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1. Introduction

Canola (Brassica carinata L., BBCC, 2n = 34) is 
the second most important oilseed worldwide, 

after soybean (FAO, 2016). Global food production 
has to double by 2050 to feed the growing human 
population (Ray et al., 2013). Brassica carinata belongs 
to the family Cruciferae (Williams, 1989). The family 

Cruciferae has about 338 genera and 3709 species 
(Warwick et al., 2006). It can be cultivated in low 
rainfed areas of the world. It keeps sufficient yield 
levels and resistance to different biotic and abiotic 
stresses (Getinet et al., 2003).

The high amount of erucic acid and glucosinolates 
contents give a bitter taste in brassica oil, making 
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it unappealing for consumers to use edible oil. 
These chemical compounds result in oil a series 
of nutritional disorders and lower seed press cake 
palatability in farm livestock (Ahmad et al., 2020). 
Therefore, lowering the contents of these undesirable 
chemicals enhances the palatability of brassica oil. In 
recent decades, brassica oilseeds have been a source 
of edible oil and a source of biofuels and industrial 
feed. Such genera are regaining interest in cosmetics, 
emollients for lubricants, adhesive and biodegradable 
plastic products (McKeon et al., 2016).

Genetic variability is a measure of the tendency of 
genotypes in a population to differ from one another. 
The variability of a character describes a character’s 
tendency to vary in response to environmental and 
genetic influences. Such breeding exercises need to 
evaluate genetic variability, heritability, and genetic 
advance (Chaudhary et al., 1997). Heritability plays 
an important role in the breeding program of a crop. 
Higher heritability estimates make the selection 
procedures very simple (Khan et al., 2006) because 
their information facilitates evaluating genetic and 
environmental effects in selecting desirable traits. The 
higher the heritability of a character, the greater will 
be the expected genetic gain since artificial selection 
can be achieved more efficiently (Mazurkievicz et 
al., 2019). Estimation of heritability is also used to 
envisage genetic advance under selection. Genetic 
advance is the improvement of the genotypic mean 
values of selected plants over the base population. 
Traits with maximum heritability and genetic advance 
are thought to be under the control of additive gene 
action, highlighting the benefits of selection based 
on phenotypic performance (Aytaç and Kinaci, 
2009). The present study’s goals were to determine 
genetic variability in F2 populations compared with 
their parental lines for biochemical traits of Brassica 
carinata, estimate heritability and genetic advance for 
biochemical characters in Brassica carinata, identify 
best segregants for industrial applications.

2. Materials and Methods

A field study was conducted at The University of 
Agriculture, Peshawar, during the crop season of 2013-
14. Experimental material comprised 22 genotypes 
that included six parental lines and 16 F2 bulked 
populations (Table 1). The original crosses were made 
in 2011-12, and F1 hybrids were studied in 2012-13 
(Nausheen et al., 2015). The experimental material was 

provided by the department of Plant Breeding and 
Genetics, The University of Agriculture, Peshawar. 
The experimental material was sown in a randomized 
complete block design with three replications. Ten 
plants from each parental line and F2 population per 
replication were randomly selected to record data. 
Data were recorded on biochemical traits.

Table 1: List of parental lines and their F2 
populations of Brassica carinata L.
S. No Parental lines S. No F2 bulk populations
1 C-88 8 C-90 x C-93
2 C-89 9 C-93 x C-90
3 C-90 10 C-93 x C-95
4 C-93 11 C-93 x C-97
5 C-95 12 C-95 x C-89
6 C-97 13 C-95 x C-93
S. No F2 bulk populations 14 C-95 x C-97
1 C-88 x C-89 15 C-97 x C-88
2 C-88 x C-90 16 C-97 x C-95
3 C-88 x C-93
4 C-88 x C-95
5 C-88 x C-97
6 C-89 x C-88
7 C-89 x C-93

2.1 Statistical data analysis
2.1.1 Analysis of variance
The data was managed to scrutinize the variance 
technique proposed for randomized complete block 
design, as suggested by (Steel and Torrie, 1960). 
Significant differences among all genotypes were 
further computed through the least significant 
difference (LSD) test using 5% probability level.

2.1.2 Heritability estimates
Heritability assessments can also be used to guess 
genetic advance under selection so that the plant 
breeder can predict progress from different types. 
The broad-sense heritability was calculated by 
the following formulae suggested by (Singh and 
Chaudhary, 1977):

Where, h2
BS = Broad sense-heritability, σ2

g = genotypic 
variance and σ2

p= phenotypic variance.
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Heritability values were also categorized as low, 
moderate, and high according to (Robinson et al., 1951). 
Low= h2 ≤ 30, Moderate= 30 < h2 ≤ 60, High= h2 > 60

2.1.3 Genetic advance (GA)
Genetic advance was computed by the following 
formula suggested by (Panse and Sukhatme, 1954).

Where, k= 1.76 for 10% selection intensity, h2= 
Heritability coefficient, σp= Phenotypic standard 
deviation.

