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Abstract

In this study, we investigated the individual and combined effects of a liquid extract from the brown seaweed Cystoseira
compressa and a plant growth-promoting rhizobacterial strain Bacillus cereus MR64 on the growth and physiological
responses of tomato plants (Solanum lycopersicum L.) under salt stress. The bacterial strain Bacillus cereus MR64 was
selected for its remarkable NaCl tolerance and plant growth-promoting traits. A greenhouse pot trial was conducted,
wherein tomato plants were treated with either a bacterial suspension, three concentrations (5%, 10%, and 15%) of the
seaweed extract, or their combinations applied to the soil. The plants were subjected to 150 mM NaCl. Growth parameters,
photosynthetic pigments, leaf relative water content, and leaf electrolyte leakage were measured. Results indicated that
the extract was more effective than the bacterial strain alone in enhancing shoot growth, photosynthetic pigments, and
membrane integrity. When applied alone, the bacterial strain notably increased root length and biomass compared to the
extract and the control. Significant improvements in growth parameters, chlorophyll content, and electrolyte leakage were
observed when the bacterial strain was combined with the extract at concentrations of 10% and 15%, showing notable
synergistic effects.
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1. Introduction

Modern agriculture confronts global challenges arising from population growth, climate change, and environmental
pollution, all of which have detrimental impacts on worldwide food production (Peters et al., 2009). A significant
contributor to agricultural losses is salt stress, which affects approximately 20% of irrigated land globally, especially in
Mediterranean regions (Tomaz et al., 2020). The consequences of salt stress include diminished water potential, ion
toxicity from sodium and chloride accumulation, and oxidative damage from reactive oxygen species (Gill & Tuteja,
2010; H.A. et al., 2019). Consequently, this leads to reduced water and nutrient uptake and adversely affects essential
physiological processes such as germination, growth, and photosynthesis (Hassen et al., 2016). A prominent proposal in
this regard focuses on novel sustainable solutions, particularly the use of biostimulants (W. Khan et al., 2009; Santini et
al., 2021). Biostimulants are substances or microorganisms that stimulate natural processes and enhance nutrient uptake,
efficiency, abiotic stress tolerance, and crop quality when applied to plants or the rhizosphere (du Jardin, 2015). They
encompass various categories, such as seaweed extracts, protein hydrolysates, chitosan, silicon, humic and fulvic acids,
plant growth-promoting rhizobacteria, and arbuscular mycorrhizal fungi (Van Oosten et al., 2017). Plant Growth-
Promoting Rhizobacteria (PGPR) are a group of bacteria found in the plant rhizosphere, first recognized in 1978, that have
a positive impact on plant growth and productivity (Pérez-Montafio et al., 2014). Microorganisms like Bacillus,
Pseudomonas, Azotobacter, and Azospirillum function as PGPRs, documented for promoting plant growth and mitigating
abiotic stresses such as salinity and drought in various crops (Batool et al., 2020; Cordero et al., 2018a; Kiran et al., 2022;
Ruiz-Sanchez et al., 2011). Alongside PGPRs, seaweeds are key types of biostimulants, classified as macroalgae, are
crucial components of marine ecosystems, serving as abundant reservoirs for valuable compounds (Leandro et al., 2020;
Satpati et al., 2022). Brown seaweeds are widely used in agriculture due to their abundance and play a pivotal role in
improving plant growth and resilience, particularly against salt stress (Battacharyya et al., 2015; Carillo et al., 2020).
Microbial-based bioformulations, especially when combined with other biostimulants, are vital for ecological
sustainability and boosting crop productivity (Sani & Yong, 2021; Santana et al., 2022). The objective of this study was
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investigating the effects of the individual and combined application of a selected PGPR Bacillus cereus MR64, and the
aqueous extract of Cystoseira compressa on growth parameters, photosynthetic pigments, leaf relative water content, and
leaf electrolyte leakage of tomato (Solanum lycopersicum L.) against salinity stress (150 mM NacCl).

2. Materials and methods

2.1. Seaweed collection and preparation of the extract

The brown seaweed Cystoseira compressa was harvested from the coast of Tipaza, Algeria (36°37'03.8” N, 2°38721.2"
E). The collected samples underwent washing with seawater and tap water to eliminate residues, air-dried, powdered, and
stored in sterile glass jars. A quantity of 100 g of seaweed powder was heated at 60°C for 45 minutes in 1 liter of sterile
distilled water. The resulting extracts were filtered and stored. Various concentrations of seaweed liquid extract, including
5%, 10%, and 15%, were prepared by diluting the filtrate with distilled water and then stored at 4°C, with the original
filtrate considered as 100% concentration (Hamouda et al., 2022).

