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ABSTRACT

Six parents and their 15 F, diallel progenies, totally 21 genotypes, were evaluated for genetic parameters
of quantitative characteristics. The traits of interest were growing degree days (GDDs) from sowing to the
flowering (DDF), to end of flowering (DDE), flowering period (DFP), to maturity (DDM) and seed yield
(SY). Significant mean squares of general combining ability (GCA) was exhibited for DDF, DDE, DFP,
DDM and seed yield indicating significant differences of GCA effects of parents for these traits. Significant
mean squares of specific combining ability (SCA) for all the traits exhibited the importance of non additive
genetic effects for the traits. Significant ratio of MS(GCA)/MS(SCA) and high narrow sense heritability esti-
mates for DDF, DDE, DDM indicating the prime importance of additive genetic effects for controlling these
traits. DFP was also less heritable than the other phonological traits, so the efficiency of selection for this trait
will be low. All of the combinations with significant negative SCA effects for DDM had at least one parent
with significant negative GCA effect for this trait. PF7045/91 with significant positive GCA effect of SY, was
best combiner for improving SY. Significant positive correlation between DDM and each of two traits includ-
ing DDF and DDE, indicating these traits can be used as indirect selection criteria for improving DDM.
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INTRODUCTION

Flowering is the most critical stage influencing the yield of oilseed rape. The
unset of flower initiation can have strong influence on flower, pod and seed number
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(Diepenbrock, 2000; Downey and Rimer, 1993; Faraj, et. al, 2008). Habekotte
(1997) used a sensitivity analysis within a crop growth model to study options for
increasing seed yield in winter oilseed rape. The most promising crop type for high
seed yield combined late maturity with early flowering (Downey and Rimer, 1993).
Genetic information of rapeseed flowering and maturity could aid orienting breed-
ing strategies for short- or long-growing seasons. Diallel crosses scheme is a useful
mating design (Gardner and Eberhart, 1966) that has been widely used to obtain
information on the general (GCA) and the specific combining ability (SCA) of pa-
rental lines and their hybrid crosses in different crops (Xiang and Li, 2001). Infor-
mation on GCA and SCA is very important in conducting a successful breeding
program to achieve sufficient heterosis (Malik et al, 2004). Advanced in the
phenological traits, yield components and seed yield of brassica requires certain
information regarding the nature of combining ability of parents available for use in
the hybridization program (Ali et al., 1995 ). In addition, information about the na-
ture of gene action involved in expression of quantitative and qualitative traits of
economic importance is also required to develop desirable lines. Studies on com-
bining ability have been done earlier (Kumar et al., 2011; Nasimi et al, 2006;
Singh et al., 2010). Various studies on spring cultivars of oilseed rape have shown
the important role of GCA and SCA effects for days to flowering and also it be
a highly heritable character determined by genes that exhibit some degree of domi-
nance (Teklwold .and Becker, 2005; Hung, ef al., 2010; Zhang and Zhu, 2006).
Likewise, studies with winter cultivars of this species (Amiri-Oghana et al., 2009;
Sabaghnia, et al., 2010) showed both additive and dominance gene effects to have
a significant role in the inheritance of flowering time. Significant negative GCA and
SCA effects were reported for days to flowering (Teklwold .and Becker, 2005).

Most of the studies showed significant GCA and SCA effects for yield
and its component characters indicating that both additive and non-
additive gene action were important in the inheritance of these traits
(Azizinia, 2012; Sabaghnia, et al., 2010). Earlier breeders concluded in
their research that with the changes in environment gene effects for dif-
ferent traits contributing to yield or yield itself changes in rapeseed (B.
napus L.), therefore for different environment one has to suggest differ-
ent selection criteria for the improvement in the yield. For those traits
that are controlled by additive gene action, simple selection in early seg-
regating generation is suggested, whereas for those traits controlled by
non-additive gene action selection in later segregating generation would
be more effective (Cheema and Sadaqat, 2004).

Scanning literatures have showed that a better understanding of the underly-
ing genetic control of agronomically important traits in spring rapeseed are use-
ful in breeding for early maturity and seed yield. The objectives of this study
were to identify general and specific combining abilities and narrow-sense
heritability for growing degree day (GDD) of phonological traits and seed yield
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in adapted rapeseed cultivars and also detecting the best general and specific
combiners among different cultivars.

