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Line × tester analysis of two testers of spring type and six lines of winter type oil seed rape varieties 
were used to estimate combining ability and heterosis of yield components and seed yield. Significant 
mean squares of treatments for yield components and seed yield, indicating significant genetic 
variations among the genotypes including parents and their crosses. Parents vs crosses mean square 
which indicate average heterosis was significant for all the traits except pods per plant. Line × tester 
mean square was significant for all the traits except pods per plant. High narrow sense heritability 
estimate for 1000-seed weight indicating the prime importance of additive genetic effects for this trait. 
Significant positive general combining ability (GCA) effects of seed yield were observed for parents 
which had positive GCA effects of pods per plant. Most of the crosses with significant positive specific 
combining ability (SCA) effects for pods per plant had significant positive SCA effects of seed yield. 
Most of the crosses had significant positive over spring parent heterosis of seed yield, indicating winter 
type of oil seed rape varieties are suitable candidates for improving this trait using combination 
method. 
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INTRODUCTION 
 
The Brassica species specially Brassica napus L. is one 
of the most important world sources of vegetable oil and 
due to spring and winter types of these species it is 
possible to be tolerant in the different climatic conditions 
(Downey and Rimer, 1993; Huang et al., 2010). Due to 
restricted genetic basis of spring type of rapeseed 
varieties, winter type of rapeseed varieties can be 
suitable candidate for increasing yield potential and 
genetic variation of spring type in winter x spring types or 
semi-winter type combinations (Qian et al., 2007). 
Butruille et al. (1999) investigated the possibility to 
increase yield of spring material by using winter 
germplasm. In other reports only spring material with 
spring material (Brandle and McVetty, 1990; Enqvist and 
Becker, 1991; Rameeh, 2010) or winter material with 
winter material was crossed (Amiri-Oghana et al., 2009). 
In oil seed rape breeding for hybrid and open pollinated 
varieties, general and specific combining ability effects 
(GCA and SCA) are important indicators of the potential 
of inbred lines in hybrid  combinations. The  line  ×  tester 

analysis is one of the efficient methods of evaluating 
large number of inbreds as well as providing information 
on the relative importance of GCA effects of lines and 
testers and also SCA effects of pairs of parental 
genotypes for interpreting the genetic basis of important 
plant traits (Mather and Jinks, 1982). Estimation of 
genetic parameters for yield components can be 
important for indirect selection for seed yield. Although 
combining ability studies in oilseed Brassica spp. are 
scanty, most of these studies emphasized the 
preponderance effect of GCA on yield and most of the 
yield components indicating the importance of additive 
gene action (McGee and Brown, 1995; Wos et al., 1999). 
On the other hand, Pandey et al. (1999) reviewed 
evidences for the presence of significant SCA effects for 
yield and yield components. Ramsay et al. (1994) 
reported that variation for both GCA and SCA were 
responsible for dry matter yield and other quantitative 
traits in B. napus. Significant GCA and SCA effects were 
reported for pods per main axis, pods per plant, length  of 



 
 
 
 
pod, number of seeds per pods, 1000-seed weight and 
seed yield in B. napus (Leon, 1991; Thakur and Sagwal, 
1997; Rameeh, 2010), but in other study (Singh et al., 
1995) the importance of additive genetic effects for pods 
per plant and 1000-seed weight was emphasized. Thakur 
and Sagwal (1997) while examining the genetic control of 
seed yield in oilseed rape found both additive and non 
additive gene effects to be involved. 

Oil seed rape (B. napu) is usually classified as a largely 
self-pollinated species, significant levels of heterosis 
related yield and yield components have been obtained in 
F1 hybrids of both the spring and winter forms 
(Downeyand Rimer, 1993; Nassimi et al., 2006; 
Teklewold and Becker, 2005). Based on applied genetic 
material (parents and their crosses), genetic parameters 
which estimated in different studies will be different. The 
objective of the present study was to determine the 
importance of genetic parameters and heterosis for yield 
components, and seed yield in order to select suitable 
breeding program for rapeseed breeding winter and 
spring types lines and testers, respectively. 
 
