Table S1. Climatic data for the first cropping season of winter 2024-2025
	Week
	Year
	Temperature degree C
	Relative Humidity %
	Rainfall

	
	
	Max
	Min
	7 hr
	14 hr
	(mm)

	1st season (Rabi season)-11/11/24 to 6/3/25
	
	

	46
	2024
	31.5
	19.5
	83
	45
	0.0

	47
	2024
	29.8
	16.1
	88
	47
	0.0

	48
	2024
	28.2
	18.7
	86
	57
	0.5

	49
	2024
	30.2
	20.3
	85
	58
	1.2

	50
	2024
	28.3
	14.9
	83
	45
	0.2

	51
	2024
	26.1
	17.7
	85
	67
	68.9

	52
	2024
	27.5
	17.4
	92
	62
	22.1

	1
	2025
	26.8
	14.1
	90
	55
	0.0

	2
	2025
	27.6
	13.7
	94
	51
	0.0

	3
	2025
	28.1
	13.8
	91
	48
	0.0

	4
	2025
	30.6
	17.5
	97
	57
	0.0

	5
	2025
	32.3
	21.3
	96
	56
	0.0

	6
	2025
	32.8
	20.0
	93
	49
	0.0

	7
	2025
	34.2
	19.7
	92
	37
	0.0

	8
	2025
	33.0
	21.4
	95
	54
	29.1

	9
	2025
	34.1
	21.5
	91
	45
	0.0

	10
	2025
	34.5
	19.0
	83
	37
	0.0







Table S2. Climatic data for the second cropping season of summer 2025
	Week
	Year
	Temperature degree C
	Relative Humidity %
	Rainfall

	
	
	Max
	Min
	7 hr
	14 hr
	(mm)

	2nd season (Summer season)- 28/3/25 to 5/7/25
	
	

	13
	2025
	37.5
	24.4
	95
	46
	0.0

	14
	2025
	37.0
	24.7
	88
	46
	0.0

	15
	2025
	35.8
	23.5
	87
	54
	11.3

	16
	2025
	35.6
	25.9
	89
	59
	30.7

	17
	2025
	37.0
	26.3
	86
	54
	5.5

	18
	2025
	35.3
	23.1
	88
	52
	43.0

	19
	2025
	38.9
	26.4
	89
	50
	0.0

	20
	2025
	38.3
	24.7
	85
	52
	1.8

	21
	2025
	35.3
	25.8
	92
	80
	32.6

	22
	2025
	35.4
	26.8
	87
	58
	17.0

	23
	2025
	37.1
	25.1
	89
	63
	76.6

	24
	2025
	33.9
	25.9
	92
	72
	99.7

	25
	2025
	32.5
	25.8
	93
	72
	27.9

	26
	2025
	30.8
	24.7
	94
	81
	125.2

	27
	2025
	31.2
	24.5
	96
	79
	162.5








Table S3. Inventory of 57 vegetable amaranth germplasm accessions used in the present study
	Sr. No.
	Genotype/Accession
	Species
	Source
	Type

	1
	IIHR-B-AM02
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	2
	IC-0647405
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	3
	IIHR-B-AM13
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	4
	IIHR-B-AM19
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	5
	IIHR-B-AM26
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	6
	IC-0647407
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	7
	IC-0647408
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	8
	IIHR-B-AM157
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	9
	IIHR-B-AM158
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	10
	IC-0647409
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	11
	IC-0647410
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	12
	IC-0647411
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	13
	IIHR-B-AM40
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	14
	IC-0647412
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	15
	IIHR-B-AM43
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	16
	IC-0647414
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	17
	IC-0647415
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	18
	IIHR-B-AM202
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	19
	IIHR-B-AM279
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	20
	IC-0647420
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	21
	IIHR-B-AM285
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	22
	IIHR-B-AM204
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	23
	IIHR-B-AM205
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	24
	IIHR-B-AM215_9_22_7
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	25
	IIHR-B-AM230
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	26
	IIHR_B_AM231_13_2_15
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	27
	IIHR-B-AM236
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	28
	IIHR-B-AM237_5_14_3
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	29
	IIHR-B-AM239
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	30
	IIHR-B-AM300
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	31
	IIHR-B-AM291
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	32
	IIHR-B-AM292
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	33
	IC-0647425
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	34
	IIHR-B-AM301
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	35
	IIHR-B-AM245
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	36
	IIHR-B-AM247
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	37
	IHR_B_AM248_3_2
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	38
	IIHR-B-AM250
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	39
	IIHR-B-AM252
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	40
	IIHR-B-AM253
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	41
	IC-0647422
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	42
	IC-0647423
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	43
	IC-0647424
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	44
	IIHR-B-AM294
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	45
	IIHR-B-AM296
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	46
	IC-0647416
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Pulling type

	47
	IC-0647417
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	48
	IIHR-B-AM268
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	49
	IC-0647421
	Amaranthus dubius
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	50
	IC-0647418
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	51
	IIHR-B-AM289
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	52
	IIHR-B-AM290
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	53
	IIHR-B-AM303
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	54
	IC-0647419
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	55
	Pusa Kiran
	Amaranthus tricolor
	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	56
	Arka Neelachal Bainshi
		     Amaranthus tricolor



	CHES (ICAR-IIHR), Bhubaneswar
	Multicut type

	57
	Arka Neelachal Ruchitha
		    Amaranthus blitum



	CHES (ICAR-IIHR), Bhubaneswar
	Pulling type
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Table S4. Analysis of variance (ANOVA) for anti-nutrients, biochemical and antioxidant compounds for the winter season 2024-2025 
	Source
	Treatment (ignoring Blocks)
	Treatment: Check
	Treatment: Test
	Treatment: Test vs. Check
	Block (eliminating Treatments)
	Residuals

