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Extended Abstract

Background: As one of the most influential cereals, wheat is among the most important food
sources in Asian countries, including Iran, which has more cultivated area than other plant crops
in Iran. Durum wheat is a type of tetraploid wheat that is particularly important for use in the
food industry, especially pasta production. Durum wheat is a good source of dietary fiber,
protein, and a wide range of vitamins and minerals such as iron, magnesium, and B vitamins,
making it a healthy and nutritious food. This product also has a special economic importance for
Iran and is a strategic product that has a significant impact on the country's agricultural
economy. Based on the stability and productivity of plants in changing environmental
conditions, plant breeders can develop products that are more flexible and have good stability
even in the face of climate change and other environmental challenges. The upcoming study
aims to investigate the durum wheat genotypes produced by Iranian breeders and their response
to environmental changes to make it possible to introduce these genotypes as cultivars that can
be planted by farmers.

Methods: To verify the feasibility of introducing new durum wheat varieties with high yields
and stable performance in different environmental conditions, 18 genotypes of durum wheat
along with two control varieties (Hana and Parsi) were studied in four crop years at the research
station of the Agricultural Research and Training Center and The natural resources of
Kermanshah Province (Islamabad West Agricultural Research Station) based on a completely
randomized block design in three replications and four consecutive years from 2013 to 2016.
After adjusting the data, composite variance analysis was performed considering year x
genotype in relation to grain yield. Due to the significance of the genotype x environment
interaction effect, the averages were compared for genotypes and the environment, as well as for
their interaction, and stability analysis was calculated by univariate and multivariate methods.
The univariate methods included environmental variance parameters (S2), coefficient of
environmental changes related to all investigated environments (CV), Rick's equivalence (W2),
Shukla's stability variance (Shukla-Var), regression coefficients based on the Eberhart-Russell
model to analyze the genotype % environment interaction effect on the regression components
(b), the standard error value or deviation from the regression line in the Eberhart-Russell model
(Sd), and the explanatory coefficient value of the regression model in the Eberhart-Russell
model (R2). Moreover, multivariate methods, including the AMMI method, the GGE method,
and the heat mapping method, were used to analyze the stability of genotypes. SAS software
was used for calculations related to composite analysis of variance (ANOVA) and mean
comparison. Univariate stability calculations were done using the codes written by the authors
in the matrix language of SAS software, which is known as Interactive Matrix Language. R
software and the agricolae library were used for calculations related to multivariate methods in
AMMI and GGE models. Heat mapping was also done in R software with the ggcorrplot library.

Results: The composite ANOVA in this research showed the significance of the main effects of
genotype and environment alone and the genotype x environment interaction effect in grain
yield. Due to the significant genotype x environment interaction effect, the response of
genotypes to different environments is different. Thus, analysis of stability was carried out by
univariate and multivariate methods to allow for the introduction of new durum cultivars with
high potential in terms of grain yield and production stability in different environments. The
heat mapping results showed that this method could separate the three environmental groups
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and confirmed the average comparison results. The number of separated groups of genotypes
based on experimental environments also included four different groups. The different stability
methods used in this research also showed differences in relation to the stability and sensitivity
of genotypes. Therefore, the ranking method was used based on different sustainability models.
Accordingly, genotypes 3, 13, 14, and 16 produced high final yields and good stability (above
average), and genotypes 18 and 19 showed high stability and good total yields based on all
stability methods. The first four genotypes, with good stability, produced a higher average yield
than both controls, but the next two genotypes, with high stability, showed a higher yield than
the Hana variety and less than the Parsi variety.

Conclusion: Different methods of univariate stability, including environmental variance,
coefficient of environmental change, Shokla variance, the regression sum of squares method,
regression coefficient, the residual of the regression model, and explanatory coefficient, along
with multivariate methods, including AMMI and GGE models as well as the heat mapping
method were examined to estimate the stability and the response of 18 durum wheat genotypes
along with two control varieties (Hana and Parsi). It was found that heat mapping had a good
performance in assessing the response of the genotypes to environmental conditions and could
separate three environmental groups, which confirmed the results of the average comparison.
The number of separated groups of genotypes based on experimental environments included
four different groups. Based on the stability analysis results, genotypes 14, 16, 13, and 3
produced high final yields and good stability (above average) based on all stability methods, and
genotypes 19 and 18 showed high stability and good total yields (above average). The first four
genotypes, with good stability, produced higher average yields than both controls, but the next
two genotypes, with high stability, showed higher yields than the Hana variety and less than the
Parsi variety. Finally, it is suggested that these six genotypes enter the regional research-
promotion tests for further investigation so that the most suitable ones are finally introduced as a
new variety of durum wheat.

