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Introduction 
 

Indian mustard (Brassica juncea L. Czern & 

Coss.) is the major oilseed crop of India 

ranking first both in acreage and production of 

rapeseed and mustard in Asia. Four species of 

Brassica viz. Brassica napus, Brassica 

campestris, Brassica juncea and Brassica 

carinata are grown world wide as a source of 

edible oil. Brassica juncea commonly known 

as Indian mustard is being grown mainly as a 

source of vegetable oil and condiment. Its oil 

content varies between 28.6 to 45.7 per cent. 

In addition to edible purposes, it is also used 

as hair oil and lubricant. Mustard cake (seed 

residue) is used as cattle feed and in fertilizers. 

Indian mustard (Brassica juncea) is a naturally 

self pollinated species, but frequent out 

crossing occurs in this crop which varies from 

5 to 30 per cent depending upon the 

environmental conditions and pollinating 

insect population. B. juncea commonly called 
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The present study was carried out with six crosses viz. Varuna x Bio-YSR, Rohini x Bio-

YSR, RH-8812 x Bio-YSR, Varuna x JMMWR-9348, Rohini x JMMWR-9348 and RH-

8812 x JMMWR-9348 with their six generations viz. P1, P2, F1, F2, BC1 and BC2. 

Considerable amount of variation was envisaged among parents and their different 

generations for various morphological traits and yield related studies. Seed yield per plant 

showed significant positive correlation with number of primary branches per plant (0.319), 

number of secondary branches per plant (0.275), main shoot length (0.347), number of 

siliqua on main shoot (0.405), siliqua length (0.213), seeds per siliqua (0.268),1000 seed 

weight (0.203) and oil content (0.319). Heterosis was found significant for the characters 

like days to flowering, days to maturity, plant height, main shoot length, number of 

siliquae on main shoot and seeds per siliqua. 7 out of 33 hybrids showed positive and 

significant heterosis over mid parent, better parent and checks for seed yield per plant. 

Study of correlation between different agronomic traits can provide a good means to 

improve yield in Brassica. 
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as Indian mustard, contributes more than 80 % 

to the total rapeseed-mustard production in the 

country and is an important component in the 

oilseed sector. In spite of many beneficial uses, 

it received adequate attention for genetic 

improvement and management only after the 

inception of technological mission in oilseeds 

1986 and country became almost self reliant in 

edible oil. But the requirement of edible oil is 

increasing at the rate of 3-4 per cent annually 

due to ever increasing population and improved 

standard of living. In India, Brassica juncea 

occupies second largest area after groundnut 

with 6.32 million hectares of area under 

cultivation producing about 7.9 million tones 

of seed annually, with 17% increase in 

production (Anonymous, 2017). Improvement 

through breeding depends upon the amount of 

genetic variability available in the gene pool. 

Further past experiences in mustard breeding 

indicated that there is an immense scope in 

enhancing seed yield to new level by 

reshuffling the genes through hybridization of 

suitable parents. It is a well known fact that 

greater the variability among the parents, 

greater is the chances of further improvement. 

The crosses involving diverse parents are 

expected to greater considerable amount of 

genetic variability improvement and 

exploitation of mustard. Seed yield is a 

complex character and a resultant of several 

morphological interactions. The profitable use 

of different morphological traits largely 

depends upon their association with seed yield 

and also on the nature of relationship among 

themselves. The manifestation of increased 

size, vigor of development, more productivity 

and similar beneficial effects have long been 

recognized in many first generation hybrids of 

plants. The increase in size and vigor resulting 

from hybridization has been designated 

variously as the stimulating effect of 

hybridity, heterosis or hybrid vigor. Heterosis 

is more commonly found in cross-pollinated 

crops because they are heterozygous in nature 

and their floral structure also facilitates the 

hybridization. Heterosis has also been found 

in self-pollinated crops although its 

exploitation is at lesser extent because its 

floral structure discourages easy crossing for 

hybrid production. 

