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Extended Abstract

Background: The sustainable development of rapeseed cultivation areas, especially in Iran,
requires the introduction of new cultivars with higher grain and oil yields and compatibility with
different regions through breeding programs. The genetic diversity of rapeseed genotypes should
be evaluated based on a set of quantitative and qualitative traits. Evaluation of genotypes using a
set of traits increases the probability of finding ideal genotypes. The ideal genotype selection
index is one of the multivariate statistical methods that identifies the desired genotypes based on
a set of different traits or indices. Besides, factor analysis is another multivariate statistical method
that is used to categorize traits, determine the importance and relevance of each of them in creating
changes in the total data, and identify traits that affect yield. Identifying traits that affect yield
enables the breeder to focus on specific traits that have caused variation. Accordingly, the ideal
genotype selection index and factor analysis approaches were applied to study the agronomic
characteristics and quantitative and qualitative traits of seeds in different canola lines and finally
select the superior genotypes from the viewpoint of high seed and oil yield along with the highest
amount of essential fatty acids.

Methods: In this study, 21 genotypes obtained via breeding programs were evaluated in a
randomized complete block design with three replications in the Gorgan Agricultural Research
Station. Various 23 quantitative and qualitative traits, including phenological traits [the number
of days to the beginning of flowering, the number of days to physiological maturity], agronomical
traits [plant height (cm), the number of lateral branches, branching height (cm), main stem length
(cm), pod length (cm)], and yield and its components [the number of pods per main stem, the
number of pods per lateral branches, the number of pods per plant, the number of grain per pod,
thousand-grain weight (g), grain yield (kg ha™l)], as well as qualitative traits [oil content (%), oil
yield (kg hal), the amount of glucosinolate in the grain (micromol/g of grain), and the percentage
of fatty acid composition (orosic acid, linolenic acid, linoleic acid, oleic acid, stearic acid,
palmitoleic acid, and palmitic acid) were determined during the growth season. The analysis of
variance (ANOVA) was applied to examine differences between genotypes, the factor analysis
was exploited for indirect selection for grain yield through other dependent traits as well as the
ideal genotype selection index was used for the two important traits including grain yield and oil
yield based on abovementioned 22 traits.

Results: The results of ANOVA showed that the genotypes were statistically different (P < 0.01)
in all the studied traits, except for the number of lateral branches and the number of grains per
pod, which indicates the existence of genetic diversity between the studied genotypes. The results
of the ideal genotype selection index depicted that the genotypes G20, G12, G16, G1, G7, G10,
and G11 with the ideal genotype selection indexes of 0.621, 0.584, 0.673, 0.633, 0.591, 0.728,
and 0.673 and grain yields of 3258.67, 3140.67, 2941.33, 2763.33, 2712.67, 2575.33, and 2548
kg hal, respectively, were identified as genotypes with high grain yield potential and other
desirable agronomic traits. Furthermore, the genotypes G20, G12, G16, G2, G1, G10, and G11
with the ideal genotype selection indexes of 0.622, 0.584, 0.673, 0.589, 0.633, 0.727, and 0.672
and oil yields of 1218.28, 1201.42, 1109.54, 1102.27, 1056.45, 987.40, and 961.27 kg ha*,
respectively, were identified as genotypes with high oil yield potential and other desirable
agronomical traits. Hence, these genotypes can be used in compatibility test trials. In this study,
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the 23 measured traits were applied for factor analysis. The obtained Kaiser-Meyer-Olkin (KMO)
measure of sampling adequacy values and the significance of Bartlett's sphericity test indicated
the adequacy of the correlation values of the primary variables for factor analysis and the
adequacy of the factor analysis model. In this research, seven factors were identified based on
factor analysis. These factors explained 82.13% of the total data variation. The values of the first
to seventh factors were estimated at 20.86, 15.99, 13.99, 10.65, 8.80, 6.27, and 5.57%,
respectively. The first to seventh factors are recognized as factors affecting oil quality,
morphology and appearance, vegetative attributes, physiological sinks, economic grain yield, and
oil quantity and quality as well as phenology and ripening characteristics. In addition, the results
of factor analysis showed that the number of pods per main stem, the number of pods per lateral
branch, and the number of pods per plant were the traits with a positive relationship with grain
yield and grain yield with oil yield.

Conclusion: In general, the results of this experiment showed that the ideal genotype selection
index and factor analysis approaches were identified as an extremely powerful tool for selecting
superior rapeseed genotypes based on the aforementioned quantitative and qualitative traits.
Based on the ideal genotype selection index, G20 and G12 genotypes were among the excellent
genotypes in terms of grain and oil yields with higher ideal genotype selection indexes. In
addition, the number of pods per main stem, the number of pods per lateral branch, and the number
of pods per plant are the traits that can be used as an ideal selection index for the selection of grain
yield and grain yield for the selection of oil yield to select high-potential genotypes in breeding
programs.

