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ABSTRACT

This study was conducted to investigate the yield stability and determine the portion of some morpho-
phonological traits in the GEI effect in barley. For this purpose, 20 barley genotypes were investigated at
five tropical research stations of Iran during the 2018-2020 cropping seasons in a RCBD with three
replications. Stability analysis was performed using two set of stability models including parametric
statistics and REML/BLUP-based statistics. The results of parametric were pooled in genotype SIIG as a
unique stability index. Morpho-phonological data were analyzed using the path analysis. The days-to
heading (X1) and maturity (Xz), plant height (Xs), and 1000-kernels weight (X4) were considered to be
sequential traits for the development of grain yield productivity (Y). Based on the results, G6, G2, G3,
G5, G13, G17, G11, G12 and G14 genotypes with greater grain yield than average grain yields and high
values of stability statistics were identified as desirable genotypes in terms of yield performance and
stability. Furthermore, three BLUP-based statistics, HMGV, RPGV and HMRPGYV, recognized G20, G6,
G2, G3, G11, G12 and G17 genotypes as the high-yielding and stable genotypes. In total, G6, G3 and
G11 lines, which were superior in both methods, were selected. The results of path analysis revealed that
DHE has a positive relationship with grain yield; therefore more emphasis should be placed on selection
based on later spike emergence to improve the yield potential of barley in warm regions of Iran.
Keywords: BLUP, morpho-phonological traits, REML, SIIG index, stability analysis.
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Table 1. Names and pedigrees of the investigated barley genotypes during the 2018-2020 cropping seasons

Code Name Pedigree
G1 Nimrooz (Sahra) Trompillo (L.B.LRAN/Una8271//Glorias”s”Com)
G2 Auxin Rojo/Sahra
G3 WB-97-3 Nadawa/Rhn-03/3/Lignee527/Rihane//Arar
G4 WB-97-4 Productive/Rihane-03//Nosrat/3/Rhn-03
G5 WB-97-5 CHAMICO/TOCTE//CONGONA/5/CIRU/3/AGAVE/SUMBARDA400/MARCO/4/PETUNIA 1
G6 WB-97-6 CHAMICO/TOCTE//CONGONA/5/CIRU/3/AGAVE/SUMBARD400//MARCO/4/PETUNIA 1
G7 WB-97-7 Yousef 2*/6/BLS-3(Sadik-10=(3896/1-3/4/1246/1-3/3/3887/28//3892/1-3/5/Crivita))
G8 WB-97-8 Beecher-sell//Gloria"s"/Copal”s" Deir Alla 106//Hem/Bc/3/Rihane"s" /4/Rhn-03//L.527/NK1272/5/FAJR30
G9 WB-97-9 Yousef/1-BC-80152
c10 LACEY/9/MOLA/BERMEJO//NISPERO/5/CM67-B/RYE//ICAM-B/3/ROW906.73/4/GLORIA-COME/6/
WB-97-10 LINO/7/PINON/8/PETUNIA 1CBSS04B00140S-1M-0Y-0M-2Y-0M-0AP
Gl1 WB-97-11 Productive/Rihane-03//Nosrat/3/Rhn-03
G12 WB-97-12 111 F4 90-91((202 F3 89-90 (47 F2 88-89))
G13 WB-97-13 CHAMICO/TOCTE//ICONGONA/3/fajr30
Gl4 WB-97-14 POA/HJO/IQJINA/4/Lignee527/NK1272//JLB70-063/3/Barjouj
G15 WB-97-15 F6 ZABOL(92-93)
G16 WB-97-16 Productive/Rihane-03//Nosrat/3/Rhn-03
G17 WB-97-17 CHAMICO/TOCTE//CONGONA/5/CIRU/3/AGAVE/SUMBARD400//MARCO/4/PETUNIA 1
G18 WB-97-18 SD729/POR-B/3/APM/ATHS-B//GVA/4/ORE/5/BLLU/6/CIRU/7/Sahra/8/Rhn-03
G19 WB-97-19 Beecher-sell//Gloria"s"/Copal"s"/4/Karoon/Kavir//Rhodes"s"//Th/Chzo/3/Gloria"s"/5/CANADA20
G20 WB-95-3 Dasht//EBC(a)/Badia/3/Sahra
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Figure 1. Causality diagram showing the growth relationships among X; (days to heading), X, (days to physiological maturity), X3
(plant height), X, (1000-kernals weight) and Y (grain yield) traits

