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Table 1. The number and pedigree of lentil genotypes measured in trial
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Table 2. Climate condition of Sarab Changaie Khoramabad Research Station during 2016-2020
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Table 3. Combined analysis of variance of grain yield (ton per ha) of 16 lentil genotypes in four years

(MS)Slasyo (S5keo (SS) Slasyo ggome df eoljl sy Slpods @lio
YYSVFY. /.7 MYYYA/YA Y J
YOIYA/YA YAV-YE/YY A Jls gy S
BYAVYY/R™ A-A-qa¥/ay \a S
YYPESEIA™ \-SFARAV/-4 Yo JlX Ciss
SYYYSIVA YOV NY/5 - VY- as
CV (%) Yy

Sl wibyly olel posd Jin 35 jlL slacse) &S
(V0) aibl o alie Sy uiVlggST g AS 55

CpyeS )y lacaie) ey Jame (wib)ly (B9 5

g b dited gy o)k (daoe (il Oljee

i1y 9592 Hlubl lacasgii A 9 ) e o)led clacuis)
20 9 ¥ Jolus) Wog Jhayedp oYL 3 Sles 1 Sko
9 bome X gy blite 3l b)) 4 jslate a57 dmgl
Jlo (b dilate gy )3 ailiuss 9> o) Ve 3 )Shes gyl
uﬁbb Y9y jl oalaiwl b .ais ral:gr.ﬂ yyay —yvay u_cl))'
390 pB)) cp el 25 9 Sl wpal pBl ae
()
eSS b slacwigi (dae Ol cops olul p
Socs) il oo ewgl op 5 olub (padls opl Hlade
u]).u;u Gy )]..\.b'.,o ‘y).wf dl)la Wog 0 NP o)‘.m:}
310 0jled i ks i cul 5l g 392 ame
Yo Ve OF Glaguis] ag )lays8 2 2Vl 5 Sles (1 Le
ol o 3l g Ay 1) (dare Slpds o s s oy i
wasly oYL s Sles (1Ske Ve o)l g} dacades)
Woasles olil 2bj)) 2 38 (V) ohler 5 gaes]

2oy ) sl pawyd (6)l5 gixe ¥

el sBosy,
oS g boe X gl Pl Sl ey sy
iz gyl glaojlel Il 5 5p slecwiss
ke a8 b slaeasgs (0 5 ¥ Jghs) 1 odlitd
Hogd olul by 9 Sy puVlgsST (slaoslal
N0 oyl glaceisis calpl 35 L3 1y (sl oyt
bolid Jlul sbewss plyisa e cp S LV 50
380as (Sile O o)lad i e ol o o 5 B0
LY oV o opleds slacaisi cwomed bl oYL
Slocigy a2 )51 widg JLL slacuwis) jlde ol
5 ¥ Jshiz) 392 395 5 2V 3 Shee (1o J1V- 9
Sy Oliie plo b 3815 55 Gimghy cnl jl Jols gl (0
b Jlite Sl e 5 (W) ohlSes 5 odlien)S
albl g o el slagsby, Sl edlitl b bae X oy
G5 09 alie 4 e lacas) ) (gd )lul
9 63,5 o LBl Mg 9 Gy gy 97 ) o S Hlub
GE9) Ol s N o)led Guig) sy 90 2 )
5 olidle uzmen . glulis YU 5Ske Ll
38des syl 5 e X gy Jlite JIL (F) oS
S5 slogbgy oeslil boany Gisusel sy
waaly ol «@Mish @35 5 (ol Jae sty oo



¥

A7 oyl sy B 9 ¥ ol 4 rgi b g ulul 0
& g W3y g 5l Bl e e i 0 5 V0
10 el s oS B a5l b sl sie
Slaws) de L ) S 4 Sodp e )S) cups
eSSl Blsl ke i LY g Ve ) ojled
il 2 (1) ghlen g (o)) 392 bl Sl
L il clabaoe > Lgw slocasy &l 3,Sla
GG SIS oty 5 bl slajally I oslizl
2 (el g ko) als 13) 95 L bgw cuigy VY sl
s=hi Jl (bop gle g @l (B adhte aw
g,o);o 9 uw;) )l dl)?ul )1 oalaiwl L AYAA-IYaY
b bow sl cwigs slee GoeisShy 9 b QoS
Olrez 9 Sy als 08, 93 b pgyg0 pulS sudsel (Y
LYAY S\FRE el Jlo > S ¢ o5 dilato oy 5
oY 93 a8 ploxl ()b g (el (slagdg) 5l esliul
@ Sop (bi) 0905 oy S pgygd pS ub'v-\w‘
S2i ygme0)5 5 L 5 Bl ey po eSile (228 5 S
2 YY) Bas olelis ol clappY lgea sl I)
P Okl mp cagl V) o Sles glub oy
SNl Sty § ATAVITM Jlo (b > lea
9 OgwesS) s 5l Blzdl (pasels cups dlea I il
T ol sbewyl pWld @y geme)S) cops
S NN R NICRS ST N TEN
S L)) cupd g Qg )y a3 Sl oS
(Y8) 845 (Bye il sy plysar Ko 4

