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Extended Abstract
Background: Oilseeds are one of the most important sources of energy in the world. As one of
the most important oilseed plants in the world, rapeseed has nutritional and economic value, with
its seeds containing 40% oil and its oilseed meal containing more than 35% protein. This plant
has higher adaptability to diverse climatic conditions. Given the need to supply edible oil in Iran,
the selection of high-yielding genotypes with desirable characteristics in this plant is very
important for sustainability in production. Moreover, examining the relationship between yield
and other agronomic traits improves the efficiency of breeding programs by determining
appropriate selection criteria, such that some breeders prefer to select varieties indirectly using
yield-related traits to achieve high yield. Among the methods that provide more appropriate
characteristics of the status of genotypes and traits are graphical methods that allow for visual
examination of correlations and relationships between traits and evaluation and identification of
desirable genotypes based on the values of yield-trait combinations. Therefore, this study aimed
to compare different genotypes of rapeseed in terms of several traits and analyze the correlation
between their different traits, as well as to select superior rapeseed genotypes based on the
combination of agronomic traits with oil yield using genotype X trait biplot and genotype x yield
x trait biplot methods.
Methods: In this study, 15 new lines along with two cultivars were evaluated in a randomized
complete block design with three replications in the Agriculture Research Station of Gonbad
during 2019-2020. The phonological, morphological characteristics, and yield components
including days to flowering starting, days to physiological maturity, plant height, the number of
lateral branches, the number of pods per plant, the number of seeds per pod, 1000-seed weight
(TSW), oil content, and oil yield were measured in the sample plants. In this study, the genotype
x trait (GT) and genotype by yield x trait biplot (GYT) methods were used to identify
interrelationships between different traits and selection of the best rapeseed genotypes.
Results: The results showed that the genotype by yield x trait biplot method was more efficient
than the genotype x trait biplot method. Based on the biplot and the genotype by yield x trait
biplot index, a positive correlation was observed between all yield-trait combinations, and
genotype 17, followed by genotypes 11 and 4, respectively, were identified as the best genotypes
in the combination of oil yield with days to flowering, days to physiological maturity, plant height,
the number of lateral branches, the number of pods per plant, the number of seeds per pod, TSW,
and oil percentage. Genotypes 2 and 15, respectively, were identified as the weakest genotypes
by being located at the end of the horizontal axis of the average tester coordinate diagram.
Moreover, the results of the genotype by yield x trait biplot showed a high positive correlation
between oil yield x the number of lateral branches, oil yield x the number of seeds per pod, oil
yield x TSW, oil yield x plant height, oil yield x oil percentage, oil yield/days to flowering, and
oil yield/days to physiological maturity, indicating the usefulness of combining the number of
lateral branches, the number of seeds per pod, TSW, oil percentage, plant height, and maturing
time (the number of days to flowering and maturing) with oil yield to increase the production of
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Conclusion: In general, the results showed that the genotype by yield x trait biplot method was
a more suitable tool for investigating relationships between traits and evaluating, comparing, and
selecting different rapeseed genotypes in terms of multiple traits than the genotype x trait biplot
method. Based on the display of the average tester coordinates of the genotype x yield x trait
biplot, genotypes 17, 11, and 4 were identified as the best genotypes with genotype x yield x trait
biplot values of 2.22, 1.33, and 1.01, respectively, and genotypes 2 and 15 were identified as the
weakest genotypes with genotype x yield x trait biplot values of -1.78 and -1.01, respectively, in
terms of oil yield and other agronomic traits. Furthermore, the number of lateral branches, the
number of seeds per pod, TSW, plant height, and maturing time (the number of days to flowering
and maturing) are the traits that can be used as appropriate indicators in breeding programs to
select high-yielding genotypes in rapeseed.
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Table 1. Code, name and pedigree of the tested sunflower genotypes

