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Table 1. Geographical and meteorological characteristics of the experimental locations

ol Lo mlaw 5l gl =Bl Jb Bl o2 UL sl ke Ul Sl Sk
. . . . Average annual Average annual
Location Altitude (m) Longitude Latitude temperature (°C) rainfall (mm)
s 1300 57°50'E 35°48'N 15.91 250
Karaj
oLl S
1346 47°26'E 34°08'N 14.14 461
Kermanshah
06,5
1596 29°46'E 52°42'N 18.97 311
Zarghan

.[)U(a.tf‘_gh%}ijaﬁ}a)w—\' J}..\:.-

Table 2. Entry number and pedigrees of bread wheat genotypes.

OJ’.b-ﬂ
Pedigree

SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/KAUZ/FLORKWA-1
ATENA-1//MILAN/DUCULA

PASTOR-2/3/SHUHA-7//SERI 82/SHUHA'S'

HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR
SERIL.1B//KAUZ/HEVO/3/AMAD/4/SHUHA-7//SERI 82/SHUHA'S'
VEE7/KAUZ//PFAU/MILAN

ATTILA*2/PBW65//PFAU/MILAN
SERIL.1B*2/3/KAUZ*2/BOW//KAUZ/4/TEVEE'S/BOBWHITE #1
SERIL.1B*2/3/KAUZ*2/BOW//KAUZ/4/PFAU/MILAN
SHUHA-4//NS732/HER/3/MILAN/DUCULA

JAWAHIR-1/GIRWILL-5

SIDS-1//ATTILA*2/RAYON

ATTILA*2/RAYON//CATBIRD-1
SERI.1B//KAUZ/HEVO/3/AMAD/4/KAUZ/GYS//KAUZ
SERIL.1B//KAUZ/HEVO/3/AMAD/4/PFAU/MILAN
SERI.1B//KAUZ/GEN/3/AMAD/4/TEVEE'S/SHUHA'S'
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/HUBARA-13

CHAM-4/MUBASHIIR-9

SERIL1B*2/3/KAUZ*2/BOW//KAUZ/4/SHIHAB-7

WATAN-7/SEKHRAH-2

PASTOR-5/SHIHAB-5

CHIL/CHUM18//ATTILA*2/RAYON
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/KAUZ/GY S//KAUZ/5/MUNIA/ALTAR 84//MILAN
GOUBARA-1/ANGI-1//QAFZAH-21
QIMMA-12/REBWAH-13/3/NG8675/CBRD//MILAN
HOOSAM-8//CHAM-6/FLORKWA-2/3/ICARDA-SRRL-3
VEE7/KAUZ//PFAU/MILAN/3/MILAN/PASTOR
KATILA-8/4/SKAUZ/BAV92/3/CROC-1/AE.SQUARROSA (224)//OPATA/5S/MUNIA/ALTAR 84//MILAN
P1.861/RDWG//PBW343/3/MUNIA/ALTAR 84//AMSEL
ATTILA*2/CROW/3/KAUZ//KAUZ/STAR/4/ATTILA 50Y//ATTILA/BCN/3/SEKSAKA-1
SERIL.1B//KAUZ/HEVO/3/AMAD/4/CHAM-6/WW 1402/5/ICARDA-SRRL-8
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/6/LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/KAUZ/FLORKWA-1
PASTOR-2/3/SHUHA-7//SERI 82/SHUHA'S'

HOOSAM-8//CHAM-6/FLORKWA-2
SERI.1B//KAUZ/HEVO/3/AMAD/4/MNCH/3*BCN
KAUZ'S'/SERVI/4/SERI.1B*2/3/KAUZ*2/BOW//KAUZ

P1.861/RDWG//DAJAJ-10

SERI.1B//KAUZ/HEVO/3/AMAD/4/'WEAVER/JACANA
SERI.1B//KAUZ/HEVO/3/AMAD/4/ESDA/SHWA//BCN

SERI 82/SHUHA'S'//GRU90-204782/3/MUNIA/CHTO//MILAN
FLORKWA-2//MILAN/PASTOR
HUBARA-16/4/PASTOR/3/KAUZ*2/OPATA//KAUZ

WHEATEAR/22SAWSN - 156

TRACHA-2/SHUHA-3/3/SHUHA-7//SERI 82/SHUHA'S'
CHILERO-1/4/VEE'S'/3/HORK/4MH//KAL-BB/5/STAR'S/FLORKWA-2
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/FLORKWA-2
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Table 3. Combined analysis of variance for grain yield of bread wheat genotypes.

