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Table 1. The number and pedigree of lentil genotypes measured in trial
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Genotype No. Name / Pedigree
Gl FLIP2012-2L(ILL10977)-1LL7985/ILL6037
G2 PRECOZ(ILL4605)-1LL 5888 / ILL 5782
G3 FLIP2011-43L(1LL10947)-1LL 7537 X ILL 590
G4 FLIP2014-021L(ILL11431)-1LL9977 x ILL 1005
G5 FLIP2014-032L(ILL11442)-1LL5883 x ILL6458
G6 FLIP2014-031L(ILL11441)-1LL5883 x ILL6458
G7 FLIP2014-029L(ILL11439)-1LL6037 x ILL7012
G8 FLIP2012-77L(ILL11052)-1LL6129XILL7980
G9 FLIP2012-240L(ILL11215)-1LL7711XILL8176
G10 FLIP2012-244L (ILL11219)-1LL7711XILL5480
Gl1 FLIP2014-103L(ILL11513)-1L1L9892 x ILL7978 ICARDA 3111 139454.073298 C
G12 ILL8006
G13 FLIP2010-95L(1LL10825)-ILL 7620 X 91517
Gl4 FLIP 86-16L(ILL6002)-1LL 4349 x ILL 4605
G15 Gachsaran
G16 Sepehr
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Table 2. Climate condition of Sarab Changaie Khoramabbad Research Station during 2016-2020
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sl 14.10 26.6 1.10 24.93 39
Autumn
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Figure 1. Spearman rank correlation coefficients among mean yield and non-parametric statistics
el (TOP 5, MID LOW) ¢35 slae Ll :(NPi® 5 NPi® NPi® NPiW) el 5 jlas ol glao bl «Si® 5 S 5 S0y
.wl@)pﬁ&@f‘&)ﬁ_&TKJJ4,~u,a.wlefd&@;&)ﬁy}&)q—ﬁe;fjlss«.;)@w:RSsJS)é
(Si® Si@ Si® and Si®): (Nessar and Huehn ,1987); (NP, NP;®, NP;® 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

i mibs SOV @bl a3 Slag o § g Sla e ke
df Sum Square (SS) Mean Square (MS)
JL Year 3 1130229.28 3767430.09™
Jlo 058 LIS Replication (Year) 8 281034.23 35129.28"
NP3 Genotype 15 8080993.53 538732.90™
s #5% Jl Genotype x Year 45 10649987.09 236666.38™
Lo Error 120 7599213.60. 63326.78

ns

MJJ\ dL@:}‘ cla,.ﬂ BY 6)l>d:‘” B 6)\5@&‘)?&‘ k_ﬂ;);‘b R P
" and *: Non- sighnificant and sighnificant at 1% level of probability, respectively

Sl a1 bl Sl pesl i —E g
Table 4. Result of statistics tests for signification of effects

TEST Génotype Proll;%l:éillity Environment Prollé%%illity Genotype x Environment Prolté%téillity
Bredenkamp 46.492 0.00 60.41 0.00 1118.69 0.00
Hildebrand 123.421 0.00 68.40 0.00 190.36 0.00
Kubinger 184.805 0.00 84.98 0.00 97.20 0.00001
vanderlan 55113 0.00 8241.23 0.00 66.67 0.019565

Lot 55 e L5500 6l olsime O30 5 (62U (5ILL (glae bl 5,51 =0 s

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

Sl
TR 4. MCYR O S® z1 S®@  z2  S® SO NP@WNPANPEANP® RS Low MID Top
Genotype

Mean yield

1286.54 7.75 9.50 5.29™ 62.25 10.218™ 23.22 3.41 6.75 1.35 1.01 141 80 25 25 &S0
1130.01 8.50 6.00 0.14™ 21.67 0.001™ 521 1.13 3.50 0.37 041 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 7.33 1.23™ 34.67 1.094"™ 12.46 2.31 400 0.80 0.78 1.13 170 25 50 25
1574.66 8.50 3.67 0.82™ 9.67 0.816™ 6.38 231 2.00 0.80 0.83 113 145 0 25 75
1230.72 8.25 3.50 0.99™ 825 1.027" 2.00 0.94 1.75 0.21 0.29 0.41 150 50 50 O
1208.47 7.50 733 1.23™ 33.67 0937 479 131 450 0.69 0.69 1.01 120 25 50 25
1283.01 10.50 733 1.23™ 36.33 1.383™ 557 131 4.00 040 0.60 0.84 18.0 50 25 25
1486.08 8.50 5.67 0.04™ 19.67 0.015™ 7.24 224 350 117 0.90 1.33 180 0 25 75
10 1497.42 9.25 8.50 3.07™ 4425 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™ 35.67 1.263"™ 491 1.82 450 0.75 094 139 150 0 50 50
12 1333.61 10.25 3.50 0.99™ 12.25 0.492" 159 0.81 1.75 0.23 0.45 052 120 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 0.32 047 220 100 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©CoOo~~NOUIhWNE

