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Extended Abstract

Background: Salinity is one of the major abiotic stresses and the most limiting factor in
agricultural production worldwide, affecting the growth, development, and final yields of crops.
Rapeseed is one of the most important sources of oilseeds in the world, and its seeds contain more
than 40% of oil. Moreover, the meal obtained from oil extraction has more than 35% protein,
hence it currently ranks third among oil crops in the world after soybean and oil palm, making it
necessary to identify the genotypes that tolerate salinity stress. The development and
improvement of rapeseed cultivars with salinity tolerance and acclimation offer promising
prospects for improving sustainable production in this area. Therefore, the current study aimed to
investigate the responses of rapeseed genotypes to salinity stress through analyses of agronomic
and biochemical traits.

Methods: The genetic diversity between rapeseed lines in terms of agronomic, morphological,
and physiological traits in saline soils was investigated in an experiment based on a randomized
complete block design with 17 autumn rapeseed genotypes with three replicates in the research
farm of East-Azarbaijan Agricultural and Natural Resources Research and Education Center. The
measured traits were plant height, the number of fertile pods, number of seeds per pod, pod length,
pod area, plant growth rate, 1000-seed weight (TSW), seed yield, oil content, and oil yield. The
relationships between yield, yield components, and morphological traits were explored using the
analysis of variance (ANOVA), comparison of averages, correlation analysis, cluster analysis,
and biplot to understand the relative importance of traits affecting the yield of the studied
genotypes.

Results: The studied genotypes were significantly different from each other in pod length, pod
area, number of fertile pods, number of seeds per pod, plant growth rate, seed oil percentage, plant
height, TSW, grain yield, and oil yield. However, there were no significant differences between
the studied genotypes in terms of harvest index and number of actual pods to potential pods.
According to the mean comparisons, genotypes 5, 11, and 15 can be introduced as salinity-tolerant
lines, and genotypes 2, 4, 6, 9, and 12 can be considered salinity-sensitive lines. According to the
other traits, genotype 11 produced a high pod length, number of fertile pods, oil percentage, and
oil yield, genotype 5 had a high growth rate and oil percentage, and genotype 15 presented a high
height and number of fertile pods. According to the cluster analysis, the second and third groups
contained tolerant and susceptible genotypes, respectively. The genotypes in the second group
had the highest percentage of positive deviation from the overall mean for grain yield, plant
height, harvest index, seed oil percentage, pod length, pod area, and number of fertile pods. Based
on the biplot analysis, Karaj 8 and 14 genotypes had a strong relationship with the number of
fertile pods, number of seeds per pod, pod length, pod area, and plant growth rate. Based on the
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obtained results, the plant height, TSW, seed yield, and oil content traits were closely correlated
with Karaj 5, 7, 11, 10, and 15 genotypes. Based on the results of correlation analysis, the
correlation coefficient of seed yield was positive and significant for three traits, i.e., plant height,
oil percentage, and number of fertile pods, and the highest correlation coefficient (r = 0.879) was
obtained for seed yield with seed oil percentage. Positive and significant correlations were
measured for the number of seeds in pods with pod length (r = 0.699), pod area (r = 0.555),
number of fertile pods (r = 0.678), and number of actual pods. Therefore, genotypes characterized
by longer and more abundant pods play a crucial role in improving seed quantity, a key component
of grain yield in saline environments. Consequently, the size and number of pods per plant serve
as indicators of high-yield potential under such conditions. Based on the results of the principal
component analysis (PCA), the first and second components had the highest relative variances,
accounting for 44.66% and 31.22% of the total variance, respectively. Together, these two
components accounted for 75.88% of the total variance. Factor loadings showed that traits such
as number of fertile pods, seed yield, oil yield, and seed oil content had the highest factor loadings
in the first component. Similarly, the plant growth rate had the highest factor load in the second
component among all the studied traits. Cluster analysis divided the genotypes into four groups,
and its dendrogram showed that all the studied genotypes were divided into four separate groups
based on all the measured traits. The first group comprised three Karaj 1, 13, and 16 genotypes,
the fourth group (like the first group) contained three Karaj 5, 11, and 15 genotypes, and the third
group had five genotypes, namely Karaj 3, 7, 8, 10, and 14. The remaining genotypes were
assigned to the second group.

