Supplementary information
Table S1. GPS coordinates of the districts representing the Hindukush region of Khyber Pakhtunkhwa, surveyed during the disease seasons of 2019 to 2022.
	Region
	Districts surveyed
	Latitude
	Longitude

	Peshawar Valley
	Charsadda
	34.15
	71.74

	
	Mardan
	34.19
	72.04

	
	Nowshera
	34.01
	71.98

	
	Peshawar
	34.00
	71.51

	
	Swabi
	34.12
	72.47

	Western Hindukush
	Bajaur
	34.73
	71.51

	
	Khyber
	34.10
	71.15

	
	Lower Kurrum
	33.55
	70.28

	
	Mohmand
	34.53
	71.28

	
	North Waziristan
	32.94
	69.95

	
	South Waziristan
	32.32
	69.85

	
	Upper Kurrum
	33.87
	70.09

	Northern Hindukush
	Buner
	34.39
	72.61

	
	Lower Dir
	34.91
	71.80

	
	Malakand
	34.50
	71.90

	
	Shangla
	34.88
	72.75

	
	Swat
	35.22
	72.42

	
	Upper Dir
	35.33
	72.04

	Southern Hindukush
	Bannu
	32.92
	70.66

	
	DI Khan
	31.74
	70.62

	
	Hangu
	33.44
	70.90

	
	Karak
	33.12
	71.09

	
	Kohat
	33.58
	71.44

	
	Lakki Marwat
	32.57
	70.90

	
	Tank
	32.27
	70.38







Table S2. Number of fields surveyed across different districts representing the Hindukush region of Khyber Pakhtunkhwa, surveyed during the disease seasons of 2019 to 2022.
	[bookmark: _Hlk199751466]Fields covered

	Region
	Districts surveyed
	2019
	 
	2020
	 
	2021
	 
	2022
	 
	All years

	Peshawar Valley
	Charsadda
	 - 
	 
	 - 
	 
	 - 
	 
	10
	 
	10

	
	Mardan
	 - 
	 
	 - 
	 
	6
	 
	9
	 
	15

	
	Nowshera
	36
	 
	 - 
	 
	21
	 
	7
	 
	64

	
	Peshawar
	38
	 
	11
	 
	8
	 
	9
	 
	66

	
	Swabi
	36
	 
	8
	 
	21
	 
	4
	 
	69

	Western Hindukush
	Bajaur
	22
	 
	46
	 
	33
	 
	31
	 
	132

	
	Khyber
	5
	 
	11
	 
	 - 
	 
	8
	 
	24

	
	Lower Kurrum
	5
	 
	5
	 
	13
	 
	11
	 
	34

	
	Mohmand
	17
	 
	17
	 
	18
	 
	11
	 
	63

	
	North Waziristan
	17
	 
	12
	 
	11
	 
	16
	 
	56

	
	South Waziristan
	10
	 
	 - 
	 
	 - 
	 
	 - 
	 
	10

	
	Upper Kurrum
	6
	 
	15
	 
	10
	 
	22
	 
	53

	Northern Hindukush
	Buner
	20
	 
	12
	 
	10
	 
	24
	 
	66

	
	Lower Dir
	13
	 
	22
	 
	17
	 
	16
	 
	68

	
	Malakand
	2
	 
	8
	 
	3
	 
	5
	 
	18

	
	Shangla
	10
	 
	11
	 
	 - 
	 
	 - 
	 
	21

	
	Swat
	11
	 
	17
	 
	10
	 
	13
	 
	51

	
	Upper Dir
	10
	 
	18
	 
	26
	 
	20
	 
	74

	Southern Hindukush
	Bannu
	7
	 
	9
	 
	14
	 
	11
	 
	41

	
	DI Khan
	5
	 
	11
	 
	12
	 
	9
	 
	37

	
	Hangu
	6
	 
	14
	 
	9
	 
	8
	 
	37

	
	Karak
	 - 
	 
	7
	 
	5
	 
	9
	 
	21

	
	Kohat
	6
	 
	19
	 
	12
	 
	20
	 
	57

	
	Lakki Marwat
	2
	 
	2
	 
	9
	 
	12
	 
	25

	
	Tank
	7
	 
	3
	 
	11
	 
	12
	 
	33

	Total
	291
	 
	278
	 
	279
	 
	297
	 
	1145









Table S3. Co-efficient of leaf rust infection and average co-efficient of infection (ACI) recorded for different crop varieties as surveyed in various regions of Khyber Pakhtunkhwa, during the disease seasons of 2019 to 2022.
	Variety
	2019
	2020
	2021
	2022
	ACI

