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Abstract

The heterosis and combining ability of four rapesced (Brassica napus L.) genotypes were estimated using diallel crosses. An experiment
was conducted at Uludag University, Bursa, Turkey, during the 2005-2006 and 2006-2007 growing seasons using 4x4 full diallel crosses.
Allof the 12 F hybrids and their parents were planted in a randomized complete block design with three replications. The data obrained
from the experiment were subjected to an analysis of variance. The analysis of variance indicated significant differences among parents
and their hybrids in the F, generation for all the characters studied except for 1000-seed weight, which was non-significant. Positive
better-parent heterosis for seed yield per plant were found in all 12 hybrids tested. An analysis of the components of combining abilicy
showed that general combining ability (GCA) and reciprocal combining ability (RCA) were highly significant (p < 0.01) for plant
height and number of pods per main raceme, whereas specific combining ability (SCA) was highly significant for all eraics buc 1000-
seed weight. The parent genotypes PR, PR, and PR, with the hybrids PR, x PR, and PR, x PR, showed higher GCA and SCA effects,

respectively, and therefore could be used to develop high-yielding lines.
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Introduction

Rapeseed (Brassica napus L.) is one of the most impor-
tant edible oilseed crops in the world, as well as a major po-
tential source for bio-diesel production in Europe (Wang,
2005). In Turkey, rapeseed is a potential source of edible
oil as an alternative to sunflower. New cultivars having
high yield and quality should be developed because rape-
seed is second only to sunflower as a major source of edible
oil in the country. Studies on the breeding of rapeseed are
limited, and introduced material generally has shown low
adaptability in Turkey. Winter rapeseed cultivars can be
grown successfully under the country’s arid and semi-arid
conditions. Early-maturing and high-yielding cultivars of
winter rapeseed are especially necessary to ensure success-
ful cultivation of the crop in Turkey.

The commercial use of synthetic and hybrid cultivars
in rapeseed is a reality (Mc Vetty, 1995; Pandey ez al.,
1999). Development of synthetic or hybrid cultivars has
been successful in oilseed Brassica sp. (Becker ez al., 1999;
Miller, 1999). Combining ability and hybrid vigor are
the most important genetic parameters for breeding im-
proved cultivars. The variances of general combining abil-
ity (GCA) and specific combining ability (SCA) are re-
lated to the type of gene action involved. The variance for
GCA includes the additive portion of the total variance,
whereas that for SCA includes the non-additive portion
of the total variance, arising largely from dominance and
epistatic deviations (Malik ez 4/, 2004). Information on
the relative importance of the additive (GCA) and non-

additive (SCA) gene actions within a breeding population
is significant because it is used to determine which breed-
ing procedure will efficiently improve the performance of
the characters of interest (Dudley and Moll, 1969). Most
previous studies on combining abilities have shown signif-
icant GCA and SCA effects for yield and its component
characters. These results indicate that both additive and
non-additive gene action are important in the inheritance
of these traits (Akbar ez /., 2008; Brandle and Mc Vetty,
1989; Huang ez al., 2010; Pandey ¢z al., 1999; Rameah ez
al., 2003).

It is necessary to have detailed information about the
desirable parental combinations in any breeding program
that can involve a high degree of heterotic response. There-
fore, heterotic studies can provide the basis for the exploi-
tation of valuable hybrid combinations in future breeding
programs (Turi ez al., 2006). Heterosis can also be par-
tially utilized by developing synthetic cultivars (Becker ez
al., 1999). Studies on better-parent heterosis in rapeseed
are limited. Brandle and Mc Vetty (1989) reported better-
parent heterosis of up to 120% for seed yield in rapeseed.
Maximum values of 72% better-parent heterosis for yield
and 5% for oil content have been found in a study of spring
rapeseed (Grant and Beversdorf, 1985).

