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Extended Abstract

Background: As one of the most important oilseed crops all over the world, increasing the seed
oil content of canola, along with higher genotypic and phenotypic potential of its yield, is
among the significant goals of this crop for achieving large-scale production in different
countries. The basis of plant breeding programs is diversity, and the success rate of such
programs depends on the presence of genetic variability for screening and selection. The current
study aimed to estimate heritability and the degree of heterosis of different traits in canola
compared to the superior parent, and to assess the responses of these traits to hybrid lines. In
addition, the best general and specific combining ability in parental lines with the highest
heterosis and heritability were investigated using the full diallel cross method in spring canola.
Methods: Seven canola cultivars were subjected to a full cross diallel (forward and backward
crosses + parental lines) in 2020-2021. The first-generation (F1) hybrids with their parental
lines (49 genotypes in total) were evaluated in a randomized complete block design with three
replications in 2021-2022. The studied traits included the number of days to flowering, the
number of days to maturity, plant height, the number of pods per plant, the number of seeds per
pod, the weight of 1000 seeds, and seed yield. According to the Griffing and Heyman analytic
methods, phenotypic and phenotypic properties were estimated using R-Software and the
Library “Diallel AnalysisR.

Results: ANOVA (analysis of variance) results for the traits showed that the difference between
genotypes regarding all traits was significant at the 1% probability level. This result indicates
the existence of a high diversity among the genotypes. The first Griffing method (full diallel)
and Heyman's numerical method were used to analyze the diallel data. The results of the diallel
analysis showed significant effects regarding general and specific combining ability and mutual
effects for all investigated traits, which indicates the important effects of both additive and non-
additive genes on controlling these traits. Moreover, the significance of the ratio of general to
specific combining ability for all traits, except for the number of days to flowering and the
number of days to ripening, indicated a higher significance of additive effects than non-additive
effects in controlling such traits. Furthermore, it turned out that the cross of Safar x Dalgan lines
could be efficient in the canola breeding program due to the positive and significant general
combining ability in terms of seed yield, and negative general combining ability in terms of the
number of days to maturity to achieve high-yielding and early-maturing genotypes for tropical
regions. The range of heterosis compared to the superior parent for seed yield ranged from -33.8
to 30.3 in this study. The average degree of dominance for all traits, other than the number of
days to flowering (relative dominance), indicated the presence of an over-dominance effect in
controlling the traits; therefore, the phenomenon of heterosis can be used to increase and
improve these traits. Dominance-direction was significant for all desired traits, except for the
number of seeds per pod and the weight of 1000 seeds.
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Conclusion: The estimation of general combining ability showed that the parental lines,
including Safar, Zafar, and Dalgan, were the best general combinations to increase seed yield.
The two heterotic combinations RGS.003 x Dalgan and Roshana x Zafar can also be the most
productive due to their positive and significant specific combining ability in terms of yield, and
negative specific combining ability in terms of the number of days to maturity. Therefore, the
single-cross canola hybrids of these crosses could be considered for release as varieties and
distributed among the canola farmers. Finally, due to the highest grain yield of the hybrid lines
resulting from Dalgan x Saffar, which was equal to 3754 kg per hectare (the average table is not
given), it is suggested to directly include this hybrid in breeding programs and test it for
stability.
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-274.3%* -0.1%* -1 1% -6.5%* -5.4%% 0.3 -0.2 oyl
-266.1%* -0.0 -0.3 -6.6%* -4 1% 0.2 -0.0 Ll
-173.1%% -0.1%% 03 -1.3 1.4 0.9 -0.6%* S N |
-19.3 0.1%% 2 2.7% 2.0 0.7 0.1 Lo,
140.4%* 0.0 0.4* 1.2 1.1 0.5 0.2 o&ds
383.5%* 0.2%* -0.3 9.8%* -1.2 -0.1 -0.2 o
208.9%* 0.2%* 1.4%* 6.1%% 6.1%* -0.6 -0.4* A
18.3 0.01 0.3 1.1 1.3 0.7 0.2 S.E(gi)

## ands: significant differences at the probability levels of 0.01 and 0.05, respectively.
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Table 4. Estimation of special combining abilities of evaluated characters in direct and reciprocal crosses

