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ABSTRACT

Identification of high-yielding genotypes with adaptation to a wide range of environments is one of the
major goals of crop breeding programs. This research was conducted as randomized complete block
design on 16 selected lentil genotypes in four regions of Gachsaran, Khorramabad, Moghan and Ilam,
during 2018-2019 and 2019-2020 cropping years. Genotypes stability was assessed through using
parametric and non-parametric statistics. Stable genotypes based on CVi had lower yield than average.
Regarding regression coffecicient and deviation and based on the yield in total, genotype 10 was
determined as the most stable genotype. Rick equivalence and Chokella variance statistics identified
genotypes 12, 1, and 10 as stable genotypes. Based on Hanson (Di) statistic, genotypes 12 and 13 (low
yield average) and 9 and 10 (high yield average) and based on coefficient of determination, G9, G12 and
G10 were more stable genotypes. Based on Kang index (YSi), genotypes 9, 10, and 2 were identified as
the stable genotypes. Regarding the results of nonparametric statistics of Nasar and Hyun (Si 1, 2, 3, 6)
and Tanarazo (NPi 1, 2, 3, 4), more stable genotypes had lower yield than average. According to TOP
statistic, 9, 11, and 5 genotypes were ranked in the top. The SIIG index also identified genotypes 4, 3, 13
and 10 as the most stable genotypes, of which only genotype 10 had higher yield than the average.
Keywords: Promising genotypes, SIIG, Yield stability.
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Table 1. List and name/pedigree of lines and cultivars used in the experiment

Number Name/Pedigree Number Name/Pedigree
1 FLIP2012-2L(1LL10977)-1LL7985/1LL6037 9 FLIP2012-240L(ILL11215)-1LL7711XILL8176
2 PRECOZ(ILL4605)-ILL 5888 / ILL 5782 10 FLIP2012-244L(1LL11219)-1LL7711XILL5480
FLIP2014-103L(ILL11513)-1LL9892  x ILL7978
3 FLIP2011-43L(ILL10947)-ILL 7537 X ILL 590 11 ICARDA 3 111 139 45 4.0 732 98 C
4 FLIP2014-021L(ILL11431)-1LL9977 x ILL 1005 12 1LL8006
5 FLIP2014-032L(1LL11442)-1LL5883 x ILL6458 13 FLIP2010-95L(ILL10825)-ILL 7620 X 91517
6 FLIP2014-031L(ILL11441)-1LL5883 x ILL6458 14 FLIP 86-16L(1LL6002)-ILL 4349 x ILL 4605
7 FLIP2014-029L(ILL11439)-1LL6037 x ILL7012 15 Gachsaran (Check 1)
8 FLIP2012-77L(1LL11052)-1LL6129XILL7980 16 Sepehr (Check 2)
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Table 2. List and the number of environments

Number Environment Number Environment
E5 Moghan year 1 El Gachsaran year 1
E6 Moghan year 2 E2 Gachsaran year 2
E7 llam year 1 E3 Koram Abad year 1
E8 llam year 2 E4 Koram Abad year 2
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Table 3. Combined variance analysis of lentil genotypes yield in eight environment (2 years in 4

locations)
df MS

Location (L) 3 15725786 ns
Year (Y) 1 4730015 ns
Y*L 3 7154884 **
E1l 16 251479
Genotype (G) 15 173731 ns
G*Y 15 70478 ns
G*L 45 208191 **
G*L*Y 45 95528 *
E2 240 65265

CV:215%

Ao )0 G gty Jledol a0 o g gl Sre ué o iy

ns, * and **: non significant and significant at 5% and 1% of probability levels, respectively.