For faster advances in breeding, it is necessary to know
the variability and combining ability of the breeding ma-
terial, z.e., the modes of inheritance of certain traits. Top-
cross, polycross and diallel crossing methods are used for
the assessment of variability and combining ability. The
objectives of this study were to use diallel crossing to deter-
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mine the general and specific combining abilities of four
rapeseed cultivars, the gene effects for five yield compo-
nents and the heterotic performance of the F | progeny.

Materials and methods

Four winter rapeseed varieties, ‘Bristol’ (PRI), ‘Chang’
(PR)), ‘Samurai’ (PR,) and ‘Quinta’ (PR,), were used in
this study. The genetic material used in the experiment
consisted of F hybrid seed resulting from 4 x 4 diallel
crosses among these four parent varieties, including self
and reciprocals (Grifling, 1956). The varicties were crossed
in diallel fashion during April 2005 and April 2006. At
the budding stage for emasculation and crossing, young
buds in the inflorescence of the female and male parents
were covered with a white paper bag before blooming.
The flowers of the female plants were emasculated before
blooming. The flowers of the emasculated female plants
were then pollinated manually with pollen collected from
the male parents.

The field experiments were conducted in Bursa (lati-
tude 40°11 N, longitude 29°04 'E, altitude 155 m). Bursa
is located in the southern Marmara region. It has an aver-
age annual rainfall of 713 mm and a mean monthly tem-
perature of 14.4°C. The soil was clayey and low in fertility.
A soil analysis indicated that the phosphorus and potas-
sium levels were medium or high and that the organic mat-
ter was low (1.2%). The nitrogen levels in the soils were
also low.

The field experiments used a randomized complete
block design with three replications. Twelve F| seeds from
a 4 x 4 diallel cross, along with their parents, were sown
during October 2005 and October 2006. Each plot con-
sisted of four rows, 5 m in length, with 45 cm-interrow
and 10 cm-intrarow spacings. All cultural practices (soil
preparation, sowing, fertilizer and cultivation) followed
recommended procedures. Weeds were controlled by hand
pulling and hoeing. The field experiments were harvested
with a small-plot combine in June 2006 and June 2007.

The following agronomic traits were recorded from
the same 20 randomly selected plants of the central row
of each plot just prior to harvest: plant height, number of
pods per main raceme, and number of seeds per pod. After
harvest, seed yield per plant and 1000-seed weight were
measured for each plot.
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The analysis of variance was performed according to
Steel and Torrie (1980). The analysis of diallels for com-
bining ability was performed using mean values, following
Model I Method II of Griffing’s method (1956). The t-test
was applied to examine the effects of general combining
ability (GCA), specific combining ability (SCA) and re-
ciprocal combining ability (RCA). Significant differences
between hybrids and parents were detected using the F-
test.

Better-parent heterosis (BPH) is expressed as a per-
centage and is calculated using the formula

BPH = [(H-P,) / P,] x 100

where H is the performance of the hybrid for the char-
acter of interest and P is the equivalent value for the best
parent.

Allstatistical analyses were performed usingMSTAT-C
(Version 2.1, Michigan State University, 1991) and
MINITAB (Version 15, University of Texas, Austin) soft-
ware.

Results

Analysis of variance

There were significant differences between years and
genotypes except for number of seeds per pod because
of considerable range in weather conditions especially in
flowering and ripening periods. Year x genotype interac-
tion was found significant for plant height, number of
pods per main raceme and number of seeds per pod (Tab.
1). Because of significant differences between years, com-
bining ability and heterosis subjects were evaluated sepa-
rately.