Conclusion: The results of the present study demonstrate acceptable genetic diversity among
rapeseed genotypes in terms of the evaluated traits in saline lands. This shows the importance and
the possibility of using these genetic resources to achieve promising and superior genotypes in
breeding programs.

Keywords: Cluster analysis, Oil percentage, Oil seeds, Rapeseed, Salinity stress

Areas. J Crop Breed, 16(2), 118-135. DOI: 10.61186/ jcb.16.2.118

How to Cite This Article: Iman-Talab., A., Hazrati, S., & Pasban Eslam, B. (2024). Evaluation of Morphological,
Physiological, and Agronomical Traits Related to the Productivity of Some Promising Rapeseed Genotypes in Saline



https://jcb.sanru.ac.ir/article-1-1369-en.html
http://dx.doi.org/10.61186/jcb.16.2.118
http://jcb.sanru.ac.ir/article-1-1369-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.118 ]

Vs

| [ ——— VX /Y ojlosds /o3l Jlo [ 2ly; lS oMol asl jiags

§3l s e 5 (55,9W8 pole olKlils

g b b o (£1)5 9 S jolgr 3l cewlndSy ;) B Shg b))
29 221y 115 isuasel sBcuwigij (S

Tl oy (yoet 9 T (g e b (] LS s

el e el site e oKl gl 2XSls (il 3ol g el oS —)
(saeid.hazrati@azaruniv.ac.ir : Jggue odiuw g5) oyl yal oy ¢y Lraliydl (Gde duped o181y ¢(65y9litS” 0aSlitily (bl sl 5 caslyj 09,5 —¥
S3US ey 9 Ghigel (i Glosls (b brldl e lie 5 (65,9l Ghigel Sl 35 p0 (£l 5 () psle s (i Ll Y
OlRl e
AR YA7AN U‘M"W sl &b VEYAYNY 55 pdy &b VYYD 6,550 &b AAERVATA EOCI Y &)
WO B WA iaio

b,m b.\&
5 995 3y & Canl plo il 13 ()gliS SV gz w5 Jole (g FoaiS gm0 g b GOAS (ks | (o b 1R g doale
s> ol @ g 39,00 sledba ez 53 (LS ) e cere | o S Sl 4 s b oo S8 8 cov (ol kS Ll 3)51‘»9

