Table 1 Estimation of lethal does (LD50) at different doses of gamma rays and sodium azide
	Conc.
	No. of seed Sample
	Germinations (%) in Lab.
	Germinations (%) in Field
	Survival
(%)
	LD

	Control
	300
	95.00
	91.33
	91.33
	-

	150 Gy γ rays
	300
	64.50
	60.33
	57.67
	36.86

	200 Gy γ rays
	300
	58.50
	48.67
	44.00
	51.82

	250 Gy γ rays
	300
	50.00
	41.33
	40.00
	56.20

	300 Gy γ rays
	300
	42.50
	36.00
	35.67
	60.94

	350 Gy γ rays
	300
	34.50
	25.67
	19.00
	79.20

	400 Gy γ rays
	300
	30.00
	22.33
	14.67
	83.94

	0.01% SA
	300
	66.00
	64.67
	62.67
	31.38

	0.02% SA
	300
	60.00
	49.33
	44.67
	51.09

	0.03% SA
	300
	42.00
	43.67
	38.33
	58.03

	0.04% SA
	300
	40.50
	34.67
	32.67
	64.23

	0.05% SA
	300
	35.00
	28.67
	24.67
	72.99

	0.06% SA
	300
	30.00
	23.33
	18.00
	80.29

	150 Gy γ rays +0.01% SA
	300
	61.50
	60.00
	57.67
	36.86

	200 Gy γ rays +0.02% SA
	300
	58.50
	49.67
	43.33
	52.56

	250 Gy γ rays +0.03% SA
	300
	54.00
	40.33
	37.33
	59.13

	300 Gy γ rays +0.04% SA
	300
	47.00
	29.67
	25.67
	71.89

	350 Gy γ rays +0.05% SA
	300
	35.00
	26.33
	20.33
	77.74

	400 Gy γ rays +0.06% SA
	300
	29.00
	20.00
	15.33
	83.21







Table 2 Mean and inhibition per cent of different treatments in M1 generation under laboratory conditions
	Treatments
	G
	I (%)
	SL

	I (%)
	RL

	I (%)
	SFW
	I (%)
	SDW
	I (%)
	SVI-I

	I (%)
	SVI-II
	I (%)

	Control
	95.00
	0.00
	28.75
	0.00
	10.54
	0.00
	3.59
	0.00
	1.12
	0.00
	2615.23
	0.00
	102.33
	0.00

	150Gy γ rays
	64.50
	32.11
	19.64
	31.69
	7.71
	26.88
	3.29
	8.29
	0.85
	24.82
	1268.36
	51.50
	54.68
	46.56

	200Gy γ rays
	58.50
	38.42
	18.08
	37.14
	5.45
	48.33
	2.60
	27.72
	0.78
	29.83
	1055.43
	59.64
	46.16
	54.89

	250Gy γ rays
	50.00
	47.37
	17.04
	40.74
	5.54
	47.50
	3.30
	8.22
	0.78
	30.54
	907.66
	65.29
	41.04
	59.90

	300Gy γ rays
	42.50
	55.26
	6.73
	76.60
	4.40
	58.31
	2.53
	29.46
	0.63
	43.51
	299.09
	88.56
	28.26
	72.39

	350Gy γ rays
	34.50
	63.68
	5.95
	79.31
	3.35
	68.29
	2.23
	38.02
	0.53
	52.89
	228.59
	91.26
	20.38
	80.09

	400Gy γ rays
	30.00
	68.42
	4.52
	84.29
	3.62
	65.66
	2.47
	31.34
	0.47
	57.41
	159.81
	93.89
	17.23
	83.16

	0.01% SA
	66.00
	30.53
	19.29
	32.92
	6.61
	37.38
	1.52
	57.80
	1.03
	8.30
	1272.67
	51.34
	68.04
	33.51

	0.02% SA
	60.00
	36.84
	17.41
	39.46
	6.36
	39.75
	1.58
	56.13
	0.92
	18.57
	1079.25
	58.73
	56.73
	44.56

	0.03% SA
	42.00
	55.79
	15.88
	44.76
	5.58
	47.14
	2.48
	30.85
	0.69
	37.92
	937.82
	64.14
	41.37
	59.57

	0.04% SA
	40.50
	57.37
	11.94
	58.49
	5.35
	49.28
	2.12
	40.95
	0.54
	51.25
	579.55
	77.84
	26.48
	74.12

	0.05% SA
	35.00
	63.16
	8.80
	69.39
	4.66
	55.84
	2.09
	41.71
	0.48
	56.98
	361.75
	86.17
	19.65
	80.80

	0.06% SA
	30.00
	68.42
	7.69
	73.25
	4.34
	58.83
	2.06
	42.76
	0.41
	63.06
	277.30
	89.40
	15.12
	85.23

	150Gy + 0.01% SA
	61.50
	35.26
	18.29
	36.39
	7.52
	28.70
	2.83
	21.31
	0.89
	20.28
	1125.40
	56.97
	55.03
	46.22

