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Article Info ABSTRACT

Article type: Background and objectives: Durum wheat (7Triticum turgidum L.

Research Full Paper  var. durum) is an industrial and agricultural product that is mainly
used in pasta production industries. One of the important goals of
durum wheat breeding programs is to produce high-yielding cultivars
that have suitable characteristics for cultivation in different regions of
the country. Therefore, the purpose of this research was to investigate

Article history: the genotype x environment interaction using GGE biplot graphic
Received:2023-1-24 method in durum wheat promising lines and to identify and introduce
Revised: lines with economic and stable yield for introduction and cultivation

Accepted: 2023-7-14  jp different regions of the country.

Materials and methods: In this experiment, 18 promising lines of
durum wheat with two check Hana and Aran in five research stations
of Karaj, Kermanshah, Khorramabad, Dezful and Darab (under two
Keywords: conditions of normal irrigation and irrigation cutting during the

Genotype ¢ * flowering stage) were cultivated and compared in the form of
?;Z;:::irgﬁn randomized complete blocks design in three replications and in two
GGE Biplot cropping seasons (2019-2021).

Heat map . . .
Qualitative Results: The results of two-year combined variance analysis for

characteristics grain yield under normal irrigation conditions in five research
Multivariate methods stations of Darab, Dezful, Khorramabad, Karaj and Kermanshah and
dry conditions at the end of the season in Darab showed that the
effect of year in both conditions and all stations was significant. In

9



normal irrigation conditions, the difference between genotypes grain
yield was significant in Darab, Dezful and Kermanshah stations, but
not significant in Karaj and Khorramabad stations. Genotype X year
interaction was significant under normal conditions in Darab and
Kermanshah, but not significant in Karaj, Dezful and Khorramabad.
Based on the average grain yield, lines G8, G9, G10, G14 and G18
(respectively with the average grain yield of 7725, 7597, 7742, 7661
and 7558 Kg ha™) were superior to the controls. According to the
GGE biplot, three large environments were identified. The first large
environment included Dezful and Khorramabad regions, and G8 and
G10 genotypes were among the top genotypes in these two regions,
respectively. The second largest environment was Kermanshah and
Karaj, and G9 and G14 genotypes were among the top genotypes in
these two regions. The third large environment included two test
conditions in Darab and the superior genotype in Darab was G18 in
both drought stress and non-stress conditions. GGE Biplot results
showed that G8 and G10 genotypes were among the most stable lines
and also had the highest grain yield. The comparison of the studied
lines with the ideal genotype showed that G10 and G8 are the closest
genotypes to the ideal genotype, which have the highest grain yield
and stability. The results of qualitative characteristics showed that the
hardness index average of genotypes was in the range of 57-58% and
the promising lines were not significantly different from the control
cultivars. G17 genotype had the lowest (14%) and G14 genotype had
the highest average of grain yellow berry (45%). Also, a relatively
large variation was observed in terms of the amount of wet gluten, so
that genotypes G9 and G13 had the lowest and highest amount of wet
gluten with 23.8 and 27.3%, respectively.

Conclusion: In general, according to the average grain yield and
GGE biplot results in both normal and drought conditions and
according to some quality characteristics of the grain, lines G8 (D-
98-8) and G10 (D-98-10) were selected as the most suitable lines for
both normal and dry conditions. These lines will be tested in on-farm
yield trials of next crop season and finally one of them will be
introduced as a new cultivar.

Cite this article: Najafi Mirak, T., Dastfal, M., Sasani, Sh., Sayyahfar, M., Farzadi, H., Naghipour, F.,
Zali, H. 2023. Selection of promising durum wheat lines based on grain yield and yield
stability using graphic methods and quality indexes. Crop Production Journal, 16 (3), 91-108.
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Table 1. Pedigree of durum wheat promising lines examined in the cropping years 2018-1400.