Combining ability

The analysis of variance for the average performance of
12 hybrids along with their parents in 4 x 4 diallel crosses
for all characters studied is presented in Tab. 2. The results
for the analysis of variance indicated that the differences
between genotypes were significant for all traits studied
except for the number of seeds per pod in 2006 and the
1000-seed weight in both experimental years. The mean
squares due to GCA were highly significant (p < 0.01)
for plant height and for the number of pods on the main
raceme in 2007. The mean square values for SCA were
highly significant for all characters except for the number

Tab.1. Analysis of variance for yield and some yield components of rapeseed (2-year average)

. Number of pods/ Number of . 1000-seed
Source of variance df Planc height main raceI:ne seeds/pod Seed yield/planc weight
Mean squares

Year (Y) 1 58115.00™ 2062.76™ 0.26 266.00" 2.83"
Replication(Year) 4 3321 5.70 5.69 12.61 0.08
Genotypes 15 190.93" 91.51™ 446 76.76™ 0.06

Y x Genotypes 15 81.81" 48.87" 875 3.08 0.09
Error 60 16.92 6.59 3.27 6.93 0.06
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Tab. 2. Mean squares for genotypes, GCA and SCA for various characteristics of rapeseed
. Number of pods/ Number of ) 1000-seed
Source of variance  df Planc height main racefine seeds/pod Seed yield/plant weight
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007

chlications 2 53.31 13.02 225 9.14 3.64 9.64* 24.18 1.00 0.08 0.02
Genotypes 15 63.69* 209.04** 91.59™ 4879 10.30 449 36.04™ 45.55™ 0.31 0.13
GCA 3 11.52 104.19* 6.75 38.86™ 5.47 1.65 0.76 4.88 0.06 0.01

SCA 6 34.39™ 60.26™ 62.62** 17.43™ 422 1.75* 28.85™ 34.01™ 0.13 0.07

RCA 6 12.92 61.84* 10.32™ 379 1.63 1.17 0.81 151 0.10 0.04

Error 30 8.95 2.30 255 1.84 2.11 0.60 2.82 225 0.08 0.04

df: degrees of freedom;
ability; RCA: reciprocal combining ability

of seeds per pod in 2006 and the 1000-seed weight in both
years. Reciprocal combining ability (RCA) was significant
only for plant height in 2007 and for the number of pods
on the main raceme in 2006.

The main values and GCA effects for plant height,
the number of pods on the main raceme, the number of
seeds per pod, the seed yield per plant and the 1000-seed
weight are presented in Tab. 3a. In general, the differences
between the mean values of genotypes and the GCA ef-
fects were non-significant for all traits observed in 2006.
In 2007, there were significant differences between gen-
otypes for plant height and for the number of pods on
the main raceme. The GCA effects for these traits were
also significant. Parents PR, and PR, gave higher values
of plant height and of the number of pods on the main
raceme than the other genotypes. These genotypes also
showed highly significant and positive GCA effects on
plant height. For the number of pods on the main raceme,
a positive and significant GCA eftect was recorded in PR,
whereas the maximum negative GCA effect (-3.17**) was
detected in PR, A non-significant but positive GCA ef-
fect was recorded in PR, and PR, for seed yield per plant.
Significant GCA effects indicate that additive gene ac-
tions play an important role in hybrid performance. The
combining ability of PR and PR, was considered to be
good because they showed a positive GCA effect for seed
yield per plant.

According to the results of the analysis of variance, the
SCA effects were significant for plant height, the number
of pods on the main raceme and seed yield per plant in
both years and for the number of seeds per pod in 2007.
However, the RCA effects were significant only for plant
height (2007) and the number of pods on the main raceme
(20006) in the individual years indicated. The estimates of
the SCA effects are presented in Tab. 3b. Of six hybrid
combinations, one in 2006 and three in 2007 showed
significant and positive SCA effects for plant height. The
cross PR, x PR, had highly significant (p < 0.01) and posi-
tive SCA effects in both years. In addition, the maximum
positive SCA effects were obtained from the crosses PR x
PR, and PR x PR, in 2007. The crosses PR x PR, and PR
x PR, showed significant (p < 0.05 in 2006 and p < 0.01
in 2007) and positive SCA effects for the number of pods

