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Abstract Fourteen accessions (spring and winter

types) and four testers (semi-winter type) of rapeseed

(Brassica napus L.) were crossed in line 9 tester

mating design to estimate general and specific com-

bining ability for seed yield, yield components, and oil

content. The F1 hybrids and their parents were

evaluated in four environments in northern China.

Highly significant differences were detected among

the parents and hybrids for all the traits across

environments. Plant height, setting position of first

primary branch and length of terminal raceme were

controlled by additive genes, whereas primary

branches per plant, siliques on terminal raceme,

siliques per plant, seeds per silique, seed yield per

plant, 1000-seed weight, oil content, and seed yield

were controlled by non-additive gene action. The

accessions SP-Armada, 9E49, and CZ25 and the tester

Zhong9 were good general combiners for seed yield.

Among the 56 F1 hybrids, four hybrids: Zhong9 9

CZ25, GZ1R 9 9E38, Zhong7 9 9E38, and

Zhong7 9 CZ49 showed higher yield than the control

and were the outstanding combinations for seed yield.

These hybrids were recommended to be included in

future breeding programs for development of new high

yielding varieties with more desirable traits. Both

winter and spring germplasm have potential in Chi-

nese semi-winter rapeseed breeding program, for seed
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oil content improvement, more attention may be paid

to spring germplasm.

Keywords Brassica napus L. � Heterosis �
Combining ability � Semi-winter � Spring type �Winter

type

Introduction

Rapeseed (Brassica napus L.; AACC, 2n = 38) is the

most important edible oilseed crop in the world. B.

napus is an amphidiploid originated through sponta-

neous interspecific hybridization between its two

progenitors, B. rapa (AA, 2n = 20) and B. oleracea

(CC, 2n = 18) (Allender and King 2010) and is

believed to be originated in Southern Europe (Downey

1983). China, Canada, and European countries lead

the world in rapeseed production (Li et al. 2012).

Recently, the production of rapeseed has expanded

remarkably in most of the major rapeseed producing

countries (FAOSTAT 2015). In China, B. napus was

first introduced in the mid 20th century from Europe

and Japan (Sun 1948; Liu 1985). Chinese rapeseed

quality improvement breeding program was initiated

in late 1970s after the introduction of Oro, Tower and

other single-low or double-low B. napus cultivars

from Europe, Canada and Australia (Liu 2000). Using

these canola varieties as donors, Chinese breeders

have successively developed a number of new canola

varieties adapted to local conditions. At present, B.

napus has become the most important oilseed crop in

China (Qian et al. 2006; Wang and Yin 2014) with

annual production of 14.5 metric tonnes (FAOSTAT

2015).

Ectopically, rapeseed germplasm was classified

into spring, winter, and semi-winter types (Diers and

Osborn 1994; Becker et al. 1995). Hybridization

between winter, semi-winter, and spring rapeseed is an

important approach to broaden the genetic base of

these three types of rapeseed (Qian et al. 2009; Kebede

et al. 2010). European rapeseed (Hu et al. 2007), US

rapeseed (Li et al. 2012) and Australian rapeseed

(Chen et al. 2008) are different from Chinese rapeseed

and could be used as important germplasm sources to

enrich the genetic background of Chinese semi-winter

rapeseed.

The phenomenon of heterosis describes that F1
hybrids derived from two genetically dissimilar

genotypes exhibit superior phenotypic performance

as compared with either parent, usually manifested in

rapid growth, high fertility, superior biomass produc-

tion, resistance to disease and insect pest, and high

grain yield (Shull 1948, 1952; Birchler et al. 2010).

Heterosis has been progressively applied in crop

production for almost a century, with the aim of

developing most vigorous, of superior quality and

higher yield performing hybrid cultivars (Fu et al.

2014). The commercial use of heterosis has increased

production of maize (Crow 1998) and rice (Denning

and Mew 1997; Yuan 2014). Significant heterosis was

documented for rapeseed within spring type, winter

type (McVetty 1995; Brandle and McVetty 1990) and

semi-winter type (Tian et al. 2015, 2017) rapeseed.

High heterosis has also been reported in hybrids

between Chinese semi-winter and winter rapeseed in

winter conditions (Lefort-Buson et al. 1987; Qian et al.

2009) and between Chinese semi-winter and spring

rapeseed in spring conditions (Udall et al. 2004; Qian

et al. 2007). The winter and semi-winter rapeseed

germplasm can be used for improvement of seed yield

and other traits in spring rapeseed hybrids and open-

pollinated cultivars (Butruille et al. 1999; Quijada

et al. 2004, 2006; Udall et al. 2004, 2006; Kebede et al.

2010; Rahman 2011, 2013; Rahman and Kebede

2012).

Knowledge of various types of gene action helps in

the identification and selection of suitable parents to be

included in hybridization program to develop superior

F1 hybrids. General combining ability (GCA) is the

average performance of a line in hybrid combinations,

whereas specific combining ability (SCA) is the

deviation of a certain cross from the average perfor-

mance of the lines (Sprague and Tatum 1942).

Line 9 tester analysis can be used to decide the

comparative ability of accessions and testers to

produce desirable hybrid combinations (Kempthorne

1957). These crosses also provide information about

the genetic components and enable the breeders to

choose an appropriate breeding procedure for popu-

lation improvement and cultivar development. Com-

bining ability analysis is an important breeding

method and gives knowledge regarding the desirable

parents, magnitude and nature of gene action which

control the inheritance of quantitative traits (Ceyhan

et al. 2008). Accessions 9 tester analysis is used by
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many scientists to examine genetics of agronomic

characters and judgment of GCA and SCA effects in

different crops such as rapeseed (Rameeh

2011, 2012a; Farshadfar et al. 2013); sunflower (Khan

et al. 2009); pea (Ceyhan et al. 2008); wheat (Saeed

et al. 2001) and sorghum (Mohammed 2009) etc.

In the present study, 14 accessions (spring and

winter types) and four testers (semi-winter type) of

rapeseed (B. napus) were crossed. The F1 hybrids and

their parents were evaluated for seed yield, yield

components, and oil content in four different environ-

ments in northern China. The objectives of the present

study were; (a) to evaluate the performance of winter

and spring type exotic accessions and Chinese semi-

winter type testers, (b) to investigate estimates of GCA

and SCA effects of parental genotypes and their F1
hybrids respectively, for seed yield, its components

and oil traits, (c) to identify potential hybrid combi-

nations to be used in future breeding programs for the

development of new desirable varieties and (d) to

exploit the breeding value of spring and winter

rapeseed in Chinese semi-winter rapeseed genetic

improvement.

Materials and methods

Plant materials

A set of 18 genetically diverse and geographically

distinct rapeseed (B. napus) genotypes was used in the

present study (Table 1). Fourteen spring and winter

type exotic rapeseed accessions were used as female

parents (lines) and four indigenous Chinese semi-

winter genotypes were used as male parents (testers).

