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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

Copyright ©2024 Pezeshkpour et al. Published by Sari Agricultural Sciences and Natural Resources University.
@ @ This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 Unported License which allows users to read, copy,
Lm distribute and make derivative works for non-commercial purposes from the material, as long as the author of the original work is cited
properly.



https://www.google.com/search?client=firefox-b-d&q=Assistant+Professor&spell=1&sa=X&ved=0ahUKEwjmh-qjuujhAhWFD2MBHck_DP0QkeECCCgoAA
mailto:Papezeshkpour@yahoo.com
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://orcid.org/0000-0001-8454-3878
https://doaj.org/toc/2676-4628
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
http://dx.doi.org/10.61186/jcb.16.2.42
http://jcb.sanru.ac.ir/article-1-1518-fa.html

[ Downloaded from jch.sanru.ac.ir on 2025-07-16 ]

[ DOI: 10.61186/jcb.16.2.42 ]

Pezeshkpour et al
Journal of Crop Breeding VOL. 16, ISSUE 2, 2024 .........uonii e e et 43

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 x 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 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
8 734 1 ] 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 Gl11
6 768 1.05 2 811 111 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 G14
13 664 0.908 13 693 0.947 11 557 683 G15
G oy o5 plad bl o g Egedme 53 K391 J12)95 0 3 RESO LN

J)ﬂo.c).g 09)'19 45..\3.)9.3 Lm.,u.:y) UA)J)IAJL: VY 5;’ AR
Slewsl g 5w odd g pSoilil Glas ple Ll 5l sl

&b g lacss o Slos bawgio 5l i ails 5 Slas (o)l

e pB)l plgiodr (Byme 250l Wlgiioe g Cudly (650 500 e} (saas) idg ;503 lageie 4 Cund (st
Al Syl yadls g iy yuste sl Cglite slagyjy 4l

i1 e Jaaze 5 VY Ve & slacaigs as ol lis (WAASB)

o e e o« 27499 . b » (MTSI) boss oS (asls adg 55k 4
$59UiS” Slidod Ao Ciguan 059y I e (3855 ()l A R e
Py ese) Olasa ) Ve o) placasy ((Jole & o0

. e 1 1/ It 1 2V O L V. SRS DN PR e L T
Pydie Syl dhowgon YL 65k g coll 5l YL 3, Slee ogMe VY 5 F A

References

Abo-Hegazy, S. R. E., Selim, T., & Ashrie, A. A. M. (2013). Genotype x environment interaction and stability analysis
for yield and its components in lentil. Journal of Plant Breeding and Crop Science, 5(5), 85-90.
https://doi.org/10.5897/JPBCS12.066 )

Akinci, C., Bicer, B. T., Kizilgeci, F., Albayrak, O., & Yildirim, M. (2018). Stability parameters in lentil genotypes.
El-Cezeri Journal of Science and Engineering, 5(2), 287-291. https://doi.org/10.31202/ecjse.403995

Barrios, A., Aparicio, T., Rodriguez, M. J., de la Vega, M. P., & Caminero, C. (2016). Winter sowing of adapted lines
as a potential yield increase strategy in lentil (Lens culinaris Medik.). Spanish Journal of Agricultural Research,
14(2), e0702. https://doi.org/10.5424/sjar/2016142-8092

Bhattacharya, S., Das, A., Banerjee, J., Mandal, S. N., Kumar, S., & Gupta, S. (2022). Elucidating genetic variability
and genotypex environment interactions for grain iron and zinc content among diverse genotypes of lentils (Lens
culinaris). Plant Breeding, 141(6), 786-800. https://hdl.handle.net/20.500.11766/68227

Ceccarelli, S. (1989). Wide adaptation: How wide? Euphytica, 40, 197-205. https://doi.org/10.1007/BF00024512

Dehghani, H., Sabaghpour, S. H., & Sabaghnia, N. (2008). Genotype x environment interaction for grain yield of some
lentil genotypes and relationship among univariate stability statistics. Spanish Journal of Agricultural Research,
(3), 385-394. https://doi.org/10.5424/sjar/2008063-5292

