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ABSTRACT

A factorial experiment in a randomized complete block design with three replications was carried out to
evaluate the freezin% tolerance of 40 lentil genotypes, at the Research Center for Plant Science, Ferdowsi
University of Mashhad, in 2017-2018. The status of chlorophyll fluorescence parameters was studied in
eight genotypes (seven tolerant: MLC11, MLC12, MLC17, MLC38, MLC95, MLC409, and MLC410
and one intolerant: MLC9) and five time periods (before stress, 12, 24, 48, and 72 hours) exposed to
freezing temperatures (-13, -15 and —18°C§) for one hour. The results showed that the value of F'm in
MLC409, 72 hours after freezing stress, was slightly different from its value in the early hours. The
maximum efficiency of photosystem Il (F'/F'n) was not affected by temperature decline from -13 to -
18°C. MLC9 F'/F'm, however, decreased by 26% when the temperature declined from -13 to -18°C.
Furthermore, F'\/F'n decreased by 14% at -18°C 24h after the freezing stress, which was the greatest
decrease compared to -13 and -15°C. However, 48 h after freezing stress, the optimal recovery trend was
evident at all temperatures. Although the operational efficiency of photosystem Il (F'y/F'n) decreased at
all three temperatures, 24 h after the freezing stress, this decrease was greater at -18°C than at other
temperatures. Except for the MLC9, other genotypes, especially MLC12, could improve freezing stress
damage 24 h after stress and gradually return to F'v/F'm before freezing stress. In general, the freezing-
tolerant genotypes and in addition to the survival rate of more than 80% at -18°C, showed a high potential
to restore the photosystemll performance, which can be considered for further studies for autumn
cultivation in cold and highland regions.
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Table 1. Lentil genotypes used in the experiment

No. Genotype No. Genotype No. Genotype No. Genotype
1. MLC8" 11. MLC33 21. MLC84 3L MLC334
2. MLC9 12. MLC38 22. MLC91 32. MLC337
3. MLC11 13. MLC47 23. MLC95 33 MLC394
4. MLC12 14. MLC55 24. MLC103 34. MLC407
5. MLC13 15. MLC61 25. MLC151 35. MLC409
6. MLC16 16. MLC70 26. MLC163 36. MLC410
7. MLC17 17. MLC71 27. MLC169 3r. MLC454
8. MLC22 18. MLC74 28. MLC253 38. MLC458
9. MLC29 19. MLC81 29. MLC286 39. MLC469
10. MLC31 20. MLC83 30. MLC303 40. MLC472
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Figure 1. Daily minimum and maximum temperatures of Mashhad for cold acclimation in 2017-2018.
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Table 2. Charachteristics, equations and description of chlorophyll fluorescence measured in the
experiment (Baker, 2008).

Parameter Formula

Description

F'u/F'm (F'm—Fo)/F'm
F'y/F'mn=0PSII (F'm—F")F'n

qL (F'TR)(Fo/F)

Maximum efficiency of PSII photochemistry in the light, if all centres were

open

PSII operating efficiency: the quantum efficiency of PSII electron transport

in the light

Estimates the fraction of open PSII centres
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Figure 2. Frequency of Lentil genotypes in different survival range at three freezing temperatures (-13, -

15 and -18°C). The identified cases show seven selected freezing tolerate genotypes.
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Table 3. Variance analysis (mean square) of chlorophyll fluorescence parameters of eight lentile

genotypes under freezing stress, time measurement and recovery periods.

Source of variation df Fo Fm F FJ//F'm F'y/F'm qL’

Replication 2 12783" 75782 55028" 0.045™ 0.056™ 0.000™
Genotype (G) 7 20828™ 234025 249725™ 0.074" 0.081" 0.002"
Temperature (T) 2 11612™ 186891 289859™ 0.083™ 0.085™ 0.000"
Recovery period (R) 4 443947 5060959™ 2709649 0.094™ 0.110™ 0.007™
TG 14 4350 71994" 67327 0.014™ 0.015™ 0.000™
RxG 28 8408™ 85817 56169™ 0.008" 0.010™ 0.002"
RxT 8 4391" 43904 52285 0.010" 0.011" 0.000"™
TxRxG 56 3202 32723™ 21934"s 0.003™ 0.003™ 0.000™
Error 238 3841 36667 27188 0.005 0.005 0.001
CV% - 23.2 21.3 26.1 10.3 10.6 35
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Table 4. Mean comparison of chlorophyll fluorescence parameters in selected lentil genotypes during
recovery period.

