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Table 1. Code, name and pedigree of the tested sunflower genotypes.
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Table 2. Some physical and chemical properties of field’s soil
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Table 3. Correlation coefficients between measured traits in sunflower
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Table 4. Direct effects of predictor traits on sunflower yield in conventional path analysis and indicators of

collinearity.
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Table 5. Measures of collinearity values (tolerance and variance inflation factor, VIF% for predictor traits of sunflower

in conventional path analysis (all predictor traits as first-order traits

and sequential path analysis

(predictors grouped into first, second and third-order traits).
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Table 6. Estimation of standard error values of path coefficients in sunflower using bootstrap analysis
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Table 7. Indirect effects for the predictor variables of yield in sequential path analysis in sunflower

&l o Slos

a8l ,lad b 5 59 Geb > b ol
<oy o[exY - by ab ol
o[+ - <[+¥A &l a3
- -[-of AN il b
il ks

o) g 3k gl 2 bbb g,
=¥ - 5 R s,
- J¥ve o) gl Bb )|
O ghw J Bb el))

Sy &) S I

<[-¥Y - S o Jobo
- —+/+YA LY &Lo.;)l

iy Cudo Byl 5l a8l b Cado puiitne el 3l o YL
WBlus o (]38l a8 Cd S ase ol e g by il
3 9 o, Kolsl ol s )3 4l sluw iuljEl el Wilgs o
obi 2 e sddls s 3 Sles li8l culy
Iy Gyge s & & (gtuwgd dlge JEsl >  Slisles,S
9y b sl LIl cel Byb opl 5l 5 a8 o )]
) 25 o 5,Slee Sl e
Cao &S Db lis pgd agy law ly e 40
Voo ash b gl s b sl gy g Sy e
25 (5 Jgi2) 2909 a2 |) cido () sy 1 0o
£ 3l aoyd YA &S ol ol &b e 5 (gl e
{F Jgi2) 235 4 b jlb lawg Cdio cpl 3 39290
I3 Ojg S9y p b sk Cdo Y g Cute ians Sl
ol S plgie 4 can ol oL Sl (+/0F) &l
Asbe o3kl s wb e o5y il s ol
I 0jg ity slp & & €85 am g cnlple
Gl glas) ccwle 3do b L olady 4 N 4l
sl Wy g dbul el b i cas il
(YY) Lo Rl &>l 05 Laled 5 99800 55
Al e Gig b b k8 (i bgee 5 Cute (Sturer
&S i (VVA) Cuwl 0 5155 35,500 yliioce bawgs
b wd a8 S ) dlwly Cae Glee 4 dile lad
90 dluwgs dBlu ,lad 1D 39350 £oi jl o yd £r S 2 L

i sl Gl A e e g B o b ol

&l olaw > Olyus sbol el &5 ole sl oo 5,Sles
039> Jsb 3 &5 Conl o JS (gogdll dlass 395 0 B> 1
Oms Sy S bwg pegad 4 olS (odig) M)
2ol 1y ablin iy GRlEl cle rien 95 00
b dnJobo 33y 5 oS oliee il @ okS S
axgi by (VF) Wlooly connd (gimimgud dlge Jlanl g jiiwgid
5 Geb 50 b ol Cds 9d b e g ot [ Siumed 4
38es 69y » gl Cute s J1 5 wal &l Jl5n (54
M glp lojor (iS5 &S C8)5 i (i il
Al 3 Slee & ey Sl A lie B9 9 Bl 5> &b
olye @ ) o gl Gl 5 cans Szl Gl e
oozl 3y90 10, 0lE1 13 YL &l 5 Shes b clacuisss
S g ((IV5F) Joleo uiims I L a8l ylad by I3
5 (+1V00) b &b sl Slaw Gy 5l paiiue e
Cho gl & &S 39 (Jho (pegw (+/+0F) &l a0
o gl il 3,Shae (535 52 4Bl JB oo e
Al s b Slals 4 YU by 5 Slas sl gl oS sl
Gloydd dlge (lyly YL aBlo s L olals .cuwl 5L YL
2951 e Cueglie g ply 3 9 WSl (i
aSol @ dog b S o Jured 1) 05080 cudld y does


http://dx.doi.org/10.52547/jcb.13.37.171
http://jcb.sanru.ac.ir/article-1-1190-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-01 ]