	Df
	56
	2
	53
	1
	5
	10

	Mean.Sq
	TC
	68.99**
	409.29**
	53.44**
	212.14**
	13.34ns
	5.47

	
	CUPRAC
	15.22**
	89.69**
	12.56**
	7.37*
	0.83ns
	1.02

	
	FRAP
	11.31**
	84.62**
	8.52**
	12.49**
	0.02ns
	0.18

	
	DPPH
	135.68**
	848.55**
	111.32**
	0.51**
	0.57*
	0.10

	
	TPC
	23313.8**
	5187.39*
	15089.45**
	495458.45**
	761.79ns
	925.52

	
	VITC
	18.35**
	121.72**
	14.61*
	9.8ns
	12.89*
	3.72

	
	TCC
	3.56**
	2.53**
	3.07**
	31.19**
	0
	0

	
	βC
	173175.08**
	2087083.72**
	103389.84**
	43975.57**
	6.06ns
	5.06

	
	TAC
	1.66**
	0.5*
	1.34**
	21.11**
	0.04
	0.0

	
	Protein
	10.82**
	28.17**
	10.25**
	5.98**
	0.04ns
	0.04

	
	Oxalate
	111573.59**
	655616.72**
	68132.4**
	1325870.04**
	18.19*
	2.79

	
	Nitrate
	1743.02**
	10198.67**
	1456.71**
	5.7**
	0.12ns
	0.1


 ns P > 0.05; * P <= 0.05; ** P <= 0.01
TC: Total chlorophyll, TPC: Total phenolic content, VITC: Vitamin C, TCC: Total carotenoid content, βC: β-carotene content, TAC: Total anthocyanin content




Table S5. Analysis of variance (ANOVA) for anti-nutrients, biochemical and antioxidant compounds for summer season of 2025 
	Source
	Treatment (ignoring Blocks)
	Treatment: Check
	Treatment: Test
	Treatment: Test vs. Check
	Block (eliminating Treatments)
	Residuals

	Df
	56
	2
	53
	1
	5
	10

	






Mean.Sq
	TC
	59.82**
	497.09**
	43.95**
	26.48**
	0.04ns
	0.06

	
	CUPRAC
	2.55**
	9.97**
	2.32**
	0ns
	0.12ns
	0.08

	
	FRAP
	10.16**
	100.35**
	6.94**
	0.08ns
	0.12ns
	0.49

	
	DPPH
	134.79**
	901.85**
	105.41**
	158.18**
	0.3ns
	0.15

	
	TPC
	21782.95**
	44368.17**
	14926.15**
	340022.69**
	98.37ns
	82.03

	
	VITC
	33.37**
	112.72**
	30.18**
	43.56*
	3.79ns
	5.32

	
	TCC
	0.59**
	2.16**
	0.44**
	5.16**
	0
	0

	
	βC
	162328.43**
	2038434.06**
	94302.58**
	15487.23**
	8.19**
	0.26

	
	TAC
	0.02ns
	0.12**
	0.01ns
	0.24**
	0.01ns
	0.01

	
	Protein
	6.61**
	29.46**
	5.49**
	19.97**
	0.02ns
	0.02

	
	Oxalate
	118715.69**
	799144.22**
	59917.92**
	1874140.74**
	8.59*
	1.62

	
	Nitrate
	1808.22**
	12461.76**
	1423.67**
	882.62**
	6.26ns
	12.78


ns P > 0.05; * P <= 0.05; ** P <= 0.01
TC: Total chlorophyll, TPC: Total phenolic content, VITC: Vitamin C, TCC: Total carotenoid content, βC: β-carotene content, TAC: Total anthocyanin content





Table S6. Profiling of anti-nutrients, biochemical and antioxidant compounds in leafy type amaranth germplasm during winter season (2024-25)
	Genotype
	TC
	CUPRAC
	FRAP
	DPPH
	TPC
	VITC
	TCC
	βC
	TAC
	Protein
	Oxalate
	Nitrate