Keywords: Agronomic traits, Brassica napus L., Factor analysis, Grain and oil yield components,
Protein percent

How to Cite This Article: Amiri Oghan, H., Payghamzadeh, K., Shariati, F., & Gholizadeh, A. (2025). Selection of
Superior Rapeseed Genotypes based on Fatty Acids and Grain and Oil Yield Components with the Ideal Genotype
Selection Index (SIIG) Method. J Crop Breed, 17(1), 37-49. DOI: 10.61186/jcb.17.1.37



https://jcb.sanru.ac.ir/article-1-1546-en.html
http://dx.doi.org/10.61186/jcb.17.1.37
http://jcb.sanru.ac.ir/article-1-1546-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.61186/ch.17.1.37]

Y4 VEF /Y ojlouis /ppdan Jlo [ el); alS oMol 4ol yingsy

83l o @lio 5 (55,98 pgle o>

9y b 9y 9 413 3, 0y (sl olwl 2 155 5 0 Scudgif G35
(SIG) Jloss) cuigij bl s Ls

Toal5 8 ol g " (gina i U8 L Toalseliny JLoS ¢ legl (g pmal (o

Ol @S (53,918 g 9 hisel s ol s g g 45 g ol Sl e (i) sloaly Sliiow i -)
Ol ()5 (giyghiS gy 9 phigel liiod plojlus (S sl (xlo mlie 9 (65)9liS” (bjgel 9 Dl 35 je ¢ £l g (o) pole laiod i Y
(k.peyghamzade@areeo.ac.ir : Jgguo ok 53)
ORI B S «8509iS g 5 bjgel «laiod lojl (lindS sl gab lio 5 (55y5liS g0l g Dladod 3950 (£l g o]y pole Dlaizg Jisy -Y
VXSS b VXL ¥ A skl ) VEX Y sl oyl
A LYY taxio

bgmo 0355

Jilisee sblie (gl )5l s Vb cuaS b 89y 5 als 3,8kee b )l (Bpms pilie (il 53 0ise IS €t 05 o sl dnsgi 184 g dodie
551 L5 5,85 Sy (S 3 5 i | g lonys omlse IS Slaciys (K635 £55 i) ol 535 slotiy 3
S o ol |) Cgllas (scuiy) il glagasld b lis jl lasgoome (ol 3 & Cusl o pite S )Lel sl by 51 (S Jloss] g
sl 53 ol 51 Sy bl g canmdl lien (e liio (gaivainns jalatess o ol o it diz ()lal (sl 31 )50 (S b bele & o0 (izmen
p a0 BB a1y Sble ol 5,Slas g0 Glhs jaskis S o )8 edliiwl D)0 3 Sles p Fge Glao olwlis 5 Loy J§ @l s
Giliee (clagyY )3 s LS 5 oS Sl g ely; Sluogas anlllas pghitods (bl 52 wdoled 55 p05 el 045 955 g 45 e Clio
Jol gy Sl Jasls gy Sl e 0 sl ke (3t b olyen Vb (6 9) 5 a3 3,Skas Jato ) i slacaiss Sl iles 5 15
5 ookl by Jole &y 4550 o

b s WIS SaSsh o B )3 oSS (55,58 Sl lSial > (sl sloiy f ol 5 g3 Y1 o SlasB, 9 Slge
59 3145 (DS £5,5 b 39, 300 (Suelsi5 s dlos | Chlies iS5 saS oo VY A5 s0d 5 ) 090 s 3 i8S JE ooy y90 1,5
b iacilo) ol s I o ) sat5ls 6] il (slosbls 345 (o 5L) i 6] slys lio TeSigdorsd (S, b
opz g 50 Al Bl Wigy D e A (il slbasls D e S (ol dBlu )3 cpayed daw] o lipl g 0 ,Shas (e ) e yo>
Sl > 3355 Jshe 558 5 2, 5h) o 3,5ket s(50s3) gy sl (S i 5 (S 5 ,55k) 4 5 (n5) 415 I35 o3
o) Sl bl Sl gl K el Sy il Sily) ol g o Sloted oS 3 32 ol 0.5 3 o)
Gkl &l 3)Shes (gl e Ll (sl Jale & 2355 i o SUBT () sl il 455 0D e a5 [l Siially
58 ozl 3,90 Yy 53 0 0,31 oo VY (slivayy gy 3,Skas 5 il 3,Skas pae o 93 £l Jlods] iy bl sl g dtly Slio b
b8

