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Introduction 

Economy of Pakistan is primarily based on 
agriculture, but the gap between consumption 

and production increases every year (Aftab et al., 
2020). In Pakistan, per capita oil consumption has 
been tremendously increased owing to the rapid 
increase in population. Domestically, 17% oil is 
produced to fulfill the domestic needs, and the 

remaining 83% is imported at the cost of Rs. 192.203 
billion (US$ 1.455 billion) to meet national edible 
oil requirements. Mustard and rapeseed are grown 
on about 263 thousand hectares and its production is 
225 thousand tonnes. After cottonseed, mustard and 
rapeseed possess major share in domestic vegetable 
oil production (GoP, 2018-19). Many newly evolved 
Brassica cultivars contain 40-47% of oil content while 
contributing 32% in domestic edible oil production. 
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So, in order to meet the national needs of edible oil, 
enhancing the production potential of oilseed crops; 
especially Brassica is need of the hour. Brassica juncea 
is consumed as vegetable e.g. salads, salad greens, 
condiments and medicinally. In sub-continent, its 
main purpose of cultivation is edible oil irrespective 
of other uses i.e. salad, medicine, and condiments 
(Anyaoha et al., 2015).

B. juncea enjoys wide adaptability and as a result, it 
is cultivated on a large scale in developing as well 
as in developed countries as oilseed crop in hot 
and dry areas, pod shattering, less susceptibility 
to diseases and comparatively higher oil contents 
(approximately up to 44% (Stoutjesdijk et al., 2000; 
Pandey et al., 2013). In Pakistan, it is generally known 
as mustard which possesses higher levels of erucic 
acid, and glucosinolates are found in oil and in the 
meal, respectively. Mustard requires less quantity of 
inputs but enjoys wider adaptability. It is cultivated 
in irrigated as well as in rainfed areas of Pakistan. It 
is stated that better-quality varieties of Brassica have 
high production potential of 2500 kg/ha which shows 
that 2-3 times rise in average yield can be achieved 
by selection of heigh yielding genotypes (Khan et al., 
2006).

Yield is a multifaceted and quantitatively inherited 
character which is determined by various characters 
(Tuncturk and Ciftci, 2007). Performance of 
germplasm having objective traits to increase 
production and improve the human nutrition is 
very important in the development of new variety 
(Anyaoha et al., 2015). Successful of breeding program 
is determined by the genetic variation in germplasm. 
Present variation in germplasm is not sufficient 
to fulfill the requirements. Yield is influenced by 
environmental instabilities and secondary traits e. g. 
branches on a plant, seeds on siliques, main shoot 
length and weight of one thousand seeds (Dipti and 
Piryanaka, 2016). Thus, the correlation among yields 
and yield contributor traits help in crop improvement. 
This phenomenon measures the degree of association 
between the two traits (Steel and Torrie, 1984). It is 
necessary to know the role of various components 
of yield and their mutual correlation with other 
independent traits. Path analysis further interprets 
the link of these yield contributing characters along 
with yield for their direct or indirect impact via other 
component characters (Ahmed and Kamaluddin, 
2013). The present study was conducted to study the 

association between traits and their contribution to 
yield among promising genotypes for developing 
high yielding mustard varieties.

Materials and Methods

The experiment was conducted in Rabi season in 
the year-2016-17 at Oilseeds Research Institute 
(ORI), Faisalabad. Seventeen different genotypes; 
RBJ-14017, RBJ-15012, RBJ-15013, RBJ-15017, 
RBJ-15018, RBJ-16001, RBJ-16004, RBJ-16006, 
RBJ-16007, RBJ-16008, RBJ-16010, RBJ-16012, 
RBJ-16017, RBJ-16018, RBJ-16019, RBJ-16020, 
RBJ-15786 and one approved variety; Super Raya 
were sown at research area of respective institute. 
Randomized Complete Block Design (RCBD) along 
with three replicates was adopted. Four rows; each 
6-meter-long of each entry were sown. Row to Row 
spacing and Plant to Plant spacing were maintained 
at 45cm and 15 cm, respectively. Fertilizer, NPK (Kg/
ha) 75:75:0 were provided during land preparation. 
Irrigation was provided at seedling, flowering, silique 
formation, and seed formation stages. Weeds, insect 
pests and diseases were managed as per requirement.

Morphological parameters
Five different plants from each line were selected on 
the basis of good phenotypic appearance. Parameters 
regarding days taken for flowering, days taken for 
maturity, plant height, number of branches, silique 
length, and seeds per siliqua were recorded. 

Statistical data analysis
Combined analysis of variance (ANOVA) was 
constructed while replications and location effects 
were considered as random, but genotypes were fixed 
variable as recommended by Steel and Torrie (1980). 
Characters’ impacts were found by using correlation 
and path coefficients. Correlation and path coefficients 
were calculated by using TARPOPGEN Statistical 
Computer Program.

