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ABSTRACT 

The present research was undertaken to estimate variation and heritability of some morphological and 
biochemical traits of introduced Ethiopian mustard genotypes. The experiment was carried out in randomized 
complete block design with three replications at the University of Agriculture Peshawar during 2011-2012. 
Analysis of variance showed highly significant differences among Brassica Carinata lines for studied 
parameters. Phenotypic coefficient of variation and genotypic coefficient of variation ranged from 4.92-48.24% 
and 3.2-38.1%, respectively. The highest heritability values were recorded for pod length (0.83) followed by 
pods on main raceme (0.82). Genetic advance (as percent of mean) was the highest for seed yield plant-1 and 
pods on main raceme. Highly significant positive phenotypic correlation for seed yield plant-1 was observed 
with plant height and primary branches plant-1 whereas significant positive phenotypic correlation was 
observed with seed pod-1, while oil content was significantly positive correlated only with erucic acid. 
Carinata-29, Carinata-38, Carinata-45, Carinata-7, Carinata-47 and Carinata-83 were superior for seed yield 
and yield contributing traits, whereas Carinata-70 was the best for oil quality traits. On overall basis, carinata-
70 and carinata-83 were the best lines hence could be used in breeding programs. 
 
Keywords: Ethiopian mustard, Brassica Carinata, Genetic Advance, heritability, Correlation coefficients 
  
Citation: Ali Y., Farhatullah., H. Rahman., A. Nasim., S. M. Azam and A. Khan. 2013. Heritability and 
correlation analysis for morphological and biochemical traits in brassica carinata. Sarhad J. Agric. 29(3): 359-
369 

INTRODUCTION 

Mustard belongs to the family Cruciferae (Williams, 1989; Hatam and Abbasi, 1994). It has about 338 genera 
and 3709 species (Warwick et al., 2006).  About 159 species are included in the genus Brassica (Zhou, 2001; 
Zhou et al., 2006). The amphidiploid Brassica carinata (n=17) is originated from cross between Brassica 
nigra (n=8) and Brassica oleracea (n=9) (Morinaga, 1934).   

Among oilseed crops, rapeseed and mustard rank 3rd after soybean and oil palm in production of vegetable oils. 
In the production of oil seed proteins it ranks 5th (Kauser et al., 2006). Industrial uses comprise exchange of 
biomass to bio-energy (Ofori and Becker, 2008). In addition it is also used for food, feed and metilester which 
is used in biodiesel manufacture (sabaghnia et al., 2010). 

In Pakistan, Brassica rank second after cotton seed as source of vegetable oil (Khan et al., 2008). In 2011-2012, 
rapeseed and mustard were planted over 216.5 thousand hectares which produced about 191.9 thousand tons, 
with an average yield of 886 kg hec-1. Out of this, 34% of the total edible oil was produced locally, while the 
remaining 66% were imported with a cost of $2.611 billion (ESOP, 2011-2012). The cause of the lower edible 
oil is the non availability of high yielding lines (Nassimi et al., 2006). In province of Khyber Pakhtunkhwa, 
rapeseed and mustard was grown on over 17.1 thousand hectares, which produced about 7.9 thousand tons with 
an average yield of 450 kg hec-1 during the season of 2011-2012 (Pakistan bureau of statistics, 2011-2012). 

Ethiopian mustard (Brassica carinata) is native to Ethiopian highlands and its cultivation is thought to have 
been started since 4000 years B.C. (Alemayehu and Becker, 2002; Schippers, 2002). Brassica carinata is a 
conventional African vegetable, previously collected from the wild for human consumption (Schippers, 2002). 
In the Ethiopian highlands it is cultivated as an oil and leafy vegetable crop (Mnzava, 1986; Schippers, 2002). 
Ethiopian mustard (Brassica carinata) is cultivated as an option to the traditional mustard especially for low 
rainfall areas of the world. In its area of adoption, it possesses acceptable yield levels as well as resistance to 
diverse biotic and abiotic stresses (Getinet et al., 1996).  Instead of these positive aspects, the oil of Brassica 
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carinata seed is not suitable for edible purpose due to numerous constraint like low oil quality i.e. high content 
of erucic acid (Velasco et al., 1998) and glucocinolate (Getinet et al., 1997). Overcoming these limitations, the 
natural variability for these particular traits has controlled by the breeding programs (Song et al., 1988). 
Therefore, one of the objective of a breeding objective in Brassica oil crops is the development of varieties for 
high content in erucic acid for industrial applications and low content for edible purpose. Other significant 
purpose is to increase oleic acid, linoleic acid and the decrease of linolenic acid (Robbelen, 1991). 

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). Heritability is a key of transmissibility of 
traits and as such partition the total variance into genetic and environmental components (Falconer and Mackay, 
1996; Marwede et al., 2004). Correlations are important in determining the degree to which various 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). 
Additive genes are considered to control traits with high heritability and genetic advance and the phenotypic 
selection thus would be effective (Ghosh and Gulati, 2001; Khulbe et al., 2000; Akbar et al., 2003; Aytaç 
and Kinaci, 2009). Developing high yielding varieties need critical evaluation of existing genetic variability, 
heritability and genetic advance (Choudhary et al., 1999; Kakroo et al., 2000; Khan et al., 1992; Mahmood 
et al., 2003; Pant and Singh, 2001; Akbar et al., 2003). 

Keeping in view the importance of edible oil and its shortage in the country, an experiment was conducted 
to screen lines derived from Brassica carinata L. This study was undertaken to estimate genetic variability, 
heritability, genetic advance and phenotypic correlation among morphological and biochemical parameters 
of introduced Ethiopian mustard genotypes. 

