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Abstract | The present study was conducted to estimate heritability, genetic advance, and correlation
coefficient in a set of 31 rapeseed genotypes, comprised of 10 parental lines and their 21 F, populations. These
genotypes were evaluated in a randomized complete block design at The University of Agriculture-Peshawar-
Khyber Pakhtunkhwa-Pakistan with three repeats. Significant differences were recorded for days to 50%
flowering, plant height, primary branches plant!, main raceme length, pods main raceme™, pod length, seeds
pod, 1000-seed weight, seed yield plant™ among genotypes, parents and F, population. Similarly, parents
vs. I, population also showed significant differences for all the studied traits except primary branches plant™
and pods main raceme™, which revealed non-significant differences. Among parents DH4, DHS5 performed
better for seed yield plant™ (15.2 g), seeds pod™ (23.7), respectively, while DH8 showed better performance
for pods main raceme™ (76.6), pod length (7.7 cm) and 1000-seed weight (7.3 g). Cross combinations CAS
x DH6, CA5 x DH7, CA2 x DH7 and CAS5 x DH3 showed potential performance for pods main raceme™
(80.9), pod length (8.2 cm), seeds pod™? (25.7), 1000-seed weight (7.8 g) and seed yield plant™ (18.4 g). All
the studied traits showed moderate (>30%) to high (>60%) broad sense heritability coupled with maximum
genetic advance in F, populations, hence indicated that selection could be effective in the early generation
for the improvement of these traits. Correlation analysis indicated that flowering (r =0.45), primary branches
plant™? (r =0.49), main raceme length (r =0.41), seeds pod™! (r =0.41) and 1000- seed weight (r =0.38) had
positive and significant association with seed yield plant™! Genotypes DH4, DH5, DHS, CAS5 x DH6 CA5
x DH7, CA5 x DH3, and CA2 x DHY7 displayed well genetic potential for the majority of the traits hence
could be used in future rapeseed breeding programs.
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Introduction (Brassicaceae) family consists of 350 genera and 3500

species in which genus Brassica comprised about 160

apeseed (Brassica napus) is an ancient crop that species (Zhou et al., 2006). The amphidiploid Brassica

belongs to family Cruciferae. The name crucifer napus (2n= 38) were originated naturally from the

came from the shape of flowers having four diagonally ~ cross between Brassica rapa (2n=20) and Brassica
opposite petals in the form of a cross. Cruciferae  oleraceae (2n=18) (Nagaharu and Nagaharu, 1935).
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Rapeseed oil is mainly used for cooking purposes, but
it is also used as a lubricant and illuminant and in
the manufacturing of soup. Residual rapeseed cake is
used as livestock feed. Brassica contributes about 21%
of the total edible oil produced in Pakistan (Abbas
et al., 2008). The local production of edible oil meets
less than 30% of the country’s need while rest is met
through import by spending a considerable amount
of foreign exchange. In 2012-13, 2.149 million tons
of edible oil worth Rs. 270 billion (US$ 2.7 billion)
was imported (FBS, 2012-13). The import bill is
increasing by passing each day due to the rapid increase
in population and change in lifestyle of the Pakistani
population. This situation offers challenges for both
government and scientists to improve the present
production of oilseed crops by (a) bringing more area
under oilseed crops (b) developing superior varieties
of rapeseed and (c) adopting new technologies to
improve yield.

Achievement of any crop improvement depends
upon the presence of genetic variability, heritability,
correlation, as well as genetic gain in selection
(Khan et al,, 2006). A fundamental aspect of plant
breeding is to estimate the fraction of the total
variance among plants of a population that may be
attributed to genetic differences between them. This
ratio is called heritability, which is one of the essential
components of the breeder’s equation that aims to
predict the expected response to selection. In general,
the higher the heritability of a trait, the greater the
expected genetic gain since artificial selection can
be carried out more efficiently (Mazurkievicz et al.,
2019). Correlations are important in determining
the degree to which different yield contributing
characters are associated (Wright, 1921). Plant traits
having satisfactory variability, high heritability, and
genetic advance would be an effective tool for crop
improvement (Aytac and Kinaci, 2009). Keeping in
view the importance of Brassica napus, the present
study was conducted to (a) evaluate the magnitude
of genetic variability in parental and F, populations
of Brassica napus (b) estimate heritability, genetic
advance, and correlation for morphological traits in
segregating population of Brassica napus and (c) find
out best segregants for future breeding programs of
Brassica napus.

