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Extended Abstract

Background: The Production of high-yielding and stable cultivars is the most
important objective of crop breeding programs, including wheat. Wheat is one of the
key crops cultivated in Iran. The final yield of each plant is determined by the genotype
potential, the environmental effect, and the interaction effect of genotype x
environment. Studies on genotype x environment interactions can help determine
whether a genotype is stable in performance across a wide range of environments.
Various methods (univariate and multivariate methods) have been introduced to
evaluate the interaction effect, each of which examines the nature of the interaction
effect from a specific point of view. The results of different methods may not be the
same, but the best result is obtained when a genotype with different evaluation methods
shows similar results in terms of stability. Univariate methods do not provide a
complete view of the complex and multidimensional nature of genotype X environment
interaction, therefore, the use of multivariate methods is suggested to solve this
problem. Among the multivariate methods, genotype x genotype-environment (GGE)
biplot methods are more important. Therefore, this study aimed to identify promising
and stable top-performing lines of bread wheat for warm and dry climates using the
GGE biplot method.

Methods: The adaptability and stability of 37 promising bread wheat lines were
evaluated in 10 environments, along with three checks (Chamran2, Sarang, and
Mehregan). The experiment was conducted using a randomized complete block design
with three replications in two cropping seasons (2020-2021 and 2021-2022) at five
research stations (Darab, Ahvaz, Dezful, Khorramabad, and Zabol). In the field, each
plot was planted with a density of 450 seeds/m?. Each line was planted in plots with six
four-meter lines with 20 cm line spacing. At the end of the growing season, six rows of
five-meter spikes from each plot were harvested and threshed by a Wintersteiger
combine. The weight of the obtained grains was measured by a digital scale and
reported in hectares.

Grain yield was determined using combined analyses of variance. The GGE biplot
statistical method (genotype effect + genotype x environment interaction) was used to
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study the stability of genotypes in the studied environments. SPSSv22 software was
used to analyze the experimental data using the analysis of the combined experiment.
Thehdgta were analyzed with GGE-Biplot software using the GGE biplot graphic
method.

Results: The Smirnov-Kolmogorov test was conducted to examine residual errors in
each environment. The results for each environment separately showed that the residual
data were normal in all environments. Bartlett's test results for the environments
indicated the homogeneity of error variances, allowing for a combined analysis of
variance, which showed the significant main effects of the environment, genotype, and
genotype x environment interaction for grain yield. The significance of the interaction
effects of genotypes in this study showed that the genotypes responded differently in
different environments; in other words, the difference between genotypes is not the
same from one environment to another, and the stability of grain yield can be evaluated
in these conditions. The environment, genotype, and genotype X environment
interaction effects accounted for 70.12%, 1.24% and 9.57% of the total variation,
respectively. The results showed that the three PCAs explained 54% of the total
agronomical variability residing in the tested wheat genotypes. The first two PCAS
accounted for 29% and 25% of the total variation, respectively. The GGE biplot
analysis revealed four me%a-environments and five superior genotypes. The polygonal
diagram obtained from the analysis showed that the genotypes GT biplot arising
G31.G21 G29, G27, and G32, which were located at the vertices of the polygon, were

the superior genotypes. The average environmental coordinate of the GGE biFIot
analysis showed that genotypes G29, G28, and G16 had hi?h grain yield and stability.
The biplot of the correlation among environments revealed that the environmental
vectors of Ahwaz and Zabol were near 90°, thus these locations were different
environments. Based on the results, the environment of Zabol can be introduced as a
favorable environment for selecting the best bread wheat genotypes.

