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Table 1. Effect of different concentrations of sodium chloride (NaCl) and hydrogen sulfide (H2S) on the injury rating value (IRV)
and stem height (SH) of almond seedlings.

NaCl (mM)
H.S (mM) 0 30 50 90 Mean
IRV (%)
0 1.25°F 4.00f 41.000 67.50* 28.434
0.05 1.50F 2.00f 31.25¢ 54,002 22.194
0.1 1.00f 2.00f 11.25¢ 37.50¢ 12.948
0.15 1.00f 1.50f 23.75% 35.25¢ 15.378
Mean 1.19¢ 2.37¢ 26.818 48.564
SH (cm)
0 61.10% 47.22¢h 45.30¢h 33.49i 46.788
0.05 58.22#¢ 54.00%4 46.66h 38.101 49,2448
0.1 63.682 53.27¢¢ 49.00%¢ 42.23Mi 52.044
0.15 55.0004 52.57¢f 50.58%¢ 45.04¢h 50.804
Mean 59.504 51.768 47.89¢ 39.71P

I (gl me M))Odﬂ»ﬂ)ﬁLSD L‘)"A).TudulﬁM«Spﬁd}f‘s‘)‘és&baﬁlﬁﬁtwﬁ)ﬁ

In each trait, numbers with similar letters are not significantly different (LSD, P < 0.05).
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Table 2. Effect of different concentrations of sodium chloride (NaCl) and hydrogen sulfide (H2S) on the leaf relative water content
(RWC), chlorophyll index (CI), electrolyte leakage (EL) and leaf proline (Pr) of almond seedlings.

NaCl (mM)

H>S (mM) 0 30 50 ) Mean
RWC (%)

0 63.99% 63.81® 58.38bd 51.524 59.43B
0.05 63.702 62.67*¢ 60.95%4 53.00¢d 60.088
0.1 66.942> 67.50 66.132® 62.35%¢ 65.734
0.15 63.62: 68.93* 63.69% 60.144 64.0948

Mean 64.564 65.734 62.294 56.758
CI

0 56.35% 49.45¢f 46.62f 42.17¢ 48.65¢
0.05 50.07¢f 50.62¢f 50.92¢f 51.52b 50.788¢
0.1 57.752 55.72%¢ 54,354 49.07°f 54.224
0.15 52.42b¢ 49.824F 52.05b¢ 52.55b¢ 51.718

Mean 54.154 51.408 50.98B¢ 48.83¢
EL (%)

0 20.21M 29.74¢¢ 43.02b° 53.782 36.694
0.05 19.65t 24.24¢f 34.66% 48.50% 31.768
0.1 23.93¢ 22.92¢ 27.28f% 38.77¢ 28.22¢
0.15 23.06¢" 27.10fh 32.95¢f 42.85b 31.498¢

Mean 21.71P 26.00¢ 34.488 45974
Pr (umol g'' FW)

0 0.71¢ 0.51¢ 0.71¢ 1.69° 0.908
0.05 0.41¢ 0.54¢ 0.69¢ 1.86" 0.88B
0.1 0.59¢ 0.44¢ 0.77¢ 1.92° 0.938
0.15 0.18¢ 0.40°¢ 2.09° 5.57* 2.06%

Mean 0.47¢ 0.48¢ 1.068 2.76A

.J;)‘JJ‘_SJ]JL;'.&AAJM‘M)JOc]G_wJ)LSD Q}Aﬂuﬂblﬁmél@b S L;ljlsé&u&:f.}\.:ﬁ (ko A

In each trait, numbers with similar letters are not significantly different (LSD, P < 0.05).
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Table 3. Effect of different concentrations of sodium chloride (NaCl) and hydrogen sulfide (H2S) on the Na* concentration of shoot
(Na" SH), Na* concentration of root (Na" R), catalase activity (CAT) and peroxidase activity (POD) of almond seedlings.

NaCl (mM)

