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ABSTRACT

Salinity stress is considered a great challenge affecting agriculture sector worldwide. Green bean is very
sensitive to salinity stress and faces losses in production and quality of pods with any increase in salt
concentration in irrigation water. This challenge requires implementing some amendments to alleviate salt
injuries on green bean. This experiment was carried out in the experimental farm of Vegetable Crops
Department, Faculty of Agriculture, Cairo University, Giza, Egypt, in the winter season of 2020/2021 and
2021/2022. The effect of anti-stressors under different salinity levels (0, 1.5, and 2.4 dS m-1of sea salt)
was studied on plant growth parameters, yield, proline, peroxides, abscisic acid, and nutrient content of
green bean. The anti-stressors were varied in their content of Calcium, Potassium, humic, and fulvic acid,
while the control (untreated with any anti-stressor). Our findings revealed that all tested plant growth
parameters of treated plants with anti-stressors were significantly higher than the control without
significant differences among each other. All anti-stressors obtained total yield and marketable yield
higher than control at each salinity level. The treated plants with anti-stressors recorded significantly
higher proline content than the control. At both highest levels of salinity (1.5 and 2.4 dS/m), all anti-
stressor recorded higher peroxidase and abscisic acid than the control without significance among them. It
is very obvious that the anti-stressor with calcium with other amendments limited the negative impacts of
salinity on green beans, while there was no superiority to one of these anti-stressors on the others.

Keywords: Green bean, Phaseolus vulgaris L, salinity, salt injuries, calcium, humic acid.

1-Introduction

Salinity stress poses a serious threat to crop productivity and food security worldwide (Wani and
Gosal 2011; Yu et al. 2013; Wani et al. 2013, and Rizwan et al., 2015). Worldwide, one of the major
challenges to agriculture sector is the production of 70% more food crops for an additional 2.3 billion
people by 2050. (Al-Naggar et al., 2015). Salt stress is considered the main factor determining the
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increase in food demand. In addition, more than 20% of irrigated land around the world is affected by

salinity, and the amount is greatly increasing (Peleg et al., 2011). Arid and semi-arid regions of the world
are mainly greatly affected by salinity and drought, which are responsible for the decline in crop yield
(Singh et al., 2015). So, food production enhancement in salt-prone areas is the key to facing future food
demands (Rizwan et al., 2015). Typically, salinity stress is associated with a lack of cell wall extension
and expansion, resulting in the cessation of plant growth. The ionic effect inhibits nutrient imbalance and
reduces net photosynthetic rates in afflicted plants (Arif et al.,, 2020). Increasing NaCl reduces
carbohydrates essential for cell proliferation, causing a nutritional imbalance in plant water availability
and absorption (Tuteja et al., 2012). The plants are affected by a factor that reduces their growth rate and
alters their metabolic processes (Arif et al., 2020). The green bean (Phaseolus vulgaris L.) is one of the
world's most essential vegetable commodities. It is a significant source of protein, carbohydrates,
vitamins, and minerals for millions of individuals around the world (Montoya et al., 2010; Celmeli et al.,
2018). Green bean is considered salt-sensitive plant throughout their entire growth cycle. When salinity
increased from 1 to 3 dS m™, its growth was reduced by approximately 10% (Garcia et al., 2019). In
addition, salinity levels of 2 and 4 dS m™ caused a considerable decrease in the root and shoot dry matter
production of bean seedlings (Asfaw, 2020). At a salinity of 6.3 dS m™, germination percentage, and
stem length were reduced by an average of 31% and 76.9%, while at a salinity of 9 dS m-1, they were
reduced by an average of 49% and 86.9% (Can-Chulim et al., 2017). In addition, bean seedling root and
stalk dry matter production decreased simultaneously with increasing salinity levels above 8 dS m™
(Asfaw, 2021). In addition, Mori et al. (2011) reported that irrigation with salinity levels of 0.7, 3.0, and
6.0 dS m™ decreased the growth and yield of green beans. Bean yield was reduced to about 43.5% (Mori
et al., 2011) or 50% (Garcia et al., 2019) when the salinity level raised from 1 to 3 dS m-1. The decrease
in green bean yield reached 79.9% at 6 dS m™, but with increasing salt concentration up to 9.0, 12.0 dS m
1 (Mori et al., 2011) and 16 dS m™ (Asfaw, 2021), the plants did not reach ripening, and consequently, no
yield was obtained. By reabsorbing Na+ from the xylem, the green bean is known to exclude Na+ from
the shoot and translocate Cl to the leaves. High concentrations of CI in the leaf inhibit plant growth by
modifying the plant's nutritional balance, CO2 uptake, and water relations (Chen et al., 2018).