MATERIALS AND METHODS 

This experiment was conducted at University of Agriculture Peshawar, during the season of 2011-2012. A 
set of 30 Brassica carinata lines were used in the study. These genotypes were acquired from the University 
of California Davis, USA. These genotypes were grown in New Developmental Farm to determine genetic 
variability, heritability, genetic advance and correlation among morphological and biochemical traits. These 
genotypes were planted in Randomized complete block (RCB) design with three replications. Row to row 
distance was 0.5 m and row length was 5 m with block 1.5 m apart. Plant to plant distance of 0.3 m was 
maintained by thinning. 

Plant height (cm), primary branches plant-1, main raceme length (cm), number of pods on main raceme, pod 
length (cm), seeds pod-1, 100 seed weight (g), seed yield plant-1 (g) and oil content (%) were recorded on 
five randomly selected plants from each plot of each replication and were statistically analyzed for 
variability and heritability of different traits. Recommended cultural practices like weeding, hoeing were 
performed during the growing season when required. The data were averaged on 30 carinata lines 
belonging to each treatment were subjected to the statistical analysis. 

Statistical analysis 

Analysis of variance  

The data was subjected for analysis of variance using M-STAT C software.  

Genotypic and phenotypic coefficients of variation 

Genotypic and phenotypic coefficients of variation were computed according to Burton and Devane (1953). 

                        Genotypic coefficient of variation (GCV) =   100 

                        Phenotypic coefficient of variation (PCV) =   100 

 



Sarhad J. Agric. Vol.29, No.3, 2013 
 

 

361

361 

Where, Vg is genotypic variance, Vp is phenotypic variance and 
__

X is General mean of character 

Heritability estimates 

The heritability estimates give information on transmission of parameter (s) from parents to offspring. Such 
estimates bring about the evaluation of genetic and environmental effects, aiding in selection. Evaluation of 
heritability can also be used to predict genetic advance under selection, so that the plant breeder can be 
hopeful of progress from various types and intensities of selection. The mean squares from ANOVA were 
evaluated following Panse and Sukhatme (1962) for variance components to compute broad sense 
heritability using the relation: 
                                                              
                                                                        
     h2 =  

 
Where, h2 is heritability, Vg is genotypic variance and Vp is phenotypic variance 
 
All statistical and quantitative genetic analyses were performed on plot means. Hence, the individual plant 
to plant variations were not recorded. Henceforth, one should consider the genetic variances as genotypic 
variances and the heritability estimates as broad-sense heritability estimates. Finally, error variances are 
undervalued and all heritability estimates inflated. 

Genetic Advance 

Expected genetic advance under selection (GA) was computed according to the formula given by Johnson 
et al. (1955). 

GA =     (h2) 

Where,  is selection intensity;  is phenotypic standard deviation and h2 is heritability of the trait 
expressed in fraction. 

Genetic Advance as Percentage of Mean 

Genetic advance as per cent of mean (GAM) expressed in percentage was computed by the formula given 
by Mehdi and Khan (1994). 

                                    GAM =   100  

Where,
__

X  is general mean of the character. 

Association Analysis 

Correlation Coefficients 

The correlation coefficients were calculated to determine the degree of relationship of parameters with 
yield.  Phenotypic correlations coefficients were estimated according to the formula given by Al-Jibouri et 
al. (1958). 

Phenotypic correlation = rxy (P) =                                                

Where, Covxy (p) is phenotypic covariance between (x) and (y), Vx (p) is phenotypic variance of 
characters (x) and Vy (p) is phenotypic variance of characters (y) 
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RESULTS AND DISCUSSION 

Genetic Variability 

Plant Height 

The plant height exhibit the growth performance of a crop. Environmental factors also play a fundamental role 
in determining the height of the plant. The analysis of variance for plant height showed highly significant 
differences among carinata lines (Table 1). Mean values for plant height ranged from 175 (Carinata-29) to 251 
cm (Carinata-47) with an averaged plant height of 211 cm (Table 2). Environmental variance (Ve) and genetic 
variance (Vg) for plant height was 96.15 and 325.68. Thus genetic variance was greater than environmental 
variance, resulting in higher extent of heritability (0.77) with genetic advance (15.43) as % of mean at 5% 
selection intensity. Genotypic and phenotypic coefficients of variation for plant height was 8.54 and 9.72  days, 
respectively (Table 3). Our results are supported by the finding of Yadava et al. (2011) who studied variability, 
heritability and genetic advance. They observed highly significant differences for plant height, days to maturity 
and most of the yield related traits. Our results are further supported by the finding of Poonam and Singh (2004) 
who observed that the varietal differences were highly significant for plant height and other morphological 
traits. Our results are further supported by the finding of Belete et al. (2012) who observed influence of 
environment on the expression of genes controlling plant height. Yadava, (1973) found high heritability for 
plant height among 29 varieties. Katiyar et al. (1974) reported high heritability and genetic advance for 
plant height. 

 

Table 1.  Replication mean square (RMS), genotype mean square (GMS), error mean square (EMS) and coefficient of 
variation (CV) among the studied traits. 

