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Extended Abstract

Background: Sunflower (Helianthus annuus) is one of the most important sources of vegetable
oil production that plays a pivotal role in food security, income, and livelihood of Iranian farmers.
Currently, drought and the resulting stress are among the most common environmental stresses
that lead to yield reduction, especially in dry and rainfed areas. Like most crops, sunflower
productivity is significantly impacted by drought stress. Therefore, effective solutions are
essential to mitigate drought stress. Given that sunflower hybrids are now cultivated as
commercial varieties, it is crucial to produce superior hybrids with high seed and oil yields that
are also tolerant to abiotic stress, considering climate change and aridity. The genotype-trait (GT)
biplot analysis is a powerful statistical method that can identify correlations among traits by
evaluating genotypes across multiple traits and identifying genotypes that excel in specific
characteristics. This study employed the GT biplot method to explore the interrelationships
between various traits and sunflower hybrids. The objectives of this research include identifying
sunflower hybrids with desirable traits, investigating the relationships between traits, and
categorizing hybrids based on traits studied using the GT biplot method.

Methods: Fighteen new sunflower hybrids, along with the Zarin hybrid as a control, were
evaluated under both dryland and irrigated conditions. The experiment was conducted using a
randomized complete block design with three replications at the National Agricultural Research
Station and Dryland Seed Production of Gonbad-e Kavous (in dryland conditions and winter
cultivation in February) and the Agricultural Research Station in Gorgan (in irrigated conditions
and spring cultivation in April) during the 2023-2024 cropping season. Each hybrid was planted
in plots with three rows, 60 cm spacing between rows, and within-row spacing of 25 cm.
Sunflower samples were planted manually in hills on flat beds in dryland conditions, while it was
on ridges created by a furrower in irrigated conditions. Agronomic traits, including days to
maturity, plant height, head height from the ground, head diameter, stem diameter, seed number
per head, thousand-seed weight, and seed yield, were evaluated in the plants. The oil content of
30-g samples randomly selected from the seeds of each plot was measured in the oilseed
laboratory of the Institute of Crop Improvement and Seed Production in Karaj. Subsequently, oil
yield was calculated in kilograms per hectare. After obtaining the experimental data, the GGE
biplot software was used for data analysis using the graphical GT biplot method with an
appropriate statistical model.

Results: The GT biplot analysis explained a total of 78.3% of the standardized data diversity
under dryland conditions (with the first and second principal components explaining 61.8% and
16.5%, respectively). Similarly, under irrigated conditions, the GT biplot explained 58.7% of the
standardized data variation (with the first and second principal components explaining 39.4% and
19.3%, respectively). Overall, based on the polygonal representation of the GT biplot, hybrids
numbered 4 and 16 excelled in dryland conditions, while hybrids numbered 2, 3, 4, and 16
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performed well under irrigated conditions across most evaluated traits. The GT biplot analysis
revealed that head diameter and stem diameter were positively correlated with seed yield under
both dryland and irrigated conditions. Additionally, plant height was closest to the ideal trait in
dryland conditions, while seed number per head exhibited the highest distinctiveness and
representativeness under irrigation. The overall comparison using the GT biplot indicated that
hybrids numbered 4, 16, 1, 10, and 2 were the most desirable across all evaluated traits under
dryland conditions. Similarly, hybrids numbered 16, 4, and 10 stood out as the preferred hybrids
based on the studied traits under irrigated conditions. Furthermore, hybrid number 3 (under
dryland conditions) and hybrid number 11 (under irrigated conditions) were the least desirable
hybrids compared to the ideal hybrid. The graphical analysis of hybrid stability revealed that
hybrid number 16 was selected as the best and most stable hybrid for both dryland and irrigated
conditions.

