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Table 1. Name and origin of lentil studied genotypes
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Table 2. Geographic characteristics of trials area
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Table 3. Annual rainfall of test areas during the cropping season in 2013-2016
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Figure 1. Pre-analysis of GEI. a. Heatmap plot for yield of genotypes in environments; b. Mosaic plot for indication
of PCs contribution in G+GE; c. Eigenvalues of the BLUP_GEI matrix
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Figure 2. Predicted seed yield (best linear unbiased prediction, BLUP) for 14 lentil genotypes. Blue and red circles
represent the genotypes that had BLUP above and below of BLUP means, respectively. Horizontal error bars
represent the 95% confidence interval of prediction considering a two-tailed t test.

Lol bl W ocwg) 9 155 0 g9 (JFolate (555!
[V PRV B+ ST B WA N FIPC SRV KW PR G %
‘_'),31 5 65‘5 sl 4 A2 o ul.w.i 1) uLol MJ;c )9
exio YU polie il Jaay Y laoce oiga) sl
Sygody MlF o 0ob pasdd ollg Guzes 5 fwly
&) e SO Y ) Y (lacg) Db 495 0k
olie Loy Lol o ST ko 51 jiaS 5 Slas zils b (11
sl Soml pasls ol jair i &S) WAASB (0l
2 30 gy cpl g Sk (dg el 5)luk i)
Smsba v 0y (Jolite ol 5l Y S
Bg ol Y e g bl WY g ) sl
WA S K sl Jols anl opl sl

A5 okl pow g9 Sl I oluly pae el s

Slyed (59 xlbe g (Bl yoe 5> &l 3Shes (o ) &S
2 (Y JSKS) Canl oais 0oly gl> (50908 jezme jd llao
sloben dlyanay ¥ 5 ¥ & (slaciyi | ) Jo S
» LQ(»T YL o a4 a9 b aS Wlad S gl VY 4 )
S 5 JuLE slocaini dase 3 g SSen s
Vo oo gl oS e 8 hugio e 5,Sles
(@) o SHbe (1Y) Wil cawlio VY
5,8 ae sl 229 b S Wb sla W s ¥V lacwss
kb WAASB (¥l e e (S xile | 53
I egs 99 ol g 0 a5 (Lol adlhe jooee (s


http://dx.doi.org/10.52547/jcb.12.36.160
http://jcb.sanru.ac.ir/article-1-1159-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.12.36.160 |

ke BLUP 5 AMMI (slagsbg) sla Sy w8 5 b (wie oyl il 9 0,Sdas (0L (b))

Solul J padls nl b on Sy slaguisl g sy e
Moges cnl slacaje ;503 Jlitan Sy (65 pelas
sl lalises Jao 3,50y 5l <) O.\,,.\zf_)s & Caol oyl
5 S5 > we clbially e o b S sl o
dae )3 Cuig JliSeny 9] Sbly gmen
5 oele elel n pREily oeges il
2 09y rl (V) 29500 ol 35 (S5 (sl Ko
4 g Caud odd 43S S o tash 5l (4394 dlus
Cunl otpelonl Jlol lacssl olid ) ine o

3 Ses gl g gul pasis bl L b
@) el SHly p B Sl slacuis) Mt hns
b plEe) Y (ylul g (Vb 5 Shos (udly) gunly i
GIFY US4 5 5 sl 5 oy sl (WAASB
b b oSed gy )l b dwglie )3 A 5 ¥ slacuiss) 5o
5 B39 g yde olul S b cud g
0392 )bl WAASB [adls 4l » )05 gy e
clbailge ol WAASB s ls apulxs 13 &5 Ll
OLS e IS8 4 ]y (goluly wlonds a8 5 j5a Lol

(it

(a)

[YasaY)
Nominal yield plot
)
©
< 20001
(=] 1
T 15001 =
O
£ 1000+
£
2
500+
i 2 3 g

Q_D \\ '_/-j,-—/ -

E12

e B8 oo B0 g
\M"h et £

-20 -10

0 10 2

Environment PC1 [square root of (Mg/ha)]

WAASB x Y biplot

125- 1@

@ Enmv (b}

@ Gen o
@
5 &
S 10.0- E2

E3
= ¢ @
5 b E1
@ EN ®
8 o ¢ E7
278 E10 b
5
o @ E5
.
W
§ ES
T 50 oo
o ot
@
E o]
= @
@
z 2
2.0 4]
E4
ES, #
<2 -
m E12 1\
500 1000 1500
Grain yield

