



Studies on Genetic Variability and Character association in Indian mustard (Brassica juncea L.)

Abstract


The present experimental research was carried out during Rabi season of 2022-2023 consisting forty genotypes including checks and it was conducted with three replications in Randomized Block Design (RBD). Highly significant differences were found among Indian mustard genotypes for all characters studied. GCV and PCV were highest for biological yield, seed yield per plant, test weight and siliquae on main raceme. Combination of heritability and genetic advance was high for all the characters except siliqua length and siliqua per plant. Greater magnitude of heritability coupled with high genetic advance as per cent of mean was observed for oil content, biological yield, test weight and seed yield per plant revealed that simple selection can be led to fast genetic improvement of the mustard genotypes under the study. Seed yield per plant showed significant positive genotypic correlation with siliqua on main raceme length, number of biological yields, seeds per siliqua and primary branches per plant. 

Key Words: Indian mustard, genetic variability, heritability and correlation coefficient.
Introduction 

Indian mustard is one of the finest and most important oilseed crops of the world and it has its own importance in the occupancy of land for cultivation in the Brassicaceae family. Brassica genus nearly has 150 species of annual and biannual herbs, most of them are cultivated as oil seed crops, vegetables or fodder crops. The origin of B. juncea is conflicting. Middle East seems to be the place of origin since the putative parent species; B. nigra and B. campestris would have crossed. (Olson, 1960, Mizushima and Tsunoda, 1967). “From there it soon spread to Europe, Africa, Asia, India and Far-East”. It had arisen more than once with different progenitors and in different localities. Biochemical and molecular studies support this conclusion and further provide evidence for the presence of two geographical races, Chinese and Indian (Vaughan et al., 1977; Vaughan and Gordon, 1973; Song et al., 1988). The genus Brassica, belongs to Cruciferae or Brassicaceae family and includes six cultivated species. Among those, Brassica nigra (n=8), B. oleraceae (n=9), B. rapa (n=10) are diploids. Rest of the three, namely B. carinata (n=17), B. napus (n=19) and B. juncea (n=18) are amphidiploids (Nagaheru U, 1935). Indian mustard is a natural amphidiploid (2n=36) of Brassica campestris (2n=20) and Brassica nigra (2n=16). It originated in Asia with its major center of diversity in China (Vaughan, 1977). It was introduced in India from China and from where it spread to Afghanistan and other countries. It is largely self-pollinated crop (85-90%). However, owing to insects, especially the honeybees, the extent of cross-pollination varies from 4.0 to 16.6% (Rambhajan et al., 1991). Mustard is a Rabi season crop of temperate region, which requires relatively cool temperature. Mustard seed is largely crushed for edible oil, which is perhaps the cheapest source of oil in our daily diet. Mustard seeds contain about 38-42% oil, which is golden yellow, fragrant and considered among the healthiest and most nutritional cooking medium. It is also utilized as a condiment, for medicinal uses and has industrial applications. Mustard meal or cake is also nutritious and contains about 12% oil and 38 to 42% protein (Nagraj, 1995). Indian oilseed types contain primarily 3-butenyl glucosinolate in their seeds and vegetative tissue, while B. juncea from China contains only 2-propenyl (allyl) glucosinolate, and only trace amounts of 3-buteny glucosinolate.
The major rapeseed-mustard producing countries are Canada, China, Germany, and France. Oilseeds occupy a place of prime importance in Indian economy which is evident from the impact created by yellow revolution. India is the third producer of mustard seed contributing around 11% of world’s total production. India with an area of 6.78 million hectares, 9.12 million tonnes production and 1345 kg/ha productivity ranks second in area and third in production in rapeseed-mustard scenario of the world. (Anonymous, 2019-20). Rajasthan is the largest producer of rapeseed-mustard followed by Uttar Pradesh, Haryana, Madhya Pradesh, West Bengal, Gujarat and Assam. Rajasthan state ranks first both in area and production i.e., 2.71 million hectares and 4.28 million tonnes, respectively with an average productivity of 1581 kg/ha (Anonymous, 2019-20).

