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Rapid and efficient recovery from water deficit stress may be one of the key determinants
of drought adaptation in plants. The present study was designed to investigate drought stress
tolerance and recovery in promising lentil lines at the flowering stage. For this, a factorial
experiment based on the completely randomized design was conducted with three
replications. The factors included 6 lentil lines, drought stress (control (irrigation at 80%
FC or 20% moisture depletion), medium stress (irrigation at 55% FC or 45% moisture
depletion), and severe stress (irrigation at 30% FC or 70% moisture depletion)), and three
sampling times (three and six days after drought, and recovery (two days after re-
irrigation)). Drought stress caused a decrease in chlorophyll a, chlorophyll b, total
chlorophyll, carotenoid, protein, yield, and yield components. The reduction of these traits
was more remarkable at six days after stress. However, during the recovery time remarkable
increase was observed in these traits. The results showed that the correlation between H202
and MDA was significant and positive. Furthermore, drought stress increased the amount
of proline, H202, and MDA, which resulted in an increase in the activity of antioxidant
enzymes (catalase, polyphenol oxidase, and peroxidase). An increase in the intensity and
duration of the drought stress also caused an increase in H202 and MDA content and the
activity of antioxidant enzymes. In addition, in the recovery conditions, a significant
reduction in the destructive effects of stress (H202, MDA content) and the activity of
antioxidant enzymes was visible. The results of the present study indicated that the effects
of drought stress on lentil lines yield and yield components (seed number, number of pods,
100-seed weight, and seed yield) were varied. Drought stress at the flowering stage
decreased the number of seeds and pods per plant, and 100-seed weight, which led to yield
losses. Although line 2 had the highest yield under normal and drought stress conditions,
line 1 exhibited the lowest yield under stress conditions. Based on the results of this
experiment, line 2 seems to be a suitable line for culture in the regions challenged with
water deficit stress.
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Line-1  FLIP2011-6L ILL 6434 X ILL 6972-11 ARLYT2 (2012-13) ICARDA
Line-2  ILL 7547 x ILL 6211 2006-02-0G-0GA-0GA-11 -9 ARLYT3 (2012-13) IRAN
Line-3  FLIP 2005-53L-7 URLYT (2010-13) ICARDA
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Line-5  FLIP2010-8L ILL 2126 X ILL 6199-5 ARLYT2 (2012-13) ICARDA
Line-6  FLIP2011-1L ILL 6443 X ILL 1005-7 ARLYT2 (2012-13) ICARDA

