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Extended Abstract

Background: The evaluation of the genotype x environment interaction effect provides valuable
information regarding the yield of plant cultivars in different environments and plays an important
role in evaluating the yield stability of breeding cultivars. The genotype x environment interaction
effect, especially in stressful environments, is an important limiting factor in the introduction of
new cultivars. Therefore, it is crucial to know the type and nature of the interaction effect and
achieve the 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 results of different methods may not be the
same, but the best result is obtained when a genotype with different evaluation methods shows
similar results in terms of stability. This research aimed to evaluate the genotype x environment
interaction effect in experiments conducted in different environments to determine the
relationships between genotypes and environments and to introduce the most stable red bean
genotypes.

Methods: In this research, 14 red bean lines along with Yakut, Ofog, and Dadfar control cultivars
were cultivated in a randomized complete block design with three replications in Khomein,
Borujerd, Shahrekord, and Zanjan research stations for two crop years under the same conditions.
After the combined analysis of variance (ANOVA), AMMI and GGE-Biplot analysis methods
were used to determine the compatibility and stability of genotypes according to the significance
of the genotype x environment interaction. After AMMI Analysis, the stability parameters of
AMMI were calculated. In addition to the AMMI stability parameters, the simultaneous selection
index was also calculated for each of the indices, which was the sum of the rank of the genotypes
based on each of the AMMI stability indices and the average seed yield rank of the genotypes in
all environments.

Results: The significance of the double and triple interaction effects of the genotype with year
and place (environment) in this study showed that genotypes responded differently in different
environments. In other words, the difference between genotypes is not the same from one
environment to another, and the stability of grain yield can be evaluated in these conditions.
Compared to the effect of the genotype, the contribution of about 2.5 times the interaction effect
of genotype x environment from the total sum of squares indicates the possible existence of mega-
environmental groups in which some genotypes show their maximum performance potential in
those environmental groups. Among the genotypes, G12, G5, and G17 produced the highest seed
yields of 3288, 3136, and 3111 kg/ha, respectively. AMMI analysis showed that the first to
seventh main components were significant at the 1% probability level, and despite the
significance of all model components, the first and second main components had the largest
contribution to the expression of the genotype x environment interaction (66.5%). Based on the
AMMIL biplot, G4, G5, G16, G17, and G12 had the highest values (positive and negative) of
IPCAL. In contrast, G8, G3, G2, G7, and G11 had IPCA1 values close to zero. However, only
G11 showed a yield higher than the average total yield, therefore it can be introduced as a stable
genotype with high general compatibility. Based on the AMMI2 biplot, G2, G7, G3, and, to some
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extent, G8 and G13 were introduced as stable genotypes, but only G13 produced a higher yield
in all environments, thus this genotype can be introduced as a stable genotype with good yield.
Moreover, the two years had a high correlation with each other in the studied site, and Brol and
Bro2 environments, Khol and Kho2 environments, and Zanl and Zan2 showed a high positive
correlation (the same effect) to create an interaction effect. Based on the simultaneous selection
indices calculated with AMMI analysis, G11, G17, G7, G13, and G12 were introduced as stable
genotypes with high yields. GGE-Biplot analysis based on average yield and stability showed that
G1, G2, G3, G8, and G7 had the highest general stability compared to the other genotypes, despite
having the lowest yields. On the other hand, G12, G5, and G17 genotypes produced the highest
yields with less stability. No ideal environment was observed, but Khol, Kho2, and Shal
environments were closer to the ideal environment than the other environments, hence they can
be used to distinguish the studied genotypes to some extent. On the other hand, G12 can be
considered a desirable genotype with a high average yield and high yield stability. In the same
way, G17, G5, and G11 were in the next stage compared to the ideal genotype and, to some extent,
they can also be considered desirable genotypes.

Conclusion: According to the results, G12 can be considered a desirable genotype with a high
average yield and yield stability, and G17, G5, and G11 genotypes are in the next stage.
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Table 2. Parameters, indices and the equations used for the simultaneous selection of genotypes
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ASV: AMMI Stability Value, WAAS=Weighted Average of Absolute Scores, SIPC: Sum of IPCs Sco'r_e1s, BV Eigenvalue Stability Parameter of AMMI, Za: Absolute value
of relative contribution of IPCs to the interaction, ASTB: AMMI Based stability parameter, ASI: AMMI Stability index, FA: Stability measure based on fitted AMMI model,
DZ: Zhangs D parameter, DA: Annicchiaricos D Parameter, MASI: Moddified AMMI stability index, MASV: Modified AMMI stability value, AVAMGE: Sum across
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Table 3. Combined variance analysis of seed yield of red bean genotypes during two crop years in the investigated

environments.
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**and *: significant at the probability level of 1 and 5%, respectively
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Table 4. AMMI analysis for seed yield of promising red bean lines

Percentage of Sum of Square Mean Square Sum of Square DF Source

Sy ggoze 20y Slaye Sk Slayye ggozme 3l e e e
13561838™ 94935865 7 laoxe Environment
125867 2013876 16 (Lauzmo) 1, Replication(Environment)
5529015™ 88464244 16 oy Genotype
1476673** 165387404 112 Guig X b Genotypex Environment
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Table 5. Yield and main components from the first to the seventh, for the studied genotypes and environmentsﬂ

IPCA7 IPCA6 IPCAS IPCA4 IPCA3 IPCA2 IPCAL 3,Slas 3
-6.6 7.45 3.63 2.02 5.87 19.92 6.352 1813 GL
7.59 9.97 15.58 10.47 -13.49 -1.57 1.849 1975 G2
2.61 513 18.71 16.03 -5.727 -9.99 1132 1788 G3
3.11 0.58 155 7.17 -5.66 -5.5 34 2427 G4