sl ooyl olotal il g ols yLias aS™ (ol oais
o Sl g b cl B e d @lSlon

g oledsl 5 ad 8 Cews 5l orie osls
3l eogtoe Ml 4 50 Cew ol (6 S At

oty a2 Tl o i)l ge3l plomil jglaten,
plxl e ;o )0 laceisy ails o,Sles (55, 5 ool
b ;0 ael pl (el oais ool ylid b)) o
ools lis amles) ol o e vy G Jleix]



s 4325 0l b ase jo gy e J1 pw) iy, 9 Sl \AY

Oy w4y e Wosls haud e ws S ol «& Guch, 1988; Haider Shah et al., 2009
oolaiwl Laools Lo 5l g g0 Sledlbl 5l iz 8,5 O yeo ools fas (dudod pl o cplplo
Zarei et al. 2012 g polio gulos 050,50 HUS 50 Gy (S el jokaieds o Jl> ol b L
el oa (358 (O3 S5 0 5 bl 438 (e sl

g o bl lasee 00 y0 il o, Sles il lg 4y 52 A eolaiwl (Resende, 2004) Ly e slo Jos ;|
i sl gl 1) (6l e S L-j =l 4 35 (2018) Esmaeilzadeh Moghaddam et al
Jeoz) ols Glis Lanmee x i3y Jlite il 5 Laoee 53505 osaline ()b paiS pB)l (5 Il 520 (o)
¥ Lol el o mme o/0) mhaw o i)l Oge;) &S

Gl glalaze )0 52 Glocuis ails o Slas S50 Guilyly 4525 -V Joor
Table 2. Combined variance analysis of barley genotypes grain yield in the different environments

S.0.V df Mean of squares

Env 9 58.37**

Rep (Env) 20 1.55%*

Gen 18 4.39%*

Gen x Env 162 1.049**

Error 360 0.449
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Table 3. Mean comparison of barley genotypes grain yield in the different locations during two cropping years

Genotypes Ahvaz Darab Zabol Gonbad Moghan Mean
code (thal) Rank (tha!) Rank (tha?) Rank (tha?) Rank (tha?) Rank (tha?) Rank
G2 3.902 7 5.187 11 4.840 2 4374 15 6.102 5 4881 3
G3 4.009 4 5.524 6 3.477 15 5.619 2 5.402 10 4.806 5
G4 3.285 17 5.727 5 3.488 14 4.874 7 4.881 15 4451 13
G5 3.679 13 5.809 2 4.000 5 4.418 12 6.162 4 4.813 4
G6 3.617 14 6.271 1 3.912 7 5.741 1 6.234 2 5.155 1
G7 2.983 18 4.336 16 3.134 19 3.664 19 4.748 17 3.773 18
G8 3.933 6 5.513 7 3.928 6 4.166 17 5.858 7 4.679 9
G9 3.393 16 5.353 10 3.400 16 4.648 9 5.285 12 4416 14
G10 3.576 15 3.789 19 3.167 18 3.910 18 4.356 19 3.760 19
G1l1 3.722 12 5.740 4 3.701 11 5.116 5 5.361 11 4,728 7
G12 4.215 2 5.048 12 4.106 3 4.391 14 5.466 9 4.645 10
G13 3.890 8 4.982 13 3.868 8 4.804 8 6.211 3 4,751 6
Gl4 4123 3 4931 14 3.769 9 4.208 16 5.908 6 4.588 11
G15 4.373 1 3.962 18 3.706 10 5.144 4 4718 18 4.381 15
G16 3.770 11 5.801 3 3.576 12 4.456 11 5.054 13 4531 12
G17 3.802 10 5.391 9 3.572 13 4531 10 6.285 1 4716 8
G18 3.837 9 4.658 15 3.206 17 5.244 3 4917 14 4.372 16
G19 2.546 19 4.299 17 4.019 4 4.394 13 4.792 16 4.010 17
G20 3.958 5 5.413 8 5.657 1 4.955 6 5.585 8 5.114 2
Mean 3.716 5.144 3.817 4.666 5.438 4.556
MSE 0.739 0.638 0.773 0.441 0.705 0.449
LSDo.s 0.851 0.735 0.889 0.508 0.811 0.340
CV (%) 19.9 124 20.24 9.46 12.96 9.85