	AAS-2011
	0.0
	 - 
	 - 
	 - 
	0.0

	Akbar-19
	 - 
	 - 
	0.0
	 - 
	0.0

	Annaj-2017
	0.0
	 - 
	0.0
	 - 
	0.0

	Barani-17
	 - 
	 - 
	0.0
	 - 
	0.0

	Barley
	0.0
	 - 
	0.0
	0.1
	0.0

	Borlaug-2016
	0.0
	 - 
	 - 
	 - 
	0.0

	Dharabi-2011
	0.0
	 - 
	 - 
	 - 
	0.0

	Faheem-19
	 - 
	 - 
	0.0
	 - 
	0.0

	Faisalabad-2008
	0.0
	 - 
	 - 
	 - 
	0.0

	Fakhre Bakkar-17
	 - 
	 - 
	0.0
	 - 
	0.0

	Fateh-Jang
	0.0
	 - 
	 - 
	 - 
	0.0

	Galaxy
	0.0
	0.0
	0.0
	0.0
	0.0

	Ghaneemat-e-IBGE
	0.0
	5.6
	0.0
	0.0
	1.1

	Ghazi-19
	 - 
	 - 
	0.0
	 - 
	0.0

	Gold-2016
	0.0
	 - 
	 - 
	 - 
	0.0

	Gulzar-19
	 - 
	 - 
	0.0
	 - 
	0.0

	Ihsan-2016
	0.0
	 - 
	0.0
	 - 
	0.0

	Inqilab
	0.0
	 - 
	 - 
	 - 
	0.0

	Israr-2017
	0.0
	 - 
	 - 
	 - 
	0.0

	Johar-2016
	0.0
	 - 
	 - 
	 - 
	0.0

	Khaista-2017
	0.0
	 - 
	0.0
	 - 
	0.0

	Kohat-17
	 - 
	 - 
	0.0
	 - 
	0.0

	Kohat-2008
	0.0
	 - 
	 - 
	 - 
	0.0

	Mix
	0.0
	0.0
	 - 
	 - 
	0.0

	NARC-2011
	0.0
	0.0
	 - 
	 - 
	0.0

	NIFA-Aman
	0.0
	 - 
	0.0
	 - 
	0.0

	NIFA-Lalma
	0.0
	 - 
	0.0
	 - 
	0.0

	Pakhtunkhwa-2015
	0.0
	 - 
	 - 
	 - 
	0.0

	Pakistan-2013
	0.0
	 - 
	0.0
	 - 
	0.0

	Paseena-2017
	0.0
	 - 
	0.0
	 - 
	0.0

	Pirsabak-2005
	0.0
	0.0
	1.1
	0.0
	0.1

	Pirsabak-2008
	0.0
	 - 
	 - 
	 - 
	0.0

	Pirsabak-2013
	0.0
	0.0
	1.9
	0.0
	0.1

	Pirsabak-2015
	0.0
	0.0
	0.0
	 - 
	0.0

	PR-114
	0.0
	 - 
	 - 
	 - 
	0.0

	PR-123
	0.0
	 - 
	 - 
	 - 
	0.0

	PR-126
	0.0
	 - 
	 - 
	 - 
	0.0

	PR-129
	0.0
	 - 
	 - 
	 - 
	0.0

	PR-130
	0.0
	 - 
	 - 
	 - 
	0.0

	Sahar
	0.0
	0.0
	 - 
	 - 
	0.0

	Shahid-2017
	0.0
	 - 
	 - 
	 - 
	0.0

	Shahkar-2013
	0.0
	0.0
	0.5
	 - 
	0.1

	Sumai 3
	 - 
	 - 
	1.9
	 - 
	1.9

	Triticale
	 - 
	 - 
	0.0
	0.0
	0.0

	Ujala-16
	0.0
	 - 
	 - 
	 - 
	0.0

	Unknown
	0.0
	1.0
	0.1
	0.5
	0.5

	Wadaan-2017
	0.0
	 - 
	0.0
	-
	0.0

	Wild barley
	0.0
	 - 
	 - 
	 - 
	0.0

	Zincol-2016
	0.0
	 - 
	 - 
	 - 
	0.0

	Landrace
	0.6
	0.0
	0.0
	20.0
	7.3

	Pirsabak-2019
	0.0
	 - 
	0.0
	0.0
	0.0

	WW-11
	 - 
	 - 
	 - 
	0.0
	0.0

	Abaseen-2021
	0.0
	 - 
	 - 
	 - 
	0.0

	Pirsabak-2021
	0.0
	 - 
	 - 
	 - 
	0.0

	Zarghoon-2021
	0.0
	 - 
	 - 
	 - 
	0.0



Table S4. Mean monthly temperature as observed across different districts representing the Hindukush region of Khyber Pakhtunkhwa, surveyed during the disease seasons of 2019 to 2022.
	 
