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Table 1. Climatic characteristics of the research stations
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Table. Pedigree of genotypes investigated at the Karaj and Zanjan research stations

- g

ru\umu.wmn&r.b Davri....bﬂc e {Tu_»vqﬂd.,uﬁ
Genotype No. Name and Pedigree Origin Selection history
Gl Mihan (Check#1 for Cold zone ) Iran _
G2 Heidari (Check#2 for Cold zone) Iran -
G3 Zarineh (Check#3 for Cold zone) Iran _
G4 Zareh (Check#4 for Cold zone) Iran -
G5 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi Iran 1-C-19324-1
G6 Alvd/4/Ghk"'s"/Bow"s"//90Zhong87/3/Shiroodi Iran 1-C-19324-2
G7 Charger//CMH80A.768/3*Cno79/3/Zrn Iran 1-C-19467-1
G8 Charger//CMH80A.768/3*Cno79/3/Zm Iran 1-C-19467-2
G9 Spb"'s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87 Iran 1-C-19369-1
G10 Shahpasand/Norman Iran 1-C-19521
Gll Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi Iran 1-C-19324-1
GI12 Alvd/4/Ghk"'s"/Bow"s"//90Zhong87/3/Shiroodi Iran 1-C-19324-2
G13 Alvd/4/Ghk"s"/Bow"s"//90Zhong87/3/Shiroodi Iran 1-C-19324-3
g
Gl4 Spb"'s"//K1349/Go/3/Vee"s"/4/Bkt/90-Zhong 87 Iran 1-C-19369-2
AU/3/Minn/HK/38MA/4/YMH/ERA/5/PMF// Turkey, CIMMYT 0AP-DH61
G15 CNO/GLL/6/Kauz//Altar 84/A0S/7/Tam 105/
3/NE70654/BBY//Bow"s"/4/Century*3/TA2450
G16 GRK79/Tukuru Turkey, CIMMYT CGWS05B00072S-099MI-
G17 MYV Nemere (DI-9812/Amanda) Hungria 161230
G18 ARS97135-9/03A-B4/KS0603A~49 Turkey, CIMMYT KS061470K-2
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Table 3. Combined analysis of variance for grain yield in Karaj and Zanjan
(normal and drought)

Ol s CLA 35T a5 (Jb ) «ls :Jgkuc (La) als :ng..c
S.0.V. d.f. Grain yield (Normal) Grain yield (stress)
J 1 86.759 22.873
Year=Y
B9 1 438.626 227.774
Place=P
S8 x Jlw 1 60.821%* 101.867**
Y xP
Jf sllas 8 1.116 1.115
First error
G555 17 2.491 1.695
Genotype= G
O x L5 17 1.145 1.433
Px G
Jlx o5 g5 17 1.592%* 1.020%*
Yx G
O x Jlox 5555 17 0.748 0.372
PxYx G
£ sl 136 0.666 0.510
The second error
() S ks g o 12.831 14.936
C. V. (%)
S s gy Jlesl g sl g ci s t T s T

* and”" : significant at the 5% and 1% probability levels, respectively.
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Table 4. Combined mean comparison of grain yield of the studied genotypes during

two cropping seasons at the Karaj and Zanjan stations

iy eoled O 53 ) by ool 3 Cows wils > Shas O s ) (Sast Lol i Cond 4l 5 Slas
Genotype Grain yield under normal conditions Grain yield under drought conditions (tones

No. (tones ha™) ha™')
Gl 6.3762" 4.6883°%
G2 6.2358>4 4.4573%"
G3 6.2948% 4.8999°¢
G4 6.1716>¢ 4.4873%"
G5 7.0118% 5.3001%
G6 6.4361% 42734
G7 6.45044 4.7179%%
G8 6.4810" 52603
G9 6.2311°4 5.2792%*
G10 5.9245¢ 4.6364%"
Gl1 6.922° 4.8907%¢
GI2 7.120° 5.3364"
Gl13 6.7433% 4.7400%%
Gl4 6.3521°¢ 42749
Gl5 5.0552° 4.0765"
G16 6.2861°¢ 48616
G17 6.2710™ 5.0531%
G18 6.1234% 48251

