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Extended Abstract Introduc‘ an ith high yield and stability,
evaluating the genotype-by-e"'ronment vironment trials 1s of paramount importance. One
of the most signif‘t challenges fo iNQreeders is sele€ting genotypes with high yield across diverse
enviro| ead to the identification of genotype(s) with

demonstrate higher pared to checks. Various univariate and multivariate methods exist for

evaluating genoty] teractions. This study evaluated the grain yield stability of advanced lentil

genotypes in tropical tes Using two methods: univariate (non-parametric statistics) and multivariate (additive

main effects and multiplicatiNe interaction, AMMI).
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Fifteen selected genotypes along with two check cultivars, Gachsaran and Sephar, were evaluated in a randomized
complete block design with three replications across eight environments (four warm and semi-warm regions:
Gachsaran, Khorramabad, Moghan, and Ilam over two years). Each experimental plot consisted of four rows, 6
meters long, with a plant density of 200 plants per square meter. Grain yield was measured after harvest. To analyze
the data, after ensuring the homogeneity of error variances across environments using Bartlett's test, a combined
analysis of variance was performed for the eight studied environments. The METAN package in the Rver4.3.2
statistical software was used for AMMI analysis, calculation of non-parametric statistics, and plotting AMMI1 and
AMMI2 biplots.

Findings:

The results of the combined analysis of variance for grain yil( ased on the A model) showed that the

effects of environment, genotype and the interaction of genotype‘ ironment were sighificant at the statistical

isticalso ranked

nnarasu statistic, genotypes
ilarly, genotypes with high
yield stability based on the N‘ar and Hu

considering all non\rame statistic! 0 have the best combination of yield and yield

were significant, explainingyapproximately 40.4%, 26.5%, and 19.8% (a total of 86.7% for the first three
components and 67.1% for the'first two components) of the genotype x environment interaction, respectively. The
AMMIL1 biplot, considering meafigrain yield and the value of the first principal component, identified genotypes
10, 11, and 12 as superior genotypes. The AMMI2 biplot, considering the values of the first and second principal
components, also identified genotype 12 as the most stable in terms of grain yield. The two check cultivars,
Gachsaran and Sephar, showed lower yield stability than the superior genotypes based on both biplots. Genotypes
located in the center of the biplot have general stability and are recommended for cultivation in most of the
investigated environments. On the other hand, the genotypes that are distributed far from the center of the biplot
and in the vicinity of special environments have private stability to those environments. in this regard, genotype 3
showed private adaptation to environment 4, and also genotypes 13 and 14 have private adaptation to environments

2and 1.

Conclusion:



Based on the obtained results, it can be concluded that genotype 12 is by far the best genotype in terms of high
yield and stability. Therefore, this genotype can be considered a promising candidate for release as a new cultivar

in warm and semi-warm regions.
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Table 3 - Estimation of non-parametric statistics for the grain yield stability of lentil genotypes

G GY Rank Si® Rank Si® Rank Si® Rank Si® Rank NPi® Rank NPi® Rank NPi® Rank NPi® Rank TOP Rank YSi Rank
1 929 5 4.89 5 17.84 4 14.65 8 3.24 7 3.13 7 0.31 6 0.43 7 0.53 7 25 5 14 3
2 860 11 4.36 3 13.43 1 10.58 6 2.68 6 2.75\ 0.25 0.36 3 0.45 3 25 5 6 9
3 912 6 5.68 11 22.98 10 24.03 13 4.08 13 3.63 % 0.60 0.60 13 0.76 13 25 5 9 6
4 814 16 7.21 14 37.36 14 22.20 12 3.90 11 5.50 15 0.56 10 0.70 10 375 3 -3 13
5 835 14 4.32 2 14.27 2 5.82 1.60 2 2.63 0. ‘ 1 0.38 1 0 7 3 11
6 864 10 4.18 1 15.13 3 8.91 2.63 \ ‘ 0.38 2 25 5 7 8
7 845 13 5.21 7 19.93 14.11 3.00 ﬁl 5 0.52 6 125 6 4 10
8 897 8 6.96 13 34.70 0.79 15 1.00 15 50 2 3 11
9 856 12 7.64 16 41.64 0.58 12 0.74 12 375 3 3 11
10 1031 1 8.43 17 54.21 0.93 16 1.14 16 50 2 11 B
11 996 3 7.39 15 38.98 0.79 14 1.00 14 375 4 8 7
12 1020 2 5.57 9 22.00 1.05 17 1.33 17 75 1 18 1
13 950 4 4.82 4 0.38 8 0.54 9 0.64 9 375 4 15 2
14 901 7 5.39 8 0.47 10 0.45 8 0.57 8 375 4 12 4
15 828 15 511 6 0.33 7 0.42 6 0.50 0 7 0 12
16,(Sepehr) 729 17 6.25 12 0.29 0.38 4 0.48 4 0 7 -9 14
17,(Gachsaran) 879 9 5.57 10 0.41 9 0.58 11 0.71 11 25 5 0 12

