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Extended Abstract

Background: Considering the diversity in climatic conditions, agricultural management, the
extent of barley cultivation areas in Iran, and observing the different reactions of different
cultivars to environmental conditions, it is of particular importance to introduce high-yielding
cultivars with wide adaptability to different conditions. Due to the genotype x environment

interaction effect, it is difficult to identify cultivars that have good stability and acceptable yield
in various environmental conditions. Therefore, cultivars should be studied in a wide range of

environmental changes in different locations and years so that the information obtained from the
estimation of compatibility and yield stability of genotypes is a more reliable criterion for
recommending cultivars and their efficiency. The methods for determining the genotype X

environment interaction effect are divided into two groups: single variable (parametric and non-
parametric) and multivariable. Each of these methods shows different aspects of the stability of

genotypes, and one method alone cannot investigate the yield of a genotype in different
environments from different aspects of stability. This research aimed to select promising barley

genotypes with high yield and suitable stability in dry conditions in the cold climate of Iran using
parametric and non-parametric univariate stability analysis methods.

Methods: In this study, 25 advanced and promising lines of barley, along with Ansar, Abider,
and Sararoud! (check cultivars), were studied in dry conditions in a completely randomized block
design with four replications in research stations of Maragheh, Kurdistan (Qamlo), Zanjan
(Qidar), Ardabil, Kermanshah (Sararoud), Shirvan, and Hamedan for three crop seasons from
2016 to 2019. The stability of the genotypes was explored using parametric and non-parametric

univariate methods. Parametric and non-parametric univariate methods were integrated using the
selection ideal index genotype (SIIG) method. Finally, the correlation of the parameters with yield
and the SIIG was also calculated in this research.

Results: Separate analysis of variance in each of the environments showed that the genotype
effect was significant in 12 out of 19 environments, which indicated the fluctuation of the yield
of each genotype from one environment to another. Combined variance analysis showed that the

interaction effects of year x location and genotype x year X location were significant at 1%, the
year effect at 5%, and the location and genotype effects were significant at 10% probability levels.
The main effect of the environment and the genotype X environment interaction effect had the
largest share in the total sum of squares observed in the experiments, with 69.98% and 10.83%,
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respectively. Eberhart and Russel's analysis identified genotypes G1, G4, G5, G8, G9, G10, and
G26 as the most stable genotypes due to having the lowest deviation from regression and a
regression coefficient close to one. Considering the yield, G9 and G10 genotypes were introduced
as stable genotypes with high yields. According to Finley and Wilkinson's linear regression
coefficient, genotypes G4, G6, G9, G11, G12, G15, G17, G20, G27, and G28 had a regression
coefficient close to one, which shows that these genotypes have general adaptability to
environments. Based on Wrick's equivalence index and Shukla’s stability variance, genotypes G8,
G19,G10, G20, G9, G4, G26, and G1 were identified as stable genotypes. Based on the coefficient
of environmental variation, genotypes G10, G1, G8, G23, G13, G2, and G5 had the lowest
coefficient of variation. Based on the Plasted and Peterson method, genotypes G10, G20, G19,
and G9 were selected as stable genotypes with high yields. In the Plaisted method, genotypes
G10, G20, G19, and G9 with the least contribution in creating interaction and having the desired
yields were introduced as stable and high-yielding genotypes. Based on Lin and Bains, genotypes
G15, G6, G21, G19, G20, G7, and G9 had the least amount of this statistic and were introduced
as the most stable genotypes. Based on Kang's total rank method, G20, G19, G10, G9, and G22

genotypes with the lowest total rank were selected as stable genotypes. Based on the parameters

of Nassar and Huhn, genotypes G8, G9, G10, G1, G20, G19, and G21, and based on the
parameters of Thenarasu, genotypes G8, G9, G10, G1, G19, and G22 with the lowest rank were
selected as stable genotypes. Finally, based on the SIIG, genotypes G10, G9, G19, G22, and G20

had the closest value to one and produced higher yields than the overall average; therefore, they
were selected as the most stable genotypes.

