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Extended abstract

Introduction

Drought stress is one of the most important abiotic factors that can limit plant growth and yield. The
response of plants to water limitation has been evaluated based on genetic, biochemical, and morpho-
physiological traits. Plants are constantly affected by drought stress and re-irrigation. Therefore, rapid
and efficient recovery from water deficit stress may be one of the key determinants of drought adaptation
in plants. The aim of this research was the evaluation of drought stress tolerance and recovery in lentil
cultivars after stress conditions.

Materials and methods

In order to evaluate the response of lentil cultivars to drought stress and re-irrigation, a factorial split-
plot experiment based on a randomized complete block design with three replications was conducted in
the greenhouse. Drought stress was applied at the flowering stage. The factors include 4 lentil cultivars
(Namin landrace and Sepehr, Gachsaran, and Kimiya cultivars), drought stress (control (irrigation at
80% FC), medium stress (irrigation at 55% FC) and severe stress (irrigation at 30% FC)) and 3 sampling
times (three and six days after drought and recovery (two days after re-irrigation)). All the plants were
allowed to grow until the flowering stage (50 days after sowing) under well-watered conditions (80% FC
(field capacity) of soil). Afterward, the plants were randomly assigned to three different groups and were
exposed to different irrigation regimes including the control (well-watered and maintained at 80% FC),
medium stress (watered and maintained at 55% FC), and severe drought stress (watered and maintained
at 30% FC). The moisture content of the soil was controlled and maintained within a defined range using
the weight method. Stress conditions were kept until the crop maturity and harvesting stage. The leaf
samples from 5 seedlings of each pod were collected at 3 and 6 days after drought stress exposure, and
two days after re-irrigation and used for physiological and biochemical analysis. The samples
immediately were frozen in liquid nitrogen and stored at —80°C until analysis.
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Results and discussion

The results showed that adaptation to drought stress was closely related to the recovery ability of plants.
Drought stress caused a decrease in chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, protein
and proline, 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 H,O, and MDA was significant and positive. Furthermore,
drought stress increased the amount of H,O, and MDA, which increased 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 proline (63%), H.O,, (19%), and MDA (110%) content, and the
activity of CAT (33%), PPo (56%), and POX (24%) compared to the control treatment. An increase in
the intensity and duration of the drought stress also caused an increase in H.O, and MDA content and
the activity of antioxidant enzymes. In addition, in the recovery conditions, a significant reduction in the
destructive effects of stress (H.O,, 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 cultivars' yield and
yield components (seed numbers, number of pods, 100-seed weight, and seed yield) were varied.
Drought stress at the flowering stage decreased the number of seeds (20%) and pods per plant (37%),
and 100-seed weight (16%), which led to 29% yield losses. Although the Gachsaran cultivar had the
highest yield under normal conditions. However, under drought stress conditions Gachsaran and Sepehr
cultivars showed the highest plant yield. On the other hand, the Namin landrace exhibited the lowest
yield (40%) under stress conditions.

Conclusion

The water stresses markedly increased the reactive oxygen species (ROS) level and impaired the
biosynthesis of the photosynthetic pigment, resulting in the reduction of plant growth and yield with
fewer seeds and pods number per plant. However, re-irrigation (recovery) remarkably improved plant
growth and reduced the negative effects of drought stress, such as reducing the amount of MDA and
H202 and improving the activity of antioxidant enzymes and proline content. In conclusion, based on
physiological traits Gachsaran, and Sepehr cultivars seem to be suitable cultivars for culture in the
regions challenged with water deficit stress.

