Journal of Oilseed Brassica, 7 (2) : 139-147, July 2016 < *
C~RMR
Heritability and path coefficient analysis for quantitative traits of rapeseed

advanced lines

VdiollahRameeh

Agronomic and Horticulture Crops Research Department, Mazandaran Agricultural and Natural
Resources Research and Education Center, AREEO, Sari, Iran
Corresponding author: vrameeh@gmail.com
(Received: 20 May 2016; Revised: 13 June 2016; Accepted:27 June 2016)

Abstract

This study was undertaken to examine phenotypic, and genetic variability, broad-sense heritability, genetic
gain under selection, and interrelationships of some agronomic traits of rapeseed genotypes. Genotypes
showed significant variation for all studied characters. High heritability, and genetic advance estimateswere
recorded for days to flowering, and seeds per pod indicating the existence of additive gene action for the
expression of these traits. High value of heritability, and moderate value of genetic advance were observed
for daysto end of flowering, and daysto maturity suggesting the involvement of non-additive(dominance or
epistatic) gene effect for these traits. For all traits, genetic variances were lower as compared to phenotypic
ones, demonstrating the environmental influence in their expression. The direct effect of days to flowering
(0.35*), pods on main raceme (0.36*), pods per plant (0.56**), and seed yield were positive, and significant,
thereforethesetraits can be used asindirect selection criteriafor improving seed yield. The positive association
between oil content, and seed yield per plant indicate the possibility of improving these most important traits
in rapeseed simultaneously. Among the genotypes, G6, G7, G5, G14, G19, and G21 with seed yield of 3053,

3070, 3094, 3113, 3338, and 3415 kg ha, respectively were higher yiel ding than other genotypes.
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Introduction

Rapeseed (Brassica napus L.) is the second most
important oilseed crop in the international oilseed
market followed by soybean. The seeds of modern
varieties typicaly have 40% to 45% oil, which
supplies a raw material for many other products
ranging from rapeseed methyl ester (biodiesel) to
industrial lubricants, and hydraulic oilsfor detergent
and soap production and biodegradable plastics
(Friedt et al., 2007). It is a main crop in Iran for
morethan adecade, and hasmajor rolein providing
sdf-sufficiency in edible il to the country. Therefore,
it is essential to develop new varieties of rapeseed
with high seed yield. Optimizing yield isone of the
most important objectives for most rapeseed
breeders. Seed yield is a complex character
determined by several componentsreflecting positive
or negative effectsuponthistrait, whileit isimportant
to examine the role of each of the various

componentsin order to give more attention to those
having the greatest influence on seed yield
(Marjanovic-Jeromela et al., 2007). Therefore, the
estimation of heritability of desired traits needsto
be performed in order to apply an efficient breeding
strategy. Heritability represents the ratio between
genotypic, and phenotypic variance, and expresses
individual’s phenotypes determined by their
genotypes (Engqvist and Becker, 1993; Giessen et
al., 2003; Akbar et al., 2007). Heritability along with
genetic gainismore valuablethan heritability alone
in the precise prediction of the effects of selection.
The phenotypic valuesof different traitsin the same
individual are often found to be correlated (Lynch
and Walsh, 1988). A trait having the wider range of
genetic variability, relatively high heritability, and
moderate to high genetic advance would be an
effective meansto get better seed yield (Aytag and
Kinaci, 2009). When the selection is simultaneous
for varioustraits, the correl ation between them may
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restrict the response to selection. Path-coefficient
technique splits the correlation coefficients into
direct, and indirect effectsviaalternative characters
or pathways, and thus permitsacritical examination
of components that influence a given correlation,
and can be helpful informulating an efficient selection
strategy (Sabaghniaet al., 2010). Keeping in view
theimportance of rapeseed asan oil crop, thisstudy
was conducted to estimate genetic, and phenotypic
vaiahility, broad-senseheritability, and interrd ationships
between seed yield and some related traits.

Materialsand Methods

The material under study consisted of 24 rapeseed
(Brassica napus L.) genotypes including three
cultivars, and 21 advanced lines, which were sel ected
on the basis of different agronomic characters. The
genotypes were evaluated in randomized complete
block design with three replications at Biekol
Agriculture Research Station, located in Neka, Iran
(13°53 E; 43°36 N latitude, 15 m above sea level)
during 2010-11. Each plot consisted of four rows of
5 m length spaced 30 cm apart. The plant to plant
spacing wasmaintained at 5 cm. Crop management
factorslikeland preparation, crop rotation, fertilizer,
and weed control were followed asrecommended
for local area. All the plant protection measureswere
applied to makethe crop free frominsect-pests. The
pods on main raceme, and pods per plant were
recorded based on 10 randomly tagged plantsin each
plot. The pod length, and seeds per pod were
recorded based on five randomly tagged pods on
the main raceme of 10 plants in each plot. Seed
yield (adjusted to kg ha?) was recorded based on
two middle rows of each plot.