3. Results and Discussion

3.1 Oil content (%)
High oil content is the plant breeder’s substantial goal 
because it ensures the seed quality in oilseed crops. 
Statistical analysis for oil contents in Brassica seeds 
revealed significant differences among genotypes, 
parental lines, and F2 population, while parents vs. 
F2 exhibited non-significant differences (Table 2). 
Previous researchers (Ahmad et al., 2020) (Kumar, 
2013) also reported significant variations in oil 
contents. Means for Oil contents in parental lines 
ranged from 46.10% (C-88) to 50.79% (C-95). Among 
F2 populations, minimum (43.34%) oil contents 
were recorded for cross combination C-95×C-89, 
while maximum (51.48%) for cross combination 
C-95×C-93 (Figure 1). Mean performance of parental 
lines and their F2 populations revealed that plants had 
approximately the same oil contents. Genetic variance 
(1.40) was slightly less than environmental variance 
(2.30) for oil contents that resulted in moderate 
heritability (37.74%) and genetic advance of 1.28% 
at 10% selection intensity (Table 3). It concluded that 
this character’s environmental conditions moderately 
influenced gene expression and selection should be 
made carefully. Kumar (2013) also recorded moderate 
heritability among parental lines and their F1 hybrids.

3.2 Protein content (%)
Protein provides building blocks for an organism’s 
growth and development, and it is an important 
requirement for all living organisms. Protein contents 
were significantly different among genotypes, parental 
lines, F2 progenies, and the contrast between parental 
lines and their F2 progenies (Table 2). Means of 
parental lines ranged from 18.12% (C-93) to 20.48% 
(C-88). Means for F2 populations ranged from 18.99% 
(C-93 × C-97) to 21.62 % (C-88 × C-95) (Figure 1). 
Brassica genotypes’ mean performance showed that 
plants from F2 populations had comparatively more 
protein contents than their parental lines. For protein 
contents, genetic and environmental variances were 
0.74 and 0.63, respectively, which resulted in moderate 
heritability (54.03%), and a genetic advance of 1.11% 
at 10% selection intensity was observed (Table 3). It 
showed that this character’s gene expression was under 
partial environmental effects, and selection should be 
made with care. Our moderate heritability results 
are contrary to the previous findings of (Alemayehu 
and Becker, 2006), who reported high heritability in 
inbred lines of Brassica carinata for protein contents. 
Earlier researchers (Kumar, 2013; Shaukat, 2014) also 
recorded moderate heritability for protein content.

Figure 1: Mean performance of parental lines and 
F2 populations.

Table 2: Mean squares for different biochemical traits.
SOV Reps

(df = 02)
Genotypes
 (df = 21)

Parents 
(df = 05)

F2s
(df = 15)

Parents vs. F2s
(df = 01)

Error
(df =42)

C.V
(%)

Oil content 0.26 6.49** 12.12** 4.82* 3.33NS 2.30 3.08
Protein content 0.24 2.84** 2.69** 1.54** 23.13** 0.63 3.92
Oleic acid 2.11 16.61** 14.69** 16.50** 28.01** 2.55 4.78
Glucosinolate content 8.25 225.55** 349.24** 197.20** 32.31NS 51.10 6.98
Erucic acid 2.37 40.54** 41.66** 42.62** 3.62NS 5.91 4.40
Linolenic acid 0.38 2.14** 3.76** 1.49** 3.74** 0.53 5.76

*, **: significant at 1% and 5% level of probability.

Nauman et al.
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3.3 Oleic acid (%)
Oleic acid is composed of unsaturated fatty acids 
suitable for human health because it reduces blood 
cholesterol levels and enhances the oil’s shelf life. 
Significant differences among genotypes, parental 
lines, F2 populations, and interaction between 
parental lines and their F2 populations for oleic acid 
were recorded (Table 2). In advance lines of Brassica 
napus, (Ahmad et al., 2013) also reported significant 
variations for oleic acid. Among parental lines, the 
least oleic acid contents (30.06%) were found in C-95 
and more (36.15 %) in C-89. Among F2 populations, 
least oleic acid contents (28.97%) were found in C-93 
× C-95 and more (37.60%) in C-97 × C-95 (Figure 
1). The contrast of mean performance between 
parental lines and their F2 populations revealed 
that plants from F2 populations had more oleic acid 
contents than their parental lines. Genetic variance 
(4.69) was two times more than the environmental 
variance (2.55), which resulted in high heritability 
(64.79%) and genetic advance of 3.07% at 10% 
selection intensity for oleic acid (Table 3). It revealed 
that the character was genetically controlled, and 
selection in early generations can be possible. High 
heritability for oleic acid was also recorded in Brassica 
genotypes and their F2 progenies (Iqbal et al., 2014). 

