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Extended abstract

Introduction

Salinity stress is one of the most important abiotic stresses which results in significant damages to
agricultural production, which has affected about 20% of the world's agricultural lands, and its
constantly increases. Plant responses to salinity stress have been depending on the severity, species, and
even genotype. Different accessions of a species may also use different mechanisms to cope with salinity
stress and complete their life cycle. Therefore, the identification mechanism of salt-tolerant plants is
necessary to select plants for high salinity conditions. With the development of the cultivation of
tolerance plants in saline soils, it is possible to use the soil more efficiently; but salt tolerance is
controlled by complex physiological and genetic processes, and understanding these mechanisms is
essential to improving yield in saline soils. Different strategies can be used to prevent a decrease in yield
in these areas. Plant adaptation to salinity stress in low or medium salinity stress has been suggested as
a way to increase plant yield in saline soils. Considering the importance of salinity stress and also the
beneficial environmental effects of legumes on crop rotation as well as the role of physiological and
antioxidant characteristics in salinity tolerance and genetic diversity between lentil genotypes, this study
was conducted to select lentil genotypes under salinity in a controlled environment.

Materials and methods

This study was carried out in hydroponic conditions in the greenhouse of the Faculty of Agriculture,
Ferdowsi University of Mashhad Iran in 2019. The experiment was performed as split plots in a
randomized complete block design with three replications. The 24 lentil genotypes were selected in the
pretest and two salinity stress levels 12 and 16 dS.m™ and 0.5 (control) were investigated. Seeds of lentil
genotypes were prepared from the seed bank of the Research Center for Plant Sciences, Ferdowsi
University of Mashhad. Seeds were sown in the hydroponic environment in the greenhouse with light
and dark periods according to natural day length, day and night temperatures of 25 and 18 °C
respectively with +5 °C variations and natural light conditions. One week after planting, salinity stress
was applied. Four weeks after applying salinity stress, traits including photosynthetic pigments, DPPH
radical activity, malondialdehyde, total phenol, soluble carbohydrates, catalase, peroxidase, ascorbate
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peroxidase, osmotic potential, and proline were measured. To calculate the percentage of survival before
salinity stress, the number of plants was recorded and before harvest, the number of live plants was
recorded and the percentage of survival was calculated.

Results and discussion

The results showed that at the salinity of 12dSm-1 MLC6, MLC12, MLC26, MLC120 and MLC178 had a
survival of over 60%. Under 16dSm-1 salinity except for MLC57, MLC73, MLC94, MLC104, and MLC108
genotypes, other genotypes survived and MLC178 and MLC26 genotypes had the highest survival with
30% and 25%, respectively. With increasing salinity stress levels, the content of chlorophyll a, total
photosynthetic pigments, and total phenol in all genotypes had a decreasing trend. Chlorophyll a content
increase with an increase salinity from controll (0.724 mg.g* Fw) to 16 dSm* (0.220724 mg.g! Fw).
Osmotic potential with increasing salinity was a more negative state of values at 16dSm-1 of MLC178
(-3.91 MPa) and MLC26 (-5.62 MPa). Increasing salinity stress from 0.5 to 16 dS.m increased inhibition
of the free radical activity of DPPH, activity of catalase, peroxidase, and ascorbate peroxidase in MLC117
and MLC178 genotypes. Also, except for two genotypes, MLC5 and MLC14, the other remaining
genotypes had a good ability to reduce the osmotic potential at the salinity of 16dSm-1. Principal
component analysis (PCA) showed that the first component explained 50.14% of the changes and
properties related to photosynthetic pigments and osmotic potential and the second component
explained the antioxidant properties, metabolites, and survival percentage with 12.66%.

Conclusion

Generally, results showed the superiority in most of the studied traits of the MLC6, MLC12, MLC26,
MLC117, MLC120, and MLC178 compared to the total average. Due to the relative superiority of this
genotypes of genotypes, it is recommended that perform additional studies to evaluate their salinity
tolerance in field conditions.
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Table 2. Effects of salinity stress on survival percentage of lentil genotypes under

controlled condition.

Survival percentage :li; wo ;o

N Salinity stress S Ly
Genotype L2k
0.5dS.m’! 12dS.m™! 16dS.m™!
MLC4 100+0.00 17+5.51 4+4.33
MLCS 100+0.00 19£11.9 443.67
MLC6 100+0.00 63+11.8 17+7.88
MLC12 100+0.00 75+14.0 33+4.93
MLC13 100+0.00 36+4.81 12+3.21
MLC14 100+0.00 36+17.9 10+£5.24
MLC25 100+0.00 43£16.2 8+4.04
MLC26 100+0.00 61+14.4 25+10.8
MLCS7 100+0.00 10+7.31 0+0.00
MLC73 100+0.00 6+3.79 0+0.00
MLC77 100+0.00 35+12.9 8+4.18
MLC78 100+0.00 46+9.21 5+2.89
MLCS81 100+0.00 31+10.6 8+6.01
MLC9%4 100+0.00 19+8.09 0+0.00
MLC104 100+0.00 1243.18 0+0.00
MLC108 100+0.00 13+2.33 0+0.00
MLC109 100+0.00 20+8.66 4+3.67
MLC117 100+0.00 17.85 20+5.21
MLC118 100+0.00 51+4.67 23+14.6
MLC120 100+0.00 60+26.0 16+8.74
MLC152 100+0.00 42+17.3 9+1.67
MLC156 100+0.00 42+16.3 9+4.98
MLC178 100+0.00 80+4.67 30+18.1
MLC192 100+0.00 21+3.51 442.00
S.0.V i 2be df Mean squares Olry yo (5o
Block Sels 2 2401™
Salinity stress (S) @b G5 2 152716™
Ea shol gl 4 1011
Genotypes (G) gy 23 918"
SxG SxG 46 350"
Eb =9 sl 138 135
CV% - 23.7

