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Table 1. Used lentil genotypes in experiment

o ylous (OIS < Licwo o ylous (O PS sLicwo
No. Genotype Origin No. Genotype Origin
1. MLC8! Iran 10. MLC103  Icarda(ILL5698)

2. MLC11 Iran 11. MLC286 Iran
3. MLC13 Iran 12. MLC303 Iran
4. MLC17 Iran 13. MLC334 Iran
5. MLC33 Iran 14. MLC407 Iran
6. MLC38 Iran 15. MLC409 Iran
7. MLC47 Iran 16. MLC454 Iran
8. MLC70 Icarda(ILL7681) 17. MLC469 Iran
9. MLC84 Icarda(ILL7723) 18. MLC472 Iran

Hollom s oae ALL gl owgd B olBiils alS pole 0uSlimghy wis (ernSLS :MLC

MLC: Mashhad Lentil Collection, ILL: International Legume Lentil.
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Fig. 1. Monthly rainfall and minimum temperature during lentil genotypes growing season under controlled condition
in 2019
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Table 2. Effect of freezing temperature on survival percentage of lentil genotypes under controlled conditions

Survival percentage b wo o

Freezing temperature (°C) S35 sl

-15 -18 -20
70.0 30.7 0.00
70.3 86.7 0.00
81.7 7.00 0.00
86.7 12.7 0.00
713 16.7 0.00
30.0 0.00 0.00
68.3 67.0 0.00
83.3 12.7 0.00
20.7 21.0 0.00
20.3 6.33 0.00
69.0 22.3 0.00
65.3 14.3 0.00
59.7 28.0 0.00
78.3 26.7 0.00
90.3 34.7 0.00
86.0 23.3 0.00
16.3 26.3 0.00
74.7 0.00 0.00

df gol;l ax o

Sla o S5LeMean squares

929™
104525
763
162

)]

Genotype 0
IMLCS8 100
MLC11 100
MLC13 100
MLC17 100
MLC33 100
MLC38 100
MLC47 100
MLC70 100
MLC84 100

MLC103 100
MLC286 100
MLC303 100

MLC334 100

MLC407 100

MLC409 100

MLC454 100

MLC469 100

MLC472 100
LSD(U‘os) 206

SOV, mlos
I g55Genotype(G) 17
LsTemperature (T) 3
Lo xi55GXT 51
Us-Error 144
C.V (%) -

27.1

Sl g 0 TV o0 S Jloio s 4o lo cine st ooy iy Jloir| rhans 4o jlo cine gl Jlas LSD agiie uae 5emSlS :-MLC -
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 3. Photosynthesis pigments contents in lentil genotypes before freezing stress under controlled condition

Lalo S, Js
3 055 (Hu0)a Jud ) 55 (o)D) Jud 3 05 o) buigiis )5 E _ _
iy » mfg“slm J»fs;if » F;Sg“slw J»fs;if » F)Sgs{*“ fws) by b5 o5 o sFoslen)
(5 039 (5 039 es (¥ 0395 a/b .
(F 039
Genotype Cha Chb Carotenoieds Cha/Chb Total pigment
(mg.gfw?) (mg.gfw?) (mg.gfw?) (mg.gfw?)
MLC8 0.564% 0.264® 0.179* 2.13%® 1.0072
MLC11 0.451%¢ 0.236*¢ 0.129%¢ 1.90*¢ 0.818*¢
MLC13 0.457%¢ 0.256*¢ 0.138¢ 1.78°¢ 0.851*¢
MLC17 0.551%® 0.261*¢ 0.170® 2.11% 0.981*
MLC33 0.434%¢ 0.262*¢ 0.141%¢ 1.66™ 0.836*¢
MLC38 0.510%¢ 0.252%¢ 0.167® 2.02%¢ 0.929%¢
MLC47 0.375%¢ 0.219% 0.096¢ 1.71% 0.690*¢
MLC70 0.501%*¢ 0.244%¢ 0.129%4 2.05*¢ 0.875*¢
MLCB84 0.489%¢ 0.246%° 0.139%¢ 1.98%¢ 0.875%¢
MLC103 0.344° 0.251%*¢ 0.068¢ 1.36° 0.664™
MLC286 0.463*¢ 0.256*¢ 0.119%4 1.81% 0.838*¢
MLC303 0.329° 0.216° 0.087¢ 1.52b¢ 0.632°
MLC334 0.503*¢ 0.269* 0.127%4 1.86*¢ 0.899*¢
MLC407 0.509%¢ 0.234%¢ 0.139%4 2.16% 0.881*¢
MLC409 0.399%¢ 0.260*¢ 0.098¢ 1.53% 0.757%¢
MLC454 0.583% 0.231%*¢ 0.150*¢ 2.522 0.964%
MLC469 0.389*¢ 0.225%¢ 0.098¢ 1.73% 0.712%*¢
MLCA472 0.443*¢ 0.241%¢ 0.112%¢ 1.83" 0.796%¢
df ax o
SOV, s slo i Sla e S5LeMean squares
)
—3si5Genotype(G) 17 0.016™ 0.001™ 0.046™ 0.231™ 0.035**
WsError 36 0.004 0.0002 0.023 0.046 0.009
C.V (%) - 14.2 5.7 19.7 115 11.7