Materials and Methods

This experiment was conducted at The University of

Agriculture, Peshawar, during (2013-14) for studying

genetic variability, heritability, genetic advance, and
traits association in a set of 31 genotypes (Table 1)
of Brassica napus. 'The breeding material comprised

three lines (CA2, CA4, and CAS5; collected from
Canada) and seven testers (DH2, DH3, DH4, DHS5,
DH6, DH7 and DHS; collected from China). From
2007-2010, this material was evaluated for its stability
at Peshawar conditions. In 2010-11, F, hybrids were
developed and evaluated during 2011-12, whereas F,
populations were raised in 2012-13 at the Department
of Plant Breeding and Genetics, The University of
Agriculture, Peshawar. Parents and F, populations
were sown on October 14, 2013. All genotypes were
planted in a randomized complete block design
(RCBD) with three replications. Standard agronomic
practices were performed uniformly for all genotypes.
Data were recorded on days to 50% flowering, plant
height, primary branches plant™, main raceme length,
pods main raceme™, pod length, seeds pod™, 1000-
seed weight, seed yield plant™.

Table 1: Lisz of genotypes used in the experiment.

Parents F, Populations
CA2 CA2 x DH2 CA4 x DH5
CA4 CA2 x DH3 CA4 x DH6
CA5 CA2 x DH4 CA4 x DH7
DH2 CA2 x DH5 CA4 x DHS
DH3 CA2 x DH6 CA5 x DH2
DH4 CA2 x DH7 CAS5 x DH3
DH5 CA2 x DHS CAS5 x DH4
DHe CA4 x DH2 CAS5 x DH5
DH7 CA4 x DH3 CAS5 x DH6
DHS CA4 x DH4 CA5 x DH7

CA5 x DHS
Statistical analysis

Analysis of variance: The data were statistically
analyzed according to the appropriate method, as
suggested for RCB design (Singh and Chaudhary,
1979). Mean separation was carried out following the

LSD (005 test.

0.05

Heritability (broad sense): Broad sense heritability
for a particular trait was computed using variances of
parental and F, populations of each cross combination

using the modified version of the formula (Mahmud
and Kramer, 1951):

h? (b.s)= VEs — \Vp1 X V2
A%

Where;

June 2020 | Volume 33 | Issue 2 | Page 254

e o .
Ools Links
GResearchers



OPEN 8ACCESS

Genetic Analysis for Yield Traits

V,,= variances of F, population for a specific trait,
V,, and V, = variances of parent-1 and parent-2. The
heritability was categorized as low, moderate, and

high, as indicated (Robinson et al., 1951).
0-30%=Low, 31-60%=Moderate, 61% and above= High

Genetic advance: The genetic advance was computed
using the following formula of Panse and Sukhatme

(1965):
|._ -~
GA = k. o2p. h?

GA= genetic advance, K = 1.76 at 10 % selection
intensity, h* = heritability infraction for a particular
cross, Vo?P= Phenotypic standard deviation.

Phenotypic correlation: Phenotypic correlations
(rp) between two traits x and y were calculated as
suggested by Johnson et al., (1955).The correlation
between yield and its components was calculated
from the following formula:

7, (x,y) = Co‘vp (x,y)/\/ V; (x). VP (y)

Where ;

Cov_ (x,y) is phenotypic covariance between (x) and
(y), Vp (x) is the phenotypic variance of characters (x),
and Vp (y) is the phenotypic variance of characters (y).

Results and Discussion

Days to 50% flowering

Early flowering in Brassica results in early maturity;
hence earliest flowering is preferred in rapeseed while
breeding for early maturity. In the present study,
days to 50% flowering showed highly significant
differences among genotypes, parents, I, populations,
and parents vs. F, populations (Table 2). Among
parental lines, days to 50 % flowering ranged from
106 (CAS5 and DH2) to 113 days (CA2) while cross
combinations showed a range of 109 (CA4 x DH?7)
to 113 days (CA2 x DHS8, CA4 x DH4, CA4 x DH5
and CAS5 x DH2) (Figure 1). Our results show the
existence of significant variation among the tested
breeding material. Earlier researchers (Muhammad
et al., 2014a; Nasim et al., 2013; Nazeer et al., 2003;
Aytac and Kinaci, 2009; Azam et al., 2013) also
found significant differences among genotypes for

50% flowering in rapeseed. Variances among parental
cultivars ranged from 1.1 (DH2, DH?7) to 4.7 (DH3).

Among F, populations, minimum variation (3.9) was
observed for CA5 x DH6, while maximum (15.5) was
observed for CA5 x DH2 (Table 3). Moderate (0.44)
to high (0.80) road sense heritability was recorded
(Table 3) High broad-sense heritability was observed
for CA5 x DH2 (0.80) followed by CA2 x DHS8
(0.78), indicating the predominant role of additive
gene action and less environmental influence. CA5 x
DHBS6 revealed low value for broad-sense heritability
(0.44). Majority of crosses have high heritability while
the rest of the crosses have moderate heritability.
The genetic advance was maximum (5.6) for CAS5 x
DH2 while minimum (1.5) for CA5 x DH6 (Table
3). Present findings are in agreement with the results
of previous researchers (Mahto and Haider, 2002;
Chaghakaboodi et al., 2012), who also reported high
heritability associated with a high genetic advance in
Brassica napus genotypes for days to flowering. Days
to 50% flowering showed positive and significant
correlation with 1000-seed weight (rp=0.40), seed
yield plant™ (rP=0.45 ) (Table 6). Significant correlation
for days to flowering with 1000-sed weight and seed
yield plant? also reported by previous researchers

(Meena et al., 2010; Ghosh and Gulati, 2001).

