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Table 1. The number and pedigree of lentil genotypes measured in trial

o 85 el aﬁp;/ru

Genotype No. Name / Pedigree
Gl FLIP2012-2L(ILL10977)-1LL7985/1LL6037
G2 PRECOZ(1LL4605)-I1LL 5888/ ILL 5782
G3 FLIP2011-43L(1LL10947)-ILL 7537 X ILL 590
G4 FLIP2014-021L (1LL11431)-1LL9977 x ILL 1005
G5 FLIP2014-032L(1LL11442)-1LL5883 x I1LL6458
G6 FLIP2014-031L(1LL11441)-1LL5883 x ILL6458
G7 FLIP2014-029L(1LL11439)-I1LL6037 x ILL7012
G8 FLIP2012-77L(1LL11052)-1LL6129XILL7980
G9 FLIP2012-240L(1LL11215)-ILL7711XILL8176
G10 FLIP2012-2441 (1LL11219)-ILL7711XILL5480
Gl1 FLIP2014-103L(1LL11513)-1LL9892 x ILL7978 ICARDA 3111 139454.0 73298 C
G12 I1LL8006
G13 FLIP2010-95L (1LL10825)-ILL 7620 X 91517
Gl4 FLIP 86-16L(ILL6002)-1LL 4349 x ILL 4605
G15 Gachsaran
G16 Sepehr

1Y40-49 ely5 sladle b sble = o8 Ol ool ool Con s =Y o
Table 2. Climate condition of Sarab Changaie Khoramabbad Research Station during 2016-2020

Los Jacs 20 Ly Slas s J3la S Cosb,
Jl Joat Gl S 5l GLS sl LS sl o ks o
Year Season Average Maximum Minimum Precipitation Relative
temperature temperature temperature (mm) humidity
= 14.10 26.6 1.10 24.93 39
Autumn
Yq0-\Y s ;
ITae-1TaR Ol 6.83 18.56 -6.33 75.96 60
2016-2017 Winter
)Lf?' 19.56 34.53 5.06 37.86 44.16
Spring
ol
R 14.53 28.36 0.90 13.33 37.33
Autumn
Y E\% 3ians
ITATTA Ot 9.2 22.86 -2.50 60.50 56.76
2017-2018 Winter
)Lf?' 19 3243 6.90 89.16 55
Spring
b 14.86 27.66 3.66 6.09 56.66
Autumn
VoY s 3
ITAV=ITAA ol 6.66 18.33 -3.46 46.35 67.66
2018-2019 Winter
’L_‘C"’ 18.83 32.63 4.10 106.85 52.33
Spring
b 14.53 21.9 15.90 59.40 525
Autumn
FAA- Y Ol
ITAA-ITAR Ol 7.80 14.1 0.31 97.86 61
2019-2020 Winter
’L_‘C"’ 19.20 27.83 10.66 17.26 66.45
Spring
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Figure 1. Spearman rank correlation coefficients among mean yield and non-parametric statistics
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(Si® Si®@ Si® and Si®): (Nessar and Huehn ,1987); (NPiD, NPi®, NPi® and NP;®): (Thennarasu ,1995); (LOW,

MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang , 1998); The darker red means the more
negetive correlation and the darker blue means the more positive correlation.
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Table 3. Combined analysis of variance of seed yield of 16 lentil genotypes in four years

S et e SOV ERESE e o § g Sl o S5k
df Sum Square (SS) Mean Square (MS)
JL Year 3 1130229.28 3767430.09™
Jls 0,0 LIS Replication (Year) 8 281034.23 35129.28™
G55 Genotype 15 8080993.53 538732.90™
oS5 X Jl Genotype x Year 45 10649987.09 236666.38™
1225 Error 120 7599213.60. 63326.78

SR JL«.:;-\CLJ: Sl gme 5 (Sol5 gme b i S FF 41

" and **: Non- sighnificant and sighnificant at 1% level of probability, respectively

Sl s g ol Lol o] = -t dss
Table 4. Result of statistics tests for signification of effects

L U o A ot L PO N TENC B
TEST Genotype Pmlz%%'l“ty Environment Pmlz?/g'l“ty Genotype x Environment Pml%‘\i/té'l"ty
Bredenkamp  46.492 0.00 60.41 0.00 111869 0.00
Hildebrand 123421 0.00 68.40 0.00 190.36 0.00
Kubinger ~ 184.805 0.00 84.98 0.00 97.20 0.00001
vanderlan  5g113 0.00 8241.23 0.00 66.67 0.019565