Conclusion: Based on the SIIG, genotypes G10, G9, G19, G22, and G20 had the closest value to
one and produced yields above the average; therefore, they were selected as the most stable
genotypes. Moreover, the use of the SIIG is recommended due to its high correlation with all the

indices used to summarize the results of parametric and non-parametric stability indices.
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Table 1. Pedigrees of promising varieties and lines of barley in the studied environments

iy Lo ] o2 s
Genotype origin Genotype pedigree Code
DARI Ansar Genl
DARI Abider Gen2
DARI Sararood-1 Gen3
DARI -c-74-2/Abidar 114- OMH OMH-0MH-OMH-1MH Gen4
DARI VA92-44- 275//T0kak/Dem1r 2 IRB-008-242-0MH-0MH-OMH-0MH-4MH Gen5
DARI BASGUL - Genb
DARI EFES30 - Gen7
DARI GkOmega/CWB117-5-9-5//Sararood Gen8
DARI Roho/Masurka//ICB- 103020/3/Kc/MullersHeydla//Sls/4/Sararood/5/GaraArpa/6/ 1142/Gumhuriyet//Radical Gen9
RB-008-54-0MH-OMH-0MH-0MH-2MH
DARI Obruk- 86/3/Alpha//Sul/Nacta/4/Sad1k 05/5/1cb-100059 IRB-008-238-0MH-0MH-0MH-0MH-2MH Genl0
DARI Reihan-03//Tokak/Demir-2 IRB-008-252-0MH-0MH-0MH-0MH-5MH Genl1
DARI MB-90-3(Beecher/1-BC-80411//1-BC-80593) Genl2
DARI Beecher-Sel//Gloria"S"/Copal"S"/4/Deir Alla 106//Hem/Bc/3/Rihane"S" Genl3
DARI Unknown Genl4
DARI GkOmega/4/Arr/Esp//Alger/Ceres362-1-1/3/ICB-100175 Genl5
DARI ChiCm/An57//Albert/3/ICB-102379/4/GkOmega Genl6
DARI AYDANHANIM Genl7
DARI ZEYNELAGA Genl8
DARI G.B.71530 Genl9
DARI G.B.71530 Gen20
DARI G.B.71538 Gen21
DARI B.71557 Gen22
DARI B.72566 Gen23
DARI B.72581 Gen24
DARI B.72650 Gen25
DARI B.72655 Gen26
DARI .B.72665 Gen27
DARI .B.72680 Gen28

DARI: Dryland Agricultural Research Institute

Table 2. Studied environments in the nationwide uniform test

iy b iy Lo iy Lo iy L
Code Environment Code Environment Code Environment Code Environment
Maral Maragheh-1th year Shir2 Shirvan-2th year Saral Sararood-1th year Hame3 Hamedan -3th year
Mara2 Maragheh-2th year Shir3 Shirvan-3th year Sara2 Sararood -2th year Ardel Ardebil-1th year
Qaml Qamlu-1th year Zanl Zanjan-1th year Sara3 Sararood -1th year Arde2 Ardebil -2th year
Qam2 Qamlu-2th year Zan2 Zanjan-2th year Hamel Hamedan-1th year Arde3 Ardebil -3th year
Qam3 Qamlu-3th year Zan3 Zanjan-3th year Hame2 Hamedan -2th year

oy x50 (6559l ladns selKiw! SB g4 g (bl Slasin =Y oo
Table 3. Geographical characteristics and soil type of the investigated agricultural research stations

Station Longitude (degrees east) Latitude (degrees north) Height above sea level (meters) Soil texture
Maragheh 46", 15° 37',15° Clay-Loam
Qamlu 47,00 ° 35',20° 1500 Clay-Loam
Zanjan 48',49° 36',58° 1875 Loam-Silt
Ardabil 48'17° 38", 15° 1342 Clay-Loam
Sararod 57',55° 37',23° 1351 Silt-Clay-Loam
Hamedan 48',32° 34',53° 1733 Sand-Loam
Shirvan 58',07° 37',19° 1086 Clay-Loam