Variance componentswere estimated from themean
squares in the analysis of variance (Singh et al.,
1993). The component of variance including error
variance (V ), genotypic variance (V) and
phenotypic variance (V) were estimated according
tothefollowingformula:

V= MS,
= (MS,-MS)/r

V= VoV,

Broad sense heritability (h”,) was estimated as :
h’,=VGIVE (Falconer, 1989). The coefficient of

variation was estimated as CV=(,/V;; )/ inwhich

[ isthe mean of genotypesfor each trait. Expected

genetic advance (GA) and GA as percent of the
mean assuming sel ection of the superior 10% of the
genotypeswere estimated in accordanceto Fal coner,
(1989) as:

GA =k. V5. he,

GA(as % of the mean) = (G,/ x ) x 100

wherekisastandardized selection differential (with
10% selectionintensity itis1.755), isthe phenotypic
standard deviation, h2B isthe broad sense heritability,
and refers to the mean of the character. Genetic
correlation coefficients were calculated from the
analysisof covariance (Singh and Chaudhary, 1979).
Direct and indirect path coefficientswere calcul ated
asdescribed by previous studies (Lynch and Walsh,
1988; Williamset al., 1990) as:

r =P + Fori“i" andi"*“1
yi yi

where r . is the simple correlation coefficient
between the i-th causal variable (Xi ), and effect
variable (y), r,, isthe simple correlation coefficient
between the i-th and i’-th causal variables, Pyi is
the path coefficient (direct effect) of thei-th causal
variable (Xi ), r,, P istheindirect effect of thei-"
causal variable via the i’ causal variable. To
determine P, values, square matrics of the
correlation coefficient between independent traits
inall possible pairswereinverted and then multiplied
by the correlation coefficients between the
independent and dependent traits.All the analyses
were performed using MS-Excel, and SA S software
version 9 (SAS Ingtitute INC., 2004).

Results and Discussions

Genotypes differed significantly (p < 0.01) for all
investigated traits (Tablel), verifying the possibility
of improving these traits through selection.These
results are the same as those reported in earlier
studies (Ali et al., 2003; Sabaghniaet al., 2010). To
compare the variation among various traits,
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descriptive statistics including phenotypic (PCV),
and genetic coefficient of variability (GCV), broad
sense heritability (h%,), genetic advance, and genetic
advance (GA) as a percentage of mean are given
in Table 2. For al traits, genetic variances were
lower as compared to phenotypic ones,
demonstrating the environmental influencein their
expression.

Flowering is the most critical stage having great
influenceontheyield of oilseed Brassica. The onset
of flower initiation can have strong influence on
flower, pod, and seed related parameters (Baye and
Becker, 2005).Various studies on oil seed rape have
shown flowering period to be a highly heritable
character. Days to flowering ranged from 97 days

Days to
flowering

Days to end
of flowering

Days to
maturity

Plant height

Seed Yield

Pods on
main raceme

Pods length

Seeds per pod

U:residual

Fig. 1: Path diagram for seed yield and other eight
related characteristics

(G3 and G18) to 117 days (G13) (Table 3). Itisin
conformity with thefindings of somealready reported
research regarding the traits (Holland et al., 2002;
Ivanovskaet al., 2007; Sgjid and Farhatullah Khalil,
2008 ), which strengthened our results. High value
of broad-sense heritability (90.3), and moderate
value of genetic advance (16.88) were observed for
daystoflowering (Table 2), suggesting non-additive
(dominance or epistatic) gene effect for this trait.
High heritability also reported for daysto flowering
(Khanetal., 2008). Thisindicated that atrait having
high heritability did not essentialy produce high
genetic advance. Non-significant positive correlation
was determined between daysto flowering, and seed
yield (Table4). Decisionssolely based on correlation
coefficients may not always be effective since they
provide only limited information, disregarding
interrelations among traits. Thus, information
obtained from correlation coefficient can be
enhanced by partitioning theminto direct, andindirect
effects for a set of prior cause, and interrelation-
ship.Path diagram, and the result of path coefficient
analysis for studied traits are presented in Fig. 1
and Table 5, respectively. Days to flowering had
significant positive direct effect on seed yield. This
trait can be used as selection criterion for seed yield
in the early generations.

Days to end of flowering ranged from 157 to 176
daysin G23 and G11, respectively (Table 3). High
mean values of thistrait will follow high mean vaues
of pod formation, therefore the genotypesincluding
G1, G9, G7, G3, and G11 with 174, 174, 174, 175,
and 176 daysto end of flowering were superior for
improving this trait. Phenotypic, and genotypic
coefficient of variationsfor Daysto end of flowering
were 7.7, and 4.1 respectively, Days to end of
flowering al so displayed high broad-sense heritability
(0.63), and low genetic advance (3.98) for the
genotypes (Table 2).

