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Comprehensive abstract

Introduction

Genotype x environment interaction is one of the complex issues in plant breeding programs to
introduce high yielding and stable genotypes, which is evaluated using multi-regional experiments
before the release of new cultivars. The presence of genotype x environment interaction causes the
yield of cultivars to be affected by the environment and leads to differences in the yield of cultivars in
different environments. AMMI and GGE-Biplot models are very important among the multivariate
methods and have high resolution in identifying high yielding and stable genotypes. The objective of
this study was to evaluate the stability of promising bread wheat genotypes and to identify high
yielding and stable genotypes in the cold climate of the Iran.

Materials and methods

Fourtheen wheat genotypes with winter and intermediate (facultative) growth type along with
Mihan, Heydari, Zarrineh and Zare varieties as controls (a total of 18 genotypes) were investigated in
randomized complete block design with three replications in research stations of Karaj, Hamadan,
Mashhad, Jalgarokh, Miandoab, Ardabil, Arak, Eqlid, Tabriz and Qazvin. To analyze the data, first
analysis of variance was seprately done in each year and location, and then combined analysis of
variance was performed for grain yield after confirming the homogeneity of the variances of
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experimental errors. AMMI and GGE-Biplot methods were used to investigate the stability of the
studied genotypes. AMMI stability parameters and simultaneous selection indices were also calculated
based on these parameters.

Research findings

The results of combined analysis of variance showed that the main effect of environment and
genotype and the interaction of genotype x environment accounted for 47.2, 9.8 and 28.3 percent of the
total sum of squares, respectively. Genotypes G7, G8, G12, G2 and G1 had the highest grain yield and
genotypes G15, G18, G10, G13, G14 and G16 had the lowest grain yield among the studied genotypes
respectively. The results of AMMI analysis showed the existence of significant differences between
environments, genotypes and their interactions. The first 12 significant principal components of
AMMI analysis explained 98% of the genotype x environment interaction variance, and the first and
second principal components explained a total of 46.27% of this variance. Based on the AMMII1
biplot, genotypes G8, G3, G1 and G4 and environments E9 and E5 with the higher grain yield than
average grain yield and the lowest value of the first principal component were recognized as the most
stable genotypes and environments. AMMI2 biplot did not identify a specific genotype as the
genotype with general compatibility, however, G3 and G4 genotypes showed somewhat better general
compatibility than the others. The simultaneous selection indices based on AMMI parameters
identified G8, G12, G1, G4, and G3 genotypes with the lowest total rank as the stable and high
yielding genotypes, respectively. The results of GGE-Biplot method based on biplot of the average
yield and stability, introduced G8, G4, G3 genotypes followed by G1 as the most stable genotypes,
due to grain yield higher than the average of the studied genotypes. Which-won-where biplot pattern
divided the studied genotypes and environments into five and three groups, respectively, so that G12,
G11, G3 and G4 genotypes in Karaj and Miandoab and G5, G7 and G8 genotypes in Jalgerokh and
Mashhad showed better adaptation in both years. According to the biplot of the ranking of genotypes,
there was no ideal genotype, but G8, G3, G5, G7 and G4 genotypes with the smallest distance from
the hypothetical ideal genotype were identified as the best genotypes.

Conclusion

The results of this study showed that there is a little difference between AMMI and GGE-Biplot
analyzes and both methods presented the same genotypes as superior genotypes. However, it is more
logical to select genotypes using simultaneous selection indices based on AMMI analysis parameters,
because all significant components are included in the calculation of these parameters. Therefore,
based on simultaneous selection indices, genotypes G8, G12, G1, G4 and G3 with the lowest total rank
are introduced as stable and high yielding genotypes.
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Table 1. The names and pedigree of wheat genotypes investigated in different cold climate regions of Iran

