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Response of Morpho-Physiological Traits and Antioxidant Capacity of Some
Commercial Almond Cultivars to Drought Stress
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Table 1. Meteorological information for Chehar Takhteh research field station, Chaharmahal and Bakhtiari Agricultural and Natural

Resources Research and Education Center, ShahreKord, Iran

Js Sl b e 5 Kika s 5 Solke s sl s 5STa
Gredeo) o sb ) A3 Sk (a6 5 2 (15 &) 15 &) (15 &)
Ju  Totalprecipitation Mean relative humidity Mean windspeed Mean temperature  Minimum temperature Maximum Temperature
Year (mm) (%) (ms*) Q) Q) Q)
2020 259.5 38.0 2.8 12.7 -12.2 37.2
2021 198.9 35.6 3.1 13.5 -19.8 38.6

RT3 U8 il T Bl Jome ST Lot 050 glo (S5 - st
Table 2. Soil physico-chemical properties, before conducting the experiment, of the experimental orchard

S Syl ol JB ety e JB i
(o sy (53) 3l S5 o) ST oS dess 03575 JS Ae s (¢ S hS 550 8 ) (0 ShS 550 8 )
Ju sl Electric conductivity ~ Total neutralizing  Organic carbon Total nitrogen « 4. Available potassium  Available phosphorus
Year Texture (dS m?) (%) (%) (%) pH (mg kg?) (mg kg?)
2020 Loamy 1.012 29.00 0.761 0.058 7.88 354 21.20
2021 Loamy 0.925 33.50 0.410 0.038 7.90 231 8.40
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Table 3. Mean and standard deviation for morpho-physiological characteristics of almond cultivars during drought stress periods in 2020 and

2021
LT g3 0
S S s A s (G 03308 53 dsms 550
A e e (0.5 alsm ol 5 055 (6.5 s plil &S 035 Jbs IS asls Electrolyte leakage Malondialdehyde
Stress stage Shoot fresh weight (g) Shoot dry weight (g) Chlorophyll index (%) (umol gt FW)
e eyl 438.65+100.37 157.60+43.54 26.64+4.40 28.74+14.75 20.81+8.99
Y44 Middle of stress period
2020 S 092 Fll 694.29+99.27 364.44+44.02 21.68+3.78 32.21+16.93 22.59+10.30
End of stress period
e ksl 823.85+101.24 443.24+99.82 24.01+3.94 26.74+15.10 19.0149.02
12y Middle of stress period
2021 S 2292 A 939.04+102.31 544.86+54.21 19.70+3.63 30.56+16.44 21.56+10.21

End of stress period
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Table 4. Mean comparison of drought stress x cultivar interaction effect on aboveground fresh and dry weight of almond cultivars

Above-ground fresh weight (9) (5 ol pht 5035 Above-ground dry weight (9)  (.5) ol pls) <Kis 035
S A5 0593 Lol sl i i e yss sl SKEs i 085 Jauly) i i e yss Sl
Cultivar g Middle of drought stress period End of drought stress period Middle of drought stress period End of drought stress period
75% 50% 30% 10% 75% 50% 30% 10% 75% 50% 30% 10% 75% 50% 30% 10%
FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC
Rabi ~ 12467 66183 54367 44050 91433 846.67 72850 62533 378.83 331.00 2536 179.17 527.17 48833 44767 395.00

Shahrood 13 Wy ala 683.00 62650 50050 416.17 87267 811.33 68533 601.00 343.33 301.17 21567 15433 497.83 46400 417.00 364.67
Shahrood 21 Yosals 71867 74750 61750 499.83 90833 93233 802.33 684.67 358.83 353.67 269.17 200.67 493.17 44800 407.00 373.67

