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Extended abstract

Background: Salinity stress is one of the environmental stresses that significantly affects the
growth of crops, especially in arid and semi-arid regions. With the expansion of salinity, using
saline lands for agricultural production has become a significant challenge. Lentil grows in
various climatic conditions; however, this plant is sensitive to saline stress. Using saline-tolerant
lentil cultivars can help increase production and efficiency in saline soils due to biological
nitrogen fixation. This study aimed to investigate the diversity of salinity tolerance in 215 lentil
genotypes and select superior genotypes tolerant to salinity.

Methods: This study was conducted in the research greenhouse of the Research Center for Plant
Sciences, Ferdowsi University of Mashhad, in 2017. In this experiment, 215 lentil genotypes
were studied using a completely randomized design with three replications under hydroponic
conditions at 12 dS.m™ sodium chloride salinity. Salinity stress was applied one week after
germination. The irrigation method was closed-circuit trickle irrigation. The nutrient solution
was replaced weekly, and the salinity level of the nutrient solution was monitored and adjusted
daily. Four weeks after the saline treatment, the following parameters were measured and
recorded in the vegetative stage: plant height, the number of branches per plant, plant survival
rate, the survival percentage of leaves, the percentage of shed leaves, shoot fresh and dry
weights, and sodium and potassium contents of shoot. After conducting the data normality test
and homogeneity of variances, the means were compared using the Least Significant Difference
(LSD) test at a 5% probability level. Cluster analysis using the Ward method, factor analysis,
correlation between traits, and the by-plot were performed on the data. The performed grouping
was validated through a multivariate analysis of variance and discriminant function analysis.
Additionally, to examine the differences between groups in terms of various traits, the means of
the groups were compared for the investigated traits.

Results: The evaluation of the frequency distribution of lentil genotypes in survival ranges
showed that 12% of the genotypes (25 genotypes) had a survival rate of upper 80%, 15
genotypes of which had a survival rate of 100%. On the other hand, 36% of the genotypes (78
genotypes) had a survival rate of less than 20%, with 39 genotypes showing no survival four
weeks after 12 dSm salinity stress. In the range of 100-81% survival, six genotypes were at the
podding stage. Plant height decreased with a decrease in the survival percentage due to salinity
stress. The highest percentage of remaining leaves and the lowest amount of leaf shedding were
observed in the three survival ranges of 100-81%, 80-61%, and 60-41%. With a decrease in the
survival percentage from 100-81% to 80-61%, 60-41%, and 20-0%, the dry weight of the plant
decreased by 13.5%, 22.7%, 36.6%, and 2.03 times, respectively. The tissue water content only
significantly decreased in the survival range of 20-0%, and there was no significant difference
in this parameter in the other survival ranges. With a decrease in the survival percentage from
100-81% to 80-61%, 60-41%, and 20-0%, sodium concentrations increased by 36%, 48%, 62%,
and 2.8 times, respectively. Based on factor analysis under salinity stress conditions, three
factors were selected that altogether accounted for 74.4 % of the total data variance. Factor
analysis showed that the first factor explained approximately 45.98 % of the variance, which
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included the percentage of survival, growth stage, plant height, branches number per plant,
shoot fresh and dry weights, relative water content with negative loading, sodium concentration,
and sodium to potassium ratio with positive loading. The second factor explained approximately
20.1% of the variance, which included the survival percentage of leaves with a positive loading
and the percentage of shed leaves with a negative loading. The third factor accounted for 4.8%
of the variance, which included potassium concentration with a positive loading. Cluster
analysis results showed that the 215 lentil genotypes were grouped into eight plotted groups.
The results of discriminant function analysis showed that 92.6% of genotypes were correctly
classified, and the success rate of the discriminant function was 100% in groups six, seven, and
eight.

Genotypes of the cluster sixth, including MLC25, MLC47, MLC64, and MLC77, had the
highest values in all studied traits, including survival percentage and growth stage, plant height,
branches number per plant, leaf survival percentage, shoot fresh and dry weights, relative water
content, and potassium concentration, while they had the lowest values in the percentage of
shed leaves, sodium concentration, and the sodium to potassium ratio.

Conclusion: Generally, genotypes MLC25, MLC47, MLC64, and MLC77 had the highest
values for all studied traits, including survival percentage, growth stage, plant height, the
number of lateral branches, the percentage of remaining leaves, fresh and dry weights of shoot,
tissue water content, and potassium concentration, while they had the lowest percentage of leaf
shedding, sodium concentration, and the Na/K ratio. Considering the superiority of these
genotypes in the studied traits, genotypes belonging to this group can be used to study the
superior traits in complementary salinity stress studies.