 
MATERIALS AND METHODS 
 
The material under study consisted of six winter oil seed rape (B. 
napus L.) cultivars including Zarfam, Licord, Talayeh, Okapi, 
Modena and Opera as Lines which were crossed with two spring 
testers including H1 and H2 based on line × tester crossing system 
during 2006 to 2007. Twelve F1s along with their parents were 
grown in a randomized complete block design with three 
replications at Biekol Agriculture Research Station, located in Neka, 
Iran (13˚, 53� E longitude and 43˚ 36� N latitude, 15 m above sea 
level) during winter 2007 to 2008. Each plot was consisted of four 
rows 5 m long and 40 cm apart. The distance between plants on 
each row was 5 cm resulting in approximately 300 plants per plot. 
The soil was classified as a deep loam soil (Typic Xerofluents, 
USDA classification) contained an average of 280 g clay kg-1, 560 g 
silt kg-1, 160 g sand kg-1, and 22.4 g organic matter kg-1 with a pH of 
7.3. Soil samples were found to have 45 kg ha-1 (mineral N in the 

upper 30 cm profile. Fertilizers were applied at the rates of 100: 50: 
90 kg/ha of N: P: K, respectively. All the plant protection measures 
were adopted to make the crop free from insects. The pods per 
plant was recorded based on 20 randomly plants of each plot. The 
number of seeds per pod was recorded based on 10 plants/plot 
taking all pods including the ramifications in each plot. Seed yield 
(adjusted to kg/ha) was recorded based on two middle rows of each 
plot. Data for the genotypes were subjected to line × tester analysis 
(Mather and Jinks, 1982) to estimate general combining ability 
(GCA) and specific combining ability (SCA). A t-test was used to 
test whether the GCA and SCA effects were different from 0. For 
each hybrid and each studied trait, the difference between hybrid 
and the mean of each spring and winter type parent was computed 
separately. A least significant difference (LSD) was used to test 
whether these differences were different from 0. 
 
 
RESULTS 
 
Line×tester analysis 
 
Significant difference was detected among the genotypes 
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including parents and their crosses for pods per plant, 
seeds per pod, 1000-seed weight and seed yield (Table 
1). There were significant differences among crosses for 
all the traits except pods per plant indicating the 
existence of genetic variability among the crosses for the 
traits except pods per plant. Variances among the spring 
genotypes, used as testers, were greater than winter 
types genotypes and also it was significant for all the 
traits. Parents vs crosses which indicating average 
heterosis was significant for all the traits except pods per 
plant. High narrow-sense heritability estimates for 1000- 
seed weight indicating the prime importance of additive 
genetic effects for these trait (Table 1). 
 
 
General and specific combining abilities 
 
None of the lines and testers had significant positive GCA 
effects for pods per plant. The tester H1 and the lines 
including Modena and Opera had high positive GCA 
effects for pods per plant (Table 2). Modena had 
significant positive GCA effect for seeds per pod. 
Significant positive GCA effect of 1000-seed weight was 
related to H1 and Licord. Significant positive GCA effect 
of seed yield were displayed by Modena and Opera. 

The crosses including Zarfam x H1, Licord x H2 with 
significant positive SCA effects for pods per plant were 
considered as suitable combinations for this trait. For 
seeds per pod, the crosses including Zarfam x H1 and 
Okapi x H2 with significant positive SCA effects were 
merit combinations. Licord x H2 with significant positive 
SCA effect for 1000-seed weight was the best 
combination for this trait. The crosses including Zarfam x 
H1 and Licord x H2 with significant positive SCA effects 
for seed yield were good combinations for this trait. Both 
of the crosses with significant positive SCA effects for 
seed yield had significant positive SCA effect of pods per 
plant (Table 3). 
 
 
Heterosis 
 
None of the crosses had significant positive over winter 
parent heterosis for pods per plant. The crosses including 
Talayeh x H1, Talayeh x H2, Okapi x H1 and Okapi x H2 
with positive over winter parent heterosis for pods per 
plant were suitable combinations for this trait. The 
crosses including Modena x H1 and Modena x H2 with 
significant positive over winter parent heterosis for seeds 
per pod were merit combinations for improving this trait. 
None of the crosses had significant positive over winter 
parent heterosis for 1000-seed weight and the crosses 
including Modena x H1 and Licord x H2 with positive over 
winter parent heterosis for this trait were good 
combinations. The crosses including Okapi x H1, Opera x 
H1, Licord x H2, Okapi x H2 and Opera x H2 were 
displayed significant positive over winter parent  heterosis



68          J. Cereals Oilseeds 
 
 
 

Table 1. Analysis of variance for yield components and seed yield of rapeseed (B. napus L.) based on line x tester method. 
 