Slypes ply 3 il gowl 3 )Slos .l (6 ¥ > (ol); Jlo ¥ S 3) Lo VW 50 Lude iy VF il 5 Slee b)) slopl SLo -V IS5
dug‘-“'&” Ryl L;l)g dﬂaﬁ u‘)o.) ‘-"’)2 u.i»lm J;Lu 5 aly b)ﬁla.r— u%db o f(lPCAl) w&@f U.‘am ‘_;Lol 491‘95 Jre? W},U
ol odds 00> (L5 oluw 0,15 G L Hlul MalS' 5 Jguazmoyy o (858 sy S (WAASB) lasre b bauigh) (iiSeny jl (as cu)ll
A3 i 1) gyl 9 3 Shee Gl Caa i 4 ol 93900 5 (BB sla s
Figure 3. Diagrams for analysis the seed yield of 14 lentil genotypes evaluated in 12 environments (combinations of 3 cultivation

years in 4 locations). a, Nominal seed yield vs the first environmental interaction principal component axis (IPCAL); b, Biplot of the
seed yield vs weighted average of absolute scores for the best linear unbiased predictions of the %Snotypevs-enwronment interaction
c

(WAASB); a hypothetical highly productive and broadly adapted genotype is depicted by a bla

circle and horizontal and vertical

black arrows indicate the direction of the increase in yielding and stability, respectively.
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Figure 4. Estimated values of weighted average of the stability (WAASB) and mean performance (Y) (WAASBY)
for 14 lentil genotypes considering the weights of 50 and 50 for yielding and stability, respectively.
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Figure 5. Ranks of 14 lentil genotypes considering different weié}hts for stability andg/ielding. The most-left ranks were obtained
considering the stability only. The most right-ranks were obtained considering the seed yield only. Between the extremes, the ranks
were obtained different weights for stability and yielding. The four clusters represent four classes of genotypes: (1) Poorl
productive and unstable genotypes; (2) productive but unstable genot%/rpes; (3) stable but poorly productive genotypes; and 2:1),
highly productive and stable genotypes.

5@Vl e ol adlhe jozmo (pitnss &8 45 osalie 5§ o
€55 31 @Vl prew po> ol adlle jome 5 (g Es SIS Al Lubly 4 @l 4 g b
5 Oml b o & d2gi bamih 1) bee )3 Gudgs Wil le & )3 sy Jhine Sl gbsS o alaee
0l e 3 (Sl iSenn ) Jol (ol 4z polie 4 () 4 5)lul 455 0g ead adllae Lo
s olhl 2bil lp WAASBY (igi olul co)ll slainiin oy o sle 59y 2 (SVD) 2,k
Olirabl B (sladyglyy (aibles Jowily & 0 a8 0y0e L (GEI) b 13 i) sl jiiSon r (WBLUP) (Jas
Sl g 38des flojor yuuds Sl 535 1) gylub ] S 9031 25 plsl (LMM) (s bz 51 Jue S
ol bl g oyl e el camgd e Sy ], S sl i (likelihood ratio test, LRT)  oleicus s
9 W39 ok g Jpamen A 9 A S X acsy pasls Al aSles b 3 Cug) (Seay 5 cuigl Sl
Bl dpde pB)l (B yme 30l Al o Slige ylages b o cpl plosl 1 iy 92 4l e


http://dx.doi.org/10.52547/jcb.12.36.160
http://jcb.sanru.ac.ir/article-1-1159-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.12.36.160 |

o WA lioj V7 0ylasds /235193 Jlw [ £ly5 lolS oMol aolicings

o

1. Bicer, B.T., F. Kizilgeci, O. Albagrak, C. Akinci and M. Yildirim. 2018. Stability Parameters in Lentil
Genotypes. El-Cezeri Journal of Science and Engineering, 5(2): 287-291. )

2. ]73(1§§r,4 gga‘?&D. Sarkar. 2006. Stability Parameters in Lentil. Journal of Central European Agriculture,

3. De Abreu, HK.A., G. Ceccon, A.M. Correa, R. Fachinelli, E.L.M. Yamamoto and P.E. Teodoro.
2019. Adaptability and stability of cowpea genotypes via REML/BLUP and GGE Biplot. Bioscience
Journal, 3_5?_4|): 1071-1082. ) ) ) )

4. Dehghani, H., S.H. Saba([;hpour and N. Sabaghnia. 2008. Genotype x environment interaction for
grain yield of some lentil genotypes and relationship among univariate stability statistics. Spanish
Journal of Agricultural Research, 6(3{:/385-394. . )

5. Donoso-Nanculao, G., M. Paredes, V. Becerra, C. Arrepol and M. Balzarini. 2016. GGE biplot
analysis of multi-environment yield trials of rice produced in a temperate climate. Chilean Journal of
Agricultural Research, 76(2): 152-157. ] ] )

6. Dos Santos, P.R., T.R.A. de Oliveira, P. Skeen, M.R. Nascimento, K.D. da Silva Costa, E.R. Araujo,
H.S. Pereira and A.F. da Costa. 2019. GGE Biplot and REML/BLUP based-analysis of yield stability
and adaptability for common beans in multi-environment trials Revista Brasileira de Ciéncias
Agrarias, 14(2): 1-6. . . o .