Lot s e L3 VN sl olsime 05051 5 6L (51l slae bl 5551 5 =0 s

Table 5. Non-parametric stability parameters for yield and tests of non-parametric stability for 16 lentil
genotypes in four years

Sk
R MCYR S® z1 S@ z2 S® SO NPONP@NPE@NP® RS Low MID Top
Slas
Genotype
Mean yield

1286.54 7.75 9.50 5.29™ 62.25 10.218™ 23.22 341 6.75 1.35 1.01 141 80 25 25 50
1130.01 8.50 6.00 0.14™ 21.67 0.001" 521 1.13 3.50 0.37 0.41 0.62 200 50 50 O
1140.17 9.00 8.00 2.18™ 48.00 4.350™ 7.90 1.71 6.00 0.60 0.57 0.76 140 50 50 O
1452.54 8.00 733 1.23™ 34.67 1.094™ 1246 2.31 4.00 0.80 0.78 1.13 17.0 25 50 25
1574.66 8.50 3.67 0.82™ 9.67 0.816™ 6.38 231 2.00 0.80 0.83 1.13 145 0 25 75
1230.72 8.25 3.50 0.99™ 8.25 1.027™ 2.00 094 1.75 0.21 0.29 041 150 50 50 O
1208.47 7.50 733 1.23™ 33.67 0.937™ 479 131 450 0.69 0.69 1.01 120 25 50 25
1283.01 10.50 733 1.23™ 36.33 1.383"™ 557 1.31 400 0.40 0.60 0.84 180 50 25 25
1486.08 8.50 567 0.04™ 19.67 0.015"™ 7.24 224 350 1.17 090 133 180 0 25 75
10 1497.42 9.25 8.50 3.07™ 44.25 3.216™ 15.67 2.67 525 1.17 0.96 142 155 25 25 50
11 1484.74 7.50 7.67 1.68™ 3567 1.263™ 491 182 450 0.75 0.94 139 150 0 50 50
12 1333.61 10.25 350 0.99™ 1225 0.492™ 159 0.81 1.75 0.23 045 052 120 0 75 25
13 993.35 8.25 6.17 0.220™ 23.58 0.033™ 0.22 0.24 3.75 0.30 0.33 0.48 18.0 100 O 0
14 914.36 8.50 6.33 0.315™ 24.33 0.058™ 0.81 0.44 4.00 0.29 0.32 0.47 22.0 100 O 0
15 928.21 7.50 3.33 1.184™ 7.00 1.234™ 0.47 0.35 2.00 0.14 0.16 0.23 24.0 100 O 0
16 1063.20 8.25 4.83 0.069™ 16.25 0.152"™ 2.11 0.72 2.75 0.26 0.30 0.41 29.0 100 O 0

O©CoO~NOUIhWNBE

Mean  E(Si(1)) E(Si(2)) Var(Si(1)) Var(Si(2)) Chi-Square Statistic for Zil, Zi2 Chi-Square Statistic for Sum of Zi1, Zi2 Prob
125044 5.3125 21.25 3.30924 164.510 11.70 31.99 0.01
slae Ll NP 5 NP NPI® NPiD) s 5 sl cola slae bl (Si® 5 i Si@ SiI) 63 s w5 e st 5L MCYR
ol Var 5 sl dal B S oSl Mean (S s ¢ gere RS ¢ .5 5 slao LT (TOP s MID LOW) ¢,
MCYR: Mean corrected of yield ranks; (S® Si® Si® and Si®): (Nessar and Huehn ,1987); (NP, NP;®, NP;®

