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Table 1- Names of promising cultivars and genotypes of lentils used in the experiment
Gigi) pb G g S Gigi) pb i g oS

Genotype Name Genotype code Genotype Name Genotype code
FLIP2006-9L G11 FLI1P2006-37L Gl
FL1P2006-10L G12 FLIP2003-5L G2
Flip2007-34L G13 FLIP2003-5L G3
Flip2007-11L G14 FLI1P2006-10L G4
Flip2004-56L G15 FLI1P2003-29L G5
Flip20073L G16 FLI1P2003-16L G6
Flip2006-3L G17 FL1P2004-26L G7
Flip2005L G18 FLI1P2004-55L G8
LS G19 FLIP2005-4L G9
oblezs G20 FLIP2005-6L G10
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Table 2- Geographical and meteorogical characteristics of the experimental locations
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2 _ Likelihood Ratio Test, LRT
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1. Restricted maximum likelihood, REML
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Figure 2- Boxplot showing the average grain yield (A-1-right) and genotypes yield (B-1-left) in nine environments
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Figure 1- Components of the diversity of lentil genotypes in multi-environment yield trial
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Table 3- Analysis of variance of grain yield by kang method

Ol s’ alio EUIRE3N Ol po (uKilno
S.0.vV df MS
Js 179
Total
Et ] 19 209281 ™
Genotypes
L 8 7339509 ™
Environments
Lo x i) GiSed 152 76968 ™
Interaction GxE
S5l 19 82386 ™
Heterogeneity
oailesdly 133 76194 ™
Residual
ous pleal glas 3249 46897

Pooled Errore

oy S Jleiol mhaw o s S Gl 5 ay s g
*, ** : Significant at 5% and 1% probability levels, respectively
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Figure 3- Pre -an alysis of GEI. a. Mosaic plot for indication of PCs contribution in G+GE; b. Eigenvalues of the BLUP_GEI matrix;
c. Heatmap plot for yield of genotypes in environments;
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Figure 4- Eigenvalues of the Blup-GEI matrix of seed yield of lentil genotypes in multi- environment yield trial
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Table 4- Evaluation of significance of factors by LRT (3% and estimation of variance components by REML in lentil genotypes
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Statistics Gx E luso 50 cuigi] G cwis)
X FeSwl 5 44.832 19.315
p- Value Jlaix! ladie 2.147e-11 1.108¢-05
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9o Sl
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Table 5- Seed Yield (kg ha ) of lentil genotype in experimental environments

SO i3 il P S0

Genotype El E2 E3 E4 ES E6 E7 E8 E9 Meanof | ercipitation

code genotype productivity (kg
m-3)
1 170850 77225 116500 636.00 667.00 82500 1320.50 651.00 1050.50  977.31 2.76
2 1661.00 642.25 126350 74325 898.75 983.75 152050 550.50 1324.75  1066.36 3.02
3 149650 603.25 1050.50 624.00 73450 92500 131325 74525 116500  961.92 272
4 166150 707.25 1409.00 698.75 748.75 870.00 134900 642.25 89925  998.42 2.82
5 164425 68400 124525 628.75 76175 53125 133475 70525 1307.50  982.53 2.78
6 162300 832.00 143000 75050 759.25 73125 1299.25 800.75 1337.75  1062.64 3.01
7 164575 53625 104525 682.00 839.00 81875 68200 839.00 81875  878.53 2.49
8 117225 681.00 146875 69425 86225 82500 112075 57650 117050  952.36 2.69
9 154500 590.25 1107.75 769.25 68525 108750 122750 59950 1027.75  959.97 2.72
10 135700 660.25 100650 642.25 603.75 77500 132750 64375 85925  875.03 248
11 136500 761.75 110875 560.50 85275 950.00 1170.75 782.00 121625  974.19 2.76
12 1617.25 71250 1008.75 622.25 72300 800.00 99225 67650 1096.25  916.53 259
13 151850 587.50 1087.00 477.25 72250 105625 1227.50 75800 91500  927.72 262
14 144250 590.00 97450 73500 646.00 987.50 134175 631.00 1239.00  954.14 2.70
15 1542.25 597.75 1232.25 43850 89550 650.00 1542.25 597.75 123225  969.83 2.74
16 134950 40325 931.00 527.00 72225 100125 108500 60525 1117.75  860.25 243
17 1286.75 626.75 1060.75 577.50 660.00 850.00 108500 766.50 117650  898.86 254
18 1332.00 517.50 100100 647.75 68525 693.75 114175 81225 111225 88261 2.50
19 144000 702.00 105100 70350 76050 768.75 147050 84650 1179.00 99131 2.80
20 1562.25 47075 78250 646.75 64500 55625 64675 64500 55625  723.50 2.05

Mean 1498.54 633.93 112145 640.25 743.65 834.31 1209.93 694.18 1090.08 940.70
LSD 0.05 461.32 11519 205.62 19651 183.09 250.04 23454 19554 307.01 84.11
CV (%) 26.04 15.37 15.51 25.96 20.86 25.34 16.40 23.83 23.82 23.02

e S i g5 4l 0 ,Sas (gl (o0l gy S p0 uili)lg 4y -7 Jga
Table 6- AMMI combined analysis of variance for seed yield of lentil genotypes