Table 4. Two-year yield average of lentil genotypes in four regions

Khoram

Khoram

Genotype  Gachsaran Abad Moghan  llam  Average  Genotype Gachsaran Abad Moghan Illam  Average
1 1599 1463 529 1295 1222 9 1528 1611 663 1474 1319
2 1617 1130 589 1574 1228 10 1523 1544 611 1384 1266
3 1499 1213 506 1290 1127 11 1796 1577 621 1127 1280
4 1398 1327 609 1131 1116 12 1392 1376 571 1332 1168
5 1484 1742 453 1237 1229 13 1481 1153 664 1444 1185
6 1121 1398 580 1805 1226 14 1545 1156 575 1562 1209
7 1259 1493 608 1325 1171 15 1233 1026 497 1414 1043
8 856 1238 642 1228 991 16 1461 1133 599 1695 1222
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Figure 1. Lentil genotype distributions based on the grain yield and regression coefficient
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Figure 2. Thermal diagram of of genotype distributions based on the parametric and non parametric
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Table 5. Quantity and rank of stability parametric statistics of lentil genotypes

Genotype Yi Rank CVi Rank bi Rank S2di Rank Wi2 Rank Di Rank StabVar Rank R Rank
1 1222 8 42 8 1.04 ns 5 12637 ns 6 208908 8 1317 8 30819 8 0.889 7
2 1228 5 44 11 11lns 11 19725 ns 10 267163 9 1333 10 40330 9 0.883 8
3 1128 13 46 15 1.04 ns 6 26190 * 12 290969 11 1347 12 44217 11 0.853 10
4 1117 14 41 6 0.93 ns 8 11555 ns 7 206750 7 1314 7 30466 7 0.869 9
5 1230 4 46 13 1.00 ns 1 100882 *** 16 735916 16 1504 16 116861 16 0.678 16
6 1227 6 45 12 1.05ns 7 67169 *** 15 537791 14 1436 15 84514 14 0.760 14
7 1171 11 41 5 0.98 ns 3 2996 ns 5 149027 4 1295 5 21042 4 0.908 5
8 992 16 32 1 0.57 **=* 16 16774 ns 9 506248 13 1326 9 79364 13 0.686 15
9 1320 1 43 9 1.18** 15 -1320 ns 3 177441 6 1284 3 25681 6 0.946 1

10 1266 3 41 7 1.09 ns 10 -35ns 4 144545 3 1287 4 20310 3 0.933 3
11 1281 5 46 14 1.13* 14 66070 *** 14 556786 15 1433 14 87615 15 0.790 12
12 1168 12 36 2 0.88 ns 12 -10305 ns 1 89245 1 1263 1 11282 1 0.945 2
13 1186 10 36 3 0.88 ns 13 -1567 ns 2 141909 2 1284 2 19880 2 0.907 6
14 1210 9 43 10 1.07 ns 9 3506 ns 6 158187 5 1293 6 22538 5 0.922 4
15 1043 15 50 16 1.013 ns 2 26150 * 11 276321 10 1335 11 41825 10 0.850 11
16 1222 40 4 0.96 ns 4 36935 * 13 386537 12 1389 13 59819 12 0.785 13
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Table 6. Quantity and rank of nonparametric statistics of lentil genotypes
Genotype (Si') Rank (le) (S;) Rank é') é') Rank (86') Rank YSi Rank TOP  Rank ,Elll:;l Rank ,EIZF;i Rank ’E‘;i Rank IZT)' Rank

1 596 10 038 243 10 015 11 11 407 12 10 + 4 2 55 388 10 052 11 0.6 1 o078 11
2 536 45 000 208 9 000 9 9 376 10 11+ 3 1 10 325 55 048 10 058 10 073 9
3 5.39 9 001 204 8 001 8 8 3.14 7 1 14 1 10 362 9 0.28 2 04 45 051 4
4 536 75 000 199 7 003 7 7 3 6 2 13 1 10 35 75 029 3 04 45 052 5
5 782 16 566 455 16 972 16 16 571 15 6+ 8.5 3 3 612 16 077 14 072 14 089 14
6 664 13 159 303 13 134 13 13 382 11 4 115 2 55 425 11 047 9 062 12 081 13
7 4.64 4 04 151 4 061 2 2 2.19 3 5 10 0 145 325 55  0.39 7 0.43 6 0.55 6
8 743 15 403 394 15 544 12 12 365 9 -9 16 2 55 55 15 052 12 058 9 073 10
9 5.07 6 005 17.4 6 024 10 10 453 13 18+ 1 4 15 35 75 1 6 08 15 107 15
10 4.89 5 016 167 5 034 5 5 3.39 8 15+ 2 1 10 312 4 0.45 8 0.52 8 0.66 8
11 704 14 267 388 14 509 15 15 608 16 8+ 6 4 15 488 135 097 15 093 16 113 16
12 3.79 1 210 103 1 198 1 1 1.52 1 4 115 0 145 25 2 0.25 1 0.32 1 0.4 1
13 4.29 3 095 139 3 088 6 6 2.65 4 6+ 8.5 1 10 2.5 2 0.31 4 0.45 7 0.55 7
14 3.86 2 191 111 2 171 4 4 2.73 5 9+ 5 0 145 25 2 0.37 6 0.38 2 0.47 2
15 629 11 185 274 11 061 3 3 1.65 2 -2 15 0 145 45 12 032 5 0.38 3 0.49 3
16 654 12 135 30 12 126 14 14 455 14 7+ 7 2 55 488 135 061 13 063 13 0.8 12

