Evaluation of performance stability of lentil genotypes using AMMI, BLUP, MTSI
and MGIDI Indexes
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Abstract

Introduction

Lentil is considered one of
Its yield like other crops, is an ent because it is influenced

by various factors that have d
studies in plant breeding ani i ies i tanding of the

uality. One of the important

different environm s. Th

ould be considered as an important aspect of

icates that yi?ablllty along

yield compagison trials. The aim of theYpres e stable and high-yielding lentil genotypes in

In this study, fourte lentil genotypes along with two check cultivars (Gachsaran and Sepehr) were
evaluated based on randomized complete blocks design with three replications at Khorramabad, Gachsaran, and
Ilam Agricultural Research St
(2020-2021). Seeds were sown
between lines (four square meters). Weed control was carried out using a hand cultivator in two stages during the

ions for two crop years (2020-2022), and at the Mughan Station for one crop year

ith a Wintersteiger research seeder in four lines four meters long and 25 cm

vegetative growth period. Before harvesting, two side lines and half a meter from the beginning and end of the two
middle lines were removed and the rest of each plot (1.5 square meters) was harvested manually and the grain
yield trait was calculated. Grain yield, 100 seed weight, plant height, days to flowering, days to maturity, kernel
filling period, kernel filling rate, rain water productivity, seed yield formation rate, and weight of single seed were
measured in all seven environments for each genotype. All statistical analyses were performed using GGE and the

multi-environmental analysis package called “Metan” in R software.

Results and Discussion


https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA
https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA
https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA
https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA
https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA

The mosaic diagram showed that the contribution of the sum of squares of genotype and the genotype-by-
environment interaction (GEI) in the total sum of squares was 2.2 and 36.43.19%, respectively. The likelihood
ratio test showed that the genotype by environment interaction was significant on grain yield, 100-grain weight,
plant height, days to flowering, kernel filling rate, rain water productivity, and weight of single seed. The Scree
test showed that the first two principal components had a significant contribution to the GEI matrix derived from
BLUP, as the first and second principal components explained 44.4% and 32.2% of the GEI variation, respectively.
The predicted grain yield means using BLUP method are shown, which indicates that the highest predicted yield
using BLUP method was for genotype 2, followed by genotypes 7, 14, 6, 10, 12, 1 and 4, which had predicted
yield higher than the total average. Genotypes 12, 1 and 4 had predicted yield very close to the average, and the
lowest predicted yield with a large distance from the total average was related to genotypes 15, 3 and 9

(Gachsaran). Factor analysis based on the traits measured i{ﬁle studied gen
e ‘se four compo

es showed that four main

components remained in the model, and the cumulative varianc was 91.85 percent. For

eritability on average
were 0.4319 and 0.2065 percent, respectively. The accuracy of genotype_sel@gti e cor*tion between
genotype values across environments Y e gen efficient of
variation, the residual coefficient of variation, nts of varl)n were 4.48, 21.9,

productivity, and plant height

Conclusions
In general, the results shov@ e-by-environmeRt interaction was significant on grain yield, 100-
seed

simultaneous i i ility and all measured traits, genotypes 4, 2, 13, 14, 1, 7, and 10
all genotypes. Genotype number 2 was superior in grain yield (969

compared to the ave its in the genotypes in this study.

Keywords: Single value decamposition, Multi-trait stability index, Simultaneous selection, Heatmap plot, Mosaic
plot
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Fig. 1- (a) Ratio of variance components for studied traits in lentil genotypes in multi-environment experiments
(Gen: genotype, Env: environment) and (b) Estimated phenotypic variance for grain yield
Grain yield (GY), 100 seed weight (HSW), plant height (PH), days to flowering (DF), days to maturity (DM), kernel
filling period (KFP), kernel filling rate (KFR), rain water productivity (WP), seed yield formation rate (SYFR), and weight
of single seed (WS)
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Table 3- Assessing the significance of factors in the mixed model and estimating variance components using the
restricted maximum likelihood method for the studied traits
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Grain yield 100 seed weight plant height days to maturity days to flowering

Gen GenxEnv Gen GenxEnv Gen GenxEnv Gen GenxEnv Gen GenxEnv
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Table 3- Continued.
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Table 4- Parameters estimated using the REML

