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Abstract

The current study examined the H,S applications on growth, biochemical and physiological parameters of bean
seedlings under saline conditions. The findings of the study indicated that salt stress decreased plant growth and
development, photosynthetic activity, and mineral and hormone content [excluding abscisic acid (ABA)] in bean
seedlings. Plant and root fresh mass and dry mass with H.S applications increased as compared to the control treatment
at the same salinity level. Both salinity and H,S treatments significantly affected the net assimilation rate, stomatal
conductance, transpiration rate, and intercellular CO, content of bean seedlings. Significant increases occurred in
H,0,, malondialdehyde (MDA), proline, sucrose content, enzyme activity, and ABA content with salt stress. However,
H,S applications inhibited the effects of salinity on plant growth, photosynthetic activity, and mineral content in
beans. H,S applications reduced H,O,, MDA, proline, sucrose content, enzyme activity, and ABA content in beans.
As a result, exogenous H,S applications could mitigate the negative impacts of salinity in beans.
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Introduction

Soil salinity can be considered an important problem that
reduces agricultural productivity in the world. Lack of
precipitation and drainage together with high evaporation
and undesirable soil properties are the main causes of
salinity in arid and semi-arid regions. Especially in recent

Highlights

years, the salinity problem in the world has gained more
importance with the effect of global climate change.
Salinity causes lots of ravages at the morphological,
cellular, physiological, and molecular levels as well as
various developmental processes in plants (Kalaji ez al.
2011, Al-Zubaidi 2018). Plants exposed to salt stress
may develop different tolerance strategies in response.
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Depending on the type and amount of salt compounds to
which the plant is exposed, they become harmful to the
plant when they exceed a certain concentration. Soil salinity
can have a toxic impact on crops by disrupting nutrition
and metabolism. In addition, with the elevation in the
salt concentration in the soil solution, it becomes difficult
for the plant to take water from the soil, the structure of
the soil deteriorates, and the plant growth slows down or
even stops (Tuteja 2007, Munns and Tester 2008).

All aspects of plant growth and development such as
germination, vegetative growth, and yield are negatively
affected by soil salinity (Isayenkov and Maathuis 2019).
Apart from being toxic to plants, the high salt concentration
in the soil creates an osmotic imbalance resulting in the
drying of the plant (Zhao et al. 2017, Choudhury et al.
2021).

Bean is a legume crop that is widely consumed all over
the world and is very sensitive to salt stress. Studies have
proved that salt stress has negative effects on metabolic,
physiological, and biochemical properties in beans, and
therefore decreases plant growth and yield (Stoeva and
Kaymakanova 2008, Doganlar et al. 2010, Gharsallah
et al. 2016, Zhang et al. 2017).

Breeding of salt-tolerant cultivars is time-consuming,
expensive, and complex. Previous studies have shown
that applications of plant growth regulators, such as
biostimulants, hormones, etc., improved salt tolerance
in plants. H,S is a colorless and foul-smelling toxic gas
produced by industrial processes (Ding ef al. 2019). Plants
can synthesize and secrete H,S, which is considered
another signaling molecule after NO and CO in plants
(Hancock 2017). Hydrogen sulfide is produced in plants
by both enzymatic and nonenzymatic means. However,
production by nonenzymatic means accounts for only
a small part of H,S production. H,S has been shown
to play an important role in many physiological and
metabolic processes (Christou et al. 2014, Shen et al
2015, Liu et al. 2021). Seed germination rates increased
with exogenous H,S applications (Jin and Pei 2015).
Leaves of old plants contained higher H,S concentrations
than young plants. Consequently, the importance of H,S
in plant production and aging has become an important
subject to investigate. It is known that H,S alleviates the
effect of stress in plants by increasing photosynthetic
activity in saline conditions, changing antioxidant enzyme
activity to increase stress tolerance, and modulating
signal-transmission pathways (Ding ef al. 2019). Hydrogen
sulfide is also effective in increasing plant resistance to
environmental stress factors through the development of
antioxidant systems in case of osmotic stress, hypoxia,
and temperature stress (Li er al. 2016, 2022; da-Silva
and Modolo 2018). Previous studies showed that H,S at
low concentrations is crucial in the plant life cycle, from
germination to growth as well as against environmental
stress responses (Liu ez al. 2021). Lately, it was recognized
that H>S under salt stress makes an important contribution
to cell signaling (Li er al. 2022). However, studies
examining the effect of H,S in beans under salt stress are
limited. Therefore, this study was carried out to determine
the plant growth and physiological and biochemical
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properties of H,S applications in beans grown under salt
stress.

Materials and methods

Plant material: The experiment was carried out in the
greenhouses of Atatlirk University Crop Production
Application and Research Center. In the study, beans
(Phaseolus vulgaris L., cv. Gina) were used as plant
material. The study was carried out in pots under
controlled greenhouse conditions (temperature of 25 +
2°C/18 £ 2°C day/night, humidity of 40 + 5%).

Three seeds were planted in one pot filled with
a mixture of garden soil:peat:sand (3:1:1) and left to
one seedling after emergence. Fertilization was made as
100 kg(N) ha'!, 100 kg(P-Os) ha™!, and 100 kg(K,O) ha™!
(Esiyok 2012). Some properties of the medium used in the
study are as follows: pH of 7.28, EC of 90.05 uS cm™,
lime of 0.75%, organic matter of 1.55%, total N of 0.08%,
P of35.21 ppm, K of 34.30 mmol kg!, Ca 0f 200.50 mmol
kg, Mg of 167.40 mmol kg, Na of 28.80 mmol kg,
B of 0.04 ppm, Cu of 0.35 ppm, Fe of 1.09 ppm, Zn of
0.23 ppm, and Mn of 0.15 ppm.

H:S treatments: NaHS (H,S donor) of 0, 25, 50, 75, and
100 uM were foliar applied 10 d after the emergence
of bean seedlings. Tween-20 (0.2%) was added to the
solutions prepared with distilled water. Three applications
were made at one-week intervals.

Salinity treatments: Irrigation waters with 0, 50, 75,
and 100 mM NaCl were used to create salt stress in the
root zone. Salinity treatments started one day after the
H,S application. Salt stress in the medium was gradually
increased starting with 25 mM initially and finalized at
the determined salt concentrations of treatments. A soil
moisture meter (WET sensor, Delta-T Devices, UK) was
used to calculate irrigation water amounts.

Morphological, physiological, and biochemical ana-
lysis: The experiment was carried out with 240 plants in
a randomized plot design with three replications and four
plants in each replication. The study was terminated 30 d
after the first salt application.

Relative water content (RWC), tissue electrical
conductivity (TEC), and chlorophyll reading value (CRV)
were determined after 40 d from sowing. Plant height,
plant diameter, shoot and root FM, and shoot and root DM
were determined. Samples from roots and shoots were
taken for different analyses.

The leaf area was determined by a leaf area meter
(CI-202 Portable Laser Leaf Area Meter, CID Bio-
Science, USA). Gas-exchange parameters, such as g, Px,
C;, and E were measured one week before the harvest with
Li-Cor 6400 (LI-COR, Lincoln, USA). Photosynthetically
active radiation (PAR) in the leaf chamber was 1,100
pmol(photon) m2 s, leaf to air vapour deficit pressure
was 1.7-2.6 kPa, leaf temperature was 20-22°C, and
chamber CO, was 400 umol mol.
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H,0,, MDA, and proline content of leaf tissues
were assayed according to Ozden et al. (2009). Sucrose
concentration was measured by a method given by Liu and
Huang (2000). Superoxide dismutase (SOD, EC 1.15.1.1)
and catalase (CAT, EC 1.11.1.6) activity was analyzed
with spectrophotometer (Multiskan GO Microplate
Spectrophotometer, Thermo Fisher Scientific, Finland)
according to Abedi and Pakniyat (2010). SOD activity
unit was measured at 560 nm and CAT activity unit was
measured at 240 nm wavelength. Peroxidase (POD,
EC 1.11.1.7) activity was measured according to Angelini
et al. (1990). For the assay of TEC and RWC, the methods
of Shams et al. (2019) were employed.

