Supplementary Table S1: Initial soil physico-chemical properties at different centers in India 

	Locations
	Textural class
	OC
(%)
	Available nutrient (kg/ha)
	pH (1:2.5)
	EC
(dS/m)

	
	
	
	N
	P
	K
	
	

	NWPZ

	Delhi
	Sandy Loam
	0.42
	263.0
	10.9
	307.0
	7.4
	0.13

	Durgapura
	Loamy Sand
	0.24
	187.0
	27.6
	232.0
	8.1
	0.26

	Gurdaspur
	Loam
	0.27
	128.6
	17.4
	88.3
	7.4
	0.11

	Hisar
	Sandy loam
	0.35
	148.0
	16.8
	270.0
	7.9
	0.22

	Jammu
	Sandy Loam
	0.44
	174.1
	15.0
	138.9
	7.2
	0.21

	Karnal
	Sandy Loam
	0.47
	189.6
	16.5
	171.7
	8.1
	0.23

	Ludhiana
	Loamy sand
	0.28
	125.1
	29.1
	82.2
	6.8
	0.16

	Pantnagar
	Loam
	0.70
	225.4
	40.6
	143.6
	7.3
	0.40

	NEPZ

	Burdwan
	Sandy Loam
	0.71
	115.3
	16.3
	98.0
	5.5
	0.15

	Coochbehar
	Sandy Loam
	0.70
	160.0
	15.2
	193.1
	5.1
	0.23

	Ranchi
	clay loam
	0.49
	233.3
	14.5
	207.7
	6.3
	0.24

	Sabour
	Loamy clay
	0.50
	220.5
	25.0
	206.0
	7.2
	0.15

	Varanasi
	Sandy Clay Loam
	0.43
	195.2
	18.5
	232.8
	7.7
	0.18

	CZ

	Gwalior
	Sandy clay loam
	0.46
	180.0
	12.5
	200.0
	7.4
	0.27

	Indore
	Vertisols
	0.46
	239.7
	16.7
	413.0
	8.2
	0.22

	Jabalpur
	Vertisols
	0.61
	282.0
	16.6
	310.0
	7.2
	0.33

	Junagadh
	Medium Black
	0.75
	307.0
	89.2
	259.0
	7.8
	0.19

	Vijapur
	Sandy Loam
	0.31
	128.1
	63.8
	251.2
	7.6
	0.32

	PZ

	Dharwad
	Clay
	0.50
	272.0
	42.8
	418.0
	7.8
	0.30

	Niphad
	Clay
	0.60
	136.4
	23.6
	302.0
	8.2
	0.22

	Pune
	Clay
	1.15
	277.0
	8.8
	325.0
	7.9
	0.56




Supplementary Table S2. Average monthly maximum temperature (℃) at different locations/ agroclimatic regions of India 

	Locations
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr

	
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23

	NWPZ

	Delhi
	32.6
	31.3
	27.1
	28.1
	21.6
	22.6
	17.0
	18.4
	22.7
	26.1
	31.8
	30.0
	40.1
	32.4

	Durgapura
	32.9
	31.5
	28.6
	27.6
	23.0
	22.7
	19.0
	20.4
	25.4
	26.0
	33.2
	31.5
	39.5
	33.1

	Gurdaspur
	31.1
	31.0
	26.3
	25.8
	20.7
	19.5
	15.5
	14.6
	20.1
	22.8
	28.4
	26.5
	37.7
	33.3

	Hisar
	32.3
	31.2
	27.7
	28.1
	21.2
	20.8
	16.0
	16.8
	22.8
	24.8
	31.4
	28.9
	40.2
	35.3

	Jammu
	31.4
	31.3
	26.5
	26.0
	21.0
	20.9
	15.7
	15.7
	20.8
	23.6
	29.9
	26.9
	37.9
	32.6

	Karnal
	31.5
	28.0
	21.8
	21.7
	14.9
	16.3
	20.8
	23.8
	28.7
	27.9
	38.9
	33.3
	37.7
	33.9

	Ludhiana
	31.5
	31.4
	26.7
	27.1
	20.7
	20.1
	15.3
	16.4
	21.1
	23.9
	30.0
	27.1
	38.8
	33.3