[ DOI: 10.52547/jch.13.37.171]

WA O] 5 iy glay e i g o)) Sl o g 2,8kae o Lalyy ()

P gL ol

Yo ab o Sles b oosds pMol slacuisl; LinS
Dyl 10,k adgs ialisl g cutS dxwgi ) ()35 i
buwg &S Cul LS“"\‘:?,‘:’:# oS o il 3, Slee 841
& Caw opl &S ol 5l oad e JpS of b ol
Cpicdly 31 0,8 e B e 2l cov nd
38es ol sy @ g b cwl jlyssp wb
o8 5l 5 Sles 3y 0p0 ollas slacsy) s
Lmdl aayl, 9 ])‘?I C)?.I ol bl O‘ PILOA9S db}l
Pl culio 3 Sas b slacuwie; (iS40 ab 5,Sles |
(S 43355 Ollllas faeme (wyy jl Cul Cuenl
23,5 pasude bulpd )3 s 4205 5 o 4 P (19005
3 b k8 g &l la yie c @b 0 aib sl Clas oS
SO dayly ab 2 Slas b &S siwd Slas (p Sete
e cwlie Glas loe 4 HShe Glaw cplply W)
Hlod 4 o, ols] )3 Vb ails 5,See b slacuigi; i S
ool p ooy 3y90 oy adllae (pl ) gy
3,Sas 5 Gubo Hlad ild Jla 59 (3o 53 aild law Clew
2 Slp boas) anad) (A Joia) Sad ganas) b
oVl & gy 4 @S LS el Gjge pl 4 can
@ Fomk lie b slacssl 49 ) sae cuib 1)
2l b 4 (F) as el (YO U YY) pYL ol iy
l)A 9 Y O X0 FY Y D)LQA:B dlﬂswy) 9 wﬁu?ﬂaﬁ
K292 iy oppcglladh 45) (Sile (il (D
P4y oSle patls @l ol jokie & (A Jgao)
Slio ad) plol p Sladss 455 dacy) (saueg)S
ab o Slos g Gubo jlad iy a5 (3do 0wl dlas
Sled ¥ S5 3 iy sabesS @l <88 ol
Jol 0985 slacaiss a5 ol lis b Lol o3 03l
&b e g g able Jhi claw Gl I (Cluster 1)
Wil ewigi IS pnSke 4 coms 1) (6 pYL (1SSke
ab o Slos 5 b 0wl sl Clas s jl &5 Jb o
g b sy JS (ile o |y (g8 iles
Sliw) las den Yo 5l (Cluster 11) pgd 04,5 (slocuiss;
(@b 3Sdas 5 Bk s @l Jia is (@b o alb
OsSbe (pimen g oS plo le 3 1) 65Vl (Sl
(Cluster 1) pow 05,5 (slacaie; bl beuiss; JS
2l e 3 1y ol 0Ske Wlio den L 5l 5
4 d2gi b i bowis] JS (ke (eonen g oS
S 8 Wi e slads aps jl Job ml
OV oyl slacaisf) pogd 095 )3 d9290 slac
9 (W) 9o Olaw ded ).Lw )1 (a 9 Vo ¥ A& N NY
g Log)S ple ol 0 1) YL (Sle &l 5 Sles
OsSbe o pieS idly b g widh bows) JS nSle
Hiad adlid 5y sbewis] olsis @ 4,

