[bookmark: _Hlk190958877]Supplementary Table S1 Mid-parent heterosis for nitrogen metabolism enzymes, chlorophyll content, chlorophyll fluorescence, yield, and yield attributes in hybrids.
	[bookmark: _Hlk183392055]Hybrids
	NR
	GS
	Chl a+b
	Fv/Fm
	Y(II)
	PH
	EH
	SD
	EL
	ED
	RPE
	GPR
	100-KW
	GY

	P1 × P6
	-2.04
	7.18**
	13.81***
	0.94
	-2.03
	61.68***
	106.40***
	32.16***
	35.07***
	19.68***
	6.17
	74.91***
	29.95***
	128.48***

	P2 × P6
	7.10*
	8.23**
	19.12***
	3.21
	7.09*
	55.44***
	118.33***
	34.57***
	32.22***
	26.06***
	18.18***
	91.85***
	30.64***
	210.84***

	P3 × P6
	-15.50***
	12.66***
	-1.46
	1.42
	-15.50***
	61.49***
	121.71***
	17.24***
	43.39***
	33.85***
	34.28***
	79.67***
	19.43***
	151.11***

	P4 × P6
	6.73*
	12.21***
	8.43**
	0.07
	6.73*
	46.04***
	71.59***
	17.84***
	38.50***
	20.17***
	5.26
	67.74***
	37.95***
	138.63***

	P5 × P6
	9.87**
	0.76
	26.61***
	-0.44
	9.87**
	50.34***
	94.03***
	19.16***
	39.83***
	26.10***
	6.81
	42.10***
	38.88***
	99.82***

	P1 × P7
	17.80***
	-9.53***
	10.12**
	-3.11
	17.80***
	46.58***
	73.27***
	12.90***
	11.74***
	18.02***
	2.38
	39.37***
	40.11***
	109.66***

	P2 × P7
	9.77**
	-10.17***
	4.69
	7.32***
	9.77**
	21.79***
	50.06***
	15.91***
	6.67*
	16.38***
	9.89*
	46.62***
	9.93
	88.74***

	P3 × P7
	1.72
	-13.68***
	8.44**
	-5.76**
	1.71
	50.71***
	57.68***
	13.83***
	31.76***
	40.61***
	36.98***
	56.09***
	24.33***
	168.25***

	P4 × P7
	10.09**
	-13.25***
	1.53
	-3.93*
	10.08**
	36.25***
	51.69***
	13.79***
	13.16***
	21.86***
	0
	43.58***
	56.20***
	125.26***

	P5 × P7
	10.45**
	-4.49
	-26.53***
	-2.44
	10.45**
	42.38***
	74.62***
	17.37***
	27.89***
	25.71***
	1.09
	44.34***
	42.69***
	110.04***

	P1 × P8
	12.31***
	3.14
	7.28*
	1.24
	12.30***
	42.74***
	61.24***
	7.01*
	26.06***
	34.57***
	21.73***
	41.73***
	56.23***
	182.03***

	P2 × P8
	3.74
	-5.69*
	7.70**
	1.96
	3.74
	34.41***
	62.18***
	23.89***
	40.17***
	33.18***
	13.15*
	60.91***
	58.66***
	272.25***

	P3 × P8
	12.95***
	13.67***
	-16.55***
	4.73*
	12.94***
	47.68***
	65.41***
	17.16***
	50.06***
	45.59***
	41.37***
	64.19***
	51.96***
	250.84***

	P4 × P8
	2.39
	5.45*
	3.01
	-3.86*
	2.39
	25.72***
	32.17***
	10.81***
	26.88***
	19.90***
	10.84*
	51.03***
	81.01***
	154.02***

	P5 × P8
	-8.57**
	-6.79**
	16.56***
	-3.05
	-8.56**
	33.23***
	61.11***
	6.12*
	27.45***
	16.92***
	7.89
	31.92***
	27.13***
	73.28***

	P1 × P9
	7.38*
	10.46***
	8.73**
	2.84
	7.37*
	51.67***
	136.28***
	25.96***
	33.62***
	30.93***
	13.58**
	72.27***
	64.11***
	178.10***

	P2 × P9
	-0.03
	-15.50***
	3.15
	4.04
	-0.03
	30.98***
	66.71***
	19.94***
	17.47***
	21.46***
	18.18***
	49.65***
	28.73***
	178.74***

	P3 × P9
	-9.83**
	0.24
	10.36**
	-3.14
	-9.83**
	46.63***
	80.29***
	3.49
	49.24***
	44.95***
	45.71***
	70.37***
	36.32***
	205.06***