Traits RMS GMS EMS CV (%) 

Plant height (cm)  754.02 1073.199** 96.148 4.65 
Primary branches plant-1 30.25 30.173** 4.368 6.62 
Main raceme length (cm) 6.56 175.222** 14.745 9.05 
Pods on main raceme 2.25 71.011** 4.861 9.87 
Pod length (cm) 0.26 0.310** 0.017 2.98 
Seeds pod-1 1.18 3.329** 0.504 4.75 
100 seed wt.(g) 0.04 0.012** 0.002 12.48 
Seed yield plant-1 (g) 970.83 831.543** 138.94 29.57 

Oil content (%) 0.008 8.249** 2.658 3.78 

Primary Branches plant-1 

The number of primary branches plant-1 is the mutual effect of the genotype and the environmental conditions, 
which play significant role toward the final seed yield of the crops. Highly significant differences for primary 
branches plant-1 were observed among carinata lines (Table 1). Mean values of the data presented in Table 2 
showed a range of 26.2 (Carinata-23) to 36.9 (Carinata-83) for primary branches plant-1 with an average of 31.6 
branches (Table2). Environmental variance was 4.37 and genetic variance was 8.60 for primary branches plant-

1. Genotypic and phenotypic coefficients of variation for primary branches plant-1 was 9.28 and 11.40 branches. 
The resultant heritability and genetic advance as percent of mean at 5% selection intensity was 0.66 and 15.50 
branches plant-1, respectively (Table 3). Our results are in agreement with Khan et al. (2008) who studied 
genetic variability and heritability. They observed highly significantly differences for primary branches plant-1 
among genotypes. Our results are strengthening by the findings of Afrin et al. (2011) who observed that the 
environmental influence is more on the expression of the genes controlling primary branches plant-1. Our results 
are in agreement with Ghosh and Gulati (2001) also observed high heritability for primary branches plant-1. 

Table 2.  Mean and range values for various traits studied. 
Traits  Mean Range LSD Best genotype 
Plant height (cm) 211.1 175.8-251 16.02 Carinata-29 
Primary branches plant-1 31.6 26.2-37 3.42 Carinata-83 
Main raceme length (cm) 42.2 27.3-65.7 6.27 Carinata-45 
Pods on main raceme 22.3 14.7-35.7 3.60 Carinata-45 
Pod length (cm) 4.41 3.8-4.9 0.21 Carinata-7 
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Seeds pod-1 14.9 11.6-16.2 1.16 Carinata-47 
100 seed wt.(g) 0.35 0.25-0.5 0.07 Carinata-38 
Seed yield plant-1 (g) 39.86 19.4-85.9 19.26 Carinata-83 
Oil content (%) 43.1 39-45.5 2.66 Carinata-70 

Main Raceme Length (cm) 

Analysis of variance for main raceme length showed highly significant differences (P£0.01) among carinata 
genotypes (Table 1). The data ranged from 27.3 (Carinata-7) to 65.7 cm (Carinata-45). Averaged over 30 lines 
mean main raceme length was 42.4 cm (Table 2). Genetic and environmental variances were 53.49 and 14.74, 
respectively (Table 3). The phenotypic coefficient of variation (19.45) and genotypic coefficient of variation 
(17.22) were close to each other which signify less environmental manipulation on this trait. Heritability and 
genetic advance as percent of mean at 5% selection intensity for main raceme length was 0.78 and 31.26 cm, 
respectively (Table 3). Our results are in agreement with Choudhary et al. (2002) who reported significant 
differences among genotypes for main raceme length. Our results are in agreement with Yadava et al. (2011) 
who observed that phenotypic coefficient of variation (10.0%) was higher than their corresponding genotypic 
coefficient of variance (9.07%), indicating environmental influence on this trait. Our results are in agreement 
with Ghosh and Gulati (2001) who also observed high heritability for main raceme length. 

Pods on Main Raceme 

Number of pods on main raceme is a major yield influential component of Brassica species and contributes 
significantly toward seed yield. Statistical analysis for pods on main raceme showed highly significant 
differences among carinata genotypes (Table 1). Data ranged from 14.7 (Carinata-1) to 35.7 pods on main 
raceme (Carinata-45). Mean pods on main raceme were 22.3 (Table 2). Genetic variance was 22.07 and 
environmental variance was 4.86 (Table 3). Genotypic and phenotypic coefficient of variance for pods on main 
raceme was 21.03 and 23.23. The resultant heritability and genetic advance as percent of mean at 5% selection 
intensity for pods on main raceme was 0.82 and 39.24 respectively (Table 3). Our results are in agreement with 
Ahmad et al. (2008) who reported that mean squares for pods plant-1 were significant at 1% level of probability. 
Our results are supported by the finding of Yadava et al. (2011) who observed less environmental influence on 
the expression of genes controlling pods on main raceme. Ghosh and Gulati (2001) also observed high 
heritability for pods on main raceme. 

Table 3. Error variance (Ve), genotypic variance (Vg), phenotypic variance (Vp), genotypic 
coefficient of variation (GCV), phenotypic coefficient of variation (PCV), heritability (h2), 
genetic advance as percentage of mean (G.A%) for morpho-physiological traits and bio-
chemical traits. 

Traits Ve Vg Vp GCV PCV h2 G.A(%) 
Plant height (cm) 96.15 325.68 421.83 8.54 9.72 0.77 15.43 
Primary branches plant-1 4.37 8.60 12.97 9.28 11.40 0.66 15.50 
Main raceme length (cm) 14.74 53.49 68.23 17.22 19.45 0.78 31.26 
Pods on main raceme 4.86 22.07 26.93 21.03 23.23 0.82 39.24 
Pod length (cm) 0.02 0.10 0.12 7.16 7.84 0.83 13.42 
Seeds pod-1 0.50 0.94 1.44 6.40 8.03 0.65 10.76 
100 seed weight (g) 0.002 0.003 0.005 15.30 19.81 0.60 24.48 
Seed yield plant-1 (g) 138.94 230.87 369.81 38.10 48.24 0.62 61.61 
Oil content (%) 2.66 1.86 4.52 3.16 4.92 0.41 4.16 

