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Table 1. Effects of salinity stress on survival percentage, plant height and plant height difference between before and after the stress
application in lentil genotypes.

& Ao s “y s 4 gl M|

o 5 Survival percentage Plant height (cm) AHeight (cm)

Salinity stress (dS m") (g, 5 55 Salinity stress (dS m™') (g, 55 5 Salinity stress (dS m") (g, 5 55

Genotype 0.5 12 16 0.5 12 16 0.5 12 16
MLC4! 1002 16.7¢% 4.44+k 14.8% 10.65 12.3¢ 6.36°™ 1.87™4 3.77¢4
MLCS5 100? 18.7%k 3.70+ 13.5% 10.7% 10.6% 4.58P 2.93+4 2.17™a
MLC6 1002 62.9%d 17.2e% 16.4% 11.8% 10.4¢ 9.40b4 3.27ha 1.80™4
MLCI12 1002 75.28¢ 32.94k 16.5>h 13.6% 12.6% 8.440- 3.82&4 1.67°4
MLC13 100? 35.8k 12.1e% 11.2¢7 12.1¢7 12.4¢ 1.0774 3.27™9 2.07™a
MLC14 100? 36.3°k 9.39hk 21.0% 13.5¢7 13.0%4 11.4% 3.17+ 2.63k4a
MLC25 1002 43,5 7.87+ 14.7% 9.83Mi 8.93i 6.72¢k 2.50+ 0.97r4
MLC26 100? 61.1>¢ 25.04 15.2% 10.4¢&1 9.63M 6.50°! 0.3409 1.33p4
MLC57 100? 9.60"k 0.00% 19.2#¢ 13.4¢7 0.00% 9.74%¢ 2.60k4 2.20m4
MLC73 1002 6.20"% 0.00* 13.8% 12.5¢ 0.00* 4.54¢p 3.03 2.47+
MLC77 100? 34.4¢k 8.097k 17.8*¢ 14.3% 12.7¢ 7.57¢¢ 3.31ha 2.60%4
MLC78 100? 45.5%i 4.85%k 14.8>k 8.631 11.34 5.574° 4.07%4 3.30™9
MLCS81 1002 30.69% 8.33H 16.3% 13.6% 12.6°k 7.330h 2.82i4 2.90+4
MLC9% 1002 18.7%k 0.00% 13.3¢k 9.97Mi 0.00% 4.68P 2.37+ 1.93m
MLC104 100? 12.28% 0.00% 14.2% 12.7¢7 0.00% 5.574° 2.73k4 3.07+
MLC108 100? 13.18% 0.00% 11.0%7 10.2M 0.00% 3.17+ 2.87+ 2.13™4
MLC109 1002 20.1°k 3.51k 18.0>F 14.8% 12.5¢ 9.530d 4.67¢P 2.13™a
MLC117 100? 52.2b¢ 20.5k 15.7% 13.0°7 13.1¢4 5.73¢° 4.64P 2.08™
MLC118 100? 51.3>h 22.5%k 12.9¢7 12.7¢7 13.5¢ 3.47¢4 3.00+ 1.63°4
MLC120 1002 59.8>f 15.62% 18.2%¢ 16.70" 16.9%" 9.3704d 6.87¢7 5.87¢"
MLC152 1002 41.70k 8.53H 17.0bh 11.9¢4 10.8%4 9.00vd 3.10+ 1.20r4
MLC156 100? 42,35 9.06+* 16.5%h 12.7¢7 12.3¢ 8.190f 3.30™9 0.98pd
MLC178 100? 79.6% 29.6%k 15.9% 12.2¢7 15.157 6.97¢1 2.63k4a 5.69¢°
MLC192 1002 20.7¢% 3.927k 24.6* 18.7%4 14,75 13.7* 8.63¢ 5.77¢°
S.0.V df Mean squares Mean squares Mean squares
Block 2 2401* 10.5" 7.04™
Salinity stress (S) 2 152716™ 678" 400™
Ea 4 1011 2.67 7.72
Genotype (G) 23 918™ 75.1" 22.3"
SxG 46 350™ 27.5" 7.70™
Eb 138 135 4.31 1.33
CV% - 23.7 16.3 26.5

