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Abstract: For determination of good combiners in Brassica napus L. genotypes, a study was conducted 8x8
diallel during 2004-05 and 2005-06. F s and parents were evaluated for combining ability for yield associated
traits. Analysis of variance revealed highly significant differences (p<0.01) for all traits. Components of
combining ability analysis exhibited that, GCA was highly significant (p<0.01) for number of seeds/plant, while
significant (p<0.05) for number of pods/plant and ped length whereas non-significant for 1000 seed weight and
seed yield/plant. SCA and RCA effects were highly significant for all traits. GCA effects were higher than SCA
and RCA for number of pods/plant and number of seeds/pod indicating that additive gene effects controlled
the expression of these traits. The SCA effects were of greater magmtude than GCA effects for 1000 seed weight
showing the contribution of non-additive gene effects. RCA effects were greater than GCA and SCA for number
of pods/plant and seed yield/plant showing that reciprocal crosses have higher potential than direct crosses
for these traits. The parent genotypes NUR1, NUR3, NUR4 and NURS and hybrids NUR1 >xNUR7, NUR2xNUR1,
NUR2xNURS, NUR3xNURI, NUR3*NURS, NUR4xNUR7, NURS*NUR2, NUR5*NURS, NUR7=NUR4 and
NURS*NURI had lugher GCA and SCA effects, respectively therefore could be exploited for further selection
of high yielding progenies. The overall study revealed the importance of both additive and non-additive genetic
variability suggesting the use of integrated breeding strategies which can efficiently utilize the additive as well

as non-additive genetic variability.
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INTRODUCTION

Every year, Pakistan imports a huge amount of edible
oils for domestic consumption due to lower production of
local edible oilseed crops. Non availability of high
vielding lines is one of the several factors responsible for
this situation. This situation compels plant breeders to
develop new high yielding lines of oilseed crops.
Rapeseed and mustard is the second major source of
edible o1l after cottonseed m the country hence
enhancement of brassica production can help to reduce
the import of edible oils. Advancement in the yield of
brassica requires certain information regarding the nature
of combining ability of parents available for use m the
hybridization program. In addition, mformation about the
nature of gene action involved in expression of
quantitative and qualitative traits of economic importance
15 also required to develop/design deswable lines.
According to Zhang (1987) the selection of parents for
hybrid cultivar breeding is facilitated by combining ability
analysis (combination of GCA and SCA). Information on

general and specific combining ability effects is very
important in making the next phase of a breeding program.
In hybrid breeding, GCA 1s usually used for parental
selection and SCA is used for selection of cross
combinations. Therefore, both GCAs and SCAs of female
and male parents should be high for hybrid breeding with
high yield and high heterosis.

Many workers have reported GCA and SCA effects
for yield and yield components in different crops
(Muraya et al., 2006; Jan et al., 2005, Attia ef al., 2001,
Sameena et al., 2000, Khan et al., 1999a,b) whereas critical
studies on gene action on yield and yield components in
brassica are very few. However, studies on combining
ability in relation to combining ability in other traits have
been reported by Abercrombie ef al. (2005), Satwinder e#
al. (2000), Kumar et al. (1997), Thalaur and Bhateria (1993)
and Diwakar and Singh (1993). The main objective of the
present study was to identify the best combiners and their
crosses on the basis of their general, specific and
reciprocal combining ability for yield and its component
traits.
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MATERIALS AND METHODS

The study was conducted at the experimental farm,
Department of Plant Breeding and Genetics, N'WEFP
Agricultural University, Peshawar. FHight Brassica
napus L. genotypes viz.,, NURI, 2, 3, 4, 5, 7, 8 and NURS
(NUR for National Uniform Rapeseed Yield Trail) were
crossed manually in all possible combinations in a 8x8
diallel fashion during the Rabi season 2004-05. Tn 2005-06,
parents and their 56 F, hybrids were grown in a
randomized complete block design with three replications.
All the F, hybrids and their parent lines were randomly
assigned to experimental plots. Each plot comprised four
rows of 4 m each with 1 m space between rows and 15 cm
between plants.

Data was recorded on number of pods/plant, ped
length (cm), number of seeds/pod, 1000 seed weight (g)
and seed yield/plant (g) after manual harvesting and
threshing. The data were subjected to analysis of variance
according to Steel and Torrie (1980). Combining ability
effects were computed according to Griffing (1956).

RESULTS

Combining ability is the important tool for the
evaluation of line (s) potential performance to be
combined with another lme (s). Analysis of variance
presented i Table 1 showed that for genotypes highly
significant differences (p<0.01) were obtained for all traits
studied viz., number of pods/plant, pod length, number of
seeds/pod, 1000 seed weight and seed yield/plant. Since
genotypic variations were significant for all the characters
therefore these variations were partitioned into variation
due to General Combimng Ability (GCA), Specific
Combining Ability (SCA) and Reciprocal Combining
Ability (RCA) effects (Table 2).