	P4 × P9
	-1.65
	-6.40**
	-6.78**
	-4.01*
	-1.65
	30.66***
	34.71***
	11.79***
	23.81***
	20.01***
	5.26
	56.88***
	38.31***
	116.86***

	P5 × P9
	4.12
	-3.28
	6.66*
	-1.92
	4.11
	35.76***
	60.91***
	5.62*
	20.45***
	19.69***
	-2.27
	39.63***
	33.93***
	61.91***

	Min
	-15.50
	-15.50
	-26.53
	-5.76
	-15.50
	21.79
	32.17
	3.49
	6.67
	16.38
	-2.27
	31.92
	9.93
	61.91

	Max
	17.80
	13.67
	26.61
	7.32
	17.80
	61.68
	136.28
	34.57
	50.06
	45.59
	45.71
	91.85
	81.01
	272.25

	S.E
	0.02
	0.84
	0.08
	0.01
	0.02
	0.03
	0.03
	0.62
	0.51
	0.68
	0.67
	1.54
	1.1
	0.59


NR= nitrate reductase activity; GS= glutamine synthetase activity; Chl a+b= Chlorophyll a+b content; Fv/Fm= maximum photochemical efficiency; Y(II)= photochemical quantum yield; PH= plant height (m); EH= ear height (m); SD= stalk diameter (mm); EL= ear length (cm); ED= ear diameter (mm); RPE= rows per ear; GPR=  grain per row; 100-KW= 100-kernel weight; GY= grain yield (t/ha); *, **, *** Significance level at (P>0.05), (P>0.01), (P>0.001)  respectively.




Supplementary Table S2 Better parent heterosis for nitrogen metabolism enzymes, chlorophyll content, chlorophyll fluorescence, yield, and yield attributes in hybrids.

	[bookmark: _Hlk183392309]Hybrids
	NR
	GS
	Chl a+b
	Fv/Fm
	Y(II)
	PH
	EH
	SD
	EL
	ED
	RPE
	GPR
	100-KW
	GY

	P1 × P6
	-4.05
	0.93
	7.46*
	-1.02
	-4.04
	56.54***
	80.47***
	23.65***
	24.49***
	12.26***
	-6.51
	73.04***
	22.52***
	117.20***

	P2 × P6
	1.52
	7.32*
	13.28***
	3.38
	1.51
	51.24***
	108.83***
	24.96***
	16.76***
	18.07***
	13.06*
	83.69***
	22.49***
	132.99***

	P3 × P6
	-18.07***
	10.78***
	-2.69
	-0.77
	-18.06***
	60.61***
	112.10***
	9.45**
	11.63**
	16.13***
	2.19
	56.73***
	3.52
	112.69***

	P4 × P6
	3.93
	2.36
	-1.88
	-6.48**
	3.92
	23.37***
	38.53***
	16.22***
	29.08***
	17.61***
	-1.96
	53.82***
	36.02***
	112.03***

	P5 × P6
	9.29**
	-7.13**
	26.03***
	-4.26
	9.28**
	31.97***
	87.37***
	18.01***
	28.01***
	19.54***
	2.19
	32.49***
	17.65***
	61.50***

	P1 × P7
	16.67***
	-11.48***
	7.14*
	-3.46
	16.66***
	40.17***
	50.98***
	12.57***
	-0.712
	15.36***
	-12.23*
	22.54***
	23.14***
	98.70***

	P2 × P7
	7.08
	-14.30***
	1.17
	4.29
	7.08
	17.02***
	42.89***
	14.63***
	-1.04
	13.57***
	2.06
	25.28***
	8.77
	41.09*

	P3 × P7
	1.6
	-15.62***
	-1.33
	-6.31**
	1.61
	47.97***
	52.28***
	13.23***
	2.41
	26.64***
	2.06
	23.09***
	1.31
	126.54***

	P4 × P7
	2.8
	17.89***
	-0.31
	-7.52***
	2.79
	16.66***
	23.39***
	8.13*
	1.46
	14.41***
	-3.92
	38.47***
	46.96***
	100.41***

	P5 × P7
	7.12*
	-8.63**
	-31.92***
	-3.28
	7.12*
	26.77***
	70.34***
	9.11**
	14.41***
	24.24***
	-6.11
	36.82***
	13.81**
	69.95***

	P1 × P8
	11.76**
	2.64
	0.738
	-0.22
	11.76**
	24.44***
	35.84***
	-2.81
	12.78***
	28.74***
	19.96**
	15.52**
	43.02***
	176.08***