*: significant at p=0.05 probability level; **: significant at p=0.01 probability level; GCA: general combining ability; SCA: special combining

on the main raceme in both years, whereas the crosses PR,
x PR, and PR, x PR, had highly significant and positive
SCA effects only in 2006. The highest values of the num-
ber of pods on the main raceme were obtained from the
cross PR, x PR, (43.0 pods/main raceme) in 2006 and the
cross PR x PR, (52.3 pods/main raceme) in 2007. Dif-
ferences between the crosses in the number of seeds per
pod were not significant in 2006, whereas the crosses PR,
xPR,, PR, x PR, and PR, x PR, produced higher numbers
of seeds per pod than the other crosses in 2007. The SCA
effects for the number of seeds per pod were significant
only in 2007. The cross PR, x PR, produced a significant
positive SCA effect (1.17*), whereas the crosses PR x
PR, and PR, x PR showed significant negative SCA ef
fects of (-0. 92*) and (-1.42**), respectively. The seed yield
per plant did not differ significantly among the crosses in
2006, whereas significant differences between crosses were
found in 2007. Positive and significant SCA effects were
recorded in crosses PR x PR, PR x PR, and PR x PR,
in both years. The cross PR, x PR, showed a significant
and positive SCA effect in 2006, whereas the SCA effect
of this cross was insignificant and positive in 2007. There-
fore, the best combinations were crosses PR, x PR,, PR x
PR, PR, x PR, and PR xPR, all with significant positive
SCA effects for seed yield per plant. In the crosses PR x
PR, and PR, x PR, at least one parent had significant posi-
tive GCA effects for seed yield per plant. Moreover, the
crosses PR x PR, PR x PR, and PR, x PR had significant
positive SCA effects on the number of pods on the main
raceme and were therefore considered good combinations
for this trait. In addition, the cross PR, x PR, with a sig-
nificant positive SCA effect, was the best combination
for the number of seeds per pod. None of the crosses had
significant positive SCA effects for the 1000-seed weight
in either year. The crosses PR, x PR, PR3 x PR, and PR,
x PR, showed significant positive RCA effects for plant
height in 2007. However, only the cross PR, x PR had a
highly positive RCA effect for this trait in 2006. For the
number of pods on the main raceme, the crosses PR xPR,
and PR, x PR, exhibited significant positive RCA effects
in 2006. Reciprocal combining ability effects for the other
traits were not statistically significant in either experimen-

tal year. Significant RCA effects for plant height and the
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Plant height (cm) Number of pods / main raceme Number of seeds / pod Seed yield / plant (g) 1000-seed weight (g)
Parents 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
M GCA M GCA M GCA M GCA M GCA M GCA M GCA M GCA M GCA M GCA
‘Bristol’ (PR ) 113.6 173 149.0b -231™ 25.0 0.48 38.0bc 033 263 -0.67 30.3 0.54 19.5 0.12 219 0.04 327 -0.10 3.0 -0.06
‘Chang'(PR)) 112.6 -0.81 163.0a  1.69* 30.0 0.98 457 a 096 30.0 1217 283 -0.54" 19.6 -0.21 243 -0.46 340 -0.02 29 0.02
‘Samurai’ (PR_) 108.3 -0.10  1613a 423" 253 -1.10° 437 ab 1.87 29.3 -0.25 283 -0.12 209 0.37 237 1.08" 337 0.02 33 0.02
‘Quinta’ (PR4> 102.7 -0.81 1453¢  -3.60™ 263 -0.35 353¢ 3177 25.7 -0.29 29.7 0.12 18.8 -0.29 226 -0.67 353 0.10 31 0.02
LSD (%5) ns - 1.85 - ns - 5.87 - ns - ns - ns - ns - ns - ns -
S. Error (g) - 0.92 - 0.46 - 0.49 - 0.41 - 0.44 - 0.24 - 051 - 0.46 - 0.08 - 0.06

ns: non significant; *: significant at p=0.05 probability level; **: significant at p=0.01 probability level ; M: means of parents; GCA: General combining ability; Means in the same column followed by the same letter were not significantly different

at the 0.05 level in the Least Significant Difference (LSD) test

Tab. 3b. Estimates of special combining ability (SCA) effects and mean values (M) of the hybrids