The parental accessions were selfed for at least six

generations before being used in the crossing program

according to accession 9 tester mating design

(Kempthorne 1957). At the budding stage, immature

buds in the inflorescence of the female and male

parents were covered with a butter paper bag before

flowering. Before blooming, the flowers of the female

plants were manually emasculated and then pollinated

in April 2010 and 2014, respectively. F1 seeds

generated in 2009/2010 were used for evaluation in

the field during cropping seasons 2010/2011 and

2011/2012, whereas those of 2013/2014 were used for

evaluation in the field in 2014/2015. Qinyou No. 7, a

Table 1 List of 14 female (accessions) and four male (testers) used in the present investigation

S. No Code Name Parent type Qualitya Type Geographical region

Accessions

1 Excell Excell Female ‘‘00’’ Spring Canada

2 SP-Armada SP-Armada Female ‘‘00’’ Spring Canada

3 CZ05 Odila Female ‘‘00’’ Spring Czech Republic

4 Elect Elect Female ‘‘00’’ Spring Canada

5 Profit Profit Female ‘‘00’’ Spring Canada

6 CZ04 Aglona Female ‘‘00’’ Spring Czech Republic

7 9E38 KS2185 Female ‘‘00’’ Winter Kansas State Univ.

8 9E45 KS3254 Female ‘‘00’’ Winter Kansas State Univ.

9 9E49 KS4322 Female ‘‘00’’ Winter Kansas State Univ.

10 9E54 Wichita Female ‘‘00’’ Winter Kansas State Univ.

11 CZ02 Sonata Female ‘‘00’’ Winter, yellow seeded Czech Republic

12 CZ25 ZL-02-4 Female ‘‘00’’ Winter, yellow seeded Czech Republic

13 CZ38 ZL-Var-55 Female ‘‘00’’ Winter, yellow seeded Czech Republic

14 CZ49 Lisolde Female ‘‘00’’ Winter Czech Republic

Testers

15 Zhong7 Zhongshuang No.7 Male ‘‘00’’ Semi-winter Hubei, China

16 Zhong9 Zhongshuang No.9 Male ‘‘00’’ Semi-winter Hubei, China

17 GZ1R Ganza No.1R Male ‘‘0’’ Semi-winter Shaanxi, China

18 SH11 SH11 Male ‘‘00’’ Semi-winter Shaanxi, China

a0, low erucic acid; 00, low erucic acid and low glucosinate
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widely cultivated hybrid in the region of Huang-Huai

District and Lower reaches of Yangtze Rivers, China,

was used as a control.

Field evaluation

The 18 parental genotypes (14 accessions and 4

testers) and their 56 F1 hybrids were arranged in a

randomized complete block design with two replica-

tions in four different environments (defined as the

combination of year and location) including three

cropping seasons, 2010–2011 (108�040E, 34�150N;
442 m above sea level), 2011–2012 (108�040E,
34�170N; 517 m above sea level) and 2014–2015

(108�030E, 34�170N; 523 m above sea level) in

Yangling, Shaanxi, China, and one cropping season

of 2014–2015 (108�520E, 34�360N; 424 m above sea

level) in Sanyuan, Shaanxi, China. Each plot con-

tained five rows of two meters length with 0.5 and

0.15 m spacing between and within rows, respec-

tively. Cultural practices including soil preparation,

fertilizer and irrigations were applied equally to all the

entries/experiments. The following agronomic traits

were recorded from 10 randomly selected plants in the

three middle rows in each plot just prior to harvest:

plant height (PH), setting position of the first primary

branch (SPFPB), primary branches per plant (PB),

length of the terminal raceme (LTM), siliques on the

terminal raceme (STR), siliques per plant (SP), and

seeds per silique (SS). After harvest, seed yield per

plant (SYP), 1000-seed weight (TSW), oil content

(OC), and seed yield per hectare (SYH) were

measured in each plot. The oil content (OC) was

estimated from seeds taken from each plot using a NIR

spectrophotometer (Foss NIR Systems Inc.) as per an

established protocol (Velasco and Becker 1998).

Statistical analysis

Data recorded for each trait from four environments

were analysed for separate analysis of variance

(ANOVA) prior to the combined analysis over envi-

ronments. ANOVA was performed among hybrid

combinations across all locations with the general

linear model (GLM) procedure using the Statistical

Analysis System (SAS v. 9.3) (SAS Institute Inc.

2005). The accessions and testers used as parents in the

experiment were considered fixed effects and the

locations of the trials were considered random. The

accession 9 tester analysis was performed based on

data combined over locations. Source of variation due

to entry and its interaction with locations were

subdivided into variation due to hybrids and parents.

Likewise, hybrid source of variation was partitioned

into variation due to accessions, testers, and acces-

sions 9 testers. The mean squares for male and

female parents are independent estimates of GCA

effects. The male 9 female interaction mean square is

an estimate of SCA effects. When hybrids are

evaluated in more than one location, the model used

was as follows:

Yijkl ¼ mþ El þ R lð Þk þ Gi þ Gj þ Sij

þ GEð Þilþ GEð Þjlþ SEð Þijlþeijkl

where Yijkl= observed value of the ijth hybrid in the

klth plot; m = grand mean; El = effect of the lth

environment (l = 1, 2, 3, 4); R(l)k = effect of the kth

replication in the lth environment; Gi = the average

effect of GCA of the ith male parent on its cross;

Gj = the average effect of GCA of the jth female

parent on its cross; Sij = the deviation of average

effect of the ijth cross from expected performance

based on the parents average effect SCA; (GE)il,

(GE)jl, and (SE)ijl = the interaction with environments

for the effects defined previously;and eijkl = the error

term associated with the ijklth cross observations;

Further, i =1, 2,…, m; m = 4 (m = number of males);

j = 1, 2,…, f; f = 14 (f = number of females); k = 1,

2,…, r; r = 2 (number of replications); l = 1, 2,…, e;

e = 4 (e = number of environment/location).

The GCA and SCA effects, based on data combined

over locations, were estimated following the proce-

dure of Beil and Atkins (1967) which is comparable to

the analysis of a two way classification model with

interaction components being a measure of the SCA

effects. The GCA and SCA effects were estimated for

each trait as follows:

gi ¼ ð�yi: � �y::Þ

gj ¼ ð�y:j � �y::Þ

sij ¼ ð�yij � �yi: � �y:j þ �y::Þ

where �yi: = the mean of all hybrids involving the ith

female parent averaged across all replications and

locations; �y:j = the mean of all hybrids involving the

jth male parent averaged across all replications and
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locations; �yij = the mean of all hybrids of the cross

between ith female and jth male parent averaged

across all replications and locations; and �y:: = the

grand mean of hybrids.

Standard errors (SE) for GCA and SCA estimates

were determined from respective mean squares fol-

lowing the method proposed by Groz et al. (1987) as

follow:

SE accessions ¼ Mfl=rmlð Þ1=2;

SE testers ¼ Mml=rflð Þ1=2; and

SE accessions� tester ¼ Mfml=rlð Þ1=2;

whereMfl andMml are the respective mean squares for

accession 9 location and tester 9 location divided by

number of observations (replications, locations, males

or females). Mfml is the mean square for (acces-

sion 9 tester) 9 location divided by number of

observations (replications and locations).