MSE: Mean of squares error
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Table 4. Variance analysis of grain yield stability in barley genotypes based on Eberhart and Russell’s model

S.0.V Df Sum of squares Mean of squares

Total 189 775 4.10

Gen 18 79.8 4 43**
Env + (Gen x Env) 171 696 4.07
Env (linear) 1 526 526

Gen x Env (linear) 18 24.3 1.35ns
Pooled deviation 152 146 0.958

G2 8 0.833ns

G3 8 0.997*

G4 8 0.963*

G5 8 0.585ns

G6 8 0.647ns

G7 8 0.784ns

G8 8 1.56**

G9 8 1.13**

G10 8 0.659ns

Gl1 8 0.513ns

G12 8 0.338ns

G13 8 0.640ns

G14 8 0.625ns

G15 8 2.15%*

G16 8 0.604ns

G17 8 0.807ns

G18 8 1.15%*

G19 8 1.18**

G20 8 0.659ns
Pooled error 380 161 0.425

o Sy g ke 5o g 5 g d ol ey

ns, * and **: Non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 5. Different variance analysis and regression-based methods of stability along with SIIG index in the 19 barley genotypes

Genotypes Methods based on regression analysis Methods based on variance analysis K
code S bi R? CV; W2 of SIG Ran
G2 0.32 0.94 0.784 21.91 2.26 0.26 0.806 7
G3 0.38 1.05 0.793 24.83 2.68 031 0.734 11
G4 0.37 1.17 0.830 29.14 2.83 0.33 0.711 13
G5 0.22 141 0.921 30.85 3.10 0.36 0.732 12
G6 0.25 1.38 0.911 28.39 3.05 0.36 0.737 10
G7 0.30 1.20 0.863 34.58 2.46 0.28 0.743 9
G8 0.59 1.00 0.688 25.98 4.16 0.50 0.489 17
G9 0.43 1.03 0.763 26.90 3.02 0.35 0.673 14
G10 0.25 0.64 0.681 20.81 2.98 0.35 0.751 8
G1l1 0.19 1.01 0.872 23.08 1.36 0.15 0.925 2
G12 0.13 0.76 0.854 17.86 1.44 0.16 0.973 1
G13 0.24 1.22 0.889 27.49 2.14 0.24 0.833 5
Gl4 0.24 1.00 0.848 24.04 1.66 0.19 0.883 4
G15 0.82 0.56 0.338 22.41 7.48 0.91 0.127 19
G16 0.23 1.00 0.850 24.14 161 0.18 0.891 3
G17 031 1.07 0.830 25.18 2.20 0.25 0.808 6
G18 0.44 0.91 0.713 24.96 3.15 0.37 0.656 15
G19 0.45 0.83 0.667 25.53 3.42 0.40 0.621 16
G20 0.77 0.85 0.551 22.66 5.63 0.68 0.282 18

ua.:zm.? oo Ri? ‘u?*-*’)f) oo :b; ‘u}.ﬂ:;) )l d‘)ml :S2d; ‘)155“ u""’l‘)b o7 “5.1) ww”ﬂ W sk_)‘).:.».u [orgw :CV;
CV;: coefficient of variation, W;2: Wrick's equivalence, ci2: Shukla's variance, S2d;: deviation from regression, b;: regression

coefficient, Ri2: detection coefficient.
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Figure 2. Distribution of 19 barley genotypes based on grain yield and SIIG index
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Table 6. Different yield stability statistics of barley genotypes in 10 environments based on REML/BLUP model

Genotypes Methods based on Mixed model
code HMGV HMGV-R RPGV RPGV-Y RPGV-R HMRPGV HMRPGV-Y HMRPGV-R
G2 4.64 3 1.07 4.88 3 1.07 4.85 3
G3 450 4 1.05 4.78 4 1.04 4.75 4
G4 4.14 16 0.972 4.43 14 0.967 4.40 13
G5 441 10 1.04 4.74 5 1.03 4.71 5
G6 4.76 2 111 5.07 2 111 5.05 2
G7 351 19 0.833 3.80 19 0.824 3.76 19
G8 4.43 8 1.03 4.68 9 1.02 4.64 10
G9 4.18 14 0.971 4.42 15 0.966 4.40 14
G10 3.66 18 0.846 3.86 18 0.842 3.84 18
G11 4.48 5 1.04 4.72 6 1.03 471 6
G12 4.47 6 1.03 4.68 10 1.02 4.66 9
G13 4.43 9 1.03 471 7 1.03 4.69 7
G14 4.36 11 1.01 4.59 11 1.00 4.58 11
G15 4.23 13 0.977 4.45 13 0.964 4.39 15
G16 4.29 12 0.995 4.53 12 0.992 4.52 12
G17 4.46 7 1.03 4.70 8 1.03 4.69 8
G18 4.15 15 0.964 4.39 16 0.958 4.37 16
G19 3.77 17 0.889 4.05 17 0.880 4,01 17
G20 4.86 1 112 511 1 111 5.06 1
Mean 4.30 1.00 4.56 0.99 4.53