	IIHR-B-AM02
	65.53
	19.89
	29.87
	81.46
	645.00
	53.00
	10.23
	639.00
	3.46
	21.43
	823.00
	65.23

	IC-0647405
	50.97
	24.39
	31.28
	69.86
	750.00
	42.00
	9.90
	2845.00
	4.23
	18.27
	1098.00
	61.45

	IIHR-B-AM13
	45.03
	26.35
	21.85
	83.55
	834.00
	52.00
	9.88
	723.00
	3.35
	17.45
	1432.00
	105.32

	IIHR-B-AM19
	58.83
	27.67
	24.58
	84.35
	850.00
	54.00
	8.76
	745.00
	2.35
	20.14
	1568.00
	64.23

	IIHR-B-AM26
	48.50
	21.45
	20.41
	81.32
	853.00
	53.00
	10.42
	969.00
	3.45
	24.67
	1089.00
	155.67

	IC-0647407
	57.86
	27.32
	26.19
	83.29
	848.00
	54.00
	9.68
	845.00
	4.54
	28.34
	1123.00
	73.76

	IC-0647408
	61.36
	28.87
	23.38
	88.45
	579.00
	53.00
	8.67
	1032.00
	2.40
	20.82
	1485.00
	50.43

	IIHR-B-AM157
	56.93
	26.62
	26.26
	86.78
	585.00
	52.00
	8.86
	854.00
	2.90
	23.94
	1385.00
	72.54

	IIHR-B-AM158
	58.10
	24.21
	25.41
	87.65
	865.00
	50.00
	9.90
	642.00
	3.45
	22.88
	1489.00
	75.89

	IC-0647409
	54.65
	19.45
	25.38
	56.67
	433.00
	52.00
	5.60
	543.00
	5.69
	25.70
	832.00
	145.55

	IC-0647410
	47.70
	25.23
	29.53
	81.66
	780.00
	54.00
	9.34
	745.00
	3.12
	19.48
	1256.00
	106.34

	IC-0647411
	66.60
	27.45
	27.56
	82.27
	734.00
	56.00
	10.99
	1049.00
	2.43
	24.85
	1256.00
	36.68

	IIHR-B-AM40
	61.73
	27.72
	24.65
	85.98
	748.00
	54.00
	10.45
	630.00
	3.67
	21.38
	989.00
	50.47

	IC-0647412
	61.33
	28.73
	25.31
	84.95
	658.00
	54.00
	9.88
	623.00
	2.33
	18.87
	1021.00
	108.56

	IIHR-B-AM43
	69.56
	26.06
	26.66
	86.48
	749.00
	56.00
	9.45
	956.00
	4.21
	19.87
	1389.00
	72.54

	IC-0647414
	61.50
	26.38
	27.39
	80.66
	580.00
	54.00
	10.89
	560.00
	2.46
	20.59
	1464.00
	28.32

	IC-0647415
	62.60
	27.39
	26.56
	83.24
	759.00
	53.00
	9.97
	780.00
	3.37
	26.40
	1148.00
	119.67

	IIHR-B-AM202
	50.40
	24.21
	25.98
	87.89
	640.00
	54.00
	11.95
	698.00
	3.60
	27.21
	1252.00
	62.58

	IIHR-B-AM279
	45.98
	18.56
	24.56
	58.78
	830.00
	48.00
	4.69
	521.00
	6.23
	26.59
	768.00
	135.45

	IC-0647420
	58.12
	19.78
	29.87
	76.39
	598.00
	48.00
	9.99
	580.00
	2.36
	14.05
	854.00
	140.43

	IIHR-B-AM285
	38.89
	18.37
	21.47
	73.47
	647.00
	46.00
	5.56
	737.00
	5.45
	17.63
	859.00
	134.89

	IIHR-B-AM204
	60.34
	21.58
	22.72
	79.85
	510.00
	53.00
	7.79
	890.00
	3.45
	19.70
	1580.00
	90.34

	IIHR-B-AM205
	50.15
	19.29
	26.29
	80.24
	790.00
	53.00
	7.69
	698.00
	2.65
	21.85
	1432.00
	76.56

	IIHR-B-AM215_9_22_7
	50.24
	19.22
	26.97
	64.73
	826.00
	48.00
	6.90
	567.00
	5.35
	25.45
	780.00
	104.43

	IIHR-B-AM230
	56.34
	19.29
	24.79
	63.31
	898.00
	45.00
	8.79
	569.00
	6.13
	21.33
	980.00
	50.47

	IIHR_B_AM231_13_2_15
	48.55
	20.13
	25.21
	63.26
	910.00
	45.00
	7.23
	532.00
	5.79
	22.88
	790.00
	139.63

	IIHR-B-AM236
	59.45
	22.28
	27.12
	85.56
	536.00
	56.00
	6.90
	945.00
	3.11
	19.37
	1269.00
	68.41

	IIHR-B-AM237_5_14_3
	59.34
	21.22
	22.34
	60.17
	823.00
	53.00
	6.88
	490.00
	5.00
	27.44
	956.00
	41.78

	IIHR-B-AM239
	59.16
	25.38
	29.32
	83.65
	534.00
	56.00
	11.99
	941.00
	3.23
	20.66
	928.00
	120.44

	IIHR-B-AM300
	66.33
	26.32
	28.18
	84.52
	641.00
	54.00
	10.49
	730.00
	4.67
	23.91
	1147.00
	104.51

	IIHR-B-AM291
	69.83
	28.69
	29.56
	81.89
	878.00
	56.00
	11.41
	765.00
	3.12
	24.11
	989.00
	110.65

	IIHR-B-AM292
	61.70
	26.46
	28.98
	83.43
	749.00
	54.00
	10.91
	732.00
	2.66
	19.60
	961.00
	71.92

	IC-0647425
	51.40
	25.34
	27.45
	83.46
	540.00
	54.00
	10.56
	989.00
	2.27
	18.81
	1278.00
	156.98

	IIHR-B-AM301
	50.30
	28.82
	31.23
	86.79
	532.00
	56.00
	10.67
	780.00
	3.36
	29.57
	1098.00
	119.54

	IIHR-B-AM245
	59.06
	27.87
	31.89
	58.73
	645.00
	56.00
	9.99
	984.00
	2.46
	21.09
	1021.00
	79.87

	IIHR-B-AM247
	69.03
	22.32
	32.23
	85.65
	790.00
	54.00
	12.00
	995.00
	3.36
	21.48
	1156.00
	114.21

	IHR_B_AM248_3_2
	54.58
	18.48
	22.31
	75.39
	620.00
	64.00
	5.45
	989.00
	5.67
	22.48
	623.00
	53.58

	IIHR-B-AM250
	57.34
	26.31
	26.67
	56.84
	610.00
	56.00
	8.62
	967.00
	2.43
	23.64
	821.00
	82.47

	IIHR-B-AM252
	48.45
	25.28
	26.49
	81.85
	670.00
	52.00
	9.14
	989.00
	3.55
	23.06
	1278.00
	111.48

	IIHR-B-AM253
	50.12
	22.25
	27.32
	84.51
	521.00
	54.00
	9.45
	1056.00
	2.79
	22.66
	1467.00
	149.51

	IC-0647422
	60.45
	19.36
	29.27
	83.45
	648.00
	52.00
	9.00
	948.00
	2.43
	19.18
	1356.00
	115.67

	IC-0647423
	60.24
	22.21
	25.12
	60.32
	653.00
	53.00
	9.68
	790.00
	3.53
	18.85
	1359.00
	82.62

	IC-0647424
	59.98
	23.89
	28.45
	61.26
	850.00
	54.00
	9.86
	848.00
	3.86
	20.09
	1288.00
	179.78

	IIHR-B-AM294
	55.34
	18.28
	29.89
	81.83
	678.00
	53.00
	9.95
	995.00
	3.34
	20.62
	1150.00
	139.72

	IIHR-B-AM296
	44.21
	17.38
	23.65
	73.54
	651.00
	48.00
	8.99
	790.00
	2.58
	19.56
	790.00
	128.43

	IC-0647416
	54.67
	19.67
	29.32
	59.35
	895.00
	54.00
	10.95
	980.00
	2.23
	19.33
	1350.00
	75.59

	IC-0647417
	49.78
	26.32
	21.36
	70.43
	870.00
	42.00
	6.45
	897.00
	5.69
	22.68
	1085.00
	83.51

	IIHR-B-AM268
	65.66
	21.63
	29.78
	85.64
	564.00
	52.00
	10.81
	921.00
	2.25
	23.90
	989.00
	108.32

	IC-0647421
	74.30
	28.56
	29.98
	84.49
	569.00
	54.00
	9.98
	989.00
	3.34
	20.12
	1032.00
	196.89

	IC-0647418
	56.33
	25.29
	29.79
	58.89
	678.00
	52.00
	9.13
	834.00
	3.35
	23.82
	1245.00
	128.56

	IIHR-B-AM289
	59.20
	25.62
	30.21
	74.43
	721.00
	52.00
	10.99
	1023.00
	3.90
	21.43
	1432.00
	165.39

	IIHR-B-AM290
	51.76
	23.31
	29.87
	86.87
	620.00
	54.00
	9.86
	990.00
	4.56
	16.17
	1576.00
	124.43

	IIHR-B-AM303
	54.53
	27.69
	27.67
	59.75
	590.00
	52.00
	8.56
	946.00
	3.45
	16.66
	1187.00
	96.62

	IC-0647419
	48.27
	18.78
	26.43
	62.38
	737.00
	59.00
	6.53
	750.00
	5.60
	19.07
	467.00
	86.65

	Pusa Kiran
	57.28
	28.89
	28.38
	86.28
	923.67
	56.17
	8.45
	1590.00
	2.13
	23.51
	487.00
	94.80

