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

G
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Gy
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Gir
Gig
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Gao

Hana (T. durum)
Parsi (T aestivum)

SOOTY_9/RASCON_37//SOMAT 3.1/4/GRO_2/YUAN_1//ARLIN/2* ACO89/3/JUPARE C 2001
SOOTY_9/RASCON_37//SOMAT _3.1/5/GUAYACAN
INTA/KUCUK/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1/8/AVTA/...

BOOMER 33/ZAR/3/BRAK 2/AJAIA 2//SOLGA_8/10/PLATA 10/6/MQUE/4/USDAS73//QFN/AA 7/3/
ALBA-...

P91.272.3.1/3*MEXI175//2*JUPARE C
2001/5/ARTICO/AJAIA 3//HUALITA/3/FULVOUS_1/MFOWL 13/4/TECA96/TILO 1/6/...
SOOTY_9/RASCON_37//STORLOM/5/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS
_4/3/CANELO_9.1/6...

SOOTY_9/RASCON_37//SOMAT 3.1/3/SOOTY_9/RASCON_37//STORLOM/4/SOOTY_9/RASCON_37/
/GUAYACAN..

PLATA_6/GREEN_17//SNITAN/4/YAZI 1/AKAKI 4/SOMAT 3/3/AUK/GUIL//GREEN/5/RCOL/GUAN
AY*2//SOMAT 3/GREEN 22
PLATA_ 6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA 20/4/SILVER 14/
MOEWE
P91.272.3.1/3*MEXI175//2*JUPARE C
2001/5/PLATA_6/GREEN 17//SNITAN/4/Y AZI 1/AKAKI 4//SOMAT 3...
MAALV/5/LOTUS_5/SORD_1/3/CANELO_8//SORA/2*PLATA_12/4/YAZI_1/AKAKI 4//SOMAT 3/3/A
UK/GUIL//GREEN
SCRIP_1//DIPPER 2/BUSHEN 3/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1
1A.1D 5+1-06/3*MOJO//RCOL/3/SOMAT 3/PHAX 1/TILO_1/LOTUS 4
PLATA 6/GREEN_17/3/CHEN/AUK//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA_20/4/...
TAMAROU/8/R143/RUFF//STIL/3/Y AV79/4/SHWA/MALD/5/ALTAR
84/6/TILO_1/LOTUS 4/7/CAMAYO
ADAMAR 15//ALBIA_1/ALTAR 84/3/SNITAN/10/PLATA_10/6/MQUE/4/USDA573//QFN/AA_7/3/...
WID22202/5/TOSKA_26/RASCON_37//SNITAN/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO _9.1/6/...
SOOTY_9/RASCON_37//JUPARE C 2001/6/PLATA_6/GREEN 17/3/CHEN/AUK//BISU/5/PLATA _3//...
ZHONG ZUO/2*GREEN 3//SORA/2*PLATA 12/10/PLATA 10/6/MQUE/4/USDAS573//QFN/AA 7/3/...
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1- Singular valued composition
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Table 2- Combined analysis of variance for durum wheat genotypes in four locations and two years

5 il @3ljl sy ©laypo (ke 2 dugi il ly
S.0.V. df Mean of squares Explained variance
o
. 3 127.14™ 43.22
Location
Ju 1 17.48" 1.98
Year ’ ’
gt 3 61.63" 20.95
Locationx year
(el S5t
16 1.54 2.79
Block (experiment)
) 19 0.78" 1.68
Genotype
o s 57 0.67" 4.33
Genotypex location
Joo o3 19 127" 2.73
Genotypex year
Lox Sox Cuigi} o
o ol i3 57 1.04 6.46
Genotypex location x year
lo31 oLzl
T 304 0.46 15.85
Error
el p8
- 9.6 -
CV (%)
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Table 3- Mean of grain yield of durum wheat cultivars and promising lines in four locations (Isfahan, Karaj,
Kermanshah and Neishabour) (2016-2018)

&> 3 Slos
&S cp¥ sl oS oY, Grain yield (t.ha)

Code of wheat lines Cultivar/Line oldo! s alisle )5 By o] oSSl
Isfahan Karaj Kermanshah Neishabour Mean

G Hana (T. durum) 7.600 7.211 8.499 5.386 7.120
G Parsi (T. aestivum) 7.924 7.039 9.041 5.321 7.264
G3 DM-95-3 7.458 6.839 7.879 5.64 6.972
Gy DM-95-4 7.382 6.647 6.886 5.427 6.751
Gs DM-95-5 6.895 6.961 7.926 5.707 6.907
G DM-95-6 8.158 7.297 7.744 5.585 7.259
Gy DM-95-7 7.127 7.195 8.214 5.77 7.058
Gg DM-95-8 7.448 6.780 7.354 5.865 6.901
Gy DM-95-9 7.064 6.900 7.133 5.471 6.703
Gio DM-95-10 7.504 6.908 7.959 5.903 7.076
G DM-95-11 7.853 6.989 7.608 5.542 7.048
G2 DM-95-12 7.374 7.111 8.19 5.615 7.004
Gi3 DM-95-13 7.148 6.825 8.038 5.342 6.909
Gis DM-95-14 7.212 7.058 8.266 5.47 7.040
Gis DM-95-15 7.286 7.017 8.431 5.545 7.098
Gie DM-95-16 7.214 7.603 8.507 5.226 7.228
Gy DM-95-17 7.148 7.117 7.693 5.897 6.899
Gisg DM-95-18 7.338 7.933 7.31 5.277 7.058
Gio DM-95-19 6.851 7.156 7.726 5.647 6.847
Gao DM-95-20 6.897 6.303 7.212 5.585 6.574