Conclusion: Given the climate change in Iran, particularly in the hot and dry regions of
the south, there is always a ?ressing need for using sustainable varieties with high
performance. This study has ¢ earI%/ and easily aided In the identification of stable and
superior g?enot pes graphically. Wheat breeders worldwide consider breeding varieties
specifically adapted to different geographical and climatic agricultural regions. The
general adaptability of varieties to several regions was identified in this study,
Indicating that the Zabol environment could be introduced as a suitable environment for
selecting superior genotypes of bread wheat. Finally, it is recommended to select
genotypes G29, G28, and G16 for further testing and promotion after seed
multiplication and selection under farm conditions, eventually introducing them as new
wheat varieties. The results obtained in this study demonstrate the efficiency of the
GGE biplot technique for selecting high-yielding and stable varieties.
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Table 1. Entry number and Pedigree at bread wheat genotypes.

i 5 i) ojled
Pedigree [JEN Genotype No.
Chamran 2 Gl
Gascogne/3/Nai60/Hn7//Sy/4/WS-85-10 G2
Gascogne/3/Nai60/Hn7//Sy/4/WS-85-10 G3
CMH80-279/Pastor//Sivand/3/WS-85-10 G4
Darab#2/FISCAL/4/Alvd//Aldan/las/3/FIt G5
Falat/3/Pastor/Tabasi//Cham/4/Debira G6
ATTILA 50Y//ATTILA/BCN/3/KAPSW/SHUHA-17/4/TNMU/MILAN G7
DEBEIRA//MILAN/PASTOR/4/URES/BOW//OPATA/3/HD2206/HORK'S' G8
NELOKI//SOKOLL/EXCALIBUR G9
NELOKI//SOKOLL/EXCALIBUR G10
BECARD/AKURI*2/3/KINGBIRD #1//INOALAB 91*2/TUKURU G11
TACUPETO F2001/6/CNDO/R143//ENTE/MEXI_2/3/AEGILOPS SQUARROSA G12
(TAUS)/4/WEAVER/5/PASTOR/7/ROLF07*2/8/SAUAL/Y ANAC//SAUAL
SUP152/6/0ASIS/5*BORLI5/5/CNDO/R143//ENTE/MEXI75/3/AE.SQ/4/2*OCl G13
SUP152/6/0ASIS/5*BORLI95/5/CNDO/R143//ENTE/MEXI75/3/AE.SQ/4/2*OCl Gl4
CETA/AE.SQUARROSA (435)//2*BECARD G15
AMUR/3/KINGBIRD #1//INQALAB 91*2/TUKURU/4/AMUR G16
BABAX/LR42//BABAX*2/3/KUKUNA/4/CROSBILL #1/5/BECARD/6/KFA/2*KACHU G17
BABAX/LR42//BABAX*2/3/SHAMA/4/KINGBIRD #1/5/QUAIU/6/2*COPIO G18
SITE/MO//PASTOR/3/TILHI/A/WAXWING/KIRITATI/S/KACHU #1/KIRITATI//KACHU G19
TACUPETO F2001/SAUAL//BLOUK #1/3/SAUAL/YANAC//SAUAL/4/ITACUPETO F2001/SAUAL//BLOUK #1 G20
FRET2/KUKUNA//FRET2/3/YANAC/4/FRET2/KIRITATI/S/MUU #1//PBW343*2/KUKUNA/3/MUU/6/BORL14 G21
Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR G22
Pishtaz//Falat/Barakat/3/IRENA/BABAX//PASTOR G23
Pishtaz//Falat/Barakat/4/OASIS/ISKAUZ//4*BCN/3/2*PASTOR G24
Pishtaz//Falat/Barakat/4/OASIS/ISKAUZ//4*BCN/3/2*PASTOR G25
Pishtaz//Falat/Barakat/4/OASIS/ISKAUZ//4*BCN/3/2*PASTOR G26
Pishtaz//Falat/Barakat/4/OASIS/SKAUZ//4*BCN/3/2*PASTOR G27
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz G28
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz G29
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz G30
PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz G31
PF?U/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/Baaz G32
Mehregan G33
WBLLA4//0AX93.24.35/WBLL1/5/CROC_1/AE.SQUARROSA (205)//BORL95/3/PRL/SARA//TSI/VEE#5/4/FRET2 G34
REH/HARE//2*BCN/3/CROC/AE.SQUARROSA (213)//PGO/4/HUITES/5/T.SPELTAPI348599/6/REH/HARE//2*BCN/3/CROC_1/AE.SQUARROSA(213)//P G35
GO/4/HUITES/7/QUAIU/8/2*QUAIU#1/SOLALA//QUAIU #2
WBLL1//PUB94.15.1.12/WBLL1/3/MUCUY G36
C80.1/3*BATAVIA/[2*WBLL1/3/ATTILA/3*BCN*2//BAV92/4/WBLL1*2/KURUKU/5/IWA 8600211//2*PBW343*2/KUKUNA/6/MUCUY G37
SHAKTI/5/WHEAR/KIRITATI/3/C80.1/3*BATAVIA//2*WBLL1*2/4/KIRITATI/2*TRCH/6/BECARD//KIRITATI/2*TRCH/3/BECARD G38
gUAIU #1/3/T.DICOCCON P194625/AE.SQUARROSA (372)//3*PASTOR/4/QUAIU#2*2/5/SUP152/BECARD ggg
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Table 2. Kolmogorov-Smirnov test for normality of experimental errors in bread wheat

