Supplementary Material
Supplementary Table 1. Mean values of parents and hybrids at growth stage one and two of all observed traits. Where red color data indicated the maximum value.
	
	Stage-1
	Stage-2

	
	Observed Traits
	Observed Traits

	Parents/Crosses
	PH
	LL
	LNO
	ND
	BHD
	BVD
	PH
	LL
	LNO
	ND
	BHD
	BVD

	Phul.
	39.6
	36.0
	4.8
	5.4
	11.8
	8.9
	46.6
	41.4
	5.7
	7.6
	17.1
	15.7

	MKS-8823GO
	26.2
	25.0
	3.4
	4.1
	9.5
	8.2
	38.0
	33.1
	3.9
	5.6
	13.4
	12.3

	28540
	28.5
	28.0
	3.8
	3.5
	10.0
	11.0
	37.1
	34.9
	4.4
	5.4
	14.0
	15.6

	VRIO 2
	36.4
	35.7
	2.6
	2.9
	8.8
	8.3
	45.6
	41.1
	2.8
	4.5
	10.0
	9.6

	MKS-14278
	33.8
	32.1
	3.4
	4.1
	9.8
	8.4
	44.0
	39.6
	3.9
	5.5
	14.9
	12.4

	MKS-TPSWP
	24.2
	21.3
	3.4
	4.6
	8.5
	6.2
	31.5
	26.7
	4.2
	5.7
	13.1
	10.8

	Super Sarhad
	24.8
	21.3
	3.0
	3.4
	8.1
	8.1
	30.0
	24.5
	3.1
	4.8
	10.5
	14.3

	Phul. × VRIO 2
	27.3
	24.5
	3.2
	3.6
	8.2
	7.5
	35.7
	26.7
	3.3
	5.2
	12.0
	11.1

	Phul. × MKS-14278
	25.0
	24.8
	3.5
	4.6
	9.2
	13.4
	33.9
	32.5
	4.6
	6.4
	14.8
	19.7

	Phul. × MKS-TPSWP
	17.5
	19.9
	2.9
	2.7
	7.5
	7.3
	21.4
	22.2
	4.2
	4.1
	11.2
	10.6

	Phul. × Super Sarhad
	20.5
	22.6
	3.2
	2.7
	7.7
	8.5
	28.3
	27.7
	4.0
	3.6
	11.9
	13.1

	MKS-8823GO × VRIO 2
	19.9
	25.5
	3.0
	3.9
	7.3
	7.3
	26.2
	27.4
	3.6
	5.6
	11.5
	9.5

	MKS-8823GO × MKS-14278
	24.2
	18.9
	4.3
	2.3
	5.8
	7.4
	33.7
	27.7
	5.1
	3.4
	9.1
	10.2

	MKS-8823GO × MKS-TPSWP
	35.6
	34.7
	3.2
	4.4
	7.6
	7.9
	47.1
	43.1
	4.0
	6.5
	13.0
	14.1

	MKS-8823GO × Super Sarhad
	36.4
	32.3
	3.2
	2.7
	6.4
	7.8
	37.9
	36.3
	4.4
	4.6
	10.1
	10.9

	28540 × VRIO 2
	37.8
	35.3
	3.9
	2.5
	7.2
	8.2
	47.8
	41.2
	5.4
	3.5
	11.4
	12.4

	28540 × MKS-14278
	22.1
	31.8
	5.1
	3.8
	6.3
	7.2
	33.8
	34.6
	6.1
	5.8
	10.0
	10.6

	28540 × MKS-TPSWP
	36.0
	34.4
	4.3
	3.3
	12.8
	22.2
	45.5
	36.7
	4.8
	5.5
	21.6
	30.8

	28540 × Super Sarhad
	26.3
	22.9
	3.3
	3.2
	4.5
	6.7
	39.0
	32.5
	2.9
	5.3
	5.2
	10.3



Supplementary Table 2. Mean values of parents and hybrids at growth stage three and four of all observed traits. Where red color data indicated the maximum value.
	
