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Extended Abstract

Background: Rapeseed, scientifically known as Brassica napus L., plays a very important role
in meeting food and biofuel needs. Increasing rapeseed yield is essential to improve the
economic performance of this plant and ensure food security. Rapeseed yield has low
heritability due to its influence on environmental conditions and various genetic traits. For this
reason, improving its yield is possible by using yield components that have genetic diversity and
high transferability to offspring. In rapeseed breeding programs, traits related to the silique are
of great importance to increase yield, and breeding for silique-related traits and creating high-
yielding varieties is one of the important goals of breeders. Therefore, this study aimed to gain
knowledge about the gene function, heritability, and combinability of silique-related traits and
the effect of these traits on seed and oil yields using line X tester analysis in spring rapeseed.
Methods: In this study, three high-yielding spring rapeseed genotypes (SPN34, RGS003, and
SPN1) were crossed as testers with five genotypes recommended for cultivation in the warm
climate of Iran (SPN3, SPN9, SPN36, SPN30, and DH4) as lines. The resulting hybrids were
studied in a randomized complete block design with two replications at the Seed and Seedling
Breeding and Production Research Institute in the 2014-2015 crop year. The studied traits
included the number of silique, the number of seeds per silique, silique length, the length of the
first silique from the ground, seed yield, and oil yield. The line x tester analysis was used for
statistical analysis of the design, and the specific combining ability of the hybrids, the general
combining ability of the parents, the mode of gene action, and the Broad-sense and narrow-
sense heritability of the traits were estimated in this analysis.

Results: The interaction effects of line x tester were significant for all traits, except for the
number of seeds per silique, indicating that the lines reacted differently in combination with
different testers, showing the role of dominance and non-additive effects in controlling these
traits. The estimated broad-sense heritability of all traits was high (85.72-95.56%), which
indicates the higher importance of genetic variance than environmental variance in the studied
traits. The value of narrow-sense heritability for seed oil yield was 55.77%. The high narrow-
sense heritability of the number of silique in the secondary branches (43.87 %), the number of
silique per plant (98.82 %), the number of seeds per silique (34.66 %), and the length of the first
silique from the ground (72.69 %) confirmed the greater contribution of the additive variance to
the genetic control of these traits than the other evaluated traits. Selection-based breeding
methods are suggested to improve these traits, while the non-additive variance played a greater
role than the additive variance for the number of silique on the main stem, silique length, seed
yield, and seed oil yield traits. The degree of dominance of more than one in the number of
silique on the main stem, silique length, seed yield, and seed oil yield traits indicates the action
of gene dominance in controlling these traits, which is suggested as a result of hybrid
production and exploitation of the effects of gene dominance in these traits. Among the
genotypes studied, testers SPN1 and SPN34 and lines DH4 and SPN3 were good combiners in
terms of silique-related traits. As a result, they can be used as one of the suitable parents in
breeding programs based on hybrid seed production. Among the combinations of rapeseed
cultivars, the RGS003 x DH4 hybrids were superior for the number of silique trait in secondary
and main branches and the whole plant, DH4 x SPN1 for the number of seeds per silique, seed
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yield, and seed oil yield traits, RGS003 x SPN30 for the silique length trait, SPN1 x SPNO for
the length of the first silique from the ground, and SPN36 x RGS003 for the seed yield and seed
oil yield traits. They can be used in hybrid cultivar production programs.

Conclusion: The results showed sufficient genetic diversity among the lines and testers in terms
of silique-related traits, so that the diversity resulting from their crossing could be exploited for
the introduction of new cultivars. Lines and testers with high general combining ability and
parents of hybrids with high specific combinability are recommended to form a suitable
population for producing offspring with superior silique-related traits and higher yields in future
programs. Combining lines and testers with high general and specific combining ability can lead
to the development of hybrids that not only have good grain yield but also show high heterosis
and increase the yield of rapeseed seed and oil.
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The
length of The Degree (8.0.V)
the first . The Th b ber of The number of
il Yied Maw  Sime ombeor  Thommber mmbeelofinen o
5 Grain Yield from the length se@fis per plant the main sgconiary m (df)
S, e wed e e B Tt e it
o9 ool gl RSyey » e - e Oy S 2o 2 &l e
) o o * ol bl y Al
o) gaw
13.51m 7363.33° 30.81m 0.58° 0.05™ 151.420 34.56™ 2117 1 Biﬁ(
21.54™ 11631.91" 45.94" 0.51" 3.33° 1684.90" 123.33" 1379.21" 14 Cﬁﬁe
12.29° 6695.00° 57.65° 0.16™ 2.50m 3645.91" 153.61" 3035.82" 4 I:fn\{a
29.82" 17203.33" 56.88° 0.17" 6.93° 688.73 60.66™ 1089.73° 2 T(;““S:;r
24.09" 12707.50" 37.36™ 0.52" 2.83m 953.44° 123.86™ 623.28° 8 oY
Line x Tester
2.95 1577.62 14.39 0.11 1.20 336.68 20.85 219.91 14 Eur‘;r
) Ol s gy
18.84 18.59 .1 4, 4.2 15.01 13.04 16.94 (7 e ey
88 8.5 715 37 6 30 3.0 69 Coefficient of variation (%)
() Y ores
1631 16.44 35.85 8.73 21.66 61.82 35.59 62.89 Contritution of Lincs (%)
19.78 21.13 17.69 32.94 29.73 5.84 7.03 11.29 () s e
Contribution of Testers (%)
63.91 62.43 46.46 58.34 48.60 32.34 57.39 25.82 () Y e
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ns, * and **: Non-significant and significant at 0.05 and 0.01 probability levels, respectively.
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Table 2. Estimates of variance components, average degree of dominance, heritability, and gene action in rapeseed