H.S (mM) 0 30 50 90 Mean
Na* SH (mg g' DW)
0 2.354 4.64%¢ 4.47%¢ 5.32@ 4.194
0.05 2.054 4.07¢ 4.01¢ 5.512 3.914
0.1 2.014 3.95¢ 4.92%¢ 4.72%¢ 3.904
0.15 1.854 4.35b 3.99¢ 4.07¢ 3.57A
Mean 2.07¢ 4.258 43548 4.904
Na' R (mg g'' DW)
0 1.55F 8.69% 13.49% 14.76® 9.624
0.05 1.75¢ 9.564 13.542b 14.87* 9.934
0.1 1.35¢ 8.444de 11.35¢ 13.492b 8.658
0.15 1.60f 7.62¢ 11.35¢ 13.34° 8.48B
Mean 1.56P 8.58¢ 12.438 14.114
CAT (U g FW-! min)
0 0.56°¢ 0.43¢¢ 0.35¢¢ 0.24¢ 0.408
0.05 0.57¢ 0.49¢¢ 0.39¢¢ 0.27d 0.43B
0.1 0.54¢d 0.48¢¢ 1.48° 1.772 1.074
0.15 0.50¢¢ 0.50¢¢ 1.69% 1.882 1.144
Mean 0.548 0.478 0.984 1.044
POD (U g FW-! min!)
0 1.74¢h 2.92fh 3.624-f 11.372 4918
0.05 1.31h 3.03fh 6.14¢ 3.31¢¢ 3.45¢
0.1 5.03¢¢ 4.034f 3.73¢f 9.972 5.694B
0.15 5.38¢d 3.934f 9.11° 5.26% 5.924
Mean 3.37¢ 3.48¢ 5.658 7.484
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In each trait, numbers with similar letters are not significantly different (LSD, P < 0.05).
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Abstract

Salinity is one of the most important abiotic stresses that severely affect the yield and quality of plants. The
use of hydrogen sulfide in low concentrations increases tolerance to various stresses, including salinity in
plants. This study aimed to investigate the effect of hydrogen sulfide (H>S) on reducing the damage to
almond rootstock under salinity stress. The experiment was performed as a factorial based on a completely
randomized design with four replications. The treatments included four levels of salinity (0, 30, 60 and 90
mM NaCl) and four concentrations of H,S (0, 0.05, 0.10 and 0.15 mM). Results showed that salinity stress,
especially at a concentration of 90 mM NaCl caused a significant decrease in stem height, relative
chlorophyll and leaf relative water content and a significant increase in injury rating value, electrolyte
leakage, proline and sodium concentrations of root and shoot, activities of catalase and peroxidase of leaf.
However, H,S at concentrations of 0.10 and 0.15 mM improved plant growth with a decrease in electrolyte
leakage and sodium concentration of root, and a significant increase in proline, relative chlorophyll and
antioxidant enzyme activity ameliorated the negative effect of salinity stress and improved plant growth.

Keywords: Almond, Antioxidant enzyme, Hydrogen sulfide, Proline, Sodium chloride.

Background and Objective: Currently, about a third of the world's land is facing salinity problems, which
are expected to increase in the future (4, 5). Almond (Prunus amygdalus) is classified as a salt-sensitive plant
and in recent years its production has reduced due to drought and low quality of irrigation water (3). The use
of growth regulators and various chemicals is a short-term solution against salinity stress. Hydrogen sulfide
(H2S) is a colorless, highly soluble, flammable gas that is known to be a cell-signaling molecule involved in
growth and development in higher plants (1). The role of H,S in the defense mechanisms of plants under
abiotic stresses indicates that this compound may also reduce the salinity stress in plants (2).

Methods: Almond seeds were prepared and after scratching and meeting the cold need were planted in 7 kg
pots containing a mixture of soil, sand and perlite in a ratio of 1: 1: 1 by volume. H.S was prepared at
concentrations of 0, 0.05, 0.1 and 0.15 mM and sprayed on the shoots of seedlings in two stages, including
30 days after sowing seeds and 7 days after the first foliar application. One week after the second stage of
H,S foliar application, salinity stress was applied at four levels (0, 30, 60 and 90 mM sodium chloride) for 60
days. Then ion leakage, leaf and root sodium concentrations, proline and catalase and peroxidase activity
were measured. The experimental layout was a 4x4 factorial in a complete randomized design with four
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replications. Data analysis was performed by SAS software and the comparison of treatment means was
performed using the least significant difference (LSD) test.

Results: Results showed that salinity stress reduced vegetative growth traits such as stem length and
increased injury rating value in almond seedlings. Application of H,S ameliorated the adverse effects of
injury caused by salt stress. Increasing NaCl concentration caused increasing ion leakage and proline content
and reducing relative chlorophyll content and relative water content in almond leaves. Application of H,S
especially at the higher concentrations significantly increased proline content. H,S ameliorated the injury
caused by salt stress through preventing increased ion leakage and inhibiting decreases in relative
chlorophyll and relative water content. NaCl also caused the accumulation of Na* ion in the leaves and roots
of almond seedlings. However, application of H,S reduced Na* in almond seedlings. NaCl increased activity
of antioxidant enzymes catalase and peroxidase in leaves. H,S application especially at the higher
concentrations significantly increased the activity of catalase and peroxidase compared with control.

Conclusions: Results of the present study showed that salinity stress had a negative effect on all the traits
evaluated, while the use of H»S with increasing proline and antioxidant enzyme activity improved growth,
increased relative chlorophyll and reduced ion leakage, injury rating value and root sodium concentration
and thus reduced the effects of salinity stress on almonds. The most effective concentrations of H,S were 0.1
and 0.15 mM.
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