Mean  E(Si(1)) E(Si(2)) Var(Si(1)) Var(Si(2)) Chi-Square Statistic for Zi1, Zi2 Chi-Square Statistic for Sum of Zi1, Zi2 Prob
1250.44 5.3125 21.25 3.30924 164.510 11.70 31.99 0.01
sboe Ll (NP 5 NP INPI® NPi) cols 5 jlas ol slao bl (Si® 5 S S SiV) 63 Sls a3, ead mmeai (5L MCYR
osbslsVar 5 ol aal E s (Sl :Mean (6 4, g o RS ¢ .5 35 slao, LT (TOP s MID LOW) 51,5
MCYR: Mean corrected of yield ranks; (S® Si® S5i® 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

EHS 2N oSl Si®  Si@  Si®  Si® NP®  NP® NP® 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
G14 15 16 16 15 15 13 16 16 16 2 1 13 10
G15 13 2 12 11 13 12 13 14 14 1 1 13 10

(S 435y RS 5 $ slae T (TOP 5 MID LOW 5355 oo (NP s NP INPNP®) s s ik lae 1S9, SO.52.50)
(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)

SNt e (SN slacssS bl e (2013

Lsls oS 1 Si® 5 S oyl 55 o ls s
Thennarasu, ) sl )ls s xelLl slao,ll olul
JMee o es L
Goars b Lsie an Sl s ol gl
G5 s G15 G6 G12 slacsss NP® oLl

Glag 55 Ldd el pasl sy n oMl
38 e Ske 51 (S 3 Shes (:Sile G155 G6
oSle @hls G125 G5 glacwsgl 5 Lmils S
G7 5G10 G3 Gl ezl Los Vb 3 Sas
Sloss Ldd a8 ks o 5) o iolbt
2y sl oYU s Shee :Sls 51G10 5 G
G16 5 G12 G6 G15 lacsss NP® o Ll Ll
O Obe Sh s B sl Il glacd 55 Ol e
sV s Ses Ske G120 ) S bags 55
Olgea G4 5 GI0 B9 Gl lacss) .ol
Loyl Sep o8 Lds plabd Slbl b s s
Seslizal bty Jlsss 20 s Sles (Sl S|
5 G16 G6 G15 slas s NP 5 NP sla Ll

S s Ll O s s o ol Gl4

Vo

S5 iags s (Huehn and Leon ,1995) o4 5 Ola
S 5 S® o )bl 5w VU Stnar 8 dzils Ol
Sl e diimaal sSes sl &S gley o oyl s
ber 5 L Fle sl elial ased
ol sae 5 Cote adal, 55 (Sabaghnia et al., 2006)
e S B ol o 3 bl 5 nl
G13 slacsiss S oyll 4oax g5 L. S edalie
S ol slacsss olges G125 G14 G15
oSle G12 Cspl Lol opl Ole L3 &5 LU
G3 5 G4 GI10 Gl glacwyy cils VL 3 Shes
5 Gl lacs s Lad alils lacs 55 op 5oL
U 5 Sher pSile 51 AV 0lis Shas (il GI0
Scsss SO oybl bl (U 50 Jyl) sy
el Ll glacsss G165 G14 G15 G13
Ll G5 5 G4 G10 B1 slacssl 5 L
Olpeas ol alid sl Sler o oy b si)
oS il GV Ses 5 SKke SluLL (555
a5 s (Karimizadeh et al., 2008) Ol ,\Saa 5 o5l
Cledarr iomenr 5 ede oS85 Gy 2 2

Jamshidimoghaddam and Pourdad, ) sls,5 pALe


http://dx.doi.org/10.52547/pgr.8.1.7
https://dorl.net/dor/20.1001.1.23831367.1400.8.1.10.4
https://pgr.lu.ac.ir/article-1-221-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-22 ]

[ DOR: 20.1001.1.23831367.1400.8.1.10.4 ]

[ DOI: 10.52547/pgr.8.1.7]

Yeon /) ,)LM://\.\.L?/‘,A\; S sla s

b G35 53 TOP oylel 5l fol> il cioman Adls 3
ool (Stesed 40 ilises Slalllas 55 3 g Oliises S
S| 3 oS oysba ol st o lal YL 3 Sles 5 TOP
S I TOP wiy oplel il L slacs 55 55050
Sabaghnia et ) dzils 513 Vb e 55 3 Shae Sk