MATERIALS AND METHODS

Six spring cultivars of rapeseed (B. napus L.) which were selected based on their
different agronomic characters were crossed in half diallel crosses during 2004-05.
In order to produce F2 progenies, fifteen F1 populations from a 6 x 6 half diallel
cross were selfed by light transparent white mesh cloth at Biekola Agriculture Re-
search Station, located in Neka, Iran (13°, 53" E longitude and 43" 36 N latitude, 15
m above sea level) during winter 2005-06. F2 progenies along with 6 parents in-
cluding RGS003, Option500, RW008911, RAS3/99, 19H and PF7045/91 were
grown in a randomized complete block design with four replications during
2006-07. The plots related to each experiment were consisted of four rows
5 m long and 40 cm apart. The distance between plants on each row was 5
cm resulting in approximately 400 plants per plot, which were sufficient for
F2 genetic analysis in each experiment. The soil was classified as a deep
loam soil (Typic Xerofluents, USDA classification) contained an average of
280 g clay x kg™, 560 g silt x kg, 160 g sand x kg, and 22.4 g organic
matter x kg™ with a pH of 7.3. Fertilizers were applied at the rates of 100:
50: 90 kg x ha™ of N: P: K, respectively. All the plant protection measures
were adopted to make the crop free from insects. Grain yield (adjusted to
kg/ha) was recorded based on three middle rows of each plot.

Growing degree days (GDD) were computed for all flowering accessions by
using the formula:

(MinT + Max T)
GDD = > — Base T

where Min T is the lowest temperature of the day and Max T is the highest
temperature of the day; Temperature thresholds for Min T and Max T were set
to 0°C and 30°C, respectively. Base T is the temperature below which no devel-
opment occurs and was set to 0°C, based on recent research which indicated
that it was more accurate for B. napus plant development than is the typical base
temperature of 5°C (Thomas, 2003). The growing degree days (GDDs) were
calculated for number of days from sowing to the flowering (DDF), to end of
flowering (DDE) and maturity (DDM). The GDDs for flowering period (DFP)
was also calculated for the difference between days to flowering and days to
end of flowering. Seed yield (adjusted to kg x ha™) was recorded based on two
middle rows of each plot.

Analysis of variance for the crosses was based on Griffing’s method 2, model
1 for fixed genotypes and the linear model(Griffings, 1956). Each effect was
tested using its interaction with the block as error term. A #-test was used to test
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whether the GCA and SCA effects were different from 0 (Kearsey and Pooni,
1996; Zhang and Kang, 1997).

RESULTS AND DISCUSSION

Diallel analysis of variance

Significant mean squares of genotypes for growing degree days (GDDs) of
number of days from sowing to the flowering (DDF), to end of flowering
(DDE), for flowering period (DFP) and maturity (DDM) and seed yield (SY)
indicating the existence of genetic variability among crosses and their parents
for the traits (Table 1). Significant mean squares of general combining ability
(GCA) was detected for DDF, DDE, DFP, DDM and seed yield indicated the
significant differences of GCA effects of parents for these traits. Significant
mean squares of specific combining ability (SCA) for all the traits exhibited
significant differences of SCA effects of crosses for the traits. Significant ratio
of MS(GCA)/MS(SCA) and high narrow sense heritability estimates for DDF,
DDE, DDM indicating the prime importance role of additive genetic effects for
these traits. Similarly, various studies on spring (Hung, et al, 2010, Rameeh
2011) and winter (Amiri-Oghana and et al., 2009; Sabaghnia, et al., 2010) culti-
vars of oilseed rape have shown the important role of additive genetic effects
for phenological traits.