i @ s, Sy B g . Do 1> s dlass > &l slaws s Jin oo
o33 Days Days to S5 ¢85 Siiue per plant G) in o e 70306)2 in a2
Crosses to flowering maturity Plant height (cm) stiique per p e Weiah ramn Seed yield (kg/ha)
per silique eight (g)
SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA
1x2 2x1 -0.5% -0.3* -3.4*% -3.3% -0.7 -3.2 3.1 -9.0%* 0.5 1.5 0.1 0.0 158.9* -205.6%*
13 3x1 1.1 -0.5%* -2.8 -4.8*% -0.5 -7.2% 0.7 -0.8 -0.0 -0.3 0.0 -0.1 -37.2 -167.0
1x4 3x2 0.5% -2.2%% -0.2 0.2 -1.1 -1.5 -1.8 2.8 -1.3 2.0* 0.0 0.1 -176.5* -30.5
1x5 4x1 0.1 0.5%* 0.4 -1.0 -1.6 -0.1 1.5 4.3%* 0.1 -0.2 -0.1 0.2% -200.6%* -150.2%
1x6 4x2 -0.4 0.0 1.6 0.2 0.4 0.5 -1.0 0.5 0.8 -0.5 -0.1 0.0 90.90 =713
1x7 4x3 -0.1 0.3% 1.6 0.5 -1.7 -7.0* -2.0 -1.3 -0.6 -0.5 0.2% -0.1 251.1%* -494.7*%
2x3 5x1 0.9* -0.2 2.6 0.0 4.5 -0.3 4.4% -4.5 -0.6 -1.5 0.1 0.0 -50.9 -177.0%*
2x4 5%x2 0.5 -1.0%* -0.3 0.0 -2.1 -3.0 1.1 -33 1.2 -2.0%* 0.1 0.1 -90.2 -227.3%%
2x5 5x3 -0.2 -0.3% 1.1 -4.8*% -0.3 -4.8 2.0 2.0 -0.6 03 -0.2 -0.2% -12.8 144.5%
2x6 5x4 0.7 -1.0%* 0.0 0.2 2.1 -5.7 8.1% 6.0* 0.2 -1.3 -0.1 0.0 294 -457.5%*
2x7 6x1 -0.1 0.2 -0.6 03 -0.7 6.8 -5.6 -3.3 -0.7 -0.2 -0.2 -0.1 -266.92%* 104.6
3x4 6x2 0.5 0.2 1.1 1.0 -2.1 2.2 -1.9 -14.3%%* 0.8 -1.3 0.0 -0.1 48.07 -514.6%*
3x5 6x3 0.1 -1.2%% -2.6 -4.2% -0.6 1.2 5.1 -4.8 -0.6 -0.7 -0.0 -0.4%* 377.9%* -372.3%%
3x6 6x4 -0.6%* -0.5 -2.7 0.0 -3.7 -43 -6.0 33 1.2 -1.5 -0.0 0.2* 60.3 -353.1%*
3x7 6%5 -0.1 0.5 1.3 -0.2 1.5 14.8%* -6.3*% -7.5%% 0.1 -0.3 -0.2 -0.3%* -353.3%%* 238.8%*
4x5 7x1 02 0.0 0.4 1.5 -0.7 =23 =72 -12.7%% 0.3 -1.5 -0.2% -0.5%* 137.5% -305.3%*
4x6 7x2 -0.2 0.8%* 0.2 0.8 -3.1 =23 1.2 =87k -1.5 -1.8* -0.2% -0.2%* -300.9%* -339.1%*
4x7 7x3 -0.0 -0.2 -0.5 1.6 14.3%* -9.0 10.8%* -5.5 -0.1 -2.3%% 0.2% -0.1 257.14%* -349.1%%
5%x6 x4 0.1 -0.8%* 0.3 12 -0.6 -29.0%* -4.9 -3.5 -0.8 -0.7 0.1 -0.0 231.1 -55.6
5x7 7%5 0.1 0.0 0.3 0.7 4.2 =23 6.5% -9.2%* 1.1 -1.0 0.2 -0.3%* 146.9* -106.3
6x7 7x6 0.6 -0.3% -0.5 0.7 -6.1 -1.2 -1.1 -6.2% 0.9 -2.5%% -0.1 -0.2% -78.0 7.0
S.E(sij) S.E(r1j) 0.6 0.1 2.5 2.1 4.5 3.7 3.8 3.1 0.9 0.8 0.1 0.1 63.5 524

(S gine pas g /e

s, % : significant differences at the probability levels of 0.01, 0.05, and non-significance, respectively.
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Table 5. Estimation of variance components of the measured traits based on Griffing’s method 1 (model 1)

ciy & (gogad g

O g lo) Jloisl gobaw p3 55 dme BMA] (o5 i g

oo S picdlyy 359l Hlade

S 0 HSle Cao gy dop VIY 5 AV/D

5 b ol
FUI @byl s 32 )95 e Ve Sy U9, 2 g, el
Gr;?rlf 1000 Kernel Keu;;l? Q.y'. » oo Plant Days to Days to . ol 2!
yield weight per Silique per plant height maturity flowering Variance components
silique
902601 0.3 8.9 538.5 212.9 4.7 1.5 V(A) ssalz8l Guilyly
90614.7 0.1 1.4 56.6 46.2 6.0 0.7 V(D) cudle uibly
90.9 75 86.4 90.5 83 439 68.2 (wuep) (oaia38] el otun
9.1 25 13.6 9.5 18 56.1 31.8 (10 3) cadle il ly oo
2
99.5 97.3 92.1 97.2 93.4 69.1 87.5 ([hb) 7 ages incdlyg
49.1 34.0 19.4 40.0 16.5 2.5 10.3 (h%)
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Table 6. Estimation of heterosis of hybrids compared to the superior parent for some agricultural traits of canola

o 536 oS s B 3 Gy glis) Pomp IS s s als i s s 5 Slac
Crosses Days to flowering progZ:stiZg Plant height - u:’fr Lant Kernel per silique 1000-kernel weight Seed yield

SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA SCA RCA
1x2 2x1 0.0 0.5 -4.1 0.0 -6.8 -1.2 -5.7 13.0% 43 -8.6% 0.0 0.0 -11.2% 48
1x3 3x1 1.5% 2.1%%* -5.2%% 0.3 -12.5% -0.8 -8.1 -7.0 -1.3 1.8 -3.7 3.7 -10.5% 3.0
1x4 3x2 12 3.0%* 4.1 0.0 -2.8 0.2 1.0 -7.0 -13.8% -11.2% 12.0* -3.4 -23.9%* -6.2
1x5 4x1 0.7 0.5 0.0 5.3%* -6.8 -2.6 -6.5 -1.6 -13.2% -12.1%* -12.9* -1.2 -8.6% -13.7%*
1x6 4x2 0.2 0.0 12 0.0 -6.3 -2.8 -18.8%* -1.0 3.1 24 -9.7 -3.4 -14.5%* -13.0%*
1x7 4x3 0.2 1.0 34 44 -3.4 38 221 1%* -5.9 -15.2% 1.2 -10.6 0.0 -17.4%% 8.9*
2x3 5x1 0.0 0.0 0.8 0.0 -2.7 -6.1 -1.9 1.2 6.0 -1.2 0.0 -15.2% -8.6% 52
2x4 5%2 0.0 1.1 4.7 0.6 -2.0 -1.7 0.0 0.6 -1.6 1.2 -3.4 =17, %% -18.2%* 14.7%*
2x5 5x3 -0.5 1.4 0.6 04 -6.7 24 -5.6 1.5 -14.8% -8.0 9.7 -6.5 2.9 19.1%*
2%6 5x4 1.0 1.4 0.6 5.0% -5.8 5.3 -20.0%* -13.4% -5.6 4.0 -24.3%* -19.4%* -32.6%* 21.3%*
2x7 6x1 0.9 0.7 1.6 1.9 -1.3 -16.9* -20.7%* -13.4* -14.2% 45 -12.9%* -20.1%* -33.8%* -20.1%*
3x4 6x2 12 0.0 5.0% 0.6 -7.6 -7.5 <19 1.7 -2.8 6.0 <14 -18.9%* -24.6%* -4.9
3x5 6x3 1.0 1.2 -5.2%* 0.8 -5.4 -10.8 5.1 -12.1* -5.2 12.1%* -18.4%* -8.9 30.3%* -5.4
3%6 6x4 -0.4 0.5 -4.7 42 -8.6 -52 -19.5%* -13.9% 6.3 -4.0 -32.4%% -21.6%* -25.5%% -11.5%*
3x7 6%5 0.7 0.3 2.8 1.2 -2.9 -19.1%* -14.4* <14 -14.2% -6.8 -15.2% -1.3 -33.9%* -11.7%*
4x5 7x1 0.0 0.2 0.6 1.4 -4.2 0.6 -1.9 03 -6.8 -3.8 -18.4 ** 18.4%* -9.6% 0.9
4x6 7x2 0.2 -0.2 5.3* 0.6 -12.0 2.5 -8.9 -6.2 -16.0* 0.0 -21.6 ** -2.3 -30.5%* -13.4%%
4x7 7%3 -0.2 0.9 5.0% 0.6 -6.1 11.8% 0.6 -5.1 -5.0 5.0 0.0 <14 -2.1 -12.9%*
5%6 x4 1.0 0.9 0.2 3.0 42 17.6* -18.7 #* 6.5 9.2 0.0 -21.6 ** 23 12 1.3
5x7 7%5 0.7 0.7 22 1.2 6.1 9.9 -4.5 11.0* -1.2 6.5 42 129 * -2.1 43
6x7 7%6 0.5 0.9 1.6 0.6 -8.6 -7.3 -11.2 % -1.8 -10.8 8.8% -18.1 ** -8.9 -8.6% -9.0%%

lod g oo Jlain] polaw )3 ) e BMA! (i) 4y i g
=% ands: significant differences at the probability levels of 0.01 and 0.05, respectively.

Cadle g ol ol as aay o lis b ga gl as VW 8 L (Zesu et al, 2010) o Ken g guj
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Table 7. Variance analysis of the measured traits based on the Morley-Jones method

4l 5 ,Slos &l i 45 5 &b olass o9 s Lo glasl b 59y olass G o) ol a5
Grain yield 1000-kernel Kernel (p> o> &g Plant Sy Yty d"}]
weight R - height
per silique Silique per Days to Days to df.
plant processing flowering
2707803 1.0™ 26.6" 1615.5 638.9" 14.2m 4.6™ 6 a
19816552" 19.5 1326™ 27767.8™ 33076.8™ 68972.7" 47712.9™ 21 b
25959.4™ 0.1" 0.3™ 9401.0" 4.5 14.5 9.2" 1 by
284498.3" 0.2 1.76"™ 137.6™ 2219 129m™ 1.5" 6 b>
29601046" 29.2" 1989.6™ 41586™ 49519.9" 103452.5™ 71567.9" 14 bs
16475.4 0.04 3.6 59.0 83.1 253 1.4 96 s

Sbime pas g +[+0 [N Jlain] gglaw )d 5 gxe BB (o iy ns g # as
# ,%% and ns: significant differences at the probability levels of 0.01 and 0.05 and non-significance, respectively.
A (Sliu] @l gl osimd L b3 gb2 bl 5 culdle o Linlisl ol gl odims ylis b ga ljal
a and b indicate additive and dominance effects, and b1, b2, and b3 show the epistatic effects.
i otaliflid 5 il Sl plojen dg2g Sy & Ll Gl Sl aee 5 a3k YL cpdicdly
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Table 8. Estimation of genetic and statistical parameters of traits in rapeseed genotypes by Heymann’s method

5 &b ol 2 O yet Ml

b 59,

als > b 3 o5 e Sy lis) c 56 59, 55 (sl ol
Seed);tlil 1000-kernel K w?)f} Sili - Planﬁ Eeig);ht 5; A::) Days to Ge:Se\gC) }iraﬁéﬁers
weight crnel per 1lique per ays 1o flowering
silique plant maturity
73593.64" 0.01" 0.54™ 40.9" 1227 7.63™ 0217 (D) (a8l byl
177174.62" 0.04™ 1.31m 98.49™ 29.54™ 18.22™ 0.42™ (H1) cdle Ll ylg
156115.71" 0.03" 1.15™ 86.78"" 26.03" 16.1.41" 0.35" (H2) e eyl
176549 0.04" 1.3™ 98.14™ 29.43™ 18.17" 0.39™ (F) cply )l 595
2.87" 1.14 417" 2.14™ 3.52™ 491™ 1.00™ (a) codle a2 > (1 Slo
1741572.00™ 0.65™ 14.8™ 884.51™" 302.74™ 85.13™ 4.25™ (b) cudle cox
0.22 0.18 0.24 0.25 0.26 0.20 0.22 (©) sito 9 cate glo T e ol
1.42 1.87 1.42 1.72 0.92 0.75 0.51 (d) oo & I oy Coms