Keywords: AMMI, Clustering, Environmental Coefficient of Variation, GGE Biplot, Heatmap,
Univariate Stability Analysis
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Table 1. Genealogy and number related to genotypes of the genotypes examined in the experiment along with the

names used in the research station

(Pedigree) o >3 Name Gﬁﬂr?]%'fre
Hana (T. durum) (Hana) bla 1
Parsi (T. aestivum) (Parsi) 4 2
SOOTY_9/RASCON_37//SOMAT_3.1/4/GRO_2/YUAN_1//ARLIN/2*ACO89/3/JUPARE C 2001 DM-95-3 3
'SOOTY_9/RASCON_37//SOMAT _3.1/5/GUAYACAN
INIA/KUCUK/4/ARMENT//SRN 3INIGRIS_: 4/3/CANELO 9.1/8/AVTA/ALTAR 84/5/CHEN/ALTAR DM-95-4 4
84/3/HUI/POC//BUB/RUFO/4/FNFOOT/6/SORA/2*PLATA_12//SOMAT_3/7/SOOTY_9/RASCON37
BOOMER_33/ZAR/3/BRAK_2/AJAIA_2//SOLGA_8/10/PLATA, 10/6/MQUE/4/USDA573//QFN/AA 7/3/ALBA-
D/5/AVO/HUI/7/PLATA “13/8/THKNEE_11/9/CHEN/ALTAR DM-95-5 5
84/3/HUI/POC//BUB/RUFO/4/FNFOOT/11/ARTICO/AJAIA_3//HUALITA/3/FULVOUS_1/MFOWL_13/4/TECA96/TILO_1/12/
SORA/2*PLATA_12//
P91.272.3.1/3*MEXI75//2*JUPARE C
2001/5/ARTICO/AJAIA_3//[HUALITA/3/FULVOUS_1/MFOWL_13/4/TECA96/TILO_1/6/RISSA/GAN//POHO_1/3/PLATA_3// DM-95-6 6
CREX/ALLA*2/4/ARMENT//SRN _3/NIGRIS 4/3/CANELO 9.1
SOOTY_9/RASCON_37//STORLOM/5/TOSKA_26/[RASCON_37//SNITAN/AJARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/6/R DM-95-7 7
ISSA/GAN//POHO 1/3/PLATA . 3//CREX/ALLA*2/4/ARMENT//SRN 3/NIGRIS 4/3/CANELO 9.1
SOOTY_9/RASCON_37//SOMAT_3.1/3/SOOTY_9/RASCON_37//STORLOM/4/SOOTY_9/RASCON_37//[GUAYACAN DM-95-8 8
IN|A/3/SOOTY 9/RASCON _37//LLARETA INIA
PLATA_6/GREEN_17//SNITAN/4/YAZI_1/AKAKI 4I/SOMAT 3/3/AUK/GU|L//GREEN/SIRCOL/GUANAY*ZIISOMAT 3/GR DM-95-9 9
EEN. | 22
PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA . 3//CREX/ALLA/3/SOMBRA 20/4/SILVER_14/MOEWE DM-95-10 10
P91.272.3.1/3*MEXI75//2*JUPARE C
2001/5/PLATA_6/GREEN_17//SNITAN/4/YAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL//GREEN/6/D94528/2*JUPARE C DM-95-11 11
2001/5/TARRO 1/TISOMA 2//TARRO_1/3/COMB DUCK_2/ALAS//4*COMB DUCK_2/4/SHAG_9/BUTO_17
MAALI/5/LOTUS ! 5/SORD_1/3/CANELO 8//SORA/2*PLATA 12/4/YAZI_1/AKAKI 4//SOMAT 3/3/AUK/GUIL//GREEN DM-95-12 12
SCRIP_: l//DIPPER 2/BUSHEN 3/4/ARMENT//SRN 3/NIGR|S 4/3/CANELO 9.1 DM-95-13 13
1A.1D 5+1- 06/3*MOJO//RCOL/3/SOMAT 3/PHAX 1//TILO 1/LOTUS 4 DM-95-14 14
PLATA_6/GREEN 17/3/CHEN/AUK//BISU*2/5/PLATA 3/ICREX/ALLA13ISOMBRA 20/4/ DM-95-15 15
TAMAROI/8/R143/RUFF/ISTIL/3/Y AV79/4/SHWA/MALD/5/ALTAR 84/6/TILO 1/LOTUS 4]7ICAMAYO DM-95-16 16
ADAMAR_15//ALBIA_1/ALTAR 84/3/SNITAN/10/PLATA 10/6/MQUE/4/USDA573//QFN/AA 713/ DM-95-17 17
WIDZZZOZ/S/TOSKA 26/RASCON _37//SNITAN/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/6/ DM-95-18 18
SOOTY_9/RASCON_37//JUPARE C 2001/6/PLATA_6/GREEN_17/3/CHEN/AUKI//BISU/5/PLATA_3//.. DM-95-19 19
ZHONG ZUO/2*GREEN 3//SORA/2*PLATA 12/10/PLATA 10/6/MQUE/4/USDA573//QFN/AA 7/3/.. DM-95-20 20
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Table 3. Mean comparison of grain vyield for year and genotype

