Exploring Genetic Parameters for Yield Improvement in Indian Mustard (Brassica juncea Czern. & Coss.)
ABSTRACT
The current investigation was carried out with goals to calculate variances among families and within family, to determine genetic parameters and to find better mutants for further utilization at experimental farm of Agricultural Botany Section, College of Agriculture Nagpur during rabi 2017 in M3 generation. In rabi 2016, 71 mutants were found together with one check and in rabi 2017, these 71 mutants along with one checks (PM-21) were tested in M3 generation in Randomized Block Design with two replications. Data were recorded on days to 50% flowering, days to maturity, plant height (cm), number of primary branches plant-1, number of siliqua plant-1, length of silique (cm), number of seed siliqua-1, seed yield plant-1 (g) and 1000 seed weight (g). The genetic parameter analysis revealed the importance of number of siliqua plant-1, 1000 seed weight and seed yield plant-1 for selection of better individual mutant from the progenies, based on genotypic coefficient of variation, phenotypic coefficient of variation, heritability and genetic advance. Thus, 161 mutants were chosen from PM-21 variety treated with different concentrations of sodium azid (T1= 0.03% SA, T2 = 0.06% SA and T3= 0.09% SA). All these mutants will be sent to M4 generation in progeny rows for one or more generation so that homozygosity will be reached and the superior genotypes may be selected for forwarding to yield trials in subsequent generation.
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INTRODUCTION
“Indian mustard [Brassica juncea (L) Czern & Coss] is an important oilseed crop, accounting for more than 70% of the entire area allocated to rapeseed and mustard. The agriculture industry is critical to India's social security and economic prosperity. Oilseed crops are the second most important component of the agricultural economy, behind grains. Mustard is India's second most significant oilseed crop, behind peanuts, accounting for around 20-22% of overall oilseed output” (Prajapati et al., 2020). “Oilseed Brassicas are rabi crops grown and marketed for oil and meal. The oil obtained from these crops is among the best available edible oils, with the lowest concentration of saturated fatty acids when compared to other vegetable oils. They provide vital fatty acids and high-quality protein-rich meals with a well-balanced amino acid profile. B. juncea comes in both vegetable and oilseed types, which may have originated from distinct origins. Genetic diversity is critical for every breeding programme. Beyond standard procedures, induced mutation has been frequently employed to generate novel genetic variants in agricultural plants. The breeding method for creating high-yielding cultivars is determined by the nature and level of diversity in various yield components” (Prajapati et al., 2020). “Effective selection requires an assessment of genetic factors such as phenotypic coefficient of variation (PCV), genotypic coefficient of variation (GCV), heritability (h2), and genetic advance (GA%). Thus, developing high-yielding cultivars is an important objective in mustard breeding. Mutagenesis provides a unique potential to improve Brassica oleiferous. Various physical and chemical mutagens have been used in rapeseed and mustard to produce new types with better economic characteristics” (Prajapati et al., 2020). To accomplish desired improvements in mustard, plant breeders might use the sophisticated technology of mutant breeding. Given these considerations, the current study was undertaken on Brassica juncea cv. variety PM 21 using the chemical mutagen sodium azide.
MATERIALS AND METHODS
PM 21 is a variety known for its low erucic acid content and is well-suited to the Vidarbha region of Maharashtra. For the study, dry, healthy, and genetically pure seeds of Brassica juncea cv. PM 21 were divided into four groups of 300 seeds each. One group served as the control, while the remaining three groups were treated with 0.03%, 0.06%, and 0.09% aqueous solutions of sodium azide for 18 hours. After treatment, the seeds were washed with sterilized water and sown an hour later, alongside the control seeds. The M1 generation was grown during 2015-16, with individual plants from each treatment harvested separately. The harvested seeds were then used to grow the M2 generation. During the rabi season of 2016-17, 71 mutants were identified from the PM 21 in the M2 generation. In the rabi season of 2017-18, seeds harvested from each of the 71 mutants in the M3 generation were sown to produce the M4 generation in a replicated trial using a Randomized Block Design. Data were collected on various traits, including days to 50% flowering, days to maturity, plant height (cm), number of primary branches per plant, number of siliqua per plant, length of silique (cm), number of seeds per silique, seed yield per plant (g), and 1000 seed weight (g). The data recorded during the M3 generation were subjected to statistical analysis, including calculations of mean, range, genotypic variance, phenotypic variance, heritability (broad sense), genotypic coefficient of variation (%), phenotypic coefficient of variation (%), genetic advance (GA), standard error (SE), and coefficient of variation (CV) (%).
RESULTS AND DISCUSSION