Chlorophyll (Chl) a, b, and total Chl content were
analyzed according to Lichtenthaler and Buschmann
(2001). For the determination of mineral nutrition
content, bean leaves were ground after being dried at
68°C for 48 h in an oven. Determination of the total N
was achieved by the Kjeldahl method using a Vapodest 10
Rapid Kjeldahl Distillation Unit (Gerhardt, Germany).
An inductively coupled plasma spectrophotometer
(Optima 2100 DV, 1CP/OES; Perkin-Elmer, Shelton, CT)
was used to determine tissue K, P, Ca, Mg, S, Na, Cl, Fe,
Zn, Mn, Cu, and B (Mertens 2005a,b).

Indole acetic acid (IAA), abscisic acid (ABA), and
gibberellic acid (GA) analyses were conducted according
to the method of Battal and Tileklioglu (2001).

Statistical analysis: The experiment was designed
according to a completely randomized factorial design.
A two-way analysis of variance (ANOVA) was made
using SPSS. Means were compared according to Duncan's
multiple ranges.

Results

Growth parameters: Results from analyzed data showed
a significant impact from salt stress, exogenous H,S
application, and their interactions on bean seedlings. Salt
stress negatively affected the plant growth of beans, but
H,S applications ameliorated the negative effect of salt
(Fig. 1, Table 1). Shoot FM, shoot DM, root FM, and root
DM decreased by 17-27-33%, 25-38-54%, 28-38-47%,
and 39-46-61% at 50, 75, and 100 mM NacCl, respectively,
compared to the control (0 mM NacCl).

The impact of the salinity and H,S applications on
the growth parameters of the bean were determined as
statistically significant. Plant height, leaf area, stem
diameter, CRV, shoot and root FM, and shoot and root
DM of bean were reduced with increased salt stress. H,S
applications alleviated the negative effect of salinity on
the investigated parameters (Table 1, Fig. 1). With H.S
application at 100 mM NaCl, plant height, stem diameter,
leaf area, and CRV increased by 31% (100 puM H,S), 23%
(50 uM H:S), 32% (50 uM H.S), and 26% (25 pM H,S),
respectively, compared to untreated plants (0 uM H.S).
H,S at 25 puM increased the shoot FM by 11%, 100 uM
H,S increased the shoot DM and root FM by 23 and 54%,
respectively, at 100 mM NaCl compared to untreated
plants treatment while 50 pM H,S treatment was more
effective in improving root DM (Figs. 1, 2).

Salt-stressed plants had greater TEC values but lower
RWC. All doses of H,S used in the study alleviated the
salt stress effects on RWC and TEC (Fig. 3). Salt stress
conditions caused a decrease in Chl a, Chl b, and total
Chl content while exogenous H,S treatments enhanced
Chl a, Chl b, and total Chl under salt stress (Table 1).
Furthermore, the interaction between salt stress and H,S
had a significant impact on Chl a, b, and total Chl content.
In 100 mM NaCl, 25 uM H,S increased Chl a, b, and total
Chl content by 41, 50, and 95%, respectively, compared to
0 uM H,S (Fig. 2).

Fig. 1. The effects of H,S applications on shoot fresh mass
(FM) (A4), shoot dry mass (DM) (B), root fresh mass (FM) (C),
and root dry mass (DM) (D) in salt-stressed beans. There is no
statistical difference between the same letters given in each bar
(»<0.001).
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Table 1. The effects of H,S applications on plant height, stem diameter, leaf area, chlorophyll reading value (CRV), chlorophyll a (Chl a),
chlorophyll b (Chl b), and total chlorophyll amount in salt stressed beans. There is no statistical difference between the same letters
given in each column (p<0.001).

NaCl H.S Plant height Stem diameter  Leaf area CRV Chla Chl b Total Chl
(mM]  [uM] [cm] [mm] [cm? per plant] ~ [SPAD]  [mgg'(FM)] [mgg'(FM)] [mgg'(FM)]
0 0 59.89 3.59¢ 361.32¢ 39.97* 2.30" 2.14b¢ 4.44¢
25 58.22% 4.02° 399.96¢ 39.60* 4.132 2.13% 6.26°
50 62.942 4.01° 374.83¢ 37.33% 2.46° 1.81¢% 4.27h
75 56.33¢ 3.88° 522.86° 37.83ac 2.43¢ 2.30° 4.77¢
100 62.06* 3.88° 461.85° 38.90® 2.58¢ 2.46* 5.16°
50 0 35.25° 3.454 306.03" 34.70%f 2.654 1.48f%h 4.13¢
25 51.42¢ 3.524 389.29¢ 34.10¢f 2.84° 1.719%f 4.56%¢
50 45.17¢ 3.524 299.25f% 34.13¢ 2.47° 1.56h 4.03M
75 41.83¢ 3.51« 377.76% 34.00¢f 2.59« 1.91« 4.50"
100 35.00f 3.48« 332.80¢ 36.43« 2.69¢ 1.95« 4.63
75 0 33.42% 3.10% 265.38M 29.73" 2.42¢ 1.34¢hi 3.761
25 31.83% 3.32¢ 301.52% 35.07% 2.82° 1.52¢h 4.344h
50 31.47% 3.32¢ 277.91¢ 29.50" 2.85° 1.32¢h 4.17"%
75 32.50% 3.18¢ 306.90° 31.60¢ 2.49¢ 1.59¢t 4.08"
100 33.00% 3.20¢f 278.74¢ 33.57°f% 1.70¢8 1.49fn 3.19¢
100 0 26.17" 2.611 186.08™ 27.43! 0.95! 0.94 1.89m
25 29.33¢h 297" 213.07¢ 34.634%f 2.29¢ 1.415 3,708
50 24.17 3.22¢ 246.291 29.93h 1.47" 1.27"0 2.75!
75 32.31% 3.03¢ 231.89% 30.20" 1.63¢ 1.14¥ 2.78!
100 34.33f 3.15° 203.03™ 32.60% 1.38" 1.31¢h 2.69!

Fig. 2. Heatmap analysis for percentage change [%] of the growth parameters, chlorophyll contents, and photosynthetic activity of bean
with different treatments compared to the control. PH — plant height; SD — stem diameter; LA — leaf area; CRV — chlorophyll reading
value; SFM — shoot fresh mass; RFM — root fresh mass; SDM — shoot dry mass; RDM — root dry mass; RWC — relative water content;
TEC - tissue electrical conductivity; Chl a — chlorophyll a; Chl b — chlorophyll b; T-Chl — total chlorophyll; Py — photosynthetic rate;
gs — stomatal conductance; E — transpiration rate; C; — intercellular CO, content.
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Fig. 3. The effects of H,S applications on relative water content
(RWC) (4) and tissue electrical conductivity (TEC) (B) in
salt stressed beans. There is no statistical difference between
the same letters given in each line (p<0.001).

Photosynthetic characteristics: Table 2 presents the
impact of H,S on the photosynthetic characteristics of
bean seedlings under different salinity levels. Both salinity
and H,S treatments significantly affected the Py, g, E, and
C.. These parameters decreased under salt stress, however,
exogenous H,S application mitigated the negative impacts
of salt on photosynthetic parameters in bean seedlings.
The most effective dose of H,S in improving Py, g, E,
and C; at 100 mM NaCl was 50 uM H,S application with
the increase ratio of 40, 67, 71, and 16%, respectively,
as compared to untreated plants at the same salt stress level

(Fig. 2).

Physiological characteristics: In this study, salt-stressed
plants had more proline and higher sugar content than
nonstressed plants. Exogenous H.S application lowered
the proline and sugar content of bean seedlings under
salinity conditions (Table 3). A notable accumulation of
MDA and H,O, was observed in bean seedlings under salt
stress conditions, whereas these increases were inhibited
by exogenous H,S application at the same salt stress
levels. We observed that treatments of 75 and 100 uM H.,S
generally had a greater effect in decreasing MDA and H,O,
content under salt stress than the other application doses of
H,S (Table 3).