4295 (o) gdaw | 3 gyl 5 (25 GLL U ) cudo
(+/AN) o paiinns S (2AS LL U gy Cho
3ol et 3l Jy (7 Jgz) catls bl b (s,
S92 (—+/V+¥) it (o) gdaw ) Bk gl Cdio 35k
(st olns 3l (o) g | 3k 5] Cdo (V' Jg2)
i & J1 g (7 Joaz) cuils Bl Jlad (g9, (~+/¥Y7)
d9 (+1¥VF) cute (2B 0LL U gy cho Gkl )]
b jsy cho dasMe JB 5 cute it SV J5i2)
o s cpl Sl (+/AN) 4Bl Jlad (g9 p (25 LL
dnogs Jlid 4 b YU adle jlad b glacasiy il 4l
STy 4 e Vb a8 oy b clacuiss;
Ol 5l sl awsly 65 SYsb (25 09 &S lacuiy)
W)l 393 oalaBl BB (3,8 sl s Cuo b
0L U o) o Vb Cuto mubitune Jl 4 dngi b JS o
B L B gy Cho plgi e Bl jlad (g9 p (IS
Mol Cap p Jiiwe Sl asls S laie @ )
ellae &l 3)Slos coles )3 9 YU bl Jlad b sbeusss
Chio puiiae Sl P9 ke cd)S iy b, Kokl )
o Blo Jlad g9y p (F/¥YF) (pej aw 5l B £li5))
gaw | b )] pall b & cwl gedge ool Sl
dogi b cwl aisly iuli8l 50 aBle lad (b Skl e
Rl Gy I il 3 Slas 2900 &ty 0 i IS
Jizl o] a4 039 as o) oo I 3ib gl
(ashy) (atag) o 4 Cams (i} (350 & dlge yide
ot Olpe 4 pgw 45) (sl pite dSualiin S
S 4B I 5> atnly dljie 4 ped 45, Sl g 0uilS
A4Sy 8y 50 29390 g0 3l o pd M &S 0 LS s
o 05 (P Joio) M dgd S pred ol Cdio by
Ol 2 39290 55 jlaoyd Ve &S ol (Lt b jlad (4l
Sly pow 45 yrwe 3 D Ay Sy Job bug Cio
Cdio dlpwg 4 39290 £95 J 20> A (S UL G
3 b gl o o im0 dng (@S b )
@l b aB)S e analy cho plgs 4 e e
s b £i)) 55 Sg3se £55 J) 003 DY &S 3l Lt
a2y Ly g 5 Sped Job Cho 9> dhwg )
9y (FHIYVD) Lo muiine I S ped Job Ciio D
Ay B dee) et omej v I b i)
S92 (++¥V) Cute gy )| o Gy I o] adione
9y (H1PFR) e uiitens Sl g iyl o (V' Jgi2)
Ao (P o) ety o) daw | Gk eli)] o
(7] VA) (e S Jsb o )b ) o] e o
S92 By gl Cho Cute mitee SV Jgi2) 39
b oS ol Cllas ppl onimd )Ll (e o I b £145))
DRIl 35 o) o | B el)) g elis)) )
g chio 93 al Vb g Cute bLI)I cnlply bl
9 ol ol (hagh gls b By ) s Il
5 S b g, slis Slis &8 B35 UB)IS (Y) oS
Sy 2 86 5l Cuenl ppuw drpy > Spes Job

55148 4l 5 Slee


http://dx.doi.org/10.52547/jcb.13.37.171
http://jcb.sanru.ac.ir/article-1-1190-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-01 ]

[ DOI: 10.52547/jch.13.37.171]

wa

VE o o PV o)l fem s Sl /el ol oMol anliiags

OOl 53 VO (sl ol 45 § Dl (il A Jgi>
Mean traits along with their ranks for 25 sunflower genotypes.Table 8F