2.2. Selection of the bacterial strain

Pure cultures rhizobacterial strains MR62, MR63, and MR64 were obtained from the Laboratory of Genetics,
Biochemistry and Plant Biotechnology, University of Constantine, Algeria isolated previously from wheat field. The
strains were grown in nutrient agar medium, kept at 30£2°C for 48 h, and then suspended in sterile flasks with 250 ml of
Lauria Bertani medium. The flasks were shaken continuously for 48 h at 30°C as described by Barra et al. (2016).
Rhizobacterial strains were screened for halotolerance by observing their growth on Luria Bertani medium (Bertani, 1951)
at 37°C supplemented with different concentrations of NaCl ranging from 2% to 8%. Bacterial growth was determined by
measuring ODeoonm after 3 days.

Strains were qualitatively screened for plant growth-promoting traits. IAA production was evaluated following the method
of Bric et al. (1991), while phosphate solubilization followed Katznelson & Bose, (1959) procedure. HCN production was
tested as per Lorck, (1948) method. Each assay was conducted in triplicate. The identification of the selected bacterial
strain involved analyzing the 16S rDNA gene sequence. DNA extraction utilized a thermal shock procedure on an isolated
colony from a young bacterial culture, involving cycles of freezing and heating. Universal primers were used to amplify
16S rDNA. amplified 16S rDNA, and PCR products underwent gel electrophoresis. Sequences were extracted using Mega
(versionl1l), followed by neighbor-joining (NJ) algorithms, and Blastn (2.8.0+) analysis identified related sequences in
the NCBI GenBank database. A phylogenetic tree was constructed with MEGA using NCBI GenBank accession numbers
(Weisburg et al., 1991).

2.3. Bioassay

The pot trial was conducted in a greenhouse at the Department of Biotechnology, Faculty of Nature and Life Sciences,
Blida 1 University, from January to April, 2023. The soil used was sterilized in an oven for 1 hour at 120 °C. The soil has
the following characteristics: soil texture: clay loam, electrical conductivity: 0.29 dS/m, pH: 6.43, total nitrogen N%: 2.24,
total CaCOs %: 13,13, assimilable P2Os ppm: 65.65, assimilable K;O ppm: 21,46, C%: 0.72, organic matter MQO%: 1.24,
Ca®* (meq/100g): 0.73, Na* (meqg/100g): 0.44, CI- (meq/100g): 0.50, Co3- (meq/100g): 0.75. The tomato (Solanum
lycopersicum L.) variety used in this study was the Saint Pierre variety, this variety is genetically fixed, approved, and
certified. Seeds were obtained from the Technical Institute of Market Gardening and Industrial Crops, Alger, Algeria.
Tomato seeds were surface-sterilized as described by (G6tz et al., 2006). Seeds were germinated in Petri dishes at 25 °C.
After germination, seedlings were transferred to pots of 11 ¢cm in height and 12 cm in diameter and containing 6 kg of
sterilized soil, they were arranged on a metal bench with a daily maximum and minimum temperature of 25 + 3 °C and
18 + 2 °C, respectively and relative humidity of 60%. The experiment was carried out using a randomized block design
with six repetitions for 48 pots, starting at the 3-leaf stage, 15 days after transplanting. A bacterial suspension of the
selected strain was prepared from young culture of Bacillus cereus MR64 using distilled water. Spectrophotometric
measurements were used to adjust the bacterial suspension concentration to approximately 108 cfu/ml (ODgoonm = 0.8).
Tomato plants were equally irrigated with a saline solution of 150 mM NaCl twice weekly and treated individually
according to eight experiments: experiment 1: control (irrigated with saline solution only), experiment 2: 10 ml of B.
Cereus MR64 bacterial suspension, experiments 3,4,5: 10 ml of 5, 10, and 15% of C. compressa aqueous extract
respectively, experiments 6,7,8: 10 ml of B. cereus MR64 bacterial suspension + 10 ml of 5%, 10%, and 15% of C.
compressa aqueous extract, respectively. Three applications of the treatments were applied once every 10 days. Parameters
were measured 10 days after the third application.

