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Evaluation of combining ability and heritability for agronomic traits and seed oil
content in rapeseed (Brassica napus L.) cultivars

Samadi Gorji, M.!, BabaeianJelodar, N.2, Kiani, Gh.’, Rameeh, V.* and Bagheri, N.’

ABSTRACT

Samadi Gorji, M., Babeian Jelodar, N., Kiani, Gh., Rameeh, V. and Bagheri, N. 2025. Assessment of combining ability
and heritability for agronomic traits and seed oil content in rapeseed (Brassica napus L.) cultivars. Iranian Journal of Crop
Sciences. 27(1): 93-109. (In Persian).

Introduction: Rapeseed (Brassica napus L.) is an important oilseed crop with many nutritional, economical,
ecological and biological benefits. Combining ability analysis is a valuable approach as it facilitates the
identification of the suitable parents for the breeding process. This approach allows plant breeders to exploit
heterosis and select the superior crosses for immediate utilization or future breeding programs. To identify
suitable parental cultivars and superior hybrid combinations, the estimation of combining ability and heterosis of
quantitative and qualitative traits was carried out through one-way diallel crosses in eight rapeseed cultivars.
Materials and Methods: Eight canola cultivars (RGS, Asa, Baharan, Dalgan, Zarfam, Nima, SLM046, and Okapi)
were crossed in 2022-2023 growing season as a one-way diallel design. The hybrids of the first generation (F1)
along with eight parents (36 genotypes in total) were evaluated using randomized complete block design with
three replications in Sari Agricultural Sciences and Natural Resources University, Sari, Iran, in 2023-2024
growing season. The measured traits included days to flowering, days to physiological maturity, plant height,
length of the main stem, number of branches.plant, number of silique.main stem, number of silique.branch,
silique length, number of seed.silique™, of 1000- seed weight, seed yield, seed oil and protein content.

Results: Analysis of variance showed that in both general combining ability (GCA) and specific combining ability
(SCA) there were significant differences among the parents and hybrids for all studied traits. Therefore, additive and
non-additive components play roles in the inheritance of all traits. The results showed that the parents had significant
general combining ability in the positive or negative direction for most of traits. In addition, the narrow-sense
heritability (h?) ranged from minimum of 0.28 for seed oil content to maximum of 0.49 for days to physiological
maturity and main stem length, and the degree of dominance gene effect ranged from minimum of 28.2 for seed oil
content to maximum of 0.71 for days to physiological maturity. Positive and significant general combining ability for
seed oil content was observed in the cv. RGS (1.39), cv. Asa (2.42), and cv. Okapi (0.57). Also, RGSxAsa (4.68),
AsaxNima (1.6), and BaharanxZarfam (7.6), with high positive and significant specific combining ability, were
identified as superior combinations for this trait. The highest heterosis of the mid parents was observed in AsaxNima
(Ht=8.86) and NimaxSLMO046 (Ht=7.96). NimaxSLMO046 (Ht=7.73) and BaharanxZarfam (Ht=6.00) had the highest
of heterosis of the superior parent. In addition, DalganxOkapi, AsaxSLMO046, and NimaxOkapi were found to be
suitable combinations for these traits, with significant positive combining ability and high and significant values of
heterosis of mid parents and superior parents.

Conclusion: Significant variances of general and special combining ability in all traits showed that both additive
and non-additive gene effects played roles in the gene expression of the studied traits. In addition, considering the
low narrow-sense heritability and the degree of dominance greater than one for most traits, revealed the greater
importance of the non-additive gene effects in controlling these traits.. Therefore, it may not possible to select
suitable recombinants in the early generations for the studied traits. To improve these traits in segregating
generations, indirect selection of traits that are positively correlated with seed yield should be utilized, and non-
additive effects of genes in the occurrence of heterosis can be used for hybrid development. Examination of all
crosses in all traits related to seed yield showed that cultivars with high positive general combining ability produced
suitable combinations for some traits. Thus, cv. Nima, cv. Okapi and cv. Dalgan, produced suitable crosses in most
traits. Also, considering the positive and significant heterosis values in some cross combinations of these cultivars
for seed yield and most of the studied traits, it would be poassible to develop cultivars by selecting in the
segregating generations.
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Table 1. Characteristics of parental rapeseed cultivars used in the experiment

