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ABSTRACT

Identify the freezing tolerant cultivars is a suitable approach for the success of lentil sowing in autumn. In
this respect, an augmented experience was carried out to evaluate freezing tolerance of 259 lentil
accessions during the 2016-2017 growing seasons in Mashhad. During the growing season, the
phenologic growth stages of the plants and the survival percentage affected by winter hardiness were
recorded, and at the end of the growing season, morphological traits, seed yield and components were
determined. The lowest recorded temperature during the growing season was -13°C. Survival percentage
varied between 0 and 100% and the highest survival percentage (100%) and maximum plant height
(53cm) were found in MLC13 MLCA409, respectively. Six accessions (MLC424« MLC286, MLC409,
MLC303 «MLC334 and MLC407) were identified as freezing tolerant. Among freezing tolerant
accessions, MLC424, MLC286, MLC409, MLC303, MLC334 and MLC407 had the highest seed yield
(154, 192, 220, 144, 225 and 264 g.m?), respectively. There was a high correlation between survival
percentage and seed yield and components. Based on the results, more precise assessment of
physiological processes involved in freezing tolerance of lentil accessions in the controlled condition and
accessing to winter hardness genotyped is necessary.
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Figure 1. Daily minimum and maximum temperatures and monthly rainfall during 2016-2017 growing
seasons in Mashhad.
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Figure 2. Frequency of the lentil accessions in different survival range in the autumn sowing during 2016-
2017 growing season.
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Table 1. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod

height, yield and its components and biomass of control lentil genotypes in autumn sowing during 2016-
2017 growing season.

Check Survival Sowing to Flowering Plant Lowest Pod No. Filled Biological ~ Seed yield

genotypes percentage flowering to maturity ~ height  pod height Plant? pod. yield (g.m?)
(%) (Day) (Day) (cm) (cm) Plant™ (g.m?)

Birjand 22 168 18 29 14 42 39 588 98
Gonabad 58 170 40 37 14 57 53 1005 128

Robatt 12 185 13 21 8 15 10 63 24
Sarakhs 14 168 18 22 11 29 23 638 51
Kalpush 88 164 54 40 15 72 71 1065 131
LSDqs 3.86 26 20 7 3 18 17 95 77
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Table 2. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod
height, yield and its components and biomass in 100% and 99-76% survival ranges of lentil accessions in
autumn sowing during 2016-2017 growing season.

MLC Survival Sowingto  Flowering Plant Lowest Pod No. Filled Biological Seed
percentage  flowering  to maturity height pod Plant* pod. yield (g.m yield
(%) (Day) (Day) (cm) height Plant? 2 (g.m?)
(cm)

13 100 171 48 37 12 132 90 1184 148
424 90 161 45 37 13 85 71 1332 154
286 88 168 48 41 15 75 75 1014 192
409 86 170 50 53 19 89 89 1369 220
303 86 156 48 39 11 65 54 669 144
334 84 170 48 41 14 88 85 1569 225
407 81 170 50 49 18 96 96 1400 264

LSDy .05 3.86 26 20 7 3 18 17 95 77

oy iy Jlais | mdaw jo o pxe S| JBlas iLSD (gt qwgs 8 olKiils alS pgle 0uSimgly wae 3 HeenSIS :MLC
MLC: Mashhad Lentil Collection, LSD: Least significant difference at p<0.05 of probability level.
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Table 3. Correlation coefficient of survival percentage, days from sowing to flowering and maturity, plant

height, lowest pod height, yield and its components and biomass of lentil accessions in autumn sowing
during 2016-2017 growing season in Mashhad.