S.O.V df 
M.S 

Pods per plant Seeds per pod 1000 seed weight Seed yield 
Replication 2 68.17 1.49 0.67** 1947658.84 
Treatment 19 314.67* 14.08** 0.47** 808909.56** 
Parents 7 461.30* 6.85 0.53** 704977.64 
Parents vs crosses 1 227.69 132.13** 0.39* 4422301.14** 
Crosses 11 229.28 7.94* 0.44** 546557.91** 
Lines 5 16.68 2.64 0.48** 1748.27 
Testers 1 975.91** 30.77** 1.15** 3144397.13** 
Line x tester 5 292.54 8.68* 0.26* 571799.71** 
Error 38 151.24 3.51 0.10 109944.88 
Narrow-sense heritability - - 0.90 - 

 

*,  ** Significant at p<0.05 and 0.01, respectively. 
 
 
 

Table 2. Estimates of GCA effects for yield components and seed yield in two testers and six lines of B. napus. 
 

Genotypes Parents Pods per plant Seeds per pod 1000-seed weight Seed yield 

Testers 
1-H1 1.52 0.61 0.26** 15.59 
2-H2 -1.52 -0.61 -0.26** -15.58 

 
     

Lines 

3-Zarfam 1.15 -1.37 0.17 -314.36* 
4-Licord -11.13** -0.32 0.20* -262.87 
5-Talayeh 1.63 0.55 -0.08 -142.49 
6-Okapi 0.13 -0.28 0.04 -84.20 
7-Modena 3.55 1.65* -0.34** 454.79** 
8-Opera 4.70 -0.23 0.01 349.16* 

 

*, ** Significant at p<0.05 and 0.01, respectively. 
 
 
 

Table 3. Estimates of SCA effects for yield components and seed yield in crosses of two testers and six lines of rapeseed. 
 

Crosses Pods per plant Seeds per pod 1000-Seed weight Seed yield 
1-Zarfam x H1 10.33* 1.85** 0.17 534.66** 
2-Licord x H1 -10.39* -0.91 -0.36** -397.42* 
3-Talayeh xH1 2.61 0.39 0.04 62.20 
4-Okapi xH1 -1.02 -1.67** -0.07 -168.31 
5-Modena x H1 -3.94 0.19 0.23 -18.31 
6-Opera x H1 2.41 0.14 -0.02 -12.82 
7-Zarfam x H2 -10.33* -1.85** -0.17 -534.66** 
8-Licord xH2 10.39* 0.91 0.36** 397.42* 
9-Talayeh x H2 -2.61 -0.39 -0.04 -62.20 
10-Okapi xH2 1.02 1.67** 0.07 168.31 
11-Modena x H2 3.94 -0.19 -0.23 18.31 
12-Opera x H2 -2.41 -0.14 0.02 12.82 

 

*, ** Significant at p<0.05 and 0.01, respectively. 
 
 
 
for seed yield as good combinations (Table 4).  

None of the crosses had significant positive over spring 
parent heterosis for pods per plant and the crosses 

including Zarfam x H1, Modena x H2, Opera x H1 and 
Opera x H2 with positive over spring parent heterosis for 
this trait were merit combinations.  Out  of  12  crosses,  6
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Table 4. Heterosis over winter parent for yield components and seed yield in crosses of two testers and six lines of rapeseed. 
 

Crosses Pods per plant Seeds per pod 1000-seed weight Seed yield 
1-Zarfam x H1 3.20 3.33 -0.33 142.36 
2-Licord x H1 -9.80 2.70 0.12 13.10 
3-Talayeh xH1 22.53 3.00 -0.04 352.77 
4-Okapi xH1 12.60 0.20 -0.04 528.70* 
5-Modena x H1 -18.13 5.57** 0.31 232.67 
6-Opera x H1 11.87 2.83 -0.23 1360.98** 
7-Zarfam x H2 -20.50 -1.57 -1.19 -958.13** 
8-Licord xH2 7.93 3.30 0.32 776.77** 
9-Talayeh x H2 14.27 1.00 -0.63 197.21 
10-Okapi xH2 11.60 2.33 -0.43 834.15** 
11-Modena x H2 -13.30 3.97* -0.67* 238.12 
12-Opera x H2 4.00 1.33 -0.71** 1355.45** 

 

*, ** Significant at p<0.05 and 0.01, respectively. 
 
 
 

Table 5. Heterosis over spring parent for yield components and seed yield in crosses of two testers and six lines of rapeseed. 
 