Rapeseed cultivars 145 06,1 Origin ia.  Growth type s, o Plant height <4 #ls,  Flowering 8 Maturity S
T Germany oWIT  Spring olg  Shortto medium  Lugtos,s  Early sy; Early 2333
w7 Iran ol Spring olg  Shortto medium  Lugetes,s  Early sy; Early 2333
Ohle Iran ol Spring o, medium L.z Early to medium 555k Early to medium a0k b ayns;
o0& lran ol Spring o, medium L.z Early to medium 555k Early to medium a0k b ayns;
b,y Iran ol Winter sks;  Medium to tall AL b Lwge  Medium Luge  Medium to late s b o0k
Ls Iran ol Winter sles;  Medium to tall AL b Lwge  Medium to late 236 kegze Late R
F7 a1l Germany oWT  Winter sles;  Medium to tall AL b Lwge  Medium to late o6 Lkegze Late R
51 French w3 Winter sy Medium to tall AL b Luge late > Late apd
S )3 FL 25 5 plls alS Slio :Kike =Y Uyt
Table 2. Mean of plant traits in parents and F1 rapeseed
oty ik N N
Plant traits A Sliv Mean of parents Mean of F1  Mean total CV (%)
Days to flowering AU 5, 136.5 141.5 140.4 1.73
Days to maturity Sdey b 5, 211.8 215.7 214.8 451
Plant height (cm) G gl 140.8 155.6 152.3 1.58
Length of main stem (cm) Lol Bl J b 46.9 54.4 52.8 4.36
No. lateral branches s St ls sl 6.7 7.8 7.6 10.96
No. silique.main stem™ bl il 53 ey 5 3l 37.0 46.0 44.0 5.05
No. silique. lateral branches? 3 laasls 53 ) 55 slaws 217.2 259.8 250.3 8.37
Silique length (cm) s Jab 6.1 6.1 6.1 6.99
No. seed.silique* o 3 4l sl 24.1 25.4 25.1 4.07
1000 seed weight (g) 415 558 0js 4.3 4.49 4.45 5.73
Seed yield (kg.ha't) 4l 5 Sles 1488.3 1822.8 1748.5 8.86
Seed oil content (%) P 475 48.4 48.2 2.78
Seed protein content (%) §l> s 13.9 14.0 13.9 2.27
A
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Table 3. Correlation coffiecints between plant traits of rapeseed cultivars

Gy Cu:)! Sl 23 e s 23 ey s Jsb Sl 058
S 5, S Sy Gl bl b e gty ol sl o sl Ry s o4l s i3 s e s,
Days to Days to Plant Length of No. lateral ~ No.silique.main  No. silique.lateral  Silique No. 1000 seed s > Shes Seed oil
Plant traits P i flowering maturity height main stem branches stem™ branches™ length seed.silique™ weight Seed yield  content
Days to maturity Shy b 55, 0.433" 1
Plant height syp,) 03137 0.250™ 1
Length of main stem ol dleds 05447 -0.289™ 0.156 1
No. lateral branches Ehskelsls 05217 0266~ 03727  -0.202" 1
No. silique.main stem™ kol Bl s oy ol <0.3467 -0.130 0.307" 0.688™ -0.005 1
No. silique.lateral branches™ ey s ey 5 sl 0.572" 0.335" 0.338"  -0269™ 0.715" 0.065 1
Silique length s ds 0147 -0.103 0.136 0.133 0.046 0.160 0.152 1
No. seed.silique™ oo el -0.098 -0.047 0.122 0.326™ 0.009 0.232" 0.042 0.276™ 1
1000 seed weight a3 558 033 0.005 -0.110 0.231" 0.115 0.112 -0.004 0.061 0.115 -0.127 1
Seed yield ass She  -0.234" 0.014 0.359" 0.499” 0.107 0.547" 0.111 0.213" 0.049 0.197" 1
Seed oil content als 24, 0.406™ 0.220" 0.123 -0.301™ 0.131 -0.106 0.104 -0.203" 0.005 -0.156 -0.071 1
Seed protein content als 055, -0.050 -0.107 0.045 0.045 0.068 0.087 -0.051 0.083 -0.077 -0.118 0.047 -0.029