Genotype Recovery Fy F'am F, F'o/Fm o
Before stress 315+35.2°9 778+24.2% 462+43.8™ 0.572+0.05™° 0.994+0.02%¢
12 441+58.2% 1262+103.4% 820+110.9¢¢ 0.639+0.05"™ 0.997+0.01¢
MLC9 24 314433.6%9 72946521 415+73.8k™ 0.543+0.06° 0.996+0.01¢
48 226+13.3™ 689+56.0" 462+48.8™ 0.6630.02"« 0.999+0.01¢

72 243+14.6M™ 653+79.2" 410+79.9"™ 0.588+0.06"° 0.985+0.01¢

Before stress 155+10.2° 503+28.3™ 348+30.3™ 0.646+0.029" 1.08+0.03*
12 364+33.1 1446+74.8%° 1082+47.6%® 0.753+0.01%°¢ 0.996+0.01¢
MLC11 24 316+22.4%9 982+44.6° 666+31.0"" 0.681+0.01% 0.998+0.01%
48 215+15.2"° 785+63.3¢ 569+49.6M 0.724+0.01% 0.999+0.01¢

72 218+12.0™° 830:+48.4¢1 611+37.9% 0.744+0.012¢ 0.977+0.02¢

Before stress 208+12.41° 872+83.5¢1 664+72.9™" 0.762+0.01° 0.979+0.03¢
12 358+19.2% 1464452.1% 1106+40.9? 0.757+0.01% 0.997+0.01¢
MLC12 24 284+16.9% 927+47.5%9 643+35.0M" 0.694+0.01% 0.997+0.01¢
48 212+10.2i° 829+43.1% 616+33.9M" 0.744+0.012¢ 0.998+0.01¢
72 244+16.9"™ 946+68.6° 702452.6%¢ 0.747+0.012¢ 0.997+0.01¢

Before stress 178+8.3m° 529+61.6%™ 350+57.7™ 0.646+0.039" 0.982+0.02¢

12 325+14.7° 1184+54.6¢ 859+50.2% 0.724+0.01% 1.01+0.01b¢
MLC17 24 284+21.0% 850+53.9¢ 565+42,09% 0.66520.02"« 0.997+0.01¢
48 193+8.8%° 728+45.7" 535+39.1" 0.738+0.01%¢ 0.988+0.01¢

72 214+10.6° 785+41 5% 571+32.6M 0.726+0.01% 0.987+0.01¢

Before stress 192+10.1%° 631+109.5" 439+99.6/™ 0.612+0.05%" 1.00+0.01¢

12 433425.7% 1366+86.9%¢ 932+77.4 0.675+0.03%* 0.998+0.01¢

MLC38 24 299:+26.4%" 825+58.4%1 526+43.9" 0.635+0.02"™ 0.999+0.01¢
48 236+7.5MM 941+53.1¢f 705+46.5%9 0.747+0.012¢ 0.998+0.01¢

72 224+11.4"° 851+44.7¢1 626+34.7 0.735+0.01%¢ 1.00+0.01¢

Before stress 163+17.1™ 385+24.8™ 221+8.4" 0.552+0.01™ 1.03+0.02%

12 3824242 1319+73.9%¢ 937+65.8> 0.707+0.02%9 0.998+0.01¢

MLC95 24 334+28.1°¢ 877+65.1¢" 542+455.4" 0.6110.04%" 0.989+0.01¢
48 213+13.8i° 777469.1% 563+57.09" 0.724+0.01>f 0.989+0.01¢

72 255+15.69" 863+40.7¢ 608+38.4" 0.701+0.02% 0.999+0.01¢

Before stress 185+4.9%° 766+49.8% 580+48.8" 0.748+0.02%¢ 1.00+0.01%

12 332424.2¢¢ 1224+115.5° 891+92.2° 0.721+0.01>f 0.998+0.01¢

MLC409 24 277+14.9% 797+64.3% 519+58.1"" 0.642+0.029" 0.999+0.01¢
48 206+10.7%° 765+61.3% 559+52.79" 0.727+0.01% 0.994+0.01¢