	Stage-3
	Stage-4

	
	Observed Traits
	Observed Traits

	Parents/Crosses
	PH
	LL
	LNO
	ND
	BHD
	BVD
	PH
	LL
	LNO
	ND
	BHD
	BVD

	Phul.
	42.5
	33.5
	9.0
	12.2
	47.0
	33.9
	8.6
	4.2
	10.4
	7.5
	51.0
	38.2

	MKS-8823GO
	42.7
	34.8
	6.4
	12.4
	41.8
	29.5
	9.0
	2.9
	7.2
	7.9
	46.4
	33.8

	28540
	35.0
	30.9
	6.1
	11.3
	43.4
	31.6
	7.0
	3.2
	5.4
	7.4
	47.3
	34.5

	VRIO 2
	24.0
	17.0
	4.7
	10.0
	32.5
	23.8
	2.8
	1.1
	2.3
	3.0
	34.1
	25.1

	MKS-14278
	38.0
	32.3
	7.2
	12.2
	41.6
	30.5
	5.4
	2.5
	5.0
	7.5
	44.9
	35.1

	MKS-TPSWP
	34.6
	27.3
	6.6
	15.3
	42.1
	26.2
	9.2
	4.9
	6.4
	8.7
	49.0
	29.8

	Super Sarhad
	36.8
	29.5
	6.3
	11.0
	31.8
	30.5
	9.2
	4.1
	3.8
	7.3
	36.6
	31.5

	Phul. × VRIO 2
	29.7
	21.0
	5.2
	13.6
	32.4
	31.7
	7.5
	3.2
	5.1
	8.1
	33.8
	32.5

	Phul. × MKS-14278
	40.7
	37.8
	6.0
	11.7
	40.5
	34.8
	10.0
	5.4
	5.9
	7.3
	44.4
	35.7

	Phul. × MKS-TPSWP
	22.6
	22.3
	4.4
	8.4
	26.7
	27.1
	4.1
	1.6
	4.2
	5.0
	27.4
	31.0

	Phul. × Super Sarhad
	31.3
	29.8
	4.7
	6.2
	32.8
	31.0
	6.5
	3.1
	4.2
	3.9
	33.1
	32.2

	MKS-8823GO × VRIO 2
	20.1
	19.5
	4.0
	11.5
	35.1
	25.2
	3.7
	1.5
	3.6
	6.4
	37.0
	32.4

	MKS-8823GO × MKS-14278
	26.5
	20.2
	4.9
	9.7
	40.6
	24.7
	6.8
	2.8
	5.5
	6.2
	42.9
	27.0

	MKS-8823GO × MKS-TPSWP
	35.5
	28.2
	6.7
	10.2
	41.6
	32.2
	8.6
	4.5
	6.9
	7.2
	42.7
	33.4

	MKS-8823GO × Super Sarhad
	30.3
	26.3
	5.5
	8.0
	31.6
	27.9
	6.6
	3.2
	5.1
	5.7
	33.8
	30.5

	28540 × VRIO 2
	35.0
	28.4
	7.8
	8.9
	30.1
	21.8
	2.4
	0.9
	5.1
	4.6
	30.2
	31.2

	28540 × MKS-14278
	33.8
	33.5
	5.5
	11.1
	31.0
	22.6
	6.5
	3.0
	3.9
	7.4
	31.2
	27.7

	28540 × MKS-TPSWP
	41.8
	32.8
	8.2
	13.9
	50.2
	42.3
	10.1
	4.8
	2.4
	13.3
	51.0
	44.8

	28540 × Super Sarhad
	40.0
	31.2
	3.8
	13.6
	22.2
	23.2
	11.0
	5.0
	3.7
	3.3
	23.3
	24.6



Supplementary Table 3. Different types of heterosis at four different growth stages for plant height. Where red color data indicated the maximum value.
	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-28.2
	-31.1
	-31.1
	-22.6
	-23.5
	-23.5
	-10.4
	-30.0
	-30.0
	32.8
	-12.2
	-12.2

