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Evaluation of 43 genotypes and Mardom cultivar of lentils under salt stress
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ABSTRACT

This project was carried out to study and classify the lentil (Lens culinaris Medik) genotypes during
germination and seedling establishment, in Greenhouse and in two stages. First stage was carried out with
43 genotypes and Mardom cultivar of lentil in 4 levels of salinity and 3 replications in factorial experiment
in as a completely randomized design in a combination of non-saline and saline soil in the 1, 2-1, 1-1 and
1-2 weight ratios (respectively non-saline soil and saline soil). Second stage was carried out with 3
genotypes and Mardom cultivar of lentil in 4 levels of salinity of NaCl (0, 60, 120, 180 mM) and 3
replications in a factorial experiment based on a completely randomized design. In this project, some
morphological characteristics as well as the content of chlorophyll a and b, carotenoids and proline were
evaluated. Analysis of the results showed that as the salinity increased, morphological traits in most
genotypes were significantly damaged. For clustering genotypes in the first experiment, cluster analysis
and principal component analysis was carried out and genotypes were classified in four different groups. 4
genotypes for second experiment were selected according to the results of cluster analysis. Results showed
that there was high diversity in lentil genotypes in response to salt stress, and we can use this diversity in
cultivars breeding programs.

Keywords: Genotype screening, Mardom cultivar, lentil, salinity, Seedling establishment.
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Table 1. Names and origin of lentil genotypes studied in this research

Number genotype in

Number

origin Genotypic code gene bank and origin Genotypic code genotype in gene

paper bank and paper
Syria 33-ICARDA-ill6042 701 Syria 33-ICA-63134 553
Syria 33-ICA-1LL06235 703 Syria 33-ICA-63119 559
Turkey 33-153-26279-68 714 Syria 33-ICA-63139 564
Syria 33-ICARDA-ill4400 715 Syria 33-ICA-63108 565
Lebanon 33-058-il1851 717 Syria 33-ICA-ill05747 588
Iran 33-072-10706 719 Syria 33-ICA-ill05753 606
Syria 33-ICA-1LL4368 724 Syria 33-146-05817 607
Syria 33-ICA-I1LL49 738 Syria 33-ICA-ill04400 608
Iraq 33-072-79SH4890 741 Iran 33-071-il105753 609
Iraq 33-072-13621-153 742 Syria 33-ICA-ill5748 613
Shooshtar 33-071-10150 745 Syria 33-ICA-ill5845 622
India 33-069-00066 746 Syria 33-ICA-ill6001 629
Chile 33-032-10316 747 Syria 33-ICA-ill6195 638
Chile 33-032-10344 748 Syria 33-ICA-ill6205 648
Ardebil 33-071-10434 749 Syria 33-ICA-ill-6206 649
Fars 33-071-10646 752 Syria 33-ICA-ill6212 655
Jiroft 33-071-10919 753 Jordan 33-079-il15582 669
Azarbayejan 33-071-10685 756 Syria 33-ICA- ill5803 680
Fars 33-071-10960 757 Syria 33-071-10437 689
Isfahan 33-071-11043-2 760 Syria 33-ICA-ill5840 690
- e - Syria 696-ICARDA-ill6014 696
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Chlorophyll a (mg/g) = ((12.7x Asss) — (2.69 x
Agss)) x /1000 x W
Chlorophyll b (mg/g) = ((22.9x Agss) — (4.69 x
Ass3)) x V/1000 x W
Total Chlorophyll (mg/g) = ((20.2x Agss) — (8.02
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Table 2. Variance analysis of the studied traits of 43 genotypes and Mardom cultivar of lentil

Mean Square

SOV. df root shoot seedling d_r y d_r Y frgsh Percentage of Seed vigor
length length length weight weight weight germination index
root shoot shoot
A Factor 43 5.69** 15.296** 33.098** 0.000** 0.000** 0.010** 1261.207** 23336.3**
(Genotype)
Zallzﬁcitt(;/; 3 193.9** 536.704** 1348.579** 0.000** 0.001** 0.103** 54394.658** 13873.88**
AB 129 1.529** 2.634** 5.669** 0.000** 0.000** 0.001** 625.592** 71856.05**
Error 352 0.462 0.699 1.546 0.000 0.000 0.000 382.737 38349.39
C.V(%) 24.25 17.29 16.32 28.39 24.68 17.59 32.04 36.39