Green bean is one of Egypt's most widely cultivated legumes for local consumption and export.
In 2020, the acreage of green beans in Egypt was 26028 ha, while the production was 2,64,959 tons.
Exports increased from 13901 tons in 2017 to 25573 tons in 2020 (FAO statistics division, 2023). 20—
30% of bean-producing regions in the Middle East, including Egypt, are affected by soil salinity (Mahdy
et al., 2022). Numerous efforts have been made to mitigate the negative impact of salinity on vegetable
crops (Zhang et al., 2010; Akladious and Mohamed, 2018; Saidimoradi et al., 2019; Hamaiel et al., 2020;
Jan et al., 2020; Abbas et al., 2022). Calcium is one of the primary elements that play a significant role in
mitigating the detrimental effects of salinity. It plays a significant role in higher plants, serving as an
essential inorganic nutrient with structural, metabolic, and detoxification functions (Soetan et al., 2010).
Inhibition of Na+ uptake depends on Ca level, which reduces the Na+ effect in plants and promotes plant
growth (Zhang et al., 2010) and could prevent the entry of Na+ ions via HKT2 transporters (Kronzucker
and Britto, 2011). Tobe et al. (2002, 2004) reported that the deleterious effects of chloride, sulfate, and Na
could be mitigated by calcium at low concentrations during germination or seedling development. Humic
compounds consist of numerous compounds, including humic acid (HA), one of the organic soil
constituents. According to Suddarth et al. (2019), humic substances applied to saline soils can increase
Na+ leaching and decrease both exchangeable sodium percentage and soil salinity. In addition, humic
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acid treatment increased plant growth, photosynthetic pigments, nutrient content, and non-enzymatic

antioxidants in plants grown under normal or saline salinity (Akladious and Mohamed, 2018). Similarly,
administration of HA under salinity stress substantially enhanced the vegetative growth and yield of
strawberry (Saidimoradia et al., 2019) and potato (Hamaiel et al., 2020). Potassium (K) is regarded as one
of the primary elements that influence the majority of biochemical and physiological processes that
impact plant growth and metabolism. It is crucial to the survival of plants under biotic and abiotic stresses
such as parasites, drought, salinity, high or low temperature, and waterlogging (Wang et al., 2013). In
addition, Jan et al. (2020) reported that the administration of K enhanced plant growth and acted as a
formidable barrier against the negative effects of salinity. By promoting Na+ exclusion, K+ accumulation,
and osmotic adjustment, potassium application improved salinity tolerance, as measured by plant water
status, biomass produced under stress, osmotic adjustment, and ionic balance, according to Chakraborty et
al.,, 2016. Recently, Abbas et al. (2022) demonstrated that potassium and humic acid application
synergistically increased salt tolerance and nutrient assimilation in diverse wheat via ionic homeostasis
and activation of antioxidant enzymes.

Consequently, the purpose of this study was to examine the effect of commercial preparations
containing primarily calcium in addition to a few other compounds such as HA and potassium on the
growth, yield, and phytochemicals of green beans under varying levels of salinity stress.

