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Abstract—Biplot can be used to evaluate cultivars for their oil
percent potential and stability and to evaluate trial sites for their
discriminating ability and representativeness. Multi-environmental
tridl (MET) data for oil percent of 10 open pollinating sunflower
cultivars were analyzed to investigate the genotype-environment
interactions. The genotypes were evaluated in four locations with
different climatic conditions in Iran in 2010. In each location, a
Randomized Complete Block design with four replications was used.
According to both mean and stability, Zaria, Master and R453, had
highest performances among al cultivars. The graphica anaysis
identified best cultivar for each environment. Cultivars Berezans and
Record performed best in Khoy and Islamabad. Zaria and R453 were
the best genotypes in Sari and Kargj followed by Master and Favorit.
The GGE bi-plot indicated two mega-environments, group one
contained Karaj, Khoy and Isamabad and the second group
contained Sari. The best discriminating location was Kargj followed
with Khoy, Isamabad and Sari. The best representative genotypes
were Zaria, R453, Master and Favorit. Ranking of ten cultivars based
their oil percent was as Zaria > R453 ~ Master ~ Favorit > Record =~
Berezans > Sor > Lakumka > Bulg3 > Bulgb.
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|. INTRODUCTION

UNFLOWER is a major oil crop in the world and is

cultured in many different climatic conditions. Stability
investigation and testing cultivars at multi-locations is very
important to ensure that the selected cultivars have acceptable
performance in variable environments [4], [7]. Effective
interpretation and utilization of the MET data in making
selection decisions, however, remain a maor chalenge to
plant breeders. There are two major task works for researcher
to be done in stability analysis. The first is to determine
whether the target region is homogeneous or should be divided
into different mega-environments; the second is to select
superior cultivars for a given mega-environment. It is often
difficult to determine the pattern of genetic response of
different genotypes across the environments without the help
of graphical methods [15], [6]). It is possible to describe the
relationship between the genotypes and environments for each
attribute graphically. Some authors proposed a GGE biplot
that allows visual examination of the GE interaction pattern of
MET data [8], [10], [11] [14]. GGE biplot refers to the
genotype main effect (G) and the genotype x environment
interaction (GE), which are the two sources of variation that
arerelevant to cultivar evaluation.
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In this method, genotypes are depicted by numbers and
environments by vectors from the origin. It can be used to
identify superior cultivars and test environments that facilitate
identification of such cultivars[3], [5].

This GGE biplot can effectively identify the GE interaction
pattern of data. It clearly shows which cultivar won in which
environments, and thus facilitates mega- environment
identification. Therefore, multi-location trials conducted over
years are essential for addressing the mega-environment issue.
Ideal cultivars should have a large PC1 score (high yielding
ability) and a small (absolute) PC2 score (high stability).
Similarly, ideal test environments should have a large PC1
score (more discriminating of the genotypes in terms of the
genotypic main effect) and small (absolute) PC2 score (more
representative of the overall environment) [14], [11]).

The objectives of this study were to 1) graphically
summarize the effects of G and GE interaction and examine
the pattern of associations between attributes across
environments 2) to revea the possible existence of different
mega-environments in the sunflower growing regionsin Iran.

I1.MATERIALS AND METHODS

Ten open-pollinating sunflower cultivars, Zaria, R453,
Master, Favorit, Record, Berezans, Sor, Lakumka, Bulg3 and
Bulgs were evauated in a Randomized Complete Block
(RCB) design with four replications in four different locations
in Iran, namely Kargj, Sari, Islamabad and Khoy (table 1).
Each plot consisted of five 5-m-long rows, of which the three
central lines were evaluated without the outer 0.50 m of each
row. The rows were spaced 0.80 m apart, with a density of 5
viable plants per meter. The crop was treated with the normal
cultural practices. These materials evaluated in the 2010-2011
growing season. To evauate the phenotypic stability and
adaptability, the GGE biplot anaysis was employed,
considering the simplified model for two main components. In
this approach, the effects of genotype (G) and genotype by
environment interaction (GE) were considered as random in
the model. In this case, the best linear unbiased prediction
(BLUP) of G and GE effects was calculated. The components
of genotypic, GE interaction and residual variances were
estimated by the method of restricted maximum likelihood
(REML). For the analyses of variance, the SAS statistical
software package was. We used GGE biplot software to
explain the relationships between genotype and locations
graphically [12].

