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Extended abstract
Introduction

Oilseeds are one of the most important sources of energy worldwide. Sunflower is an important crop with
nutritional and high economic values. Sunflower is one of the most important oilseed plants in the world, whose
seeds contain 26-50% oil and 20-27% protein. By using new and high-yield hybrids, the economic performance
of sunflower can be increased. Evaluating new sunflower hybrids under different environmental conditions is
essential in identifying and selecting superior genotypes with high and stable yield potentials. Genotype x
environment interaction effects are important limiting factors in introducing new cultivars. Various methods
have been introduced to evaluate the interaction effects, each of which examines the nature of the interaction
effect from a specific point of view. The GGE-biplot graphic method is an approach with suitable efficiency to
investigate the interaction effect of genotype x environment and provides good graphical information regarding
genotypes and environments. The aim of this study was to investigate the interaction effect of genotype x
environment using the GGE-biplot graphic method in order to evaluate genotypes, environments and
relationships between genotypes and environments and finally to identify stable genotypes with high seed yield
under different environmental conditions in sunflower.

Material and methods

A number of 16 oily sunflower genotypes were evaluated in a randomized complete block design with four
replications in four experimental field stations (Karaj, Gorgan, Kermanshah and Shahrud) during 2021-2023
cropping seasons. GGE biplot statistical method (genotype effect + genotype x environment interaction) was
used to study stability of genotypes in the studied environments. Plants were harvested at maturity and then the
seed yield was recorded for each genotype at each test environment.
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Results and discussion

The combined analysis of variance indicated significant effects of environments, genotypes and genotype x
environment interaction, suggesting that the genotypes responded differently in different environment
conditions, justifying the stability analysis. According to the results of stability analysis using Eberhart and
Russel method, the H8, H11, H14 and H10 genotypes with higher seed yield than overall mean and regression
coefficient equal to one (bi=1) was identified as the genotype with high general stability for all regions. Based on
the simultaneous selection method for yield and stability (YSi), the genotypes of H10, H10 and H8 with the
lowest values were stable, whereas genotypes H9, H16 and H6 with highest values were unstable. Also, based on
the SIIG index, the genotypes of H10 and H11 with having high SIIG value as well as higher seed yield that total
average were recognized as superior genotypes from the point of stability and seed yield. Cluster analysis
grouped the Gorgan and Kermanshah locations together, indicating that these two main environments possess
high predictability and repeatability for any future genotype performance evaluation.

Conclusions

Based on the findings of present study, genotypes H10 and H11 demonstrated superior performance in terms of
both seed yield and stability, indicating their potential for advancement in research-extension trials and possible
release as new cultivars for commercial cultivation. Plus, due to their high predictive poteintials, the Gorgan and
Kermanshah environments were identified as suitable experimental locations for the selection of high-
performing sunflower genotypes. Overall, the results highlight the effectiveness of the GGE biplot graphical
method in analyzing genotype x environment interactions and in providing valuable insights into the
performance of genotypes and the discriminative ability of test environments.
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Table 1. Code, name and pedigree of the tested sunflower genotypes

ooleds BLY aﬂi/fu %‘:‘—f) Cf
No. Code Name/Pedigree Genotype type
1 H1 RGK15 x AGK370 Hybrid
2 H2 RGK15 x AGK32 Hybrid
3 H3 RGK15 x A1221 Hybrid
4 H4 RGK3b x AGK110 Hybrid
5 H5 RGK24 x AGK370 Hybrid
6 H6 RO53 x AO67 Hybrid
7 H7 RGK15 x AF81-222 Hybrid
8 H8 RGK25 x AGK330 Hybrid
9 H9 RF81-65 x AGK370 Hybrid
10 H10 RGK15 x AF81-112 Hybrid
11 H11 SUN99-OP4 Open pollinate
12 H12 SUN99-OP8 Open pollinate
13 H13 LAKUMKA Open pollinate (check cultivar)
14 H14 PROGRESS Open pollinate (check cultivar)
15 H15 ZARRIN Hybrid (check cultivar)
16 H16 GOLSA Hybrid (check cultivar)
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Table 2. Agro-climatic characteristics of the research fields in this research
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Table 3. Combined analysis of variance and Eberhart and Russell analysis of seed yield for sunflower genotypes

Q\Jr«ﬁ CLA d-’\).T oy C)Luf C}«:—*u: C)Luja u,:.<vl:.a (M)b) Js Qbuja C_,w
Source Df Sum of squares Mean square Total sum of squares (%)
- 7 274989153 39284165™ 70.32
Environment (E)
bae 0503 )N 24 25028624 1042859
Replication/E
R 15 29273854 1951590™ 7.49
Genotype (G)
X 105 86772021 826400™ 22.19
GxE
(155
360 106079228 294665
Error
& 511 522142880
Total