GY: Grain Yield, Si @, Si @, Si @), Sj ©): Nas

L S oyl YSi (S o)

13

n statistics, NPi @, NPi @, NPi @), NPi ®: Thennarasu statistics, TOP: Fox statistic, YSi: Kang statistic

1:TOP 551,35 :NPi ©, NPi @, NPi @, NPi @ .50 5 Lo sla o,LeT: Si @, ST @, Si @), Si O il s Shos GY
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Table 4. The combained analysis of variance for grain yield based on the AMMI model

a0
Ol yets ilin Slay e 5k KW
sl
Source Mean of squares Percentage
d.f
ENV 7 10985517.08**
REP(ENV) 16 269469.81**
GEN 16 146351.01**
GENXENV 112 102884 2**
PC1 22 211772.06%R,
PC2 20 152869.68**

PC3 18 126724.83**

pPC4 16 45284.71 “ \
PC5 36755
PC6 \ 12 12387.93

c7 13748.83

‘es
2 ey J;Lo.LeLg i am“? @
S ﬁ‘v\i‘*hr"\f o & Lk

0 Sles 5 Sile 5 (Ml (881 e 4 S35 285 18) calio o Slas (g5l 5l pos 10,055 (pad N e 9 VY g g0

Ay b o,SNes gylk Skl A 3 Ses sloas) 0Vl 50 55 WV qudg) Grimren Wog I0)95 5 58 (elie
5 Skoe 55 ) oo sl o5, 53 2l s e buls (Y 517 (sla i) aal o, 55 53 5 o3 5 305 VL 4 5, e

AV USs) wazdls jl8 e n doml 5o 0,8es s)lly B 5l en
Eeme 3 99 3 e sbadlys D9d oo (25l 93 5 o sadlge 9 8 (28,5 I 3 L s s syll AMMIZ 3L o

bhow 00 Slee  Sinon saias Lis O b jo bylo s Lo aygly i S amgi 1) aoes § uish) (iiSon s 5l a0 £4

Sl Gl asely 9 (Swaed pac saids lis (050 aygly cude (Siuod odims Lis ool> aygly a5 Cui i pay Bl e

15



(Aghaei- w35 s 3V 3 ,Khae (5l sl 250555 Sl 35 50 0 45 laeadssy (Db onl ) w3b e ghie (Simon
lacaisiyails )13 s Slae (5,lal a5l eas, o 5YL 0 VY 50 Y ) lacesssy (ulul ol 5 (Sarbarze etal., 2014
28,5 518 sl slaas; 53 58 Sl nl Sl 2 jt 5 GhleaS 0ald 05, 90 08 )F 15 (Gam slees) p3 5 VY 5 F

(VY JS) wisls las a8 e sbolass (o 1y 0 Slas (gl cp S A o ¥ glacasgss LS yo

AMMI1 Biplot

PC1(40.4%)

AMMI2 Biplot
E2
20 . &
.G}L e
Gl6 s 10 % || e
10 G5 ol ’ -
.‘em & 69 I/
— < o & — o\l o1
0-LES ‘A—;o_‘,;‘ ] n.:’ — E3 \lY .
S, 163 g g a1 %, .
G9 o £3 -
6 \cvz &
10 “»‘ Ll G
o0 |Gl
G17 \
G8 \ 10
20+ \ ¥ \e:
N
¢ Env * Emw
+ :
30 E7 * Gen 201 Gen
500 1000 1500 e 20 49 0 10 2
YLD PC1 (40 4%)
» AMMI2
3 PC1) Jgl ailgo 95 £,55LS YLD) &l 8 ,5Lac g (PCL) Jol ol ailgo &M sb (AMMIL - ¥ Jsi
0 aigii 1Y aild o ,Sloe (5l busrox i i GS o2 p (PC2
Fig 3 - AMML) Biplot sh@wi lationship between the first principal component (PC1) and grain yield (YLD kg/ha),