555 sl iy als o Slos als w49 gy gl Sy B g, R EEST))
Genetic parameters Grainyield 100 seed weight  plant height  days to maturity  days to flowering
=555 o5kl 1239 0.0436 0.405 1.002 0.2775

Genotypic variance (2.281)* (4.911) (0.43) (2.286) (2.187)




Lo ;5 cgy bl 2.281 0.396 5.20 4.196 1511

genotype-by-environment variance (43.19) (44.6) (45.54) (9.569) (11.91)
oailesdly jpolie il g 29622 0.4483 6.29 38.65 10.9
Variance of residual values (54.53) (50.49) (54.03) (88.14) (85.9)
s L
S o 53325 0.8879 11.83 43.84 12.69
Phenotypic variance
e Spils 0.02281 0.04911 0.0001 0.02286 0.02187
Broad heritability
GEI olo il it w2
TS A s 0.4319 0.446 0.4567 0.09569 0.1191
Detection coefficient of GEI effects
s O Sl 0.2065 0.3588 0.001 0.2912 0.2741

Average genotypic heritability

ey bl ds

. 0.4544 0.599 0.0001 0.5397 0.5236
Genotype selection accuracy
bl Glo 3 (o9 polie uy (Swon
Correlation between genotypic values among 0.4420 0.469 0.4567 0.09793 0.1218
environments
ol Sl s 4.482 4.414\ 0.0001 0.4978
Genotypic coefficient of variation (CVQg) \
oailogdly pyolie ol pis u s
21.92 14.15 7.606 3.12

Residual coefficient of variation (CVr)
oailadly polie Slyki copd (o) OlpekS oy 5

0.2045 0.3119

‘ 0.1596

CVg/CVr ratio
e Sl 0.92 \ 18.82
Standard deviation ' “ ‘ '
sl (glas
> st 0.05 1.03
Standard error
b o Slos JoS85 sy b5l oo e alls S5 (39
yield formation rain water weight of
rate roductivit single seed
filling rate P y g
0.00345 0.0000000025 0.009595 40.36
(3.684) (0.16) (2.07) (4.91)
0.04529 1.281 0.177 39.6

genotype-by-environme i (48.37) (43.30) (38.17) (44.6)

; 47.72 0.04489 1.654 0.2771 44.83

(95.47) (47.94) (56.3) (59.76) (50.49)

] ; 4.999 0.09364 2.935 0.4633 88.79

Phenotypic variance
YR
s “sﬂj% " 0.0000002647 0.03684 0.0000000000767 0.0207 0.0491
Broad heritability
GEI sla il o oo
AN e 0.0452 0.4837 0.4364 0.3817 0.4934

Detection coefficient of GEI effects
955 e d’“w"’ . 0.000000005098 0.2861 0.0000000008605 0.1996 0.6121
Average genotypic heritability
iy Sl s
Genotype selection accuracy
blazs Gl 55 (39 polie o (Sios
Correlation between genotypic 0.04527 0.5022 0.436 0.3898 0.7011
values among environments
S DS a2
Genotypic coefficient of variation 0.0003020 4.391 0.000762 4.308 6.039
(Cvo)
oiledly polie Dl s cu o
Residual coefficient of variation 1.814 15.84 2.367 23.15 5.088
(CVr)
Ol o 2 95 Sl cap E5
oileusdly polio 0.00001665 0.2772 0.00001167 0.1861 1.187
CVg/CVr ratio
e Bl il 17.6 0.45 3.14 111 14.79

0.0000715 0.5349 0.00002933 0.4468 0.7821




Standard deviation
3l glas
Standard error

0.96 0.02 3.14 0.06

0.81

* Numbers in parentheses are percentage of variance.
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Fig. 4- Ranking of genotypes and selected genotypes based on the Multi-Trait Stability Index (MTSI)
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Fig. 6- Heat map, ranking of genotypes based on the principal component axes used to estimate the WAASB index,
and rankings of lentil genotypes considering different weights for stability and grain yield. The first rank on the left is
based solely on sustainability. The last rank on the right is based on grain yield. Expressing these two extremes, the ranks are
derived from different weights of sustainability and yield. (1) Low yielding and unstable genotypes (red numbers), (2) High