	PHUL.×MKS-14278
	-31.8
	-4.5
	-36.8
	-25.2
	-10.8
	-27.3
	1.2
	-4.8
	-4.2
	38.1
	10.6
	16.8

	Phul. × MKS-TPSWP
	-45.1
	-38.6
	-55.8
	-45.3
	-42.4
	-54.1
	-41.4
	-35.4
	-46.9
	-49.3
	-55.3
	-52.1

	PHUL. × Super-Sarhad
	-36.3
	-48.3
	-48.3
	-26.3
	-39.4
	-39.4
	-21.0
	-26.3
	-26.3
	-27.3
	-29.8
	-24.6

	MKS-8823GO × VRIO-2
	-36.3
	-45.3
	-49.7
	-37.3
	-42.5
	-43.8
	-39.7
	-53.0
	-52.7
	-37.0
	-58.8
	-56.5

	MKS-8823GO×MKS-14278
	-19.3
	-28.4
	-38.8
	-17.8
	-23.4
	-27.8
	-34.4
	-38.0
	-37.7
	-5.7
	-24.5
	-20.2

	MKS-8823GO × MKS-TPSWP
	41.2
	35.8
	-10.1
	35.4
	23.9
	0.9
	-8.4
	-17.1
	-16.5
	-5.2
	-5.9
	0.9

	MKS-8823GO × Super-Sarhad
	42.9
	39.1
	-7.9
	11.5
	-0.2
	-18.7
	-23.8
	-29.1
	-28.7
	-27.6
	-28.6
	-22.9

	28540 × VRIO-2
	16.4
	3.8
	-4.5
	15.7
	4.9
	2.6
	18.7
	0.0
	-17.7
	-50.1
	-65.2
	-71.5

	28540×MKS-14278
	-29.1
	-34.7
	-44.2
	-16.7
	-23.1
	-27.6
	-7.3
	-11.0
	-20.5
	4.9
	-6.8
	-23.7

	28540 × MKS-TPSWP
	36.6
	26.2
	-9.1
	32.5
	22.5
	-2.5
	20.3
	19.7
	-1.5
	24.2
	9.6
	17.4

	28540 × Super-Sarhad
	-1.4
	-7.8
	-33.6
	16.2
	5.0
	-16.4
	11.5
	8.7
	-5.8
	35.9
	19.8
	28.7



Supplementary Table 4. Different types of heterosis at four different growth stages for leaf length. Where red color data indicated the maximum value.
	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-31.8
	-32.0
	-32.0
	-35.2
	-34.9
	-35.4
	-16.9
	-37.3
	-37.3
	21.1
	-24.1
	-24.1

	Phul. × MKS-14278
	-27.3
	-1.0
	-31.2
	-19.9
	-1.9
	-21.6
	15.0
	8.9
	12.9
	61.3
	83.7
	28.5

	Phul. × MKS-TPSWP
	-30.5
	-28.9
	-44.7
	-34.9
	-36.6
	-46.5
	-26.5
	-27.8
	-33.3
	-65.8
	-68.3
	-62.8

	Phul. × Super-Sarhad
	-21.0
	-37.1
	-37.1
	-15.9
	-33.1
	-33.1
	-5.5
	-11.1
	-11.1
	-24.5
	-25.1
	-25.1

	MKS-8823GO × VRIO-2
	-15.9
	-28.5
	-29.1
	-26.1
	-33.3
	-33.8
	-24.5
	-43.8
	-41.7
	-22.5
	-47.2
	-63.1

	MKS-8823GO × MKS-14278
	-33.8
	-41.2
	-47.5
	-23.8
	-30.1
	-33.1
	-39.9
	-42.0
	-39.8
	1.6
	-6.1
	-34.4

	MKS-8823GO × MKS-TPSWP
	49.9
	38.8
	-3.6
	44.2
	30.3
	4.1
	-9.1
	-18.9
	-15.9
	14.4
	-8.7
	7.0

	MKS-8823GO × Super-Sarhad
	39.4
	29.1
	-10.4
	26.2
	9.9
	-12.2
	-18.1
	-24.2
	-21.4
	-10.1
	-23.1
	-24.4