The hereness of genetic variability is the basic need for genetic improvement through systematic breeding programs for developing high yielding and stress resistant varieties in any crop. 
Materials and Methods 

The materials for the present investigation consisted of 40 genotypes of Indian mustard including three checks were collected from Department of Genetics and Plant Breeding Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences, Prayagraj, U.P. These genotypes were evaluated in randomized block design with three replications. The plant material was sown at row-to-row distance of 45 cm and plant to plant distance of 10 cm. Five competitive plants were randomly selected at the time of maturity (except the days to 50 per cent flowering and days to maturity which were recorded on plot basis) from each plot to record the following observations, i.e., Days to 50% flowering, days to maturity, plant height (cm), number of primary branches, number of secondary branches, main raceme length, siliqua in main raceme, siliqua per plant, siliqua length (cm), seeds per siliqua, biological yield, harvest index, test weight (g), oil content (%) and seed yield per plant (g). Test of significance for each character were analyzed as per methodology advocated by (Panse and Sukhatme 1985 and Singh and Choudhary 1979). Correlation coefficient was worked out as method suggested by Singh and Choudhary (1985). 
Results and Discussion 

The result on analysis of any breeding program lies upon the thorough knowledge of genetic variability, heritability and type of gene action involved in the inheritance of importance of improvement of desirable characters thus, and success of genetic enhancement is attributed to the magnitude and nature of variability present for a specific character. The analysis of variance (Table 1) revealed that the genotypes were highly significant for all the traits under study. The estimates of mean, range, genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) for various characters studied are presented in (Table 2). The PCV values were higher than GCV values for all the characters indicating the influence of environment on the expression of characters. High PCV and GCV values were observed for biological yield, Seed yield per plant, Test weight, number of secondary branches, Siliquae on main raceme and Harvest index indicating better opportunity for improvement in these traits through selection. The characters with high phenotypic coefficient of variation indicated more influence of environmental factors. Similar results on variability for different characters were reported by Sharma et al. (2014), Akabari and Niranjana (2015) and Yadav et al. (2022).

The estimates of heritability and expected genetic advance for various characters studied are shown in Table 3. Heritability estimates were highest for days to maturity, days to 50% flowering, oil content, siliqua on main raceme, test weight, harvest index, main raceme length, plant height, seed yield per plant, biological yield, number of secondary branches per plant, siliqua length. High heritability indicated that the characters were least influenced by environmental factors. Lowest heritability was observed for number of siliquas per plant and siliqua length. High value of expected genetic advance expressed as percent of mean was observed for biological yield followed by seed yield per plant, test weight, siliqua on main raceme, harvest index and number of primary branches per plant. High heritability coupled with high genetic advance (per cent of mean) was observed biological yield, seed yield per plant, test weight and siliqua on main raceme. This suggested that these characters can be considered as favorable for improvement through selection. Similar findings were also reported by Priyamedha et al. (2013), Pandey and Pandey (2014) and Vanukuri and Pandey (2022). 

Correlation analysis estimates the degree and direction of the relationship between variables are widely used in breeding selection programs. The phenotypic and genotypic correlation for all the characters is presented in Table 3a&b. Simple correlation coefficients computed among the fifteen characters indicated that there are significant associations between the investigated traits. The seed yield per plant exhibited highly significant and positive correlation with siliqua on main raceme length, biological yield, number of seeds per siliqua, primary branches per plant number of siliqua per plant and plant height. Thus, these characters emerged as most important factors influencing seed yield in Indian mustard. Seed yield per plant showed non-significant and positive correlation with harvest index and days to maturity. Besides, non-significant and negative correlation with siliqua length, oil content, main raceme and test weight.  Days to 50% flowering showed highly significant and positive correlation with days to maturity and plant height. While highly significant and negative correlation with siliqua length and number of primary branches per plant. Days to maturity exhibited highly significant and positive correlation with biological yield and number of seeds per siliqua. It also showed significant and negative correlation with test weight and number of secondary branches per plant. Plant height showed highly significant and negative correlation with biological yield and siliqua on main raceme. Primary branches per plant exhibited highly significant and positive correlation with number of siliquas per plant and siliqua length. Secondary branches per plant exhibited highly significant and positive correlation with test weight. Main raceme length exhibited highly significant and positive correlation with number of siliquas per plant. Siliqua length exhibited highly significant and positive correlation with harvest index and test weight. Harvest index exhibited highly significant and positive correlation with oil content. These findings are broadly in agreement with some earlier reports Gangapur et al. (2009), Lodhi et al. (2014), Davar et al. (2018), Pal et al. (2019) and Nandi et al. (2021).