Sbime pas g o [+0 [N Jlainl zolaw )3 5 dxe BB iy 4y ns g e

# ,%# and ns: significant differences at the probability levels of 0.01 and 0.05 and non-significance, respectively.

Lt Coglgl )3 —0.Fg —0/Y HIb sxe Lusjesin b cudpay
b s ad b ire g a s Gl b dxe (5 o)
Cuol Cto opl o cdle Gl 8 Cuedl i Ll
» Cdo ool Gl ly el g8 o g (VU2
Sl S (d) glie 4 A glay) Cons cd)S s
olly 5> oglie lagy] SlghE md e i &
2wl b dme 5 Cute 3 Cudle Can sl b
P Sk (g5 ol sl sl L‘,;J.Hg Ao
o Dl g wmls i oals o T &0
S ol ZV0 5 jieS pdlly 5 () e g Cute (sla ]
2 e g Cute Sl ol o)lite @jer pas oimslis
135 ,5 (Zesu et al,, 2010) ) ,)Sen 5 g .Cawl oply
DOIF o igne g (ke s (St U gy Cho sl
D05
&g &lﬁi’)‘

5 o5es SndiesS S oelbly aps )l Jeb @l
Ol )] Gl 3 & amd e (L (5 pogad
Olejpd L by &5 ub b iz GCA § SCA Cilayye
Cusl Co opl JpS 5> il e g il L
@ 5o SplieaS S oully Cand Ggell (Y J5i2)
alpl cas cpl o e o lis &S cwl Hb xe wogad
Cadle Gl anlis (5 Caw cpl @yl )0 b5 el
LS Gupd (O SOP (Edred ) (gl Coenl
dosloe 3okl 2l a5 sl opl sniad ol )
chb il Wy & Jods s cwl pd K6l GCA
Olyeer Slgoo g 09 logae 9 Cute GCA S 1y ity
Slodes Cuond g o oxlaiwl 5 yg syl y5 ALl Wiy
ey Sl 8 il 4 bgpyn (S il 5
Cuin adylbgy (sla S dalllas L (Inayat e al, 2019)
(o9os SphieSy Sluye (ke SIS Gy
ol eyl Can sl 1y Jhdxe Jlite Il 5 aogas
Pl Gl e Gl e ormen tN3ge5 ()15
9 AL X Ldg) by il wre sl Cdio ol S8
ahls Wigy x yib g B x e Jlite sl s
Cute Jlie (s pdicaS 5 g (pogad GphoS § VL
SCA 3l oy pl)l x oW, ol )] 48590 5 )l gz o
Joda) il 1y asys O Jlein] pdaws j3 ld dze g die

ol & sl e 0 (H1LH2) ey lle ;'l)'?l O Cglas
Cio 018 J 58 oglie 9 I gla il gl o5 ixe
slie 4 e glagy s Cunl plp lausSy 4S5
sl Slold wmd o i &5 cwl Sl S (d)
el iy cplly 5> Coglas
G Cluogad s cule 3)Sles b oljen (w39
bld & (0395 S} 9 39800 Cgmne [ )3 5
Dy dled Coglgl > Jad el oxij e gla i 113
1515 oMol (glmoli )3 ote csloailza =5 el 52 0gdle
S5y Coadl o 4 & (Gpro S Gblio (ogatay il
i il g Udgy Ay 93 ccually o 5l 29800 03l
ool 35 593395 35y VP 5 VPO (o Sile g1
S50 Pl > opd95 Wy g Wl il @l ol
O x Ldg) g jlaws xo V. ol (2] by g4 oolazl
ols 035l Jgiz) Nidgr 5 y095 39y VF 5 VY i iy
Pl sbul 3 e dyen 9 cpl 5 eyl
D9 b gme e oalaiwl  SMol sladely 3 wyds;
Olejp Sl g2y JSlo (ogad g (oges iS5
3oy Cdo ol JpS ) (il Bl g IS Sl 9> o
@ (0908 Sl Camd M P Bk
5399 U 35 S Gupd Cand g Cdio il sl (po9ad
il Ol Canl orimalis 4 ) alolé )
Joi2) 25 cdo cal Sy > (il 5 ) Lagj
G 4 gl cde gl el ity «Y
Ex5S190 9 dupmd Mg sl g g polcudbss
Moradi & ) opg Slelw 5 (ol iwd )
Glp ly WYL (gpdcdlyy (Soltani Howyzeh, 2018
F i Gk ddges (B (S U gy 2 Cdo
GCA clpl cpydw byl g+ oY ol syl cpdly
Slp dyd e Jlogne g (e (ogad phS S
Joiz) g o cpl dgme Caz > Sl e 5 25
osbly o5 ol gl (S5 bl il e (F
Do Fleg IV cipay Can opl slp cudle 5 il
2o FAN Cho oyl Glp (egee SRSy ominen
Cho ol dly omigre Gl (0 Jsi2) sl cusse,
wopad cpl ) g C8L (b Jbgae g (e O)pod
OB x oY ol sl g oY el sl X Bl sl BV


http://dx.doi.org/10.61882/jcb.2024.1561
http://jcb.sanru.ac.ir/article-1-1561-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1561 ]