Conclusion: Breeding drought-tolerant sunflower varieties and hybrids with high yield potential
is crucial to improve water resource limitations. Hybrids performing well in both dryland and
irrigated conditions should be prioritized concerning seed and oil yield. Improving plant height
and stem diameter in dryland conditions enhanced seed yield, while an improvement in the head
diameter increased seed yield in irrigated conditions. Hybrids 4 and 16 performed favorably in
both dryland and irrigated conditions, while hybrids 2 and 3 excelled under irrigated conditions
in terms of seed and oil yields. This study demonstrates the effectiveness of the GT biplot method
in identifying various traits and selecting productive and stable hybrids.

Keywords: Drought stress, Graphical method, Oil yield, Seed yield, Sunflower

How to Cite This Article: Ahmadi-Ochtapeh, H., Ghaffari, M., Gholizadeh, A., & Haghighi., A. (2025). Analysis of
Relationships between Traits and New Sunflower Hybrids using the GT Biplot Method under Dryland and Irrigated

Conditions in Golestan Province. J Crop Breed, 17(3), 147-158. DOI: 10.61882/jcb.2024.1598



http://dx.doi.org/10.61882/jcb.2024.1598
https://jcb.sanru.ac.ir/article-1-1598-fa.html
http://dx.doi.org/10.61882/jcb.2024.1598
http://jcb.sanru.ac.ir/article-1-1598-en.html

[ Downloaded from jch.sanru.ac.ir on 2026-04-09 ]

[ DOI: 10.61882/jch.2024.1598 ]

e VEF /Y o jlads [pmsian Jlo /2y alS oMol 4ol iy

Sl b @alle g (55,3l gl il

sl GT (g 31 2okl b (19 LS s (Sl pmd 9 Clbio (o b1 Judos
Obwds 4Ll 4o u"‘ 9 2 loq},w Wt )

T o 5058l 9 o013 I8 pual (5,8 (gagn M gyl (gren] (e

Ol OB 5 «3,9LS g 5 sl «liiid plojls e liulS (orubo qalle 5 (£5gliS SBjel 5 Sladod 35 p0 Bl g (£ pole Sl sk ookl -)
(h.ahmadiochtapeh@areeo.ac.ir : Jgguo 6im 33)
Ol @5 (53,918 gy 9 bisel «liion Glosls s g Jlb 45 9 ol Sl dune (i) sloalls Slidos iy Ll —Y
Ol OB 659l gy 9 Uhjel aliniod plojlu (S el @lie 5 (5ysliS (Bjgel 5 SlES 3550 ¢ 2L g (2] pole lidod yisu obsliwl -
Ol GBS w559l gy 9 Uhjgel «liuiod lojlu (lidS (rebe @lio 9 (65)9LiS 2jgel g ClasioS 35 pe ( SbjalS s s okl =¥

VECFYNA bl ol VEYNYNA 2ol o)l VEYNY o5 el oy
VOA B VPV aio

bgune s3>

Cuduno Cpal g 2Ty olie Cutal 1 Late i BLS (129, g wlie Cp yiere | S olgieas (Helianthus annuus) o3 ,%ul3] 1802 g dedke
S5 Sl 3 oht 3,Slas alS el ol e Sl el S o) J ol 55 5 St ojp,el S o sl 155
sl e slylSaly (8l onl g b S (oo )8 (S 25 1 cod b (o) QLS T wile 4y 58 0SBl 5900 D9die o3
@ 429 b gdie CuiS )15 pB)l lgisds 3 SULBT (slay juan 059 el &7 (Gl 109y nlgd ade o (Sid A I (BU sl (ialS
sl Jod g 455 (g Sl ey e (63905 0855 yf A5 & Jooxite g Vb gy 9 4> 0, das b i (laky o )5 JLuSuis g oal8l s
P 8L 9 Do Slao gl i) byl Bo)b Sl Glho o (Siawen (wyp (sl 58 )bl ey e plgiedr (i (GT) o — i
ey 3 IS elasy e g il Sl e blite Ly Loy (sl adllie ol 55 il g2 L 0,8 odlil s s yip ol Sliss o oS
At g Slio (e Lalg) () «Sliio o osllas b by Sl layyen alolid Jold ol 3iio0 Slaal b oslitiul Cdo—aigl Ml
g Cdio s Ol gy Bob jl adlllas 3)90 Slio bl by et