ool BB i yo3 )3 &l slaw g il (clnasls slaw 5| pub s pwyp 390 Slio oled ) g a5 ol lis Luib,ly 4550 oo (il
ol Jlonl Guigi3 Sl (asls @l Cusl (g 3390 Sisi} O (S5 95 2929 Sk 9090 cul 4 w2l Sy b (P<-/4Y) Joine
DAY (ST VY (e DAF o [5VY lony] s Bl asls 23l b oo G115 G10 (G7 (Gl G16 G12 G20 (slacsisi; &5 o
il U slbeadss] olsicas iS55 p Sk YOFA 5 YAVA/FY FVAY/SY FYSY/YY YAFV/PY SAF- 5V XYOMSY &ls 5,Slos 5 +/SVF o /YA
bl asls plie 23l L G11 5 G10 G1 G2 (G16 G12 G20 (slacisi] osMoas ias slulis cgllas ol i b 5 YUy il 3,Skas
NOFIFD AVV/TY AV-RUDE AYVEY AVIAIYA (38 Lo b iy +[SVY g «IVYY o /SYY (o [OAR co/SVY o [OAF (o /SYY Jlons) s
535 (loled gl o1y Sl 5 Yl 55y 5Shae sy Jio ) 53 slacgis e | 53 3,5lae 558 3 £, 5o BVVY 5 VIS
330 baele & 4205 (gl 0l (55503l o VY adlllas ()l )3 055" (5o e ) Slilejl sl )5 e g cnl S &S sy
plel d‘;)% adgl gl yusio  (Siwad polio (090 (A S0l (i)l gomns yuwl O?")I 092 B gz 30 g odel Cuvddy KMO yoolis 58,8 1,8 oalaswl
wiadlys legase b ol cpl ad pasute Jolo cin o Jole 4 4 o5 pbl I g (3855 (nl 53 92 rJole @ o5 Jae ColiS g b Jole 4 4 o5
103 OOV 5 FIYY MA« N +/50 OYAR ABAX Y+/AS 1y o ity piin gl clo ol maes anlod amgi |y boosls S g9 5 doys AY/NY
Lolio g (plyg) Sluogas (sl Sluosas 5 ($5ds8y90 (i) CulsS 3 Hhe oSl uglie Cod i ptin B gl Jole 03,5 3,91
@ 5 gl wgdled Wl (IS Sy Slhogad o (G5 5 gy (S 9 (o5 2N gy Sl (eolaill > Shos (Sojols 58
3, Slos g il 0,Slas b e bl g )0 e jed dlasi g (2,8 (gloadld )d e yed dlawd o Lol dBlu jd s jed dliad Slaw a8 ol L b fele
Sl gy 0,8 les b 35wl

ot P55 (sly 525038 o3llagh 31 ladele & 4320 5 Jlonl iy bl (el a4 o (i gyl (IS gy 16 oS Ao
e e 1 G12 5 G20 (slacuiyss Josl ey} loisl bl palul 5 3 o 5Y1 39 (i 5 oS Clio e o 51 (slacusys
2 o> i (ol dlo )3 g3 s Slio Mo 3 YU Josl cusgss wbil (asli b olyen g, g 4l 5 Sles Jlate 5l lacuies;
2,80ae Glojer (1035 (gl wls 5 Slos 1 g wls 5 Slos (1S (sl Jlowl slopasls plyiea g o B 50 2y i g (28 slaesls
25 ol (o3l (slaasliyy 53 Jeaily y laguiss QB! gl 89,

Brassica napus L. «_l); Glao gy dopd do ole &y o5 (95 5 4l 5 Slas (glial 1605 (g0 314
Gt S3PS) g Sds (xio (ooladl (bl doile

obS (o Olgisdr bgw 9 gy J50 jlam IS adlice ails LS (g 51 (S (Brassica napus L.) 1S
dSpe Jeda (She ofsy el Car ol e b &l ugp o Ve g 8y dop Fr L ik,


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0002-8632-7797
http://dx.doi.org/10.61186/jcb.17.1.37
http://jcb.sanru.ac.ir/article-1-1546-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.61186/ch.17.1.37]

slasly gyl ailg o duslis (ol ady JSa sl s ls
3l wdly Cuto g e Cannbo g 039 Sglite hoxi
obwl jasls g, 3l .(Najafi Mirak et al., 2018a)
Abdollahi Hesar et al., ) 135 ,> (SHG) Jlow) cuigi;
Najafi ) pg,55 pu5 «(2020; Zali et al., 2016, 2019
Tahmasebi et al., ) ;b pu5 (Mirak et al., 2018b
oSkl 4 (Zali & Barati, 2020) 4 (2018
» besgs; oLl lp (Gholizadeh et al., 2022)
ool 00l odlitwl o yadls b Glas j slacgerme wlul
oo A (5ol (sla byl )Ses (K laele 4 40
5 Caodl i o «Olao gabdiwd jslaiedy oS Cuwl
wlolid g odly IS @lyuss sbol o bl 51 G ya b))
LAl 0,8 o 48 eolatwl D)0 3 Slas p 5o Gl
285 a3 Sol5iay a1y ool ul 3Skes 0 e Slao
Sldled 35500 el ol 45 Crge &S pasuie Glao
Leilah & Al-Khateeb, ) pu8 ;5 b Jole 4 4555 59,
Ghanbari et ) g «(Ramazani, 2016) sus (2005
I35 4 (Kanwal et al., 2019) Ob,iil:éi «al., 2019
o bilsy )y sl (Abdollahi Hesar et al., 2020)

balgy (owiy 9 () €95 (b)) el 0ad ool i
slp Slgioe (21h) 9 Sigledyg0 Slao (sl p lio oy
Bodgw ogllas lacuigs] (LSS 5 medie)) (30 lojle
9 B 95 (yp solateds (59 BT cplpl il
=hj lio 93 ,See olulp 131 5 slacsyy olulid
s oy 3l edlawl b Gl o laslgy cpusd picren 5
pLsl (1aJole & 41325 5 SIIG (a5L3) opita 23z (5]

W)