*, **: Significant at 5% and 1% probability levels, respectively

\A{rGJ‘)J@KQWﬂul{ﬁ‘bbﬁwékkﬁwfﬂ&T,-L‘ja.a.—$dj-",'

M):&,@JL.::-\ Tl 53 I3 gne o Fay ek %

Table 4. Partial correlation coefficients between seed yield and other plant traits of rapeseed cultivars

Sl e Sl e Sl YRR
S35 55 el dldb e pglaels el Sl o A sbels s oo Jsb Do als 58 05 ahs e, A oS
Days to S5 il Length of No. lateral No. siliqgue.main  No. silique.lateral Silique 1000 Seed Seed oil Seed
maturity Plant height ~ main stem branches stem’? branches™ length seed.silique? weight content protein content
Seed yield 13 5> Shase 0.448** 0.437" -0.507™ 0.565™ -0.268™ 0.619™ -0.102 -0.089 -0.054 0.401™ -0.040
19
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Table 5. General combining ability of seed yield and yield components in parental rapeseed cultivars

T LT ol o&s £bs5 [ P8 1|l ST e sl
Plant traits A Sl RGS Asa Baharan  Dalgan Zarfam Nima SLMO046  Okapi SE(gi)
Days to maturity S dey G 5, -5.90™ -1.66™ -0.53™ -.90m -6.16™ 6.30 2.96™  5.90™ 1.65
Plant height sypls, -14.52" 5.10™ 0.53™  -1.70™ 1.84™ 1.52 6.46™  0.72% 0.41
Length of main stem ol sl Jsb 2.94™ 0.28m 7.26™  6.377 -0.24™  -8.68 -3.53™  -4.38" 0.39
No. lateral branches o slaasls sl -0.55™ -0.07 ™ -0.41™  -0.24" -0.42* 0.98 0.31" 0.42" 0.14
No. silique.main stem'? S I N A S S 1.70™ 7417 2.98™ 207" -6.95 0.28™ -2.24™ 0.37

No. silique.lateral branches® ¢ 5 slaasls ;5 oy sl

Seed yield 6l 5 Ses
Seed oil content 4> ey

-70.38™ -8.34"  -21.24™
-216.33™  256.33™ 13.00™
1.39™ 242 -0.61"

-18.09™  -33.56™  73.31 36.27  42.03™ 3.58
397.66™ -113.00™ -259.00 -35.00™ -43.66™ = 26.45
-2.83" 0.32™ -0.01™ -1.25™  0.57" 0.22

ns ,*, **: Not significant and significant at 5% and 1% probability levels, respectively

Loy di.i 3 c.!: Jlez! C)]a.ﬂ B _)bg;‘.m })bg;‘.vuj:.b i Al g ns
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Table 6. Specific combining ability of seed yield and yield components in rapeseed crosses

