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Abstract: Soil salinization is a result of climate change and is seen as a growth limiting factor, resulting in lower agricultural
yields. Endophytes (bacteria and fungi) are a type of endo-symbiotic microbe that colonizes the intercellular gaps of plant
compartments without causing illness to the host plant. Endophytes work together to improve plant development and yield, as
well as provide tolerance to host plants against various biotic and abiotic stresses. Therefore, we evaluated the effect of salinity in
combination with Aspergillus terreus treatment on anion and cation concentrations, antioxidant enzyme status, growth
parameters, endogenous IAA, and plant biochemistry in okra in the current experimental design. Salt application lowered
numerous growth parameters, including Chlorophyll a and b, total chlorophyll, and endogenous IAA, according to the findings.
Furthermore, increased values of total phenol, ascorbate peroxidase, total carbs, total lipids, catalase, total tannin, a/b
(chlorophyll), total flavonoids, lipid peroxidation, total carotenoids, total proteins, and total proline were observed across similar
salt levels. When salt is applied to the soil, it causes salt accumulation and increased levels of Ca/K, Na/K, Na, and Cl, while okra
has low levels of Mg, Ca, K, P, O, N, and C. The current findings imply that Aspergillus terreus application improves plant
tolerance to saline environments, as seen by increased metabolites, antioxidant enzyme activity, endogenous IAA, values of
various growth parameters. Likewise, strain treatment suppressed lipid peroxidation in okra. Salt stress in plants inoculated with
Aspergillus terreus led to more K, P, O, Mg, N, Ca, CI, and C with less Ca/K and Na/K and reduced CI and Na levels. According
to the findings, Aspergillus terreus reduces the negative effects of salt on various okra parameters and increases its tolerance to
salinity. As a result of its positive action, this strain may be recommended as a biofertilizer in agricultural fields for crop
development in Pakistan's salt-contaminated areas.
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INTRODUCTION

Salinity, which is a limiting factor in a variety of abiotic stress factors, causes lower plant growth quality and
output. Climate change, on the other hand, causes a rise in soil salinization, which contributes to global soil
degradation and desertification (Shabbir et al., 2023). Poor irrigation water quality is another factor that contributes
to soil salinization (Hagage et al., 2024), and this issue has been linked to a decrease in the productivity of irrigated
and raifed land around the world (Khondoker et al., 2023). Saline stress affects plant growth and productivity by
causing harm to a variety of biochemical, physiological, molecular, and morphological events (Laishram et al.,
2024). Salinity causes osmotic and ionic stress, causing ion homeostasis and photosynthesis to malfunction,
resulting in plant growth retardation (Maryum et al., 2022). Changes in photosynthesis are linked to disruptions in
nitrogen and carbon assimilation pathways, which have a negative impact on plant output (Dubey et al., 2021). This
component also compromises the functional integrity of cells and causes oxidative damage due to high levels of
reactive oxygen species generation (Hasanuzzaman et al., 2021).

Abelmoschus esculentus L. is a popular annual vegetable crop grown primarily in Mediterranean subtropical
and tropical climates (Paulos and Faris, 2025). This crop is regarded as a high-value vegetable with great consumer
demand, good nutritional value, and high fat, mineral, carbohydrate, and vitamin content (Liu et al., 2021). This
crop is high in calcium, potassium, and unsaturated fatty acids like oleic and linolenic acid (Uwiringiyimana et al.,
2024). Salinity disrupts the evapotranspiration system and reduces yields in this crop, which is categorised as a
moderately salt resistant vegetable crop (Al Kafi et al., 2025). Seed germination, distinct physiological and
morphological features, water absorption, nutrient uptake, root turgor pressure, root density, and leaf expansion are
all reduced when diverse kinds of this crop are exposed. During its early phases of development, this crop is
extremely sensitive to salinity (Ali et al., 2025).

Symbiosis is a process that involves a long-term relationship between two or more separate organisms during a
specific stage of their life cycle, and it is a very unique and important component of life on earth (Husnik et al.,
2021). Plants and various microorganisms form a positive relationship in which microorganisms perform vital
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functions such as plant growth promotion, pathogen restriction, biofertilization, and plant tolerance to various biotic
and abiotic stresses in agricultural ecosystems (Ortiz and Sansinenea, 2022). Plant growth-promoting
microorganisms play a direct or indirect role in encouraging plant growth. Rhizoremediation, biological control of
plant pathogens, root development stimulation, and stress reduction in host plants are all direct benefits of PGPR
(Saeed et al.,, 2021). Endophytes may also have a role in mineral nutrition and the metabolism of certain
phytohormones (Gibberellins, cytokinins, Auxin, ethylene, and abscisic acid) (Verma et al., 2021). As a result, the
goal of this study is to see how Aspergillus terreus affects okra development, biochemical characteristics, and
ionomic status under normal and stressful conditions.

MATERIAL AND METHODS

Collections and purification of Aspergillus terreus and preparation of spore suspension:

The Plant Microbe Interaction Laboratory, Department of Botany, Abdul Wali Khan University Mardan,
provided Aspergillus terreus (EWLP). After repeated sub-culturing on PDA, the strain was purified and cultured at
25°C for two weeks to yield a sufficient number of spores (conidia). Using a sterile No. 21 blade, the mycelia and
spores generated on the PDA media were scraped and deposited in a 50 mL sterile conical tube. For spore
dispersion, 20 mL sterile water was poured to a 50 mL conical tube and vortexed for 5 minutes. Then, using
Whatman filter paper No. 2, this mixture (which contained mycelia and spores) was filtered. To obtain spore
suspension, filter paper was folded and placed in a flask, and the mixture was filtered. For the experiment, the final
concentration of spores in water was adjusted to 5 x 10’ spores/mL

Characterization of Aspergillus terreus

After seven days of incubation, the fungal culture was first clarified by filtration and then centrifuged at 3000
rpm for 10 minutes to obtain a clear supernatant. This supernatant was subsequently used for the determination of
fungal-derived hormones and metabolites. Indole-3-acetic acid (IAA) content was quantified using a colorimetric
method with the Salkowski reagent, as described by Benizri et al., (1998). For the assay, two volumes of the culture
supernatant were mixed with one volume of freshly prepared Salkowski reagent (2 mL of 0.5 M FeCl; dissolved in
49 mL of 70% HCIO,) and incubated in darkness for 30 minutes. The development of a pink colour was measured
spectrophotometrically by recording absorbance at 540 nm.