Plant height (cm) Number of pods / main raceme Number of seeds / pod Seed yield / plant (g) 1000-seed weight (g)
Hybrids 2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
M SCA M SCA M SCA M SCA M SCA M SCA M SCA M SCA M SCA M SCA
SCA Effects
PR xPR, 114.0 0.77 155.6d 127 430a 560" 443ce -0.17 30.0 125 287b-d  0.00 26.3 1.21 270d 0.42 34 0.10 32 0.06
PR xPR, 109.6 044 1667ab 406" 323d 235 523a 3427 26.7 079 276cd 092 284 196"  335ab  4.04" 32 -0.11 3.1 0.06
PR xPR, 113.3 227 147.6¢  3.06™ 373bc 244" 43.0df 312 30.0 1.08 29.3 be 0.83 28.8 279" 307ad 262" 37 031 3.1 -0.10
PR, x PR, 109.6 -1.89  1680a  -0.10 343cd 019 483D 0.79 28.7 -0.67  300ab 117 279 1.96" 342a 2.04" 35 031 29 -0.19
PR, x PR, 1133 -0.35  160.0cd 123  373bc  0.60 41.0f -0.67 320 1.04 27.0d 1427 279 212 320ac 096 35 -0.27 33 031"
PR, xPR, 1160 660" 167.0ab 519" 340cd 435" 423df -042 283 083 290b-d 033 275 121 31.0ad 142 3.8 0.02 29 -0.02
Reciprocal Effects
PR, x PR 115.0 0.50 169.7a  7.00% 40.0ab -150 453b-d 050 29.7 1.00  29.6bc 0.0 268 017 307ad 167 35 0.17 32 0.17
PR x PR, 118.3 433" 169.3a 1.33 40.0ab 383"  463bc -3.00" 283 0.83 29.6 be 1.00 27.3 050  287cd 0.50 35 0.33 3.1 -0.17
PR xPR, 110.3 0.33 167.6a 423" 347cd 017  463bc  -1.00 30.3 083  293bc  -0.33 269 050 298b-d 067 37 0.17 31 0.00
PR, x PR 1187 2.67 170.6a 11.50" 367b-d  -033 450cd 1.00 28.7 -0.67 320a 1.33 272 -0.67  298b-d  -1.00 35 -0.17 31 0.00
PR, xPR, 108.3 250  162.7bc 133 340cd  -1.67 407f 017 30.3 083 277cd 0.33 26.1 -1.00 289cd 0.17 34 0.01 35 0.17
PR x PR, 121.0 2.50 1687 a 0.83 40.7ab 333" 417ef  -033 30.7 029 300ab 0.50 263 -0.67 06ad -017 35 -0.33 33 0.17
LSD (%5) ns - 4.63 - 496 - 327 - ns - 224 - ns - 4.02 - ns - ns -
S. Error (sij) 1.67 - 0.85 - 0.89 - 0.76 - 0.81 - 0.43 - 0.94 - 0.84 - 0.16 - 0.12
S.Error (r) - 211 - 1.07 - 1.13 - 0.96 - 1.03 = 0.55 - 1.19 - 1.06 - 0.20 - 0.15

ns: non significant; *: significant at p=0.05 probabilicy level; **: significant at p=0.01 probability level ; M: means of hybrids; SCA: Special combining ability. Means in the same column followed by the same letter were not significantly different

at the 0.05 level in the Least Significant Difference (LSD) test
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number of pods on the main raceme most likely resulted
from maternal effects on these traits. Thus, the direction of
the RCA effects of the crosses can be considered for two
characters. The reciprocal crosses with significant positive
reciprocal effects must be used to obtain cross combina-
tions that produce a shorter plant height. To produce cross
combinations having a higher number of pods on the main
raceme, the reciprocal crosses with significant negative re-

ciprocal effects should be preferred.