AMMI2) Biplot illustrating interaction between genotype and environment for the grain yield of 17 lentil genotypes

across eight environments
G e TV Y sl ool Lo 5 caigi o IS iy 50 Jasme 58 g saied LS jw sl sk
Slp g atien o955 eges g5l 5lails 18 SN GL 3550 0 a5 placaie) Wil base 5 el SIS oy y0 )
lalnome O jslne 10 5 SILSL 35 5 51593 45 (@locads ;K0 Som il Ngd oo drog 0dd (o p Slalazme i p3 2iS

QBB Y Cig) 4 0gd o 00 YUK 0 ulel ol sl o lalame ()] 4 cogas slul gl wilazdl, iiST, (slodg

VoV Glalasee 4 VF 5 VY slo ugi) oo g 203 o0 LS ¥ e 4y pogas )55l Lol ail oo sogee (5,550

16



G5k azly cadsis 90 cnl I aidl o GliluzS dilais 4y bgype ¥ g) gladasms aSul @ dzgi b i)y pogas )55l
Al s Gl aslaie 4 ogas

P I Glacssy 55 S o)l g 0ls i bacaisi il Olsie 1))+ 5 Y slacessi§ TOP (6 el o bl

)Ja.,)l 'IQ-L‘J'“’ P 5 'Y 5\' ‘\\Lgl.g‘....ny) < SIG a)LeT A:...;\;u 9 6)...;:‘)Ll4 Lgl.fo b)La—‘ for) L\ ols )|)§ 5 6“"""‘)

VY50 laiy AMMIL S5 sl 50 AMMI i i aiges olis ololy S8 1385 Sos (sl 5 0,Shas

o Sbos 5l 5 HeSilen 13 5l bl i 0 ) VY G55 AMMI !‘msb. 92 Sp sbass Ol 4,

of Plant Sciences, 6(5), 827-832.

, 315-325. (In Persian).

Report. Ministry of Agriculture Press. https://www.maj.ir/Index.aspx.(InPersian).

Amelework, A. B., Bairu, M. W.\Marx, R., Laing, M., & Venter, S. L. (2023). Genotype x Environment Interaction and

Stability  Analysis of ected Cassava Cultivars in  South Africa. Plants, 12(13), 2490.

Farshadfar, E., Mahmudi, N., & Sheibanirad, A. (2014). Nonparametric methods for interpreting genotypexenvironment
interaction in bread wheat genotypes. Journal of Biodiversity and Environmental Sciences, 55-62.

Fox, P. N., Skovmand, B., Thompson, B. K., Braun, H.-J., & Cormier, R. (1990). Yield and adaptation of hexaploid
spring triticale. Euphytica, 47(1), 57-64. https://doi.org/10.1007/BF00040364

Haghpanah, M., Kazemitabar, S. K., Hashemi, S. H., & Alavi, S. M. (2015). Evaluation of Mazandaran nettle (Urtica
Dioica) population structure and genetic diversity by AFLP markers. Iranian Journal of Rangelands and Forests
Plant Breeding and Genetic Research, 22(2), 241-250.(In Persian). https://doi.org/10.22092/ijrfpbgr.2015.12227

17



Jamshidmoghaddam, M., & Pourdad, S. S. (2013). Genotype % environment interactions for seed yield in rainfed winter
safflower (Carthamus tinctorius L.) multi-environment trials in Iran. Euphytica, 190(3), 357-369.
https://doi.org/10.1007/s10681-012-0776-z

Kang, M. S. (1993). Simultaneous Selection for Yield and Stability in Crop Performance Trials: Consequences for
Growers. Agronomy Journal, 85(3), 754-757. https://doi.org/10.2134/agronj1993.00021962008500030042x

Katsenios, N., Sparangis, P., Leonidakis, D., Katsaros, G., Kakabouki, I., Vlachakis, D., & Efthimiadou, A. (2021). Effect
of Genotype x Environment Interaction on Yield of Maize Hybrids in Greece Using AMMI Analysis. Agronomy,
11(3), 479. https://doi.org/10.3390/agronomy11030479

Katsura, K., Tsujimoto, Y., Oda, M., Matsushima, K., Inusah, B., Dogbe, W., & Sakagami, J.-1. (2016). Genotype-by-
environment interaction analysis of rice (Oryza spp.) yield i‘floodplain ecosy.
Journal of Agronomy, 73, 152-159. https://doi.org/10.1016/j.eja) .11.014

Najafi Mirak, T., Dastfal, M., Andarzian, B., Farzadi, H., Bahari, M., & Zali, H. (2018).