U555 b 3l ) LS o 3 w3l JB 53 5 Sl B 0oyd YO Sl Gt sl o (S g, ol AbxS g (89, 20y Bl i
5 4] €8 5 s b e (s ol g Ko 55 5 S (i S51ib ol ol ol 3 o oIS gy
5 4515 laigs STy (g 3 b 0l gy L ges oal,31, Jgame ol Sl 55 GRal3l dhsn) lsicom (595 0 S35 Joni
a5 bl (pbondinn 5 (1)) o Shs ol edaial b 595
ialejl b SBSB 5 (ol o (Sufedsn b (ol Slio i IS lacuis (2 35290 (S5 £55 (2 yskitods B gy 9 Sgo
b ol il b wlie 5 (65pglS Sjsal g Sliios 3 po Sl ds 50 50 151 05l s W L (Bolas JolS (slaSsl )b I 5
Gy e g Colus (g3 J5b o p3 3 Al )b b Sl iy gl Sleogas b plosl 1S5 A LTAV-RA ol)5 Sl 5
290 buly) () yslaieds caalllan)yge lio (6 pSojlal A3 (5 pSejlul 12g) 3,Ses 5 il (12g) dops il 5 Shas s i g L 13
dulie (pib)ly 4325 @dlle 350 Slacip) 3Shes p fhe Clio o Cuoal (cw)p 5 (Sjgdedige Clao b oSles il 5 3Shee G
b el @Ml g Gladgs 58 ((Suen 4555 dopnSike
039 Wy by o 255 Colue (ygs Jgb oy > A S )l 2 gB Slas L )] S | adlllae 2)90 slas el
S e &S b L (pSle dunlie pult sl )6 b gld pxe BMB! (gylol Jlas 18950 Shas g dils (125 doyd caily 5 Shas iy l5n
WISV 25 o5 5 Vb (sf9) Loy 5 L a8y e S 0 @) i) YL (589) Loy 5 3)Shas 5 )90k 2y s o pn Job b )Y
@ Joote slacaisl plyear )10 5 WV 0 25 (lacin] gy (il Clulie s 4 drgi b dingy (2VL jo)b (s Sl 9 gy gl
L paseie Jolbs SNl @8 ol p 085 ) )0 (6)58 (5 4 eles slacaig) Olasa LY 5 F F Y 25 clacss g 6)ed S
A3 (98 dlaly gy 4B ) oy g (s Clnn 2y Jgbo conygd 53 A3 0la 9l 2yt dlawi Clao LY 25 9 A S slacaigi) o
s Ve VM )8 slacwsi b al gy doyd g il 5ySlas il jlia oyjg g £l Glano a5 A odalie odel Cuvddy gl wlu! p Cpioren
Cuie (Sianed (Shyld 5o)b oy yoi dlasd g by (485 doyd Wigy £l Clao b aily 5 Shas o Sted 4356 2ol olwl ); LS (598 (Sned VO
Slas b e ysd 0 b dlawd  Siued (+/AY) 391 jlade oy i 9y duoyd b i 3, Sles ool (Siiwad o pd ylo ol 1 &5 29 (515 xe o
M g Shob b & placds) W g a5 Cute (FV) 4ol Geygs A g (+100) 2yt colue (+/FR) G2yt b
ass g ol cplpls S o SaS jous Syl o il e by 3, Sles pho glinl I (S a5 wb dlaw g ol 38l 4wl (g i sl cpe et
s 3 5 gl dile 45 15 snlite Lol (slmailgo & 4525 §| Jiols g5 sbol 1 el Wigy o (6L 3,Skas ) it Wigy 5 (VU (£l iy s
d5d 1y IS uibylg 3l doyd VIAA gaeome 3 g 2539y yls dalllas 350 (sladdio adS” o o 1) s il jlg Jlade o 5 iy a0 > YAIYY o ¥F/55 |
X0 a0y doyd g gy 3 Sles ild 5 ySlas o)l (p 93 dlaw Slas Jol adlie j> oS ol L Jele sba)l 4y by ye poli .adly olaisl
00 g adlas )50 Clio (ool (g 3 Jole b Ol (i SIS W A8y S p o pgd alle 3 (imen 3y L 1y Jele Sl (e
5503 lio dan bl aallas 3,50 (Sla i3 45 48 oo (L5 J2DIS w325l ool pl, 55,053 45 313 )3 05,8 ez 31, Loy eslaigs
3 gl 9h 3 1) i) aw Sl og)S Wile i p)laz 09)5 V8 9 W) 58 ] I Jgl (slaog,S Nl SSE Liome 09)5 oz & 0
b pg2 09,5 3 oxle b oyl plo 9 2335 )15 Ve g VAT O )5 Jold cudgif gy 2 pgws 09)5 4dgd 5 09210 50 ) g5 Jolds
)5
S 30 3929 495 (2] 3 2bj) 0y90 Sl Jai IS Slacuini o 5> (Jod BB (Se) 55 & O Lt pSl Sgd mlis 106 S el

bl Syph G5 4 Jeo8 (o313 sloaslyy 5 iy slacigh 4 alited Ca gl il edlitl (ISl (S S8 ol cuanl Sl

515 ()95 e 95 20> muodS 4y s 1 galS” (03 g

opad ol o plosl s Clilllas (yizen (2010 FPRE
S Se e e b YO sg0s 4Vl & cul ] Sl 2 sygliS iz 5 ek g lacadgic S (S