oalizl b iolejl a8 8 )18 b5 50 (ol g wed bl b 93 53 el lgicds )5 s ol yendy (3 bl s 1y pem VA Sl 2l W39y g g0
Ly 3) gl S s Sy s 5 (5,5l i Ll oSl 5 VENNELY oli a5 LS5 d b Ldolas JolS Sl )b ]
2 by 1S pa s el (slecuinmdyl jd o)ley cuiS = T uls 1) 8,5 (6550l Slados oSl g (lodibul ;> diltume cuiS —p2d
0900 b plo] ‘514;59 wd Cygeo dy CuliS b dudlS e Bl YO <pdy 31 g i il o idy g Jeolgd b (g yme ¥ s 4w Jold plac S
Gib e8] gy £l65)] (S U o) 1)) Slio g2 oS3l bawgs oabol] (sl 59y 2 (ol bl )3 5 s & g0ty 0 sl o S
E5 35 33t Bt oS Y lotigad 55y o 50 (i)l 3,Slae 4l 30 55w 53 4l a5 il b o o 05 s §
I o 35 Al S )3 p)S kS o (29 3,dae e A5 (6503l 258 ) 5 Jld a9 ol A (g (slaally oK Lojl >
A odliiwl Cuwlio (gylel Juo 5l oalaiul b GT My gl (81,5 59,45 odls 4355 ¢l GGE biplot ,l58le )5 5l cislejl (slaodly Jouas

Laylps )3 g (1o yd VEIO 5 SVA i s pgd g Jgl Lol ddlo) duoyd YAIY o33 baylyd )3 ggame )3 o —cuig) 0ol jl Jols zuls sbaidly
Digles bl (IS jebdy 3 angi ) — Skl (glaodls g4 JS 5l (3o pd VAN g YAF Cus i pgd g Jol ol adlhe) loyd DAY ]
3y90 Do JS1 olal 2 5y ladsyus (ol Ly 3V 9 ¥ O Y o)led slayjen g o0 Lailpd 53 V8 5 ¥ ojlad slasy pu Ml (elonix
LS ke (Sed @T 5 20 Lol yd 90 0 iy 5 Slas b dBl jlad o b jlad oS winby )lis Glas (yle Joliie balg) Mgl oo dgy 2Uj)
Lol s 1y 6yl g aled oyt 9 93 JTods] o dy Cdio (5S35 Gabo 53 il dlaw o ol Lol yd )3 g digs ] o e bl s
ceroglhe Vo g ¥ A8 claspun ol Llyd 109 ¥ g Ve ) OV F clady o w00 bl 15 50 a5l (U5 JTods] byt b Loy poamn S s lio My
crrosal ¢ Jlosl b pen b duolio 1 o Lulpd 53 VY ojled 0yt g (023 bl pd 13) ¥ o)l 3yt 13390 adlllas 3590 lao pled Hlas 1 lay yuun
g e bl 9y e (il g st Olgied 1 olad sy 45 0l (LS (6l olol o e (2 (SIS o500 05302 2y e
oS ol 53 Y 3 Shos Joiliy b (S8 4y Joocto (sl 5 66 auad sl ool e i Cadgiome 4 g5 b cggomme 3 3 IS (6 05 dil
9 &g g5y gt A3l YU (T g wed Lalyd 93 0 bl (989, 9 wd) 3,Shoe a5 39y (oloy yuun JUidas 1Lyl 2 ogMe ol zykao (o3Lasdl ppo
PV ¥ oyled (slady o a3 4l 5 Slas dgu0 el Babs a8 sguy o bl )3 a5 b 3 cas &l 5 Shos dgu0 el w25 baslyd )3 4Bl yhad
S oel Cusday gl Lidg: ) 9 il 2, Slae i 5l oy (3 Fiogllan g calio (ol Il s ¥ 5 Y o)lad slay e g o 5 2 Ll 9
oo oLt L g Jpatey (slad yn Ol it Slas jasuis Gl ) Che —cg Ok Ghe) D B