The critical difference (CD) was calculated as

follows:

CD = SE 9 t (tabulated). If the absolute effect of

GCA and SCA is greater than the CD, it is considered

significantly different from zero.

Heterosis was estimated as follows: mid-parent

heterosis (MPH) % = [(F1-MP)/MP] 9 100, high-

parent heterosis (HPH) % = [(F1-HPP)/HPP] 9

100, high-check heterosis (HCK) % = [(F1-CK)/

CK] 9 100, where F1 is the hybrid value, MP = (P1-
? P2)/2, in which P1 and P2 are the performance of

both parental accessions, HPP is performance of high

parent, and CK is the control value.

Results

Mean squares from combined ANOVA for all studied

traits are presented in Table 2. ANOVA for each

environment (location) showed highly significant

(p B 0.01) differences among parental genotypes

and their F1 hybrids for all the traits (data not shown).

The combined ANOVA revealed highly significant

(p B 0.01) differences among genotypes and their

sub-sources of variations (parents, hybrids and hybrids

vs. parents) for all the traits other than SPFPB, PB, and

TSW which were non-significant for hybrids vs.

parents. The genotype 9 location interaction was also

highly significant (p B 0.01) for all the traits except

PB which was significant (p B 0.05). The interaction

of hybrids 9 locations was significant for all the traits

except for SP.

Accession 9 tester analysis

Accession 9 tester analysis revealed that mean

squares for accessions were highly significant for all

the traits except for STR and SYP (Table 2). For

testers, mean squares were significant for all the traits

except for PH and PB (Table 2). For the interaction of

accessions 9 testers, mean squares were significant

for all traits. Results further expressed that interaction

of accessions with locations (Loc 9 A) was signifi-

cant for all the traits except SP and SYP (Table 2). The

interaction of testers with locations (Loc 9 T) was

significant for all the traits except for STR, SP, SYP,

and SYH. The interaction of accessions, testers and

locations (Loc 9 A 9 T) was non-significant for

majority of traits except LTM, TSW, OC, SYP, and

SYH which were significant.

General combining ability effects

The GCA effects of 14 accessions and four testers are

summarized in Table 3. The results revealed that the

accessions showed desirable GCA effects for all the

traits except PH, whereas three of four testers showed

poor GCA values. Among the 18 parental accessions,

only the accession Excell exhibited negative and

significant (p B 0.05) GCA effects for PH thus, other

parental accessions were poor general combiners for

this trait. For the trait SPFPB female parents Excell,

Elect, Profit, and 9E45 showed highly significant

(p B 0.01) negative GCA effects while CZ04, 9E38,

9E54, CZ02, CZ38, and CZ49, expressed highly

significant (p B 0.01) positive GCA effects, and the

female parent 9E49 revealed significant (p B 0.05)

positive GCA effects. Among testers, only SH11

exhibited highly significant (p B 0.01) positive GCA

effects (Table 3). The female accessions CZ05, CZ04,

9E38, 9E45, and 9E49 revealed significant (p B 0.01)

positive GCA effects for PB, indicating that these

parental accessions were good general combiners for

this trait, however, all the testers showed non-signif-

icant GCA effects, thus considered as poor general

combiners for this trait (Table 3). As regards LTM, all

the accessions apart from CZ02 exhibited significant
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(p B 0.01) positive or negative GCA effects for this

trait. Among testers, SH11 displayed significant

(p B 0.05) negative GCA effects for this trait. The

accessions Excell, SP-Armada, Elect, Profit, 9E45,

9E49, and CZ25, expressed positive GCA effects and

proved to be good general combiners for this trait.

For STR only the Excell showed negative and 9E54

showed positive (p B 0.01) GCA effects, whereas all

the four testers exhibited non-significant GCA effects

(Table 3). For SP, GCA effects were positive and

significant (p B 0.01) for seven accessions namely;

CZ05, Elect, CZ04, 9E38, 9E45, CZ38, and CZ49

while only one tester GZ1R showed significant

positive (p B 0.05) GCA effect, therefore above seven

female and one male parents were good general

combiners for this trait. In the case of SS, the

accessions Excell, 9E49, and 9E54 showed positive

and significant (p B 0.01) GCA effects, whereas the

accessions CZ05, CZ25, and CZ38 displayed negative

and significant (p B 0.05) GCA effects. For SYP, the

GCA effects were positive and significant for the

accessions SP-Armada, Profit, 9E38, 9E49, and 9E54,

which revealed that these accessions were good

general combiners for this trait. However, the acces-

sions 9E45, CZ02, CZ25, and CZ49 displayed nega-

tive (p B 0.01) GCA effects for this trait. None of the

testers showed significant effects for this trait.

For TSW, the accessions Excell, Profit, and 9E54

expressed highly significant positive (p B 0.01) and

accessions SP-Armada, Elect, and 9E49 showed

positive and significant (p B 0.05) GCA effects and

can be regarded as good general combiners for TSW,

whereas CZ04, 9E45, CZ02, CZ25, CZ38, and CZ49

revealed negative and significant GCA effects which

proved them as poor general combiners for this trait.

For OC, GCA effects were positive and highly

significant (p B 0.01) for accessions Excell, Elect,

Profit, CZ04, 9E38, 9E45, and 9E38, and accessions

SP-Armada and 9E49 showed significant (p B 0.05)

GCA effects which indicated that these accessions

were good general combiners for OC. For SYH, the

accessions SP-Armada and 9E49 indicated highly

significant (p B 0.01) and CZ25 showed significant

(p B 0.05) positive GCA effects and proved to be

good general combiners for this trait, whereas Excell,

CZ05, and CZ49 showed negative GCA effects.

Among the testers the GCA effects were positive

and significant (p B 0.01) only for Zhong9 which

revealed that this male parent was a good general

combiner for SYH.

Specific combining ability effects

Significant SCA effects were observed for all traits

other than PH (Supplementary Table S1). Out of 56

hybrids, 46 F1 hybrids revealed significant SCA

effects for SPFPB, among them 25 hybrids produced

positive and 21 hybrids produced negative SCA

effects. Similarly, 23 hybrids displayed significant

positive and negative SCA effects for PB. The

significant SCA effects for LTM were found in 25

out of 56 hybrids, among them 14 hybrids revealed

positive while 11 hybrids revealed negative SCA

effects. As far as STR are concerned, only four hybrids

showed desirable positive and significant SCA effects

(Supplementary Table S1).

