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Evaluation of grain yield stability of rainfed lentil genotypes by para-
metric and non-parametric methods
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Table 1. Code and name of the studied genotypes

oled o s/l [0
NO. Name/Pedigree Origin
1 GACH LOC 2010-01 IRAN
2 FLIP2007-16L ILL 2126 X ILL 4659 ICARDA
3 FLIP2010-8L ILL 2126 X ILL 6199 ICARDA
4 FLIP2011-1L ILL 6443 X ILL 1005 ICARDA
5 FLIP2011-5L ILL 6434 X ILL 6972 ICARDA
6 FLIP2011-6L ILL 6434 X ILL 6972 ICARDA
7 FLIP1996-15L(Ibla 1) ILL 6209xILL5671 IRAN
8 ILL 4605 x ADDA 2006-03-0GA-0GA-0GA-11 IRAN
9 ILL 6434 x ILL 8008 2006-03-0G-0GA-0GA-11 IRAN
10 ILL 4605 x ADDA 2006-06-0G-0GA-0GA-11 IRAN
11 ILL 4605 x ILL 6002 2006-02-0G-0GA-0GA-11 IRAN
12 ILL 7547 x ILL 6211 2006-02-0G-0GA-0GA-11 IRAN
13 ILL 7547 x ILL 6002 2006-03-0G-0GA-0GA-11 IRAN
14 ILL 6211 x ILL 6002 2006-07-0G-0GA-0GA-11 IRAN
15 FLIP 2005-32L ICARDA
16 FLIP 2005-53L ICARDA
17 KIMIA IRAN
18 GACHSARAN IRAN
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Table 2. Geographical features of trial areas
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Location Height above Longitude Latitude Average
sea level (m) precipitation
(mm)
Olf
: 710 50°,50'E 30°,17'N 450
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Table 3. Annual precipitation of trial areas during the cropping season in 2013-2016

s dl
o Cropping Season
Location \Y4y-4y \ra¥-qf 1FAF-40
2013-2014 2014-2015 2015-2016
OhleS
503.7 420.6 390.1
Gachsaran
>
o 396.1 325.8 737.8
Ilam
LTp =
e 363.6 294.1 743 .4
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Table 4. Mean yield of lentil genotypes in each of the experimental environments -
Jl bl ol Jle ol B B B b p3b) L¢3k dles) %
ol dlstbTe s pasdlstle s g dloslTp &
= Js 02 £ Khoramabad Khoramabad Khoramabad Js £ r 2
Genotype  Gachsaran ~ Gachsaran ~ Gachsaran th th th lam 1"  Ham2"™  Ilam3®
" " " 1" year 2" year 3" year N
1" year 2" year 3" year year year year
Gl 2273.33 1993.00 1617.67 791.67 1083.33 2483.33 861.67 832.00 1910.00 \WC
G2 1777.67 2137.67 1747.00 1275.00 1050.00 2733.33 1093.33  1169.33 132533
G3 1754.33 1904.67 1506.67 1166.67 1058.33 2241.67 1213.33 947.00 1731.33 |w
G4 1642.33 2092.33 1680.00 1125.00 1375.00 2450.00 773.33 900.00 137533 5
G5 1689.00 1658.33 1692.67 1508.33 1925.00 3216.67 826.67 949.33 1116.67 Z
Go6 1716.33 2159.67 1705.00 1158.33 1491.67 2058.33 660.00 1062.67 140933 °
G7 1643.33 2043.67 1375.00 1316.67 1433.33 2475.00 920.00 1245.33  1345.33 .W
G8 2176.67 1796.67 1795.00 1316.67 1841.67 2808.33 743.33 822.67 1780.67 \ﬂ
G9 2013.50 1982.00 1655.67 1128.00 1123.00 2858.33 670.00 1015.25  1434.00
G10 1810.67 1954.00 1257.67 1216.67 1000.00 2683.33 720.00 937.00 1796.67
Gl1 1958.33 1972.67 1924.67 1383.33 1498.33 2966.67 800.00 792.67 1309.33
G12 2140.67 2085.33 1995.33 1350.00 1283.33 2358.33 686.67 950.33 1780.67 //.\f
G13 1481.00 2057.00 1784.33 1608.33 1075.00 2441.67 953.33 1132.67 926.67 4!
Gl14 1651.00 2403.33 1863.67 1353.33 1108.33 2766.67 720.00 1002.67 1164.67 Nu
G15 1891.67 2041.00 1636.00 1148.67 1033.33 2425.00 131333 1113.67 2626.00 .uw
G16 1979.00 2536.00 1298.33 1341.67 1075.00 3075.00 1260.00 1061.00  1895.33 ,w”.
G17 1909.00 2064.33 1687.33 908.33 708.33 1833.33 1200.00 666.00  2119.33 4
G138 1871.33 1983.67 1601.00 1125.00 818.33 2600.00 796.67 1046.33  1998.00
mean 1854.40 2048.07 1656.83 1234.54 1221.19 2581.94 900.65 980.33 1613.59
LSD 5% 282 206.7 372 576 469 773 201 296 631 N
4030 Jlazl pelans 53l gine 3! Sl (LSD 5% =t
LSD 5%: Least significant differences at 5% probability level
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Table 5. Combined analysis of variance on seed yield for lentil genotypes in three trial areas during three years