Code Pedigree
Gl Mihan
G2 Heydari
G3 Zarrineh
G4 Zareh
G5 Alvd/4/Ghk"s/"Bow"s +//"Zhong87/3/Shiroodi
G6 Alvd/4/Ghk"s/"Bow"s % +//"Zhong87/3/Shiroodi
G7 Charger//CMH80A.768/3*Cno79/3/Zrn
G8 Charger//CMH80A.768/3*Cno79/3/Zrn
G9 Spb"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87
G10 Shahpasand/Norman
Gl11 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi
G12 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi
G13 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi
G14 Spb"s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87
G15 AU/3/MINN//HK/38MA/4/YMH/ERA/5/PMF//CNO/GLL/6/KAUZ//ALTAR 84/A0S/7/TAM
105/3/NE70654/BBY//BOW"S"/4/Century*3/TA2450
G16 GRK79/TUKURU
G17 MV NEMERE
G18 ARS97135-9/03A-B4//KS0603A~49
Sl 31938y a3l o anlllas 9590 sladaimo =Y Jgur
Table 2. Studied environments in nationwide uniform test
Code Environment Code Environment Code Environment Code Environment
El Karaj-1* year E6 Arak-1% year Ell Karaj-2™ year El16 Arak-2" year
E2 Qazvin-1* year E7  Miandoab-1%year EI12  Qazvin2®year  E17 Miandoab-2" year
E3 Eqlid-1* year E8  Mashhad-1%year E13 Eqlid-2" year E18  Mashhad-2" year
E4 Hamedan-1* year E9  Jolgerokh-1%year El4 Hamedan-2"year E19 Jolge rokh-2" year
E5 Ardebil-1* year E10 Tabriz-1* year El5 Ardebil-2" year E20 Tabriz-2™ year
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Table 3. Parameters, indices and the equations used for the simultaneous selection of genotypes

No. Equation of AMMI parameter No. Equation of AMMI parameter
(SSIPCA 1) P_[IPCA; X EPy|
1 = =7 2 2 2 WAAS, ===t _— =~ <
(D ASV J(SSIPCA 2 (IPCA 1)2 + (IPCA 2) 2 i PP,
N 2 N
3) EV = Z y‘];‘ 4) SIPC = Z 225yin
n=1 n=1
N
) Za= ) [0Vl ©) ASTB = ) Aniy
n=1
@) ASI = \/[Pcf x 82] + [PC2 x 8] (8)
N
© DZ = Z Yo (10) MASI =
n=1
=/ SSIPC
(11) DA = Z(Anxm)z (12)  MASV = Z (—“) % (PC,)? X (PCy)?
SSIPCpy 41
n=1 n
N
(13) AVAMGE = Z Z|Anyin8]-n|

J=1 n=1
T ASV, AMMI stability value; WAAS, weighted average of absolute scores; SIPC, sum of IPCs scores; EV, eigen
value stability parameter of AMMI; Za, absolute value of relative contribution of IPCs to the interaction; ASTB,
AMMI based stability parameter; ASI, AMMI stability index; FA, stability measure based on fitted AMMI model;
DZ, Zhang’s D parameter; DA, Annicchiarico’s D parameter; MASI, moddified AMMI stability index; MASV,
modified AMMI stability value; AVAMGE, sum across environments of absolute of GEI modelled by AMMI.
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Table 4. Variance of experimental error in different environments along with the Fa Hartley and Bartlett’s tests
to evaluate the uniformity of variances
Error mean square
Karaj Qazvin Oghlid Hamedan Ardabil Arak Miandoab Mashhad Jolge-Rokh Tabriz
First 026 0274 0.272 0.326 0342 0325 0.279 0.313 0.201 0.26
Second 0217  0.392 0.2 0.287 0376  0.324 0.285 0.382 0.201 0.381
Hartley’s Frnax = 1.96 ™
Bartlet’s statistic = 62.485"

Year
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Table 5. Combined analysis of variance of grain yield of bread wheat genotypes in ten cold climate of Iran

during two years

Source of variation Digree of Sum of square Mean square Percentage of total
freedom sum of square
Year 1 142.35 142.35 0.086
Place 9 268.61 29.85 0.162
Year x Place 9 370.61 41.18" 0.224
Replication / (Year x Place) 40 40.3 1.007 0.024
Genotype 17 161.44 9.496" 0.098
Genotype x Year 17 17.14 1.008 0.01
Genotype x Place 153 242.64 1.586 0.147
Genotype x Year x Place 153 209.11 1.367" 0.126
Error 680 200.756 0.295 0.121
CV (%) 7.70
" and ™ Significant at 5% and 1% probability levels, respectively.
olas olael cpl wloas ad 3 L o laxe g AMMI « 3o

[ als o,8as £035 e (i 3pS wpadel) 45 aiad oo
Al beasss o omb g9 Kly o5 35 obxl
5y 500 Jele g0 5l i iolesl oled yo oo
Loy So oL olows g Jlo 90 0 ioles plsil Ldoas a5
obos 0 a5 (gyeba Wyl camel> el pl g 0o
i bole G adien e (slasbos slaioles]
X 5 ety il g el 0, Shee i ke o
(Gauch & Zobel, 1997) wits Sz oS tins bae
ol cely &S cnlblaze g5 Kby lame 31 555
Ol oy odle sl onls lacoigs ails o Sles jo glas

.