53 s e o g g (Sl W jlas (S en s S0le alie 3 Sl ime Sl e tias Ol gline By > =Y dgde ke O30S0 MLC -

5 sl Sl e s e S gLl o M= AHeIght (Dl onS s 5 OV cdo s 2y S Jleal th,u
1- MLC: Mashhad Lentil Collection, 2- Different letters indicated a significant difference in the mean comparisons of the interaction of treatments, **
and *: Significant at probability levels of 1 and 5%, respectively, CV: Coefficient of variation, AHeight: Plant height difference between before and
after the stress application.
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Table 2. Effects of salinity stress on branch number, leaf survival percentage and membrane stability index (MSI) in lentil genotypes
under controlled conditions.

S 5 a2l sl Sp sl as s Ak gl el
. Branch number per plant Leaf survival (%) MSI (%)
S0
o S5 o o S
Salinity stress (dS m) Salinity stress (dS m) Salinity stress (dS m!)
Genotype 0.5 12 16 0.5 12 16 0.5 12 16
MLC4! 2.11F2 1.89h 1.78i 100# 88.0*d 14.0f 60.6% 14.87k 0.32k
MLC5 2.55¢1 2.11# 2.56%1 100# 57.7*¢ 22.3¢¢ 39.0¢¢ 1.57% 1.70%
MLC6 2.89¢1 3.67*h 2.89¢1 100# 99.32 75.7%% 59.a%¢ 6.77i 6.82ik
MLCI12 3.78*¢  3.67h 2.66%1 100# 95.72b 92.32d 62.3% 17.9%i 11.57%
MLCI13 3.00¢1 3.00¢" 2.55¢1 100? 69.7%¢ 36.7*¢ 7.13k 6.07ik 5.59ik
MLC14 4.00%¢ 3.56%1 2.008 100# 76.0%F 29.7*¢ 43241 1.31% 11.07%
MLC25 4,224 2.78¢1 1.78i 100# 87.7%¢ 23.0b¢ 63.7* 3.46 1.00%
MLC26 3.67*h 3.44%1 3.00¢1 100# 98.7% 60.3*¢ 31.7th 26.3¢1 3.83ik
MLCS57 3.11%1 2.00¢1 0.00i 100# 42.0*¢ 0.00¢ 35.6% 1.30% 0.00x
MLC73 3.33%i 3.2241 0.00i 1002 49.0*¢ 0.008 53.0%¢ 1.30K 0.00K
MLC77 3.45%i 3.45%i 1.78i 1002 68.0%¢ 37.3%¢ 40.34¢ 5.23ik 2.51k
MLC78 3.22b 3.56% 2.22¢ 100? 97.02 43 .4%¢ 46.4>F 13.2ik 1.41k
MLCS81 4,892 5.112 3.67%h 1002 74.0>F 19.04¢ 62.0% 9.27k 3.13k
MLC9%4 2.56% 3.00%" 0.00i 1002 57.3%¢ 0.008 65.32 4.23Kk 0.00K
MLC104 2.4444 2.55¢1 0.00i 1002 72.5%¢ 0.008 52.0%¢ 2.75% 0.00%
MLC108 2.00s 2.00e1 0.00i 1002 83.0>F 0.008 54.7%¢ 7.00ik 0.00K
MLC109 3.55%1 2.00e1 2.56% 1002 57.3%¢ 14 3fe 43.0%f 8.00ik 0.99%
MLCI117 433 367" 3.00¢ 100? 95.7%¢ 61.0*¢ 65.4* 7.39ik 7.83k
MLCI118 2.56%1 2.56% 2.22¢1 1002 98.32 53.0%¢ 55.82d 10.37k 4.10%
MLC120 2.56% 3.89>f 2.78¢ 1002 96.02 66.7%¢ 66.0% 6.53k 3.00ik
MLC152 2.89¢ 3.55% 2.33¢d 100? 92.7%¢ 39.0*¢ 64.32 9.00i 6.00k
MLCI156 3.56%1 4.332¢ 3.00¢1 100# 81.3¢f 35.3%¢ 44.0cf 4.16~ 0.43k
MLC178 3.33%i 3.33%1 2.66%1 100# 100# 75.0%f 62.3% 13.5%k 4.86
MLC192 2.67¢1 2.22¢1 2.444 100# 67.0*8 14.6%¢ 64.0* 5.11k 3.73ik
S.0.V df Mean squares Mean squares Mean squares
Block 2 0.728m 3493 26.0™
Salinity stress (S) 2 322" 82408 51536™
Ea 4 0.412 928 35.0
Genotypes (G) 23 4.99™ 1815™ 274"
SxG 46 1.24™ 693" 240"
Ev 138 0.269 412 19.7
CV% - 18.8 28.6 21.1