oilejl 2)90 SB oland g (Sojid Sluogad S ¥ g
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1
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Drought  Sampling Chl.a Chl.b Total Chl. Carotenoid Proline Protein
stress Time
mg.g* FW
80% 3day 3.16+0.05 ™0 0.42+0.04¢" 3.58+0.08°1 4.36+0.08"™ 1.09+0.04°" 0.57+0.01'™
6 day 3.28+0.04™° 0.37+0.02" 3.65+0.02°1 4.51+0.131" 1.09+0.01°" 0.55+0.01'™
Recovery 3.34+0.07™ 041+0.03¢" 3.75+0.05°" 4.56+0.031" 1.12+0.01™" 0.54+0.01"™
55% 3 day 3.12+0.09%° 0.21+0.01° 3.34+0.11% 4.5620.17" 1.06+0.03°" 0.58+0.02
6 day 2.80+0.14"* 0.15+0.05"" 2.95+0.19"Y 3.99+0.31P™ 1.16+0.03™" 0.56+0.01'™
Recovery 3.07+0.07°" 0.26+0.03°P 3.33+0.09" 4.12+0.07"™ 1.13+0.09™" 0.56+0.01™
30% 3 day 2.99+0.32% 0.27+0.09%P 3.26x0.41"" 4.790.72% 1.16+0.10™" 0.51+0.02°
6 day 1.78+0.50%* 0.20+0.01*" 1.98+0.49” 2.33+0.81"* 1.43+0.114 0.50+0.03
Recovery 2.90+0.36"* 0.30+0.02"° 3.20+0.35"Y 4,09+0.69"™ 1.160.07™" 0.56+0.01'™
80% 3 day 2.97+0.05°* 0.40+0.03¢ 3.37+0.07°" 3.62+0.07°" 1.04+0.00° 0.99+0.01°
6 day 2.83+0.05** 0.33+0.04"° 3.16+0.08 3.86+0.05P" 1.04+0.04° 0.98+0.01%
Recovery 2.90+0.04"* 0.36+0.01"° 3.27+0.05"Y 3.76+0.097" 1.04+0.04° 0.99+0.00°
55% 3 day 2.67+0.09" 0.24+0.05%" 2.91+0.09" 3.09+0.21% 1.33+£0.10™ 0.91+0.02¢
6 day 2.23+0.17v* 0.19+0.02"" 2.91+0.18"" 2.76+0.12" 1.59+0.12" 0.84+0.03f
Recovery 2.57+0.20" 0.30+0.03"? 2.87+0.22M 3.36+0.20°" 1.43+0.09™ 0.94+0.04%
30% 3 day 2.17+0.39Y 0.20+0.1% 2.37+0.49¥* 2.34+0.59" 2.02+0.27¢ 0.70+0.04"
6 day 1.49+0.42* 0.093+0.08" 1.59+0.51* 2.04+0.47* 2.01+0.32¢ 0.63+0.03)
Recovery 2.87+0.38"* 0.37+0.07" 3.24+0.45"Y 3.69+0.47°" 1.13+0.30™" 0.75+0.04¢
80% 3 day 2.93+0.08% 0.20+0.01*" 3.13+0.09™Y 3.94+0.16P™ 1.18+0.02™" 1.04+0.01°
6 day 2.75+0.07"* 0.236+0.02°" 2.99+0.06"" 3.52+0.14°%" 1.18+0.06™" 1.08+0.03%
Recovery 2.70+0.07"* 0.230+0.02°" 2.93+0.05"" 3.62+0.09°" 1.11+0.01°" 1.09+0.01%
55% 3 day 2.27+0.13* 0.20+0.01% 2.47+0.14%" 3.32+0.03°" 1.59+0.18" 0.96+0.02%
6 day 2.73+.21%% 0.184+0.02" 2.92+0.21" 3.22+0.03" 1.96+0.15%¢ 0.86+0.02f
Recovery 2.70+0.12"* 0.196+0.02"" 2.9+0.10"" 3.29+0.12°* 1.79+0.17% 0.94+0.05%¢
30% 3 day 2.03+£0.377* 0.22+0.02%" 2.25+0.35"* 3.24+0.07% 2.85+0.31° 0.65+0.08"
