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Table 1. Name and origin of lentil studied genotypes
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Table 2. Geographic characteristics of trials area
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Table 3. Annual rainfall of test areas during the cropping season in 2013-2016
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Figure 1. Pre-analysis of GEI. a. Heatmap plot for yield of genotypes in environments; b. Mosaic plot for indication
of PCs contribution in G+GE; c. Eigenvalues of the BLUP_GEI matrix
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Figure 2. Predicted seed yield (best linear unbiased prediction, BLUP) for 14 lentil genotypes. Blue and red circles
represent the genotypes that had BLUP above and below of BLUP means, respectively. Horizontal error bars
represent the 95% confidence interval of prediction considering a two-tailed t test.
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Figure 3. Diagrams for analysis the seed yield of 14 lentil genotypes evaluated in 12 environments (combinations of 3 cultivation

years in 4 locations). a, Nominal seed yield vs the first environmental interaction principal component axis (IPCAL); b, Biplot of the
seed yield vs weighted average of absolute scores for the best linear unbiased predictions of the %Snotypevs-enwronment interaction
c

(WAASB); a hypothetical highly productive and broadly adapted genotype is depicted by a bla

circle and horizontal and vertical

black arrows indicate the direction of the increase in yielding and stability, respectively.
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Figure 4. Estimated values of weighted average of the stability (WAASB) and mean performance (Y) (WAASBY)
for 14 lentil genotypes considering the weights of 50 and 50 for yielding and stability, respectively.
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Figure 5. Ranks of 14 lentil genotypes considering different weié}hts for stability andg/ielding. The most-left ranks were obtained
considering the stability only. The most right-ranks were obtained considering the seed yield only. Between the extremes, the ranks
were obtained different weights for stability and yielding. The four clusters represent four classes of genotypes: (1) Poorl
productive and unstable genotypes; (2) productive but unstable genot%/rpes; (3) stable but poorly productive genotypes; and 2:1),
highly productive and stable genotypes.
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Abstract

In this research, 12 selective advanced genotypes of lentil with Kimia and Gachsaran checks
were grown for three growing years (2010-2013) in four locations including Gachsaran,
Gonbad, Khoramabad and Moghan using randomized complete block design with three
replicates in each location. The heatmap plot indicated the variation of seed yield of genotypes
in different environments. Mosaic plot showed that the portion of sum squares of genotype (G)
and sum squares of genotype by environment interaction (GEI) in total sum of squares (TSS)
were 17.53% and 82.47%, respectively. The likelihood ratio test (LRT) indicated that the effect
of GEI was significant on seed yield and therefore for evaluation of stability of genotypes,
singular value decomposition (SVD) was performed on the matrix of best linear unbiased
prediction (BLUPs) of GEI. The screet test showed that the first five principal components had
a significant contribution in the GEI matrix derived from BLUP, as the first and second
principal components explained only 32.28% and 26.95% of the GEI variation, respectively.
The bilot of first principle component (PC1) of the environment versus nominal yield showed
that genotypes 8, 4, 3, 14 and 7, due to the lowest scores of the PC1, had a small share in the
GEI and were more stable. Biplot of seed yield versus WAASB (weighted average of absolute
scores) placed genotypes in four regions, so that the genotypes 4, 6, 8, 9, 10 and 12 in the fourth
region were very productive and stabile due to the large value of response variable (high seed
yield) and high stability (low values of WAASB). Identification of genotypes with WAASBY
(weighted average of the stability (WAASB) and mean performance (Y)) showed genotypes 4,
6, 8 and 9 as high yielding and stable, and therefore can be candidate for cultivar introduction.

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