The The number
The length The , umo
of the ﬁgrst number The number T;u';r]'ibcr of silique in
o silique Silique of seeds of silique OLS hquc secondary
Oil Yield - from the oot er per plant in the branches
N Grain Yield ground engt silique < main (e
>S‘L°-° R 3lass tem el
o ahaslee gels) P b s -
ab o) +91 E2) g5 JERVSIES Slass FEREST
I o o » :‘ 3 besls
X g 2P e S
o) g RS Lol il P
15.18 8620.16 43.01 038 2.79 2323.50 101.78 2167.21 )
Additive variance
10.57 5564.94 11.48 0.20 0.81 308.38 51.50 201.68 Celle by ly
Dommancc variance
1.18 1.14 0.73 1.03 0.76 0.52 1.01 0.43 Collé @) bawgie
Mean degree of dominance
25.75 14185.10 54.49 0.59 3.61 2631.88 153.28 2368.90 555 by
Genotypic variance
27.23 14973.91 61.69 0.64 421 2800.22 163.71 2487.85 s by
Phenotypic variance
o sl
94.58 94.73 88.34 91.28 85.72 93.99 93.63 95.56 9 SRR
Broad sense heritability
55.77 57.57 69.72 59.57 66.34 82.98 62.17 87.43 OS> SRR
Narrow sense heritability
7.59 4310.08 21.50 0.19 1.40 1161.75 50.89 1083.61 o9e8 SpdyiesS § Slape (xSbe
Mean squares of general combining ability
1057 5564.94 1148 0.20 0.82 308.38 51.50 201.68 o9 SplyeaS p Olaye (Sl

Mean squares of specific combining ability

0.72 0.77 1.87 0.94 1.71 3.77 0.99 5.37 OF Jos o0
Gene action

ol 0 dolre bjlows (Sl 5y > oguad 5 oges (g pucilyg i
*: Heritability is computed based on the mean sof treatments.
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Table 3. Estimations of general combining ability for lines and testers and their standard errors in rapeseed

The Iength of The number

e ror gt The The number fsilique i The number of
0il Yield efrlgfn S(lh‘lgque Silique number of of silique N 1]1 l,?]l;?nm silique in
N < Grain Yield ground length seeds per per plant stem secondary
09y 28les RN osl lis) Jsb silique o s branches
&ly =9 ) . 5 b ol 3 e yed . 2 e ol
S omos o s PO 2 e el
o st S ol il ER G
1.48™ 36.00 7.79 -0.46 1.31 17.05 9.32 9.81™ SPN3
-1.26™ -30.67 0.52" 0.26™ 1.44™ 4.79" 7.79™ -3.12m SPN9
-4.04™ -100.67" -8.48™ -0.22" -1.36™ -55.01"" -16.017" -39.19™ SPN36 Y
1.43™ 26.00" 3.32m™ -0.27" -0.96™ -37.417 1.05™ -38.19™ SPN30 v
2.75” 69.33™" -3.15™ 0.14™ -0.43™ 70.59™ -2.15™ 70.68"" DH4 Line
0.70 16.21 -10.807 0.14 0.45 7.49 1.86 6.05 SEL
0.99 22.93 352 0.19 0.66 10.59 2.64 8.56 SEi(gi-gi)
-7.67 -182.67 -10.80 -1.51 -1.07 36.29 -7.07 44.08 SPN34
1.95™ 4133 3.52" 0.33" -2.677 -7.47" -4.19" -5.12m RGS003 .
5.73" 141.33™ 7.28" 117 3.73" -27.837 11.25™ -38.96™ SPN1 P
0.54 12.56 1.20 0.11 0.35 5.80 1.44 4.69 SEr Tester
0.77 17.76 1.70 0.15 0.49 8.21 2.04 6.63 SEt(gi-gi)

wlbd onimslis ooy SEr(gi-gi) 9 SEr SEL(gi-gi) SEL .0y ) 5 30y 0 Jlainl zolaw 10 6yl bxe g (5 b dme pas oind)lis Cudyiay ¥ 9 * 5 ns
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ns, * and **: Non-significant and significant at 0.05 and 0.01 probability levels, respectively. SEL, SEL(gi-gi), SET and SErgigi represent the standard

error of the %eneral combining ability of lines, the standard error difference of the general combining ability of lines, the standard error of the general
combining ability of testers, and the standard error difference of the general combining ability of testers, respectively.
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Table 4. Estimations of specific combining ability and their standard errors in rapeseed
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3.83" 86.00" -2.51m -0.44 1.33m -1.65" 0.84n -3.85m SPN3xSPN1
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-2.96" -67.33" 3.24 0.04" -1.60" -16.79" -13.43™ -4.05" SPN36xSPN1
-9.18™ -214.00" -6.04" -0.81" -2.80" 1.41m -0.29" 2.15m SPN30xSPN1
7.49" 172.67" 2.43™ 1.32" 227 7.21m -4.69™ 12.68™ DH4xSPN1
1.21 28.09 2.68 0.24 0.77 12.97 3.23 10.49 SEjg
1.72 39.72 3.79 0.33 1.09 18.35 4.57 14.83 SE(ig-kl)
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, " and *": Non-significant and significant at 0.05 and 0.01 probability levels, respectively. SEig and SE(g«) represent the standard error of specific
combining ability and the difference of standard errors of specific combining ability, respectively.
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