2 Sbi plo g 55T (Jedsel (6581 dilows
\ Q‘.’.‘...».o)' /¥¥ 0lads /rv‘”‘))lﬁ% JL.: /ucb)' OL&»L; C)\,ol Mw}/ﬂ

5 oliileS oblps dibio dw LB aBiiy Y
Slpss oy oylal I AYAFIYAY el Jlo aw b
5,5 wdlizal bl slacuis) ol psliine

Sre el ol gleea ) B o8l ke
Error! Reference source not found.Error! .us 8

Reference source not found.Error! Reference
source not found.Error! Reference sourcfe ngt
ound.

OpeinShiy 9 b oSy cupe 4 g b
& S35 G5y caps W 5 ¥ D oled sacuisis
OpinShy 9 b QoS cops a5l il S
u»l.wl P J).)y )DJUJ dhwy) V¥ 9 AR dl.tbwy)
).)Yl) AR} 9 AYARPA) o)lm» dme?)) uw w).‘o
g Ml plaBd] 0 4 1) jesd cups polie
Ldg HLL glacaig; A g VN ojled slacuis)
cupd 9 D= S g Sy cups L0 o)led G
P By b g Olyea RS R pass
S aSdes (Sl I 50wl (9 Ses (pSke oS 2>
S ooy 3 (V) e 9502810 9 ¥ Jghiz) 592
Ol pd s sblie 3 g isudsel sla Y wly 5, S
2 ddlaio 90 40 dald 13, 93 ol jerndy o> isudsel Y VA
Sl lolis gl pmiSly 9 b g )S) o
Gaig} dw g 100)S oalatwl g el la Y > Sles
)8 olelasly b
)l GBlyol & 4 b
SIS KT PR EINES

b &5 (g5 o )S Lad
2l Sl a8l g S, s

Jlo ¥ o ade @i VF sl 55l (65l slaolol 251 =¥ Jga
Table 4. Estimation of parametric stability statistics for 16 lentil genotypes in 4 years
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Table 5. Rank 16 of lentil genotype for stability statistics parameter
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Figure 3. Cluster analysis of 16 lentil genotypes based on average yield and parametric stability

)

statistics in four years

095 o 3 bl lao)lel (A wps 4 Gimgh ol o ead edlitl (gl (slao)lel ales

Sois) oo ol ) Job S @l 4 ey b S a0 e uib)ly g (g S) s slao)lel sl

&b

s¥les 5:Ske b (FLIP2014-032L) 0 s)las ool -bidg Y 5,Skes b sl (slaciss; (ol

S ol gl lsea S 0 p kS NOVFFA Clpsicaps Hed silul pbly oy pYlgS]
Slhbow ) cds gy ol ) gl ol 5 M gl el cops g oS, b3l Bldl ((Jaoxe
Mlogdie kot oyl 53 adlas 3yse w8l b ailine Caliseo A olwlas YU o Slee b jlul cudgil olaisay O ojled
b)ﬂa&uigl}éldl){@)&oldhd@ljﬁ)bo\jlbsaw 9‘:‘“‘°MLSIM)M“4>9’L’U“M

