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Abstract

Introduction

Durum wheat (Triticum turgidum L. var. durum) is an important crop for the human diet grown
in many parts of the world predominantly for semolina and resulting pasta production. The
presence of genotype x environment interaction (GEI) is a challenge for breeders in evaluating
genotypes in multilocational trials. The use of statistical models such as GGE biplot assist
breeders in quantifying and understanding the patterns of GEI and in evaluating the performance
of genotypes in various environmental conditions. This allows breeders to select stable and
adaptable genotypes for a range of environments. 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 aim of this research was to select
promising durum wheat lines in terms of stability and high grain yield by GGE biplot and SHMM
models.
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Materials and Methods

In this study, 17 promising lines of durum wheat with three check Hana, Aran, Mehregan in five
research centers of Kermanshah, Khorramabad, Karaj, Dezful and Fars (Darab) in the form of
randomized complete blocks design in 3 replications and in two cropping seasons (2020-2022)
were cultivated and compared. The studied genotypes were planted in six lines along 6 m with a
line distance of 15 cm. Seed rate was determined by 450 seeds per square meter considering the
thousand kernel weight for each genotype. Seeds were sown using an experimental plot planter
(Wintersteiger, Ried, Austria). The fertilizer composition was 32 kg ha™ nitrogen (twice), and di-
ammonium phosphate and potassium sulfate were 100 and 50 kg ha™, respectively (before
planting). After the removal of perimeter plants, all experimental plots were harvested with an
experimental grain harvester (Wintersteiger, Ried, Austria).

Results and Discussion

The results of the combined variance analysis of grain yield showed that the differences between
the test environments, genotypes and genotype x environment interaction effect are significant at
the 1% level. The highest grain yield in the first year was observed in Kermanshah station (Ker1)
(8441 kg ha™) and the lowest seed yield in Khorramabad in the first year (Khol) (5648 kg ha™)
and Karaj in the second year (Kar2) (5961 kg ha™). GGE biplot analysis determined two durum
wheat environmental groups. The first environmental group contained of Khol, Darl, Karl, Kar2
and Dar2 environments, where the recommended genotypes 18, 17, 2 and 19 produced the
highest yields. The second environmental group comprised of Kho2, Dez1, Ker2, Dez2 and Kerl
environments, where genotypes 12, 9 and 8 were the best adapted genotypes. Biplot results
showed that genotypes 10, 5, 13, 18 and 16 were more stable than other genotypes, respectively.
Comparison of the examined genotypes with the ideal genotype showed that genotypes 18 and 10
are the closest genotypes to the ideal genotype, which in addition to high grain yield, had high
yield stability. Dar2 was the closest environment to the ideal environment. The results showed
that the classification of environments based on the SHMM model was completely consistent
with the GGE biplot model. Based on environmental vector of the biplot, Dar2 and Kerl had high
discriminating ability for the genotypes. Also, Dezful in the first and second year (Dezl and
Dez2), Karaj in the second year (Kar2) and Kermanshah in the second year (Ker2) showed low
discriminating ability for genotypes. The environments that were placed in the same group were
close to each other in terms of genotype X environment interaction values. Based on the SHMM
model, the environments with the least cross over effects are placed in one group. Accordingly,
the placement of Kermanshah and Dezful in the same group indicates the relative similarity of
these places. Also, these results were confirmed by the GGE biplot model.

Conclusion

As a conclusion, GGE biplot identified G10 (DW-99-10) and G18 (DW-99-18) as the superior
durum wheat genotypes which that can be released as new commercial cultivars for the temperate
and warm regions of Iran.

Keywords: Grain yield, Heat map, Multivariate methods, Promising genotypes, Yield
performance
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Table 1. Pedigree of examined durum wheat promising lines in 2020-2022 cropping seasons.