Table 3: Environmental variance (V    e), genotypic 
variance (Vg), phenotypic variance (VP), broad-
sense heritability (h2

BS), and genetic advance (G.A) 
for biochemical traits.
Traits Ve Vg Vp h2

BS (%) G.A
Oil content (%) 2.30 1.40 3.70 37.74 1.28
Protein content (%) 0.63 0.74 1.36 54.03 1.11
Oleic acid (%) 2.55 4.69 7.24 64.79 3.07
Glucosinolates 
content (µMg-1)

51.10 58.15 109.25 53.23 9.79

Erucic acid (%) 5.91 11.54 17.45 66.12 4.86
Linolenic acid (%) 0.53 0.54 1.06 50.46 0.92

3.4 Glucosinolates (µMg-1)
Glucosinolates are the unfavorable component of 
oilseed crops for edible purposes, posing health 
risks in seed meals to livestock and different health 
problems in human beings. Besides harmful effects, 
glucosinolates had a useful role in plant defense 
against insect pests and fungal diseases. Considerable 
differences were recorded in genotypes for 
glucosinolates contents. Variations among parental 
lines and their F2 progenies were significant, while 
the interaction between parental lines and their F2 

progenies demonstrated non-significant differences 
among themselves (Table 2). Minimum (89.43 µMg-1) 
glucosinolates contents in parental lines were recorded 
for C-89 and maximum (119.44 µMg-1) for C-97. 
Minimum (88.27 µMg-1) glucosinolates contents in 
F2 populations were recorded for cross combination 
C-88 × C-89 and maximum (117.36 µMg-1) for C-88 
× C-95 (Figure 2). It concluded that means of parental 
lines and their F2 populations had the same amount of 
glucosinolates contents. According to Table 3, genetic 
and environmental variances for glucosinolates were 
58.15 and 51.10, respectively, which resulted in 
moderate heritability (53.23%) and genetic advance 
of 9.79 µMg-1 at 10% selection intensity. It illustrated 
that environmental conditions slightly affected gene 
expression and selection should be practiced with 
more responsibility for this character. Our findings 
are also evidenced by the previous results (Abraha 
et al., 2008), who recorded moderate heritability for 
glucosinolates contents in double haploid lines of 
Brassica carinata.

Figure 2: Mean performance of parental lines and 
F2 populations.

3.5 Erucic acid (%)
For the edible purpose, one of the most unwanted 
constituents of the oilseed crops is its high level of 
erucic acid because it increases blood cholesterol 
levels. For industrial purposes, a high level of erucic 
acid can be used as a precursor to biodiesel fuel. 
Analysis of variance revealed considerable variations 
among genotypes, parental lines, and F2 populations, 
while interaction between parental lines and their F2 
populations were non-significant (Table 2). Means 
for parental lines ranged from 50.03% (C-88) to 
59.38% (C-95). Means for F2 populations ranged 
from 45.98% (C-93 × C-95) to 58.25% (C-95 × 
C-97) (Figure 2). Comparison of means performance 
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between parental lines and their F2 populations 
showed that plants from parental lines and their F2 
populations had almost the same erucic acid contents. 
For erucic acid, genetic and environmental variances 
were 11.54 and 5.91, respectively. Thus, the genetic 
variance was double that of environmental variance, 
resulting in high heritability (66.12%) and a genetic 
advance of 4.86% at 10% selection intensity (Table 
3). It revealed that the predominant role of additive 
gene action hence, selection in early generations, 
could be possible for this character. Our results were 
in agreement with (Ahmad et al., 2020).

3.6 Linolenic acid (%)
Low linolenic acid contents are also desirable in oil like 
low glucosinolates and erucic acid contents (for edible 
purpose) because its higher level disturbs the stability 
of oil during storage and frying. Analysis of linolenic 
acid validated significant differences among genotypes, 
parental lines, F2 populations, and interaction between 
parental lines and their F2 populations (Table 2). Our 
results for significant variations correspond with 
the previous outcomes (Abideen et al., 2013), who 
confirmed considerable variations among Brassica 
napus genotypes for linolenic acid. The minimum 
(10.81%) and the maximum (13.98%) were recorded 
in parental lines C-89 and C-97 among Brassica 
genotypes for linolenic acid contents, respectively. 
Among F2 populations, the minimum (11.74%) 
linolenic acid contents were found in C-97 × C-88 
and the maximum (13.84%) in C-90 × C-93 (Figure 
2). It proposed that F2 populations contain more 
linolenic acid than their parental lines. For linolenic 
acid, genetic and environmental variances were 
0.54 and 0.53, respectively, resulting in moderate 
heritability (50.46%) and genetic advance of 0.92% 
at 10% selection intensity (Table 3). It suggested that 
environmental conditions had little effect on gene 
expression, and selection should be practiced with 
more care for this character. Our results are in line 
with (Khan et al., 2020).

Conclusions and Recommendations

All the studied characters were significantly different 
among Brassica genotypes. Maximum oil, protein, 
and oleic acid contents were recorded for genotypes 
C-97, C-88 × C-95, and C-97 × C-95, respectively. 
Higher heritability coupled with maximum genetic 
advance was estimated for erucic acid and oleic 
acid. Simultaneously, a high level of glucosinolates 

and erucic acid contents were recorded for the F2 
population C-95 × C-97 so that these segregants 
could be used a feedstock for biodiesel and other 
industrial applications.

Novelty Statement

A significant amount of genetic variability was ob-
served among the studied genotypes for different bio-
chemical traits. Hence, the present study can provide 
insights into rapeseed for the biofuel industry and 
other health-related issues.
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