el o Sile s sl oazaspLii i gt Luos (seeSIS MLC

Ol S o0 GV o0 S ot mhas jo o cxe *F
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
**: Significant at probability level of 1%, CV: Coefficient of Variation.
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Table 3. Effects of salinity stress on chlorophyll a and chlorophyll b content of lentil genotypes under controlled
condition

Chl a (mg.gfw?) a Lusg,ls Chl b (mg.gfw™) b JLsg,ls

A Salinity stress ;g o Salinity stress ;s i
Genotype
0.5 dS.m’! 12 dS.m’! 16 dS.m™! 0.5dS.m"! 12 dS.m’! 16 dS.m™!
IMLC4 0.899+0.068 0.399+0.114 0.101+£0.101  0.556+0.066 0.372+0.094 0.033+0.033
MLCS5S 0.720+£0.006  0.405+0.203 0.069+£0.069  0.396+0.068 0.240+0.122 0.057+0.057
MLC6é6 0.9914£0.062 0.557+0.047 0.325+0.081 0.467+0.038 0.349+0.027 0.282+0.006
MLC12 0.647+£0.036  0.479+0.057 0.453+0.070  0.374+0.034 0.332+0.039 0.297+0.024
MLC13 0.568+0.102 0.369+0.060 0.422+0.044  0.264+0.022 0.308+0.040 0.330+0.046
MLC14 0.661+£0.054 0.470+0.046 0.252+0.136  0.399+0.038 0.295+0.013 0.208+0.105
MLC25 0.901+£0.072 0.386%0.007 0.135+£0.067  0.426+0.032 0.392+0.062 0.157+0.079
MLC26 0.642+0.121 0.575%£0.066 0.520+£0.061 0.410+0.075 0.409+0.036 0.346+0.023
MLC57 0.7594£0.090 0.259+0.130 0.000£0.000  0.383%0.047 0.192+0.098 0.000+0.000
MLC73 0.768+0.072 0.211£0.107 0.000+£0.000  0.413+0.055 0.193%£0.103 0.000+0.000
MLC77 0.799+0.059 0.448+0.011 0.296+0.148  0.334+0.034 0.330+0.019 0.289+0.145
MLC78 0.7424£0.049 0.464+0.036 0.131£0.067 0.702+0.064 0.322+0.018 0.168+0.084
MLCS81 0.939+0.008 0.423+0.032 0.131+£0.067  0.442+0.055 0.325+0.028 0.149+0.077
MLC9%4 0.5314£0.045 0.442+0.098 0.000+£0.000 0.218+0.059 0.300+0.088 0.000+0.000
MLC104 0.711£0.002  0.434+0.069 0.000+£0.000  0.519+0.008 0.354+0.039 0.000+0.000
MLC108 0.753£0.039  0.306+0.084 0.000+£0.000  0.448+0.017 0.328+0.018 0.000+0.000
MLC109 0.671£0.018 0.310+0.024 0.103+£0.103  0.403+0.031 0.273£0.058 0.091+0.091
MLC117 0.949+0.072  0.310+£0.094 0.382+0.038  0.499+0.040 0.240+0.036 0.345+0.008
MLC118 0.417£0.079 0.319£0.037 0.262+0.131  0.358+0.062 0.326+0.043 0.229+0.115
MLC120 0.820+0.055 0.451+0.017 0.400+0.000  0.468+0.046 0.271%0.060 0.242+0.000
MLC152 0.579+£0.051 0.267+£0.072 0.316+£0.059  0.368+0.066 0.422+0.068 0.364+0.041
MLC156 0.538+0.065 0.540+0.085 0.307+0.169  0.332+0.054 0.267+0.054 0.170+0.099
MLC178 0.721£0.068 0.474+0.040 0.389+£0.060  0.395+0.023 0.429+0.067 0.278+0.042
MLC192 0.649+0.118 0.598+0.082 0.287+0.143  0.344+0.055 0.348+0.092 0.197+0.099
S.0.v yodd b df Mean squares Sl o (puSileo Mean squares ol o (nSibo
Block Selh 2 0.051™ 0.015™
Salinity stress (S) (oo s 2 4.66" 1.02™
Ea ol glas 4 0.035 0.024
Genotypes (G) gy 23 0.069" 0.035™
SxG 46 0.054™ 0.027™
Eb 0 glas 138 0.017 0.010
CV% - 28.8 33.4