2-Materials and methods
2.1. Plant material and experimental design:

This experiment was carried out the experimental farm of Vegetable Crops Department, Faculty
of Agriculture, Cairo university, Giza, Egypt (30> N, 31°: 28’E with an altitude of 19 m) in two
successive winter seasons (2020/2021 and 2021/2022). It was laid out in a split plot design. The main plot
was salt stress level and sub plot was anti- stressors at 3 replicates in each season. The levels of salt stress
were 0, 1.5 and 2.4 dS m ™ of sea salt, while 0 dS m ™ was the irrigation water at the farm ( it’s salinity
was 0.76 dS m-*, .The anti-stressors were; 1-Salix Plus Ca (Ca 14 % + K 15 %), 2-Salcali Cod (Calcium
acetate 18 % + poly carboxylic acid 35 %), 3-Equilibrium (Complex Ca 5.7+ Humic acid 5.9% + Fulvic
acid 5.9 % + organic substances 11 %), all anti-stressors were added as a foliar application (1cm/ L of
each) and 4-control (foliar application with distilled water). A plot area was 5 m* The number of plants
was 40 plants/ m* Seeds of green bean cv. Pulista were sown on 23" and 26™ of September in the first
and second season, respectively. The soil of experimental site was clay loam soil (Physicochemical
properties of experimental site soil are shown in table 1). The plants were treated with sea salt at the
different levels or anti-stressors after 3,4,5 and 6 weeks of sowing date at both seasons.

Table 1. Physicochemical properties of experimental site soil.

Particle Size Distribution (%0)

Coarse sand 6.0
Fine sand 37.0
Silt 22.0
Clay 35.0
Textural class Clay loam

Chemical properties
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pH (1:2.5) 8.1
EC (mmohs/cm) 0.63
CaCos (%) 4.8
Anions (meg/L)

HCO 2.8
SO~ 2.5
Cr 1.0
Cations (meqg/L)

K* 0.58
Na* 2.6
Ca*" 1.0
Mg** 1.8
Macro elements (ppm)

N 121
P 116
K 590
Micro elements (ppm)

Mn 115
Cu 2.06
Fe 5.6
Zn 2.34

2.2. Measurements:
2.2.1. Plant growth parameters:

Plant growth parameters were recorded 60 days after sowing date at full blooming stage. Ten plants were
taken from each plot for measuring plant length, number of branches per plant and plant fresh weight.

2.2.2. Yield and its components:

Weight of green pods of three harvest picks was recorded as a total yield (kg/ha). In addition, marketable
yield was calculated (%) after sorting of total yield. Pod fresh weight was recorded at the second picking
on 10 pods harvested from each plot randomly.

2.2.3. Phytochemical analysis:

2.2.3.1. Proline:

Proline (ug/g fresh leaves) was quantified spectrophotometry at 520 nm by ninhydrin method (Bates
(1973)). Plant sample was extracted (0.1 g of fresh leaves) with 5 mL of 3 % sulfosalicylic acid solution
and then centrifuged. The extract was mixed with 2 mL of glacial acetic acid and 2 mL of ninhydrin
(1.25 g ninhydrin warmed in 30 mL of glacial acetic acid and 20 ml of 6 M phosphoric acid until
dissolved) for 1 h at 100 C, after that the mixture was put into an ice bath. The reaction mixture was
extracted with 1 ml of toluene and the absorbance was determined at 520 nm.
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2.2.3.2. Peroxides (POD):

POD was quantified according to method described by Aebi (1984). POD was isolated by freezing 0.5 g
of leaves sample in liquid nitrogen. The centrifuged at 3930 rpm for 20 mins was used to crushed the
samples with 10 mL of extraction buffer (50 mM phosphate buffer, pH 7, including 0.5 mM EDTA and 2
percent PVPP (w/v)). The peroxidase action was determined spectrophotometry depending on the
structure of guaiacol in a | mL effect mixture (450 | of 25 mM guaiacol, 450 | of 225 mM H,0,) and 100 |
of crude enzymes.

2.2.3.3. Abscisic Acid (ug/g fresh weight)

Abscisic acid (ABA) content in green bean leaves was analyzed using the method described by Fales et
al. (1973). Freeze-dried green bean leaves was homogenized with 15 mL of methanol/butylated
hydroxytoluene (80% v/v) solution at 4 °C in the dark, the extractions and quantification of ABA was
performed as described at AOAC (1990) guidelines.