and NPi®): (Thennarasu ,1995); (LOW, MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang ,
1998); Mean: Grand mean; E: Expected value and Var: Variance
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Table 6. Ranks of 16 lentil genotypes for non-parametric stability parameters
S AN g g0 i si® NP® NP@  NPO NP@ RS LOW MID  TOP
Genotype Mean_Yield
Gl 12 10 10 8 10 10 10 11 10 4 5 2 10
G2 11 3 2 4 7 2 8 9 9 13 5 2 10
G3 5 5 6 3 3 6 4 6 5 8 9 2 6
G4 1 13 14 6 3 13 4 5 5 12 13 8 1
G5 9 14 15 12 11 15 15 15 14 10 5 2 10
G6 10 5 7 10 8 4 7 7 7 14 9 2 6
G7 8 5 4 7 8 6 9 8 8 5 5 8 6
G8 3 11 11 5 5 10 2 4 4 5 13 8 1
G9 2 2 3 2 2 3 2 2 1 9 9 8 3
G10 4 4 5 9 6 4 6 3 3 10 13 2 3
G11 6 14 13 13 12 15 14 10 11 14 13 1 6
G12 14 9 9 16 16 9 11 12 12 5 1 13 10
G13 16 8 8 14 14 6 12 13 13 3 1 13 10
Gl14 15 16 16 15 15 13 16 16 16 2 1 13 10
G15 13 12 12 11 13 12 13 14 14 1 1 13 10

S 435 gy RS 5 3 cla al (TOP 5 MID LOW) ¢35 e T (NP 5 NP .NPANP®) i 5 i chn dne 4S9, SO. S ST
(Si® Si@ Si® and Si®): (Nessar and Huehn ,1987); (NPiY, NPi®, NPi® and NP;*): (Thennarasu ,1995);
(LOW, MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang, 1998)

SOl e S sbacs s oLyl s (2013

Lsls 58 1 Si® 58O o bl 55 ls s
Thennarasu, ) sl )ls g el ool ulul
Mie S L
©oars bl Sk sl slcsss
G5 5 G15 G6 G12 slacsss NP@ oLl

Glags #) s el jasds Lo s) o folt
s She ke 5 g8 3 Shes . Sle G155 G6
oSle @lls G125 G5 glacwsgl 5 il S
G7 5G10 G3 Gl slacss) sy Y 5 Shee
Gl a8 ks bos5) cniolubt
ks sy oYU s Shes Ske 51G10 5 GL
G16 5 G12 G6 G15 slaiss NP o Ll L.l
el Ol Sl as s Ol el glacd 85 Ol e
sV s Ses Sle G125 8 g ss
Olgsa G4 5 GI0 B9 Gl slacss) .cuils
bl Sar o8 Lad plalid HILLL slaca s
S eslinal bding Jlsyp= p 26 5 Ses Sl
5 G16 G6 G15 slacws 55 NP@ s NP® clao Ll

D s L oSl bos g skl G4

Vof

55 iags s (Huehn and Leon ,1995) o4 5 Ola
Si@ 5 S® o Ll 55 o Vb Stemer &5 zils Ol
P s Ses sl &S Sley o oyl s
UK 5 B Fle sl elimal asad
Sols g 5 oot akal, 55 (Sabaghnia et al., 2006)
e Slaas B okl o n U3 sslel > nl
G13 a5 S bl 4 a5 Lt S sdalie
sieS Sll slacss) Olgsw G125 G14 G15
oSSl GI2 (gl bawis) cpl Obe L3 &S L
G3 5 G4 G10 Gl slacwsys cils VL 3 Shes
3Gl lacs sl Lad arlils lacs 55 o 5okt
U 5 Sk il S N 5L Shas Sl G10
Scsss SO oll bl (U5 0 Jula) sy
sl b glacsys G165 G4 G15 G13
Ll G5 5 G4 G10 Gl slacssl 5 L
Olyeay sdd arlid oy Dler o Lo s 55
oS il GV s Ses o Kle SILLL s
o5 (Karimizadeh et al., 2008) Ol ,\Sas 5 o515
Stz pmad 5 de SIS S5 Gay 2 0

Jamshidimoghaddam and Pourdad, ) sls, s pAde
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L 3355 55 TOP ool 5l Jol> W ramen il 3
oslal s Stsan 4 s Slllas 55 55 Oliie
81 3 a8 (oysba ol sl oyl WU s Shes 5 TOP
a3l TOP weiy ojlal il s Sl slacs 5 35050
Sabaghnia et ) dzils ;15 Vb s 55 5 Shas oSl