Cewl b Sils jlaas glas oaimolis i agine (uas yganSUS :MLC

s oo OV o) S Jlatsl s 5o lo e ™ Jls ixe 8118
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non-significant**: Significant at probability level of 1%, CV: Coefficient of Variation.
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Table 4. Effects of salinity stress on carotenoids and chlorophyll a/b of lentil genotypes under controlled condition

Carotenoids (mg.gfw™) Ludgdg,ls

Chla/b Judg S o

L] - -~ o
Genot Salinity stress (g g (s Salinity stress (g qu (s
enotype
0.5 dS.m™! 12 dS.m™! 16 dS.m™! 0.5dS.m' 12 dS.m’! 16 dS.m™!
MLC4 0.112+0.013  0.098+0.015  0.015+0.015  1.63+0.074 1.12+0.271 0.122+0.122
MLC5 0.091+0.011  0.063+0.031  0.013+0.013  1.94+0.367 0.841+0.458 0.405+0.405
MLC6 0.190+0.001  0.111+0.014  0.103+0.000  2.13+0.041 1.60+0.060 1.14+0.262
MLC12 0.124+0.011  0.059+0.011  0.078+0.014  1.74+0.072 1.50+0.296 1.52+0.163
MLC13 0.140+0.016  0.051+0.013  0.079+0.013  2.11+0.230 1.19+0.101 1.29+0.063
MLC14 0.128+0.017 0.11120.005  0.035£0.018  1.66+0.075 1.60+0.183 0.565+0.283
MLC25 0.158+0.003  0.049+0.014  0.007+0.003  2.12+0.007 1.03+0.156 0.571+0.285
MLC26 0.107+0.014  0.093+0.009  0.067+0.005  1.60+0.211 1.40+0.042 1.54+0.282
MLC57 0.148+0.012  0.04120.021  0.000£0.000  1.98+0.011 0.910+0.463 0.000+0.000
MLC73 0.149+0.021  0.030+0.015  0.000£0.000  1.88+0.075 0.750+0.384 0.000+0.000
MLC77 0.176+0.002  0.083+0.003  0.030£0.024  2.23+0.231 1.36+0.058 0.683+0.342
MLC78 0.032+0.000  0.074+0.008  0.008+0.004  1.06+0.028 1.44+0.058 0.519+0.261
MLC81 0.204+0.002  0.065+0.016  0.013+0.007  2.19+0.259 1.34+0.217 0.588+0.294
MLC94 0.141+0.001  0.058+0.012  0.000+0.000  2.84+0.214 1.56+0.213 0.000+0.000
MLC104 0.102+0.013  0.124+0.010  0.000£0.000  1.37+0.026 1.23+0.160 0.000+0.000
MLC108 0.172+0.012  0.053+0.011  0.000+0.000  1.69+0.133 0.921+0.217 0.000+0.000
MLC109 0.109+0.000  0.017+0.007  0.006+0.006  1.69+0.173 0.994+0.051 0.378+0.378
MLC117 0.156+0.012  0.053x0.010  0.074£0.019  1.92+0.166 1.25+0.241 1.11+0.135
MLC118 0.089+0.019  0.077+0.014  0.039+0.020  1.17+0.140 1.02+0.169 0.768+0.388
MLC120 0.163+0.002  0.098+0.016  0.078+0.000  1.76+0.068 1.83+0.373 1.653+0.000
MLC152 0.132+0.016  0.075+0.000  0.006+0.000  1.63+0.193 0.727+0.298 0.852+0.068
MLC156 0.107+0.021  0.147+0.009  0.055+0.028  1.65+0.102 2.37+0.156 0.977+0.505
MLC178 0.133+0.016  0.054+0.013  0.106£0.014  1.82+0.072 1.19+0.283 1.46+0.273
MLC192 0.124+0.015  0.161+0.001  0.053+0.027  1.87+0.084 2.48+0.852 0.969+0.484
S.0.V i 2abo df Mean squares ol o uSleo Mean squares ol o (ube
Block Sab 2 0.002* 1.07*
Salinity stress (S) (59 LW 2 0.170* 22.1™
Ea Shol sllas 4 0.001 0.506
Genotypes (G) i i) 23 0.005** 0.819™
SxG 46 0.004** 0.533™
Eb <P slbs 138 0.001 0.160
CV% - 27.1 31.2

el B File s (sl oo Lis = wgdie o (SIS MLC

Ol yais o 20 OV o )0 iy g doy o et s )0 o e oS dy kg

MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).