g delw umj 9305 wley wle ‘OL.A_.;.:.A)T ks ‘Lgbl_.viu_'?b (smoee ol 3

A\rg

VEE /Y oyles [pmiin Jlo /el olS oMol asbingl,

2 Oyt s S caz > G Slalllas 5 5yl
sl omel g odlipliy (Y Je)  cul &
O W L (Payghamzadeh & Amiri Oghan, 2023)
srphcihy 9 GSA ke pyude LS sboss)
9 Sy 2 o) S Slas lp 1) VL cogad
9 o9es SnhEdly polie Mdges (B)1S Ay 3 Slee
e Ol g e Vo9 VY cipa pogad
5 (b Jyia) 585 b 55 ke o sl 3 ol
el o S 3 el S eVl ot 005 456
5l Sl (Gul et al., 2019) oySen 5 Js5 lalllas ol
Jate Sid Catio (pl 35S 50 oiuli8l Gl e YL ppw
Cuze SCA oyl (Muhammad et al,, 2014) Ko 4
Mo 9wl GBI cho ol wln b @b o
Sy Nidgad 3yl dop> Y 3905 1) eges (6udlg
Sglite Wl e cilies Gl | dlols ls )3 M3
oierm Ol a8l agh e lacagl (g
b ocwpa B x5l g el x Wl o 3 50
Joia) St Coglgl 3 3) 5 WY )l gine 5 e jo i
5 eulisl gl Gl lis b ga sl ads b e (F
Jooaa b AV Jyiz) o5 cin o 5 5 30 o el
Sphcdly shls Cho ppl & 29y 0yl @ 3 0
Josize 35 b3 g2 b (elinl (il 5 ogdle a3l YL
Cawo opl JpuS 3 &S Cd)S ami g e &S Llosds
gl 5 oy 5xSobe o g b b e S el
N ole cao ol nl g W o) sy Gl
(HI) codle 5 (D) (ool Bl pil)ly o 000 jg
5 Bl plojen Sl sg2g )l & B35 o giae
Jaie (A Jpia) ol i i 5 a5 il
O 85 Sl Clle slapuilly IS (cdal38 bl
ol JisS 3 cadle g b el il o el )l
&S Col Cuzo 35 (HI, H2) (glin) o cogles 5yl cdss
218 JyiS Cglin 5 e T Slgld ams papliss
Cuto F (S pal )l s ply laposSe) alS” o e
oize cplly > bl g anl p b awl Jbdne g
b osiie oglie ol 5l juie & bl g cun
ool S5l 355 oS (a) Cudld a2y (iSle 4 a2y
o i s o ) il by e i o Jge
IO Ry el () (ke g e sl G Sl
9 Cude dLmJJI O)Lb’.:o f31Y JJLJ oJ..:.mboLf:d &S cwl
(d) oo @ S lap] coms il cpally > (ite
1> e sla il lgl amd e ol &S canl Sy 5l i
Cusl J3ine g Cuto 35 () Clle cur sl jt cplly
itn I o1ilS gla T dm o i oS
0,8 ee 0aiS s Slas s yes 0wl olaw
Ml yuio BMe ) aib sl d> ya g g o gmne
olS bawgi 0ddags (6 jhwgd dlge (ly ©5S )5 (iR
SrhesS 5 oeb)ly 40 il Job gls 33)5 o0 sbx
Slape (550ke & md o L 5 (ogad g (oogee
dgg odddlis &S cul oi )bu;"‘" GCA 4 SCA

Cal gllas IS olS elis )| (gl s (o (¢ pdyice
Sbul o ol e Ly cpl 5l oplplo «(Ishaqg, 2016)
& dagi b dged oolaiwl (Mol sladely o oligSL P8
Olie GRIBl 5 Goyg & Jood ) (LS Cho Cueal
» bl cua Gite GCA L cpdlly d3IST s pdpS
Rameeh, ) dioly sitwd gewlio (5,855,590 sladaly
Sy i) cas wly S el w5 (2009
Skl Jy o pE | eges phiSs
6 &S sy Hlebl g 3905 (315 (+/AY) YL ) (eges
sl Sl 2l g 09 a8 Cho cnl 9y 2 e
(so9ad g (p9es (il g dalgd iy ol ol
(Aoys VIO 5 AV/Y dgds Cuipa) Caw opl sy
.((b Jsia) Cunl o ol slp YU (o pdacdlys snims lis
oslly wrew o5 3 Gl (s peb)ly Gl ()
53 WA 5 AT gy G oyl gl Condle 5 ol
2 sl Sl o Coenl il g0l (B J5i2)
9 Cute oy Mo (pyliy Sl Cho il Ol
T N A A
9 e oy S g Ly x s g eVl 2l
L F Jgia) 2355 sdalie jilb x Jlio (B )3 )l g
g e pmjgre LIS 0 Ul Coglhe 4 day
Dgme «ano pl 3)50 10 g Jaled Coglyl o I xe
5 ol alpl cuenl sxmdlis b g a glpl gas
B2 o ot Jbsine Cosl o oyl Sy 5 el
osbly (Y Jgiz) ol o) oplitel @je oxima gl
S S35 Joen (H1) e il 5 (D) 2l
2 logi Gl st 5 il Glajen Sl sy S
1N Jy32) o i ) L5
3p8es slial 9 3, Sdes

9 P SRS F 9 b I Sk ml
Sl &5 Ltud Gy ;0 e M Cdo aogad
5 o) boj Bl e g RIE S 9 cuenl
(¥ Jy2) 33 o slpal 5 als 3,5kt 58 55 (0 i
L oges CpheeS S ke Cund 3 )b g
ool eyler o by dolial ol 3l as das e i ogad
Wy (6t Caedl Cudle GlSIL duslie  Cawo
ol ey lis Y dae b S copd (090 (gl cpmiron
2h el GCA a5,k 5l 2l o i a5 cul
Sl yp ,Soly GCA Luilly e s 5Vl ad
Folge b FT o3ges s ecnl p o fowl by (a3l
Casd 4 GCA pslie 3 5V sl cplly 3 )b
259
Mo ooyt g > s (PIY) il o (VA) Slaw
Ay cppee Olyisa ine 5 Cute (oges S pbiceS S
Joiz) wad olelid g 53 (e Sl GlalEl sl
Iy Sl Wy el &gy 0 cpoyed dlaad 050 YU (Y
Orer b x gy S5 gy o a5 pe el
S)9> ke Bdre 9 Cute (pogad (S iS5 ke