7. Eé)el{gart, S.A.and W.A. Russel. 1966. Stability parameters for comparing varieties, Crop Science, 6:

8. Finlay, KW. and G.M. Wilkinson. 1963. The analysis of adaptaion in the plant breeding programs
Australian Journal of Agricultural Research, 14: 742-745.

9. Gauch, H.G. and R.W. Zobel. 1997. ldentifying mega-environments and targeting genotypes. Crop
Science, 37$1 ): 311-326.

10. Karimizadeh, R. and M. Mohammadi. 2010. AMMI adjustment for rainfed lentil yield trials in Iran.
Bulgarian Journal of Agricultural Science, 16: 66-73

11. Karimizadeh, R., M. Mohammadi and N. Sabaghnia. 2013a. Site Regression Biplot Analysis for
Matching New Improved Lentil Genotypes into Target Environments. Journal of Plant Physiology and
Breeding, 3(2): 51-65.

12. Karimizadeh, R., M. Mohammadi, N. Sabaghnia, A.A. Mahmoodi, B. Roustami, F. Seyyedi, F.
Akbari. 2013b. GGE Biplot Analysis of Yield Stability in Multi-environment Trials of Lentil
Genotypes under Rainfed Condition. Notulae Scientia Biologicae, 5(2): 256-262.

13. Karimizadeh, R., M. Safikhani, M. Mohammadi, F. Seyyedi, A. Mahmoodi and B. Rostami. 2008.
Determlnlr:jg rank and stability of lentil in rainfed condition by nonparametric statistics. Journal of
Science and Technology in Agriculture and Natural Resources, 43(1): 93-103. )

14. Kumar, R., S.K. Sharma, O.P. Luthra and S. Sharma. 2005. Phenotypic stability of lentil genotypes
under different environments. Annals of Biology, 21: 155-158.

15. Laffont, J.L., M. Hanafi and K. Wright. 2007. Numerical and graphical measures to facilitate the
interpretation of GGE biplots. Crop Science, 47: 990-996. ) ]

16.Lin, C.S. and M.R. Binns.1988. Amethod of analysing cultivar x location x year expriments a new
stability parameter. Theoretical and Applied Genetics, 76: 425-430. ] ]

17. Mohammadi, M., P. Sharifi and R. Karimizadeh. 2016. Stability analysis of seed yield of safflower
genotypes (Carthamus tinctorius L.). Journal of Crop Breeding, 7(16): 104-114 (In Persian).

18. Nardino, M., D. Baretta, I.R. Carvalho, T. Olivoto, D.N. Follmann, J.S. Vincius, M. Ferrari, A.J. de
Pelegrin, V.A. Konflanz and V.Q. de Souza. 2016. Restricted maximum likelihood/best linear
unbiased prediction (REML/BLUP) for analyzing the agronomic performance of corn. African Journal
of Agricultural Research, 11(48): 4864-4872. i ] ]

19.0livoto T .2019. Metan: multi environment trials analysis. R package version 1.1.0.
https://github.com/TiagoOlivoto/metan Saccessed 24 June 2019).

20.0livoto, T., A.D.C. Lucio, J.A.G. da Silva, B.G. Sari and M.I. Diel. 2019a. Mean performance and
%\é)il%ég multi-environment trials I1: selection based on multiple traits. Agronomy Journal, 111(6):

21.0livoto, T., A.D.C. Lucio, J.A.G. da Silva, V.S. Marchioro, V.Q. de Souza and E. Jost. 2019b. Mean
performance and stability in multi-environment trials I: combining features of AMMI and BLUP
technlctjes. Agronomy Journal, 111(6): 2949-2960.

22.Pezeshkpour, P. and S. Afkar. 2019. Assessment of _variabilitg of lentil genotypes for agronomic traits
using multivariate Analyses. Journal of Crop Breedmg, 11(30): 142-151 (In Persian). ) )

23.Sabaghnia, N., H. Dehghani and S.H. Sabaghpour. 2006. Non parametric methods for interpreting
%enotype. x environment interaction of Lentil genotypes. Crop Science, 46: 1100-1106.