Analysis of variance for growth degree day of phonological traits and seed yield based feote
on Griffing’s method two with mixed-B model
M.S.
S.0.V. DF
DDF DDE DFP DDM SY

Replication 3 645.38* 3729.11%* 5986.96** 2835.84** 276606.58
Cross 20 2427.10** 2147.52%* 1250.95%* 13490.96** 456133.05%*
GCA 5 8282.15%* 6733.52%%* 2116.00%* 34638.11%* 493071.66*
SCA 15 475.41* 618.86%* 962.60** 6441.91%* 443820.18**
Error 60 224.85 197.14 370.36 733.01 146217.31
MS(GCA)/MS(SCA) 17.4%%* 10.9%* 22 5.4%* 1.11
Degree of dominance 0.49 0.71 1.64 1.16 3.02
Narrow-sense heritability 0.90 0.89 0.54 0.92 0.15

*, %% Significant at p=0.05 and 0.01, respectively; DDF: growing degree days (GDDs) to the flowering;
DDE: GDDs to end of flowering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield
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General combining ability (GCA) and per se performance of parents

Table 2
The means of growth degree day (GDD) of phonological traits and seed yield six parents of B.napus

Parents DDF (°C) DDE(°C) DFP(°C) DDM(°C) SY (kgxha™)
1-RAS3/99 861.05 1086.25 225.20 1569.76 2635.52
2-RW008911 888.90 1129.33 240.43 1563.81 2505.83
3-19H 868.65 1140.40 27175 1594.31 2447.92
4-RGS 003 796.73 1094.75 298.03 1484.55 2971.84
5-Option 500 873.13 1116.95 243.83 1537.30 2218.58
6-PF7045/91 902.95 1155.70 25275 1641.30 3131.92
LSD(0=0.01) 28.20 26.41 36.20 50.92 719.2

DDF: growing degree days (GDDs) to the flowering; DDE: GDDs to end of flowering; DFP: GDDs for flow-
ering period; DDM: GDDs to maturity; SY: Seed yield

Mean values of parents for DDF varied from 796.73°C to 902.95°C in
RGS003 and PF7045/91, respectively (Table 2). Due to significant positive cor-
relation between DDF and DDM,(Table 3), selection of low mean values of
DDF make selection of low mean values of DDM, therefore low mean values of
DDF and also its negative GCA effects will be preferable. Significant negative
GCA effect of DDF for RGS003, for this line indicating additive genetic effects
had decreasing effects for this trait (Table 4). In earlier studies (Hung, et al.,
2010; Sabaghnia, et al., 2010; Rameeh 2011) were reported significant negative
GCA effects for days to flowering. Mean values of parents for DDE ranged
from 1086.31 °C to 1155.70 °C in RAS3/99 and PF7045/91, respectively.
RAS3/99 and RGS003 with low mean values of DDE (1086.25 °C and 1094.75
°C, respectively) were preferred for improving this trait, both of these parents
had significant negative GCA effects for DDE. DFP of parents was varied from
225.2°C to 298.03°C in RAS3/99 and RGS003, respectively. 19H and RGS003
with 271.75°C and 298.03°C of DFP were good parents for improving this trait.
RGS003and PF7045/91 with significant positive GCA effects of DFP were
good combiners for this trait (Table 4). Significant negative correlation between
DDF and DFP, indicated that the genotypes with low mean values of DDF had
high mean values of DFP (Table 3). DDM of parents ranged from 1484.55°C to
1641.30°C in RGS003 and PF7045/91, respectively. In north provinces of Iran,
early maturity is desirable trait to have enough opportunity for second crops like
rice and soybean, therefore the genotypes including RGS003 and Option500
with low mean values of this trait will be preferable. RGS003 with significant
negative GCA effect of DDM was best combiner for improving this trait. Sig-
nificant positive correlation between DDM and each of two traits including
DDF and DDE, indicating these traits can be used as indirect selection criteria
for improving DDM. SY was varied from 2218.58°C to 3131.92°C kg x ha™ in



52 Valiollah Rameeh.

Option500 and PF7045/91, respectively. PF7045/91 with significant positive
GCA effect of SY, was best combiner for improving SY. Rameeh (2010) and
Amiri-Oghana et al.,( 2009) reported significant positive GCA effects of par-
ents for grain yield in spring and winter rapeseed, respectively.