Dl e @5 a s Dles o § gozee Sl o s obaulos F
S.0.V. Df MS Calculated F
O
° ] 2 41202853.61 20601426.80 51.49%*
Location
Jl
2 36564768.08 18282384.04 27.49%*
Year
O x Jl
. 4 49992886.35 12498221.59 42 7%*
Location x Year
(0% x JL) &5 5l
Block (Location x Year) 18 5266120.67 292562.26
he 17 2839648.71 167038.16 0.74ns
Genotype
O X s
. 34 12620710.61 371197.37 1.95%*
Genotype x Location
dlx s 55
34 3717709.48 109344.40 0.58™
Genotype x Year
O x Jlw x v—;-?y}
. 68 12920817.42 190012.02 2.00%*
Genotype x Year x Location
s
306 29084257.3 95046.6
Error
s 485 194209772.3 - -
Total

Ju@,..,_;:nse.w,n,adwwcla.uﬁ)l;@»%:;g:** g ¥
* and **: Significant at 5% and 1% probability level, respectively; ns: non-significant
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Table 6. Parametric stability statistics for seed yield of lentil genotypes during 3 years
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Introduction

Lentil as a legume crop is one of the most important food crops in developing
countries (Karimizadeh & Mohammadi, 2010). In most cases, the interaction
between environment and genotype occurs, complicating selection for improved
yield among genotypes (Sabaghpour et al., 2004). A cultivar or genotype is
considered to be more adaptive or stable if it has a high mean yield but a low degree
of fluctuation in yielding ability when grown in diverse environments (Finlay &
Wilkinson, 1963). The response of different genotypes in different environments
and thus the evaluation of genotype interaction in the environment are of particular
importance to researchers in plant genetics and breeding, which can help plant
breeders to evaluate genotypes more accurately and select the best one. The purpose
of this study was to identify and introduce superior genotypes in terms of yield and
yield stability among the lines obtained from preliminary yield test.

Materials & Methods

Sixteen advanced lentil genotypes along with the control genotypes 1.e. Kimia
Email address of the corresponding author: sharifi@iaurasht.ac.ir
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and Gachsaran selected from the advanced yield trial of the 2012-13 cropping year
were used as planting material in Gachsaran, Khorramabad and Ilam areas for three
years (2013-2016) in a randomized complete block design with three replications.
Analysis of variance was performed separately in each environment and then
Bartlett test was used to evaluate the homogeneity of experimental errors. Then
the combined analysis of variance was performed on seed yield. Stability analysis
was performed using environmental variance (S*), coefficient of variation (CV)),
Shukla’s variance (s’i), Wrick equivalence (W), Plaisted statistic (6, ), Plaisted and
Peterson statistic (6, ) and superiority index (Pi) and nonparametric methods, S o
, 8%, S TOP and mean of rank.

Results & Discussion

Simple analysis of variance showed genetic differences among the genotypes.
The combined analysis of variance was performed after Bartlett test, which
confirmed variance homogeneity of experimental errors (¥2 = 9.5; P=0.33). The
combined analysis of variance indicated the significant effects of genotype, year,
location and interactions of year X location, genotype x location and genotype
year X location. The mean seed yield of genotypes showed that out of 18 studied
genotypes, seven genotypes produced higher yields than the average yield of
genotypes in the all environments (1566.39 kg.ha'), so that the highest seed yield
was seen in the genotypes 15 and 16, followed by genotypes 8, 12, 11, 5 and 2.
Based on environmental variance (S*), the genotypes 3, 7, 6 and 13 and based
on the coefficient of environmental variation (CV,), the genotypes 3, 7, 6 and 15
were identified as stable genotypes. Plaisted and Plaisted and Peterson methods
identified the genotypes 4, 9, 2, 10 and 3 as stable genotypes. Wrick equivalence
and Shukla variance also introduced the genotypes 4, 9, 2, 10, 3 and 12 as stable
genotypes. The Lin and Binns superiority index identified the genotypes 16, 8, 15,
12 and 11 as the most stable genotypes. The genotypes 4, 2, 3, 10 and 9 were the
most stable genotypes based on S* nonparametric index. Based on the S index,
the genotypes 1,2,3,4,6,7,9, 10 and 18 and based on S statistics, the genotypes
3,4,10,9, 1,7, 2 and 6 were stable genotypes. Based on Fox nonparametric index,

the genotypes 16, 11,2, 8, 12, 13 and 14 were stable genotypes. The genotypes 12,
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2,9,16, 11, 8, 4 and 3 were more stable based on the total Kong rank. The principal
component analysis to evaluate the relationship between seed yield and stability
indices found that seed yield had the highest correlation with MID, TOP and PI.
Therefore, these three indices can be used as the best indices to identify superior
genotypes in terms of seed yield and stability.

Conclusion

In general, the genotypes 2, 5, 8, 11, 12, 13, 15 and 16 gave higher average yield
or equal to Gachsaran control seed yield and were also stable. The genotype 16 and
11 were the most stable genotypes based on MID, TOP and PI and also had the
highest seed yield and could be candidates to be released as new cultivars.

Keywords: Adaptation, Diversity, Genotype by environment interaction,

Homogeneity of variance, Yield stability
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