Supplementary Table S1: Description of the study areas; Explanation of the environmental and genotypes codes
	Location (L)
	Cropping Season
	Environment (E)
	E. mean (kg ha-1)
	Location mean (kg ha-1)
	Description of the study locations

	
	
	
	
	
	Lat (oN)
	Long (oE)
	Alt (masl)
	ARF (mm)
	Temp (oc)
	Soil Texture (%)

	
	
	
	
	
	
	
	
	
	Min  
	 Max
	Ave
	Clay 
	Silt 
	Sand 

	Sheraro
	2018
	E1
	863.5de
	1529.71
	14o24'
	37o45'
	1028
	676.7
	18.8
	34.9
	26.85
	21
	27.28
	51.7

	Banat
	2017
	E2
	772.5f
	1009.5
	 13 o48'
	 36 o30'
	 619
	 501
	NA
	NA
	27-30
	56
	26
	18

	Banat
	2018
	E3
	1529.7b
	
	
	
	
	
	
	
	
	
	
	

	Banat
	2019
	E4
	1085.1c
	
	
	
	
	
	
	
	
	
	
	

	Humera
	2017
	E5
	866.8d
	
	14o15'
	36o37'
	609
	576.4
	18.9
	37.6
	28.3
	35.7
	25.66
	38.7

	Humera
	2018
	E6
	819.3e
	
	
	
	
	
	
	
	
	
	
	

	Humera
	2019
	E7
	1079.9c
	1082.39
	
	
	
	
	
	
	
	
	
	

	Kebabo
	2018
	E8
	1607.8a
	
	13o36'
	36o41'
	696
	888.4
	18.7
	36.4
	27.55
	57
	28
	15

	Kebabo
	2019
	E9
	1082.4c
	 950.856
	
	
	
	
	
	
	
	
	
	


Lat: Latitude; Long: Longitude; Alt: Altitude; ARF: annual rainfall (mm); NA: Not available; MSD: Minimum significant difference 

Supplementary Table S2: Sunflower Genotype description, mean yield (kg ha-1) and MGIDI values
	Gen No
	Genotype Name
	Genotype Code
	Source
	Mean yield (kg ha-1)
	MGIDI values
	MGIDI Rank

	1
	Acc-19595
	G1
	HuARC
	1076.55de
	3.3
	9

	2
	Acc-92002
	G2
	HuARC
	1321.05b
	2.3
	3

	3
	Acc-202490
	G3
	HuARC
	958.95f
	2.9
	7

	4
	Acc-202491
	G4
	HuARC
	952.59f
	3.5
	10

	5
	Acc-202492
	G5
	HuARC
	1177.61cd
	2.2
	2

	6
	Acc-202493
	G6
	HuARC
	946.79f
	3.8
	12

	7
	Acc-202494
	G7
	HuARC
	808.90g
	3.6
	11

	8
	Acc-202495
	G8
	HuARC
	1219.18bc
	2.3
	4

	9
	Acc-202496
	G9
	HuARC
	1101.31de
	2.7
	6

	10
	Acc-202497
	G10
	HuARC
	1457.90a
	1.5
	1

	11
	Acc-202498
	G11
	HuARC
	1001.91ef
	2.6
	5

	12
	Acc-208461
	G12
	HuARC
	957.44f
	4.1
	14

	13
	Acc-229783
	G13
	HuARC
	998.19ef
	4.3
	15

	14
	Local Check
	G14
	Local check
	1075.05de
	3.9
	13

	15
	Oissa/NHS-25 (standard check)
	G15
	HARC
	1124.96cd
	3.0
	8

	 MSD (<5%)
	 103.57

	 CV (%)
	 10.31


HuARC: Humera Agricultural Research Center; HARC: Holleta Agricultural Research Center 





Supplementary Table S3: AMMI, BLUP, Parametric and Non-parametric stability measures and their descriptions
	Stability Measure
	Formula

	AMMI related stability measures

	AMMI stability value (ASV) (Purchase et al. 2000)
	
Where; SS: sum of squares; IPCA1 and IPCA2: interaction of principal component axis one and two respectively

	Sums of the absolute value of the IPCA scores (SIPC) (Sneller et al. 1997)
	 Where; k: is the singular value for the kth IPCA scores;  the kth IPCA scores for the ith genotype/environment; k: number of IPCA; P: number of significant IPCA retained via F-tests.  

	Averages of the squared eigenvector values (EVi) (Sneller et al. 1997)
	
Abbreviations as mentioned above

	Absolute value of the relative contribution of IPCAs to the interaction (Zai) (Zali et al. 2012)
	
Where: the amount of the variance explained by the kth IPCA and others as mentioned above

	Weighted Average of Absolute Scores (WAAS) (Olivoto et al. 2019)
	
Abbreviations as mentioned above

	BLUP related stability indexes and their descriptions

	Harmonic Mean of Genotypic Values (HMGV) Colombari Filho et al., 2013)
	

	Relative Performance of Genotypic Values and other as mentioned above (RPGV) Colombari Filho et al., 2013)
	

	Weighted Average of the Absolute Scores from the Singular Value Decomposition of the BLUPs (HMRPGV) Colombari Filho et al., 2013)
	
Where; e: the number of environments; BLUPij: BLUP value of the ith genotype in the jth environment;  mean of the environments

	Parametric stability measures and their descriptions

	
	

	Wricke’s Ecovalence (Wi) (Wricke 1962)
	
Where; Xij is the seed yield of genotype i in environment j; : the average yield of genotype i; and,  : the average seed yield of the environment j; : the overall mean and E is the number of environments.

