	Source of Variation
	df
	Plant Height
	Leaf Length
	Leaf Width
	Petiole Length
	Secondary Stem Diameter
	No. of Secondary Stems
	Plant Fresh Weight
	Plant Dry Weight
	Essential Oil Content
	Essential Oil Yield
	Total Phenolic Content
	Total Flavonoid Content
	DPPH Activity
	FICA Activity

	Location (L)
	1
	1220.08**
	10.18ns
	6.90**
	73.26**
	8.38*
	10.08**
	32307.75*
	280.82ns
	0.82**
	1154.32ns
	494.34ns
	274.09ns
	3731.04**
	2485.15*

	Replication (Location)
	4
	24.27
	14.10
	0.07
	1.52
	0.96
	0.46
	3852.53
	576.05
	0.03
	737.96
	649.77
	139.50
	133.21
	176.04

	Population (P)
	7
	25.32**
	2.66**
	0.36*
	4.08*
	0.15ns
	4.19**
	2769.08**
	193.69**
	0.02ns
	276.82**
	143.75**
	64.35**
	973.21**
	164.43**

	L × P
	7
	13.51**
	1.64*
	0.09ns
	2.12ns
	0.24ns
	0.37ns
	23805.09**
	1147.08**
	0.04*
	1202.36**
	210.33**
	46.52**
	81.44**
	19.76**

	Error
	28
	3.60
	0.57
	0.14
	1.37
	0.17
	0.39
	367.74
	28.14
	0.01
	60.87
	41.66
	12.19
	7.65
	1.53

	CV (%)
	—
	9.71
	24.12
	31.64
	11.33
	32.49
	26.66
	9.76
	10.25
	12.50
	17.44
	9.02
	8.38
	4.08
	3.41


Supplementary Table S1. Analysis of variance (ANOVA) for agronomic, yield, and phytochemical traits of different populations evaluated across two locations. 
*, **, and ns indicate significance at P < 0.05, P < 0.01, and non-significant, respectively	
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Supplementary Table S2. Essential oil constituents (%) of Eryngo populations cultivated in the plain/low altitude area (LA).
	
Compound
(%)

	RI
	Formula
	Populations 
	

	
	
	
	
	

	
	
	
	Esh
	Jav
	Jav dsh
	Doh
	She
	Nem
	Kat
	Kel

	Sabinene 

	977
	C10H16
	0.23±0.03
	0.34±0.05
	0.24±0.02
	0.33±0.04
	0.15±0.01
	0.28±0.04
	0.12±0.01
	0.15±0.02

	Limonene

	1036
	C10H16
	8.7±0.2
	9.1±0.4
	12.3±0.2
	11.5±0.4
	10.4±0.3
	14.4±0.3
	13.6±0.2
	14.9±0.5

	ß-Elemene
	1391
	C15H24
	1.62±0.03
	2.25±0.07
	1.51±0.04
	2.93±0.08
	1.84±0.05
	1.71±0.03
	1.41±0.01
	2.54±0.05

	cis-α-Bergamotene
	1431
	C15H24
	1.15±0.06
	1.23±0.08
	0.56±0.03
	1.74±0.07
	1.23±0.05
	1.15±0.03
	2.46±0.14
	2.35±0.13

	trans-ß-Farnesene
	1452
	C15H24
	14.3±0.6
	12.9±0.3
	7.5±0.2
	5.8±0.2
	11.4±0.3
	15.9±0.7
	15.1±0.5
	11.8±0.4

	Germacrene-D
	1484
	C15H24
	4.61±0.17
	5.13±0.22
	4.82±0.13
	3.85±0.19
	3.76±0.15
	3.32±0.11
	9.52±0.38
	5.22±0.31

	cis-ß-Guaiene
	1500
	C15H24
	0.46±0.03
	2.21±0.15
	1.75±0.19
	2.21±0.27
	1.54±0.11
	0.28±0.04
	1.31±0.16
	1.47±0.24

	ß-Bisabolene
	1508
	C15H24
	0.65±0.13
	0.72±0.16
	1.31±0.32
	1.23±0.26
	2.19±0.31
	1.82±0.13
	1.14±0.15
	0.65±0.07

