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Extended Abstract

Background: Oilseeds are one of the most important sources of energy all over the world. As
an important crop, rapeseed oil has high nutritional and economic value. Rapeseed is one of the
most important sources of vegetable oil in the world, and its seed contains more than 40% oil.
The meal obtained from oil extraction contains more than 35% protein, and currently it ranks
third among oil plants after soybean and oil palm in the world. The economic yield of rapeseed
can be increased by using new and high-yield varieties. Evaluating promising advanced lines of
soybean under different environmental conditions is essential in identifying and selecting
superior lines with high and stable yield potential. The genotype % environment interaction is a
major challenge in the study of quantitative traits because it reduces yield stability in different
environments, complicates the interpretation of genetic experiments, and makes predictions
difficult. Therefore, it is very important to know the type and nature of the interaction effect and
achieve verities that have the least role in creating interaction effects. Various methods have
been introduced to evaluate the interaction effect, each of which examines the nature of the
interaction effect from a specific point of view. The multivariate method of additive main
effects and multiplicative interaction (AMMI) is a method with suitable efficiency to investigate
the genotype x environment interaction effect and provides good information about studied
genotypes and environments. This study aimed to investigate the genotype x environment
interaction effect using the AMMI method to evaluate genotypes, environments, and
relationships between genotypes and environments. Finally, this study sought to identify stable
rapeseed genotypes with high grain yields under different environmental conditions.

Methods: Nine lines and six cultivars were evaluated in a randomized complete block design
with three replications in six experimental field stations (Karaj, Kermanshah, Isfahan, Hamadan,
Zarghan, and Qazvin) during two cropping seasons. The genotype x environment interaction
was analyzed using the AMMI method. Plants were harvested at maturity, and then the seed
yield was recorded for each genotype at each test environment.

Results: Results of the combined analysis of variance (ANOVA) indicated that the effects of
environments (E), genotypes (G), and the genotype x environment (G x E) interaction were
significant on seed yield. The results of the ANOVA indicated that 77.56, 3.96, and 18.48% of
total variation were related to the E, G, and G x E interaction effects, respectively. The results
showed that the first four principal components of AMMI were significant and described
80.35% of the variance of the G x E interaction. The results showed that the average yield of the
studied genotypes was in the range of 2669-3398 with a total average of 3065 kg.ha™.
Genotypes G1 and G15 produced the lowest and highest seed vyields, respectively, and the
average seed yields of genotypes G3, G4, G6, G7, G8, and G9 were higher than the total
average seed yield. Based on the average of sum ranks (ASR), G2, G11, G6, and G9 genotypes
with the lowest ASR values were the most stable, while G10, G12, G3, and G13 genotypes with
the highest ASR values were the most unstable genotypes. Among the stable genotypes, G6 and
G9 were recognized as genotypes with good seed yield and general compatibility due to their
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higher average seed yields. Furthermore, the Zarghan location was recognized as the most ideal
environment for distinguishing and separating rapeseed genotypes due to its high interaction.
The cluster analysis classified the studied environments into three groups. The Isfahan,
Hamedan, Zarghan, and Karaj locations were placed in a group in both years, indicating that
these locations had high predictability and repeatability power.

Conclusion: Based on the results of the AMMI method, G6 and G9 were better than the other
genotypes for seed yield and stability and showed high general adaptation to all environments.
Additionally, the Zarghan location was recognized as the most ideal environment due to its high
interaction for distinguishing and separating rapeseed genotypes. Generally, the results showed
the efficiency of the AMMI method in investigating the G x E interaction effect and providing
good information about the studied genotypes and environments.