11.21 17.3 1.61 4.28 2.33 -10.72 31 3136 G5
2.72 0.08 12.67 3.68 -4.66 -24.5 6.224 2009 G6
5.25 8.33 2.05 17.83 -9.03 4 2342 G7
5.13 6.04 7.23 145 -11.33 12.67 0.35 1737 G8
0.71 6.47 0.14 5.81 -5.56 -2.95 1531 1978 G9
2.84 2.67 21.49 -21.3 2157 15.12 2269 G10
14.7 9.21 13.04 2.26 -2.95 14.49 5.185 2719 G11
8.9 20.51 25.36 8.73 18.33 3288 G12
0.14 5.87 22.22 26.12 4.83 3.03 9.714 2548 G13
10.16 1.82 1.26 19.93 16.34 -17.4 17.82 2592 G14
6.67 11.66 1.44 118 -9.49 -27.96 17.34 2396 G15
1.64 4 5.61 0.5 19.12 19.39 25.12 2437 G16
16.07 11.12 11.08 2.09 -11.47 9.82 18.65 3111 G17
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2.02 119 21.32 18.7 5.8 2474 353 2916 Brol
4.99 12.43 13.24 -26.84 5.76 32.78 2258 Bro2
16.87 15.54 12,93 20.46 3.33 6.85 23.01 2227 Khol

23.24 4.48 3.91 13.72 14.73 16.57 19.41 2410 Kho2

5.612 3.65 16.91 6.59 -22.27 41.35 1603 Shal

-4.83 5.85 10.53 6.67 32.76 29.89 23.94 2047 Sha2
0.31 -14.95 16.83 -28.75 6.01 -1.86 -25.69 3285 Zanl
-10.44 27.73 10.91 -0.05 -13.53 -15.45 -14.22 2342 Zan2
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Brol and Bro2: Borujerd first and second year, Khol and Kho2: Khomin first and second year, Shal and Sha2: Shahrekord first and second year, Zanl
and Zan2: Zanjan first and second year
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Fig 1. Distribution of genotypes and environments based on yield and IPC1 of AMMI analysis
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Fig 2. Biplot diagram resulting from drawing the first two components of AMMI analysis
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Table 5. Simultaneous selection indices based on different stability indices for red bean genotypes

ssiAVAMGE sSiIMASV  ssiMASI ssiDA ssiDZ  ssiFA  ssiASI sSIASTAB SSiEV  ssiZA  ssiSIPC ssiWAAS SSIASV i)
20 22 22 22 18 22 22 20 18 22 19 23 22 Gl
17 18 15 16 23 16 15 20 23 15 21 15 15 G2
23 22 18 22 26 22 19 23 26 20 25 19 19 G3
25 19 25 25 15 25 25 18 15 20 16 22 25 G4
18 14 18 18 16 18 18 17 16 17 13 18 18 G5
22 21 21 21 18 21 21 21 18 21 18 21 21 G6
12 15 13 13 14 14 12 13 14 13 13 14 12 G7
18 19 21 18 19 18 21 19 19 19 19 19 21 G8
17 14 21 17 14 16 21 14 14 19 14 19 21 G9
26 28 24 25 26 25 23 28 26 27 28 26 23 Gl0
10 7 9 9 9 9 10 8 9 9 9 9 10 Gl1
15 15 12 13 17 13 11 17 17 12 17 12 11 Gl12
14 16 12 16 23 16 11 19 23 14 19 13 11 G13
17 18 17 16 18 16 18 16 18 18 20 17 18 Gl4
20 24 23 22 21 22 23 21 21 23 21 22 23 Gl5
20 23 22 22 18 22 22 21 18 24 21 24 22 Gl6
12 11 13 11 11 11 14 11 11 13 13 13 14 G17
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Table 6. Stability indices calculated for red bean genotypes

AVAMGE MASV MASI DA Dz FA ASI

ASTAB  EV ZA  SIPC  WAAS ASV Sl g

2983 415 594 1383 0416 1912952 5.87
2778 37.6 2.4 1147 0575 1316415 0.86
3329 41.1 3.22 1282 0.621 1642740 2.68
6354 55.9 14 2411 0.538 5812152 14

6246 56.3 132 2376 0.676 5643912 13.2
4174 51.5 7.02 1684 0.523 2837464 6.95
2636 38.6 3.63 1168 0.444 1363971 2.62
2028 33.9 373 1056 0.381 1115278 3.35
2778 28.5 6.39 1168 0.329 1363602 6.33
5398 68.8 9.08 2263 0.761 5121738 8.42
3235 35.6 447 1174 0473 1378084 4.38
5292 61.1 8.66 2083 0.794 4338379 7.86
3856 52 473 1686 0.822 2842944  4.06
5020 59.6 9.056 2055 0.663 4222700 8.63
4727 63 103 2205 0.629 4864148 10.2
5181 64.7 118 2352 0.628 5530535 11.5

2786889  8.08

545 0.029 0.154 453 9.49 222 1813 Gl
640 0.055 0.101 529 5.17 3.28 1975 G2
767 0.064 0121 56.7 6.44 101 1788 G3
1273 0.048 0.255 545 17.1 53.2 2427 G4
1432 0.076 0.266 67.7 17.5 50.1 3136 G5
835 0.046 0.177 518 10.8 26.3 2009 G6
497 0.033  0.119 44 6.77 9.92 2342 G7
380 0.024 0104 39.1 5.9 127 1737 G8
350 0.018 0.135 36.2 8.69 24 1978 G9
1643 0.097 0284 87.2 17.2 319 2269 G10
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Fig 3. Dendrogram of studied genotypes based on studied simultaneous selection indices
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