S5 bay il 3, SMas iy gy 3,Skas (St i (o, ST s g8 slaolg

d29 Spas 9 Mg om slod S SIS jen (Jb ool L
lopd Al i &S (gyebas (Yuan & Li, 2020) )l
i g (ol 5928 1 2B 1 Olrl Sl 2590 (Bras ()
RS St RURSYJ Rg BS R PSS R VS N A PRES
B ygpe y9aS Gy sbeal Sy Gl
obls 5| S (Helianthus annuus) )>,50k8) duy oo
SIS (3 33 sy M5 55 15 el pla e (s,

dodilo
b ol 2le nB3 Gegd O Iy (89 sl
o.lS -yl (Hashemitabar et al., 2005) xas o JuSuis
o8 st il (3 31 2090 (6531 e e lie ) S
Mg a2 )S1 s 5 (1Sop 9 ©p sl (28 arie
ol a8l iolidl sl cladad 0 LS sy, Sl


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0003-0708-2187
http://dx.doi.org/10.61882/jcb.2024.1598
https://jcb.sanru.ac.ir/article-1-1598-fa.html
http://dx.doi.org/10.61882/jcb.2024.1598
http://jcb.sanru.ac.ir/article-1-1598-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-09 ]

[ DOI: 10.61882/jch.2024.1598 ]

i 33allie g 0ol3 I8 pual ((6,a8 (cage gl (sren] pm

V- Ml GT g, 5l oolimul b ol S0l s class pud g Slio o bls)l Julos

ladpn Wl> dg2g 5S> (oS (sl
Pyl 25 At o] cilisio (clacumad &) Cand (13,03
Ol (0395 colojen (DS i g M) a5l s
555 s Bl e by 31, oy 53 Slas
$3e sl > oly ;I S (Hernandez et al., 2017) b
b g 1y 50 5Shae iol33l o)l Kokl Wlg iolsl ,
Gholizadeh et al., ) cwl Jpasoy slcwis; cuis
5,Shee dlinl 5 (Sigdsdge Slaw bl bl (2021
JUt ly 385 5 @y B9y SlPe Yl il L
Jgae 3 )Slee 0 9 Gl a2 Slacuner
(Gholizadeh & Dehghani, 2016) .l

5o S (GT) i — iy sly o 5 4055
Cuwl (568 &bl U9y S Cuol GGE @My b (sl g,
o) bl Bob jl Clho pe (Swes (00 1y
Py ol Slio 1 & (gl (L g duaie Sl gl
((Stansluos et al., 2023; Yan & Rajcan, 2002) 1,
ly) oS ol opuitosiz sl sy Ko sk a5
Ol g canl o3l i (SIS o yquoay 1) 48 logd (slaosl
ol G bilgy g lio (g Lulyy eanlie
(omizon (Yan et al., 2000) &S o palyd 1) ewss
39l g oy (cilwan s (¢l cunlio 3l SO &Myl
Cuol )b 3939 ol glaodly jo &S Sl slagXl
wyp Glp GT Ml ssy ;I (Gabriel, 1971)
(Yan et al., 2007) ¥ q )> Cdo X aigh} (Siwmod
(Baljani et al., 2015) &,5 (Swelam, 2012) pu5
Paramesh et ) sl (Sabaghnia et al., 2016) zlauw!
Adedeji ) Lsg) {Atnaf et al., 2017) ;s {al., 2016
@) (Shojaei et al., 2022) le)igl::.éi et al., 2020
(Stansluos et al., 2023; Nasir Mousavi ef al., 2021)
Clav 5 bows) 2bi)l caa (o) SYgame 3
o Jols yols suind Claal .cawl oid edliw] calise
oy Slho poshhe b S oy e
5 Lol balyy 5 adlas 390 ciliee Clio (o (Stnon
059y Bkl adllaejge Slao bl Loy o (g
St GT &My sl

