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Table 1. Code, name and pedigree of the tested sunflower genotypes.
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Table 2. Selection index of ideal sunflower genotype based on all studied traits and distance from ideal genotype

(d+), non-ideal genotype (d-) and seed yield
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Figure 1. Two-dimensional graph of distribution of 25 sunflower genotypes based on seed yield and SIIG method
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Table 3. Factor coefficients in factor analysis using principal components and varimax rotation

ol Jale Py Jole po> Jole Jol Jobe olio
-[-0 -I-¥ —[-5 <IAY Sgy £l
—+/\0 -I¥D —+I¥A vy o daw 3 3 gl
o — ¥ <J¥Y -I¥5 PO
“IY -y <Ay oy Sy Jsb
-/YY —+/\ NS -I¥ Sy o
-l-Y -I-Y --I¥a oISt KU
Y AN AV e S pood Jobo
-1-4 - /¥y —l-5 -IAY oot b 5,
ol —N- -4 /¥ mlS b 5,
AL --I\¥ -IVA “IA a5 bbb g,
R -0 oIyY LA Sy B o)
-y <IAY —/-a —NA als Jobo
-y -IVa —fe5 -1+ @y yoye
-5 -y -Io¥ —¥ b s
<IVA AL AN, <Y G > il sl
v NS AT —J¥- ablia 0j
I LIvE A -Ie¥ aly 5,Sles
ANA YIEA AR alsy o529 polio
1o¥ VA YE/A¥ FV/FA (30y3) il ly
YYIAY ias 05I¥Y FV/FA (30 y3) (205 by




A

buwg &S ol d]o.&.&w oS o Wb 3, Sle 8L
Cho ol o Qbsl 5l asde S 0F ok Sl
38es ol sy @ g b cwl jys p wl
Sbasl )l ol b oY dlly & Slas ol e 4l
5 Al 0 Slas 0y 000 Cgllas oy i
byl aaly g il cpl slols il o o dize oljn]
Pl cunlio 3 Sas b slacwie; (iS40 ab 5,Sles |
Cuzo bl samdylis b Jole 4 4350 gl Cuwl Cuonl
Dy ab d,Slee b 3o o b ol 5 3ubo Jlad Bl ylad
e Olas pl (Vb polie b slacasss wlsasl ol by
25530 Slio g 3580 YU o Slas b slacis) bl &
3fdes b slacuip) (i) Ca cwlie Clio lgica
Uigd b 3l 50 gy e sleday 1, Sl ,5 YL ails
Bl b Glaws oy ) e bl 3 liixe plo ol
Slos)S" 5,55 aily 5 Sl b gubo 3 by oliw g gubo jlab
o 311y 6 3 Shae (sl paiunnt S o
S ly b ab sl 5 3b i @il b clis
(TIYDNNY) wlazusly
I (6 5 domis

Al pn syl Qbl jghied adlae pl
ey jl ol u"l)}_ las plo g &b 52 Ses
e s elawl (SHG) Jon) cusgy bl jasls
bl ly (668 odledlged Il hay cpl a8 dbylas
=y Glas den blxd Ob)ifk.éi iz slacuio;
G2 G19 G5 slocwis; SIG [adls jwlel p og
Oszen 9 YL SHG Hjlade il L G11 4 G9 G3 G10
N r sless sz (JS oke j YL &l 5Shee
)I ulyu,o 9 ..\3.)9:3 u_cl)) Slaw ).:l.w 9’451.) .))il.o.c )hj
&85k ol dles 1 i Slislosl plosl (slys bl
SHG a3l 0gMe 3505 odlitwl Lol ye p)3 bl )
Slaw u:L.;L,., 5 Clas lbdiwd 2 bl 4 450
Jos jrelcaiise (cw)p 3)90 Soguigy O Sles s
e 5l ab o ab ol g b Jlad ddlu Hhd Claw S
asls o, Skl wl 3, Sles p 5,506 5 pae Olaw
S Gislial selles g0 4 |y &l

