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Table 1- Name and pedigree of durum wheat cultivars and promising lines

L Y o Lo

W Y 0 yoeid
Lines . .
Pedigree of lines
number
G Dena (T .durum)
Gy Parsi (T aestivum )
Gs GUANAY*2/4/CHEN_1/TEZ/3/GUIL//CIT71/CII/S/SOMAT 4/INTER_8/6/SOOTY_9/RASCON _37//TILO
_1/LOTUS 4
CLAUDIO/7/ECO/CMH76A.722//BIT/3/ALTAR
Gy 84/4/AJAIA_2/5/KIOVE 1/6/MALMUK 1/SERRATOR 1/8/HUBEI/3*SOOTY_9/RASCON_37/3/CRAK
E 10/RISSA
1A.1D 5+1-
Gs 06/3*MOJO//RCOL/3/SNITAN/SOMAT 3//FULVOUS_1/MFOWL_13/10/AVILLO 1/3/CANELO_8//SOR
A/2*¥*PLATA _12/9/
USDAS95/3/D67.3/RABI//CRA/4/ALO/S/HUI/YAV _1/6/ARDENTE/7/HUI/'YAV79/8/POD_9
Ge ARMENT//2*SOOTY_9/RASCON 37/4/CNDO/PRIMADUR//HAI-OU_17/3/SNITAN
G PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/ Sﬁég;FVAE_N/ CREX/ALLA/3/SOMBRA _20/4/SILVER 14/
PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
G D/5/AVO/HUI/7/PLATA _13/8/THKNEE 11/9/CHEN/ALTAR
84/3/HUI/POC//BUB/RUFO/4/FNFOOT/10/GREEN_32/CHEN_7//SILVER 14/3/DIPPER 2/BUSHEN 3/4
/SNITAN
Go GODRIN/GUTROS/DUKEM/3/THKNEE 11/4/DUKEM_1//PATKA 7/YAZI 1/3/PATKA_7/YAZI 1/5/A
JAIA 12/F3LOCAL(SEL.ETHIO.135.85)//PLATA 13/3/ADAMAR
WID22248/10/LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEXI 2//HUI/4/'YAV _1
Gio /3/LD357E/2*TC60//J069/8/SOMBRA_20/9/JUPARE C
2001/11/PORTO_6/GREEN 38/3/SOMAT 3/PHAX 1//TILO_1/LOTUS 4
CLAUDIO/10/PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
Gu D/5/AVO/HUI/7/PLATA 13/8/THKNEE 11/9/CHEN/ALTAR 84/3/HUI/POC//BUB/RUFO/4/
FNFOOT/11/AJAIA_ 12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/POD_9/4/RASCON_37*2/TARRO
_2/5/SORA/2*PLATA_ 12//SOMAT 3
G MERIDIANO/3/SOMAT 3/PHAX 1//TILO_1/LOTUS_4/5/TATLER_1/TARRO 1/3/CANELO_8/SORA/2
*PLATA 12/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1
Gis AJAIA 12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMBRA _20/4/SNITAN/5/SOMAT 4/INTER _
8/6/SOMO/CROC_4//LOTUS_1/3/KITTI/4/JUPARE C 2001
Gis SOOTY_9/RASCON_37//GUAYACAN INIA
STOT//ALTAR 84/ALD/3/THB/CEP7780//2*MUSK _4/6/ECO/CMH76A.722//BIT/3/ALTAR
Gis 84/4/AJAIA_2/5/KJOVE 1/7/RASCON_37/2*TARRO_2/4/ROK/FGO//STIL/3/BISU_1/5/MALMUK 1/SE
RRATOR 1
PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/ALBA-
Gie D/5/AVO/HUl/7/PLATA_13/8/RAF197/9/MALMUK 1/SERRATOR_1/10/ARMENT//SRN 3
/NIGRIS 4/3/CANELO 9.1/11/SHAG 21/DIPPER 2//PATA 2/6/ARAM _7//CREX/ALLA/S/ENTE/MEXI
_2//HUI/4/Y AV _1/3/LD357E/2*TC60//J069
G AJAIA 12/F3LOCAL(SEL.ETHIO.135.85)/PLATA_13/3/SOMAT 3/4/SOOTY_9/RASCON 37/5/1A.1D
17 5+10-6/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO 9.1
ISLOM_1/DUKEM 2//TARRO_3/5/CREX//BOY/YAV_1/3/PLATA_6/4/PORRON_11/6/YAZI 1/AKAKI
Gig 4//[SOMAT 3/3/AUK/GUIL/GREEN/7/TOSKA 26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS

4/3/CANELO 9.1
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Table 2- Combined analysis of variance for durum wheat genotypes in three locations and two years

5 gl @3l ey Slazpo (ke 2 4o il g
Source of variation df Mean of squares Explained Variance (%)
U'Kf’ 3 127.14ns 43.22
Location
b 1 17.48%* 1.98
Year
Jooxgfse 3 61.63%* 20.95
Location xyear
(oialefl) S5k 16 1.54 2.79
Block (expriment)
) 19 0.78ns 1.68
Genotype
oo i 57 0.67ns 433
Genotypex location
Juo s 19 1,27+ 2.73
Genotypex year
Jlx GlSex e 57 1.04%%* 6.46
Genotypex location xyear
wrielei] ol 304 0.46 15.85
Error
Oyt gy B 9.6 )
CV (%)

3o yd s Jloin | o 53 45 dxe sy 4 FF g b el MS
ns: nonsignificant and **: significant at 1% probability levels, respectively.
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Table 3- Variance analysis of additive main effects and multiplicative interaction for durum wheat lines yield

i Zle @3l 4y Olapo (Wbe 2l gl uilyyly
S.0.V. df Mean of squares Explained variance (%)
£ 323 27 ;
Total
o 107 6.75" -
Treatment
5 17 0.59 1.4
Genotype
b 5 124.86™ 86.5
Environment
(GE) s S 85 1.03" 12.1
Interaction (GE)
IPCA, 21 2.07" 49.64
IPCA; 19 0.95 20.56
olecdl 45 0.85™ 29.83
Residuals
*Ssh 12 424" -
Block
A 204 0.49 -

Pooled error

Soyd K g g Jlein] polaw )3 5 dxe i 4 FEGF g b ixe i ms

ns: nonsignificant, * and **: significant at 5% and 1% probability levels, respectively
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Fig. 1- Biplot of genotypes and environments mean and the values of their first IPCA
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Fig. 2- Bioplot resulting from IPCA1 and IPCA: values of genotypes and environments
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Table 4- Mean yield, coefficients of interaction components, AMMI and Wrick statistics and their ranks for genotypes

‘o S 8des (ke : : : : :
s Mean yield * ppcar ¥ pca, 0 asvi R XA
Genotypes (tha™) ank Rank Rank Rank Rank

1 8.193 3 -0.2 4 -0.55 17 0.73 5 1.8464 15 6.36

2 8.401 1 -0.33 7 -0.22 8 0.83 7 1.3923 9 4.79

3 7.961 11 0.58 16 -0.32 11 1.43 16 1.4055 11 4.84

4 8.022 7 0.35 8 -0.21 7 0.87 8 0.8589 2 2.96

5 7.947 12 0.37 10 0.17 5 0.91 9 1.0559 5 3.63

6 7.972 10 0.49 13 -0.25 9 1.21 13 1.4881 12 5.12

7 7.896 15 0.51 14 -0.19 6 1.24 14 1.3599 7 4.68

8 7.852 16 0.56 15 -0.002 1 1.35 15 1.0347 4 3.56
9 7.927 13 0.005 1 0.7 18 0.7 4 4.7616 18 16.39