L 59, 9 3190

ol el sl Y 5 Slas Slosia duslio glaions
5 OS> als 2 Jol2) ejlay iy Y b (otelef] 38
OS5 hyskiS ligios oSyl 5 (V Jsis) (RGS003
aw b oolas olS clacSsl o )b LB s (ale ilye)
S [V Jpi) (WRAIFe) ol Jlo (b jo S5
sing 05,8 5l ookl b (beasgss) (eiulojl Hlog o s
iz o Aol o gy oo 4 i L o > Sk
obl 3 adn )3 (g0 e B ) pa Conline) yito Lo VO
) Ay 5o dgd> C.Ia.w _\>‘5 PRI, r@fl).» LA cusS ol
SIS Jos 59 0h 0y i b eSIE ol 9 09 e e
5 o9l ey iud ladgs) wl (ol pole Bpan
09l @l p (e (egskaobios (638 L olyen 3558
9 9h (Fehedd (plag) i lapiSile Bpas SL
b J9] ol L D)')L:.o ¢L§)l5‘9 9 K JAL») caild 9 (o)&
S ke 5 S S jyn cladile b ojyle o ls oSS
355 Sy Gpas ol slo wbe gloglon b ojyle
ool )3 135 eutS Joolyss bl 1 (o 5 0395
i plool (Payghamzadeh et al., 2024) lw.ls

03j B el 5 (gtn 38 53 odljpliny JloS el gl (6 pual e

O 9y 9 4 3,Slas oy slaspl Lulul o IS 5y clacwiss (i sS

Masood et al., 2019; Payghamzadeha & Amiri)
S99 & 495 L (Oghan, 2023; Tahir et al., 2018
il 0 Vb ()55l 35 g Lawly o g diline 0o sloces
s yuwliyw ;5 olS ol colsn g o Lalys 5 (glod s
Hegewald et al., 2018; Norouzi ) 395 o0 )5 § cuis
A il 9 SewS Mool slahgy ST (et al., 2021
Cusl Gl 4 gy mMe cud LIS cuiS 5 pdaw
Loy VoV Jlo o olea 5o ol ctS ) daw &S 6y5bas
S &l g )l ¥Fe b,k la V5 C)] ol prew &S
Sy pdaw Hlub daws (FAOSTAT, 2023) cusl
0f9) 9 833, Soe b pB)l (2o p3lis ol )3 039 1518
3 il 3blie (gl 55l 5 Vb (K55 £33 b oS
.(Alizadeh et al., 2019) cul (oolpa gladsly &b

Mo ely; wol) cudgiome g cudy Y guasts 399 Judoas
Lk rlge (illa b et 5 o dsegs )b 1S
B adgs Gl P sladsel, 5l (S SslisSa
Jsamap sbwis cuiS b pdaw 1515 53 3,Slas o8l
(398 O)lae 4y 4> Ly .(Alizadeh et al., 2021) 54 salgs
S Gk 3l aw ol 0 g Gl 4 oSl
OF9) 9 b 3 Sles cpyidn 4 olied gl pB)l (S5
A Canl (oS o S 0 Sl )50 B bl iad 58 pete
OSes che 5 Cigf (iSeny 5 odime Sl Jdow
e b 5 3 Slee el By Clal &S el
.(Gholizadeh & Dehghani, 2016) wsls lsyss p
5 dSise il meos @l 3l LIS s als 3 Slas
&S cal ol 5l Sl als)lF S il e bl juiSen
by i 5 e > e dliad (o8 slaasli sl
Sy IS a5 Sas b (g)b bre g puiine (Siuson
olaws (Ahmadzadeh et al., 2009; Ali et al., 2003)
AN OWRPI U IS IV S PREG N
oly Cul (Ses jo Slio cpl bl RS cnlpl
S0 9 (2 @l 035 JupE Gl e g el
byl eeplpl .(Gholizadeh et al., 2021) ail > Slas
I glasgerme sluay b B sy Sy g9
b lows) pbil 0x8 e 3Skee (il 5 lav
LSL“’W}‘) Qa)f |J..u J‘.o.b\ Olos )‘l dld&ygm )‘\ odliiw!
Josl Cgis ol Lasls aas e il 1) Jlosl
51 S (Selection index of ideal genotype; SIIG)
i Gl gemme bl &S Cunl o pxiotins (g5bol (gla o,
olis |y Collas clauis il g asls b clio
Canl San oS bl 5l.(Zali et al., 2015, 2016) xS o
9 28L Yy g padli b che S Ll g e
Cuol (Ses da sl Uy Glaw slaws Lioli8l b coles po
0a3ls S Oygots Glio 5 basls sl SHG i,
Feel) sl Sp Gl (e g guas) el
L clio a8 cunl o] o9y ool lacajo dlor 5l 3900


http://dx.doi.org/10.61186/jcb.17.1.37
http://jcb.sanru.ac.ir/article-1-1546-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.61186/ch.17.1.37]