O S g R s e e ms (el La s J‘L'SVAJ._: J:.<..L:A aglin 53 Jls pae gl edaslis wglite Gy > = (gl ede 5w SIS MLC )

Dl i g o OV s =y | Tl 53 sla e
1- MLC: Mashhad Lentil Collection, 2- Different letters indicated a significant difference in the mean comparisons of the interaction of treatments,

ns: non-significant, ** and *: Significant at probability levels of 1 and 5%, respectively, CV: Coefficient of variation.
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Table 3. Correlation matrix of lentil genotypes traits in control (EC = 0.5 dS m™!) (above diagonal) and total salinity stress levels
(lower diamond).

No. Traits 1 2 3 4 5 6 7 8 9 10 11 12
1 Survival% 1 sk ek ek ek ek sk ek ek sk sk ek
2 Final height 0.10" 1 0.96" 0.24* ok 0.20" 049" 008 024" 041" 034 033™
3 AHeight 0.07* 091" 1 0.22% ok 0.31" 045" 012  -021®  035® -029® 029"
4 Branch number 0.52° 0.14* 0.07* 1 ok 001™ 0617 039 031 0557 -040® -0.62"
5 Leaf survival 0.94™ 0.05* 0.09 0.40™ 1 ok ok ok ok ok ok ok
6 MSI 047" 0.16™ 0.30" 0.23* 0.52° 1 -0.16™  -0.11™  0.01®  -0.01™  0.04®  030™
7 Dry weight -0.02 045" 038" 0.51" -0.16™ -0.22 1 050" 025" 043" 035® 065"
8 RDWECS50 057" 009*  -0.02® 052" 055" 027 -0.16™ 1 029 051" 040" 042"
9 Na 046" 0.36™ 043" -0.02 047" 0220 053" 024 1 035 094" 0.09*
10 K 0.66™ 048" 048" 0.39" 0.61™ 0.24™ 036™ 049" 007" 1 060" 037
11 Na/K 073" 008 007" 018 -076" -032% 0.13™ 037 068" 072" 1 0.19™
12 Ca -0.10™ 051" -039® 048" 0.07* 026™ 078" 009" -034™ 033 009 1

RDWECS50 =5 Jles! 51 oy 5 i 45 gLl o SOl AHeight Ao s g ezl sk 5o (gols fme 5 la pme b S i 5k s

Llis gl Gastlis MSIE iy St O3y heoys 00 “MLSLS)}:‘Q}JCEM

ns, * and **: non-significant and significant in the probability levels of 5, and 1%, respectively. AHeight: Plant height difference between before and
after the stress, RDWECS50: EC corresponding to 50% reduction in dry weight, MSI: Membrane stability index
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Table 4. Correlation matrix of lentil genotypes traits in EC = 12 dS m™! (above diagonal) and EC = 16 dS m"! (lower diamond).