 

Knowledge of the genotypic and phenotypic 

correlation for quantitative characters is useful 

in the formulation of efficient breeding 

programme towards tailoring and utilizing 

efficient plant type (Baker, 1990). Therefore, 

the present investigation helps to study 

correlation and heterosis for suggesting a 

suitable selection procedure based on the 

results achieved for the improvement of 

Brassica. 

 

Materials and Methods 

 

Six crosses namely RH-8812 x Bio-YSR (S x 

R), RH-8812 x JMMWR-9348 (S x R), 

Varuna x Bio-YSR (S x R), Varuna x 

JMMWR-9348 (S x R), Rohini x Bio-YSR (S 

x R) and Rohini x JMMWR-9348 (S x R) 

were made. These crosses were designated as 

C-I, C-II, C-III, C-IV, C-V and C-VI, 

respectively. The F1 hybrids and parents were 

raised during Rabi 2012- 2013. Each F1 was 

selfed in order to obtain F2 generation and 

simultaneously back crossed with each of the 

parents to produce back cross generations BC1 

and BC2, respectively. Fresh crosses between 

the parents were also attempted to obtain F1 

seed. Thus, the experimental material finally 

comprised of six generations i.e. parents (P1 

and P2), F1, F2 and back crosses (BC1 and 

BC2) of six crosses grown in a Randomized 

Block Design. There were two rows of non-

segregating generations (P1, P2 and F1), 6 rows 

of F2, and 3 rows of each BC1 and generations. 

Randomly selected plants from each row of 

non-segregating generations and 12 plants 

from F2 generation and 5 plants from both 

backcrosses were chosen and five plants were 

randomly selected for parents and their F1’s 

for recording observations on the various 
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phenotypic traits. 49 genotypes consisting of 

11 parental lines, 3 testers and 33 F1 crosses 

along with 2 standard checks (RH-0749 and 

RH-8113) of Indian mustard were used for 

heterosis and correlation analysis. In the 

present study, heterosis on mid parent, better 

parent (heterobeltiosis) as well as over 

standard check (economic heterosis) was 

worked out for twelve characters. 

Phenological traits influencing yield including 

days to flower initiation, maturity duration, 

plant height, number of primary branches per 

plant, number of secondary branches per plant, 

main shoot length, number of siliquae on main 

shoot, siliqua length, number of seeds per 

siliquae, 1000-seed weight, seed yield per 

plant and oil content were taken in parents, 

backcrosses, F1 and F2 generation of Brassica 

juncea for evaluation of genetic variability and 

correlation. 

 

Statistical analysis  

 

Statistical analysis was done using OPSTAT 

software by using the phenotypic data 

recorded from along with parents. The mean 

and range values for each character were 

calculated. Phenotypic correlation coefficients 

for all possible pairs of characters were 

calculated and tested against standardized 

tabulated significant value of r with (n-2) 

degree of freedom as per the procedure given 

by Fisher and Yates (1963). The percent 

increase (+) or decrease (-) of F1 cross average 

over mid parent was calculated to observe 

heterotic effects for all the traits. The 

estimates of heterosis over the mid parent 

were calculated using the standard formula. 

 

Results and Discussion 

 

Correlation coefficient analysis in various 

phenological traits of Brassica juncea 

 

Seed yield per plant was found to be positively 

and significantly correlated with number of 

primary branches per plant, number of 

secondary branches per plant, main shoot 

length, siliquae on main shoot, siliqua length, 

number of seeds per siliqua, 1000 seed weight 

and oil content whereas it was negative and 

non significant for days to flowering, days to 

maturity and plant height. Days to flowering 

showed positive and significant correlations 

for days to maturity, number of secondary 

branches per plant, main shoot length, and 

number of siliquae on main shoot, 1000 seed 

weight and negative significant correlation for 

oil content. Days to maturity showed positive 

and significant correlations for days to 

flowering, plant height, 1000 seed weight and 

oil content whereas negative and significant 

correlation was observed for number of 

siliquae on main shoot, siliqua length and 

seeds per siliqua. Plant height showed positive 

correlation with days to maturity but negative 

and significant correlation for number of 

primary branches per plant and oil content 

while for other traits it was non-significant 

(Table 1). 