Keywords: Growth stage, Percentage of remaining leaves, Potassium, Sodium, Survival
percentage
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Figure. 1. Frequency of lentil genotypes in different survival ranges, after four weeks under 12dS.m* NaCl salinity
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Table 1. Effect of sodium chloride salt stress (12dSm 1) on lentil genotypes traits in survival range of 100 to 81%
F C

B A Genotype

0.53 19.9 10.5 78 607 2792 43 57 5. 67 70 4 100 MLC4
0.47 18.7 8.7 79 996 4727 41 59 3.67 65 4 100 MLC5
0.19 22.3 42 77 615 2677 42 58 2.67 69 4 100 MLC6
0.16 25.9 42 79 1517 7126 39 61 8.33 54 4 100 MLC25
0.14 30.0 4.2 78 740 3422 56 44 4.33 46 1 100 MLC26
1.19 21.1 25.0 83 457 2680 60 40 3.67 41 2 100 MLC57
1.53 16.3 25.0 82 591 3281 56 44 6.67 33 2 100 MLC73
0.14 30.6 42 80 1491 7641 46 54 5.33 62 2 100 MLC77
0.31 28.2 8.7 80 338 1725 57 43 9.00 43 2 100 MLC78
0.68 27.6 18.7 80 797 3988 30 70 3.67 46 2 100 MLC81
3.11 104 32.2 83 135 775 50 50 3.00 25 1 100 MLC94
0.93 24.1 22.3 80 438 2177 62 38 5.33 40 2 100 MLC104
0.62 21.1 13.8 77 313 1398 0 100 3.00 35 3 100 MLC118
2.76 141 36.4 82 318 1822 43 57 3.67 24 1 100 MLC156
0.69 20.1 15.1 78 266 1236 100 0 1.00 27 1 100 MLC178
0.54 20.7 10.7 77 339 1481 0 100 2.00 35 3 96 MLC117
0.67 21.4 14.7 80 334 1630 0 100 3.33 35 3 96 MLC120
1.26 19.0 24.0 77 356 1594 21 79 3.67 30 3 93 MLC152
0.57 21.6 12.4 80 394 2045 11 89 4.33 35 5 88 MLC109
0.33 26.4 8.7 80 895 4428 67 33 3.33 55 2 88 MLC74
0.65 21.7 14.2 83 673 3928 15 85 5.00 45 2 86 MLC14
1.64 22.8 36.4 79 130 681 44 56 2.33 22 1 83 MLC192
0.53 235 12.3 80 502 2563 62 38 3.67 52 2 82 MLC12
0.59 22.3 13.3 79 302 1438 67 33 2.33 51 4 82 MLC13
0.34 22.9 7.8 72 624 2254 59 41 3.33 60 1 82 MLC108
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 P value
1.63 7.49 311 7.18 98.5 561 22.8 22.8 1.40 18.9 0.0001 3.33 LSDo.os
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 27.4 36.9 0.0001 5.44 CV%
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Figure 2. Plant height (A) and Branch No. (B) of I’elntglgenotypes in survival ranges after four weeks of 12dS m*
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Table 2. Effect of sodium chloride salt stress (12dSm™) on lentil genotypes traits in survival range of 80 to 61%

