


	
	Mutagen/
dose

	Total Chl. mutant in M1
	Relative percent of chlorophyll mutants
	Relative percent of single and multiple chlorophyll mutant

	
	
	Chlorina
	Aurea
	Xantha
	Albino
	Variegated
	Viridis
	Striata
	One type
	Two type
	Multiple type

	Variety-I

	Control
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Cadmium Nitrate [Cd(NO3)2]

	10ppm
	22.0
	31.82
	-
	13.64
	-
	18.18
	27.27
	9.09
	75.34b
	16.66b
	8.00a

	20ppm
	27.0
	25.93
	7.41
	14.81
	14.81
	7.41
	18.52
	11.11
	80.00ab
	20.00a
	-

	30ppm
	24.0
	16.67
	20.83
	12.50
	12.50
	20.83
	12.50
	4.17
	82.20ab
	10.12c
	7.68a

	40ppm
	25.0
	5.88
	17.65
	23.53
	23.53
	11.76
	5.88
	11.76
	-
	-
	-

	50ppm
	23.0
	-
	33.33
	16.67
	25.00
	-
	16.67
	8.33
	65.70c
	-
	34.30b

	Average
	24.2
	20.08
	15.84
	16.23
	15.17
	11.64
	16.17
	8.89
	60.65
	9.36
	10.00

	Lead Nitrate [Pb(NO3)2]

	10ppm
	24.0
	29.17
	8.33
	16.67
	4.17
	20.83
	8.33
	12.50
	80.12c
	12.44c
	7.44b

	20ppm
	28.0
	33.33
	11.11
	18.52
	11.11
	14.81
	3.70
	7.41
	90.56b
	-
	9.44ab

	30ppm
	26.0
	20.00
	24.00
	12.00
	16.00
	12.00
	8.00
	8.00
	76.67c
	18.45b
	4.88c

	40ppm
	25.0
	15.79
	26.32
	26.32
	5.26
	-
	21.05
	5.26
	100.00a
	-
	-

	50ppm
	24.0
	14.29
	28.57
	-
	21.43
	-
	-
	35.71
	67.56cd
	21.45a
	10.99a

	Average
	25.4
	24.57
	19.67
	18.38
	11.59
	15.88
	10.27
	13.78
	82.98
	17.45
	8.19


Table 1: Relative percent of chlorophyll mutants and chlorophyll mutant type in chemically treated M1 populations of var. VL 44 of Amaranthus spp.
*Values with similar alphabets are non-significant to each other and with different alphabets are significant 


	Mutagen/
dose

	Total Chl. mutant in M1
	Relative percent of chlorophyll mutants
	Relative percent of single and multiple chlorophyll mutant

	
	
	Chlorina
	Aurea
	Xantha
	Albino
	Variegated
	Viridis
	Striata
	One type
	Two type
	Multiple type

	Variety-I

	Control
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Cadmium Nitrate [Cd(NO3)2]

	10ppm
	23.0
	30.43
	0.00
	13.04
	-
	21.74
	26.09
	8.70
	-
	-
	-

	20ppm
	29.0
	31.03
	10.34
	13.79
	6.90
	10.34
	24.14
	3.45
	85.30a
	14.70b
	-

	30ppm
	26.0
	23.08
	19.23
	11.54
	11.54
	19.23
	11.54
	3.85
	81.20a
	10.12b
	8.68b

	40ppm
	25.0
	23.53
	11.76
	17.65
	11.76
	11.76
	5.88
	17.65
	-
	100.00a
	-

	50ppm
	23.0
	8.33
	25.00
	-
	-
	41.67
	25.00
	-
	63.70b
	-
	36.30a

	Average
	25.2
	23.28
	13.27
	14.01
	10.07
	20.95
	18.53
	8.41
	76.73
	41.61
	22.49

	Lead Nitrate [Pb(NO3)2]

	10ppm
	25.0
	29.16
	-
	16.67
	4.17
	20.83
	16.67
	12.50
	80.12b
	19.88a
	-

	20ppm
	30.0
	33.33
	11.11
	18.52
	11.11
	14.81
	3.70
	7.41
	92.56a
	-
	7.44b

	30ppm
	28.0
	20.00
	24.00
	12.00
	16.00
	12.00
	8.00
	8.00
	82.67b
	12.45b
	4.88c