hzgadele cpe)l g Slolw b e

VEF /Y oyl [ppdan Jlo [ £ly; lalS oMol aob jings

BBl Ojaod cdsii o Jo gl ald 3, Sles 1 SSko duslio =Y Joio

(Grain Yield (t/hc)) (e ;5 oy5) 4ily 3 Slas (Year) Ju
8688/5 a 1396
732116 b 1393
72997 b 1395
6221/1 ¢ 1394

(Grain Yield) «ls »,Slos ( Genotype) cuis;
795213 a 14
787213 a 16
7738/9  ab 13
7660/9  abc 7

7587  abc 3

7569  abc 2
7521/7  abcd 8
7420/1  abcd 15

7405  abcd 17
7382/5  abcd 19

7337  abcd 18
7336/8  abcd 10
7253/9  abcd 4
7239/4  abcd 20
7226/6  abcd 12
7217/8  abcd 1
7213/4  abcd 5
6961/6  bcd 9
6920/6  cd 1
6837/6 d 6

Table 4. Comparison of the mean interaction effect of year x genotype in grain yield

Ll (C)Z) LSD o¥9) u.:L»l » Ls)m )IJULM M) J3ls J):M.o gy L5|)|J dmu‘iﬂm
Means with common letters do not have statistically significant differences based on the LSD method (5%).

b o Slas )3 gy X o Joliie 5l 1Sk duolio =¥ Joio

JENNET wigs  Jw 1 (Yield)sShe vy Ju >Skos ) Ju > Shes s Jw
GrainYield Genotype Year Genotype Year Yield Genotype Year Yield Genotype Year
8864.4 1 1396 b-k  7703.3 1 1395 i-m 65404 1 1394 I-m 5763 1 1393

a-d  9057.8 2 1396 a-h 84889 2 1395 k-m 6078 2 1394 i-m 66513 2 1393
aj 81922 3 1396 b-k  7710.6 3 1395 k-m  6143.1 3 1394 aj 83019 3 1393
a-d 8985 4 1396 k-m 61139 4 1395 k-m 60114 4 1394 a-k  7905.2 4 1393
a-e  898L.1 5 1396 cl 71506 5 1395 i-m  6668.7 5 1394 k-m  6053.3 5 1393
a-h  8755.6 6 1396 cl 72422 6 1395 k-m  6136.4 6 1394 I-m 52163 6 1393
a-j 8173.3 7 1396 a-j 8112.8 7 1395 k-m 5911.3 7 1394 a-i 8446.1 7 1393
a-c  9093.3 8 1396 k-m 5930 8 1395 k-m 5948 8 1394 a-b 91154 8 1393
a-h  8567.8 9 1396 k-m  6185.6 9 1395 k-m  6048.8 9 1394 d-l 70444 9 1393
af 88794 10 1396 cl 71006 10 1395 i-m 65324 10 1394 g-m 68347 10 1393
a-h 8627.8 11 1396 e-l 6991.1 11 1395 m-m 4964.4 11 1394 c-l 7099 11 1393
a-h 88383 12 1396 el 69917 12 1395 j-m  6263.9 12 1394 h-m  6812.3 12 1393
a-h 87789 13 1396 b-k  7867.2 13 1395 i-m 64327 13 1394 ak  7876.9 13 1393
a-h 8640 14 1396 aj  8202.8 14 1395 i-m  6655.6 14 1394 aj 83108 14 1393
a 94783 15 1396 b-k  7602.8 15 1395 I-m  5626.5 15 1394 e-m  6972.8 15 1393
a-h 88228 16 1396 af 8910 16 1395 i-m 6700 16 1394 d-l  7056.3 16 1393
b-k 7549.4 17 1396 c-l 7317.2 17 1395 j-m 6329 17 1394 a-i 8424.1 17 1393
a-i 83122 18 1396 d-l 70517 18 1395 d-l 70611 18 1394 e-m  6923.1 18 1393
a-i 84233 19 1396 d-l  7045.6 19 1395 i-m  6636.7 19 1394 b-l 74242 19 1393
a-h  8749.4 20 1396 j-m 62756 20 1395 I-m 57325 20 1394 aj  8199.9 20 1393