	Arka Neelachal Bainshi
	43.14
	21.81
	21.60
	63.40
	869.67
	47.17
	7.25
	548.50
	2.33
	20.01
	1147.67
	63.41

	Arka Neelachal Ruchitha
	57.61
	22.66
	27.80
	80.44
	876.50
	52.00
	7.44
	589.67
	2.69
	19.55
	838.50
	145.13

	SE (±)
	2.92
	1.26
	0.52
	0.01
	37.94
	2.41
	0.00
	2.8
	0.00
	0.25
	2.08
	0.4

	CD (5%)
	6.50
	2.81
	1.16
	0.01
	25.17
	5.36
	0.00
	6.25
	0.01
	0.56
	4.64
	0.88

	CV (%)
	4.20
	4.23
	1.57
	0.01
	4.08
	3.68
	0.01
	0.26
	0.09
	0.93
	0.16
	0.32



TC: Total chlorophyll (SPAD value), CUPRAC (μmol Trolox/g): Cupric Reducing Antioxidant Capacity, FRAP (μmol Trolox/g):  ferric reducing ability of plasma, DPPH (%): 2,2-diphenyl-1-picrylhydrazyl, TPC (mg of gallic acid/100 g FW): Total phenolic content, VITC (mg/100g): Vitamin C, TCC (mg/100g): Total carotenoid content, βC (μg/100ml): β-carotene content, TAC (mg/100ml): Total anthocyanin content, Protein (%), Oxalate (mg/100g), Nitrate (mg/100g)










Table S7. Profiling of anti-nutrients, biochemical and antioxidant compounds in leafy type amaranth germplasm during summer season (2025)
	Genotype
	TC
	CUPRAC
	FRAP
	DPPH
	TPC
	VITC
	TCC
	βC
	TAC
	Protein
	Oxalate
	Nitrate 