2.4. Growth parameters

Shoot length was measured using a scale from the root-shoot junction to the tip of the longest leaf. Root length was
measured from the root-shoot junction to the tip of the longest root. The number of leaves on each plant was counted. The
fresh and dry weights of shoots and roots were determined by cutting off the plant parts at the junction and measuring
their weights immediately and then placed in an oven at 80 °C until obtaining a stable weight to obtain the dry weight.
Total fresh weight and total dry weight were estimated from shoot and root fresh and dry weights.
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2.5. Photosynthetic pigments

The chlorophyll content was estimated using the method described by Arnon, (1949). Fresh leaves 100 mg were ground
with 10 ml of ice cold 80% acetone. The extract was filtered through Whatman filter paper, and 1 ml of the filtered extract
was used for spectrophotometric determination at 645 and 663 nm. Chlorophyll a, b and total chlorophyll contents were
calculated using the following formulas:

Chlorophyll a = 11.23Ae63—2.04As4s

Chlorophyll b = 20.13As45—4.19A663

Total Chlorophyll = 7.05A663 + 18.09A645

Where A is the absorbance at specific wavelength

2.6. Leaf relative water content
Leaf relative water content (LRWC) was determined according to Turner, (1981). The fresh weight of leaves was
measured immediately after harvest. The samples were then immersed in distilled water for a 24-hour period to achieve
full turgidity. After the excess water was removed, their turgid weight was recorded. Subsequently, the samples were
placed in an 80 °C oven until a constant weight was achieved to determine the dry weight. The LRWC was calculated
using the following formula:

LRWC (%) = [(FW — DW) / (TW — DW)]x 100

Where FW is the fresh weight (g), DW is the dry weight (g) and TW is the turgid weight (g).

2.7. Electrolytes leakage

Electrolytes leakage was evaluated according to the method described by Sun et al. (2006). Tomato leaves 200 mg were
washed with distilled water, cut into small pieces, and placed in test tubes containing 20 ml of distilled water. The electrical
conductivity C1 of the solution was measured using an electrical conductivity meter after incubating it at 25 °C for 30
min. Samples were then incubated at 100 °C for 30 min and cooled to room temperature. The second conductivity C2
was measured after stabilization at 25 °C. EL % was determined using the following equation:

EL % = [C1/C2] x 100.

Where C1 is the electrical conductivities of the solution before incubating at 100 °C, C2 is the electrical conductivity after
incubating at 100 °C.

2.8. Statistical analysis

The significant differences between the mean values of the control and treated plant samples were determined by two-
way ANOVA and Tukey’s test using the 18th edition of the Genstat software. Tukey’s test was used to separate the
significant differences in treatment means with a significance threshold (P < 0.05). Data are expressed as mean + standard
deviation.

3. Results

3.1. Bacterial characterization

The plant growth-promoting traits and halotolerance of the rhizobacterial isolates are presented in Figure 1 and Table 1,
respectively. Specifically, MR62 exhibited the capacity to tolerate up to 4% NaCl. However, growth was inhibited in the
presence of high NaCl concentrations. In contrast, both MR63 and MR64 exhibited improved tolerance when exposed to
concentrations exceeding 4% NaCl. Notably, MR64 and MR62 exhibited the ability to produce indole-3-acetic acid (IAA).
BS64N also tested positive for hydrogen cyanide (HCN) production. Conversely, MR63 did not exhibit any PGP traits,
and all three isolates yielded negative results in phosphate solubilization screening tests. MR64 was selected based on its
NaCl tolerance and PGP traits.
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Figure 1: Effects of NaCl concentrations on ODggonm Of the strains MR62, MR63 and MR64
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The Blastn results analysis revealed significant alignments of the strain MR64 with the Bacillus cereus strains group. The
majority of sequences within the B. cereus group displayed identities surpassing 97%. Specifically, the sequence of MR64
exhibited a similarity of 97.75% with Bacillus cereus strain VMI2 (GenBank: ON680844.1) and a similarity score of
97.60% with Bacillus cereus strain S1-C (GenBank: MK185697.1).