	28540 × VRIO-2
	10.9
	-1.1
	-1.9
	8.5
	0.4
	-0.4
	18.4
	-8.3
	-15.3
	-57.1
	-71.4
	-78.1

	28540 × MKS-14278
	5.9
	-0.9
	-11.6
	-7.2
	-12.7
	-16.5
	6.0
	3.7
	0.0
	6.0
	-6.0
	-28.0

	28540 × MKS-TPSWP
	39.5
	22.8
	-4.5
	19.1
	5.1
	-11.4
	12.8
	6.1
	-2.1
	19.0
	-1.6
	15.3

	28540 × Super-Sarhad
	-7.2
	-18.3
	-36.4
	9.4
	-6.9
	-21.5
	3.1
	0.8
	-7.0
	36.8
	21.7
	19.6



Supplementary Table 5. Different types of heterosis at four different growth stages for number of leaves. Where red color data indicated the maximum value.
	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-14.2
	-33.8
	-33.8
	-21.3
	-41.2
	-41.2
	-24.1
	-42.4
	-42.4
	-19.4
	-50.8
	-50.8

	Phul.× MKS-14278
	-14.0
	5.0
	-26.1
	-3.8
	18.4
	-18.8
	-26.2
	-5.8
	-33.6
	-23.8
	-18.9
	-43.8

	Phul. × MKS-TPSWP
	-29.9
	-24.0
	-40.1
	-14.2
	-2.7
	-25.3
	-43.7
	-28.1
	-51.3
	-49.8
	-21.1
	-59.4

	Phul. × Super-Sarhad
	-19.0
	-33.8
	-33.8
	-9.2
	-30.0
	-30.0
	-38.6
	-48.0
	-48.0
	-40.5
	-59.4
	-59.4

	MKS-8823GO × VRIO-2
	0.6
	-10.9
	-37.3
	6.7
	-8.2
	-37.1
	-27.5
	-37.2
	-55.7
	-24.5
	-50.2
	-65.5

	MKS-8823GO × MKS-14278
	25.5
	24.3
	-10.8
	31.8
	31.6
	-9.4
	-27.9
	-32.3
	-45.8
	-9.3
	-23.5
	-47.0

	MKS-8823GO × MKS-TPSWP
	-6.4
	-6.9
	-33.8
	-0.2
	-4.0
	-28.8
	3.9
	2.0
	-25.5
	1.0
	-4.6
	-33.9

	MKS-8823GO × Super-Sarhad
	-1.0
	-5.9
	-33.8
	25.6
	12.3
	-22.9
	-12.4
	-13.1
	-38.7
	-8.2
	-30.0
	-51.4

	28540 × VRIO-2
	21.4
	2.6
	-19.2
	51.0
	24.1
	-4.7
	44.6
	27.4
	-13.7
	32.2
	-5.6
	-51.4

	28540 × MKS-14278
	42.5
	36.2
	7.3
	48.7
	41.0
	8.2
	-18.1
	-24.4
	-39.5
	-24.5
	-27.3
	-62.6

	28540 × MKS-TPSWP
	20.9
	14.9
	-9.4
	13.1
	11.1
	-14.7
	28.4
	23.7
	-9.6
	-59.3
	-62.7
	-77.0

	28540 × Super-Sarhad
	-4.0
	-13.4
	-31.7
	-22.7
	-34.1
	-49.4
	-38.1
	-38.8
	-57.6
	-19.3
	-31.1
	-64.5



Supplementary Table 6. Different types of heterosis at four different growth stages for neck diameter. Where red color data indicated the maximum value.
	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-13.2
	-33.3
	-33.3
	-14.6
	-32.2
	-32.2
	22.3
	11.0
	11.0
	54.6
	8.6
	8.6

