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Table 1. Interaction effects of genotype and freezing

temperature on survival percentage of lentil genotypes
after freezing under controlled conditions

R P Survival percentage L oo yo
Freezing temperature ‘; 35 oo
Genotype 0 18 220
MLCS8* 1002 53.0¢ 0.00¢
MLC11 1002 1002 0.004
MLC13 1002 100 0.00¢
MLC17 100? 1002 0.004
MLC33 1002 1002 0.004
MLC38 100? 1002 0.004
MLC47 100? 1002 0.00¢
MLC70 1002 1002 0.004
MLC74 1002 67.3% 0.00¢
MLCS83 100? 0.004 0.00¢
MLC84 1002 1002 0.004
MLC103 1002 0.004 0.004
MLC286 1002 1002 0.004
MLC303 100? 1002 0.004
MLC334 1002 1002 0.004
MLC407 100? 1002 0.004
MLC409 1002 0.001 0.004
MLC454 1002 64.0° 0.00¢
MLC469 1002 1002 0.004
MLC472 100? 1002 0.004
S.0.V df Mean squares
TEE 9 1363
Genotype (G)
sy 167091"
Temperature
Loxediss g 1364"
GxT
DY 334
Error
C.V (%) - 9.67

i gwsd B oRiils alF psle caSimghy yuae OgenSIs T
Soly wites Sie B SO gl Pl a5 o Sl

s 05,05 SIS yge3l ebel a0 gy Jleisl mhaw 40 (5,00 e

Olyss g0 CV o0 S Jliol mlaw jo jlo cxe
f MLC: Mashhad Lentil Collection
Means fallowed by the same letter are not significantly
different (p<0.05). **:Significant (P< 0.01), C.V:
Coefficient Variation.
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Table 2. Photosynthetic properties and mesophyll conductance in lentil genotypes before freezing stress under control

condition
015 Sl Calas
i g s B 9 i Sl439) calas @395 23 tdoje
St Photosynthetic Evapotranspiration Stomatal CO2 Mesophyll
Genotype rate rate conductance substomatal conductance
(umol.m?s™) (mmol.m™s™") (mol.m?s™") (ppm) (mol.m?s™")
MLCS8' 17.6 3.25¢¢ 0.394+ 3932 0.051°¢
MLC11 15.3¢h 1.70¢ 0.3641+* 386° 0.034¢¢
MLC13 11.00k 2.044-h 0.516¢1 4302 0.022¢
MLC17 18.6°F 2.80<h 0.671¢f 436° 0.0414-¢
MLC33 16.5th 2.94¢-h 0.679<f 418 0.034¢¢
MLC38 30.7% 7.47% 1.442 429* 0.064
MLC47 14.8M 2.524h 0.489Mi 406* 0.028f¢
MLC70 17.9¢ 1.39h 0.434+ 402° 0.044¢f
MLC74 16.9% 5.54° 0.789b¢ 4202 0.043¢*f
MLCS83 12.0i 3.62¢ 0.844° 430° 0.034¢¢
MLC84 25.0¢ 3.44¢¢ 0.635¢%¢ 3942 0.064®
MLC103 12.4i 2.85¢h 0.441+ 427* 0.050¢
MLC286 17.9° 2.32¢h 0.655%F 4212 0.069%
MLC303 29.0* 3.38¢f 0.784°4 386° 0.071%
MLC334 14.6M 4.18% 0.752° 409° 0.033¢¢
MLC407 27.0b 3.16%¢ 0.601" 3832 0.072*
MLC409 9.19% 2.19¢h 0.306' 3828 0.023¢
MLC454 20.8¢ 3.02¢¢ 0.423H 3842 0.061%¢
MLC469 13.08 1.91¢h 0.442* 417° 0.035%¢
MLC472 19.94% 1.78fh 0.3464 442* 0.0534
S.0.V df Mean squares
FE 9 107" 597" 0.196" 1159 0.001""
Genotype
s
40 1.26 0.693 0.005 1268 0.001
Error
C.V (%) - 6.24 27.1 11.6 8.69 16.0
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TMLC: Mashhad Lentil Collection
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Means fallowed by the same letter are not significantly different (p<0.05). ns: non- significant, **:Significant (P< 0.01), C.V:

Coefficient Variation
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Table 3. Water use efficiency, relative water content, and osmotic potential in lentil genotypes

before freezing stress under control condition.

i Ol Bpan )5 Spol o lpime (5 poml Jummiliy
Genotype WUE RWC Osmotic potential
(umolCO2.mMol H,O) (%) (MPa)
MLCS8" 5.84¢f 75.7% -2.804F
MLCI11 8.53b 69.0%¢ -3.65%%
MLC13 5.49f 76.0% -2.02f
MLC17 6.02¢¢ 70.7%¢ -2.644f
MLC33 5.95¢¢ 77.0% -2.544f
MLC38 4.16%¢ 79.0? -2.90¢¢
MLC47 6.53b° 73.7%¢ -3.14b4
MLC70 13.42 76.7% -2.27¢f
MLC74 3.06¢ 59.7¢ -3.09%
MLCS83 2.90¢ 68.7%¢ -2.754F
MLC84 7.320-d 68.3%°¢ -2.784f
MLC103 4.37°¢ 75.0% -2.53¢f
MLC286 6.37v° 67.7%¢ -2.66%F
MLC303 8.68" 68.0*¢ -5.052
MLC334 3.55f¢ 66.0°° -2.794f
MLC407 7.600¢ 61.3% -2.474f
MLC409 4.60°¢ 62.7¢¢ -3.81°
MLC454 6.44b-¢ 78.0% -2.92¢¢
MLC469 5.104¢ 74.0% -2.784F
MLC472 13.92 71.7%4 -2.30°f
S.0.V df Mean squares
T 19 26.2* 96.9** 131
Genotype
s 333
40 1.52 0.175
Error
C.V (%) - 19.0 8.14 14.5
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fMLC: Mashhad Lentil Collection

Means fallowed by the same letter are not significantly different (p<0.05). **:Significant (P<

0.01), C.V: Coefficient Variation
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Table 4. Photosynthesis pigments in lentil genotypes before freezing stress under control condition

] a Judg,ls b g ls Lagiig,ls a/b Judg s bails S, Js
Genotype Cha Chb Cartenoieds Cha/Chb Total pigment
mg.gfw’! mg.gfw’!
MLCS* 0.768 0.4731 0.205f 1.86* 1.55h
MLC11 1.27d"f 0.690°f 0.388%4 1.842 2.34¢%f
MLC13 0.847i 0.4601 0.292¢ 1.78* 1.431
MLC17 1.15¢h 0.745% 0.3544 1.932 2.34¢%f
MLC33 0.858Mi 0.4821 0.289¢ 2.042 1.54h
MLC38 1.18%¢ 0.760° 0.386%4 2.00? 2.61¢
MLC47 0.987 0.4751 0.380% 1.832 1.84%
MLC70 1.09¢ 0.621¢ 0.381¢ 2.232 1.97¢h
MLC74 1.48¢d 0.673" 0.443 2.072 2.75%
MLC83 0.965¢&7 0.351k 0.296°¢ 1.96° 1.300
MLC84 1.81° 0.837° 0.495% 1.85¢ 3.13°
MLC103 0.884¢7 0.440 0.235f 1.85% 1.74¢1
MLC286 1.34¢¢ 0.647t0 0.394%4 2.10* 2.37¢¢
MLC303 1.12¢ 0.609" 0.392bd 1.992 2.134¢
MLC334 1.025 0.7344¢ 0.301¢ 1.792 2.32¢f
MLC407 1.85° 0.9282 0.546° 2.332 3.77*
MLC409 1.15¢h 0.5121 0.295¢ 2.202 2.30%f
MLC454 2.35° 0.801% 0.426 2.14* 3.842
MLC469 1.60% 0.665 0.541° 2.432 2.80%
MLC472 1.10° 0.4681 0.384b-d 2.35° 1.92¢
S.0.V df Mean squares
TEE 19 04817 0.073" 0.025" 0.118™ 1.50™
Genotype(G)
s
40 0.024 0.001 0.001 0.113 0.073
Error