Table 1: The PGP traits screening tests for the strains MR62, MR63, and MR64

Test MR62 MR63 MR64
IAA Production + - +
Phosphate solubilization - - -
HCN production - - +

3.2. Tomato growth and physiological responses

The morphological and physiological responses of tomato plants to treatments of different concentrations (5%, 10%, and
15%) of Cystoseira compressa aqueous extract, the PGPR Bacillus cereus MR64, and their synergistic application under
salt stress (150 mM NaCl) are presented in Figure 2, and Figure 3. The co-application of both biostimulants, had a
significant effect on the growth parameters of tomato plants, including shoot and root lengths, fresh and dry weights, as
well as resulting remarkable enhancement in the physiological responses, such as an increase in total chlorophyll and
chlorophyll A, and a decrease in electrolyte leakage (p > 0.05). However, it is essential to note that there were no
significant effects on leaf number or leaf relative water content (p < 0.05). The combined treatments significantly improved
various morphological parameters. Specifically, T8 (PGPR + 15% extract) and T7 (PGPR + 10% extract) showed
enhanced shoot lengths (89.8 £ 5.64 and 23.3 + 0.43 cm, respectively) compared to control plants (70.8 + 4.49 and 19.57
+2.12 cm, respectively), higher shoot fresh and dry weights (93.3 + 10.1 and 26.23 £ 1.81 g, respectively) than the control
(76 £ 7.81 and 19.29 + 2.81 g, respectively). In addition to root fresh and dry weights (26.11 + 5.62 and 10.88 + 0.08 g,
respectively), in contrast to the control (17.48 + 1.62 and 8.85 * 0.48 g). Seaweed extract individually under T5 (15%
extract) resulted in increased shoot length (82.6 + 8.81 cm), shoot fresh and dry weights (83.7 + 9.60 and 22.69 + 1.50 g,
respectively), and root dry weight (9.61 + 0.38 g) at with T7 (10% extract) compared to PGPR alone. Conversely, PGPR
individually (T2) enhanced root length and fresh weight (22 + 0.8 cm and 21.71 + 1.75 g, respectively) compared to
seaweed extract alone at 10% and 15% extract. Regarding physiological responses, the combined application of the PGPR
strain with the seaweed extract exhibited notable improvements, with the highest means (1.04 £ 0.16, 1.93 £ 0.15 mg/g
FW, respectively) observed in chlorophyll A and total chlorophyll, respectively, recorded with T8 compared to the control
(0.55 +£0.03, 1.21 £ 0.13 mg/g FW, respectively). Additionally, the lowest mean in electrolyte leakage (69.29 £ 5.95 %)
was observed under treatment T6 (PGPR + 5% extract), compared with the control (80.95 + 2.07 %). Furthermore,
seaweed extract alone proved more effective than PGPR alone. Specifically, all seaweed extract treatments T3 (5%
extract), T4 (10% extract), and T5 (15% extract) recorded higher means for chlorophyll A (0.93 + 0.06, 0.87 £ 0.11, 0.97
+ 0.17 mg/g FW), respectively and (1.53 + 0.09, 1.70 + 1.64, 1.66 + 0.16 mg/g FW) respectively for total chlorophyll
compared to the same variables observed with T2 (0.65 = 0.25 mg/g FW) for chlorophyll A and (1.44 £ 0.27 mg/g FW)
for total chlorophyll.
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Figure 2: Effects of single and combined use of PGPR Bacillus cereus MR64 and three doses (5%, 10%, and 15%) of
aqueous C. compressa extract under salt stress (150 mM NacCl) on tomato plants (a, b) shoot and root length, (c, d) fresh
weight of shoot and root, (e, f) dry weight of shoot and root, (g, h) total fresh and dry weight, T1: control (150 mM
NaCl), T2: Bacillus cereus MR64 + 150 mM NacCl, T3, T4, and T5: 5%, 10%, and 15% of C. compressa aqueous
extract + 150 mM NacCl, respectively, T6, T7, and T8: 5%, 10%, and 15% of C. compressa aqueous extract + Bacillus
cereus MR64 + 150 mM NacCl, respectively. Results are represented as means + SD. Two-way ANOVA was applied at
the 5% significance level. Values followed by the same letter are not significantly different according to Tukey’s test (P
<0.05).
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Figure 3: Effects of single and combined use of PGPR Bacillus cereus MR64 and three doses (5%, 10%, and 15%) of
aqueous C. compressa extract under salt stress (150 mM NacCl) on tomato plants. (k) leaves number, (I, m, n)
chlorophyll A, B, Total, (0) leaf relative water content %, (p) leaf Electrolytes leakage %, T1: control (150 mM NacCl),
T2: Bacillus cereus MR64 + 150 mM NaCl, T3, T4, and T5: 5%, 10%, and 15% of C. compressa aqueous extract + 150
mM NacCl, respectively, T6, T7, and T8: 5%, 10%, and 15% of C. compressa aqueous extract + Bacillus cereus MR64
+ 150 mM NacCl, respectively. Results are represented as means + SD. Two-way ANOVA was applied at the 5%
significance level. Values followed by the same letter are not significantly different according to Tukey’s test (P < 0.05).