Table 3
Pearson correlation between the traits
Parents 1-DDF (°C) 2-DDE(°C) 3-DFP(°C) 4-DDM(°C) 5-SY (kgxha™)
1- DDF (°C) 1
2- DDE(°C) 0.73%%* 1
3- DFP(°C) -0.44%** 0.29 1
4- DDM(°C) 0.71%* 0.73%%* -0.03 1
5-SY (kgxha™) -0.11 0.06 0.24 -0.07 1

*%: Significant at p= 0.01; DDF: growing degree days (GDDs) to the flowering; DDE: GDDs to end of flow-
ering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield

Estimates of GCA effects for for growth degree day of phonological traits and seed yield feble
in six parents of B. napus

Parents DDF (°C) DDE(°C) DFP(°C) DDM(°C) SY (kgxha™)
1-RAS3/99 1.51 -9.61** S11.11%* -2.51 43.22
2-RW008911 9.05%* 3.60 -5.45 -5.32 -31.50
3-19H 4.56 4.93* 0.37 5.74 -80.48
4-RGS 003 -29.87** -18.49%* 11.38%* -46.63** 55.50
5-Option 500 -2.31 -4.16 -1.85 -7.13 -173.01%*
6-PF7045/91 17.07** 23.73%* 6.66* 55.85%* 186.26**

*, ** Significant at p<0.05 and 0.01, respectively; DDF: growing degree days (GDDs) to the flowering; DDE:
GDDs to end of flowering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield

Specific combining ability (SCA) and per se performance of crosses

Mean values of DDF were varied from 809.48°C to 882.70°C in
RGS003 x Option500 and RAS3/99 x PF7045/91, respectively (Table 5).
The crosses including RGS003 x Option500, RAS3/99 x RGS003, 19H x
RGS003 and RW008911 x PF7045/91 with low mean values of DDF were
considered as good cross combinations. Due to high narrow sense herita-
bility estimates and prime importance of additive genetic effects for DDF,
a few crosses had significant SCA effects for this trait. The crosses includ-
ing RGS003 x Option500 and Option500 x PF7045/91 with significant
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negative SCA effects were good combinations for improving this trait
(Table 6). This finding is in agreement to earlier studies on spring cultivars
of oilseed rape have shown the important role of SCA effects for
phenological traits (Nassimi, et al., 2006) and also winter cultivars of this
species (Sabaghnia, et al., 2010). The crosses including 19H x RGS003
and RWO008911 x PF7045/91 with 1080.43°C and 1162.63°C mean values
of DDE had highest and lowest mean amounts of this trait. The crosses
including RW008911 x PF7045/91, 19H x PF7045/91 and RAS3/99 x
PF7045/91 with high mean values of DDE were favorable combinations
for improving this trait. RAS3/99 x Option500 and RWO008911 x
PF7045/91 with significant positive SCA effects for DDE were good com-
binations for increasing this trait. DFP ranged from 237.10°C to 283.25°C
in 19H x RGS003 and RW008911 x PF7045/91, respectively. The crosses
including RW008911 x PF7045/91, RGS003 x Option500 and Option500
x PF7045/91 with high mean value of DFP were good combinations.
Among the crosses only RW008911 x PF7045/91 had significant positive
SCA effects for DFP and one of the parents of this combination had also
significant positive GCA effect for this trait. DDM ranged from 1430.75 to
1594.35 in 19H x RGS003 and RAS3/99 x PF7045/9,respectively. The
crosses including 19H x RGS003, RAS3/99 x RGS003 and RGS003 x Op-
tion500 with 1430.75°C, 1440.23°C and 1447.53°C of DDM, respectively
had low mean values of this trait and were desirable combinations. Most of
crosses with low mean values of DDM had at least one parent with low
mean value of this trait. The combinations including RAS3/99 x19H,
RAS3/99 x RGS003, RW008911 x PF7045/91, 19H x RGS003 and
RGS003 x PF7045/91 with significant negative SCA effects for DDM
were good cross combinations. All of the combinations with significant
negative SCA effects for DDM had at least one parent with significant
negative GCA effect for this trait. The crosses including RAS3/99 X
RWO008911, RAS3/99 x RGS003, 19H x PF7045/9 and Option500 x
PF7045/91 with 3347.50, 3375, 3320.83 and 3431.17 kg ha™'of SY, respec-
tively had high mean values of this trait. RAS3/99 x RW008911 and Op-
tion500 x PF7045/91 with significant positive SCA effects for SY were
good combinations. Similarly, in earlier studies were reported significant
SCA effect of crosses for grain yield in on various studies on spring
(Hung, et al., 2010, Rameeh 2011) and winter (Amiri-Oghana and et al.,
2009; Sabaghnia, et al., 2010) cultivars of oilseed rape.
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Table 5
The means of growth degree day (GDD) of phonological traits and seed yield
in diallel crosses of six parents of B.napus.