C.V (%) - 12.6 4.89 10.4 16.6 11.7
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fMLC: Mashhad Lentil Collection
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Means fallowed by the same letter are not significantly different (p<0.05). ns: non- significant, **:Significant (P<0.01), C.V:

Coefficient Variation
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Table 5. DPPH, antocyanin, phenol and soluble carbohydrates in lentil genotypes before freezing

stress under control condition

15T Iy cllad o

G 9] DPPH Ol g Jood Jole ol
Genotype DPPH Antocyanin _ Phenol  Soluble carbohydrates
mg.gfw! mmol.gfw! mg.gfw!
IMLCS8 1.180¢ 1.400° 1594-h 0.109
MLC11 1.060¢ 1.640? 174¢¢ 0.250%
MLC13 0.599¢ 0.782¢f 99i 0.116i
MLC17 0.9604¢ 0.585¢ 127" 0.161¢"
MLC33 0.579¢ 0.486M 1051 0.1171
MLC38 0.670¢ 0.5668 13621 0.236°¢
MLC47 0.967% 0.758¢f 187f 0.132hi
MLC70 1.010¢ 0.630fh 165¢h 0.1201
MLC74 1.8902 0.9734 1624-h 0.331%
MLCS83 0.826f 0.881¢% 222 0.132h
MLC84 0.834f 0.652f 1604 0.338b
MLC103 0.452h 0.334 1101 0.1211
MLC286 0.871¢f 0.6591 149% 0.1101
MLC303 0.9824¢ 0.3511 206 0.188fe
MLC334 1.680° 1.530%® 2010 0.293¢
MLC407 1.051¢ 1.140¢ 225%® 0.448?
MLC409 0.623¢ 0.481M 173¢¢ 0.282¢d
MLC454 0.5958 0.758¢ 2612 0.352%
MLC469 0.813f 0.947¢ 196 0.217¢f
MLC472 0.636¢ 0.361! 1560 0.126h
S.0.V df Mean squares
Genotype  <wigij 19 0.384%** 0.435%* 5357** 31225%*
Error s 40 0.005 0.008 492 406
C.V (%) - 7.66 11.2 13.2 9.65

TMLC: Mashhad Lentil Collection
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Means fallowed by the same letter are not significantly different (p<0.05). **:Significant (P< 0.01), C.V:

Coefficient Variation
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Table 6. Interaction effects of genotype and freezing temperature on Plant height, Leaf area and dry weight of lentil