 

Number of primary branches per plant showed 

positive and significant correlations for main 

shoot length and number of siliquae on main 

shoot. Number of secondary branches per 

plant showed positive and significant 

correlation for days to flowering and oil 

content, whereas, it was negative and 

significant for main shoot length, length and 

seeds per siliqua. 

 

Main shoot length showed positive and 

significant correlations for days to flowering, 

number of primary branches per plant, number 

of siliquae on main shoot, siliqua length, seeds 

per siliqua, 1000 seed weight, whereas, 

negative and significant for oil content. 

Number of siliquae on main shoot showed 

positive and significant correlations for days 

to flowering, number of primary branches per 

plant, siliqua length, seeds per siliqua whereas 

negative and significant for 1000 seed weight 
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and oil content. Siliqua length showed positive 

and significant correlations for main shoot 

length, number of siliquae on main shoot, 

seeds per siliqua, 1000 seed weight and 

negative and significant for oil content. Seeds 

per siliqua showed positive and significant 

correlation for main shoot length, number of 

siliquae on main shoot, siliqua length and 

1000 seed weight. 1000 seed weight showed 

positive and significant correlation for days to 

flowering, days to maturity, main shoot 

length, siliqua length and seeds per siliqua. Oil 

content showed positive and significant 

correlation for days to maturity and number of 

secondary branches per plant. 

 

Seed yield per plant was found to be positively 

and significantly correlated with number of 

primary branches per plant, number of 

secondary branches per plant, main shoot 

length, siliquae on main shoot, siliqua length, 

number of seeds per siliqua, 1000 seed weight 

and oil content whereas it was negative and 

non significant for days to flowering, days to 

maturity and plant height (Table 1). The 

results show confirmity with those of Shalini 

et al., (2000); Sinha et al., (2001) and Bind et 

al., (2014).  

 

Srivastava and Singh (2002) observed positive 

significant correlation of seed yield with 

number of secondary branches. Days to 

flowering showed positive and significant 

correlations for days to maturity, number of 

secondary branches per plant, main shoot 

length, siliquae on main shoot and 1000 seed 

weight which are also in line with those 

reported by Hasan et al., (2015). Plant height 

exhibited negative association with seeds per 

siliqua which was also reported by Kardam 

and Singh (2005), whereas, it showed positive 

correlation with days to maturity but negative 

and significant correlation for number of 

primary branches per plant and oil content 

while for other traits it was non-significant 

which was contrary to the results observed for 

plant height with length of siliqua (Basalma, 

2008), plant height with length of raceme 

(Sadat et al., 2010) and plant height with 

number of seeds per siliqua (Azadgoleh et al., 

2009). Plant height showed negative 

association with seed yield per plant which 

was in accordance with the finding of Labana 

et al., (1980). 

 

Main shoot length showed positive and 

significant correlations for days to flowering, 

number of primary branches per plant, number 

of siliquae on main shoot, siliqua length, 

number of seeds per siliqua, 1000 seed weight. 

Similar association was reported by 

Chowdhury et al., (2007) for positive and 

significant association of main shoot length 

with siliqua length. Number of siliquae on 

main shoot showed positive and significant 

correlations for days to flowering, number of 

primary branches per plant, siliqua length, 

seeds per siliqua whereas negative and 

significant for 1000 seed weight and oil 

content. This is in conformity of the findings 

of Kardam and Singh (2005). 

 

Xu and Yao (2006) studied the inheritance of 

siliqua length among several lines of B. napus 

and observed that lines with the longest siliqua 

generally showed significantly higher 

correlation with seed yield. Seeds per siliqua 

showed positive and significant correlation for 

main shoot length, number of siliquae on main 

shoot, siliqua length and 1000 seed weight. 

Similar results were reported by Hasan et al., 

(2015) for the positive association of seeds per 

siliqua and siliqua length. 

 

1000 seed weight showed positive and 

significant correlation for days to flowering, 

days to maturity, main shoot length, siliqua 

length and seeds per siliqua. This is in 

conformity with the findings of Srivastava and 

Singh (2002). In contrast, Sandhu and Gupta 

(1996) reported that days to 50% flowering 

and 1000-seed weight exhibited negative 



Int.J.Curr.Microbiol.App.Sci (2019) 8(3): 2122-2130 

2126 

 

correlation with seed yield. Siliqua length 

showed positive and significant correlations 

for main shoot length, number of siliquae on 

main shoot, seeds per siliqua, 1000 seed 

weight and negative and significant for oil 

content which was in accordance with Yadava 

et al., (2011).  