Days to maturity varied from 204 to 221 days in
G18, and G22, respectively. Dueto non-significant
correlation between daysto maturity, and seed yield,
selection of high-yield potential genotypes with
negligiblelossesof seedyieldispossible. Phenotypic,
and genotypic variances of genotypes for days to
maturity were 0.4, and 0.1, respectively. Phenotypic
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and genotypic coefficient of variations for daysto
maturity were 10.4, and 5.4, respectively, Days to
maturity displayed high broad-sense heritability (0.77),
and low genetic advance (2.35) for the tested
genotypes. High heritability does not necessarily
mean high genetic gain. The utility of heritability
estimatesis, therefore, increased when they are used
to estimate genetic advance (Scheiner et al., 2000),
which indicates the degree of gain in a character
obtained under a particular selection pressure. The
expected genetic advance isafunction of selection
intensity, phenotypic variance, and heritability. Thus,
the genetic advance has an added edge over
heritability as a guiding factor to breeders in a
selection program (Semahegn Belete, 2011).

Both genetic, and environmental factorsplay avital
role in determining the plant height of a plant. The
data revealed that the plant height of different
rapeseed genotypes under study was significant
(Table 1). Plant height varied from 150.4 to 181.3
cmin G10, and G13, respectively. For plant height
Vp (318.3) was higher than the VG (122.3), and
similarly PCV (19.65) washigher comparedto GCV
(12.18), and aswell asthe mentioned traitsaccording
to Table 2 exhibited low heritability (0.20), and
moderate genetic advance (2.35). Thissuggeststhe
involvement of non-additive (dominanceor epistatic)
gene effects for this trait. High genotypic and
phenotypic variancesd so reported for plant height, and
pods per plant in B. juncea (Basalma, 2008).

Non-significant positive correlation was detected
between podson main raceme, and seed yield (Table
4). Pods on main raceme ranged from 31 to 52 in
G6, and G1, respectively. The phenotypic, and the
genotypic coefficient of variationsfor podson main
racemewere 19.0, and 12.35, respectively, thistrait
displayed moderate heritability (0.42), and high
genetic advance (14.03) for the tested genotypes.
Pods per plant varied from 69.7, and 114 in G9, and
G21, respectively. High average mean value of this
trait wasobservedin G19 (106.7), G15(106.8), G14
(108.6), G5 (109.7), and G21 (114). For this trait
phenotypic variance was 120, and genotypic
variance was 24, and the phenotypic and the
genotypic coefficient of variations were 6.69, and
2.99, respectively (Table 2). Significant positive

correlation was detected between pods per plant
and seed yield; therefore, this trait can be used as
selection criterion for improving seed yield. High
direct effect of pods per plant, and 1000 seed weight
onyield per plant were stressed. Pods per plant are
decisive for seed yield (Baye and Becker, 2005).
Pods per plant had significant positive correlation
(0.67**) with seed yield (Table 4), and it also had
significant positive direct effect (0.56**) on seed
yield (Table5). So any changefor thistrait will have
considerable effect on seed yield. Pods per plant
had aso positiveindirect effect on seed yield through
pod length, and seeds/pod. There are several reports
on correlation and path-coefficient analysisin canola
(Ali etal., 2003; Khan et al., 2008; Hashemi et al.,
2010 and other Brassica species (Semahegn Belete,
2011). In most of these studies pods/plant, and pods
onmain raceme had significant positive correlation
with seed yield.

The data revealed significant differences for pod
length among the genotypes (Table 1). This trait
ranged from 5.1t0 6.7 in G6, and G22, respectively.
High mean value of pod length was determined for
G13, G7, G23, G19, and G22 (6, 6.1, 6.5, 6.6 and
6.7cm, respectively). Significant differences were
observed for seeds per pod among 23 tested
genotypes (Table 2). For this trait phenotypic
variance was 36.5, and genotypic variance was 23,
and the phenotypic and the genotypic coefficient of
variationswere 3.6, and 2.7, respectively (Table 3).
Moreover, thetraitsexhibited high heritability (0.53),
and genetic advance (12.3).

Seed yield of the genotypes varied from 1846 to
3415kg hatin G9, and G21, respectively. Highmean
value of seed yield was determined for G6, G7, G5,
G14, G19, and G21 (3053, 3070, 3094, 3113, 3338
and 3415 kg ha?, respectively). Phenotypic, and
genotypic variances of genotypes for seed yield
were 33, and 31.9, respectively. Phenotypic, and
genotypic coefficient of variations for seed yield
were 5.4, and 5.3 respectively, the seed yield also
displayed low broad-sense heritability (0.36), and high
genetic advance (14.8) for the tested genotypes
(Table 2). High GCV, PCV were stated for seed
yield, and number of pods per plant (Enggvist and
Becker, 1993; Akbar et al., 2007). Seed yield per
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plant had significant positive genetic correlaionswith
pods per plant. The other traits exhibited positive
non significant or negative associations with seed
yield. The direct effect of pods per plant on seed
yield per plant was positive, and highly significant.

Conclusions

In conclusion, the divergence of the studied material
represents solid basisfor starting effective breeding
program for increasing seed yield. Seed yield per
plant had significant positive genetic correlaionswith
pods per plant. The other traits exhibited positive
non significant or negative associations with seed
yield. The direct effect of pods per plant on seed
yield per plant was positive, and highly significant.
According to the present study, the positive
association between oil content, and seed yield per
plant indicate the possibility of improving these most
important traitsin rapeseed simultaneously.
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