1 2 3 4 5 6 7 8 9
1 Survival percentage 1
2 Sowing to flowering  0.27 1
3 Flowering to maturity  0.65™ 0.44™ 1
4 Plant height 071" 0.61™ 0.68™ 1
5 Lowest pod height 0.59™ 056~ 057" 0.88™ 1
6 Pod No 0.69™ 0.29™ 048" 058 0.49™ 1
7 Filled pod 0.72” 024 046™ 059 048" 0927
8 Biological yield 0.84™ 0.14™ 0517 058" 045" 077" 0.827 1
9 Seed yield 0.78" 0.13™ 051" 056~ 042" 074" 083" 089" 1

R SINE VI ST P PN S NS EOIPR NPT St P VR PR
ns, and **: non-significant and significant in the probability levels of 5%, & 1%, respectively.
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Figure 3. Average of day from sowing to flowering (A) and flowering to maturity (B) of lentil accessions
in different survival range of autumn sowing during 2016-2017 growing season.
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Figure 4. Plant height (A) and lowest pod height (B) averages of lentil accessions in different survival
range of autumn sowing during 2016-2017 growing season.
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Table 4. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod

height, yield and its components and biomass in 75-51% survival range of lentil accessions in autumn
sowing during 2016-2017 growing season.

MLC Survival Sowing to Flowering Plant Lowest Pod No. Filled Biologica  Seed yield
percentage flowering to maturity height  pod height Plant? pod. | yield (g.m?)
(%) (Day) (Day) (cm) (cm) Plant?! (g.m?)

81 73 163 51 31 10 53 44 381 94
458 73 165 50 38 10 78 70 1264 148
163 71 169 44 25 15 43 36 353 114
394 70 161 53 38 15 81 71 974 156
339 70 166 43 35 12 65 52 920 89
396 70 163 41 47 15 90 87 1360 158
33 70 159 56 37 14 67 56 820 130
310 69 161 25 29 11 38 29 539 52
323 69 170 47 42 10 69 64 1051 133
328 69 164 38 31 12 59 39 746 75
410 68 164 40 33 12 54 38 437 69
469 68 172 44 41 16 96 77 1356 102
342 64 154 42 24 8 53 45 960 66
11 64 171 40 41 10 98 67 1022 120
147 63 162 52 41 13 54 41 811 69
169 63 170 39 35 16 68 63 1325 126
275 63 160 30 29 16 25 18 433 30
8 61 162 47 38 18 76 76 1492 228
428 60 155 39 25 11 48 42 867 86
454 60 170 50 48 15 83 81 981 285
472 60 166 50 38 16 78 41 778 35
289 58 159 49 29 11 49 36 945 64
398 58 158 41 35 13 63 50 1040 65
397 56 171 31 27 11 112 69 1200 75
395 54 159 25 25 8 48 27 603 42
264 52 173 32 31 10 86 72 996 98
151 52 161 46 30 11 49 42 491 87
12 51 169 45 36 11 98 71 930 98
306 51 154 43 25 9 68 51 805 61
449 51 163 33 30 12 69 46 1029 54
461 51 168 39 30 13 67 61 1204 114
7 51 164 50 31 12 55 32 623 43
LSDq s 4 26 20 7 3 18 17 95 77

do s gy Jleisl mhaw jo o gae OS] JBlas LSD caguine gwgo,d olBidls alS pole caSlimghy uae 3 eanSIS :MLC
MLC: Mashhad Lentil Collection, LSD: Least significant difference at p<0.05 of probability level.
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Figure 5. Average number of pod (A) and filled (B) per lentil accessions plant in different survival range
of autumn sowing during 2016-2017 growing season.



vy 0l SAS (6l e @l )5 53 (G LSen g Sles; (D \H

i 3 IYAD-AF elys Jlo o5l iS50 0o, 0--TF sl asls jo uas sladiges
Table 5. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod

height, yield and its components and biomass in 50-26% survival range of lentil accessions in autumn
sowing during 2016-2017 growing season.

MLC Survival Sowing to Flowering to Plant Lowest Pod No. Filled Biologica Seed
percentage flowering maturity height  pod height Plant? pod. | yield yield
(%) (Day) (Day) (cm) (cm) Plant (@.m?) (@.m?)