genotypes after freezing under controlled conditions

g gl S o 0395 Cannnt 3
R Plant Height (cm) Leaf area (mm?.plant™!) Biomass (mg.plant!)
o SO b SO sles SO b
Freezing temperature (°C) Freezing temperature (°C) Freezing temperature (°C)
Genotype 0 -18 -20 0 -18 -20 0 -18 -20
MLCS' 17.9%¢ 459" 0.00™ 377™P 2474 0.00" 50.0+° 46.7™1 0.00°
MLC11 16.8>1 17.1%¢  0.00™ 382mP 584b-¢ 0.00" 68.9¢¢ 47.5% 0.00°
MLC13 1599 16.8*" 0.00™ 584b-¢ 5195 0.00" 59.6% 44,7 0.00°
MLC17 169"  17.8+f 0.00™ 5710h 591b¢ 0.00r 92.92 58.9¢m 0.00°
MLC33 13.9"  15.6% 0.00™ 5248 436 0.00" 66.8°" 72.0%4 0.00°
MLC38 14.655 1514  0.00™ 351 508 0.00" 60.94 57.9¢m 0.00°
MLC47 1514 13.9%  0.00™ 542¢ 647b¢ 0.00" 48.61° 35.79 0.00°
MLC70 14.9% 11.0  0.00™ 531% 2384 0.00" 38.3m 51.8+° 0.00°
MLC74 13.71 6.75'  0.00™ 656° 2294 0.00" 48.0%P 18.8" 0.00°
MLCS83 17.3*  0.00™ 0.00™ 533F 0.00" 0.00" 51.0%° 0.00° 0.00°
MLC84 20.2* 18.8*¢ 0.00™ 331° 341°p 0.00" 35.94 60.14k 0.00°
MLC103 17.8=f  0.00m 0.00™ 553¢h 0.00" 0.00" 40.7° 0.00° 0.00°
MLC286 15.0%  19.7® 0.00™ 6320 64004 0.00r 74 .45 75.3b 0.00°
MLC303 13.9%  14.9%  0.00™ 654° 424k 0.00" 53.9¢n 74.3b 0.00°
MLC334 15.8%1 147  0.00™ 587b¢ 370™r  0.00 53.5hn 66.5°" 0.00°
MLC407 17.5%¢ 17.7*¢ 0.00™ 837° 481! 0.00" 97.2* 51.9+° 0.00°
MLC409 17.7*¢  0.00™ 0.00™ 630 0.00" 0.00" 61.44 0.00° 0.00°
MLC454 14.9¢ 9.88%  0.00™ 604°f 397 0.00" 55.5tn 82.3° 0.00°
MLC469 17.3*¢  18.1*¢ 0.00™ 508k 57300 0.00" 56.2 65.6°" 0.00°
MLCA472 13.6 16.2¢9  0.00™ 453+m 546%" 0.00" 65.9°¢ 56.0™ 0.00°
S.0.V df Mean squares
Genotype(G) i g 19 42.9%* 55799" 1110™
Temperature (T) Lo 2 4244 %% 4683986™ 59247

GxT Lod X 633 38 49.2%% 60235 789"

Error s 120 2.45 2358 39.7

C.V (%) - 16.5 15.7 17.6
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Means fallowed by the same letter are not significantly different (p<0.05). **:Significant (P<0.01), C.V: Coefficient Variation.
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Table 7. Lethal temperature 50% of plants according to the survival percentage (LT5osu),
Reduced temperature 50% of height plant (RHTs0), Reduced temperature 50% of leaf

area (RLATs0) and Reduced temperature 50% of dry matter (RDMTso) in lentil
genotypes after freezing stress under control condition

Genotype <3 g LTsosu RHTso RLATSso RDMTso
MLCS8" -16.8° -12.1b -16.2°¢ -18.74
MLC11 -19.0¢ -18.8¢4 -18.4° -18.5¢4
MLC13 -19.0°¢ -18.94 -18.7¢ -18.5¢
MLC17 -19.0¢ -18.94 -19.0¢ -18.3¢
MLC33 -19.0¢ -18.94 -18.9¢ -18.94
MLC38 -19.0¢ -18.8¢4 -19.0¢ -18.8¢4
MLC47 -19.0¢ -18.8¢4 -18.9¢ -18.64
MLC70 -19.0¢ -17.84 -18.9¢ -19.04
MLC74 -17.0° -16.3¢ -12.9° -15.0¢
MLCS83 -9.00? -9.03a -9.032 -9.07¢
MLC84 -19.0° -18.84 -19.0¢ -13.6°
MLC103 -9.002 -8.972 -11.3% -9.00?