	Shukla stability variance (2) (S2) (Shukla 1972)
	
Where; Wi: is wricke’s ecovalence; p and q: the numbers of genotypes and environments, respectively

	Coefficient of Variation (CVi) (Francis and Kannenberg 1978)
	
Where; SDx: the standard deviation of a genotype mean across environments

	Coefficients of determination (R2) (Pinthus 1973)
	
Abbreviations as mentioned above

	Geometric Adaptability Index (GAI) (Mohammadi and Amri 2008)
	
Where;  are the mean yields of the 1st, 2nd and lth genotypes across the environments; E: number of environments

	Superiority index (Pi) (Lin and Binns 1988)
	
Where; Xij: is the average seed yield of genotype i in environment j; Mj:is the seed yield of the genotype with maximum performance among all genotypes in the jth environment and E: is the number of environments

	Eberhart and Russel regression coefficient (bi) and deviation from regression (S2di) (Eberhart and Russell 1966)
	

	
	
Where; Xij: yield of genotype i in environment j; : the average seed yield of genotype I; : average yield of the environment j;: the overall mean; E is the number of environments

	Non-parametric stability measures and their descriptions

	Kang’s rank-sum (KRS) (Kang 1988)
	 + R
Where; Ryield: rank of yield; R: rank of shukla stability measure

	Average rank differences in different environments (S(1) (S1) (Hühn and Nassar 1989)
	

	The variance among the ranks in different environments (S(2) (S2)
	

	The sum of squares of rank for each genotype relative to the mean of ranks (S(3) (S3)
	

	The sum of the absolute deviations for each genotype relative to the mean of ranks (S(6) (S6)
	

	Thennarasu stability measures of NP(1) or  NP1 , NP(2), or  NP2, NP(3), or  NP3 and NP(4) or  NP4 (Thennarasu 1995) 


	

	
	

	
	

	
	
Where; rij: rank of ith genotype in the jth environment based on adjusted data; : mean ranks for adjusted data;  median ranks for adjusted data; while : and Mdi are mean and median ranks of the unadjusted data respectively: N also represents for NP in some cases.














Supplementary Table S4: Spearman correlation of the stability measures
	 
	Yld
	CV
	R2
	Wi
	bi
	S2di
	
	ASV
	SIPC
	EV
	ZA
	WAAS

	CV
	0.47ns
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	R2
	0.34 ns
	0.4 ns
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Ecoval
	0.34 ns
	0.4 ns
	1 ns
	 
	 
	 
	 
	 
	 
	 
	 
	 

	bi
	0.26 ns
	0.17 ns
	0.52*
	0.52*
	 
	 
	 
	 
	 
	 
	 
	 

	S2di
	0.18 ns
	0.56*
	0.85***
	0.85***
	0.14 ns
	 
	 
	 
	 
	 
	 
	 

	
	0.28 ns
	0.05 ns
	0.82***
	0.82***
	0.22 ns
	0.75**
	 
	 
	 
	 
	 
	 

	ASV
	0.33 ns
	0.48 ns
	0.91***
	0.91***
	0.6*
	0.76**
	0.68*
	 
	 
	 
	 
	 

	SIPC
	0.3 ns
	0.36 ns
	0.95***
	0.95***
	0.35 ns
	0.89***
	0.88***
	0.8***
	 
	 
	 
	 

	EV
	0.31 ns
	0.45 ns
	0.92***
	0.92***
	0.4 ns
	0.9***
	0.81***
	0.75**
	0.95***
	 
	 
	 

	ZA
	0.27 ns
	0.35 ns
	0.99***
	0.99***
	0.48 ns
	0.86***
	0.85***
	0.91***
	0.95***
	0.9*
	 
	 

	WAAS
	0.25 ns
	0.37 ns
	0.97***
	0.97***
	0.54*
	0.84***
	0.8***
	0.96***
	0.9***
	0.86*
	0.98*
	 

	HMGV
	0.91***
	0.74**
	0.45 ns
	0.45 ns
	0.34 ns
	0.37 ns
	0.23 ns
	0.48 ns
	0.38 ns
	0.45 ns
	0.38 ns
	0.38 ns

	RPGV
	0.96***
	0.62*
	0.27 ns
	0.27 ns
	0.16 ns
	0.22 ns
	0.18 ns
	0.28 ns
	0.24 ns
	0.29 ns
	0.2 ns
	0.18 ns

	HMRPGV
	0.92***
	0.72**
	0.44 ns
	0.44 ns
	0.34 ns
	0.35 ns
	0.22 ns
	0.45 ns
	0.38 ns
	0.44 ns
	0.36 ns
	0.36 ns