Antioxidant enzyme activity: The activities of POD, CAT,
and SOD enzymes in bean leaves significantly increased
under saline conditions. We found that H,S lowered
ROS content. All application doses of H,S decreased the

CAT, POD, and SOD activities at different ratios varying
between 25-61%, 20-63%, and 16-66%, respectively,
in bean seedlings at 100 mM NaCl as compared to
untreated plants at same salt stress level (0 uM H,S and
100 mM NacCl) (Table 3).

Hormone content: ABA content in bean leaves increased
with increased salt stress levels in all treatments.
The contents of TAA and GA in leaves decreased under
salinity. However, exogenous H,S applications reduced
ABA but increased IAA and GA content in bean seedlings

(Fig. 4).

Mineral element content: The mineral content in bean
seedlings under different salt levels is shown in Table 4.
In all salinity treatments, the mineral content (except for
Na and Cl) in leaves decreased. However, H,S treatments
enhanced the ion content of the bean under salinity.
Application of exogenous H»S reduced Na and Cl contents
in the seedlings under salinity as well (Table 4).

Discussion

Salt stress effects on bean seedlings: Salt stress causes
osmotic stress and ionic toxicity, which affects all major
plant development processes, such as photosynthesis,
cellular metabolism, and plant nutrition (Safdar er al.
2019). The results obtained from our study indicated that
salinity negatively affected bean growth and decreased
the amount of Chl and photosynthetic activity of the
plant at examined salt stress levels (Tables 1, 2; Fig. 2).
Similarly, previous reports have indicated that salinity
negatively influences growth in beans (Vieira ef al. 2019,
Arteaga et al. 2020). Scholberg and Locascio (1999)
determined that the growth of beans decreased linearly
with the increase in the electrical conductivity (EC) of
irrigation water. It has been reported earlier that salinity
conditions trigger the change of lipid composition in
the membrane structure and cause membrane damage
(Munns and Tester 2008). Similarly, in our experiment
with bean seedlings, RWC decreased with increased
salt stress, however, TEC values increased significantly
(Fig. 3). Chlorophyll content significantly decreased
with increased salt concentrations. Decreased RWC and
chlorophyll content and increased electrical leakage
under salt stress have been reported earlier in different
vegetables including beans (Azimychetabi and Sabokdast
2021, Kul et al. 2021). Salt-stressed bean plants had lower
Py, g, E, and C; values than those of nonstressed plants
(Table 2). The decrease in photosynthetic characteristics
of beans under salt stress can be explained by the effect
of NaCl that causes aggregation in adjacent grana
membranes, shrinkage of thylakoids, and degradation
of chlorophylls. It has been reported earlier that salinity
decreases the net photosynthetic rate, transpiration
rate, and stomatal conductivity and increases stomatal
resistance (Ashraf 2004).

Salt stress is a complex issue for plants and it affects
many metabolic activities. In our experiment, salt stress
in bean seedlings resulted in a substantial elevation in
the concentration of proline, sugar, H,O,, and a rise in
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Table 2. The effects of H,S applications on the net assimilation rate (Py), stomatal conductance (g), transpiration rate (£), and intercellular
CO, content (C) in salt-stressed beans. There is no statistical difference between the same letters given in each column (p<0.001).

NaCl [mM]  H,S [uM]  Px[umolm?s'] g [mmolm?s?'] E[mmolm3s'] C;[umol mol']
0 0 8.25¢ 0.82¢ 9.50 342.33%
25 9.89¢ 0.86° 10.08* 348.67®
50 10.23% 0.87¢ 9.28¢ 353.00°
75 11.232 0.95° 9.73b 327.67¢
100 9.80¢ 0.88° 9.76° 347.00®
50 0 6.27¢ 0.17 3.39¢ 305.00¢
25 6.90f 0.20¢ 3.79% 315.33¢
50 7.52¢ 0.19¢f 3.66°" 324.00¢
75 6.83f 0.18% 3.36f 300.33¢f
100 6.79¢ 0.18% 4,044 304.00¢
75 0 2.25% 0.06 1.29n 279.67"
25 420" 0.08 1.61 293.00%
50 4.16" 0.08! 1.75¢ 289.33¢
75 4.05" 0.07% 1.63 287.33¢M
100 3.89" 0.07i 1.57¢ 267.000
100 0 1.39™ 0.03! 0.77 239.33!
25 1.82! 0.03! 0.991 250.33k
50 2.84i 0.05% 1.32" 278.33i
75 2.48%k 0.03! 0.93i 252.33k
100 2,74 0.03! 0.85 251.33k

Table 3. The effects of H,S applications on hydrogen peroxide (H,O,), malondialdehyde (MDA), proline, and sucrose content and
catalase (CAT), peroxidase (POD), and superoxide dismutase (SOD) activity in salt-stressed beans. There is no statistical difference
between the same letters given in each column (p<0.001).

NaCl H,S H,0, MDA Prolin Sucrose CAT POD SOD
[mM]  [pM]  [mmolkg'] [mmolkg']  [mmolkg']  [%] [Ug'(FM)]  [Ug'(FM)] [Ug'(FM)]
0 0 42170 28.57¢ 0.17" 2.30¢ 222.26% 31,122.59¢ 2,229.16¢f
25 18.79! 19.601 0.19' 2.61° 219.66%" 25,921.24" 2,374.72¢
50 15.86! 12.89 0.17" 1.42) 205.19h 17,780.02% 1,232.18k
75 9.75m 14.29¢ 0.21' 2.18%f 202.60" 13,340.76' 862.61
100 8.87m 48.49¢ 0.18 3.53b 198.17! 10,664.74™ 396.49™
50 0 61.268 35.30° 0.21' 2.82¢ 376.76° 35,157.95" 2,539.35¢%
25 45.87 30.09¢ 0.26¢ 2.234 349.51° 34,345.07* 2,769.84¢
50 39.74 17.215 0.33 1.16 240.25¢ 23,798.86! 1,646.28"
75 27.26% 22.421 041 1.62" 184.49 18,430.35% 926.06¢
100 18.50! 19.07 0.34 2.054¢ 216.59¢h 12,568.65™ 971.934
75 0 107.95° 54.30¢ 0.61¢ 3.28° 533.82% 52,500.66° 3,466.26°
25 84.30° 45.68¢ 0.56° 1.96°f% 452.55¢ 42,422,734 3,400.39°
50 55.24h 19.210 0.47¢ 1.48 436.95¢ 37,470.00° 1,895.55¢
75 38.48 31.60¢ 0.51% 1.47 295.41f 20,600.971 1,449.917
100 41.261 2547 0.52¢f 1.88f 251.05¢ 23,491.28 1,539.351
100 0 169.312 86.16* 0.95° 4.45° 751.05* 70,181.01° 4,789.48°
25 131.95° 66.92° 0.76° 1.540 564.48° 55,843.57° 4,006.86°
50 96.344 42.33¢ 0.44ni 2.83¢ 513.15¢ 42,281.10¢ 2,455.51¢
75 46.95 37.92f 0.68° 1.82¢h 383.17¢ 36,273.74 2,068.31"%
100 69.60° 35.40° 0.60¢ 0.78! 296.51° 26,011.74 1,636.50"
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Fig. 4. The effects of H,S applications on the indole acetic
acid (IAA) (4), abscisic acid (ABA) (B), and gibberellic acid
(GA) (C) content in salt-stressed beans. There is no statistical
difference between the same letters given in each bar (p<0.001).

lipid peroxidation (MDA). It is known that under osmotic
stress, the availability of water decreases, resulting in
the formation of various ROS, such as superoxide (O,"),
H,0,, hydroxyl radicals ('OH), and singlet oxygen ('O,)
(Ahluwalia et al. 2021, Ekinci et al. 2021). It is known
that increased ROS has a detrimental effect on the cell
membrane by lipid peroxidation. Lipid peroxidation,
which leads to the destruction of the cell membrane,
produces MDA (Ekinci et al. 2021, Yildirim et al.
2022). Ensuring osmotic balance and preserving cellular
structures under stress conditions is achieved by the
functions of osmolytes. Proline and sugars are important
osmoprotectants that increase the osmotic potential of
cells under stress, thereby stabilizing the osmotic potential
of internally increased osmotic pressure and stabilizing
the structures of membranes and macromolecules (Shafi
et al. 2019). In our experiment, increased contents of
proline, sugar, and MDA under salt stress are a result
of the defense mechanism of the bean to adapt to stress
conditions.