 

In our study, characters which exhibited 

positive association with seed yield per plant 

also exhibited positive association among 

themselves. Thus, these characters could be 

simultaneously improved to increase the seed 

yield. Singh et al., (1985) and Pal and Singh 

(1986) reported considerable variability for 

days to flowering, days to maturity, plant 

height, number of primary, secondary and 

tertiary branches, number of seeds per siliqua, 

siliqua length, 1000- seed weight, biological 

yield, seed yield and harvest index in the non 

segregating generations of four crosses.  

 

Singh et al., (2013) observed variability for 

agronomic traits viz. plant height (cm), main 

shoot length (cm), days to flower initiation, 

number of siliquae on main raceme, number of 

seeds per siliqua, seed yield per plot (g), 

biological yield per plot (g), harvest index 

(%), days to maturity and 1000 seed weight 

(g). Our agronomic traits also showed 

variability showing that genetic material is 

perfect for diversity and variability analysis. 

 

Raliya et al., (2018) observed phenotypic 

coefficient of variation higher than the 

genotypic coefficient of variation for all the 

characters under study. Seed yield per hectare 

was found to be positively correlated with 

1000-seed weight, siliqua length, plant height, 

main shoot length and days to maturity at 

genotypic level. Our study also shows similar 

results with positive correlation of yield with 

1000 seed weight, siliqua length and main 

shoot length. Iqbal et al., (2014) found a 

significant correlation of plant height, number 

of seeds/siliqua, number of siliqua/plant and 

length of siliqua with seed yield /plant in 

Brassica species which are in agreement with 

our results.   

 

Seed yield per plant in mustard was found to 

be positively and significantly correlated with 

pod length, number of seeds per pod and oil 

content while, negative significant association 

of seed yield was observed with days to first 

flowering and total biomass (Roy et al., 2016). 

Our studies also showed positive correlation 

of no. of seeds/siliqua with seed yield/plant. 

 

Yadava (1983); Gupta and Kumar (1984); 

Singh et al., (1985) and Pal and Singh (1986) 

reported considerable variability for days to 

flowering, days to maturity, plant height, 

number of primary, secondary and tertiary 

node, number of seeds per siliqua, siliqua 

length, 1000- seed weight, biological yield, 

seed yield and harvest index in the non 

segregating generations of four crosses. Our 

population and crosses also showed huge 

variations among the various traits under 

study. 

 

Heterosis analysis 

 

Heterosis was found significant for the 

characters like days to flowering, days to 

maturity, plant height, main shoot length, 

number of siliquae on main shoot and seeds 

per siliqua whereas for the characters like 

number of primary branches per plant, number 

of secondary branches per plant, 1000 seed 

weight, seed yield per plant and oil content 

only few hybrids showed significant heterosis. 

7 out of 33 hybrids showed positive and 

significant heterosis over mid parent, better 

parent and checks for seed yield per plant. 

Different cross combinations exhibited the 

maximum value of better and mid-parent 

heterosis for the remaining traits, viz. days to 

maturity, number of secondary branches per 

plant, plant height and 1000-seed weight.  
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Table.1 Genotypic correlation coefficient among twelve characters of Indian mustard 

 
Characters Days to 

flowering 

Days to 

maturity 

Plant 

height 

(cm) 

Number 

of 

primary 

branches 

/ plant 

Number of 

secondary 

branches / 

plant 

Main 

shoot 

length 

(cm) 

Number 

of 

siliquae 

on main 

shoot 

Siliqua 

length 

(cm) 

Seeds 

/ 

siliqua 

1000 

seed 

weight 

(g) 

Oil 

content 

(%) 

Seed 

yield/ 

plant 

(g) 

Days to flowering             

Days to maturity 0.573
**

            

Plant height (cm) 0.086 0.851
**

           