Sl o5 Sl e Sl
;J.:.A)U)'}) &xtbb‘)\ ol sl J b P sl ol Bl s =2 sl s als e,
Days to Plant Length of No. lateral No. silique. No. silique.lateral 41> 3 Shee Seed oil
Crosses s 3% maturity height main stem branches main stem branches Seed yield content
RGSxAsa LTx ol T -4.28m™ -20.02™ -6.55™ 0.18"m 1.13m -6.72" -268.51™ 4.68™
RGSxBaharan ohlex il T -10.08™ 4.36™ 2.021m 0.56" 0.02"ms 7.61m 174.81" 0.53"
RGSxDalgan O&Isx Ll 5T -4.05M 7.55™ 14.92™ 0.12"m 5.25™ 5.76™ 390.14™ 2.84™
RGSx Zarfam Py 5% ol T 8.88 M 1.07m 6.24™ -1.09" -0.82"1 -5.06 ™ 167.48" -3.9™
RGSx Nima Lesx ol )T 141™ 16.76™ 1.54m 0.86" 3.12™ -51.04™ 40.14 "™ -0.76 ™
RGSx SLM046 CFFI N plx l T -0.25™ 2.53" 3.44™ 0.09m -2.04"1s -56.07™ -310.51™ 1.96™
RGSx Okapi Sl T 5.81"m 7.36™ 2.47" -0.47"ms -2.38" -43.66™ -268.51™ 1.54"
AsaxBaharan Oylgx LT 0.68" 5.07™ -1.98m -0.28"™ 10.11™ -58.73™ 68.81 M -1.69"
AsaxDalgan O sx LT 4.38™ 0.29™  -11.62™ 0.68™ -17.86™ -44.87 -175.85" -2.68™
Asax Zarfam b LT 6.31m 12.34™ 7.96™ -0.40™ 13.33" -14.70"M 241.48™ -0.5M
Asax Nima Lesix LT 1.18m™ 13.26™ 5.49™ 0.21"™ 4.18™ -24.22" 434.14™ 6.1
Asax SLM046 PRIl aix LT -2.81m™ 5.36™ 8.87" 1.75™ 5.14™ 100.68™ 63.48 ™ 1.77"
Asax Okapi XL 1.58™ 16.37™ 7.96™ 0.37m 0.23m 48.12™ 252.14™ -5.38™
BaharanxDalgan O&Isx sl e -0.08™ 0.41"m 5.89™ 1.12" 8.62™ 125.48™ 14.14m -1.04m™
BaharanxZarfam b, %00l 12.51" 423" 211" 0.03m 1.08™ 8.42"™ 531.48™ 7.6™
BaharanxNima lesx Ol y\gs 0.04"ms 9.02™ 1.88™ 0.55m™ 3.50™ 69.60™ -255.85™ 1.34™
BaharanxSLMO046 FE Il X Ol -0.61™ -1.38™ 0.98m 0.56 ™ -1.93m™ 97.41™ -53.18™ -5.18™
BaharanxOkapi LR -3.55™ 477 1.48™ -0.07™ -5.87" -65.41" -14451"™ -4.44™
Dalgan xZarfam P 5x 0805 5.564 1 -8.57" -10.16™ -0.59™ -2.72" -27.78" 20.14m -1.78"
Dalgan xNima Lk 0K 0.41m 11.34™ -0.62™ -047"™ -0.23™ -56.00™ -347.18™ -3.74™
DalganxSLMO046 PRIl ik 0K -3.58™ 8.97™ -0.88™ 0.02m 5.79™ -35.92™ 635.48™ 2.49™
Dalgan xOkapi LSO 0.81m -2.82" 8.91" 1.58™ 8.11™ 85.31" 764.14™ 1.7
ZarfamxNima Leixplo 7.01m -10.07" -6.00™ 0.30™ -8.77 13.43™ -323.18™ -3.09™
ZarfamxSLMO046 CFE eIl X plo 2.01m 16.08™ 6.96™ 0.27m 3.017 6.17" 399.48™ 0.54"s
Zarfam xOkapi LTS 2.08™ -1.97m -9.777 0.70™ -2.32" -35.71" -431.85™ -0.18™
NimaxSLMO046 CFE Il X les -2.11m™ 5.04™ 11.53™ -0.40™ 4.66™ -11.44"s 32.14m 4.58™
Nima xOkapi Sl -5.05™ -3.18" -1.73™ 1.28™ 7.19™ 160.63™ 480.81™ 4.35™
SLMO046xOkapi LR 2R -0.38™ -2.42"™ -2.40" -0.37™ 16.35™ 73.43™ -49.85M -1.4"
SE(sij) lre glas 5.07 1.25 1.20 0.43 1.16 10.97 81.09 0.70

ns ,*, **: Not significant and significant at 5% and 1% probability levels, respectively
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crosses of eight rapeseed cultivars Table 7. Heterosis mid parents (Ht) and superior parents (Htb) in one-way diallel