The results of our study pointed out that salt stress
caused an increase in the CAT, SOD, and POD activities
of bean plants (Table 3). Plants can reduce and repair
oxidative damage with a complex antioxidant system.
The activities of CAT, SOD, and POD as antioxidant
enzymes are known as extremely effective ROS-
scavenging mechanisms (Kusvuran et al. 2016).

The hormone content of bean seedlings was signifi-
cantly affected by salt stress. As represented in Fig. 4,
IAA and GA decreased under salt stress as compared to
the control treatment. Conversely, ABA content was
elevated by increased NaCl concentration. Similarly, it has
been also reported that the amount of ABA increased in
plants grown under abiotic stress conditions, but the amount
of TAA and GA decreased (Samancioglu et al. 2016).
It has been understood that IAA shows a response
mechanism in agricultural plants under salt stress.
However, information on the relationship between salt
stress and auxin content in plants is limited (Kaya et al.
2009).

H,S application effects on beans under salt stress:
The results of the study indicated that exogenous H,S
treatments mitigated the negative effects of salt stress
on the growth of the bean. As it was discussed above, all
measured parameters of bean seedlings were significantly
inhibited under salt stress, whereas the H>S applications
efficiently improved the salt tolerance of the plant.
The optimum dose of H,S in reducing the negative
effects of salt on plant growth was 25 pM. Similarly,
the mitigating effect of H,S applications on plant
production under salt stress was determined earlier in
previous studies (Deng et al. 2016, Ekinci et al. 2021,
Liu et al. 2021). In addition, it has been known that
plants increase the internal synthesis of H,S to improve
their tolerance to many abiotic stress conditions (Yavas
and Unay 2018). Therefore, the foliar application of
H.,S is supposed to be improving the salt resistance of
plants by scavenging ROS accumulation and modulating
transcription in multiple defense-related pathways (Zhang
et al. 2010a).

We observed better growth parameters, such as shoot
FM and DM and root FM and DM with H,S applications
under salt stress. Better root growth with different doses
of H>S was announced earlier by Liu et al. (2021). Zhang
et al. (2010a) also reported that exogenous H,S application
stimulated root organogenesis in soybean. In another
study, H,S application with a concentration of 0.4 mM
NaHS elevated the progress of lateral roots in wheat.
The number and length of lateral roots increased in
number as well as their density (Li et al. 2022). Li et al.
(2022) also reported that H,S application could improve
root growth with its inhibitory effect on abiotic stress in
many plants.

Foliar H>S applications caused a significant increase
in RWC, Chl a, Chl b, and total Chl content under salt
stress while TEC values decreased with H,S treatments
(Table 1, Fig. 3). Increased membrane permeability and
decreased RWC with H,S application with salinity has
been reported earlier with corn (Shan et al. 2014) and
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eggplant (Ekinci ef al. 2021). Lai et al. (2014) pointed
out that these positive impacts could be obtained by
the maintenance of integrity in the membrane in plants.

Exogenous H,S lowered the degradation of Chl under
salinity, thus enhancing the photosynthetic capacity
of the bean. We found that the most effective dose was
25 uM H.S. Zhang et al. (2009) demonstrated that
sodium sulfide (NaHS) attenuated the osmotic-induced
reduction in Chl concentrations in sweet potatoes.
In our study, we observed that H,S applications increased
photosynthetic properties in beans under non-salt stress
conditions (Table 2). In addition, we also found that the
decrease in photosynthetic properties in saline conditions
was lower with H,S applications. Similar to our findings,
Ding et al. (2019) stated that H,S alleviates the impact
of stress on plants by increasing photosynthetic activity
under salt stress. The effects of H,S applications on
the photosynthetic characteristics of bean was different
under different salt concentrations. For example, 50 uM
H,S applications in 50 and 100 mM NaCl and 25 uM
H.S applications in 75 mM NaCl were more effective
in terms of improving Py and C; as compared to other
application doses of H,S under the same salt stress
levels. Similarly, results of 25 uM H,S application dose
were more favorable in 50 and 70 mM NaCl in terms of
improving g;. It is thought that improved photosynthetic
activity with H,S application might be thanks to the
reduction of ROS accumulation in particular. It has been
known that chloroplast biogenesis and photosynthetic
enzyme expression increase with H,S applications in
spinach, and an increase in photosynthetic activity occurs
(Chen et al. 2011). The enhanced photosynthetic activity
with exogenous H,S under salt stress conditions was also
determined in crops such as eggplant (Ekinci ez al. 2021),
rice (Wei et al. 2021), and cucumber (Sun et al. 2021).
It was also reported that H,S can elevate photosynthetic
electron transfer and chlorophyll biosynthesis in cucumber
and Kandelia obovata leaves under salt stress (Jiang
et al. 2020). Consequently, the negative impact of salinity
on these properties could be alleviated by external H,S
applications (Table 2, Fig. 2).

H,S applications increased the survival rate of beans
under examined salt concentrations by increasing various
antioxidant enzyme activities. The results of our study
indicated that exogenous H.S treatments decreased the
antioxidant enzyme activities, proline, and sugar content
of bean seedlings under saline conditions (Table 3).
It has been determined that the accumulation of various
osmolytes (sucrose, proline, and soluble total sugars) can
be effective in increasing stress tolerance in plants (Shi
et al. 2013). This may be due to the reduction of ROS
accumulation thanks to H,S applications. Ding et al.
(2019) also found out that H»S changes antioxidant enzyme
activity to increase plant stress tolerance, and coordinates
signal transmission pathways in wheat. Exogenous
H,S applications significantly reduced MDA and H,O,
accumulation in bean seedlings. The reducing effect of
H,S applications on oxidative stress markers such as H,O,
and MDA was explained by its outcome of providing
aprotective shield against oxidative damage. The mitigative

effect of H»S is explained earlier by its favorable effect on
defense mechanisms through antioxidant activities, and
ROS detoxification (Mostofa et al. 2015).

Zhang et al. (2010b) also mentioned that NaHS (H,S
donor) applications in plants exposed to osmotic stress
resulted in a low MDA content in seedlings and limited
lipid peroxidation. In addition, the augmentation in
MDA accumulation in maize raised by salt stress was
significantly lowered by H,S (Shan er al. 2014), while
the H,O, and MDA content increased by salinity stress
in wheat decreased by foliar H,S application (Ding
et al. 2019). Papanatsiou et al. (2015) stated earlier that
H,S traverses the intracellular and intercellular domains,
and regulates the homeostasis in plant cells. It is well
known now that when ROS accumulation started to cause
oxidative stress to plants, the increase in H,S concentration
helps to decrease the ROS concentration with different
enzymatic and nonenzymatic signal pathways. We found
in our study that exogenous H,S application lowered ROS
content. In our experiment, the activities of POD, CAT, and
SOD enzymes in bean leaves significantly increased under
saline conditions with H,S applications. The results from
previous studies showed that apart from increasing some
enzyme activities, such as L/D-cysteine desulfhydrase and
O-acetylserine (thiol) lyase, exogenous H,S application
also boosts the amount of endogenous H,S and cysteine
(Khan et al. 2018, Li et al. 2019).