	Phul.×MKS-14278
	-3.9
	11.3
	-15.5
	-2.0
	15.4
	-15.8
	-4.1
	-4.1
	-4.2
	-1.7
	-1.7
	-1.6

	Phul. × MKS-TPSWP
	-46.7
	-24.3
	-50.8
	-38.7
	-24.4
	-46.3
	-39.2
	-45.2
	-31.7
	-38.6
	-42.9
	-33.7

	Phul. × Super-Sarhad
	-38.0
	-49.6
	-49.6
	-42.5
	-53.3
	-53.3
	-46.3
	-49.1
	-49.1
	-47.7
	-48.2
	-48.2

	MKS-8823GO × VRIO-2
	11.4
	-4.8
	-27.7
	11.6
	0.7
	-26.5
	3.0
	-7.0
	-6.2
	17.8
	-18.4
	-14.1

	MKS-8823GO×MKS-14278
	-45.3
	-45.3
	-58.5
	-37.7
	-37.1
	-54.9
	-21.2
	-21.6
	-21.0
	-19.0
	-21.0
	-16.8

	MKS-8823GO × MKS-TPSWP
	0.7
	-4.4
	-19.3
	15.0
	13.3
	-14.9
	-26.4
	-33.4
	-17.0
	-13.3
	-17.3
	-4.0

	MKS-8823GO × Super-Sarhad
	-27.8
	-34.2
	-50.0
	-11.0
	-17.4
	-39.7
	-31.6
	-35.4
	-34.9
	-24.8
	-27.3
	-23.5

	28540 × VRIO-2
	-23.3
	-29.9
	-54.5
	-28.6
	-34.8
	-53.7
	-16.2
	-21.1
	-27.3
	-11.4
	-37.7
	-37.9

	28540×MKS-14278
	-1.9
	-9.0
	-30.9
	5.7
	5.2
	-24.5
	-5.9
	-9.6
	-9.7
	-1.3
	-1.6
	-1.4

	28540 × MKS-TPSWP
	-17.7
	-27.2
	-38.5
	-1.6
	-4.4
	-28.1
	4.6
	-9.1
	13.4
	65.1
	53.4
	78.2

	28540 × Super-Sarhad
	-7.2
	-8.9
	-40.8
	4.4
	-2.0
	-30.4
	22.0
	23.7
	10.8
	-55.5
	-55.8
	-56.0



Supplementary Table 7. Different types of heterosis at four different growth stages for bulb horizontal diameter. Where red color data indicated the maximum value.
	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-20.4
	-30.3
	-30.3
	-11.2
	-29.8
	-29.8
	-18.5
	-31.0
	-31.0
	-20.6
	-33.7
	-33.7

	Phul.×MKS-14278
	-15.0
	-22.2
	-22.2
	-7.5
	10.6
	-13.3
	-8.6
	-3.2
	-13.8
	-7.4
	-12.9
	-12.9

	Phul. × MKS-TPSWP
	-25.9
	-36.3
	-36.3
	-25.6
	-20.0
	-34.3
	-39.9
	-38.4
	-43.0
	-45.2
	-46.3
	-46.3

	Phul. × Super-Sarhad
	-23.0
	-34.9
	-34.9
	-13.8
	-30.4
	-30.4
	-16.8
	-30.2
	-30.2
	-24.4
	-35.1
	-35.1

	MKS-8823GO × VRIO-2
	-19.8
	-22.5
	-37.7
	-1.8
	-14.4
	-32.9
	-5.4
	-15.9
	-25.1
	-8.0
	-20.2
	-27.3

	MKS-8823GO×MKS-14278
	-39.7
	-40.6
	-50.7
	-36.0
	-39.3
	-47.0
	-2.7
	-3.0
	-13.6
	-6.2
	-4.6
	-15.9

	MKS-8823GO × MKS-TPSWP
	-15.3
	-19.7
	-35.4
	-1.5
	-2.5
	-23.6
	-0.8
	-1.2
	-11.3
	-10.4
	-12.8
	-16.2

	MKS-8823GO × Super-Sarhad
	-27.7
	-32.8
	-46.0
	-15.0
	-24.2
	-40.6
	-14.1
	-24.4
	-32.7
	-18.5
	-27.1
	-33.6