Pod Length (cm) 

Pod length play essential role in seed setting and seed yield. The analysis of variance for pod length showed 
highly significant differences among 30 genotypes of B. carinata lines (Table 1). Pod length ranged from 3.77 
(Carinata-28) to 4.87 cm (Carinata-7) with a mean pod length of 4.41 cm (Table 2). Environmental variation for 
pod length was 0.02, while genetic variation was 0.10. Genetic variance was greater than environmental 
variance representing that the character was controlled genetically. Genotypic and phenotypic coefficients of 
variation for pod length were 7.16 and 7.84 cm, respectively. Heritability and genetic advance as percent of 
mean at 5% selection intensity for pod length was 0.83 and 13.42 cm (Table 3). Our results are in agreement 
with Ahmad et al. (2008) who observed highly significant differences for pod length. Our results are supported 
by the findings of Afrin et al. (2011) who observed less environmental effects on pod length as phenotypic 
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coefficient of variation (8.4%) and genotypic coefficient of variation (6.4%) were close to each other. 

Seeds pod-1 

Number of seed pod-1 contributes considerably toward the final seed yield. Highly significant differences 
(P£0.01) for seeds pod-1 were observed among 30 carinata lines (Table 1). Data presented in Table 2 related to 
number of seed pod-1 was in range of 11.6 (Carinata-60) to 16.2 (Carinata-47) seeds. Mean number of seeds 
pod-1 was 14.9 (Table 2). Environmental and genetic variances were 0.50 and 0.94 with the resultant heritability 
and genetic advance as percent of mean at 5% selection intensity for seeds pod-1 was 0.65 and 10.76, 
respectively. Genotypic and phenotypic coefficients of variation for seeds pod-1 was 6.40 and 8.03, respectively 
(Table 3).  Our results are supported by Yadava et al. (2011) who studied genetic variability and parameters 
association studies in Indian mustard. They observed genetic variation for seed pod-1 among mustard cultivars. 
Our results are further strengthened by finding of Afrin et al. (2011) who reported that phenotypic variance 
(31.04%) and phenotypic coefficient of variation (23.8%) were higher than their consequent genotypic variance 
(13.6%) and genotypic coefficient variance (15.85%). Afrin et al. (2011) also observed high heritability with 
significant genetic advance as percent of mean for seed pod-1. 

100 Seed Weight (g) 

Weight of seed expresses degree of seed improvement and is an imperative yield determinant. Seed weight 
plays an influential role in determining the yield potential of a genotype. The analysis of variance for 100 seed 
weight showed highly significant differences among carinata lines (Table 1). Data for 100 seed weight ranged 
from 0.25 g (Carinata-28) to 0.50 g (Carinata-38). Mean value for 100 seed weight was 0.35 g (Table 2). 
Environmental variance and genetic variance were 0.002 and 0.003 with the resultant heritability and genetic 
advance as percent of mean at 5% selection intensity for seeds pod-1 was 0.60 and 24.48, respectively. 
Genotypic and phenotypic coefficients of variation for seeds pod-1 was 15.30 and 19.8, respectively (Table 3). 
Our results are in agreement with Dar et al. (2010) who observed highly significant differences among 
genotypes for 100 seed weight.  Mahla et al. (2003) observed high heritability with high genetic advance for 
1000 seed weight. 

Seed Yield plant-1 (g) 

Seed yield plant-1 is collective consequence of various components like number of pods plant-1, seeds pod-1 and 
100 seed weight. Highly significant differences for seed yield plant-1 were observed among carinata lines 
(Table 1). Data presented in Table 2 ranged from 19.36 (Carinata-80) to 85.87 g (Carinata-83). Average seed 
yield plant-1 of 30 B. carinata lines was 39.86 g (Table 2). Environmental variance was138.94 and genetic 
variance was 230.9. Genotypic and phenotypic coefficients of variation for seed yield plant-1 were 38.10 and 
48.24 g, respectively.  Heritability for seed yield plant-1 was 0.62 and genetic advance as percent of mean at 5% 
selection intensity was 61.61 (Table 3). Ali et al. (1985) observed significant variation among mustard strains 
for seed yield-1. Afrin et al. (2011) reported high heritability with high genetic advance and recommended that 
phenotypic selection for seed yield plant-1 would be valuable. 

Oil Content (%) 

An oil seed crop rich in oil content of high value is the considerable goal of many research projects. The quality 
of seed is determined from its oil content. Statistical analysis for oil content showed highly significant 
differences among carinata lines (Table 1). Oil content ranged from 39.0 (Carinata-80) to 45.5 % (Carinata-
70). Mean oil contents were 43.1% (Table 2). Environmental variance was 2.66 and genetic variance was 1.86. 
Genotypic and phenotypic coefficients of variation for seed yield plant-1 were 3.16 and 4.92 g, respectively. 
Heritability for oil content was 0.41 and genetic advance as percent of mean at 5% selection intensity was 4.16 
(Table 3). Highly significant genetic variation among oil quality traits were also recorded by Khan et al. (2008). 
Our results are also in agreement with the finding of Belete et al. (2012) who observed low genetic advance 
with low percent of mean for oil content. 

Correlation Coefficients 

Coefficients of correlation among various yield contributing traits are presented in Table 4. 