.(al., 2006; Abdulahi et al., 2007
Gl 55 adlas 3,50 (RS) KIS 4 fsazme uladl
ARk 45 Sike (p S L GL 5 GI5 G1L (G7
Gll 5 Gl lacssl om ol 03 & Lop LS s5
G10 G12 G8 a5 5 kzils Vb s Shes Sl
a5 Aol 4, ke Jltde cp 2 L G3
3V ol Ses o Kle G125 G8 (slacs 535 dis s

(0 dsar) 55 IS 5 Shas Sl
Sl G daly s o sBen ol (Gl (Stesen
S el 5 e glacss) 4l s She
Ok el sy 2B el 5 (0 JS) s alows
SO Glasylel L lspme 5 St Sien 3 Sk
Oes 5 s,y .cuils TOP 5 NP@ NP© NP@
OLKan 5 aely fpioman 135S 55 (Pourdad et al., 2014)
e 355 Sla s 55 s 5o (Vaezietal., 2018)
SO el 5 5 Shae (Sle oy Sl sme 5 ke
S5 5 LS sls 2,15 1, NP® 5 NP© NP@ SO
OLKaa 5 S s iomen 5 (Kaya and Turkoz, 2016)
5 3 Sks e Scewen (Syukur et al., 2014)
L5 S saalie NP@ 5 NP® NP®@ SO SO clas Lol
s ool s She U e Saees RS K ol
ool Laseis ojlal ul elul 5 S gl e s
S IS LN VAU C I RS
SO oo )il L TOP Ole (sils jme 5 e (Siran
St (V JK2) cils 3525 NP@ 5 NP NP@
SO la bl S aes o ol gne 5 Sate Glas,
ol el as salie NP@ 5 NP® NP@ SO
sk plebs b Coss Olgsa GI5 s bae

G5 sl 53 TOP oylel bl o cadls ool > Shes

il galy o Sles S0Le edd IS G
AL GY 5 GIl G100 Gl slacsss
AV 0las Shos ke b 55 el L5 55
Jole s (V50 sl g S 5 Shee o Kibs Sl
sl iasy 5ledd SIS L Gesy onl
43> (Mohammadi et al., 2007) ol,lKea 5 (ghosme
(Abdulahi et al., 2007) O, Sen 5 g3ke p 5,53 r.x;_f
»> (Sabaghnia et al.,, 2006) L ¢Lo K8 s
dnils Oly 3 e Slidss 5 ol .ol cilhs uds
Sl oL psee 005 53 bl slaebel o
Loslel ool ol ol b me slacds) 5 sl o
Al sy YL s e 5l el (S

i b oo 55 RS KIS gl olel ol
Lgdpe a5 K s Il slacas) Olgeae 55
bl opl 5l eslizel Lol «(Kang, 1988)
il Olgea G2 5 G4 G15 G16 slacs 55
oSl G5 Ll e oS WA S ol
cr e 5SSl Sl Seml Olas Shee
L Olsew G35 G12 G7 Gl slacssi
ok GL 5 G12 & Wil esls yaseds i 55
ol @l el (0 Jaam) amils W s Shee
Salys psgie sLls RS KIS (ool o bl o,
03 s e alaly 3 Shee b osbel cal 5 355 gol0L
om Sate daly 4 (680 e Slallas &S JI-
Lzl Ol 5 s S o lil K5 Ikl oybel 55 Shes
Wb ol Salos ppgis ghl bl ol &
Kaya and Turkoz, 2016; Farshadfar et al., 2012; )
(Zalietal., 2011

Y0) MID (TOP lais op 2iw L G 5 G5 (slacsyi
AL (hoss jao) LOW Olje o S 5 (Ao
i LS dS) A s LA e oSS
o Vs Sles oSbe 51l a5 Olpea
TOP dsys iw LGB 5 G3 B2 slacwsys Ly

sl 3 Ses (SSle 5 LAS B jme e 55 o ol


http://dx.doi.org/10.52547/pgr.8.1.7
https://dorl.net/dor/20.1001.1.23831367.1400.8.1.10.4
https://pgr.lu.ac.ir/article-1-221-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-22 ]

[ DOR: 20.1001.1.23831367.1400.8.1.10.4 ]

[ DOI: 10.52547/pgr.8.1.7]