Sl s oola ol 4 oS
Eberhart and Russell analysis

Total 127 97758757
G 15 7318464 487898™
E 7 68747288 9821041
GxE 105 21693005 206600™
E +[GxE] 120 90440293 753669™
E [Linear] 1 68747288 68747288
G x E [Linear] 15 3658202 243880™
Qe S5 S S 96 18034803 187863
Deviation from regression
H1 6 1406703 234451
H2 6 904520 150753*
H3 6 1639686 273281
H4 6 432070 72012*
H5 6 1076372 179395™
H6 6 847302 141217
H7 6 703704 117284*
Hs 6 1033189 172198*
H9 6 2872463 478744
H10 6 412832 68805™
H11 6 401525 66921™
H12 6 324614 54102™*
H13 6 1749590 291598™
H14 6 1466895 244482™
H15 6 907221 151204™
H16 6 1856116 309353™
Error 360 106080000 294665

doy3 ) bzl o s ls g
™ Significant at 0.01 probability level

3550 13 KT L 550 sl 6 ,melLl Cilies slad a3l Sl esliial b Jasws x 3535 bline 31 50T -6 Ju
.Ia.:>r.d/\Jb s

Table 4. Analysis of genotype x environment interaction using different nonparametric tests on 16 sunflower
genotypes grown in 8 environments.

LAo)LJ L;:lﬂ 4=y sls o bl

Statistics df y° statistic
Hildebrand 105 365.51™
Kubinger 105 293.25™
Laan-Kroon 105 210.70™

L3 ) Jlazl a5l s
™ Significant at 0.01 probability level
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Table 5. Non-parametric measures of stability for 16 sunflower genotypes

R oS
Y Ol )s p 3 5LS) Si® Si@ Si® Si®  NP®  NP®  NP®  NP®  YS
Genotype Mean yield
(Kg.hah)

1 3265 4.93 16.86 13.88 3.06 3.50 0.40 0.50 0.58 18

2 3143 5.86 23.43 20.50 4.00 4.50 0.53 0.60 0.73 15

3 3277 5.50 21.93 19.81 3.68 3.38 0.43 0.55 0.71 21

4 2802 2.18 3.55 6.03 2.67 2.75 131 0.85 0.53 17

5 3090 4.82 16.41 16.71 3.38 3.50 0.52 0.65 0.70 20

6 3093 5.46 20.55 19.51 3.76 3.50 0.63 0.59 0.74 21

7 3098 4.07 12.21 11.03 2.58 3.25 0.40 0.51 0.53 19

8 3422 4.86 16.86 12.42 2.53 4.13 0.39 0.53 0.51 9

9 3002 6.00 25.07 26.00 5.04 5.25 0.95 0.86 0.89 31
10 3870 111 141 0.64 0.49 3.13 0.52 0.22 0.07 4
11 3540 2.32 4.27 2.57 1.08 3.00 0.34 0.30 0.20 4
12 3343 5.93 24.00 17.68 3.37 4.75 0.40 0.53 0.62 16
13 3283 6.54 29.84 26.52 4.44 4.63 0.58 0.68 0.83 19
14 3383 5.14 21.93 16.59 3.14 3.00 0.27 0.48 0.56 16
15 3046 4.96 19.27 19.62 4.18 3.75 0.73 0.64 0.72 18
16 3254 6.39 27.84 21.96 3.94 5.00 0.47 0.65 0.72 24

33U slae, LT NP s NP® NP@ NP® (Nassar and Hihn, 1987) ol 5 5la 5 (Hiihn’s, 1979) ola slas,L1:5® , SO 5@ S0
Laasy ¢ sezms Jaw 2 ASR .(Kang, 1988) S o LI :KR «(Thennarasu, 1995)

S® Hiihn (1979) and Nassar and Hiihn (1987) nonparametric measures, NP® Thennarasu non-parametric (1995) measures, KR Kang (1988) rank-sum.
ASR average of sum of ranks. This value refers to all non-parametric measures.

i Sl ol s e e Bt e
538 des glp Olosen S (ol slae oS e
S (#13) Sl pagte 51 2l (YS) (ol
bl (H8 5 H11 H10) il slacs sl 5 3 0 o0
Mooty s @ s Shes 5l bl pl bawg e
S YSi Jlas oS 23 S amS Ol o ol b sl e
el slas 5 A3l e L (o)) Salys g sghe
2k s W s Ses bosbacs sy S sl
OLLE 53 Oliis ple il e O KBl clacs s
e «(Vaezi et al, 2019) > |3 5l il
Alizadeh et al., ) |;Is° ((Moghaddaszadeh et al., 2018)
Ols Sl 5 (Abyar et al, 2021) oL pxS (2020
STNGEERER £ RUESERSINS (Ghaffari et al., 2022)

L3S b me (oL ((21)3) Sl
ol s & ol 4 bl i el ety
e ¥ Jsd- s (Eberhart and Russell, 1966) |, 5
Lo

Ose S5 31 Sl 5 (L) L x sl (o)

gl ek Ol S s S OAS b e by s e

‘%fj Q‘JS\ aS sl QL..Z; @\b RSO0 PSS WS K

\4
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g5 s> (Becker, 1981) S, .(0 Jsir) Ll Ll
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S O S0 e GLIs S placd S5 e b
S0l 5 Shae pomen 5 ail Soa S L
L alagsss Olpea 3l iy (Bl IS Sl
son oy Ghle el Gl Vo s 5L
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.(Dorrani-Nejad and Mohammadi-Nejad, 2018)