Crosses DDF (°C) DDE(°C) DFP(°C) DDM(°C) SY (kgxha™)
1- RAS3/99 x RW008911 862.88 1103.40 240.53 1526.71 3347.50
2- RAS3/99 x 19H 861.45 1122.73 261.28 1483.98 2982.50
3- RAS3/99 x RGS 003 833.08 1087.50 254.43 1440.23 3375.00
4- RAS3/99 x Option 500 867.58 1115.00 247.43 1504.88 2615.83
5- RAS-3/99 x PF7045/91 882.70 1135.83 253.13 1594.35 3225.00
6-RW008911 x 19H 870.30 1119.90 249.60 1514.48 2887.50
7-RW008911 x RGS 003 846.13 1095.23 249.10 1461.65 3197.92
8- RW008911 x Option 500 853.63 1102.80 249.18 1496.20 2675.00
9- RW008911 x PF7045/91 879.38 1162.63 283.25 1540.51 3099.50
10-19H x RGS 003 843.33 1080.43 237.10 1430.75 2784.17
11- 19H x Option 500 865.58 1109.05 243.48 1557.86 2956.67
12- 19H x PF7045/91 876.30 1140.38 264.08 1579.99 3320.83
13-RGS 003 x Option 500 809.48 1089.78 280.30 1447.53 2971.25
14-RGS 003 x PF7045/91 853.30 1123.45 270.15 1587.43 2643.34
15- Option 500 x PF7045/91 856.73 1130.00 273.28 1571.66 3431.17
LSD(e=0.01) 28.20 26.41 36.20 50.92 719.2

DDF: growing degree days (GDDs) to the flowering; DDE: GDDs to end of flowering; DFP: GDDs for flow-
ering period; DDM: GDDs to maturity; SY: Seed yield
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Estimates of SCA effects for for growth degree day of phonological traits and seed yield fabled
in the half diallel crosses of six parents of B. napus L.

Crosses DDF (°°) DDE(") DFP() DDM(*) SY (kg ha™)
1- RAS3/99 x RW008911 -7.35 -6.85 0.50 4.58 411.34*
2- RAS3/99 x 19H -4.30 11.14 15.44 -49.22%* 95.33
3- RAS3/99 x RGS 003 1.77 -0.66 -2.43 -40.59%* 351.84
4- RAS3/99 x Option 500 8.71 12.51* 3.80 -15.45 -178.90
5- RAS-3/99 x PF7045/91 445 5.44 0.99 11.05 71.08
6-RW008911 x 19H -2.99 -4.89 -1.90 -15.91 75.04
7-RW008911 x RGS 003 7.28 -6.14 -13.42 -16.36 249.47
8- RW008911 x Option 500 -12.78 -12.90* -0.11 -21.32 -44.93

9- RW008911 x PF7045/91 -6.42 19.04** 25.45%* -39.98** 20.30
10-19H x RGS 003 8.96 -22.27%* -31.23%* -58.32%* -115.55
11- 19H x Option 500 3.65 -7.98 -11.63 29.28%* 285.71
12- 19H x PF7045/91 -5.01 -4.55 0.46 -11.57 290.61
13-RGS 003 x Option 500 -18.01** -3.83 14.18 -28.68* 164.32
14- RGS 003 x PF7045/91 6.43 1.95 -4.48 48.25%* -522.87%*
15- Option 500 x PF7045/91 -17.71%* -5.83 11.88 -7.02 493 .47%*

*, ** Significant at p<0.05 and 0.01, respectively; DDF: growing degree days (GDDs) to the flowering; DDE:
GDDs to end of flowering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield

CONCLUSION

In general due to significant positive correlation between DDM and each of
two traits including DDF and DDE, indicating these traits can be used as indi-
rect selection criteria for improving DDM. DFP was also less heritable than the
other phonological traits, so the efficiency of selection for this trait will be low.
All of the combinations with significant negative SCA effects for DDM had at
least one parent with significant negative GCA effect for this trait. PF7045/91
with significant positive GCA effect of SY, was best combiner for improving
SY. RAS3/99 x RW008911 and Option500 x PF7045/91 with significant posi-
tive SCA effects for SY were good combinations for improving this trait.
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