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Table 1. The 24 dryland bread wheat cultivars and lines studied in this research.

Genotype

Pedigree, origin & selection history

Gl Azar-2

G2 Ohadi

G3 GB Collection -2010- 30

G4 GB Collection -2010- 110

G5 GB Collection -2010- 144

G6 GB Collection -2010- 222

G7 GB Collection -2010- 260

G8 GB Collection -2010- 288

G9 GB Collection -2010- 304
G10 GB Collection -2010- 396

PMF/MAYA//YACO/3/CO693591/CTK/4/Sardari
Gl11 IRW-04-217-0OMAR-OMAR-OMAR-8MAR-OMAR

G12

G13

Gl14

G15

Gl16

G17

G18

G19

G20

G21

NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12/6/Khazar/3/Jcam/
Emu"s"//Dove"  IRW-04-042-0MAR-OMAR-OMAR-2MAR
Sardari/TEU2/3/Ures/Fan/kauz
IRBWO04-23-54-15-OSAR-OSAR-0SAR-0SAR-3SAR-OSAR
Sardari/TEU2/3/Ures/Fan/kauz
IRBWO04-23-54-15-OSAR-OSAR-0SAR-0SAR-8SAR-OSAR
Azar-2/sablan/6/shahi/kvz/5/shahi/4/
IRBW04-23-54-24-OSAR-OSAR-0SAR-0SAR-3SAR-OSAR
Azar-2/156gene bank
IRBW04-23-54-28-OSAR-OSAR-0SAR-0SAR-10SAR-OSAR
Azar-2/1002GENE BANK
IRBW04-23-54-29-OSAR-OSAR-0SAR-0SAR-2SAR-OSAR
Azar-2/IRENA/BABAX/PASTOR
IRBWO04-23-54-30-OSAR-OSAR-0SAR-0SAR-3SAR-OSAR
Azar-2/MOMCHIL/KATYA1
IRBWO04-23-54-32-OSAR-OSAR-0SAR-0SAR-3SAR-OSAR
Azar-2/0k82282//BOW/NKT/3/F4105W2.1
IRBW04-23-54-33-OSAR-OSAR-0SAR-0SAR-4SAR-OSAR
Sardari/156GENE BANK
IRBW04-23-54-34-OSAR-OSAR-0SAR-0SAR-1SAR-OSAR

MYV 17/Kavir
G22

F1 KARAJ/IRBW04-23-54-37-OSAR-0SAR-0SAR-1SAR-OSAR

Collection-1057/3/Ald"s"/Snb"s"//Bow"s" /Nkt"s"

G23
G24

F1 KARAJ/OSAR-OSAR-0SAR-0SAR-10SAR-OSAR
BUC/PVN//MILAN/3/TX96V2427
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Table 2: Combined ANOVA for grain yield of 24 bread wheat genotypes evaluated across 21 testing

environments

i e o13T a ys als > Shae als > Slee Slas po ¢ games JS 51 sy

S.0.V df SS MS SST%
Lo

. 20 2194710421 109735521 ** 82.29

Environment (E)
(b 0302) 55 63 37200319 590481 1.39
Rep (E)
S5
Genotype (G) 23 68158699 2963422 ** 2.56
L 55 55
GxE 460 172548137 375105 ** 6.47
s la ;T olzal
Error 1449 194488895 134223 7.29
g
Total 2015 2667106472
Sl s b 16.92
CV%

s gme e 97N 0 Sl cla.»:): Jls gae S5 4nS

ok ok

* %% T gignificant at the 5% and 1% probability levels and not significant, respectively.

SST%: Percentage relative to total sum of squares
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Table 3. Mean grain yield and

