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ABSTRACT. The efficiency of a breeding
program depends mainly on the direction of
the correlation between yield and its
components and the relative importance of
each component involved in contributing to
seed yield.Twenty one rapeseed genotypes
were evaluated based on randomized
complete  block design with three
replications. Significant genotypes effects
were exhibited for phenological traits, plant
height, yield components except pod length
and seed yield, indicating significant genetic
differences among the genotypes. High
broad sense heritability were determined for
phenological traits, plant height and seed
yield demonstrating selection gain for
improving these traits will be high. Pods on
main axis and pods per plant had high value
of genetic coefficient of variation and also
were significant correlated with seed yield.
The results of factor analysis exhibited three
factors including first yield components
(plant height, pods on main axis and seed
yield), second yield components (pods per
plant, seeds per pod and 1000-seed weight)
and fixed capital factor (phenological traits).
On the basis of cluster analysis, the
genotypes were classified in three groups

and the group with high seed yield had high
mean values of plant height, days to
maturity and pods per plant.

Key words: Coefficient of variation;
Cluster analysis; Factor analysis;
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INTRODUCTION

Rapeseed is the most important
plant oil source and the second most
important oil plant in the world after
soybean (FAO, 2007). Response to
selection is resulted from significant
genetic variation and high heritability
(Singh and Chowdhury, 1985).
Breeding programs depend on the
knowledge of key traits, genetic
systems controlling their inheritance
and genetic and environmental factors
that influence their expression. To
plan an efficient developmental
program, it is necessary to have an
understanding of the breeding systems
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coupled with statistical analysis of
inheritance data (Falconer and
Mackay, 1996). Analysis of variability
among the traits and the association of
a particular character in relation to
other traits contributing to the yield of
a crop would be great objectives of
plant breeders (Mary and Gopalan,
2006). Determination of correlation
coefficients is an important statistical
procedure  to evaluate  traits
contributions to seed yield (Khan et
al., 2006; lvanovska et al., 2007;
Basalma, 2008; Hashemi et al.,
2010; Belete, 2011). Zang and Zhou
(2006) reported that pods per plant,
seeds per plant and 1000-seed weight
traits were positively correlated with
seed yield. On the other hand, length
of pod was negatively correlated with
seed yield. Jeromela et al. (2007)
studied 30 rapeseed varieties and
demonstrated that pods per plant have
the highest correlation with seed
yield. Khan et al. (2008) also reported
the positive significance correlation
between seed yield and plant height,
pods per plant, seeds per pod and pod
length. Sheikh et al. (1999) found
high heritability estimates coupled
with high genetic advanced for seed
yield per plant, pods per plant and
seed weight in rapeseed (Brassica
campestris) genotypes. They also
reported positive correlation of all the
yield components with seed yield.
Genetic variability is pre requisite for
improving any crop plant.

The multivariate analysis
particularly factor and cluster analyses
are utilized for evaluation of
germplasm when studying various
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traits and a large number of
accessions. The main applications of
factor analytic techniques are to
reduce the number of variables, and to
detect structure in the relationship
between variables, that is to classify
variable (Sharma, 1996). In plant
breeding factor analysis is mainly
applied as structure detection method
and sometimes it can be used as index
selection for improving more than one
trait. Factor analysis was used to
determine structural factors related to
growth trait and yield components and
also it was used for detecting factors
relating to environmental stress
including drought resistance in
Brassica napus (Naderi and Emam,
2010). Cluster analysis assigns
genotypes into qualitative
homogenous  groups based on
response similarities and also assists
to classify genotypes. Greater
heterotic effect is generated when
clusters are divergent (Mahasi and
Kamundia, 2007). Genetic diversity
among the Brassica genotypes was
assessed by Choudhary and Joshi
(2001) using cluster analysis. The
morphological characters viz., days to
flowering, plant height, secondary
branches per plant and 1000-seed
weight contributed maximum towards
genetic divergence (Khachatourians et
al., 2001; Leilah and Al-Khatee
2005; Ayta¢ and Kinaci, 2009).