Keywords: Additive main effects and multiplicative interaction, Genotype x environment
interaction, Grain yield, Rapeseed.
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Table 4. Mean grain yield, the values of the main components and the rank of rapeseed genotypes

Ik S plenlol e ppe lolalis e Jlolalye g ol alie  (USe 0 SakS) aboShe o)
ASV IPCA4 IPCA3 IPCA2 IPCA1 Seed yield (kg.ha*) Genotype
20.94 -6.60 -24.74 -4.37 13.01 2669 Gl
3.88 0.35 10.69 2.16 1.34 2785 G2
40.46 9.33 6.48 18.29 19.19 3152 G3
25.56 8.11 5.15 3.25 16.43 3190 G4
15.12 -20.94 1.29 8.82 4.52 3012 G5
42.99 3.69 1.22 1.22 28.14 3208 G6
20.15 -16.33 24.49 3.05 12.84 3243 G7
34.24 -13.51 9.41 22.43 0.21 3364 G8
12.95 -6.72 8.97 5.90 6.09 3159 G9
40.68 19.00 8.84 26.18 4.98 2964 G10
21.93 3.61 2.38 14.34 0.97 2973 G11
23.71 12.88 10.77 13.75 7.21 2940 G12
43.61 -2.00 10.84 7.85 27.47 3059 G13
21.51 3.77 13.09 5.29 13.06 2859 Gl4
50.88 5.38 8.53 15.87 29.32 3398 G15
Rank average Rank
9.33 5 7 15 5 9 15 Gl
5.17 1 1 10 2 3 14 G2
9.67 11 10 5 13 12 7 G3
7.00 9 9 4 4 11 5 G4
7.00 3 15 2 9 4 9 G5
6.17 13 4 1 1 14 4 G6
7.50 4 13 14 3 8 3 G7
8.00 10 12 9 14 1 2 G8
6.17 2 8 8 7 6 6 G9
10.67 12 14 7 15 5 11 G10
6.00 7 3 3 11 2 10 G11
9.83 8 11 11 10 7 12 G12
9.50 14 2 12 8 13 8 G13
8.83 6 5 13 6 10 13 Gl4
9.17 15 6 6 12 15 1 G15
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Table 5. Mean grain yield, the values of the main components and the rank of studied environments

P ERS Lol e ol el ol adlse JEPE PR ahoShee
! el Py ps> Jol (ks i
ASV IPCA4 IPCA3 IPCA2 IPCAL Shed i Environments
9.70 -11.04 9.28 1.68 6.13 2978 Isfl
13.41 8.23 4,98 -1.44 8.66 3754 Isf2
12.96 -5.26 4.94 8.34 -1.58 3934 Hmd1
16.24 18.85 9.03 -2.25 10.40 3074 Hmd2
11.94 4.32 3.73 -0.45 7.81 2132 Qazl
50.83 -16.59 4,32 -24.88 -22.13 3110 Qaz2
32.34 -20.15 23.97 15.00 14.97 2145 Krjl
26.92 8.99 14.21 5.52 16.75 1289 Krj2
51.15 14.59 17.64 -14.87 -30.03 4199 Zrgl
71.40 2.69 11.69 32.36 -33.77 4098 Zrg2
30.31 6.24 10.65 -6.89 18.62 3713 Krml
19.56 -10.84 23.26 -12.12 4.18 2355 Krm2
45) Sike as)
Rank average Rank
4.83 1 8 6 3 3 8 Isfl
4.00 4 5 4 2 5 4 Isf2
3.33 3 3 3 7 1 3 Hmd1
6.33 5 11 5 4 6 7 Hmd2
3.50 2 2 1 1 4 11 Qazl
8.17 10 10 2 11 10 6 Qaz2
10.00 9 12 12 10 7 10 Krjl
7.83 7 6 9 5 8 12 Kr|2
8.50 11 9 10 9 11 1 Zrgl
7.83 12 1 8 12 12 2 Zrg2
6.50 8 4 7 6 9 5 Krm1l
7.17 6 7 11 8 2 9 Krm2
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Figure 1. Biplot graph of mean seed yield and first main components of genotype x environment interaction for 15
rapeseed genotypes and 12 environments
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Figure 2. Biplot graph of two main components of 1gg:notype x environment interaction for 15 rapeseed genotypes and
environments
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Figure 3. Classification of the studied environments based on rank of mean seed yield and four main components of
genotype x environment interaction
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