Plant height (cm)

Plant height is an important trait that indicates plants
strength towards lodging and another clematis. Mean
squares values revealed significant differences among
the genotypes, parents, I, and parents vs. F, (Table

2). Parental cultivars showed a range of 165.3cm

(DH7) to 195.3cm (DHS). In F, populations,

3
maximum height (193.3 cm) was observed for

CAS5 x DH3, and minimum height (165.7 c¢m) was
recorded for CA2 x DH4 (Figure 1). Among parental
genotypes, variances for plant height ranged from
42.4 to 111.4 for CA2 and DHY respectively, while
in F, populations, CA2 x DH3 showed minimum
variation (116.6) and cross combination CA4 x DH7
showed maximum variation (391.4). Moderate to
high broad-sense heritability for plant height was
observed. Moderate (0.44) heritability was recorded
for cross combinations (CA4 x DH6, CA5 x DHS),
while CA5 x DHS5 revealed high (0.72) heritability
(Table 3).

Five crosses had high heritability estimates, whereas
other crosses showed moderate estimates indicating
the predominant role of additive gene action. Genetic
advance for plant height was maximum (23.6)
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Table 2: Mean squares of parental genotypes and F 3 populations for various traits.

Source of Variance Replication Genotype Parents F, Pvs.F, Error Ccv
(df=02) (df=30) (df=09) (df=20) (df=01) (df=92) %
Days to 50% flowering 38.0 12.2** 16.6™* 4.2* 133.7* 2.4 1.40
Plant height 136.5 247.6™ 340.5** 191.2** 539.2** 46.1 3.76
Primary branches 0.5 0.9* 0.8* 1.0* 0.5 0.4 13.79
Main raceme length 51.6 103.8** 145.0** 49.1* 827.4 27.2 6.15
Pods main raceme! 90.7 72.6" 77.0* 71.9* 46.2 34.9 8.64
Pod length 0.1 2.2%* 2.9 1.9% 1.6* 0.9 7.77
Seeds pod™ 1.9 19.1* 4.6** 25.9** 14.4% 0.7 3.92
1000-seed weight 0.4 1.5% 1.2% 0.7* 21.0" 0.4 9.54
Seed yield plant™ 7.1 29.2** 27.7* 20.7** 212.1** 5.1 16.98
%, ¥ = Significant at the 1% and 5% level of probability, respectively.
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s Plant height 192.9| 191 |167.4/183.6/193.1/182.3|195.3|18L.1|165.3|190.8| 176 |166.8/165.7|168.3|175.7|183.3/172.3| 176 (175.8(177.1|183.7|189.4|180.6/177.1|191.8|193.3|191.1|182.8|182.3|180.4| 172
s Pods main raceme-1 74.7 | 67.9 | 63.1 | 65 | 72.8 | 64.3 | 64.2 | 64.6 | 63.9 | 76.6 | 64.3 [68.4 | 63.7 | 67 | 61.3| 69 |70.3|63.5(69.6| 68.6)|69.2|79.9| 753 | 67.6 663 71 | 66.6| 72.7|80.9| 70.2 | 68.6
@@= Primary branches 52|41 |46 |48 | 48| 43 | 51 |37 |38 |49 |52 (46| 41 | 38| 38|44 | 42| 46 45| 3.7 5 51| 51|53 |55 (55|49 | 41|56 |48 | 4.7
sl Pod length 57| 64|56 | 63|59 6 67|56 | 86| 77| 61|65 6 64| 64 |82 |68 (666671 |79)|62| 77|68 7 7 64| 61 (48| 82| 65
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e Seed yield plant-1 125 13 | 94 |[11.5| 99 (152 |114| 7 63 |151(16.4(158 | 11.5| 13 | 8.7 |14.2 |14.4| 134|121 |11.6| 16 | 161|157 |16.8 |17.3|18.4 | 14.2( 9.4 (13.4 | 17.7 | 156
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Figure 1: Mean performance of parental genotypes and Fjpopu/atiom of important traits in Brassica napus.

for CA5 x DHS5 while minimum (9.0) for CA2 x DH3
(Table 3). Zhang and Zhou (2006) and Mahmood et
al. (2003) also reported moderately high heritability
and high genetic advance for plant height. Correlation
analysis revealed that plant height has a significant
correlation with primary branches (r =0.38) and pods
main raceme™ (rp=0.40) (Table 6). These findings
suggested that upsurge in the height of plant affect
a number of primary branches and cause an increase
in pods main raceme™. The correlation between plant
height and seed yield was non-significant. Khan et

al. (2008b) and Kumar et al. (1984) reported a strong
association between plant height and seed yield. The
difference in the present findings could be due to the
differences in the genetic material and environmental
conditions.