	ß-Sesquiphellandrene
	1526
	C15H24
	22.5±1.8
	24.2±1.7
	20.9±1.1
	16.8±1.0
	20.8±1.6
	23.5±1.5
	19.2±1.4
	27.3±2.1

	α-Calacorene 
	1548
	C15H20
	7.11±0.4
	5.43±0.1
	6.82±0.2
	7.9±0.4
	3.73±0.3
	8.21±0.5
	8.54±0.5
	3.38±0.2

	Neointermedeol
	1670
	C15H26O
	1.8±0.3
	1.31±0.2
	2.92±0.5
	3.14±0.6
	2.96±0.5
	2.32±0.3
	2.65±0.2
	2.43±0.2

	Piperitone
	1687
	C10H16O
	16.7±1.2
	12.3±0.9
	15.2±1.0
	13.5±0.7
	11.9±0.5
	12.3±0.6
	9.6±0.3
	13.1±1.1

	cis-Dihydromayurone
	1699
	C10H16O
	4.32±0.4
	4.65±0.5
	5.21±0.6
	10.8±1.3
	7.51±0.5
	3.84±0.3
	2.23±0.2
	3.79±0.4

	Spathulenol 
	1702
	C15H24O
	0.71±0.05
	1.1±0.17
	0.45±0.09
	0.92±0.15
	2.33±0.27
	0.23±0.05
	0.17±0.03
	1.42±0.21

	(E, E)-Farnesol  
	1724
	C15H26O 
	1.23±0.04
	0.59±0.07
	1.44±0.15
	1.7±0.12
	1.28±0.13
	0.39±0.05
	0.25±0.03
	0.83±0.11

	Isopropyl tetradecanoate   
	1832
	C17H34O2
	1.21±0.13
	2.18±0.24
	2.24±0.29
	1.45±0.12
	2.71±0.34
	0.28±0.05
	0.49±0.05
	0.17±0.03

	Eudesm-7(11) en-4-ol    
	1841
	C15H26O
	0.55±0.08
	0.41±0.05
	0.26±0.04
	1.02±0.12
	0.61±0.09
	1.2±0.24
	0.56±0.09
	0.32±0.07

	Methyl hexadecanoate     
	1932
	C17H34O2
	0.15±0.01
	1.43±0.13
	0.38±0.05
	0.7±0.04
	1.67±0.16
	0.23±0.02
	0.14±0.01
	0.21±0.05

	Occidol acetate  
	1970
	C17H24O2 
	1.41±0.3
	1.13±0.2
	0.68±0.14
	0.82±0.15
	0.52±0.11
	0.21±0.03
	0.34±0.08
	1.14±0.2

	Isobergaptene   
	2027
	C12H8O4
	0.11±0.02
	0.14±0.05
	0.18±0.06
	0.15±0.01
	0.21±0.04
	0.17±0.03
	0.19±0.03
	0.27±0.06

	(Z)-Falcarinol
	2059
	C17H24O
	7.6±0.4
	6.1±0.3
	9.8±0.5
	7.8±0.4
	5.7±0.3
	4.1±0.2
	5.4±0.3
	4.4±0.2

	n-octadecanol    
	2081
	C18H38O
	0.43±0.12
	0.15±0.04
	0.12±0.03
	0.32±0.08
	0.72±0.15
	0.22±0.03
	0.36±0.05
	0.42±0.07

	Methyl octadecanoate 

	2128
	C19H38O2
	1.03±0.01
	1.14±0.2
	1.06±0.1
	1.22±0.3
	0.78±0.08
	1.29±0.2
	1.05±0.1
	1.42±0.3

	3-α-HHydroxy-Manool   
	2245
	C20H34O2 
	0.33±0.05
	0.35±0.07
	0.22±0.04
	0.74±0.12
	0.25±0.03
	0.5±0.09
	0.45±0.06
	0.13±0.03

	MH

	
	
