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Extended Abstract

Background: Lentil is a popular legume crop in the Mediterranean region, widely grown for its
nutritious seeds and improving soil fertility. Interest in legumes is increasing as a protein source
to replace meat in the future. Identification of high-yield genotypes with adaptation to a wide
range of environments is one of the major goals in crop and lentil breeding programs. Combining
the best linear unbiased predictions (BLUP), additive main effects, and multiplicative interaction
(AMMI) methods in multi-environment experiments and multi-trait stability selection (MTSI)
helps to better evaluate plant genotypes and achieve more accurate results. Additive main effect
and multiplicative interaction (AMMI) and BLUP are two methods for analyzing multi-
environment trials. The linear mixed effects model (LMM) and the restricted maximum likelihood
(REML) estimator methods are among the important methods that have been proposed to analyze
the data of multi-environmental experiments. In this regard, the BLUPs obtained from the
interaction of genotype and environment are performed with principal component analysis or
single value analysis on the matrix. This method uses the stability index of the weighted average
of absolute scores of the best unbiased linear forecasts (WAASB), the weighted average of the
stability index of WAASB, and the dependent variable (WAASBY). Researchers have also
proposed an MTSI based on factor analysis, in which grain yield, other traits, and the stability of
each are simultaneously used to identify stable genotypes. This research aimed to identify stable
and high-yielding lentil genotypes in autumn cultivation.

Methods: To evaluate the seed yield stability of 12 lentil genotypes along with three check
genotypes, including Kimia, Bileh Sawar, and local landrace, an experiment was conducted as a
randomized complete block design with three replications at Agricultural Research Stations of
Khorramabad (Lorestan), Zanjireh (llam), and Sararoud (Kermanshah) in three cropping years
(2019-2022). Each plot consisted of four lines with a length of 4 m and a distance of 25 cm from
each other. iln addition to the usual crop care such as weeding and pest control, the desired traits
and characteristics, such as the number of days to 50% flowering, plant height, and number of
days to maturity, were measured during the growing season. Hundred-seed weights and the yield
of each plot were measured after the maturity and harvesting of experiments. Combined analysis
of variance (ANOVA) was performed using SAS software, and the average traits of the treatments
were compared using the LSD test. For statistical analyses, the Metan Ver.1.9.0 (multi-
environment trial analysis) package was used in the R software environment. To estimate stability
quantities, singular value decomposition (SVD) was applied to the matrix of BLUPs obtained
from genotype-by-environment interactions with an LMM. Variance components were estimated
by the REML method. After analyzing the variance of the data, the stability parameters of
WAASB and WAASBY (for simultaneous selection based on average performance and stability)
were estimated using the eigenvalues obtained from the AMMI analysis on BLUP, and the best
genotypes were selected with these two indicators. Genotypic stability values were obtained from
the Harmonic Average of the Genotypic Values (HMGV) index. The compatibility of genotypes
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was evaluated based on the relative performance index of genotypic values (RPGV). The
harmonic mean index and relative performance of genotypic value (HMRPGV) were used to
simultaneously evaluate stability, compatibility, and seed yield.

Results: The effect of environment, genotype, and genotype x environment interaction were
significant on seed yield, plant height, days to flowering, days to maturity, seed filling period,
seed filling ratio, seed yield formation rate, rainfall efficiency, and single seed weight. The
genotype effect was significant on all traits, except for the seed-filling period. Based on the biplot
analysis, genotypes 4, 6, 7, 9, and 10 had higher yield stability in addition to the highest seed
yield. The Scree test showed that the first three principal components explained 45.41, 19.13, and
14.34% of the genotype % environment interaction variation obtained from BLUP for grain yield,
respectively; in total, they justified 78.87% of the variation. Based on a weighted average of
absolute scores of WAASB, genotypes 6, 10, and 12 were high-yielding and stable. Genotypes 1
and 10 were superior based on the (MTSI). The harmonic mean and HMRPGV introduced
genotypes 10, 9, 4, and 12 as the genotypes that had high stability and compatibility in addition
to high seed yields.

Conclusion: Based on all the analyses, genotype 10 was the most stable genotype, which, in
addition to seed yield, was superior to other genotypes in terms of the other measured traits and
can be a candidate for introduction as a new cultivar.
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Table 1. Names of promising lentil cultivars and genotypes used in the experiment