sl

Lo 55 o
Genotypes Origin Pedigree
Gl1 Aran
G2 Hana
48th GUAYACANINIA/2*SNITAN/7/ALTAR84/BINTEPES5/3/STOT//ALTAR84/AL
G3 D/4/POD_11/YAZI 1/5/VANRRIKSE 12/SNITAN/6/SOOTY_9/RASCON 37//W
IDYN " opuck/CHAM 3
CAMAYO//HYDRANASSA30/SILVER 5/3/SOOTY_9/RASCON 37/5/DUKEM
G4 48th 15/3/BISU_1/PLATA 16//RISSA/4/SOOTY 9/RASCON 37/6/SOOTY 9/RASCO
IDYN N . 37//TILO 1/LOTUS 4/ 7/BCRIS/BICUM//LLARETAINIA/3/DUKEM 12/2*RA
SCON 21
ALTARS84/BINTEPES85/3/STOT//ALTAR84/ALD/4/POD_11/YAZI 1/5/VANRRI
G5 48th KSE 12/SNITAN/6/SOOTY_9/RASCON | 37//WODUCK/CHAM 3/7/YAVT9/4/A
IDYN RMENT//SRN 3/NIGRIS 4/3/CANELO 9. l/S/MINH\/IUS/COMBDUCK 2//CHA
M 3/3/GREEN 19
MINIMUS/COMBDUCK 2//CHAM_3/3/FICHE 6/4/MOJO/AIRON/5/SOMAT 3.
G6 48th 1/ 6/CHEN/ALTAR84/3/HUI/POC//BUB/RUFO/4/FNFOOT/5/TTLO 1/LOTUS 4/ 1
IDYN 0/CBC509CHILE//SOOTY_9/RASCON _37/9/USDA595/3/D67. 3/RABI/CRA/4/A
LO/5/HUI'Y. AV_l/6/ARDENTE/7/HUI/YAV79 8/POD_9/11/ALTAR 84/S
CBCS509CHILE/5/2*AJAIA 16//HORA/JRO/3/GAN/4/ZAR/6/SOOTY_9/RASCO
G7 48th N _37//GUAYACANINIA/10/COMARA//SOOTY_9/RASCON 37/3/2*AJAIA 12/
IDYN F3LOCAL(SEL.ETHIO.135.85)//PLATA 13/9/USDA595/3/D67.3/RABI//CRA/4/A
LO/5/HUI/YAV_1/6/ARDENTE/7/HUI/'YAV79/8/POD_9
STORLOM/3/RASCON 37/TARRO 2//RASCON . 37/4/D00003A/5/1A.1D5+106/3
G8 48th *MOJO/3/AJAIA 12/F3LOCAL(SEL ETHIO.135. 85)//PLATA 13/6/SOOTY_9/R
IDYN ASCON_37//WODUCK/CHAM _3/3/SOMAT 3/PHAX 1//TILO_1/LOTUS 4/7/B
CRIS/BICUM//LLARETA INIA/3/DUKEM 122 *RASCON 21
48th GEROMTEL3/7/ALTAR84/BINTEPES5/3/STOT// ALTAR84/ALD/4/POD 11/YA
G9 Z1 1/5/VANRRIKSE 12/SNITAN/6/SOOTY_ 9/RASCON 37//
IDYN  WwODUCK/CHAM 3
th
G10 H‘;E;N GERUFTEL-1//GUAYACAN INIA/2*SNITAN
48th GUAYACANINIA/2*SNITAN/7/ALTAR84/BINTEPES5/3/STOT//ALTAR84/AL
Gl11 D/4/POD_11/YAZI 1/5/VANRRIKSE 12/SNITAN/6/SOOTY_9/
IDSN' RASCON 37/WODUCK/CHAM 3
ALTARS84/BINTEPE85/3/STOT// ALTAR84/ALD/4/POD 11/YAZI 1/5/VANRRI
Gl12 48th KSE 12/SNITAN/6/SOOTY_9/RASCON | 37//WODUCIUCHAM 3/7/TOPDY 18/
IDSN FOCHA 1//ALTAR84/3/AJAIA 12/F3LOCAL(SEL ETHIO.135. 85)//PLATA 13/4
/SOMAT 3/GREEN_22/5/VRKS 3/3/AJAIA 12/ F3ALOCAL(SEL.ETHIO.135
48th BCRIS/BICUM//LLARETAINIA/3/DUKEM 12/2*RASCON 21/5/CAMAYO/GU
G13 IDSN  ANAY/4/ARMENT//SRN 3/NIGRIS 4/3/CANELO 9.1
CBCS509CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR84/4/AJAIA_2/5/KJOVE 1/7/
Gl4 48th AJAIA 12/F3LOCAL(SEL.ETHIO.135.85)//PLATA 13/8/SOOTY 9/RASCON 37
IDSN //WODUCK/CHAM _3/9/BCRIS/BICUM//LLARETA
INIA/3/DUKEM 12/2*RASCON 21
GUAYACANINIA/POMA_2//SNITAN/4/D86135/ACO89//PORRON_4/3/SNITAN
Gl5 48th /5/CAMAYO/GUANAY/4/ARMENT//SRN_3/NIGRIS 4/3/CANELO 9.1/9/CBC5
IDSN 09CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR84/4/AJAIA 2/5/KJOVE_1/7/AJAI
A 12/F3LOCAL(SEL.ETHIO.135.85)// PLATA 13/8/SOOTY_9/RASCON
48th
Gl6 IDSN ATIL/BAIRDS
G17 I;‘)gsﬂll\l IcamorTA0471//IcamorTA0459/Arishahn10/3/Mgnl3/Ainzenl
G18 48th ICAMPORTA0469/4/ICAMPORTAO0463/3/CandocrossH25//Msbl1/Quarmal 04182/
IDSN 5/Icasyr2/6/Geromtell/Icasyrl
G19 48th ICAMPORTA0469/4/ICAMPORTAO0463/3/CandocrossH25//Msbl1/Quarmal 04182/
IDSN 5/Icasyr2/6/Geromtell/Icasyrl
G20 141-)85111] Miki3(Stj3//Ber/Lks4)