Wy 490,55l 6y98 G35 B s p o) dhm5 dadyslyr Bl sl S (598 (Sibdast 9 S 3blio
Ol OFL Y (lnl 5528 (5598 e > b slas s Bybordi, ) sk (5,08 o5 j phe ey 2l


https://orcid.org/0000-0001-6239-6416
https://doaj.org/toc/2676-4628
http://dx.doi.org/10.61186/jcb.16.2.118
http://jcb.sanru.ac.ir/article-1-1369-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.118 ]

A

Pl el (o 9 (5> dpmes ccdblonl Lo le
VFY /Y o )loss /r,m))Lw Jw /L;c‘—\))' oLlS #Mol dol yings

McNeilly, 2004; Gholizadeh Sarcheshmeh et al.,
(2024

@ Jood @ gy S gllae cla Shy alex ]
SB Bl o JoS (St 4 Canglia dop g ()9
o)Ll 52 slacile b coldy (sl YU g 5 Y (o9l 35))
sbo)l5iS 5l (lodpus s 53 (9iST ol (e 2 20,8
D8 o S M gmmen Ve b wgls jd Lo
0035 el oud Mol 5 Wi sladnly 34,8 054 5l
ORI P S Bpas Caz olS (al (89) CueS 5 CuiS
LIS aly 5l gaio g daio Bjlas A8 Ly 25 JB
(s 5 ¢ sl oS’ Bpmo 5 5, (Sigs bpns)
u_c)])‘ &Y gae u’)’u“))l L O|9J.cd.g olS ol s sl
Wl cloa gle Jume gble 3 ohgn i)
aes 5l 38 umen (Raboanatahiry et al., 2021)
il Cabl (gy9d 4 Jaos b a5 Wil o )5 plals
» adl (Ashraf and Ali, 2008) 31> 501y e 31)) 5
salofl Ll Coglis g pB)) (S5 95 doay 515750
Oglate yio gy yuieg s od VY UY/A Gl (g)0u 4y Jooo ailiasl
olS (pl Jypame Sl L (Shahbazi et al., 2011) cuwl
SIS g Gpd s e il Pl p el
130k w5, Mo el slie (ol bg, Lol b oo ialS
Ao sbyy Crytere 1 (Su )1 g LIS (nl b axalge
ool (6)98 & pglie pB) 3 )18

e sl (i LTI o) Sl 4 d2g L
5 €48l b o Slaied | Jolato slaus e o €Ll
2V i CAS o 03,8 ol il gn Jp el g
55 N gu3sSolS lse IS el 5 5 3 4tk il
3k lade s> g 0392 AliS 235 2 )3 Jgeg)See el
Aol a8 Loy 93 Loyl g bl e cpp gladl
il b gl eas Jlasul gEgy g Sews)l
redlhe IS yusen (Raboanatahiry et al., 2021)
(3 el g5 Kl o Kl) s 6)9.00 w2 slodsusl oS5
Iemdn g e Gl gl & cwl L,
o3l 339 anels cudligy S8 5 F5ys 5 ld (slogs o
s 5l clalas Mo LB cglis IS claaty g sl Coponl b
S5 S oty N Al gy L Sladel S5
ghil Cpp ol 085 0 3 LIS (485, 02 lassl
oy cad Glied (Sl sl g Seelbawl)
Q03 £ ey (Sdlgl ) gludl et S5 02 sl
Sl g Sllgid sl) bl s o claal
(Jabbarietal., 2017) ail o 8o )d YV 10y (Sl g
oS« Selgid 9 Syl ( Sdgnd gl ol
bl 51 ko (ol oy g ALS oo s |y IS s (52
{Gharechaei et al., 2019) Wil 0 au)ly g5 5 Joxo
bl jl (S Jpame ol & 8 plgie bl L
Opr b dgde Cpue (S 0jex )3 dmsly (wla
ol €8 35 s G > by o Sy o s
b il 3ble (ly S canlio pB)l (s g Jguarmo
Sz s o)) Giom e e Cglite slacudgie