6 day 3.17+0.38"° 0.1940.02" 3.36+0.40° 3.29+0.18%¢ 3.63+0.23* 0.67+0.09™"
Recovery 3.22£0.42™° 0.21+0.04%¢ 3.43+0.39%¢ 3.49+0.08°" 2.86+0.26° 0.92+0.09°
80% 3day 4.97+0.39° 0.49+0.06%°¢ 5.46+0.34° 5.53+0.39% 1.03+0.02° 0.52+0.027°
6 day 4.24+0.25¢ 0.65+0.06° 4.89+0.21%¢ 5.83+0.25% 1.15+0.05™" 0.52+0.007°
Recovery 3.9+0.32¢ 0.58+0.02°¢ 4.48+0.32" 6.08+0.24% 1.1+0.03°" 0.54+0.01"™
55% 3 day 4.20+0.17¢ 0.53+0.02¢ 4.73+0.20%° 5.56+0.17" 1.26+0.03™" 0.57+0.01'™m
6 day 3.27£0.30™° 0.44+0.03%" 3.71+0.32°" 5.06+0.17% 1.33+0.07™! 0.58+0.01'™
Recovery 3.87+0.35® 0.48+0.03%° 4.35+0.38" 5.39+0.17°¢ 1.33+0.09™ 0.56+0.01'™
30% 3 day 3.41+0.684 0.51+0.07%¢ 3.92+0.74"" 5.7+0.56%°¢ 1.72+0.109" 0.67+0.03"
6 day 1.96+0.65"* 0.35+0.06"° 2.32+0.717* 3.3740.79%" 1.75+0.07%f 0.67+0.02"
Recovery 4.17+0.61¢ 0.51+0.03% 4.68+0.64%" 4.76+0.72" 1.460.10" 0.58+0.03¢
80% 3day 3.51+0.05" 0.38+0.04" 3.89+0.08" 4.30+0.08'™ 1.70£0.049" 0.45+0.01"
6 day 3.63+0.04 0.33+0.02"" 3.96+0.02'™ 4.45+0.131" 1.70+0.019" 0.43+0.01"*
Recovery 3.69+0.07" 0.37+0.03" 4.06+0.05 45+0.03™ 1.73+0.019f 0.42+0.01"*
55% 3 day 3.47+0.09 0.176x0.01" 3.65+0.11°%4 4.5+0.17" 1.67+0.03"" 0.46+0.02"*
6 day 3.15+0.14%° 0.11+0.05™ 3.26x£0.19%" 3.93+0.31P™ 1.77+0.03%f 0.44+0.01"*
Recovery 3.42+0.074 0.22+0.03¢ 3.64+0.09%1 4.06+0.07"™ 1.74+0.099f 0.44+0.01™
30% 3 day 3.34%0.32" 0.23+0.02% 3.57+0.31% 4.73+0.72™ 1.77+0.10%f 0.39+0.02"
6 day 2.13+0.50"* 0.10+0.12" 2.24+0.62Y* 2.27+0.81% 2.04+0.114 0.38+0.03"
Recovery 3.25+0.36™° 0.26+0.04°° 3.51+0.39%¢ 4.03+0.69"™ 1.77+0.07% 0.44+0.01™
80% 3day 5.32+0.39* 0.45+0.06¢" 5.77+0.34* 5.47+0.39%¢ 1.64+0.02" 0.40+0.02""
6 day 4.6+0.25° 0.61+0.06* 5.2+0.21° 5.77+0.25¢ 1.7620.05%f 0.40£0.00v"
Recovery 4.25+0.32¢ 0.54+0.02% 4.79+0.329°¢ 6.02+0.24% 1.71+0.03¢" 0.42+0.01v*
55% 3 day 4.50+0.17¢ 0.49+0.02¢%°¢ 5.04+0.20% 5.5+0.17%¢ 1.87+0.03%f 0.45+0.01"*
6 day 3.62+0.30"9 0.40+0.03¢" 4.02+0.32' 5+0.17%9 1.94+0.07%f 0.46+0.01"*
Recovery 4.22+0.35¢ 0.44+0.03¢%" 4.66+0.38%" 5.33+0.17°° 1.94+0.09% 0.44+0.01™
30% 3 day 3.760.68™ 0.47+0.07¢ 4.23+0.74 5.69+0.56%¢ 2.330.10° 0.51+0.03%
6 day 2.31+0.65*Y 0.31+0.06"" 2.63x0.71" 3.31+0.79%" 2.36x0.07° 0.55+0.02'™