10 7.995 10 -0.46 12 0.09 3 1.11 12 2.5062 17 8.63

11 7.925 14 -0.22 6 0.54 16 0.76 6 1.6412 13 5.65
12 8.047 4 -0.39 11 0.11 4 0.95 10 2.365 16 8.14

13 7.784 17 0.21 5 0.43 12 0.66 3 0.6304 1 2.17

14 8.366 2 0.35 9 -0.52 15 0.99 11 0.9115 3 3.14

15 8.006 8 0.16 2 0.48 13 0.62 2 1.3844 8 4.77

16 8.024 6 -0.17 3 0.26 10 0.49 1 1.2025 6 4.14

17 8.032 5 -0.99 18 -0.51 14 2.44 18 1.4048 10 4.84

18 7.647 18 -0.8 17 0.009 2 1.93 17 1.8023 14 6.2
5] B e 10y W2 ¢ lacaiss sl Sy psVIsST W2 dacaisi) sly ol g0l o)l AS Vi dacsiss <yl adlge uesd 5 sl IPCA,  [PCA,

e 31,5

IPCA| and IPCA;: The first and second components of genotypes effects, ASVi; AMMI stability value for genotypes, W2i: Wrick
equivalence for genotypes, and %W?>i: Percentage share of each genotype in interaction

Lluse grad, 9 Su,y ui¥lgeS! g AMMI (glao,lol g Joliie 551 (gWdilie cul b clrsme 5 Sk (pilo -0 Jou>
Table 5- Mean yield of environments, coefficients of interaction components, AMMI and Wrick statistics and their ranks for environments

OoeSbe
Jb ol 35k ) pCA 0 pCA SoAsy; 0wy 0wy,
Year Location Mean yield ~ Rank Rank Rank Rank Rank
(t.ha'l)
2015-16 Os 7.592 4 1.63 6 -0.53 3 15.73 5 108 6 37.29
Karaj 7
2015-16 sbidle S 10.628 1 0.12 2 0.65 4 0.51 1 2.62 1 8.99
Kermanshah
2015-16 ”JLM 8.538 2 -0.28 3 0.33 2 0.56 2 3.37 3 11.54
Neishabour
2016-17 Os 7.074 5 -0.68 4 -0.17 1 2.71 3 3.95 4 13.53
Karaj
2016-17 sbidle 6.172 6 -0.8 5 -1.03 6 4.42 4 5.55 5 19.02
Kermanshah
2016-17 ”JLM 7.995 3 -0.04 1 0.74 5 0.56 2 2.81 2 9.63
Neishabour

e 51 )3 lamo & vt 2u0yd W2i% dalame (glp Koy (VST W2 dalaxe (gl AMMI (g)lib o)lo] :ASV ¢ oo Il adhe (yogd 9 oulgl IPCA; ¢ IPCA,
IPCA, and IPCA,: The first and second components of environments effects, ASV;: AMMI stability value for environments, W2;: Wrick
equivalence for environments, and W2%: Percentage share of each environment in interaction.

9 VYA L s a0 Mg W lacis] &5 (590 ) il DAY Slacain « Sy pu¥lgeST olub pelly bl
(¥ Jodn) dags Ly Jilite 31 cpl g 1y i oy by duoyd A/SY FINVE XAE YW L Sy 4 g 009 icaisss cpyiylul W V8
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Introduction