Better-parent heterosis

The crosses PR, x PR, and PR, x PR, exhibited nega-
tive heterosis over the better-parent in both years and were
significant in at least one year. These crosses had ideal per-
formance for plant height. A greater number of pods on
the main raceme is desirable for higher yields in rapeseed.
Therefore, positive heterosis is preferred for the number
of pods on the main raceme. In 2006, all of the crosses
showed positive heterosis over the better-parent, ranging
from 7.66% (PR, x PR ) t0 43.31% (PR, x PR ). In 2007, 8
out of 12 crosses exhibited negative heterosis over the bet-
ter-parent. The maximum positive heterosis value in 2007,
14.44%, was obtained from PR x PR, (Tab. 4). In general,
heterosis estimates over the better-parent for number of
seeds per pod had low or negative values in many of the
crosses in both years. The highest positive heterosis values
were obtained from PR, x PR, (6.67%) in 2006 and from
PR, x PR, (5.61%) in 2007 (Tab. 4).

All the crosses had highly positive heterosis estimates
over better-parent for seed yield per plant in both years.
Over two years, heterosis estimates over better-parent
ranged from 11.11% (PR, x PR, in 2006) to (PR, x PR in
2007). Similarly, three crosses (PR, x PR,, PR, x PR, and
PR, x PR,) gave the highest heterosis values over better-
parent in both years (Tab. 4). For 1000-seed weight, the

Tab. 4. Better-parent effects of hybrids

highest positive heterosis estimates over better-parent were
obtained from the same crosses with 7.65% and 6.13%,
respectively, for the two study years. None of the crosses
exhibited highly positive heterosis for 1000-seed weight
for either year (Tab. 4).

Discussion

The results of this study indicated that high heterotic
responses and positively significant GCA and SCA ef-
fects were important factors in increasing seed yield. The
heterotic performance of a hybrid combination depends
upon the combining abilities of its parents (Allard, 1960;
Kadkol ez al., 1984). The differences in GCA result mainly
from additive genetic effects and higher-order additive in-
teractions, whereas the differences in SCA are attributed
to non-additive gene effects (Falconer, 1989). Therefore,
parents with significant GCA effects resulting from addi-
tive gene effects for observed traits are considered to be
good combiners. Also, because significantly high SCA ef-
fects confirm the importance of non-additive gene effects,
crosses having such SCA effects are considered to be good
combinations. The best-performing F may be produced
by crossing parents with the highest GCA (Teklewold
and Becker, 2005). In the present study, the mean squares
due to GCA effects were not significant except for plant
height and the number of pods on the main raceme. Fur-
thermore, these values were only significant in 2007. Gen-
erally, the mean square values for SCA were significant
for all traits observed except 1000-seed weight in both
years, whereas the mean square values for RCA were not
significant for most of the traits studied. Previous studies
have reported that the mean squares due to general and
specific combining ability were significant for different
agronomical traits in Brassica species (Singh and Murty,