Recovery 4.52+0.61° 0.47+0.03%" 4.99+0.64% 4.740.72 2.07+0.10° 0.46+0.03'
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Source DF MDA H202 CAT PPO POX

Genotype 5) 270.72™  147.0™ 305.8™ 1057 232.3"
Stress 2 11.52™ 5422  112.2"  29.72™  58.24™
Sampling time 2 112.9" 6.11" 56.34™  10.88™  102.9"
Stress* Genotype 10 118,57  2.11™ 4408  3.42™ 59.25™
Genotype *Sampling time 10 8.27" 0.250"™ 13,53  2.26™ 45.46™
Stress *Sampling time 4 41.73" 2.23" 16.477 440 21717
Stress *Sampling time * Genotype 20 3.18™ 0.580™  11.09™  1.05™ 21.83"
Error 108 0.45 0.041 0.703 0.089 0.95

CV (%) 5.94 4.94 4.04 6.35 3.82
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1 80%

55%

30%
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3 80%

55%

30%

4 80%

55%

30%

5 80%

55%

30%

6 80%

55%

30%

Drought Sampling

Time

3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery
3 day
6 day
Recovery

MDA

umol.g*t
5.01+0.03°
5.2+0.155"
5.3£0.154%"
11.88+1.73k
15.21+1.869
10.21+0.88™
17.3542.73¢°
23.10+2.58°
13.71+2.91"
6.40+0.13°P
6.38+0.13%
6.08+0.06%"
6.18+0.00%"
6.41+0.22°P
6.38+0.06%
6.23£0.779"
9.15+1.0m"
6.45+1.08P
8.57+£0.03°"
8.28+0.18°"
8.36+0.06°"
8.55+0.32°"
8.61+0.27°"
8.21+0.17"
7.84+0.27°
8.48+0.39°"
7.88+0.25°
7.90£0.10°
7.89+0.03°
8.08+0.07°"
11.21+1.201
13.55+1.15"
10.88+0.67i
22.96+2.39°
25.5142.042
18.55+1.684
5.46+0.03%"
5.7+0.154%"
5.7+0.15%"
12.33+1.731
15.66+1.86f
10.66+0.88'f
17.8+2.734%
23.56+2.58°
14.16+2.919
8.35+0.10°"
8.34+0.03°"
8.53+0.07°"
11.66+1.201
14+1.15"
11.33+0.67
23.4+2.390
25.96+2.042
19+1.67¢

H202

11.29+0.32%"
12.96+0.38°°
12.04+0.18°
12.70£0.33°™
13.54+0.33%
12.70£0.17°™
14.86+0.61%¢
14.66+0.24"¢
13.54+0.69%
9.54+0.10v
9.54+0.03"
9.37+0.03"
9.64+0.18W
9.64+0.09W
9.60+0.09¥
10.04+0.30*v
10.84+0.58%"
9.47+0.35Y
9.50£0.04Y
9.59+0.03"
9.64+0.12%W
10.54+0.19*"
10.80+0.179"
10.20£0.21*v
11.30£0.479"
11.47+0.579
9.90£0.47*v
13.20+0.26%!
13.41+0.18%
13.14+0.23™
13.77+0.151
14.10+0.17%
13.84+0.15"
14.95+1.27%¢
16.94+0.50°
14.87+0.74%¢
12.50+0.32°"
13.40+0.38%!
13.25+0.18%!
13.91+0.33"
14.75+0.33"¢
13.9£0.1717
16.07+0.61%
15.87+0.24%
14.75+0.69%¢
14.41+0.26"
14.62+0.18"
14.35+0.23"
14.98+0.15"¢
15.31+0.17¢¢
15.05+0.15"¢
16.16+1.27%
18.15+0.502
16.08+0.74%

CAT

U. mg ! protein
18.2+0.691
20.64+0.68PM
20.08+0.96P"
20.42+0.67P"
21.75+0.67"
20.75+0.33P™M
24.27+1,73%
22.09+0.447
21.08+0.75%1
10.09£0.10¥
9.98+0.16Y
9.85+0.13Y
13.58+0.88%
16.42+2.03Y
11.75£1.17%
18.4+3.784
22.80+3.659f
10.92+2.98Y*
19.19+0.40t"
19.06+0.43"
18.75+0.20"¢
20.42+0.93P T
22.25+0.88
21.4+0.88
27.41+1.96°
31.12+2.422
23.42+2.38%
20.51+0.4Qp-m
22.11+0.36"
21.42+0.66"
21.08+0.33°1
19.92+0.33
20.75x0.44p-m
16.42+1.82Y
21.26+1.07%
20.75+1.76PM
19.45+0.69P"
21.89+0.68
21.33+0.96"
21.67+0.677
23+0.679F
22+0.33H
25.52+1.96°
23.34+0.449F
22+0.754
21.760.40
23.36+0.36%f
22.67+0.66"f
22.33+0.33
21.17+0.33
22+0.44H
17.67+£1.82w
22.51+1.07"
22+1.76"
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PPO