(Name) o i/ o (Code) &5 (Number) o lo.s
Comet*RGS003 Gl 1
Delghan™Comet G2 2
Comet*Shiralee G3 3
Delghan*Kabel G4 4
RGS003*Licord G5 5
Delghan*Licord G6 6
RGS003*Delghan G7 7
Delghan*RGS003 G8 8
RGS003*Shiralee G9 9
Shiralee*RGS003 G10 10
Comet*Amica Gl1 11
Kabel*Shiralee G12 12
Delghan*Amica G13 13
Delghan*Opera G14 14
Shiralee*Delghan G15 15
Gh/37/85-86/RGS003 G16 16
Shiralee G17 17

LIS usgis WV 55 oad 655050l Glio Sl =Y o

Table 2. Average of measured traits in 17 rapeseed genotypes
oC TSW

oY s
(kahY) D! @ NP NPP NLB cm  DPM DF %3
1050 7137 3.99 7 113 6 125 180 116 GI
604 27.63 4.47 18 101 6 136 178 115 G2
922 3853 441 16 100 6 145 180 116 G3
1085 46,63 45 16 100 7 135 177 114 G4
988 4410 3.67 17 111 7 153 177 112 G5
974 45.97 4.43 18 84 6 146 180 113 G6
903 4367 4.09 18 99 6 132 179 116 G7
997 51.13 4.23 18 % 6 141 179 115 G8
949 4073 463 14 111 6 122 179 116 G9
882 46173 39 15 110 6 139 177 112 G10
1155 48/33 45 16 101 6 137 178 116 Gl1
782 39/67 3.93 16 93 6 139 178 115 G12
839 47/57 38 15 114 7 126 181 115 G13
893 43.63 4.00 19 93 7 114 177 113 G14
708 39.35 4.29 13 89 6 139 178 115 G15
868 4563 391 15 55 5 129 179 111 G16
1312 4437 4.28 18 97 6 148 186 116 G17
388.67 8.27 078 558 30.63 1.27 19.38 561 411 LSD %5
552.53 11.12 1.05 7,50 4118 171 26.05 755 553 LSD %1
936 43 4 16 98 6 136 179 114 Mean
165.56 5.36 0.33 157 14.14 0.50 10.05 2.16 1.68 Standard Deviation

09y 2)Sas :0Y (49, Juo > :0C caily 3o 59 :TSW
DF: days to flowering startin%, DPM: days to physiological maturity, PH: plant height, NLB: number of lateral branches, NPP: number
of pods per plant, NSP: number of seeds per pod, TSW: 1000-seed weight, OC: oil content, OY:: oil yield.


http://dx.doi.org/10.61186/jcb.17.1.76
http://jcb.sanru.ac.ir/article-1-1490-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-21 ]

[ DOI: 10.61186/ch.17.1.76 ]

AY

X g Ol 6y plales gl elul 3,105 392
wlae (Y JS5) (genotype x trait biplot GT) cawe
Sy B ey ol M ab Sl Wiy gla)
0f9) 28es Ly (ite (e (89, do)d 9 Sujglgn 0
Shed upd (P (P St (V) JSB) W0 L
3 8ee b Sojslgr i (S U jg) 2lasi 5 Sy el wlino
Osxed g g EW)] Gl L oS cal o] Solis (429,
ool @il Liolidl gy 3 Slas 0l Siuw) )50 Job
P abolis g gy 0 Slos oy a8 2 L S picren

(¥ JS5) cably dgg oo bl CaMe

e deme

155 Glacags ) (oly; Slaw plo g gy 3,8dee (sl Glojon (105

S b gy 31 03kl b lao o dasly o)y
(genotype x trait) Cdwo x Cuigi;
Cdio X g Mgl oy lp K03 gy S
ol cwl s gyby sl (genotype x trait)
Obe blie L) (SIS les (gl oy oy Mgl
Cio 93 50 Syl (o digl) (gt ) cwl Clio
O sly ST S (o0 y9ln ) gl o (Stser oyl
Cudio 93 )l oy bl 42 Al a8 Cdo 93 Sla)lo
(Shaad bl 4253 el ey gl ST oo (Stanon
(Sod i 93 oy Ml 43 Ar gl ST i

0.8

0.4

NOT

0.0—

0.4

-0.8

FC1 = 25 2%, PC2 = 21 4%, Sum = 44 6%
Transfarm = 0, Scaling = 1, Centering = 2, SVI