AMMI o Solol 5 il s 455 51 Sl gl

kol Gl Gl (Sl a5 oy Glis ¢ Jgo)
gl ) Lo x cudg) iSenn g b 5 Gl
oo ylis asge oyl g o e do e S Jlas
Om RSen g bl dacie) Ole £95 S92
GeiSary g iyl dame (uized il e Loyl
3lhae,e YV o VIF XPIN (o pay ae x sl
Jdo 0,5 g 1) aily oSlee S Ol ggemme
s bl weys a1 5 0 slaJgur G Dol
o2 bl g 55 AMMI 425 0 a5 canl (pl oo



VEY s /sl ojled [ams e 090 [ ligims

ul)&o.b 9 u,.u.o‘

GHpS Sy o & Kooy polie b slacads
bgyye IPCAL jluie o 505 a5 ol olis mls )l
o 3l 05 Gl 5 G3 (G8 G15 G16 slacsys
als o, Slee Gl § G3 G8 sl ey dacuiss; o)
5 oV Jgaz) wiols ol o ,Ska S 5Sileo 5| 65V
Loy Jlwl Glacsss plyear sl oo Jodo mones
ol o a5 bl 5l sl (e Vb peges 5,55
Sluye ggame 5l ey VoIV ol ol adlse caxlas
L APC2) pys (ol adlie 31 5,000 31 055 s |y JS
A oolaiwl ps S eibyly 3l sy VO s
3 e gLl G7 3 G6 G9 G16 GS slacuses
eSS sllo G3 3 G17 G10 G4 G13 slacsss
G3 o9 b (nlpln 5 Wog pgo (Lol adlge nolis
azrgi b atdlo)S (Byme Jluly qudsis Olsea Gl |,
ol Ol G8 gy pos adlie jlaie (39 o5 @
P2l 3l esS B sl eog0e b | e
5 M1 S el 516 YL 0 Shes (358 il 90
ofbes b Jlub slacess) ploea ailgioe cnlnle

Wad b yme balae soled o YL

als oSles S g0 plicye Gy SSWoml
4 AMMI Jow ulol 5 (daore x ol g (iiSon )
o o ol adie VY a5 ol ol Lol glaadlse
Ol 5l do,0 AN 5 Wog Yo e doye S Jlazs!
29 9 Jol ol 4l g5 20 S 4y | iSen
DiiSan 4y bgy e Olpss 5l sy FEIYY goexe
o5les8l uLx.)).A Egomo .»o; ) |) JaWwa)
S S JS 55 5l oy 58 L chost | 5
S AMMI Juwe (o o smepd Sl e ke
orrosle plpsay (iSean Jsl adlie 50 ol
50 M3 lacatsy Sbuil ez lul byl
Annicchiarico, 1997; ) cwl a5 1,8 solaral
oHlen 5 pg,8 w5 .(Purchase et al., 2000
5 obyolb 5 oL pass o (Grausgruber et al., 2000)
<!y 5l 9> ,o (Taherian et al., 2019) ), Ko
s gz (PCA) pShny Lol sladlie
shle Glocaigs s, eolaiul b slacaisss
(APCA1) Jl Lol ailse (e b cotia) 55 polie
(Bl jo g wmo oo Gl b b oYL (iiSen

AMMI (5,0 5585 3 weldl 00 50 Jlu g3 (b 0l puiS” (slacassiy lo o Shoe (il )ly 4525 -7 Jgar
Table 6. Analysis of variance of grain yield of bread wheat genotypes during two years in ten cold climate of
Iran using AMMI method