o)iLa.c «_i.._uj.n)bz: uﬁ_f.\L..o :MHPRVG ‘&5"‘"5“) LSL‘bu“))‘ b......; u_ll)ls ‘RPGV ‘6"‘49’) u,u))l sS.us.A)Lb uﬁib.n GL:M)LJ HMGV
:HMRPGV-Y (RPGV 43, :RPGV-R RPGV L ous oAl o)ﬂ.o.c :RPGV-Y HMGV-R ad, :HMGV-R ‘tsi"“‘) uix)')l (e

HMRPGV 4.5, HMRPGV-R tHMRPGV |, ooy zrorai o ,Slos

HMGV: Harmonic mean of genetic values; RPGV: Relative performance of genetic values; MHPRVG: Harmonic mean of the
relative performance of predicted genetic values; HMGV-R: Rank of HMGV-R; RPGV-Y: RPGV-corrected yield; RPGV-R: Rank
of RPGV; HMRPGV-Y: HMRPGV-corrected yield; HMRPGV-R: Rank of HMRPGV.
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Table 7. Mean grain yield and genotypic components (V1, V5, Vs and V,) of GE interaction

Genotypes code Genotypes name Yield mean

Genotypic components of GE interaction

Vi V, Vs V,
G2 Auxin 4.881 0.447 0.302 -0.452 0.358
G3 WB-97-3 4.806 0.843 0.412 0.104 0.629
G4 WB-97-4 4.451 0.720 0.542 0.450 0.318
G5 WB-97-5 4.813 0.771 0.403 0.313 0.628
G6 WB-97-6 5.155 1.044 0.226 0.533 0.284
G7 WB-97-7 3.773 0.721 0.117 -0.128 1.241
G8 WB-97-8 4.679 0.332 0.532 0.240 0.201
G9 WB-97-9 4416 0.761 0.406 0.121 0.162
G10 WB-97-10 3.760 0.270 0.345 -0.089 0.264
Gl1 WB-97-11 4,728 0.728 0.371 -0.565 0.086
G12 WB-97-12 4.645 0.467 -0.028 -0.088 0.164
G13 WB-97-13 4.751 0.692 0.467 -0.208 1.998
Gl14 WB-97-14 4.588 0.826 -0.122 -1.344 -0.218
G15 WB-97-15 4,381 0.187 0.612 -0.286 -0.549
G16 WB-97-16 4531 0.537 0.228 -0.356 1.100
G17 WB-97-17 4.716 0.932 0.277 -0.398 0.427
G18 WB-97-18 4,372 0.828 0.107 -0.221 -0.393
G19 WB-97-19 4.010 0.429 0.518 -0.350 1.322
G20 WB-94-3 5.114 0.260 -0.001 -0.630 0.966
Mean 4.556 0.621 0.301 -0.177 0.473

Sl Wlly 5 ails o Shee (2S0le (3955 Sl G O (et 22 A Jgu
Table 8. Pearson’s correlation coefficients among genotypic components of mean grain yield and stability variance

Genotypic components of GE interaction

)6%(
V, V, Vs V,
V, -0.193™
\VA 0.167" 0.504"
V, -0.001 ™ 0.095" 0.059"
6° -0.549" 0.340™ 0.112™ -0.228™
Yield 0.259" -0.138™ 0.035™ -0.039™ 0.003"

ns: Non significant.
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Table 9. Phonological and morphological traits andenvironmental components of GE interaction in the 10 environments