TDF

\H-\‘VV

T T T T
-1.2 -0.8 -0.4 oo

T T T T T
04 o8 1.2 1.6 2.0

FC1

£l PH Sojdse5d (S U jg (DPM (oal5 b g, iDF IS (slaadss§ o X iy ©3Moisly oy aled =Y St
0Y 19y o yd 10C ilslia 59 :TSW 8 ;5 aiby sluws INSP caigy > M dluss INPP (e 43 a5Li sl :NLB &g

Oy 28des
Figure 2. Polylgon view of the genotylpe x trait biplot of rapeseedfgienotypes. DF: days to flowering starting, DPM:
0

days to physiological maturity, PH: p

ant height, NLB: number o

ateral branches, NPP: number of pods per plant,

NSP: number of seeds per pod, TSW: 1000-seed weight, OC: oil content, OY:: oil yield

Cho x 3Skes 3 ooyl Ml Aoz )
5 Cuol 0 oolazwl (genotype by yield x trait biplot)
byl e 598 odlall3ed (S o)lpl ) pSde by,
Slod ) By Cho i ol p Loy
Mohammadi, 2019; Rahmati, 2020; Yan &)

[Frégeau-Reid, 2018; Yan et al., 2019

Cows IS 5 Sloe glinl jl BMe o aib sl cdo
2 oS ol o)y (VL s g ndie)lg g 2580
JUst ln e 9 ielas ol Cul (Sae o ol ol
gk b 3817 ) Al 3 )Sles S99 (LS @eler (355
6l 3 o oy 1y ite byl i liiee plo pols
O bl g wlosyS 555wl 5,Sles b BME )
P b ol cans Gk 5l ab o Slas (gly i s
Majidi et al., 2016; Moradi et ) wlawsly 550 1) BMe
.(al., 2017; Soltani Howyzeh et al., 2018
3,8os x igi Ry, 3l 03wl b beudgy (b))
(genotype by yield x trait biplot) cuiwe x

ho xoSles 5 ciys Mk lone il
3,Sles <S5 4l (genotype by yield x trait biplot)
¥ SE 53 BIS Gigif W (aep 2y90 Slae b
ol oMl Gile b GO W N
genotype by yield ) cans x5,Sles )3 Cuig; @Myl
5 pgd g Jol Lol ddlie a5 sl olis (x trait biplot
g9 JS 5l aoyd AV/A gaemme 53 5 duopd ¥IY 5 AM/D
Mgl ol (Y USKS) 25" e gi 1y o 5 sl (glaesl
SLog] G 9 V) 9 WY o)l slacasys o ol Li
390 Clio ded b 29y 3es S5 A g ¥ ojled
Caz 5% lagiagg )3 oV US) B39 (it (2
J cho xp B I dlie slacaisy ol g b))


http://dx.doi.org/10.61186/jcb.17.1.76
http://jcb.sanru.ac.ir/article-1-1490-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-21 ]

[ DOI: 10.61186/ch.17.1.76 ]

JRESIORPCSS

AY 155 Glacags ) (oly; Slaw plo g gy 3,8dee (sl Glojon (105

T T T T T T T T T
-1.2 -0.8 -0.4 oo ] 08 1.2 1.6 20
PC1

Sl (s B jg DPM omalS b g, DF IS (claassss o x 2,Skoe X i) ¥l iz ialed ¥ ISt
gy Moyd 1OC ilyylin 459 TSW 8 )5 aild slaws INSP caigy j5 M dlawd :NPP ¢ 2,8 43L5 slaws :NLB &g glas )| PH

&9) .))ﬂo.c oY

Figure 3. Polygon view of the genotype x yield x trait biplot of rapeseed enot?/ges. DF: days to flowering starting,
ateral br

DPM: days to physiological maturity, PH: plant height, NLB: number of

anches, NPP: number ocf1 pods per

plant, NSP: number of seeds per pod, TSW: 1000-seed weight, OC: oil content, OY: oil yield