Ol i o CV o3 o Jless| o )0 o poe i o )0 gy Jleisl mha j8 o s glas JBlos LSD .agive use ¢ygumnSUs :MLC -
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 4. DPPH, anthocyanin, total phenol and soluble carbohydrates in lentil genotypes before freezing stress under
controlled condition

DPPH o3l JWGol) cadlad jlen 2 Jgo (o) (ilowgi] 31 0 )5 o) S5 J6 sbolang s
TP (¥ 03955 2 psS ko) (¥ 039 e (¥ ol e (¥ 0igpsS 2 eSS o) slxe
DPPH Anthocyanin Phenol Soluble carbohydrates
Genotype (mg.gfw™) (mmol.gfw™) (mg.gfw™?) (mg.gfw™)
MLCS8 1.01* 0.685° 126%° 1.79°
MLC11 1.07 1.29%¢ 125%¢ 1.80°
MLC13 0.931% 1.22% 144 3.28
MLC17 0.750® 1.42%¢ 116%¢ 1.83¢
MLC33 0.803% 211 1132 2.200
MLC38 0.780% 1.65% 109%° 1.57°
MLC47 0.762% 1.66% 155? 1.99°
MLC70 1.08 1.44¢ 151 1.98°
MLC84 0.917% 2.05% 135% 2.12¢
MLC103 0.558" 0.908% 68.9° 3.25%
MLC286 0.942% 1.40"¢ 126%¢ 2.00°
MLC303 0.666% 2.042 88.1% 1.91°
MLC334 1.05 1.83%¢ 142 2.23%
MLC407 1.09* 0.935°* 149 2.10°
MLC409 0.999% 1.97%¢ 160? 3.58
MLC454 1.042 1.49% 112%¢ 2.05¢
MLC469 1.12° 1.57%¢ 148% 1.67°
MLC472 1.05 2,52 137® 1.75°
df a> o .
SOV,.w slo N Slas o SileMean squares
@l
—53ijGenotype 17 0.089™ 0.669" 1724** 1.02%*
Ws>Error 36 0.031 0.105 382 0.101
C.V (%) 15.9 20.7 15.3 14.6

Sl gy TV o0 S Jlozo s 4o lo cine st ooy iy Jloir| rhans 4o jlo cine gl JBlas LD agiie uae 0SSl :-MLC -3
MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 5. MDA, proline, catalase, peroxidase, relative water content, and osmotic potential in lentil genotypes before
freezing stress under controlled condition.