** and *: Significant at probability level of 1% and 5% respectively, CV: Coefficient of Variation
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Table 5. Effects of salinity stress on DPPH and MDA in lentil genotypes under controlled condition

of3T JIS1, ol slan
DPPH DPPH (mg.gfw™)

ssllgogglle

MDA (mg.gfw™)

Salinity stress 5,g0 W5

Salinity stress (g ,qu (iod

LX)
Genotype 0.5 dS.m! 12 dS.m™! 16 dS.m! 0.5dS.m? 12dS.m! 16 dS.m’!
IMLC4 0.161£0.040  0.437+0.067 0.025+0.025  21.7+1.172 1444297  2.20+2.20
MLCS 0.190+£0.007 0.296+0.149 0.069+0.069 34.1+£5.05 7.21£3.76  3.89+3.89
MLCe6 0.247£0.020  0.385+0.068 0.348+0.059  46.1+0.238 13.0+1.53  12.1%1.17
MLC12 0.2104£0.054  0.322+0.024 0.502+0.043 26.5+1.54 23.0+4.74  14.6£2.09
MLC13 0.223+0.025 0.281+0.014 0.524+0.057 12.3£2.56  21.5+0.568 32.9+0.772
MLC14 0.215+£0.020  0.345+£0.009 0.102+0.058  11.8+£0.006 21.744.99  2.99+1.49
MLC25 0.340+£0.061  0.409+£0.045 0.176+0.101  27.2+0.416 20.7+1.15  10.4+5.98
MLC26 0.265+0.045 0.382+0.051 0.467+0.027 3744236  15.8+2.84 12.4+0.000
MLCS7 0.1404£0.000  0.233£0.122 0.000+0.000  27.84+0.597 14.8+7.41 0.00+0.000
MLC73 0.215+0.000  0.095+0.048 0.000+0.000 21.3+3.73  8.07+4.14  0.00+0.000
MLC77 0.248+0.003  0.391+0.021 0.205+£0.105  2.304+0.002 17.5+£3.01 13.7+£6.87
MLC78 0.311+0.012  0.331+0.025 0.171+0.086 36.6£2.77 19.6£1.10  14.7+7.35
MLCS81 0.234+0.052  0.339+0.047 0.167+0.088  38.1£0.479 11.9£1.99  14.5+£7.39
MLC9%4 0.2094£0.012  0.311£0.065 0.000+0.000  22.0+0.483 20.4+5.21 0.00+0.000
MLC104 0.422+0.020  0.529+0.018 0.000+0.000  24.0£3.72  27.843.62  0.00+0.000
MLC108 0.29540.049  0.389+0.020 0.000+0.000  22.243.724 15.6+£0.492 0.00+0.000
MLC109 0.163+£0.021  0.339+0.045 0.057+0.057 249+4.28 14.3+£2.06 4.76+4.76
MLC117 0.300+£0.050  0.315+0.032 0.497+0.046  26.3£3.29 2544398  15.2+1.49
MLC118 0.409+0.048 0.496+0.097 0.268+0.139 21.7£3.44 12.843.39  8.52+4.30
MLC120 0.239+0.025 0.433+£0.041 0.356+0.060  32.44+3.78 7.47+1.41  28.3+3.38
MLC152 0.258+0.047 0.432+0.025 0.373+0.006 24.8+4.77  30.1£3.22  30.1+0.000
MLC156 0.274+0.029  0.432+0.055 0.233+0.124 24.0£3.53 15.6£2.91 11.4+5.70
MLC178 0.297+0.048 0.447+0.050 0.610+0.018 24.44+2.84 153+2.12 24.8+3.61
MLC192 0.203+0.044 0.643+0.048 0.202+0.101 26.3+£2.00 2224291 3.26+1.92
S.0.V i 2l df Mean squares Ol o b Mean squares le po (il
Block Sel 2 0.003" 94.5"
Salinity stress (S) (i3 o8 2 0.470" 3968
Ea ol gl 4 0.077 130
Genotypes (G) gy 23 0.072™ 216™
SxG 46 0.046™ 225"
Eb =9 ks 138 0.007 29.3
CV% - 30.6 30.2

Sy 20 CV o )0 iy g oy S Lotz mhas (o lo s ol 4y

ol Sl [Lae glas oaims ylis = i uas yeanSlS :MLC

MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non- significant, ** and *: Significant at probability level of 1% and 5% respectively, CV: Coefficient of Variation.
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Table 6. Effects of salinity stress on total phenol and soluble carbohydrates in lentil genotypes under controlled