	Pantnagar
	31.6
	30.0
	27.3
	27.3
	22.5
	22.6
	17.7
	17.3
	19.5
	24.1
	30.2
	28.9
	37.4
	34.1

	NEPZ

	Burdwan
	28.2
	32.8
	24.6
	24.2
	23.7
	27.5
	26.3
	25.4
	34.3
	29.6
	37.2
	33.1
	30.5
	37.5

	Coochbehar
	29.4
	30.0
	26.7
	26.2
	24.0
	24.3
	24.7
	27.2
	32.4
	29.6
	28.1
	32.4
	27.7
	30.1

	Ranchi
	31.4
	31.4
	28.5
	28.5
	24.5
	24.5
	23.7
	23.7
	24.6
	26.2
	31.6
	32.8
	38.1
	37.1

	Sabour
	32.0
	31.9
	28.2
	29.6
	25.0
	24.8
	20.3
	19.8
	23.2
	27.5
	32.1
	31.8
	37.3
	37.7

	Varanasi
	28.4
	32.3
	23.0
	28.8
	20.8
	24.9
	25.7
	20.7
	34.3
	27.5
	40.5
	31.6
	31.9
	36.7

	CZ

	Gwalior
	29.5
	28.3
	30.9
	30.5
	24.7
	25.7
	21.2
	20.6
	26.5
	27.4
	33.8
	32.2
	39.6
	38.4

	Indore
	31.1
	30.0
	28.1
	28.4
	23.4
	26.7
	25.5
	23.1
	27.3
	29.2
	35.0
	32.3
	40.5
	36.8

	Jabalpur
	32.2
	30.5
	28.3
	28.4
	24.6
	26.3
	21.9
	23.8
	25.3
	29.0
	33.8
	32.0
	40.3
	34.1

	Junagadh
	33.7
	35.1
	33.0
	34.0
	28.8
	31.0
	27.5
	27.7
	31.0
	33.6
	37.9
	35.7
	40.9
	37.9

	Vijapur
	33.9
	35.1
	30.7
	32.3
	27.5
	29.6
	26.3
	26.6
	29.0
	31.7
	35.8
	35.2
	34.5
	38.9

	PZ

	Dharwad
	30.1
	29.0
	28.9
	30.1
	28.0
	29.5
	28.1
	29.8
	31.8
	32.5
	34.4
	34.2
	34.5
	36.6

	Niphad
	29.6
	30.4
	29.4
	30.2
	27.3
	30.8
	25.8
	29.1
	29.5
	32.6
	34.5
	33.5
	38.9
	37.6

	Pune
	32.2
	30.6
	30.1
	30.6
	28.2
	31.0
	27.7
	30.6
	31.5
	32.8
	36.0
	33.7
	38.6
	36.8





Supplementary Table S3. Average monthly minimum temperature (℃) at different locations/ agroclimatic regions of India 

	Locations
	Oct
	Nov
	Dec
	Jan
	Feb
	Mar
	Apr

	
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23
	21-22
	22-23

	NWPZ

	Delhi
	20.0
	20.4
	10.9
	14.2
	7.0
	6.6
	7.7
	5.4
	8.1
	10.1
	15.1
	14.7
	19.8
	22.4

	Durgapura
	20.2
	19.8
	12.5
	13.2
	9.0
	6.8
	7.5
	5.8
	10.8
	9.8
	17.1
	15.2
	22.7
	22.1

	Gurdaspur
	18.7
	18.0
	10.4
	11.3
	6.3
	5.6
	7.8
	5.1
	7.8
	8.7
	14.2
	14.1
	20.0
	17.4

	Hisar
	20.3
	19.4
	10.3
	11.9
	6.0
	6.4
	7.5
	5.4
	7.5
	8.6
	13.5
	13.8
	19.1
	17.7

	Jammu
	18.7
	17.6
	9.0
	10.3
	5.0
	5.5
	7.7
	4.8
	6.2
	7.7
	12.7
	12.5
	18.1
	15.9

	Karnal
	19.0
	13.2
	8.0
	8.1
	8.4
	6.7
	7.7
	9.1
	14.1
	13.4
	18.8
	16.9
	24.4
	20.3

	Ludhiana
	20.0
	19.1
	10.9
	12.3
	6.5
	7.6
	8.7
	6.3
	8.2
	10.0
	15.4
	14.7
	20.3
	17.5