w5l gs lle : s aslg) YL
sllssosle ot R ety o sl (5 el ol
i e 2deegl)  peSe)  Gig eSS 0 aidd i e e if s i -
7 . . . B (55 039 P55 o aids (w23) Sy (Jsty
(5 oigpss (5 oigps (5
MDA Proline Catalase Peroxidase RWC Osmotic potential
Genotype (nmol gfw™) (mg.gfw?) (unit min gfw?) (unit min gfw™) (%) (MPa)
IMLC8 112¢f 3.52% 1047¢9 4.10" 72.3*°¢ -2.22°
MLC11 155%¢ 5.26%¢ 168849 4.69% 86.3% -2.49%
MLC13 81.9%9 4.08*¢ 26609 3.67> 87.0% -2.03%
MLC17 39.39 3.60™ 2051¢9 4.15 83.6% -1.84%
MLC33 120%¢ 3.74% 8279 5.94° 71.0*¢ -2.42°
MLC38 1264 2.84¢ 2195°f 3.28% 79.3% -2.76%
MLC47 63.6%9 4.16%¢ 134899 459 71.8%¢ -2.43°
MLC70 93.2¢9 6.13%® 1000™ 3.52% 67.2%¢ -2.16%
MLC84 123« 3.90%¢ 106259 4.29% 69.1%¢ -2.36°
MLC103 45,8 5.40*¢ 3932° 5.22%¢ 53.3¢ -2.62%®
MLC286 71.5%9 5.87%¢ 57772 3.78% 65.2¢ -3.212
MLC303 53.1%9 7.022 2252¢f 9.728 74.0° -1.86%
MLC334 116%¢ 5.69%¢ 2344%¢ 5.09% 72.2%°¢ -3.132
MLC407 117%¢ 5.34%¢ 3256 2.61° 76.0% -2.58%®
MLC409 193%® 5.10*¢ 173099 4.33% 64.8 -2.47®
MLC454 2192 2.93% 129659 6.04° 64.3 -2.13%
MLC469 1308 3.60% 2210 9.77% 71.2*¢ -1.60°
MLC472 12754 4.78*¢ 139699 11.9° 82.2% -2.48®
LSD(0.05) 34.9 1.65 678 157 0.862
S.0V df Mean squaresls yo . ileo
—ssiGenotyp 17 6894 417" 4527808 19.17 223" 0521
e
L>Error 36 445 0.989 167387 0.895 35.57 0.271
C.V (%) - 19.1 21.6 19.3 17.6 15.6 21.9
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MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P< 0.01), C.V: Coefficient Variation.
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Table 6. Effect of freezing temperature on plant height and dry weight of lentil genotypes after freezing under
controlled conditions

Plant Height (cm) (e silw) 4 g1 gl

Biomass (mg.plant™) (aigs yo o5 (slwo) 0395 s

ke Freezing temperature (°C) §5)¢ slod Freezing temperature (°C) $sj¢& sled
Genotype 0 -15 -18 -20 0 -15 -18 -20
MLCS8 19.8% 13.4*"  3.83"  0.00° 204 144" 45™ 0.00"
MLC11 20.5% 175  16.8*¢ 0.00° 2932 232%9 1245 0.00%
MLC13 15.0*9 14.7%9  1.11°° 0.00° 119 199k 22.7"V 0.00%
MLC17 16.0*f 11.8" 1.33"  0.00° 286%¢ 270%d 10.7v" 0.00"
MLC33 15.1%9 11.2¢9  2.00™"  0.00° 1509° 1469° 22.7"V 0.00%
MLC38 8.339° 5.33" 0.00°  0.00° 73.5™" 32.7%% 0.00% 0.00"
MLCA47 16.4%¢ 14.7¢0 9.22¢™  0.00° 178&m 1549 179¢m 0.00"
MLC70 18. 7% 16.0% 1.33"  0.00° 168Fm 193 117 0.00%
MLC84 16.2%¢ 506"  3.96"  0.00° 15891 42.0™" 39.7"W 0.00"
MLC103 11.9° 5.31 150"  0.00° 110" 20.3W 16.0" 0.00"
MLC286 14,750 8.61"" 450"  0.00° 110" 1324 28.0t% 0.00%
MLC303 11.7% 13.8*"  1.00°P  0.00° 1629™ 1629™ 13.0" 0.00%
MLC334 15.5%9 10.7%  4.10"  0.00° 250%f 116 65.00% 0.00"
MLC407 14,750 15.8>F  3.39P  0.00° 2182 158" 40.0™" 0.00"
MLC409 9.83+ 9.67%" 467" 0.00° 50.0%% 94.0m™v 55.3%w 0.00"
MLC454 17.3*¢ 14.22" 3,61  0.00° 215% 291%® 52.7%% 0.00"
MLC469 17.5%¢ 7.21™  2.89"  0.00° 222%h 49V 61.77" 0.00%
MLC472 17.4%° 15.7%9 0.00° 0.00° 256%¢ 225" 0.00% 0.00"
LSD.05) 3.35 39.1
S.0V & wlo df ol;T ax o Mean squares <le 5o (Sl
3 553Genotype(G) 17 58.6™ 16437
L.sTemperature (T) 3 2711 386884
Lod xigi5GXT 51 228" 7831
WLs-Error 144 4.30 586
C.V (%) - 27.0 26.1