Plant Height 

Highly significant positive phenotypic correlation for plant height was found with primary branches plant-1 
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(0.44), main raceme length (0.40), pods on main raceme (0.34), pod length (0.33), seed pod-1 (0.28), 100 seed 
weight (0.33), seed yield plant-1 (0.3). Positive non-significant relationship for plant height was estimated with 
oil content (0.03). This indicated that if plant height increased then primary branches plant-1, main raceme 
length, pods on main raceme, pod length, seed pod-1, 100 seed weight, and seed yield plant-1 were also 
increased. Significant positive correlation between plant height and seed yield plant-1 was reported by Khan 
and Khan (2003). Chaudhury et al. (1990) found positive correlation of plant height with number of seeds 
pod-1. Similar results were reported by Srivastava et al. (1983). 

Primary Branches plant-1 

Primary branches plant-1 showed highly significant positive phenotypic relationship with plant height (0.44), 
pod length (0.33) and seed yield plant-1 (0.55). Significant positive phenotypic correlation for primary branches 
plant-1 was recorded with seeds pod-1 (0.27). Positive but non-significant phenotypic correlation for primary 
branches plant-1 was found with main raceme length (0.1), 100 seed weight (0.17). Negatively non-significant 
phenotypic correlation for primary branches plant-1 was observed with pods on main raceme (-0.08). These 
results are suggesting that if number of primary branches increases then yield plant-1 also increases. Malik 
et al. (2000) reported similar results for number of primary branches and seed yield at phenotypic level. 

Table 4.       Phenotypic correlation (rp) for morpho-physiological traits and bio-chemical traits. 
Traits PH PBP MRL PMR PL SP SW SYP OC 
PH - 0.44** 0.40** 0.34** 0.33** 0.28** 0.33** 0.29** 0.03 

PBP  - -0.09 -0.08 0.33** 0.27* 0.17 0.55** -0.04 

MRL   - 0.79** 0.07 -0.05 0.12 -0.25* 0.02 

PMR    - -0.20 -0.03 0.16 -0.16 0.02 

PL     - 0.17 0.27** 0.09 -0.27* 

SP      - 0.07 0.23* 0.15 

SW       - -0.01 -0.13 

SYP        - 0.13 

PH =    Plant height (cm)    PBP    =   Primary branches plant-1  MRL =    Main raceme 
length (cm) 
PMR =    Pods on main raceme         PL    =   Pod length (cm)  SP =    Seeds pod-1     
SW =    100 seed weight (g)    SYP    =   Seed yield plant-1 (g)                 OC =    Oil content (%)         

 

Main Raceme Length (cm) 

Highly significant positive phenotypic correlations for main raceme length was found correlated with plant 
height (0.40), pods on main raceme (0.79). Positive but non-significant phenotypic correlation for main raceme 
length was found with primary branches plant-1 (0.1), pod length (0.07), 100 seed weight (0.12), and oil content 
(0.02). Significant but negative correlation was observed with seed yield plant-1 (-0.25). Negative but non-
significant phenotypic correlation for main raceme length was observed with seed pod-1 (-0.05). This indicated 
that if main raceme length increases then yield plant-1 decreases. Choudhary et al. (2003) reported opposite 
result for main raceme length and seed yield plant-1 in interspecific hybrids. 

Pods on Main Raceme 

Pods on main raceme showed highly significant positive phenotypic correlation with plant height (0.34) and 
main raceme length (0.79). Positively but non-significant phenotypic correlation of pods on main raceme was 
found with 100 seed weight (0.15) and oil content (0.02). Phenotypic relationship of pods on main raceme with 
primary branches plant-1 (-0.08), pod length (-0.2), seeds pod-1 (-0.03), seed yield plant-1 (-0.16) was negative 
and non-significant. Our results are inconsistent with the findings of Rameeh (2011) who observed positive 
significant association of pods on main raceme with pod length whereas, positive but non significant correlation 
with seed pod-1 and seed yield. Yadava et al. (2011) also observed positive non significant phenotypic 
correlation for pods on main raceme with 1000 seed weight and negative non-significant correlation with seed 
pod. 

Pod Length (cm) 

Significantly positively phenotypic correlation of pod length with plant height (0.33) and primary branches 
plant-1 (0.33), 100 seed weight (0.27) was found. Positive and  non-significant phenotypic correlation for pod 
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length was found with main raceme length (0 .07), seeds pod-1 (0.17) and seed yield plant-1 (0.09). Significantly 
negative correlation was recorded with oil contents (-0.27). Phenotypic correlation for pod length was observed 
with pods on main raceme (-0.2).  Our results are compatible with the findings of Khan et al. (2008), who 
reported high significantly positive correlation of pod length with 1000 seed weight and positive but non-
significant association with seed pod-1. Rameeh, (2011) reported opposite result for pod length and seed yield 
plant-1 in rapessed. 

Seeds pod-1 

Highly significantly positive phenotypic correlation for seeds pod-1 was found with plant height (0.28), while 
positive significant correlation was estimated with primary branches plant-1 (0.27) and seed yield plant-1 (0.23). 
Positive but non-significant correlation was observed with pod length (0.17), 100 seed weight (0.07) and oil 
content (0.15). Negatively non-significant phenotypic correlation for seeds pod-1 was observed with main 
raceme length (-0.05) and pods on main raceme (-0.03). These results are suggesting that if seed pod-1 
increases then yield plant-1 will also increase. Akbar et al. (2007) found that seeds pod-1 had significant 
positive correlation with seed yield in B. Junceae. 

100 Seed Weight (g) 

Highly significant and positive phenotypic correlation for 100 seed weight was found with plant height (0.33) 
and pod length (0.27). Positive but non-significant phenotypic correlation of 100 seed weight was found with 
primary branches plant-1 (0.17), main raceme length (0.12), pods on main raceme (0.16) and seeds pod-1 (0.07). 
Negative but non-significant phenotypic correlation for 100 seed weight was observed with seed yield plant-1 (-
0.01), oil content (-0.13). Tuncturk and Ciftci (2007) reported positive correlation between seed yield with 
1000-seed weight in B. napus which does not support the present findings. 