¥y

58 e 5 iy 8 lipliy JIoS cisl (sl

_ m _\2
fji :Zj=1(rij_rj ) )
1=1...,n
i=1,2,... )Pli Cano o oy Hlado I Laslgy oyl 4o
el (1= 1,2, 1 m) o s b e, o (0
ly s c95 9 Jlonl cigf ol oy jlade oo ey

iy alols i ioen (1= 1,2, ... n) pli Cabao 2
sl Cinds i)l alols T g oy
Jloss] g QLRI o LS dpuwlone
(7) oy 51 Jlossl gy bl jasls als po 031 5
Dl oo Al
SIG = d
_ d’ +d; %)
i=12,....m
0<SlIG<1
WS doyh g S (e il S g ke o SIIG bk
s S SIIG i il S5 Jon) s & g
(Zali et al., 2015, 2016) >4 sly 503 S
JSdany e g ite slapasld I plgice ;N> ©jlea,
e gy ool olil 3,8 oMl bg) wl 53 (S
N onrng g Jlonl sl 4 gl (078035 s«
Jlosl cuigs jl yelaie brisl o ol Cams lacusys
O 3 s g Sl Jlai jlas cuwl (25 (5
& Gl (908 (9] s Guigi) Sl ) sl s
Zali et) ..\M:L: ual]aa Ja;l).w 20 sy D90 Slao ).lm )‘
a0 3l Jloss] i oM yg oty (al., 2015, 2016
S by Wl e cana Slis I Soyn Jlon! polie
Jols Slao I S ains il ggacme | v (gl
o 08des pSlas 0 See 3)90 53 Jlio (lgisdn 298 0
i ko lsiedy ol 2 SMes g Jlony] ko cigi
e ((Swy U 59y 2)90 3 (iman 9 o0 4B Jlaiy>
5 Bowig) Sly Sy U jgy 2 cupieS plyn Jlosl
Sly Sy U oy slde cpypin L ply Coms jlade
Lol digs
9 Olio G odmy Lally) S50 9 (owyp yslateds Aaldl
el 5 oolitl b Jole & 4555 51 ley Jolse ool
ohe lr g ol laadie g, 5l laele gl sl
5 sl 2035 o3kl (uSlaylg (23 2 (g I Jale
Ay d‘)b &5 LmJ.oLc )'| oy ‘_’)\ el dl.mJ.nLc sl
boele culys g yle sl g bl 39 S 1 55,5
I e JRLL
s 48,5 a3 )0 Iy dme o] cwedMe ) Hascs o YL

A(SIG) Jlony) i gi L s Ll
o 290 Gaase a5 ol Ui uibly 4 jod b
Sy U jgy olasd ¢ 28 £945 U jgy dli las b
Bl Job ginasls glis) wig glis) Anle Sy5eles
s kol a8l )3 2y S (2ygs b el
32 039 g pd (2 pes Sl (Bl Sladll ) st

VFF /N 0lasds /Wmm JLu /u,cl))' Oba[; C):Lpl ML)Q‘&,”J

25 g5 5y o] Sy3elsis i o siS adllas
S g6)]] oly; o L Sjglnsd (S U jg olass
sy gyl (b sasls ol o e 5le)
s U dytngtle) ol Bl S (e tle)
e 8 33 5 330] o] T3]3, 5
Woy ) e el il gladdls 0 pa et dlas
b oSlos (p,5) Wl i 50 (cpzyss 5 Al ol
38des 89y dop] S Clas 5 [(JLSe ) p54kS)
Al 5 OVgujeels Jlude ((USe > pSelS) (89,
e sl cSy a6 pS n Jses)Sin)
ool Syl el Setlgid sl Kot ] Sy ))
390 [(swl Setaly gl Sginally ctpl Sl
L lodly (g Jbop Cundg lanl (8,8 15 5,805l
SASVET. ,l38ls 5 b By promslBg )3 galgS” y0;] 3l o3litul
sobtody g ()5 518 oy )90 (SAS, 2017) 9.4
SpSoilul Slio aon (plul Sy Scwin] (olelis
oslawl (Zali et al., 2015, 2016) SHG a5 Lli I s
(SNG) Jlows) g5 bl [asls dle ogos .0
N
12od1d e pilo JuSuiS

dy50 alitee Glas Dl 5 edg) sl 4 dag L

Dy e JoSi (V) dlasly g0 Bodld s o (o)
Xy Xy X\m

Xy Xyy Xym
D= : . : (\)
Xy Xpy 0 Xgm

P A=1,2,...n)pll can b Xij juwple pl
ool (=1,2,...m) pli cuigis b alaly
Jboy ow ile S ar Lodld (g file by
D9 o odlatwl Lodly 13,5 Jloy (glp pj akaly

Xij

rs= ,__n: Xizj (v)

D9 g i (V) dasl) ©jp0a R s il
hy hy Ty

Ty Tyy T¥m
R = : o ()
rI'I \ rn Y rlTlTl

dard cuigi) g Jlowl cudgiy (13,5 I

9 e Wbl pbdn Cho pp gl dspe ol
9o A5 i ienss
s i gil 9 JIoasl cudgiy il dbold awlow

5 Jloiol iy jl alols wio o sl dspe ol
dsle (B 9 ) Laily, il cuipidy s g 5l alold
gl o0

_Oli+ = Z;il(rij - )2 ()


http://dx.doi.org/10.61186/jcb.17.1.37
http://jcb.sanru.ac.ir/article-1-1546-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-01-29 |

[ DOI: 10.61186/ch.17.1.37]