¥ @l @3l azy0 Olaypo & gozeo Gl (o o N
Source variation Df Mean square Pr(>F) Percent
IZVEY 8 7347256.44 5.97E-09
ENV.
le slas 27 169697.49 2.23E-09
REP(ENV)
95 19 208707.23 3.40E-05
GEN
Laomee x i 152 77036.92 0.00E+00
GEN x ENV
Jsl kol adlze 26 170285.2 4.00E-03 37.8
PC1
pgd ol ailse 24 93056.29 3.07E-02 19.1
PC2
pg> ol ailge 22 78003.61 1.21E-01 147
PC2
pow shol ailge 20 65389.1 5.18E-01 11.2
PC3
ook ol adlse 18 44701.19 6.86E-01 37.8
PC4
alojl (sl 16 37741.34
Residuals
J5 14 28844.49

Total
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Figure 5- Predicted seed yield (BLUP) plot for lentil genotypes
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Figure 6- Estimated values of weighted average of the stability (WAASB) and mean performance(Y)(WAASBY) for 20 lentil

Genotypes considering the weights of 50 and 50 for yielding and stability, respectively
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Figure 7- Diagrams for analysis the grain yield of lentil genotypes evaluated in 9 environments and biplot of the seed yield vs

weighted average of absolute scores for the best linear unbiased predictions of the genotypes- environment interaction(WAASB)
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Figure 8- Heatmap shows the genotype ranking depending on the number of principal component axes used for estimating the

WAASB index. And euclidean distance-based dendrogram is used for grouping the genotype ranking for both genotypes and

principal component axes. Ranks of lentil genotypes considering different weights for stability and yielding. The most-left ranks were

obtained considering the stability only. The most right-ranks were obtained considering the grain yield only. Between the extremes,

the ranks were obtained different weights for stability and yielding. The four clusters represent four classes of genotypes: (1) Poorly

productive and unstable genotypes(green color); (2) productive but unstable genotypes(Red color); (3) stable but poorly productive

genotypes(blue color); and (4), highly productive and stable genotypes(Numbers in black)
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Abstract

Introduction: lentil is one of the legumes due to its protein percentage and high nutritional value,
and it can be cultivated in the fall in rainy conditions. Due to the different reactions of crop genotypes
in different environments, the evaluation of the genotype x environment interaction in the process of
introducing new cultivars is fundamentally important. The development of high yielding cultivars
with wide adaptability is the ultimate aim of plant breeders. However, attaining this goal is made more
complicated by genotype-environment interactions. The genotype by environment interaction is a
major problem in the study of quantitative traits because it complicates the interpretation of genetic
experiments and makes predictions difficult, also it reduces grain yield stability in different
environments. Multi-environment trials are often analyzed to assess the yield stability of genotypes.
Combining features of the best linear unbiased predictions (BLUP) and additive main effects and
multiplicative interaction (AMMI) throught “ Weighted average of absolute scores of best linear
unbiased predictions ” (WAASB) index in multi- environment experiments may lead to more precise
evaluation of genotypes and assessment of genotype x environment interaction. This statistical
models has been widely used to explain complicate GXE interaction, to enhance selection efficiency
and to ensure genetic gain from selection. The objective of this study was to investigate the response
of the lines in studied locations and to identify lines adapted to the test environments. The objective
of this study was to investigate the response of the lines in studied locations and to identify lines
adapted to the test environments.

Materials and Methods: In the present study, the seed yield stability of 18 advanced lentil genotypes
was evaluated in a multi-environment trials in three locations including; Khoramabad, llam and
Kermanshah, Iran in 2010-2013 cropping seasons. The experimental design was s randomized
complete block design with three replications. Statistical analyzes were performed using multi-
environment trials analysis. In order to evaluate genotype x environment interaction, AMMI and
BLUP methods were combined by introducing WAASB and WAASBY indicators and the yield
stability was evaluated by drawing various graphs.

Results and Discussion: Considering the significant GxE interaction based on the results of the
relative likelihood test (LRT), it was possible to perform BLUP analysis on the data. The results of
the mosaic diagram showed that the contribution of genotype and genotype x environment interaction
were 15.45% and 84.55% of the total variation, respectively. The highest predicted seed yield by
BLUP method belonged to genotype no. 2 followed by genotypes no. 4, 19, 5 and 1 which had higher
than average predicted seed yield. To enable simultaneous selection based on both seed yield and
yield stability, by combining seed yield (Y) and WAASB, a new index “WAASBY” was created.
Considering 50% contribution of each of the two components of seed yield and yield stability,
fourteen genotypes showed above average WAASBY. Genoypes no. 19, 2, 4,6, 1, 3 and 13 had
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considerably higher WAASBY when compared with other genotypes and was identified. control
Gachsaran cultivar (genotype 20) had lower than average WAASBY

Conclusion: In conclusion, considering WAASBY index, genotypes 2, 4, 6, 1, 3 and 11 were
identified as genotypes with high seed yield and yield stability, and can be considered for being
released as new lentil cultivars.In general, usin mixed model as well as all the components in
calculation the WAASBY index, it can be concluded that this index is superior to other indices.

Keywords: Biplot, Single Value Decomposition (SVD), Simultaneous Selection, Weighted average
of absolute scores