™ Significant at %1 of probability level.
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Table 3. Mean comparison of the interaction effects genotypes and stress levels on measured traits.
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24 [}
724 1 7.05 747 1 8.97 719 1 155 607 1 0.0095 649 1 0.017 609 1 0.217 559 1 100 714 1 1433.3
719 1 6.7 719 1 8.75 756 1 14.75 724 1 0.0087 607 1 0.016 756 1 0.208 607 1 100 607 1 1300.8
724 2 6.66 756 1 8.67 714 1 14.33 M 2 0.0082 747 1 0.016 773 1 0.201 629 1 100 669 1 1258. 9
756 1 6.08 649 1 8.25 747 1 14.092 756 1 0.008 756 1 0.0164 607 1 0.194 648 1 100 749 1 1250
M 1 585 753 1 8.17 724 1 13.55 715 1 0.008 719 1 0.016 649 1 0.193 649 2 100 724 1 1220.13
565 1 583 745 1 8.083 649 1 13375 715 2 0.0077 756 2 0.0159 747 1 0.193 669 1 100 719 1 1205. 6
742 1 5.82 588 1 8.017 M 1 13.375 756 2 0.0076 753 1 0.0151 773 2 0.191 669 2 100 742 1 1191. 7
607 1 574 75 2 608 607 1 13.008 717 1 0.0076 588 1 0.0142 609 2 0.19 689 2 100 756 1 1152. 8
714 1 5.56 747 2 7.93 756 2 12,917 649 1 0.0076 559 1 0.0139 773 3 0.187 696 1 100 745 1 1126.4
649 1 5.12 608 1 7.83 745 1 12.625 747 1 0.0073 747 2 0.0138 741 1 0.183 703 1 100 703 1 1118.3
747 1 5.12 753 2 7.806 669 1 12.59 717 2 0.0072 689 1 0.0137 622 1 0.181 714 1 100 746 1 1105
741 1 5.08 714 1 7.76 749 1 125 719 1 0.007 741 1 0.0136 756 2 0.18 742 1 100 753 1 1099.4
749 1 5.08 669 1 7.756 724 2 12.33 M 1 0.0065 753 3 0.0136 607 2 0.177 746 1 100 747 1 1091.9
689 1 4.91 747 3 7.75 753 1 12.32 649 2 0.0064 748 1 0.01345 719 1 0.177 749 1 100 M 1 1040.3
756 2 4.91 608 2 7.63 714 3 1217 689 1 0.0062 747 3 0.0134 607 3 0.172 752 1 100 648 1 1028.3
690 4 062 559 4 1 690 4 1.87 648 3 0.000833 771 4 0.0019 690 4 0.05 648 4 22.1 690 4 62.3
655 4 0.58 714 4 1 742 4 1.62 773 4 0.0008 559 3 0.0018 742 4 0.05 690 4 22.1 559 4 51.2
714 4 0.5 771 4 0875 771 4 1.62 742 4 0.00075 655 4 0.0015 771 4 0.0475 559 4 22 742 4 41.5
773 4 0.5 559 3 0.83 714 4 15 771 4 0.00067 742 4 0.0012 773 4 0.047 714 4 22 714 4 38.8
742 4 0.37 773 4 0.611 773 4 111 648 4 0.0006 773 4 0.001 714 4 0.0375 742 4 22 773 4 37
638 2 0 638 2 0 638 2 0 638 2 0 638 2 0 638 2 0 638 2 0 638 2 0
638 3 0 638 3 0 638 3 0 638 3 0 638 3 0 638 3 0 638 3 0 638 3 0
638 4 0 638 4 0 638 4 0 638 4 0 638 4 0 638 4 0 638 4 0 638 4 0
689 4 0 689 4 0 689 4 0 689 4 0 689 4 0 689 4 0 689 4 0 689 4 0
715 4 0 715 4 0 715 4 0 715 4 0 715 4 0 715 4 0 715 4 0 715 4 0
LSD 0.392 0.4826 0.7178 0.0006 0.0012 0.0123 11.295 113.06
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Salt stress levels: 1) normal soil, EC=3.78 mS/cm; 2) soil, EC=9.95 mS/cm; 3) soil, EC=14 mS/cm and 4) soil, EC=17 mS/cm.
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Table 4. Discriminant function analysis to determine the location of the dendrogram cutting