Yl e Siuwed &5 0 oLis (yield x trait biplot
«OYXPH «OYXTSW «OYXNSP «OYXNLB
& A5 omlie OY/DPM 5 OY/DF .0YxOC
2 b ol (e )8 asld slasl oS 5 gaiedgw oxad i
Oy Oloj g g gl (s 9) hop> i)l g (I
SIPE lp F9) 2,des b (Ssmy 9 (2ASU 5, 2lass)
X i) Ol )by plles bl e o) Wy
(genotype by yield x trait biplot) cés x 5 Slae
j e Y game p» Clas (Suwes (obj)l slaieds
poyed puS (Yan & Frégeau-Reid, 2018) (8 o
Karahan & Akgun,) _<l,; s> (Mohammadi, 2019)
o ke pAiS 9 (Mahmoud et al., 2020) e plols (2020

Gl 005 oolazwl 35 (Merrick et al., 2020)

o =3 ) Sdos OluS 5 (st (Sawmod (2 5]
Cio x dSles 3 g S)bp il elel
On ade (Siuwed (gENOtYpE by yield x trait biplot)
aaser b (P JS5) wi saalin Cao—s Slas @loS 5 alS
Sy als 3 el alie S lpsar 3Skes 2
O Cute  (Swed Cplols o) 2939 Cho—dSles
3 s ] ) > o Shes il oS 5
SNamod &S 13,5 asuie (Yan et al., 2019) (gladles
e SlaShy jl S cdomaSles GlSS e Cute
genotype by yield ) caw x 3,Sles ;3 cuigii @My gl
Cao X cuigi Mgl b awlis jo (x trait biplot
ol s .aiL . (genotype X trait biplot GT)

genotype by ) cawxs,Sles > cuigii @Myl (gyldy

1.2 —PCT = B %, PC3 = 4%, Sum = 62 5%

m =1, Contoring
e 5
08— 13 OV NPP
al -
0a-| a0
o2 ) _—OY'NLD
— ——ovTsW
0o s —————
P Gz G4 — —— L
c o7 At
2 had OISR
0.8
e Gle
T T T T T T T T T
1.2 0.8 04 0.0 04 0.8 1.2 186 2.0



http://dx.doi.org/10.61186/jcb.17.1.76
http://jcb.sanru.ac.ir/article-1-1490-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-21 ]

[ DOI: 10.61186/ch.17.1.76 ]

Slep demme

AY 155 Glacags ) (oly; Slaw plo g gy 3,8dee (sl Glojon (105

PH «SKjslrsud Sy b oy IDPM ( aal5 b o, :DF 515 slacaiss) cabo x 3,Skos x caisif &Ml (o)bp Lisles ¥ S5
0Y gy Loy 10C il 3 yjs STSW (M ;3 4l 3las INSP gy ;3 M ol NPP (s 8 5L slasi NLB (aigy glis))

09y 3 Nles

Figure 4. Polygon view of the genotype x yield x trait biplot of rapeseed Penotrges. DF: days to flowerin% starting,
DPM: days to physiological maturity, PH: plant height, NLB: number of lateral branches, NPP: number of pods per

plant, NSP: number of seeds per pod, TSW: 1000-seed weight, OC: oil content, QY oil yield

e o3 Slas GlaS 5 dod Jlai 1L Csllas sl
Seg) g 9 WV 0)led i B Kb ) 900
5y y8 o) cusg 5y aold py iaS ¥ 9 VY 0les
sl pl > sl ppcwlie plyea il
sl (008 o) igis L logaisi) dumlie biad (olulis
Shiri &) lab @y Jo e ol); OYoame
5 (Saleem et al., 2016) ;, «Bahrampour, 2015
Cal o 3,35 (Jafari & Farshadfar, 2018) b puis

o] Coigh b Wi 535 dunn o
CuboxdSlos 3 uigy Sl ey K 3
4lS awlis (genotype by yield x trait biplot)
G55 (0 JS8) cul (085 Jlod] gy S b s
S Ogot Gl a5l &S Cul (i) o088 Jlo]
chom3Slos LSy oSile s g5 SasS o
L wwigi (Yan & Kang, 2003) 5,5 » )8 lacuiss
il 4wl Jos) Cuigi 5 s yieS alold a5 lacuisss