For SP, significant positive SCA effects were

observed in 11 hybrids, whereas 13 hybrids showed

significant negative SCA effects. Highest SCA effects

were revealed by hybrids Zhong7 9 9E45, Zhong7 9

CZ25, Zhong7 9 CZ38, Zhong9 9 Elect,

Zhong9 9 9E38, Zhong9 9 CZ38, GZ1R 9 9E54,

GZ1R 9 CZ38, GZ1R 9 CZ49, SH11 9 Profit, and

SH11 9 9E49. This indicated that these hybrids were

promising specific combinations for SP. For SS, the

highest positive and significant (p B 0.01) SCA

effects were found in hybrids Zhong7 9 9E49,

Zhong7 9 9E54, Zhong9 9 Excell, Zhong9 9 SP-

Armada, Zhong9 9 CZ05, Zhong9 9 9E45,

Zhong9 9 9E49, GZ1R 9 CZ05, GZ1R 9 CZ38,

GZ1R 9 CZ49, and SH11 9 CZ02. Significant SCA

effects were observed in 21 out of 56 hybrids for SYP,

among them 12 hybrids showed positive SCA effects

while nine hybrids showed negative SCA effects.

Highest significant (p B 0.01) positive SCA effects

were found in hybrids Zhong7 9 Excell, Zhong9 9

SP-Armada, Zhong9 9 Profit, Zhong9 9 9E54,

GZ1R 9 CZ38, GZ1R 9 9E49, GZ1R 9 9E38,

GZ1R 9 CZ49, and SH11 9 9E49 (Supplementary

Table S1). SCA effects for TSW indicated that 14

hybrids showed significant SCA effects, the best

hybrids included Zhong7 9 CZ05, Zhong7 9 CZ04,

Zhong9 9 Excell, Zhong9 9 9E54, Zhong9 9

CZ49, GZ1R 9 SP-Armada, GZ1R 9 9E49,

GZ1R 9 CZ38, GZ1R 9 CZ49, SH11 9 CZ05,

SH11 9 9E49, and SH11 9 CZ02. For OC, most of

the hybrids depicted significant SCA effects while
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highest positive SCA effects were displayed by hybrids

Zhong7 9 SP-Armada, Zhong7 9 Profit, Zhong7 9

CZ04, Zhong7 9 CZ02, Zhong7 9 CZ25,

Zhong9 9 Excell, Zhong9 9 Elect, Zhong9 9 9E38,

Zhong9 9 9E54, Zhong9 9 CZ02, Zhong9 9 CZ38,

GZ1R 9 Elect, GZ1R 9 Profit, GZ1R 9 CZ04,

GZ1R 9 CZ49, SH11 9 9E45, SH11 9 CZ38, and

SH11 9 CZ49. Significant SCA effects for SYH were

found in 33 hybrids, among them 17 hybrids displayed

positive and 16 hybrids showed negative SCA effects.

The highest positive SCA effects were found in the

hybrids Zhong7 9 9E38, Zhong7 9 CZ49, Zhong9 9

9E45, Zhong9 9 CZ25, GZ1R 9 Excell, GZ1R 9 9

E38, GZ1R 9 9E49, GZ1R 9 CZ38, GZ1R 9 CZ25,

SH11 9 SP-Armada, SH11 9 9E49, and SH11 9

CZ02. The SCA effects suggested that these hybrids

were good specific combinations for seed yield.

GCA and SCA variance components

Estimates of variance components and ratio for GCA

and SCA effects are presented in Table 4. The

variances of main effects were highly significant

(p B 0.01) for most of traits. The variances due to

GCA revealed by accessions (r2GCAAccessions(A))

were higher in magnitude than those for testers

(r2GCATesters(T)) for the traits PH, SPFPB, PB,

LTM, SP, and SYH. Similarly, GCA variances of

accessions for PH, SPFPB, and LTM were higher than

effects shown by accessions 9 tester interactions

(r2SCAA 9 T). Overall, the extent of genetic effects

displayed by accession 9 tester interaction (r2-

SCAA9T) for traits PB, STR, SP, SS, SYP, TSW,

and SYH were higher than those of the accessions

(r2GCAAccessions(A)) as well as testers (r2-

GCATesters(T)). The interaction effects of

r2GCAAccessions(A) with locations were higher than

those of r2GCATesters(T) for PH, SPFPB, LTM, STR,

SS, and SYH. The interaction of r2SCAA 9 T 9 Loc

was higher than r2GCAAccessions(A) for STR, SP, SYP,

TSW, OC, and SYH. The variance ratio of general to

specific effects (r2GCA/r2SCA) was more than unity

for PH, SPFPB, LTM, and OC. On average, the

contribution of accession 9 tester was greater than

that of accessions and testers for PB, STR, SP, SYP,

TSW, OC, and SYH (Table 5). In contrast, the

contribution of accessions was greater than that of

testers for all traits except OCwhich was a little higher

in extent than accessions. T
a
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Heterosis

The estimates of heterosis were calculated as percent-

age increase or decrease over mid-parent, high-parent

and high-check values for all traits studied. The data

regarding mid-parent heterosis (MPH) presented in

Table 6 and Supplementary Table S2 revealed posi-

tive and negative MPH for all traits. The MPH for PH

ranged from - 8.43% (Zhong9 9 SP-Armada) to

55.22% (Zhong7 9 9E45) with mean of 24.47%,

MPH for SPFPB ranged from - 57.96% (Zhong9 9

CZ04) to 100.66% (GZ1R 9 ZC49) with mean of

10.54%, MPH for PB ranged from - 18.39%

(GZ1R 9 CZ25) to 26.60% (Zhong9 9 CZ38) with

mean of 2.19%, MPH for LTM ranged from

- 84.95% (SH11 9 CZ02) to 34.92% (GZ1R 9

Profit) with mean of - 40.33%, MPH for STR

ranged - 5.28% (Zhong7 9 SP-Armada) to 71.08%

(GZ1R 9 9E49) with mean of 19.47%, MPH for SP

ranged from - 18.64% (SH11 9 SP-Armada) to

67.28% (Zhong7 9 CZ38) with mean of 19.87%,

MPH for SS ranged from- 8.89% (Zhong9 9 CZ38)

to 48.04% (Zhong7 9 9E45) with mean of 15.60%,

MPH for SYP ranged from - 21.62% (SH11 9 SP-

Armada) to 86.38% (Zhong7 9 Excell) with mean of

20.83%, MPH for TSW ranged from - 18.06%

(GZ1R 9 Elect) to 24.83% (Zhong9 9 Profit) with

mean of 1.89%, MPH for OC ranged from - 15.68%

(SH11 9 9E38) to 21.06% (Zhong7 9 Profit) with

mean of 1.92%, and MPH for SYH ranged from

- 5.61% (SH11 9 Excell) to 154.46% (Zhong7 9 9

E38) with mean of 39.92%.