L K J | H G F E D C B A Genotype
0.61 21.7 133 78 560 2558 70 30 4.33 61 4 80 MLC24
0.06 259 1.50 82 1381 7615 13 87 5.67 65 2 80 MLC64
0.87 26.3 22.7 76 282 1240 50 50 3.00 30 3 80 MLC114
1.04 22.3 23.8 80 328 1659 12 88 2.00 31 3 78 MLC197
1.44 18.6 26.8 81 459 2517 14 86 2.33 29 3 78 MLC115
1.82 13.6 24.7 76 530 2229 55 45 3.33 43 1 78 MLC103
1.14 229 25.9 83 325 1925 11 89 1.33 30 3 77 MLC227
0.75 28.3 21.4 81 193 994 6 94 4.67 21 3 76 MLC198
0.40 21.7 8.73 81 683 3505 50 50 3.00 67 4 75 MLC3
1.96 12.7 25.0 80 792 3970 69 31 9.00 41 4 75 MLC95
2.09 15.4 324 83 238 1390 19 81 2.00 24 3 75 MLC148
2.13 16.1 34.2 86 283 1959 12 88 3.67 23 1 75 MLC209
1.89 18.8 345 86 210 1503 27 73 4.00 23 1 74 MLC231
1.43 18.9 274 80 365 1857 44 56 1.67 30 2 74 MLC195
1.25 12.7 16.0 82 631 3462 67 33 6.67 36 2 73 MLC76
0.55 32.6 17.7 82 334 1864 13 87 2.67 29 3 73 MLC116
0.49 28.9 13.9 83 250 1477 34 66 3.33 23 3 72 MLC113
0.78 20.5 16.0 81 752 3872 59 41 6.67 50 3 71 MLC62
0.70 26.2 18.3 83 268 1588 4 96 2.00 29 3 68 MLC153
0.26 26.4 6.92 81 994 5361 43 57 5.33 75 2 67 MLC8
0.48 25.9 12.3 80 650 3252 43 57 9.33 53 4 67 MLC15
2.18 12.7 27.7 81 364 1932 43 57 4.33 27 2 67 MLC16
1.43 17.5 25.0 78 740 3331 77 23 3.00 54 2 67 MLC27
0.57 26.4 15.1 79 755 3623 65 35 6.00 63 4 67 MLC44
0.36 27.0 9.64 71 1010 3487 56 44 5.67 45 2 67 MLC67
0.71 27.6 19.6 74 193 741 76 24 3.00 25 1 67 MLC68
0.30 28.8 8.73 74 1217 4617 70 30 4.50 45 2 67 MLC96
0.91 259 23.6 78 201 923 31 69 3.00 26 3 67 MLC143
1.06 215 23.2 82 236 1269 29 71 1.67 26 3 67 MLC170
0.76 33.0 25.0 83 312 1802 24 76 4.00 27 1 64 MLC105
0.72 28.4 20.3 78 201 951 36 64 2.33 23 3 64 MLC225
0.94 21.7 20.5 72 1285 4604 44 56 6.00 56 5 64 MLC85
0.83 20.8 16.5 82 224 1203 0 100 3.00 22 1 64 MLC169
1.19 26.1 30.6 86 301 2203 2 98 2.67 28 1 63 MLC229
0.94 19.9 18.7 81 991 5354 45 55 4.00 53 2 63 MLC9
1.78 19.1 321 80 110 554 11 89 1.67 20 1 63 MLC175
1.27 19.5 22.7 86 365 2557 6 94 2.33 28 3 62 MLC234
1.20 22.3 26.8 84 545 3361 48 52 3.67 41 3 62 MLC36
0.92 21.8 20.2 81 168 886 5 95 5.33 27 3 61 MLC124
1.84 20.3 374 85 246 1653 100 0 3.00 24 1 61 MLC188

0.0 0.01™ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.017 0.017 0.01™ P value
1.63 7.49 31.1 7.18 98.5 561 22.8 22.8 1.40 18.9 0.0001 3.33 LSDo.os
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 274 36.9 0.0001  5.44 CV%

PN S8 s H (8593 )5 k) s oIl 55 033 G () 035 Goies S F () oxlo Bl S B (o3 4615 s D (ia 5l) Wiy i) C 505, doye B[] o A

e o 5k SOl MLC. rslty 4 o Connd sl (S5 0139 35 51 205 o) masliy K (S5 (39 25 2 25 She) poases 3 f71) S ol slyima il (352 53 25 o) (252

) lyss oo TV ioys gy Jlois | gl » o gize wgles Jslas :LSD . 2> JM:— 0D (25 AU (] ¥ ¢ aAlS Y 2alS gl Y aals O ) gy Jolye

A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Remained leaves (%), F: Shed leaves (%), G: Shoot fresh weight (m?.pl_ant'

2, H: Shoot dry weight (mg.plant?), I: Tissue water content (%), J: Na (mg.gdw™?), K: K (mg.é)d_wl), L: Na/K. MLC: Mashhad Lentil Collection,

rowth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. LSD: Least Significant Difference in p<0.05
probability level, CV: Coefficient of Variation.
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Table 3. Effect of sodium chloride salt stress (12dSm™) on lentil genotypes traits in survival range of 60 to 41%