466 48 174 42 38 15 47 43 949 61
212 47 184 37 34 16 20 15 119 35
204 46 186 38 35 14 16 14 59 6
213 45 181 43 34 13 28 14 99 24
314 45 189 19 25 12 18 3 253 8
423 45 185 36 24 9 32 32 652 72
246 44 175 49 46 15 19 11 172 17
402 44 185 39 25 7 12 10 345 35
447 42 190 34 21 6 29 19 537 34
50 42 183 25 39 14 49 47 354 61
10 42 183 25 31 14 43 39 271 28
429 41 185 36 25 10 25 25 338 55
206 41 186 38 39 14 32 11 76 10

152 40 191 29 39 15 92 90 971 112
210 40 184 37 32 14 18 16 85 13

44 40 169 50 34 11 58 56 715 120
415 39 185 39 29 9 25 24 345 28
140 38 195 29 28 14 15 12 66 7
255 38 195 18 37 17 29 25 151 26
258 38 181 32 35 17 4 4 120 3
430 38 184 36 22 10 15 14 326 41
433 38 192 13 32 16 14 14 218 25
315 37 184 38 31 12 39 10 455 38
311 37 187 24 31 12 40 7 230 3
421 37 185 25 21 7 12 10 225 19
214 37 186 38 33 15 16 16 106 16
446 37 174 50 39 10 54 44 178 23
9 37 183 29 29 9 22 20 156 14
418 36 197 27 28 7 44 43 523 46
177 36 195 10 42 16 17 15 154 5
413 35 196 28 30 11 15 10 450 34
225 35 174 50 22 12 14 10 78 17
471 35 174 42 35 16 48 43 518 50
268 34 184 21 32 12 20 17 385 40
324 33 184 38 23 8 3 2 199 11
297 33 183 24 30 15 76 65 359 36
308 33 184 30 18 7 67 38 215 65
343 33 192 32 25 7 12 9 83 15
417 33 206 7 23 8 49 19 328 25
176 33 195 18 20 14 13 12 42 8
440 33 189 39 45 17 18 15 204 20
215 32 182 42 38 18 20 14 125 15
313 32 183 28 28 14 16 11 92 3
456 32 195 15 37 15 35 29 457 28
317 31 182 26 33 12 17 10 178 15
453 31 174 55 28 12 9 6 52 10
467 31 195 15 40 18 23 16 578 25
84 30 179 48 31 11 3 1 117 5
445 30 198 27 37 14 31 4 73 5
256 29 181 29 47 21 13 11 219 29
263 29 181 18 20 12 10 9 47 10
470 29 181 38 34 17 24 18 488 55
406 29 185 39 31 11 28 24 304 44
267 28 184 30 36 12 26 25 665 98
168 28 198 10 28 12 81 79 238 32
160 28 196 29 34 14 2 0 118 0
41 27 174 53 22 9 8 5 258 58
420 26 195 18 28 6 39 30 371 60
404 26 185 28 20 9 19 15 203 18
LSDqos 4 26 20 7 3 18 17 95 77

o,y iy Jlaisl mdaw jo o pixe ST JBlas iLSD (gt (owgs @ olKiils al3 pgle 0uSimgly (wae 3 HeenSIS :MLC
MLC: Mashhad Lentil Collection, LSD: Least significant difference at p<0.05 of probability level.
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Figure 6. Average of biological (A) and seed (B) yields of lentil accessions in different survival range of
autumn sowing during 2016-2017 growing season.
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Table 6. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod

height, yield and its components and biomass in 25-10% survival range of lentil accessions in autumn
sowing during 2016-2017 growing season.