The spectrophotometric method of Warrier et al., (2013) was used to determine the concentration of salicylic
acid in the fungal filtrate. The addition of 100 pL of the filtrate to a freshly made 0.1% ferric chloride and bringing
the total reaction volume to 3 mL was done in this test. A spectrophotometer was used to measure the absorbance at
540 nm to identify the complex formed between salicylic acid and Fe3+ ions, which was violet in colour.

The procedure of Malick and Singh (1980) was used to determine the total phenolic content of the fungal
filtrate. Concisely, 2 mL of culture supernatant was combined with FolinCiocalteu reagent and incubated in an
incubator at 25 °C for 4 minutes. Then 2 mL of 20% sodium carbonate solution was added, and the mixture was
heated in a boiling water bath for 1 minute. The absorbance at 650 nm was measured using a spectrophotometer
after the sample had reached room temperature.

The quantity of flavonoids in the fungal filtrate was determined using the aluminum chloride colorimetric
method (Mervet et al., 2009). The protocol was a mixture of 0.5 mL culture supernatant with 0.1 mL 10% potassium
acetate and 0.1 mL 10% aluminum chloride and 4.8 mL 80% methanol. The mixture was mixed thoroughly and
allowed to sit at room temperature to take place in 30 minutes. It took 80% aqueous ethanol as the blank and the
absorbance was determined at 415 nm.

The extraction and quantification of total protein content was done by the procedure set out by Lowry et al.,
(1951). The test was performed by using one milliliter of protein extract diluted in one hundred microliters of
distilled water. This was followed by adding 1 milliliter of copper reagent (Solution C) and stirring the mixture
together followed by allowing it to react after 10 minutes. Then Folin-Ciocalteu reagent (Solution D, 100 pL) was
put into the mixture and the mixture was diluted accordingly and left to incubate at 30 o C. The absorbance at 650
nm was measured by spectrophotometer. An appropriate blank was used to indicate a control.

A moderately adjusted portion of the phenol-sulphuric acid method was used to measure the total soluble sugars
in the fungal filtrate as suggested by Khani and Heidari (2008). Simply put we combined 100 pL of the filtrate with
1 mL 80% phenol and allowed it to stand at room temperature to take the place of 10 minutes. Sulfuric acid (H,SO,)
(5 mL) was then added and the mixture was allowed to stand an hour to change colour. The absorbance of the
solution at 485 nm was measured using a spectrophotometer.

The total lipid in the fungal filtrate was estimated according to the method detailed by Van Handel (1985). To
obtain lipid-containing samples, the solvent was first heated in a 50 mL beaker at 50-60 0 C. When completely
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evaporated, 5 mL of concentrated sulfuric acid was added and the mixture was thoroughly mixed and left to boil in a
boiling water bath and taking 10 minutes. The digested sample was then cooled to room temperature followed by
transfer of 0.2 mL of the sample into a test tube and reaction with 2.4 mL of phospho-vanillin reagent. The mixture
of the reaction was thoroughly mixed and left to form a colour after 30 minutes. A blank was made by adding 0.2
mL of chloroform and 5 mL of phospho-vanillin reagent. The absorbance of the test and standards was measured at
490 nm relative to the blank.

Experimental setup

The effect of Aspergillus terreus (EWLP) inoculation on mung bean growth was studied in a pot experiment.
The inoculation with Aspergillus terreus endophyte was part of a completely randomized approach (EWLP). Okra
Var. Gensoy seeds were received from Tarnab, Peshawar's ARI (Agriculture Research Institute). Before beginning
the experiment, the seeds were tested for viability. Seeds of equal size were sterilized for 60 seconds with 0.1
percent mercuric chloride and washed three times with distilled water. A total of 12 plastic pots (8.5 cm diameter
and 12.5 cm depth) with a basal outlet for leaching were placed and filled with 300 g of sandy loam soil. Before
filling the pots soil samples collected and analyzed for different physical and chemical properties (Table 1). The
disinfected seeds were germinated in pots, and spore suspension of fungi @1mL/g was applied in the necessary set
at the seedling stage. After five days of spore suspension, a 200 mM NaCl salt solution was administered twice a
week, whereas control sets were irrigated with tap water. The experimental design included four treatment sets, three
replications, and five plants per pot in each duplicate.

Set I: Okra (Var. Gensoy) seedlings irrigated with 0 mM NacCl.

Set 11: Okra (Var. Gensoy) seedlings irrigated with 200 mM NacCl.

Set 111: Okra (Var. Gensoy) seedlings treated with fungal spores (Aspergillus terreus, EWLP) and irrigated with O
mM NacCl.

Set IV: Okra (Var. Gensoy) seedlings treated with fungal spores (Aspergillus terreus, EWLP) and irrigated with 200
mM NacCl.

Okra plants were collected after the experiment was completed, which lasted 35 days. Shoot and root systems
were separated, and roots were thoroughly rinsed with tap water to eliminate soil particles clinging to them. The
fresh weights of the shoots and roots were measured, then oven dried for 72 hours at 60 degrees Celsius and
weighed to obtain the dry weights.

Assessment of Chlorophyll and Carotenoids

Maclachlan and Zalik (1963) developed a procedure of estimating and calculating the total chlorophyll and
carotenoid content of fresh-leaf samples. The fresh leaves sample was ground in 3ml of 80 percent acetone and then
centrifuged at 1000 rpm after 5 minutes. Pellets of plant material were centrifuged thrice and the supernatant was
gathered in 7 mL final volume using acetone (80 percent). The optical density of chlorophyll a was 663 nm,
chlorophyll b was 645 nm and carotenoids were 480 nm and 510 nm.

Assessment of Total Carbohydrate

The Anthron technique was employed in this study to isolate and determine the total sugars in fresh-leaf
samples (Yemm and Willis 1954). Fresh leaves were crushed into 0.5 g in 10mL of D.H,0,. Centrifugation was
performed for 5 minutes at 3000 rpm. In order to estimate, 0.1 mL of supernatant was combined with 1 mL of 80%
phenol and allowed to rest for 10 minutes. Then, 5 mL of concentrated H,SO, were added and the mixture was
allowed to rest for another hour. Absorbance was then taken at 485 nm.

Assessment of Total Proteins

The amount of protein in plant leaves was determined using the Bradford assay (Bradford, 1976). A chilled
pestle and mortar were used to blend 0.1 g fresh of the leaf tissue with 5 mL of ice-cold 0.1 M potassium phosphate
buffer (pH 7.0). The homogenate would be placed at -20 o C 20 minutes and the sample would be centrifuged at
12,000 rpm, 20 minutes to obtain a clear supernatant. The phosphate buffer was used to change the 5 mL of the
supernatant and the extract was diluted once more by adding the extract contents 0.2 mL of the extract to 4.8 mL of
the buffer. In order to estimate the protein, the protein extract of 0.1 mL was diluted into 5 mL and Bradford reagent
was added into the solution. A spectrophotometer was used to record the absorbance at 595 nm.