MLC286 -19.0¢ -19.04 -16.2¢ -18.94
MLC303 -19.0¢ -19.04 -18.9¢ -18.94
MLC334 -19.0°¢ -18.84 -19.0°¢ -18.94
MLC407 -19.0°¢ -18.94 -18.4¢ -17.84
MLC409 -9.00? -9.202 -10.0% -9.03?
MLC454 -17.5b¢ -18.54 -18.4¢ -13.7°
MLC469 -19.0¢ -19.04 -18.9¢ -19.04
MLC472 -19.0°¢ -18.94 -19.0¢ -18.74

S.0v df Mean squares

Genotype oo} 19 39.1" 41.4™ 44.1™ 403"
Error Uas 40 1.02 0.809 4.11 0.464
C.V (%) - -5.87 -5.33 -12.0 -4.11
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f MLC: Mashhad Lentil Collection

Means fallowed by the same letter are not significantly different (p<0.05). **:Significant (P<0.01),

C.V: Coefficient Variation
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Table 8. Correlation matrix of lentil genotypes before freezing stress under controlled condition
1 2 3 4 5 6 7 8 9 10

1  Survival 1

2 Photosynthetic rate 0.48" 1

3 Evapotranspiration rate  -0.04™ 047" 1

4 CO: substomatal 0.03»  -0.20" 0.18" 1

5 Stomatal conductance 0.17°  0.54" 0.89"™ 0.32™ 1

6 Mesophyll conductance 0.27°  0.85™ 0.31" -0.21* (.31 1

7 WUE 0.44" 029" -0.57" -0.11" -0.40" 0.29" 1

8 RWC 0.14» 0.02" -0.11™ 0.26™ 0.02™ -0.07" 0.18™ 1

9 Osmotic potential -0.07°  0.22"  0.07" -0.50" 0.06™ 0.15" -0.04" -0.34" 1

10 Cha 0.17% 039" 0.10" -0.42" -0.05" 0.50° 0.05" -0.20" 0.04" 1

11 Chb 049" 0.61" 0.9 -0.38™ 0.25"™ 0.54" 0.05"™ -0.26" 0.03 0.76"

12 Carotenoids 0.50" 047" 0.10"™ -0.22" 0.08™ 0.49" 0.23" -0.30" 0.09" 0.78""

13 Cha/Chb 0.07°  0.14" -0.14" -0.04 -0.19" 0.26" 0.39" -0.12™ -0.05™ 0.43™

14 Total pigment 0.24™  0.50" 023" -0.46" 0.06™ 0.54" 0.01" -0.29" 0.08™ 0.94™

15 DPPH 0.20  0.04™ 031" -0.15" 0.16™ -0.02™ -0.18" -0.57"" 0.15"™ 0.03"

16 Anthocyanin 0.14"  -0.17™ 0.06™ -0.33" -0.10" -0.19" -0.22" -0.24™ -0.05™ 0.08™

17 Phenol -0.10m  0.20™  0.06™ -0.55" -0.08" 0.28" 0.03" -0.30" 0.35™ 0.60"

18 Soluble carbohydrates 0.07" 0.36™ 0.33" -0.54" 0.11™ 031" -0.18™ -0.54" 0.16™ 0.77"

19 Plant height 0.86™ 039" -0.13" -0.01" 0.08" 0.29" 0.30™ 0.02" -0.11™ 0.30™

20 Leafarea 0.73*" 027" -0.13" 0.02" 0.02 022" 0.15" -0.11" 0.02" 0.28™

21 Dry weight 0.75" 0.50" -0.05" -0.07" 0.12" 045" 0.29" 0.10" -0.02" 0.34"™
Table 8. Continued wldl A Jgus

11 12 13 14 15 16 17 18 19 20 21
11 Chb 1

12 Carotenoids 0.71* 1

13 Cha/Chb 0.20™  0.55" 1

14 Total pigment 0.89" 0.78" 0.41™ 1

15 DPPH 0.29»  0.15" -0.16™ 0.14™ 1

16 Anthocyanin 0.26™  0.05" -0.25" 0.14™ 0.62" 1

17 Phenol 0.35™  0.44™ 032 054" 0.26™  0.33" 1