L K J | H G F E D C B A Genotype
1.26 16.3 20.5 84 858 5277 41 59 6.67 32 2 60 MLC75
1.44 24.2 314 83 210 1199 15 85 2.00 25 1 60 MLC193
1.01 21.9 21.2 81 167 855 17 83 3.00 27 1 58 MLC125
0.41 195 7.90 75 411 1688 0 100 2.67 35 3 58 MLC119
0.22 31.8 6.92 82 1350 7495 42 58 7.00 49 2 57 MLC47
0.71 27.6 19.6 83 765 4417 3 97 4.33 34 1 57 MLC50
0.34 29.2 9.72 83 301 1741 0 100 3.33 26 1 57 MLC164
0.77 26.4 20.1 83 380 2303 9 91 3.00 30 3 55 MLC139
0.58 20.1 11.9 79 300 1414 0 100 4.33 33 3 54 MLC149
0.43 23.9 10.2 81 348 1820 5 95 4.67 33 3 53 MLC112
0.69 235 16.2 82 208 1186 0 100 2.33 27 3 53 MLC144
0.48 275 13.3 82 187 1059 4 96 2.00 23 1 52 MLC167
2.25 12.7 28.6 76 215 900 92 8 4.33 24 2 50 MLC56
1.06 13.3 14.2 83 555 3229 48 52 6.00 44 2 50 MLC59
2.32 115 26.8 84 573 3663 88 12 4.50 29 2 50 MLC65
1.53 16.9 25.9 79 588 2740 71 29 6.00 41 4 50 MLC79
2.21 12.1 26.8 73 556 2024 70 30 8.00 37 4 50 MLC82
152 15.9 23.0 81 170 885 24 76 1.67 23 1 50 MLC222
3.35 14.7 49.0 85 235 1845 61 39 4.67 23 1 48 MLC136
1.20 31.1 33.0 79 145 729 39 61 2.67 20 1 47 MLC111
1.03 235 24.1 83 782 4736 57 43 5.67 33 4 47 MLC29
1.30 19.3 25.0 77 399 1739 51 49 4.00 42 2 44 MLC1
0.63 24.1 15.1 81 353 1840 65 35 3.00 36 2 44 MLC7
0.50 24.7 12.3 80 910 4544 63 38 4.33 57 4 44 MLC11
1.24 21.7 26.8 84 940 5833 26 74 4.33 34 1 44 MLC49
0.53 28.2 15.1 80 856 4246 46 54 6.33 45 2 44 MLC87
3.40 14.7 48.5 84 153 1036 50 50 3.67 19 1 44 MLC145
1.76 155 27.2 83 212 1228 18 82 2.33 22 1 44 MLC146
0.47 28.2 13.3 80 805 4022 62 38 5.67 38 3 43 MLC46
1.71 19.9 34.0 80 454 2217 95 5 4.33 35 1 43 MLC55
2.87 15.0 41.7 82 345 1947 35 65 4.67 24 3 43 MLC147
1.76 21.7 37.2 87 178 1386 6 94 3.00 24 1 43 MLC235
1.53 18.1 271.7 79 351 1689 49 51 6.67 29 4 42 MLC30
1.07 15.2 16.1 78 446 2022 0 100 4.00 29 3 41 MLC211

0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01” 0.01” 0.01™ 0.01™ 0.01™ P value
1.63 7.49 311 7.18 98.5 561 22.8 22.8 1.40 189 0.0001 3.33 LSDo.0s
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 274 36.9 0.0001  5.44 CV%
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Figure 3. Remained and shed leaves percentage of lentil genotypes in survival ranges after four weeks of 12dS m™ NaCl salinity
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Table 4. Effect of sodium chloride salt stress (12dSm™1) on lentil genotypes traits in survival range of 40 to 21%