Coan, M. M. D., Marchioro, V. S., Franco, F. D. A, Pinto, R. J. B., Scapim, C. A., & Baldissera, J. N. C. (2018).
Determination of genotypic stability and adaptability in wheat genotypes using mixed statistical models. Journal
of Agricultural Science and Technology, 20(7), 1525-1540.


https://doi.org/10.5897/JPBCS12.066
https://doi.org/10.31202/ecjse.403995
https://doi.org/10.5424/sjar/2016142-8092
https://hdl.handle.net/20.500.11766/68227
https://doi.org/10.5424/sjar/2008063-5292
http://dx.doi.org/10.61186/jcb.16.2.42
http://jcb.sanru.ac.ir/article-1-1518-fa.html

[ Downloaded from jch.sanru.ac.ir on 2025-07-16 ]

[ DOI: 10.61186/jcb.16.2.42 ]

il ol 5 o058 @l espmel Loy 9y el

by o 32 ylul padld g REMLBLUP 4L p (oie slacaiys 4l 0,Slae (5)lnk (2bj)

Fernandez, G. C. (1991). Analysis of genotypex environment interaction by stability estimates. HortScience, 26(8),
947-950.

Ghaffar, M., Asghar, M. J., Shahid, M., & Hussain, J. (2023). Estimation of Gx E Interaction of Lentil Genotypes for
yield using AMMI and GGE Biplot in Pakistan. Journal of Soil Science and Plant Nutrition, 23, 2316-2330.
https://doi.org/10.1007/s42729-023-01182-x

Holland, J. B. (2006). Estimating genotypic correlations and their standard errors using multivariate restricted
maximum likelihood estimation with SAS Proc MIXED. Crop Science, 46(2), 642-654.
https://doi.org/10.2135/cropsci2005.0191

Jahufer, M. Z. Z., & Casler, M. D. (2015). Application of the Smith-Hazel selection index for improving biomass yield
and quality of switchgrass. Crop Science, 55(3), 1212-1222. https://doi.org/10.2135/cropsci2014.08.0575

Jeberson, M. S., Shashidhar, K. S., Wani, S. H., Singh, A. K., & Dar, S. A. (2019). Identification of stable lentil (Lens
culinaris Medik) genotypes through GGE biplot and AMMI analysis for North Hill Zone of India. Legume
Research-An International Journal, 42(4), 467-472. https://doi.org/10.18805/LR-3901

Karimizadeh, R., Mohammadi, M., & Sabaghmia, N. (2013). Site regression biplot analysis for matching new improved
lentil genotypes into target environments. Journal of Plant Physiology and Breeding, 3(2), 51-65.

Kochaki, A., & Banayan aval, M. (1993). Pulse crops. Mashhad University of jihad Press. 236 pp.

Lin, C. S., & Binns, M. R. (1991). Genetic properties of four types of stability parameter. Theoretical and Applied
Genetics, 82, 505-509. https://doi.org/10.1007/BF00588606

Namdari, A., Pezeshkpour, P., Mehraban, A., Naseri, A., Vaezi, B., & Nazarli, H. (2022). Evaluation the grain yield
stability of promising rainfed lentil genotypes using parametric and non-parametric statistics. Iranian Journal of
Field Crop Science, 53(3), 153-167 (In Persian).

Olivoto, T., Lucio, A. D., da Silva, J. A., Marchioro, V. S., de Souza, V. Q., & Jost, E. (2019a). Mean performance and
stability in multi-environment trials I: combining features of AMMI and BLUP techniques. Agronomy Journal,
111(6), 2949-2960. https://doi.org/10.2134/agronj2019.03.0220

Olivoto, T., Lucio, A. D., da Silva, J. A., Sari, B. G., & Diel, M. I. (2019b). Mean performance and stability in multi-
environment trials Il: Selection based on multiple traits. Agronomy Journal, 111(6), 2961-2969.
https://doi.org/10.2134/agronj2019.03.0221

Olivoto, T., & Nardino, M. (2021). MGIDI: Toward an effective multivariate selection in biological experiments.
Bioinformatics, 37(10), 1383-1389.https://doi.org/10.1093/bioinformatics/btaad81

Pezeshkpour, P., & Karimizadeh, R. (2023). Evaluation of the mean performance and stability of chickpea genotypes
by integration AMMI and BLUP models and selection based on Multi-Trait Stability Index (MTSI). Journal of
Crop Breeding, 15(46), 73-83 (In Persian).