Assessment of Total Lipids
The amount of lipid in the total leaf tissue was estimated through the procedure described by Van Handel
(1985). The fresh leaf material (0.2 g) was ground to a fine powder in a 2:1 (v/v) chloroform-methanol solution. The
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homogenate was mixed and allowed to shake to allow complete extraction and 0.8 mL of 0.73% sodium chloride
solution was added to enable the separation of the phases. The mixture was shaken and then left to settle in three
layers, whereby, the bottom organic layer that contained lipids was collected through the use of a separating funnel.
An aliquot of the lipid extract was then reacted with 0.1 mL of sulfuric acid, mixed well, and heated at 100 °C for 10
minutes. After cooling to room temperature, 2.4 mL of vanillin reagent was added, and colour development was
allowed to proceed. The intensity of the resulting pink colour was measured spectrophotometrically at 490 nm.

Assessment of Total Proline

Proline concentration was determined in accordance with a modified version of the Bates et al., (1973)
technique. A sample of 0.5 g of leaf tissue was homogenized in 10 mL of 3% sulfosalicylic acid and centrifuged at
3,000 rpm of 5 minutes. The supernatant (2ml) was added to 2 mL of glacial acetic acid and 2 mL of freshly
prepared ninhydrin, heated at 100 C 1 hour, cooled and extracting the solution with 4 mL toluene. The absorbance of
the organic layer was measured at 520 nm.

Assessment of Total Phenols

The total phenolic content of the leaf samples was determined by the Malick and Singh (1980) method. The leaf
extract was dissolved in distilled water in a glass tube up to 3 mL. Next, Folin-Ciocalteu reagent (0.5 mL) and a 2
mL of sodium carbonate (Na,COj3) solution were put in the mixture and the mixture was stirred and the absorbance
was recorded at 650 nm to obtain the total phenols.

Assessment of Total Flavonoids

To determine the amount of flavonoids in the plant leaves, we used the method described by EI Far and Taie
(2009). The fresh leaf tissue (5 g) was ground in 50 mL of 80% ethanol and allowed to macerate for 24 hours.
Subsequently the extract was rotated at 10000 rpm, 15minutes to obtain a clear supernatant. We added 250 L of
extract to 1.25 mL of distilled water and 70 pL of a 5 per cent solution of sodium nitrite, and allowed it to sit for 5
minutes. Thereafter, 150 uL of 10% AICIl; H,O was added, and the mixture was allowed to stand for 6 minutes.
Finally, samples were added with 500 pL 1M NaOH and 275 pL of water and the absorbance at 415 nm was
measured. A standard curve was made with quercetin (15-500 pg), and 80% ethanol was taken as a blank.

Assessment of Total Tannins

The content of the tannin in the plant leaves was determined using the procedure described by Akindahunsi and
Oyetayo (2006). The sample of leaves (100 g) was mixed with 70 ml of acetone and kept in a shaking incubator.
Serial dilutions of tannic acid (50 pg 70% ethanol) were used to make a standard curve. The plant extract was first
mixed with 950 pL of distilled water, then 2.5 mL of 20% sodium carbonate and 0.5 mL of Folin—phenol reagent
were added. We measured the mixture's absorbance at 510 nm against a blank.

Assessment of Lipid Peroxidation

We used the thiobarbituric acid-reactive substances (TBARS) assay to measure lipid peroxidation in plant
tissues, following the method of Heath and Packer (1968). We mixed 0.1 g of fresh leaf tissue with 2.5 mL of 0.1%
trichloroacetic acid (TCA) and spun it at 3000 rpm for 20 minutes. To 1 mL of the supernatant that was made, 2.25
mL of thiobarbituric acid in 20% TCA was added. The mixture was then heated at 95 °C for 30 minutes to make the
colour. The solution was centrifuged once more at 3000 rpm after cooling in an ice bath, and therefore took 10
minutes. At 532 and 600 nm versus a reagent blank absorbance was measured and TBARS content calculated.

Assessment of Catalase Activity

Catalase activity was assessed by measuring the change in catalase reduction on a blue litmus paper during the
reaction with hydrogen peroxide. The presence of catalase (CAT) in the fresh leaf was established using the
technique described by Chandlee and Scandalios (1984). The enzyme extract was 0.1 mL, 1 mL of 100 mM
potassium phosphate buffer (pH 7.0), and 0.4 mL of 200 mM H,0,, making the total volume 1.5 mL. Catalase
catalysis of hydrogen peroxide was followed by a decrease in 240 nm absorbance, at a 30-second time interval. An
extinction coefficient of 0.036 mM cm-1 was used to calculate the enzyme activity.

Assessment of Ascorbate Peroxidase Activity

The activity of ascorbate peroxidase (APX) in leaf samples was determined according to the procedure
established by Asada (1987) with some modifications. The assay solution comprised enzyme extract (0.1 mL),
ascorbate (0.2 mM), potassium phosphate buffer (50 mM), EDTA (0.2 mM) and hydrogen peroxide (20 mM) and
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was brought to a final volume of 1 mL. Spectrophotometry was performed at a wavelength of 290 nm to monitor the
reduction in absorbance as a result of the oxidation of ascorbate, reading every 30 seconds until a total of 7 minutes.

Assessment of Endogenous IAA Level

Plant leaves were analyzed according to the procedure of Gordon and Weber (1951) to determine the content of
IAA. The preparation of the extract was done by homogenizing a 0.5 g leaf sample with 10 mL of distilled water. In
order to complete the assay, 1 mL of the supernatant was mixed with 2 mL of Salkowski reagent and the reaction
mixture was incubated in darkness following the 30 minutes. The resultant I1AA was measured by getting the
absorbance at 540 nm.

Different Minerals Determination

Plant samples were taken to test for several cations (K*, Na*, Mg*?, and Ca*?). The ash weight was calculated
using 0.5 gram of dried plant material. The ash was mixed with 50 mL deionized water, and the solution was used to
make dilutions using deionized water for cation analysis. An atomic absorption spectrophotometer was used to
measure the concentration of cations in various samples.

Statistical Analysis
Using SPSS (Ver. 21), data on various factors were analysed using one-way analysis of variance (ANOVA). At
the P <0.05 level, the means of different treatments were compared using DMRT (Duncan's multiple range test).