O, e 5 (5,

sty gl 3 Y K a3 Shee ke b o
O 5 sl 3 LLISes 5 Wigloo glaiass, okel
Sabaghnia et al., 2006; ) ol,Kea 5 Ol KL
slae Ll (Farshadfar et al., 2012; Yang-jian et al., 2010
w6 5 Los oMl Selus psete 1o RS 5 TOP
D35 VU3 Shes b Sl s 55 ool

s s 5 dsl el e s Sl Wl
DR ol o3 3 e 55 dils e anllas 3550 Slac
G7 G3 GL slacs sy Jald sl 055 (7 [S2) 1,5
ton K 45, ppeme olul oS 55 GO 5 G8
g oo n7aS LGB 5 G3 (gla s (¢ mlLL slas Ll
5 B8 lacssy 5 Ll pluba lul glacssl <)
SHLE (slacs 55 UL slas )bl st il G10
35 GLL 5G9 G5 G4 (slacsi3 Jols o33 05,5 Lo
ol 2GS s 5 Lo Vs Shas b ol g5 oS
3 8es bl 555 TOP 5 NP® S SO glas Lo
350 G12 566 (slacgsf bl pyw o5, i 5 ,me VL
sNP® SO 5@ SO clas bl il , G12 L5 55 S
055 Ao plubs Yo 5 Shee Ll 85 NP@
35 Gl6 5 G15 G14 G13 G2 slacsisy Jols oiler
Sl G16 5 G15 Gl4 GI3 slacss) s
Sl sl s nl s adlas 3550 (5 b slas L
b 2 Sles (0le S o Las bl g
A JSCs) s

S 55 AL @bl sleobl (las s 420
o lal o Lalsy 5l e Sos skua iaes (pede
sWard sy lal p glad ot o (g bbb (lul
@ ol (6 KD S8 8 plnil il alols
el s Dl s b jull dladss w e Bl Jel
5 Shes 5 Klke s TOP (glao bl gl i g 3 s S 13
S50 g el laadl e s 42 ol oS il 3
3 TOP o silsgme 5 St Soman 5 didg oS

MQML&AJ:J:JWJK:L:A

Vel

s e Sl g5 s 3 et (55N 5 (K8 45 (o

S ALE e Vs Shee bl o 55 Olsiews GO
O 5 el
5 e Saemear 3o (Moghaddaszadeh et al., 2018)

35 NP® NP@ SO SO gla ol )b i oo (gl sne
NP® 5 S@ SO glao bl ol as 5,15 NP®
Gl ol s s S edalie (gols gme 5 e (Saeen
5 Ses bl slacs 55 G12 5 G5 slacs 55 bae bl
5 ilises glaoslol (6,880 b opl b shas boae VU
L Woylel &b Ols Lol e W Soen

0 JK8) 55 456 5 ol s o5
) Sar il il ol glaadl e 4 20
ol 23 S el (6 2L ol slas bl
adl30) Ao ys AY/0 053 5 Uil ol adl3e 53 Aol il
S (A Yopgs kol adlge 5 dops WO U5l ol
22 PGl s S g 1) ol sla e il s
Gl 5wl 5 Shes :Sle o Lals, PCy Llis
4 4 IOl i 4 e b s e LS ) (gl
NP@ SO SO slaoyll (¥ 1K2) ol (claailse
e Stgen 5 A3 S 1305 S S 55 NP 5 NPO,
G555 G156 s ol cpl bl il o L
el il ol s Sles S0l S sl
Ml G5 Olsea G12 55 NP 5 SO (glac il
S s NP® 5 SO SO glas ol s b me 3 Shas L
565 slacg sl bolal cpl 4y a5 5 dzils Sl 3oy S
ol il VL s Shee Ll a5 G2
s 5 oy podde Jol Glaadlie 4 e mld
Si® S® las Ll 35 (Moghaddaszadeh et al., 2018)
Slao,lel 5 azils S 3055 L3 NP 5 NP NP@
TOP Jols oy 05,5 L35 055 S 53 NP® SO S
Asgme 5 Ste (Steer 5 35 3 Shes :Sle 5 MID
ol s eslie s Shee o SKke 5 TOP Ol
s3G5 G5 glacss MID 5 TOP (slas bl
5o poler oS 03 AS esls Gaii Vs Slee LY
Staad yl3 5 Lzils 513 LOW 3RS KIS (slao el


http://dx.doi.org/10.52547/pgr.8.1.7
https://dorl.net/dor/20.1001.1.23831367.1400.8.1.10.4
https://pgr.lu.ac.ir/article-1-221-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-22 ]

[ DOR: 20.1001.1.23831367.1400.8.1.10.4 ]

[ DOI: 10.52547/pgr.8.1.7]

Ve /) okl /A W/ LS K55 sl eyl

PC2 (20%)

-0.4
-0.3 -0.2 -0.1 0.0 0.1 02 03 0.4

PCI1 (63.5 %)

Jl f e oS \Wdﬂbg}é)\.&gdkﬁvlﬂ]jbﬁl‘a&@i'vkaﬁdulm\j¢}.>y‘&}&uﬁ)éd_}\d@‘d}n;uw&lf—* Ji,.q
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.
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(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)
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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 (lran). 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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