4.27+0.19
4.84+0.20°"
4.60+0.17°P
4.47+0.15%P
4.77+0.20°P
4.80+£0.17°P
5.11+0.17™k
5.17+0.097k
4.87+0.04°"
2.38+0.07Y*
2.36+0.05%
2.234£0.03?
2.97+1.00¥*
4.53+0.38°P
2.60+0.44y2
5.87+1.16%f
7.63+1.490
2.83+1.56Y*
3.4240.06%W
3.6440.23*W
3.434£0.05%W
4.17+0.44"
4.80+0.28°P
3.80+0.21*t
6.71+1.35
8.44+1.522
3.70+1.32%w
3.74+0.24%Y
3.404£0.07%W
3.4240.14%W
4.17+0.19"
4.33+0.15™P
3.83+0.12vt
4.71+0.24°P
4.72+0.17°P
4+0.30Vt
5.4+0.197k
5.97+0.20%
5.73+0.17"f
5.6+0.15"f
5.9+0.20¢f
5.93+0.17¢f
6.24+0.17
6.3+0.094c
6+0.04%
4.92+0.24%%
4.47+0.07°P
4.53+0.14°P
5.3+0.197k
5.46+0.15
4.96+0.12mk
5.84+0.24¢%f
5.85+0.17¢f
5.1+0.307k

POX

26.21+0.54r°
28.45+0.87"
27.62+1.15™
25.1240.73%
27.95+1.30™
27.22+0.58™°
19.25+2.93%*
29.01+3.52
27.99+2.87m
17.96+0.05*
17.85+0.29*
18.62+0.41y*
22.95%2.31vW
28.29+2.91mK
19.29+2.40%*
32.09+5.50%
38.25+5.74%
27.1+£5.57™°
27.10+0.14™°
26.93+0.23™°
27.12+0.39™°
27.79£0.37™
28.95+0.87M
27.39£0.29™
29.94+1.90Md
33.04£2.07°
27.29+1.23™°
20.34+0.27¥*
21.54+0.34¥W
20.99+0.50%W
21.95+0.17vW
22.29+1.00v"
20.79+0.29yW
24.25+0.85%"
20.89+1.13¥*
20.29+1.74y*
28.7140.54"
30.95+0.87¢¢
30.12+1.15%
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S.0vV DF 100 seed seed pod number  Seed yield
number number per plant
per plant

Genotype 5 423" 12.40™ 59.81" 39.07™
Drought stress 2 3.06™ 6.97"" 72.0" 7.53™
Genotype *drought 10 0.241™ 0.95™ 2.97 0.34™
error 36 0.012 0.11 0.17 0.43
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Cultivars Drought stress 100 seed seed number pod number Seed yield
number per plant per plant
1 Control(80%) 2.5440.51' 2.94+0.20" 16.94+1.51 1.24+0.05%
drought stress(55%) 2.40%0.24" 2.5440.27h 13.44+0.66% 0.69£0.05™
drought stress(30%) 2.24+0.10} 2.47+0.31 144240577 0.600.05™
2 Control(80%) 4.41+0.06° 7.14+0.22° 23.94+0.572 7.53+0.132
drought stress(55%) 4+0.09° 5.54:+0.24b 23.04+0.33°  6.53+0.15°
drought stress(30%) 3.20£0.11F 5.87+0.22° 18.94+0.88¢  5.79+0.17¢
3 Control(80%) 4.83+0.062 4.87+0.22° 17.60+0.66%  4.10+0.41¢
drought stress(55%) 3.9+0.85% 4.24+1.82¢% 15.44+1.481 3.79+0.40¢
drought stress(30%) 3.1+0.779f 3.04+1.419 14.60+1.34 2.69+0.239f
4 Control(80%) 3.7+0.04¢ 4.91+0.13¢ 19.60+0.8¢ 3.63+£0.21°
drought stress(55%) 3.40+0.12¢ 3.5440.39¢f 17.44+0.13%®  2.49+0.219
drought stress(30%) 3+0.159 1.97+0.46' 14.60+0.181 1.49+0.15)
5 Control(80%) 3.49+0.04¢ 4.87+0.15°¢ 16.94+0.43f 2.48+0.149
drought stress(55%) 3.20+0.24° 4.24+0.16% 16.44+0.50"  2.19+0.17"
drought stress(30%) 2.87+0.27" 4.20+0.08¢% 13.44+0.56%  1.28+0.09%
6 Control(80%) 2.53+0.05' 4.34+0.149%¢ 20.94+0.10° 1.72+0.05'
drought stress(55%) 2.40+0.53 4.14+0.30% 17.94+0.19¢ 1.29+0.41k
drought stress(30%) 2.23+0.48 3.81+0.36 15.94+0.26" 1.09+0.44'
LSD (5%) 0.184 0.570 0.688 0.181
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