2.2.4. Nutrients composition

The sample of green bean plants was dried in an oven at 70 °C for 24 h (Helrich (1990)). The dried
samples were crushed for determination of the elements. The wet digestion of 0.2 g of samples with
sulfuric and perchloric acids was carried out on samples by adding concentrated sulfuric acid (5 mL). The
mixture was heated for 10 min, followed by the addition of 0.5 mL perchloric acid, with heating
continued until a clear solution was obtained (Helrich 1990 and Jackson, 1973). Total N content was
guantified by using the modified micro-Kjeldahl method as described by Helrich (1990). Total P was
determined calorimetrically by using the chloro-stannous molybdophosphoric blue color method in
sulfuric acid according to Jackson (1973). Total K, Na, and Ca concentrations were determined using a
flame photometer apparatus.

2.2.5. Statistical analysis:

Regular analysis of variance of split plot design. With 3 replicates was performed for the obtained data of
each season, combined analysis over seasons and differences between means were compared to the
estimated value of L.S.D at 5% level of probability (Snedecor and Cochran, 1982).

3- Results

Data in Fig. 1 show the combined analysis over both seasons of different anti-stressors (Saliks Plus Ca
(SPCa), Salcalci cod (SCod), Equilibrium (Equi) and control) on A: plant height, B: number of
branches/plant and C: plant fresh weight of green bean plants grown under different concentrations of salt
stress (0, 1.5 and 2.4 dS m-"). At the first level (0 dS m-1), no significant differences were obtained among
all values of plant height obtained from all different anti-stressors (Fig.1A). On the other hand, at the
second and third levels of salinity, the plant height of all anti- stressors was significantly higher than the
control (untreated with any anti-stressor). The same trend was observed in the number of branches/plant
(Fig. 1B). At the first and second levels of salinity (0 and 1.5 dS m-Y), all different anti-stressors produced
higher values of the number of branches than the control (without anti-stressor), but without significant
differences among each other. However, at the third level of salinity, no significant differences were
recorded between all anti-stressors and control. The number of branches of different treatments and
control under 2.4 dS m-'was significantly lower than the number of branches at the lowest level of
salinity. Plant fresh weight values of plants at different anti- stressors were higher than control under
each salinity level (Fig.1C). Firstly, under first level (0 dS m-'), the plant fresh weight of Equi. was
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significantly higher than control and SPCa. At the second level of salinity, no significant differences were
obtained among treatments; however, the control was lower than all anti-stressors. At the highest level of

salinity, Equi caused higher values of plant fresh weight as compared to control.

significances were recorded among all anti-stressors.
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Fig.1. The combined over both seasons (2019-2020 and 2020-2021) of different anti-stressors (Saliks Plus Ca,
Salcalci cod, Equilibrium and control) on (A) plant height (cm), (B) number of branches/plant and (C) plant fresh weight
of green bean plants grown under different concentrations of salt stress (0, 1.5 and 2.4 dS m-1), 7 weeks after seed sowing.

(n=3). letters in common are not indicate a significant difference between treatments (LSD test at 5%b).
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Data in Fig.2 show the combined effects over both seasons of different anti-stressors (SPCa,

SCod, Equi and control) on (A) total yield, (B) marketable yield (%) and (C) pod fresh weight of green
bean plants grown under different concentrations of salt stress (0, 1.5 and 2.4 dS m-). Total yield was
decreased by increasing salinity level (Fig.2A). All anti- stressors produced a higher total yield than the
control at each salinity level. At the first level of salinity, all the treated plants with all anti-stressors
recorded significantly total yield higher than control, while no significances were obtained among them.
At the second level of salinity, SPCa and SCod gave significantly the highest total yield. At the highest
level of salinity, no significant differences were obtained among all anti-stressors; however, all of them
recorded values of total yield higher than the control. The percentage of marketable yield of green beans
was decreased by increasing salinity level (Fig.2B). At the first level of salinity, SCod obtained the
highest marketable yield compared to control and Equi. At the second level, no significant differences
were recorded among all anti-stressors and the control. At the third level, the values of marketable yield at
all anti-stressors were significantly higher than the control except SCod. However, no significant
differences were recorded among anti-stressors. Pod fresh weight of all anti-stressors was significantly
higher than the control at all salinity levels without significant differences among anti-stressors (Fig. 2C).
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Fig.2. The combined over both seasons (2019-2020 and 2020-2021) of different anti-stressors (Saliks Plus Ca, Salcalci cod,
Equilibrium and control) on (A) Total yield (g/m?), (B) Marketable yield (%) and (C) pod fresh weight (g) of green bean plants grown
under different concentrations of salt stress (0, 1.5 and 2.4 dS m-%), 7 weeks after seed sowing. (n=3). letters in common are not indicate a
significant difference between treatments (LSD test at 5%).