	8.93
	9.44
	12.54
	11.83
	10.55
	14.68
	13.72
	15.05

	OM
	
	
	21.02
	16.95
	20.41
	24.3
	19.41
	16.14
	11.83
	16.89

	SH
	
	
	52.4
	54.07
	45.17
	42.46
	46.49
	55.89
	58.68
	54.71

	OS
	
	
	11.89
	9.51
	14.87
	14.58
	12.88
	8.24
	9.03
	9.4

	Total identified (%)
	
	
	98.91
	96.49
	97.87
	98.57
	96.19
	97.85
	96.28
	99.81




Abbreviations: Eshkevar (Esh ), Javaherdeh (Jav), Javaherdasht (Jav dsh), Dohezar (Doh ), Sehezar (Sh ), Nematabad (Nem), Kelardasht (Kel), Katalom (Kat ). RI: Retention index. Monoterpene hydrocarbons (MH), Oxygenated monoterpenes (OM), Sesquiterpene hydrocarbons (SH), Oxygenated sesquiterpenes (OS).











Supplementary Table S3. Essential oil constituents (%) of Eryngo populations cultivated in the mountainous/high altitude area (HA).


	
Compound
(%)

	RI
	Formula
	Populations 
	

	
	
	
	
	

	
	
	
	Esh
	Jav
	Jav dsh
	Doh
	She
	Nem
	Kat
	Kel

	Sabinene 

	977
	C10H16
	0.13±0.02
	0.14±0.02
	0.14±0.01
	0.12±0.01
	0.11±0.01
	0.14±0.02
	0.12±0.01
	0.13±0.02

	Limonene

	1036
	C10H16
	2.5±0.2
	2.1±0.2
	4.4±0.3
	4.2±0.3
	3.3±0.2
	5.1±0.3
	6.4±0.4
	5.9±0.3

	ß-Elemene
	1391
	C15H24
	0.12±0.02
	0.15±0.03
	0.11±0.02
	0.13±0.01
	0.14±0.03
	0.17±0.04
	0.11±0.03
	0.12±0.03

	cis-α-Bergamotene
	1431
	C15H24
	0.25±0.04
	0.28±0.05
	0.36±0.07
	0.33±0.06
	0.21±0.04
	0.35±0.04
	0.22±0.02
	0.27±0.06

	trans-ß-Farnesene
	1452
	C15H24
	5.4±0.3
	3.7±0.2
	2.6±0.1
	3.3±0.2
	2.6±0.2
	5.3±0.4
	7.5±0.6
	7.1±0.5

	Germacrene-D
	1484
	C15H24
	2.4±0.2
	4.12±0.3
	2.25±0.2
	2.16±0.2
	2.71±0.2
	5.22±0.3
	5.14±0.5
	5.63±0.5

	cis-ß-Guaiene
	1500
	C15H24
	0.33±0.04
	0.54±0.07
	0.65±0.08
	0.43±0.05
	0.26±0.02
	0.11±0.02
	0.14±0.03
	0.15±0.02

	ß-Bisabolene
	1508
	C15H24
	0.35±0.05
	0.41±0.07
	0.11±0.02
	0.18±0.03
	0.29±0.04
	0.36±0.04
	0.25±0.02
	0.19±0.01

	ß-Sesquiphellandrene
	1526
	C15H24
	8.3±0.7
	9.2±0.5
	11.3±0.8
	9.2±0.6
	11.7±0.5
	10.3±0.7
	15.2±1.4
	9.8±0.6

	α-Calacorene 
	1548
	C15H20
	6.51±0.31
	7.14±0.14
	5.23±0.12
	6.13±0.16
	7.54±0.23
	5.92±0.31
	6.41±0.28
	4.55±0.17

	Neointermedeol
	1670
	C15H26O
	1.24±0.2
	1.41±0.3
	1.23±0.5
	1.16±0.1
	1.15±0.1
	2.42±0.3
	2.72±0.5
	2.15±0.2