72 23448 8Mm 865+44.1%1 630+37.2" 0.729+0.01%f 0.995+0.01¢

Before stress 160+13.8™ 707+101.29% 546+101.4™ 0.702+0.05%" 1.04+0.02°

12 461+21.9 1524+111.72 1062+94.3® 0.6880.02°7 0.999+0.01¢

MLC410 24 328+32.0%¢ 872+49.5¢1 543+42.6" 0.625+0.03"™ 0.997+0.01¢
48 224+16.4"° 851+53.4% 626+38.3™ 0.739+0.01%¢ 0.997+0.01¢

72 257+11.4% 979+54.0° 721+48.4%f 0.734+0.02%¢ 0.996+0.01¢

polie 1SS s 88 gl e WS o ys g Jleisl mhaw 5o 555 Gaejl bl (gt ja 50 alie gy b lo Sile
sl @SE) 1 5 ailial slas ¢ (oSl saimoylise
Means fallowed by the same letter(s) in the same column are not significantly different based on Duncan test (p<0.05). Each value

represents the mean and its standard error (+SE).
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Table 5. Effect of freezing temperatures on chlorophyll fluorescence parameters in lentil genotypes

Genotype Temperature (°C) Fn Fy F'\J/F'y F'y/F'n
-13 961+73.22¢ 685+63.6*¢ 0.703+0.02%°¢ 0.703+0.02%¢
MLC9 -15 837+86.9%¢ 517+73.6% 0.591+0.03° 0.586+0.03f
-18 669+57.4 341+34.79 0.518+0.04f 0.514+0.049
-13 861+80.4*¢ 627+65.8>" 0.718+0.01%¢ 0.711+0.01%¢
MLC11 -15 873+90.1%¢ 637+71.4"¢ 0.722+0.01% 0.716+0.02%¢
-18 994+101.42° 703+73.2*¢ 0.704+0.01%¢ 0.702+0.0224
-13 998+72.7%¢ 728+56.5% 0.726+0.01% 0.728+0.01%¢
MLC12 -15 1019+70.72 768+57.32 0.749+0.01° 0.757+0.012
-18 1006+87.0%° 745+68.6% 0.7350.01° 0.738+0.01%
-13 872+82.0*¢ 631+65.5>f 0.712+0.02%¢ 0.719+0.01%¢
MLC17 -15 847+60.0°° 604+47.4%9 0.704+0.02%¢ 0.708+0.022¢
-18 7274565 493+43.49 0.669+0.02"¢ 0.673+0.02¢¢
-13 970+87.0*° 693+66.8% 0.703+0.02%¢ 0.698+0.03*¢
MLC38 -15 912+85.7%¢ 649+67.9%¢ 0.698+0.02%¢ 0.6930.02"¢
-18 888+84.0*¢ 596+63.3°9 0.657+0.02¢ 0.651+0.03%
-13 835+86.4%¢ 570+65.9%9 0.6730.02"¢ 0.669+0.02¢¢
MLC95 -15 912+95.6*¢ 649+76.9>¢ 0.694+0.02%¢ 0.689+0.02"¢
-18 785+86.9%f 504+65.19 0.626+0.03% 0.620+0.03¢
-13 930+83.3*¢ 680+64.9*¢ 0.7260.01% 0.726+0.01%¢
MLC409 -15 926+66.0*¢ 670+54.8*¢ 0.717+0.02%*¢ 0.718+0.02%¢
-18 794+56.0%f 559+47.1¢9 0.696+0.022¢ 0.698+0.022¢
-13 969+97.9%° 705+73.6%° 0.718+0.02%¢ 0.716+0.02%¢
MLC410 -15 1025+107.9 738+81.2% 0.712+0.02%¢ 0.710+0.022¢
-18 965+79.4*¢ 658+64.8%¢ 0.670+0.03"¢ 0.667+0.03%¢

polie 51y ja ol ao o i Jleisl mlaw jo (gl me B! (Sils fygejl Gell 5 et 12 50 alie g b sla Sl
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Within each column, means fallowed by the same letter are not significantly different based on Duncan test (p<0.05). Each value

represents the mean and its standard error (+SE).
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Figure 3. Trends of maximum efficiency changes of PSII photochemistry in the light (Fv'/F 'm), during
recovery period. Vertical bars indicate standard error
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Figure 4. Trends of maximum efficiency changes of PSII photochemistry (Fv'/F’'m) and PSII operating
efficiency in the light under freezing stress, during recovery period. Vertical bars indicate standard error
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