Mamaei Ll 68267 65883 54750 41717 87233 84367 73233 602.00 35350 330.67 25517 16450 51850 490.67 449.00 384.00
Aidin el 72783 71417 589.83 50950 91533 899.00 774.67 69433 377.00 36550 287.33 23450 52250 505.00 471.00 43167
Shahrood 12 VW ale 69583 67317 600.17 507.83 88333 858.00 785.00 692.67 350.00 329.67 277.83 227.67 50050 47433 44167 419.67
Saba Lo 73550 71217 596.83 491.83 923.00 897.00 781.67 676.67 349.33 33200 246.17 184.17 459.50 440.00 381.67 348.67
Shahrood 7 Visals 79583 746.83 660.83 544.17 98333 931.67 845.67 729.00 407.17 360.33 30433 234.67 51483 46200 43400 397.33
Shahrood 8 Asypale 77717 72517 65850 600.17 964.67 910.00 84333 785.00 388.67 35817 31350 281.83 496.50 47933 45467 435.67
Shahrood 10 Vessals 76050 72217 64450 53517 94533 907.00 829.33 720.00 379.33 35750 302.83 240.17 491.83 48100 44733 417.33
Shahrood 6 g5 75817 70350 617.83 510.83 943.00 888.33 802.67 695.67 399.67 349.17 293.17 22867 534.83 483.00 450.33 418.67
Eskandar 5 70050 622.17 54350 47950 885.33 807.00 72833 664.33 354.67 31117 252.83 201.83 50250 488.33 44400 396.33
Araz 5LT 72850 709.17 59217 496.83 91333 89400 777.00 681.67 358.83 33417 27067 200.00 482.83 44733 431.00 375.33
GN rootstock o >4 75050 71450 630.17 579.83 93533 899.33 815.00 764.67 390.17 35867 31233 27450 52350 491.00 476.33 44133
LSD (5%) 90.12 98.65 9498 11265 79.66 8898 9287 9874 7164 8766 8987 11711 8889 95.36 9398 102.37
FC: Field capacity a0 bFC
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Table 5. Mean comparison of drought stress x cultivar interaction effect on electrolyte leakage and malondialdehyde in almond cultivars as

FAY-FYCOFY L 5 ol (6 sk o SIS ST b by (S5 5 8 e Dl sat 1S

r\;pr\s,\)s.\;méwgujqﬁﬂ\w“ﬁ)x&y&m;lsuﬁgww—ad,&

affected
Electrolyte leakage (%) <Js 31 et do s Malondialdehyde (UMOl g FW) (0556 8 5 Jses Sen) illTios 0 4lle
SES A5 085 Laulyl a2 0y95 sl a5 0555 Laul ) Sas 250,93
Middle of drought stress period End of drought stress period Middle of drought stress period End of drought stress period

75% 50% 30% 10% 75% 50% 30% 10% 75% 50% 30% 10% 75% 50% 30% 10%
Cultivar las, FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC
Rabi ~y 1240 2150 4233 6141 1246 1820 3758 56.07 13.32 14.58 19.33 40.19 13.95 15.88 21.80 45.09
Shahrood 13 W ale 1472 2416 5745 66.99 1414 2086 52.69 6122 1458 15.39 20.45 41.76 15.13 16.70 22.92 46.64
Shahrood 21 YW, ala 14471 1849 4104 59.73 1498 1519 36.29 53.61 15.98 16.50 21.42 38.95 16.64 17.80 23.89 43.07
Mamaeli whle 1431 19.17  49.27  60.30 1372 1587 4450 54.16 14.23 14.62 22.42 39.77 14.89 15.93 24.88 43.87
Aidin o7 10.83 1747 3828 45.62 1024 1417 3353 3951 1177 12.38 16.58 33.31 12.43 13.69 19.05 37.44
Shahrood 12 VYo ele 1429 19.15 3448 44.32 13.70 1585 29.73 3821 11.82 13.19 16.85 26.76 12.48 14.49 19.32 30.96
Saba L. 13.96 1845 4038 5491 1337 1515 3563 4857 13.80 14.63 17.55 36.85 14.46 15.93 20.02 40.96
Shahrood 7 Vsgals  13.35 19.19 3919 54.64 1276 1589 3444 4819 1290 13.49 17.56 38.22 13.55 14.79 20.00 42.33
Shahrood 8 Assalz 13.01 18.37 38.61 44.61 1242 1507 3386 3853 1201 13.51 16.85 25.13 12.67 14.82 19.33 29.26
Shahrood 10 \esgals 1240 17.36 3458 4854 11.81 1406 29.83 4243 13.95 1457 17.47 25.75 14.61 15.87 19.94 29.87
Shahrood 6 758 15.62 1737 37.98 55.28 15.03 14.07 33.23 49.14 12.77 13.21 21.56 36.09 13.43 14.52 24.03 40.21
Eskandar S 1374 18.32 39.30 4945 13.15 15.02 3455 4329 1322 13.45 17.40 31.82 13.89 14.77 19.87 35.93
Araz ST 1494 19.27 35.62 50.29 1435 1597 30.87 4419 1050 13.52 17.65 35.09 11.15 14.82 20.14 39.22
GN rootstock o el 1284 16.39 33.62 4394 1225 13.09 2887 3784 11.85 13.32 17.54 25.75 1251 14.65 20.01 29.87
LSD 5% 1.92 3.52 5.98 10.35 2.88 4.47 6.00 11.24 2.05 7.31 8.09 13.99 1.85 10.78 10.14 12.79