Fig.3 show the combined over both seasons of different anti-stressors (SPCa, SCod, Equi and control) on
(A) proline, (B) peroxidase and (C) abscisic acid of green bean plants grown under different concentrations of salt
stress (0, 1.5 and 2.4 dS m-). Proline content was increased with increasing the level of salinity from 0 to 1.5 dS m-
! At the second level of salinity, the treated plants with anti-stressors recorded significantly higher proline content
as compared to control. The same trend was revealed at the highest level of salinity. Moreover, SPCa recorded the
highest value of proline as compared to all anti-stressors and control except SCod (Fig.3A). The content of
peroxidase was duplicated around 7 times by increasing salinity stress from 0 to 1.5 or 2.4 dS m-! (Fig.3B). No
significant differences were recorded between anti-stressors and control in the O level of salinity. However, at both
levels of salinity (1.5 and 2.4 dS m-), all anti-stressor recorded higher peroxidase as compared to control without
significances among them.

Abscisic acid (ABA) was increased significantly by increasing salinity stress (Fig.3C). At the second and
third levels of salinity, where all treated plants with anti-stressors recorded higher ABA compared than control.
Also, SPCa and Equi obtained higher ABA as compared to control and Scod in all salinity levels.
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Fig.3. The combined over both seasons (2019-2020 and 2020-2021) of different anti-stressors (Saliks Plus Ca, Salcalci cod, Equilibrium
and control) on (A) Proline, (B) Peroxidase and (C) Abscisic acid of green bean plants grown under different concentrations of salt stress
(0, 1.5 and 2.4 dS m-%), 7 weeks after seed sowing.
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Fig.4. The combined over both seasons (2019-2020 and 2020-2021) of different anti-stressors (Saliks Plus Ca, Salcalci cod, Equilibrium and
control) on (A) N, (B) P, (C) K, (D) Ca and (E) Na of green bean plants grown under different concentrations of salt stress (1.2, 1.5 and 2.4
ds m-1), 7 weeks after seed sowing. (n=3). letters in common are not indicate a significant difference between treatments (LSD test at 5%).
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Fig.4 illustrated the combined over both seasons of different anti-stressors (SPCa, SCod, Equi and control) on (A) N, (B)
P, (C) K, (D) Ca and (E) Na content of green bean plants grown under different concentrations of salt stress (0, 1.5 and
2.4 dS m-1). N% decreased by increasing salinity level from 0 to 1.5 or 2.4 dS m-* (Fig. 4 A). The highest N% was
obtained at the first level of salinity by SPCa and Equi. as compared to control. No significant differences were obtained
among anti-stressors and control at both levels of salinity (1.5 and 2.4 dS m-%). Also, P% decreased significantly by
increasing salinity level (Fig. 4 B). At the first level of salinity, all anti-stressors obtained a higher value of P% as
compared to control without significant differences among them. The same trend was revealed at the second level of
salinity; however, no significant difference was recorded between Equi and control. At the highest level of salinity, no
significant differences were obtained among anti-stressors and control. K% was varied at different salinity levels (Fig.
4C). Firstly, at the lowest level of salinity, all anti-stressors obtained a higher value of K% as compared to control.
Furthermore, Equi recorded the highest value of K%. At the second level of salinity, all anti-stressors gave a higher value
of K% as compared to control. Also, SPCa obtained the highest value of K% as compared to all anti-stressors and
control. Contradicting at the highest level of salinity, all anti-stressors showed no significances as compared to control.
Ca% was decreased significantly by increasing salinity level (Fig. 4 D). At the first level of salinity, all anti-stressors
obtained a higher value of Ca% as compared to control without significant differences between SPCa and SCod or SCod
and Equi. However, at the second level of salinity, no significances were recorded between all anti-stressors and control.
Finally, at the third level of salinity, all anti-stressors obtained a higher value of Ca% as compared to control except
SPCa. Na % was increased significantly by increasing salinity level (Fig. 4 E). No significant difference was recorded
between all anti-stressors and control at the first level of salinity. At the second level of salinity, all anti-stressors caused
obtaining a lower value of Na % as compared to control without significant differences among them. At the highest level
of salinity, no significant differences were recorded between all anti-stressors and control.