Sum Zi (1) Sum Zi (2) E (Si®) E (Si @) V(Si @) V(Si @) ¥ Zit, Zi? X2 Sum

22.1 29.42 5.31 21.25 1.11 60.75 8.73 26.3
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Table 7. Spearman correlation coefficients between the rank of parametric and non-parametric stability statistics

Yi CVi bi S2di Wi2 Di Stabvar Ysi Si) SiR) 16) Si (6) TOP NPi(D)  NPi(2)  NPi@3)
cVi -0.27
bi 016  -0.39
s2di 015  061*  -0.41
Wi2 015  059* 0.2 0.95%*
Di 015  061*  -0.41 1x 0.95%*
Stabvar 015  051* 02 0.95%* 1% 0.95%*
Ysi 0.84**  -004 02 0.24 0.24 0.23 0.24
Si(1) 0.1 037 019  087%*  095%  0.87%* 0.95%* 0.27
Si(2) -0.13 036  -0.16  087**  095%*  0.87** 0.95%* 022 0.99**
Si (3) -0.47 023 004  073*  083**  0.73** 0.83** 014  083**  0.84**
Si (6) 07 027 007 0.6%* 0.69%*  0.6* 069%*  -044 068  0.7** 0.94%*
TOP 059* 014  -0.25 -0.46 -0.63%*  -046  -0.63** 03 -0.67*% -0.67%*  -0.91%*  -0.93**
NPi (1) -0.04 032 024  0.82%* 092  0.82*%* 0.92%* 03 0.97%*  0.96%*  078%*  064**  -0.65%*
NPi (2) -0.67 013 0.6 0.41 0.56* 0.41 0.56* 049  059%  062**  0.77%*  087**  -0.83*  06*
NPi(3)  -074** 018 014 0.48 0.59% 0.48 0.59% 046 0.62*  0.65%*  0.87**  0.93*  -0.93*  050* 0.91%*
NPi(4)  -0.74* 016 0.6 0.47 0.6 0.47 0.6 041 0.64%*  066**  0.87%*  0.92%*  -0.94 0.61* 0.91%* 0.99*

ns, * and **: non significant and significant at 5% and 1% of probability levels, respectively.
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Figure 4. Two-dimensional distribution diagram of 16 lentil genotypes based on the grain yield and SIIG

index
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Table 8. SIIG index based on the non-parametric stability statistics and distances from favorable genotype

(d +) and unfavorable genotype (d-)

Genotype d+ d- SIIG rank Genotype d+ d- SIIG rank
Gl 0.222 1.250 0.703 8 G9 0.305 1.977 0.718 7
G2 0.253 2.107 0.742 5 G10 0.206 2.137 0.763 4
G3 0.205 2.332 0.771 2 G11 0.876 0.973 0.513 15
G4 0.200 2.331 0.773 1 G12 0.346 2.00 0.706 10
G5 1.637 0.579 0.373 16 G13 0.191 2.087 0.767 3
G6 0.308 1.622 0.696 12 Gl4 0.343 1.859 0.699 11
G7 0.283 2.183 0.735 6 G15 0.334 211 0.715 9
G8 0.732 0.940 0.531 14 G16 0.342 0.833 0.609 13
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