f

G55 YE Gl ol sl o,bT 5wl s Shes oKl -¥ U d

stability statistics for 24 bread wheat genotypes across testing

environments

Genotype Mean grain R MR R VR R b R Sidi R Wricke's R Shukla R cv R Pi R RS R

no. yield(Kg/ha) ecovalence
1 2384.92 2 8.0 2 432 19 1.05 16 109524 19 107008 17 5350.4 17 490 7 99013 6 19 9
2 2290.12 8 10.1 12 513 22 .07 20 58692 8 60746 8 3037.3 8 50.8 13 133055 8 16 6
3 2195.88 12 11.0 4 36.8 10 093 7 110103 20 110739 18 5536.9 18 474 3 208255 13 30 17
4 2379.68 3 8.6 5 40.4 14 120 24 76351 15 117302 19 5865.1 19 549 22 86911 3 2 11
5 2298.54 7 9 10 442 20 .07 21 62479 10 64278 11 3213.9 11 50.6 12 131852 7 18 8
6 2258.02 9 10.8 19 576 24 1.05 17 128063 21 124831 20 6241.5 20 521 16 181623 11 29 15
7 2052.00 19 152 20 421 15 1.03 13 66073 12 63565 10 31782 10 548 21 250814 17 29 16
8 1964.74 20 16.6 9 30.7 7 1.05 15 98179 18 95759 16 4787.9 16 590 24 348303 20 36 20
9 2242.17 11 10.5 16 225 2 1.01 10 46289 4 44060 3 2203.0 3 48.9 6 139231 9 4 4
10 2163.40 14 135 21 423 17 095 8 51834 5 52643 5 2632.1 5 478 4 214115 14 19 10
11 1913.68 21 17.5 11 238 11 0.78 1 80443 16 130644 21 6532.1 21 46.0 2 426177 22 42 23
12 225537 10 1.1 13 396 13 1.02 12 88248 17 84208 14 42103 14 499 10 159595 10 24 13
13 2328.51 6 10.3 7 33.0 9 1.06 18 62704 11 63022 9 3151.0 9 495 9 98453 5 15 5
14 2084.14 18 13.9 18 454 21 0.89 4 177214 23 183190 23 91594 23 495 8 330080 19 41 22
15 215531 15 13.0 14 292 6 0.91 5 31665 2 39672 2 1983.5 2 45.7 1 215837 15 17 7
16 2145.04 17 133 15 386 12 097 9 73887 14 71053 13 3552.6 13 500 11 225066 16 30 18
17 2147.68 16 135 17 421 16 1.05 14 60824 9 60212 7 3010.6 7 532 19 198451 2 23 12
18 2188.33 13 10.4 8 568 23 1.01 11 166039 22 157834 2 78916 22 525 17 252017 18 35 19
19 2343.32 5 9.0 6 426 18 L11 2 34456 3 47454 4 2372.7 4 513 14 83264 2 9 2
20 2361.02 4 8.0 3 236 3 1.07 19 26486 1 29925 1 1496.2 1 48.6 5 82962 1 5 1
21 2387.13 1 7.1 1 274 5 L1323 53746 7 69874 12 3493.6 12 514 15 91238 4 13 3
2 1871.39 2 189 2 17.0 1 0.92 6 52855 6 58091 6 2904.5 6 537 20 420718 21 28 14
23 1747.18 24 193 24 313 8 0.85 2 219350 24 232809 24 116404 24 584 23 641351 24 48 24
24 1806.18 23 19 23 256 4 0.86 3 68426 13 87933 15 4396.6 15 527 18 513225 23 38 21

ol 53 Shes (Sila (glaas) mer RS dlaas; (uibyls VD dbaas, oS5 MR (sn 45, R

R: rank; MR: mean of ranks; VA: variance of ranks, RS: sum of mean yield and stability ranks
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Fig 1. Polygon-view of genotype x environment interaction for 24 bread
wheat genotypes grown across 21 testing environments
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Introduction

Wheat (Triticum aestivum L.) is widely grown across Central and West Asia.
Evaluation of wheat genotypes in different environments is essentials to estimate
Genotypes x Environment (G X E) interactions (Fan ef al., 2007). Breeding new
cultivars require evaluation of yield stability and the adaptability of high yielding
genotypes across different environments. Statistical approaches such as GGE Biplot
analysis reveal genotypic main effects, as well as G x E interactions. GGE biplots
analysis provides a graphical depiction of relationships among environments,
genotypes and their interactions in an effective manner (Yan et al., 2000). This
method has been used to examine the uniformity of different environments and
to 1dentify superior genotypes in multi-environment trials. This study aimed to
determine the effects of genotype by environment interactions on the performance
of 22 promising wheat lines along with two check cultivars and to identify the
1deal genotypes for the examined environments.