Number of primary  

branches / plant 

-0.005 -0.058 -

0.220
**

 

         

Number of secondary  

branches / plant 

0.204
*
 -0.069 0.092 0.081         

Main shoot length (cm) 0.185
*
 0.132 -0.005 0.261

**
 -0.449

**
        

Number of siliquae on  

main shoot 

0.168
*
 -0.180

*
 -0.056 0.398

**
 -0.140 0.777

**
       

Siliqua length (cm) 0.074 -0.523
**

 -0.124 0.036 -0.465
**

 0.629
**

 0.367
**

      

Seeds / siliqua 0.032 -0.474
**

 -0.100 0.003 -0.530
**

 0.571
**

 0.325
**

 0.990
**

     

1000 seed weight (g) 0.753
**

 0.188
*
 -0.013 0.028 0.002 0.206

*
 -0.197

*
 0.439

**
 0.283

**
    

Oil content (%) -0.306
**

 0.357
**

 -

0.189
*
 

-0.079 0.383
**

 -

0.616
**

 

-0.240
**

 -

0.540
**

 

-

0.245
**

 

-

0.437
**

 

  

Seed yield/ plant (g) -0.151 -0.020 -0.040 0.319
**

 0.275
**

 0.347
**

 0.405
**

 0.213
**

 0.268
**

 0.203
*
 0.335

**
  

*, **- significant by the f-test at the 5% and 1% probability level, respectively 

 

Table.2 Heterosis in percentage for seed yield per plant (g) and oil content (%) 

 
Seed yield per plant (g)  Oil content (%) 

S. 

No. 

Hybrid Mid-parent Better parent Over standard checks Mid-parent   Better parent Over standard checks 

Check1  

(RH-0749) 

Check2  

(RH-8113) 

Check1  

(RH-0749) 

Check2  

(RH-8113) 

1 RH-0845 x Bio-YSR 0.40 -0.47 -2.85* -6.77* 0.00 -0.27 -0.69* -1.62* 

2 RH-0845 x JM-1 -3.70* -4.13* -15.47* -18.88* -0.35 -0.77* -1.21* -2.13* 

3 RH-0845 x JMMWR-9348 -0.93 -3.13* -14.87* -18.30* 0.42 0.10 0.52 -0.43 

4 RH-0860 x Bio-YSR 4.03* 2.87* 4.35* 0.14 0.00 -0.20 -0.52 -1.45* 
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5 RH-0860 x JM-1 3.20* 0.73 6.46* 2.16 0.08 -0.27 0.09 -0.85* 