	200Gy + 0.02% SA
	58.50
	38.42
	12.56
	56.33
	5.72
	45.77
	2.69
	25.21
	0.77
	31.47
	734.56
	71.91
	45.16
	55.86

	250Gy+ 0.03% SA
	54.00
	43.16
	10.97
	61.84
	5.33
	49.49
	2.53
	29.53
	0.68
	38.68
	593.48
	77.31
	36.94
	63.90

	300Gy + 0.04% SA
	47.00
	50.53
	8.80
	69.39
	4.50
	57.34
	2.14
	40.46
	0.55
	50.82
	413.97
	84.17
	26.02
	74.58

	350Gy + 0.05% SA
	35.00
	63.16
	7.67
	73.32
	4.54
	56.96
	1.57
	56.41
	0.45
	59.43
	291.11
	88.87
	17.41
	82.99

	400Gy + 0.06% SA
	29.00
	69.47
	6.80
	76.34
	3.45
	67.27
	1.41
	60.86
	0.44
	60.85
	237.55
	90.92
	15.30
	85.05

	Mean
	49.13
	 
	12.98
	 
	5.50
	 
	2.37
	 
	0.69
	 
	759.92
	 
	38.60
	 

	C.D.
	3.96
	 
	1.56
	 
	0.29
	 
	0.19
	 
	0.16
	 
	103.86
	 
	8.81
	 

	SE(m)
	1.39
	 
	0.55
	 
	0.10
	 
	0.07
	 
	0.06
	 
	36.58
	 
	3.10
	 

	SE(d)
	1.97
	 
	0.78
	 
	0.14
	 
	0.09
	 
	0.08
	 
	51.73
	 
	4.39
	 

	C.V.
	5.34
	 
	8.48
	 
	3.72
	 
	5.63
	 
	15.96
	 
	9.63
	 
	14.44
	 


I (%)= Inhibition(%), G= Germination %, SL= Shoot length (cm), RL= Root length (cm), SFW= Seedling fresh weight (g), SDW= Seedling dry weight (g), SVI-I= Seed vigour index-I and SVI-II= Seed vigour index-II




Table 3 Frequency of morphological and chlorophyll mutants in M2 generation
	S. No.
	Treatments
	Total no. of plants observed
	Total no. of progenies observed
	Morphological mutants
	Chlorophyll mutants
	Total no. of mutant
	Total no. of progenies represents mutations
	Mutation frequency (Population basis)
	Mutation frequency (Family basis)

	1.
	Control
	2000
	20
	-
	-
	-
	-
	-
	-

	2.
	150 Gy γ rays
	2000
	20
	3
	1
	4
	2
	0.20
	10

	3.
	200 Gy γ rays
	2000
	20
	4
	2
	6
	3
	0.30
	15

	4.
	250 Gy γ rays
	2000
	20
	4
	4
	8
	5
	0.40
	25

	5.
	0.01% SA
	2000
	20
	1
	-
	1
	1
	0.05
	05

	6.
	0.02% SA
	2000
	20
	3
	1
	4
	2
	0.20
	10

	7.
	0.03% SA
	2000
	20
	3
	2
	5
	4
	0.25
	20

	8.
	150 Gy γ rays + 0.01% SA
	2000
	20
	3
	2
	5
	2
	0.25
	10

	9
	200 Gy γ rays + 0.02% SA
	2000
	20
	4
	3
	7
	6
	0.35
	30

	10.
	250 Gy γ rays + 0.03% SA
	2000
	20
	5
	4
	9
	7
	0.45
	35






Table 4 Frequency and spectrum of chlorophyll mutants induced by Gamma rays, sodium azide and their combinations in M2 generation
	
	
	Types of Chlorophyll Mutants
	
	

	Treatments
	Total no. of plant observed
	Albina
	Chlorina
	Xantha
	Tigrina
	Viridis
	Xanthaviridis
	Total mutants
	F (%)