 

Seed Yield plant-1 (g) 

Yield is a complex product being influenced by quantitative characters. Thus selection for yield may not be 
effective unless the other yield components influencing it directly or indirectly are given due consideration. 
Seed yield plant-1 showed positive highly significant phenotypic correlation with plant height (0.3) and primary 
branches plant-1 (0.6). Seed yield plant-1 shows positive and significant correlation with seeds pod-1 (0.23). 
Positive and non-significant phenotypic correlation for seed yield plant-1 was found with pod length (0.09) and 
oil content (0.13). Negative but significant phenotypic correlation for seed yield plant-1 was found with main 
raceme length (-0.25). Negative and non- significant phenotypic correlation for seed yield plant-1 was found 
with 100 seed weight (-0.01) and pods on main raceme (-0.16). Jeromel et al. (2007) and Kumar et al. (1999) 
reported that in Brassica species, seed yield had positive significant correlation with plant height. 

Oil Content (%) 

Positive and non-significant correlations of oil contents with plant height (0.03), main raceme length (0.02), 
pods on main raceme (0.02), seed pod-1 (0.15) and seed yield plant-1 (0.13) was observed. Negative but 
significant phenotypic association for oil content was observed with pod length (-0.27). Negative and non-
significant phenotypic correlation for oil content was found with primary branches plant-1 (-0.04) and 100 seed 
weight (-0.13). Our results are in agreement with Gangapur et al. (2009) who reported negative non-significant 
association for oil content with primary branches plant-1. Tahira et al. (2011) reported positive but non-
significant association of oil content with plant height and seed pod-1. Singh et al. (2011) observed positive non-
significant correlation of oil content with plant height, main raceme length, pods on main raceme and seed yield 
plant-1. 

CONCLUSIONS AND RECOMMENDATIONS 

High heritability was found for pod length followed by pods on main raceme indicating that phenotypic 
selection for these traits would be effective so we can easily manipulate these changes. Phenotypic 
correlation studies indicated that plant height, number of primary branches plant-1 and seed pod-1 were the 
most important contributors to seed yield plant-1 which could be taken into consideration in future 
hybridization programs of B. carinata. 

REFERENCES 



Sarhad J. Agric. Vol.29, No.3, 2013 
 

 

367

367 

Afrin, K.S., S.R. Bhuiyan and A. Rahim. 2011. Assessment of genetic variation among advanced lines of 
Brassica Napus L. Deptt. Plant Breed. Sher-e-Bangla Agri. Uni. Dhaka. P 201-205. 

Ahmad, H., M. Islam, I.A. Khan, H. Ali, H. Rahman and I. Ullah. 2008. Evaluation of advance   rapeseed 
line hs-98 for yield attributes and biochemical characters. Pak. J. Bot. 40(3): 1099-1101. 

Akbar, M., T. Mahmood, M. Yaqub, M. Anwar, M. Ali and N. Iqbal. 2003. Variability, correlation and 
path coefficient studies in summer mustard (Brassica juncea L.). Asian J. Plant Sci. 2(9): 696-698. 

Akbar, M., U. Saleem, Tahira, M. Yaqub, and N. Iqbal. (2007). Utilization of genetic variability, 
correlation And path analysis for seed yield improvement in Mustard, Brassica juncea. J. Agric. 
Res., 45(1): 25-31. 

Alemayehu, H., H. Becker. 2002. Genotypic diversity and patterns of variation in a germplasm material of 
Ethiopian mustard (Brassica carinata A. Braun). Genet. Resour. Crop Evol. 49(6): 573-582. 

Ali, N. J.Y. Elmira and M.Y. Mirza. 1985. Genetic variability and correlation studies in Brassica Juncea. 
Pak. J. Bot. 17(2): 297-303. 

Al-Jibouri, H.A., P.A. Miller and H.F. Robinson. 1958. Genotype and environmental variances and co-
variance in upland cotton cross of interspecific origin. Agron. J. 50: 633-637. 

Aytaç, Z. and G. Kınacı. 2009. Genetic variability and association studies of some quantitative characters in 
winter rapeseed (Brassica napus L.). Afr. J. Biotechnol. 8(15): 3547-3554. 

Belete, Y.S., B.M.T.W. Yohannes and T.D. Wami. 2012. Analysis of genetic parameters for some 
agronomic traits of introduced Ethiopian mustard (Brassica carinata A. Brun) genotypes. Int. J. 
Agric. Res. 7(3): 160-165. 

Burton, G.W. and E.H. Devane. 1953. Estimating heritability in tall Fescue (Festuca arudanacea) from 
replicated clonal material. Agron. J. 45(10): 478-481. 

Choudhary, L.B. and B. Prasad. 1968. Genetic variation and heritability of quantitative characters in Indian 
mustard (Brassica juncea L.). Indian J. Agric. Sci. 38: 820-825.   

Chaudhury, P.K., P. Singh, and A. Kumar. (1990). Association and Interdependence of morpho-
physiological characters under moisture stress in Brassica. Beitrage Zar Tropichen Landuirtshaft. 
18(1): 43-47. 

Chaudhry, A. D., P. K. Barua and P. K. Duara. 1999. Siliqua traits for determining seed yield in Indian 
rapeseed. J. Agric. Sci. Soc. North East India 12(1): 60-63. 