Primary branches plant™

Primary branches plant™ is the yield contributing
character associated directly to the number of pods
plant™, which is the main factor that contributes to
the final yield. Statistical analysis revealed significant
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Table 3: Variances, heritability and genetic advance of
days to 50% flowering, plant height and primary branches
in Brassica napus.

Genotypes Days to

flowering
Var. h,
2.8

3.2

2.0

1.1

4.7

3.4

3.0

2.6

1.1

2.6

6.4 0.68
8.6 0.56
5.8 0.51
14.2 0.75
6.4 0.58
7.5 0.70
13.1 0.78
6.0 0.63
12.8 0.57
11.1 0.74
9.8 0.57
5.5 0.54
6.8 0.67
5.3 0.50
15.5 0.80
12.1 0.59
58 0.58
14.0 0.76
39 0.44
4.7 0.62
9.7 0.66

Plant height Primary

branches
GA Var. h, Var. h,
42.4 0.7
92.5 0.9
93.7 1.1
88.7 1.1
78.7 0.4
79.2 0.8
91.1 0.9
92.4 0.5
111.4 0.8
103.5 0.8
247.2 2.1
116.6 1.7
124.4 2.2
145.0 1.3
146.9 1.6
165.8 12.2 1.5
147.6 10.8 1.7
178.8 114 2.1
179.9 12.1 1.9
161.9 10.1 1.7
194.8 13.0 1.7
164.2 9.8 1.8
391.4 22.4 2.4
215.5 14.0 2.6
303.4 21.3 2.8
182.4 12.0 1.7
169.8 11.5 2.5
349.8 23.6 1.7
270.7 18.8 1.8
246.3 13.3 1.7
183.7 10.6 2.1

GA GA
CA2
CA4
CA5
DH2
DH3
DH4
DH5
DH&6
DH7
DH8
CA2xDH2
CA2xDH3
CA2xDH4
CA2xDHS5
CA2xDH6
CA2xDH7
CA2xDHS8
CA4xDH2
CA4xDH3
CA4xDH4
CA4xDH5
CA4xDHé6
CA4xDH7
CA4xDHS8
CA5xDH2
CA5xDH3
CA5xDHA4
CA5xDH5
CA5xDH6
CA5xDH7
CA5xDHS8

3.0
2.9
2.2
5.0
2.6
3.4
5.0
2.7
3.6
4.3
3.1
2.3
3.1
2.0
5.6
3.6
2.5
5.0
1.5
2.4
3.6

0.65
0.47
0.49
0.51
0.53
0.54
0.51
0.48
0.51
0.45
0.53
0.44
0.64
0.54
0.69
0.51
0.50
0.72
0.65
0.48
0.44

18.0
9.0
9.7
10.7
11.4

0.55
0.65
0.57
0.39
0.63
0.54
0.59
0.54
0.63
0.49
0.50
0.61
0.67
0.66
0.58
0.54
0.57
0.39
0.57
0.44
0.55

1.4
1.5
1.5
0.8
1.4
1.2
1.4
1.4
1.5
11
1.2
1.5
1.8
1.9
1.7
1.2
1.6
0.9
1.4
1.0
1.4

differences among genotypes, parents, and F,
populations, whereas parents vs. F, populations
showed non-significant differences (Table 2).
Maximum branches (5.2) were observed for CA2,
while minimum primary branches (3.7) were noted
on the DH6 parental line. In F, populations, primary
branches varied from 3.7 to 5.6. Maximum branches
(5.6) were observed for CA5 x DH6, while minimum
branches (3.7) were observed for CA4 x DH4
(Figure 1). Khan et al. (2013), Gangapur et al. (2009)
and Azadgoleh et al. (2009) also reported significant

Table 4: Variances, heritability and genetic advance of
main raceme length, pods main raceme™ and pod length
in Brassica napus.

Pods main ra-
ceme™!