RESULTS

Characterization of Aspergillus terreus

Culture filtrate analysis of Aspergillus terreus showed a considerable level of IAA (40.75 pg/mL), salicylic acid
(214.89 pg/mL), flavonoids (9.77 pg/mL), total phenols (206.51 pg/mL), proteins (9.98 pg/mL), lipids (68.7
pg/mL) and sugars (61.54 pg/mL),

Seedling establishment

In present study when okra plants exposed to salinity stress condition @ 200 mM, plants exhibited significant
(P<0.001) inhibition in shoot length (-49%), root length (-54%), Number of leaves (-60%), fresh weight (-50%) and
dry weight (-62%) while comparing with control plants (Fig. 2A). During study, endophyte Aspergillus terreus
application cause significant (P<0.001) improvement in studied parameter under normal and stressed conditions.
Under saline medium endophytic association causes slightly lower values of reduction, as 8% in shoot length, 2% in
root length, 9% in number of leaves, 5% in fresh weight while 19% in dry weight as compare to non-saline medium.

Root anatomical response to salt stress and fungal inoculation

Microscopic observations of cross-sections of okra roots showed that salt stress (NaCl) had a severe impact on
the root anatomy causing reduction in root diameter, compression of cortical tissues, smaller and abnormal
aerenchyma lacunae, and poorly developed vascular bundles with small xylem and low metaxylem vessels. These
structural changes reflect poor water movement and the general functioning of roots under saline conditions.

Conversely, okra roots which were stressed with salt under EWLP fungal inoculation showed significant
anatomical recovery. The roots exhibited greater diameter, developed and expanded cortex, and aerenchyma lacunae
(Fig. 2B). The vascular area was well structured, with broader xylem vessels and more metaxylem structures. There
were signs of localized fungal colonization in cortical and vascular tissues and this supports the existence of an
endophytic association that effective alleviates the effects of salt damage and improves the root structural integrity
and stress tolerance.

Photosynthetic apparatus activity

In order to test the effect of salinity when okra plants exposed to salinity stress condition @ 200 mM, plants
exhibited significant (P<0.01) inhibition in chlorophyll a (-36%), chlorophyll b (-55%), total chlorophyll (-42%),
while exhibited promotion in a/b ratio (35%) and total carotenoids (277%) while comparing with control plants (Fig.
3). Further during study, endophyte Aspergillus terreus application cause significant (P<0.01) improvement in
studied parameter under normal and stressed conditions. Under saline medium endophytic association cause slightly
lower values of reduction, as -34% in chlorophyll a, -38% in chlorophyll b, -30% in total chlorophyll while
promotion values noted as 10% in chlorophyll a/b ratio while 50% in total carotenoids as compare to non-saline
medium.
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Table 1. Physicochemical properties of the soil utilized in this experiment.

Parameters Values
Texture Sandy-loam
Organic matter (%) 1.27
Organic Carbon (%) 431
Sand (%) 75.8
Silt (%) 12.8
Clay (%) 11.4
CEC (dS/cm) 4.24
ECe (dS/m) 1.34
pH 7.4
Carbonates (meg/l) 1.36
Bicarbonates (meg/l) 2.54
Chlorides (meg/I) 121

Table 2. Biochemical responses of okra plants to Aspergillus terreus (EWLP) application under salt-induced stress.

Treatment Total Carbohydrates Total Proteins | Total Lipids Proline
(mg/g fr. wt) (mg/g fr. wt) (mg/g fr. wt) (ug/g fr. wt)
Control 35.197+0.68% 0.847+0.155% 0.178+0.002% 0.016+0.001%
200mM NaCl 47.134+4.977° 3.087+0.425°  0.330£0.051*  0.057+0.011°
EWLP 40.889+4.013% 0.800+0.135° 0.184+0.005*  0.014+0.001%
200mM NaCI+EWLP 58.254+14.877% 1.493+0.365% 0.477+0.098" 0.046+0.031%
Probability Level Non-Significant P<0.01 P<0.05 gi?;r;-ificant

Results are expressed as mean + standard error (n = 3). Statistical differences among treatments are denoted by
different letters at P < 0.05.

JBAB | January 2026 | Volume 01 | Issue 01 | Page 44



Journal of Basic and Applied Botany

Without Fungus With Fungus (EWLP)

NaCl stress (Without Fungus) NaCl With Fungus (EWLP)

Fig. 1. Colonization of Aspergillus terreus (EWLP) in okra grown under normal and stress conditions. (A) Growth
performance of okra seedlings under normal and stress conditions, comparing non-symbiotic plants with plants
colonized by A. terreus. (B) Root anatomy showing fungal colonization in okra roots.
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Fig.2. Effect of endopytic fungus Aspergillus terreus on growth of okra plants grown under normal and salt stress
conditions. A- Plant Height, B- Root Length, C- Number of Leaves, D- Fresh Biomass and E- Dry Biomass. Error
bars are tstandard deviation (n = 3). Bars marked with different letters for a given treatment were significantly
different, based on Duncan’s Multiple Range Test (P<0.05).
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Fig.3. Effect of endopytic fungus Aspergillus terreus on photosynthetic activity of okra plants grown under normal
and salt stress conditions. A- chlorophyll a, B- chlorophyll b, C- total chlorophyll, D- chlorophyll a and b ration
(a/b) and E- total carotenoids. Error bars are + standard deviation (n = 3). Bars marked with different letters for a
given treatment were significantly different, based on Duncan’s Multiple Range Test (P<0.05).
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Fig.4. Effect of endopytic fungus Aspergillus terreus on phytochemicals of okra plants grown under normal and salt
stress conditions. A- total phenols, B- flavonoids and C- total tannins. Error bars are +standard deviation (n = 3).
Bars marked with different letters for a given treatment were significantly different, based on Duncan’s Multiple
Range Test (P<0.05).
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Fig.5. Effect of endopytic fungus Aspergillus terreus on enzyme activity of okra plants grown under normal and salt
stress conditions. A- IAA level, B- MDA content, C- Catalase and D- Ascorbate peroxidase. Error bars are
+standard deviation (n = 3). Bars marked with different letters for a given treatment were significantly different,
based on Duncan’s Multiple Range Test (P<0.05).

Total Carbohydrate, proteins, lipids and proline content

According to current study when okra plants exposed to salinity stress condition @ 200 mM, plants exhibited
significant (P<0.01) promotion in total carbohydrates (34%), total proteins (265%), total lipids (86%) and proline
(246%) while comparing with control plants (Table 2). Moreover, endophyte Aspergillus terreus application cause
significant (P<0.01) improvement in studied parameter under normal and stressed conditions. Under saline medium
endophytic association cause slightly lower values of promotion, as 65% in total carbohydrates, 76% in total
proteins, 168% in total lipids and 178% in proline as compare to non-saline medium.