4. Discussion

Salinity induces osmotic stress, ion toxicity, nutrient imbalances, and excessive ROS production. These effects have
substantial effects on cellular components and biological membranes, resulting in decreased growth and biomass
(Alzahrani et al., 2019; Loudari et al., 2020). The impact extends to reduced leaf relative water content and diminished
levels of photosynthetic pigments due to lowered water potential. Furthermore, NaCl impedes the uptake of crucial
elements like nitrogen (N) and magnesium (Mg), pivotal for chlorophyll structure (Kaya et al., 2009). The accumulation
of Na+ ions from NaCl salinity disrupts ion balance within plant cells, potentially damaging cell membranes and
increasing permeability to ions, particularly sodium and chloride ions (Cl-). Consequently, this leads to heightened
electrolyte leakage and reduced K+ content (Shelke et al., 2019). when compared to using only the PGPR strain and
control treatments, the exclusive use of C. compressa extract showed greater effectiveness in enhancing shoot parameters,
increasing chlorophyll levels, and improving membrane integrity by reducing electrolyte leakage percentages, particularly

110



Journal of Survey in Fisheries Sciences 11(3) 105-115 2024

at concentrations of 10% and 15%. Conversely, the PGPR treatment had a more positive influence on root parameters,
such as length and biomass, in comparison to both extract-treated and control plants. Seaweed extracts exhibit stimulant
characteristics known to enhance plant growth and productivity in saline environments (Ali et al., 2021a; Deolu-Ajayi et
al.,, 2022). These extracts comprise various bioactive components, including phytohormones, polysaccharides,
polyphenols, vitamins, amino acids, peptides, and proteins (W. Khan et al., 2009). The possible presence of these
compounds altogether influencing plant cellular metabolism, ultimately resulted in a significant boost in overall growth
(W. Khan et al., 2009). Furthermore, it’s likely that the presence of osmoprotectants such as free amino acids,
polysaccharides within seaweed extract of C. compressa can play a vital role in supporting and modulating the physiology
of the tomato plants facing salinity conditions (Y. Wang et al., 2017). According to Patel et al. (2018), applying
Kappaphycus alvarezzi extract to various wheat varieties facing salinity and drought stress resulted in several positive
effects. These included increased root length, higher levels of chlorophyll and decreased electrolytes leakage. In addition,
it reduced the Na+/K+ ratio, and boosted calcium content, thus alleviating ionic imbalances in the plants. In a separate
study by Hussein et al. (2021), seed priming with seaweed liquid extracts, such as Cystoseira compressa, enhanced the
growth of V. sinensis and Z. mays under salinity stress. Godlewska et al. (2016) proposes that seaweed's growth-promoting
ability may vary depending on concentration and extraction methods. These findings are consistent with those of this
study, where the application of C. compressa liquid extract at concentrations of 10% and 15% improved many growth and
physiological attributes of tomato plants despite salt stress, aligning with previous research (Bensidhoum & Nabti, 2021;
Chanthini et al., 2022; Latique et al., 2017). The rhizobacterial strain utilized in this study demonstrated salt tolerance
characteristics and produced essential plant growth-promoting traits, including acid indole acetic acid production, likely
contributing to observed improvements in tomato plants, consistent with prior research (Cordero et al., 2018b; Kaloterakis
et al., 2021; Zameer et al., 2016). Application of plant growth-promoting rhizobacteria (PGPRs) offers various benefits
through hormone synthesis, phosphate solubilization, and nitrogen fixation (Gamalero & Glick, 2011). The observed plant
parameter enhancements align with known responses to Bacillus strain inoculation (Julia et al., 2020). Previous studies,
such as that by Zhou et al. (2022), examined the effectiveness of halotolerant Bacillus cereus (4% NaCl) producing indole-
3-acetic acid (IAA) in promoting cucumber seedling growth and mitigating salt stress, resulting in increased plant height,
stem diameter, fresh weight, and dry weight, as well as root length and biomass. Shultana et al. (2020) reported that
application of B. tequilensis and Bacillus aryabhattai improved rice crop productivity under salt stress conditions. In a
study by M. A. Khan et al. (2019), halotolerant Bacillus strains substantially increased soybean plant chlorophyll content