	40ppm
	27.0
	15.79
	26.32
	26.32
	5.26
	-
	21.05
	5.26
	-
	-
	-

	50ppm
	26.0
	14.29
	28.57
	-
	21.43
	-
	-
	35.71
	69.56c
	20.45a
	9.99a

	Average
	27.2
	24.57
	22.50
	18.38
	11.59
	15.88
	12.36
	13.78
	81.23
	17.59
	7.44


Table 2: Relative percent of chlorophyll mutants and chlorophyll mutant type in chemically treated M1 populations of var. VL 110 of Amaranthus spp.

*Values with similar alphabets are non-significant to each other and with different alphabets are significant









Table 3: Mutagenic effectiveness and efficiency in chemically treated M2 populations of var. VL 44 and var. VL 110 of Amaranthus spp.
	Mutagen/
dose
	Percent Chl. mutant in M2
	Pollen sterility (%) 
	Seedling injury (%) 
	Meiotic abnormality (Me) 
	Mutagenic effectiveness + SD
	Mutagenic efficiency

	
	
	
	
	
	
	Mp/S + SD
	Mp/I + SD
	Mp/Me + SD

	Var. VL 44

	Control
	-
	-
	-
	-
	-
	-
	-
	-

	Cadmium Nitrate [Cd(NO3)2]

	10ppm
	2.62
	6.20 
	3.68 
	5.34 
	1.57a + 0.56
	0.42 + 0.14
	0.71 + 0.22
	0.49 + 0.42

	20ppm
	3.21
	10.23 
	6.66 
	6.12 
	0.96b + 0.32
	0.31 + 0.10
	0.48 + 0.18
	0.52 + 0.42

	30ppm
	2.86
	18.34 
	10.86 
	9.00 
	0.57c + 0.44
	0.16 + 0.05
	0.26 + 0.34
	0.32 + 0.27

	40ppm
	3.03
	25.60
	14.96 
	17.45 
	0.45cd + 0.25
	0.12 + 0.10
	0.20 + 0.25
	0.17 + 0.02

	50ppm
	2.99
	33.35 
	20.00 
	28.12 
	0.36d + 0.08
	0.09 + 0.05
	0.15 + 0.09
	0.11 + 0.07

	Lead Nitrate [Pb(NO3)2]

	10ppm
	2.86
	5.00 
	3.06 
	4.90 
	1.72a + 0.83
	0.57 + 0.42
	0.93 + 0.64
	0.58 + 0.44

	20ppm
	3.33
	6.28 
	5.64 
	5.75 
	1.00b + 0.26
	0.53 + 0.32
	0.59 + 0.25
	0.58 + 0 .36

	30ppm
	3.06
	9.23 
	9.05 
	8.20
	0.61c + 0.44
	0.33 + 0.06
	0.34 + 0.12
	0.37 + 0.44

	40ppm
	3.00
	17.34 
	13.19 
	15.45 
	0.45cd + 0.32
	0.17 + 0.24
	0.23 + 0.28
	0.19 + 0.15

	50ppm
	3.08
	23.60 
	17.77 
	26.10 
	0.37d + 0.35
	0.13 + 0.16
	0.17 + 0.05
	0.12 + 0.15

	Var. VL 110

	Cadmium Nitrate [Cd(NO3)2]

	10ppm
	2.72
	9.10 
	2.84 
	5.14 
	1.63a + 0.53
	0.30 + 0.06
	0.96 + 0.57
	0.53 + 0.26

	20ppm
	3.43
	17.91 
	5.40 
	6.80 
	1.03b + 0.65
	0.19 + 0.14
	0.64 + 0.56
	0.50 + 0.32

	30ppm
	3.17
	22.73 
	9.92 
	8.70
	0.63c + 0.44
	0.14 + 0.02
	0.32 + 0.26
	0.36 + 0.43

	40ppm
	3.05
	26.80 
	13.38 
	16.15 
	0.46cd + 0.36
	0.11 + 0.06
	0.23 + 0.26 
	0.19 + 0.12