http://dx.doi.org/10.61882/jcb.2024.1561
http://jcb.sanru.ac.ir/article-1-1561-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1561 ]

sizrge el ol 9315 (ol olie (Gline] (e coabl al oo Sl 3l

WY Wied gy 3 edlizwl b (Brassica napus L.) 1315 Slas 5y o5 Jos 0956 5 (uj9 i o6 pvcaS i owyp

ab e pjy Cho egad g (eges GphesSy
Jles| aw Slgs ol ploje ol b dxe Aitwa
S gd o ol g8 3 a8 3yl <Y ol W
OhBer 5 Gigpg Al SR hlEl e bl
SCA iyl & K305 4yl (Norouzi et al., 2021)
Mo (pyide g Jbdee &b Jla Gy che sy
(+/7) Jao oy 53 )bine 5 Cute (ogoe eSS
G54 daby 1> YL Cuenl a5 0 saalin (+/V) ,ab 4
x Jlao aS)es (Vgir) $)b cho g Caa
(+/7) SCA Il oyt b i 4 il x Lidg) o Ly,
slr Si93 e lgis 4P ine 5 e (+/Y) RCA
phcdhy Qbil (Flge) was cbal chs ol
9 WV s sl )y Cdo (pogad 5 (agee
YL prew 9 (6 Slyg (sYL e ol Caunds duo > YF
1 03l & Canl il S (B Jgin) by ol 38l
Sl adgl sbdus > che ol Gl Gl
Shah et al., ) ,Sen g ol a5 Jbo 3 bl jrolcudioo
5 &b Jlia 59 JpuS  ilj8l e Gl cuenl (2021
5 e sphcdily clp ) Sl e fronen
G Cod pjoyin Olise 23905 (IS (VY) (pogas
5 e S50 43 I L3 o ol sl 5
Sl p boplhl x4l e sl oo b xe
opej » Cho pl Gl g g Cute ey
o cplly 3 U (B eis) 3 S35y (sl S
Ol sy gl oy Bl (515 S )90 sy
rdir (d) olio @ I (glagy) s sl &b Jlia (3
oy 3 AL la il Slglhd amd oo i & 39 S5
Iy S )l gme (b) Cdle (A Jg) ol i
by il Ylaas] oS cul (pl Sl o cute codMe
(a) codle a2y (1Sle it (5558 ol slag
sl cadle 39 b g |y cunl S5l 55,5 &S
iie g Cuto gl o Jols 8 )l )3 Cduo
OB x5 pas samd i &S Cul YO ST (C)
ool cplly 5> die g cute SIL sl T

ol 1S 33 oMol Cdin (p pione lgie 4 aild 5,Slos
Hu ) coul ()90 3)Sdos (lial 9 3)Skos 35000 el 2
b3l gyl gme 5l (S (VY Jgia) s (et al., 2012
oS situn 4l 3,Slae cdo gy RCA 4 SCA GCA
oy (ol Bl e g (ol Sl o Coeal Sl
@ a2y b cwl Cao opl S 3 (il 5 cudlé)
SELS 45 plgiee Cho ul b s (b e
Wl Pbul

b slagy 425148 ol i 3oyl ol oIS yoboss
3y90 Slio JyuS 5> ol Bl e g il 3l g9 9
U8 3 gl opl ) oy ot Lol izl i adllas
S Slas gl (S8 jab 4 0g ciglaie Clas I S ya
Job 5 L2 gl (S U gy dlas (S U,
(woyad phidhy e opb Sl 4 o)
Dy dalg SIS e Mg p e (2ol o)

Conl Cdio cpl JyuS 3 s (a3l g il e Il
opad & (p9es S phieeS  plly Cuns (Y Jgi2)
a3l Gl 3l cas cpl o amd o i &S Coul by pime
Caodl Codle @Sl b auslis o caw pl e)le )0 by
P2V N S capd g S (ien Wl (gl
WS o S Cadio cpl S 0 adal58 ol 31 iy e
P PG g Cute (eges SphicaS S le (p i
F s 2 oges SpisesS 5 ok Sl & g
Lg).:.)..:uuf).s d])‘b &S u_:LIbJJb ol 0dg Lmu) u.w.»‘)ﬁl
=5 P baly Wi cua ) Glgie | Mt (6T
Sy s xe 9 cuze SCA lpl oy iy 905 odlaiiwl
sl b Lol x e oV el gl She 4 3 b me
Il b whew > & do pl )50 3 (V 5i2)
S (YN Vb ogas o5 kicils 5 (1Y) il
ple y5lp (Bg2) 3900 duog (slodg b (s3],
Moisine g Cute Sy93 9 sl 5 Al & s gy
x Hlw SHe (e W) ol i g 0
5 i polie 4 dxg L od sdalie +oY. ol )
S 55w g P Jpe) o oS50 51 o inn
slewisl o sy ab sl w\)sl sy c)'to‘
Dze sl ply el (edgame dataly 3wy Cod
Codle 5 Liliel Gl &S aad o lis b ga sl as
b2 5 bl sl i pagw Cho (pl S 50 90 2
ax ol e D3 ad G dxe b g Sloads Gy me
2 elolj8l e bl g canl jlb pxe 3o SCA &S cé)S
B by (Vi) M it o ] 5
ol J5S 5 by Gl Sl gy Sy S
Gholami et al., ) ,Kan g (oMe (A Jgss) Canl o
coo IS 0 ey aiby sl a8 Wdged iyl (2008
Sl enion e (glp Lyud Mg g g cudle 3ed il Bl 5L
Sl om Oals 08 SIS Mde |y el g
Slolyd a0 i & sl cuze 3 (H1,H2) c,w.ch
b ywsS's) dulS” 1> Ctuo 04 58 glie 9 e sla JII
FSop S (a) cedle a2 (1 She 4 298 b s il
P Cauo oyl slply cdle 58 s ol o ol S ]
ol Jb e g Cute 5 (b) cudle s cd S s
2 g Awd (gyieS )8l gla s s cpdly oy
clay; Cuws s e oxals gl ©jee oyl
g ol ol Sy ) it (d) cplie & A
~ I o Sl el iy cndlly )3 e sl T )3
ple Slis &8 cal YO 5l eSS (€) e 5 Cute o

el plly > (e g e ST gl o)lite @)y
ol laaeliy 1w sl 51 (o Hh 0
dge g wyuwd 3 Gliee & &S cwl ey Y guae
Gd wls (Zuo & Li, 2014) o)y S (g jiwgid
Mg Sl a5y SOLE Y Joda 3 39290 (uib)ly


http://dx.doi.org/10.61882/jcb.2024.1561
http://jcb.sanru.ac.ir/article-1-1561-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1561 ]