Ve sl /YA oyless /pd s b / 2ly5 LS e Mol asliing sy

Ao 1y odly clyuss 5l oy £/0F &S pyles ole
Jodz) ail o il 5ySlas g Gubo > aily sy ¢l lad
ab o)Sles p ge thly Olgiee 1y aygsh oyl as oY
slcwes o cul ol Sl colps pl ged (6)liK0
e 3)Sdes Ll p)lez Jole (VL ol I Jloy05
Sl o Jol Jole Sl olul p baeuwisl) Gl e
20,5 adllas 3y50 slacuigi o 3 Slas Linlidl 4 e
b oS cul o] Solis ails 5 Shae b dblo jhs cote b))
dgi bbb o atdly i3l &l 5 Slos Bl Jlad yilsal
1, LT 55,90 lge 000 133 plusl ddle Hab S 4l 4
oelpls (YA) Wb il cladily slaws a8 0l sl
5 Camg ezl 5l a0 il 0 )Slos b Cio () e bl
o N oab o Sles il gy & dad e Gl oyl
bl cul gl ccuslio oisgy <ya8 b g Xogis  SlalS
J9i2) 4 edaliie 5o ails 5Slas 5 3 jlad (o (ke
S ST 55 s 3Skac 2 oo Jolye | 3o b (Y
ORIl 4 e Wlgie B jlad (LBl 098 o Cogume
oliel ams g (}b P ool S glaah sl
SN 355 olojl )3 (F) o, Ken 5 L)L 33,8 5 Slas
ab o Sloe g g o ab ol b 3o Hlad o 1) e
Dy ol ikgh wls L 38lae ST W) cdalie
95 Sl 9 Cute (Stumod 55 (V) SgudsS 9 Sz
a8 60,5 ol g Lol 5 155 wly o ySles g b ylad o,
b oRE ol ObSBI Gacwsl Ans
aS 2l Ui s e 0l pbl b Jled Cbs slio
Sy sute bliyl do o aib slawi 5wl dSles o
0Sles slinl 5 G o by ol cado (Y Jgis) el
Ol 2V s (5l g 99 0 oguime (o) Sl
Oia]aa o|) Cawl uSmc Cdo L)i‘ u»l.«u‘ » w; U)‘)JLJ
38es g0 9 (LS @l (25 JbyE Gl e
iy oS W0y ylS 50 (VF) Ko g awdde AL
o 4 oo, Kokl wils 5 Shae Lol (slinl 5 s > 4l
ey
ol Y aly J)S’.L,:. Lo el slacwssss isS
Sl b, kel ses ili8l g culS drwgd 40 (5,350

&l

. Abdollahi Hesar, A., O. Sofalian, B. Alizadeh, A. Asghari and M. Zali. 2020. Evaluation of some autumn

rapeseed genotypes based on morphological traits and SIIG index. Journal of Crop Breeding, 12: 151-159
(In Persian).

. Abolghasemi, Z., R. Darvishzadeh, H. Kazemi, S. Besharat and M. Bayat. 2015. Genetic diversity of oily
sunflower lines and sequential path analysis based on seed yield and agronomic characters. Modares
Journal of Biotechnology, 6: 30-40 (In Persian).

. Ahmadpour, S., R. Darvishzadeh, O. Sofalian and H. Hatamzadeh. 2019. Evaluation of yield stability of
sunflower inbred lines under salt stress conditions. Journal of Crop Breeding, 11: 1-10 (In Persian).

. Ansarifard, 1., K. Mostafavi, M.R. Khosroshahli, M. Bihamta and H. Ramshini. 2020. A study on
genotype—environment interaction based on GGE biplot graphical method in sunflower genotypes
(Helianthus annuus L.). Food Science & Nutrition, 20: 1-8.

. Arshad, M., M.A. Khan, S. Jadoon and A.S. Mohmand. 2010. Factor analysis in sunflower (Helianthus
annuus L.) to investigate desirable hybrids. Pakistan Journal of Botany, 42: 4393-4402.