	50ppm
	2.95
	31.86 
	18.32 
	27.10 
	0.35d + 0.15
	0.09 + 0.03
	0.16 + 0.08
	0.11 + 0.16

	Lead Nitrate [Pb(NO3)2]

	10ppm
	2.94
	8.67 
	2.76 
	4.58 
	1.76a + 0.87
	0.34 + 0.20
	1.07 + 0.63
	0.64 + 0.35

	20ppm
	3.53
	16.55 
	5.20 
	5.40 
	1.06b + 0.82
	0.21 + 0.15
	0.68 + 0.25
	0.65 + 0.42

	30ppm
	3.35
	22.16 
	9.70 
	8.00 
	0.67c + 0.16
	0.15 + 0.08
	0.35 + 0.36
	0.42 + 0.36

	40ppm
	3.29
	25.87 
	12.52 
	14.25 
	0.49cd + 0.26
	0.13 + 0.11
	0.26 + 0.12
	0.23 + 0.36

	50ppm
	3.25
	31.30 
	17.45 
	25.00 
	0.39d + 0.31
	0.10 + 0.05
	0.19 + 0.15
	0.13 + 0.02


*Values with similar alphabets are non-significant to each other and with different alphabets are significant	

Table 4: Characteristics of high yielding mutant lines selected from induce populations of var. VL 44 and var. VL 110 of amaranth.
	Sl. No.
	Mutant
Code
	Mutant Type
	Dose/Conc.
	Mutant Characteristics

	1.
	CN
	-
	-
	Normal plant height, mostly one panicle per plant, light yellow color panicle, branching absent, normal shape and size of the leaves and no specific variations were present. 

	Variety VL 44

	1.
	Am1
	Dwarf mutant
	30ppm Pb(NO3)2/Pb3
	High yield mutant having useful mutations in agronomic trait. 2 – 3 branches per plant, large panicle size, compact low shattering penical, increase no. of spikelet per penical, and early flowering and maturing.

	2.
	Am2
	Semi-dwarf mutant
	10ppm Cd(NO3)2/Cd1
	Slightly increased yield mutant having mutation spectrum in plant morphology. Branching was absent, Blend (red and yellow) reduce size panicle with high compactness and distort shape, broad and larger dark green leaves, solid and strong stem and highly fibrous root.

	3.
	Am3
	Semi-dwarf mutant
	20ppm Pb(NO3)2/Pb2
	Mutant plant with 115-120 cm height representing few mutations in plant morphology. No specific mutations were presented in panicle. Normal yield per plant with large size of seeds and slightly increased 1000-seed weight.

	4.
	Am4
	Tall mutant
	10ppm Pb(NO3)2/Pb1
	Mutant plant with 180 – 190 cm height, large size open panicle with high seed shattering, dark yellow color blend with light green color. Mutant with woody stem and more number of fibers were present in root.

	5.
	Am5
	Dwarf mutant
	20ppm Cd(NO3)2/Cd2
	Plant heights reduce to 70 – 75 cm, mutant with small stature, branching was present (3 – 5 branches per plant), normal size red panicle often compact, oblong and large seed and high yield mutant. 

	Variety VL 110

	1.
	AM1
	Tall mutant 
	10ppm Cd(NO3)2/Cd1
	Tall mutant plant attains a height of 175 – 180 cm with significant mutations in morphology and yield traits. Broad, large and compact light green yellowish panicle, large and broad leaves, thick stem. Bigger round seeds, increased 1000-seed weight.

	2.
	AM2
	Dwarf mutant
	20ppm Pb(NO3)2/Pb2
	[bookmark: _GoBack]Small stature mutant plant with a height of 65 – 70 cm long with multiple branches. Large numbers of bigger, broad and oblong leaves, Broad small with 35 cm long light yellow color open panicle. Thick stem with high number of fibers. Normal yield, comparable with control plant.

	3.
	AM3
	Semi-dwarf mutant
	20ppm Cd(NO3)2/Cd2
	High yield mutant plant with slightly decrease height (123 – 125 cm) as compare to control. No specific mutations except in yield related traits. 3 – 4 branches per plant. Large compact panicle. Increase yield (90 g) comparable to control (70 g).