Foliar H,S applications reduced ABA content but
increased TAA and GA content (Fig. 4). Under stress
conditions, H,S interacts closely with plant hormones to
increase tolerance to environmental stress factors. H,S
interacts with phytohormones, such as ethylene, ABA,
melatonin, jasmonic acid, and polyamines, to maintain
plant responses to abiotic stresses (Huang et al. 2021).
Specifically, H,S, a new plant gasotransmitter, is the ABA
signalosome for cross-adaptation. By interacting with
ABA, it adjusts stomatal closure during different abiotic
stresses. H,S can play role in ABA-induced stomatal
closure of stressed plants (Liu and Xue 2021). In addition,
H.,S positively modulates ABA signaling in guard cells
through persulfidation proteins encoded by the OST7 and
SnRK2.6 genes (Zhang et al. 2021). Moreover, Mei et al.
(2017) suggested that H»S is crucial for the progress of
lateral roots by interacting with IAA. Fang et al. (2014)
reported that H,S-treated tomato seedlings showed
induced upregulation of an auxin-dependent gene, i.e.,
the cyclin-dependent kinase (CDK) gene (SICDKAI).
Moreover, in another study, they determined that the
production of IAA significantly increased with NaHS
application, and as an IAA transport inhibitor, NPA
(N-1-naphthylphthalamic acid) lessened the H,S effect on
the root development in sweet potato, soybean, and willow
(Zhang et al. 2009).

H,S treatments increased the mineral content of beans
(except for Na and Cl) slightly under salt stress (Table 4).
H,S has a significant effect on nutrient balance in plants
and ensures their survival under environmental stress
factors (Raza et al. 2022). It is stated that H,S acts together
with Ca and contributes to the regulation of antioxidant
defense and ion homeostasis during K-deficient NaCl
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stress. In addition, Ca and H,S act synergistically and
increase H'-ATPase activity and Na*/H"-antiport system
in plants under NaCl stress (Zhao et al. 2018, Khan et al.
2021). This process induces the expression of several
genes which encode the isoforms of the plasma membrane
proton pump in a plant (Zhao et al. 2018). It is also
known that the accumulation of intracellular Na" and
the Na*/K" ratio can be reduced by H,S application and
the exosmosis of intracellular K* can be inhibited (Li et al.
2022). Similarly, Mostofa et al. (2015) reported that H,S
pretreatment decreased the Na content in salt-stressed
rice. The role of H,S also has been found important by
Deng et al. (2016) in mitigating growth inhibition of
wheat under salinity, decreasing Na concentration, and
increasing the selective carrying capacity from K* to Na*
under salt stress. Previous studies relate decreased root
growth under salt stress with a decrease in K* content
and the K*/Na* ratio in the cytoplasm (Zhao ef al 2018).
H,S application was reported to restrict the NaCl-induced
K" content in both salt-tolerant and salt-sensitive grape
roots. Additionally, it is stated that H,S elevates Na* efflux
and the influx of H" to support the plasma membrane
polarity (Zhao et al. 2018). Similar to our findings,
the K*/Na" ratio in alfalfa roots increased with H,S
applications (Wang et al. 2012).

Conclusion: The effects of salt stress, which is one of
the important problems in agricultural production, cause
losses in yield and quality. One of the important types
of vegetables affected by salinity is beans. In our study,
we determined that salt stress caused significant damage
to bean seedlings, and the damage was observed starting
from the concentration of 50 mM NaCl. However,
the application of H,S had important effects on beans
under salt stress. As a result, it was determined in the
study that the damage caused by salt stress in beans can be
reduced by exogenous H,S applications.

References

Abedi T., Pakniyat H.: Antioxidant enzymes changes in response
to drought stress in ten cultivars of oilseed rape (Brassica
napus L.). — Czech J. Genet. Plant Breed. 46: 27-34, 2010.

Ahluwalia O., Singh P.C., Bhatia R.: A review on drought stress
in plants: Implications, mitigation and the role of plant growth
promoting rhizobacteria. — Resour. Environ. Sustain. 5:
100032, 2021.

Al-Zubaidi A.H.A.: Effects of salinity stress on growth and yield
of two varieties of eggplant under greenhouse conditions. —
Res. Crop. 19: 436-440, 2018.

Angelini R., Manes F., Federico R.: Spatial and functional
correlation between diamine-oxidase and peroxidase activities
and their dependence upon de-etiolation and wounding in
chick-pea stems. — Planta 182: 89-96, 1990.

Arteaga S., Yabor L., Diez M.J. et al.: The use of proline in
screening for tolerance to drought and salinity in common
bean (Phaseolus vulgaris L.) genotypes. — Agronomy 10:
817, 2020.

Ashraf M., Mukhtar N., Rehman S., Rha E.S.: Salt-induced
changes in photosynthetic activity and growth in a potential
medicinal plant Bishop's weed (Ammi majus L.). —
Photosynthetica 42: 543-550, 2004.

34

Azimychetabi Z., Sabokdast M.: Physiological and biochemical
responses of four genotypes of common bean (Phaseolus
vulgaris L.) under salt stress. — J. Agr. Sci. Tech. 23: 1091-
1103, 2021.

Battal P., Tileklioglu B.: The effects of different mineral nutrients
on the levels of cytokinins in maize (Zea mays L.). — Turk.
J. Bot. 25: 123-130, 2001.

Chen J.,, Wu FH., Wang W.H. et al.: Hydrogen sulphide
enhances photosynthesis through promoting chloroplast
biogenesis, photosynthetic enzyme expression, and thiol
redox modification in Spinacia oleracea seedlings. — J. Exp.
Bot. 62: 4481-4493, 2011.

Choudhury A.R., Choi J., Walitang D.I. et al.: ACC deaminase
and indole acetic acid producing endophytic bacterial
co-inoculation improves physiological traits of red pepper
(Capsicum annum L.) under salt stress. — J. Plant Physiol.
267: 153544, 2021.

Christou A., Filippou P., Manganaris G.A., Fotopoulos V.:
Sodium hydrosulfide induces systemic thermotolerance to
strawberry plants through transcriptional regulation of heat
shock proteins and aquaporin. — BMC Plant Biol. 14: 42,
2014.

da-Silva C.J., Modolo L.V.: Hydrogen sulfide: a new endogenous
player in an old mechanism of plant tolerance to high
salinity. — Acta Bot. Bras. 32: 150-160, 2018.

Deng Y.Q., Bao J., Yuan F. et al.: Exogenous hydrogen sulfide
alleviates salt stress in wheat seedlings by decreasing Na
content. — Plant Growth Regul. 79: 391-399, 2016.

Ding H., Ma D., Huang X. et al.: Exogenous hydrogen sulfide
alleviates salt stress by improving antioxidant defenses and
the salt overly sensitive pathway in wheat seedlings. — Acta
Physiol. Plant. 41: 123, 2019.

Doganlar Z.B., Demir K., Basak H., Gul. L.: Effects of salt stress
on pigment and total soluble protein contents of three different
tomato cultivars. — Afr. J. Agr. Res. 5: 2056-2065, 2010.

Ekinci M., Yildirim E., Turan M.: Ameliorating effects of
hydrogen sulfide on growth, physiological and biochemical
characteristics of eggplant seedlings under salt stress. — S. Aft.
J. Bot. 143: 79-89, 2021.

Esiyok D.: [Winter and Summer Vegetable Cultivation]. Pp. 404.
Ege University, Faculty of Agriculture, Department of
Horticulture, Bornova, Izmir, Turkey 2012. [In Turkish]

Fang T., Cao Z.Y., LiJ.L. et al.: Auxin-induced hydrogen sulfide
generation is involved in lateral root formation in tomato. —
Plant Physiol. Bioch. 76: 44-51, 2014.

Gharsallah C., Fakhfakh H., Grubb D., Gorsane F.: Effect of
salt stress on ion concentration, proline content, antioxidant
enzyme activities and gene expression in tomato cultivars. —
AoB Plants 8: plw055, 2016.

Hancock J.T.: Harnessing evolutionary toxins for signaling:
reactive oxygen species, nitric oxide and hydrogen sulfide in
plant cell regulation. — Front Plant Sci. 8: 189, 2017.