Number of pods/plant: The mean squares presented in
Table 2 mdicated that effects due to GCA were significant
(p<0.05) while SCA and RCA were lughly sigmficant

Table 1: Mean squares for yield associated traits in Brassica napus L.

(p<0.01) for number of pods/plant(Table 1). According to
Table 3, out of 8 parents, 5 showed positive GCA effects
for number pods/plant, where the maximum GCA was
recorded in NURI (20.17), while negative GCA effects
were maximum in NUR4 (-23.82). Out of 28 crosses, 16
showed positive SCA  effects, the best specific
performance with maximum positive SCA effect (54.51)
was presented by the cross NURS*NURSE, while negative
SCA effects were the maximum (-67.92) in cross
NUR3*NURS. Data regarding reciprocal effects showed
that 17 crosses possessed positive RCA where the
maximum value (98.00) was noted in NURExNURI
(Table 3).

Pod length: The mean squares presented in Table 2
shows that effect due to GCA was significant (p<0.05)
while SCA and RCA were highly significant (p<0.01) for
pod length. Pod length is considered one of the major
components of seed yield in brassica therefore, positive
GCA and SCA were desirable. According to Table 4, out
of 8 parents, 2 showed positive GCA effects for pod
length. The maximum GCA (111.29) was attained by NURS,
while negative GCA effects were the maximum in NUR2
(-22.69). Data regarding SCA effects showed that out of
28 crosses, 16 showed positive effects, where the best
specific performance with maximum positive SCA effect
(197.41) was presented by the cross NUR3*NURS. The
maximum negative SCA effects (-112.08) were recorded in
NURS*xNURS. QOut of 28 crosses, 16 crosses exhibited
positive RCA effects with the maximum positive effects
(1.51) being observed in NUR2xNURI (Table 4).

Number of seeds/pod: The mean squares showed that
effects due to GCA, SCA and RCA were highly significant
(p<0.01) for number of seeds/pod (Table 2). Number of
seeds/pod 1s the most important compenent of seed yield
in brassica therefore; positive combining ability is
preferred for it. Data concerming GCA effects (Table 4)
pointed that out of 8 parents only 2 showed positive GCA
effects for number of seeds/pod. The maximum GCA
effects (1.60) were presented by NURS3, while maximum
negative effects (-2.20) were in NURS (Table 5). Qut of

Sources of variation df Number of pod/plant Pod length Seed/pod 1000 seed vield Seed vield/plant
Replications 2 327554 0.31%% 30,29 0.02%% 0.55%
Genotypes 63 8825.47+* 3,25 23,344 1.34%# 180.32%#
Error 126 204 0.03 211 0.02 0.56

ns = non-significant, ** = Highly significant at p<0.01

Table 2: Analysis of variance for combining ability of eight parents and their all possible F,s in Brassica napus

Characters GCA df=7 SCA (df = 28) RCA (df=28) Error (df=126)
No. of pods/plant 10968.67* 4100.07** 12540.79%+ 93.71
Pod length 6. 0% 2.00%* 3624 0.04
Number of seeds/pod 51.45%% 12.76%* 24.84* 2.28
1000 seed yield 0.96% 1.32%* 0.68%* 0.01
Seed vield/plant 157.87% 159.62%* 221.58** 0.64

ns = non-significant, * = Significant at p<0.05 ** = Highly significant at p<0.01
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Table 3: General combining ability effects (diagonal values), specific combining ability effects (above diagonal) and reciprocal effects (below diagonal) for

number of pods/plant in Brassica rapus

Parents NUR1 NUR2 NUR3 NUR4 NURS NURTY NURS NURS
NURI1 2017 1.70 -28.29 -13.85 -6.85 13.57 16.07 38.51
NUR2 -26.50 6.10 3576 -9.29 29.70 -2.35 -1.35 6.57
NUR3 -20.50 44.50 510 27.20 -10.79 3.14 4.04 -67.92
NUR4 65.00 50.50 46.00 -23.82 6.64 -3.92 -15.92 -8.98
NURS5 -28.00 59.50 -72.00 -23.50 13.17 10.07 -34.42 54.51
NUR7 53.50 -2.50 15.00 -44.00 44.00 4.23 35.51 0.95
NURS 98.00 71.50 -7.50 24.00 12.50 43.50 -18.76 14.45
NUR9 75.00 41.00 25.50 9.50 30.00 -47.50 -6.00 -6.20

SE of parental value = 4.37, SE for F, values = 31.24, F-values (EP/EF1) = 7.15, Variance of GCA = 304.684, Variance of SCA = 683.349