¥y

ollas Cumdg )3 gy 3Sdas g dll> 3 )Sles o2 5 (2l
b o3l (V9 ) (sl JSid) 35 (samgd yloges 5l sl
G20 (laeuiss il 5,Skas olul 5 SIG Lasls ol
ails 5,8kes o2 | GI1 4 G10 G7 G1 G16 G12
YVEY/PY YAFVTY XFVE/5V SYONEY) (ko 5l sty
Jaie 5 (Sl ,3 p,SelS YOFA 4 YAVO/NY FVAY/SV
CIEYY G ISVY G [OAY [PV Cbpa) pie SIIG
Mo a5l 5 slacadsy i (/EVY 5 </YYA /0%)
sloiss G I () US55 ¥ Jaiz) Kog als 3,Shae
5 VVS/EY) 5:Sike J) oS @l 5,Slos b 35 G13 4 G21
i yag) 5ieS SIG ko L (1S 5 p,Ssks VIFV/YY
CoyS) Gl Gams slacusy) s ((/FOA 4 </YOY
rzed () JSB 9 ¥ Joux) W39 qw)p 3y90 Sl
b QU g gy 2es (gl SIG (a3ls (o)
L G11 4 G10 G1 G7 G16 G12 G20 ey
AYAVEY AVVAIYA) 5:Ske 5| st ) 3,Slas oyl
£33 5LS ASV/YY g QAV/F+ ) -OF/FD VN -Y/VY ) -4/0F
< [OAY < [EVY o pay) it SHG i b g (s po
Soes o3> (/EVY o <IVYY o/EYY e [OAR o /EVY
(Y IS5 9 8 Jgiz) W39 (s9) 3 Ses Wi LI I 5
D5y 3Skee Jaia |y G13 5 G21 slocaip «wopad
5 (S 5 p)Ssks A VAL o YORYY) Siko 5l j2a8
s ((IFOA 5 YOV wspa) S SIG  adls
D39 (gwyp D90 Olao Co ST Hlas 5l g Sl
Gholizadeh et ) o, Kan g o5l 15 (¥ S5 5 0 Jsi)
1 ely; las pleal glaiea; SHG asls l (al., 2021
Sy SHG sl oS wzils ol g ges ool o), Ssbidl
Sbewis) Fise bl 3 L s e S5 Uy
il 3o (Zalietal., 2016) ,San o JI; .2l 0 Collas
S0l 4o cilise o g, pledl jglatea SIIG adls
S5y SIG Lasls & widses sl g 15,5 odlizal 1518
9 RIPpid (S Clio pledl ity cunlie
GRS > b )l 4 Sy b proxes
Abdollahi Hesar et al., ) ,Ken ¢ jlas sl 5>
SIG _asls jl solizsl L 1, 1515 Cilises e, 5 claws (2020
Slas pledl LSHG jadls a8 05,8 45,155 5 03505 plel
3o pll 555 |y Collae g Clsul il
Al sl g pB)l Gl jglated; SHG adls
(Najafi Mirak et pg,93 pa5 ;5 (g)lub caliso slao ol

Gl 48,5 1,8 oxlatwl 3)50 35 al., 2018a; b)

58 e 5 iy i lipliy JIoS cisl (sl

O 9y 9 4 3,Slas oy slaspl Lulul o IS 5y clacwiss (i sS

Y ghjeS ol e (yEgy g wld 3 Slas (g o> iy
Sglgl el Selgid el Siddgie) il Suogl eails
b el Sially 5t Segially gl Sl el
2oy S Jlas! o (> Iy gme (gyl] M3 K
o9l Juuily oains (LS ggdge cul & (I Jguo) il
El) ailies swip 290 oo 0 39290 (S
o=l (Refaey et al., 2015; Mustafa et al., 2021
Ofy Nas 5 alb 5Sles pro Cio g0 Iy SIG
Oy 5Nas 5 &l 3 Slas B o0) i VY (sluoys
b 5, (358 waee o 93 sl SNG avslons sl s
M Wy gl SSdpid (S (B g9y
i bl Bl Jgb ccsinels glis) e p laadls
2 g M ol Blo 3 yed G (s
(g3 O A dlas Wigy > Ly yed Dldal o8 laas Ll
ool Selgid sl St sl Sang )l eails i 5
5 el Sl el Sgall gl S35l
0SS dloxe )3 (B 9 ¥ Jodo) 48 dwlore SV g0 55 5lS
215 s b ol & Adlgn ) 2 55 SIIG
Wl Job ennasls glis) (o cbasls slas gy
s ool dBl )3 2y Sl (s Jobo el
b olawy oy 0 ey A 2,8 slaasll > e
o] Sgid cpnl Silgind Wl Jl5a jg oyt
oS g el Sitell sl Sgially il SSglgl
Sy B gy (25 £928 U jg) csainedls glis] e
tilign St Y5555 I8 5 el S ) S350
5 o0d plesl ysSis clio SHG Lasls l eslizul L adly
OBl g5 o 4ot 43 g ol 3 nly asls G Oygod
oS losl ol plol 5585 g Sisalas ) 5y sl
e Sy g e om SHG adld Ol Glie oS
AL S35 o 4 () slp SHG e 42 p» il o0
Candg jl popp ge Slho jily 5 Gaiss o
sl SHG i a2ym g sl )0 s cslhe
Sy 55l () 3)90 TP Bl S35 Hho & (5
0asld @ly 3 s JIy55 p (gllae Cunsy | Clio
5 o3 SoieS Ja S (SI1G) Jlowl ciys sl
sewiss on )l (B)eiss pridlen] Cbwl jdaies;
Sl pasls cpl il okl b g 39500 )4 (o) 3)90
N oossl cnpcisms 9 onyite SBE! 1) 2l waead
(Zalietal., 2015, 2016) 5,5 o adllas 350 lis L
Slao Hlai i pa o5 pbcwis; QB pslaied; Mo


http://dx.doi.org/10.61186/jcb.17.1.37
http://jcb.sanru.ac.ir/article-1-1546-fa.html

