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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.
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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.
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(A Jods) cunl cto ol S 5o oS e o il cpl ] i cudle @ cud
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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.
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