Dl s 0 CV o0 S Jlozal mhas jo ls cixe

oy my Jleisl s jo Iy cme Dglas J8las LSD Lagiie i (ganSIS :MLC -

MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05. **: Significant (P<0.01), C.V: Coefficient Variation.

AR



AN Ao NP Y Sl 15l VF (0,98) o /oy 931 S 0ad SBGB R [ 8955 (o 1050 § L

L Jslons (sl gy S Jalis 45 5. a1, s
FIVO i Jole 331 (ghie s b (sl ol 5 e
ol s Slamize Joll aS 0, amgi |y Ol s 5las e
A J992) 390 e b L S
5 (0,0 FAUF) wn,S amg 1) Laools il lg ol pss
G, S lyime doadesy S slgime Cha/Chb
o251 cdlad DPPH 3T JLsGol, codlad Lo os jwgsd
99wl yo 1y 53U o iin 009 Cann ) g 4T £l )l oSy
9 LS y0,9] s an gl Slao ol 5l aals Jele
MLCB slacisiy osis o alax>de a5 jsb e (¥ JSLi)
s MLC286 MLC84 MLC38 MLC17 MLC13
L slogadsss olyear pso 5 Jsl sladale Sl I MLC334
(Y JSs) wads Byme yiad 4 YU oo

ooy a3 Olime e jslaieas tglaogs 4 o
SladsS 4525 (o) 2390 Dlio Sl p bagl Gan0g S
o plosl cwa 8l alols leolaiwl L s UPGMA g 4
(oi—s aslllans g0 slpcads slaiss ay o mls
A g e 09,5 ez )0 ol 65518 eas i
22385 )8 o )ler U Jsl sleog )5 5o oSy V9 ¥V P A
(Y USCs)

5 oasli o slagaeg,S Coro iy jekiiedss
Jsa=) o )5 oolaiwl aseis a5l cgladigs a3 g,
Lacaigh solod aS ols (lis aseid mb a0 mbls .3
Bl cadge line 5 wiload (gu0g )5 o jsba
.Qy .,\40)0 Yoo l.bOs; r:Lo.; )s) ‘ua_,..z.....}'

o a S0l jlis (SglS aseid al 4 jed s
QUY Egozme )0 «iils (6 3YL 059 polie a5 SigilS sl
Olgredn ol oo 45 5 00,5 (S 1) 39290 il )lg oy
Tz 05,5 4 dod a8 ) il cye iekas (5 lse
| PRI WE | L Sy SOWPON- I § IR PR IR UC i JE I FaW KPP

Lacuiah) oo Dalts Sigils puiiin aS Sl (] ooyl
(Ve Jgoz) 05 o0 az g8 (2950 |,

el SigilS s o luliwl culps Jsl asles o
Sl 1,95 5 ez g5 B (SigilS jaseis 1 VB o3l
Ot iy Cbo (] a5 0o o0 (LS sl OV Jgo)
)lo e u gy crm g5 0 ) )-'-’L'

\ .