Crosses Pods per plant Seeds per pod 1000-seed weight Seed yield 
1-Zarfam x H1 19.00 5.37** 0.62* 1050.69** 
2-Licord x H1 -14.00 3.67 0.12 170.10 
3-Talayeh xH1 11.77 5.83** 0.24 750.10** 
4-Okapi xH1 6.63 2.93 0.25 577.88* 
5-Modena x H1 7.13 6.73** 0.17 1266.87** 
6-Opera x H1 14.63 4.80 0.27 1166.73** 
7-Zarfam x H2 1.97 2.13 0.16 216.87 
8-Licord xH2 10.40 5.93 0.72** 1200.43** 
9-Talayeh x H2 10.17 5.50** 0.05 861.21** 
10-Okapi xH2 12.30 6.73** 0.27 1150.00** 
11-Modena x H2 18.63 6.80** -0.41 1538.99** 
12-Opera x H2 13.43 4.97 0.19 1427.88** 

 

*, ** Significant at p<0.05 and 0.01, respectively. 

 
 
 
crosses had significant positive over spring parent 
heterosis for seeds per pod. The crosses including 
Zarfam x H1 and Licord x H2 with significant positive over 
spring parent heterosis for 1000-seed weight were good 
combinations for improving this trait. Out of 12 crosses, 
10 crosses had significant positive over spring parent 
heterosis for seed yield (Table 5). 
 
 
DISCUSSION 
 
Significant differences among the genotypes for seed 
yield and yield components indicate significant genetic 
variation in parents and their crosses for these traits. The 
crosses and lines had no significant genetic variations for 
pods per plant but the testers had enough genetic 
variation for this trait. Average heterosis was significant 

for all the traits except pods per plant and due to low 
narrow- sense heritability estimates for this trait, it 
seemed most of non additive genetic effects of this trait 
was related to epistasis. High narrow-sense heritability 
estimates for 1000-seed weight indicating the prime 
importance of additive genetic effects for this trait and 
therefore the efficiency of breeding based on selection 
method for this trait will be high. In earlier studies (McGee 
and Brown, 1995; Wos et al., 1999) were reported high 
narrow-sense heritability estimates for 1000-seed weight. 

Significant GCA effect of seed yield was observed for 
Modena and Opera and also both of these parents had 
significant positive GCA effects for pods per plant, 
therefore GCA effect of pods per plant can be suitable 
indicator for prediction of GCA effect of seed yield. 
Similarly, significant GCA effects were reported for pods 
per main axis, pods per plant, length  of  pod,  number  of 
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seeds per pods, 1000-seed weight and seed yield in B. 
napus (Leon, 1991; Thakur and Sagwal, 1997; Rameeh, 
2010). 

All of crosses with significant positive SCA effect for 
seed yield had significant positive SCA effect of pods per 
plant, therefore SCA effects of pods per plant is good 
indicator for seed yield improving. Due to yield 
components compensatory, different crosses were 
suitable for different yield components improving. For 
pods per plant, Zarfam x H1, Licord x H2 and for seeds 
per pod the crosses including Zarfam x H1 and Okapi x 
H2 and for 1000-seed weight Licord x H2 were suitable 
combinations. Similarly, Pandey et al. (1999) reviewed 
evidences for the presence of significant SCA effects for 
yield and yield components.  

Over winter parent heterosis variation for yield 
components were less than SCA effects for these traits, 
so none of the crosses had significant over winter parent 
heterosis for pods per plant. The crosses including 
Modena x H1 and Modena x H2 with significant over 
winter parent heterosis for seeds per pod had at least 
one parent with significant positive GCA effect of this 
trait. Most of crosses had significant positive over winter 
parent heterosis for seed yield because of less yield 
potential of winter type parents in humidity and warm 
region of this experiment. Among yield components, over 
spring parent heterosis was significant for seeds per pod 
in the most of the crosses. For seed yield, most of the 
crosses had significant positive over spring parent 
heterosis, indicating winter type of oil seed rape varieties 
are merit candidates for improving this trait using 
combination method. Similarly, in earlier studies (Becker, 
2005; Downey and Rimer, 1993; Nassimi et al., 2006; 
Teklewold and Becker, 2005) significant levels of 
heterosis related yield and yield components have been 
obtained in F1 hybrids of both the spring and winter. 

In conclusion among all yield components, 1000-seed 
weight was more heritable, so the efficiency of selection 
for this trait will be high. Due to more variation of SCA 
effects than heterosis of crosses for all yield components, 
selection of merit combinations based on SCA effect is 
easier than heterosis. Most of the crosses had significant 
positive over spring parent heterosis of seed yield, 
indicating winter type of oil seed rape varieties are 
suitable candidates for improving this trait using 
combination method. 
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