yielding but unstable genotypes (blue numbers), (3) Stable but low yielding genotypes (black numbers), and (4) Very high

yielding and stable genotypes (green numbers).
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the measured traits in the first four factors of factor analysis
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Factor 2 Factor 3 Factor 4 Communalities
-0.00958 -0.346 -0.0421 0.908
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days to maturity
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seed yield formation rate
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rain water productivity
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plant height
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kernel filling period
als s i
100 seed weight 0.24 0.325 0.661 0.554 0.907
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kernel filling rate
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weight of single seed
P LS -0.168 0.0903 0.96 0.146 0.979
days to flowering
259 p3lie 660396 599796 160813 114164
Eigenvalues
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% of variance
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Fig. 8- Pearson's linear correlation estimates for characters evaluated in 16 lentil genotypes in seven different
environments
Grain yield (GY), 100 seed weight (HSW), plant height (PH), days to flowering (DF), days to maturity (DM), kernel

filling period (KFP), kernel filling rate (KFR), rain water productivity (WP), seed yield formation rate (SYFR), and weight
of single seed (WS)
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Table 6- Differential selection of WAASBY index for studied traits in lentil genotypes
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Selection based on WAASB index Selection base

the average of all traits
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Sae D Selection Selection Average of Total average selectlo_nI sfeflectlo_nI of selected . average FJ“ Traits
Aim Heredity differential differential selected genotypes X0 differential differential X0y actor
percentage (SD%) (SD) Xs) percentage (SD%) (SD
21580 \ i
2 0.206 -26.6 114 313 -4.85 785 1 o e
Increase \ Grain yield
. PR
- 291 114 6.03 59.2 -0.0207 144 1 ey B 30,
Decrease days to maturity
sl A .
<% 0,0000000086 243 -8.87 -5.79 543 1 G 2,58 LS5 o
Increase seed yield formation rate
Sl 02 243 297 1 B RY
Increase ' ' ' rain water productivity
1 Sy €lis)
o 0 36.0 333 2 £ e
Increase plant height
20580 s by o
<7 0,0000000051 11.2 38.1 2 o0 o 290
Increase kernel filling period
Sl PRV
0.359 6.05 4.73 3 .
Increase 100 seed weight
o= 0.286 -481 1.34 3 ©F 08 R e
Increase kernel filling rate
S 0.359 6.05 473 3 o S 03
Increase ' ' ' weight of single seed
S
e 0274 47 24 5.0 51.0 -0.458 -0.485 105 106 4 S5 5
Decrease days to flowering
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Table 6- Differential selection of WAASBY index for studied traits in lentil genotypes
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Yield Yield Yield daysto  Weight kernel filling 100 plant ate seed yield Fay Grain w55
comparedto  compared to compared to flowering  ©f single ratel(mg.jeed seed g : pro Ctlv_llty formation rate days to yleld_l Genotype
the total the Sepehr the Gachsaran seed .day?) weight - ) PO maturity ~ (Kg.ha)
average (%) control (%) control (%) (mg) (9) period (day) (Kg.ha".day™)
101 110 118 107 46.7 4.67 38 2.29 ‘ 5.41 145 796 Gl
123 134 143 107 37.8 3.77 37 2.82 \ 6.63 144 964 G2
90 98 105 105 51.7 5.17 39 2.“ \ 4.84 144 705 G3
100 109 117 105 43.7 4.37 39 2.22 5.39 144 789 G4
95 103 111 105 48.4 4.83 39 2.26 5.16 144 744 G5
104 113 121 105 2.43 5.59 145 813 G6
114 125 133 105 2.60 6.18 144 898 G7
95 104 111 107 2.08 5.12 144 749 G8
91 99 106 106 211 4.89 145 713 G9
103 112 120 106 . 2.30 5.50 144 807 G10
97 105 113 5 35.1 2.34 5.31 143 760 Gl1
102 111 119 & 33.4 2.25 5.38 145 798 G12
95 104 111 107\\ 32.6 2.09 5.18 144 750 G13
113 123 132 106 34.2 241 6.05 145 887 Gl4
86 93 100 104 31.1 1.95 5.26 137 673 G15
92 100 107 06 33.2 2.18 5.03 144 721 G16