Environmental components of GE

Morphological traits

cEc?(;/é Environments interaction i

r I I Iy DHE DMA PLH TKW Yield
Ahl Ahvaz first year 3805 2261 -1.071  -0.209 81 112 84 33 2.879
Ah2 Ahvaz second year 5.851 3.01 -0.177 0.54 85 120 110 39 4.266
Dal Darab first year 5.474 2.845 -1.22 1.059 77 106 78 40 4.408
Da2 Darab second year 5957 4.423 -0.95 0.245 86 127 110 36 4.881
Zal Zabol first year 7451 4519  -1.231  0.761 102 146 100 42 5.866
Za2 Zabol second year 5.098 4728  -1231  0.344 68 106 69 37 4631
Gol Gonbad first year 7.745 4442 -0.627 0.7 82 120 101 38 5.869
Go2 Gonbad second year 2538 4.096 -1.569 0.398 52 89 91 32 3.201
Mol Moghan first year 5683 4404  -0439 0214 87 130 110 39 4526
Mo2 Moghan second year 6.169  3.827 -1 0.628 89 132 95 40 4.944
Mean 81 119 95 38 4547
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ry, Iy, s and ry: Environmental components affecting the number of days to heading (DHE), number of days to physiological
maturity (DPM), plant height (PLH) and 1000-kernal weight (TKW), respectively.
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Table 10. Pearson’s correlation coefficients among environmental components of mean yield and stability variance

I Iy I3 s
r 0.366
I3 0.457 -0.092
Iy 0.505 0.132 -0.067
Grain yield 0.939** 0.621 0.234 0.586

(DPM) Soielea3ud (S, U 39, olawi «(DHE) alw j5bo B 59, olows Slaw 5 I8 8506 awse sli! ool jas 44 513 a2 ol
A5l oo (TKW) @lsjlia )59 9 (PLH) aigs glas )

Aoy S sl a0 Gl gme e

ry, Iy, s and ry: Environmental components affecting the number of days to heading (DHE), number of days to physiological

maturity (DPM), plant height (PLH) and 1000-kernal weight (TKW), respectively.
**: Significant at 1% of probability level.

RYE PR NRCPRC e, sl 5 655liS Cliios e o Son aon |

REFRENCES

1. Alipour, H., Abdi, H., Rahimi, Y. & Bihamta, M. R. (2021). Genotype-by-year interaction for grain
yield of Iranian wheat cultivars and its interpretation using Vrn and Ppd functional markers and
environmental covariables. Cereal Research Communications, https://doi.org/10.1007/s42976-021-
00130-8.

2. Coan, M. M. D., Marchioro, V. S., Franco, F. D. A,, Pinto, R. J. B., Scapim, C. A. & Baldissera, J. N.
C. (2018). Determination of genotypic stability and adaptability in wheat genotypes using mixed
statistical models. Journal of Agricultural Science and Technology, 20, 1525-1540.

3. Eberhart, S. A. & Russel, W. A. (1966). Stability parameters for comparing varieties. Crop Science, 6,
36-40.

4. Ehdaei, B., Shakiba, M. R. & Waines, J. G. (1999). Path analysis of genotype x environment
interactions of wheats to nitrogen. Agronomie, 19, 45-56.

5. Esmaeilzadeh Moghaddam, M., Tahmasebi, S., Ayeneh, G. A. L. A, Akbari Moghadam, H.,
Mahmoudi, K., Sayyahfar, M., Tabib Ghaffari, S. M. & Zali, H. (2018). Yield stability evaluation of
bread wheat promising lines using multivariate methods. Cereal Research, 8(3), 333-344 (In Persian)

6. FAO. (2019). Statistical data. www. Fao. org/faostat.

7. Farshadfar, E., Sabaghpour, S. H. & Zali, H. (2012). Comparison of parametric and non-parametric
stability statistics for selecting stable chickpea (Cicer arietinum L.) genotypes under diverse
environments. Australian Journal of Crop Science, 6(3), 514-524.

8. Farshadfar, E. (2013). Path analysis of genotype x environment interaction in wheat-barley disomic
addition lines. Acta Agronomica Hungarica, 61(4), 255-266.

9. Farshadfar, E., Mahtabi, E. & Jowkar, M. M. (2017). Evaluation of genotype x environment
interaction in chickpea genotypes using path analysis. International Journal of Advanced Biological
and Biomedical Research, 5(4), 168-173.

10. Ferreira, J. R., Pereira, J. F., Turchetto, C., Minella, E., Consoli, L. & Delatorre, C. A. (2016).
Assessment of genetic diversity in Brazilian barley using SSR markers. Genetics and molecular
biology, 39(1), 86-96.