23,5 ol b 3M5 3 pdlly 5 S lgiea bl p 3,5 sanlie boyll pl le 55 ()l sme

Falo%)
Ahmadi, J., B. Vaezi and A.R. Pour-Aboughadareh. 2014. Evaluation of Forage Yield Stability of
Advanced lines of Grass pea (Lathyrus sativa L.) by Parametric and Non- Parametric Methods.
Journal of Crop Breeding, 17(8): 159-159.
Akbarpour, O.A., H. Dehghani and B. Sorkhi-Lalehloo. 2012. Study of grain yield stability of barley
(Hordeum vulgare L.) promising lines in cold regions of Iran using regression methods. Iranian
Journal of Crop Sciences, 14(2): 155-170 (In Persian).
Alishah, O., M. Vanda, M.R. Rahemi, M.H. Hekmat, M. Fathi, M.r. Vafaei, A. Naderi Arefi, S.Y.
Masoumi, M.J. Aghaei and M.B. Khorshidi. 2022. Genotype by Environment Interaction and yield
Stability Assessment in new promising Cotton Genotypes by Parametric, AMMI and GGE Biplot
Analysis Methods. Journal of Crop Breeding, 40: 50-59 (In Persian).
Anoma, A., R. Collins and D. McNeil. 2014. The value of enhancing nutrient bioavailability of
lentils: the Sri Lankan Scenario. African Journal of Food, Agriculture, Nutrition and Development,
14(7): 29-43.
Badooei Delfard, R., K.H. Mostafavi and A. Mohammadi. 2016. Genotype-Environment Interaction
and Yield Stability of Winter Barley Varieties (Hordeum vulgare L.). Journal of Crop Breeding, 20:
99-106 (In Persian).
Calish, L. and S. Houshmand. 2011. Estimate of heritability and relationship of some durum wheat
characters using recombination inbred lines. Electronic Journal Crop Products, 4: 223-238 (In
Persian).
Carvalho, L.P., C.C. Salgado, F.J.C. Farias and V.Q. Carneiro. 2015. Stability and adaptability of
cotton genotypes for fiber quality. Ciéncia Rural, 45: 598-605.



252553 el 9 5008T el 55T dilows

yYs sl ol e w23 baulyd 53 sl (slagsdg, 3l osliiel b de slacwys 4l 3 Shee 65lb 359

8. Costa, J.G.C., C.A. Rava, F.J.P. Zimmermann and L.C. Melo. 2008. Yield stability and adaptability
of common bean line developed by Embrapa. Pesquisa Agropecuaria Tropical, 2(38): 141-145.

9. Dehghani, H., S.H. Sabaghpour and N. Sabaghnia. 2008. Environment interaction for grain yield of
some lentil genotypes and relationship among univariate stability statistics. Spanish Journal of
Agricultural Research, 6(3): 385-394.

10. Eberhart, S.A. and W.A. Russel. 1966. Stability parameters for comparing varieties. Crop Science, 6,
36-40.

11. Farshadfar, E., S.H. Sabaghpour and H. Zali. 2012. Comparison of parametric and non-parametric
stability statistics for selecting stable chickpea (Cicer arietinum L.) genotypes under diverse
environments. Crop Science, 6(3): 514-524.

12. Farshadfar, E. 2008. Incorporation of AMMI stability value and grain yield in a single
nonparametric index (GSI) in bread wheat. Pakistan Journal of Biological Sciences, 11(14): 1791-
1796.

13. Farshadfar E., E. Mahtabi and M.M. Jowkar. 2013. Evaluation of genotype X environment
interaction in chickpea genotypes using path analysis. International journal of Advanced Biological
and Biomedical Research, 1(6): 583-593.

14. Finlay, K.W. and G.N. Wilkinson. 1963. The analysis of adaptation in plant-breeding programs.
Australian Journal of Agricultural Research, 14: 742-754.

15. Francis, T.R. and L.W. Kannenberg. 1978. Yield stability studies in short-season maize. 1. A
descriptive method for grouping genotypes. Canadian Journal of Plant Science, 58: 1029-1034.

16. Kalateh Jaril, S., K.H. Mostafavi and A. Nabipour. 2014. Interaction of Genotype and
Environment on the Open Pollinated Sunflower (Helianthus annuus) Cultivars Based on Parametric
Methods and Tai Method. Journal of Crop Breeding, 17: 114-122 (In Persian).

17. Karimizadeh, R. and M. Mohammadi. 2011. Determining the interaction of genotypes environment
using parametric and nonparametric methods of phenotypic stability in lentil genotypes. Modern
Genetics Journal, 6: 75-86 (In Persian).

18. Khan, M.A.U., F. Mohammad, F.U. Khan, S. Ahmad, M.A. Raza and T. Kamal. 2020. Comparison
among different stability models for yield in bread wheat. Sarhad Journal of Agriculture, 36(1):
282-290.