The present investigation is
aimed to evaluate variability,
heritability, relationship among yield
associated traits for improving seed
yield in spring type of rapeseed
advanced lines and cultivars and also
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classify the genotypes via cluster
analysis.

MATERIALS AND METHODS

The experimental material for the
present investigation comprised of 21
rapeseed (Brassica napus L.) genotypes
which were selected based on diversity of
agronomic characters. The genotypes
were evaluated based on randomized
complete block design with three
replications at Baykola Agriculture
Research Station, located in Neka, Iran
(53°, 13' E longitude and 36 43 N
latitude, 15 m above sea level) during
2013-14. The plots consisted of four rows
5 m long and 30 cm apart. The distance
between plants on each row was 5 cm
resulting in approximately 400 plants per
plot, which were sufficient for statistical
analysis. Crop management factors like
land preparation, crop rotation, fertilizer,

and weed control were followed as
recommended for local area. All the plant
protection measures were adopted to
make the crop free from insects.
Phenological traits including days to
flowering, days to end of flowering, and
days to maturity were determined based
of phenological stages of the genotypes in
each plot. Plant height, pods per main
axis, pods length and pods per plant,
seeds per pod were recorded based on 10
randomly plants of each plot. Seed yield
(adjusted to kg ha™') was recorded based
on two middle rows of each plot.
Variance components were
estimated from the mean squares in the
analysis of wvariance (Singh et al.,

1993). The component of variance
including  error  variance  (VE),
genotypic variance (VG) and
phenotypic  variance  (VP)  were

estimated according to the following
formula:

VE= MSE; VG= (MSG-MSE)/r; VP= VG+VE

Broad sense heritability (h%) was
estimated according to Singh et al
(1993) as: h*= VG/VE. The coefficient
of variation was estimated as
CV=(+/¥& )fu in which i is the mean

of genotypes for each trait.

The correlation coefficients between
the traits were estimated and then factor
analysis on the base of major factors
analysis and varimax rotations was done
on the data. Principal components method
analysis was used to extract factorial load
of matrix and also to estimate the number
of factors (Sharma, 1996). Therefore, the
factors which had a root bigger than one
were selected and were used to form
factorial coefficients matrix. By means of
varimax rotation, rotation was done on the
major factorial loads matrix and the
matrix of rotated factorial loads was
obtained. The average-linkage-between-
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groups method of cluster analysis, often
aptly called UPGMA (un weighted pair-
group method using arithmetic averages)
was used, in which defines the distance
between two clusters as the average of the
distances between all pairs of cases in
which one member of the pair is from
each of the clusters.. All the analyses
were performed using MS-Excel and SAS
software version 9 (SAS INSTITUTE INC,
2004).

RESULTS AND DISCUSSION

Analysis of variance and Broad
sense heritability

Genotypes  had  significant
variance for the traits including days
to flowering, days to end of flowering,
days to maturity, plant height, pods
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per main axis, pods per plant, seeds
per pod, 1000-seed weight and seed
yield indicating significant genetic
variation for these traits (Table 1).
Similar results were reported by Aytag
and Kinaci (2009) and Sabaghnia et
al. (2010). Broad sense heritability
estimates varied from 0.18 to 0.98 for
pods length and days to end of
flowering, respectively. High broad
sense  heritability  estimates  for
phenological traits indicating that
selection gain for improving these
traits will be high. Aytac et al. (2008)
reported high broad sense heritability

estimates for yield components.
Genetic  coefficient of variation,
which is indicating the genetic

diversity of the genotypes, varied
from 1.93 to 18.95 for days to
maturity and seed yield, respectively
(Table 2). The high value of genetic
variations of the genotypes were
detected for pods per main axis, pods
per plant.