Table 5 Contribution of accessions, testers, and acces-

sions 9 testers to the total variance for 11 traits based on data

combined over environments

Traitsa Contribution (%)

Accessions Testers Accessions 9 testers

PH 40.648 12.711 46.641

SPFPB 57.790 6.405 35.805

PB 28.711 14.884 56.405

LTM 65.603 6.417 27.980

STR 32.076 3.544 64.380

SP 21.886 2.577 75.537

SS 49.604 8.407 41.989

SYP 21.255 6.594 72.149

TSW 23.838 12.747 63.415

OC 19.509 23.489 57.003

SYH 26.924 6.073 67.003

aPlant height (PH, in cm), setting position of the first primary

branch (SPFPB, in cm), primary branches per plant (PB),

length of the terminal raceme (LTM, in cm), siliques on the

terminal raceme (STR), siliques per plant (SP), seeds per

silique (SS), seed yield per plant (SYP, in g), thousand seed

weight (TSW, in g), oil content (OC in %), and seed yield per

hectare (SYH, in kg ha-1)

Table 6 Mid-parent (MPH), high-parent (HPH) and high-check heterosis (HCK) for all 11 traits (%)

Traits1 MPH HPH HCK

Mean Max Min Std Mean Max Min Std Mean Max Min Std

PH 24.47 55.22 - 8.43 13.01 15.38 37.83 - 8.89 12.05 - 3.85 9.28 - 17.83 6.94

SPFPB 10.54 100.66 - 57.96 37.98 - 3.19 65.56 - 64.36 35.59 - 19.67 7.85 - 57.89 16.90

PB 2.19 26.60 - 18.39 9.34 - 3.40 29.93 - 18.39 9.01 13.95 28.66 - 2.93 7.24

LTM - 40.33 34.92 - 84.95 48.79 - 43.88 27.67 - 85.78 46.15 - 49.09 13.84 - 86.48 41.59

STR 19.47 71.08 - 5.28 13.37 13.47 69.43 - 10.25 13.79 42.10 50.97 - 8.74 11.33

SP 19.87 67.28 - 18.64 20.11 9.41 57.16 - 31.75 17.55 16.10 45.04 - 19.25 14.66

SS 15.60 48.04 - 8.89 12.17 5.17 37.96 - 23.94 13.63 - 3.23 10.93 - 24.54 7.74

SYP 20.83 86.38 - 21.62 21.72 11.75 62.08 - 35.72 19.75 16.08 46.00 - 28.85 15.37

TSW 1.89 24.83 - 18.06 9.57 - 2.35 20.94 - 28.03 10.38 - 3.61 17.40 - 18.08 8.01

OC 1.92 21.06 - 15.68 7.72 - 1.71 14.05 - 18.60 8.07 - 2.19 5.66 - 11.28 4.57

SYH 39.92 154.46 - 5.61 35.85 22.01 125.71 - 20.65 32.71 - 13.74 20.52 - 35.36 11.54

1Plant height (PH, in cm), setting position of the first primary branch (SPFPB, in cm), primary branches per plant (NB), length of the

terminal raceme (LTM, in cm), siliques on the terminal raceme (STR), siliques per plant (SP), seeds per silique (SS), seed yield per

plant (SYP, in g), thousand seed weight (TSW, in g), oil content (OC in %), and seed yield per hectare (SYH, in kg ha-1)
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The data in Table 6 and Supplementary Table S3

depicted high-parent heterosis (HPH) in positive and

negative directions for all traits. The HPH for PH

ranged from - 8.89% (Zhong9 9 SP-Armada) to

37.83% (Zhong7 9 9E45), HPH for SPFPB ranged

from - 64.36% (Zhong7 9 CZ04) to 65.56%

(GZ1R 9 9E45), HPH for PB ranged from

- 18.39% (GZ1R 9 CZ25) to 29.93% (Zhong9 9

CZ38), HPH for LTM ranged from - 85.78%

(SH11 9 9E38) to 27.67% (GZ1R 9 Profit), HPH

for STR ranged from -10.25% (Zhong9 9 SP-Ar-

mada) to 69.43% (GZ1R 9 9E49), HPH for SP

ranged from - 31.75% (Zhong7 9 SP-Armada) to

57.16% (Zhong7 9 CZ49), HPH for SS ranged from

- 23.94% (Zhong7 9 CZ38) to 37.96% (GZ1R 9 9

E38), HPH for SYP ranged from - 35.72%

(SH11 9 Excell) to 62.08% (Zhong7 9 Excell),

HPH for TSW ranged from - 28.03% (GZ1R 9

Elect) to 20.94% (Zhong9 9 Profit), HPH for OC

ranged from - 18.60% (SH11 9 9E38) to 14.05%

(Zhong7 9 Profit), and HPH for SYH ranged from

- 20.65% (SH11 9 Excell) to 125.71%

(Zhong7 9 9E38).

The data in Table 6 and Supplementary Table S4

also manifested high-check heterosis (HCK) in both

positive and negative directions for all traits. The HCK

for PH ranged from - 17.83% (Zhong9 9 SP-Ar-

mada) to 9.28% (Zhong9 9 CZ25), HCK for SPFPB

ranged from - 57.89% (Zhong9 9 CZ04) to 7.85%

(SH11 9 CZ25), HCK for PB ranged from - 2.93%

(Zhong9 9 CZ25) to 28.66% (Zhong9 9 CZ38),

HCK for LTM ranged from - 86.48% (GZ1R 9

CZ25) to 13.84% (Zhong7 9 CZ04), HCK for STR

ranged from - 8.74% (Zhong9 9 SP-Armada) to

50.97% (GZ1R 9 9E49), HCK for SP ranged from

- 19.25% (Zhong7 9 CZ05) to 45.04% (Zhong7 9

CZ38), HCK for SS ranged from - 24.54%

(SH11 9 Excell) to 10.93% (GZ1R 9 9E38), HCK

for SYP ranged from - 28.85% (SH11 9 Excell) to

46.0% (GZ1R 9 9E49), HCK for TSW ranged from

- 18.08% (SH11 9 Excell) to 17.40% (Zhong7 9

Profit), HCK for OC ranged from - 11.28%

(SH11 9 9E38) to 5.66% (Zhong9 9 CZ02), and

HCK for SYH ranged from - 35.36% (Zhong9 9

CZ38) to 20.52% (Zhong9 9 CZ25).

MPH values for SYH were positive for 53 out of 56

hybrids and the remaining 3 hybrids showed negative

heterosis, it ranged from- 5.61% (SH11 9 Excell) to

154.46% (Zhong7 9 9E38) (Tables 6, 7). HPH for

Table 7 Heterosis for seed yield per hectare (Kg ha-1) (%)