	Pantnagar
	20.3
	18.7
	12.3
	12.3
	8.0
	7.0
	9.5
	7.5
	8.1
	9.5
	14.2
	13.3
	18.5
	15.6

	NEPZ

	Burdwan
	17.3
	23.8
	14.0
	16.7
	13.2
	13.3
	14.8
	12.4
	21.5
	15.4
	26.2
	20.0
	12.8
	24.0

	Coochbehar
	18.5
	11.1
	12.3
	8.2
	12.1
	9.1
	11.1
	13.8
	11.2
	16.9
	17.5
	22.1
	20.9
	14.3

	Ranchi
	21.9
	21.9
	16.6
	16.6
	7.3
	7.3
	9.3
	9.3
	9.3
	12.3
	14.6
	16.4
	21.7
	23.6

	Sabour
	24.9
	21.9
	16.5
	13.7
	12.0
	8.9
	11.2
	7.5
	10.2
	10.8
	18.7
	15.7
	22.0
	18.8

	Varanasi
	12.6
	18.3
	9.5
	11.3
	9.2
	8.4
	10.6
	6.6
	17.0
	8.7
	20.5
	16.0
	22.8
	18.4

	CZ

	Gwalior
	20.5
	14.5
	12.5
	11.8
	10.8
	6.9
	10.5
	5.7
	9.8
	10.1
	15.8
	15.1
	22.1
	19.3

	Indore
	19.6
	18.4
	12.7
	11.6
	10.6
	11.8
	11.6
	8.1
	9.7
	9.7
	16.5
	16.2
	22.5
	20.7

	Jabalpur
	19.9
	18.6
	11.6
	10.0
	8.7
	9.2
	8.9
	8.0
	7.7
	9.3
	14.9
	14.8
	19.6
	20.1

	Junagadh
	22.5
	21.7
	17.3
	16.3
	14.5
	15.5
	12.0
	12.9
	13.8
	14.0
	20.4
	19.6
	23.0
	21.5

	Vijapur
	20.0
	21.6
	13.6
	17.3
	9.4
	15.1
	8.0
	12.2
	9.0
	15.3
	14.7
	21.6
	21.0
	24.4

	PZ

	Dharwad
	20.0
	18.9
	19.0
	16.3
	14.1
	15.6
	13.2
	13.7
	15.1
	14.9
	18.7
	17.2
	21.1
	18.1

	Niphad
	20.2
	18.9
	16.3
	11.0
	11.8
	11.6
	9.3
	8.8
	7.8
	8.4
	13.2
	12.6
	17.8
	17.3

	Pune
	20.3
	19.6
	18.8
	14.3
	15.7
	15.1
	13.0
	12.6
	12.3
	11.9
	17.7
	15.0
	22.3
	20.0




Supplementary Table S4. High yielding wheat varieties grown and total rainfall (mm) at different locations/ agro-climatic regions of India during wheat season
	Locations
	High yielding wheat varieties
	2021-22
	2022-23

	NWPZ

	Delhi
	HD 3086
	377.4
	39.8

	Durgapura
	Raj 4238
	68.0
	-

	Gurdaspur
	PBW 725
	323.9
	147.4

	Hisar
	WH 1105
	78.0
	28.2

	Jammu
	HD 3086
	354.0
	345.2

	Karnal
	DBW 187
	209.2
	210.5

	Ludhiana
	DBW 187
	158.0
	123.9

	Pantnagar
	HD 2967
	584.4
	429.0

	NEPZ

	Burdwan
	DBW 187
	229.0
	110.2

	Coochbehar
	DBW 187
	73.21
	14.9

	Ranchi
	DBW 187
	189.8
	11.4

	Sabour
	DBW 187
	266.1
	204.0

	Varanasi
	HD 2967
	56.3
	29.6

	CZ

	Gwalior
	HD 3086
	-
	-

	Indore
	HI 1636
	115.8
	68.3

	Jabalpur
	JW 3382
	120.5
	101.8

	Junagadh
	GW 451
	77.6
	14.8

	Vijapur
	GW 451
	31.6
	-

	PZ

	Dharwad
	UAS 304
	441.8
	207.41

	Niphad
	Phule Samadhan
	131.5
	239.9

	Pune
	MACS 6478
	325.3
	220.8