Huang D., Huo J., Liao W.: Hydrogen sulfide: roles in plant
abiotic stress response and crosstalk with other signals. —
Plant Sci. 302: 110733, 2021.

Isayenkov S.V., Maathuis F.J.M.: Plant salinity stress: Many
unanswered questions remain. — Front. Plant Sci. 10: 80, 2019.

Jiang J., Ren X, Li L. ef al.: H,S regulation of metabolism in
cucumber in response to salt-stress through transcriptome and
proteome analysis. — Front. Plant Sci. 11: 1283, 2020.

Jin Z., Pei Y.: Physiological implications of hydrogen sulfide in
plants: pleasant exploration behind its unpleasant odour. —
Oxid. Med. Cell. Longev. 2015: 397502, 2015.

Kalaji H.M., Govindjee, Bosa K. et al.: Effects of salt stress on
photosystem II efficiency and CO, assimilation of two Syrian
barley landraces. — Environ. Exp. Bot. 73: 64-72, 2011.


https://doi.org/10.17221/67/2009-CJGPB
https://doi.org/10.17221/67/2009-CJGPB
https://doi.org/10.17221/67/2009-CJGPB
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.31830/2348-7542.2018.0001.13
https://doi.org/10.31830/2348-7542.2018.0001.13
https://doi.org/10.31830/2348-7542.2018.0001.13
https://doi.org/10.1007/BF00239989
https://doi.org/10.1007/BF00239989
https://doi.org/10.1007/BF00239989
https://doi.org/10.1007/BF00239989
https://doi.org/10.3390/agronomy10060817
https://doi.org/10.3390/agronomy10060817
https://doi.org/10.3390/agronomy10060817
https://doi.org/10.3390/agronomy10060817
https://doi.org/10.1007/S11099-005-0011-4
https://doi.org/10.1007/S11099-005-0011-4
https://doi.org/10.1007/S11099-005-0011-4
https://doi.org/10.1007/S11099-005-0011-4
https://jast.modares.ac.ir/article-23-42862-en.html
https://jast.modares.ac.ir/article-23-42862-en.html
https://jast.modares.ac.ir/article-23-42862-en.html
https://jast.modares.ac.ir/article-23-42862-en.html
https://journals.tubitak.gov.tr/botany/vol25/iss3/2
https://journals.tubitak.gov.tr/botany/vol25/iss3/2
https://journals.tubitak.gov.tr/botany/vol25/iss3/2
https://doi.org/10.1093/jxb/err145
https://doi.org/10.1093/jxb/err145
https://doi.org/10.1093/jxb/err145
https://doi.org/10.1093/jxb/err145
https://doi.org/10.1093/jxb/err145
https://doi.org/10.1016/j.jplph.2021.153544
https://doi.org/10.1016/j.jplph.2021.153544
https://doi.org/10.1016/j.jplph.2021.153544
https://doi.org/10.1016/j.jplph.2021.153544
https://doi.org/10.1016/j.jplph.2021.153544
https://doi.org/10.1186/1471-2229-14-42
https://doi.org/10.1186/1471-2229-14-42
https://doi.org/10.1186/1471-2229-14-42
https://doi.org/10.1186/1471-2229-14-42
https://doi.org/10.1186/1471-2229-14-42
https://doi.org/10.1590/0102-33062017abb0229
https://doi.org/10.1590/0102-33062017abb0229
https://doi.org/10.1590/0102-33062017abb0229
https://doi.org/10.1007/s10725-015-0143-x
https://doi.org/10.1007/s10725-015-0143-x
https://doi.org/10.1007/s10725-015-0143-x
https://doi.org/10.1007/s11738-019-2918-6
https://doi.org/10.1007/s11738-019-2918-6
https://doi.org/10.1007/s11738-019-2918-6
https://doi.org/10.1007/s11738-019-2918-6
https://academicjournals.org/journal/AJAR/article-full-text-pdf/82BDAE640153
https://academicjournals.org/journal/AJAR/article-full-text-pdf/82BDAE640153
https://academicjournals.org/journal/AJAR/article-full-text-pdf/82BDAE640153
https://doi.org/10.1016/j.sajb.2021.07.034
https://doi.org/10.1016/j.sajb.2021.07.034
https://doi.org/10.1016/j.sajb.2021.07.034
https://doi.org/10.1016/j.sajb.2021.07.034
https://doi.org/10.1016/j.plaphy.2013.12.024
https://doi.org/10.1016/j.plaphy.2013.12.024
https://doi.org/10.1016/j.plaphy.2013.12.024
https://doi.org/10.1093/aobpla/plw055
https://doi.org/10.1093/aobpla/plw055
https://doi.org/10.1093/aobpla/plw055
https://doi.org/10.1093/aobpla/plw055
https://doi.org/10.3389/fpls.2017.00189
https://doi.org/10.3389/fpls.2017.00189
https://doi.org/10.3389/fpls.2017.00189
https://doi.org/10.1016/j.plantsci.2020.110733
https://doi.org/10.1016/j.plantsci.2020.110733
https://doi.org/10.1016/j.plantsci.2020.110733
https://doi.org/10.3389/fpls.2019.00080
https://doi.org/10.3389/fpls.2019.00080
https://doi.org/10.3389/fpls.2020.01283
https://doi.org/10.3389/fpls.2020.01283
https://doi.org/10.3389/fpls.2020.01283
https://doi.org/10.1155/2015/397502
https://doi.org/10.1155/2015/397502
https://doi.org/10.1155/2015/397502
https://doi.org/10.1016/j.envexpbot.2010.10.009
https://doi.org/10.1016/j.envexpbot.2010.10.009
https://doi.org/10.1016/j.envexpbot.2010.10.009

EFFECT OF H,S APPLICATIONS ON BEAN SEEDLINGS UNDER SALINE CONDITIONS

Kaya C., Tuna A.L., Yokas I.: The role of plant hormones in
plants under salinity stress. — In: Ashraf M., Ozturk M.,
Athar H. (ed.): Salinity and Water Stress. Tasks for Vegetation
Sciences. Vol. 44. Pp. 45-50. Springer, Dordrecht 2009.

Khan M.N., AlZuaibr F.M., Al-Huqail A.A. et al.: Hydrogen
sulfide-mediated activation of O-acetylserine (thiol) lyase and
L/D-cysteine desulthydrase enhance dehydration tolerance in
Eruca sativa Mill. — Int. J. Mol. Sci. 19: 3981, 2018.

Khan M.N., Siddiqui M.H., Mukherjee S. et al.: Calcium-
hydrogen sulfide crosstalk during K'-deficient NaCl
stress operates through regulation of Na'/H" antiport and
antioxidative defense system in mung bean roots. — Plant
Physiol. Bioch. 159: 211-225, 2021.

Kul R., Arjumend T., Ekinci M. et al.: Biochar as an organic soil
conditioner for mitigating salinity stress in tomato. — Soil Sci.
Plant Nutr. 67: 693-706, 2021.

Kusvuran S., Kiran S., Ellialtioglu S.S.: Antioxidant enzyme
activities and abiotic stress tolerance relationship in vegetable
crops. — In: Shanker A.K., Shanker C. (ed.): Abiotic and Biotic
Stress in Plants: Recent Advances and Future Perspectives.
Pp. 481-506. IntechOpen, 2016.

Lai D., Mao Y., Zhou H. et al.: Endogenous hydrogen sulfide
enhances salt tolerance by coupling the reestablishment of
redox homeostasis and preventing salt-induced K* loss in
seedlings of Medicago sativa.—Plant Sci. 225: 117-129, 2014.

Li H., Chen H., Chen L., Wang C.: The role of hydrogen sulfide
in plant roots during development and in response to abiotic
stress. — Int. J. Mol. Sci. 23: 1024, 2022.

LiZ., Zhu Y., He X. et al.: The hydrogen sulfide, a downstream
signaling molecule of hydrogen peroxide and nitric oxide,
involves spermidine-regulated transcription factors and anti-
oxidant defense in white clover in response to dehydration. —
Environ. Exp. Bot. 161: 255-264, 2019.