, g, 9 190
olyomds 3,8l W 8y puds VA Slaws ¢ aizs ol jo
2 Ol bl ) (V Jgaz) aald plaisds ()5 b e
00998 A5 w23y g5 g (sl i (e ol
o] g (olo ditwl jd dilbiue) kS —med laslyd o)
2 oyl cusS — ol buls ) 5,5 (65y5liS Sladss
o B WY el e jo (ole cudipd)|
Slles 05 byl LS5 aw b dolas Lol oSl
i Jold bl Bpe Bl Sh i gjleel]
93 s, b ilel e ad plul Sawd g (23355
o §) e 35 g 005 Al puiS L5 L ol
ey 5 sl CdlS o 53 mamtlty 5 lad gl (o365
S 55555 p S Ve 30 cBlS S B ogliie )
(S g S 53 ol 25k Y0) 0y9l et 51 1S

el bla & Cul e odes (89 olS ke 5l (o
4,51 (Koocheki, 2009) 545 0 cuiS Shyss 0,
ol b3S o ookl o iy yEg; (sl bdes s, S8l
(Rauf et al, 2017) >)b o Shed Gpas Jb
oty e gy s GlalS I S lgtea oSl
ael o oy calisee o8l balis 4 a5 YL 6Bl
S ( Shed ofe) My cua ke gblie Sl (g
Cantamutto ) cusl oYU (golaidl (55l s g 24 o0
YA Sl cuslS maw b oo, okl (& Poverene, 2007
bl 4 Ll o) GlS Gryiere j1 So (2021
oSl e lise cwl olpl des g Wi calise
cuilS ol bolyd 0 o9 VIFY 9w blyd o 5 VY00
&S 5 ygbas ol CuiS @y bgpe 1S YAVA 5 o
Voe 9 00V cwipa o 9w lulyd 3 Wy (ke
w‘ NS j0 p,56lS
5 o)l Jaazme S laisds 4, Sk8] ol 5 Slee
slaled o o 35005 05304 (ool il pusd (15 420 50 diliunl
Ol 20y 093 (b )3 LS b glaal £69 9 21> 51,8 Y
3 ol gfe) catS g a3 Slee 2 BB U
5 i o cpl ,> (Sheikh Mamo et al., 2023)
Sl (aze ot cp gl JH S ol Sl Jeols i
Cuol odly EalS 1) oy g Sid sbls jl eolamwl o33l
4> 51 (Zareei Siahbidi & Rezaeizad, 2019)

23 (o L (St 4y Joocto olS S5 lgisdy o, Sl
o5 b s Gabay ol (g0 e bl g e 485
» g9 opl b (Erdem et al., 2006) 5,5 » )l,8  Sis
Joo 1) i balyd cal 3B pgba (2)j plalS ole
Cuol I, Wy pledle cledy o2 o & wled
Jozo Jsay oo, Kolisl S’ a5’ sl 51 . (Skorie, 2009)
ol w23 5 2l o8 L5 Gyl D)) 5 s, sla i
OF9) 2 9 Jpae p pB)l Mol g (olulis W el aidly
Jabbari et al., ) cul (sy9p5 s, gl il 4 Joxis
oy b ol bl by pB)l cple ul 55 (2007
S Sygbr Biud Sy p 2V 3Sles I ey
sy glgil ol b aglie )3 olS I sl
5 dyud ol 3,8 (Fehr, 1987) siwa 5 paxoy
3 > Gt Sl Mol )5 oy 3l s o3lil
ORI S 1) cal old goyd ©yd 2
2 i3 el o] (S (503 ol g i g
it Sy e ) s S oy
(Pourdad et al., 2013) cusl oad xS0 _owdysiuw

My sly Y GPeSS g blge eSTen wlisudgs


http://dx.doi.org/10.61882/jcb.2024.1598
https://jcb.sanru.ac.ir/article-1-1598-fa.html
http://dx.doi.org/10.61882/jcb.2024.1598
http://jcb.sanru.ac.ir/article-1-1598-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-09 ]