Genotypes

Code

Pedigree

G1
G2
G3
G4
G5

G6

G7

G8

G9

G10

G1l1

G12

G13

G14

G15
G16

G17

G18

G19

G20

DW-99-1
DW-99-2
DW-99-3
DW-99-4
DW-99-5

DW-99-6

DWw-99-7

DW-99-8

DW-99-9

DWwW-99-10

DWwW-99-11

DW-99-12

DW-99-13

DW-99-14

DW-99-15
DW-99-16

DW-99-17

DW-99-18

DW-99-19

DW-99-20

Aran (Check)
Hana (Check)
Mehregan (Check)
GERUFTEL-1//GUAYACAN INIA/2*SNITAN
CEMEXI C 2008/5/2*GUAYACAN INIA/POMA _2//SNITAN/4/D86135/AC0O89//
PORRON_4/3/ SNITAN
ALTAR 84/BINTEPE 85/3/STOT//ALTAR
84/ALD/4/POD_11/YAZI_1/5/VANRRIKSE_12/SNITAN /6/
SOOTY_9/RASCON_37//WODUCK/CHAM_3/10/CHEN_1/TEZ/3/GUIL//CIT71/Cl1/4/
SORA /PLATA _12/5/STOT//ALTAR
84/ALD/9/USDA595/3/D67.3/RABI//ICRA/4/IALO/S/HUI/YAV_1/6/ ARDENTE/7/ HUI/
YAV79
TUNSYR-2/6/ALTAR
84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AUK/5/ SOMAT _4/
INTER_8/10/SWAHEN_2/KIRKI_8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTAR
84/3/SNITAN/9/ GUAYACAN
INIA/GUANAY/8/GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/5/ ENTE/MEXI_2//HUI/4/
YAV_1/3/LD357E/2
CEMEXI C 2008/5/2*GUAYACAN
INIA/POMA_2//SNITAN/4/D86135/AC0O89//PORRON_4/3/ SNITAN
CIRNOC
2008/5/CMH85.797//CADO/BOOMER_33/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO
9.1
SOMAT_3/PHAX_1/ITILO_1/LOTUS_4/3/GUANAY/5/NETTA_4/DUKEM_12//RASC
ON_19/3/SORA/2*PLATA_12/4/GREEN_18/FOCHA_1//AIRON_1/6/PLATA_6/GREE
N_17/3/CHEN/AUKI//BISU*2/5/PLATA_3//CREX/ALLA/3/SOMBRA_20/4/SILVER_14
/MOEWE
SWAHEN_2/KIRKI_8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTAR
84/3/SNITAN/9/GUAYACAN
INIA/GUANAY/8/GEDIZ/FGO//GTA/3/SRN_1/4/TOTUS/5/ENTE/MEXI_2//HUI/4/YA
V_1/3/LD357E/2*TC60//J069/6/SOMBRA_20/7/JUPARE C
2001/10/PLATA_6/GREEN_17/3/CHEN/AUK//BISU*2/5/ PLATA _3//
MOHAWK/6/LOTUS_5/F3LOCAL(SEL.ETHI0.135.85)/5/CHEN/ALTAR
84/3/HUI/POC//BUB/ RUFO
J4IFNFOOT/7/SORA/2*PLATA_12/3/SORA/2*PLATA_12/ISOMAT _3/4/AJAIA_13/YA
ZI //DIPPER_2/ BUSHEN_3
GEROMTEL-3/5/ARMENT//2*SOOTY_9/RASCON_37/4/CNDO/PRIMADUR//HAI-
OU_17/3/SNITAN
MAALI/5/1A.1D 5+1-
06/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/11/SELIM
/10/RCOL/THKNEE_2/9/USDA595/3/D67.3/RABI//ICRAI4/ALO/5/HUI/YAV_1/6/ARD
ENTE/7/HUI/YAV79/8/POD_9
ASA DE CORVO/4/ATIL/3/KNIPA/TAGUA//IPLANETA/TRILE
ALTAR
84/STINT//SILVER_45/3/GUANAY/4/GREEN_14//YAV_10/AUK/5/GUAYACAN
INIA/YEBAS_8 /3/TOPDY_18/FOCHA_1//ALTAR 84/6/CBC 514
CHILE/3/AUK/GUIL//GREEN
CBC 509 CHILE/6/ECO/CMH76A.722//BIT/3/ALTAR
84/4/AJAIA _2/5/KJOVE_1/7/AJAIA 12/ F3LOCAL
(SEL.ETHI0.135.85)//PLATA_13/8/SOOTY_9/RASCON_37//
WODUCK/CHAM_3*2/9/ HUBEI//
SOOTY_9/RASCON_37/3/2*SOOTY_9/RASCON_37/4/2*SOOTY_9/RASCON_37
SARAGOLLA/12/SOOTY_9/RASCON_37/3/SOOTY_9/TARRO_1//AJAIA_2/10/PLAT
A_10/6/MQUE/4/USDA573//IQFN/AA_7/3/ALBA-D/5/AVO/HUI/T/PLATA _13/8/
THKNEE_11/9/CHEN/ALTAR 84/3/ HUI
/POC//IBUB/RUFO/4/FNFOOT/11/RISSA/GAN//POHO_1/3/PLATA_3//CREX/ALLA/4/
JUPARE C 2001/5/ARMENT
T.DIC 1460/MEXI75//MEXI75/T.MONOC.2433/3/CEMEXI C
2008/4/SOOTY_9/RASCON_37
Terl//Mrf1/Stj2/3/Icasyrl