L K J | H G F E D C B A Genotype
0.96 20.5 19.6 83 766 4503 23 7 8.00 37 2 40 MLC37
0.13 25.9 3.31 78 915 4205 67 33 4.33 64 2 40 MLC84
1.21 19.9 24.1 74 943 3563 53 47 4.50 47 2 40 MLC93
0.61 28.9 17.9 80 210 1032 11 89 3.33 26 2 40 MLC200
1.78 21.9 28.6 84 237 1467 17 83 2.67 24 1 40 MLC228
1.08 19.5 19.8 84 209 1362 17 83 2.33 23 1 38 MLC168
3.18 13.9 43.2 85 67 460 11 89 2.67 12 1 38 MLC216
0.49 27.0 13.3 83 777 4446 42 58 3.33 36 1 38 MLC51
0.62 27.0 16.9 70 767 2597 82 18 3.33 55 4 38 MLC98
1.29 25.3 32.3 84 115 703 13 88 3.33 15 1 38 MLC171
1.22 226 27.2 83 312 1888 34 66 1.67 28 3 37 MLC226
1.37 257 34.8 85 188 1249 27 73 2.33 22 1 36 MLC233
0.83 19.3 16.0 78 472 2183 56 44 6.33 46 4 33 MLC17
177 15.1 26.8 84 223 1385 46 54 3.67 29 1 33 MLC58
1.96 15.5 26.2 84 310 1879 30 70 2.33 28 3 33 MLC201
2.94 19.6 57.1 81 109 585 27 73 3.00 16 1 32 MLC122
0.64 31.7 20.0 83 300 1727 21 79 2.67 26 3 30 MLC155
0.91 235 21.4 79 471 2194 50 50 4.33 42 2 30 MLC45
1.43 175 25.0 76 227 938 71 29 4.33 38 4 29 MLC31
1.16 16.9 19.6 76 586 2484 82 18 2.50 38 2 29 MLC61
1.18 20.5 22.9 83 264 1581 7 93 3.67 20 2 29 MLC207
1.20 16.3 19.6 82 436 2490 46 54 4.67 44 2 27 MLC63
1.63 18.1 29.5 80 713 3592 50 50 2.67 45 2 27 MLC92
0.76 19.9 15.1 78 647 2981 47 53 3.33 41 4 27 MLC22
0.76 24.7 18.7 81 333 1741 63 38 3.00 49 2 25 MLC10
3.40 9.76 33.1 80 323 1603 84 16 8.67 21 4 25 MLC40
0.56 27.0 15.1 76 239 1006 91 9 5.00 36 2 25 MLC69
0.93 21.1 19.6 66 547 1630 78 22 8.00 42 5 25 MLC90
0.68 24.7 16.9 70 939 3160 92 8 4.00 58 4 25 MLCI1
1.14 34.3 39.8 79 217 1020 40 60 1.67 25 1 24 MLC142
0.75 24.2 18.8 81 161 812 5 95 3.00 26 3 24 MLC208
0.96 175 16.9 82 878 4749 39 61 4.00 54 4 23 MLC23
0.98 27.3 26.8 7 138 644 9 91 2.33 18 2 23 MLC163
0.83 235 19.6 81 481 2489 58 43 6.00 42 2 22 MLC66
3.73 115 43.1 71 439 1530 82 18 2.50 35 2 22 MLCB86
2.72 18.1 42.0 84 236 1543 50 50 2.00 25 1 22 MLC224
1.45 24.1 34.9 76 344 1440 80 20 3.33 55 3 21 MLC2
1.94 15.9 30.4 84 230 1455 100 0 3.00 21 1 21 MLC186

0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™  0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ P value
1.63 7.49 31.1 7.18 98.5 561 22.8 22.8 1.40 18.9 0.0001 3.33 LSDo.os
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 274 36.9 0.0001 5.44 CV%
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Figure 4. Fresh and dry shoot wieght and tissue water content of lentil genotypes in survival ranges after four weeks
of 12dS m* NaCl salinity
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Table 5. Effect of sodium chloride salt stress (12dSm™) on lentil genotypes traits in survival range of 20 to 4%
| G F E D C A