Durum wheat (Triticum turgidum L. var durum) consists of only 5% of the world’s total cultivated wheat
area and contributes about 10% to the total global wheat production. In recent years, the production level of
durum wheat has risen to more than 30 million tons and EU, USA and Canada together representing 60% of the
production. Durum wheat in Iran is grown on 300-400 thousand hectares with an average annual production of
500-600 thousand tons. Increase in yield is one of the primary aims pursued in plant breeding programs. Similar
to other crops, insufficient yield stability in durum wheat is recognized as a one of the factors responsible for the
gap between actual yield and potential yield. In breeding programs, the identification of superior genotypes is
difficult due to environmental variability of target locations and the interaction of these variability with the
investigated genotypes. Therefore, it is important to evaluate the advanced agronomic lines across various
environments and over multiple years to ensure their yield stability and production. Many statistical models have
been suggested to analyze GXE interaction. The additive main effects and multiplicative Interaction (AMMI)
model is a multivariate statistical method that entirely justifies genotype and environment main effects as well as
multiplicative GXE interaction effects. This method provides a clear interpretation of GXE interaction effect. The
objectives of this study were to analyze genotype by environment (GE) interactions on the seed yield of some
durum wheat lines by AMMI model and to evaluate genotype (G), environment (E) and genotypex environment
(GE) interactions using statistics parameter i.e. AMMI stability value (ASV) and ecovalence (W2;).

Materials and Methods

Sixteen promising durum wheat lines (Gi-Gie) along with two check cultivars (durum wheat cv. Hana and
bread wheat cv. Parsi), were investigated for two cropping seasons (2015-2016 and 2016-2017) at three
Agricultural Research Stations (such as Karaj, Kermanshah and Neishabour cities) The experimental design at
all locations was a randomized complete block design with three replications. Some agronomic attributes such as
the number of days until anthesis stages, plant height, number of days till physiological maturity, 1000-kernel
weight and grain yield were determined for each genotype. However, only the grain yield data was used to
analyze GxE interactions. Combined analysis of variance for grain yield was performed using ADEL-R
software. The GGE Biplot methodology was employed to analyze GxE interaction. The AMMI M model was
used for the following purposes; (i): Evaluation of yield stability, (ii): The simultaneous selection for yield and
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stability, (iii): Identification of ideal durum wheat genotypes, and (iv): Assessment of the characteristics of and
relationships among the testing environments.

Results and Discussion

The combined analysis of variance showed that the main effects of year and location were significant at 1%
probability level, while the main effect of genotype had not significant. Genotypex year interaction and triple
genotype X year X location interaction were significant at 1% probability level and also genotype X location
interaction was significant at 5% probability level, indicating genotype * environment interaction. The results of
AMMI ANOVA showed that about 86.5% of total variation was related to environment effect, 1.4% to genotype
effect and 12.1% to genotypex environment interaction. Overall, the average grain yield of the evaluated lines
ranged from 7.6 to 8.4 tha! and the Gis and G, lines had the lowest and highest grain yield, respectively. Main
effect due to environment and genotype X environment interaction as well as two first interaction principal
components (IPCA..») were found to be significant, indicating that the agroclimatic environmental conditions
were different, and that there was a differential response of the genotypes to the environments. The first two
IPCA components of the GE interaction explained about 70.2% of the GE interaction. According to IPCA,, Go,
Gis and Gie had the lowest scores and were the most stable genotypes whereas Gi; and Gis with the highest
scores were found to be unstable. The lowest ASV was observed for Gis that was the most stable genotype
whose mean yield was higher than the grand mean. However, the highest ASV scores were achieved by Gi7 and
Gis. AMMI Biplot was used to visualize mean seed yield performance and stability of durum wheat genotypes.
AMMI Biplot was able to distinguish stable genotypes with broad sense and narrow sense adaptation and
environments with high and low genotype discrimination ability. The genotype Gis with higher seed yield than
the total mean were the most stable genotypes, while the genotypes Gi7 and Gig with the highest contribution to
GE interaction were the most unstable genotypes. Wricke’s ecovalence stability parameter (W?) showed that the
genotypes Gis, G2, Gs and G4 were the most stable genotypes.

Conclusion

The results indicated that AMMI model and their biplots was an appropriate method for simultaneous
selection of performance and stability of cultivars and lines. Also, according to all of methods, genotype Gis was
selected as a stable and high genotype across all environments. Finally, it can be considered as a favorite
promising line compared to the check cultivar Hana and as a candidate in the temperate climate.

Keywords: Genotype x environment interaction, Stability, Superior genotype.