. Number of pods/ ~ Number of seeds/  Seed yield / plant 1000-seed
) Plant height (cm) . )
Hybrids main raceme pod (g) weight (g)
2006 2007 2006 2007 2006 2007 2006 2007 2006 2007
SCA effects
PR xPR, 0.26™ -4.54" 4331" -3.06™ 0.00" 5617 25517 11117 -3.68™ -1.84™
PR xPR, -3.52° 227 7.66 14.44" -11.00" -8.58" 35.69" 37.86" -10.48" -4.90™
PR xPR, -0.35™ -9.38" 24.33" 591 0.00™ -3.30° 37.60" 26.33" 3.68™ -4.90
PR, x PR, 351 3.06 14.33" 5.69° -4.33 -0.99 3344 41.15" 0.00" -10.12"
PR, x PR, -0.35™ -1.84" 24.33" -10.28" 667" -10.89" 33.44 31.76 -0.85™ 2.14™
PR xPR, 2.02 245 13.33" 743" -5.67" -429° 3153 2757 7.65 -8.89"
Reciprocal effects
PR, x PR 1.14™ 4117 33.33" -0.87™ -1.00™ -1.98™ 28.04" 26.33" 0.00™ -0.92
PR x PR 4.04 3.86" 33.33" 1.31 S5.67° -1.98 30.58" 18.11° 0.00" -3.98
PR, xPR, -2.99 2.88 15.67" 1.31 1.00™ -3.30° 28.66 22.63" 5.66 -4.90™
PR, xPR| 439 472" 22.33" -1.53™ -4.33 5.61" 30.29" 22.63" 1.13™ -3.98
PR, x PR, -4.75 -0.18" 13.33" -10.94" 1.00™ -8.58" 2451" 18.93" 453 6.13
PR, x PR, 642" 349" 35.66 -8.75" 2.33™ -0.99™ 25517 25.92" -1.70™ 2.15™

ns: non significant; *: significant at p=0.05 probability level; **: significant at p=0.01 probability level ;
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1980; Fray ez al., 1997; Teklewold and Becker, 2005). Nas-
simi e# al. (2006) have shown that GCA was highly sig-
nificant for 50% flowering, number of primary branches/
plant and number of pods/main raceme, whereas it was
non-significant for maturity and plant height. Moreover,
the SCA and RCA effects were highly significant for all
traits. The present findings for the GCA mean square val-
ues for traits that it has been studied are not entirely in
agreement with the previous results cited here. It is likely
that genetic factors are affected by several environmental
factors (especially temperature, precipitation and humid-
ity) as well as genotypic structure (number of homologous
copies of chromosomes, chromosome types and identities,
and more). The differences between the present results
and previous results should be viewed as the results of dif-
ferent environmental conditions and genotypic structure.
However, the SCA effects found in this study agree with
the findings of Rameah ¢z 4/. (2003), who have observed
significant mean squares for specific combining ability for
all traits examined except for 1000-seed weight. The low
GCA effects for seed yield per plant and other agronomi-
cal traits found in the present study did not make it pos-
sible to identify good combiners. However, parents PR,
and PR, had positive GCA eftects for seed yield per plant
and can therefore be considered as promising parents to
obtain good combinations. Many earlier studies have de-
termined good combiners with significant GCA effects
for yield and its components (Huang ¢z /., 2010; Nassimi
et al., 2006; Rameah ez 4l., 2003; Teklewold and Becker,
2005). The present findings on GCA effects are in close
agreement with Marjanovic-Jeromela ez al. (2007), who
have reported that the cultivars they examined showed
no significant differences in the GCA values for yield per
plant.

It has been found in the present study that no crosses
that exhibited significant negative SCA effects for plant
height. Nassimi ez al. (2006) noted that in Brassica (grown
for seed yield), taller plants are susceptible to lodging.
Medium-or short-statured plants are therefore desirable,
and accordingly negative GCA and SCA values are sought
for plant height. The same researchers have found that out
of 28 crosses, 13 showed negative SCA effects for plant
height. Good general combiners and good combinations
for plant height have also been found by many earlier stud-
ies (Akbar e al., 2008; Marjanovic-Jeromela ez al., 2007;
Teklewold and Becker, 2005). The present research, unlike
the studies cited above, could not identify good general
combiners or good combinations for plant height.

Significant SCA mean squares for pods per main ra-
ceme and seed yield per plant indicated that the crosses
PRl X PR3, PR1 X PR4 and Psz PR3 were promising com-
binations, as shown by their high mean values and SCA
effects. Previous studies have reported that crosses hav-
ing highly positive SCA effects were obtained from cross
populations of rapeseed (Akbar ez a/., 2008; Huang ez al.,
2010; Nassimi e /., 2006; Rameah ez 4/., 2003). The pres-
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ent findings are compatible with the results of the experi-
ments cited above.