Results and Discussion

The presence of variation in germplasm is a primary 
requirement of valid selection among superior 
genotypes. The data showed a highly significant 
genotypic mean square of 18 genotypes for five traits 
except for plant height (Table 1).
 
Genotype RBJ-16018 had the higher number on plant 
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branches (10) and the height of a plant (236.33 cm). 
Genotype RBJ-16012 showed maximum seed yield 
(1300 g). Genotype RBJ-16010 took maximum days 
for flowering (78 days) while genotypes RBJ-16017 
and RBJ-16018 showed early maturity (149 days). 
This variability in phenotypic appearance was assessed 
for all characters aiming that these characters possess 
potential for their possible use in the development of 
new high yielding mustard varieties.

Table 1: Mean values for different yield related traits of 
Brassica juncea L. genotypes during Rabi 2016-17.
Genotypes Branch-

es/ plant
Plant 
height 
(cm)

Yield/ 
plant (g)

Days to 
flower-
ing

Days to 
maturity

RBJ-14017 9 220.07 1158.33 69 151
RBJ-15012 9 207.6 900 70 150
RBJ-15013 8 218.73 1033.33 69 152
RBJ-15017 8 233.73 1016.67 76 154
RBJ-15018 8 223.53 1100 71 153
RBJ-16001 9 199.73 950 66 150
RBJ-16004 10 209.27 1116.67 76 151
RBJ-16006 8 223.13 863.33 71 152
RBJ-16007 9 222.47 1206.67 67 151
RBJ-16008 10 217.53 975 68 151
RBJ-16010 9 228.27 860 78 153
RBJ-16012 9 207.07 1300 74 153
RBJ-16017 9 213.87 916.67 66 149
RBJ-16018 10 236.33 1000 73 149
RBJ-16019 9 227.53 966.67 75 154
RBJ-16020 9 219.13 1016.67 74 154
RBJ-15786 8 204.73 1450 66 152
Super Raya 7 191.93 1066.67 62 152
Mean square 
(Genotypes)

1.35185** 415.17* 71434*** 57.914*** 8.5969**

*: significant (P<0.05); **:highly significant (P<0.01); ***: highly 
significant (P<0.001).

Genotypic and phenotypic variance for various 
characters have been presented in (Table 2), which 
indicate that plant height (69.68244 cm, 275.80044 
cm), yield per plant (22185.72985 g, 27062.7451 
g) and days to flowering (17.87037 days, 22.1732 

days) have maximum values. Results revealed that 
the presence of high amount of genetic variability 
indicates chances of improvement in these characters. 
The Phenotypic variance was observed higher, which 
indicated that abiotic factors have a significant role 
in the expression of characters. High heritability (h2 
B.S) was also reported in yield per plant (0.81979 g) 
besides days taken to flowering (0.80594).

Correlation analysis
Genotypic and phenotypic correlations, were 
constructed, and all possible pair-wise combinations 
for traits were made (Table 3). Correlation in plant 
height and branches, days for flowering, and days for 
maturity were found positive at both levels. Negative 
and non-significant association with yield was found 
at both levels, which concluded that the height and 
yield of a plant are inversely proportional to each 
other. Number of branches is directly proportional 
to the days taken to flowering and while these are 
inversely proportional with days required for maturity 
and yield of a plant. Significant association was found 
in days required for flowering and days to maturity, 
while non-significant association was observed in 
days required for flowering and yield of a plant which 
indicates that early flowering gives higher yield. Days 
required for maturity are positively associated with 
the yield of a plant, which supported the claim that 
the more number of the days for maturity, the higher 
will be yield obtained per plant.

Path coefficient analysis (PCA)
PCA is a good tool to find the direct and indirect 
sources for correlations. Findings of the present study 
are mentioned in Table 4. The height of plants has 
directly positive impact on obtained yield, and it 
exhibited a path-coefficient value of 3.57. Indirect 
effects through days required for flowering (13.71) 
was positive, while indirect negative influence was 
contributed by branches (-5.54) and days required for 
maturity (12.27). Plant height had a direct positive 
impact, which favors the claim that direct selection 
would be much effective when aimed at high yield. 
Table 4 also represents that the number of branches

Table 2: Different morphological characters for yield in Brassica juncea L. genotypes during Rabi 2016-17.
Genetic parameters Branches/ plant Plant height (cm) Yield/ plant (g) Days to flowering Days to maturity
Genotypic variance 0.30841 69.68244 22185.72985 17.87037 2.01089
Phenotypic variance 0.73503 275.80044 27062.7451 22.1732 4.57516
Heritability in broad sense (h2 B.S) 0.41959 0.25266 0.81979 0.80594 0.43952
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on a plant had an inverse influence on obtained plant 
yield. While indirect effects by height of plant (1.16 
cm), days required for flowering (5.11), and days 
required for maturity (10.36) were positive. In this 
case, the direct selection for the number of branches 
on a plant will surely decrease the obtained yield. 
However, indirect selection through plant height, days 
required for maturity, and days required for flowering 
might be beneficial.