\PA

bpass paS s Shee bl 4 10 8en 5 &S e s

sols b byl opl Sl odd esls OliS
S ,lsga5 ool 53 Cpimman Ll 1) LIl Glaes 55
0353 g8 Sl Lo 53 i 55 5 Shae ¢ Lo 8
Ly sk, o3lbl ja oS o) sbay (il Jases OT
Sy sl Slize bame 0T 0355 G55 @
blowe OT N
Krimizadeh et al., 2020; Zali et al., 2021; )
oSy, sy, (Najafi Mirak et al., 2023
0L OV S8 53 ey 3550 Sl 53 S 55
Sl passs pAS Gl (slac g 55 sl s
Sle Sgli men 5 Jame OS5 55 s 5 Shes
O S sl ol K3 lamms 4 (a1 0T
33 ol lat Jol Jle s ails 5 Shae o
S 5 G s p 5 ASAFFY) (Kerl) oliile S
07FA) (Khol) Jsl Jle )3 sLTp 5 55 4l s Shae
0471) (Kar2) pss Jlw 53 & 8 5 (LS rjf}x;

b odalie GESa 3 0 8 kS

ol 0350 Lo s)

o g b

313 Ol &ls 3 Sas S 0 il yls 4 ol
5 bew sl (bl Gl Glase o oD
Jaelr) il n 1o fme Lo pn ) mbas 3 filie Dl 3]
Sl oS ols O a5 Sl 035 Sl gne (Y
Shols 5 039 Soglize wls > Shae i 51 o)z 3550
6l 5 Shae O s g oMl 5 g g il e &
2 oS85 el e e Ol Calbes lakies )
Gl )3 5 0358 QLSS (o) )50 Slatesms
s les o i Gl Gslize e 55 alies
Sy SE5 g5 sms Ss Dobea lesy il
Shoss css) lels Jlal wls 5 Shes
s o Sl 1) Jasee Lol s oS A L Gl
S o Sslite b b pattie jsba ans oyl
a5 BB Loes L LOT Jlits J1 pomes 5 s 55

(Najafi Mirak et al., 2018) .l .
6ls 5 Shes 551, b8 lases VS s

p 2o Sk 53 )5 pAST G g5

Table 2- The results of the combined variance analysis of the grain yield of durum wheat genotypes
during two cropping years (2020-2022)

S.0.V df Mean of square (MS)

Environment (Env) 9 105840592**

Location (Loc) 4 56052747**

Year 1 66287208**

Loc x Year 4 165516783**
Errorl 20 829943
Genotype (Gen) 19 1401057**
Env x Gen 171 1264069**

Gen x Loc 76 1371042**

Gen x Year 19 781552**

Gen x Loc x Year 76 1277724**
Error 380 314406
CV (%) 7.71

**: Significant at the probability level of 1%
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Figure 1. Heat map of grain yield distribution of 20 durum wheat genotypes in 10 investigated

environments.

Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah,
Dezful, Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are
the first year (2020-2021) and the second year (2021-2022), respectively.
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Figure 2. (A) Polygon of GGE biplot to determination durum wheat best promising lines, (B) Biplot

of the average-environment coordination (AEC) for simultaneously, selection of seed yield and
stability of durum wheat promising lines in 10 investigated environments.
Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah,

Dezful, Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are

the first year (2020-2021) and the second year (2021-2022), 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 durum wheat genotypes comparison with ideal environment.

Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah,
Dezful, Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are
the first year (2020-2021) and the second year (2021-2022), respectively.
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Figure 4. Biplot of correlation map among environment
Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah,
Dezful, Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are
the first year (2020-2021) and the second year (2021-2022), respectively.
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Table 3. Clustering steps of SHMM procedure

Step Jointed clusters No. environment Distance
9 Dez1 Kho2 2 0.278
8 Khol Kar2 2 0.492
7 Derl Dez2 2 0.573
6 Karl Darl 2 0.645
5 Darl CL8 3 0.816
4 CL9 Ker2 3 1.112
3 CL5 CL6 5 2.106
2 cL4 CL7 5 2.518
1 CL3 CL2 10 2.818

Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah, Dezful,
Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are the first year
(2020-2021) and the second year (2021-2022), respectively.



V¥

...l.g(aj);:rﬁ:ﬁkséjl.\iqu&:olj&a)dfﬂ‘s&;ﬁ

CL2

CL3

CL4

CL7

Darl Khol Kar2 Karl Dar2 Dezl Kho2 Ker2 Kerl Dez2

Name of Observation or Cluster

Maximum distance between clusters

Figure 5. Classification of environments based on SHMM model
Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah,
Dezful, Khoramabad and Karaj, respectively. The number 1 and 2 in the environmental codes are
the first year (2020-2021) and the second year (2021-2022), respectively.
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Table 4. The average morphological traits studied in different regions in the cropping years 2020-2022

VE ¥ Olals oY oyles FY Al ¢ alS Sl 5

Genotypes Days to spike emergence Days to maturity Plant height (cm) Thousand grain weight (g)
Dar Dez Kar Ker Kho Mean Dar Dez Kar Ker Kho Mean Dar Dez Kar Ker Kho Mean Dar Dez Kar Ker Kho Mean
Gl 107 100 174 175 143 140 146 147 219 212 182 181 101 94 80 87 76 87 52 42 45 32 44 43
G2 108 99 175 175 145 140 147 147 218 213 182 181 98 94 87 91 78 89 52 43 51 31 39 43
G3 106 102 167 172 143 138 143 146 214 212 184 180 100 96 77 91 72 87 46 44 50 32 39 42
G4 105 94 172 174 144 138 144 146 217 212 183 180 91 94 80 94 80 88 57 47 56 36 46 48
G5 106 96 169 174 142 137 144 143 218 213 183 180 92 99 80 86 7 87 49 44 43 34 38 42
G6 105 96 172 174 141 138 143 144 216 211 181 179 93 91 82 92 74 86 56 49 55 36 44 48
G7 107 97 173 175 143 139 146 145 217 212 185 181 91 93 78 92 74 86 49 45 51 33 42 44
G8 105 96 171 174 143 138 146 144 218 213 184 181 89 96 77 85 74 84 51 43 43 34 38 42
G9 108 98 174 175 144 140 148 147 219 213 185 182 93 95 77 86 76 85 50 41 48 30 38 41
G10 107 95 168 175 141 137 146 145 217 213 183 181 92 92 77 89 79 85 58 46 56 33 46 48
Gl1 105 95 175 174 142 138 144 143 217 212 183 180 93 89 80 90 77 86 52 39 46 30 38 41
G12 106 98 174 174 144 139 143 145 218 211 185 180 92 90 78 93 79 86 50 42 54 34 44 45
G13 105 97 171 174 146 139 145 146 219 212 184 181 91 89 78 82 83 85 55 46 51 33 40 45
Gl4 110 107 170 177 149 142 149 148 216 212 188 183 92 93 78 90 84 87 48 44 49 32 42 43
G15 108 99 171 176 144 140 146 147 217 213 187 182 91 86 82 87 79 85 51 43 48 33 40 43
G16 107 97 175 175 145 140 146 147 219 213 190 183 92 93 87 91 83 89 50 46 27 32 41 39
G17 107 94 168 174 143 137 147 144 217 210 187 181 94 87 75 88 78 84 48 40 47 29 37 40
G18 105 95 167 174 141 136 146 147 218 213 185 181 90 88 75 83 75 82 51 41 50 31 44 43
G19 110 105 176 176 145 142 149 149 220 213 190 184 93 95 88 88 75 88 45 40 46 29 43 41
G20 105 98 174 174 146 139 144 149 218 211 188 182 92 92 83 89 77 87 61 51 61 36 53 52
Mean 107 98 172 174 143 139 145 146 218 212 185 181 93 92 80 89 77 86 52 44 49 32 41 44

Environmental codes Dar, Ker, Dez, Kho and Kar represent the stations of Darab, Kermanshah, Dezful, Khoramabad and Karaj, respectively.
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