Cross MPH HPH HCK

Zhong9 9 CZ25 81.09 46.85 20.52

GZ1R 9 9E38 122.22 79.06 9.05

Zhong7 9 9E38 154.46 125.71 8.60

Zhong7 9 CZ49 121.04 115.20 3.54

GZ1R 9 9E45 106.64 64.66 0.28

Zhong9 9 9E45 128.48 95.17 - 0.39

SH11 9 Elect 28.02 18.47 - 2.64

GZ1R 9 CZ04 47.04 36.40 - 2.87

GZ1R 9 Excell 65.82 59.12 - 3.09

GZ1R 9 CZ38 52.22 46.67 - 3.65

SH11 9 CZ05 21.52 16.01 - 4.67

Zhong7 9 SP-Armada 39.19 7.46 - 4.97

SH11 9 9E49 13.24 10.97 - 5.00

GZ1R 9 9E49 29.53 10.84 - 5.12

GZ1R 9 CZ25 32.50 15.41 - 5.28

Zhong9 9 Profit 49.69 25.84 - 5.73

Zhong7 9 CZ04 56.39 31.03 - 6.69

Zhong9 9 CZ49 92.25 81.95 - 7.14

SH11 9 SP-Armada 8.33 4.50 - 7.59

Zhong9 9 SP-Armada 29.13 1.83 - 9.95

GZ1R 9 CZ05 32.62 20.35 - 10.06

Zhong7 9 CZ05 46.06 20.05 - 10.29

GZ1R 9 SP-Armada 19.40 0.81 - 10.85

Zhong9 9 9E54 57.44 44.66 - 11.86

Zhong7 9 Profit 42.74 17.21 - 12.20

SH11 9 CZ02 0.65 - 4.20 - 12.87

SH11 9 Profit 10.50 5.61 - 13.21

Zhong9 9 9E49 26.54 0.99 - 13.55

Zhong7 9 9E45 102.78 77.58 - 14.56

Zhong9 9 CZ04 39.23 19.51 - 14.90

Zhong9 9 Elect 39.60 20.75 - 15.57

Zhong7 9 CZ02 20.94 - 7.54 - 15.91

SH11 9 9E38 39.33 1.24 - 16.81

Zhong7 9 9E54 52.38 36.36 - 16.92

SH11 9 CZ25 0.89 0.83 - 17.14

SH11 9 9E54 14.70 - 0.13 - 17.93

Zhong9 9 CZ05 29.61 9.07 - 18.49

GZ1R 9 Elect 24.43 16.41 - 18.61

Zhong7 9 9E49 19.38 - 6.76 - 20.18

Zhong7 9 CZ25 22.28 - 3.01 - 20.40

GZ1R 9 CZ49 48.88 30.14 - 20.74

SH11 9 CZ04 2.90 - 3.96 - 21.08

Zhong7 9 CZ38 38.50 19.97 - 21.19

Zhong7 9 Excell 45.58 35.35 - 24.23

Zhong9 9 CZ02 6.58 - 16.81 - 24.34
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SYH showed that 40 out of 56 hybrids displayed

positive heterosis and the remaining 16 hybrids

revealed negative heterosis, and it ranged from

- 20.65% (SH11 9 Excell) to 125.71% (Zhong7 9

9E38) (Tables 6, 7). HCK for SYH revealed that five

out of 56 F1 hybrids showed positive heterosis and the

rest of the 51 F1 hybrids expressed negative heterosis

and it ranged from - 35.36% (Zhong9 9 CZ38) to

20.52% (Zhong9 9 CZ25) (Table 7, Supplementary

Table S4). The five hybrids showing heterosis over the

check included Zhong9 9 CZ25 (HCK = 20.52%),

GZ1R 9 9E38 (9.05%), Zhong7 9 9E38 (8.60%),

Zhong7 9 CZ49 (3.54%), and GZ1R 9 9E45

(0.28%).

Difference between spring, semi-winter and winter

hybrids for some agronomic traits

The 18 parental accessions were classified into three

groups; semi-winter, spring, and winter types

(Table 1). The results indicated significant differences

among the three parental groups for SPFPB and SS,

but not for the remaining nine traits (Supplementary

Table S5). SPFPB in the spring group was signifi-

cantly higher than semi-winter and winter group

parents while other two groups had no difference in

SPFBP. For SS, significant difference existed between

Chinese semi-winter and spring groups, whereas no

significant difference was observed between spring

and winter group parents.

All 56 hybrids in the present study were divided

into two hybrid types, the hybrids between spring and

semi-winter (spring and semi-winter type), and the

hybrids between winter and semi-winter (winter and

semi-winter type). The spring and semi-winter type

group contained 24 hybrids and the winter and semi-

winter type group contained 32 hybrids. The differ-

ences for the main agronomic traits between the above

both types are presented in Table 8. The results

Table 7 continued

Cross MPH HPH HCK

GZ1R 9 CZ02 - 0.50 - 16.93 - 24.45

Zhong9 9 Excell 39.09 32.94 - 25.58

GZ1R 9 9E54 20.15 20.12 - 26.81

SH11 9 9E45 22.75 - 11.62 - 27.37

SH11 9 CZ38 - 3.14 - 12.85 - 28.39

GZ1R 9 Profit 4.63 - 5.15 - 28.95

Zhong7 9 Elect 19.24 0.65 - 29.62

Zhong9 9 9E38 57.15 35.92 - 30.64

SH11 9 CZ49 8.25 - 15.86 - 30.86

SH11 9 Excell - 5.61 - 20.65 - 34.79

Zhong9 9 CZ38 10.76 - 1.59 - 35.36

Table 8 Differences of the 11 traits between Spring Semi-winter crosses and Winter Semi-winter crosses

Traitsa PH SPFPB PB LTM STR SP SS SYP TSW OC SYH

Crosses-spring

and semi-

winter

Mean 151.07B 40.15B 8.44B 57.24A 70.87b 336.43B 22.35a 23.01a 3.32a 42.19A 4779.64a

Max 162.65 54.33 9.53 66.33 79.00 405.45 25.37 29.67 3.97 44.18 5412.50

Min 138.58 25.20 7.45 48.90 62.40 250.80 17.49 14.51 2.77 39.12 3625.00

Std 7.21 8.04 0.53 3.89 4.35 44.61 1.69 3.76 0.35 1.69 517.95

Crosses-winter

and semi-

winter

Mean 170.47A 54.02A 8.97A 8.97B 74.23a 378.72A 22.49a 24.16a 3.21a 40.70B 4807.32a

Max 184.30 64.55 9.88 9.88 103.23 450.50 25.72 29.77 3.63 44.66 6700.00

Min 155.83 36.75 7.88 7.88 62.58 308.15 18.81 19.34 2.89 37.50 3593.75

Std 6.19 6.97 0.47 0.47 6.38 37.57 1.90 2.52 0.19 1.87 728.60

Data followed by the different lowercase, or capital letter in the same column means significant at p\ 0.05 or p\ 0.01 lever,

respectively
aPlant height (PH, in cm), setting position of the first primary branch (SPFPB, in cm), primary branches per plant (PB), length of the

terminal raceme (LTM, in cm), siliques on the terminal raceme (STR), siliques per plant (SP), seeds per silique (SS), seed yield per

plant (SYP, in g), thousand seed weight (TSW, in g), oil content (OC in %), and seed yield per hectare (SYH, in kg ha-1)
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revealed highly significant variation between the both

type of hybrids for traits PH, SPFPB, PB, LTM, STR,

SP, and OC, whereas, it was not significant for the

SYH and its three components (SS, SYP, and TSW).