Table 3: Correlation in morphological characters for yield 
in Brassica juncea L.
Traits Branches Days to 

flowering
Days to 
maturity

Yield

Plant 
height

GC 0.326 0.880 0.595 -0.534
PC 0.097 0.441 0.076 -0.099

Branches GC 0.328 -0.502 -0.316
PC 0.158 -0.196 -0.152

Days to 
flowering

GC   0.648 -0.219
PC   0.468 -0.227

Days to 
Maturity

GC     0.129
PC     0.050

GC: Genotypic correlation; PC: Phenotypic correlation.

Table 4: Direct and indirect effect among yield related 
parameters.
Traits Plant 

height
Branches Days to 

flowering
Days to 
maturity

Plant height (cm) 3.57 -5.54 13.71 -12.27
Branches 1.16 -16.96 5.11 10.36
Days to flowering 1.16 -5.56 15.58 -13.37
Days to maturity 2.12 8.52 10.1 -20.62

The days required for flowering have a significant 
impact (15.58) over obtained yield. While, the 
negative indirect effects measured in branches (-5.56), 
days required for maturity (-20.62) and plant’s height 
had positive indirect effects. High positively direct 
impacts suggested that days to flowering is a significant 
component of yield. Days taken to maturity (-20-62) 
had directly inverse influence on yield obtained by 
a plant While indirectly positive effects were found 
in plant height (2.12), days required for flowering 
(8.52) and days required for maturity (10.1). This is 
crystal clear from the above facts that although direct 
effect of days taken to maturity had negative effect, 
but, some of the other traits such as plant’s height, 
branches and days to flowering exert positive effects 
which increase yield.

The data obtained in the present study claims that the 
plant’s height is positively correlated at the genotypic 
and phenotypic levels, with days required for maturity 
as witnessed by (Doddabhimappa et al., 2009). They 
are also of the view that the branches on a plant do 
not have a significant relationship with days required 
for flowering as discovered by the present study, but, 
the relationship of the days required for maturity 
is contrary to our results. Plant height has a non-
significant correlation with the number of branches 
on a plant. But, according to the findings of this study, 
plant height and branches were positively associated 
phenotypically and genotypically. Anyaoha et al. 
(2015) conform with our findings that days required 
for flowering expressed the highly positive correlation 
along with plant’s height. Basalma (2011) reported 
that there is non-significant association of yield of a 
plant when associated with the number of branches as 
the findings of present study.

Seed yield is highly correlated with the number of 
branches on a plant at the genotypic and phenotypic 
levels. Seed weight is positively correlated with 
the harvest-index, duration of flowering, and the 
obtained yield which indicates that the significant 
improvement in seed weight improves the harvest-
index resulting in more obtained yield. While, it is 
also reported that there is no correlation of flowering 
days with the plant’s height, number of seeds on a 
silique and with the oil content. Plant’s height shows 
a negative correlation with seeds on a silique and 
obtained seed yield (Ali et al., 2013). 

The plant height had a direct positive impact on days 
required for maturity, as found in the present study. 
Path-coefficient analysis (PCA) represents that the 
yield associated traits, e.g. 50% flowering, silique on 
main raceme and biological yield of a plant had direct 
positive impact on obtained seed yield. Dipti  and 
Piryanka (2016) reported that branches positively 
exhibit phenotypic association with obtained yield, but 
in our results, number of branches expressed negative 
direct effect on plant’s yield. The days required for 
maturity expressed directly positive impact on seed 
yield of a plant could not positively contribute to seed 
yield which is non-significant with obtained yield due 
to the majority of negative indirect effects similar to 
our result.

Conclusions and Recommendations

In our study, genotypic mean squares (MS) of 18 
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genotypes regarding five traits were assessed, which 
was highly significant, excluding that trait of plant 
height, for which it was only significant. Association 
in plant height and number of branches on a plant, 
days required for flowering and maturity were 
positive at genotypic and phenotypic scale. Positive 
association was witnessed in branches and days 
required for flowering, flowering period and days 
required for maturity, days required for maturity and 
yield per plant. A negative association was found in the 
number of branches and days required for maturity, 
days required for flowering and the obtained yield per 
plant. The direct effect of plant’s height on obtained 
yield was positive and in-direct effects through days 
required for flowering were positive, and the indirect 
effects of branches have negative value and days 
required for maturity had positive value. The numbers 
of branches directly represented negative impacts on 
obtained plant yield. On the other hand, indirect effect 
through plant height, days required for flowering, and 
days required for maturity were significantly positive. 
These findings will be used in the development of 
new cultivars of Brassica juncea with better yield.
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This study paves way for selecting specific plant traits 
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