No. Traits 1 2 3 4 5 6 7 8 9 10 11 12
1 Survival% 1 0.01™  0.02™ 053"  0.82" 057" -029" -0.56" -0.30" 0.68" -0.58" -0.06™
2 Final height 0.27™ 1 0.77"  0.07" -0.21" -0.21"  0.44" 0.03"™  0.03" 045" -0.23"  -0.40"
3 AHeight 0.03"  0.76™ 1 -0.01™  -0.06™ -0.27"  0.41" 0.12"  -0.07" 041"  -0.26™ -0.24™
4 Branch number ~ 0.49" 0.16™  0.03™ 1 0.38™  0.17  0.01™ -0.52" 0.03 035 -0.13" -0.20™
5 Leaf survival 0.89™  026™  0.11™ 0.49" 1 0.63"  -0.41" -0.38 -0.38™ 0.39™ 0.50" 0.07"
6 MSI 0.56™  0.17"  -0.06"™  0.15"  0.52" 1 -0.22"  -0.30™  -0.30"  0.28™  -0.41"  0.03"
7 Dry weight 0.61™  0.12 -0.08" 0427 0.60" 0.47" 1 0.63" 031"  0.10™  0.14™  -0.40™
8 RDWECS50 -0.57"  -0.21™  0.03  -0.39" -0.60" -0.33" -0.12" 1 0.11™  -0.42" 030" -0.03"
9 Na -0.42°  0.12"  0.18™  -0.23" -0.24™ -0.17" -0.17"  0.20™ 1 -0.22"  0.78™  -0.03"
10 K 0.59" 031 028" 0.11® 072" 039" 045" -037*  021™ 1 -0.73" -0.38™
11 Na/K -0.74™  -0.10"  -0.09" -0.21™ -0.71" -0.42" -0.50" 0.34™ 061" -0.61" 1 0.16"
12 Ca 0.16™  -0.22" -0.09" -0.23" 0.18"  0.04™ -0.16" -0.06™ -0.48  0.11" -0.49" 1

RDWECS0 ¢ =5 Jlesl 51 s 5 o €5 gLl G =1 AHeight (Ao s [ o Jlez| lea.w 03 Sulsgan 5 I3 pme s S Say s 5 % s

Llis gl Gaslis MSIE iy St O3y hoys 00 “MLSLS)}:‘Q:JCEM

ns, * and **: non-significant and significant in the probability levels of 5 and 1%, respectively, AHeight: Plant height difference between before and
after the stress application, RDWEC50: EC corresponding to 50% reduction in dry weight, MSI: Membrane stability index.
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Table 5. Effects of salinity stress on dry weight per plant, Na and Na/K in lentil genotypes under controlled conditions.