MLC84 MLC17 MLC8) 555
Les _zals (MLC469 s MLC334 MLC286 MLC103

O a5 gLl BLadl 59l bacassiy plo )0 9 08 g

an o

Solean .ol 0gmg ol 5 il 4z 0 -V0 5 e sbales
el Gl L g i Cqr pbie 2l 5l bagessis ol
EL)) ol oy 0 1095 8Lk 090 )0 055
ol ilw a0 VA 4o ho il ralS a5 0wy
Jooz) o sdalice ply VF/YV e & s MLCT0 o35
(F

Ol 58 gl (e o i) g Led iSen
ol )5 sl a0 VA @ Lo pals og jlo e 8L 5L o090
lewig; plw ;0 MLCA09 s MLCAT 595 50 0 5> &
039 GRS 8o ( yidion b 035 ) (e 1B o
VE/E Jials) of 5 cilw a0 ja0 slos 4 s S
592 MLCT0 5535 4 hete a3 el | aile 55 (5 2
a8l olhge b jo olS Ho s ool 0des (O Jgo)
2 ol ol (Ko Loy (215 b allie 4 ] Ul
M5 YL L ) G b ablie )o wlg a5 oeds
SNy by had slesl 5o (g Famlie sazme 0l 5l sl
bl do )0 G 3 g 9 Cote (e 3529 39 Saly>
(F Jaaz) ail oo cdlas pl oaims lis 50 c8bsl o9
G S Iy IS 5T JUsb sloaisf qans
5 855 S0k S s JdelS Slgte ol
oS i (59 Ol OF o 45 955 o0 Fiugd halS
(Soengas et al., 2018) wb o zals

A i sl p bl ol i Jole a & i
Sace, s YANY sgas ol Jule aS ols olis Lol slaadlse
Slyine @ by IS (slyima ol o 5,5 g |, s
slasle s, S lyme Cha/Chb cous daa_sei54,l8
o9 (e )l b DPPH oliT IS5l codlad jlao 5 (g 5mssd
Jolss aS" 0,5 azgi |y &l s a0 YAIYA 0g0> pg0 Jule
SasSly weT led 5 ato b b JubIS (clyie
VYIVY pos Jsle 09 e jb L oogicenyj g agy glas )|
Slgoee Ly ooy Joll a5 0,5 ez gi |) Ol 5l ooy
bz Jele o9 cte L b YU @l colled 5 onds
(bl Glgimme a5 0 S az gy | Ol s 5l as 0 UAY
Cte , b b asillisogglle glsmoms 5 J5 Joid (slyime
S FIFA gy Jele sl Jole ol yo 1, 5l o i



AN Ao NP Y Sl 15l VF (0,98) o /oy 931 S 0ad SBGB R [ 8955 (o 1050 § L

SO T G e s glacai gl sl bele 4 s id —A Jgo
Table 8. Factor analysis for lentil genotypes under freezing stress

Traits o Joldele  pgo Jole pow Jole ke Jole ooy Jole ol Jole
Factor1 Factor2 Factor 3 Factor 4 Factor 5 Factor 6
Survival & -0.442 0.482 0.599 -0.072 0.194 -0.135
Cha a Judy,l5 -0.892 -0.376 -0.058 -0.024 -0.109 0.088
Chb b sy, ls -0.194 -0.700 0.200 0.227 0.018 -0.457
Carotenoids loaseiy s -0.850 -0.398 -0.212 -0.128 -0.004 -0.168
Cha/Chb a/lb J.sy 15 -0.891 -0.110 -0.137 -0.092 -0.115 0.310
Total pigment LalbSs, Js -0.864 -0.466 -0.067 -0.018 -0.072 -0.054
DPPH a1 !, codled Lo -0.613 0.304 0.246 0.460 -0.215 0.217
Anthocyanin Ol g 0.212 0.377 -0.401 0.497 -0.325 -0.404
Phenol &5 Jsd -0.402 0.309 0.338 0.501 0.027 -0.163
Soluble carbohydrates ~ Jslxe slol,anes S 0.424 -0.258 0.414 0.358 0.551 -0.113
MDA aSallsagglle -0.450 0.159 -0.042 0.697 0.057 0.318
Proline oo 0.488 0.258 0.549 -0.115 -0.332 -0.029
Catalase bty 0.419 -0.382 0.434 -0.257 -0.377 0.187
Peroxidase oSty 0.332 0.603 -0.512 0.108 -0.260 0.021
RWC Spol s Slgie -0.464 0.296 -0.121 -0.254 -0.086 -0.603
Osmotic potential & yomol Jomniliy 0.075 -0.415 0.509 0.203 -0.556 -0.093
Plant height o gl -0.512 0.636 0.425 -0.233 0.065 0.017
Dry weight 0385 sy -0.581 0.613 0.152 -0.344 -0.010 -0.045
Eigenvalue oy polas 5.60 3.29 221 1.78 1.17 1.12
Cumulative % PR TNV W 31.12 49.40 61.67 71.54 78.02 84.27
4
3 1
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Fig. 2. Distribution of lentil genotypes on the basis of the first and the second components. MLC: Mashhad Lentil