	IIHR-B-AM02
	60.53
	14.16
	25.77
	76.32
	589.00
	45.00
	5.02
	545.00
	0.56
	22.12
	1323.00
	70.15

	IC-0647405
	45.97
	18.56
	27.15
	64.45
	690.00
	24.00
	4.99
	2597.00
	0.57
	21.79
	1187.00
	65.87

	IIHR-B-AM13
	40.03
	16.23
	25.67
	78.87
	735.00
	45.00
	3.35
	634.00
	0.62
	18.93
	1589.00
	110.65

	IIHR-B-AM19
	53.83
	18.67
	21.56
	77.86
	730.00
	46.00
	3.56
	678.00
	0.63
	14.70
	1478.00
	69.90

	IIHR-B-AM26
	43.50
	14.11
	22.78
	76.42
	736.00
	45.00
	5.01
	834.00
	0.72
	21.41
	1254.00
	150.32

	IC-0647407
	52.86
	15.27
	20.56
	78.51
	720.00
	45.00
	4.86
	789.00
	0.59
	25.94
	1245.00
	78.90

	IC-0647408
	56.36
	17.23
	28.15
	83.33
	485.00
	44.00
	3.86
	945.00
	0.44
	17.72
	1468.00
	55.60

	IIHR-B-AM157
	51.93
	18.23
	19.24
	80.24
	453.00
	45.00
	3.73
	712.00
	0.56
	23.76
	1354.00
	79.25

	IIHR-B-AM158
	53.10
	16.19
	19.89
	71.22
	720.00
	45.00
	3.21
	589.00
	0.59
	22.73
	1569.00
	80.53

	IC-0647409
	53.46
	15.68
	22.66
	55.66
	280.00
	35.00
	3.04
	439.00
	0.52
	25.73
	978.00
	130.25

	IC-0647410
	41.70
	18.11
	25.31
	75.56
	727.00
	47.00
	3.21
	634.00
	0.66
	18.99
	1449.00
	110.10

	IC-0647411
	60.60
	15.27
	19.56
	76.98
	639.00
	48.00
	5.03
	983.00
	0.53
	21.63
	1434.00
	40.00

	IIHR-B-AM40
	55.73
	16.22
	18.99
	79.88
	754.00
	46.00
	4.86
	513.00
	0.46
	21.06
	1198.00
	55.80

	IC-0647412
	55.33
	17.23
	20.34
	79.68
	567.00
	45.00
	4.73
	528.00
	0.40
	20.18
	1127.00
	115.55

	IIHR-B-AM43
	63.56
	14.56
	20.86
	79.23
	629.00
	46.00
	4.54
	867.00
	0.58
	18.39
	1229.00
	78.90

	IC-0647414
	55.50
	14.88
	21.92
	84.47
	539.00
	44.00
	4.64
	429.00
	0.52
	23.09
	1656.00
	30.15

	IC-0647415
	56.60
	15.89
	20.45
	76.34
	728.00
	46.00
	3.59
	613.00
	0.48
	21.56
	1287.00
	125.55

	IIHR-B-AM202
	44.40
	16.22
	19.99
	81.98
	530.00
	46.00
	5.02
	567.00
	0.55
	21.63
	1345.00
	68.95

	IIHR-B-AM279
	47.50
	14.21
	22.44
	55.34
	786.00
	39.00
	2.55
	445.00
	0.53
	19.32
	1045.00
	140.50

	IC-0647420
	53.13
	15.44
	24.56
	70.53
	560.00
	38.00
	3.77
	487.00
	0.57
	15.23
	934.00
	146.22

	IIHR-B-AM285
	37.13
	16.11
	19.99
	71.60
	541.00
	37.00
	3.94
	698.00
	1.13
	17.57
	935.00
	140.22

	IIHR-B-AM204
	56.60
	17.45
	18.56
	79.56
	470.00
	46.00
	3.68
	853.00
	0.67
	18.60
	1434.00
	95.20

	IIHR-B-AM205
	55.06
	14.55
	20.88
	75.92
	725.00
	45.00
	4.12
	619.00
	0.66
	18.17
	1651.00
	79.92

	IIHR-B-AM215_9_22_7
	54.30
	14.23
	22.45
	59.89
	765.00
	38.00
	4.35
	418.00
	0.63
	21.84
	989.00
	110.50

	IIHR-B-AM230
	54.26
	17.44
	21.45
	59.89
	820.00
	36.00
	4.25
	443.00
	0.56
	18.50
	1023.00
	55.90

	IIHR_B_AM231_13_2_15
	47.76
	18.11
	23.55
	61.34
	850.00
	38.00
	4.54
	423.00
	0.30
	20.76
	976.00
	145.20

	IIHR-B-AM236
	56.36
	17.63
	23.99
	82.45
	486.00
	49.00
	4.87
	887.00
	0.46
	17.96
	1523.00
	74.55

	IIHR-B-AM237_5_14_3
	60.10
	18.11
	18.34
	58.37
	740.00
	36.00
	4.22
	379.00
	0.60
	23.27
	1167.00
	45.70

	IIHR-B-AM239
	52.16
	14.89
	19.87
	76.06
	480.00
	46.00
	4.85
	849.00
	0.54
	18.35
	1056.00
	125.90

	IIHR-B-AM300
	59.33
	16.71
	18.77
	77.73
	590.00
	45.00
	4.77
	651.00
	0.46
	18.55
	1212.00
	110.65

	IIHR-B-AM291
	62.83
	14.44
	21.93
	74.32
	728.00
	46.00
	4.03
	649.00
	0.56
	19.12
	1554.00
	115.89

	IIHR-B-AM292
	54.70
	16.77
	22.87
	77.82
	690.00
	46.00
	3.49
	598.00
	0.51
	16.52
	1716.00
	76.99

	IC-0647425
	44.40
	17.77
	19.05
	75.44
	445.00
	47.00
	3.55
	852.00
	0.42
	18.67
	1467.00
	145.30

	IIHR-B-AM301
	43.30
	18.21
	26.78
	79.77
	445.00
	44.00
	4.52
	639.00
	0.55
	25.18
	1236.00
	120.35

	IIHR-B-AM245
	52.06
	18.22
	25.56
	50.38
	510.00
	48.00
	3.84
	896.00
	0.53
	20.42
	1350.00
	85.20

	IIHR-B-AM247
	62.03
	14.99
	24.82
	78.56
	620.00
	47.00
	4.86
	887.00
	0.57
	21.56
	1278.00
	125.55

	IHR_B_AM248_3_2
	51.96
	15.11
	18.99
	72.32
	538.00
	60.00
	2.59
	898.00
	0.68
	20.57
	726.00
	55.85

	IIHR-B-AM250
	52.76
	15.78
	20.16
	51.28
	535.00
	45.00
	3.88
	867.00
	0.72
	21.57
	924.00
	85.98

	IIHR-B-AM252
	43.46
	15.98
	20.98
	76.67
	624.00
	44.00
	4.56
	879.00
	0.55
	21.74
	1454.00
	115.68

	IIHR-B-AM253
	55.26
	14.66
	21.05
	79.63
	450.00
	48.00
	4.31
	962.00
	0.56
	19.68
	1365.00
	155.85

	IC-0647422
	56.80
	14.66
	25.34
	77.56
	585.00
	45.00
	4.02
	828.00
	0.52
	19.16
	1512.00
	120.55

	IC-0647423
	62.96
	18.67
	22.88
	57.48
	590.00
	46.00
	4.16
	689.00
	0.64
	18.94
	1568.00
	89.45

	IC-0647424
	55.36
	18.45
	23.56
	57.40
	710.00
	47.00
	3.45
	767.00
	0.56
	18.80
	1448.00
	185.65

	IIHR-B-AM294
	59.23
	14.66
	24.67
	76.31
	528.00
	45.00
	4.90
	854.00
	0.56
	19.27
	1338.00
	145.67

	IIHR-B-AM296
	42.40
	14.11
	20.88
	70.32
	535.00
	36.00
	3.98
	695.00
	0.79
	18.33
	924.00
	134.55

	IC-0647416
	48.43
	14.56
	23.16
	53.39
	810.00
	47.00
	4.85
	829.00
	0.55
	18.84
	1453.00
	80.42

	IC-0647417
	52.86
	15.22
	20.55
	66.44
	750.00
	30.00
	4.54
	798.00
	0.67
	21.51
	1218.00
	89.45

	IIHR-B-AM268
	58.66
	15.99
	26.99
	78.88
	489.00
	45.00
	4.34
	838.00
	0.45
	19.06
	1326.00
	105.55

	IC-0647421
	67.30
	15.23
	22.66
	77.73
	486.00
	48.00
	4.23
	872.00
	0.53
	19.59
	1103.00
	201.25

	IC-0647418
	49.33
	16.11
	26.79
	50.23
	520.00
	42.00
	3.97
	767.00
	0.56
	22.00
	1461.00
	142.85

	IIHR-B-AM289
	52.20
	16.78
	26.89
	65.43
	616.00
	44.00
	4.34
	952.00
	0.57
	19.48
	1584.00
	178.98

	IIHR-B-AM290
	44.76
	12.11
	22.45
	79.99
	575.00
	45.00
	3.16
	897.00
	0.45
	18.27
	1427.00
	109.10

	IIHR-B-AM303
	47.53
	16.34
	20.56
	51.85
	508.00
	43.00
	3.95
	869.00
	0.56
	18.28
	1320.00
	104.44

	IC-0647419
	47.23
	16.22
	20.33
	54.48
	650.00
	54.00
	2.87
	662.00
	0.79
	18.10
	594.00
	95.55

	Pusa Kiran
	55.36
	16.11
	23.24
	83.53
	859.00
	50.00
	5.36
	1455.00
	0.79
	23.20
	528.00
	105.25