FC: Field capacity a0 o b FC
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Table 6. Mean and standard deviation for antioxidant enzymes activity of almond

cultivars during two drought stress period in 2020 and 2021

5V SUsems S g 1S 0550 I8 SIS,
i A e CAT SOD GPX POX
Stress stages (Unit mg? protein) 55, 0 8 Lo ,5 a5

e Lyl 13.84+4.26 19.26+5.49 16.92+6.17 9.65+2.11
1¥4q Middle of stress period
2020 S ez A 16.43+5.35 22074576  18.24+6.81 10.13+2.13

End of stress period

eyl 14.92+4.45 19.21+5.41 17.2746.31 10.14+2.10
ZE Middle of stress period
2021 o s3> A 16.74+5.33 21.68+45.72 18.62+6.83 10.65+2.13

End stress period

CAT: Catalase, SOD: Superoxide dismutase, GPX: Glutathione peroxidase, POX: Peroxidase.
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ABSTRACT
Safavi Bakhtiari, E., Mousavi, S. A., Yadegari, M. and Haghighati, B. 2023. Response of morpho-
physiological traits and antioxidant capacity of some commercial almond cultivars to drought stress. Seed
and Plant, 39, pp.381-410 (in Persian).

The present research was conducted to evaluate the response of different almond
cultivars to drought stress. The experiment was carried out as split plot arrangement is in
randomized complete block design with three replications in the Agricultural and Natural
Resources Research Center of Chaharmahal and Bakhtiari, ShahreKord, Iran, in 2020 and
2021. Different irrigation periods based on the available soil moisture; 70%, 50%, 30% and
10% of field capacity were assigned to the main plots and 13 commercial almond cultivars;
Mamaei, Rabie, Saba, Araz, Eskandar, Aidin, Shahrood 6, 7, 8, 10, 12, 13, 21 and GN
clonal rootstock, were randomized in the subplots. All commercial almond cultivars were
grafted on GN clonal rootstock. The plants were under water stress for four months and
antioxidant enzymes activity was measured at the middle (two months after application of
stress) and the end (four months after application of stress) of drought stress period. The
results showed that drought stress significantly decreased fresh and dry weight of the above-
ground parts of all cultivars. The lowest effect of drought stress was recorded in cv.
Shahrood 8 and GN clonal rootstock. Malondialdehyde content and electrolyte leakage in
all almond cultivars significantly increased with increasing drought intensity. In both the
middle and end of drought stress period, cv. Shahrood 8, cv. Shahrood 12 and GN clonal
rootstock showed the highest chlorophyll index and the lowest malondialdehyde content
and electrolyte leakage under severe drought stress (10% FC). Under severe drought stress,
the highest antioxidant capacity of enzymes was recorded in cv. Shahrood 12, cv. Shahrood
8 and GN clonal rootstock. Considering the results of this research, under different levels
of drought stress, cv. Shahrood 8, cv. Shahrood 12 and GN clonal rootstock had the highest
above-ground fresh and dry weight, chlorophyll index and antioxidant enzymes activity,
and the lowest peroxidation level that showed the high level of tolerance to water deficit
stress.

Keywords: Almond, chlorophyll index, stress period, oxidative stress, tolerant cultivar.
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Introduction

Changing climate, global warming and water scarcity necessitate identifying and
introducing tolerant crop varieties to environmental stresses. The water shortage is the
main restricting factor for different horticulture crops in regards to yield and quality of
production. The plant response to different levels of water stress is complex that
determines the sensitivity or tolerance of plants to water deficiency (Yanget al., 2021).
However, variation in growth, physiological and phytochemical process are the common
response of different plant species to unfavorable environment conditions. The
accumulation of reactive oxygen species (ROS) in plant tissues under drought stress
adversely affects the main physiological and biochemical processes (Hernandez-Santana
et al., 2016). The plant defense system for detoxifying of ROS accumulation under
drought stress comprises the enzymatic (e.g. catalase (CAT), peroxidas (POX),
superoxide dismutase (SOD), Glutathione peroxidase (GPX)) and non-enzymatic
compounds (e.g. phenols, proline, glycin betaein, soluble carbohydrate) (Waszczak et al.,
2018). Almond tree is known as drought-tolerant crop, however, in arid and semi-arid
conditions, water deficit restricts the nut yield and its quality (Garcia Tejero et al., 2018).
The present study was aimed to assay the growth, chlorophyll index, peroxidation level,
and antioxidant enzymes activity of 14 commercial almond cultivars under different
imposed drought stress levels during the middle and end of growing season.