FAEREL pd ey Bl

Sty b5, Sl Sl sle J b A sl sl ol Bl s oy 5 ol No. silique.lateral als s Shes als ey
Days to maturity Plant height Length of main stem No. lateral branches No. silique.main stem* branches™® Seed yield Seed oil content
Crosses b 5% Ht Htb Ht Htb Ht Htb Ht Htb Ht Htb Ht Htb Ht Htb Ht Htb
RGSxAsa Lix T -316™ -5.00™ 693" -2330™ 2.00™ 116™ 0.88™ 0.80™ 6.28"™ 6.10™ -44.13" -69.00™ -13333™  -433.33" 6.98™ 4.80™
RGSxBaharan Oblex T -11.00™ -16.00" 1351 -2.23™ 11.15™ 3.90™ 125™ 0.83™ 498" -0.73™ 16.41™ -17.83™ 240.00™ 11333™ 1.53™ 110™
RGSxDalgan O&sx T -3.83™ -7.33™ 16.76™ 3.33™ 2255™ 14.70™ 0.81™ 0.56™ 8.06™ 463" -18.53™ -20.53™ 696.66™ 426.66™ 3.88™ 2.06™
RGSx Zarfam by AT 19337 7.33™ 9.26™ -8.73" 11.60™ 8.10™ -121m -1.60" 0.95™ 0.36™ -56.16™ -69.50™ 300.00" 233.33™ 251" -3.50™
RGSx Nima Lo ol a7 150™ -9.33™ 3221 21.80™ 10.58™ 1.96™ 151" 0.50™ 761" -0.56™ -63.10"  -144.26™ 36.66™ -40.00™ 315" 1.26™
RGSx SLM046 PRI il )T -2.83™ -13.00™ 16.01™ -1.33™ 16.06™ 9.00™ 0.65™ 0.20™ 6.78" 150™ -49.80™ -75.60™ -150.00™  -166.66™ 4.88™ 2.76"
RGSx Okapi Sl T 5.50™ -5.33™ 14.41™ -3.60™ 9.70™ 72" 0.35™ 0.06™ 4.01™ -1.36™ -25.28™ -44.73" -136.66™  -140.00™ 2.18™ 0.20™
AsaxBaharan Olylex LT 2.16™ -1.00™ 163.06™ 17.48™ 3.65™ -2.76™ 0.96™ 0.63™ 18.06™ 12.16™ -12.75™ -71.86™ 306.66" 133.33™ -1.85™ -3.60™
AsaxDalgan S&sx LT 7.00™ 5.33™ 156.03™ 12.76™ -7.48™ -14.50™ 1.93" 1.76" -12.05™ -15.66™ -32.00™ -54.86™ 303.33" 273.33™ -2.80" -6.80™
Asax Zarfam by xLT 19167 5.33™ 171.63™ 23.80™ 9.83™ 7.16™ 0.03™ -0.43™ 18.10™ 17.70™ -28.63™ -40.16" 546.66™ 180.00™ -0.26™ -1.46™
Asax Nima Lex LT 3.66™ -5.33™ 172.23™ 31.98™ 11.05™ 1.60™ 143" 0.33™ 11.66™ 3.66" 0.90 -55.40™ 603.33™ 226.66™ 8.86™ 4.80™
Asax SLMO046 ekl -3.00™ -11.33™ 169.26™ 22.08™ 18.00™ 10.10™ 2.86™ 233" 16.96™ 11.86™ 144.13™ 143.20™ 396.66™ 80.00™ 353" -0.76™
Asax Okapi ST 3.66™ -5.33™ 174.53™ 26.68™ 11.70™ 8.36™ 1.76" 140" 9.63" 443" 103.68™ 98.26™ 556.66™ 260.00" 5.90™ -6.10™
BaharanxDalgan O8I ole 0.50™ -1.00™ 151.60™ 8.95™ 10.60™ 10.00™ 236" 220" 14.25" 11.96™ 184.58™ 148.33™ 423.33™ 280.00 245 -4.70™
BaharanxZarfam el 0Lle 23.33" 6.33™ 158.96™ 11757 455" 0.80™ 0.46™ -0.33™ 5.66™ -0.63™ 40.71" -6.86™ 766.66™ 573.33™ 6.55™ 6.00™
BaharanxNima Lesx O lg: 0.50™ -5.33™ 163.43™ 23.80™ 8.00™ -7.86™ 1.76" 0.33™ 10.80™ -3.10™ 140.95™ 2553™ -156.66™  -360.00" 281 0.50™
BaharanxSLMO046 Pl axolle 283 -8.00™ 157.96™ 11.40™ 10.68™ -3.63™ 1.66™ 0.80™ 9.70™ -1.30™ 187.08™ 127.03™ 210.00™ 66.66 ™ 471" -7.26™
BaharanxOkapi SSkolle  -350™ -9.33™ 148.83™ 1.60™ 5.78™ -3.96" 1.30™ 0.60™ 3.33™ -7.76™ 36.36" -17.33™ 90.00™ -33.33™ 6.25" -7.80™
Dalgan xZarfam 5% oK, 17.50" 2.00™ 143.90™ -1.00™ 921" -13.56™ -0.16™ -0.80™ -0.28™ -4.30" -28.60 -39.93" 496.66™ 160.00™ -2.80" -5.60™
Dalgan xNima L os 2.00™ -5.33™ 163.50™ 26.18™ 4,00 -12.46™ 0.73™ -0.53™ 491" -6.70™ -17.76 -96.93™ -6.66™  -353.33™ 223" -2.30"
DalganxSLMO046 Pl e o&s  -4.66™ -11.33™ 166.06™ 21.81™ 7317 -7.60™ 1.13™ 0.43™ 15.28™ 6.56™ 20.63 -3.16™ 1140.00™ 853.33™ 3.00" 2.70"
Dalgan xOkapi SExO&s 2.00™ -5.33™ 148,53™ 3.61™ 11717 1.36™ 2.96™ 243" 15.18™ 6.36™ 153.98™ 136.53™ 1240.00™ 973.33™ -0.60™ -4.40™
ZarfamxNima L plb ) 18.83" -400™ 145,63™ 3.75™ -3.65™ -15.76™ 0.70™ 0.06™ -4.66 -12.26™ 24.86™ -42.96" -156.66™  -166.66™ -1.23™ -4.10™
ZarfamxSLMO046 Pl xely; 1116 -11.00™ 176.73™ 27.91™ 12.90™ 2.33™ 0.56™ 0.50™ 11.46™ 6.76™ 35.93" 23.46"™ 730.00™ 680.00™ 1.40™ -1.70™
Zarfam xOkapi S8y 13.50™ -9.33™ 152.93™ 3.45™ -9.23" -15.23" 1.26™ 116™ 3.70 -1.10™ 6.15™ 0.03™ -130.00™  -200.00™ -1.60™ -2.60"
NimaxSLMO046 Pl el -3.33" -4.00™ 165.36™ 24.13™ 21.15™ 19.60” 0.66™ 0.10™ 15.83" 12.93" 57.36™ 2.00™ 226.66™ 166.66 ™ 7.96" 7.73"
Nima xOkapi Sl -4.00™ -4.00™ 151.40™ 9.50™ 2.48™ -3.63™ 263" 1.90™ 15.93" 13.13" 241.55™ 179.83" 646.66™ 566.66™ 5.46™ 1.60™
SLMO046xOKkapi SIS X FE el -2.00™ -2.66™ 157.10™ 8.26™ 3.26™ -1.30™ 0.86™ 0.70™ 29.43™ 29.33" 172.68™ 166.33™ 280.00" 260.00" -1.30™ -5.40™
ns ,*, **: Non-significant and significant at 5% and 1% levels of probability, respectively Loys & 5 gy Jlal e 53 s dan 5 ma b o S 5 % (NS
|Eh