WA

VEE /Y oyles [pmiin Jlo /el olS oMol asbingl,

CpdeaS 5 (W cpl e o ob ol 1) glasgs
2 Ui (S U 59y 2l o gl (65l gixe g (e
cwisi cpl 5l oS UK 3y Mg sl ol S

..))_3 0 402

B8y S
£y uJ?fuqu )'| oS J.;.Sbuo ra)‘\/ adllzo 011 QKM?
ng)yo] P).A}LA wal&o ch.MJLo)f ulMA" CJLQ.A.Q}U“““ ) )5)4
o8l wlbils pMsl 69,5 pyizne pdo ¢ JuoST SMuass
3 °l:~f~3L°)5 Ol (559l Sl plejle sy g e
el Cols Guped pad o ped (659l o ot
Sis idgs opl gl cas piY bl sbol 5 LIS

905 SphieS e b lbe o il Al o

Sl il o 59 il 3 Slas a5l b gme g Coze
o9es SrheS S g o b g Sn > o)
Ol 1) (Sdwy B 59y 2haai Jlas o) oo g (ke
sk a4 Mol slacpY LSy sbol cas
bl )0 (w95 9 Jpamen b i) @ oliwd
Sgyd Sy 9 b B solatwl )40 W)f
b Lidgy x &> 5 dopd Yo/Y L &8s x « ¥, ol o))
ag asly p Wlge 35 gmigya e YVY
IS wls 5,8kee il sly ol i (sl e
AT L 59 ol Cauo (sl S 18 (gl om0 )90
ild .))S.Lo.ﬁ Slaw Lg‘)’ 9 L..:] X "Y.uyl.u_'?.j &)9.}
Sysd ab i Gg 5 Mg > et Sl g gl

References

Alizadeh, B., Rezaizad, A., Hamedani, M. Y., Shiresmaeili, G., Nasserghadimi, F., Khademhamzeh, H.
R., & Gholizadeh, A. (2022). Genotypex environment interactions and simultaneous selection for high
seed yield and stability in Winter Rapeseed (Brassica napus L.) multi-environment trials. Agricultural
Research, 11, 185-196.

Amiri-Oghan, H., Fotokian, M.H., Javidfar, F., & Alizadeh, B. (2009). Genetic analysis of grain yield,
days to maturity in oilseed rape (Brassica napus L.) using diallel crosses. International Journal of
Plant Production, 3(2), 19-26.

Baker, R. J. (1987). Issues in diallel analysis. Crop Sicence, 18, 533-536.

FAO. (2019). Database crops production. Available at: https://www.fao.org/faostat/en/#data/QC
(Accessed December 22, 2020).

Ghasemi Soloklui, A. A., Gharaghani, A., Oraguzie, N., & Saed-Moucheshi, A. (2018). Heritability and
combining ability for cold hardiness from partial dialleles in Iranian pomegranate cultivars.
Horticultural Science, 53, 427-431.

Gholami, H., Moghaddam, M., & Rameeh, V.O. (2008). Estimation of combining ability in rapeseed
(Brassica napus L.) using line x tester cross method. Seed and Plant Journal, 24,399-411.

Gholizade Sarcheshmeh, P., Saba, J., Amiri Oghan, H., Shekari, F., & Gholizadeh, A. (2023). Combining
abillty and hetersis of spring oilseed rape gentypes under normal irrigation and drought stress
condditions. Journal of Crop Breeding, 16(49), 79-85. [In Persain]

Griffing, B .(1956b). Concept of general and specific combining ability in relation to diallel crossing
system. Australian Journal of Biological Science, 9, 463-439.

Griffing, B. (1956a). A generalized treatment of use of diallel crosses in quantitative inheritance.

Heredity, 10, 31-50.

Gul, S., Uddin, R., Khan, N. U., Khan, S. U., Ali, S., Ali, N., & Hussain D. (2019). Heterotic response
and combining ability analysis in F1 diallel populations of Brassica napus L. Pakistan Journal of
Botany, 51(6), 2129-2141.

Gul, S., Uddin, R., Khan, N.U., Khan, M.S., Khan, S.U., & Goher, R. (2018). Heterotic and genetic
effects in intra-specific populations of Brassica napus L. Pakistan Journal of Botany, 50(5), 1951-

1963.

Hayman, B. I. (1954a). The analysis of variance of diallel crosses. Biometrics, 10, 235-244.

Hua, W., Li, R.J., Zhan, G.M,, Liu, J., Li, J., Wang, X. F., & Liu, G.H. (2012). Maternal control of seed
oil content in Brassica napus: the role of silique wall photosynthesis. The Plant Journal, 69(3),
432-444.

Huang, Z., Laosuwan, P., Machikowa, T., & Chen, Z. (2010). Combining ability for seed yield and other
characters in rapeseed. Suranaree Journal of Science and Technology, 17, 39-47.