11.Finlay, K. W. & Wilkinson, G. N. (1963). The analysis of adaptation in plant-breeding programs.
Australian Journal of Agricultural Research, 14, 742-754.

12.Francis, T. R. & Kannenberg, L. W. (1978). Yield stability studies in short-season maize. 1. A
descriptive method for grouping genotypes. Canadian Journal of Plant Science, 58, 1029-1034.

13.Gauch, H. G. (1992). Statistical analysis of regional trials. AMMI analysis of factorial designs.
Elsevier, Amsterdam, Netherlands. 287p.


https://doi.org/10.1007/s42976-021-00130-8
https://doi.org/10.1007/s42976-021-00130-8

s 4325 0l b ase jo gy e J1 pw) iy, 9 Sl 14,

14. Haider Shah, S., Munavar Shah, S., Inayat Khan, M., Ahmed, M., Hussain, I., & Eskridge. (2009).
Non parametric methods in combined heteroscedastic experiments for assessing stability of wheat
genotypes in Pakistan. Pakistan Journal of Botany, 41, 711-730.

15. Holland, J. B. (2006). Estimating genotypic correlations and their standard errors using multivariate
restricted maximum likelihood estimation with SAS Proc MIXED. Crop Science, 46, 642-654.

16. Hugh, G. & Gauch, G. H. (1988). Model selection and validation for yield trials with interaction.
Biometrics, 44, 705-715.

17.Khalili, M. & Pour-Aboughadareh, A. (2016). Parametric and Non-parametric Measures for
Evaluating Yield Stability and Adaptability in Barley Doubled Haploid Lines. Journal of Agricultural
Science and Technology, 18(3), 789-803.

18.Lynch, D. R. & Tai, G. C. C. (1989). Yield and yield component response of eight potato genotypes to
water stress. Crop Science, 29, 1207-1207.

19. Mahtabi, E., Farshadfar, E. & Jowkar, M. M. (2014). Stability analysis of yield components in
chickpea genotypes. Agricultural Communications, 2(4), 1-8.

20. Mohammadi, R., Farshadfar, E. & Amri, A. (2016). Path analysis of genotype x environment
interactions in rainfed durum wheat, Plant Production Science, 19(1), 43-50.

21. Mohammadi Nezhad, G. H. & Rezaei. A. (2007). Analysis of genotype x environment interaction
(crop management) in oat cultivars based regression analysis and path. Journal of Science and
Technology of Agriculture and Natural Resources, 1, 187-198 (In Persian)

22. Pinthus, M. J. (1973). Estimate of genotypic value: A proposed method. Euphytica, 22, 121- 123.

23. Pour-Aboughadareh, A., Yousefian, M., Moradkhani, H., Poczai, P. & Siddique, K. H. M. (2019).
STABILITYSOFT: a new online program to calculate parametric and non- parametric stability
statistics for crop traits. Applications in Plant Science, 7(1), e1211.

24. Olivoto, T. & Lucio, A.D. (2020). metan: an R package for multi-environment trial analysis. Methods
Ecology Evolution, 11, 783-789.

25.Resende, M. D. V. (2016). Software Selegen-REML/BLUP: A useful tool for plant breeding. Crop
Breeding and Applied Biotechnology, 16, 330-339.

26.Resende, M. D. V. (2004). Métodos estatisticos 6timos na analise de experimentos de campo,
Embrapa Florestas. Embrapa Florestas, Colombo, PR.

27.Roemer, J. (1917). Sinde die ertagdreichen Sorten ertagissicherer? DLG-Mitteilungen, 32, 87-89.

28. Shukla, G. K. (1972). Some statistical aspects of partitioning genotype-environmental components of
variability. Heredity, 29, 237-245.

29.Tai, G.C.C. (1979). Analysis of genotype-environment interaction of potato yield. Crop Science, 19,
434-438.

30.Tai, G. C. C., Levy, D. & Coleman, W. K. (1994). Path analysis of genotype-environment interactions
of potatoes exposed to increasing warm-climate constraints. Euphytica, 75, 49-61.

31.Temesgen, T., Keneni, G., Sefera, T. & Jarso, M. (2015). Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.) genotypes. The Crop Journal, 3, 258-268.