18 Soluble carbohydrates 0.78" 0.62™ 0.23" 0.87"" 0.33" 0.32 0.55 1

19 Plant height 0.58™ 0.58™ 0.04 0.36™ 0.01™ 0.15™ -0.09™ 0.18™ 1

20 Leaf area 0.41  0.50° 022 0.34" 0.11™ 0.07"> 0.09™ 0.13 0.67" 1

21 Dry weight 0.56"  0.40™ 025" 041" -0.02" 0.09 0.08™ 0.16™ 0.74™ 0.78" 1

doye S Jlisl mlaw o jlo pxe st g oo )0 miy Jliol mhaw )8 jlo S il Sae 8 InS
ns, * and **: non-significant and significant in the 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 9. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes under controlled
conditions
Group o9 5
3 4
MLCS. MLC11,
MLC84, MLC407, MLC38, MLC303, MLC83, MLC103. ﬁkg‘l‘g’ xigi’g’
9 MLC454 MLC74, MLC334 MLC409 MLC286, MLC469,
Genotypes MLC70, MLC472
T T T T
S S S S
ol B8 32 29 =2 29 52 28 532
B B
Traits EE £ 52 £2 5 £2 s 2%
== s = s = s =
Survival (%) 62.7 2.92 63.9 4.20 333 -26.4 65.1 5.37
Photosynthetic rate (umol.ms™") 242 6.25 22.8 4.79 11.17 -6.82 16.2 -1.74
Evapotranspiration rate (mmol.m?s™")  3.34 0.157 5.14 1.96 3.06 -0.123 2.38  -0.796
CO: substomatal (ppm) 387 -224 411 1.27 413 3.16 415 5.27
Stomatal conductance (mmol.m?s™) 0.553  -0.047 0.940 0.340 0.530  -0.070 0.499 -0.101
Mesophyll conductance (mmol.m?s")  0.066  0.020 0.052  0.006 0.034  -0.012 0.041  -0.005
WUE (pmolCOz.mMol H:0) 7.12 0.625 4.86 -1.64 3.96 -2.54 7.73 1.23
RWC (%) 69.2 -1.711 68.2 -2.77 68.8 -2.16 73.2 2.27
Osmotic potential (MPa) 2.70 -0.224 3.46 0.534 3.03 0.107 275  -0.179
Cha (mg.gfw™) 2.00 0.763 1.20 -0.040 1.00 -0.241 1.10  -0.140
Chb (mg.gfw™) 0.855  0.237 0.694  0.075 0434  -0.184 0.573  -0.046
Carotenoids (mg.gfw™) 0.489  0.118 0.381 0.009 0.275  -0.096 0.361 -0.010
Cha/Chb 2.11 0.080 1.96 -0.066 2.01 -0.023 2.04  0.009
Total pigment (mg.gfw™) 3.58 1.28 2.45 0.153 1.78 -0.519 2.01 -0.289
DPPH (mg.gfw™) 0.827  -0.087 1.30 0.390 0.634  -0.280 0.87 -0.046
Anthocyanin (mmol.gfw™) 0.851 0.055 0.85 0.059 0.565  -0.230 0.83  0.029
Phenol (mg.gfw™) 215 47.6 176 8.51 168 0.733 150 -17.9
Soluble carbohydrates (mg.gfw™) 379 170 262 532 178 -30.5 146 -63.2
Plant height (cm) 11.0 1.52 9.12 -0.366 5.86 -3.63 10.3 0.78
Leaf area (mm?.plant") 332 22.1 315 4.66 191 -120 338 27.4
Dry weight (mg.plant™) 42.5 6.78 36.1 0.39 17.0 -18.8 39.2 3.44
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Fig 3. Biplot based on two major principal component factors. MLC: Mashhad Lentil Collection
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