Sl e 35T 4 )3 e o e
S5.0.V DF MS
O
N 2 88.43%*
Place
(05 575, 3 1.39%+
Block (Place)
= 49 1.27%
Genotype
OOX 5 98 0.48%
GenotypexPlace
Lo
147 0.34
Error

(A 33) Ol i s 0
CV%

10.52

.c,ﬁuu@n,adu}%}@);)uw%jg**,*

* and**: significant at 5% and 1% probability levels, respectively

ok aalllan OIS 53 0 S glac g5 als 3, Shes ile anglie —F S
Table 4. Mean comparison of grain yield for bread wheat genotypes across the studied locations.

ol O s ) 5 Shes oyleds O s ) 5 Shes
No Yield (ton ha™) No Yield (ton ha™)
1 5.716™% 26 5.516°"
2 5.944*" 27 5.351¢
3 5.794* 28 6.253%°
4 5.817*" 29 6.005*"
5 5.684%* 30 4.949™
6 5.344 31 6.161%¢
7 5.246%" 32 6.489"
8 4,92 33 6.051"°
9 5.608"" 34 4.896"
10 5.161" 35 5.887*"
11 4.998¢" 36 5.509""
12 5.270%" 37 5.484""
13 5.966"" 38 5.154™
14 6.16"¢ 39 5.132™
15 4931" 40 4.978™
16 5.406%" 41 5.433%"
17 5.646%" 42 4.961"
18 6.336% 43 4.8454
19 6.075"¢ 44 5.804""
20 5.682%¢ 45 5.623%*
21 5.323* 46 5.87*¢
22 5.164"" 47 4.984"
23 5.685" 48 5.956""
24 6.316™ 49 5.355%
25 4.728' 50 6.102"¢

1 3 g D55 Ao > &S ezl el 53 LSD §a5T bl iz &5 e O 65 filo (sl 487 ola S0k
Means with at least one letter in common are not significantly different at the 1% probability level using LSD
test.
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Figure 1. Graphical display of data using a heat map in each location.
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Figure 2. Polygons of GGE biplot for determining superior genotypes in each location
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Figure 3. Biplot of correlation map among locations for bread wheat genotypes.
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Figure 4. Biplot of the average-environment coordination (AEC) for simultaneous selection of
grain yield and stability among bread wheat genotypes.
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Figure 5. Genotype comparison biplot relative to the ideal genotype for grain yield mean
and stability.
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Table 5. Mean of plant characteristics and relative yield of bread wheat genotypes.

° S - S S
L &W._s.o BT RTY YY) L.u(r.v&.v e Jm 058 (cm) sl (OB,3) 5,5 %5 2558855 o st K - u%»vv ;- u%»vv ;
” <> A S, T “lsodd ) s e 001200 =0 (oliile $) Glakys) e e
(ton.ha") (Gay) «ls (mg dh Cu%g,...n 4 dald 4
Grain
No ) ﬁm.ﬂm_v DHE (day) oﬂﬁw\% mww SFR (mg d) q@z PLH (cm) YR (Zarghan) %o:mwwmgs %8%%53 %RYM  %RYLC
1 5.716 154 193 39 1.03 40 110 SMR 5M (0] 103 94
2 5.944 151 189 38 1.21 46 104 10MR 10MR (0] 107 97
3 5.794 152 191 39 0.97 38 89 30MR 5M (0] 104 95
4 5.817 150 191 41 0.95 39 97 40M 10MS (0] 105 95
5 5.684 149 191 42 0.93 39 94 30MR-40MS 10MS (0] 102 93
6 5.344 154 193 39 0.74 29 91 80MS-S 10S (0] 96 88
7 5.245 150 189 39 0.85 33 92 40M O (0] 94 86
8 4.920 151 190 39 1.00 39 87 20MR SMR (0] 89 81
9 5.608 150 191 41 1.05 43 94 20MR O (0] 101 92
10 5.161 154 193 39 1.00 39 105 5R SMR (0] 93 85
11 4.997 149 190 41 1.02 42 104 SMR 5R (0] 90 82
12 5.270 151 193 42 0.95 40 97 5R (0] (0] 95 86
13 5.966 152 190 38 0.89 34 100 70MS 10MR (0] 107 98
14 6.160 150 189 39 0.97 38 98 10MR 10M (0] 111 101
15 4.931 149 188 39 1.10 43 97 50MS 10MS (0] 89 81
16 5.406 150 192 42 0.81 34 98 80S 60S (0] 97 89
17 5.646 150 191 41 0.98 40 101 60MS 60S (0] 102 93
18 6.336 149 190 41 0.93 38 100 30MR 308 (0] 114 104
19 6.074 149 190 41 0.98 40 101 10MR 10MS (0] 109 100
20 5.682 150 189 39 0.97 38 100 40M 30MS (0] 102 93
21 5.323 148 190 42 0.95 40 102 10M 10MS (0] 96 87
22 5.164 149 190 41 1.05 43 94 10R 10MS (0] 93 85
23 5.685 150 191 41 1.15 47 99 10MR 10M (0] 102 93
24 6.316 149 190 41 1.10 45 98 SMR 10MS (0] 114 104
25 4,728 146 185 39 1.00 39 97 S8O0MS 10MR O 85 77