	4.
	AM4
	Dwarf mutant
	20ppm Pb(NO3)2/Pb2
	Mutant plant with highly reduce height (90 – 96 cm). Normal size light green panicle with low long spikelet and low seed shattering. Larger smooth feathery leaves. Woody solid stem with more fiber. Bald rounded seeds with increase 1000-seed and total yield weight. 

	5.
	AM5
	Semi-dwarf mutant
	10ppm Pb(NO3)2/Pb1
	Semi-dwarf mutant with single branch. Dark green open panicle with increased number of spikelet. Increased grain yield per plant. Early flowering and maturity.


	6.
	AM6
	Dwarf mutant
	30ppm Pb(NO3)2/Pb3
	Dwarf mutant with small size branches, 3 – 4 branches per plant, small compact light green color panicle on each branch. Increase number of small rounded leaves with thick texture. Highly reduced solid woody stem with highly fibrous root. Bigger size bold oblong seed with increase 1000-seed and total grain yield weight. 



























	Var. VL 44

	Trait
	 Cd(NO3)2
	
	Pb(NO3)2

	
	Grand mean
	SD
	GCV%
	H2bs
	GA%
	Grand mean
	SD
	GCV%
	H2bs
	GA%

	Flowering (days)
	58.00
	7.23
	7.49
	77.50
	11.30
	57.03
	7.98
	7.05
	85.81
	10.40

	Plant height (cm)
	122.80
	22.14
	14.46
	97.96
	57.40
	155.90
	23.44
	15.21
	98.59
	62.20

	No. of spikelet/penical
	78.00
	11.06
	8.60
	92.18
	15.20
	69.57
	10.65
	8.45
	95.97
	15.20

	Panicle length (cm)
	53.32
	7.23
	11.28
	68.30
	12.80
	45.54
	8.63
	8.73
	73.03
	10.10

	Maturity (days)
	92.23
	14.65
	8.60
	75.84
	24.00
	104.07
	13.47
	8.19
	78.03
	22.30

	1000-seed weight (g)
	1.16
	0.26
	25.24
	91.61
	0.70
	1.21
	0.35
	23.70
	88.22
	0.70

	Grain yield//plant (g)
	85.47
	13.65
	13.79
	93.17
	25.90
	74.20
	14.52
	11.25
	95.70
	21.80

	Harvesting index (HI) 
	23.34
	2.14
	10.05
	80.47
	5.90
	24.27
	11.24
	6.58
	85.05
	3.90

	Var. VL 110
	

	Flowering (days)
	57.87
	6.98
	6.17
	82.61
	9.30
	57.20
	7.56
	5.97
	92.71
	15.17

	Plant height (cm)
	113.97
	22.36
	14.28
	98.80
	57.70
	159.23
	23.14
	13.10
	98.31
	54.60

	No. of spikelet/penical
	79.33
	12.45
	8.43
	95.41
	15.10
	70.57
	13.14
	8.18
	94.33
	14.80

	Panicle length (cm)
	56.39
	7.65
	11.24
	72.60
	12.70
	45.06
	8.63
	10.81
	83.02
	27.52

	Maturity (days)
	98.20
	12.69
	8.44
	77.08
	22.90
	102.83
	13.47
	7.29
	80.60
	18.80

	1000-seed weight (g)
	1.46
	0.35
	14.70
	95.49
	0.40
	1.19
	0.23
	13.82
	91.62
	0.40

	Grain yield//plant (g)
	92.27
	14.68
	13.29
	98.11
	25.10
	73.20
	15.42
	12.85
	97.52
	24.60

	Harvesting index (HI) 
	24.88
	4.16
	9.04
	84.92
	5.30
	25.18
	5.16
	7.15
	83.50
	4.30

	LSD (P ≤ 0.05)*
	Most of the quantitative traits showed significant value at 5%

	LSD (P ≤ 0.01)**
	Significant at 1%


Table 5: Grand mean, genetic coefficient of variation, heritability and genetic advance in high yielding mutant lines of var. VL 44 and var. VL 110 of Amaranthus spp.