in West Africa. European

analysis of grain yield

ods. Journal of

Namdari, A., Pezeshkpoor, P., Mehraban, A., M'rﬁ luation of Grain Yield Stability of
Advanced Rainfed Lentil g

of durum wheat promising lines in wal

Crop Production and Processing, 8(2), 79-

otypes usin

Namdari, A., Pezeshkpour, P., Me‘)an ). Evaluation the grain yield
stability of promising rainfeﬂ:ntil gen i ric statistics. Iranian Journal of
Field Crop Scienc‘3(3)‘5—159. ( . ://doi. 0.22059/1JFCS.2021.330502.654854

Nassar, R., bility: Tests of significance for nonparametric

Evolution, 11(6), 7 rg/10.1111/2041-210X.13384

., Shojaei, S. H., lliés, A., Bojtor, C., Mousavi, S. M. N., & Nagy, J. (2022).

ility in Some Selected Wheat Genotypes Using AMMI and GGE Biplot Methods.

://doi.org/10.3390/agronomy12051130

Pezeshkpour, P., & Karimizadeh, 023). 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). https://doi.org/10.61186/jcb.15.46.73

Pour-Aboughadareh, A., Khalili, M., Poczai, P., & Olivoto, T. (2022). Stability Indices to Deciphering the Genotype-by-
Environment Interaction (GEI) Effect: An Applicable Review for Use in Plant Breeding Programs. Plants, 11(3),
414. https://doi.org/10.3390/plants11030414

Senguttuvel, P., Sravanraju, N., Jaldhani, V., Divya, B., Beulah, P., Nagaraju, P., Manasa, Y., Prasad, A. S. H., Brajendra,
P., Gireesh, C., Anantha, M. S., Suneetha, K., Sundaram, R. M., Madhav, M. S., Tuti, M. D., Subbarao, L. V.,

Omrani, A., Omrani, S:

Agronomy, 12(5), 1130. ht

Neeraja, C. N., Bhadana, V. P., Rao, P. R., ... Subrahmanyam, D. (2021). Evaluation of genotype by environment

18



interaction and adaptability in lowland irrigated rice hybrids for grain yield under high temperature. Scientific
Reports, 11(1), 15825. https://doi.org/10.1038/s41598-021-95264-4
Singh, C., Gupta, A., Gupta, V., Kumar, P., Sendhil, R., Tyagi, B., Singh, G., Chatrath, R., & Singh, G. (2019). Genotype
X environment interaction analysis of multi-environment wheat trials in India using AMMI and GGE biplot models.
Crop Breeding and Applied Biotechnology, 19(3), 309-318. https://doi.org/10.1590/1984-70332019v19n3a43
Song, W., Sun, S., lbrahim, S. E., Xu, Z., Wu, H., Hu, X., Jia, H., Cheng, Y., Yang, Z., Jiang, S., Wu, T., Sinegovskii,
M., Sapey, E., Nepomuceno, A., Jiang, B., Hou, W., Sinegovskaya, V., Wu, C., Gai, J., & Han, T. (2019). Standard
Cultivar Selection and Digital Quantification for Precise Classification of Maturity Groups in Soybean. Crop
Science, 59(5), 1997-2006. https://doi.org/10.2135/cropsci2019.02.0095
Subedi, M., Khazaei, H., Arganosa, G., Etukudo, E., & Vanden‘g A. (2021). G
environment interaction analysis for seed protein content and prnﬁield of lentil. Cro
https://doi.org/10.1002/csc2.20282
Sun, X., Ma, P., & Mumm, R. H. (2012).
Quantitative ~ Traits  Involving  Epi
https://doi.org/10.1371/journal.pone.0050604
Thennarasu, K. (1995). On certal ﬁir
stability. IARI, Division of Ag
Whitley, E., & Ball, J. (ZOO‘St isti
https://doi.org/10.1186/ccl
Zali, H., & Barati, A. (‘0). Rjuation [s) ion i i genotype (SIIG) in other to selection of barley

ic stability and genotype x
cience, 61(1), 342-356.

edictio@’erformance of

o@ 70), 50604,

jronment interactions and yield

parametric Method for Geno

=

on-parametri

Critical Care, 6(6), 509.

arietinum L.) geno i . reeding Journal, 1, 89-100.(In Persian).
Zeinalzadeh-Tabrizi, Hy,Ma i, S Fallah-Toosi, A. (2021). Evaluation of Seed Yield Stability of Promising

Persian). https://doi.org/10.52547/pgr.8.1.4

19