I11. RESULTS AND DISCUSSION

Significant differences were found across-genotypes and
environments for oil percent (data not shown). Similar results
were reported by Salah and abdellah [2] for yield data in
sunflower. The partitioning of the sums of squares indicated

306



International Journal of Biological, Life and Agricultural Sciences

ISSN:

2415-6612

Vol:6, No:5, 2012

that environments accounted for 8.21% of the tetahs of
squares for oil percent. GXE interaction varianees wW9.14%
and G was 11.595 of total variation. Figure la shahe
ranking of the genotypes based on their mean odgme and
stability. It was pointed out that if PC1 of a GGiplot
approximates the genotype main effects (mean pudoce)
PC2 must approximate the GE effects associated edtth
genotype, which is a measure of instability [143]} [15].
The line passing through the bi-plot origin and theerage
environment indicated by circle is called the augera
environment coordinate (AEC) axis, which is defirted the
average PC1 and PC2 scores of all environmentgedian of
genotype markers onto this axis should, therefapproximate
the mean yield of the genotypes. Thus, the genstyjsia,
R453, Master, Favorit, Record and Berezans havéitteest
yield, followed by genotypes Sor, Lakumka, Bulg3 &8ulg5.
The line which passes through the origin and ip@edicular
to the AEC with double arrows represents the poals
stability genotypes. Either direction away from theplot
origin, on this axis, indicates greater GXE int&émct and
reduced stability [13]. Therefore, genotypes Bulghd Sor
near the top and Record near the bottom of theldbiqre
more variable and less stable than others genatypedeal
cultivar should have the highest mean performanua lze
absolutely stable. Such an ideal cultivar is defiby having
the greatest vector length of the high-yielding @gpes and
with lowest GE. In this study the nearest cultit@ideal entry
is Zaria. This cultivar can be used as a referdaceultivar
evaluation. A genotype is more desirable if itdedted closer
to ideal genotype. Hence, Favorit, Master and R&tg83losest
to the ideal genotype, and therefore, most desrablall the
tested genotypes. For broad selection, the idazbtgpes are
those that have both high mean yield and high lgsalin the
bi-plot, they are close to the positive end of A&t have the
shortest vector from the AEC. On the other hand sfecific
selection, the ideal genotypes are that have highnnyield
but low stability and respond well to particulaveanments.
Two criteria are required to suggest existence ifferént
mega-environments. First there are different
genotypes in different test locations. Second, lileéwveen-
group variation should be significantly greatemthiae within-
group variation, a common criterion for clusterimjviding
the target environment into different mega-envirents and
deploying different genotypes in different megaiemvments
is the best way to utilize GEI. The polygon viewtbé GGE
bi-plot (shown in figure 1b) indicates the best @gpe(s) in
each environment and groups of environments. Thgpo is
formed by connecting the markers of the genotypes are
furthest away from the bi-plot origin such that afther
genotypes are contain in the polygon. The vertelkiveus
(zaria, Sor, Bulg5, Bulg3, Record and R453) haweltimgest
vectors, in their respective direction, which isneasure of
responsiveness to environments. The vertex cudtivare,
therefore, among the most responsive genotypesttaks are
less responsive in their respective direction. Tihes that