GBS (] )3 (o) 3590 Sl A ) (6y9liS” Slidod (glamolSin] AVls (glod 5 (SX)b (1SSke dulie —F Jga
Table 4. Comﬂarison of the average annual rainfall and temperature of the agricultural research stations investigated in

the three years of this research
Cropping Years Variables Ardebil Maragheh Sararod Shirvan Zanjan Qamlu Hamedan
2017-2018 Rain 226.4 326.8 518.8 252.7 426.3 396.3 389.2
Temperature 8.06 5.2 11.7 9.3 7.5 6.9 8.4
2018-2019 Rain 274.2 494.6 782 5 337.8 430 4445 506.8
Temperature 8.1 5.6 9.8 7.6 7.4 8.4
2019-2020 Rain 2554 4233 521 2 141.3 390 339.5 307.9
Temperature 8.3 5.1 11 9.1 74 7.1 8.2
Long-term Rain 2519 356.1 413.9 247.1 349.2 339.4 2853
Temperature 7.5 53 114 10 7.5 6.5 8.5
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Table 5. The stability analysis indices used in the study of the stability of barley cultivars
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Table 6. The variance of experimental errors in different separate locations in three cropping seasons and the Fmax

Hartley test to evaluate the uniformity of variances

(Mean of Squares) Glayyo (1 Siko
Cropin, N -
Seal;orzlg 5.0V. Df Je)l alye 29l s Olde sleld Ol s
Ardabil Maragheh Sararod Zanjan Hamedan Qamlu Shirvan
Block 3 0.2986 59677 0.287 0.6604™ 0.53527 1.4809™
2017-2018 Genotype 27 0.5612™ 0.3465™ 0.2981" 0.3872™ 0.7548™ 0.1755
Error 181 0.1206 0.1725 0.1706 0.1478 0.1796 0.1801
CV% 9.4 9.94 12.17 13 14.73 10.65
Block 3 1.0099™ 6.42417 0.38127 0.9174™ 0.2381 1.844™ 0.1414
2018-2019 Genotype 27 0.2734" 0.1368 0.9687 0.1054 1.4064™ 0.2152" 0.184
Error 181 0.1761 0.1129 0.1377 0.1043 0.2006 0.1380 0.130
CV% 13.27 13.53 11.41 19.55 15.58 18.22 16.62
Block 3 0.3297" 0.4197 0.0477 0.7839 1.356 0.3123
2019-2020  Genotype 27 0.4382 0.2623 0.0781 0.2471 0.0801 0.236
Error 181 0.1222 0.1119 0.1404 0.1760 0.17 0.1459
CV% 10.67 9.85 25.09 11.21 16.62 15.23

Frnax Hartley = 1.92 ™

**and *: significant at the probability levels of 1 and 5%, respectively.
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Figure 1. The heat diagram for the distribution of genotypes based on seed yields in the investigated environments
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Table 7. The composite variance analysis results for the yields of promising barley lines in the studied stations during

3 years in the cold climate of the country

Percentsa(%sa(r)cfSSum of Mean of Squares Sum of Squares i]j N Source of variation
Sl ggame b0y e oile et e la
22.50 185.01%+ 370.03 2 Jw Year
28.38 77.77* 466.61 6 ol Location
19.10 31.4]%0% 314.1 10 oo x Jl Year x location
428 1.23 70.3 57 (o x o) Ssb Block (year x location)
0.93 0.57* 15.32 27 ET] Genotype
1.21 0.37 19.87 54 Jbo X g Yearx Genotype
3.42 0.35 56.28 162 Ol X g Location x Genotype
6.20 0.38%#% 101.93 270 oo X Jlo X cuigis Year x locationx genotype
13.98 0.149 229.79 588 s Error
1644.24 2127 g Total
13.2% YA R CV%

s, %ssand *: significant at the probability levels of 1, 5, and 10%, respectively
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Table 8. Variance analysis of grain yield stability of barley genotypes by the Eberhart and Russell method
SOV df

Mean of Squares

Genotype g 27 0.465"
Genotype+(GenotypexEnvironment) (Gwigs x Lot lasxe 504 2.6"
Environment (Linear) (k) o 1 1153
Genotype x Environment (Linear) (b3) lox g} 27 0.307"
Pooled deviation Sow Sy b il bl sl 476 0.318"
Total 531
Gl 18 0.164
G2 18 0.271°
G3 18 0.502™
G4 18 0.158
G5 18 0.233
G6 18 0.446™
G7 18 0.271°
G8 18 0.0679
G9 18 0.125
G10 18 0.0803
Gl1 18 0.25
Gl12 18 0.638
Gl13 18 0.269
Gl4 18 0.254
Gl15 18 0.344
Gl6 18 0.159
G17 18 0.581
G138 18 0.299
G19 18 0.0814
G20 18 0.126
G21 18 0.210
G22 18 0.169
G23 18 0.352
G24 18 1.07°
G25 18 0.798
G26 18 0.144
G27 18 0411
G28 18 0.425
Pooled error buwgio gl 1539 0.146