WY A,kE] e elady yun (i 55 jebateds (SIIG) Jlows! cusgss ol (asli I eolizl

10.
11.
12.
13.
14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.
26.

217.

28.

29.

Baraiya, V.K., P. Jagtap, J. Sangani and A. Malviya. 2018. Correlation and path analysis in sunflower
(Helianthus annus L.). Journal of Pharmacognosy and Phytochemistry, 7: 2730-2732.

Behradfar, A., A.H. Gorttapeh, M.R. Zardashty and F. Talat. 2009. Evaluation correlated traits for seed and
oil yield in sunflower (Helianthus annuus L.) through path analysis in under condition relay cropping.
Research Journal of Biological Sciences, 4: 82-85.

Bert, P.F., I. Jouan, D.T. De Labrouhe, F. Serre, J. Philippon, P. Nicolas and F. Vear. 2003. Comparative
genetic analysis of quantitative traits in sunflower (Helianthus annuus L.). 2. Characterisation of QTL
involved in developmental and agronomic traits. Theoretical and Applied Genetics, 107: 181-189.
Ghanbari, S., A. Nooshkam, B.A. Fakheri and N. Mahdinezhad. 2019. Relationship between yield and its
component in soybean genotypes (Glycine Max L.) using multivariate statistical methods. Journal of Crop
Breeding, 11: 85-92 (In Persian).

Gholizadeh, A. and H. Dehghani. 2016. Graphic analysis of trait relations of Iranian bread wheat
germplasm under non-saline and saline conditions using the biplot method. Genetika, 48: 473-486.

Kanwal, N., F. Ali, Q. Ali and H.A. Sadagat. 2019. Phenotypic tendency of achene yield and oil contents in
sunflower hybrids. Acta Agriculturae Scandinavica, Section B-Soil & Plant Science, 69: 690-705.

Leilah, A. and S. Al-Khateeb. 2005. Statistical analysis of wheat yield under drought conditions. Journal of
Arid Environments, 61: 483-496.

Machikowa, T. and C. Saetang. 2008. Correlation and path coefficient analysis on seed yield in sunflower.
Suranaree Journal of Science and Technology, 15: 243-248.

Moghadasi, M., H. Mazaherilaghab and M. Kakaei. 2014. Evaluation of oil genotypes of sunflower
(Helianthus annuus) based on different traits and their relationships. Seed and Plant Journal, 30: 585-604
(In Persian).

Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2018a. Assessment of non-
parametric methods in selection of stable genotypes of durum wheat (Triticum turgidum L. var. durum).
Iranian Journal of Crop Sciences, 20: 126-138 (In Persian).

Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2018b. Stability analysis of
grain yield of durum wheat promising lines in warm and dry areas using parametric and non-parametric
methods. Isfahan University of Technology-Journal of Crop Production and Processing, 8: 79-96 (In
Persian).

Ramazani, S.H.R. 2016. Surveying the relations among traits affecting seed yield in sesame (Sesamum
indicum L.). Journal of Crop Science and Biotechnology, 19: 303-3009.

SAS, Inc. 2011. Base SAS 9.1 procedures guide. SAS Institute Inc, Cary.

Sincik, M. and A.T. Goksoy. 2014. Investigation of correlation between traits and path analysis of
confectionary sunflower genotypes. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 42: 227-231.
Singh, V.K. and S. Chander. 2018. Correlation analysis for seed yield and its component traits in sunflower.
Journal of Pharmacognosy and Phytochemistry, 7: 2299-2301.

SPSS, Inc. 2010. SPSS 20. Cary, NC: SPSS Institute Inc. Chicago, USA.

Tahmasebi, S., M. Dastfal, H. Zali and M. Rajaie. 2018. Drought tolerance evaluation of bread wheat
cultivars and promising lines in warm and dry climate of the south. Cereal Research, 8: 209-225 (In
Persian).

Zabet, M., A.P.P. Breeding, A.R. Samadzadeh and A. Shorvarzi. 2016. Selection of the most effective traits
on yield of sunflower under normal irrigation and drought stress conditions in Birjand region.
Environmental Stresses in Crop Sciences, 8: 217-231 (In Persian).