19. Majnoun Hosseini, N. 2008. Grain legume production (4" ed) Jihad-Daneshghahi Publishing
Organization, Tehran. 283 pp (In Persian).

20. Maleia, M.P., A. Raimundo, L.D. Moiana, J.O. Teca, F. Chale, E. Jamal, J.N. Dentor and B.A.
Adamugy. 2017. Stability and adaptability of cotton (Gossypium hirsutum L.) genotypes based on
AMMI analysis. Australian Journal of Crop Science, 11: 367- 372.

21. Mostafavi, K., S. Hosseini Imeni and M. Firoozi. 2014. Stability Analysis of Grain Yield in Lineas
and Cultivars of Rice (Oriza sativa L.) Using AMMI (Additive Main effects and Multiplicative
Interaction) Method. Iranian Journal of Field Crop Science, 45(3): 445-452 (In Persian).

22. Motthari, A.R., E. Majidi Hervan, B. Alizadeh and M. Khosroshali. 2018. Interaction effect of
genotypexenvironment forseed yield of winter hybrids and open pollinated oilseed rape (Brassica
napus L.) genotypes. Iranian Journal of Crop Sciences, 20(3): 237-251 (In Persian).

23. Najafi Mirak, T., M. Dastfal, B. Andarzian, H. Farzadi, M. Bahari and H. Zali. 2017. Stability
Analysis of Grain Yield of Durum Wheat Promising Lines in Warm and Dry Areas Using
Parametric and Non-Parametric Methods. Journal of Crop Production and Processing, 8(2): 79-96.

24. Omidi, A.H., M.R. Shahsavari, S. Motalebipour and A.A. Mohammadi. 2010. Estimation of
adaptability and stability of new spring safflower lines for seed and oil yields in different
environmental conditions. Seed and Plant Improvement Journal, 26: 351-366 (In Persian).

25. Pinthus, M.J. 1973. Estimate of genotypic value: A proposed method. Euphytica, 22, 121- 123.

26. Ramazani, A. 2012. The study of yield stability of rice genotypes in Isfahan province. Cereal
Research Communications, 2(3): 181-192 (In Persian).

27. Roemer, J. 1917. Sinde die ertagdreichen Sorten ertagissicherer? DLG-Mitteilungen 32: 87-89.

28. Roozeboom, K.L., T.W. Schapaugh, M.R. Tuinstra, R.L. Vanderlip and G. Milliken. 2008. Testing
wheat in variable environments: Genotype, environment, interaction effects, and grouping test
locations. Crop Science, 48: 317-330.

29. Razmi, Z., B. Masuodi, E. Hezarjaribi, A. Andarkhor, A. Faraji and Sh. Kia. 2022. Yield Evaluation
of Soybean Genotypes across Diverse Environments by Statistical Parameters and GGE biplot.
Journal of Crop Breeding, 40: 74- 82 (In Persian).

30. Shukla, G.K. 1972. Some statistical aspects of partitioning genotype-environmental components of
variability. Heredity, 29: 237-245.

31. Sabaghpour, S.H. 2007. Stability analysis of grain yield for promising lentil lines in autumn
planting under dryland conditions. Iranian Journal of Crop Sciences, 8(4): 312-322 (In Persian).

32. Sarparast, R., F. Sheikh and H.A. Sowghi. 2011 Investigation of genotype and environment
interaction and cluster analysis for seed yield in different lines of faba bean (Vicia faba L.). Iranian
Journal of Pulses Research, 2: 99-106 (In Persian).



YYv

33.

34.
35.
36.
37.

38.

39.

252553 el 9 9008T el 58T ailows

ey olie; I¥¥ olos /o2 )lo> Jlo /Ur-\))' oblS Mol dsliingg

Shooshtari, M., H. Safari, M. Fayaz, M. Akbarzadeh and S. Nateghi. 2012. Evaluation of forage
production stability of a few rangeland species using univariate parametric and nonparametric
methods on Gavanbane Harsin rangelands in Kermanshah province. Iranian Journal of Range and
Desert Reseach, 20: 570-583 (In Persian).

Tabrizi, H.Z. 2012. Genotype by environment interaction and oil yield stability analysis of six
sunflower cultivars in Khoy, Iran. Advances in Environmental Biology, 6: 227-231.