Secondary metabolites

Present investigation suggested that when okra plants exposed to salinity stress condition @ 200 mM, plants
exhibited significant (P<0.01) promotion in total phenols (131%), total flavonoids (113%) and total tannins (113%)
while comparing with control plants (Fig. 4). Further, endophyte Aspergillus terreus application cause significant
(P<0.01) improvement in studied parameter under normal and stressed conditions. Under saline medium endophytic
association cause slightly lower values of promotion, as 132% in total phenols, 100% in total flavonoids and 50% in
total tannins as compare to non-saline medium.
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Fig.6. Effect of endopytic fungus Aspergillus terreus on different ions concentrations of okra plants grown under
normal and salt stress conditions. Error bars are + standard deviation (n = 3). Bars marked with different letters for a
given treatment were significantly different, based on Duncan's Multiple Range Test (P<0.05).

JBAB | January 2026 | Volume 01 | Issue 01 | Page 50



Journal of Basic and Applied Botany

Membrane Lipid peroxidation, Antioxidant enzymes and 1AA level

Currently recorded data revealed that when okra plants exposed to salinity stress condition @ 200 mM, plants
exhibited significant (P<0.01) promotion in lipid peroxidation (496%), catalase (29%), ascorbate peroxidase (78%)
and reduction observed in endogenous 1AA level (-37%) while comparing with control plants (Fig. 5). During study,
endophyte Aspergillus terreus application cause significant (P<0.01) improvement in studied parameter under
normal and stressed conditions. Under saline medium endophytic association cause slightly lower values of
promotion, as 736% in lipid peroxidation, 152% in catalase, 84% in ascorbate peroxidase while reduction recorded
as --32% in endogenous IAA level as compare to non-saline medium.

lons Concentration

Present data indicated that when okra plants exposed to salinity stress condition @ 200 mM, plants exhibited
significant (P<0.001) promotion in sodium (1073%), chloride (275%), Na/K (1243%) and Na/Ca (1468%) while
reduction observed in Potassium (-21%), Calcium (-45%), Magnesium (-25%), Phosphorus (-26%), Nitrogen (-53%)
while comparing with control plants (Fig. 6). Results of same experiment revealed that, endophyte Aspergillus
terreus application cause significant (P<0.001) improvement in studied parameter under normal and stressed
conditions. Under saline medium endophytic association cause slightly lower values of promotion, as 1022% in
sodium, 132% in chlorides, 1327% in Na/K and 1976% in Na/Ca while reduction recorded as -12% in potassium, -
25% in calcium, -12% in magnesium, -23% in phosphorus, -26% in nitrogen as compare to non-saline medium.

DISCUSSION

A parameter is a measurable characteristic, such as plant height or animal fatality. The parameter should be
sensitive enough to detect the required level of change while also distinguishing between natural and human-induced
variations. When okra plants were exposed to a 200 mM salinity stress, they demonstrated a considerable decrease
in shoot length, root length, number of leaves, fresh and dry biomass when compared to non-saline control plants in
the current study (Figure 2). Root hydraulic conductance is often calculated using the dry weight of the entire root,
which neglects the effect of root structure on water uptake capacity. Plants with identical root weights may exhibit
varying quantities of fine roots, influencing root length and surface area, hence altering the amount of water the
plant can absorb (Cai et al., 2022). The number of leaves on a plant is determined by the genetics of the plant, which
governs the arrangement of leaves on the stem. In fact, a larger plant has more leaves, but converting additional leaf
mass into growth is difficult. Drought-stricken plants shorten their leaves in order to survive (the leaves actually
shrink). According to Pan et al., (2021) growth may be inhibited due to reduced rates of new cell formation. Plant
biomass refers to the total weight of all living vegetation in a given zone at a given time. It includes roots and
shoots. Production is the rate at which living beings, e.g. plants, produce new organic material, which is expressed
as a biomass production or accumulation per unit area over a period. The plant suffers a significant loss in dry
biomass accumulation due to reduced shoot and root growth under high salt stress (Ma, 2021).

Any molecule that absorbs light and has a characteristic colour is referred to as a pigment. A wide range of
pigments is found in plants. The ability to absorb solar energy and transmit it to photosynthetic devices is unique to
photosynthetic pigments. As a result, they can't dissolve in water and need to be attached to cell membranes. In this
work, exposure of okra plants to 200 mM NaCl decreased chlorophyll contents (a, b, total chlorophyll) while
significantly increasing carotenoid content and the chlorophyll a/b ratio compared to control plants (Figure 3). Salt-
stressed plants' leaf chlorophyll contents (a & b) decreased as a result of either sluggish synthesis or quick
breakdown, revealing a photoprotection mechanism via limiting light absorbance by decreasing chlorophyll contents
(Alzahib et al., 2021). Whether plants are under stress or not, they accumulate the osmoprotectant proline as a useful
solute. Recent studies have shown that proline is involved in several stages of plant development, including growth
and differentiation. It's a crucial component of various cell wall proteins and essential for plant development. In a
study by Renzetti et al., (2024), it was discovered that proline acts as an O2 quencher, exhibiting antioxidant
properties. When compared to non-saline control plants, okra plants treated to 200 mM salinity stress showed a
significant increase in total proline (Table 1). Under salinity stress, plants accumulate proline, which acts as a
nitrogen reservoir and helps them cope with stress. Proline is mainly synthesized from glutamate in water-stressed
cells, though ornithine can also serve as a precursor. Its production relies on the enzymes pyrroline-5-carboxylate
synthetase and pyrroline-5-carboxylate reductase. Plants overproduce proline by using both of these regulatory
mechanisms (Saberi et al., 2021).

Sugars, particularly sucrose and trehalose, as well as oligosaccharides from the raffinose family and fructans, all
have a role in the formation of reactive oxygen species (ROS) by plants in response to abiotic stresses. When
compared to non-saline control plants, okra plants exposed to 200 mM salinity stress showed a significant increase

JBAB | January 2026 | Volume 01 | Issue 01 | Page 51



Journal of Basic and Applied Botany

in total carbohydrates, proteins and lipids when compared to non-saline control plants (Table 2). In salt sensitive
genotype leaves, salinity reduced relative growth rates and increased soluble carbs (Mohammadi et al., 2023). In this
context, the rise in soluble sugars in plants in response to salinity has been widely recognised (Sarkar and
Sadhukhan, 2022). Salt Shock Protein (SSP) is a family of proteins that respond to salt stress by increasing in
number and may play a role in stress tolerance (Mansour et al., 2022). The SSP-23 protein, which had disappeared
in B. parviflora due to salt stress, returned after the seedlings were desalinized. These results suggest that these
polypeptides may play a role in osmotic adjustment during salt stress (Thaddi and Komarraju, 2022).
Plant lipids include triacylglycerols, phospholipids, galactolipids, and sphingolipids. As a result of salinity, the total
membrane lipid content of certain salt-tolerant plant species and algae has increased (Srivastava and Yadav, 2024).
Studies have shown that salt stress alters lipid metabolism, as evidenced by the accumulation of neutral lipids in
Catharanthus roseus cell cultures under high salinity (Guo et al., 2019). Similarly, salt-tolerant soybean varieties
exhibit elevated membrane lipid levels due to enhanced glycerolipid accumulation when exposed to saline
conditions (Guo et al., 2022).