Choudhary, B. R., P. Joshi and S.R. Rao. 2002. Cytogenetics of Brassica juncea x Brassica rapa hybrids 
and patterns of variation in the hybrid derivatives. Plant Breed. 121(4): 292-296.  

Choudhary, V.K., Rakeshkumar, J.N. Sah.  2003.  Path analysis in Indian mustard. J. Appl.Biol. 13(1/2): 
6-8. 

Dar, Z.A., S.A. Wani, G. Zaffar, M. Habib, M.A. Wani, A. Ashfaq, M.H. Khan and S.M. Razvi. 2010. 
Variability studies in brown sarson (Brassica rapa L.). Res. J.  Agric. Sci. 1(3): 273-274. 

ESOP, 2011-2012. Economic Survey of Pakistan. Finance Division, Economic Advisor Wing, Islamabad. 

Falconer, D.S and T.F.C. Mackay. 1996. Introduction to Quantitative Genetics (4th Ed.)  Longman, Essex, 
UK. French, R. T. 1977. Oriental and brown mustard seed production. Techniques Bulletin. 2: 1-2. 

Gangapur, D.R., B.G. Prakash, P.M. Salimath, R.L. Ravikumar and M.S.L. Rao. 2009. Correlation and 
path analysis in Indian mustard (Brassica juncea L.). Karnataka J. Agri. Sci. 22(5): 971-977. 

Getinet, A., G. Rakow and R.K. Downey. 1996. Agronomic performance and seed quality of Ethiopian 
mustard in saskatchewan. Can. J. Pl. Sci. 76: 387-92. 

Getinet, A., G. Rakow, J.P. Raney and R.K. Downey. 1997. Glucosinolate content in   interspecific crosses 
of Brassica carinata with B. Juncea and B. napus. Plant Breed. 116(1): 39- 46. 

Ghosh, S.K. and S.C. Gulati. 2001. Genetic variability and association of yield components in Indian 



Yasir Ali, et al. Heritability and correlation analysis for morphological…  
 

 

368

mustard. Crop Res. 21(3): 345-349. 

Hatam, M. and G.Q. Abbasi. 1994. Oilseed Crops. In: E. Bashir and R. Bantel (Eds.) Crop production, 
National Book Foundation, Islamabad, pp. 374. 

Jeromel, A.M., R. Marinkovi, A. Miji, M. Jankulovsk, and Z. Zduni. (2007). Interrelationship between oil 
yield and other quantitative traits in Rapeseed (Brassica napus L.). J. Central Europ. Agric. 8(2): 
165-170. 

Johnson, R.W., Robinson, H.F. and Comstock, RE., 1955. Estimates of genetic and environmental 
variability in soybeans. Agron. J. 47: 314-318. 

Kakroo, S.K., L.N. Jindla and D.R. Satija. 2000. Genetic determination of seed yield through its 
components in Indian mustard (B. juncea L). Crop Improv. 27(3): 247-249. 

Katiyar, B.S., J.I. Lee, and Y.A. Chae. (1974). Genetic studies on some agronomic characters in rapeseed. 
Korean J. Breed. 21(1): 22-27. 

Kauser R., H.R. Ather and M. Ashraf. 2006. Chlorophyll fluorescence can be used as a potential indicator 
for rapid assessment of water stress tolerance in canola (Brassica napus L.). Pak. J. Bot. 
38(5):1501-1510. 

Khan, A.H., T. Mahmood and S.A. Shah. 1992. Path coefficient analysis of morphological traits with seed 
yield in Raya. Pak. J. Agric. Res. 13 (4): 334-337. 

Khan, R.S.A. and F.A. Khan. (2003). Evaluation of genetic potential of some Brassica germplasm 
collections. Int. J. Agric. Biol. 6(4): 30-31. 

Khan, F.A., S. Ali, A. Shakeel, A. Saeed  and G. Abbas. 2006. Genetic variability and genetic advance 
analysis for some morphological traits in (Brassica napus L.). J. Agric. Res. 44(2): 83-88. 

Khan, S., Farhatullah, I.H. Khalil, M.Y. Khan and N. Ali. 2008. Genetic variability, Heritability and 
correlation for some quality traits in F3:4 Brassica populations. Sarhad J. Agric. 24 (2): 223-231. 

Khan, S., Farhatullah and I.H. Khalil. 2008. Phenotypic correlation analysis of elite F3:4 Brassica 
populations for Quantitative and Qualitative traits. J. Agric. Biol. Sci. 3(1): 38-42 

Khulbe, R.K., D.P. Pant, and N. Saxena. 2000. Variability, heritability and genetic advance in Indian 
mustard (Brassica juncea L.). Crop Res. 20: 551-552. 

Kumar, S., R.S. Sangwan, and I.S. Yadava. (1999). Path coefficient analysis in Brassica species under 
rainfed conditions. Cruciferae Newsletter. 24: 59-60. 

Mahla, H.R., S.J. Jambhulkar, D.K. Yadav and R. Sharma. 2003. Genetic variability, correlation and path 
analysis in Indian mustard (Brassica juncea (L.). Indian J. Genet. Pl. Br. 63(2): 171-172 

Mahmood, T., M. Ali, S. Iqbal, and M. Anwar. 2003. Genetic variability and heritability estimates in 
Summer Mustard (Brassica juncea L.). Asian J. Pl. Sci. 2(1): 77-79. 

Malek, M.A., M.L. Das, and A. Rahman. (2000). Genetic variability, character association and path 
analysis in rapeseed. Bangladesh J. Agric. Sci. 27(1): 25-59. 

Marwede, V., A. Schierholt, C. Mollers, and H.C. Becker. 2004. Genotype x environment interactions and 
heritability of tocopherol contents in Canola. Crop Sci. 44: 728-731. 