4- Discussion

The detrimental consequences of salinity on plant development and productivity may be due to the harmed effect on cells
division, elongation and plant organs development. A model of plants' biphasic reaction to salinity was reported by Arif
et al. (2020), who mentioned that the decrease in water potential of soil, leads not only to limited water-absorption
capacity of plant roots, but also to a remarkable decrease in plant growth. The only determinants of osmotic stress in
plants are sodium concentration and osmotic pressure.Thence, when the salt content rises, the old leaves begin to die,
which indicates toxic stress and the subsequent suppression of plant growth. Salt stress stunted growth was evident in a
decline in dry matter accumulation, height, leaf area, and the number of green leaves. Normal plant metabolism is
hampered by salinity because it generates Na toxicity, which in turn impairs K uptake within root cells and has harmful
impacts on genetically encoded enzymes (Conde et al. 2011). According to Shahbaz et al. (2013), Increasing Na
accumulation in plant cells causes K and Ca concentrations to decrease. In order to protect itself from salinity threat, a
plant increases the synthesis of osmoprotectants or osmolytes and controls cellular nutrition homeostasis (Singh et al.,
2015). Osmoprotectants or Osmolytes are characterized by their low molecular weight, electrical neutrality, high
solubility, and non-toxicity at molar concentrations. (Ahn et al. 2011). They have an Important function to help plants
survive in extreme osmotic environments, such as salinity and drought. (Nahar et al., 2016). At the same time,
osmoprotectants are likely regulate cellular osmotic adjustment, minimize ROS-caused harm, avoid membrane damage
and stabilize proteins and enzymes. (Wani et al. 2013 and Singh et al., 2015). The strengthening of the antioxidant
defense system and the maintenance of ion homeostasis are the two methods used by these osmoprotectants to detoxify
the detrimental impacts of salinity on vegetation. (Ashraf and Foolad 2007). Several studies reported that the
application of some additives i.e., Ca, K and humic acid on green beans or other legumes can alleviate the salt injures
and enhance plants growth under salinity condition (Aydin et al 2012, Kh et al 2012, Barakat et al, 2015, and Ismail
and Halmy, 2018). Ca application may mitigate the negative effects of salinity on plants by maintaining the integrity
and function of plasma membranes in roots and branches. (Lei et al. 2014). Also, it is well known that Ca is an essential
requirement for regulatory roles in metabolism in the plant (El Habbasha and Ibrahim, 2015). Na and Ca might
compete for membrane-binding sites. Therefore, it has been hypothesized that elevated Ca concentrations can shield the
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cell membrane from the damaging effects of salinity (Ouni et al., 2014). Salinity could alter Ca ** absorber and impart
resulting in a Ca?* deficiency in the plant and this agree with our results (Fig.4 D). Abdelhamid et al. (2010) confirmed
that exclusion of Na+ ions and increased K+: Na+ ratios in salinity-stressed bean plants are essential selection criteria for
salt tolerance. Important for maintaining a rapid rate of development and protecting metabolic processes from the
deleterious effects of Na+ ions is a plant's capacity to restrict Na+ transport into its stem. (Wakeel 2013). Also, many
studies reported that humic acid have a positive effect on plants under abiotic stress i.e., high or low temperature,
drought and salinity (Aydin et al., 2012) Carboxyl, phenolic hydroxyl, alcoholic hydroxyl, ketone, and quinoid are the
principal functional groups of humic substance. Humic acid increases membrane permeability, facilitates the transport of
vital elements within the roots, and promotes respiration. Increasing cell membrane permeability, oxygen uptake,
respiration, photosynthesis, phosphate uptake, and root cell elongation are however cited by some authors to explain the
positive effect of humic acid on plant growth factors. (Bulgari et al., 2019). All of the forementioned characteristics of
humic acid may be enhanced the growth of treated plants with Ca and humic acid under salt stress at Equi anti-stressor.