None of the crosses showed significant RCA effects for
any character, with the exception of plant height in 2007
and the number of pods per main raceme in 2006. Sig-
nificant RCA effects for plant height and the number of
pods per main raceme revealed that the reciprocal crosses
with significant positive reciprocal effects should be used
to obtain cross combinations with short plant height,
whereas the reciprocal crosses with significantly negative
reciprocal effects should be chosen to produce cross com-
binations with a high number of pods per main raceme.
Rameah ez al. (2003) have reported that the direction of
crosses is important for yield and yield components and
that the reciprocal crosses must be used if crosses have sig-
nificant negative reciprocal effects. Nassimi ez a/. (2006)
have revealed significant SCA effects for plant height, the
number of pods per main raceme, the number of primary
branches per plant, days to 50% flowering and physiologi-
cal maturity.

Hybrid vigor is an important component of increased
seed yield. In the present study, the F1 hybrids gave 11.11-
41.15% higher yield than the better-parents. In both years
of this study, the highest better-parent heterosis was ob-
tained from the four crosses PR, x PR, PR x PR, PR, x
PR, and PR x PR . Heterosis values for seed yield reaching
120% over the better-parent have been reported in B. na-
pus by Brandle and Mc Vetty (1989). Teklewold and Beck-
er (2005) found that relative better-parent heterosis values
for seed yield in B. juncea varied from 16.2 to 123.6% with
amean of 52.8%, respectively. Other previous studies have
found heterosis levels over better-parent for seed yield in
B. napus of 69% (Brandle and Mc Vetty, 1989) and 67%
(Riaz et al., 2001) have been reported. The heterosis levels
for seed yield per plant found in this study were similar to
those found by Lee ez /. (1980) and Starmer ez a/. (1998).
However, they were lower than those found by Brandle
and Mc Vetty (1989), Riaz et al. (2001), Teklewold and
Becker (2005).

Plant height is an important agronomic character with
respect to the risks of wind damage and lodging. In gen-
eral, small and medium plant height is preferred in Bras-
sica because these plants can tolerate heavy winds and can
be prevented from lodging; therefore, negative heterosis
is a desirable characteristic for producing plants of suit-
able height (Nassimi ez /., 2006). In the present study, the
crosses PR x PR, and PR, x PR, exhibited negative het-
erosis for plant height and can be considered as promising
crosses in terms of this trait.

Conclusions

In the present study, the mean squares for GCA effects
were significant for plant height and the number of pods
per main raceme but for no other trait studied. Moreover,
these two mean squares were only significant in 2007.
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Therefore, additive gene effects did not affect seed yield
per plant and the other agronomic traits because the GCA
effects of the parents were not significant for these char-
acters.

Although good combiners were not identified for seed
yield per plant and other agronomic traits because the
GCA effects of the parents were low, the PR and PR, ex-
hibited positive GCA effects for seed yield per plant and
could be considered as promising parents in order to ob-
tain good combinations.

The SCA mean squares were significant for all traits
but 1000-seed weight. Significant SCA mean squares were
attributed to non-additive gene actions. In this study, the
crosses PR x PR, PR x PR, and PR, x PR, were identified
as promising combinations for improving the seed yield
per plant and the number of pods per main raceme. In ad-
dition, the highest better-parent heterosis levels were also
obtained by these crosses.

The results of the present study revealed that the syn-
thetic-variety and hybrid-breeding methods could be used
after inbred lines were obtained from the cross population
established by this research.

This study found that additive gene effects were not ef-
fective determinants of yield and other agronomic charac-
ters in the rapeseed lines studied. Therefore, according to
these results, selective breeding for high-yielding varieties
would not be very fruitful.
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