L H B Genotype
1.49 20.5 30.4 79 287 1344 40 60 4.33 38 4 20 MLC28
1.00 241 241 69 354 1131 90 10 5.00 42 2 20 MLC99
2.39 16.8 40.1 80 159 898 49 51 2.33 20 1 20 MLC129
2.39 234 48.8 70 85 370 52 48 1.00 15 1 20 MLC176
3.28 15.6 39.9 84 145 819 32 68 2.33 20 3 20 MLC203
1.58 211 33.3 83 102 589 37 63 1.67 19 1 20 MLC221
3.92 231 95.4 80 114 593 24 76 1.67 18 1 19 MLC132
2.48 16.6 38.2 85 115 744 34 66 2.67 14 1 19 MLC135
4.28 19.2 427 77 105 517 32 68 1.67 19 1 19 MLC130
0.91 235 21.4 75 566 2265 53 47 5.00 46 4 17 MLC21
2.14 16.3 34.9 71 339 1177 91 9 6.00 34 1 17 MLC60
1.53 19.3 29.5 64 814 2287 92 8 7.00 36 1 17 MLC100
5.02 11.2 49.7 81 130 656 8 92 3.67 28 1 17 MLC180
1.35 19.9 26.8 68 712 2194 63 37 2.00 38 2 15 MLC43
4.01 9.16 36.8 64 275 770 86 14 3.00 23 2 14 MLC101
3.23 113 335 81 270 1420 42 58 2.67 22 1 14 MLC137
2.10 18.9 33.1 79 266 1324 28 72 4.00 22 3 13 MLC128
2.07 18.1 36.5 80 187 996 49 51 1.67 122 1 13 MLC151
0.45 25.3 11.4 72 837 2937 86 14 7.00 50 2 13 MLC83
2.22 17.2 322 83 286 1617 25 75 4.33 25 3 13 MLC150
4.69 10.8 46.1 80 137 674 69 31 1.67 22 1 13 MLC191
3.08 125 385 80 290 1558 48 52 2.00 23 1 12 MLC199
4.40 14.3 49.7 81 78 438 31 69 2.00 15 1 12 MLC205
4.00 12.2 46.8 78 127 608 66 34 2.00 19 1 12 MLC210
1.01 30.0 304 66 421 1248 70 30 4.00 32 1 11 MLC54
242 19.8 437 85 196 1345 17 83 3.00 22 1 11 MLC236
4.32 9.8 422 79 205 967 85 15 4.00 31 2 10 MLC48
0.90 27.6 25.0 73 728 2667 94 6 4.00 35 2 10 MLC70
2.97 14.4 38.7 76 293 1290 58 42 4.67 28 1 9 MLC190
2.12 13.9 29.5 72 773 2796 84 16 4.00 47 2 7 MLC41
1.53 19.9 30.4 76 331 1368 75 25 2.33 36 4 6 MLC18
4.01 135 34.6 73 257 1173 67 33 1.67 27 2 6 MLC181
1.44 19.9 28.6 66 924 2722 79 21 3.00 45 4 5 MLC42
5.04 11.6 54.4 61 159 571 78 22 2.00 15 3 5 MLC123
3.16 32.3 69.8 62 171 550 100 0 1.00 20 1 5 MLC189
1.52 215 329 61 354 986 88 13 1.33 20 1 4 MLC157
343 16.5 48.7 65 84 289 67 33 1.67 15 1 4 MLC172
3.80 15.2 451 69 256 855 91 9 1.00 25 1 4 MLC154
5.15 115 55.2 63 172 751 82 18 2.67 17 1 4 MLC202

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 P value
1.63 7.49 31.1 7.18 98.5 561 22.8 22.8 1.40 18.9 0.0001 3.33 LSDo.0s
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 27.4 36.9 0.0001 5.44 CV%
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A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Remained leaves (%), F: Shed leaves (%), G: Shoot fresh weight (rrﬁ;.plant'
olle

2, H: Shoot dry weight (mg.plant?), I: Tissue water content (%), J: Na (mg.gdw?), K: K (mg.gdw™), L: Na/K. MLC: Mashhad Lentil C
r

ction,

owth stages: 1: Before flowering, 2: Early flowering, 3: Flowering, 4: Early podding, 5: Podding. LSD: Least Significant Difference in p<0.05

probability level, CV: Coefficient of Variation
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Figure 5. Na, K and Na/K shoot in lentil genotypes in survival ranges after four weeks of 12dS m™ NaCl salinity
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Table 6. Effect of sodium chloride salt stress (12dSm™) on lentil genotypes traits.