RV (AZ) LSD Uigy oolwl Lg)l.o] o sixe BB W1 S e Bgp (yld sl Slo
Means with common letters do not have statistically significant differences based on the LSD method (5%).
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Table 5. Value of univariate stability statistics in wheat genotypes and ranking of genotypes based on these statistics

separately
o . . obly ! e S -
Omep bl glod g Sy care SayVlegst e Sy oo ke bl N9
9 )l
Coefficient of Standard Regression Shukla Wrick’s Environmental Environmental Genotype
Determination error Coefficient Stability Ecovalance Coefficient of Variance (S?)
(R?) (sd) (b) Variance w2) variation
(cV)

0.585 2983697.1 1.024 164174.94 2288933 16.27 1378855.7 1
0.749 3739753.9 1.219 118749.31 1683542 16.33 1528098.1 2
0.823 1496686.4 0.789 38490.62 550327.68 10.32 583380.92 3
0.702 3690719.9 1.191 139889.73 1970489.8 17.21 1557591.4 4
0.671 2783540 1.023 112345.48 1579873.7 15.2 1200985.5 5
0.592 3812926.9 1.16 210860.37 2938831 19.37 1752104.4 6
0.498 2047060.5 0.814 156242.99 2163238.6 13.22 1025207.4 7
0.587 4385024.6 1.242 253078.63 3523063.6 19.38 2023539.5 8
0.829 2581148.8 1.038 47359.83 692123.95 14.39 1002558.6 9
0.905 2248921.5 0.991 20263.17 317540.29 12.47 835763.42 10
0.952 4659197 1.445 62363.64 930749.83 18.78 1687972.5 11
0.947 2584229.6 1.074 12279.09 215176.26 13.41 938762.35 12
0.927 1909747.1 0.919 13996.32 225864.31 10.83 701366.69 13
0.746 1416859.9 0.749 55816.55 784057.69 9.58 580151.45 14
0.984 5389171.1 1.566 74816.3 11111114 18.68 1920737 15
0.568 2150326.8 0.862 129507.3 1801441.1 12.76 1008756.7 16
0.233 744412.64 0.406 202256 2759149.4 9.97 545174.22 17
0.717 772916.85 0.548 72409.26 994509.69 7.75 322710 18
0.932 1191882.6 0.727 24137.07 348823.85 8.95 436494.03 19
0.837 3493579 1.211 70101.47 1017425.3 16.46 1350052.3 20
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Table 6. The ranking of wheat genotypes based on the stability univariate statistics separately
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13 12.71 4 13 11 17 17 13 14 1
15 14.14 11 16 17 13 13 14 15 2
4 6 12 5 5 5 5 5 5 3
16 14.29 8 15 15 15 15 16 16 4
12 11 7 12 10 12 12 12 12 5
18 16 6 17 14 19 19 19 18 6
10.5 9.57 2 7 6 16 16 9 11 7
20 17.29 5 18 18 20 20 20 20 8
10.5 9.57 13 10 12 6 6 11 9 9
7 7.57 15 9 9 3 3 7 7 10
17 15.43 19 19 19 8 8 18 17 11
8 8.86 18 11 13 1 1 10 8 12
55 6.57 16 6 8 2 2 6 6 13
3 5.57 10 4 4 7 7 3 4 14
19 16.86 20 20 20 11 11 17 19 15
9 9.14 3 8 7 14 14 8 10 16
55 6.57 1 1 1 18 18 4 3 17
1 4.86 9 2 2 10 9 1 1 18
2 5 17 3 3 4 4 2 2 19
14 13 14 14 16 9 10 15 13 20
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Figure 1. Environmental variation coefficient of different genotypes calculated based on seed yield
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Table 7. Analysis of variance related to the AMMI model
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Figure 2. Biplot related to the interaction effect of genotype and environment with AMMI model
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Figure 3. The variance justification value of each component along with the biplot diagram related to stability
analysis in the GGE model
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Heatmap GGE AMMI Univariate Methods Yield Rank
14 18 18 18 14 1
13 15 19 19 16 2
7 19 11 14 13 3
3 10 13 3 7 4
16 3 15 13 3 5
2 12 10 17 2 6
18 13 12 10 8 7
19 11 3 12 15 8
10 5 14 16 17 9
12 1 9 7 19 10
5 14 20 9 18 11
1 20 5 5 10 12
6 7 2 1 4 13
15 9 16 20 20 14
11 4 4 2 12 15
8 6 7 4 1 16
4 2 8 11 5 17
20 17 17 6 9 18
9 8 1 15 11 19
17 16 6 8 6 20
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