condition.
S Jelmo slaclang S
Phenol (mg.gfw™) Soluble carbohydrates (mg.gfw™)
o 935 Salinity stress (g Wi Salinity stress (g ,gu (s
Genotype 0.5 dS.m! 12 dS.m! 16 dS.m! 0.5dS.m? 12 dS.m’! 16 dS.m!
MLC4 45.1+£3.82 34.8+5.58 5.69+5.69 0.359+0.034 0.534+0.005 0.035+0.035
MLCS 33.5+3.48 25.1£12.6 5.00+5.00 0.252+0.040 0.242+0.122 0.056+0.056
MLC6 45.4+1.18 38.1+3.57 25.3+5.42 0.623+0.020 0.970+0.014 0.115+0.002
MLC12 33.0+2.65 46.1+5.80 30.6+2.24 0.061+£0.011 0.267+£0.006 0.189+0.042
MLC13 35.1+£3.72 30.4+3.94 28.6+4.19 0.202+0.048 0.314+0.010 0.213+0.014
MLC14 33.4+1.49 36.8+5.17 14.7+7.90 0.319+0.013 0.342+0.020 0.092+0.047
MLC25 38.9+1.57 30.8+5.63 13.2+6.61 0.302+0.022 1.415+0.010 0.091+0.046
MLC26 34.243.11 39.9+4.14 24.9+0.37 0.235+£0.012 0.691+0.045 0.176=0.003
MLCS7 32.1£1.57 16.6+£8.28 0.00+0.00 0.219+0.034 0.260+0.130 0.000+0.000
MLC73 37.6+2.42 21.6+10.9 0.00+0.00 0.173+£0.015 0.151+0.084 0.000+0.000
MLC77 34.6+£0.957 38.1+2.39 21.5+11.1 0.287+0.018 0.198+0.046 0.235+0.118
MLC78 38.7+5.91 26.8+£2.32 15.2+7.70 0.528+0.044 0.170+0.001 0.084+0.049
MLCS81 32.442.95 25.6+3.48 10.1£5.24 0.817+0.085 0.396+0.043 0.092+0.059
MLC9%4 29.8+0.479 26.8+6.59 0.00+0.00 0.260+0.038 0.417+0.070 0.000+0.000
MLC104 49.0+£3.27 36.3+2.64 0.00+0.00 0.470+0.021 0.530+0.058 0.000+0.000
MLC108 14.8+5.10 31.5+4.59 0.00+0.00 0.446+0.047 0.682+0.009 0.000+0.000
MLC109 28.0+£0.502 33.6+3.02 4.8+4.81 0.283+0.021 0.487+0.030 0.047+0.047
MLC117 41.443.44 28.7+2.66 24.9+0.00 0.387+0.009 0.370+0.011 0.431+0.064
MLC118 43.3+3.71 48.4£8.20 22.7+11.4 0.265+0.041 0.667+0.058 0.109+0.056
MLC120 42.7+£5.35 42.9+3.22 28.6+0.00 0.411£0.051 0.725+0.042 0.445+0.000
MLC152 33.0+£2.90 50.6+6.20 27.5+4.01 0.361+0.045 0.496+0.029 0.296+0.022
MLC156 31.0+4.70 48.4+8.25 15.447.72 0.243+0.051 0.510+0.030 0.152+0.079
MLC178 51.9+4.56 42.6+7.49 30.4+1.72 0.304+0.066 0.357+£0.013 0.168+0.013
MLC192 30.0+5.86 39.6+4.19 16.6+8.28 0.173+£0.035 0.319+0.066 0.177+0.089
S.0.V i @il df Mean squares by po oSl Mean squares &le po (53l
Block Seb 2 209ms 0.014"s
Salinity stress (S) (sy3d o5 2 9974™ 217"
Ea ol s> 4 320 0.034
Genotypes (G) g 23 482" 0.144*
SxG 46 158" 0.110™
Eb =P ks 138 70.3 0.006
CV% - 29.1 23.9

ol 5l Jlassllas by = g wie (5nSIS MLC

Ol i g 30 CV )0 S ol mhass jo jlo e st Jlo fae 58 NS
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non- significant®*: Significant at probability level of 1%, CV: Coefficient of Variation
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Table 7. Effects of salinity stress on catalase and peroxidase activity in lentil genotypes under controlled
condition.