S5 G 03 s N pS S el e
Sl e pS0le DAS ls e (s 3y anlllas 35
ot 85 Rl gt il Sy () lams 4 L s
e e e s e s 5 Sl
G2l GBS Gl S @ ol sy ot da
B 55 a5 3 Shae (S Bl 3pg) s
GBS Bl JOAS Sl pme 4 a5 L poen il
brood 8 D98 et Use (h) ke x
Ly oSl 5 es LS Lodss S S
Ol |y ol glamaly e ol s anllas
Lt 3 Sl Sl se 5Kibe 045 s e Llesls
sy (SASLy ebasdlsd i (CS a0l i) (S g S
Lt Gl s logys albs s Shee 4 by bl
S S g s Ol a s ke 1B O S
ONes Jamea b ot Ol pad Jsb s G555 6 S

(afarietal., 2015) 1al (g5l 5 ol s glyls
ol 5 ola ol S 55 (ML s s sl
N 5 Shes Jlxs 4w (Eberhart and Russell, 1966)
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Figure 1. Distribution diagram of sunflower genotypes based on seed yield and regression coefficient
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Table 6. Parametric measures of stability for 16 sunflower genotypes.
e e Sl S Ll okl e
e S i O S5 O S5 Jax S IS 5 s RS
Genotype  coefficien  Regression Variance of Wricke’s Shukla's Environmental  coefficient of
variance coefficient regression deviation  ecovalence variance variance determination
1 28.68 1.05 234451 1417039 216596 218668 0.77
2 31.85 1.19 150753 1063502 158876 191709 0.87
3 31.86 1.18 273281 1779952 275847 246191 0.79
4 28.83 0.98 72012 433640 56041 143729 0.91
5 24.87 0.84 179395 1181785 178187 200712 0.74
6 35.29 1.32 141217 1288967 195686 208832 0.90
7 35.82 1.36 117284 1251886 189633 206139 0.92
8 23.56 0.91 172198 1072150 160288 192350 0.77
9 28.69 0.74 478744 3174070 503458 352553 0.45
10 17.63 0.81 68805 561890 76980 153468 0.87
11 20.24 0.86 66921 483425 64169 147488 0.89
12 13.15 0.49 54102 1446048 221332 220748 0.76
13 27.94 0.98 291598 1751067 271131 244117 0.70
14 24.14 0.86 244482 1547105 237832 228577 0.69
15 30.97 111 151204 961951 142296 184021 0.85
16 35.37 1.31 309353 2278526 357247 284174 0.80

S e ST Ll e 25 Sl 3 o
N OlFe Gk onl 5l s &S 2t |y e x 55
Farshadfar ) 5 S eslizl coslize olen 5 Ol Lal s
.(and Sutka, 2006

ks S5V Jasdr s bl gl b b
ol Sy GVST lasslel bl o
HA oS5l (e Lol 5 WS golul
5 ool Olgeas ol oS L HIO 5 HIL
el Loslie op zi LH3 5 HI6 HI slac sl
L plels bes 5 el Olgsa ;S
I HIL 5 HI0 HI2 sl 335 «Dlpmi o b olel
bl bl S Jl 03 S B ome Sk glacs i
G stiasilis OF VL Loslis &S ol oo
AL Olgeas HE 5 HA HT lac s 55 el o
Gloiss 51 Jsde) Las asll bodss
EUIEEUS SEVIOT- G OV S S U P A D e
ST 5 WS ol bl e Ll
Ol K gsy b Il lacs 85 plobid sl p Gy
Vaezi et al, 2019; ) <ol ol oslitul il
.(Alizadeh et al., 2022; Akbari et al., 2022
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Figure 2. Two-dimensional graph of distribution of 16 sunflower genotypes based on seed yield and SIIG
method. Section S-I: genotypes with high seed yield and SIIG index, Section S-11I: genotypes with low seed yield

and high SIIG index, Section S-111: genotypes with high seed yield and low SIIG index, Section S-1111: genotypes
with low seed yield and low SIIG index.
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Figure 3. Classification of the studied environments based on mean seed yield
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Table 7. Selection index of ideal sunflower genotype based on non-parametric and parametric methods and
distance from ideal genotype (d*), non-ideal genotype (d") and seed yield

PR d ¢ SIIG el 4l 5 Sas
Genotypes name SIIG index Seed yield

H1 0.609 0.776 0.560 3265

H2 0.701 0.800 0.533 3143

H3 0.775 0.643 0.454 3277

H4 0.611 1.046 0.631 2802

H5 0.631 0.787 0.555 3090

H6 0.712 0.751 0.513 3093

H7 0.521 0.898 0.633 3098

H8 0.493 0.907 0.648 3422

Ho9 1.258 0.171 0.120 3002

H10 0.119 1.267 0.914 3870

H11 0.131 1.239 0.904 3540

H12 0.653 0.856 0.567 3343

H13 0.915 0.562 0.380 3283

H14 0.647 0.777 0.546 3383

H15 0.684 0.793 0.537 3046

H16 0.944 0.503 0.348 3254

ks (Mean) 0.553 3244
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