Inayat, S., Zakirullah, M., Naz, L., Shafi, A., Akbar, S., & Shitab Khan, M. (2019). Combining ability
analysis of yield and yield components in second filial (F2) generation of mustard (Brassica juncea).
Pure and Applied Biology, (PAB), 8(2), 1469-1477.

Ishaq, M. (2016). Combining ability analysis for maturity and plant architecture traits in intra-specific
crosses of rapeseed (Brassica napus L.). Sarhad Journal of Agriculture Journal of Agriculture, 32(3),
168-176.


http://dx.doi.org/10.61882/jcb.2024.1561
http://jcb.sanru.ac.ir/article-1-1561-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-11-06 ]

[ DOI: 10.61882/jch.2024.1561 ]

g debo el 9305 aldy ol oline] (o (sl (oo Sl
AR Wied gy 3 edlizwl b (Brassica napus L.) 1315 Slas 5y o5 Jos 0956 5 (uj9 i o6 pvcaS i owyp

Jinks, J.L. (1954). The analysis of heritable variation in diallel crosses of Nicotiana rustica varieties.
Genetics, 39: 767-788.

Moradi, M., & Soltani Howyzeh, M. (2018). Evaluation of genetic diversity and heritability of the grain
yield and yield components in spring rapeseed cultivars. Journal of Crop Breeding, 10(26), 207- 214.
[In Persain]

Muhammad, A., Raziuddin, M.S., Bacha, Q.U., Rahman, A.U., & Khan, S.A. (2014). Combining ability
and heritability studies for yield contributing traits in F2 populations of Brassica napus. American—

Eurasian Journal of Agriculture and Environmental Sciences, 14(6), 509-515.

Naheed, H., Sohail, Q., & Nadia, K.H. (2017). Genetic analysis for yield and yield components in
rapeseed. Tiirk Tarim ve Doga Bilimleri Dergisi, 4(4), 376-384.

Norouzi, M. A., Ahangar, L., Peygamzadeh, K., Sabouri, H., & Sajjadi, S. J. (2021). Heritability and
Gene Action of Different Traits in Spring Oilseed Rape using Diallel Analysis. Journal of Crop
Breeding, 13 (39), 166-178. [In Persain]

Payghamzadeh, K., & Amiri Oghan, H. (2023). Estimation of Genetic Parameters of some Important
Agronomical Traits in Oilseed Rape by Griffing 's Dallel Methid. . Journal of Crop Breeding,
15(46),11-21. [In persain]

Rameeh, V. (2016). Estimation of combining ability of rapeseed advanced lines for yield and yield
components. Seed and Plant Improvment Journal, 31(4), 665-678. [In Persain]

Rameeh, V.O. (2009). Estimation of heritability and heterosis for agronomic traits and oil content in
spring rapeseed varieties. Journal of Crop Breeding, 1(4),1-13. [In Persain]

Rezaizad, A., Zareei Siahbidi, A., & Shirani Rad, A. H. (2020). Evaluation of growth and seed yield of
new winter oilseed rape (Brassica napus L.) genotypes under terminal drought stress conditions.

Iranian Journal of Crop Sciences, 21, 328-343.

Riasat, M., Saed-Mouchehsi, A., & Jafari, A. A. (2020). Effect of Drought Stress Levels on Seedling
Morpho-physiological Traits of Alfalfa (Medicago sativa) Populations grown in Glasshouse. Journal
of Rangeland Science, 10, 86-97.

Saed-Moucheshi, A., & Mozafari, A. A. 2021. "R Application in Biotechnology and Agriculture"
University of Kurdistan (UOK), Sanandaj, Iran.

Saed-Moucheshi, A., & Razi, H. (2016). Developing a New SAS Code to Estimate Path Coefficients. In
"Second International and Fourteenth National Congress of Agronomy and Plant Breeding", Rasht,
Gilan, Iran.

Saed-Moucheshi, A., Mozafari, A. A., Pessarakli, M., Rezaei Mirghaed, E., Sohrabi, F., Zaheri, S.,
Barzegar Marvasti, F., & Baniasadi, F. (2023). Improved strategy of screening tolerant genotypes in
drought stress based on a new program in R-language: a practical triticale breeding program. Journal
of Plant Nutrition, 46, 495-512.

Saed-Moucheshi, A., Shirkhani, A., & Zaheri, S. (2024). "Parametric and non-parametric statistical
methods in biology and agricultural sciences," Kosar Press, Kermanshah, Iran.

Schuler, T. J., Hutcheson, D.S & Downey, R.K. (1992). Heterosis in intervarietalhybrids of summer
turnip rapein Western Canada. Canadian Journal of Plant Science, 72(1), 127-136.

Shah, M.A., Rehman, F.U., Mehmood, A., Ullah, F., Shah S.I. & Rasheed, S.M. (2021). Combining
ability, heritability and gene action assessment in rapeseed (Brassica napus L.) for yield and yield
attributes. Journal of Agriculture, 37(1), 104-109.

Thakur, H.L. & Sagwal, J.C. 1997. Heterosis and combining ability in rapeseed (Brassica napus L.).
Indian Journal of Genetics and Plant Breeding, 57, 163-167.

Zesu, H., Paisan, L., Thitipom, M.& Zehui. C. (2010). Heterosis for Seed Yield, Oil Content and Other
Characters in Rapeseed (Brassica napus L.). Joumal of Northeast Agricultural University, 17, 1-9.
Zhang Y., Kang, M.S. (1997). DIALLEL-SAS: A SAS program for Griffing’s diallel analyses.

Agronomy Journal, 89,176-182.

Zuo, J., & Li, J. (2014). Molecular genetic dissection of quantitative trait loci regulating rice grain size.
Annual Review of Genetics, 48, 99-118.


http://dx.doi.org/10.61882/jcb.2024.1561
http://jcb.sanru.ac.ir/article-1-1561-en.html
http://www.tcpdf.org