Keywords: Antioxidant enzymes, Chlorophyll, Drought stress, Hydrogen peroxide, Malondialdehyde
(MDA)
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Table 1. Important properties of lentil cultivars used in this experiment
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cultivars name Pedegre origin Seed yield (kg.h')
1 Sepehr FLP2005-53L(ILL5883 x ILL590) ICARDA 1472
2 Kimiya FLIP92-12L ICARDA 1130
3 Gachsar ILL6212 ICARDA 910
4 Namin landrace Namin landrace
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Table 2. Some physical and chemical properties of the soil of the tested parts
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Table 3. Analysis of variance of physiological traits of lentil cultivars under drought stress
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** and ns: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. The effect of drought stress and re-irrigation on the physiological traits of lentil cultivars
P8l S S gyl pdige ploy @ Judg s b Jude s S b S wbeo)lS ien  owlam
Cultivars  Drought stress Sampling Time Chl. a Chl. B Total Chl. Carotenoid Protein  Prolin

3 day 4.01%9 0.5 4521 5.31%9 0.60i 1.714

80% FC 6 day 4.134f 0.45' 4.59f 5.45¢f 0.58/" 1.714

Recovery 4.19% 0.49¢f 4.69¢°f 5.50¢f 0.57km  1,73K

3 day 3.98h 0.29i" 4.28"i 5.50¢f 0.61i 1.674

Kimiya 55% FC 6 day 3.65iM 0.23m 3.90'" 4.93¢%1 0.59 177
Recovery 3.92f 0.34-m 4,270 5.07™" 0.60i 1.744

3 day 3.8491 0.35mm 4.20Mi 5.74d 0.54m 178"

30% FC 6 day 2.63" 0.05°P 2.70P 3.277 0.53m  2.05™

Recovery 3.75" 0.389% 4.15Mk 5.03f 0.59H 1.77+

3 day 3.83¢i 0.48%9 4,329 4,57-m 1.02°¢ 1.654

80% FC 6 day 3.71-™  0.39¢%1 4,11 4,76 1.02¢ 1.63'

Recovery 3.72-m 0.44%h 4.18Mi 4.75M 1.02°¢ 1.674
3 day 3.52mn 0.32im 3.856mM" 4.03" 0.95¢ 1.94mk

Gachsaran 55% FC 6 day 3.09° 0.27mn 3.37° 3.70 0.88¢  2.21fh
Recovery 3.42" 0.38¢! 3.81" 4,30 0.97¢ 2.04Mi

3 day 3.0200 0.2gkn 3.31° 3.29r4 0.739 2.64°¢

30% FC 6 day 2.35% 0.17° 2.53° 2.98¢ 0.66"  2.62«

Recovery 3.72-m 0.45' 4.18Mi 4,63Mm 0.78 1.744

3 day 3,78 0.2gkn 4.07im 4.889% 1.08° 1.79"

80% FC 6 day 3.61k" 0.31i 3.93kn 4,460 1.11% 1.80™

Recovery 3.55M" 0.31i 3.87m 4.57-m 1.132 1.734

3 day 3.12° 0.28kn 3.41° 4.27mn 0.99%d  2.21Fh
Sepehr 55% FC 6 day 3.59kn 0.26™M° 3.86™" 4.17m" 0.89¢ 2.57%¢
Recovery 3,55  0.27= 3.84mn 4.23m 0.97¢ 241

3 day 2.88r4 0.30i" 3.20° 4.18™ 0.69" 3.47°

30% FC 6 day 4.02%9 0.27mn 4.3091 4.24™n 0.709" 4.242

Recovery 4.07¢F  0.29" 4.389" 4 43kn 0.95¢  3.47°

3 day 5.822 0.57%¢ 6.4082 6.48° 0.55km 164K

80% FC 6 day 5.09P 0.732 5.84°P 6.77% 0.55km  1.76H

Recovery 4.75¢ 0.66% 5.43cd 7.032 0.58Mm 1,724

) 3 day 5.05P 0.61b¢ 5.68P 6.50P 0.60i 1.87H
Namin 55% FC 6 day 412¢F  052¢T 465 6.00¢ 061  1.94hk

landrace .