Means values of the genotypes and
correlation analysis

Mean values of days to
flowering ranged from 102 to 126
days in G11 and G21, respectively
(Table 2). Significant positive
correlation was detected between days
to flowering and days to maturity
(Table 3), therefore selection for low
means value of this trait is early and
direct selection for early maturity
genotypes. The genotypes including
Gl1, G3, G8, G16, G4, G14 and G10
with low means value of days to
flowering:102, 104, 104, 104, 105,
105 and 106, respectively were
preferable. Days to end of flowering
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was varied from 165 to 184 days in
G6 and G21, respectively. For
reducing some of pests damages and
also having enough opportunity for
second crop cultivation after rapeseed,
early maturity is ideotype trait for
breeding Brassica napus L. and other
related  brassica  specious. The
genotypes G3, G4, G8, G11, G13 and
G17 with low means value of days to
maturity were detected as suitable
genotypes for improving this trait.
Due to low mean value of genetic
coefficient of variation for days to
maturity, selection gain for improving
this trait will be low. Plant height
ranged from 107 to 158 cm in G4 and
G21, respectively. For ideotype
breeding of rapeseed low mean value
of plant height is favored, therefore
G4, Gl1, G16, G6 and G2 with 107,
117, 123, 125 and 126 cm of plant
height were merit genotypes. Pods per
main axis was significant correlated
with seed yield, therefore the
genotypes G7, G14, G9, G16 and G21
with 49, 49, 48, 44 and 43 pods on
main axis were suitable genotypes for
improving this trait. The mean values
of pods per plant as the main
important yield component were high
in the genotypes G6, G7, G9, G10 and
G14. The genotypes including Go6,
G7, G12, G19, G20 and G21had high
means value of pods length and seeds
per pod. High 1000-seed weight was
belonged to the genotypes including
G5, G10, G12, G13, G15, G16 and
G21. Zhang and Zhou (2006) reported
that pods per plant, seeds per plant
and 1000-seed weight traits were
positively correlated with seed yield.
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Jeromela et al. (2007) studied 30
rapeseed varieties and demonstrated
that pods per plant have the highest
correlation with seed yield. Khan et
al. (2006) also reported the positive
significance correlation between seed
yield and plant height, pods per plant,
seeds per pod and pod length. The
genotypes G5, G13, G17 and G6 with
high means value of seed yield (3064,
2923, 2857 and 2829 kg ha’,
respectively) had high mean value of
yield components.

Factor and cluster analyses

The results of factor analysis
based on minimum eigenvalue
revealed three factors for 10 studied
traits (Table 4). The eigenvalues for
factor one to three were 4.03, 1.91 and
1.48, respectively. The cumulative
variation for these factors was 0.74
and also it’s portions for factor one to
four were 0.40, 0.19 and 0.15,
respectively. Factor one, two and
three were detected: first yield
components (plant height, pods on
main axis and seed yield), second

yield components (pods per plant,
seeds per pod and 1000-seed weight)
and fixed capital factor (phenological
traits), respectively. In earlier studies
(Naderi and Emam, 2010; Rameeh,
2010) factor analysis were used to
determine structural factors related to
growth trait and yield components and
also it was used for detecting factors
relating to environmental stress
including drought resistance in
Brassica napus L.

The results of cluster analysis for
10 studied traits in 21 genotypes are
presented in Fig. 1 and Table 5. All
the genotypes were classified in three
groups with different mean values of
the traits. The high seed yield
genotypes with high mean value of
pods on main axis and pods per plant
were classified in groupl(C1). Group
1 (C1) and group 2(C2) had 1545.56
and 2160.55 kg ha'of seed yield,
respectively. Genetic diversity among
the Brassica genotypes was assessed
by Choudhary and Joshi (2001) using
cluster analysis.

RIS LG A 8N ATEEAY

G1 G4 G3 G19 G127 616 613 G5 GI7 G11

Gb GE G GI0GI1 GO G14 GIE G1S GO G7

Genorypes

Figure 1 - Clustering dendrogram of 21 rapeseed genotypes (the genotypes code as
in Table 2) based on 10 studied traits
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CONCLUSION

In general, the phenological
traits and seed yield were more
heritable than the other traits. Due to
significant positive correlation of
yield components with seed yield
these traits can be used as indirect
selection for improving seed yield.
Days to maturity had low value of
genetic coefficient of variation and
therefore for improving this trait, the
correlated trait including days to
flowering can be wused. Cluster
analysis can be wused as suitable
method for classifying the high yield
genotypes with high component
characters.
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