PC1 = 83.5%, PC2 = 4.4%, 5um =92
Transform =0, Scaling & 1, Centerin

24

MO

06—

of

Gl13

%S\;I;Iﬂ

oo+

06

il

G17

| o

T S — T I —
8 12 06 00 06 12 18 24 a0 a6
PC1

57 ) Jlody) quigis L adlllan )50 (slacaisi3 dulio (sl Gt x 3 Slae X quigis sl Stales =0 S
Figure 5. The view of the genotype X yield x trait biplot to cogmare the studied genotypes with the ideal genotype in
rapesee

Jsb )3 oy ol (635ae g 881 j50 93 (gl ylages
ol L)W uMlB 9 °)?.b Lv &S d)am) ATC u_q_&l )97
9 Vb o A4 Cho—dSles bS5 ol p (Conl
CaodSles Gl 5 (1WSlhe st lis K0 cas

Cosl YL

9 Cduo-dSos S 5 oll p eiyij Gaad,

genotype by yield x ) Cuduox 3 jShas 43 i 93§ (s L
(trait biplot

Average ) buwgie i Glaise jlyges 5l adllas oyl )

2 bewsl sands, jslaieds (Tester Coordinate; ATC

o (5 USE) 00,8 o] cio—d Sles S ol

PC1 = 85 5%, PC2 = 4.4%, Sum = 92
Transtorm = 0, Scaig = 1. Certering'{ 2, SYP = 1
24
QY*NPP

MO

-18 -1.2 -08 oo 06 12 18 24 30 36
PCA1

L& oy 9 IS s olel g leadps) (anddy cas Cio X 3 Slas X Caigi WML (ATC) lawgio yins laisw —F S
G slaw :NPP (e, 455 sl :NLB gy ¢li5)) :PH «S559dg0 508 (Shwy U 9, DPM ¢ 25 b5 59, :DF la)] Cinss g g8
09y 2,5as 0Y (€9, 1oy :0C ildylia 59 TSW (M j5 &ild sluwi (NSP iy )

Figure 6. Average tester coordinate (ATC) view of the genotype X yield x trait biplot to rank the genotypes based on
overall superiority and their strengths and weaknesses. DF: days to flowerin% starting, DPM: days to physiological

maturity, PH: plant height, NLB: number of lateral branches, NPP: number o pods_Per_ plant, NSP: number of seeds
per pod, TSW: 1000-seed weight, OC: oil content, QY oil yield


http://dx.doi.org/10.61186/jcb.17.1.76
http://jcb.sanru.ac.ir/article-1-1490-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-10-21 ]

[ DOI: 10.61186/ch.17.1.76 ]

AD

Joiz) Bad 43ld bosg) opfiens Glye V)
Cao X 2Slee X cadgii adld wlwl p bl (Y
oy 9 bl 5l (genotype by yield x trait biplot)
o35 ol 05 55 o 655l ol 3 ,Skes b slaiss
9 Sl Cdo (g e 3)Soe 8 Cunl Jlgil pordo cul
olyod Y 5, Shoe b &S st ppo Sloj ks Sl (50
ol 03)) b ) g S G ip % Oleay sl
aSJl )3 g oo bzt Slao F00 b Slas S 5 o
Cdio SO (9 <SS o jadls olwl p Glsesl &
OSee 405 )3 g Sl Jino 505 Clao gglaw 5l 9 b
.(Rahmati, 2020) aib )ls,e5 5 b 5,Sdas 51 Jg 034
;I (Kendal, 2019; Rahmati et al., 2020) yéé>e 5y
genotype by ) caws x 3 Sles x iy @Myl g,
pAS slacuisls (anas, jslaieds (yield x trait biplot
Canl o L5 ild 3 Sas a8 165,87 45135 5 205 5" o0l
3 Slio 5 WS (e ) Gig) S 2l Sy oS
PP lp Sloj S (S lao (> g (o395 Wile
olyor 3)Sdas eV yolde b &S Mitud Miadj)l g Aodgu