GA Var. h,
66.5
67.1
55.4
65.3
77.0
82.6
61.6
79.2
73.1
733

10.4 155.5

10.4 160.5

10.9 159.5

9.4 1367

10.2 161.6

93 1723

8.1 149.1

13.1 162.5

88 150.6

8.6 1567

6.0 134.2

6.3 2206

9.4 1216

53 16238

12.0 195.5

84 111.9

14.4 210.8

10.7 298.1

15.0 252.7

88 1225

9.4 1207

Main raceme

length
Var. h

2
84.5
73.9
85.3
43.8
74.6
77.7
88.1
67.6
63.6
69.1
132.8
153.5
160.0
152.5
146.0
140.9
130.6
158.0
131.7
134.6
119.0
107.4
132.4
100.8
153.0
135.4
211.9
181.4
201.5
136.5
140.2

Genotypes Pod length

GA Var. h, GA
0.4
0.5
0.7
0.5
0.8
0.5
0.7
0.5
0.4
0.5
0.9
1.4
1.0
0.9
0.9
1.7
1.3
1.0
1.5
1.0
1.2
1.0
0.9
0.9
1.0
1.5

CA2
CA4
CA5
DH2
DH3
DH4
DH5
DHé6
DH7
DH8
CA2xDH2
CA2xDH3
CA2xDH4
CA2xDHS5
CA2xDH6
CA2xDH7
CA2xDHS
CA4xDH2
CA4xDH3
CA4xDH4
CA4xDH5
CA4xDH6
CA4xDH7
CA4xDHS
CA5xDH2
CA5xDH3
CA5xDH4
CA5xDH5
CA5xDH6
CA5xDH7
CA5xDHS8

0.51
0.48
0.49
0.43
0.48
0.45
0.40
0.59
0.43
0.42
0.31
0.34
0.46
0.30
0.55
0.41
0.56
0.45
0.60
0.43
0.45

0.56
0.56
0.53
0.53
0.55
0.57
0.52
0.58
0.50
0.52
0.52
0.56
0.42
0.55
0.66
0.41
0.61
0.80
0.69
0.46
0.46

0.51
0.55
0.47
0.42
0.49
0.76
0.62
0.44
0.53
0.47
0.47
0.45
0.49
0.37
0.40
0.49
0.74
0.46
0.44
0.64
0.44

12.4
12.5
11.8
11.0
12.2
13.2
11.2
13.0
10.9
11.4
10.6
14.5
8.1
12.3
l6.1
7.6
15.6 2.6
243 1.3
193 1.1
9.0 1.5
89 11

0.9
1.1
0.8
0.7
0.8
1.7
1.2
0.8
1.2
0.8
0.9
0.8
0.8
0.6
0.7
1.0
21
0.9
0.8
1.4
0.8

genetic variability for primary branches plant®
among rapeseed genotypes. However, Abideen et al.
(2013), reported non-significant difterences among
rapeseed genotypes for primary branches plant™;
this contradiction may be due to the difference in
environment and breeding material used. Among
parents, the variances ranged from 0.4 (DH3) to
1.1 (CA5, DH2). Among F, populations, maximum
variation (2.80) was shown by CAS5 x DH2, and
minimum variation (1.3) was recorded for CA2 x

DHS5 (Table 3). Heritability estimates for primary

June 2020 | Volume 33 | Issue 2 | Page 257

e o .
Dol Links
GResearchers



QOPEN aACCESS

Genetic Analysis for Yield Traits

branches ranged from moderate (0.39) to high (0.67).
These results suggested that selection for primary
branches plant® could be effective in the early
generation. Cross combination, CA4 x DH7 had the
highest heritability (0.67),while the lowest heritability
(0.39) was estimated for F, populations CA2 x DH5,
CAS5 x DHS5 (Table 3). Minimum genetic advance
(0.8) was observed for CA2 x DHS5, and maximum
genetic advance (1.9) was observed for CA4 x DHS8
(Table 3). Earlier researchers (M arinkovic et al., 2003;
Bozokalfa et al., 2010; Muhammad et al., 2014b) also
reported high heritability with the moderate genetic
advance in Brassica napus genotypes for primary
branches plant?. Primary branches exhibited a
highly significant relationship with seed yield plant™
(r =0.49) and pods main raceme™ (rp=0.40) (Table 6).
These results indicated that primary branches plant™
significantly affected pods main raceme® and may
have increased seed yield. The positive association
between primary branches and seed yield plant
confirms the findings of Gangapur et al. (2009).