Table4: General combining ability effects (diagonal values), specific combining ability effects (above diagonal) and reciprocal effects (below diagonal) for pod

length in Brassica rapus genotypes

Parents NUR1 NUR2 NUR3 NUR4 NURS NUR7 NURS NUR9
NURI1 -22.51 22.48 -21.49 22.31 22.01 21.37 22.90 -111.92
NUR2 1.51 -22.69 -21.69 22.10 21.51 21.86 2211 -110.76
NUR3 0.89 0.73 21.73 -22.54 -21.37 -21.74 -22.35 197.41
NUR4 0.07 -0.36 0.11 -22.45 22.39 22.23 2241 -110.76
NURS5 -1.76 0.25 0.35 1.05 -21.59 23.42 22.47 -112.08
NUR7 0.01 -0.34 -1.07 0.12 -0.93 -21.65 21.30 -110.68
NURS -0.74 -0.34 -0.09 -0.41 -1.55 0.67 -22.12 -111.16
NUR9S 0.88 -0.26 112 -0.39 0.50 0.50 0.34 111.29

SE aof parental value = 0.01, SE for F; values = 0.01, F-values (EP/EF1) = 1.78, Variance of GCA = 0.168, Variance of SCA =0.349

Table 5: General combining ability effects (diagonal values), specific combining ability effects (above diagonal) and reciprocal effects (below diagonal) for

number of seeds/pod in Brassica napus genotypes

Parents NUR1 NUR2 NUR3 NUR4 NURS NURY NURS NUR9S
NURI1 -0.14 -0.17 0.70 -2.04 0.57 2.01 1.51 -0.04
NUR2 1.50 -0.01 -4.42 0.82 0.45 1.39 -1.10 1.82
NUR3 4.00 -4.00 1.60 0.20 1.82 0.26 -0.23 170
NUR4 1.50 3.50 0.50 -0.14 -0.42 0.51 0.51 0.95
NURS5 1.50 0.50 2.50 1.50 123 0.14 -1.85 -0.42
NUR7 -0.50 3.00 3.50 0.00 1.00 -0.20 -0.42 -0.48
NURS -1.00 0.50 2.00 2.00 2.00 1.00 -2.20 -0.98
NUR9S 2.50 3.50 2.00 0.50 0.50 0.00 -0.50 -0.14

Variance of GCA =1.429, Variance of 8CA =2.13

Table 6: General combining ability effects (diagonal values), specific combining ability effects (above diagonal) and reciprocal effects (below diagonal) for

1000 seed weight in Brassica napus genotypes

Parents NURI1 NUR2 NUR3 NUR4 NURS NURY NURS NUR9S
NURI1 0.16 -0.14 0.24 -0.67 -0.61 0.10 0.37 -0.13
NUR2 -0.14 017 0.54 -0.22 -0.35 -0.21 0.87 0.44
NUR3 -0.11 -0.42 016 0.02 0.58 -0.22 -0.35 -0.01
NUR4 -0.33 0.02 0.28 -0.05 0.45 0.69 0.08 0.44
NURS -0.49 0.61 -0.79 0.09 0.09 0.22 0.36 0.53
NUR7 0.40 0.05 -0.33 0.05 0.25 -0.08 0.22 0.57
NURS 0.33 0.05 0.10 -0.22 -0.51 -0.63 -0.07 -0.59
NUR9S -0.12 -0.21 -0.01 0.06 0.10 0.05 0.37 0.24

SE of parental value = 0.29, SE for F, values = 0.36, F-values (EP/EF1) = 1.25, Variance of GCA = 0.027, Variance of SCA = 0.221

28 crosses, 16 showed positive SCA effects, where
the maximum effects (2.01) were presented by the cross
NUR1*NUR7, while the maximum negative SCA effects
(-4.42) were recorded in cross NUR2Z*NUR3. RCA effects
for number of seeds/plant showed that out of 28 crosses,
24 crosses attained positive effects where the maximum
positive effects (4.00) were recorded in NUR3*NURI.

1000 seed weight: Thousand seed weight 13 considered
as one of the major vield contributing components in
brassica. Positive effects for GCA, SCA and RCA were
hence desirable. Table 2 showed that mean square values
for GCA were non-significant while SCA and RCA were

highly sigmficantly different (p<0.01) for 1000 seed
weight. Table 6 showed that, out of 8 parents, only 3
showed positive GCA effects for 1000 seed weight, where
the maximum (0.24) being observed in NURS. While,
negative GCA effects were maximum (-0.17) m NUR2.
SCA  effects indicated that, out of 28 crosses, 17
crosses showed positive SCA effects, where the best
specific performance with the maximum positive SCA
effects (0.87) was presented by the cross NUR2xNURS,
while the maximum negative SCA effects (-0.67) were
found in cross NURI1 xNUR4. Positive reciprocal effects
were noted in 15 crosses where the maximum positive
RCA (0.61) was recorded in NURS*xNURZ.
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Table 7: General combining ability effects (diagonal values), specific combining ability effects (above diagonal) and reciprocal effects (below diagonal) for seed