Recovery 4.72° 0.56%¢ 5.30d 6.330¢ 0.59 1,94

3 day 4.27¢ 0.59bd 4.87¢ 6.692 0.66M  2.33¢9
30% FC 6 day 2.81% 0.43% 3.26° 431 0.709"  2.36%f

Recovery 5.02b 0.59b-d 5.620¢ 5.70d% 0.62" 2,079

ey cudybs FC
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Table 5. Analysis of variance of biochemical traits in lentil cultivars under drought stress conditions

az s ol S ok

el wddles  Gigsam B oSt jlansTy
S.0.V Ol gle  pF MDA H20» CAT PPO POX
Cultivar (A) (A) o3, 3 300.7™ 124.3" 400.0™ 6.84™ 247.9™
Stress (B) B) s 2 434.9™ 25.92™ 154.9™ 30.98™ 104.6™
AxB SREX 8y B 142.9™  2.003™  5217" 415"  78.13"
Error (A, B) U 24 0.626 0.346 0.715 0.130 1.491
Sampling time (C) ©) ube; 2 47.9™ 427" 50.67"  12.64™  97.55™
AxC obiX by 6 068"  0.234™ 14717 261"  51.42"
BxC ooy X i 4 17.62™ 1.7217 21.08™ 5.40™ 30.66™
AxBxC oloy X gidixpd, 12 3.79"  0412™  1135™ 127" 24517
R (Repeat)x C RSPt 4 0.782™ 0.202™ 0.299" 0.057™ 0.186™
Error (C) (Blo)) bas 44 0.305 0.235 0.849 0.097 0.766
CV (%) (%0) Ol i’ < & - 5.06 3.79 4.28 491 3.18

10 Jlaizl mhaw )8 jlo gixe e 9 1) Jlaiml mhas )0 jlo sixe o5 )5 4 NS g w3
ns and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 6. The effect of drought stress and re-irrigation on the biochemical traits of lentil cultivars

o5, RS T NYPE VTS SN PNUPSUUN {FRUCC| PN PR N[ ROUNC (LR PR KOOV {9
Cultivars  Drought stress Sampling Time H20: MDA CAT PPO POX
umol.g* U. mg ! protein----------

3 day 12.5031 6.69M 19.45" 5.909k 29.93f¢

80% FC 6 day 13.407" 6.96'm 21.89M 6.47¢9 32.17¢¢

Recovery 13.25M 6.99'm 21.34 6.23¢ 31.33%f

3 day 13.917% 13.559 21.67"k 6.10" 28.83¢"

Kimiya 55% FC 6 day 14,759 16.89¢ 23.00¢"  6.40%h 31.67%f
Recovery 13.9179" 11.89" 22.0097 6.43¢h 30.93%f

3 day 16.107° 19.02¢ 25.52¢ 6.74°f 22.96™P

30% FC 6 day 15.87% 24.78° 23.34%¢ 6.80° 32.72¢

Recovery 14,754 15.39f 22.0097 6.50%9 31.70%f

3 day 10.75™ 8.08' 11.34" 4.01°p 21.67°°

80% FC 6 day 10.35" 8.10' 11.27" 4,03 21.43P

Recovery 10.825™" 7.80'm 11.12f 3.88P 22.21™

3 day 10.85™ 7.85'm 14.84p 4.60m 26.671

Gachsaran 55% FC 6 day 10.85™ 8.09' 17.67° 6.17¢ 32.00¢¢
Recovery 10.817mn 8.05' 13.009 4.23% 23.33m°

3 day 11.25M 7.90! 19.65" 7.50¢ 35.80°

30% FC 6 day 12.05k 10.821 24.05% 9.26° 41.972
Recovery 10.683™" 8.12! 12.17% 4.47"p 23.00mP

3 day 10.717mn 10.24K 20.45kn 5.05'" 30.81¢%f

80% FC 6 day 10.807™ 9.95Kk 20.31%  527km 30.64¢f

Recovery 10.85™ 10.04ik 20.00mn 5.07"" 30.83¢f

3 day 11.754 10.22 21.67M« 5.80" 31.50%f

Sepehr 55% FC 6 day 12.017 10.29%  2350%f  6.43¢h 32.67¢
Recovery 11.417%m 9.89ik 22.67% 5.43im 31.10%f