.(al., 2006; Abdulahi et al., 2007
S g5 anllas 3550 (RS) KS a5, fmore ol
ol a5, Sl S L GL 5 G15 Gl G7
GIl 5 Gl il ow opl 1 & Loy bisss
G10 G12 G8 glacs 55 5 tzils oV 5 Shas Sl
b5 Aol a8, ke Jlie o i L G
S0 ol Slee Sle G125 G8 (slacs 335 dis s

(0 dpd) 55 S5 Shas :Sikee
ke o s ey e el (Gl Sian
GLE slaoll 5 e slacs sl il s Sles
ool ool sty il bl r (1 ISCE) A aalns
SO ol b lsonn 5 e Soran 5 Shas
OLan 5 slsyp il TOP 5 NP NP® NP@
OLaa 5 hely iomen 1S 55 (Pourdad et al., 2014)
et 355 s a5 s s (Vaezietal., 2018)
SO Glas,bl 5 5> Shas Kk Gl ore 5 e
o5 s LS asls 2,15 1, NP@ 5 NP NP@ SO
O 5 58 s pimen 5 (Kaya and Turkoz, 2016)
5 3 5kes o e Scewes (Syukur et al, 2014)
L5 S sdalie NP@ 5 NP® NP@ SO SO clas Ll
5 ool s She L v Soees RS K ol
ools Laskis ol ul elul 5 & sl sbes s
Dees Lasi gt Vs Ses e Sl il
SO o lul L TOP Ole (sils sme 5 e (Siran
St (V S2) cils 3525 NP@ 5 NP NP
S Glaally S aas Sl e 5 e Sl
ol bl as ealie NP@® 5 NP® NP@ SO
5 ks plebs b s Olgsa G15 s bae sl

G5 a5 TOP ojlal alud o ccils ol 5 Shes

il aly o Sles S0l el IS s
ALl B9 5 Gll G100 Gl slacwsss
AV OLEs Shas S0k L5 ol K05 55
Jol s (V50 Jslax) 55 83 Shee . SSls
Gliasn 5l eld SIS m L Aesn ool
4> (Mohammadi et al., 2007) Ol,Kea 5 (o=
(Abdulahi et al., 2007) O, Sen 5 s3ls p 5,53 (,.\;f
> (Sabaghnia et al.,, 2006) L ¢l KL s
dils Olo 3 gt Slids 5 ol il cilas s
Solul 651k psgde op05 3 sulylE slas,lel &S
Loslol ool olol ol b me sl 5) 5 sl e
Al sy Vs Shee 5l el (S

i b ol 55 RS KIS 6ol bl bl
Lgdor b S Sk sl gl i) Olpsa (o3l
bl cpl 5l eslizel L culule «(Kang, 1988)
il Olgean G2 5 G14 G15 G16 slacs s
Ol 5 e A S A S e
sp 05 s Shee o Sle 5l Seab Ol Shes
oLl Olssas G 5 G12 G7 Gl sy
oke Gl 5 G12 &5 W esls yasiis b s
ol el (0 Jsar) amals VL s Sles
Sy pyehe b3 RS S b oplel tass
03 uils e dlaly 3 Shee bl ul 5 555 ool
oo e aaly 4 6,5 i SOlalles &S -
il Olo 5 s S oLl K Il o bl 5 s Shes
Wil bl Salys pagie slls bl opl &
Kaya and Turkoz, 2016; Farshadfar et al., 2012; )
(Zalietal., 2011

Y0) MID (TOP jlais op i L G9 5 G5 lacsis)
DAkl (Aops i) LOW Olpe (2S5 (A3
ki S Sl A KAl e bods)
BUSTSSIS (EY OV WIS S R s R P
TOP 4w io LGB 5 G3 G2 slacsy) Lsy

sl 3o SSle 5 LAS B ae e 55 0 ol



Szt gl 0 (¥ IS8) Lo 5 Shes Kk b ke
O 5 ol 3 LS 5 Ligploo (sla iy 3l outal
Sabaghnia et al., 2006; ) ol ,Kea 5 Ol KL
s ,Lsl (Farshadfar et al., 2012; Yang-jian et al., 2010
o 2B 5 Loy Ml Salys psete lbls RS 5 TOP
Loy Vs Shes L ll G55 oLl