vield/plant in Brassica napus genotypes

Parents NURI1 NUR2 NUR3 NUR4 NURS NUR7T NURS NUR9S
NURI1 -0.82 -5.81 -5.73 1.15 3.06 -4.04 7.58 3.34
NUR2 0.54 -2.05 -4.48 -1.27 0.54 7.24 5.82 -1.99
NUR3 -1.41 -5.64 -0.63 3.47 2.26 5.88 0.40 711
NUR4 0.68 7.51 -3.36 2.15 -1.98 8.89 -0.41 -2.09
NURS 12.37 273 9.45 2.73 -0.14 -1.60 -3.46 5.05
NUR7 11.87 4.94 3.67 13.25 -0.29 1.83 -1.40 -1.78
NURS 8.07 1.88 4.26 3.6l -3.59 -1.86 -0.50 -4.13
NUR9 5.93 277 10.74 2.60 -0.40 -4.70 4.42 017

Variance of GCA =4.385, Variance of SCA = 26.603, SE of parental value = 0.01, SE of F, value =0.21, F-value (EF,/EP) = 26.18

Seed yield/plant: Higher seed yield 1s one of the ultimate
objectives of many crops including brassica therefore;
positive combining ability effects were deswrable. Mean
square values for GCA effects were non-significant
while SCA and RCA were highly sigmficantly different
(p<0.01) for seed yield/plant (Table 2). Data presented in
Table 7 showed that out of 8 parents, 3 showed positive
GCA effects for seed yield/plant. The best parent on the
basis of the maximum GCA effects (2.15) was found
NUR4. SCA effects presented that out of 28 crosses,
14 crosses showed positive effects, where the best
specific performance was displayed by the cross
NURAXNURT with maximum positive SCA effects (8.89).
However, negative SCA effects were greatest m cross
NURI*NUR2 (-5.81). RCA effects were positive in 20
crosses where the highest positive reciprocal effects
(13.25) were recorded in cross NUR7*xNUR4.

DISCUSSION

Since higher yield in brassica 1s the major goal of
majority of the breeding programs hence improvement in
the vyield and its components is prerequisite for it.
Therefore, positive combining ability i1s considered
desirable for yield associated traits. In our experiment
positive GCA, SCA and RCA effects were recorded for all
vield related parameters in Brassica napus L. Present
results are supported by the earlier findings of Fray et al.
(1997) who reported that mean squares due to general and
specific combimng ability were sigmficant for yield and its
components and for oil content. Tn our study components
of combining ability showed that GCA was significant for
number of pods/plant and pod length, highly significant
for number of seeds/plant whereas, non significant for
1000 seed weight and seed yield/plant. SCA and RCA
effects were highly significant for all traits. GCA effects
were higher for pod length and number of seeds/ped
indicating that these traits were controlled by additive
gene action. SCA effects were higher for 1000 seed weight
suggesting that this trait was controlled by non-additive
gene action whereas; RCA effects were higher for number
of pods/plant and seed yield/plant hinting towards the

role of maternal effects. From the present results it could
be suggested that m Brassica napus L. yield traits were
controlled by both additive and non-additive genetic
effects. Shen et al. (2005) reported significant variances
both for general and specific combimng ability for the
yield traits. Sunilarly, Hu ef al. (1996) reported that GCA of
F, hybrids was significant for pod length, number of
seeds/pod, seed yield/plant and 1000 seed weight.
Whereas, SCA was sigmuficant for pod length and number
of seeds/pod. Similarly, Qian et al. (2003) reported
significant general combining ability (GCA) effects for
seed yield of hybrids. Davik (1997) stated that GCA of
inbred lines and cultivars was significant for pod length,
seeds/pod and 1000 seed weight. Our results are similar
with the earlier findings of Teklewold and Becker (2005),
who found significant Specific Combining Ability (SCA)
effects for pods/plant, ped length, seeds’pod, 1000 seed
weight and o1l content. Krzymanski et al. (1997) revealed
significant GCA or SCA effects for seed yield, oil content
and some flowering traits. Diwakar and Singh (1993),
Thakur and Bhateria (1993) and Kumar ef al. (1997)
reported sigmficant GCA and SCA effects for yield and
component characters indicating that both additive and
non-additive gene action were wmportant in the inheritance
of these traits. Zhai et al. (2002) reported that in brassica
yield/plant and seed o1l content were affected by
additive gene effects and combination of both additive
and non-additive gene effects, respectively. However,
Labana et al. (1978) and Dhillon ef al. (1990) reported that
yield components showed a preponderance of GCA
variances compared to SCA variances.
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