MLC Survival Sowing to Flowering to Plant Lowest Pod No. Filled Biologica  Seed yield
percentage flowering maturity height ~ pod height Plant? pod. | yield (g.m?)
(%) (Day) (Day) (cm) (cm) Plant* (@.m?)
261 25 181 32 31 15 12 9 48 5
325 25 194 28 26 12 44 38 266 62
224 24 187 45 32 11 10 5 52 2
393 24 195 29 28 10 32 31 220 52
400 24 183 27 28 8 11 10 53 5
411 24 195 29 26 8 36 30 163 41
145 24 189 39 36 16 6 5 63 21
414 24 183 30 27 13 21 17 177 11
16 24 172 55 28 8 15 10 59 15
357 23 183 22 26 9 59 59 340 77
72 23 179 52 30 11 16 13 163 23
146 22 186 42 35 14 48 25 120 15
294 22 191 16 32 12 56 54 180 33
149 22 187 41 34 15 9 7 126 6
21 22 172 55 28 9 19 10 98 20
464 22 184 37 37 11 21 17 150 26
405 21 184 21 26 7 35 29 222 65
452 21 195 18 26 15 23 21 185 43
437 21 183 25 33 14 25 23 987 89
66 21 183 29 30 10 32 28 296 65
85 21 177 50 28 11 6 2 50 18
352 21 183 22 26 7 24 23 140 33
336 20 180 44 25 9 76 73 336 63
43 20 184 47 25 10 34 20 75 22
416 20 195 24 20 7 5 3 89 6
281 20 189 6 18 11 83 70 184 46
217 20 183 41 25 14 33 27 55 10
64 20 179 48 32 9 33 29 230 39
305 19 199 18 28 13 37 35 115 14
130 19 187 41 20 15 19 15 61 12
444 19 191 41 32 13 26 22 92 13
451 19 195 18 38 14 37 22 145 15
457 19 195 19 41 15 31 27 289 26
257 18 181 32 19 8 23 3 44 2
54 17 183 29 39 14 73 54 286 36
403 17 185 39 22 7 12 11 75 16
252 17 174 50 26 12 17 12 28 3
165 17 198 10 27 16 14 13 34 3
53 16 183 29 21 12 48 9 52 9
425 16 181 24 24 10 17 16 60 12
14 16 183 25 33 16 74 4 252 35
135 16 184 44 18 11 38 32 59 8
441 16 186 42 28 14 4 2 76 5
468 15 195 15 30 12 46 39 120 16
434 15 187 23 19 5 6 0 0 0
260 15 181 28 19 6 12 8 43 3
318 14 185 26 28 9 25 9 134 16
326 14 205 12 29 15 7 5 115 9
476 14 195 18 26 11 49 9 65 10
36 14 183 29 16 6 104 38 178 22
128 13 190 28 10 7 9 8 40 17
172 13 181 24 28 10 32 29 120 27
474 13 195 18 32 12 9 4 35 3
132 13 191 37 32 12 27 2 61 5
460 13 195 10 20 7 17 16 23 3
83 13 171 56 39 13 11 9 93 12
321 12 191 17 26 13 40 32 87 18
419 12 206 7 27 10 11 7 68 11
87 12 183 25 15 10 37 31 155 35
335 11 195 34 26 6 21 18 97 6
369 11 206 10 22 12 16 13 137 21
332 10 206 7 17 7 23 18 59 4
150 10 187 10 10 3 3 2 23 2
161 10 195 14 24 15 18 17 73 5
175 10 181 10 10 3 5 0 28 0
185 10 191 33 21 16 10 7 41 3
218 10 189 10 10 3 5 0 0 0
219 10 189 10 10 3 8 0 0 0
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247 10 195 19 10 8 5 0 0 0
249 10 195 18 10 7 69 12 54 14
250 10 191 33 10 3 29 21 42 8
251 10 191 10 10 3 3 0 0 0
253 10 191 10 10 3 10 0 18 0
254 10 195 18 19 8 34 20 52 6
259 10 181 7 10 3 5 0 10 0
462 10 181 5 10 3 3 0 0 0
463 10 181 5 10 3 4 0 0 0
465 10 198 5 10 3 2 0 0 0
93 10 183 29 11 5 5 4 24 6
338 10 206 0 27 11 34 20 63 9
1 SD 4 26 20 7 2 12 17 QR 77
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MLC: Mashhad Lentil Collection, LSD: Least significant difference in p<0.05 of probability level.
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Table 7. Survival percentage, days from sowing to flowering and maturity, plant height, lowest pod

height, yield and its components and biomass in 9-0% survival range of lentil accessions in autumn
sowing during 2016-2017 growing season.