Dry weight o O35

1 Na ot Na/K) oty € pzobs S
w555 (mg plant™) (mg g DW)
Salinity stress (dS m') g, 5d i Salinity stress (dS m") (g, 55 55 Salinity stress (dS m'') (g, 5d i
Genotype 0.5 12 16 0.5 12 16 0.5 12 16
MLC4! 32.0M? 26.0™# 4.60%* 3.71vY 21.3™v 37.1¢° 0.174"w 1.71h 1.95¢°
MLC5 56.1fn 16.29*% 2.85% 2,98 33.08P 38.8d4n 0.136" 2.00F° 2.504h
MLC6 55.9¢n 24 4p-2 9.67%* 3.23wy 29.4%4 41.5¢k 0.127vw 1.35 1.86&P
MLCI12 84.8+¢ 24.6r* 13.57 1.45Y 20.70°% 42.0ck 0.046% 0.819w 1.37%s
MLCI13 55.8¢° 44.7¢4 21.1p= 2.28Y 20.1°* 26.8k" 0.100" 1.07™v 1.758*
MLC14 109.0* 37.9iu 7.18%% 1.53Y 21.7mt 53.10¢ 0.060% 0.81s%% 2.504h
MLC25 48.2fp 32.0%y 8.524# 3.57v 33.8fp 45.6% 0.126" 1.7884 1.89¢P
MLC26 69.9% 22.9p2 9.05= 2.65% 27.84 26.1%r 0.084> 1.06° 1.32m
MLC57 98.34b 27.8m% 0.00# 2.79% 49.1b¢ 53.1%¢ 0.102% 2.384 3.64%¢
MLC73 88.0%¢ 12.0™* 0.00# 3.66%Y 23.5M 48.00h 0.116" 2.15¢m 3.34ad
MLC77 70.0% 39.6' 7.48 v-2 1.74Y 32.1&P 64.5% 0.060% 1.59b 2.70¢
MLC78 91.3%¢ 24 807 4.21%* 9.54y 23.5M 57.0% 0.359+w 1.05° 2.17¢m
MLC81 90.4#¢ 40.7+ 7.15v= 2.73% 37.1¢° 36.0°° 0.135ww 1.938° 2.930f
MLC9%4 65.9¢7 33.8kx 0.00# 4.06%Y 34.5% 42 4k 0.261%v 2.99b-¢ 3.828b
MLC104 37.2 28.7m-z 0.00# 13.19Y 26.1%r 31.3¢P 0.6705Y 2.03¢n 2.94bf
MLC108 40.30s 29.0m-= 0.00* 4.96%Y 311 2744 0.365% 2.5240 2.22¢m
MLCI109 87.4%d 42.7h 2.86Y 2.42%Y 44.7% 53.2b¢ 0.072% 2.31¢! 2.48h
MLCI117 73.10h 2542 8.03%# 2.10¥ 37.1¢° 30.9™ 0.068% 1.415s 1.31mt
MLCI118 36.00 14.59= 5.60%* 3.00™Y 22.8ms 25.1kr 0.154" 1.26m 1.590
MLCI120 62.3%1 21.8p% 8.10%* 2.04Y 17.8PY 39.0dm 0.075% 0.65%% 1.48+
MLC152 76.6>F 29.2m-= 8.224% 2.80%Y 40.9¢1 51.3%f 0.063% 2.33¢k 2.394
MLCI156 74.4>¢ 36.8 6.68"* 5.76%Y 55.5bd 37.84° 0.144"v 3.61%¢ 4.14*
MLCI178 55.8¢° 13.7= 6.844%% 2.38Y 21.5mu 22.9ms 0.353+w 0.81™v 0.93pv
MLC192 64.1% 57.54m 6.334 3.71%Y 29.4+4 81.12 0.129" 1.14™ 3.78®
S.0.V df Mean squares Mean squares Mean squares
Block 2 778 138* 0.285"
Sallnlty s *% *k
stress (S) 2 69302 28097 922
Ea 4 1872 31.2 0.335
Genotypes o . o
23 689 371 2.53
(&)
SxG 46 514 258 0.818™
Eb 138 74.0 24.1 0.072
CV% - 25.0 19.3 18.9

Dl s s 5 1 gme b S (ol Lajlas 1S 0n 0 S0ls aslie 3 Sl fme Sl s asOLES gline By > =Y cdgde ke O 50SIS MLC )
NS JWES SUING B 6) PR WERT IS WIS Pe=S o 5

1- MLC: Mashhad Lentil Collection, 2- Different letters indicated a significant difference in the mean comparisons of the interaction of treatments,

ns: non-significant and **: Significant at probability level of 1%, CV: Coefficient of variation.