Sl e ¥ Jolee Hlade opl a5 cunl 03,8 pMel [
Wiegh ol bl p Omes Bl )5S JS Cobus
Ll 9d (559l glacady Sl lSa fadie FIA
ks Jelse (Ranjbar and Pirasteh-Anosheh, 2015)
Ol 318 81> 85 e sl g S ()45 59 5
b ()l Copde e Jool b (LiSaj 4 g o0 dlex
oolbi! 99»; ul L d)L.:‘ CSwR) ) dlﬁu‘ ébw u.\nl \/b
G5 9 355 Olie GlBl g (plerd SladgS I 4y o
(Mohanavelu et al., 2021) 55" o)Ll

(=hi QLS g 5 A8y 6yed AT e b
Mol Guaa b1y (g0 4y Cuoglio dipo 50 Slalllas i3l
g yob blie )3 (Ul 3 Sas (il 5 GlalS Joos
oo g (sheml Hlid gy YU yoomon  lolge ol ond
2 &S oss el g ow yb 59 O Gls cdl
DS dgdome ol WDy g b Sl ges bl
(Moharramnejad et al., 2021; Bagheri et al., 2024)
I3 & i oS 3 5395 Sasglanz il aleo )
2ogde 38 o)lal laJsho (05 S50 g (Joho mand
ol s SB 3 IS 5 s o ol G133 <)
9 ool cpigal ol men (6)908 o >
Oy ppd g e il culd el cel 5 odd il
Jolse ol S0 Joho plewdly lie ksl
otels ) jugd olie dex Sl elS (Sple slacyld
Bgie you sl o LS Wb, O] &5 4 dS Jad o
» (Ashraf and Ali, 2008) Wb o ials L ol
P e g pasuie Sls el i cov slalaore
.(Shelke et al., 2019) x| o sl LS Sgeyen Jols
el Cwl (Sae (LS sbggaygn (o plie ) s
Llod mulais 1y 095 Wby olS cJloyipue bylyd 5939 b 23S
Owed O 5l o gy sl (Zhao et al., 2021)
b colpl oS caol by opl el e )i 085
9y slaaih cbjly Bk 5l 5l 3)00 29y 20 A0
Rostami-Ahmadvandi and Faghihi, ) 544 0 (el
L &g, sloaly I (Brassica napus L.) 1352021
Py plie ((5E9) 55 9 bigw Jl o &5 23l o0 e (55)
‘_;ly.a}u 9 odld uoLml .)9>4) u.ml.\f 099) ‘)AAL JEl l)
O (el Ll I (piome 29 o0 D guine SO 3 1l
Raboanatahiry et ) calls 1) les 33 o2 plés ( alS
(al., 2021

Cye ()90 4 Jootle gy LS I (S S
alols oS 5 (Shgs o9) SV Cunnl Joas 9 3580
ool Goli8l b > diwey ol lrodyslyd @ pin L
IS cusS” ) o g9 (S drwgi o8 e (pionen
Cuoglio JIsas (6)58 dato b 9 )98 SB- L gblie > (>
Sb o wy ol 4l iol38] 6 ye 4 3187 oo 5 YU
5 Aop Wl placdsenl g puslle b Jooxie
loda plg ) sl Jobs mudginw ) Joloxo slasid
Ashraf and) sas o Galdl 1) jes SB 5l 2g5


http://dx.doi.org/10.61186/jcb.16.2.118
http://jcb.sanru.ac.ir/article-1-1369-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.118 ]

WY

W gy 9 3lg0
P dlge

Sy 9 sle uigis) 1S 050l 595 W Gl ol
b @lio g (5ygliS hjgal g iS50 ((JSD
Slaos u>): Ll )‘ ..\3.)% W) d..\.Q‘; uﬁ)m u‘.?ul:).)]
283 18 bl 0,90 £l Jv)ajsv)ﬁ wlbcsy,
Jol8 Ssl odlitwl 3y50 islojl Zib (Y Jsn)
Y alolb b i) Jlea 518 g LS5 aw b (ol
iy galold g oad JoSuiS o gy Jobo 4 g e g8l
..)9{ O.\M) NJQ.Q“ >9%) ).(.OLSJ.;L.\) CA.Q.b ).) Lﬁ.ﬂ.}) 69)

