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ABSTRACT

Despite the benefits of autumn cropping compared to spring cropping, the negative impacts of freezing
stress on crop growth and yield is the most important problem of the autumn cropping. So, identifying the
freezing tolerant genotypes is a suitable approach to dissolve this problem. In this way, freezing tolerance
of 40 lentil genotypes was assessed in 2018 in the Research Farm of Agriculture Faculty, Ferdowsi
University of Mashhad, Iran. The experiment was conducted as complete randomized block design with
three replications. The lowest recorded temperature during the growth season was -12°C. Survival
percentage varied between 53 and 92% and the highest survival% (92%) was found in MLC8 and MLC33.
Survival of 25 genotypes was higher than 75%. Highest plant height (61cm) and number of filled pods per
plant (96 pods) was observed in MLC13 and MLC22, respectively. 100-grain weight in five genotypes
(MLC16, MLC454, MLC458, MLC71 and MLC303) was more than 3 grams. The highest biomass and
grain yield (3159 and 353 gm?, respectively) was found in MLC334. Results of cluster analysis and
comparison of the group means with overall mean indicated the superiority of eight genotypes (MLCS,
MLC12, MLC13, MLC33, MLC74, MLC103, MLC469 and MLC742) based on survival percntage and
grain yield. In general, among the 40 genotypes studied, eight genotypes had highest survival percentage
and superior yield in -12°C; although, more experiments are needed to confirm the freezing tolerance of
these genotypes.
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Figurel. Daily minimum and maximum temperatures during chickpea growing season in 2017-2018 in

Mashhad.

b slals oo 5 sl > 4z 0 ggemme 5 dilale Sl ilale 3lhe Blas slos (o lacs slaws =Y Jgax
Avags-ay L_‘?‘:‘)) JLw u;lo u,m.\.c LSLQ""""}') w‘b).: b oS 0,99
Tablel. Number of frosty nights, absolute monthly minimum temperature, monthly rainfall and total sub-
zero monthly temperatures during lentil genotypes growing season in 2017-2018 in Mashhad.

Date Frosty nights No.  Absolute monthly minimum temperature (°C)  Total temperatures below 0°C
Oct, Nov 0 1 -
Nov, Dec 15 -7 45
Dec, Jan 17 -5 42
Jan, Feb 18 -12 83
Feb, Mar 0 4 -
Mar, Apr 0 1 -
Apr, May 0 8 -
May, Jun 0 14 -
Jun, Jul 0 19 -
Jul, Aug 0 17 -

Based on the number of the nights with sub-ziro minimum temperature.
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Figure2. Relative abundance percentage of lentil genotypes in different ranges of post-winter survival in
field conditions.
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Table2. Survival percentage, plant height, yield and yield components of lentil genotypes in autumn
sowing during the growing year 2016-2017 in Mashhad.

Genotype Survival ﬁ’lgrg Lowest Branch IPiI(ZS Filled glr%?n Biomas Grain Biologica  Grain HI
eight height No. Plant! pod wetlgh s 1 yield yield
MIC 0 em) (em) I S e T )
8 92 56 14 2.8 330 84 1.81 27.8 2.55 1685 337 20
33 92 39 12 2.8 212 53 2.88 25.7 4.47 1079 258 24
13 91 61 9 3.0 307 89 1.97 26.3 3.58 1313 292 22
469 91 40 9 2.8 196 76 1.82 16.2 3.37 1152 364 32
103 90 47 8 3.0 189 78 1.59 17.3 4.21 1274 310 25
472 90 38 9 3.2 203 84 2.16 17.3 2.20 834 165 27
12 89 43 11 3.1 176 85 1.93 15.8 2.30 914 149 23
74 89 43 17 3.1 246 62 1.58 19.3 2.63 1099 194 18
163 86 29 7 3.2 124 67 2.36 9.9 1.07 269 70 25
84 85 43 9 2.8 260 95 1.68 19.5 3.64 967 243 26
70 84 53 15 3.1 280 50 1.71 22.7 4.34 1683 262 16
303 84 39 10 2.9 179 36 3.00 14.7 1.70 699 175 26
11 82 46 10 32 150 62 1.79 14.5 2.53 1117 261 23
334 82 36 21 2.9 86 79 1.86 9.8 2.94 3159 383 13
17 81 35 10 3.2 174 85 1.77 18.2 2.78 946 207 22
22 81 40 9 33 116 96 1.72 13.4 1.05 542 65 12
29 81 46 15 2.8 176 34 2.24 17.9 2.24 1337 180 15
47 81 52 15 3.0 521 95 1.88 43.2 3.35 1191 163 14
454 81 32 9 33 115 64 3.12 17.3 3.65 1107 305 28
169 80 43 13 32 116 56 1.76 17.9 1.91 1460 140 11
253 80 47 14 3.8 757 55 1.61 47.7 4.96 672 122 18
71 79 42 8 3.0 97 31 3.04 10.4 2.91 645 112 17
81 76 40 7 2.7 237 48 2.96 18.9 1.75 499 127 24
409 76 46 15 2.9 370 65 1.75 20.3 4.44 1349 243 17
55 75 39 12 3.0 216 69 2.21 335 2.24 806 138 15
61 73 33 10 2.7 166 75 2.94 17.2 4.72 587 166 28
91 73 39 12 2.8 165 44 2.13 11.9 3.43 811 154 20
407 73 51 12 2.8 256 97 1.88 17.2 4.08 1381 309 22
9 71 41 10 3.1 184 34 2.50 219 2.88 537 148 28
151 71 31 11 32 77 59 2.69 7.9 5.54 640 197 30
394 71 37 12 2.7 118 76 1.57 8.4 2.89 1020 185 20
83 69 40 15 2.8 192 54 2.10 17.7 5.37 986 252 27
16 68 39 11 2.4 174 61 3.37 15.9 3.17 643 134 21
337 67 38 11 23 72 26 2.99 8.3 0.975 282 57 17
38 66 34 11 32 291 24 1.95 20.3 4.60 1313 224 25
286 65 45 12 2.9 81 81 1.91 9.3 7.61 901 248 29
410 63 35 11 2.9 100 60 2.95 232 2.01 507 49 11
458 60 31 13 33 161 59 3.08 10.6 2.15 328 80 23
31 57 44 12 2.9 208 62 2.29 16.5 3.83 586 127 23
95 53 35 9 2.7 254 86 2.19 20.2 4.72 632 166 27
LSDo.os 18 31 4 0.6 110 25 0.42 8.5 1.72 476 99 8
P value * * ok ns ok ok ok ok ok *% ok *%
C.V (%) 16.9 23.0 24.2 14.1 38.9 28.4 14.0 339 38.9 36.1 37.6 259