252 IDYN SIDSN alee clislosl cpazia 5 fgar 5l bappU el

The origin of the lines was from the 48th IDSN and IDYN international experiments.
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Table 2. The results of the combined variance analysis of the grain yield of durum wheat genotypes
during two cropping years (2019-2021).

wr)s Sl SSkee

Mean of square

S.0.V S il 3l

df  pa Da De Kh Ka Ke
Year Ju 1 1161 4448™ 7357 11.19™ 344" 552"
Block (Year) (e 3) S5k 4 4.01 0.47 0.576 3.7 1.05  0.822
Genotype Ry 19 0881° 110"  0.594° 1.53m oo7ns 0888
Genotype x Year dl 53 s 555 19 1227 1.69™  0.295%  1.58™  0307%  0.922"
Error el oLzl 76 052 0565 0284 1152 0764 0434

CV (%) (40 3) Sl s 15 12.4 10.3 8.1 147 110 87

ns s s

D3 pae 5 Ao ;5 0 JL@'»!CLM):)!:J‘MY,;JJ@: ERA
Al o S 5 sble 2 Jghss elaile S o (i 25 Jal 1) Cls oy ooyl O ae 5 54 Ka ; Kh De Ke Da2 Da oz slaas

*, ** and ns: Significant at the probability level of 1, 5% and non-significant, respectively.
Environmental codes Da, Da2, Ke, De, Kh and Ka represent the stations of Darab, Darab (drought stress condition),
Kermanshah, Dezful, Khoramabad and Karaj, respectively.
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Table 3. Combined variance analysis of grain yield in 12 studied environments during cropping years (2019-2021)

S.0.V e S S e
df Mean of square
Environment (Env) Lo 11 6207933 %*
Error 1 Vsl 24 1770721
Genotype (Gen) G5 19 1344038**
Gen x Env Lae X 5535 209 963304*
Error 2 A 456 620183

Aoy30 5 ) Jla] CEM 23l pme i g T 5T
* and **: Significant at the probability level of 1 and 5%, respectively.
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Figure 1. (a) Heat map of grain yield distribution of 20 durum wheat genotypes in different regions (b).
Heat map of grain yield distribution of 20 durum wheat genotypes in 12 investigated environments.

Environmental codes Da, Ke, De, Kh and Ka represent the stations of Darab, Kermanshah, Dezful, Khoramabad and

Karaj, respectively. The number 1 and 2 in the environmental codes are the first year (2019-2020) and the second
year (2020-2021), respectively. The numbers 3 and 4 in the environmental codes are the drought stress conditions in

the first year (2019-2020) and the second year (2020-2021), respectively. The environmental code Da2 in Figure "a"
is drought stress conditions at Darab station.
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Figure 2. (a) Polygon of GGE biplot to determination superior lines durum wheat (b) Biplot of the average-
environment coordination (AEC) for simultaneously, selection of seed yield and stability of durum wheat promising
lines in locations of Darab (Dry stress and no stress conditions), Dezful, Kermanshah, Karaj and Khorramabad.
Environmental codes Da, Da2, Ke, De, Kh and Ka represent the stations of Darab, Darab (drought stress condition),
Kermanshah, Dezful, Khoramabad and Karaj, respectively.
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Figure 3. (a) Biplot of durum wheat genotypes comparison with ideal genotype based on seed yield and
stability (b) biplot of correlation map among locations of Darab (Dry stress and no stress conditions),
Dezful, Kermanshah, Karaj and Khorramabad.
Environmental codes Da, Da2, Ke, De, Kh and Ka represent the stations of Darab, Darab (drought stress
condition), Kermanshah, Dezful, Khoramabad and Karaj, respectively.
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Table 4. Average quality indicators (hardiness index and yellow berry) of durum wheat genotypes in different regions.