Main raceme length (cm)

Data for main raceme length revealed significant
genetic variability among genotypes, parents, F,
populations, and parents vs. F, populations (Table
2). Among parental cultivars, the main raceme
length ranged from 73.9 to 97.2cm for DH5 and
DHS, respectively. Among F, populations, maximum
raceme length (93.3 cm) was recorded for CAS x
DHS5, while minimum length (79.9 cm) was recorded
for CA2 x DH4 (Figure 1). Our results are also in
agreement with the earlier findings of Tahir et al.
(2006). Maximum variation (88.1) was observed for
parental line DHS5, while minimum variation (43.8)
was recorded in DH2. Among cross combinations,
maximum variation (211.9) was recorded for CAS5
x DH4, whereas minimum variation (100.8) was
calculated for CA4 x DHS8 (Table 4). For the main
raceme length, broad-sense heritability estimates
varied from 0.30 to 0.60 for CA4 x DHS8 and CA5 x
DHES6, respectively (Table 4). All cross combinations
showed moderate heritability, indicating less
environmental influence. The genetic advance was
maximum (15.0) for CA5 x DH6, while minimum
value (5.3) was recorded for CA4 x DHS (Table 4).
Zhang and Zhou (2006) reported high heritability
coupled with a high genetic advance in segregating
populations of Brassica napus. The phenotypic
correlation of main raceme length was positive and
significant with pod main raceme™ (rp=0.55), 1000-

seed weight (rp=0.50), and seed yield plant™ (rp=0.41)
(Table 6). Sabaghina et al. (2010) and Sadat et al.
(2010) also reported significant correlation between
main raceme length and seed yield plant™.

Table 5: Variances, heritability and genetic advance of
seed pod”, 1000-seed weight and seed yield plant™ in
Brassica napus.

1000-seed
weight

Var. h, GA Var h,
CA2 7.4 0.5 12.8
CA4 5.2 0.9 14.1
CA5 7.4 0.6 4.6
DH2 5.7 0.3 12.7
DH3 6.9 0.7 12.7
DH4 6.7 0.7 11.1
DH5 6.4 0.4 12.0
DH6 5.6 0.7 6.5
DH7 8.6 0.6 2.3
DHS 8.8 0.7 9.9
CA2xDH2 15.7 0.56 3.9 1.0 0.59 1.1 46.6
CA2xDH3 16.1 0.56 3.9 1.7 0.56 1.3 47.4
CA2xDH4 16.8 0.59 4.2 1.8 0.67 1.6 23.3
CA2xDH5 15.0 0.54 3.7 1.7 0.60 1.4 20.6
CA2xDHé6 13.5 0.52 3.4 1.3 0.41 0.8 16.9
CA2xDH7 14.4 0.45 3.0 1.5 0.57 1.2 35.8
CA2xDHS8 15.8 0.48 3.4 1.0 0.40 0.7 22.7
CA4xDH2 12.2 0.53 3.3 1.2 0.53 1.0 26.9
CA4xDH3 13.1 053 3.4 1.7 0.50 1.1 254
CA4xDH4 129 0.52 3.3 1.7 052 1.2 249
CA4xDHS5 119 050 3.1 1.2 0.46 09 29.6
CA4xDH6 12.4 0.53 3.3 1.7 0.57 1.3 20.5
CA4xDH7 124 0.44 2.7 13 0.43 09 309
CA4xDHS8 13.8 0.49 3.2 1.4 0.37 0.8 31.1
CA5xDH2 13.5 050 3.2 1.5 0.56 1.2 17.0
CA5xDH3 12.8 0.44 2.8 1.0 0.33 0.6 142
CA5xDH4 20.9 0.54 43 1.0 0.36 0.6 20.4
CA5xDH5 289 0.76 72 1.0 0.49 0.9 133
CA5xDH6 16.1 0.55 39 1.7 0.55 1.2 250
CA5xDH7 24.7 0.63 5.5 1.0 0.47 0.8 18.2
CA5xDHS8 14.5 0.44 2.9 0.8 0.25 0.4 32.7

Genotypes Seeds pod™ Seed yield

plant™

GA Var. h, GA

0.59 71
0.61 7.4
0.48 4.1
0.39 3.1
0.44 3.2
0.77 8.1
0.49 4.1
0.43 3.9
0.45 4.0
0.49 4.3
0.53 5.1
0.49 3.9
0.67 6.5
0.56 5.5
0.47 3.4
0.40 2.7
0.58 4.6
0.38 2.4
0.65 5.7
0.78 5.9
0.76 7.7

Pods main raceme™

Number of pods main raceme™ is a major seed yield-
contributing trait. Significant genetic variability was
observed genotypes, parents, and F, populations,
while parents vs. I, revealed non-significant genetic