T3

Gy 4 2oy 0 g ) Jloial olaw p3 I me ¥ g

**and *: significant at the probability levels of 1 and 5%, respectively

(et al., 2014; Najafi Mirak et al., 2018a and 2018b
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Table 9. Average grain yields and stability parameters in barley genotypes using different methods

SG G _omeS)cers S 45 g Oger g Sl ey wdl Uiy Sl g il e Sl oy P s o Oy ogeS, 5l Sl Hod 5)luk bly Sy osVlosS]
as) bi R KR R 0; R 0y R CVi R Lin,Bin R s2d; R % R W72 Genotype
0857 103 0.032 g 7 3 0060 8 00035 2 25.060 7 019 8 0.007 3 0.040 g 0729 Gl
0700 243 0.928 14 28 13 0082 13 00925 6 25596 16 019 13 0.164 13 0.068 13 1203 G2
0538 355 0.946 23 43 2 0.108 22 00905 11 275619 20 0205 22 0.296 2 0.122 2 2101 G3
0809 160 0.995 6 19 6 0066 6 00937 9 26,548 9 0148 6 0.09 6 0.034 6 0632 Ga
0710 25 0.932 17 30 11 0078 11 00928 7 25717 19 0205 I 0.142 1 0.059 1 1039 G5
0384 204 0.978 14 28 27 0172 27 00855 18 28358 2 0106 27 0.618 27 0.256 27 4329 G6
0781 18I 1102 7 20 16 0086 16 00922 2 28382 6 0133 16 0.175 16 0.076 16 1332 G7
0.891 65 0.938 8 21 1 0058 1 00943 3 25171 18 01% 1 0.048 1 0.019 10377 G8
0923 69 1038 4 13 5 0064 5 00939 10 26.961 7 0136 5 0.080 5 0.031 s 0578 GO
0927 40 0.942 2 12 2 0060 2 00942 1 24576 10 0151 3 0.058 p 0.023 2 0441 GI10
0736 237 1,047 i6 29 2 0079 12 00928 20 28523 15 0187 12 0.150 12 0.061 2 1074 Gll
0483 335 1,008 27 53 25 0.125 25 00892 28 30,681 270317 25 0.382 25 0.157 25 2678 GI2
0713 246 0916 19 3 14 0084 14 00924 5 25557 2 0216 15 0.168 13 0.071 13 1249 GI3
0715 254 1101 12 2 is 0084 15 00923 2 29456 13 0176 14 0.166 15 0.072 15 1266 Gl4
0660 232 1041 1 23 21 0.104 21 00908 12 27,668 [ 0092 21 0277 21 0.114 2 1959 GIs
0788 200 1143 9 2 10 0075 10 00930 27 30117 2 0160 10 0.106 10 0.053 10 0953 Gl6
0603 250 1003 17 30 24 0.118 24 00897 16 28157 11 0153 24 0.351 2 0.143 24 2457 G17
0608 338 1092 21 33 17 0087 17 00921 26 29852 14 018 17 0.183 17 0.078 17 1366 GI8
0876 99 1149 1 il 4 0064 4 00939 23 29396 4 017 2 0.050 4 0.031 4 0578 G19
0864 104 1023 2 12 3 0062 3 00940 8 26506 5 0.12 4 0.069 3 0.026 3 0491 G20
0663 220 1116 2 26 23 0112 23 00902 25 29743 3 011 23 0.301 23 0.131 3 204 G2l
0865 108 1097 5 14 9 0071 9 00934 17 28316 8 0.14 9 0.101 9 0.045 9 0803 G2
0574 324 0864 bY) 41 18 0098 18 00912 4 25177 23 0258 18 0.225 18 0.102 18 1761 G23
0154 414 0815 26 50 28 0.191 28 00841 13 27.920 % 0308 28 0.661 28 0.294 28 4979 G24
0319 375 0.881 27 53 26 0.148 26 00874 19 28.460 28 033 26 0478 26 0.205 2% 3493 G25
0718 236 1051 19 3 7 0067 7 00936 21 28790 21 0307 7 0.093 7 0.037 7 0676 G26
0516 36l 0.968 23 a3 19 0.101 19 00910 15 28,051 24 026 19 0.264 19 0.108 19 1860 G27
