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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
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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)
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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.
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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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