variability (Table 2). Among parental cultivars, CA5
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produced minimum pods (63.1), while maximum
pods (76.6) were present on the main raceme of
DHS. Among F, populations, the maximum number
of pods (80.9) were present on the main raceme of
CAS5 x DH6, while the least number of pods (61.3)
were present on the main raceme of CA2 x DH6
(Figure 1). Tahir et al. (2006) also observed significant
differences among brassica genotypes for pods main
raceme™. Maximum variation (82.6) was observed for
DH4, and minimum variation (55.4) was observed
for CA5 in parents. Among F, populations, variances
varied from 111.9 to 298.1 for CA5 x DH3 and
CAS5 x DHS, respectively (Table 4). Heritability
values ranged from moderate (0.41) to high (0.80).
CAS5 x DH3 showed moderate (0.41) heritability,
and CA5 x DHS5 revealed high (0.80) broad-sense
heritability for the number of pods main raceme™. The
majority of F, populations showed moderate broad-
sense heritability, indicating that selection should
be delayed until later generations to get efficient
results. CAS5 x DH5 showed maximum (24.3) genetic
advance whereas, CA5 x DH3 showed minimum
(7.6) value for genetic advance (Table 4). High
heritability coupled with high genetic advance for
Brassica napus genotypes was also reported by (Khan
et al., 2014; Khan et al., 2008a; Rameeh, 2011). Pods
the main raceme™ displayed a significant and positive
correlation with 1000-seed weight (rp=0.36), while
no correlation was observed with the remaining traits
(Table 6). Our results are contradictory to the findings
of Ghosh and Gulati (2001) reported a significant
association between pods main raceme™ and seed
yield plant™. The difference in results could be due to
the differences in genetic material and environmental
conditions.

Pod length (cm)

Pod length is an important yield-contributing trait
and plays a significant role in the upsurge of yield
because longer pods produce more seed, which has a
direct effect on seed yield. Data for pod length revealed
significant differences among genotypes, parents, I,
populations, and parent vs. F, (Table 2). Parental
cultivars (CAS5 and DH6) revealed a minimum (5.6
cm) pod length while DH7 showed a maximum (8.6
cm) pod length. Among F, crosses, pod length ranged
from 4.8 cm (CAS5 x DH6) to 8.2 cm (CA2 x DH?7,
CAS5 x DH7) (Figure 1). Azadgoleh et al. (2009) also
reported significant variation among Brassica napus
genotypes for pod length. Among parental cultivars,
maximum variation (0.8) regarding pod length

was found for DH3, and CA2 and DH7 showed
minimum variation (0.4). Among F, populations,
the maximum variance (2.6) was observed for CAS5 x
DH4, while minimum variance (0.9) was indicated by
cross combinations, CA2 x DH2, CA2 x DH5, CA2
x DH6, CA4 x DH7 and CA4 x DHS (Table 4).
Broad sense heritability for pod length ranged from
moderate (0.37) to high (0.76). High heritability
(0.76) was estimated for CA2 x DH7, whereas low
heritability (0.37) was estimated for CA4 x DHS.
The majority of F, cross combinations revealed a
moderate type of heritability while a few were present
in the high region. Genetic advance for pod length
ranged from 0.6 to 2.1 for CA4 x DHS8 and CA5 x
DHA4, respectively (Table 4). These results suggested
that selection for longer pods in the early generation
could be more effective. Khan et al. (2014), Bozokalfa
etal. (2010) and Mahmood et al. (2003), also stated
high broad-sense heritability with maximum
genetic advance for pod length. Pod length was

significantly and positively correlated with seed pod™
(rp=0.46) (Table 6).

Table 6: Phenotypic correlation coefficient among
important traits in F ; populations of Brassica napus.

DFPH PB MRL PMR PL SPP TSW SYP
DF 0 0.1 -0.07 0.29 0.08 -0.01 0.21 0.40* 0.45*
PH 0 038 0.33 0.40* -0.08 -0.03 -0.14 0.23
PB 0 0.29 0.40* -0.08 -0.05 -0.09 0.49**
MRL 0 0.55* 0.12 0.04 0.50** 0.41*
PMR 0 -0.03 -0.24 0.36* 0.31
PL 0 0.46* 0.35 0.17
SPP 0 0.20  0.41%
TSW 0 0.38*
SYP 0

U highly significant; *: significant. Note: DF: days to flowering,
PH: plant height, PB: primary branches, MRL: main raceme length,
PMR: pods main raceme™, PL: pod length, SPP; seeds ])Ocz” , TSW-
1000-seed weight, SYP: seed yield plant™.

Seeds pod”

Seed pod™ is an important yield-contributing trait.
Analysis of variance for seed pod™ revealed highly
significant differences among genotypes, parents, I,
populations, and parent vs. F, populations (Table
2). Among parents, it ranged from 20.0 to 23.7 for
DH?7 and DHS5, respectively. Among F, populations,
it varied from 12.6 to 25.7 seeds pod™? for CAS x
DH6 and CA5 x DHY7, respectively (Figure 1).
Variances among parents ranged from 5.2 to 8.8
tor CA4 to DHBS, respectively (Table 5). Among
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F, cross combinations, maximum variation (28.9)
was observed for CA5 x DHS5, whereas minimum
variation (11.9) was observed for CA4 x DHS5 cross
combination (Table 5). Heritability estimates for F,
populations ranged from 0.44 (CA4 x DH7, CA5 x
DH3, CA5 x DHS) to 0.76 (CA5 x DHS5) (Table
5). Maximum genetic advance (7.2) was observed
tor CA5 x DH5, whereas minimum genetic advance
(2.7) was observed for cross combination CA4 x
DHY7. These results suggested that selection based on
this trait could be more effective in early generations.
High heritability with maximum genetic advance
was reported by (Khan et al., 2014). The correlation
of seed pod! was positive and significant with seed
yield plant? (r =0.41) (Table 6). Our results are
following the ﬁndmgs of Ivanovska et al. (2007),
also described a significant association of seed

pod™ with pod length and seed yield plant™.