	Arka Neelachal Bainshi
	40.66
	14.12
	17.88
	60.49
	686.00
	39.00
	4.17
	435.00
	0.59
	21.53
	1251.00
	70.55

	Arka Neelachal Ruchitha
	57.43
	17.22
	26.23
	78.21
	780.00
	46.00
	4.69
	456.00
	0.68
	19.06
	960.00
	160.00

	SE (±)
	0.31
	0.35
	0.87
	0.49
	11.3
	2.88
	0.00
	0.63
	0.13
	0.17
	1.59
	4.46

	CD (5%)
	0.68
	0.77
	1.94
	1.08
	25.17
	6.41
	0.00
	1.40
	0.30
	0.37
	3.54
	9.94

	CV (%)
	0.47
	1.73
	3.13
	0.54
	1.39
	5.20
	0.01
	0.07
	17.76
	0.65
	0.11
	3.35


[bookmark: _Hlk218104968]TC: Total chlorophyll (SPAD value), CUPRAC (μmol Trolox/g): Cupric Reducing Antioxidant Capacity, FRAP (μmol Trolox/g):  ferric reducing ability of plasma, DPPH (%): 2,2-diphenyl-1-picrylhydrazyl, TPC (mg of gallic acid/100 g FW): Total phenolic content, VITC (mg/100g): Vitamin C, TCC (mg/100g): Total carotenoid content, βC (μg/100ml): β-carotene content, TAC (mg/100ml): Total anthocyanin content, Protein (%), Oxalate (mg/100g), Nitrate (mg/100g)










Table S8. Genetic parameters of variability for biochemical and antioxidant compounds, anti-nutrients based on data analysis of winter season 2024-2025 in leafy type amaranth germplasm
	Trait
	Mean
	PV
	GV
	EV
	GCV
	GCV. category
	PCV
	PCV. category
	ECV
	hBS
	hBS. category
	GA
	GAM
	GAM. category

	TC
	56.43
	53.44
	47.98
	5.47
	12.27
	Medium
	12.95
	Medium
	4.14
	89.77
	High
	13.54
	23.99
	High

	CUPRAC
	23.75
	12.56
	11.54
	1.02
	14.3
	Medium
	14.92
	Medium
	4.25
	91.87
	High
	6.72
	28.27
	High

	FRAP
	26.84
	8.52
	8.34
	0.18
	10.76
	Medium
	10.88
	Medium
	1.56
	97.94
	High
	5.9
	21.97
	High

	DPPH
	76.52
	111.32
	111.32
	0
	13.79
	Medium
	13.79
	Medium
	0.01
	100
	High
	21.77
	28.45
	High

	TPC
	708.45
	15089.5
	14163.9
	925.52
	16.8
	Medium
	17.34
	Medium
	4.29
	93.87
	High
	237.87
	33.58
	High

	VITC
	52.58
	14.61
	10.89
	3.72
	6.28
	Low
	7.27
	Low
	3.67
	74.53
	High
	5.88
	11.18
	Medium

	TCC
	9.15
	3.07
	3.07
	0
	19.15
	Medium
	19.15
	Medium
	0
	100
	High
	3.62
	39.51
	High

	[bookmark: _Hlk218113601]βC
	855.32
	103390
	103385
	5.06
	37.59
	High
	37.59
	High
	0.26
	100
	High
	663.31
	77.55
	High

	TAC
	3.57
	1.34
	1.34
	0
	32.46
	High
	32.46
	High
	0.08
	100
	High
	2.39
	66.97
	High

	Protein
	21.65
	10.25
	10.21
	0.04
	14.76
	Medium
	14.79
	Medium
	0.93
	99.61
	High
	6.58
	30.39
	High

	Oxalate
	1121.28
	68132.4
	68129.6
	2.79
	23.28
	High
	23.28
	High
	0.15
	100
	High
	538.47
	48.02
	High

	Nitrate
	100.5
	1456.71
	1456.61
	0.1
	37.98
	High
	37.98
	High
	0.32
	99.99
	High
	78.73
	78.34
	High



PV: phenotypic variance, GV: genotypic variance, EV: environmental variance, GCV: genotypic coefficient of variation, PCV: phenotypic coefficient of variation, ECV: environmental coefficient of variation, hBS: broad sense heritability, GA: genetic advance, GAM: genetic advance as percent of mean, TC: total chlorophyll, TPC: total phenolic content, VITC: vitamin C, βC: β-carotene, TAC: total anthocyanin content, TCC: total carotenoid content



Table S9. Genetic parameters of variability for biochemical and antioxidant compounds, anti-nutrients based on data analysis of summer season 2025 in leafy type amaranth germplasm
	Trait
	Mean
	PV
	GV
	EV
	GCV
	GCV. category
	PCV
	PCV. category
	ECV
	hBS
	hBS. category
	GA
	GAM
	GAM. category

	TC       
	52.64
	43.95
	43.89
	0.06
	12.59
	Medium
	12.59
	Medium
	0.47
	99.86
	High
	13.66
	25.95
	High

	CUPRAC   
	16.09
	2.32
	2.24
	0.08
	9.3
	Low
	9.46
	Low
	1.73
	96.66
	High
	3.03
	18.87
	Medium

	FRAP     
	22.32
	6.94
	6.46
	0.49
	11.38
	Medium
	11.81
	Medium
	3.13
	92.99
	High
	5.06
	22.65
	High

	DPPH     
	71.28
	105.41
	105.26
	0.15
	14.39
	Medium
	14.4
	Medium
	0.55
	99.86
	High
	21.15
	29.67
	High

	TPC      
	619.48
	14926.15
	14844.1
	82.03
	19.67
	Medium
	19.72
	Medium
	1.46
	99.45
	High
	250.66
	40.46
	High

	VITC     
	44.02
	30.18
	24.86
	5.32
	11.33
	Medium
	12.48
	Medium
	5.24
	82.37
	High
	9.34
	21.21
	High

	TCC      
	4.15
	0.44
	0.44
	0
	15.97
	Medium
	15.97
	Medium
	0.01
	100
	High
	1.37
	32.95
	High