AY



<. 4 (Lens culinaris Medik.) is oS 63 &b oz

e 4 S5

codad 1S Lyl 5 s e glacg 55 RDWECS0) 4555 S 055 dao )2 00 oalS (65 S mha y (§558 A5 6P Jod>

Table 6. Effects of salinity stress on EC corresponding to 50% reduction in dry weight (RDWECS50) in lentil genotypes under
controlled conditions.

i RDWEC50 Bl RDWECS0
Genotype Genotype
MLC4! 12.032 MLC81 9.67%
MLC5 9.332® MLC9%4 11.8%
MLC6 9.032 MLC104 12.42b
MLCI2 7.00° MLC108 13.32
MLCI13 12.4% MLC109 10.9%
MLC14 8.832 MLC117 8.37%
MLC25 12.32% MLC118 9.57%
MLC26 8.2020 MLCI120 8.37®
MLC57 9.432® MLCI152 8.702°
MLC73 7.072 MLCI156 9.602
MLC77 11.32 MLC178 7.27%
MLC78 8.57%® MLC192 13.52
S.0.V df Mean squares
Genotype 23 11.8"
Error 48 5.88
CV% 71 242

Jlez| ch.w)) Sl s

Sl bajles JL'SVAJ.! U’:'<"L3'° anglie 53 5l pme Dles skmsOlil @oslate iy - =Y (gin e 05 SIS MLC )
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1- MLC: Mashhad Lentil Collection, 2- Different letters indicated a significant difference in the mean comparisons of the interaction of treatments, *:
Significant at probability level of 5%, CV: Coefficient of variation, RDWECS50: EC corresponding to 50% reduction in dry weight.
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Table 7. Potassium (K) contant in lentil genotype and effects of salinity stress and lentil genotypes on calcium (Ca) under controlled

conditions.
. K ol Ca (mg g DW) (ol
)
i (mg g DW) Salinity stress (dS m") g, 5d i
Genotype 0.5 12 16
MLC4! 18.0°h2 115%¢ 97.8 115%¢
MLC5 18.2¢h 98.9+h 145 98.9+h
MLC6 23.5¢F 57.4Fs 74.3¢P 22.6°
MLCI12 28.7% 41.7%s 10.8¢ 117%¢
MLC13 20.8%h 19.7v 13.6™ 24.5ms
MLC14 25.2%¢ 22.7°% 11.1¢ 21.4°%
MLC25 23.9%f 64.24 91.3% 112t
MLC26 26.0*¢ 40.7+ 73.5¢4 86.6"!
MLC57 21.2b¢ 27.3ms 21.39% 15.1%
MLC73 19.7¢h 74.1¢4 69.84* 83.20m
MLC77 24.5+f 54.4¢&5 77.8° 24.5™
MLC78 26.2%¢ 26.0ms 73.8%4 105%¢
MLCS1 19.0d-h 37.0s 11.9% 20.4°
MLC9%4 12.7" 87.20% 108*¢ 38.15
MLC104 14.2¢h 65.9% 17.1p 110*¢
MLC108 12.8¢h 104%¢ 17.2ps 1372
MLC109 25.5%¢ 69.84" 34.3Fs 13.7%
MLC117 28.1%¢ 30.3ks 16.49% 98.0%
MLCI118 18.6°h 96.4%1 128%¢ 12124
MLCI120 27.124 53.8¢% 62.5¢ 83.4bm
MLC152 17.9¢h 29.4ks 116%° 81.5bn
MLC156 16.1F0 23.6™ 36.47 12.3®
MLCI178 29.8% 45 8h-s 16.49 56.4fs
MLC192 2548 67.4%s 23.50-8 17.80%
S.0.V df  Mean squares Mean squares
Block 2 27.5m 310m
Salinity stress (S) 2 981" 2947
Ea 4 31.2 849
Genotypes (G) 23 230" 7923
SxG 46 31.2m 2740™
Eb 138 21.9 257
CV% - 214 26.7
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1- MLC: Mashhad Lentil Collection, 2- Different letters indicated a significant difference in the mean comparisons of the interaction of treatments,
ns: non-significant and **: Significant at probability level of 1%, CV: Coefficient of variation.
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Fig. 1. Cluster grouping of lentil genotypes based on the studied traits under controlled conditions.
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Table 8. Mean and deviation from mean of groups in cluster analysis for traits in lentil genotypes under controlled conditions.
) J§ Group
. 1 2 3 4
S
; MLC156, MLCS81, MLCS, MLC73,
Genotypes Mhl/ffcl?g’ xigg& MLC192, LC109, MLC118, MLC25, MLC4. MLC104,
MLC1 1’7 MLC6, MLC77, MLC57, MLC78, MLC152, MLC108, MLC94
’ MLC14 MLCI13
U‘-"<’L~“ IRy U‘-"<’L~“ S U'-‘<'L-"° S| wi»l:,a 3l
Traits ~ ~. ~ _. ~ _. _ _.
i 055 ol 055 ol 05,5 ol 055 ol
[
Group  Deviation Group Deviation Group Deviation Group  Deviation
mean _ from mean mean _ from mean mean _ from mean mean __ from mean
Survival (%) 62.870 13.736 44.667 -4.468 47.730 -1.404 38.806 -10.329
Plant height (cm) 14.080 0.529 15.457 1.907 12.187 -1.363 11.806 -1.745
AHeight (cm) 4.801 0.457 5.486 1.142 3.364 -0.980 3.375 -0.969
Branch number 3.290 0.395 3.079 0.184 2.777 -0.117 2.185 -0.710
Leaf survival (%) 89.796 17.282 64.079 -8.435 72.540 0.026 61.306 -11.208
MSI (%) 25.685 4.588 18.651 -2.446 18.778 -2.319 22.556 1.458
Dry ;;gﬁt)(mg 32815 -1.644 43.603 9.145 32238 2220 24806  -9.653
RDWEC50 8.039 -1.918 10.462 0.505 9.705 -0.252 12.392 2.435
Na (mg g DW) 20.512 -4.971 32.503 7.021 24.091 -1.391 23.087 -2.396
K (mg g DW) 27.194 5.398 22419 0.622 20.753 -1.044 14.438 -7.359
Na/K 0.824 -0.589 1.755 0.342 1.352 -0.060 1.804 0.391
Ca (mg g DW) 54.878 -5.108 30.660 -29.325 79.675 19.689 84.511 24.525
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Sl sl