Pl sy (ot 5 (I dmes ol Lo ple

@ game b by (o) g Sojelejb (wlidcsy) sla Shy b))

@i 5598 Saly Sl Cage o e slodey
) P9 0

(P 9y 4598 S5 (el 3 ol (pl Cenl 4y s
Slbl glse 3 S 5 ol ()9 St 3929 Grizmen
90 1 090 53 ol ClMbl 3929 pas g eyl 2l
ol IS sl slacss (Sl slayiel)l
S s (ewldsy) (la Shy bl S b s
2Dl LIS Gisussel lacaipy 2 )Sloe b oo 25 9
el 3l ar (B lomldl il o

G5 (pl )0 okl 3590 (6138 lacadsif Cand Clasuie =) Jas
Table 1. List of rapeseed genotypes studied in this research.

Genﬁ;ﬁabﬁmber S:j;;e %%:g{;é Genﬁ;gefode Genzgﬁzbr;mber S;ﬁ;e %%gpi Genoty?gigc]\z
. 5%%?‘ Klaoraﬁo G10 1 Eﬁjﬁ;iﬂ' }ja%fl Gl
. E&Tﬁ%a Klalraﬁl Gl 2 El%%]'lf{l ;a;f 5 G2
H Eé,gf_ﬁ'ﬁ‘ Kl:ra?l: G14 5 Eﬁjﬁ%}fﬁ' ;agfs G5
15 E%%;'ﬁ‘ Klasra?is G15 6 Gﬁ%}fﬁ' ;’a%f ] G6
° Eé?_ﬁ_f"‘ Kla?aﬁﬁ G16 7 E}%%;fi' }zagﬁ G7
T

° C'%l%i{.l I(garaean G9

b g slagliue; bl g odg Sidded
o deo VYo o) cpl Ve (Su)b el 1Ske
4o U 3l pgd dagd Sloj ojl 3 ol edas iz oS 03y
AVl lod ST o Jolis 1 Ske 00,5 o ol s Jof
S S il o 3,5 Sle a3 VE/D 5 YIVA e

ol oxds LY Jgan 3 LialesT elyn! e ool

) uf‘u"l.o)'i &l oo (oWl zs Olaswin
Uoigel wwlidss S e L;’L"-M asyre ) pol> o
Oise &l (B bl b mle 5 jy5liS
Vg a2 ¥ oldle Cumbge b 50 (b 0d oldg s
oo gyl b o g DA 5 a5 0 YV 5 Sy addd
Lol WAY=0A ely5 Jlo 53 520 WWFV Ly pdaws 51 Liolej]
5 Sy 39S (ol a3 oldgpud oSl LD

1- Kdppen climate classification


http://dx.doi.org/10.61186/jcb.16.2.118
http://jcb.sanru.ac.ir/article-1-1369-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-06-23 |

[ DOI: 10.61186/jcb.16.2.118 ]

Pl el (oo 9 (5> dpmas ccdblonl Lo yle

WY

VFY /Y o )loss /r,m))Lw Jw /L;c‘—\))' oLlS #Mol dol yings

=hy Jad Jsb 55 Lalel sl Joee aslil sla S - Joi>

Table 2. Climatic characteristics of the experimental region during the growing season
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Table 4. Analysis of variance of morphological, physiological, and agronomic traits in rapeseed genotypes
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Table 5. Mean Comparison of all studied traits in different rapeseed genotypes
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Table 6. Descriptive statistics of studied traits in different rapeseed genotypes
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Figure 1. Cluster analysis dendrogram of rapeseed genotypes based on all studied traits
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Table 7. Principal component analysis based on all studied traits in different rapeseed genotypes
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Figure 2. Scree plot diagram (A), biplot diagram based on the first and second components based on traits (B) and

genotypes (C) (X1: plant height, X2: number of fertile pods, X3: number of seeds per pod, X4: pod length, X5: pod
area, X6: plant growth rate, X7: 1000-seed weight, X8: grain yield, X9: oil yield and X10: percentage of seed oil).
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Table 8. Correlation analysis of studied traits in different rapeseed genotypes
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