Source of variation Degree of Sum of square Mean square Percentage of total
freedom sum of square
Environment (ENV) 19 781.57 41.13™ 36.8
Replication / En 40 40.3 1.01 -
Genotype (GEN) 17 161.43 9.49™ 7.6
GEN x ENV 323 468.89 1.452™ 22.1
PC1 35 143.97 411" 30.67
PC2 33 73.34 222" 15.6
PC3 31 53.92 1.74™ 11.5
PC4 29 4275 147" 9.1
PC5 27 31.75 1.18™ 6.8
PC6 25 28.03 112" 6
PC7 23 22.73 0.99" 4.8
PC8 21 17.28 0.82" 3.7
PC9 19 15.71 0.82" 3.4
PCI10 17 11.58 0.68" 2.5
PC11 15 9.86 0.66" 2.1
PC12 13 8.56 0.66" 1.8
Noise 35 8.613 0.25 -
Residual 680 200.77 0.29 -

** Significant at 1% probability level.
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Table 7. Yield and main components from the first to the tenth for the studied genotypes and environments

Genotype / - Grain - ypo0 1 1pcA2  IPCA3 IPCA4 IPCAS IPCAG6 IPCA7 IPCAS IPCA9 IPCAI0
Environment yield
Gl 7338  0.136 -0.560 0398 0346 0081 -0409 0248 -0224 0.114 -0.534
G2 7174 0760 0269 -0478 0278 -0.060 -0.181 0071 0787 -0224 0399
G3 736  -0.108 0.179 1.032 0.097 -0480 0309 0266 0.114 0.69  0.049
G4 7258 -0236 -0.118 0756 -0.097 0.153 0423 -0288 -0.187 -0.73 -0.088
G5 7254 0293 1.085 -049 0346 0.045 0193 0491 -0.318 0015 0435
G6 7145 0826 0741 0083 1163 -0.066 0.118 -0.128 -0.056 -0.100 -0.442
G7 7525 0616 0.657 0595 -0.724 0752 -0.611 0.146 0.179 -0.289 0.059
G8 7483  0.093 0371 -0.108 -0.737 -0.64 0.124 -0.126 0501 -0312 -0.088
G9 7021 0442 -0.802 0302 -0.087 -0.238 0.899 0.095 -0270 -0.286 0.408
G10 6.635 0.602 -0.125 -025 -0.526 -0427 -0.446 -0292 -0.609 0.509  0.257
Gll 7280 -1.007 -0.424 -0.079 0.081 -0.049 -0204 0774 0479 -0.012 -0.254
GI12 7467 -1.044 0559 -0428 -0314 -0509 0046 0362 -0226 -0.048 -0.810
G13 6974 -1219 0035 028 0205 0797 0018 -0.152 -0.396 -0.148 0.289
Gl4 6718 -0.846 0317 0231 0253 -0.067 -0.123 -1.110 0425 0317 0.144
G15 5941 0077 -0491 0179 0091 -0314 -0.859 -0.046 -0402 -0250 0.047
Gl16 6719 0056 -0.814 -0427 0421 0.199 -0.089 -0.027 0203 0.170 0.351
G17 7012 0397 -0.128 -0.083 -0502 0.853 0485 0096 0.120 0678 -0.220
G18 6.699 0235 0212 -095 -0295 -0.029 0306 -0.382 -0.120 -0.096 -0.722
El 7903 -0344 0859 -0.865 -0.289 -0.503 0445 -0.08 0395 0473 -0.123
E2 7842 1.069 -0.892 0304 0507 0.043 0204 0065 0084 0.197 -0.382
E3 6512 0304 0559 -0228 0.607 0.5 0213 0075 -0410 -0.184 -0.203
E4 7296 -0251 0256 0749 0174 -0.105 0.165 0312 0213 -0.791 -0.326
ES 7502 -0.023 -0.171 0918 -0.761 0.719 0349 -0.097 0383 0408 -0.169
E6 7803 -0.710 0.100 0384 0471 -0.139 -0.544 0.119 -0277 0583 -0.270
E7 6987 -1.300 0.029 0.135 0325 0517 078 -0.247 -0.268 -0.026 0.110
E8 568 1208 026 -0.099 -0355 0.123 0411 -0.026 0094 -0244 -0.049
E9 8753 -0.028 0335 -0269 0319 0514 -0910 0587 -0.163 0.131  0.005
E10 7914 -0341 -0.877 -1.079 -0450 0462 -0.106 0.124 0202 -0.449 -0.311
Ell 7603 -0.611 -0.546 -0.056 -0396 0.129 -0449 0373 0066 0.002 0.718
El2 6412 -0.097 -0274 -0414 0213 -0.099 -0.020 0231 -0272 0219 -0.300
E13 6.054 0024 -0.147 -0221 0095 -0.124 -0479 -0.385 -0.167 -0.254 0.194
El4 7453 0354 023 0207 0455 -0.101 0336 -0.001 0.136 0.172 0733
El5 6.648 -0220 0532 0036 0460 0209 -0.614 -0.908 0575 -0.329 0.076
E16 6227 0494 0386 -0.122 -0321 -0970 0.120 -0.894 -0482 0319 -0.273
El7 6.940 -0.489 -0.689 0266 -0.035 -1.210 0401 0029 0.149 -0217 -0.700
EI8 7341 0789 0279 -0.076 0043 -0.053 0.167 0298 -0237 -0.167 0.494
E19 7017 0262 0432 0012 -0.085 -0.189 -0392 0365 0655 0345 -0.028
E20 5152 -0.089 0.658 0416 -0977 -0244 -0494 0062 -0.675 -0.188 -0.071
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Figure 1. Distribution chart of the studied genotypes and environments using the average yield and first principal
component of GxE interaction based on AMMII model
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Figure 2. Distribution of the studied genotypes and environments using the first and second principal
components of GXE interaction based on AMMI2 model
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Table 8. Stability indices calculated for the studied bread wheat genotypes