All plant growth parameters were enhanced by applying the anti-stressors as compared to control at moderate and high
salinity levels (Fig.1 A-C). The fresh weight of pods reflects the plant's performance during previous development
stages, which primarily depend on the vigor of vegetative growth and reproductive status. (Osman and Salim, 2015).
Our findings revealed that pod fresh weight of all anti-stressors was significantly higher than the control at all salinity
levels without significant differences among anti-stressors (Fig. 2C). The pervious result was reflected on total yield and
marketable yield (Fig.2 A and B) and this was compatible with plant growth parameters. Khan and Basha (2015)
mentioned that a lot of legumes are sensitive or moderately sensitive to salinity. Most of them recorded reduction in
vegetative parameters and productivity after exposure to salinity stress at any stage of plant development. This agrees
with our results, that increasing salinity level caused decreases in total yield and marketable yield. This reduction refers
to lower average weight of marketable pods, and this reduction was increased by increasing salt concentration. In
contrast, our findings showed that the anti-stressors enhanced the yield of green beans under salinity stress compared to
control (Fig. 2 A). This ameliorates in the yield may be related to Ca and K which has a role as adjuncts to certain
enzymes (such as peroxidases) which caused a breakdown of the toxic free radicals. This is very clear that the peroxidase
values were increased by applied the anti-stressors as compared to control (Fig. 3B). Moreover, Antioxidant enzymes
such as peroxidases promote ion absorption, cell division, and protein synthesis, resulting in an improvement of plant
growth parameters. (Zayed et al. 2017). In the same context, Sharma et al. (2012) mentioned that changes in
antioxidant activity and an imbalance in ROS generation are what cause the oxidative damage produced by salinity
condition. Plants have developed a variety of antioxidant defense mechanisms to prevent the harm effect by oxidative
stress; among the enzymatic ones, SOD serves as the first line of advocacy against ROS via converting the O, radical to
H,0,. Numerous enzymes, can use hydrogen peroxide as a substrate. hydrogen peroxide concentrations are the lowest in
cytosol, H,0, is then excreted by peroxidases (Smirnoff and Arnaud, 2019). An important physiological cursor of a
plant's reaction to salt condition is proline accumulation (Li et al, 2010). In our study, accretion of proline was increased
in plants under terms of moderate and severe salinity (Fig.3A) In addition to the treated plants with anti-stressors
recorded significantly higher proline content as compared to control. Moreover, SPCa recorded highest value of proline
as compared to all anti-stressors and control except SCod (Fig.3A). These results may be attributed to existence of K in
SCod content. These outcomes are consistent with the findings of Yousuf et al. (2015) who stated that Indian mustard
(Brassica juncea) plants received 150mM NaCl + 6mM K + 5.6mM Ca as compared with recived150mM NaCl only.
High levels of proline working as a shield in plants to protect plant from salt/ osmotic stressors through stabilization
multiple functional components, including complex Il electron transport, membranes, proteins, and RUBISCO enzymes,
as well as regulating osmotic pressure. (Lauer, 2023). Plants benefit from the higher concentration of proline under
conditions of salt stress because proline regulates leaf osmotic potential of and thus contributes to osmotic adjustment. In
addition, proline could be shield enzymes and enhance membrane stability under diverse terms. Abscisic acid also
increased by salinity stress and all anti-stressor recorded the higher peroxidase and ABA as compared to control without
significances among them (Fig. 3C). Tolerant plants frequently activate cell signaling pathways, such as those that lead
to the synthesis of ABA, osmoprotectants (amino acids, carbohydrates, and polyamines), specific proteins, and certain
free radical scavenging enzymes, in response to salinity stress.. (Sengupta et al., 2016).
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