Collection
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Fig. 3. Cluster grouping of lentil genotypes based on studied characteristic under controlled conditions (B). MLC:
Mashhad Lentil Collection

o J S byl p )0 (wis slacadgi} (guieg S Cono (sl panid @l i -4 Jgu
Table 9.The results of discriminant function for clustering validity of lentil genotypes under controlled conditions
Group Membership og,5 slacl  Total S zox

Group
1 2 3 4
1 9 0 0 0 9
gpome 20 6 0 0 6
Total 3 O 0 2 0 2
4 0 0 0 1 1
1 100 0 0 0 100
RV 2 0 100 0 0 100
Pecentage 3 0 0 100 0 100
4 0 0 0 100 100
B (gaieg,8 g yd 4 bnog 5V 4.
100% of original grouped cases correctly classified.
Lol 5l ol oe wi)ls 5000 b (o8 (S alols pgs 5 s G095 Sl Jgl o sre (SglS i sl aslsl o
5 o slacuiss olou! jshaeds goliigs loasl,y o @) JSbamazg L (0 JSb) ol eolai vl Lacadsss
2,5 osliinl (Soszm 4 Jod sl 25w 09,5 S 5 5 Ll (gaieg,F 09,5 Loz )0 wie sy
Slio jl S 2 (sl 00 s (sLmog S ) O (S E9 A S (05 (5295 (19,0 (S €95
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Table 10. Standardized canonical discriminant function coefficients measured groups in lentil genotypes under salinity

stress
Traits o (Canonical varieties) S gils’ (b yuico
1 2 3

Survival & -0.942 0.562 0.469*
Cha a by ks -9.438 1.433 -1.293*

Chb b Lsg,ls 6.074 2.138 1.162*
Cartenoieds [EXVINEPILY 3.075 2.283* -0.208
Cha/Chb alb J.g,l8 7.050 2.272* -0.497

Total pigment LalbSs, Js 0.955 -6.942 0.711*
DPPH Ol3T ISty edlad e -5.070 2.206 -0.366*
Antocyanin Oyl gl -7.331 2.447* 0.166
Phenol I Js 5.736 -1.492 0.633*
Soluble Carbohydrate ~ Jslxe slal,aues S -3.145 0.222* -1.029
MDA aallgsslle 2.108 -1.789 0.199*

Proline oo 3.877 -1.218* 0.186
Catalase bty 3.447* 0.110 0.045
Peroxidase oSy 5.247 -0.794* -0.040
Eigenvalue polds ofsg 227 1.229 0.689

Cumulative % Qo )d (o (SHeS 99.2 99.7 100

Canonical Correlation ot SigilS 0.998** 0.743* 0.639*

SgilS yuiie g Sk G o oaslive  Stuea o 5YL X
*: Largest absolute correlation between each variable and any discriminant function

oudy 08 bl ol )0 (ae axlllae 3590 Glio (wlwl 2 rog )5 (Wl yo (1255kw) (il lg 41 325 -1 Jguar
Table 11. Analysis of variance (mean square) based on measured groups in lentil genotypes under controlled

conditions
Between Groups  Within Groups
Traits Olao lhog,5 i laog,S J51s
df @ollaz o 3 14
Survival [ 98.0"™ 73.0™
Cha a Judg,ls 0.001" 0.005"™
Chb b by, ls 0.000™ 0.000"
Cartenoieds laseisg,ls 0.001" 0.001"
Cha/Chb alb g ,15 0.015™ 0.047™
Total pigment Ll S, U5 0.004" 0.011"
DPPH Ol5T ISty edlas e 0.017" 0.032™
Antocyanin Cilwgiil 0.339™ 0.198"™
Phenol I Jsé 403™ 611"
Soluble Carbohydrate ~ Jslxe slal,aes S 0.196™ 0.369™
MDA aallesslle 3483 2045
Prolin e 1.094" 1.451"
Catalase Ll 8148805™ 86652
Peroxidase oSy 2.96™ 7.11™
RWC S ol o (g 182" 49.3"
Osmotic Potential & yomol Jumnily 0.327™ 0.141"™
Plant Height g gl 6.65" 4.50"
Dry Weight 0065 s 935™ 1463™