B L R iy s ol i) 5 pl
Code Name Code Name Code Name Code Name
Gl 010S96146-5 G5 010S96105-1 G9 09S182109-16 G13 Local
G2 2009596575-1 G6 ILL2261 G10 09596510-13 Gl4 Kymia
G3 Ibia-1 G7 010S961130-2 Gl1 09583191-05 G15 Bileh Savar
G4 09S83227-04 G8 0105916122-3 G12 1LL1325
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Table 2. Geographical and metrological characteristics of the experimental locations
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Average annual rainfall Average annual . : d s} ocation
(mm) temperature ( C) latitude Longitude Altitude (m) )
533.6 15.44 Jol Sl )lg!f} Khorramabad first year
304.9 16.5 3339’'N 4828'E 1125 pgd Jw ablp 5 Khorramabad second year
307 14.6 ey Jlo oLlp > Khorramabad third year
518.9 15.6 Jol Jo 24,1y Sararood first year
312 13.1 34°20'N 47°20'E 1351 p9d Jlo 39|y Sararood second year
261 15 pow Jlo 395l pu Sararood third year
603.6 15.05 Jol Jlo pM Ilam first year
302 17.5 3347'N 46°36'E 975 p9d Jlw oM Ilam second year
2236 15.9 pow Jlo oM Ilam third year
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Table 3. Significance of factors evaluation for random effects by LRT(y?) and for fixed effects by ANOV
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Days to flowering Days to maturity Plant height 100 seed weight Seed yield SOV
(MSG) g} Slayye (3:55ke
5.145™ 5.610" 8.741" 1.742" 44012" “‘gg’r:
LRT (y°) Likelihood ratio test
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p-Value PoSwl Jles| PoSwl p-Value SoSwl p-Value FoSwl Jles| oSl
12 p-Value %2 %2 x2 p-Value 12
0.01098 6.468 0.04216 4.129 0.02582 4.968 1.758e-09 36.225 1.108e-05 19.315 ""éé’;
< 2.2e-16 118.97 <2.2e-16  104.647 2.254e-10 40.233 0.05608 3.650 7.21e-15 60.540 JE‘:\‘I"
<2e-16 104.935 < 2e-16 103.076 < 2e-16 93.039 2.2e-16 164.275 2.147e-11 44.832 - Enf/rgg)ri
1.761e-09 36.222  0.003353 8.605 0.008547 6.915 0.0001129  14.907 0.7173 0.131 “é’g’r;
0.05532 3.672 7.64e-12 46.856 8.131e-14 55.774 1.121e-08 32.620 7.868e-11 42.290 ;:\7
<2.2e-16  163.453 <22e-16  129.631  <2.2e-16 147.841 <2.2e-16  137.109 <2.2e-16 103,759 e o
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Table 4. Eestimation of variance components by REML for Studied traits

eyl by e
Variance components Estimates (%)
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flowering maturity height weight Seed yield
09 0.5100 0.7783 0.3894 6993 2 e . :
(10.38) (7.878) (8.616) (33.66) (12.02) (0%) o5 oy Genotypic variance
2.597 3.290 4,352 0.5133 34142 (gei) Lo 5 cesigh} i) variance of Genotype x
(49.83) (50.81) (48.17) (44.38) (58.67) gei) ke 53 gy by Environment
4 2.6 3.90 443 17057 2\ r : "
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0.1038 0.07878 0.08616 0.3366 0.1202 (0?) Lomgas s iyl ~ General heritability
0.4983 0.5081 0.4817 0.4438 0.5867 (RPgei) Lo 53 csigh} slo ] (el gy Detection coefficient of GEI
0.5968 0.5233 0.5534 0.8542 0.6124 (%mg) (oaigs3 s pocilyg opSike Average genotypic heritability
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Correlation between
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Figure 1. Biplot of the seed yield vs WAASB. Blue circle in the right corner and horizontal and vertical blue arrows
in the left corner indicates a hypothetical highly productive and broadly adapted and the direction of the increase in
yield and stability, respectively
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Figure 2. Lentil genotypes ranking based on different weights for stability and yielding
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Table 5. Lentil genotypes ranking based on the adaptability parameters of genotypic values for seed yield of lentil

genotypes
HMRPGV_R HMRPGV_Y HMRPGV RPGV_R RPGV_Y RPGV HMGYV orde HMGV Y GE
[} 734 1 8 746 1.02 8 608 739 Gl
12 669 0.915 10 739 1.01 13 517 778 G2
9 711 0.972 11 727 0.994 10 600 711 G3
3 777 1.06 5 793 1.08 3 641 792 G4
11 694 0.949 12 715 0.978 12 552 731 G5
4 774 1.06 4 793 1.09 6 628 799 G6
5 772 1.06 6 780 1.07 5 632 792 G7
10 710 0.971 9 745 1.02 7 617 717 G8
2 789 1.08 3 808 111 2 666 782 G9
1 833 1.14 1 837 1.14 1 684 850 G10
7 738 1.01 7 753 1.03 9 607 768 G11
6 768 1.05 2 811 1.11 4 636 807 G12
15 376 0.514 15 441 0.603 15 297 410 G13
14 535 0.731 14 587 0.803 14 401 606 Gl14
13 664 0.908 13 693 0.947 11 557 683 G15
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