MLC Survival Sowing to Flowering to Plant Lowest Pod No. Filled Biologica Seed
percentage flowering maturity (Day)  height  pod height Plant? pod. | yield yield
(%) (Day) (cm) (cm) Plant™* (g.m?) (g.m?)
113 9 186 41 10 9 9 8 88 9
63 9 183 29 9 2 31 11 245 43
77 9 183 29 39 12 56 47 184 38
439 9 171 56 20 13 17 7 35 3
273 7 189 28 20 8 4 1 54 16
27 7 183 29 21 7 23 13 53 10
48 7 179 48 25 9 18 12 83 20
408 7 206 5 32 18 20 13 55 5
299 7 183 16 28 13 38 34 143 20
330 7 194 29 22 10 8 6 29 2
399 6 183 27 23 9 8 4 45 4
322 6 205 6 29 19 20 18 50 11
427 6 206 7 19 10 10 9 38 3
438 6 183 29 8 3 10 5 27 2
29 5 183 29 22 8 26 6 18 5
320 5 187 21 26 15 14 10 72 18
30 5 183 29 21 7 34 10 18 5
42 5 177 50 28 9 24 7 52 10
401 5 185 39 19 6 15 13 68 9
337 5 195 10 11 5 48 46 42 8
295 5 198 15 28 9 36 29 42 17
274 4 189 5 30 16 25 25 71 15
301 4 183 34 28 10 17 13 30 4
32 3 183 14 18 5 0 0 0 0
39 3 188 14 17 0 0 0 0 0
60 3 183 29 12 0 0 0 0 0
65 3 183 14 15 0 0 0 0 0
67 3 183 29 12 5 20 12 99 38
79 3 179 52 12 0 8 6 29 5
80 3 183 29 12 0 22 3 30 12
82 3 198 14 10 0 0 0 0 0
86 3 183 29 14 3 32 10 50 17
89 3 183 14 15 0 0 0 0 0
90 3 183 29 9 4 83 44 165 16
92 3 183 29 11 4 23 6 44 2
94 3 183 0 19 0 0 0 0 0
105 3 183 0 9 0 0 0 0 0
107 3 183 0 10 0 0 0 0 0
110 3 183 0 12 0 0 0 0 0
122 3 183 25 10 4 48 44 88 15
123 3 183 0 10 0 0 0 0 0
126 3 183 0 10 0 0 0 0 0
340 3 206 7 13 1 21 15 73 2
304 2 182 29 11 5 10 9 49 5
341 2 206 7 9 3 11 8 20 2
309 1 198 6 17 10 29 1 49 1
300 1 182 6 18 8 6 4 25 2
329 1 205 6 15 13 33 28 68 12
448 0 0 0 0 0 0 0 0 0
266 0 0 0 0 0 0 0 0 0
269 0 0 0 0 0 0 0 0 0
271 0 0 0 0 0 0 0 0 0
276 0 0 0 0 0 0 0 0 0
282 0 0 0 0 0 0 0 0 0
283 0 0 0 0 0 0 0 0 0
284 0 0 0 0 0 0 0 0 0
285 0 0 0 0 0 0 0 0 0
287 0 0 0 0 0 0 0 0 0
288 0 0 0 0 0 0 0 0 0
290 0 0 0 0 0 0 0 0 0
291 0 0 0 0 0 0 0 0 0
292 0 0 0 0 0 0 0 0 0
293 0 0 0 0 0 0 0 0 0
296 0 0 0 0 0 0 0 0 0
298 0 0 0 0 0 0 0 0 0
302 0 0 0 0 0 0 0 0 0
307 0 0 0 0 0 0 0 0 0
312 0 0 0 0 0 0 0 0 0
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327 0 0 0 0 0 0 0 0 0
331 0 0 0 0 0 0 0 0 0
333 0 0 0 0 0 0 0 0 0
412 0 0 0 0 0 0 0 0 0
422 0 0 0 0 0 0 0 0 0
426 0 0 0 0 0 0 0 0 0
431 0 0 0 0 0 0 0 0 0
435 0 0 0 0 0 0 0 0 0
436 0 0 0 0 0 0 0 0 0