b

(_;\9)').5.\4%.9

155 Glacags ) (oly; Slaw plo g gy 3,8dee (sl Glojon (105

S e 9 WY oyl Cuigi oS ol (LS @l

Bl yge Caz > GBS B L s T W) ojlad
CiomdySlos OlS 5 ol p ey cnye ATC
P S B LS a0 Y o)lad oy g Loy
J58) L39: ey o pians ATC (B8] jpxe (sloctl
ssbiods (ATC) buwgie jiws claske jbges 1.0
Sy 3 Cdoms Slos oS 5 ol p e sanas)
paS (Yan & Frégeau-Reid, 2018; Yan et al., 2019)
Rahmati, 2020; ) U a5 4 (Kendal, 2019) g5
okl 35 (Rahmati et al., 2020; Tsenov et al., 2020
(ATC) lhuwgio yius Slaie Hoges p ogMe .Cusl 0l
P o padls elel pyp 290 ey
5 (genotype by yield x trait biplot) cawxsSlas
9 YL polie b slacaiei & O pgocpl 4 N0b (a4,
genotype by ) caoxs,Sles ) cuigi padls b
e piiand 9 op e Slgied w5 (yield x trait biplot
X quig] 03l b e pa ¥ o W) AV ojlad clacuis)
1y (genotype by yield x trait biplot) cuaws x 5,Slee
Scigs s ows cn e Glpied V) 9 VTY VAT L
x 3,Slee X udgl jasld polie b cuipa VO o Y ojledd
=VIYA L, ,l, (genotype by yield x trait biplot) c.aws

115" casgss VY po o 3 liilinl (GYT) cno x 5 Slos X Cuigi} polae =¥ Jodo
Table 3. Standardized genotype x yield x trait (GYT) values in 17 rapeseed genotypes

GYT 0Y*0C OY*TSW OY*NSP OY*NPP OY*NLB OY*PH 0Y/DPM QOY/DF 55)
0/62 0/26 0742 0/60 1/23 0/50 0/15 0/98 0/78 Gl
1/78 -2/146 1/49 -1/41 -1/45 1/83 1/72 -1/88 1/98 G2
0/04 0/54 0/26 0/23 0/00 0/12 0/24 0/14 0/06 G3
1/01 0/97 1/30 0/68 0/78 1/15 0/75 1/33 1/12 G4
0/52 0/28 0/31 0/26 0/84 0/97 0/90 0/68 0/58 G5
0/15 0/40 0/66 0/64 0/48 0/22 0/57 0/48 0/45 G6
0/16 0/14 -0/21 0/34 0/12 0/69 0/30 0/05 0/17 G7
0/55 1/03 0/46 0/63 0/19 0/41 0/50 0/67 0/48 G8
0/02 0/22 0/68 0/55 0/64 0/46 0/43 0/35 0/15 G9
0/16 0/04 0/54 0/54 0/23 0/17 0/19 -0/02 0/11 G10
1/33 1/52 171 0/73 1/13 1/22 1/19 1/73 1/44 Gl1
0/86 1/00 1/00 0/85 0/90 0/84 0/71 -0/70 0/88 G12
0/42 0/10 0/86 0/88 0/16 0/09 0/83 -0/42 0/50 G13
-0/14 0/19 0/37 0/41 0/44 0/44 0/99 0/05 0/06 G14
1/32 1/32 1/05 1/79 1/37 1/42 1/11 1/20 1/35 G15
0/70 0/30 0/59 0/64 2/10 1/14 0/59 -0/16 0/11 G16
2/22 177 2/25 2/60 1/66 2/12 2/56 2/39 2/40 G17

(B > ail> 5133 INSP gy ;5 BME 5113 iNPP ¢ 3 2305 3laa :(NLB sy £, PH <y jsls i o5 b jo; DPM a5 b jg, :DF

09y 2 8es :0Y (49, 1o )> 10C caily )3 59 :TSW

DF: days to floweriné; startin%, DPM: days to physiological maturity, PH: plant height, NLB: number of lateral branches, NPP: number
e
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