

2.4 Ideal genotype analysis

Fig. 4 showed the ranking of the genotypes for
these five FA content in terms of ‘ideal genotype’. An
“ideal genotype’ is high performer with high stability
of the five FA content across three tested environ-
ments. From our study it may be stated that G9 and
G20 were close to ideal genotypes.
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Fig.3 Ranking of environment based on

discriminating ability and representativeness
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Fig.4 Ranking of genotypes relative
to an ideal genotype
2.5 ‘Which-won-where’ and mega-environment

identification
The performances of five different FA content on

each environment were evaluated. With the environ-

ment linked to Harbin in 2012, Harbin in 2013 and
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Nanning in 2012 as the corner environment, other four
FA(PA,SI,OL and LI) fell in the sector in which
Nanning in 2012 had the strongest discriminating abili-
ty for those four FA , respectively ( Fig. 5). Harbin in
2013 had the strongest discriminating ability for LN.
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Fig.5 Five fatty acid perform of twenty-six

cultivars in different environments
3 Discussion

GGE biplot could effectively detect the interaction
pattern graphically besides identifying ‘ which won-
where’ and delineation of mega-environments among
the testing locations "*'. FA perform stability of twenty-
six cultivars was evaluated through this analysis, the re-
sult showed that five genotype respectively were the
strongest genotype for five different fatty. Of them,
G17,G21,G4,G20 and G20 were the best performing
genotypes , respectively. Relationship between tested en-
vironments could be explored through cosine of the an-
gle between their vectors, which was the line connect-
ing its marker to the origin of the GGE biplot. Thus, our
study clearly indicated that all tested locations were
closely related and Harbin in 2013 were close to the
average environment.

GE interaction significantly effect perform stability of
FA of twenty-six cultivars. GGE biplot could graphical
presentation of GE interaction ; thus, GGE biplot could
define ideal genotype through having greatest vector
length of five FA genotype with zero GE as located at

the center of the concentric circles. Genotypes G9 and

G20 located closer to the ‘ideal genotype’ were more
desirable than others. The result of the present study
indicated that most genotypes varied depending on the

tested environment.
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