Test statistic

il 9031

(%) Location

2021-2022 2020-2021

0.1 0.05"s Ah\gij
0.17s 0.05" Dar{ﬁ)
b

Dezful

0.07"s 0.05"¢ 5
Js85

0.07"s 0.07"s Khoramabad
| | 2ab
ns n.s ano
0.1 0.09' o

": non significant

. < w ee NS
)‘JLS‘M)??; u5L0; :

(VFNIR) Jlo 93 13 b paiS gy Frpo aild 5)Slas o S yo (uibylg 4500 =Y Joio
Table 3. ((:é)oniginzegz 1a)nalys,is, of variance for grain yield trait in 40 Genotypes of wheat in during two years

— _?;95&‘%‘)‘31“'5 M:;l:)gf%tqiij:e Slj)nlfg; gzj;re @l as > df (&5 aie) Source of Variance
70.12 291588304.2% 2624295548.00 9 Environment
7.90 9866146.88** 295984406 50 30 (E:;ikia
124 1197372.47%* 46697526.49 39 Ge”"typif%

9.57 1020647.18** 358247163.00 351 qungg
11.14 356439.49 417034205.30 1170 E;Gf;
3742258849 1600 T°tj§'

12.04 (7)) ©lyis oy C.V. (%)

* and **: Significant at P<0.05 and P<0.01 probability levels, respectively

Table 4. The average of d

P<0.01 4 P<0.05 Jloisl paw )5 (65 cizo i iy s g 3¢

on 90 solase 1 (b puiS dilise (glacuigl (nSSke =¥ Jgi

eat in the investigated environments

ifferent genotypes of bread wh
8 E7 E6

E10 E9 E ES E4 E3 E2 El (4+555) Genotype
34132 7930.0 6644.5 4683.3 3940.2 4978.8 4406.3 41815 4064.6 3883.8 Gl
3408.0 8239.6 6078.0 4989.2 3980.6 4996.0 3820.8 4288.5 4183.3 4542.1 G2
3047.6 78125 6729.5 5268.3 4370.8 4933.8 3952.1 4460.5 4197.9 5245.0 G3
3227.4 7851.7 6541.3 5445.0 4717.3 47235 4012.5 4086.5 3993.8 5054.2 G4
3829.9 8346.7 6968.3 5655.0 3530.1 5766.8 3629.2 4068.5 3958.3 4579.2 G5
3616.0 7598.8 6317.0 6138.3 4714.4 5069.3 3781.3 4241.0 4302.1 4694.0 G6
3586.8 6729.2 6527.0 4255.8 4561.8 4464.8 4933.3 3768.5 3854.2 4313.2 G7
3486.1 6906.3 6472.8 5051.7 3067.1 5293.5 44417 4125.0 4654.2 4505.8 G8
32535 8062.5 8533.8 53325 3776.5 5516.8 4177.1 4561.5 3889.6 4588.8 G9
3486.1 8281.7 8116.3 5635.0 4267.2 5548.0 4743.8 4735.0 3983.3 4560.8 G10
3692.7 7692.5 72445 5004.2 4288.1 5235.3 3933.3 4189.5 4033.3 4408.3 G11
3616.3 6909.2 7473.0 5375.0 4186.5 5372.8 4139.6 4617.5 3904.2 4010.8 G12
3138.9 7588.7 6660.3 5558.3 5016.3 4600.3 4037.5 3991.0 3554.2 4582.5 G13
3670.1 71146 7137.8 5155.8 5407.5 3958.0 4795.8 4419.5 4006.3 3638.8 Gl4
3519.1 7542.1 6390.3 5315.8 3887.0 4572.5 4250.0 4172.0 39125 4015.4 G15
3635.4 7776.3 6657.0 5383.3 3837.3 4453.3 3293.8 4619.5 4268.8 5077.5 G16