(S5 @als o & 305T) i 13 gine 033 0 Jlal peban 55 catlin g 51yl (sla (ke O g2 o )
Means followed by similar letters in each column are not significantly different at

the 5% probability level (Duncan’s multiple range test).
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Table 6. The contribution of studied genotypes on the different values of genotype

interactions in the environment for the first and second principal components

S50l OGS 3 59 o Sle Jsl ol 4l g £33 ol adlge
Genotype no. Average (tons ha™) The first principal The second principal
component component
Gl 5.532 0.02036 0.15501
G2 5.347 0.01756 -0.20317
G3 5.597 0.18618 -0.28096
G4 5.329 -0.02538 0.43268
G5 6.156 -0.78274 -0.55709
G6 5.355 -1.31681 0.57483
G7 5.584 0.06113 0.01307
G8 5.871 0.00946 -1.20042
G9 5.755 0.39399 0.34073
G10 5.280 0.20644 -0.06952
Gl1 5.906 -0.08320 -0.35621
Gl2 6.229 -0.24118 -0.17591
G13 5.742 0.13040 -0.11902
Gl4 5314 -0.54245 0.55652
Gl15 4.566 0.64639 0.59973
Gl6 5.574 0.52668 0.15283
G17 5.662 0.48796 0.05838
G18 5.474 0.30521 0.07852
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Plot of Genotype IPCA 1 scores \ersus means
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Fig 1. Biplot of the studied genotypes based on the first principal component
t and mean yield of genotypes

Plot of Genotype IPCA 2 scores \ersus means
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Fig 2. Biplot of the studied genotypes based on the second principal component
and mean yield of genotypes
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Fig 3. Biplot of the investigated environments based on the first principal
component and mean yield of the environments
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Table 7. The contribution of the studied environments on the different values of genotypic
interaction effects in the environment for the first and second principal components

Lo ojled O 3 ) S bl Jt Aol add o £33 ool 4l o
Environments no. Average (tons ha™) Variance The first The second
principal principal
component component
1= Jh Jle s Olonis 4 6.100 1.528 -0.70929 0.03541
Normal Zanjan in the first year
2- 055 Jlo Ol g 3.771 0.341 -0.16816 1.00104
Normal Zanjan in the second
year
3-dstdle 8 7.889 1.240 -1.02474 -0.78658
Normal Karaj in the first year
dpps dl S e 7.682 0.685 0.77945 -0.14611
Normal Karaj in the second year
5-Jsl b s Olows3 (SKist 5.541 0.732 -0.53382 -0.15319
drought Zanjan in the first year
6-p 9 Jlo Ol (S 3.517 0.291 -0.05081 0.88661
drought Zanjan in the second
year
T-dst g 8 (S 5.122 1.316 0.69077 -0.96873
drought Karaj in the first year
8-pssdlo g 5 St 4.944 0.588 1.01660 0.13156

drought Karaj in the second year
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Table 9. The amount of cold damage at the Zanjan station and comparison of the average freezing tolerance
temperature and grain yield in Karaj in two crop years (2019-2021)

5 eyl Olos Lo s 4l 5 —AY49) Oloj ls 3 Shas Ol Lo o 415 (Y41 F )0l als 5 Shes sl & Jood gl
Genotype (1¥44-1¥4A) OS5 05) (VWA (VW44-1F+ 1) OB 5 o) (18 o e y3)
no. Cold storage Grain yield Of Cold storage Grain yield Of Zanjan LTs %)

Zanjan (2019- Zanjan(2019-2020) Zanjan (2020-2021) (Tons ha™)
2020) (Tons ha™) (2020-2021)