From very basic phenolic molecules to complex polymerized compounds, all phenols have benzene rings that
are saturated with hydroxyl groups (Zeb, 2021). Flavonoid compounds are plant-derived substances present in a
variety of plant parts in nature. Flavonoids are used by plants to help them grow and defend themselves. In
Cichorium spinosum, Petropoulos et al., (2017) discovered that higher salt stress increased the reactivity of
phenolics, flavonoids, and antioxidant activity. In this work, okra plants exposed to 200 mM salinity stress showed a
significant increase in total phenols, flavonoids, and tannins compared to non-saline control plants (Figure 4).
According to Goncharuk and Zagoskina (2023), phenolics enhance nutrient uptake by chelating metallic ions, which
in turn increases soil porosity, active absorption sites, and the mobilization of elements like Fe, K, Mn, Mg, Zn, K,
Ca. Salt stress significantly enhanced the total phenolic, flavonoid, and ferric reducing antioxidant power (FRAP)
activities in Brassica napus (Benincasa et al., 2021). The most prevalent flavonoids found in plants are quercetin
glycosides, which are the most common naturally occurring flavanols (Dias, 2021). Tannins are phenylpropanoid
compounds that can be condensed into polymers of various lengths. Tannins can act as a metal-ion chelating agent, a
biological antioxidant, or both, depending on their concentration. Yang et al., (2016) observed an increase in
flavonoids and tannins following inoculation with an endophyte under salt stress in wine grapes.

Salinity is just one of several environmental factors that can lead to oxidative stress. Because they undergo
peroxidation of unsaturated fatty acids in biological membranes, reactive oxygen species destroy lipids, making
them one of the most delicate components of cells. Peroxidation of lipids in cellular membranes is the most obvious
sign of oxidative stress in plants. Salinity strongly influences plasma membrane lipid peroxidation under salt stress,
which is a signal of membrane breakdown and leakage (Guo et al., 2022). Catalase, an antioxidant enzyme, was the
first to be discovered and investigated. In a typical catalase reaction, two molecules of H,O, are dismutated into
water and O,. Catalases are involved in plant growth, defence, ageing, and senescence (Dvorak et al., 2021). This
research found that Ascorbate peroxidase activity, Lipid peroxidation, Catalase were significantly higher in okra
plants subjected to 200 mM salinity stress compared to non-saline control plants (Figure 5). Active oxygen species
(ROS) such as superoxide (O;), hydrogen peroxide (H,O,), and the hydroxyl radical (OH¢) have increased in
production. Singlet oxygen (10;) in chloroplasts of plants under stress has been described (Kaya and Galatali,
2024). Antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPX) catalyse the breakdown of oxidants and free radicals. The coordinated action of several antioxidant enzymes
has a considerable impact on ROS levels in tissues exposed directly to salt (Kesawat et al., 2023). It was recently
shown that salt disrupted the balance between ROS production and antioxidant defences in plant leaves, causing
oxidative stress (Hasanuzzaman et al., 2021). Plants produce more reactive oxygen species (ROS) when they are
subjected to harsh environmental conditions, which can cause cell damage. Antioxidant defences in plants can aid in
the detoxification of ROS. Ascorbate peroxidase involves using ascorbate (AsA) to reduce H202 to water as one of
the main antioxidants in chloroplasts (Trubitsin et al., 2014). There are two APX isoforms present in chloroplasts,
one thylakoid-bound (tAPX), and the other is stromal (SAPX), which is important in the detoxification of reactive
oxygen species. The presence of high chloroplast ascorbate concentrations facilitates APX activity and redox
balance, whereas the low concentrations can inactivate the enzyme, thus hindering the capacity of the chloroplast to
avoid oxidative damage (lvanov, 2014; Foyer, 2015).

IAA is a plant hormone that encourages yeast filamentation and adhesion. Because all of these properties are
essential for plant invasion, this hormone is likely to have a role in fungus recognition of the plant host. This study
found that endogenous IAA levels were significantly lower in okra plants subjected to 200 mM salinity stress
compared to non-saline control plants (Figure 5). While salicylic acid treatment significantly raised maize plants
IAA levels, salinity had the opposite effect (Asad et al, 2021). Auxin is thought to have a role in defensive responses
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by regulating a number of genes and influencing the interaction between abiotic and biotic stress responses (Fahad et
al., 2015).

Sodium (Na +) and chloride (Cl ions) are the main sources of salt-induced growth inhibition in plants. The
degree of salt tolerance of a genotype is determined on a large part by the extent of these ions accumulation in the
roots and leaves (Naz et al., 2023). Toxicity of chlorides also enhances stresses of salinity, but salt tolerant
genotypes limit Cl - uptake and translocation. Since the chloride gets into plants primarily via passive transport, the
accumulation of this element is contingent upon patterns of shoot-to-root distribution (Ali et al., 2022). In the
current experiment, okra plants under 200 mM salinity had significantly increased Na+ and K+ contents, increased
Na+/K + and Na +/Ca2+ ratios, relative to control plants in non-saline environments (Figure 6). Salinity causes
reductions in Ca®*, K*, Mg?*, NOs, S, and other essential elements in plants, in addition to increased Na* and CI
levels, resulting in overall nutritional deficits (Farissi et al., 2014). Sodium (Na+) and potassium (K+) ions were
both present in the ocean when life first began, but only potassium ions maintain cellular electrolyte and osmotic
equilibrium. In salt-sensitive plants, cell damage may occur due to a number of factors, but one of the most
prevalent is Na+ toxicity. When cells are exposed to salt stress, it is essential that the cytosol keeps the Na+ content
or the Na+/K+ ratio low. Because K* stimulates more than 50 different cytoplasmic enzymes, altering K*
homeostasis impairs metabolism in both root and leaf tissues. Plant life during salt stress is thought to necessitate a
high cytosolic K*/Na" ratio in the cytoplasm. Larger Ca/Na and K/Na ratios can be produced by plant tissues that are
more resistant to salt stress. This suggests that if Ca is provided at the appropriate rate, plants can be protected from
the negative effects of salt stress (Marschner, 2012).