58 e 5 iy 3 lipliy JIoS cilsl sl

¥y VEF /Y oyl [ppian Jo [ £ly; oalS oMol asb jings

o 29 1S Glacaigf 0 ond g ol ojled -V o>

Table 1. Code, name and pedigree of the tested rapeseed genotypes.

o b £l o) &Y ) sLise ojlads
Pedigree Name Cultivar type Growth habit Origin No.
Rameh 97-10 SRL-99-1 Gl
Ogh-Beh-10 SRL-99-2 G2
Zabol-6 SRL-99-3 G3
Ogh-Beh-9 SRL-99-4 G4
Dalgan Dalgan G5
Ogh-Beh-11 SRL-99-5 G6
Zabol-9 SRL-99-6 G7
Ogh-Beh-2 SRL-99-7 -3 G8
Ogh-Beh-7 SRL-99-8 - 8 G9
RGS003 RGS003 V= [ = c G10
Rameh 97-11 (RGS003* Okapi) SRL-99-9 33 32 % S Gl11
Ogh-Beh-5 (RGS003* SLM046) SRL-99-10 g c -~ - G12
Ogh-Beh-6 SRL-99-11 338 & G13
Ogh-Beh-4 SRL-99-12 o G14
Rameh 97-1 SRL-99-13 G15
Rameh 97-2 SRL-99-14 G16
Ogh-Beh-3 SRL-99-15 G17
Rameh 97-9 SRL-99-16 G18
Zabol-8 SRL-99-17 G19
Ogh-Beh-8 SRL-99-18 G20
LH98-Rameeh SRL-99-19 G21

G225 (pl )d dalllasdyge slalaste el Gluogas —Y Jgio
Table 2. Agro-climatic characteristics of environments studied in this research

(o) 6l (St (ke . iz sk (5a) > o 31 i) oo
Average annual rainfall (mm) Latitude (N) Longitude (E) Altitude above sea level (m) Location
460 36°55° 54°20° 155 (Gorgan) 5 5

15 g5 YV 53 (g 3y90 (S g (08 Sl puilyylg 435 Y Jgao
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Table 3. Analysis of variance of assessed quantitative and qualitative traits in 21 oilseed rape genotypes

() s oy (Erorr) s (Ligi3) slass SS Sl glie
Coefficient Variation (%) Treatment (Genotypes) Replication Source of variation
- 13.90 20 2 (Degree of freedom) (¢3lT 4 >
1.25 13.90 84.16 1119 PS £9,5 6 Js
Days to flowering
o ns So3elsn3ed Sy U g,
0.67 1.23 .87 5.06 Days to physiological maturity
. s Gy gl
1.96 6.26 211.04 16.10 Plant height
e olaasls slaws

ns ns «e ¢
9.18 0.19 0.18 0.17 Number of lateral branches
e ns sl glis)l
7.05 5.37 208.15 159 Branching height
10.22 25.48 75.79* 53.64™ bel ailo Jibo
Main stem length
b ns osng> Job
10.17 0.59 2.02 0.28 Pod length
474 476 76.68 3.86™ ol Lo )3 25 s
Number of pods per main stem
** ns R Seadls )3 e Sl
2.37 21.36 2005.66 105 Number of pods per lateral branches
2.07 24.99 2218.81 " 145" G5t 93 25> A5
Number of pods per plant
9.20 4.05 438 1113 orsss )3 b dus
Number of grain per pods
** ns &l )l}-h 09
8.26 0.09 0-50 0.09 Thusand grain weight
5.68 203364.78 460473.78 1145771 b 3, Sos
Grain yield
2.50 0.91 345 0.0001 ™ OF9) L2)
Qil percent
6.34 36979602 689109318 ** Lregdor7 Bt
Oil yield
3.02 0.06 2012 0.002 " &5l i oI5
Grain lucosinulate
492 013 44353 0.09 ™ el S|
Erucic acid
3.45 352 612.24™ 3.73™ Sl S|
Oleic acid
6.40 0.34 12.43* 0.16™ el Sl
Linolenic acid
5.66 0.93 7.85 ™ 0.227 el Slsid
Linoleic acid
10.67 0.04 0.63 * 0.02 Sl S i
Stearic acid
17.61 0.0004 0.008 0.00001 " el Sl
Palmitoleic acid
1017 0.25 1,27 0.03 st Steally
Palmitic acid

ySile

Traits mean square

Slas Slaype

b hoyd Y 50 (oylol YS! 3gmg ,S0ly iy e g % 4l dxe (Lol MBI pae il mns
ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively.
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Table 4. Selection index of ideal rapeseed genotype based on all studied traits and distance from ideal
genotype (d*), non-ideal genotype (d) and seed yield