Genotype Yield ASTAB ASI ASV AVAMGE DA DZ EV FA MASI MASV SIPC ZA WAAS
Gl 7338 1.77 0.097 0.621 6.99 228 0.852 0.061 5.19 0.117 1.6 391 0.147 0.296
G2 7174 199 0237 1.52 9.61 2.82 0.801 0.054 796 0.247 2.05 4.08 0.197 0.441
G3 736 229 0.062 0.399 9.43 2779 0.869 0.063 7.77 0.143 192 4.09 0.162 0.324
G4 7.258 1.51 0.075 0.479 7.57 226 0.704 0.041 5.09 0.122 1.63 3.08 0.134 0.276
G5 7.254 228 0.192 123 11.6 3.07 0.791 0.052 9.44 0.205 2.02 4.05 0.197 0.424
G6 7.145 3.13 0279 1.78 12.8 3.69 0923 0.071 13.6 0.299 261 447 024 0.544
G7 7.525 277 0215 1.38 12.2 34 0.849 0.06 11.6 0244 23 468 0251 0.55
G8 7483 1.74 0.065 0.414 8.88 235 0775 0.05 554 0.107 1.63 379 0.14 0.273
G9 7.021 218 0.185 1.18 10.5 290 0.804 0.054 84 0.197 198 4.13 0.196 0.422
G10 6.635 217 0.186 1.19 9.53 2773 0.872 0.063 7.48 0.201 2.03 4.6 0.197 0417
G11 728 249 0316 2.02 12.6 332 0.864 0.062 11 032 247 418 0.215 0.495
Gl12 7467 214 0332 212 11.9 3.41 0.667 0.037 11.6 0339 243 3.67 0.24 0.565
G13 6974 268 0374 239 12.1 3771 0.808 0.054 13.8 0381 2.7 4.04 023 0.541
Gl14 6.718 252 0.264 1.69 11.0 3.18 0.87 0.063 10.1 0.273 24 4.08 0.208 0.468
G15 5941 192 0.080 0.514 7.47 235 0.867 0.063 552 0.103 1.66 3.82 0.132 0.255
Gl6 6719 131 0.128 0.821 7.69 232 0598 0.03 539 0.144 1.5 3.03 0.138 0.285
G17 7.012 205 0.124 0.79 8.65 2.58 0.837 0.058 6.65 0.149 1.86 393 0.162 0.335
G18  6.699 216 0.079 0.508 10.1 2.65 0.876 0.064 7.04 0.142 1.85 3.93 0.159 0.324
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Table 9. The rank of stability indices calculated for the studied bread wheat genotypes