Aoy S g i Jlisl ok 50 ls pe i 4y e g %
% and == probability levels of 5% and 1%, respectively.
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Fig. 5. Cluster grouping of lentil genotypes based on significant canonical variable under controlled conditions.
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Table 12. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes under controlled
conditions
09,5 Group
1 2 3 4
Traits MLC8, MLC84, MLCT0,
MLC33, MLC47, MLC13, MLC17, MLC38,
MLC472, ML C454, MLC469, MLC303, MLC334 ~ MLC103 MLC407 MLC286
MLC11, MLC409
ole S T s T s T s T
A 50.8 3.84 42.8 -4.09 415 -5.47 47.8 0.907
B 0.465 0.008 0.453 -0.003 0.426 -0.030 0.463 0.006
C 0.253 0.004 0.242 -0.007 0.248 -0.001 0.256 0.007
D 0.130 0.002 0.134 0.006 0.104 -0.024 0.119 -0.009
E 1.87 0.028 1.85 0.009 171 -0.135 1.81 -0.037
F 0.853 0.020 0.820 -0.012 0.778 -0.055 0.838 0.005
G 0.958 0.048 0.861 -0.049 0.827 -0.083 0.942 0.032
H 1.69 0.125 1.62 0.054 0.922 -0.645 1.40 -0.165
I 135 6.693 125 -3.33 109 -19.2 126 -1.93
J 2.14 -0.031 2.08 -0.092 2.67 0.500 2.00 -0.170
K 134 236 90.9 -19.4 813 -28.9 715 -38.7
L 439 -0.217 4.47 -0.139 5.37 0.761 5.87 1.26
M 1266 -849 2285 170 3594 1479 5777 3662
N 5.49 0.116 5.95 0.576 3.92 -1.46 3.78 -1.59
o] 70.6 -0.333 76.8 5.82 61.0 -9.96 59.0 -12.0
P 2.35 -0.025 2.20 -0.175 2.60 0.221 3.21 0.832
Q 8.72 1.05 6.59 -1.09 6.58 -1.10 6.94 -0.731
R 103 10.8 88.1 -4.56 70.3 -22.3 67.5 -25.2

F b L1540 880,18 s B (5 g )5 2 05 o) oisisn)l5 D (5 35 25 2 e S sk B o 5 C (5 s 8 2 05 ko) @ e 5 B () iy A s e 50l MLC
Slotliang S L5 0 5 2 Sk IS U (5 s 5 5 e o) olemss H (G5 35 05 2 05 ko) DPPH 1T 5001, cdlad e G (5 033 05 2 05 o) laailao S5, S
P 039 5 5o i 0 92l lanesTy NG 035 0.5 59 akBs po 9219) VBT M (3 035 25 2 25 o) el il (5 033 5 2 3esil) wsllisooglle KOG 035 25 2 25 o) slowe
Silee 51 BT 09 )5 Silee S (g 10 o5 o) 0055 ; R (JSllKe) (650l Jmiliy Q (/) Sy O (oo (glgimo
MLC: Mashhad Lentil Collection, A: Survival (%), B: Chlorophyll a (mg.gfw), C: Chlorophyll b (mg.gfw), D: Carotenoieds (mg.gfw), E: Cha/Chb, F:
Total pigments (mg.gfw), G: DPPH (mg.gfw), H: Anthocyanin (mmol.gfw), I: Phenol (mg.gfw™), J: Soluble carbohydrates (mg.gfw), K: MDA (nm.gfw-
1), L: Proline (mg.gfw™), M: Catalase (unit min gfw™), N: Peroxidase (unit min gfw), O: RWC (%), P: Osmotic potential (MPa), Q: Plant height (cm), R: Dry
weight (mg.plant?) S: Group mean, T: Deviation from mean.
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Introduction

