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ABSTRACT
Studying the reaction of the different genotypes under different environmental conditions helps breeders
to detect stable and high-yielding genotypes. In this regard, 11 new sunflower hybrids along with four
cultivars (Golsa, Ghasem, Shams, and Farrokh) were evaluated in a randomized complete block design
with four replications in four experimental field stations (Karaj, Sari, Kermanshah, and Dezful) during
two cropping seasons. GGE biplot statistical method (genotype effect + genotype x environment
interaction) was used to study the adaptation of genotypes in the studied environments. Results of
combined analysis of variance indicated that the effects of environments, genotypes, and genotype x
environment interaction were significant, suggesting that the genotypes responded differently in the
studied environment conditions. Results of the GGE biplot method showed that the two first and second
principal components of the GGE biplot explained 66.4% of the total seed yield variation. Based on the
biplot polygon view, the hybrid RGK15xAGK1221 in Sari and Karaj locations and the hybrid
RGK25xAGK330 and Shams cultivar in Dezful location were superior genotypes with the high specific
adaptation. Besides, all environments had high discriminating ability so that could able to show
differences between genotypes. Sari environment was the nearest environment to the ideal environment

that had the highest discriminating ability and representativeness.
Keywords: Genotype x environment interaction, ideal genotype, seed vyield, specific adaptation,
sunflower.
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Table 1. Genotypic code, name and origin of the tested sunflower genotypes.

No Code Name/pedigree Origin
1 Gl RGK25xAGK330 Iran
2 G2 RGK15xAGK376 Iran
3 G3 RGK15xAGK370 Iran
4 G4 RGK15xAGK358 Iran
5 G5 RGK111xAGK32 Iran
6 G6 RGK21xAGK2 Iran
7 G7 RGKo054xAGKo060 Iran
8 G8 RGK15xAGK1221 Iran
9 G9 RGK21xAGKo042 Iran
10 G10 RGK111xAGK78 Iran
11 Gl1 RGK24xAGK370 Iran
12 G12 Golsa Iran
13 G13 Ghasem Iran
14 Gl4 Shams Iran
15 G15 Farrokh Iran
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Table 2. Agro-climatic characteristics of the studied environments in this research.

Code Location Cropping season  Longitude (E) Latitude (N)  Altitude (m) Rainfall (mm)
Krjl9  Kargj 2018-2019 Cer o e

Krj20  Karaj 2019-2020 30754 35736 1312 300
Sal9 Sari 2018-2019 010" 0 41"

Sa20  Sari 2019-2020 33710 36741 29 650
Krm19 Kermanshah 2018-2019 0~ g oo

Krm20 Kermanshah  2019-2020 47°26 34708 1346 468
Dez19  Dezful 2018-2019 0 n- 0 An-

Dez20  Dezful 2019-2020 48732 32722 82 319
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Table 3. P-value values for Kolmogorov-Smirnov normality test of experimental errors in sunflower

Location

Test statistic

2018-2019 2019-2020
Karaj 0.08" 0.06"™
Sari 0.06™ 0.05™
Kermanshah 0.07™ 0.05"™
Dezful 0.06™ 0.08™

ns: Normality of experimental errors distribution.
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Table 4. Combined variance analysis of the sunflower genotypes seed yield in different environments.

Source of variations df Mean square
Location 3 58735118.5™
Year 1 3859612.0™
Location x Year 3 23560381.8™
Replication (Location x Year) 24 1550923.8
Genotype 14 2359830.2™
Genotype x Location 42 1034632.4™
Genotype x Year 14 463532.6™
Genotype x Location x Year 42 562815.4™
Error 336 119452.5
Total 479

**: Significant at the 1% of probability level.
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Figure 1. Biplot polygon view of the genotypes and environments grouping in sunflower. PC1: first
principal component, PC2: second principal component.
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Figure 2. Biplot view of the displaying the relationships among the studied environments in sunflower.
PC1.: the first principal component, PC2: the second principal component
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Figure 3. Biplot view of the studied environments comparing with the ideal environment in sunflower.
PC1.: the first principal component, PC2: the second principal component
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