Li Z.G., Min X., Zhou Z.H.: Hydrogen sulfide: a signal molecule
in plant cross-adaptation. —Front. Plant Sci. 7: 1621, 2016.
Lichtenthaler H.K., Buschmann C.: Extraction of photosynthetic
tissues: chlorophylls and carotenoids. — Curr. Protoc. Food

Anal. Chem. 1: F4.2.1-F4.2.6, 2001.

Liu H., Wang J., Liu J. et al.: Hydrogen sulfide (H,S) signaling
in plant development and stress responses. — aBIOTECH 2:
32-63,2021.

Liu H., Xue S.: Interplay between hydrogen sulfide and other
signaling molecules in the regulation of guard cell signaling
and abiotic/biotic stress response. — Plant Commun. 2:
100179, 2021.

Liu X., Huang B.: Heat stress injury in relation to membrane
lipid peroxidation in creeping bentgrass. — Crop Sci. 40: 503-
510, 2000.

Mei Y.D., Chen H.T., Shen W.B. et al.: Hydrogen peroxide is
involved in hydrogen sulfide-induced lateral root formation
in tomato seedlings. — BMC Plant Biol. 17: 162, 2017.

Mertens D.: AOAC Official Method 922.02. Plants preparation
of laboratory sample. — In: Horwitz W., Latimer G.W.
(ed.): Official Methods of Analysis of AOAC International.
18" Edition. Association of Official Analytical Chemistry
International, Maryland 2005a.

Mertens D.: AOAC Official Method 975.03. Metal in plants
and pet foods. — In: Horwitz W., Latimer G.W. (ed.): Official
Methods of Analysis of AOAC International. 18" Edition.
Association of Official Analytical Chemistry International,
Maryland 2005b.

Mostofa M.G., Saegusa D., Fujita M., Tran L.S.P.: Hydrogen
sulfide regulates salt tolerance in rice by maintaining Na'/K*
balance, mineral homeostasis and oxidative metabolism under
excessive salt stress. — Front. Plant Sci. 6: 1055, 2015.

Munns R., Tester M.: Mechanisms of salinity tolerance. — Annu.

Rev. Plant Biol. 59: 651-681, 2008.

Ozden M., Demirel U., Kahraman A.: Effects of proline on
antioxidant system in leaves of grapevine (Vitis vinifera L.)
exposed to oxidative stress by H,O,. — Sci. Hortic.-Amsterdam
119: 163-168, 2009.

Papanatsiou M., Scuffi D., Blatt M.R., Garcia-Mata C.: Hydrogen
sulfide regulates inward-rectifying K* channels in conjunction
with stomatal closure. — Plant Physiol. 168: 29-35, 2015.

Raza A., Tabassum J., Mubarik M.S. et al.: Hydrogen sulfide: an
emerging component against abiotic stress in plants. — Plant
Biol. 24: 540-558, 2022.

Safdar H., Amin A., Shafiq Y. et al.: A review: Impact of salinity
on plant growth. — Nat. Sci. 17: 34-40, 2019.

Samancioglu A., Yildirim E., Turan M. et al.: Amelioration of
drought stress adverse effect and mediating biochemical
content of cabbage seedlings by plant growth promoting
rhizobacteria. — Int. J. Agric. Biol. 18: 948-956, 2016.

Scholberg J.M.S., Locascio S.J.: Growth response of snap bean
and tomato as affected by salinity and irrigation method. —
HortScience 34: 259-264, 1999.

Shafi A., Zahoor 1., Mushtaq U.: Proline accumulation and
oxidative stress: Diverse roles and mechanism of tolerance
and adaptation under salinity stress. — In: Akhtar M. (ed.):
Salt Stress, Microbes, and Plant Interactions: Mechanisms
and Molecular Approaches. Pp. 269-300. Springer, Singapore
2019.

Shams M., Ekinci M., Ors S. et al.: Nitric oxide mitigates salt
stress effects of pepper seedlings by altering nutrient uptake,
enzyme activity and osmolyte accumulation. — Physiol. Mol.
Biol. Pla. 25: 1149-1161, 2019.

Shan C., Liu H., Zhao L. et al.: Effects of exogenous hydrogen
sulfide on the redox states of ascorbate and glutathione in
maize leaves under salt stress. — Biol. Plantarum 58: 169-173,
2014.

Shen Y., Wang W., Zhang W. et al.: [Hydrogen sulfide facilitating
enhancement of antioxidant ability and maintenance of fruit
quality of kiwifruits during low-temperature storage.] —Trans
CSAE 31: 367-372, 2015. [In Chinese]

Shi H., Ye T., Chan Z.: Exogenous application of hydrogen
sulfide donor sodium hydrosulfide enhanced multiple abiotic
stress tolerance in berdumagrass (Cynodon dactylon (L).
Pers.). — Plant Physiol. Bioch. 71: 226-234, 2013.

Stoeva N., Kaymakanova M.: Effect of salt stress on the growth
and photosynthesis rate of bean plants (Phaseolus vulgaris
L.).—J. Cent. Eur. Agric. 9: 385-391, 2008.

Sun Y., Ma C., Kang X. et al.: Hydrogen sulfide and nitric
oxide are involved in melatonin-induced salt tolerance in
cucumber. — Plant Physiol. Bioch. 167: 101-112, 2021.

Tuteja N.: Mechanisms of high salinity tolerance in plants. —
Method. Enzymol. 428: 419-438, 2007.

Vieira G.D.S., Cabralfilho F.R., Cunha F.N. et al.: Biomass
accumulation and growth of common bean plants under water
and salt stresses. — J. Agr. Sci. 11: 350-358, 2019.

Wang Y., Li L., Cui W. ef al.: Hydrogen sulfide enhances alfalfa
(Medicago sativa) tolerance against salinity during seed
germination by nitric oxide pathway. — Plant Soil 351: 107-
119, 2012.

Wei M.Y., Liu J.Y., Li H. et al.: Proteomic analysis reveals the
protective role of exogenous hydrogen sulfide against salt
stress in rice seedlings. — Nitric Oxide 111-112: 14-30, 2021.

Yavas 1., Unay A.: [Signal molecule hydrogen sulfide (H,S) in
plants.] — Turk. J. Agric. Res. 5: 176-182, 2018. [In Turkish]

Yildirim E., Ekinci M., Turan M. et al.: Physiological and
biochemical changes of pepper cultivars under combined salt
and drought stress. — Gesunde Pflanzen 74: 675-683, 2022.