	 
	Mean Monthly Temperature

	 
	 
	2019
	2020
	2021
	2022

	Region
	Districts surveyed
	March
	April
	March
	April
	March
	April
	March
	April

	Peshawar Valley
	Charsadda
	14.78
	24.27
	14.06
	20.15
	16.92
	20.97
	18.88
	26.17

	
	Mardan
	14.78
	24.27
	14.06
	20.15
	16.92
	20.97
	18.88
	26.17

	
	Nowshera
	14.78
	24.27
	14.06
	20.15
	16.92
	20.97
	18.88
	26.17

	
	Peshawar
	14.78
	24.27
	14.06
	20.15
	16.92
	20.97
	18.88
	26.17

	
	Swabi
	15.24
	24.57
	15.16
	21.11
	17.46
	21.06
	19.43
	26.3

	Western Hindukush
	Bajaur
	11.25
	20.38
	11.31
	17.3
	13.59
	17.42
	15.63
	22.96

	
	Khyber
	12.18
	21.5
	11.75
	17.66
	14.89
	18.77
	16.71
	23.69

	
	Lower Kurrum
	10.63
	19.71
	10.59
	16.21
	14.45
	18.19
	15.63
	22.49

	
	Mohmand
	11.25
	20.38
	11.31
	17.3
	13.59
	17.42
	15.63
	22.96

	
	North Waziristan
	9.97
	18.73
	10.06
	15.69
	14.62
	18.27
	15.83
	22.79

	
	South Waziristan
	7.01
	15.24
	7.14
	12.82
	11.47
	15.85
	12.8
	19.89

	
	Upper Kurrum
	4.12
	13.1
	5.22
	10.9
	8.92
	12.5
	9.36
	16.13

	Northern Hindukush
	Buner
	11.51
	20.37
	11.33
	17.75
	13.75
	17.38
	16.06
	22.39

	
	Lower Dir
	5.85
	13.87
	5.31
	11.52
	7.22
	11.18
	10.44
	17.13

	
	Malakand
	12.7
	21.91
	12.42
	18.51
	14.92
	18.67
	17.35
	24.67

	
	Shangla
	11.51
	20.37
	11.33
	17.75
	13.75
	17.38
	16.06
	22.39

	
	Swat
	-14.74
	-0.53
	-12.13
	-4.87
	-13.29
	-8.92
	-7.47
	1.7

	
	Upper Dir
	5.85
	13.87
	5.31
	11.52
	7.22
	11.18
	10.44
	17.13

	Southern Hindukush
	Bannu
	15.2
	24.3
	14.73
	20.41
	18.83
	22.63
	20.05
	27.59

	
	DI Khan
	18.64
	28.36
	18
	23.54
	22.92
	26.66
	24.21
	32.81

	
	Hangu
	13.93
	23.14
	13.18
	19
	16.68
	20.89
	18.34
	25.64

	
	Karak
	16.45
	25.58
	15.5
	21.33
	18.93
	23.37
	20.69
	28.15

	
	Kohat
	13.93
	23.14
	13.18
	19
	16.68
	20.89
	18.34
	25.64

	
	Lakki Marwat
	16.79
	25.93
	16.19
	21.78
	20.59
	24.45
	21.87
	30.37

	
	Tank
	18.64
	28.36
	18
	23.54
	22.92
	26.66
	24.21
	32.81
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Upper Kurrum  33.87  70.09  

Northern Hindukush  Buner  34.39  72.61  

Lower Dir  34.91  71.80  

Malakand  34.50  71.90  

Shangla  34.88  72.75  

Swat  35.22  72.42  

Upper Dir  35.33  72.04  

Southern Hindukush  Bannu  32.92  70.66  

DI Khan  31.74  70.62  

Hangu  33.44  70.90  

Karak  33.12  71.09  

Kohat  33.58  71.44  

Lakki Marwat  32.57  70.90  

Tank  32.27  70.38  

 

4

   

5

   

6

   

7

   

8

 