Zali, H. and A. Barati. 2020. Evaluation of selection index of ideal genotype (SIIG) in other to selction of
barley promising lines with high yield and desirable agronomy traits. Journal of Crop Breeding, 12: 93-104
(In Persian).

Zali, H., T. Hasanloo, O. Sofalian, A. Asghari and M. Zeinalabedini. 2016. Appropriate strategies for
selection of drought tolerant genotypes in canola. Journal of Crop Breeding, 8(20): 77-90 (In Persian).

Zali, H., T. Hasanloo, O. Sofalian, A. Asgharii and M. Enayati Shariatpanahi. 2019. Identifying drought
tolerant canola genotypes using selection index of ideal genotype. Journal of Crop Breeding, 11: 117-126
(In Persian).

Zali, H., O. Sofalian, T. Hasanloo, A. Asgharii and S.M. Hoseini. 2015. Appraising of drought tolerance
relying on stability analysis indices in canola genotypes simultaneously, using selection index of ideal
genotype (SIIG) technique: Introduction of new method. Biological Forum-An International Journal, 7(2):
703-711.

Zeinalzadeh-Tabrizi, H. and M. Ghaffari. 2002. Regression and path analysis of oil and seed yield in
sunflower single cross hybrids (Helianthus annuus L.). Journal of Research in Crop Sciences, 2(6): 41-54
(In Persian).

Ziaeifard, R. and R. Darvishzadeh. 2016. Association mapping and sequential path model for studying
interrelationships among yield and related characters in confectionery sunflower (Helianthus annuus L.).
Journal of Crop Breeding, 8: 162-153 (In Persian).



Journal of Crop Breeding Vol. 13, N0 38, Summer 2021 .......couiuiiniiii it 123

Use of Selection Index of Ideal Genotype (SI1G) in Order to Select New High
Yielding Sunflower Hybrids with Desirable Agronomic Characteristics

Amir Gholizadeh!, Mehdi Ghaffari? and Farnaz Shariati?

1- Assistant Professor, Crop and Horticultural Science Research Department, Golestan Agricultural and Natural
Resources Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO),
Gorgan, Iran (Corresponding author: a.gholizadeh@areeo.ac.ir(

2- Associate Professor, Oil Crops Research Department, Seed and Plant Improvement Institute, Agricultural
Research, Education and Extension Organization (AREEQ), Karaj, Iran.

3- Assistant Professor, Oil Crops Research Department, Seed and Plant Improvement Institute, Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran
Received: February 3, 2021 Accepted: June 5, 2021

Abstract

Production of high yielding hybrid cultivars is the main objectives of breeding programs in
sunflower. Therefore, the selection of high yielding hybrids is essential in this plant. In this
regard, 24 new sunflower hybrids and Golsa cultivar were evaluated in a simple lattice design
with two replications in the Gorgan Agricultural Research Station during 2020 cropping season.
In this study, the selection index of ideal genotype (SIIG) and factor analysis was used to select
new sunflower hybrids and finding interrelationships among them. Based on the SIIG index, the
genotypes G5, G10, G2, G12, G3 and G19 with the highest SIIG values (0.747, 0.689, 0.660,
0.641, 0.640 and 0.572, respectively) were the best genotypes. On the other hand, G23, G15,
G24, G25 and G18 genotypes with the least amount of SIIG value (0.233, 0.264, 0.277, 0.278
and 0.285, respectively) were the weakest genotypes for most studied traits. The genotypes of
G5, G19, G2, G10, G3, G9 and G11 with high SIIG value and higher seed yield that total
average were recognized as superior genotypes from the point of yield and other agronomic
traits. Therefore, these genotypes can be used for further testing, including adaptation tests in
warm wet areas. Also, the results of factor analysis indicated a positive relationship between
stem diameters, head diameter and seed number per head with seed yield. Generally, it can be
concluded that traits of stem diameter, head diameter and seed number per head could be used
as suitable criteria in selecting for increased seed yield in sunflower breeding programs.
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