	βC       
	751.63
	94302.58
	94302.3
	0.26
	40.86
	High
	40.86
	High
	0.07
	100
	High
	633.52
	84.29
	High

	TAC     †
	0.58
	0.01
	0
	0.01
	8.84
	Low
	20.57
	High
	18.57
	18.45
	Low
	0.05
	7.83
	Low

	Protein  
	20.14
	5.49
	5.47
	0.02
	11.62
	Medium
	11.63
	Medium
	0.66
	99.68
	High
	4.82
	23.93
	High

	Oxalate  
	1266.7
	59917.92
	59916.3
	1.62
	19.32
	Medium
	19.32
	Medium
	0.1
	100
	High
	504.97
	39.86
	High

	Nitrate  
	105.11
	1423.67
	1410.88
	12.78
	35.74
	High
	35.9
	High
	3.4
	99.1
	High
	77.14
	73.39
	High


PV: phenotypic variance, GV: genotypic variance, EV: environmental variance, GCV: genotypic coefficient of variation, PCV: phenotypic coefficient of variation, ECV: environmental coefficient of variation, hBS: broad sense heritability, GA: genetic advance, GAM: genetic advance as percent of mean, TC: total chlorophyll, TPC: total phenolic content, VITC: vitamin C, βC: β-carotene, TAC: total anthocyanin content, TCC: total carotenoid content





Table S10. Percent contribution of variables in each principal component based on first season data analysis for biochemical and antioxidant compounds
	Variables
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8

	TC
	12.533
	5.063
	6.242
	0.864
	0.154
	10.41
	11.74
	14.412

	CUPRAC
	12.502
	5.781
	1.686
	5.267
	0.253
	5.092
	0.073
	16.445

	FRAP
	10.195
	8.31
	17.83
	8.11
	0
	1.869
	3.985
	0.005

	DPPH
	11.79
	1.301
	3.295
	3.454
	3.665
	9.741
	18.19
	40.27

	TPC
	2.756
	3.429
	6.784
	33.278
	10.862
	16.274
	10.266
	0.45

	VITC
	6.977
	10.379
	11.21
	10.124
	7.566
	0.847
	9.646
	2.098

	TCC
	19.328
	0.362
	0.034
	3.075
	6.877
	1.186
	0.302
	0.024

	BC
	2.373
	11.896
	0.611
	23.618
	24.421
	19.509
	1.623
	0.711

	TAC
	14.898
	1.622
	3.398
	1.654
	0.001
	5.631
	11.927
	21.128

	Protein
	0.282
	31.732
	6.021
	4.612
	5.455
	23.033
	2.078
	3.136

	Oxalate
	6.302
	0.564
	27.836
	4.803
	3.556
	1.51
	27.754
	0.404

	Nitrate
	0.066
	19.559
	15.054
	1.141
	37.191
	4.898
	2.416
	0.918



Table S11. Percent contribution of variables in each principal component based on second season data analysis for biochemical and antioxidant compounds
	Variables
	PC1
	PC2
	PC3
	PC4
	PC5
	PC6
	PC7
	PC8

	TC
	18.3
	0.537
	1.91
	0.079
	0.145
	9.754
	32.419
	16.121

	CUPRAC
	0.29
	3.044
	9.104
	17.417
	0.897
	14.776
	25.267
	18.328

	FRAP
	2.935
	11.098
	27.699
	2.274
	0.464
	3.467
	0.034
	1.946

	DPPH
	19.818
	1.054
	3.192
	13.144
	1.553
	5.099
	6.788
	12.76

	TPC
	2.099
	2.589
	4.562
	3.513
	50.136
	13.796
	0
	6.76

	VITC
	6.241
	24.438
	0.311
	5.485
	0.59
	3.88
	9.32
	7.847

	TCC
	9.496
	21.396
	10.094
	5.084
	0.899
	2.188
	0.004
	1.384

	βC
	0.669
	23.905
	1.728
	8.481
	1.116
	20.235
	0.549
	13.983

	TAC
	20.379
	0.003
	2.098
	12.556
	5.837
	9.064
	0.112
	0.128

	Protein
	0.001
	10.935
	14.072
	1.424
	34.396
	0.175
	0.039
	13.466

	Oxalate
	17.977
	0.71
	5.332
	10.114
	1.148
	0.527
	25.087
	0.264

	Nitrate
	1.794
	0.293
	19.898
	20.43
	2.821
	17.038
	0.379
	7.013


TC: Total chlorophyll (SPAD value), CUPRAC (μmol Trolox/g): Cupric Reducing Antioxidant Capacity, FRAP (μmol Trolox/g):  ferric reducing ability of plasma, DPPH (%): 2,2-diphenyl-1-picrylhydrazyl, TPC (mg of gallic acid/100 g FW): Total phenolic content, VITC (mg/100g): Vitamin C, TCC (mg/100g): Total carotenoid content, βC (μg/100ml): β-carotene content, TAC (mg/100ml): Total anthocyanin content, Protein (%), Oxalate (mg/100g), Nitrate (mg/100g)


Table S12. Cluster distance matrix based on data analysis for biochemical and antioxidant traits for the winter season 2024-2025
	Cluster_1
	Cluster_2
	Cluster_3
	Cluster_4
	Cluster_5

	0
	5.69
	2.66
	3.67
	4.69

	5.69
	0
	5.41
	6.18
	6.13

	2.66
	5.41
	0
	3.94
	4.49

	3.67
	6.18
	3.94
	0
	5.40

	4.69
	6.13
	4.49
	5.40
	0


Table S13. Cluster distance matrix based on data analysis for biochemical and antioxidant traits for the summer season 2025
	Cluster_1
	Cluster_2
	Cluster_3
	Cluster_4
	Cluster_5

	0
	3.19
	5.10
	5.45
	4.70

	3.19
	0
	4.37
	4.07
	3.15

	5.10
	4.37
	0
	6.16
	4.55

	5.45
	4.07
	6.16
	0
	4.84

	4.70
	3.15
	4.55
	4.84
	0








Table S14. Correlation matrix of biochemical and antioxidant compounds in vegetable amaranth germplasm under study (winter season 2024-25)
	