Plant development requires potassium, as well as nitrogen and phosphorus. It is an essential macronutrient for
plants, as it aids in plant nutrition, enzyme activation, and the protection of electrical potential gradients in cell
membranes, among other things. Calcium is required for structural functions in the cell wall and membranes, as a
counteraction for inorganic and organic anions in the vacuole, and as a divalent cation (Ca®*) as an intracellular
messenger in the cytoplasm. Plants of the okra species subjected to a salt stress of 200 mM showed a significant
decrease in the amounts of P, Ca, N, K and Mg, as shown in Figure 6. High Na™ levels impede K* ion uptake, which
is required for growth and development, resulting in lower productivity and possibly mortality (Awais et al., 2023).
Salinity increases soil osmotic pressure, which restricts water availability and reduces the uptake of essential
nutrients such as calcium and potassium by plants (Mahmood et al., 2024). Root development, plant growth, and
agricultural production are all greatly impacted by phosphorus, a crucial macronutrient (Shen et al., 2011).
photosynthetic performance, respiratory metabolism, protein biosynthesis, cell proliferation, energy storage, and
nutrient transport are just a few of the many metabolic processes in plants that rely on P (Khan et al., 2023). P is also
found in essential coenzymes, nucleic acids, and structural phospholipids that activate amino acid synthesis.
However, mineral nutrient stress and an imbalance in crop ion homeostasis are outcomes of salt-alkali stress, which
significantly disrupts mineral absorption and transport. This is partially due to ion opposition during absorption,
induced by excess salt ions in the soil. Salt stress prevents plants from absorbing trace elements such as manganese,
boron, zinc, iron and copper, as well as macronutrients such as K, Mg, S, N, Ca, and P (Wu et al., 2013). Nitrogen is
the nutrient that encourages agricultural plants to grow quickly in the vegetative stage, resulting in the largest yield
response. In saline conditions, nitrate (NO3) absorption is altered due to the antagonistic impact of Cl and NO3. This
causes nitrogen (N) shortage, which affects plant growth and yieldln addition to its role in maintaining enzyme
activities like H+-ATPase, kinases, and polymerases, magnesium is essential for the conformational stabilization of
macromolecules like cell walls, nucleic acids, cell membranes, and proteins (Marschner, 2012; Hermans et al.,
2013). Magnesium also regulates cell turgor as an osmotically active ion and as a regulator of cation-anion balance
(Pourranjbari et al., 2019). After salinity treatment, Amirjani (2010) found lower concentrations of magnesium and
calcium ions in soybean plants. According to Rahneshan et al., (2018), a decrease in magnesium ion content was
observed under salt stress, likely due to the inhibition of enzymes essential for chlorophyll synthesis and catalysis.

Response of Okra After Association with Endophyte

Sodicity is produced by high salt uptake ratios, which increase soil resistance, restrict root growth, and reduce
water passage through the root by lowering hydraulic conductivity. Plants' root hydraulic conductivity reduces when
they are irrigated with low-quality water. In actuality, root hydraulic conductivity is one of the most crucial factors
impacting the long-term success of a recycled water irrigation system. Because of their role and relevance in nutrient
and water absorption from the soil, plant roots are essential for plant growth and development (Qi et al., 2012).
Endophyte Aspergillus terreus treatment enhanced the investigated metrics (fresh and dry biomass, shoot length,
number of leaves, and root length) under both normal and stressful conditions during the study, compared to non-
saline endophyte-associated plants (Fig. 2). According to Khan et al, (2020), the Curtobacterium
oceanosedimentum SAK1 isolate exhibited better growth and development of Waito-C rice under salt stress.
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Endophytic fungi have been demonstrated to significantly enhance plant growth in unfavourable conditions.
Cucumber plants exposed to salinity and drought stress demonstrated increased biomass accumulation, enhanced
growth characteristics, improved absorption of essential nutrients such as Mg, Ca and K and reduced sodium
toxicity in association with Phoma glomerata and Penicillium sp. (Wagas et al., 2012). In the same way, Batabyal et
al., (2021) found that seedlings infected with Trichoderma afroharzianum T22 produced more biomass than plants
that weren't infected, even in soils that were polluted with metals.

Carotenoids are pigments that are often red, orange, or yellow in colour and contain carotene, the well-known
chemical that gives carrots their colour. In these molecules, a "chain" of carbon atoms connects two tiny six-carbon
rings. Plants under salt stress exhibit lower chlorophyll concentrations in their leaves, likely due to Na+
accumulation, which suppresses chlorophyll pigment formation or causes cell membrane degradation (Hameed et
al., 2021). Using the endophyte, the association with Aspergillus terreus positively influenced the photosynthetic
apparatus, evidenced by increased chlorophyll a and b concentrations, total chlorophyll, an elevated chlorophyll a/b
ratio, and carotenoid levels under both non-stress and stress conditions (Fig. 3). Because salt reduces Mg?* uptake,
chlorophyll concentration in leaves falls (Ahmed et al., 2023). Endophyte-colonised plants retain a higher
chlorophyll concentration through boosting Mg?* uptake (Yin et al., 2014). As a result, the integrity of the plastid is
protected, and photosynthetic efficiency is improved (Johnson et al., 2014). Using the endophyte Aspergillus terreus
increased the proline content in both normal and stressed settings compared to non-saline endophyte-associated
plants during the investigation (Table 2). Proline accumulation in response to stress has also been recommended as a
good indicator of elevated stress levels (Hnilickova et al., 2021). It could be used to assess the effects of AMF in
demonstrating the effects of salinity and drought on plant life (Echeverria et al., 2013). According to Dudhane et al.,
(2011), increasing salinity boosted proline accumulation in both non-mycorrhizal and mycorrhizal plants.