Correlation between seed yield and other traits

Correlation analysis for the 11 tested traits (Supple-

mentary Table S6) indicated that, SYH expressed

highly significant positive correlation with PH (0.594),

STR (0.539), SP (0.396), SS (0.505), and SYP (0.560),

however it expressed significant negative correlation

with OC (- 0.246). OC also showed significant

negative correlation with SPFPB (- 0.484). TSW

showed significant positive correlation with SS

(0.380) and SYP (0.439), and negative correlation

with PB(-0.379) and SP (-0.352). SYP showed signif-

icant positive correlation with PH (0.409), STR

(0.521), SP (0.292) and SS (0.511), and negative

correlation with LTM (- 0.261). SS showed signifi-

cant positive correlation with PH (0.344) and STR

(0.307). SP expressed significant positive correlation

with PH (0.721), PB (0.674), and STR (0.495), and

negative correlation with LTM (- 0.473). STR

exhibited significant positive correlation with PH

(0.556) and SPFPB (0.245), and negative correlation

with LTM (- 0.382). The LTM showed significant

negative correlation for PH (- 0.683), SPFPB

(- 0.500), and PB (- 0.358). PB and SPFPB

expressed significant positive correlation with PH

(0.452 and 0.437, respectively).

Discussion

Rapeseed (B. napus) germplasm could be classified

into spring, winter, and semi-winter types (Diers and

Osborn 1994; Becker et al. 1995). Hybridization

between these three types is an important approach to

broadening the genetic base of each of the three types.

Previous investigations revealed that significant

heterosis existed between winter and semi-winter type

hybrids (Lefort-Buson et al. 1987; Qian et al. 2009),

and between semi-winter and spring type hybrids

(Qian et al. 2007) in European and Canadian environ-

ments (Rahman 2013). The winter and semi-winter

rapeseed germplasm was used for improvement of

seed yield and other traits in hybrids and open-

pollinated cultivars of spring type rapeseed (Butruille

et al. 1999; Quijada et al. 2004, 2006; Udall et al.

2004, 2006; Kebede et al. 2010; Rahman 2011, 2013;

Rahman and Kebede 2012). However, the potential of

winter and spring rapeseed genetic resource for semi-

winter rapeseed breeding was not fully exploited. In

the present study, 14 exotic accessions (spring and

winter types) and four testers (semi-winter type) of

rapeseed were crossed in line 9 tester mating design

to estimate GCA and SCA for seed yield, yield

components, and oil content in four different environ-

ments in northern China. Highly significant differ-

ences were observed among the parental genotypes

and their F1 hybrids for all the traits. The extent of

GCA/SCA variance ratio showed that PH, SPFPB,

LTM, and OC were controlled by additive genes.

However, PB, STR, SP, SS, SYP, TSW, and SYH

were controlled by non-additive gene action.

Heterosis and combining ability between Chinese

semi-winter and exotic spring and winter

germplasm

Higher seed yield is the most important objective of all

the breeding programs. In plant breeding GCA and

SCA effects are important indicators in the identifica-

tion of potential parental accessions in hybrid combi-

nations. In the present study, we have identified some

elite parents with significant positive GCA effects for

seed yield and its components. For SYH, the acces-

sions 9E49, SP-Armada, and CZ25, and the tester

Zhong9 were identified with significant positive GCA

effects, indicating that these accessions would

increase grain yield in their hybrids. F1 hybrids

Zhong9 9 CZ25, GZ1R 9 9E38, Zhong7 9 9E38,

Zhong7 9 CZ49, and GZ1R 9 9E45 proved to be

the best hybrids. Seed oil content is very important

trait which determines the economic value of rape-

seed. The parents and hybrids with positive GCA and

SCA effects are highly desirable in rapeseed breeding.

In this study, significant GCA effects for OC were

observed for the accessions 9E45, 9E38, Excell, Profit,

CZ04, SP-Armada, and 9E49 across the tested loca-

tions suggesting that these accessions could be useful

contributors of desirable alleles for improvement in oil

content. Among F1 hybrids Zhong7 9 CZ25,

Zhong7 9 Profit, Zhong7 9 CZ04, SH11 9 9E45,

GZ1R 9 CZ04, Zhong7 9 CZ02, GZ1R 9 CZ49,

Zhong9 9 Excell, Zhong9 9 CZ02, SH11 9 CZ49,

GZ1R 9 Profit, and Zhong7 9 SP-Armada revealed
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significant SCA effects which indicates that selection

in upcoming generations would be effective for

improvement in oil content.

The GCA and SCA variances are used to assess the

contribution of additive and non-additive gene actions

involved in the inheritance of characters. In present

study, additive and non- additive gene actions were

important in the studied traits, with the preponderance

of additive gene action for PH, SPFPB, and LTM, and

non-additive gene action for PB, STR, SP, SS, SYP,

TSW, OC, and SYH (Table 4). For SP, our results are

in line with Rameeh (2012b) and Nassimi et al. (2006).

For SS, the present findings agree with results of Davik

(1997) and Teklewold and Becker (2005) who

reported importance of non-additive gene action for

this trait. For SYP, non-additive gene action controlled

this trait which is in contradiction with findings of Zhai

et al. (2002) and Ali et al. (2015) who reported that this

trait was governed by additive gene action. For TSW,

our results are in accordance with the results of Davik

(1997), Teklewold and Becker (2005) and Nassimi

et al. (2006). They reported non-additive type of gene

action controlling this trait. The present study further

revealed that trait OC was governed by non-additive

genes, our results are in conformity with those of

Downey and Rimer (1993), Teklewold and Becker

(2005), Huang et al. (2010) and disagree with the

findings of Shen et al. (2002), Rameeh et al. (2003),

Qian et al. (2007, 2009), Wang et al. (2010), Shehzad

et al. (2015) who reported additive gene action

underlying this trait. For SYH, our findings are similar

to the results of Huang et al. (2010), Turi et al. (2011)

and Rameeh (2012b) and disagree with those of Qian

et al. (2007, 2009), who reported additive gene action

to be more important than non-additive gene action in

rapeseed hybrids between Chinese semi-winter acces-

sions and winter and spring accessions evaluated for

seed yield in European and Canadian environments.

That our results are in contradiction to the results of

previous workers may be due to different germplasm

evolved in different environments. The results

obtained for contributions of accessions, testers and

their interaction to the total variance (Table 5) verify

that SCA effects were more important than GCA

effects in these traits.

Substantial levels of heterosis for yield and yield

components have been observed in F1 hybrids of

winter, spring and Chinese semi-winter types of

rapeseed (Lefort-Buson et al. 1987; Udall et al.

2004; Qian et al. 2007; Tian et al. 2015). In these

situations one of the improvement strategies might be

hybrid breeding. For a successful heterosis breeding

program there must be an evidence of the presence of

significant heterotic effects in the hybrids which could

be utilized for commercial hybrid seed production.

In rapeseed, traits like SP, SS, and TSW directly

contribute to seed yield. Therefore, positive heterotic

effects are important in the improvement of rapeseed

hybrids. All F1 hybrids exhibited variable positive and

negative MPH, HPH, and HCK heterotic effects for

yield and its contributing traits (Supplementary

Tables S2, S3, and S4). For seed yield, substantial

MPH of 154% and HPH of 125.71% was observed in

this study. Several researchers have reported different

levels of heterosis for seed yield in rapeseed for

instance; Brandle and McVetty (1989) found 120%

HPH, Riaz et al. (2001) reported 169% MPH in B.

napus, Ahmad et al. (2011) observed 127% MPH in

spring type rapeseed hybrids. In contrast, a little lower

extent of heterosis than the values reported in our

study has also been reported by Grant and Beversdorf

(1985), Lefort-buson et al. (1987), Dhillon et al.