https://agrobreedjournal.ir/article-1-1421-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

VP F Sl o) ;,L.,_:A‘,.w,;ﬁ.u?ﬂo\ﬂ\gp\,jpb4{,:;"

ple 5 $5oalS oo o ils labus ot i 50 A 5 4 0155 e L8035 Les S|
QU&»\}JL»GL;A&:AU)EL&-@é)LwH Cow3 OT L Lo 0 Slio 5 ails 5 Shae Ll 11518

5 er I3 5 S Gk pl (6l | il
References oolaiw! 350 2l

Alam, A K.M.M., Ahmed, S., Begum, M., and Sultan, M. 2008. Heterosis and combining ability for grain
yield and its contributing characters in maize. Bangladesh Journal of Agricultural Research, 33(3), pp.375-
379. https://doi.org/10.3329/bjar.v33i3.1596

Alsharari, S.F., Ibrahim, A.A., and Okasha, S.A. 2023. Combining ability for yield, oil content, and physio-
biochemical characters of canola (Brassica napus L.) under salt stress conditions. Sabrao Journal of
Breeding & Genetics, 55(4), pp.1003-1024. http://doi.org/10.54910/sabrao2023.55.4.1

Azim, J.B., Chowdhury, N., and Robin, A.H.K. 2024. Combining ability and heterosis studies for yield
improvement in rapeseed. Research Square, pp.1-24. https://doi.org/10.21203/rs.3.rs-4818498/v1