The observations were recorded on 71 mutants along with one checks for all characters. A thousand seed weight were taken only for bold seeded mutants. Analysis of variance observed significance for between families and within family genetic variation. The findings of this analysis are shown in table 1. The data from the analysis of variance revealed highly significant mean square differences between families for all eight characters studied, namely days to 50% flowering, days to maturity, plant height, number of primary branches plant-1, number of siliqua plant-1, length of siliqua, number of seed siliqua-1, seed yield plant-1, and 1000 seed weight. This demonstrated that there was significant genetic diversity between families for all traits, allowing genetic parameters to be estimated. Javed et al. (2000) and Prajapati et al. (2020) showed substantial heterogeneity between families in mustard, which is consistent with these findings.
Table 2 displays the mean, genotypic variance, phenotypic variance, heritability (broad sense), genotypic coefficient of variation (%), phenotypic coefficient of variation (%), genetic advance (GA), standard error (SE), and co-efficient of variation (CV) (%) for all characters in the M3 generation. There were significant differences between the progenies for all of the traits investigated. These findings were consistent with those of Siddiqui et al. (2009) in rapeseed (Brassica napus). For all eight traits tested, the phenotypic variance and coefficient of variation were found to be significantly larger than the genotypic variance and coefficient of variation (Table 2). This demonstrated that the environment had a greater influence on the phenotypic expression of these characteristics. Bind et al. (2014) reported similar results in mustard (Brassica juncea), indicating a greater influence of the environment. Genotypic coefficient of variation ranged from low to high. Similarly, the phenotypic coefficient of variation was found to be low to high for several traits. According to these findings, Akbar et al. (2003) and Prajapati et al. (2020) observed “a high genotypic coefficient of variation and phenotypic coefficient of variation for seed yield plant-1 and number of siliqua plant-1 in mustard (Brassica juncea). The heritability estimates provide information about the transmission of traits from parents to offspring. Such an estimate allows for the examination of genetic and environmental effects that contribute in selection. Heritability estimation is frequently used to estimate genetic progress under selection, allowing plant breeders to anticipate improvements from various types and intensities of selection”. Table 2 shows the heritability and genetic advance estimates for 71 mutants and one check for eight characteristics.
[bookmark: _GoBack]The genetic progress as a percentage of the mean was moderate to low for all of the traits studied. Kumar et al. (2012) and Prajapati et al. (2020) showed “moderate to low genetic progress as a percentage of the mean in rapeseed (Brassica napus), which is consistent with our findings. When all genetic characteristics for eight traits were analyzed, it was discovered that seed yield plant-1 had a high genotypic coefficient of variation, low heritability, and moderate genetic advance as a percentage of the mean. The number of siliqua plants-1 showed a moderate genotypic coefficient of variation, poor heritability, and low genetic progress as a percentage of the mean. Plant height at maturity, germination percentage, and days to 50% flowering all showed moderate heritability and modest genetic progress. The number of major branches per plant and 1000 seed weight had low heritability with low genetic progress, but days to maturity had high heritability with low genetic advance. This suggested that seed yield plant-1 had low heritability and moderate genetic progress, were influenced by additive gene action in their attributes in M3 generation, and can be used as selection criteria”.
One of the primary goals of this investigation was to discover superior mutants for advancing to yield trials. Individual mutants were chosen from the M3 generation based on their large seed yield plant-1, quantity of siliqua plant-1, days to maturity, and bold seed. The selected mutants from the M3 generation were grown in the M4 generation to assess their performance and homozygosity. Selection of superior progenies based on seed yield plant-1 may be ineffective, thus plant breeders must incorporate a large number of component characters into the selection process at the same time. However, dealing with a large number of component characters at the same time becomes difficult, thus plant selection was based on seed yield plant-1 and number of siliqua plant-1. The superior plants from the M3 generation that were selected from various treatments based on seed yield plant-1, number of siliqua plant-1, earliness, and bold seeded. Thus, 71 mutants were chosen from the PM-21 variety and treated with varying dosages of sodium azide.
CONCLUSION
All 161 mutants developed from PM-21 types were chosen primarily for their greater seed yields. Several of the mutants chosen were also bold seeded. All of these mutants will be forwarded to M4 generation in progeny rows for one or more generations until homozygosity is achieved and superior genotypes are selected for forwarding to yield trials in subsequent generations.
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Table 1. Analysis of variance for different characters in M3 generation