CV oo gy Jlois! mhaw (o jlo goe B Blas LSD wgin (cwss )8 oliils al3 pole caSimghy wae & (9IS MLC
S Jlozl mhaw 5o jls e s oo gy Jloio ) maw o e pme i w0 iy Jleisl mhaw (o s pee ué s oDy (o

-0

MLC: Mashhad Lentil Collection, LSD: Least Significant Difference in p<0.05 probability level, C.V: Coefficient Variation, ns: non
significant at probability level, *: Significant at 5% of probability level, **: Significant at1% probability level.



0

Plant height (cm)
[ 7 T T S\
e & = o o

-
=]

1YAQ 550 oV 8 )L DY 5,90 oyl ! ol)5 (LS pole

49
41 42
- | i I I [
50-60 61-70 71-80 81-90 91-100
Survival range (%)

Acyie byl jo Gl 5l e iy il slaaials [0 uae lacadsi) jo wgy el | awgie -V IS

Figure3. Mean plant height of lentil genotypes in different post-winter survival in field conditions.

Table3. Post-winter correlation coefficient of morphological characteristic, yield and yield components of

40 Lentil genotypes in the field conditions.

1 2 3 4 5 6 7 8 9 10 11 12
1 Survive percentage 1
2 Plant height 0.38" 1
3 Lowest pod height -0.02"s 0.23s 1
4 Branch No 0.23"s -0.02m 0.01" 1
5 Pod No. 0.17m 0.50"" 0.24ns 0.34" 1
6 Filled pod 0.24ns 0.24ns -0.03"s 0.06™ 0.13ns 1
7 100 grain weight -0.34* -0.48" -0.32" -0.30™ -0.36 -0.46™ 1
8 Biomass. plant’! 0.20m 0.47" 0.20m 0.3 0.86™ 0.14ns -0.24ns 1
9 Yield. plant™! -0.24"s 0.14ns 0.17m 0.03s 0.24ns 0.18" -0.18 0.13m 1
10 Biological yield 0.39" 0.38" 0.64"™ 0.01" 0.09"s 0.22" -0.49" 0.08 0.17 1
11 Grain yield 0.43™ 0.37" 0.27" -0.07™ 0.08" 0.31" -0.41" 0.03 0.44™ 0.77" 1
12 HI -0.04" 027" -0.48™  -0.05"  -0.12™ 0.05 0.18" -0.25m 0.43" -0.28%  0.30 1

o0 Sy g g Jlesol ok jo lo pime g o gire pf S Sy

% s
9

" and ™*: non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure4. Mean of biomass and grain weight per plant (A) and grain and biological yield (B) in Lentil
genotypes in different survival ranges under winter stress in field conditions.
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Figure5. Cluster grouping of Lentil genotypes based on studied characteristic under winter stress in the
field conditions.
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Table4. Mean and deviation from mean of groups in cluster analysis for studied traits of Lentil genotypes
under winter stress in the field conditions.

Group
1 2 3 4 5
11,17, 22,29, 47, 31,95, 458
Genotypes (MLC) 70,71, 84, 163, 8,12, 13,33, 74, 9,55, 61, 81,91, 16, 38, 83, 286,
169, 253, 303, 334, 103, 469, 742 151, 394, 407, 409 337,410
454
) Group Deviation Group Deviation Group Deviation Group Deviation Group Deviation
Traits from from from from from
mean mean mean mean mean mean mean mean mean mean
Survival (%) 82 4 91 13 73 -4 66 -11 57 21
Plant height (cm) 42 0 46 5 40 2 39 3 37 -5
Lowest pod height 12 0 11 0 11 0 12 0 11 0
No. of branches (plant™) 3.1 0.2 3.0 0.0 29 -0.1 2.8 0.2 3.0 0.0
Pod No. (plant™) 225 17 232 24 199 -10 152 -57 208 -1
Filled pod% 65 0 76 11 63 2 51 -14 69 4
100- grain weight (g) 2.1 -0.1 2.0 0.3 23 0.1 25 0.3 25 0.3
Biomass (g.plant”) 20 1 21 2 17 -1 16 3 16 3
Grain weight (g.plant™) 2.8 -0.5 32 -0.1 3.6 0.3 4.0 0.7 3.6 0.3
Biological yield (g.m?) 1128 154 1169 195 848 -126 772 202 515 -458
Grain yield (g.m?) 192 2 259 65 185 9 161 33 124 -70
Harvest Index (%) 19 3 24 2 23 1 22 0 24 3
MLC: Mashhad Lentil Collection. gl w908 oRiils ol pole caSlimghy was Hd HeeSIS :MLC
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