Table.1 ANOVA for 40 genotypes of mustard

	Source of Variation
	Replication
	Treatment
	Error

	DF
	2
	39
	78

	Days to 50% flowering
	0.15
	45.35**
	0.577

	Days to maturity
	0.70
	110.34**
	0.74

	Plant height (cm)
	225.78
	742.91**
	47.91

	No. of primary branches
	0.15
	1.47**
	0.30

	No. of secondary branches
	3.77
	21.90**
	2.41

	Main raceme length
	6.46
	53.04**
	2.89

	Siliquae on main raceme
	2.91
	120.43**
	3.65

	No. of siliqua per plant
	1005.56
	3874.04**
	613.74

	Siliqua length (cm)
	0.27
	0.98**
	0.13

	No. of seeds per siliqua
	2.61
	5.11**
	2.12

	Biological yield (g)
	8.92
	242.53**
	20.95

	Harvest index (%)
	1.02
	26.02**
	1.26

	1000 seed weight (g)
	0.02
	1.13**
	0.05

	Oil content (%)
	0.58
	9.57**
	0.14

	Seed yield per plant (g)
	2.10
	10.17**
	0.66


      *, ** significant at 5% and 1% levels, respectively

         Table.2. Genetic variability parameters for seed yield and its contributing characters in mustard genotypes

	Sr. No.
	Characters
	Mean
	Range
	GCV

 (%)
	PCV

 (%)
	H(bs)

 (%)
	Genetic advance
	Genetic Advance as percentage of mean

	
	
	
	Min.
	Max.
	
	
	
	
	

	1. 
	Days to 50% flowering
	50.15
	42.67
	61.00
	7.70
	7.85
	96.27
	7.80
	15.56

	2. 
	Days to maturity
	133.10
	122.00
	139.67
	4.54
	4.58
	98.00
	12.32
	9.26

	3. 
	Plant height (cm)
	219.49
	191.40
	251.26
	6.93
	7.61
	82.86
	28.54
	13.00

	4. 
	No. of primary branches
	8.02
	6.73
	9.26
	7.75
	10.39
	55.71
	0.95
	11.93

	5. 
	No. of secondary branches
	21.64
	16.93
	27.73
	11.77
	13.79
	72.86
	4.48
	20.69

	6. 
	Main raceme length
	68.53
	63.18
	76.02
	5.96
	6.46
	85.22
	7.77
	11.34

	7. 
	Siliquae on main raceme
	48.78
	38.03
	56.87
	12.78
	13.37
	91.42
	12.28
	25.19

	8. 
	No. of siliqua per plant
	385.23
	271.93
	436.80
	8.55
	10.70
	63.91
	54.29
	14.09

	9. 
	Siliqua length (cm)
	5.49
	4.27
	6.42
	9.73
	11.77
	68.27
	0.91
	16.56

	10. 
	No. of seeds per siliqua
	15.28
	13.73
	18.20
	6.53
	11.54
	31.89
	1.16
	7.59

	11. 
	Biological yield (g)
	52.34
	34.02
	70.20
	16.41
	18.60
	77.90
	15.62
	29.85

	12. 
	Harvest index (%)
	23.19
	16.66
	27.49
	12.38
	13.29
	86.67
	5.50
	23.74

	13. 
	1000 seed weight (g)
	4.44
	3.06
	6.22
	13.48
	14.43
	87.22
	1.15
	25.94

	14. 
	Oil content (%)
	41.33
	37.69
	44.49
	4.28
	4.388
	95.52
	3.56
	8.63

	15. 
	Seed yield per plant (g)
	12.30
	9.06
	16.54
	14.47
	15.92
	82.69
	3.36
	27.11


Table.3a. Genotypic correlation coefficients between different traits in mustard genotypes
	Characters
	DF
	DM
	PH
	NPBP
	NSBP
	Main raceme
	Siliqua on raceme
	NSPP
	SL
	NSPS
	BY

(%)
	HI

(%)
	TW

(g)
	Oil 

(%)
	SYPP (g)

	Days to 50% flowering
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Days to maturity
	0.422**
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	

	Plant height (cm)
	0.245**
	0.302**
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	No. of primary branches
	-0.222**
	-0.242**
	0.099
	1.000
	
	
	
	
	
	
	
	
	
	
	

	No. of secondary branches
	-0.135
	-0.343**
	-0.256**
	0.022
	1.000
	
	
	
	
	
	
	
	
	
	

	Main raceme length
	-0.177
	-0.037
	-0.016
	0.258**
	-0.050
	1.000
	
	
	
	
	
	
	
	
	

	Siliquae on main raceme
	-0.049
	-0.129
	-0.269**
	0.154
	-0.037
	-0.024
	1.000
	
	
	
	
	
	
	
	

	No. of siliqua per plant
	0.204*
	-0.134
	0.072
	0.356**
	-0.033
	0.385**
	0.104
	1.000
	
	
	
	
	
	
	

	Siliqua length (cm)
	-0.312**
	-0.219*
	0.080
	0.297**
	0.038
	0.105
	-0.078
	0.037
	1.000
	
	
	
	
	
	

	No. of seeds per siliqua
	0.240**
	0.204*
	0.175
	0.065
	0.119
	-0.185*
	-0.232*
	0.412**
	-0.111
	1.000
	