MLC: Mashhad Lentil Collection, AHeight: Plant height difference between before and after the stress application, RDWECS50: EC corresponding to
50% reduction in dry weight, MSI: Membrane stability index.
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Fig. 2. Biplot based on two major principal component factors.
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Abstract

Salinity tolerant of 24 lentil genotypes was investigated in a split-plot based on a randomized complete
blocks design with three replications. Salinity levels (0.5, 12, and 16 dS m™") were arranged as the main plot
and lentil genotypes as the subplot. Results indicated that salinity levels of 12 and 16 dS m™ reduced the
survival percentage of all genotypes compared to control. MLC57, MLC73, MLC94, MLC104, and MLC108
genotypes were not able to tolerate the 16 dS m™ salinity level. Morphological traits were affected by
salinity stress as plant height, number of branches per plant, dry weight, and leaf survival percentage in most
genotypes were decreased. Compared to control, the lowest reductions of plant height, number of branches
per plant, plant dry weight, and leaf survival percentage were observed at salinity level of 16 dS m™! in
MLC13, MLC120, MLC4, and MLC12 genotypes, respectively. Also the lowest increase in Na* (5.5 times)
and the highest increase in Ca®>" (4 times) were observed at salinity level of 16 dS m™, in MLC108 and
MLC78, respectively. In other words, these genotypes were able to reduce the adverse effects of increased
NaCl in higher salinity levels. Principal component analysis (PCA) showed that all genotypes of the first
group (MLC6, MLCI12, MLC26, MLC117, MLC120, and MLC178) were superior for most traits as
compared to the total mean. Generally, it could be concluded that this group of genotypes has a better
survival percentage and growth characteristics in salinity conditions, which may be used to select salinity
tolerant lentil genotypes in subsequent studies.