Mean ke 7.344 7.044 7.881 5.561 6.986
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. L s lons
lf"’iy 8 ko Diseases™ DHE DMA PLH(cm) K.C. TKW(g)
Lines number YR LR
G, 5R/MR 5R 172 212 89 A 37
G, 5R 20MR 170 212 90 A 37
G3 10R/MR 5R 174 212 83 A 36
Gy SMR/MS 15MR 173 212 85 A 35
Gs 2R 30MR-MS 172 213 87 A 36
G 15R/MR 5R-MR 173 213 88 A 35
Gy 5R/MR 5R 172 211 87 A 37
Gg 20MR/MS 15MR 173 213 87 A 36
Gy 15MR 40MS 171 212 89 A 35
Gio 5R/MR 5R 169 210 88 A 32
Gy 10R 25MR 172 212 88 A 38
G2 5R/MR 5R-MR 171 211 90 A 37
Gis 10MR 15R-MR 174 213 90 A 36
Gig 5R/MR 15MR 171 211 86 A 38
Gis 5R 15MR 171 211 88 A 37
Gie 5R 5R 171 211 90 A 37
G 15MR 5R 173 213 88 A 35
Gig 10R/MR 5R 173 211 92 A 38
Gig 5R 10MR 173 211 87 A 37
Gao 10MR/MS 5R-MR 174 213 87 A 35

&b lin 59 TKW il Ky :KC gy glisyl PLH  Saasy b 3oy sliad DMA 238l b g sl :DHE ¢ slogd 55 :LR )5 S55:YR
YR: Yellow rust, LR: leaf rust, DHE: number of days to heading stage, DMA: number of days to maturity stage, PLH: plant height,
KC: kernel color, TKW: 1000-kernel weight.
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Introduction

Durum wheat (Triticum turgidum L. var durum) consist of only 5% of the world’s total cultivated wheat area
and contributes about 10% to the total global wheat production. Durum wheat in Iran is grown on 300-400
thousand hectares with an average annual production of 500-600 thousand tons. 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 variabilities 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 (Yan & Rajcan, 2002). Many statistical models
have been suggested to analyze genotype (G)x environment (E) interaction. GGE (genotype plus genotype-by-
environment) biplot method is a multivariate model, which is based on principal component analysis that
simultaneously represents G, E and GxE interaction on a graph known as biplot. GGE biplot is widely used in
agricultural research as it provides a simple graphical interpretation of GXE interaction. The aim of the study was
to evaluate the grain yield stability and adaptability in some promising durum wheat lines grown in moderate
regions of Iran.

Materials and Methods

Eighteen promising durum wheat lines (Gi-Gig) along with two control cultivars (durum wheat cv. Hana and
bread wheat cv. Parsi), were investigated based on a randomized complete block with three replications for two
cropping seasons (2016-2017 and 2017-2018) at four Agricultural Research Stations (including Karaj, Ahwaz,
Kermanshah, Neishabour and Isfahan cities, Iran). Combined analysis of variance for grain yield was performed
using ADEL-R software. The GGE biplot methodology was employed to analyze GXE interaction (Yan, 2001).
The GGE biplot model was used for the following purposes; (i) evaluation of yield stability, (ii) the simultaneous
selection for yield and stability, (iii) identification of ideal durum wheat genotypes, and (iv) assessment of the
characteristics of and relationships among the testing environments.
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Results and Discussion

About 70% of variation was related to environment, 1.7% to genotype and 13.5% to genotypex environment
interaction. Overall the grain yield of the lines ranged from 6.57 to 7.26 t.ha'! and the Gy and G; lines had the
lowest and highest grain yield, respectively. Also, Gs and Gie lines had higher yield than Dena cultivar (Gi).
Surveying Polygon of GGE biplot showed that genotypes G, Gis, Gs, Ga, G20, Gs and Gs which had the most
distance from Bipolt center and located in Polygon vertices that they were premier genotypes. The lines which
designed from Biplot center divided the shape of Polygon to four environments. The first environment was
included into the Isfahan in which genotype Gs had the most performance. The second environment was
included into the Karaj that G, was premier genotypes of this environment. The third environment was included
into Kermanshah that genotype Gis was high performance genotype in this environment. The fourth environment
was included into the Neishabour in which genotype Gz was premier genotype. The Gi2, G, and Gio genotypes,
which were located near the center of the biplot, had performance in all environments. Simultaneous evaluation
of grain yield and stability through environment coordinate (AEC) biplot showed that genotypes G, Gi and Gisg
with the higher grain yield were the most stable genotypes. There were many similarities between Karaj and
Kermanshah environments as well as Karaj and Isfahan. The angles between these two environmental groups
were less than 90 degrees. In contrast, the angle between Neishabour environment and Kermanshah and Karaj
environments was distorted and near 180 degrees. These results verified the Karaj station was close to the ideal
environment. Gz and Gi¢ genotypes were identified as favorable genotypes in Karaj environment.

Conclusion

GGE Biplot was an appropriate graphical method for simultaneous selection of performance and stability of
cultivars and lines. Based on the results, genotype Gs in Karaj, Gs in Isfahan and Gz in Neishabour were the best
genotypes in terms of yield and stability. Generally, Gis can be considered as a favorite promising line compared
to the control cultivar Hana and as a candidate in the temperate climates.

Keywords: Genotype x environment interaction, GGE biplot, Sustainability, Superior genotype