DHE: Days to heading; DMA: Days to maturity; SFP: Seed filling period; SFR: Seed filling rate; TKW: Thousand grain weight; PLH: Plant heigh; YR: Yellow rust; LR: Leaf
rust; RYM: Relative yield to mean; RYLC: Relative yield to local check
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Table 5. continued =0 J g aals|

w &%.r:o ST BTS Els \.ctgwr ATES e 0ds (em) sl (6, 555 oS5 25555 Slosd 55 \%r.o - g%r..o .
” o> NEw S, TTEabo g g, i B RIS Gl s) e e
(ton.ha) Gsy) als (mg d™") Nl 4 dals 4
Grain -
No . oﬁﬂm_v DHE (day) _wwmm mww SFR m:m d quz PLH (cm) YR (Zarghan) Awoawmmgs %o:wwmgs %RYM  %RYLC
26 5.516 154 193 39 0.92 36 95 30MR O O 99 90
27 5.350 148 187 39 1.15 45 93 40MR O O 96 88
28 6.253 150 190 40 0.93 37 100 20MR 10M O 113 102
29 6.004 149 189 40 1.08 43 97 20M (0] O 108 98
30 4.949 147 188 41 0.95 39 92 80MS-S 5R O 89 81
31 6.161 151 192 41 0.93 38 105 30MR 10MR 10S 111 101
32 6.489 149 191 42 0.95 40 98 20MR 10MS O 117 106
33 6.052 150 193 43 0.98 42 98 SMR 10MS O 109 99
34 4.896 153 194 41 0.90 37 87 10MR (0] O 88 80
35 5.887 150 190 40 0.95 38 97 5R 10MS O 106 96
36 5.510 148 188 40 0.93 37 97 60MS 60S O 99 90
37 5.484 150 190 40 0.93 37 103 30MR 20S O 99 90
38 5.154 148 187 39 1.08 42 87 30MR 10MS O 93 84
39 5.132 152 192 40 0.88 35 89 20M (0] O 92 84
40 4.978 149 189 40 1.00 40 94 20MR 20MS O 90 82
41 5.433 150 189 39 1.03 40 98 5SM 408 O 98 89
42 4961 154 194 40 0.93 37 85 50M 10MS O 89 81
43 4.845 150 191 41 0.95 39 90 10M 20MS O 87 79
44 5.804 153 191 38 1.11 42 98 30MR 20MS O 105 95
45 5.623 152 194 42 0.93 39 96 20M (@) O 101 92
46 5.870 149 190 41 0.98 40 97 10M (0] O 106 96
47 4.984 153 194 41 0.83 34 89 10M (0] O 90 82
48 5.956 149 189 40 1.05 42 96 SMR 10MS O 107 98
49 5.355 151 195 44 0.89 39 98 50M 20MS O 96 88
0 6.102 152 . 193 4l ] 102 . 42 ] 100 4OM O O ... 1o | 100
S ol 5.553 150.34 190.64 40.30 0.98 39.32 96.56 99.96 91
Total mean

GY:Grain yield; DHE: Days to heading; DMA: Days to maturity; SFP: Seed filling period; SFR: Seed filling rate; TKW: Thousand grain weight; PLH: Plant heigh; YR: Yellow
rust; LR: Leaf rust; RYM: Relative yield to mean; RYLC: Relative yield to local check
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Figure 6. Graphical display and grouping in bread wheat genotypes based on the trait means obtained
cluster analysis.
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Table 6. Comparison groups from cluster analysis of bread wheat genotypes.