0454 386 0.957 25 46 20 01022000910 14 27974 25 0365 20 0.265 20 0.109 20 1874 G28
3 T A sl — — St 2 b 570 sl Sl
R NP R NPO R PO R__NPO R G R B R 2 R Su R Y Genotype
3 0.527 7 0.455 2 0316 3 5105 3 ©.847 3 5420 4 73450 3 7602 4 2014 Gl
17 0.669 Is 0.548 i3 0418 19 7211 19 9.055 2 B9B8 2 76.094 23 10211 15 2912 G2
25 0.850 24 0.715 20 0579 25 8053 24 12634 23 115753 23 76.830 2 10,152 2 2363 G3
15 0.651 14 0.548 16 0466 7 6263 13 9.100 10 74120 10 54308 11 8.596 13 2017 G4
19 0.710 19 0.602 19 0519 21 7316 20 9.811 17 90955 17 70211 18 9:860 19 23886 G5
12 0.567 12 0.518 1 0404 23 7947 14 8.136 20 76366 20 75696 21 10.117 1326 G6
4 0.481 6 0.454 6 0345 15 6842 8 6222 13 59444 13 59.444 12 8.655 4 302 G7
5 0.499 5 0.437 10 0399 | 4474 1 6470 [ 30039 26322 i 6.035 20 2867 G8
i 0.435 3 0.396 5 0342 5 5368 2 5.909 2 39889 2 353807 2 7.029 8 2983 Go
2 0.436 1 0.344 1 0287 2 4947 3 5854 3 41392 3 38246 3 7.251 10 291 GI10
18 0.688 17 0561 14 0444 8 6421 18 9.348 16 85620 6 66.099 16 9556 17 2900 Gll
20 0.724 21 0.694 23 0700 11 6526 15 9.354 9 81767 9 53316 10 8503 28 2783 GI2
16 0.664 16 0.550 17 0474 19 7211 16 9.468 15 82472 15 64386 15 9333 18 2887 GI3
14 0.642 18 0.562 14 0444 18 7158 17 8701 15 85224 19 73263 19 9.930 1 2952 Gl4
10 0.552 9 0.463 12 0411 14 6789 12 7.833 18 72054 18 70579 17 9731 2 3080 GIs
13 0.606 13 0.532 18 0482 10 6474 1 8.051 12 7019 12 57.035 13 8.737 2 2945 Gl6
11 0.553 11 0482 7 0360 15 6842 10 7.547 14 68572 14 63.760 1 9251 6 2995 G17
2% 0.347 20 0.689 24 027 22 7421 25 11975 26 121755 26 84.374 25 10,361 16 2904 GI8
7 0.523 4 0.427 4 0325 6 5947 7 6.879 8 58051 8 52918 7 8.456 7 2991 G19
9 0537 10 0481 8 0378 12 6684 9 7.897 s 59500 s 50.801 5 8257 9 208l G20
6 0.502 8 0459 9 0384 13 6737 6 6978 6 55389 6 51.988 9 8480 3 30s8 G2l
3 0.464 2 0372 3 0318 3 5105 5 6.165 11 54976 11 54653 6 8304 5 3008 G22
b 0.781 2 0.706 21 0646 26 8368 2 10.738 25 [08.746 25 82,673 26 10690 3 2847 G23
2% 0.861 %6 0.738 25 0777 28 9368 27 12317 8 134571 2B 101,012 28 11731 2 28y G24
23 0.826 23 0.708 %6 0828 15 6842 23 10725 21 113581 21 76.053 20 9.053 27 2786 G25
%) 0.821 25 0.716 2 0658 8§ 6421 21 11143 7 92396 7 52.895 8 8468 25 2835 G26
2 0.867 27 0.754 27 0868 23 7.947 26 12500 24 123000 24 82,000 24 10.409 24 2836 G27
28 0.943 28 0.834 28 1230 27 9000 28 13936 27 1351127 93.819 27 10.865 2 2328 G28

the mean of the ranks, and S(6): Sum of squares of the rank for each genotype from the mean of the ranks; NP1 to NP4: Tenarazu nonparametric stability statistics

o33l slabse o3 53 cuigh) o (allas 45, GO 5Kk o)) S
9315 5Lkl (6,10 (slaoylel NP4 BNPL doas; (1:S0lio & o oy sl 45 lygdone g gemme