e s s il el alpe s Ik el
D ol oS Sler oo il e andllas 5550 Glas 55
GT G3 GL slacs g5 Jols sl o35 (7 J5) 1,5
ar K a3, ppame ol &S 3y GI0 5 G8
goomes (eSS LGB 5 G3 sla s (kb Slas el
5 G3 lacssy 5 Ll pluld Sl glaci sl 48,
JALL slacs 55 bbb slaesll S|l G10
35 G11 5G9 G5 G4 slais) Jold oo 05 S Loy
ol 2B GBS 5 W Vs Shee b placdi B3
3 Ses bl 555 TOP 5 NP® S S slas Lol
55 G12 5 G6 (slaci 55 Mol oo 03,5 ks o pme W
SNP® SO SO SO clao ol ol ,G12 L5 &
8 A ks WSl Ll g5 NP
55 G16 5 G15 G14 G13 G2 slacg 55 Jobd ol
JSI ol G16 5 GI5 Gl4 GI3 slacsss s
Sl sd sy ol s aadlae 3550 (5 b slao Ll
sl oSk o Sle S e das Lkl
(¥ JS3) dzils

Sl 55 S ALLL Gl glas,ll (slad s 45
Slae el o Rles 3l e Sos pskieay amen il
SWard oy il s slad et 4 s 2l (sl
I I RV R N LI KSR RN IV
ol ads Sl o bl gl 4 5l Lol
5 Shee :Ske 5 TOP (glaolol Jsl 4y 55 i S 1 3
S 03 s el slaadlie @ ad plad &S ddls 13
3 TOP o olsiime 5 Cute (Stemen 5 Ly 055

A edalin 55 Shes Sl

AR

cee e Slacs g s 5 Shee b 5 (K85 5 (2

5 Cuis  Siewes 3o (Moghaddaszadeh et al., 2018)

eb\)' u,uJJLA wa @L’b u.cl.w‘
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Si® S@ slas bl 35 (Moghaddaszadeh et al., 2018)
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Figure 2. Biplot (PC1.vs.PC,) of non-parametric stability procedures based on the rank correlation matrix with yield of
16 lentil genotypes in four years.
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(LOW, MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang, 1998)
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Figure 3. Biplot of PC; VS PC; for 16 lentil genotypes in four years based on mean yield and non-parametric stability procedures.
(TOP ; MID LOW) 31,5 slas T :«(NPi® 5 NPi® NP NPi®) la 5 jlas ols slas T «(Si® , S 5@ 5iD)

SIS 4 g gorme RS ¢ 55 glae Lol
(Si® Si® Si® and Si®): (Nessar and Huehn ,1987); (NP, NPi®, NPi® and NP;*): (Thennarasu ,1995);
(LOW, MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang, 1998)
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Figure 4. Cluster analysis of non-parametric stability procedures and mean yield of 16 lentil genotypes in four years
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(LOW, MID and TOP): (Fox et al., 1990); RS: Kang’s Rank-Sum (Kang, 1998)
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Figure 5. Cluster analysis 16 lentil genotypes based on mean yield and non-parametric measures of stability in four years.
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Abstract

The challenge of the interaction of genotype x environment is one of the main issues in plant breeding.
Various statistical methods to estimate the interaction of genotype x environment and choice the stable
and productive genotype(s) have been introduced. In this study, 14 lentil genotypes along with two
controls (Sepehr and Gachsaran cultivars) were evaluated during four growing seasons (2016-2020).
The experiments were conducted in a randomized complete blocks design in three replications at
Sarab Changai Agricultural Research Station, Khorammabad (Iran). The combined analysis of
variance was used to investigate the interaction of genotype x environment, and results of the analysis
showed significant effects for genotype, year, and genotype x environment interaction. Genotypes G5
(FLIP2014-032L) and G12 (ILL8006) were introduced based on Si{®, S;® and NP;® statistics as stable
and high-yielding genotypes. Based on various non-parametric statistics, genotypes G5 (FLIP2014-
032L) with a mean grain yield of 1574.68 kg.ha® and G12 (ILL8006) with a mean grain yield of
1333.6 kg.ha! were introduced as stable genotypes. The heritability rate was estimated on the plot
mean basis for yield trait in four years (0.61 + 0.18) which indicated the capability of the studied
genotypes to be selected and improved for grain yield. Based on the results of cluster analysis, the
genotypes were divided into three main clusters. The highest distance was observed between the
second and third groups. The first cluster included highly stable genotypes.
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