32.Thomas, R. C., Grafius, J. E. & Hahn, S. K. 1971. Stress: An analysis of its source and influence.
Heredity, 27, 423-432.

33.Vaezi, B., Pour-Aboughadareh, A., Mohammadi, Mehraban, A., Hossein-Pour, T., Koohkan, E.,
Ghasemi, S., Moradkhani, H. & Siddigue, K. H. M. (2019). Integrating different stability models to
investigate genotype x environment interactions and identify stable and high-yielding barley
genotypes. Euphytica, 63, 1-18.

34.Vaezi, B., Pour-Aboughadareh, A., Mehraban, A., Hossein-Pour, T., Mohammadi, R., Armion, M. &
Dorri, M. (2018). The use of parametric and non-parametric measures for selecting stable and adapted
barley lines. Archives of Agronomy and Soil Science, 64:5, 597-611.

35. Wrick, G. 1962. Uber eine Methode ziir Erfassung der Okologischen Streubreite in Feldresuchen. Z.
Pflanzenzuchtg, 47, 92-96.

36.Yan, W., Hunt, L. A., Sheny, Q. & Szlavnics, Z. (2000). Cultivar evaluation and mega-environment
investigation based on the GGE biplot. Crop Science, 40, 597- 605.

37.Yang, R. C. (2002). Likelihood-based analysis of genotype—environment interactions. Crop Science,
42, 1434-1440.

38. zali, H., Sofalian, O., Hasanloo, T., Asgharii, A. & Hoseini, S. M. (2015). Appraising of drought
tolerance relying on stability analysis indices in canola genotypes simultaneously, using selection
index of ideal genotype (SIIG) technique: Introduction of new method. Biological Forum — An
International Journal, 7(2), 703-711.


https://jast.modares.ac.ir/search.php?sid=23&slc_lang=en&auth=Khalili
https://jast.modares.ac.ir/search.php?sid=23&slc_lang=en&auth=Pour-Aboughadareh
https://jast.modares.ac.ir/article-23-9234-en.pdf
https://jast.modares.ac.ir/article-23-9234-en.pdf
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Asghar-Mehraban
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Tahmasb-Hossein_Pour
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Ehsan-Koohkan
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Soraya-Ghasemi
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Soraya-Ghasemi
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Hoda-Moradkhani
https://link.springer.com/article/10.1007/s10681-019-2386-5#auth-Kadambot_H__M_-Siddique
file:///L:/Stability%2097/Path%20analysis%2097/مجله%20علوم%20گیاهان%20زراعی%20ایران-%20دانشگاه%20تهران/Integrating%20different%20stability%20models%20to%20investigate%20genotype%20×%20environment%20interactions%20and%20identify%20stable%20and%20high-yielding%20barley%20genotypes
file:///L:/Stability%2097/Path%20analysis%2097/مجله%20علوم%20گیاهان%20زراعی%20ایران-%20دانشگاه%20تهران/Integrating%20different%20stability%20models%20to%20investigate%20genotype%20×%20environment%20interactions%20and%20identify%20stable%20and%20high-yielding%20barley%20genotypes
file:///L:/Stability%2097/Path%20analysis%2097/مجله%20علوم%20گیاهان%20زراعی%20ایران-%20دانشگاه%20تهران/Integrating%20different%20stability%20models%20to%20investigate%20genotype%20×%20environment%20interactions%20and%20identify%20stable%20and%20high-yielding%20barley%20genotypes

V4 \\c'\uLtheY SJLQw‘A\‘é)jo‘ulflscl”uLaLfla,l.c

39. Zali, H., Hasanloo, T., Sofalian, O., Asghari, A. & Zeinalabedini, M. (2017). Appropriate strategies
for selection of drought tolerant genotypes in canola. Journal of Crop Breeding 8(20), 77-90 (In
Persian)

40. Zali, H. & Barati, A. (2020). Evaluation of selection index of ideal genotype (SIIG) in other to
selection of barley promising lines with high yield and desirable agronomy traits. Journal of Crop
Breeding, 12 (34), 93-104 (In Persian)

41. Zarei, L., Farshadfar, E., Haghparast, R., Rajabi, R., Mohammadi Sarab Badieh, M. & Zali, H. (2012).
Comparison of different methods of stability evaluation in bread wheat genotypes under drought stress
conditions. Electronic Journal of Crop Breeding, 5 (3), 81-97 (In Persian)