	Piperitone
	1687
	C10H16O
	28.8±2.2
	33.1±2.1
	35.2±2.6
	36.5±2.9
	27.9±2.0
	24.3±1.7
	15.6±1.0
	22.1±1.6

	cis-Dihydromayurone
	1699
	C10H16O
	13.8±0.7
	15.6±1.3
	14.5±0.9
	10.7±0.5
	16.2±1.4
	8.5±0.6
	9.2±0.5
	5.1±0.3

	Spathulenol 
	1702
	C15H24O
	1.4±0.3
	0.7±0.2
	0.5±0.2
	0.2±0.1
	0.4±0.1
	1.5±0.4
	1.7±0.4
	1.5±0.3

	(E, E)-Farnesol  
	1724
	C15H26O 
	1.83±0.01
	0.19±0.03
	0.14±0.02
	0.13±0.02
	0.18±0.03
	1.23±0.16
	1.43±0.15
	1.61±0.08

	Isopropyl tetradecanoate   
	1832
	C17H34O2
	0.46±0.15
	0.21±0.06
	0.13±0.03
	0.19±0.02
	0.22±0.05
	0.38±0.09
	0.77±0.14
	0.69±0.13

	Eudesm-7(11) en-4-ol    
	1841
	C15H26O
	0.73±0.08
	0.21±0.04
	0.14±0.02
	0.26±0.03
	0.19±0.02
	2.1±0.26
	2.7±0.31
	1.4±0.22

	Methyl hexadecanoate     
	1932
	C17H34O2
	0.25±0.07
	0.22±0.05
	0.15±0.04
	0.12±0.03
	0.14±0.04
	0.73±0.16
	0.53±0.13
	0.36±0.08

	Occidol acetate  
	1970
	C17H24O2 
	0.36±0.05
	0.27±0.08
	0.29±0.04
	0.17±0.03
	0.16±0.03
	0.42±0.09
	0.55±0.08
	0.63±0.12

	Isobergaptene   
	2027
	C12H8O4
	0.22±0.03
	0.19±0.05
	0.21±0.04
	0.25±0.04
	0.18±0.02
	0.29±0.07
	0.34±0.06
	0.36±0.11

	(Z)-Falcarinol
	2059
	C17H24O
	22.7±1.4
	17.3±1.0
	18.5±1.1
	20.1±1.5
	20.4±1.4
	19.6±1.2
	18.3±1.2
	24.2±1.7

	n-octadecanol    
	2081
	C18H38O
	0.24±0.03
	0.21±0.04
	0.26±0.04
	0.35±0.08
	0.41±0.09
	0.38±0.06
	0.41±0.05
	0.18±0.02

	Methyl octadecanoate 

	2128
	C19H38O2
	0.43±0.08
	0.24±0.03
	0.32±0.06
	0.31±0.05
	0.35±0.06
	0.36±0.05
	0.55±0.09
	0.31±0.04

	3-α-HHydroxy-Manool   
	2245
	C20H34O2 
	0.53±0.07
	0.44±0.05
	0.25±0.03
	0.81±0.14
	0.37±0.09
	1.4±0.36
	1.6±0.25
	1.3±0.22

	MH

	
	
	2.63
	2.24
	4.54
	4.32
	3.41
	5.24
	6.52
	6.03

	OM
	
	
	42.6
	48.7
	49.7
	47.2
	44.1
	32.8
	24.8
	27.21

	SH
	
	
	23.66
	25.54
	22.61
	21.86
	25.45
	27.73
	34.97
	27.81

	OS
	
	
	9.4
	27.9
	19.81
	20.51
	21.85
	22.32
	26.85
	26.85

	Total identified (%)
	
	
	99.28
	98.07
	98.97
	97.43
	97.11
	96.58
	97.89
	95.74




Abbreviations: Eshkevar (Esh ), Javaherdeh (Jav), Javaherdasht (Jav dsh), Dohezar (Doh ), Sehezar (Sh ), Nematabad (Nem), Kelardasht (Kel), Katalom (Kat ). RI: Retention index. Monoterpene hydrocarbons (MH), Oxygenated monoterpenes (OM), Sesquiterpene hydrocarbons (SH), Oxygenated sesquiterpenes (OS).