	
	
	
	

	Biological yield (g)
	0.152
	0.362**
	-0.307**
	0.059
	-0.261**
	-0.064
	0.163
	-0.212*
	-0.341**
	-0.210*
	1.000
	
	
	
	

	Harvest index (%)
	-0.099
	-0.213*
	-0.237**
	0.035
	0.166
	0.152
	-0.154
	0.393**
	0.369**
	0.072
	-0.302**
	1.000
	
	
	

	1000 seed weight (g)
	-0.033
	-0.324**
	-0.136
	0.042
	0.327**
	-0.234**
	-0.002
	-0.105
	0.244**
	-0.081
	-0.164
	0.163
	1.000
	
	

	Oil content (%)
	0.132
	0.120
	-0.067
	-0.125
	-0.030
	0.346**
	0.019
	0.334**
	0.140
	0.172
	-0.133
	0.353**
	-0.220*
	1.000
	

	Seed yield per plant (g)
	0.184*
	0.029
	0.350**
	0.401**
	-0.095
	-0.082
	0.520**
	0.389**
	-0.119
	0.460**
	0.467**
	0.116
	-0.065
	-0.089
	1.000


*, ** = Significant at 5 % and 1 % levels, respectively.
  Table.3b. Phenotypic correlation coefficients between different traits in mustard genotypes
	Characters
	DF
	DM
	PH
	NPBP
	NSBP
	Main raceme
	Siliqua on raceme
	NSPP
	 SL
	NSPS
	BY

(%)
	HI

(%)
	TW

(g)
	Oil

(%)


	SYPP

(g)

	Days to 50% flowering
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Days to maturity
	0.407**
	1.000
	
	
	
	
	
	
	
	
	
	
	
	
	

	Plant height (cm)
	0.238**
	0.276**
	1.000
	
	
	
	
	
	
	
	
	
	
	
	

	No. of primary branches
	-0.164
	-0.192*
	0.077
	1.000
	
	
	
	
	
	
	
	
	
	
	

	No. of secondary branches
	-0.100
	-0.286**
	-0.143
	0.065
	1.000
	
	
	
	
	
	
	
	
	
	

	Main raceme length
	-0.167
	-0.036
	-0.008
	0.154
	-0.045
	1.000
	
	
	
	
	
	
	
	
	

	Siliquae on main raceme
	-0.042
	-0.123
	-0.236**
	0.124
	-0.024
	-0.056
	1.000
	
	
	
	
	
	
	
	

	No. of siliqua per plant
	0.144
	-0.105
	0.068
	0.275**
	0.057
	0.283**
	0.104
	1.000
	
	
	
	
	
	
	

	Siliqua length (cm)
	-0.241**
	-0.173
	0.060
	0.105
	0.024
	0.052
	-0.056
	0.039
	1.000
	
	
	
	
	
	

	No. of seeds per siliqua
	0.153
	0.112
	0.110
	-0.002
	0.074
	0.005
	-0.151
	0.189*
	0.037
	1.000
	
	
	
	
	

	Biological yield (g)
	0.128
	0.326**
	-0.196
	0.026
	-0.161
	-0.039
	0.127
	-0.136
	-0.253**
	-0.094
	1.000
	
	
	
	

	Harvest index (%)
	-0.102
	-0.202*
	-0.230*
	-0.019
	0.118
	0.138
	-0.138
	0.273**
	0.283**
	0.053
	-0.317**
	1.000
	
	
	

	1000 seed weight (g)
	-0.026
	-0.296**
	-0.094
	0.021
	0.251**
	-0.192*
	-0.011
	-0.098
	0.148
	-0.010
	-0.125
	0.143
	1.000
	
	

	Oil content (%)
	0.119
	0.117
	-0.062
	-0.088
	-0.023
	0.312**
	0.008
	0.272**
	0.098
	0.085
	-0.116
	0.328**
	-0.196*
	1.000
	

	Seed yield per plant (g)
	0.153
	0.038
	0.262**
	0.382**
	-0.093
	-0.022
	0.440**
	0.371**
	-0.088
	0.395**
	0.452**
	0.098
	-0.068
	-0.081
	1.000


*, ** = Significant at 5 % and 1 % levels, respectively.

Conclusion 

From the present study it is concluded that the analysis of variance showed highly significant differences among the genotypes for all the characters studied. PCV values were higher than GCV values. The characters observed high heritability with high genetic advance were biological yield, seed yield per plant, test weight and siliqua on main raceme. It is concluded that the traits such as with siliqua on main raceme length, biological yield, number of seeds per siliqua, primary branches per plant number of siliqua per plant and plant height which exhibited highly significant and positive correlation. 
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