Lentil (Lens culinaris Medik.) is an important legume that plays a significant role in food security and
human nutrition in the world. Lentils provide protein and fiber, as well as many vitamins and minerals, such
as iron, zinc, folate, and magnesium. Lentil is a moderately drought tolerant crop, but the yield is drastically
reduced with increased drought stress. One of the simplest ways to reduce the effects of drought stress is
regulate plant growth period to avoid moisture stress; termed as drought escape; therefore, autumn planting
can be effective in reducing the effects of drought stress in lentile. On the other hand, cold and freezing are
the most important factor limiting lentil cultivation in autumn planting. Considering the importance of
autumn planting in cold and highlands areas to use the seasonal rainfall in lentile crop and also due to the
diversity among lentil genotypes for cold tolerance and the importance of lentil as a source of high
nutritional value, this study was conducted to identify cold tolerant lentils genotypes.

Materials and Methods

This research was carried out in order to investigate the effective traits in freezing tolerance of lentil
genotypes, as factorial based on Completely Randomized Design with three replications under controlled
conditions at Ferdowsi University of Mashhad in 2020. The studied factors included 18 lentil genotypes at
four freezing temperatures (0, -15, -18 and -20 °C). The pots were irrigated 24 hours before the freezing
stress and then transferred to the thermogradient freezer to apply the tretments in mid-February. The freezer
temperature at the beginning of the experiment was 5 °C and after placing the samples with slope of 2 °C per
hour the temperature decreased. In order to create ice nucleation in the plant and to avoid the supercooling
phenomenon, at 3 °C, Ice nucleation active bacteria (INAB) were sprayed on the plant. In order to balance
the ambient temperature, seedlings were kept in each temperature treatment for one hour and then overnight
in a cold room at 5 °C. Before exposing the plant to freezing stress, photosynthetic pigments, DPPH radical
activity, anthocyanin, total phenol, soluble carbohydrates, malondialdehyde (MDA), proline content, catalase
activity, peroxidase activity, and the relative water content (RWC) of the osmotic potential were measured.
Three weeks after transferring the samples to the greenhouse, the survival percentage of the samples were
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evaluated. Plant survival percentage was calculated by counting the number of live plants before and after
frost stress in each pot.

Results and Discussion

The results showed that lowering the temperature to -18 and -20°C reduced the survival rate in most
genotypes. The highest survival percentage was observed in MLC11 genotype at -18°C. None of the studied
genotypes could withstand temperatures of -20°C. At -15°C, MLC13, MLC17, MLC70, MLC409 and
MLC454 genotypes had a survival of over 80%. Factor analysis showed that the first factor accounted for
31.12% of the changes with chlorophyll a, carotenoids, Cha to Chb ratio, total photosynthetic pigments and
inhibition of DPPH free radical activity and the second factor accounted for 18.28% of the changes with
chlorophyll b, peroxidase, plant height and biomass justifies. Due to these traits, MLC8, MLC13, MLC17,
MLC38, MLC84, MLC286 and MLC334 genotypes are considered as high stress tolerance genotypes.
Analysis of genotype clusters and comparison of group means showed that all traits except soluble
carbohydrates, proline, relative leaf water content, catalase and osmotic potential in the first group (MLCS,
MLC11, MLC33, MLC47, MLC70, MLC84, MLC4, MLC409, MLC409) They were superior to the total
average.

Conclusion

Significant variations were observed among the genotypes studied in terms of survival rate, regrowth,
and antioxidant traits. Clustering and mean comparison analysis revealed that genotypes in the first group
exhibited superior cold tolerance. These genotypes outperformed the overall average in most of the examined
traits. On the other hand, genotypes in the second and third groups had lower mean survival rates compared
to the overall mean, indicating their higher sensitivity to stress. The first group included genotypes MLCS,
MLC11, MLC33, MLC47, MLC70, MLC84, MLC409, MLC454, and MLC472. Further investigations of
these genotypes under field conditions are recommended to explore their potential and performance.
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