LSDq s 4 26 20 7 3 18 17 95 77

oo iy Jleisl mhaw o o cixe BT JBlus (LSD cagiie (w8 oKty alS psle 0uSinghy e A 5enSIS :MLC
MLC: Mashhad Lentil Collection, LSD: Least significant difference in p<0.05 of probability level.
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Figure 7. Cluster grouping of lentil accessions based on studied characteristic in autumn sowing during
2016-2017 growing season in Mashhad.
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Figure 8. Biplot based on two major principal component factors.
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Table 8. Mean and deviation from mean of groups in cluster analysis of lentil accessions based on studied characteristic in autumn sowing during 2016-2017 growing

season in Mashhad.

Group
1 2 3 4 5 6

MLC 13.424.286.3034 339.81.163.310.328.410.3 212.204.213.314.246.402.206.210 297.308.417.8.420.325.3934 416.434.260.128.150.175.218 448.266.269.271.276.2

09.334.407.458.3 42.147275428472.289.3 140.255.258.433.311.421.214.9.177 225324. 11.357.294.405.66.352.336.2 219.247.250.251.253.259.26 82.283.284.285.287.28

94.396.33.323.46 98.395.151.306.449.7.466 343.176.440.215.313.456.317.53.467.84.445. 81.305.54.53.14.468.476.36.1 2.459.462.463.465.93.113.63. 8.290.291.292.293.296.

9.11.169.8454.39 42344750.1042944.41 256.263.16041.404.261.224.400.145.414.16. 72.460.321.419.87.369.332.2 273.330.399.438.32.39.60.65. 298.302.307.312.327.3

726412461152 5430.315.446.418.41347 72.146.149.21.464.452.85.43.217.64.130.444. 49.254.265.450.338.77.2994 67.79.80.82.86.89.92.94.105. 31.333412.422.426 43

1.268.470.406.267.437 451.457.257.403.252.165.425.135.441.318.32 27.337.295.90.122.309.300.3 107.110.123.126.340.304.341 1435436
6474.132.83.335.161.185.439.27.48.408.322. 29
29.320.30.42.401.274.301

Traits Group  Deviati Group Deviation Group mean Deviation from mean Group mean Deviation Group mean Deviation Group Deviation

mean on mean from mean from mean from mean mean from mean

from
mean

Survival (%) 70 46 49 25 24 0 15 -9 7 -17 0 -24
Sowing to flowering (day) 168 6 172 10 186 23 192 29 186 24 0 -163
Flowering to maturity 45 19 38 12 33 7 19 -7 17 -9 0 -26
Plant height (cm) 39 16 31 8 29 6 24 12 -11 0 -23
Lowest pod height (cm) 14 5 12 3 13 4 10 1 3 -6 0 -9
Pod No (Plant?) 86 57 44 15 19 -10 46 17 8 -21 0 -29
Filled pod (Plant?) 76 54 34 13 12 -9 32 1 3 -18 0 -21
Seed yield (g.m?) 156 124 60 28 14 -18 27 -4 4 27 0 -32
Biological yield (g.m?) 1158 906 600 348 118 -134 153 -99 27 -225 0 -252
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Table 9. Principal component loading for the measured trait of lentil accessions.

Factor
Parameters PCA L PCA2
Proportion of total variation (%) 61.95 16.55
Survival percentage -0.88 0.27
Sowing to flowering -0.53 -0.68
Flowering to maturity -0.76 -0.14
Plant height -0.89 -0.29
Lowest pod height -0.80 -0.40
Pod No -0.79 0.31
Filled pod -0.76 -0.32
Seed yield -0.80 0.49
Biological yield -0.82 0.50
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