[ DOI: 10.61882/jch.2024.1598 ]

AIAN

s il 5 0l BB el )i sipe oyl sl (e

TS g Jo 4 g ol awnhe (afg) laail
PSS s 2 (OY) 9y 3, 8os s A3 (5501

20,5 dwle HiSa jo
on bily) (eoyp sl Sl lajbgel muy jolateds
5 cilte Slao (sl (Sile oy yu 5 ()2 )90 Slao
@ g el 4l 93 L ple S ©jpgody il glay e
Mgl (S81S 4y 550 .80 (8,20 GGE biplot )38le 3
5kl sloodly Lulwly 5 (oylel Jao ) odliel L GT

:(Yan, 2014) w5 plx!

2 2
aij —pBj . . . y
— = Zhnimnjn +€ij = Z €N}y + £

n=1 n=1

aj =
i ol J 5955 61y PCn
5 ol ) @Ml ges i ) adllan ol 3
gaady Yl plely gy g Sbl
S oS g @bl Y oglul bl oy
5 ot 290 Slivo Jlite Laulyy (5130 Giales =¥ Jloy]
b odlael (Jlos) s (pwloly oy pud lolis -0

V¥ /Y o)l [ patan Jlo /Gcb)' oLlS #Mol dol yings

5 powigel Sland aito 5l e 1> (@l jaud p Sl VO
shp by Slilgus i 15U )3 palls by pSolS 0
& sl o cusls L8 puiomeds b edlatnl 0 Loyl d
Vo) oggl @eie Sl U 3 s (s p)Seks VO
2 oAl yiud p SOl Ve (S iy Cug 93 3 ol p Sk
2 oAl el 5ok Vv g pasgel Gland gide 5 HUSe
5 cusS 0950 LA odlasiwl rV'”’L" Qlﬂy v 51
25 053l kg 0nd dloml slaaiiy 59y 2 okl
2 Jetiio ilojl &S o g pae g0ty w0 Ll
Jolgd g plo ilu Fr i3y Jolgd &)yt dw Jobay kb a
IR I g s gty ca2S 3y a5l YO By
PSS Sldas b plodl a,:{ Sk dde dw b
i sbadile boj)le g ab plol (50 Y- d o )3 Lacigy
(g b lojen md llpd 53085 plosl s ©)j904
Joene socudlie p ogMe b plodl 55 (oSl Clles
(PH) 92 g5y (DTR) (Ssuoy U 39, (o5 ©lio ¢ 21
o2 (DGH) (o) g 51 3o 185)] ¢ pi0 8l e o
(SD) 4Blus jka ¢ o 3ls cams s (HD) 3o yha o 3Les
(SNPH) b » &b olw 5 joile cuosy
(TSW) &by Jl5a 59 ccably 5l a5 (651> peasloaly
S 53 p55kS cans p (SY) als 3 Soe 5 )5 o
S a0 5l Bolal ()5 Y sladiged (10,5 duwlre
oBinlej] 13 Ll (OC) oyegy duoyd 5 ans 4Blas joboay

G5yl 50 0aiSeS s o Kokl s clay e 050 g pb S ojled =) Jga
Table 1. Numbers, codes, names, or pedigrees of the new sunflower hybrids participating in this study

02l gl ity 0 lauds o2l pbs it olouds

Pedigree/name Code Numbers Pedigree/name Code Numbers
RN75xA196 HI1 11 R3xA1221 H1 1
RN75xAF81-112 HI12 12 R3xA330 H2 2
RF81-82xA370 H13 13 R3xA370 H3 3
RO28xA042 H14 14 R111xA1221 H4 4
R33xA370 HI15 15 R111xA370 H5 5
R33xAF81-112 Hl16 16 R15xA196 H6 6
RF81-65xA32 H17 17 R15xA110 H7 7
R60xA070 H18 18 R131xA32 H8 8
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R131xA330 H10 10

*: Hybrid No. 19 (the Zarin cultivar) has been considered the control.
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(left) and irrigated (right) conditions
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