group p-value Wilks,lambda Chi-Square
2 0.000 0.302 147.156
3 0.000 0.550 73.546
4 0.004 0.771 31.931
5 0.578 0.962 4.738
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Table 5. Eigenvalues and cumulative variance percentage in the principal components analysis for all

genotypes.

Principal Component eigenvalues Variance% Percent of the total variance
7.043 78.253 78.253

0.718 7.975 86.228

0.433 4.809 91.037

0.361 4.007 95.004

0.249 2.771 97.815

0.146 1.627 99.442

0.047 0.522 99.964

0.003 0.036 100
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Figure 1. The cluster analysis dendrogram of 44 genotypes of lentil using Ward method.
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Table 6. Variance analysis of studied traits in 3 genotypes and Mardom cultivar of lentil.

Mean Square

Fresh Fresh Fresh Ch.® ch Total Carotenoid Prolin

S.0.V. df Shoot weight  weight  weight A ch.B AB Ch.AB Ch. content content

length(cm)  shoot root seedling content content content content  content
@ (%) @
A Factor ox sox - sox sox wox sox o ox sox *
3 53.59 0.079™ 0.055 0.24 0.007 0.005 0.16 0.001 20.87 0.11 0.00001
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Eaﬁf“t‘;{; 3 1805  0017° 028 043" 0017 001" 04~ 0002 49.56™ 0183  0.00001™
AB 9 0.87" 0.002” 0.01™ 0.011™ 0.001™ 0.001" 0.07" 0.00001™  3.44"™ 0.02" 0.000004"
Error 32 0.51 0.0001  0.001 0.002 0.001 0.001 0.04 0.00008 2.331 0.017 0.000005

C.V(%) 5.71 3.11 5.46 4.97 12.6 25.86 9.37 27.73 15.29 15.2 9.72
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Figure 2. Effect of different level of salinity stress on shoot (a), root (b) and seedling (c) fresh weights in
studied genotypes.In each graph, columns with similar letters are not statistically significant different.
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Figure 5. Effect of different levels of salinity stress and genotypes on chlorophyll a (a), chlorophyll b (b),

chlorophyll a/b (c) and chlorophyll a.b (d) contents. In each graph, columns with similar letters are not
statistically significant different.
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REFERENCES

1.

2.

10.

Abdul-Baki, A. A. & Anderson, J. D. (1973). Vigor determination in soybean seed by multiple criteria.
Crop Science, 13(6), 630-633.

Abdul-Jaleel C., Gopi R., Sankar B., Manivannan P., Kishorekumar A., Sridharan R. & Panneerselvam
R. (2007). Studies on germination, seedling vigour, lipid peroxidation and proline metabolism in
Catharanthus roseus seedlings under salt stress. South African Journal of Botany, 73(2), 190-195.
Ahmad S., Wahid A., & Rasul E. (2005). Comparative morphological and physiological responses of
green gram genotypes to salinity applied at different growth stages. Botanical Bulletin of Academia
Sinica, 46, 135-142.

Arnon, A. N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-
121

Ashraf, M. & Harris, P. (2004). Potential biochemical indicators of salinity tolerance in plants. Plant
Science, 166(1), 3-16.

Ashraf, M. & Ali. Q. (2008). Relative membrane permeability and activities of some antioxidant
enzymes as the key determinants of salt tolerance in canola (Brassica napus L.). Environmental and
Experimental Botany, 63, 266-273.

Ashraf, M. (2001). Relationships between growth and gas exchange characteristics in some salt-
tolerant amphidiploid” Brassicai” species in relation to their diploid parents. Environmental and
Experimental Botany, 45(2), 155-163.