	P2 × P8
	1.7
	-12.28***
	0.496
	-1.99
	1.69
	17.68***
	48.85***
	11.71***
	30.98***
	27.19***
	-6.51
	27.85***
	53.19***
	193.60***

	P3 × P8
	13.37***
	8.27**
	-26.53***
	2.98
	13.36***
	31.83***
	64.84***
	6.19
	17.29***
	42.69***
	28.08***
	21.46***
	28.38***
	216.29***

	P4 × P8
	-3.95
	2.42
	1.42
	-7.10**
	-3.95
	17.77***
	10.24***
	5.91
	14.55***
	5.51**
	-9.81*
	33.79***
	78.01***
	112.26***

	P5 × P8
	-10.91**
	-8.46**
	4.42
	-3.51
	-10.91**
	30.91***
	51.36***
	3.74
	14.82***
	11.31***
	-0.02
	15.07**
	5.04
	32.77**

	P1 × P9
	3.33
	10.47***
	2.18
	1.11
	3.33
	34.22***
	115.30***
	14.38***
	29.71***
	28.03***
	-2.14
	58.18***
	48.33***
	154.83***

	P2 × P9
	-6.84*
	-21.05***
	-3.68
	-0.22
	-6.83*
	16.42***
	64.24***
	8.12*
	15.44***
	18.58***
	10.61*
	33.33***
	22.51**
	103.61***

	P3 × P9
	-14.08***
	-4.08
	-2.75
	-4.97*
	-14.08***
	32.92***
	65.06***
	-6.22
	24.76***
	30.66***
	8.48
	39.39***
	13.86**
	150.31***

	P4 × P9
	-2.63
	-9.52***
	-8.15*
	-7.45***
	-2.62
	20.53***
	5.04
	6.82*
	21.39***
	13.04***
	-1.96
	55.01***
	34.15***
	99.58***

	P5 × P9
	1.72
	-5.46*
	-4.36
	-2.59
	1.72
	30.69***
	52.77***
	3.22
	17.81***
	18.33***
	-8.53
	38.78***
	9.44*
	34.59***

	Min
	-18.07
	-21.05
	-31.93
	-7.52
	-18.06
	16.42
	5.04
	-6.22
	-1.04
	5.51
	-12.23
	15.07
	1.31
	32.77

	Max
	16.67
	10.78
	26.01
	4.29
	16.66
	60.61
	115.30
	24.96
	30.98
	42.69
	28.08
	83.69
	78.01
	216.29

	S.E
	0.02
	0.97
	0.1
	0.02
	0.02
	0.05
	0.03
	0.72
	0.59
	0.79
	0.77
	1.78
	1.28
	0.69


NR= nitrate reductase activity; GS= glutamine synthetase activity; Chl a+b= Chlorophyll a+b content; Fv/Fm= maximum photochemical efficiency; Y(II)= photochemical quantum yield; PH= plant height (m); EH= ear height (m); SD= stalk diameter (mm); EL= ear length (cm); ED= ear diameter (mm); RPE= rows per ear; GPR=  grain per row; 100-KW= 100-kernel weight; GY= grain yield (t/ha); *, **, *** Significance level at (P>0.05), (P>0.01), (P>0.001)  respectivel
Supplementary Table S3 Estimates of heritability (h2), genetic advance (GD) and genetic advance (% mean) of N metabolism enzymes, chlorophyll content, chlorophyll fluorescence, yield and yield components of maize genotypes.
	[bookmark: _Hlk190960405]Traits
	h2
	GD
	GD (%)

	NR
	0.89
	33.50
	43.27

	GS
	0.87
	6.09
	17.24

	chl a+b (mg/g)
	0.88
	0.61
	21.09

	Fv/Fm
	0.50
	0.03
	4.41

	Y(II)
	0.71
	0.07
	12.11

	Plant height (m)
	0.99
	0.92
	37.75

	Ear height (m)
	0.98
	0.57
	55.75

	Stalk diameter (mm)
	0.88
	4.58
	19.87

	Ear length (cm)
	0.94
	5.91
	31.83

	Ear diameter (mm)
	0.97
	11.35
	25.11

	Rows per ear
	0.80
	3.50
	23.43

	Grains per ear
	0.93
	16.03
	44.06

	100 kernel weight (g)
	0.92
	10.92
	40.95

	Grain yield (t/ha)
	0.99
	6.53
	78.05


