Materials and Methods

The experiment was carried out as split plot arrangement is in randomized complete
block design with three replications in the Agricultural and Natural Resources Research
Center of Chaharmahal and Bakhtiari, ShahreKord, Iran, in 2020 and 2021. Different
irrigation regimes based on the available soil moisture; 70%, 50%, 30% and 10% of field
capacity were assigned to the main plots and 13 commercial almond cultivars; Mamaei,
Rabie, Saba, Araz, Eskandar, Aidin, Shahrood 6, 7, 8, 10, 12, 13, 21 and GN clonal
rootstock, were randomized in the subplots. All commercial almond cultivars were
grafted on GN clonal rootstock. The plants were under water stress for four months (from
early June) and antioxidant enzymes activity was measured at the middle (two months
after application of stress) and the end (four months after application of stress) of drought
stress period.

At the middle and the end of drought stress period, the leaves of plants of each cultivar
were sampled and frozen rapidly, and then transferred to laboratory for biochemical
assays. The chlorophyll index was measured using a chlorophyll meter. Electrolyte
leakage and malondialdehyde were determined as lipid peroxidation index. Catalase
(CAT) activity was detrmined according to the H,O> extinction coefficient of 39.4 mM™?
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cm™? as mmol decomposed H2O2 per min (one unit) per mg soluble protein. The
peroxidase (POX) activity was measured by guaiacol substrate. The POX activity was
measured as mmol produced tetraguaiacol per min per mg soluble protein (Unit mg*
protein) using the tetraguaiacol extinction coefficient of 25.5 mM* cm™. The activity of
Superoxide dismutase (SOD) enzyme was assayed according to its ability to inhibit the
photochemical reduction of nitro blue tetrazolium (NBT). The glutathione peroxidase
(GPX) activity was calculated in mmol oxidized NADPH in one min per mg protein (units
per mg soluble protein) using an extinction coefficient of 6.62 mM™ cm™,

Results and Discussion

Combine analysis of variance showed that year, drought stress, cultivar and the
interaction effect of drought x cultivar significantly affected all traits (except chlorophyll
index). The aboveground fresh and dry weight of almond cultivars considerably
decreased with increasing the drought level. Shahrood 8 cultivar and GN clonal rootstock
had the highest biomass under severe drought stress. The chlorophyll index in the leaves
of almond cultivars significantly decreased with increasing drought stress level due to
damage and break of the pigments as well as decomposition of chlorophylls. Under
drought stress, the lowest chlorophyll index was recorded in cv. Saba and the highest in
cv. Shahrood 8 and GN clonal rootstock. Also, in all studied almond cultivars, with
increasing drought stress level, the electrolyte leakage and malondialdehyde content
showed increasing trend.

In both drought stress period cv. Shahrood 12, cv. Shahrood 8 and GN clonal rootstock
had the lowest electrolyte leakage. However, cv. Shahroud 13 had the highest electrolyte
leakage and lipid peroxidation under drought stress. The almond cultivars showed
significant differences for antioxidant enzymes activity under different levels of drought
stress. Antioxidant enzymes activity increased during the stress period. Under severe
drought stress, the highest activity of CAT enzyme was measured in cv. Shahrood 12, cv.
Shahrood 8 and GN clonal rootstock. The highest peroxidase and SOD activity measured
in GN clonal rootstock under severe drought stressed levlel. Under severe drought stress,
the highest GPX activity was determined in cv. Shahrood 8 and GN clonal rootstock.
Considering the results of this research, under different levels of drought stress, cv.
Shahrood 8, cv. Shahrood 12 and GN clonal rootstock had the highest aboveground fresh
and dry weight, chlorophyll index and antioxidant enzymes activity, and the lowest
peroxidation level that showed the high level of tolerance to water deficit stress.
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