L K J | H G F E D C B A Genotype
2.61 15.1 39.5 69 310 1002 100 0 3.00 35 2 0 MLC19
1.98 121 24.1 74 407 1558 100 0 5.00 46 4 0 MLC20
4.77 10.4 494 49 220 433 100 0 1.00 30 1 0 MLC32
4.88 9.76 47.6 57 199 463 100 0 1.00 27 1 0 MLC33
3.71 14.5 53.9 61 212 539 100 0 1.00 22 1 0 MLC34
3.82 7.97 30.4 76 373 1547 100 0 1.00 30 1 0 MLC35
3.62 9.16 33.1 76 279 1177 100 0 1.00 29 4 0 MLC38
3.16 13.9 44.0 71 318 1087 100 0 1.00 27 2 0 MLC39
5.25 9.76 51.2 63 392 1058 100 0 1.00 36 3 0 MLC52
5.49 9.16 50.3 61 317 817 100 0 1.00 28 2 0 MLC53
0.88 25.3 22.3 63 624 1681 100 0 1.00 38 2 0 MLC71
1.44 20.5 29.5 69 264 848 100 0 1.00 37 2 0 MLC72
4.10 4,99 20.5 53 78 167 100 0 1.00 14 1 0 MLC80
1.98 16.3 32.2 74 329 1241 100 0 1.00 36 1 0 MLC88
5.45 8.57 46.7 71 359 1244 100 0 1.00 33 1 0 MLC89
2.73 15.1 41.3 50 239 475 100 0 1.00 27 1 0 MLC97
141 24.1 34.0 53 288 608 100 0 1.00 46 1 0 MLC102
0.87 27.6 24.1 54 899 1954 100 0 1.00 45 1 0 MLC106
0.98 19.9 19.6 40 489 814 100 0 1.00 41 5 0 MLC107
2.96 215 55.2 63 133 376 100 0 1.00 18 1 0 MLC110
531 124 63.2 49 103 206 100 0 1.00 14 3 0 MLC121
9.28 8.35 48.3 43 53 87 100 0 1.00 11 1 0 MLC126
4.45 38.9 191.9 66 157 456 100 0 1.00 15 1 0 MLC134
1.18 26.5 31.3 81 215 1192 100 0 1.00 25 1 0 MLC141
4.94 11.0 52.4 60 174 479 100 0 1.00 16 1 0 MLC158
4.68 11.3 49.1 73 156 579 100 0 1.00 20 1 0 MLC159
3.37 15.0 47.4 67 203 696 100 0 1.00 20 1 0 MLC160
1.76 24.5 43.5 62 150 411 100 0 1.00 15 1 0 MLC161
2.81 20.3 47.6 62 147 378 100 0 1.00 17 1 0 MLC162
3.13 16.3 47.7 60 205 654 100 0 1.00 20 1 0 MLC165
4.62 14.3 59.4 61 110 305 100 0 1.00 16 1 0 MLC166
4.80 11.3 55.2 55 133 303 100 0 1.00 16 1 0 MLC173
3.80 17.1 62.3 57 67 161 100 0 1.00 14 1 0 MLC174
5.02 115 54.5 68 206 654 100 0 1.00 19 1 0 MLC182
2.23 21.7 47.2 58 121 298 100 0 1.00 20 1 0 MLC184
3.51 14.0 48.8 55 164 458 100 0 1.00 17 1 0 MLC185
4.48 12.9 50.4 74 185 697 100 0 1.00 16 1 0 MLC223
3.12 16.5 49.0 78 156 761 100 0 1.00 18 1 0 MLC230
3.95 12.9 49.9 68 147 496 100 0 2.33 22 1 0 MLC232

0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ 0.01™ P value
1.63 7.49 31.1 7.18 98.5 561 22.8 22.8 1.40 18.9 00001  3.33 LSDo.os
56.1 24.2 67.8 6.10 15.6 19.1 26.6 32.7 27.4 36.9 0.0001 5.44 CV%
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Table 7. Coefficient of correlations of some measured traits of lentil genotypes affected by salinity stress
L K J [ H G F E D C B A Traits
1 A
1 0.28" B
1 0.36" 0.29™ c
1 0.34" 0.39" 0.41" D
1 0.21" -0.01" 0.14" 0.52" E
1 -1.00 -0.21™ 0.01  -0.14™ -0.53™ F
1 -0.21" 0.21" 0.58" 0.53" 0.33" 0.48" G
1 0.93" -0.03" 0.03™ 0.54" 0.58" 0.37" 0.35" H
1 0.11* 0.35" -0.64™ 0.64" 0.35" 0.10" 0.10" 0.52" I
1 029" 039" 041" 029"  -029"  -0.33" 035" -0.31" -0.41™ J
1 0.02" 0.20" 0.26™ 0.27" -0.29™ 0.29" 0.14" 0.18" 0.10" 0.30" K
1 -063" 060"  -0.43" -045™  -0.48™ 0.42"  -0.42"  -0.38" 039"  -0.33" -0.52™ L
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A: Survival (%), B: Growth Stage, C: Plant height (cm), D: Branch No, E: Remained leaves (%), F: Shed leaves (%), G: Shoot fresh weight (mg.plant
1), H: Shoot dry weight _(mg.plant’ﬁ), I: Tissue water content (%), J: Na (mg.gdw), K: K (mg.gdw™), L: Na/K. ns and ** respectively non—signi?icant at
0.05 probability level, significant at 0.01 probability level
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Table 8. Factor analysis for lentil genotypes under salinity stress