	Mean sum of square

	Source of variation
	df
	DTF
	DTM
	PH (cm)
	NSPS
	NPBPP
	NSPP
	SL (cm)
	SYPP (g)
	TSW (g)

	Between families
	71
	17.84**
	68.73**
	8050.18**
	52.72**
	7.94**
	128303.52**
	2.13**
	304.80**
	2.20**

	Within families
	2088
	8.13
	10.41
	250.56
	2.66
	0.86
	5780.19
	0.67
	22.58
	0.34

	Intra class correlation (t)
	0.374
	0.737
	0.509
	0.386
	0.215
	0.414
	0.068
	0.294
	0.154


Table 2. Genetic parameters estimate for different characters in M3 generation
	Parameters
	DTF
	DTM
	PH (cm)
	NSPS
	NPBPP
	NSPP
	SL (cm)
	SYPP (g)
	TSW (g)

	CV (%)
	5.68
	3.20
	9.18
	11.88
	19.05
	39.89
	12.83
	51.05
	12.85

	SE
	2.02
	2.28
	11.19
	1.15
	0.66
	53.76
	0.58
	3.36
	0.41

	CD
	5.68
	6.43
	31.04
	3.20
	1.82
	149.08
	1.60
	9.32
	1.14

	Mean
	50.21
	100.77
	172.42
	13.72
	4.88
	190.62
	6.37
	9.31
	4.54

	Range
	57- 43 (14)
	88-109 (21)
	338-92 (246)
	21- 8 (13)
	10-2 (8)
	893-11 (882)
	9.4-5.0 (4.4)
	18.6-4.80 (13.80)
	6.8-3.5 (3.50)

	Phenotypic variance
	12.98
	39.57
	510.55
	4.33
	1.10
	9864.30
	0.72
	31.99
	0.40

	GCV (%)
	4.39
	5.36
	9.35
	9.42
	9.95
	33.53
	3.47
	32.95
	5.48

	PCV (%)
	7.18
	6.24
	13.11
	15.16
	21.49
	52.10
	13.29
	60.76
	13.98

	Heritability(%)
	37.42
	73.69
	50.92
	38.57
	21.45
	41.40
	6.80
	29.41
	15.39

	G.A
	2.37
	8.16
	20.25
	1.41
	0.40
	72.37
	0.10
	2.93
	0.17

	G.A (as % of mean)
	4.73
	8.10
	11.75
	10.29
	8.11
	37.97
	1.59
	31.45
	3.79


DTF- Days to 50% flowering, DTM- Days to maturity, PH- Plant height (cm), NPBPP- Number of primary branches plant-1, NSPP- Number of siliqua plant-1, SL- Length of silique (cm), NSPS- Number of seed siliqua-1, SYPP- Seed yield plant-1 (g) and TSW- 1000 seed weight (g)