Pour-Aboughadareh, A., Ghazvini, H., Barati, A., Koohkan, S., & Arazmjoo, E. (2023). Selection of promising
genotypes of barley using the best linear unbiased predictor model (BLUP). Journal of Crop Breeding, 15(46), 1-
10 (In Persian).

de Resende, M. D. V. (2007). Matemética e estatistica na andlise de experimentos e no melhoramento genético.
Colombo: Embrapa Florestas, 2007.

Rocha, J. R. D. A. S. D. C,, Machado, J. C., & Carneiro, P. C. S. (2018). Multitrait index based on factor analysis and
ideotype-design: Proposal and application on elephant grass breeding for bioenergy. GCB Bioenergy, 10(1), 52-
60. https://doi.org/10.1111/gcbb.12443

Sabaghpour, S. H., Safikhni, M., Sarker, A., Ghaffri, A., & Ketata, H. (2004, June). Present status and
future prospects of lentil cultivation in Iran. In Proc 5" European Conference on Grain Legumes (pp. 7-
11).

Sabaghnia, N., Dehghani, H., & Sabaghpour, S. H. (2006). Nonparametric methods for interpreting
genotypex environment interaction of lentil genotypes. Crop Science, 46(3), 1100-1106.
https://doi.org/10.2135/cropsci2005.06-0122

Sellami, M. H., Pulvento, C., Aria, M., Stellacci, A. M., & Lavini, A. (2019). A systematic review of field
trials to synthesize existing knowledge and agronomic practices on protein crops in Europe. Agronomy,
9(6), 292. https://doi.org/10.3390/agronomy9060292

Sellami, M. H., Pulvento, C., & Lavini, A. (2021). Selection of suitable genotypes of lentil (Lens culinaris
Medik.) under rainfed conditions in south Italy using multi-trait stability index (MTSI). Agronomy,
11(9), 1807. https://doi.org/10.3390/agronomy11091807

Sharifi, P. 2020. Application of Multivariate Analysis Methods in Agriculural Sciences. Rasht Branch,
Islamic Azad University Press, IR., 288 pp (In Persian).

Sharifi, P., Sheikh, F., Miri, K., Sekhavat, R., & Asteraki, H. (2022). Evaluation of seed yield stability of
faba bean genotypes by linear mixed-effects models (LMM). Iranian Journal of Field Crop Science,
53(2), 97-107 (In Persian).

Yadav, N. K., Ghimire, S. K., Sah, B. P., Sarker, A, Shrestha, S. M., & Sah, S. K. (2016). Genotype x
environment interaction and stability analysis in lentil (Lens culinaris Medik.). International Journal of
Environment, Agriculture and Biotechnology, 1(3), 238539.

Yan, W., & Kang, M. S. (2002). GGE biplot analysis: A graphical tool for breeders, geneticists, and
agronomists. CRC press.

Zaccardelli, M., Sonnante, G., Lupo, F., Branca, F., & de Falco, E. (2010). Leguminose Minori (Cece,
Lenticchia, Cicerchia, Fava); Consiglio per Ricerca Sperimentazione Agricoltura: Rome, Italy, 73 pp
ISBN 978-88-97081-00-5.


https://doi.org/10.2135/cropsci2005.0191
https://doi.org/10.2135/cropsci2014.08.0575
https://doi.org/10.2134/agronj2019.03.0220
https://doi.org/10.2134/agronj2019.03.0221
https://doi.org/10.1093/bioinformatics/btaa981
https://doi.org/10.1111/gcbb.12443
https://doi.org/10.2135/cropsci2005.06-0122
https://doi.org/10.3390/agronomy9060292
https://doi.org/10.3390/agronomy11091807
http://dx.doi.org/10.61186/jcb.16.2.42
http://jcb.sanru.ac.ir/article-1-1518-fa.html
http://www.tcpdf.org