Begna, T. 2021. Combining ability and heterosis in plant improvement. Open Journal of Plant Science, 6(1),
pp.108-117. https://dx.doi.org/10.17352/0jps.000043

Chalhoub, B., Denoeud, F., Liu, S., Parkin, 1.A., Tang, H., Wang, X., and Wincker, P. 2014. Early
allopolyploid evolution in the post-Neolithic Brassica napus oilseed genome. Science, 345(6199), pp.950-
953. https://doi.org/10.1126/science.1253435

Channa, S.A., Tian, H., Mohammed, M.l., Zhang, R., Faisal, S., Guo, Y., Klima, M., Stamm, M., and Hu,
S. 2018. Heterosis and combining ability analysis in Chinese semi-winterx exotic accessions of rapeseed
(Brassica napus L.). Euphytica, 214, pp.1-19. https://doi.org/10.1007/s10681-018-2216-1

Dezfouli, P.M., Sedghi, M., Shariatpanahi, M.E., Niazian, M., and Alizadeh, B. 2019. Assessment of general
and specific combining abilities in doubled haploid lines of rapeseed (Brassica napus L.). Industrial Crops
and Products, 141, 111754, https://doi.org/10.1016/j.indcrop.2019.111754

FAOQO. 2023. Food and Agriculture Organization of the United Nations. FAOSTAT statistics database. Available
online at: http://www.faostat.fao.org

Fujimoto, R.., Uezono, K., Ishikura, S., Osabe, K., Peacock, W.J., and Dennis, E.S. 2018. Recent research
on the mechanism of heterosis is important for crop and vegetable breeding systems. Breeding
Science, 68(2), pp.145-158. https://doi.org/10.1270/jsbbs.17155

Gholizadeh Sarcheshmeh, P., Amiri Oghan, H., Shekari, F. and Gholizadeh, A. 2024. Combining ability
and heterosis of spring oilseed rape genotypes under normal irrigation and drought stress conditions. Journal
of Crop Breeding, 16(1), pp.74-85. [In Persian]. doi: 10.61186/jcb.16.49.74

lhien Katche, E., and Mason, A.S. 2023. Resynthesized rapeseed (Brassica napus): breeding and

‘.Y


http://dx.doi.org/10.3329/bjar.v33i3.1596
http://www.faostat.fao.org/
https://doi.org/10.1270/jsbbs.17155
https://doi.org/10.61186/jcb.16.49.74
https://agrobreedjournal.ir/article-1-1421-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

"N PP OLs 5 o S e ) Slis (6 il s 5 6 S 5 bl bl

genomics. Critical Reviews in Plant  Sciences, 42(2), pp.65-92. https://doi.org/10.1080/
07352689.2023.2186021

Jamshidmoghaddam, M., Farshadfar, E., and Najafi, A. 2018. Genetic analysis of agronomic and
physiologic characteristics in rapeseed (Brassica napus L.) under drought stress and non-stress conditions.
Seed and Plant Improvment Journal, 34(1), pp.15-36. [In Persain]. doi: 10.22092/SP1J.2018.118627

Kaur, S., Kumar, R., Sharma, M., Singh, V., and Gupta, S. 2023. Heterosis and combining ability for
guantitative traits in canola (Brassica napus L.) using half diallel mating design. Journal of Oilseed Brassica,
14(1), pp.59-67. https://doi.org/93.117.121.141, on 06/14/25

Khalil, I.A., and Raziuddin, R. 2017. Combining ability for seed yield in indigenous and exotic Brassica napus
genotypes. Sarhad Journal of Agriculture, 23(1), pp.177-182.
http://dx.doi.org/10.17582/journal.sja/2017.33.1.177.182

Kjeldahl, J. 1883. ""Neue methode zur bestimmung des stickstoffs in organischen korpern™ (New method for the
determination of nitrogen in organic substances), Zeitschrift fir analytische Chemie, 22(1), pp.366-383.
https://doi.org/10.1007/BF01338151

Mandal, S., and Kar, S. 2023. Heterosis and combining ability analysis in seed yield and its component traits in
Indian mustard (Brassica juncea L. Czern & Coss.). The Pharma Innovation Journal. 12(8), pp.579-583.