Keywords: Leaf survival, Membrane stability index, Principal component analysis, Sodium, Survival
percentage.

Background and Objective: Salinity of soil and water is one of the problems in arid and semiarid areas
because it affects growth and productivity of plants due to ionic toxicity, oxidative and osmotic stresses (1).
Plant response to salinity stress depends on the stress severity, plant species, and even genotype. Salinity
stress also has adverse effects on physiological and morphological traits of the plants (2). Different
accessions of a plant species may also use different mechanisms to cope with salinity stress and complete
their life cycle. Therefore, identifying the mechanism of salt-tolerant plants is necessary to select plants for
high salinity conditions. It is possible to use the saline more efficiently by cultivating tolerant plants in saline
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soils. Still, complex physiological and genetic processes control salt tolerance, and understanding these
mechanisms is essential to improve yield in saline soils. Reducing the effect of salinity by soil and water
management methods is very costly; so, breeding salinity tolerant plants has been the most appropriate and
effective strategy for sustainable yield in the salt-affected areas (3). This study was conducted to select
salinity tolerant lentil genotypes in controlled conditions because of reducing the quality of water resources,
increasing saline lands and the beneficial environmental impacts of legumes, especially lentils.

Methods: This study was carried out in the greenhouse of the Faculty of Agriculture, Ferdowsi University of
Mashhad in 2019. The experiment was arranged as a split plot based on a randomized complete blocks
design with three replications. A total of 24 salt tolerant lentil genotypes, selected from previous studies,
were evaluated at two levels of salinity (12 and 16 dS m™) and compared to the control (0.5 dS m™). Lentil
seeds were prepared from the seed bank of Research Center for Plant Sciences, Ferdowsi University of
Mashhad. One week after planting, salt stress treatments were applied. Plants were grown hydroponically in
sand culture and Hoagland solution was used for plant nutrition. Recycling system was used for irrigation.
Nutrient solution was replaced weekly, and the electrical conductivity (EC) of solution was daily adjusted.
Plant height was recorded before and four weeks after imposing salinity stress treatments. Number of
branches per plant, survival percentage of plants, leaf survival percentage, membrane stability index, Na®,
K*, and Ca®" were measured four weeks after the application of salinity stress treatments.

Results: Salinity levels of 12 and 16 dS m™! reduced plant survival percentage in all genotypes compared to
the control. Results indicated that MLC57, MLC73, MLC94, MLC104, and MLC108 genotypes were not
able to tolerate the salinity level of 16 dS m. Salinity decreased morphological traits such as plant height,
number of branches per plant, dry weight and leaf survival percentage in most genotypes. The lowest
reductions of plant height, number of branches per plant, plant dry weight and leaf survival percentage were
observed in 16 dS m! for MLC13, MLC120, MLC4 and MLC12, respectively. The lowest increase in Na*
(5.5 times) and the highest increase in Ca™ (4 times) were observed by increasing salinity to 16 dS m™! in
MLC108 and MLC78, respectively. In other words, these genotypes were able to reduce the adverse effects
of increased salinity. Principal component analysis (PCA) showed that the first component explained 39.4%
of the variation for survival percentage, membrane stability index, and leaf survival percentage and the
second component explained 26.3% of the changes in plant height, number of branches per plant, dry weight,
K" content and the difference in plant height before and after imposing stress. Results of PCA and cluster
analysis showed that all genotypes in the first group (MLC6, MLC12, MLC26, MLC117, MLC120, and
MLC178) were in the first dimension of the PCA and had high survival percentage and membrane stability
index. Also, these genotypes had lower Na" content and higher K* content compared to other groups and
total mean.

Conclusions: It was found that the first genotypic group (MLC6, MLC12, MLC26, MLC117, MLC120, and
MLC178) had better survival percentage and growth characteristics in salinity conditions which may be used
to select salinity tolerant lentil genotypes in subsequent studies.
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