Factor 3 Factor 2 Factor 1 (Traits) wlaw
0.068 0.231 -0.765 (Survival (%)) sl Aoy
0.317 -0.271 -0.502 (Growth stage) (s, al> 4o
-0.043 -0.549 -0.631 (Plant height) «5q; glas,l
0.341 -0.245 -0.674 (Branch No. per plant) s ,5 a3Ls
0.091 0.742 -0.598 (Remained leaves (%)) ol 3L S )
-0.091 -0.742 0.598 (Shed leaves (%)) 05,5 o3y Sy
0.060 -0.406 -0.780 (Fresh weight) 5 59
-0.020 -0.605 -0.690 (Dry weight) s )34
0.203 0.513 -0.631 (Tissue water content) 5, U (glgime
-0.055 0.104 0.773 (Na) oo
0.769 0.110 -0.538 (K) iy
0.363 -0.019 0.858 (NA/K) by 4y oo

1.01 241 5.51 (Eigen valug) 039 ,olio
74.4 66.0 459 (CUMUIIVEY%) _ao5 waps Loy

MLC114  MLC113  MLC112 MLCI09  els ojugms poo 5 sl ol ol 50 il & angi b

MLC118  MLC117 MLC116 MLCLI5 5l 355 amy |y ool Luilly el cpyide Jo
MLC139  MLC124 MLCI20 MLCL19  «5ls sl sy i) cody alsyo oliy dopy Clao
MLC153  MLC149 MLCI47  MLCLAA 59 w38 [ip) Sy doy osilo Bl Sy dod o5
MLC170  MLC167 MLC164 MLCISS 5 s clalé il O lyime ¢ plon il Sis o 5
MLC207  MLC200 MLCI197 MLC195 45 il ooyl cowdds tly mowly & ot Coud
MLC227  MLC211  MLC209 MLC208 i solial laaisee olSiwd )3 5y (clacedss) Labolid
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Figure 7. Distribution of lentil genotypes on the basis of the first and the second components
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Table 9. The results of discriminant function for clustering validity of lentil genotypes under salinity stress
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Figure 8. Cluster grouping of lentil genotypes based on studied characteristics

MLC spuiio (owg3,8 oKl (alS pole 0aSiimg}y (wie ,4 (amusIS” : MLC: Mashhad Lentil Collection

rion
S0
o
seon
zzomm
60
cuom
FEDIN
e
oo
s SR
Liow SEEOT

SO PEZON

n A

™
08I po

MLCAT MLC25 ol o 09,5 4 3laie slaasisss
dlesjl adllasygo liv oles , MLCT7 5 MLC64
‘Lsc)é Lo dlaws Y 5U£)|‘L;A$) 4L>)A 9 ;UQ Ao yd
Syt d 3 g e s ey B Sl

S ol i neg,S (Sl dunlio 5 g 410
d|9:->“ ‘u_;.l}m re‘.»" Sid 9 5 59 0dlo Bl Sy doyd

Dged ool (6y58 5 eSS Olalllao

» gl gy clio jl eolitul jlateds 09,5 oyl & Glate

Shpa g LW g sladgrs) o Ll 1) e

(RS wwly 4 b Cumd g modw ClalE 03,8 b5,
slcwg) 5l ol ddllaedyge Slaw )3 oy cpl



WY

Ola 3l g ausb dgn b gy o ol bulgy Las 4 0B
b PsSly o 1) s Clo i b g 03,8 Caalow padas
bis 1) 33 gl j5d bulpd > algie WS 6 lS0l>
Munns & ) ail yaud basl s 5o S (gl cunlio 5 03,5

(Tester, 2008; Houle et al., 2001

VY /¥ oles el Sl /el ol Mol aslings,

olS bawg Of Gla Jgameysbody (6)98 25 balpd 5

Ol Cpiored 9 (S Caow Slyil daldl )3 9 Wb o ials
(P laanlp > S cage (6y9d 45l
29 Ad)y yuals as 55,5 e ol s ol 5 (Salie
S lbegiss il sl oy 1) oS Sy dny ol

S i €08 e adlllaedyge Slio el Brog)S (Slapo (pS0ls) uilyly 4235 =V oo
Table 10. Analysis of variance (mean squares) based on measured traits in lentil genotypes under salinity stress
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Table 11. Cluster analysis for lentil genotypes in salin condition
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