Material and Methods

Wheat promising lines including 22 elite lines along with two commercial
cultivars Azar2 and Ohadi were evaluated in a randomized complete block

Email address of the corresponding author: sgolkari@yahoo.com
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design (RCBD) experiment with 4 replications under rainfed dryland conditions.
Uniform experiments were carried out for 3 years (2013-16) at the agricultural
research stations of Maragheh, Sararod, Ghamlo, Zanjan, Ardabil, Shirvan and
Arak representing cold and moderate cold dryland wheat growing regions of Iran.
Entries were planted in plots with 6 x 1.2 dimension (6-m long rows, 17.5 cm apart
and seeding rate of 380 kernel/m?). Morphological characteristics, phenological
stages and yield components were scored during growth period. Grain yield and
thousands kernel weight were determined for each plot after harvest. The collected
yield data were subjected to combined ANOVA considering environment as
random and genotypes as fixed effects using SAS (9.1) statistical software. Yield
stability parameters were estimated and GGE biplot analysis was carried out using
open-source software R packages.

Results and Discussion

The ANOVA revealed significant differences among genotypes for yield
performance. Significant genotype by environment interactions were also identified.
The main effect for environments and genotypes by environment interactions
accounted for 82.3 and 6.5 percent of total variances in the experiment. The
grand total mean grain yield for the evaluated wheat genotypes was 2165 kg/ha.
Genotypes G21 and G23 produced the highest (2378 kg/ha) and the lowest (1747
kg/ha) yields, respectively. Genotype G20 was found as the most stable according
to the estimated stability parameters (Table.3).

Based on polygonal GGE biplot, two environmental groups and five different
groups for the examined genotypes were detected (Fig. 1). The first environmental
group included Maragheh (M92, M93), Ghamlo (G92, G93, G94), Ardabil (A93),
Zanjan (292, 793), Arak (Ak92, Ak93, Ak94) and Shirvan (Sh93, Sh94), with the
G21 being as the best performer in the group. The second environmental group
included 8 remaining environments with the G1 (Azar2) as the highest yielding
genotype in the group (Fig. 1). Simultaneous evaluation of genotypes for yield and
yield stability identified genotypes G20, G13 G2 and G6 as high yielding with high
yield stability (Fig. 2).

An environment is considered ideal tester for evaluating a set of genotypes
if it is able to effectively differentiate genotypes based on traits of interest and
if it properly represents other environments (Yan & Tinker, 2006). Our findings
revealed environments Z92, Sh92 and Ak92 as the most ideal environments and
environments A92, S93, Ak92, M92, M94 as the highly discriminative of the
examined genotypes (Fig.3). The genotype G20 with higher average yield and

11



«Applied Research in Field Crops» Vol 34, No 1, 2021

the least contribution into GXE interactions showed the characteristics of an ideal
genotype (Fig. 4).
Conclusion

Analysis of yield data revealed that, the variations due to G x E interactions
were largely explained by the environment effects. In this study, cold environments
were grouped closely, showing a similar behavior in discriminating the examined
genotypes and were easily distinguished from the moderate cold environments.
Acute angles among environments M92, G92, Sh93, Ak93, Sh94, G94, Ak94, 793,
A93, Ak92 and also among environments S94, Sh92, M94, 794, S92 indicated high
correlations in discriminating the studied genotypes. We found the genotype G20
as the ideal genotypes possessing high yield performance and high yield stability.

Keywords: Bread wheat, Cold and moderate cold regions, GGE Bi-plot, Yield
stability

Acknowledgements: This study was funded by Dryland Agriculture Research
Institute (DARI).

References:

Fan, X. M., Kang, M. S., Chen, H., Zhang, Y., Tan, J. Xu, C. 2007. Yield stability
of maize hybrids evaluated in multi-environment trials in Yunnan, China.
Agronomy Journal, 99: 220-228.

Yan, W., Hunt, L.A., Sheng, Q., and Szlavnics, Z. 2000. Cultivar evaluation and
mega-environment investigation based on GGE biplot. Crop Science, 40:
596-605.

Yan, W., and Tinker, N. A. 2006. Bi-plot analysis of multi-environment trial data:
Principles and applications. Canadian Journal of Plant Science, 8§6: 623—645.

12