Bty oS 5
Catalase (Unit.gFw'.min™) Peroxidase (Unit.gFw!.min™)
i 955 Salinity stress (g,g (gicd Salinity stress g ;g (s
Genotype 0.5 dS.m™! 12 dS.m™! 16 dS.m™! 0.5 dS.m! 12 dS.m™! 16 dS.m™!
IMLC4 109+5.36 376+0.157 37.3£37.3 8.06+1.08 9.99+1.20 1.41+1.41
MLC5 386+42.7 115+58.8 54.0+£54.0 7.37+0.314  4.8742.48  0.591+0.591
MLC6 229+1.50 379+18.8 551+19.4 11.7+£1.06 9.30+1.74  8.6440.125
MLC12 259+27.9 347+9.36 294+44.8 4.05+0.661  8.85+2.24 8.92+1.35
MLC13 131+7.83 534+82.8 106+10.5 7.63£1.22 14.84¢1.71  4.67+0.352
MLC14 412+2.30 151£31.2 139+69.3 7.19£1.38 7.33£1.51 3.95£1.97
MLC25 205+0.00 633+17.6 169+84.9 5.4740.041 12.840.437  3.16£1.58
MLC26 370+14.7 221£55.1 138+0.00 6.46+0.573  15.9+0.450  14.6+0.00
MLC57 428+0.00 123+61.7 0.00+0.00 4.934+0.00 5.9142.95 0.00+0.00
MLC73 252+15.0 207+104 0.00+0.00 11.840.109  3.11+1.57 0.00+0.00
MLC77 374+13.8 364+62.6 194+£105 7.52+0.689  8.23+0.328  5.92+2.96
MLC78 373+£25.8 252+42.7 170+93.4 11.140.292  6.82£0.276  3.28+1.64
MLCS81 454+10.7 521£20.9 53.3+£26.6 6.35+1.09 12.2+1.36 3.95+£1.98
MLC9%4 133+11.3 234+5.39 0.00+0.00 9.02+1.61 19.0+1.39 0.00+0.00
MLC104 546+15.6 298+0.027 0.00+0.00 7.78£0.616  12.4+0.00 0.00+0.00
MLC108 218+37.8 245+45.0 0.00+0.00 6.76+0.768 8.53+1.10 0.00+0.00
MLC109 135£17.6 4154249 69.7+69.7 6.45+0.281  5.32+1.91 1.77£1.77
MLC117 244+16.9 225+25.4 456+87.0 7.49+0.023  6.42+0.101  9.53+0.342
MLC118 257+10.3 475£70.7 77.6+38.8 9.3240.068  11.0+1.98 2.87+1.44
MLC120 318+16.0 770+62.7 246+83.4 8.17£0.899  9.33+0.467  9.55+1.31
MLC152 223+28.0 3524222 352+0.00 7.5740.702  3.14+£0.266  3.14+0.00
MLC156 416+45.0 291£72.0 142+70.9 7.33£0.328  12.2+0.298  4.15+2.08
MLC178 210+63.2 201+43.2 2374513 6.5840.592  7.774£0.743  8.51+£1.05
MLC192 147+8.63 414+67.3 161+89.3 3.5440.726  8.83+1.75 2.72+1.36
S.0.V i bl df Mean squares b o (Sl Mean squares le yo (il
Block Seb 2 21549" 9.031s
Salinity stress (S) (y3 g8 2 668780™ 482"
Ea Lol s> 4 41888 21.3
Genotypes (G) iy 23 54442 37.9"
SxG 46 65900 33.7%
Eb <2 sl 138 4987 3.76
CV% - 27.3 27.6

Ll Sl Lo glas oaimsylis o wagie uwie (5enSIS MLC

Ol i 0 1CV o 0 iy g oy S Jletizl a0 o Se ol 5 d s g w0 e NS
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non- significant, **and *: Significant at probability level of 1% and 5% respectively, CV: Coefficient of Variation
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Table 8. Effects of salinity stress on ascorbate peroxidase activity in lentil

genotypes under controlled condition.

3Ty g8l

Ascorbate peroxidase (Unit.gfwl.min™)

gl Salinity stress (g,gu oo
Genotype 0.5 dS.m"! 12 dS.m’! 16 dS.m!
IMLC4 5.06+£0.568 3.58+0.172 1.19£1.19
MLCS5S 5.04+1.19 391+£1.96  0.366+0.366
MLC6 5.83+0.644 5.08+0.327 5.99+1.14
MLC12 6.54+1.39 11.9+0.858 4.33+1.04
MLC13 4.23+1.47 8.45+1.43 4.76+0.531
MLC14 4.36+£0.513 2.90+0.144 2.92+1.46
MLC25 7.17£0.719 4.54+0.827 3.02+1.51
MLC26 7.61+1.41 6.87+1.68 3.34+0.000
MLC57 7.07+0.000 4.55+£2.27 0.00+0.000
MLC73 5.95+0.470 3.57+1.89 0.00+0.000
MLC77 6.99+0.654 9.16+0.202 6.11£3.05
MLC78 11.3£0.325 3.12+0.182 2.47+1.23
MLCS81 5.01+0.412 5.90+0.891 1.49+0.745
MLC9%4 6.41£1.64 5.15+1.05 0.00+0.000
MLC104 13.4+0.527 13.0+£0.000  0.00+0.000
MLC108 5.82+0.674 11.9+1.127  0.00+0.000
MLC109 6.54+1.14 3.76+0.601 1.70+1.70
MLC117 6.74+1.29 6.12+0.432 13.6x1.29
MLC118 7.07+1.60 14.4+0.439 5.89+2.95
MLC120 11.3+0.840 5.49+1.18 6.11£0.251
MLC152 3.61+£0.408 3.31£0.393  3.31%0.000
MLC156 3.59+0.549 4.324+0.432 4.39+2.19
MLC178 3.01£0.040 6.04+0.612 6.76+1.74
MLC192 3.11+0.616 5.58+1.11 3.51+1.76
S.0.V i b df Mean squares b po (55l
Block Seb 2 5.71m
Salinity stress (S) ()3 o8 2 212"
Ea ol gles 4 12.5
Genotypes (G) iy 23 33.8™
SxG 46 24.6™
Eb <8 sl 138 3.51
CV% - 34.9

el e Sils Jhmesllas il 2 wgiia uis (y5enSIS MLC

Ol S 0 CV o 0 S ool mhans jo Jlo gime s o Sae 5.6 MS
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non- significant**: Significant at probability level of 1%, CV: Coefficient of Variation
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Table 9. Effects of salinity stress on osmotic potential and proline in lentil genotypes under controlled condition

S ol Jomiliy
Osmotic Potentioal (MPa)

oHan
Proline (mg.gfw™)