34705 6510.8 7041.0 5460.0 3854.6 4774.0 4239.6 4118.5 3818.8 4325.8 G17
3850.7 73775 7683.8 6107.5 4320.8 5183.3 44125 4533.0 4179.2 4629.2 G18
3574.7 6708.3 7014.5 5559.2 3801.2 5180.0 3883.3 4305.5 3960.4 4399.6 G19
3250.0 6835.0 6903.0 4574.2 4376.0 5339.8 4018.8 4064.5 4466.7 3686.7 G20
3724.0 7034.2 8203.0 5153.3 3300.2 5228.0 4402.1 4564.5 3847.9 4580.4 G21
3588.5 8307.1 5688.8 5533.3 5562.0 4992.5 5108.3 3927.5 3918.8 4577.1 G22
3696.2 8330.8 5689.5 5105.0 4684.5 5077.5 3858.3 3950.5 41125 4825.8 G23
3496.5 9265.8 6224.5 5180.0 4288.6 4954.5 4427.1 4127.0 4070.8 3949.6 G24
3663.2 6028.7 6230.3 5875.8 4062.3 5020.5 4637.5 4213.0 4047.9 4675.4 G25
3510.4 8344.2 7439.3 5449.2 3868.3 41415 37313 4192.0 4322.9 4898.8 G26
3099.0 10000.0 6680.3 5711.7 4872.1 5259.8 3277.1 4130.0 4156.3 4511.3 G27
3446.2 8505.4 7535.5 5585.0 4137.0 44423 5235.4 4328.5 34125 5428.3 G28
3805.6 8422.1 7813.0 5920.0 4149.0 5444.0 4070.8 4386.5 3420.8 4836.3 G29
3487.9 7523.8 6973.8 4706.7 4254.5 3430.0 3720.8 4325.0 4070.4 4614.2 G30
2887.2 6354.2 6984.5 5020.8 3827.0 3552.0 4160.4 4350.0 4281.3 3696.7 G31
2918.4 9393.7 6922.8 4532.5 4347.6 3983.3 4041.7 4152.0 4531.3 4735.8 G32
3876.7 6848.8 7667.0 5532.5 4183.3 5459.0 4604.2 4143.0 4325.0 4679.6 G33
3802.1 7578.3 7356.3 5719.2 3866.7 4511.8 4452.1 4397.5 4170.8 4633.8 G34
3758.7 6890.8 7505.3 5446.7 4856.8 4821.8 4035.4 4162.0 3922.9 4602.5 G35
3406.3 7166.2 7682.8 53125 4449.1 3630.0 3420.8 4396.5 3735.4 4790.8 G36
3263.9 6989.6 7419.5 5896.7 3846.5 4086.3 4847.9 4441.0 4035.4 4176.7 G37
3980.9 74275 7387.0 5673.3 3094.4 4846.8 4195.8 4578.5 4122.9 4727.9 G38
3423.6 7649.2 7767.0 5522.5 4412.0 4681.8 5756.3 4567.0 3950.0 4323.8 G39
3418.4 7325.8 7641.0 5367.5 4809.3 3801.8 4377.1 3918.0 4568.8 3637.9 G40
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Figure 2. Biplot of the average- environment coordination for simultaneously, selection of yield and stability
of bread wheat promising lines in different environments
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Figure 3. Comparison of bread wheat genot{pes against the position of an ‘ideal’ variety for grain yield and stability

of performance in different environments
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