Zhang H., Jiao H., Jiang C.X. et al.: Hydrogen sulfide protects

35


https://doi.org/10.1007/978-1-4020-9065-3_5
https://doi.org/10.1007/978-1-4020-9065-3_5
https://doi.org/10.1007/978-1-4020-9065-3_5
https://doi.org/10.1007/978-1-4020-9065-3_5
https://doi.org/10.3390/ijms19123981
https://doi.org/10.3390/ijms19123981
https://doi.org/10.3390/ijms19123981
https://doi.org/10.3390/ijms19123981
https://doi.org/10.1016/j.plaphy.2020.11.055
https://doi.org/10.1016/j.plaphy.2020.11.055
https://doi.org/10.1016/j.plaphy.2020.11.055
https://doi.org/10.1016/j.plaphy.2020.11.055
https://doi.org/10.1016/j.plaphy.2020.11.055
https://doi.org/10.1080/00380768.2021.1998924
https://doi.org/10.1080/00380768.2021.1998924
https://doi.org/10.1080/00380768.2021.1998924
https://doi.org/10.5772/62235
https://doi.org/10.5772/62235
https://doi.org/10.5772/62235
https://doi.org/10.5772/62235
https://doi.org/10.5772/62235
https://doi.org/10.1016/j.plantsci.2014.06.006
https://doi.org/10.1016/j.plantsci.2014.06.006
https://doi.org/10.1016/j.plantsci.2014.06.006
https://doi.org/10.1016/j.plantsci.2014.06.006
https://doi.org/10.3390/ijms23031024
https://doi.org/10.3390/ijms23031024
https://doi.org/10.3390/ijms23031024
https://doi.org/10.1016/j.envexpbot.2018.06.036
https://doi.org/10.1016/j.envexpbot.2018.06.036
https://doi.org/10.1016/j.envexpbot.2018.06.036
https://doi.org/10.1016/j.envexpbot.2018.06.036
https://doi.org/10.1016/j.envexpbot.2018.06.036
https://doi.org/10.3389/fpls.2016.01621
https://doi.org/10.3389/fpls.2016.01621
https://doi.org/10.1002/0471142913.faf0402s01
https://doi.org/10.1002/0471142913.faf0402s01
https://doi.org/10.1002/0471142913.faf0402s01
https://doi.org/10.1007/s42994-021-00035-4
https://doi.org/10.1007/s42994-021-00035-4
https://doi.org/10.1007/s42994-021-00035-4
https://doi.org/10.1016/j.xplc.2021.100179
https://doi.org/10.1016/j.xplc.2021.100179
https://doi.org/10.1016/j.xplc.2021.100179
https://doi.org/10.1016/j.xplc.2021.100179
https://doi.org/10.2135/cropsci2000.402503x
https://doi.org/10.2135/cropsci2000.402503x
https://doi.org/10.2135/cropsci2000.402503x
https://doi.org/10.1186/s12870-017-1110-7
https://doi.org/10.1186/s12870-017-1110-7
https://doi.org/10.1186/s12870-017-1110-7
https://doi.org/10.3389/fpls.2015.01055
https://doi.org/10.3389/fpls.2015.01055
https://doi.org/10.3389/fpls.2015.01055
https://doi.org/10.3389/fpls.2015.01055
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1016/j.scienta.2008.07.031
https://doi.org/10.1016/j.scienta.2008.07.031
https://doi.org/10.1016/j.scienta.2008.07.031
https://doi.org/10.1016/j.scienta.2008.07.031
https://doi.org/10.1104/pp.114.256057
https://doi.org/10.1104/pp.114.256057
https://doi.org/10.1104/pp.114.256057
https://doi.org/10.1111/plb.13368
https://doi.org/10.1111/plb.13368
https://doi.org/10.1111/plb.13368
https://doi.org/10.7537/marsnsj170119.06
https://doi.org/10.7537/marsnsj170119.06
https://doi.org/10.17957/IJAB/15.0195
https://doi.org/10.17957/IJAB/15.0195
https://doi.org/10.17957/IJAB/15.0195
https://doi.org/10.17957/IJAB/15.0195
https://doi.org/10.21273/HORTSCI.34.2.259
https://doi.org/10.21273/HORTSCI.34.2.259
https://doi.org/10.21273/HORTSCI.34.2.259
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/978-981-13-8805-7_13
https://doi.org/10.1007/s12298-019-00692-2
https://doi.org/10.1007/s12298-019-00692-2
https://doi.org/10.1007/s12298-019-00692-2
https://doi.org/10.1007/s12298-019-00692-2
https://doi.org/10.1007/s10535-013-0366-5
https://doi.org/10.1007/s10535-013-0366-5
https://doi.org/10.1007/s10535-013-0366-5
https://doi.org/10.1007/s10535-013-0366-5
https://doi.org/10.3969/j.issn.1002-6819.2015.z1.045
https://doi.org/10.3969/j.issn.1002-6819.2015.z1.045
https://doi.org/10.3969/j.issn.1002-6819.2015.z1.045
https://doi.org/10.3969/j.issn.1002-6819.2015.z1.045
https://doi.org/10.1016/j.plaphy.2013.07.021
https://doi.org/10.1016/j.plaphy.2013.07.021
https://doi.org/10.1016/j.plaphy.2013.07.021
https://doi.org/10.1016/j.plaphy.2013.07.021
https://hrcak.srce.hr/35369
https://hrcak.srce.hr/35369
https://hrcak.srce.hr/35369
https://doi.org/10.1016/j.plaphy.2021.07.023
https://doi.org/10.1016/j.plaphy.2021.07.023
https://doi.org/10.1016/j.plaphy.2021.07.023
https://doi.org/10.1016/S0076-6879(07)28024-3
https://doi.org/10.1016/S0076-6879(07)28024-3
https://doi.org/10.5539/jas.v11n3p350
https://doi.org/10.5539/jas.v11n3p350
https://doi.org/10.5539/jas.v11n3p350
https://doi.org/10.1007/s11104-011-0936-2
https://doi.org/10.1007/s11104-011-0936-2
https://doi.org/10.1007/s11104-011-0936-2
https://doi.org/10.1007/s11104-011-0936-2
https://doi.org/10.1016/j.niox.2021.04.002
https://doi.org/10.1016/j.niox.2021.04.002
https://doi.org/10.1016/j.niox.2021.04.002
https://doi.org/10.19159/tutad.392683
https://doi.org/10.19159/tutad.392683
https://doi.org/10.1007/s10343-022-00642-1
https://doi.org/10.1007/s10343-022-00642-1
https://doi.org/10.1007/s10343-022-00642-1
https://doi.org/10.1007/s11738-010-0469-y

M. EKINCI et al.

soybean seedlings against drought-induced oxidative stress. —
Acta Physiol. Plant. 32: 849-857, 2010a.

Zhang H., Wang M.J., Hu L.Y. et al.: Hydrogen sulfide promotes
wheat seed germination under osmotic stress. — Russ. J. Plant
Physiol. 57: 532-539, 2010b.

Zhang H., Ye Y.K., Wang S.H. et al.: Hydrogen sulfide counteracts
chlorophyll loss in sweet potato seedling leaves and alleviates
oxidative damage against osmotic stress. — Plant Growth
Regul. 58: 243-250, 20009.

Zhang J., Zhou H., Zhou M. et al.: The coordination of guard-
cell autonomous ABA synthesis and DES1 function in situ
regulates plant water deficit responses. — J. Adv. Res. 27:
191-197, 2021.

Zhang Z., Mao C., Shi Z., Kou X.: The amino acid metabolic
and carbohydrate metabolic pathway play important roles
during salt-stress response in tomato. — Front. Plant Sci. 8:
1231, 2017.

Zhao N., Zhu H., Zhang H. et al.: Hydrogen sulfide mediates
K* and Na" homeostasis in the roots of salt-resistant and salt-
sensitive poplar species subjected to NaCl stress. — Front.
Plant Sci. 9: 1366, 2018.

Zhao W.T., Feng S.J., Li H. et al.: Salt stress-induced
FERROCHELATASE 1 improves resistance to salt stress by
limiting sodium accumulation in Arabidopsis thaliana. —
Sci. Rep.-UK 7: 14737, 2017.

© The authors. This is an open access article distributed under the terms of the Creative Commons BY-NC-ND Licence.

36


https://doi.org/10.1007/s11738-010-0469-y
https://doi.org/10.1007/s11738-010-0469-y
https://doi.org/10.1134/S1021443710040114
https://doi.org/10.1134/S1021443710040114
https://doi.org/10.1134/S1021443710040114
https://doi.org/10.1007/s10725-009-9372-1
https://doi.org/10.1007/s10725-009-9372-1
https://doi.org/10.1007/s10725-009-9372-1
https://doi.org/10.1007/s10725-009-9372-1
https://doi.org/10.1016/j.jare.2020.07.013
https://doi.org/10.1016/j.jare.2020.07.013
https://doi.org/10.1016/j.jare.2020.07.013
https://doi.org/10.1016/j.jare.2020.07.013
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.3389/fpls.2017.01231
https://doi.org/10.3389/fpls.2018.01366
https://doi.org/10.3389/fpls.2018.01366
https://doi.org/10.3389/fpls.2018.01366
https://doi.org/10.3389/fpls.2018.01366
https://doi.org/10.1038/s41598-017-13593-9
https://doi.org/10.1038/s41598-017-13593-9
https://doi.org/10.1038/s41598-017-13593-9
https://doi.org/10.1038/s41598-017-13593-9