1000-seed weight (g)

Analysis of variance revealed significant differences
among genotypes, parents, I, populations, and parents
vs. F, populations (Table 2). For parents, maximum
1000-seed weight (7.3g) was observed for DHS,
whereas minimum seed weight (5.1g) was observed
for CA5. Among F, cross combinations, maximum
1000-seed weight (7.8g) was found for CA2 x
DH?7, while minimum (5.9g) was observed for cross
combination CA2 x DH2 (Figure 1). Variances for
parents ranged from 0.3 (DH2) to 0.9 (CA4). Among
F, populations, variation ranged from 0.8 to 1.8 for
CAS5 x DH8 and CA2 x DH4, respectively (Table 5).
High heritability (0.67) associated with high genetic
advance (1.6) was estimated for CA2 x DH4, while
low heritability (0.25) along with low genetic advance
(0.4) was estimated for CA5 x DHS8. Majority of
heritability values were estimated in the moderate
range (Table 5). Our conclusions are in agreement
with the results of Khan et al. (2013), Zhang and Zhou
(2006) and Nazeer et al. (2003) estimated moderately
high heritability and genetic advance for 1000-seed
weight. A significant relationship of 1000-seed weight
was observed with seed yield plant™ (r =0.38) (Table
6). Our results are in line with the ﬁndrngs of Bikram
(2004), who reported a positive association of 1000-
seed weight with seed yield.

Seed yield plant™

In rapeseed, seed yield is a complex trait and
economically the most important factor. Analysis
of variance showed significant differences among

genotypes, parents, I, populations, and parents vs. F,
populations (Table 2). For parents, maximum seed
yield plant® (15.2g) was observed for DH4, while
minimum (6.3g) was observed for DH7. For F, cross
combinations, minimum seed yield plant? (8.7g)
was observed for CA2 x DH6, while maximum seed
yield plant? (18.4g) was recorded for CA5 x DH3
(Figure 1). Present results are following per the
findings of Khan et al. (2013), who reported highly
significant differences for seed yield plant™ in Brassica
napus genotypes. In parents, minimum variance (2.3)
was observed for DH7, while CA4 had a maximum
variance of 14.1. Among F, populations, CA2 x
DH3 had maximum variance (47.4), whereas, CA5
x DH5 had minimum variance (13.3) value (Table
5). Heritability estimates facilitate the evaluation
of genetic and environmental effects, which aids in
selection. Estimates of heritability can also be used
to predict genetic advance under selection. Most of
the heritability values were estimated in the moderate
range. The highest heritability (0.78) was estimated for
CA5 x DH7, followed by CA2 x DH7 (0.77), whereas,
low heritability (0.38) was estimated for CA5 x DHS.
The genetic advance value was high (8.1) for CA2 x
DHY7 and low (2.4) for CA5 x DHS5 (Table 5). Zehra
and Kinaci (2009) reported maximum variability,
broad-sense heritability, and genetic advance for seed
yield in Brassica napus. The correlation of seed yield
with its components has considerable importance.
Correlation study for seed yield plant™ revealed the
existence of positive and significant correlation with
days to 50% flowering (r =0.45), primary branches
(r =0.49), main raceme length (r =0.41), seeds pod-
1 (r =0.41) and 1000-seed welght (r =0.38) (Table
6). Tuncturk and Ciftci (2007) reported a positive
correlation between seed yield with the number of
branches, pods plant?, seeds pod* and 1000-seed
weight.

Conclusions and Recommendations

Significant amount of genetic variability was observed
among brassica napus genotypes for all the traits
studied. Moderate to high broad-sense heritability
coupled with high genetic advance was recorded for
the majority of the traits for most of the I, populations,
hence indicating that selection could be effective
in the early generation for possible improvement.
Correlation analysis uncovered the presence of positive
and significant association of seed yield plant™® with
other traits, so more importance should be given to
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these characters for yield improvement. Parental lines,
DH4, DH5, DHS8 and F, cross combinations, CA5 x
DH6, CA5 x DH7, CA5 x DH3, and CA2 x DH7
performed better for most of the traits and displayed
well genetic potential, hence could be used in future
rapeseed breeding programs.
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