wigninperformance

located at the origin would rank the same in alliemments
and are not at all responsive to the environmeWts. can
compare two adjacent vertex genotypes with polydeor.
example comparison of cultivars number R453 wittcdre
indicates that R453 had higher yields in Karaj besea
genotype R453 located on Karaj sector. Similariyaggpe G8
is better in Khoy and Islamabad because this @ultiand
Khoy and Islamabad located in one sector. The asgdines
that are perpendicular to the sides of the polygortheir
extension [13]. These rays divide the bi-plot isbo sections,
and ten genotypes and four sites fall into oneheit. The
vertex lines for each sector are the ones that gavédighest
yield for the environments that fall within thatcser. Vertex
genotypes are the most responsive genotypes; teehea best
or else the poorest genotypes in some or all of tds
environments. Figure 1c provides the summary of the
interrelationships among the environments. The sliteat
connect the bi-plot origin and the markers for the
environments are called environment vectors. Thelean
between the vectors of two environments is reldtedhe
correlation coefficient between them. The cosinghef angle
between the vectors of two environments approximaite
correlation coefficient between them [9], [13]. Bdson the
angles of environment vectors, the four sites aceiged into
two groups. Group one includes Karaj, Khoy andnisibad.
Group two involves Sari. For example the small arigtween
Khoy and Islamabd implys that there is a high datien
between them. Another interesting observation ftenvector
view of the bi-plot is that the length of the emviment vectors
approximates the standard deviation within eachrenment,
which is a measure of their discriminating abili2]. Thus,
Karaj is most discriminating. Figure 1d shows thaking of
different genotypes based ideal genotype. Ideabtype in
this figure located in center of concentric circtbat shows
with arrow in picture. Genotypes near this poirg better than
others. Therefore ranking of genotypes is Zaria 46R~
Master~ Favorit > Record~ Berezans > Sor > Lakumka >
Bulg3 > Bulg5. Entries that are close together singilar in
across  environments, while adjacent
environments are similar in the way they discrintgnamong
genotypes. High yielding and stable genotypes bstehd to
be on the bottom right quadrant of the joint pRésults shows
that genotypes Berezans, Favorit, Master, R453piReand
Zaria, being in the right quadrant, gave the highesrage oil
percent (highest primary scores) and were defiredvidely
adapted over the sites (small secondary scoregszsibed by
de la Vega and Chapman [1]. Genotypes Master, Ravor
R453 and Zaria are closely related in their oilceet potential
as well as their response to varying environmestsdicated
by acute angle formed between these genotypesdriim as
reported by Kroonenberg [10]. Genotype Zaria caso dle
termed as high yielding and stable because oaitgel primary
effect scores and almost near zero secondary sdantses
Bulg3 and Bulg5 had the yields which were belowdkierage
and were highly unstable (large absolute secondsng).

307



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612

Vol:6, No:5, 2012
TABLE |
SUMMARY INFORMATION OF FIVE SITES AND MEAN OIL PERCET OF
SUNFLOWER GENOTYPES

Trial Karaj Sari Islamabad Khoy
Latitude 35°46° 36°33  34°06 38° 33"
Longitude 50°54° 53°03°  46°31° 44° 567
Elevation (m) 1250  40.55  1333.54 1148.17
Mean oil 4654 4311 44.84 45.99

percent (%)
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Fig. 1 The GGE bi-plot based on the 10 sunfloweggpes oil percent for 4 environments. The 10
genotypes are displayed by G and numbers (G1 — &idjhe 4 environments in letter (KAR:
Karaj, SAR: Sari, KHO: Khoy and ISL: Islam Abad).Average-environment coordinate (AEC)
view of the GGE bi-plot for Ranking of 10 genotygessed on mean and stability; b, Polygon view
of the GGE bi-plot show the "which-won-where patteiG1: Berezans, G2: Bulg3, G3: Bulg5, G4:
Favorit, G5: Lakumka, G6: Master, G7: R453, G8: &td¢G9: Sor, G10: Zaria
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Fig. 1 Continuec, The vector view of the GGE bi-plot to show redathip
among environmentd, Ranking genotypes based on ideal genc
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