(1996), Starmer et al. (1998), Rameeh (2011, 2012a).

Qian et al. (2007, 2009) reported the average MPH of

50.1 and 57.8% for hybrids derived from hybridization

between spring and Chinese semi-winter type and,

winter and Chinese semi-winter type parents, respec-

tively in European and Canadian environments. In the

present study, results showed that four hybrids (4/56)

were high yielding than the check, the HCK of highest

hybrid reached 20.52%. Although the number of

hybrids with yield over check is far lower than the

hybrids within semi-winter type, conducted by Tian

et al. (2015, 2017) who reported that 21/36 hybrids

over yielded the check with the highest HCK of

23.56%, this indicates that spring and winter type

rapeseed germplasm can be utilized for increasing

yielding potential of Chinese semi-winter type rape-

seed. The heterosis levels for SP found in this study

were higher than those previously reported by Rameeh

et al. (2003), Sabaghnia et al. (2010a), Nasrin et al.

(2011), Dar et al. (2012), Rameeh (2012a), Nasim

et al. (2014) and Shehzad et al. (2015). For SS the

findings of present study are higher than those

discovered by Larik and Hussain (1990), Rameeh

et al. (2003) and Sincik et al. (2011) in B. napus. In this

study, F1 hybrids revealed high positive heterosis

values for TSW. Our results are higher than previously
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reported by Sabaghnia et al. (2010a), Azizinia (2011),

Sincik et al. (2011), Rameeh (2012b) and Shehzad

et al. (2015) in B. napus. However, higher heterosis

levels than obtained in our results were reported by

Ahsan et al. (2013) and Shehzad et al. (2015) in B.

napus.

High oil content is one of the most important

objectives in rapeseed breeding and positive heterosis

effects are considered useful for selecting superior

hybrids for oil yield. Heterotic effects for oil content

found in this investigation were higher than those

reported by Ahmad et al. (2011), Azizinia (2011) and

Shehzad et al. (2015) in B. napus; Meena et al. (2014)

in B. juncea, Mohammed (2011) in B. carinata. In

contrast, Shen et al. (2005), Sabaghnia et al. (2010a)

and Abideen et al. (2013) reported higher heterotic

effects in B. napus than found in our study. Several

researchers have also reported that negative or absence

of heterosis for OC is a common phenomenon in oil

seed Brassicas (Brandle and McVetty 1990; Falk et al.

1994; Goffman and Becker 2001; Adefris and Becker

2005; Teklewold and Becker 2005; Ofori and Becker

2008).

The order of heterotic effects of traits, SYP, its

components and, OC, is in agreement with that of Shen

et al. (2002, 2005), who reported that heterosis of SYP

was higher than that of OC. For yield components,

heterosis of SP was the highest, followed by SS and

TSW. The reason may be that vegetative traits can be

regarded as ‘source’, and the yield traits include

‘source’ and ‘sink’, and the quality traits of ‘sink’ also

involve more complex biochemical processes. The

‘flow’ is the coordinator between ‘source’ and ‘sink’.

For the heterosis level of ‘source’ and ‘reservoir’,

‘flow’ is the important factor limiting the heterosis of

‘sink’, thus adjusting the flow can reduce the loss of

‘flow’ and result in improvement of ‘reservoir’(Shen

et al. 2002).

Correlation between seed yield, its components,

and oil content

The breeding programs aiming at yield improvement

primarily depend on the knowledge of the extent and

direction of correlation between yield and its compo-

nents and the relative importance of each component

in its contribution to seed yield. Therefore, it is

prerequisite of any breeding program to investigate the

inter-relationships between yield and its components.

In the present study, highly significant correlation was

recorded between SYH and PH, STR, SP, SS, and

SYP, whereas it showed significant negative correla-

tion with OC. This reveals that SYH strongly depends

on its components. However, increased seed yield

resulted in lower oil content. Our findings are in

agreement with Rameeh (2012c, 2015) who reported

positive correlation between SP and SYH suggesting

that SP could be used as good selection criterion in the

improvement of SYH. Our results also supported those

of Sabaghnia et al. (2010b) who reported significant

positive correlation between SYH and PH, SP, and SS.

Breeding potential of winter and spring germplasm

in semi-winter type breeding program

Most Chinese semi-winter cultivars of rapeseed were

developed through the pedigree breeding method and

interspecific hybridization between European B.

napus and the indigenous B. rapa varieties (Liu

2000; Qian et al. 2006; Hu et al. 2007). For analysis of

the differences for the main agronomic traits between

spring and semi-winter, and winter and semi-winter

type hybrids, we divided all 56 hybrids into two types,

the hybrids between spring and semi-winter, and the

hybrids between winter and semi-winter type. The

results revealed highly significant differences between

the spring and the winter type hybrids for some traits,

including OC. But for seed yield, we did not detect

significant differences between the two hybrid groups.

This means that both winter and spring germplasm

have potential in Chinese rapeseed breeding program.

Winter rapeseed germplasm has more value for seed

yield improvement, all the four parents of five hybrids

whose seed yield was higher than Check, were winter

type (Table 7), however, for seed oil content improve-

ment, we should pay more attention to spring

germplasm.

In the present study, the tested 18 parental acces-

sions were divided into three groups; semi-winter,

spring, and winter group. The results revealed that all

the traits showed non-significant differences except

SPFPB and SS (Supplementary Table S5). This is not

in consistence with the results of Qian et al.

(2007, 2009), who found that semi-winter and spring

and winter materials used had significant differences

in most of the traits. The reason may be that their
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materials had been selected without consideration of

adaptation to local rapeseed-growing conditions. In

our study, we have improved adaptation of the

introduced spring and winter germplasm to Chinese

local condition before using as parents in the present

study.

In conclusion, highly significant differences were

observed among parents and their F1 hybrids for all the

traits. The accessions showed more variability in

performance than testers and interaction of accessions

with testers was highly significant for all traits

suggesting the presence of specific effects. The GCA

and SCA variances revealed that plant height, setting

position of the first primary branch, and length of the

terminal raceme were controlled by additive genes and

primary branches per plant, siliques on the terminal

raceme, siliques per plant, seeds per silique, seed yield

per plant, 1000-seed weight, oil content, and seed

yield per hectare were controlled by non-additive

genes. The parents SP-Armada, 9E49 and CZ25, and

the tester Zhong9 were good general combiners for

seed yield. Among 56 F1 hybrids, four hybrids

Zhong9 9 CZ25, GZ1R 9 9E38, Zhong7 9 9E38,

and Zhong7 9 CZ49 high yielded than the check

and were the outstanding combinations for seed yield.

These hybrids are recommended to be included in

future breeding programs for development of new high

yielding varieties with more desirable traits. Both

winter and spring germplasm have potential in Chi-

nese rapeseed breeding program, and winter germ-

plasm has more value for seed yield improvement,

however, for seed oil content improvement more

attention may be paid to spring germplasm.
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