—in | 5 3 4 Total
Trait e
(ton ha™) <!
“2 ”fl“ 6.094° 5.036° 5.608" 5.041¢ 5.553
GY (tonha™)
o 50 )
i 149.85° 148.00° 150.55° 152.13*  150.34
DHE (day)
e b
e U3 190.62° 187.72° 191.00° 192.13*  190.64
DMA (day)
(o)) 415 0 550593
330) 413 0 000 I 40.77° 39.72° 40.45° 40.00° 4030
SFP (day)
d—l s O -
me )wwjfw” 1.037° 1.047° 0.952° 0.885¢  0.976
SFR (mg d™)
cm) ¢l a b a c
99.00 93.43 98.96 88.75 96.56
PLH (cm)
(2) &ls LI o)
§) 42 Sh s 42.16° 41.57° 38.50° 3537° 3932
TKW (g)
P IPTRCI B :
G 4 o 2 N 109.77° 100.90° 90.71¢ 90.62°  99.96
RYM
L4 S 5>
el o i 2 K 99.85° 91.90° 82.63° 82.57° 9100
RYLC

GY:Grain yield; DHE: Days to heading; DMA: Days to maturity; SFP: Seed filling period;
SFR: Seed filling rate; TKW: Thousand grain weight; PLH: Plant heigh; YR: Yellow rust; LR:
Leaf rust; RYM: Relative yield to mean; RYLC: Relative yield to local check
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Introduction

Variation and selection play a key role in breeding programs. The proper selection
is related to the desired variation in the desired trait. In order to take advantage of the
existing variation; the evaluation of germplasm resources is necessary. Genotype—
environment interactions are particularly important for breeders and one of the
complex issues in breeding programs is the selection of high yielding and stable
crop genotypes. Therefore, knowledge of the genotype—environment interactions
is a necessity to evaluate new cultivars in different environments. GGE biplot
model is one of the most used multivariate methods in the study of genotype—
environment interactions that is performed based on principal component analysis
(Yan et al., 2010).

Materials and Methods

In order to select the superior lines from the elite spring bread wheat yield trial
(17ESBWYT), 50 spring bread wheat lines (considering Parsi culivar as a local

check) were studied at three stations (Karaj, Kermanshah and Zarghan), which
Email address of the corresponding author: f bakhtiar2002@yahoo.com
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represent moderate climate regions of Iran. The experiments were conducted in the
randomized complete block design (RCBD) with three replications in the 2016-
2017 growing season. The plant materials had been received from the international
center for agricultural research in the dry areas (ICARDA). The measured traits
included days to heading (DHE), days to maturity (DMA), plant height (PLH),
thousand grain weight (TKW), seed filling period (SFP), seed filling rate (SFR),
grain yield (GY), relative yield to mean (RYM), relative yield to local check
(RYLC) and plant response to yellow rust (YR) and leaf rust (LR). Homogeneity
of the variances in different environments was tested by Bartlett’s test. Then, the
combined analysis of variance and stability analysis were performed using GGE

biplot method. Data was analyzed using GGE biplot4, heatmapper, SAS and Excel.

Results and Discussion

The combined analysis of variance confirmed that the effects of environment,
genotype and the interaction between them were statistically significant. Mean
comparison of grain yield showed that the highest grain yield (6.489-ton ha! ) was
achieved with the genotype no 32 and the lowest grain yield (4.728-ton ha') was
related to the genotype no 25. Total mean of grain yield at the stations of Karaj,
Kermanshah and Zarghan was 6.589, 5.317 and 4.753-ton ha! respectively. The
correlation biplot of the environments revealed that the location of Kermanshah
had a positive correlation with Karaj and Zarghan, because the angles of the vectors
were less than 907, exhibiting a positive correlation among the environments. Also,
there was a weak correlation between Karaj and Zarghan, indicating that two
environments have been almost independent of each other because the angle of
the vectors was 90°(Yan & Rajcan, 2002). The yield and stability of the genotypes
were evaluated using the average-environment coordination (AEC) view. Presence
of genotypes on this axis is approximation of grain yield (Yan et al., 2000). Hence,
the genotypes no 32, 18, 24, 28, 31, 14, 33, 19, 29 and 2 had the highest grain yield.
The vertical axis of AEC biplot also showed the interaction between genotype and
environment and determined the stability of the genotypes. Therefore, among the

genotypes that gave a high grain yield, the genotypes no 32, 18, 24, 14, 29 and
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2 were the most stable for grain yield. The final selection of the genotypes was
carried out considering the response of genotypes to yellow rust and leaf rust and

other desirable traits.

Conclusion

In the current study, 50 genotypes of bread wheat were evaluated in terms of
grain yield, response to yellow rust and leaf rust and some desirable agronomic
traits at three stations (Karaj, Kermanshah and Zarghan) representing moderate
climate regions of Iran. Considering the results of GGE biplot method and response
to yellow rust, leaf rust and other desirable agronomic traits, eight genotypes: no
32,24, 28,14, 33,19, 29, and 2 were selected as superior lines and were conducted
to preliminary regional wheat yield trial (PRYWT) in the moderate climate regions
of Iran. It is hoped that in the coming years a new cultivar will be released among
the selected genotypes in wheat breeding programs in moderate climate regions of
Iran, after preliminary and adaptation experiments.
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