24.Sabaghnia, N., H. Dehghani and S.H. Sabaghpour. 2008. Graphic analysis of genotype by
environment interaction for lentil yield in Iran. Agronomy Journal, 100: 760-764. )

25. Sabagt:jpour, 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 éln Persian).

26. Sarker, A., W. Erskine and M. Singh. 2003. Regression models for lentil see
East. Agrical and Forestry Meteorology, 116: 61-72.

27.Smith, A.B., B.R. Cullis and R. Thompson. 2005. The analﬁ/sis of crop cultivar breeding and
evaluation trials: An overview of current mixed model approaches. Journal of Agriculture Science,
143(1): 449-462.

28.Wright, K. and J.L. Laffont. 2018. Package ‘gge’. https://github.com/kwstat/gge/issues. )

29.Yan, W., L.A. Hunt, Q. Sheny and Z. Szlavnics. 2000. Cultivar evaluation and mega-environment
investigation based on the GGE biplot. Crop Science, 40: 597-605.

and straw yields in Near


http://dx.doi.org/10.52547/jcb.12.36.160
http://jcb.sanru.ac.ir/article-1-1159-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-22 ]

[ DOI: 10.52547/jch.12.36.160 |

Journal of Crop Breeding Vol. 12, No 36, Winter 2021 ...........ccooeiiniiireenennineiesisisriresssniee e e eanesesieeenanesnsesinssssnesasesnssness 170

Evaluation the Mean Performance and Stability of Lentil Genotypes by
Combining Features of AMMI and BLUP Techniques

Rahmatollah Karimizadeh', Payam Pezeshkpour?, Mohammad Barzali®,
Asghar Mehraban® and Peyman Sharifi®

1- Assistant Professor, Dryland Agricultural Research Institute, Kohgiloyeh and Boyerahmad Agricultural and Natural Resources
Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Gachsaran, Iran
2- Assistant Professor, Crop and Horticultural Research Department, Lorestan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Khorramabad, Iran
3- Assistant Professor, Horticulture Crops Research Department, Golestan Agricultural and Natural Resources Research and
Education Center, Agricultural Research, Education and Extension Organization (AREEO), Gorgan, Iran
4- Assistant Professor, Ardabil Agricultural and Natural Resources Research and Education Center, Agricultural Research,
Education and Extension Organization (AREEO), Moghan, Iran
5- Associate Professor, Department of Agronomy and Plant Breeding, Rasht Branch, Islamic Azad University, Rasht, Iran
(Corresponding author: sharifi@iaurasht.ac.ir)
Received: 13 August, 2020 Accepted: 20 September, 2020

Abstract

In this research, 12 selective advanced genotypes of lentil with Kimia and Gachsaran checks
were grown for three growing years (2010-2013) in four locations including Gachsaran,
Gonbad, Khoramabad and Moghan using randomized complete block design with three
replicates in each location. The heatmap plot indicated the variation of seed yield of genotypes
in different environments. Mosaic plot showed that the portion of sum squares of genotype (G)
and sum squares of genotype by environment interaction (GEI) in total sum of squares (TSS)
were 17.53% and 82.47%, respectively. The likelihood ratio test (LRT) indicated that the effect
of GEI was significant on seed yield and therefore for evaluation of stability of genotypes,
singular value decomposition (SVD) was performed on the matrix of best linear unbiased
prediction (BLUPs) of GEI. The screet test showed that the first five principal components had
a significant contribution in the GEI matrix derived from BLUP, as the first and second
principal components explained only 32.28% and 26.95% of the GEI variation, respectively.
The bilot of first principle component (PC1) of the environment versus nominal yield showed
that genotypes 8, 4, 3, 14 and 7, due to the lowest scores of the PC1, had a small share in the
GEI and were more stable. Biplot of seed yield versus WAASB (weighted average of absolute
scores) placed genotypes in four regions, so that the genotypes 4, 6, 8, 9, 10 and 12 in the fourth
region were very productive and stabile due to the large value of response variable (high seed
yield) and high stability (low values of WAASB). Identification of genotypes with WAASBY
(weighted average of the stability (WAASB) and mean performance (Y)) showed genotypes 4,
6, 8 and 9 as high yielding and stable, and therefore can be candidate for cultivar introduction.

Keywords: Heatmap plot, Mosaic plot, Single Value Decomposition (SVD), Simultaneous
Selection, Weighted average of absolute scores
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