S(1): Average absolute rank difference of a genotype across all environments tested, S(2): Variance between overall ranks of the environments tested, S(3): Sum of absolute deviations for each genotype from
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Table 10- Correlations between univariate stability statistics with yields and the ideal genotype selection index

Yield SO S® S® S® NP® NP® NP® NP® Wz o sid; %ii“]{ CVi 0 6 KR bi Sum
s» 022 1
S® 024 099" 1
SO -0.58" 0.88 0.9 1
S© -0.66" 0.78" 0.79" 097" 1
NP 023 0.92 0.93" 0.86™ 0.79" 1
NP® -0.68" 0.62° 0.67 0.88™ 0.89" 0.67" 1
NP® -0.72"* 0.72' 0.74™ 0.94™ 0.96" 0.77" 092" 1
NP® -0.73" 0.75™ 0.77 0.96™ 0.99" 0.75" 0.89" 0.98" 1
W -0.04 0.63™ 0.64™ 0.517 041" 0.65" 041" 045" 041" 1
6% -0.04 0.637 0.64™ 051" 041° 0.65 041" 045" 041" 17 1
2di -0.03 0.62™ 0.63" 0.517 0.41' 0.65™ 041" 045° 041° 1% 099" 1
Lin -0.9"™ 0.42° 045" 0.68” 0.68" 042" 0.75" 077" 0.75" 041° 041" 04 1
CvVi 01 022 022 02 0.5 019 023 023 018 031 031 03 001 1
0n  0.04 -0.63"-0.64" -0.52 -0.41° -0.66™ -0.41" -0.46° -0.41" -1" -1 -1" -041" 031 1
0, -0.04 0.63™ 0.64" 052" 041" 0.66™ 041" 046" 041° 17 1™ 1" 041" 031 -1 1

KR -0.7" 0.67" 0.68" 0.820™ 0.81"" 0.69"" 0.81"" 0.88™ 0.85™ 0.68™ 0.68" 0.69" 0.87"" 0.23 -0.68" 0.68" 1

bi 051" -0.32 -0.34 -0.410" -0.41" -036 -0.36 -0.4" -0.41" -041" -0.41" -0.42" -0.63" 0.65 0.41° -0.41" -0.54™ 1

Sum -46" 0.88" 0.88™ 0.910™ 0.86™ 0.87" 0.79™ 0.89"" 0.87" 0.73™ 0.73™ 0.73" 0.66™ 0.36 -0.73" 0.73" 0.92" -0.37 1
SIG 0.33 -0.78" -0.8™ -0.78" -0.71"" -0.8" -0.7" -0.75""-0.71"" -0.93" -0.93"-0.93" -0.64™ -0.31 0.93" -0.93" -0.88™ 0.49™ -0.92"

Jopd B o) Jloin] zolaw jd )b jxe i gy i g e

ssand *: significant at the probability levels of 1 and 5%, respectively.
(VIS coriyinlejl slabame IS (claad, cp uilylg :(V)S 0 yiale] (slalaxo plod jd cuigs SO oo ad) WS 1 Sle (V)S
aas) 5sle & s i) 1o lp 48) Slygdone ggerme i(F)S 5 as) (ke & Cand Cuigi) o sl Blas Sl g 9o

95,5 (620l,Lb (¢ )l (sl Lol NP4 5 NP1

S(1): Average absolute rank difference of a genotype across all environments tested, S(2): Variance between overall
ranks of the environments tested, S(3): Sum of absolute deviations for each genotype from the mean of the ranks, and
S(6): Sum of squares of the rank for each genotype from the mean of the ranks; NP1 to NP4: Tenarazu nonparametric

stability statistics
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