6 RH-0860 x JMMWR-9348 5.87* 5.70* 6.61* 2.31* 0.28 0.03 0.34 -0.60 

7 RH-1120 x Bio-YSR 1.93 0.47 6.76* 2.45* 0.23 0.17 0.78* -0.17 

8 RH-1120 x JM-1 1.27 1.10 9.61* 5.19* -0.22 -0.30 0.00 -0.94* 

9 RH-1120 x JMMWR-9348 0.47 -2.33* -5.86* -9.65* -0.75* -0.77* -1.64* -2.56* 

10 RH-1126 x Bio-YSR 5.88* 3.43* 6.91* 2.59* -0.08 -0.20 -0.52 -1.45* 

11 RH-1126 x JM-1 3.62* -1.03 2.55* -1.59 -0.33 -0.60* -0.78* -1.71* 

12 RH-1126 x JMMWR-9348 6.05* 4.93* 1.65 -2.45* 0.07 -0.10 0.00 -0.94* 

13 RH-1139 x Bio-YSR -1.67 -3.20* -22.97* -26.08* 0.05 -0.10 0.52 -0.43 

14 RH-1139 x JM-1 2.10 -0.73 -0.15 -4.18* 0.07 0.07 0.95* 0.00 

15 RH-1139 x JMMWR-9348 5.70* 5.50* 4.20* 0.00 -0.13 -0.23 0.17 -0.77* 

16 RH-1152 x Bio-YSR 0.52 -0.80 -12.16* -15.71* -0.22 -0.43 -1.12* -2.05* 

17 RH-1152 x JM-1 3.25* 0.63 6.01* 1.73 -0.57 -0.93* -1.64* -2.56* 

18 RH-1152 x JMMWR-9348 1.12 1.10 -15.47* -18.88* -0.43 -0.70* -1.55* -2.47* 

19 RH-1155 x Bio-YSR 3.48* 1.13 -3.45* -7.35* -0.27 -0.47 -1.21* -2.13* 

20 RH-1155 x JM-1 5.88* 2.23* 13.21* 8.65* -0.38 -0.73* -1.12* -2.05* 

21 RH-1155 x JMMWR-9348 2.05 1.03 -15.92* -19.31* -0.72* -0.97* -2.24* -3.15* 

22 RH-8812 x Bio-YSR 1.93 1.93 0.15 -3.89* -0.35 -0.37 -0.95* -1.88* 

23 RH-8812 x JM-1 1.30 0.00 3.15* -1.01 -0.43 -0.60* -0.78* -1.701* 

24 RH-8812 x JMMWR-9348 -1.03 -2.37* -19.22* -22.48* -0.50 -0.57 -1.21* -2.13* 

25 Rohini x Bio-YSR -3.72* -4.97* -19.67* -22.91* -0.53 -0.63* -1.64* -2.56* 

26 Rohini x JM-1 -4.98* -5.03* -19.52* -22.77* 0.35 0.10 1.03* 0.09 

27 Rohini x JMMWR-9348 -3.05* -5.63* -22.67* -25.79* -0.18 -0.33 -0.60* -1.54* 

28 Kranti x Bio-YSR -1.28 -2.77* -21.02* -24.21* -0.28 -0.37 -0.52 -1.45* 

29 Kranti x JM-1 -1.75 -4.53* -17.27* -20.61* -0.70* -0.77* -1.21* -2.13* 

30 Kranti x JMMWR-9348 7.95* 7.80* 14.57* 9.94* -0.33 -0.37 -0.52 -1.45* 

31 Varuna x Bio-YSR 5.77* 3.70* 8.11* 3.75* -0.25 -0.43 -1.12* -2.05* 

32 Varuna x JM-1 4.17* 0.80 6.76* 2.45* -0.03 -0.37 -2.24* -1.11* 

33 Varuna x JMMWR-9348 5.73* 5.00* 1.95 -2.16 0.43 0.20 0.78* -0.17 

 SE (±) 1.20    0.32    

* Significant at 5% level 
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Moderate heterosis was observed for seed 

yield per plant, seeds per siliqua, and number 

of primary branches per plant whereas, it was 

low for other characters (Table 2). Aher et al., 

(2009) observed moderate heterosis for seed 

yield per plant, number of siliqua per plant 

and number of secondary branches per plant, 

whereas, in the remaining character low 

amount of heterosis was reported. The highest 

standard heterosis for seed yield was observed 

in RSK-87 x GM-2 (42.95%) followed by 

SKM-95-85 x GM-2 (40.11%) and RSK-87 x 

Varuna (37.67%). Patel et al., (2012) reported 

on the basis of mean values, the hybrid RK 

9501 x GM 2 and the parent RK 9501 were 

having most outstanding performance for seed 

yield per plant. A considerable degree of 

desirable and significant heterosis over mid 

parent (MP) and better parent (BP) was noted 

for crosses GM 1 x GM 3 and GM 3 x SKM 

139 respectively for seed yield per plant. 

 

In conclusion, the present study envisaged 

considerable amount of variation among 

parents and their different generations for 

various morphological traits. Seed yield per 

plant showed significant positive correlation 

with number of primary branches per plant, 

number of secondary branches per plant, main 

shoot length, number of siliqua on main 

shoot, siliqua length, seeds per siliqua, 1000 

seed weight and oil content. Significant 

heterosis for was observed for plant height, 

main shoot length, number of siliquae on 

main shoot, siliqua length, days to flowering, 

days to maturity and seed yield per plant. 

However, the magnitude and direction of 

heterosis was varying from cross to cross. 

Correlation and heterosis data among the 

crosses can be used for improving yield and 

phenological traits in Brassica. 
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