1 4 3.728 4-5 3.796 11.5™
2 2 3.149 4 3.007 9.3
3 4 3.389 4-5 3.542 10%

4 4.005 4-5 3.847 12°
5 2 3.806 3 3.917 8.8%"
6 1 4.529 3 4250 10.8%
7 4 4.205 5 3.880 9.8°te
8 4 2.866 5 2.792 7.8"
9 4 4.177 4-5 4227 10t
10 2 3.387 3 3.356 12°
11 3 3.903 4 3.944 11.3%¢
12 2 4307 4 4269 11.8°
13 3 3.836 5 3.940 10.3%4f
14 4 4224 5 4.407 12°
15 4 3.093 5 3.097 10.8>%
16 4 3.787 4 3.750 11.8°
17 3 3.914 5 3.991 13.5°
18 4 3.844 4 3.866 14°

u..l..«:-(a) dd\-n}%:»(f) Lo g2 (V) (}UMA.«.:J(V) r}uﬁ(\)bﬁs&)b‘ﬁwﬁ)

Frost damage rating: (1) Resistant (2) Semi-resistant (3) Medium (4) Semi-sensitive (5) Sensitive
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Fig 7: Rainfall amount in Zanjan (2019-2021)
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Introduction

Bread wheat (Triticum aestivum L.) is one of the most important field crops
worldwide, directly contributing to global food security. In Iran, wheat holds the
top position among agricultural crops in terms of both cultivated area and total
production. Enhancing wheat production is therefore vital for strengthening the
national economy and ensuring the supply of staple food for the population. In
recent years, water scarcity has become a critical global issue (Mathur ez al., 2019).
Among cereals, wheat is particularly vulnerable to drought, which significantly
limits its growth and yield potential (Mahdavikia ez al.,2019). When recommending
new varieties for specific environments, selection should not be based solely on
yield potential. Instead, it is essential to consider both adaptability and yield
stability under varying environmental conditions. Different parametric and non-
parametric methods have been suggested by researchers to evaluate yield stability

and to analyze genotype environment interactions (Farshadfar ef al., 2012). One
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such method is the Additive Main Effects and Multiplicative Interaction (AMMI)
model, which integrates analysis of variance (ANOVA) with principal component

analysis (PCA) to predict adaptability of the genotypes to diverse environments.

Materials and Methods

To evaluate grain yield stability and late season drought-stress tolerance of 14
bread wheat promising lines and four check cultivars adapted to the cold regions
- Mihan, Haidari, Zarine and Zare- were tested. The trials were conducted using
a randomized complete block design with three replications under both normal
irrigation and late-season drought stress conditions during the 2019-2021 cropping
seasons. Experiments were carried out at the Seed and Plant Crop Improvement
Institute and Khairabad-Zanjan Research Station. Combined analysis of variance
was performed for both normal irrigation and late season drought-stress conditions.
Since the year x location and genotype X year interaction effects were significant
under both normal irrigation and late season drought-stress conditions, stability
analysis using AMMI method (Additive Main effects and Multiplicative Interaction
model) was employed to examine the effects of genotype % environment interaction
and to determine adaptation of the genotype under different conditions.

Results & Discussion

The combined analysis of variance under normal irrigation and late season
drought-stress conditions showed significant differences in grain yield. Specifically,
the year x location interaction effect was significant at the 1% probability level,
while genotype X year interaction effect was significant at the 5% probability level
under both conditions. The AMMI analysis showed that genotypes no. 8, 5, 6 and
12 had the highest yields among genotypes tested. Genotype 12 with high grain
yield and low amounts of first and second principal components had the highest
adaptability but genotype 5 despite high grain yield had high amounts of first and
second principal components and therefore did not show good adaptability in
different environments. Based on meteorological data and two-years precipitations
in Karaj and Zanjan research stations in the second year of the experiment, because

of lower rainfall and drought stress condition in that year the heading of studied
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genotypes was occurred earlier compared to the first year of experiment and in
such condition genotype 12 showed better adaptability to drought stress under low
rainfall condition as well as higher temperature during winter and spring seasons.

Conclusion

Overall, the results demonstrated that genotype 12 possessed superior
adaptability and yield stability compared to the other genotypes evaluated, making
it a promising candidate for cultivation under diverse environmental conditions.
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