	TC
	CUPRAC
	FRAP
	DPPH
	TPC
	VITC
	TCC
	βC
	TAC
	Protein
	Oxalate
	Nitrate

	TC
	1
	0.414**
	0.433***
	0.305*
	-0.131
	0.397**
	0.467***
	0.029
	-0.276*
	0.054
	0.129
	-0.113

	CUPRAC
	0.414**
	1
	0.209
	0.369**
	-0.031
	0.261*
	0.462***
	0.203
	-0.383**
	0.132
	0.281*
	-0.131

	FRAP
	0.433***
	0.209
	1
	0.126
	-0.195
	0.212
	0.549***
	0.324*
	-0.319*
	-0.087
	0.029
	0.224

	DPPH
	0.305*
	0.369**
	0.126
	1
	-0.171
	0.283*
	0.463***
	0.099
	-0.395**
	-0.002
	0.336*
	-0.032

	TPC
	-0.131
	-0.031
	-0.195
	-0.171
	1
	-0.284*
	-0.081
	-0.057
	0.182
	0.12
	-0.138
	-0.13

	VITC
	0.397**
	0.261*
	0.212
	0.283*
	-0.284*
	1
	0.232
	-0.07
	-0.284*
	0.119
	0.012
	-0.107

	TCC
	0.467***
	0.462***
	0.549***
	0.463***
	-0.081
	0.232
	1
	0.193
	-0.551***
	-0.042
	0.366**
	0.028

	BC
	0.029
	0.203
	0.324*
	0.099
	-0.057
	-0.07
	0.193
	1
	-0.145
	-0.161
	0.063
	-0.036

	TAC
	-0.276*
	-0.383**
	-0.319*
	-0.395**
	0.182
	-0.284*
	-0.551***
	-0.145
	1
	0.246
	-0.35**
	0.045

	Protein
	0.054
	0.132
	-0.087
	-0.002
	0.12
	0.119
	-0.042
	-0.161
	0.246
	1
	-0.172
	-0.102

	Oxalate
	0.129
	0.281*
	0.029
	0.336*
	-0.138
	0.012
	0.366**
	0.063
	-0.35**
	-0.172
	1
	-0.099

	Nitrate
	-0.113
	-0.131
	0.224
	-0.032
	-0.13
	-0.107
	0.028
	-0.036
	0.045
	-0.102
	-0.099
	1


*** Correlation is significant at 0.001 level (two tailed) 
** Correlation is significant at 0.01 level (two tailed)
 * Correlation is significant at 0.05 level (two tailed)
TC: Total chlorophyll (SPAD value), CUPRAC (μmol Trolox/g): Cupric Reducing Antioxidant Capacity, FRAP (μmol Trolox/g):  ferric reducing ability of plasma, DPPH (%): 2,2-diphenyl-1-picrylhydrazyl, TPC (mg of gallic acid/100 g FW): Total phenolic content, VITC (mg/100g): Vitamin C, TCC (mg/100g): Total carotenoid content, βC (μg/100ml): β-carotene content, TAC (mg/100ml): Total anthocyanin content, Protein (%), Oxalate (mg/100g), Nitrate (mg/100g)


Table S15. Correlation matrix of biochemical and antioxidant compounds in vegetable amaranth germplasm under study (summer season 2025)
	
	TC
	CUPRAC
	FRAP
	DPPH
	TPC
	VITC
	TCC
	βC
	TAC
	Protein
	Oxalate
	Nitrate

	TC
	1
	-0.01
	0.032
	0.175
	-0.032
	0.235
	0.248
	-0.039
	-0.293*
	-0.017
	0.104
	-0.08

	CUPRAC
	-0.01
	1
	0.147
	-0.113
	-0.018
	-0.053
	-0.053
	0.119
	-0.106
	-0.036
	0.093
	-0.078

	FRAP
	0.032
	0.147
	1
	-0.004
	-0.022
	-0.104
	0.102
	0.268*
	-0.161
	-0.07
	0.181
	0.276*

	DPPH
	0.175
	-0.113
	-0.004
	1
	-0.12
	0.31*
	0.307*
	0.067
	-0.119
	-0.047
	0.224
	-0.083

	TPC
	-0.032
	-0.018
	-0.022
	-0.12
	1
	-0.13
	0.131
	-0.067
	0.106
	-0.045
	-0.088
	-0.125

	VITC
	0.235
	-0.053
	-0.104
	0.31*
	-0.13
	1
	-0.133
	-0.127
	-0.041
	-0.149
	0.078
	-0.006

	TCC
	0.248
	-0.053
	0.102
	0.307*
	0.131
	-0.133
	1
	0.252
	-0.103
	0.252
	0.013
	-0.104

	βC
	-0.039
	0.119
	0.268*
	0.067
	-0.067
	-0.127
	0.252
	1
	0.079
	0.032
	-0.029
	-0.032

	TAC
	-0.293*
	-0.106
	-0.161
	-0.119
	0.106
	-0.041
	-0.103
	0.079
	1
	-0.066
	-0.377**
	0.047

	Protein
	-0.017
	-0.036
	-0.07
	-0.047
	-0.045
	-0.149
	0.252
	0.032
	-0.066
	1
	-0.134
	-0.168

	Oxalate
	0.104
	0.093
	0.181
	0.224
	-0.088
	0.078
	0.013
	-0.029
	-0.377**
	-0.134
	1
	-0.14

	Nitrate
	-0.08
	-0.078
	0.276*
	-0.083
	-0.125
	-0.006
	-0.104
	-0.032
	0.047
	-0.168
	-0.14
	1


*** Correlation is significant at 0.001 level (two tailed) 
** Correlation is significant at 0.01 level (two tailed)
 * Correlation is significant at 0.05 level (two tailed)
TC: Total chlorophyll (SPAD value), CUPRAC (μmol Trolox/g): Cupric Reducing Antioxidant Capacity, FRAP (μmol Trolox/g):  ferric reducing ability of plasma, DPPH (%): 2,2-diphenyl-1-picrylhydrazyl, TPC (mg of gallic acid/100 g FW): Total phenolic content, VITC (mg/100g): Vitamin C, TCC (mg/100g): Total carotenoid content, βC (μg/100ml): β-carotene content, TAC (mg/100ml): Total anthocyanin content, Protein (%), Oxalate (mg/100g), Nitrate (mg/100g)