Temesgen, T., G. Keneni, T. Sefera and M. Jarso. 2015. Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.) genotypes. The Crop Journal, 3: 258-268.

Wrick, G. 1962. Uber eine Methode ziir Erfassung der Okologischen Streubreite in Feldresuchen.
Z. Pflanzenzuchtg, 47: 92-96.

Zarei, L., E., Farshadfar, R. Haghparast, R. Rajabi, M. Mohammadi Sarab Badieh and H. Zali.
2012. Comparison of different methods of stability evaluation in bread wheat genotypes under
drought stress conditions. Electronic Journal of Crop Breeding, 5(3): 81-97 (In Persian).
Zeinalzadeh-Tabrizi, M., S. Mansouri and A. Fallah-Toosi. 2021. Evaluation of Seed Yield
Stability of Promising Sesame Lines using Different Parametric and Nonparametric Methods. Plant
Genetic Researches, 8: 43-60.

Yan, W., M.S. Kang, S. Woods and P.L. Cornelius. 2007. GGE Biplot vs AMMI analysis of
genotype by environment data. Crop Sciences, 47: 643-655.



Journal of Crop Breeding Vol. 14, No 44, WInter 2023 ............uoiiiiieeeteeietieeeet et e e eeeen e en e ttee e e enieiess e eseiesenn e eneeneenees 238

Evaluation of Grain Yield Stability of Lentil Genotypes using Parametric Methods
in Rainfed Conditions of Khorramabad

Samaneh Akbari', Omid Ali Akbarpour?and Payam Meschikpour?

1- M.Sc. Student of genetics and Plant Breeding, Faculty of Agriculture, Lorestan University
2- Assistant Professor, Department of Plant Production and Genetics Engineering, Faculty Agriculture Lorestan
University, (Corresponding author: omidakbarpour@gmail.com)
3- Assistant Professor, Crop and Horticultural Science Research Department, Lorestan Agricultural and Natural
Resources Research and Education Center, Khorramabad, Iran
Received: 24 April, 2022 Accepted: 31August, 2022

Extended Abstract

Introduction and Obijective: The interaction of genotype x environment causes significant
differences between the reactions of genotypes in different environments. The yield and stability
of cultivars are greatly affected by the interaction of genotype x environment. Numerous
statistical methods have been introduced to estimate the interaction of genotype x environment
and selection of stable and productive genotypes. This study was conducted to investigate the
interaction between genotype x environment and grain yield stability and to introduce the best
genotype and also to evaluate the efficiency of parametric methods in selecting stable genotypes
with high yield.

Material and Methods: This study was conducted during four cropping years (2016-2020) at
Sarab Changai Agricultural Research Station in Khorramabad. The experiment consisted of 14
lentil genotypes along with two control genotypes of Gachsaran and Sepehr. The experiment
was performed in a randomized complete block design with three replications.

Results: Composite variance analysis showed significant effects on the interaction effect of
year, genotype and genotypexenvironment. The importance of the interaction between genotype
and environment can be inferred that the performance of cultivars in different environments is
not the same and fluctuates, and stable genotypes can be identified. Considering this issue, the
interaction effect of genotype x environment and the selection of stable genotypes were
investigated. Based on statistics Wrick, Shukla variance, environmental coefficient of variation,
coefficient of deviation from regression and coefficient of determination, genotype 5 was
identified as a stable and high yield genotype. Also, based on the rank correlations, a positive
and significant correlation was observed between Wrick, Shukla variance, environmental
coefficient of variation and coefficient of deviation from regression. Based on the results of
cluster analysis, parametric statistics were in three main clusters. Wrick, Shukla, coefficient of
environmental changes and coefficient of deviation from regression were placed in one group
and in the third cluster. According to the results of cluster analysis, lentil genotypes were
divided into four main clusters based on average yield and parametric stability statistics of
genotypes, with genotype 5 in the second group.

Conclusion: Based on the results of this study, the parametric stability methods except for
regression coefficient and environmental variance statistics, were able to identify stable, high-
yield genotypes. In general, according to the most of the parametric stability methods, genotype
5 (FLIP2014-032L) with a mean grain yield of 1574.68 kg ha was introduced as a stable
genotype and was proposed to cultivate in the similar environments climate.

Keywords: Cluster analysis, Combined analysis, Correlation, lentil, Stability methods