Salinity stress g,e s

Salinity stress (g ,g (s

St D]
Genotype 0.5 dS.m™! 12 dS.m! 16 dS.m’! 0.5dS.m?!  12dS.m?! 16 dS.m’!
IMLC4 -1.11+£0.084  -5.67+0.163  0.00+0.000 0.790+£0.160  2.54+0.162  0.365+0.365
MLCS5 -1.21£0.138  -1.31+£0.678 -0.30+0.299 1.114£0.125  1.26+0.646 0.641+0.641
MLC6 -1.26+0.088  -3.19+0.155 -2.63+0.556  0.455+0.012 2.59+0.156  2.65+0.323
MLC12 -1.16+£0.033  -2.88+0.193  -3.354+0.271 0.452+0.027 2.36+0.411 4.08+0.341
MLC13 -1.17£0.053  -3.81+£0.518 -3.07+0.299  0.465+0.020 2.45+0.273  2.41+0.121
MLC14 -0.823+0.383  -3.09+0.481 -0.78+0.392  0.651+0.150 2.59+0.404  1.10+0.549
MLC25 -1.22+£0.092  -3.51£0.045  0.00+0.000 1.60+£0.498  8.77+£0.350  1.27+0.729
MLC26 -1.40+£0.034  -3.43+0.058 -3.91+0.075  0.872+0.098 2.09+0.176  2.97+0.000
MLC57 -1.46+0.125  -6.67+0.192  0.00+0.000 1.19+0.155  1.37+£0.685  0.00+0.000
MLC73 -1.22+0.055  -4.96+0.091  0.00+0.000 1.04+0.015  1.55+0.773  0.00+0.000
MLC77 -1.13£0.206  -3.5240.101  0.00+0.000  0.768+0.098 4.28+0.111  1.21+0.607
MLC78 -1.12+£0.089  -2.19£0.178  0.00+0.000 0.681+£0.082  2.10+0.351  1.90+0.950
MLCS81 -1.08+0.054  -3.73+0.118  -1.94+£1.00 0.557+0.009 3.84+0.571  1.86+0.937
MLC9%4 -1.33£0.029  -3.96+0.329  0.00+0.000 0.922+0.096  3.74+0.129  0.00+0.000
MLC104 -1.48+0.000  -3.43+0.260  0.00+0.000 2.66+0.180  4.22+0.511  0.00+0.000
MLC108 -1.35£0.162  -3.30+0.217  0.00+0.000 1.48+0.197  11.4£0.124  0.00+0.000
MLC109 -1.09+0.142  -2.55+0.048  0.00+0.000 0.710+£0.031  6.10+0.140  0.404+0.404
MLC117 -1.39+0.088  -3.42+0.447 -2.88+0.364  0.984+0.200 2.80+0.243  3.05+0.013
MLC118 -1.63+£0.256  -2.79+0.343  -2.46+0.174 1.62+0.384  3.89+0.263  1.91+0.958
MLC120 -1.2740.086  -3.28+0.165 -2.82+0.445  0.941+£0.018 2.31+0.235  2.55+0.092
MLC152 -1.21+£0.149  -3.87+0.068  0.00+0.000 0.708+£0.040 2.42+0.358  2.42+0.000
MLC156 -1.23+0.136  -4.34+0.067 -1.78+0.893 1.15+0.329  5.36+0.130  1.64+0.818
MLC178 -0.852+0.401 -3.32+0.418 -5.62+0.370 1.9240.571  2.884£0.340  4.54+0.290
MLC192 -0.989+0.234 -5.21+£0.243  -1.13+£0.566 1.16+0.027  2.19+0.544  1.17+0.588
S.0.V i b df Mean squares by o (Sl Mean squares le yo (il
Block el 2 0.240" 0.787"
Salinity stress (S) (Syg% w8 2 133™ 125*
Ea ol s> 4 0.839 1.19
Genotypes (G) gy 23 3.27 6.39"
SxG 46 431" 8.23™
Eb <2 sl 138 0.231 0.416
CV% - 23.2 314

el Sl [Lae glas oaims ylis = g uwas yeanSlS :MLC

Ol i g 20 CV o )0 S ol mhas jo jlo gme s lo Sae 8 MS
MLC: Mashhad Lentil Collection. +: indicates standard error (S.E.).
ns: non- significant **: Significant at probability level of 1%, CV: Coefficient of Variation
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Fig. 1. Correlation matrix of lentil genotypes properties in 0.5 dS.m™! (A), 12 dS.m! (B), 16 dS.m™! (C) and total salinity
stress levels (D). s and s«s:: probability levels of 5% and 1%, respectively
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Fig. 2. Cluster grouping of lentil genotypes based on

studied characteristic under controlled conditions.
MLC: Mashhad Lentil Collection.
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Table 10. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes

Group og,5

2

«$3" MLC118, MLC104, MLC108, MLC152, MLC78, MLC77, MLCl14,

Genotypes MLC25 MLC81, MLC192, MLC156, MLC13
Traits 09,5 (il ROSTEBIE g 09,5 (il eSSl 31 I3
wlis Group mean Deviation from mean Group mean Deviation from mean
Survival (%) 45917 -3.218 48.056 -1.079
Dry weight (mg.plant™) 23.361 -11.097 42.181 7.722
Cha (mg.gfw™) 0.385 -0.067 0.466 0.014
Chb (mg.gfw™) 0.295 -0.008 0.320 0.018
Carotenoids (mg.gfw™) 0.072 -0.009 0.087 0.005
Cha/Chb 0.990 -0.294 1.390 0.106
DPPH (mg.gfw™) 0.311 0.027 0.297 0.014
MDA (mg.gfw) 15.912 -2.039 19.149 1.197
Phenol (mg.gfw™) 27.407 -1.407 29.749 0.935
Soluble carbohydrates (mg.gfw) 0.415 0.100 0.292 -0.023
Catalase (Unit.gFw'.min™) 260.301 1.679 280.286 21.664
Peroxidase (Unit.gFw'.min™) 6.674 -0.341 6.818 -0.197
Ascorbate peroxidase (Unit.gFw! .min) 7.182 1.814 4.745 -0.623
Proline (mg.gfw™) 3.234 1.177 1.878 -0.179
Osmotic potential (MPa) 1.763 -0.310 1.968 -0.105
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Table 10. Continued

alsl Ve Jgus

Group g,
3 4
Lt ] MLC178, MLC26, MLC117, MLC?73. MLC57, MLC94, MLC109,
Genotypes MLC12, MLC120, MLC6 MLCS, MLC4
Traits 09,5 (&b ROSTEBIE g 03,5 (Sl RESTEBIEL g
wlao Group mean Deviation from mean Group mean Deviation from mean
Survival (%) 62.870 13.736 38.981 -10.153
Dry weight (mg.plant™) 32.815 -1.644 33.204 -1.255
Cha (mg.gfw™) 0.560 0.108 0.369 -0.083
Chb (mg.gfw™) 0.357 0.055 0.229 -0.073
Carotenoids (mg.gfw™) 0.103 0.021 0.061 -0.021
Cha/Chb 1.565 0.281 1.058 -0.226
DPPH (mg.gfw™) 0.368 0.084 0.163 -0.120
MDA (mg.gfw) 22.236 4.284 13.430 -4.521
Phenol (mg.gfw™) 36.200 7.387 21.117 -7.696
Soluble carbohydrates (mg.gfw™) 0.385 0.069 0.210 -0.105
Catalase (Unit.gFw'.min™") 316.420 57.799 170.817 -87.804
Peroxidase (Unit.gFw.min™) 8.991 1.975 5.531 -1.484
Ascorbate peroxidase (Unit.gFw .min™") 6.812 1.443 3.547 -1.822
Proline (mg.gfw™) 2.249 0.192 1.318 -0.739
Osmotic potential (MPa) 2.670 0.596 1.824 -0.249

MLC: Mashhad Lentil Collection.
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Table 11. The results of discriminant function for
clustering validity of lentil genotypes under salinity
stress
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Table 13. Analysis of variance (mean square) based on
measured groups in lentil genotypes under salinity stress

Traits Between Within
df 3 20
Survival 600.4%** 27.05%*
Dry weight 331.8%* 38.27%%*
Cha 0.044%* 0.002%*
Chb 0.018%** 0.0027%*
Carotenoids 0.002%* 0.000%**
Cha/Chb 0.404** 0.044**
DPPH 0.045%* 0.002**
MDA 86.96** 14.51%*
Phenol 232.6%* 26.66**
Soluble 0.046* 0.011%*
Catalase 23356%* 3453%*
Peroxidase 12.47* 2.97*
Ascorbate 16.22%* 1.886**
Proline 3.099%* 0.352%*
Osmotic potential 0.993* 0.269*

do 0 S gz Jleixl zalaw o s e ol Ay i g
and 1%, respectively. : probability levels of 5%** and *
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Table 12. Standardized canonical discriminant function
coefficients measured groups in lentil genotypes under
salinity stress

Canonical Function

Traits
1 2 3

Survival 1.160 0.787 -0.428
Dry weight 0.382 -0.081 0.369
Cha -0.158  1.371 2244
Chb 7.300 -3.478 2.739
Carotenoids 4935 -1.223 0.423
Cha/Chb 0.573  -0.090 1.374
DPPH 1.556 -2.344 -1.544
MDA -0.590 2.072  0.617
Phenol -4.168 2.619 1.143
Soluble carbohydrates -3.427 2.117 -0.479
Catalase 3312 -3475 -0.678
Peroxidase 1.121  -1.171 -0.329
Ascorbate peroxidase  -0.727 1942 -0.171
Proline 0436 -0.192 -0.516
Osmotic potential -0.544 0.365 0.185
Eigenvalue 51.613 10.069  8.890
Cumulative% 73.1 87.4 100.0
Canonical Correlation .990%*  954%%  948%*

SoglS piie g Cho B 0l cdlive  (Siwen op YL s
**: The highest correlation observed between each trait and
the canonical variable
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Fig 3. Cluster grouping of lentil genotypes based on

significant canonical variable under controlled
conditions.
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