. ) —= %
&b 5,Slas SIG asls ¢ d w29 P
seed yield (kgha™®) SIIG index Genotypes
776333 0633 0622 0.360 GL
246467 0623 0.613 0371 G2
2340.67 0.675 0.642 0.309 G3
2010.67 0.630 0.607 0.356 G4
232733 0598 0599 0.402 G5
217333 0.596 0.586 0.397 G6
271267 0591 0.584 0.404 G7
2260.00 0.586 0573 0.404 G8
102933 0.640 0.628 0.353 G9
2575.33 0728 0.668 0.250 G10
2548.00 0673 0.631 0.307 Gl
3140.67 0.584 0587 0418 G12
214133 0.458 0371 0.438 G13
2642.00 0.276 0247 0.648 Gl4
2980.00 0.438 0.442 0.566 G15
2941.33 0673 0.603 0.293 G16
231467 0.650 0.586 0.316 G17
3006.00 0.381 0332 0540 G18
2405.33 0711 0.635 0.259 G19
3258.67 0.621 0.620 0378 G20
1016.67 0.353 0.323 0,592 G2l
2516.762 0.577 OSbe Mean

() sllach gy (A7) sllae cuigsy 51 Juolsh 5 aollln 3y90 clio den (slise o IS Jlon caighy Qs pasls b Jgoo

. : oy 8lee Sl
Table 5. Selection index of ideal rapeseed geno(tjype based on all studied traits and distance
from ideal genotype (d*), non-ideal genotype (d*) and seed yield

o9y 3les SIIG as3ls d d* Gig pb
seed yield (kgha™) SIIG index Genotypes name
1056.45 0.633 0.622 0.361 Gl
945.62 0.622 0.612 0.372 G2
887.21 0.674 0.642 0.310 G3
750.04 0.630 0.607 0.356 G4
844.12 0.599 0.600 0.401 G5
871.55 0.594 0.586 0.400 G6
1102.27 0.589 0.581 0.406 G7
882.73 0.585 0.573 0.406 G8
726.95 0.639 0.628 0.354 G9
987.40 0.727 0.668 0.251 G10
961.27 0.672 0.631 0.307 Gl1
1201.42 0.584 0.586 0.418 G12
801.88 0.458 0.371 0.439 G13
1008.54 0.275 0.247 0.649 Gl14
1131.30 0.438 0.442 0.567 G15
1109.54 0.673 0.603 0.293 Gl6
883.48 0.648 0.586 0.317 G17
1175.09 0.379 0.330 0.540 G18
874.22 0.712 0.636 0.258 G19
1218.28 0.622 0.621 0.378 G20
759.34 0.352 0.323 0.595 G21
960.89 0.576 OShe Mean
0.750
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Figure 1. Two-dimensional graph of distribution of 21 rapeseed genotypes based on seed yield and SIIG method
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Table 6. Factor coefficients in factor analysis using principal components and varimax rotation in rapeseed
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Factor7 Factor6 Factor5 Factor4 Factor3 Factor2 Factorl Traits

0.205 -0.120 0.363 0.358 0.449 -0.013 -0.429 5 g0

flower Initiation

0.751 -0.309 0.210 0.323 -0.035 0.112 0.049 S Sy

Physiological maturity

0.493 -0.120 0.128 0.247 0.712 0.004 -0.128 < ?w

Plant height

-0.170 -0.186 -0.300 0.005 0.173 0.442 0.423 e gl ls

Lateral branch

0.478 0.059 -0.019 0.225 0.393 -0.507 -0.035 ‘5‘?“5“ &_w

Branching height

-0.125 -0.058 0.124 0.169 0.846 0.046 0.098 . ool Lo Jobo

Main stem length

0.097 0.556 -0.160 -0.147 -0.489 0.027 -0.050 gt i

Pod length

0.351 -0.129 0.065 -0.010 0.718 0.227 0173 ol o 25>

Pod per main stem

0.134 0.076 -0.020 0.950 0.006 0.007 -0013 o Seils g

Pod per lateral branches

0.192 0.049 -0.007 0.948 0.138 0.005 0.019 $9 2 oo

Pod per plant

0.072 0.659 -0.012 0.275 0.271 0518 -0.193 Gt o 4

Grain per pod

0.762 0.202 -0.008 -0.001 0.153 0.206 0.076 bl 0is

Thousand grain weight

0.113 0.020 0.033 0.942 0.187 -0.018 0.107 (Grain yield) &ls 3,Slos

0.122 0.692 -0.309 0.001 -0.187 0.129 0.160 (Oil percent) (5, 10>

0.133 0.139 -0.019 0.931 0.158 0.006 0.128 (Ol yield) ;ég, 3,Skos
I
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Erucic acid (C22:1)
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Linolenic acid (C18:3)
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Linoleic acid (C18:2)

0.000 -0.001 0.016 -0.069 -0.042 0.022 -0.971 ) _""" Sl

Oleic acid (C18:1)

0.258 -0.061 0.843 0.034 0.159 -0.113 0.209 ”'“_" ‘5‘“]*“‘”‘

(C16:1) Palmitoleic acid

-0.062 -0.035 0.900 -0.081 0.094 0.008 -0.049 el Sl

Palmitic acid (C16:0)

-0.213 0.878 0.189 0.145 -0.113 -0.145 0.096 dtacaal

Grain Glucosinolate

122 1.38 1.93 234 3.08 459 459 ol

Initial Eigenvalues

2.0 2.27 2.48 255 267 2.69 3.34 (hoy3) 0329 e

% of Variance
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Cumulative %
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