Mehdi, S.S. and I.A. Khan. 1994. Experimental design and analysis. In: Plant Breedin. E. Bashir and R. 
Bantel Editors. National book foundation, Islamabad. 

Mnzava, N.A. (1986). Compensatory leaf and seed yield of increases in vegetable mustard (Brassica 
carinata A. Braun) in response to defoliation intensity. Hort. Sci. 21(3): 723. 

Morinaga, T. 1934. Interspecific hybridization in Brassica. The cytology of F1 hybrid of Brassica juncea 
and Brassica nigra. Cytologia. 6: 62-67. 

Nassimi, A.W., Raziuddin, N. Ali, S. Ali and J. Bakht. 2006. Analysis of combining ability in Brassica 
napus L. lines for yield associated traits. Pak. J. Biol. Sci. 9(12): 2333-2337. 



Sarhad J. Agric. Vol.29, No.3, 2013 
 

 

369

369 

Ofori, A. and H.C. Becker. 2008. Breeding of Brassica rapa for biogas production: heterosis and 
combining ability of biomass yield. Bioenergy Res. 1: 98–104. 

Panse, V.G. and P.V. Sukhatme. 1962. Statistical Method for Agricultural Workers. Indian Council for 
Agricultural Research, New Delhi, p 387. 

Pant, S.C. and P. Singh. 2001. Genetic variability in Indian mustard. Agric. Sci. Digest. 21(1):   28-30. 

PBS, 2011-2012. Government of Pakistan, statistics division. Pakistan bureau of statistics, Islamabad.  

Poonam, S. and D.N. Sing. 2004. Path coefficient analysis in Indian mustard (Brassic Juncea L.). J. Res. Bisra 
Agric. Uni. Ranchi. 16(2): 293-295. 

Rameeh, V. 2011. Correlation and path analysis in advanced lines of rapeseed (Brassica napus) for yield 
components. J. Oilseed Brassica, 2(2): 56-60. 

Robbelen, G. 1991. Rapeseed in a changing world: Plant production potential. In: GCIRC (eds). 
Proceedings of the 8th International Rapeseed Congress, Saskatoon, Canada, 9-11 July 1991, 
GCIRC, Saskatoon Canada. pp. 29-38. 

Sabaghnia, N., H. Dehghani, B. Alizadeh and M. Mohghaddam. 2010. Heterosis and   combining ability 
analysis for oil yield and its components in rapeseed. Aus. J. Crop Sci. 4(6): 390-397. 

Schippers, R.R. 2002. African Indigenous vegetables, An overview of the cultivated Species    2002. 
Revised version in CD – ROM. Natural Resources International Limited, Aylesford, UK. 

Singh, M., A. Tomar, C.N. Mishra and S.B.L. Srivastava. 2011. Genetic parameters and character 
association studies in Indian mustard. J. oilseed Brassica. 2(1): 35-38. 

Song, K.M., T.C. Osborn and P.H. Williams. 1988. Brassica taxonomy based on nuclear restriction 
fragment length polymorphism (RFLPs):1. Genome evolution of diploid and amphiploid species. 
Theor. Appl. Genet. 75: 784-92. 

Srivastava, P.P., B.S. Salara, and M.V.C. Gowda. (1983). Variability and correlation studies in groundnut 
(Arachis hypogaea). Crop Improv. 25(1): 122-123. 

Tahira, T. Mahmood, M.S. Tahir, U. Saleem, M. Hussain and M. Saqib.2011. The estimation of heritability, 
association and selection criteria for yield components in mustard (Brassica juncea). Pak. J. Agri. Sci. 
48(4): 251-254. 

Tuncturk, M. and V. Ciftci. (2007). Relationships between yield and some yield components in rapeseed 
(Brassica napus ssp. Oleifera L.) cultivars by using correlation and path analysis. Pak. J. Bot., 
39(1): 81-84. 

Velasco, L., J.M.F. Martinez and A.D. Haro.1998. Increasing erucic acid content in Ethiopian mustard 
through mutation breeding. Plant Breed. 117: 85-87. 

Warwick, S.I., A. Francis and I.A. Al-Shehbaz. 2006. Brassicaceae: species checklist and database on CD-
Rom. Pl. Syst. Evol. 259: 249–258. 

Williams, P.H. 1989. Rapid-Cycling Brassicas (RCB's) in Hands-on Teaching of Plant Biology. In tested 
studies for laboratory teaching. Proceedings of the 10th Workshop/Conference of the Association 
for Biology Laboratory Education (ABLE), University of British Columbia, June 13-17. 

Wright, S. 1921. Correlation and causation. J. Agric. Res. 20: 557-585. 

Yadava, D.K., S.C. Giri, M. Vignesh, S. Vasudev, A.k. Yadav, B. Dass, R. Singh, N. Singh, T. Mohapatra and 
K.V. Prabhu. 2011. Genetic variability and trait association studies in Indian mustard (Brassica 
juncea). Indian J. Agri. Sci. 81: 712-6. 

Zhou, W.J. 2001. Oilseed rape. In: G. P. Zhang and W. J. Zhou Eds. Crop production, Zhejiang University 
Press, Hangzhou, pp.153-178. 

Zhou, W.J., G.Q. Zhang, S. Tuvesson, C. Dayteg and B. Gertsson. 2006. Genetic survey of Chinese and 
Swedish oilseed rape (Brassica napus L.) by simple sequence repeats (SSRs). Genet. Resour. Crop 



Yasir Ali, et al. Heritability and correlation analysis for morphological…  
 

 

370

Evol. 53(3): 443-447. 