compared to salt-treated plants (200 mM NacCl). Additionally, electrolyte leakage, indicative of plasma membrane damage
under various stresses, exhibited reduced levels in salt-stressed radish plants inoculated with PGPR compared to non-
inoculated stressed plants (Yildirim et al., 2008). The combined use of both biostimulants resulted in the highest
enhancements in various parameters, demonstrating the efficacy of this combination in promoting plant growth and
alleviating salt stress. No statistically significant changes were observed in leaf number, leaf relative water content, and
chlorophyll B levels across our treatments, possibly due to other contributing factors. Leaf relative water content
percentage is commonly used as an indicator of plant water status, with variations potentially linked to soil properties and
environmental factors (Anderson & McNaughton, 1973; Bowman, 1989; Z. Q. Wang et al., 2009). Similarly, leaf number
can be influenced by factors such as growth stage, environmental conditions, and genetic characteristics (Dieleman &
Heuvelink, 1992). Noteworthy improvements were observed in most morphological and physiological aspects of tomato
plants treated with T7 (MR64+ 10% extract) and T8 (MR64 + 15% extract). These effects may be attributed to the
synergistic interaction between C. compressa extract and the PGPR Bacillus cereus MR64 (Rouphael & Colla, 2018). Ali
et al. (2021b) suggested that seaweed extracts could positively impact the soil microbiome, potentially enhancing plant
growth promotion (PGP) characteristics of rhizospheric microbes. Previous studies have demonstrated the effectiveness
of combining various plant biostimulants with PGPR, showcasing their ability to improve plant growth and productivity
through additive and synergistic mechanisms. For instance, the combination of the microbial biostimulant R. intraradices
BEG72 and T. atroviride MUCL45632 with a foliar application of plant-derived protein hydrolysate synergistically
enhanced various growth parameters (Rouphael et al., 2017). Similarly, the combined application of Azospirillum
brasilense Az39 bacteria and Macrocystis pyrifera algae extracts positively impacted lettuce plant growth under drought
stress compared to the control group (Julia et al., 2020). Additionally, combining PGPR Pseudomonas fluorescens (ATCC
13525) with Kelpak, a commercial seaweed extract, resulted in noticeable improvements in onion growth parameters
(Guptaetal., 2021). These findings highlight the potential of synergistic interactions between microbial and non-microbial
biostimulants (Gonzalez-Gonzélez et al., 2020). Recognizing that biostimulants are derived from living organisms or
natural sources, understanding their properties may require examining the combined traits of all components rather than
individual traits or specific combinations (Yakhin et al., 2017). Consequently, the synergistic application of PGPR and
seaweed extracts holds significant promise as an environmentally sustainable approach to enhance overall plant growth
and vitality (Ngoroyemoto et al., 2020).

5. Conclusion

In conclusion, the application of C. compressa liquid extract and/or the PGPR Bacillus cereus MR64 has yielded valuable
insights into their potential roles in enhancing plant growth, under salinity stress conditions. The bacterial characterization
demonstrated that the strain Bacillus cereus exhibited tolerance to elevated salt concentrations and displayed plant growth-
promoting traits, including indole acetic acid (IAA) production. The interactive application of Bacillus cereus MR64 and
the C. compressa liquid extract to tomato plants subjected to salinity stress demonstrated a more pronounced positive
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impact on certain parameters at specific concentration combinations, suggesting a synergistic relationship between the
microbial and non-microbial biostimulants and showcasing the ability for growth promotion and mitigating the detrimental
effects of salinity stress by modulating growth and physiological responses. These findings serve as a potential basis for
the formulation of biostimulants adapted for optimal plant growth and resilience under salinity stress conditions. Although
the effects of these biostimulants need to be investigated further, they significantly contribute to the ongoing discourse on
effective biostimulants for sustainable agricultural practices.
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