	28540 × VRIO-2
	-23.7
	-28.2
	-38.9
	-5.1
	-18.9
	-33.4
	-20.8
	-30.7
	-36.0
	-25.7
	-36.1
	-40.7

	28540×MKS-14278
	-36.5
	-37.3
	-46.6
	-31.1
	-33.2
	-41.6
	-27.0
	-28.5
	-33.9
	-32.4
	-34.1
	-38.8

	28540 × MKS-TPSWP
	38.2
	27.6
	8.5
	59.3
	54.1
	26.5
	17.3
	15.6
	6.8
	5.8
	4.0
	0.0

	28540 × Super-Sarhad
	-51.0
	-55.6
	-62.2
	-57.6
	-63.0
	-69.6
	-41.1
	-48.9
	-52.8
	-44.4
	-50.7
	-54.2
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	Hybrid combinations
	MP-1
	BP-1
	ST-1
	MP-2
	BP-2
	ST-2
	MP-3
	BP-3
	ST-3
	MP-4
	BP-4
	ST-4

	Phul. × VRIO-2
	-12.0
	-14.8
	-14.8
	-12.1
	-29.2
	-29.2
	9.9
	-6.5
	-6.5
	2.5
	-15.0
	-15.0

	Phul.×MKS-14278
	56.0
	63.1
	51.9
	40.3
	60.3
	25.5
	8.1
	17.9
	2.6
	-2.4
	-6.4
	-6.4

	Phul. × MKS-TPSWP
	-3.3
	-34.1
	-17.7
	-20.2
	-32.0
	-32.6
	-9.9
	-14.4
	-20.1
	-8.9
	-18.9
	-18.9

	Phul. × Super-Sarhad
	0.2
	-4.0
	-4.0
	-12.6
	-16.6
	-16.6
	-3.6
	-8.5
	-8.5
	-7.5
	-15.6
	-15.6

	MKS-8823GO × VRIO-2
	-11.8
	-12.0
	-17.7
	-13.4
	-23.0
	-39.7
	-5.5
	-14.7
	-25.7
	10.0
	-4.2
	-15.1

	MKS-8823GO×MKS-14278
	-10.4
	-11.2
	-15.9
	-17.5
	-17.8
	-35.1
	-17.8
	-19.1
	-27.3
	-21.5
	-22.9
	-29.2

	MKS-8823GO × MKS-TPSWP
	9.6
	-3.9
	-10.5
	21.8
	14.6
	-10.3
	15.5
	9.0
	-5.1
	5.0
	-1.3
	-12.5

	MKS-8823GO × Super-Sarhad
	-4.9
	-5.7
	-12.2
	-17.7
	-23.4
	-30.4
	-7.0
	-8.4
	-17.7
	-6.8
	-10.0
	-20.3

	28540 × VRIO-2
	-14.9
	-25.5
	-7.1
	-1.7
	-20.6
	-21.3
	-21.3
	-31.1
	-35.7
	4.5
	-9.7
	-18.4

	28540×MKS-14278
	-26.3
	-35.2
	-19.2
	-23.9
	-31.7
	-32.3
	-27.3
	-28.6
	-33.4
	-20.3
	-20.9
	-27.4

	28540 × MKS-TPSWP
	157.1
	100.8
	150.5
	133.1
	97.7
	95.9
	46.2
	33.6
	24.7
	39.4
	29.9
	17.4

	28540 × Super-Sarhad
	-30.4
	-39.6
	-24.7
	-30.9
	-33.8
	-34.4
	-25.2
	-26.5
	-31.5
	-25.3
	-28.6
	-35.5