Genotype Yield ASTAB ASI

ASV AVAMGE DA DZ EV FA

MASI MASV SIPC ZA WAAS

Gl 5 4 6 6 1
G2 9 6 13 13 9
G3 4 13 1 1 7
G4 7 2 3 3 3
G5 8 12 11 11 13
G6 10 18 15 15 18
G7 1 17 12 12 16
G8 2 3 2 2 6
G9 11 11 9 9 11
G10 17 10 10 10 8
G11 6 14 16 16 17
G12 3 8 17 17 14
G13 13 16 18 18 15
G14 15 15 14 14 12
G15 18 5 5 5 2
G16 14 1 8 8 4
G17 12 7 7 7 5
G18 16 9 4 4 10

2
10
9
1
12
17
15
4
11
8
14
16
18
13
5

3
6
7

11 11 2 3 2 6 5 5
6 6 10 13 12 11 10 12
14 13 9 6 8 13 7 6
3 3 1 4 3 2 2 3
5 5 12 11 10 10 11 11
18 18 17 15 17 16 16 16
10 10 15 12 13 18 18 17
4 4 5 2 4 4 4 2
7 7 11 9 9 14 9 10
16 14 8 10 11 17 12 9
12 12 14 16 16 15 14 14
2 2 16 17 15 3 17 18
8 8 18 18 18 9 15 15

15 15 13 14 14 12 13 13
13 16 4 1 5 5 1 1
1 1 3 7 1 1 3 4
9 9 6 8 7 7 8 8
17 17 7 5 6 8 6 7
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Table 10. Simultaneous selection indices based on different stability indices for bread wheat genotypes

Genotype Yield ASTAB ASI

ASV AVAMGE DA DZ

EV FA MASI MASV SIPC ZA WAAS

Gl 5 9 11 11 6
G2 9 15 22 22 18
G3 4 17 5 5 11
G4 7 9 10 10 10
G5 8 20 19 19 21
G6 10 28 25 25 28
G7 1 18 13 13 17
G8 2 5 4 4 8
G9 11 22 20 20 22
G10 17 27 27 27 25
G11 6 20 22 22 23
G12 3 11 20 20 17
G13 13 29 31 31 28
G14 15 30 29 29 27
G15 18 23 23 23 20
G16 14 15 22 22 18
G17 12 19 19 19 17
G18 16 25 20 20 26

7
19
13

8
20
27
16
6
22
25
20
19
31
28
23
17
18
23

16 16 7 8 7 11 10 10
15 15 19 22 21 20 19 21
18 17 13 10 12 17 11 10
10 10 8 11 10 9 9 10
13 1320 19 18 18 19 19
28 28 27 25 27 26 26 26
11 11 16 13 14 19 19 18
6 6 7 4 6 6 6 4
18 18 22 20 20 25 20 21
33 31 25 27 28 34 29 26
18 18 20 22 22 21 20 20
5 5 19 20 18 6 20 21
21 21 31 31 31 22 28 28
30 30 28 29 29 27 28 28
31 34 22 19 23 23 19 19
15 15 17 21 15 15 17 18
21 21 18 20 19 19 20 20
33 33 23 21 22 24 22 23
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Figure 3. Biplot of the average environment coordination (AEC) for simultaneously selection of yield and
stability of bread wheat genotypes in 20 environments
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Figure 4. Graphical view of GGE-Biplot based on which-won-were pattern to identify macro-environments and
superior bread wheat genotype
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environments in terms of the ability to separate genotypes against their representativeness
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Table 11. Ranking of promising bread wheat genotypes in the studied environments

Environment Selected genotypes in each environment Environment Selected genotypes in each environment
El Gl11, G7, G8, G3, G12 El1 G3, G14, G13, G11, G12
E2 G10, G5, G2, G7, G6 E12 G7, G§, G3, G11, G12
E3 G3, G6, G5, G7, G8 E13 GS, G3, G8, G12, G7
E4 G11, G3, G8, G7, G12 E14 G2, G5, G8, G6, G7
E5 G5, G3, G12, G8, G7 E15 Gl11, G7, G8, G3, G12
E6 G14, G3, G13, G11, G12 El6 G10, G5, G2, G7, G6
E7 G3, G14, G13, G11, G12 E17 G14, G3, G13, G11, G12
E8 G8, G5, G2, G6, G7 E18 G2, G8, G5, G6, G7
E9 G5, G3, G12, G8, G7 E19 G6, G3, G5, G8, G7
E10 G3, G14, G11, G13, G12 E20 GS, G3, G8, G12, G7
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Figure 9. The ranking of genotypes in the Tabriz research station in two years
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