(do53) (63,1 &I

$ls S
3] Yellow berry (%) Hardiness index
Genotype gy, Ke Ka De &% Kh  Ke Ka De &%
Mean Mean
Gl 4 30 30 3 17 56 56 56 60 57
G2 2 37 32 3.5 19 57 57 58 61 58
G3 2.5 21 28 9 15 56 58 58 59 58
G4 8 40 52 4 26 58 59 54 60 58
G5 21 33 40 2 24 55 59 57 59 58
G6 25 32 56 4 29 54 58 58 60 58
G7 14 36 55 12 29 56 57 57 60 58
G8 20 69 74 8 43 57 57 55 59 57
G9 40 48 25 6 30 55 56 59 60 58
G10 37 36 16 12 25 56 60 58 59 58
Gl11 25 22 8 10 16 56 59 57 60 58
Gl12 36 42 48 5 33 54 56 56 61 57
G13 22 51 45 1.5 30 58 57 58 60 58
Gl14 34 63 73 10 45 57 55 55 63 58
G15 5 47 30 4 22 56 58 56 62 58
Gl6 2 72 56 4 34 57 55 57 60 57
G17 2.5 24 20 10 14 56 60 57 60 58
G18 8 54 76 5 36 55 58 55 62 58
G19 5 44 67 5 30 57 59 55 62 58
G20 23 29 55 3 28 58 59 57 60 59

il S Ll = I 5355 wlisle S ool b a3 54 Ka 5 Kh De Ke o glass

Environmental codes Ke, De, Kh and Ka represent the stations of Kermanshah, Dezful, Khoramabad and Karaj,

respectively.
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Table 5. Quality indicators average (protein and wet gluten) of durum wheat genotypes in different regions.

(ko) wosb o 358 (Ao 3) ils (55
SNy Wet gluten (%) Grain protein (%)

Genotype 1} Ke  Ka  De F Kh Ke Ka De ¢
Mean Mean

Gl 25 20 22 34 253 12.5 114 11.6 13 12.1
G2 24 21 23 28 24 12.5 11.3 11.5 12.9 12.1
G3 20 22 24 31 243 12 11.5 12.2 12.9 12.2
G4 25 20 25 34 26 12.6 11.5 114 13.2 12.2
G5 20 23 23 32 24.5 12.4 11.5 11.5 13 12.1
G6 20 25 27 27 24.8 12.2 11.6 11.7 12.8 12.1
G7 25 21 24 29 24.8 12.6 11.3 12 13 12.2
G8 24 24 19 31 24.5 12.5 11.5 11.6 12.9 12.1

G9 22 22 22 29 23.8 12 114 11.8 12.7 12
G10 20 24 29 30 25.8 12.4 12 12.7 12.8 12.5
Gl11 20 22 29 33 26 11.8 12 12.3 12.9 12.3

G12 22 22 25 32 253 11.9 114 11.5 13 12
G13 24 23 28 32 26.8 12.6 114 12 12.9 12.2
Gl14 25 18 22 35 25 12.5 11.3 11.8 13.1 12.2
Gl15 25 20 25 33 25.8 12.6 11.5 11.6 13 12.2
Gl16 27 22 22 33 26 12.7 114 12 12.9 12.3
G17 22 30 25 32 273 12 11.8 12.3 13 12.3
G18 20 24 22 33 24.8 11.9 11.5 11.5 13.3 12.1
G19 25 25 21 32 25.8 12.6 11.7 114 13.2 12.2
G20 24 24 24 33 26.3 12.5 11.5 11.8 13 12.2

il S Ll = I 5355 wlisle S ool b o 3 54 Ka 5 Kh De Ke oz glass

Environmental codes Ke, De, Kh and Ka represent the stations of Kermanshah, Dezful, Khoramabad and Karaj,

respectively.
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