Ates, E. & Tekeli, A. (2007). Salinity tolerance of Persian clover (Trifolium resupinatum Var. majus
Boiss.) lines at germination and seedling stage. World Journal of Agricultural Sciences. 3(1), 71-79.
Bates, L. S., Waldern, R. P. & Tear, I. D. (1973). Rapid determination of free proline for water stress
studies. Plant Soil, 39, 205-207.

Ebrahimi, M., Ricki Maryshany, A. & Shirmohammadi, E. (2016). Effect of extract of fast growing
species Trifolium alexandrium L. on germination, photosynthetic pigments and nutrient ptake of
Prosopis cineraria (L.) Druce. ECOPERSIA,. 4(3), 1491-1506.



11.

12.

13.

14.

15.

16

17

18

19

20

21

22,

23

v sflyy 0By olped 4y wae uieiy Y 0 (6500 4 Jeow b))l i) ) Kan g colols VA

Flowers, T. J., Troke P. F. & Yeo A. R. (1977). The mechanism of salt tolerance in halophytes. Annual
Review of Plant Physiology, 28, 89-121.

Garg, B., Kathju, S. & Burman, U. (2001). Influence of water stress on water relations, photosynthetic
parameters and nitrogen metabolism of moth bean genotypes. Biologia Plantarum, 44(2), 289-292.
Greenway, H. & Munns R. (1980). Mechanism of salt tolerance of nonhalophytes. Plant Physiology,
31, 149-190.

Havaux, M. (1998). Carotenoids as membrane stabilizers in chloroplasts. Trends Plant Sciences, 3,
147-151.

Hester, M. W., Mendelssohn, I. A. & McKee, K. L. (2001). Species and population variation to salinity
stress in” Panicum hemitomon”, *“ Spartina patens”, and ” Spartina alterniflora”: morphological and
physiological constraints. Environmental and Experimental Botany, 46(3), 277-297.

.Huang, Z., Chao-xing, H., Zhong-qun, H., Zhi-rong, Z. & Zhi-bin Z. (2010). The effects of arbuscular

mycorrhizal fungi on reactive oxyradical scavenging system of tomato under salt tolerance.
Agricultural Sciences in China, 9(8), 1150-1159.

. Katerji, N., van Hoorn, J. W., Hamdyc, A., Mastrorillid, M., Oweis, T. & Erskine, W. (2001). Response

of two varieties of lentil to soil salanity. Agricultural Water Management, 47(3), 179-190.

.Kerepesi, H. & Galiba, G. (2000). Osmotic and salt stress induced alteration in soluble carbohydrate

content in wheat seedling. Crop Science, 40, 482-487.

.Lutts, S., Kinet, J. M. & Bouharmont, J. (1996). Effects of salt stress on growth, mineral nutrition and

proline accumulation in relation to osmotic adjustment in rice (Oryza sativa L.) cultivars differing in
salinity resistance. Plant Growth Regulation, 19, 207-218.

.Manchanda, G. & Garg, N. (2008). Salinity and its effects on the functional biology of legumes. Acta

Physiologia Plantarum, 30, 595-618.

.Mauromicale, G. & Licandro, P. (2002). Salinity and temperature effects on germination, emergence

and seedling growth of global Artichoke. Agronomie, 22, 443-450.

Mirmohammadyi S. A. M. & Ghareyazie, B. (2002). Physiological aspects and breeding for salinity
stress in plants. Iran, Isfahan University of Technology Press. 274p.

Mudgal, V., Madaan, N., Mudgal A. & Mishra S. (2009). Changes in growth and metabolic profile of
Chickpea under salt stress. Journal of Applied Biosciences, 23, 1436- 1446.

24. Parida, A. K. & Das, A. B. (2005). Salt tolerance and salinity effects on plants: a review. Ecotoxicology

25.

and Environmental Safety, 60, 324-349.
Patel, N. T., Vaghela, P. M., Patel, A. D. & Pandey, A. N. (2011). Implications of calcium nutrition on
the response of ” Caesalpinia crista” (Fabaceae) t0 soil salinity. Acta Ecologica Sinica, 31(1), 24-30.

26. Sidari, M., Santonoceto, C., Anastasi, U., Preiti, G. & Muscolo, A. (2008). Variations in four genotypes

of lentil under NaCl-salinity stress. American journal of Agricultural and Biological, 3(1), 410-416.