<)l o

Geb > b olaws

4> 5 Slas

45) (ke ) Bl jlas ) &) ) w55)
\EIVD Y Y50 Y¥ YAV Y YV /YA \E YSYA \
£lo. A Y&V WY OA/EA \ ava/\o I \rals A
ARVAZA 5 Y£IAF WY MDY Y AYY/Y . AR YYAY Y
£Ivo 3 ya/f¥ VO OAIYY \s AYEIVY ¥ yyva ¥
£Ivo Y Yv/ov ) YA« AR VYY/AA A Aran! I
VoIV A\ Y¥/FA o Yo/ A ASYIA- WY yya. 5
ARV/ A \a/Ys A3 OAIYY \\4 72 Yy Yyyvy Y
VA/D- K YY/5Y \\% INAE YA vay/a. AR YA-Y A
ARVRR A Y¥/AN AR OY/VY Y WYY \4 yoaa a
A7 Y YAAY \4 Y ¥ AY/Y Ve yyas Ve
& AN YO/ND 5 IS [ a-¥/50 5 Y&V M
\WY/o- WY Yo/vY Ve Felf Y AYY/Q. \td yYayy WY
\E[De V¥ Yo/-y Yo FA/E- a AV A YA W
No- ¥ YV/V. A SAIY. Ve A¥Y/V- WY Yyya V¥
Va/vo Yy YV/FY B OY/VY A1 Yay/vy Yy Y¥Yo VO
N/« ¥4 YY/IVY Al IIALY vY¥ FesNY A FEVY \te
\WY/o- Y¥ Yo/v¥ Y YEIY - Y- AARYANY A VYA A\
Yo a YEINY \td NS VY ANV A Y.y A
£l AR YY/NY ¥ yY/sv Y avy/oy \ ¥Yary AR
WA WY Yo/vy Y \ % Yy SAM/YA \\% YAY Y-
Y/ [ Y&IAA A ov/s- AN AY'fes \\2 Anlas AR
2 Ve YO/AY a £l 4 - Y/FY Y YA+ Yy
YY/ee Yy YY/-A Yy O/ - AR AARVRIN Y¥ Y-¥o Yy
YY/YO A AATRLY Yy ARYINY Yo OVY/+ - Yo VOYA Y¥
YV/YO A YY/5Y Yy AR Yy £50/VD Yy YVFA Yo

Y¥/AY Feled Yaa/yy \ntas oSl



http://dx.doi.org/10.52547/jcb.13.37.171
http://jcb.sanru.ac.ir/article-1-1190-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-01 ]

[ DOI: 10.52547/jcb.13.37.171]

0.54
038
LL
057
0.39

DTF

PH 0.67

b ;o) :DTEOF (b ,had (HD « 5y (50 LW iy Jl5o )59 :TSW (5ubs j> il slaws :SNPH (ails 5 )Slas SY il o0 AT s o a9 3,Sdes o alaily [SLES 45 55 e 4350 =) S
Loy glasyl PH ( 2AS U o) DTF Sy Jobo :LL «5 pod Jobo PL cyoj o jl b gls)l :DBGH (2415 LY
Figure 1. Sequential path analysis diagram illustrating the interrelationships between various traits contributing to yield in sunflower. SY: Seed yield, SNPH: Seed number per head,
TSW: Thousand seed weight, LW: Leaf width, HD: Head diameter, DTEOF: Days to end of flowering, DBGH: Distance between ground and head, PL: Petiole length, LL: Leaf length,
DTF: Days to flowering, PH: Plant height.
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Abstract

Study on relationships between yield and other agronomic traits will improve the efficiency
of a breeding program with appropriate selection criteria. In this regard, 24 new sunflower
hybrids along with Golsa cultivar were evaluated in a simple lattice design with two replications
in agriculture research station of Gorgan during 2020 cropping season. The results indicated that
the highest coefficient correlation was obtained between head diameter and thousand seed
weight with seed yield. Sequential stepwise multiple regression analysis was performed to
organize the predictor variables into first, second and third order paths based on their respective
contributions to the total variation of yield and minimum collinearity. Based on the variance
inflation factor and magnitude of direct effects, seed number per plant, thousand seed weight
and stem diameter were considered as first order variables and accounted for 70 percent of total
variation of seed yield. The t-test of significance, using standard error values, obtained through
bootstrap resampling, indicating that all direct effects were significant. Generally, the results
indicated three traits of seed number per plant, thousand seed weight and stem diameter could
be considered as selection criterion in selecting for increased yield in sunflower. Also, the
results indicated that among studied genotypes, genotypes No. 2, 4, 5, 10, 11, 19 and 22 were
recognized as superior genotypes regarding seed yield and traits related to yield.
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