	Control
	2000
	-
	-
	-
	-
	-
	-
	-
	-

	150 Gy γ rays
	2000
	-
	1
	-
	-
	-
	-
	1
	0.05

	200 Gy γ rays
	2000
	-
	-
	1
	-
	1
	-
	2
	0.10

	250 Gy γ rays
	2000
	-
	1
	1
	1
	-
	1
	4
	0.20

	Total mutants (Gamma)
	6000
	-
	2
	2
	1
	1
	1
	7
	0.116

	0.01% SA
	2000
	-
	-
	-
	-
	-
	-
	-
	-

	0.02% SA
	2000
	-
	1
	-
	-
	-
	-
	1
	0.05

	0.03% SA
	2000
	-
	-
	1
	-
	-
	1
	2
	0.10

	Total mutants (SA)
	6000
	-
	1
	1
	-
	-
	1
	3
	0.050

	150 Gy γ rays + 0.01% SA
	2000
	1
	-
	-
	-
	1
	-
	2
	0.10

	200 Gy γ rays + 0.02% SA
	2000
	-
	1
	-
	1
	-
	1
	3
	0.15

	250 Gy γ rays + 0.03% SA
	2000
	1
	-
	2
	1
	-
	-
	4
	0.20

	Total mutants (Gamma + SA)
	6000
	2
	1
	2
	2
	1
	1
	9
	0.150








Table 5 Frequency and spectrum of morphological mutants induced by Gamma rays, sodium azide and their combinations in M2 generation
	
	
	Types of Morphological Mutants 
	
	

	Treatments
	Total no. of plants observed
	Plant height
	Growth habit
	Leaf
	Flower
	Pod
	Seed
	Total mutants
	F (%)

	Control
	2000
	-
	-
	-
	-
	-
	-
	-
	-

	150Gy γ rays
	2000
	1
	-
	1
	-
	-
	1
	3
	0.15

	200Gy γ rays
	2000
	-
	-
	1
	-
	1
	2
	4
	0.20

	250Gy γ rays
	2000
	1
	1
	-
	-
	1
	1
	4
	0.20

	Total mutants (Gamma)
	6000
	2
	1
	2
	-
	2
	4
	11
	0.183

	0.01% SA
	2000
	-
	-
	1
	-
	-
	-
	1
	0.05

	0.02% SA
	2000
	1
	-
	-
	-
	1
	1
	3
	0.15

	0.03% SA
	2000
	-
	-
	1
	-
	1
	1
	3
	0.15

	Total mutants (SA)
	6000
	1
	-
	2
	-
	2
	2
	7
	0.116

	150Gy γ rays + 0.01% SA
	2000
	-
	2
	-
	-
	-
	1
	3
	0.15

	200Gy γ rays + 0.02% SA
	2000
	1
	-
	1
	1
	-
	1
	4
	0.20

	250Gy γ rays + 0.03% SA
	2000
	-
	
	2
	-
	1
	2
	5
	0.25

	Total mutants (Gamma + SA)
	6000
	1
	2
	3
	1
	1
	4
	12
	0.200









Table 6 Estimation of effectiveness and efficiency of gamma rays, sodium azide and their combinations in M2 generation
	
S.N.
	
Treatments
	(%) Pollen sterility
	(%) Survival injury
	% mutated plant progenies
	Mutagenic effectiveness
	Mutagenic efficiency

	
	
	(S)
	(I)
	(Mp)
	
	Mp/S
	Mp/I

	1.
	150 Gy γ rays
	18.62
	33.20
	10
	0.07
	0.54
	0.30

	2.
	200 Gy γ rays
	23.81
	40.92
	15
	0.07
	0.84
	0.49

	3.
	250 Gy γ rays
	27.81
	50.02
	25
	0.10
	0.90
	0.50

	4.
	0.01% SA
	17.53
	27.41
	05
	125.00
	0.29
	0.18

	5.
	0.02% SA
	17.64
	37.45
	10
	125.00
	0.57
	0.27

	6.
	0.03% SA
	18.98
	39.77
	20
	166.66
	0.79
	0.38

	7.
	150 Gy γ rays + 0.01% SA
	16.07
	33.20
	10
	1.66
	0.93
	0.45

	8.
	200 Gy γ rays + 0.02% SA
	22.79
	41.31
	30
	1.88
	1.32
	0.73

	9.
	250 Gy γ rays + 0.03% SA
	26.97
	52.51
	35
	1.17
	1.30
	0.67