Mandal, K., Subba, V., Dasgupta, T., and Kundagrami, S. 2023. Combining ability and heterosis for seed
yield and vyield components in Indian mustard [Brassica juncea (L.) czern and coss]. Agricultural
Reviews, 44(1), pp.100-106. https://doi.org/20.1001.1.16807073.2015.17.7.15.8

Marjanovi¢-Jeromela, A., Marinkovi¢, R., and Miladinovi¢, D. 2007. Combining abilities of rapeseed
(Brassica napus L.) varieties. Genetika-Belgrade, 39(1), pp.53-
62. https://doi.org/10.2298/GENSR0701053M

Muhammad, A., Raziuddin, M. A., Raza, H., Rahman, A.U., and Ali, I. 2014. Combining ability and
heritability studies for important traits in F2 of Brassica napus L. International Journal of Basic & Applied
Sciences, 14, pp.7-11. https://doi.org/10.5829/idosi.aejaes.2014.14.06.12342

Nasim, A. and Farhatullah. A. 2013. Combining ability studies for biochemical traits in Brassica rapa (L.) ssp
dichotoma (roxb.) Hanelt. Pakistan Journal of Botany, 45(6), pp.2125-2130.
https://www.researchgate.net/publication/260981380

Raboanatahiry, N., Li, H., Yu, L., and Li, M. 2021. Rapeseed (Brassica napus): Processing, Utilization, and
Genetic Improvement. Agronomy, 11(9), pp.1776. https://doi.org/ 10.3390/agronomy11091776.

Rahaman, A. 2016. Study of nature and magnitude of gene action in hybrid rice (Oryza sativa L.) through
experiment of line X tester mating design. International Journal of Applied Research, 2(2), pp.405-410.

Rameeh, V. 2016. Estimation of combining ability of rapeseed advanced lines for yield and yield components.

Seed and Plant Journal, 31(4), pp.665-679. [In Persion]. https://doi.org/10.22092/SP1J.2017.111283

1A


https://doi.org/10.22092/spij.2018.118627
https://doi.org/10.2298/GENSR0701053M
https://doi.org/10.22092/spij.2017.111283
https://agrobreedjournal.ir/article-1-1421-en.html

[ Downloaded from agrobreedjournal.ir on 2026-07-12 ]

VP F Sl o) ;,L.,_:A‘,.w,;ﬁ.u?ﬂo\ﬂ\gp\,jpb4{,:;"

Rameeh, V. 2023. Heterotic patterns in rapeseed (Brassica napus L.): Crosses between spring-type and
winter-type  genotypes. Journal ~ of  Agricultural  Sciences  (Belgrade), 68(3), pp.253-263.
https://doi.org/10.2298/JAS2303253R

Sabaghnia, N., Dehghani, H., Alizadeh, B., and Mohghaddam, M. 2010. Heterosis and combining ability
analysis for oil yield and its components in rapeseed. Australian Journal of Crop Science, 4(6), pp.390-397.
https://www.researchgate.net/publication/259356401

Saeed, F., Tahir, M.H. N., Kang, S.A., Riaz, M., Farooq, J., and Saeed, M. 2013. Heterosis and combining
ability for seed yield and its components in Brassica juncea L. Albanian Journal of Agricultural
Sciences, 12(2), pp.203-208.

Shah, M.A., Ahmad, A., Ullah, F., Younas, O., Rehman, U.F., and Rasheed, S.M. 2023. Elucidating genetic
variability of Brassica napus L. progenitors and their crosses for enhanced qualitative traits. Journal of Soil,
Plant and Environment, 2(1), pp.65-78. https://doi.org/10.56946/jspae.v2i1.155

Soxhlet, F. 1879. Die gewichtsanalytische bestimmung des milchfettes. Polytechnisches Journal, (Dingler's)
232, pp.461-465.

Xie, F., Zha, J., Tang, H., Xu, Y., Liu, X., and Wan, Z. 2018. Combining ability and heterosis analysis for
mineral elements by using cytoplasmic male-sterile systems in non-heading Chinese cabbage (Brassica rapa

L.). Crop and Pasture Science, 69(3), pp.296-302. https://doi.org/10.1071/CP17357


https://agrobreedjournal.ir/article-1-1421-en.html
http://www.tcpdf.org