	Pi
	0.98***
	0.51*
	0.45 ns
	0.45 ns
	0.3 ns
	0.26 ns
	0.34 ns
	0.41 ns
	0.42 ns
	0.41 ns
	0.38 ns
	0.35 ns

	GAI
	0.94***
	0.68 ns
	0.36 ns
	0.36 ns
	0.28 ns
	0.28 ns
	0.17 ns
	0.36 ns
	0.29 ns
	0.36 ns
	0.28 ns
	0.28 ns

	KRS
	0.82***
	0.59*
	0.79***
	0.79***
	0.45 ns
	0.64*
	0.62*
	0.74**
	0.74**
	0.74**
	0.74**
	0.72**

	S(1)
	0.33 ns
	0.01 ns
	-0.01 ns
	-0.01 ns
	0.29 ns
	-0.07 ns
	0.14 ns
	-0.07 ns
	-0.02 ns
	0.08 ns
	-0.01 ns
	-0.06 ns

	S(2)
	0 ns
	0.31 ns
	0.89 ns
	0.89***
	0.42 ns
	0.84***
	0.69**
	0.76***
	0.88***
	0.86***
	0.88***
	0.86***

	S(3)
	0.69**
	0.62*
	0.74**
	0.74**
	0.38 ns
	0.68**
	0.52*
	0.63*
	0.73*
	0.77***
	0.67*
	0.65*

	S(6)
	0.8***
	0.64*
	0.69**
	0.69**
	0.33 ns
	0.59*
	0.47 ns
	0.58*
	0.66*
	0.69**
	0.61*
	0.58*

	N(1)
	-0.13 ns
	0.18 ns
	0.76**
	0.76**
	0.35 ns
	0.76**
	0.61*
	0.64*
	0.73**
	0.78***
	0.77***
	0.77***

	N(2)
	-0.86***
	-0.42 ns
	-0.01 ns
	-0.01 ns
	0.1 ns
	-0.01 ns
	-0.07 ns
	-0.01 ns
	-0.05 ns
	-0.02 ns
	0.03 ns
	0.09 ns

	N(3)
	-0.82***
	-0.36 ns
	0.09 ns
	0.09 ns
	0.09 ns
	0.1 ns
	0.01 ns
	0.07 ns
	0.05 ns
	0.08 ns
	0.12 ns
	0.18 ns

	N(4)
	-0.15ns
	-0.37 ns
	-0.22 ns
	-0.22 ns
	0.1 ns
	-0.27 ns
	0 ns
	-0.32 ns
	-0.22 ns
	-0.13 ns
	-0.19 ns
	-0.26 ns




Continued
	 
	HMGV
	RPGV
	HMRPGV
	Pi
	GAI
	KRS
	S(1)
	S(2)
	S(3)
	S(6)
	N(1)
	N(2)
	N(3)

	RPGV
	0.95***
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	HMR
PGV
	1***
	0.96***
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Pi
	0.92***
	0.94***
	0.92***
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	GAI
	0.99***
	0.98***
	0.99***
	0.92***
	 
	 
	 
	 
	 
	 
	 
	 
	 

	KRS
	0.87***
	0.78***
	0.86***
	0.87***
	0.82***
	 
	 
	 
	 
	 
	 
	 
	 

	S(1)
	0.28 ns
	0.37ns
	0.32 ns
	0.28 ns
	0.36 ns
	0.19 ns
	 
	 
	 
	 
	 
	 
	 

	S(2)
	0.17 ns
	-0.03 ns
	0.16 ns
	0.12 ns
	0.07 ns
	0.53*
	-0.19 ns
	 
	 
	 
	 
	 
	 

	S(3)
	0.79***
	0.68 ns
	0.79***
	0.74**
	0.73**
	0.9***
	0.09 ns
	0.63*
	 
	 
	 
	 
	 

	S(6)
	0.87***
	0.79***
	0.88***
	0.85***
	0.83***
	0.92***
	0.12 ns
	0.5 ns
	0.97***
	 
	 
	 
	 

	N(1)
	0***
	-0.19 ns
	0 ns
	-0.08 ns
	-0.08 ns
	0.37 ns
	-0.23 ns
	0.85***
	0.49 ns
	0.35 ns
	 
	 
	 

	N(2)
	-0.77***
	-0.91***
	-0.78***
	-0.84***
	-0.82***
	-0.55*
	-0.41 ns
	0.28 ns
	-0.44 ns
	-0.59*
	0.48 ns
	 
	 

	N(3)
	-0.71**
	-0.86***
	-0.73**
	-0.78***
	-0.77***
	-0.45 ns
	-0.47 ns
	0.39 ns
	-0.37 ns
	-0.51*
	0.52*
	0.98***
	 

	N(4)
	-0.19 ns
	-0.1 ns
	-0.15 ns
	-0.18 ns
	-0.11 ns
	-0.27 ns
	0.77***
	-0.26 ns
	-0.35 ns
	-0.33 ns
	-0.26 ns
	-0.01 ns
	-0.08 ns




[image: ]
Supplementary Figure S1: Proportion of the phenotypic variance for 10 agronomic traits of sunflower genotypes
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