3 day 12,5171 9.51k 28.67° 8.35°¢ 33.66°

30% FC 6 day 12.683i 10.15ik 32.372 10.082 36.75°

Recovery 11.117'™ 9.551k 24.67% 5.33im 31.00%f

3 day 14.417¢%9 9.57k 21.77Mi 5.42im 24.05'm

80% FC 6 day 14.623¢ 9.565 23.37¢f 4,98 25.25H
Recovery 14.35f 9.75k 22.67% 5.03' 24.70km

3 day 15.083¢% 12.89¢% 22.34 5.80"k 25.67H

Namin landrace  55% FC 6 day 15.317¢ 15.22f 21.17im 5.9791 26.00%
Recovery 15.05¢% 12,559 22.0097 5.47im 24.50km

3 day 16.163° 24.64° 17.67° 6.35%" 27.97"
30% FC 6 day 18.152 27.192 22.51" 6.35¢" 24.60km

Recovery 16.083° 20.22°¢ 22.0091 5.63" 24,00

by eud b FC



AN

sazme 6ylul g (Sid a5 4 i pB ) Slaiton 5 (Soids il slagel oLyl Kes 5 53e

Table 7. Analysis of variance of yield traits of lentil cultivars

oois pbyl 8 Shos Wlio il )lg 42320 Jgux ¥ Jgu

730 Wil wwo 9

gy o ailo dluwy

Ay yo AL slaxs

_ ails & ySlos
wol3l 100 seed seed number per pod number per .
Seed yield

S.0V DF  humber plant plant
Cultivar 3 11.8™ 21.6™ 205.1" 58.39™
Drought stress S S 2 1.08™ 2.65™ 171.6™ 9.46™
Cultivarxdrought S G5 Xe8) 6 0.180™ 1.63" 2.204™ 1.64™
Error s 24 0.003 0.90 71.18 0.127
CV/. - 1.78 4.49 10.09 10.57
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Table 8. The effect of drought stress on the yield traits of lentil cultivars

| | | J° e slosy
WGlo do 439 ATgr o Al olaxs
3] o aew ©9 ¥ 5 ailo o ySlos
‘I° - Drought stress SSS i 100seed  Number seeds “s el
Cultivars weight per plant Number pods ~ Seed yield
per plant
g g.plant®
Control(80% FC) (FCTA+) aals 2.59 4.97¢ 17.33¢ 2.16°
N drought stress(55% «:’*‘-".u*” 23 4914 13.3¢ 1.66¢
Kimiya FC) (FC/.08)
drought stress(30% éw-"‘w-'-' 2 09 197 8.58¢ 1179
FC) (FCYY+)
Control(80% FC) (FCTA+) aalis 5.042 6.272 24.6° 7.528
drought stress(55% u;““"’.w"" 4.74b 6.052 23.16%® 7.052
Gachsaran FC) (FC7.00)
drought stress(30% u;““""w"" 3.8¢ 5 75b 18.3¢ 4.36°
FC) (FCYY+)
Control(80% FC) (FC/A+) wals  4.25° 5.1° 22.66% 4.94bc
drought stress(55% é‘*’vu“’ 4.05¢ 5.05¢ 21 66P 5.14b
Sepehr  FC) (FC.A8)
drought stress(30% S 3.8 5 16.33¢ 3.16¢
FC) (FC/Y+)
Control(80% FC) (FC/A+) sals 2,62 2.62¢ 17¢ 1.179
Namin ‘28”9“‘ stres(55% O 400 2.42¢ 13¢ 963
(FC7.b08)
landrace
drought stress(30% é-w‘w 2 35 2 36 8.58¢ 0.7049
FC) (FCYY+)
LSD (5%) - 0.100 0.327 2.90 0.6014
Ls.clj)' gﬁ_‘a).la :FC
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Fig. 1. Pearson correlation coefficients between the physiological and biochemical traits of lentil under
drought stress and normal conditions. Correlation coefficients with absolute values higher than 0.20 and
0.26 were statistically significant at the probability level of 5 and 1%, respectively
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