The sugars that plants make during photosynthesis are very important for their growth and survival. They give
plants energy, are used to make organic compounds, and are stored for a long time. Lipids are structural components
of cell membranes that serve as permeable barriers between cells and their environment. In plants, lipids are
particularly important signaling and energy storage molecules. Under high salinity, endophyte-associated plants had
increase in total carbohydrates, proteins and lipids compared to non-saline endophyte-associated plants (Table 2).
Sarkar et al., (2021) further hypothesized that the rise in soluble sugars in endophyte-colonized plants is due to the
fungus in colonised roots activating one of the key starch-degrading enzymes, glucan-water dikinase. Ghabooli
(2014) found that inoculating plants with Piriformospora indica increased the levels of soluble carbohydrates,
including glucose, fructose, and sucrose, in inoculated plants under salt stress. Previous studies have shown that the
AMF symbiosis protects the integrity of PSII by demonstrating that the genes encoding these proteins are activated
in response to salt stress (Chen et al., 2017). Under abiotic stress, A. japonicus-endophyte linked soybean has
increased total lipid, according to Ismail et al. (2018). Yaghoubian et al., (2022) reported that colonization with
Piriformospora indica increased the proportion of fatty acid lipids in the leaves of milk thistle (Silybum marianum)
grown under saline conditions.

Flavonoids are a subclass of specialized metabolites in the flavonoid family. Flavonoids including chalcones,
flavones, flavonols, anthocyanins, and pro-anthocyanidins are plentiful in plants. Tannins are astringent, soluble
complex phenolic chemicals originating from plants that are used in the tanning of animal skins and protein
precipitation. Phenolic compounds are derived from plant secondary metabolism, mainly by phenylpropanoid
pathways associated with the shikimate and pentose phosphate pathways (Tak and Kumar, 2020). In this study, the
association with the endophyte Aspergillus terreus led to significantly increased accumulation of total phenols,
flavonoids, and tannins under both control and stress conditions, in contrast to plants cultivated without endophytic
inoculation (Fig. 4). Abd_Allah et al., (2018) tested chickpea plants under salt stress and found that when inoculated
with B. subtilis, the plants produced high levels of phenols and proline. In another study, Hashem et al., (2016)
found that the amino acid proline and other phenols played a key role in maintaining cell water equilibrium.
According to many studies, abiotic stress and microbial contact (bacteria or fungi) may alter the expression of
enzymes involved in flavonoid biosynthesis. As a result, controlling such enzymes can affect relevant genes and
influence metabolite levels. Endophytes have been found to be sources of bioactive compounds such as tannins and
cardiac glycosides (Salam et al., 2023). Selim et al., (2012) explained an endophyte's capacity to synthesize certain
metabolites while excluding others; distinct endophytes within a plant may generate varying secondary metabolites,
thereby executing diverse functions within the plant. Consequently, the total amount of metabolites in a plant extract
may represent a collective contribution from all living endophytes.

An effective enzymatic antioxidant system constitutes a fundamental component of plant defense, with CAT,
SOD, and POD working together to neutralize reactive oxygen species (Ma et al., 2012). AMF inoculation has
previously been shown to improve membrane lipid protection and functional stability (Mo et al., 2016). Endophytic
colonization by Aspergillus terreus significantly modified oxidative stress markers, evidenced by reduced lipid
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peroxidation and increased catalase and ascorbate peroxidase activities in both non-stress and stress treatments
relative to control plants (Fig. 5). By changing the membrane's polyunsaturated lipids, salinity stress decreases
membrane permeability, resulting in considerable cellular component leakage (Algarawi et al., 2014). Improved
antioxidant activity indicates to be a major way that endophytes help plants deal with stress. In wheat seedlings, T6
consistently enhanced the activities of POD, CAT and SOD at all salinity levels, agreeing with previous findings by
Ahmad et al., (2015), which indicated that Trichoderma harzianum alleviates NaCl stress in Brassica juncea by
boosting the antioxidative defense system. In the same way, Redman et al., (2011) suggested that endophytic
colonization lowers the amount of ROS inside cells by turning on antioxidant enzymes. Salinity stress decreased the
activities of APX, GR, DHAR, and CAT in the root tissues of barley; however, colonization by Piriformospora
indica restored antioxidant enzyme function and elevated ascorbic acid levels, thereby improving stress resilience
(Nivetha et al., 2021).

The biosynthesis of IAA in endophytes is typically linked to the laaH & laaM genes, which encode indole-3-
acetamide hydrolase and tryptophan-2-monooxygenase, respectively. These enzymes work together to make IAA in
two steps through the indole-3-acetamide pathway (Lehmann et al., 2010). In this study, plants colonized by
Aspergillus terreus showed much higher levels of endogenous IAA than plants that did not have an endophytic
association, both when they were under stress and when they had no stress (Fig. 5). Wagas et al., (2012) found that
endophytic isolates of P. glomerata produced IAA in culture filtrates, which helped plants grow better in salty
environments. Our findings indicate that Y. lipolytica FH1 increases IAA production and alleviates salt stress, which
supports the results of Saeed et al. (2012).

Fungi can have a major impact on how plants get nutrients and help keep osmotic balance when the soil is salty.
For instance, arbuscular mycorrhizal fungi form symbiotic relationships that help roots take up more phosphorus and
make them more tolerant of salt. In this study, inoculation with Aspergillus terreus resulted in elevated sodium,
calcium and potassium concentrations, as well as decreased Na/K and Na/Ca ratios, in plants cultivated under both
control and stress conditions (Fig. 6). Romero et al., (2019) stated that under saline conditions, colonisation by the
arbuscular mycorrhizal fungi Rhizophagus intraradices and Funneliformis mosseae enhanced nutrient acquisition in
Arundo donax. By reducing Na+ transport to the leaves and maintaining a low cytosolic Na+:K+ ratio, plants can
improve their resilience to high salt levels (Wang et al., 2021). Turgor pressure control mechanisms are also linked
to increased K* concentration.

Mycorrhizal (ecto- and endo-) fungi have also been shown to play a role in plant K uptake (Benito and
Gonzalez, 2014). Fungi are not typically utilized for plant nutrition; however, they have a significant role in industry
to mobilize or remove metals such as manganese, zinc and copper. Beneficial bacteria and fungi in the rhizosphere
can help plants perform better under stress, leading to improved growth and higher yields in both direct and indirect
ways (Munir et al., 2022). The endophyte Aspergillus terreus increased the concentrations of potassium, calcium,
magnesium, phosphorus, and nitrogen under both normal and stressed conditions during the investigation (Figure 6).
Phosphate solubilisation/fertilisation by microorganisms, according to Jan et al., (2019), are important phenomenon
for plant development. This procedure is beneficial under salt stress because it reduces the effect once the soil's
phosphorus-binding ability is defeated. Certain plant growth-promoting rhizobacteria (PGPR) supply plants with
fixed nitrogen, phytohormones, soluble phosphate, and iron chelated by bacterial siderophores (Saberi et al., 2021).
Different bacterial endophytes assisted plants in increasing their resistance to abiotic stress and improving nutrient
absorption under various environmental conditions. In multiple studies, improvement in the growth of different ions
(e.g., phosphorus, nitrogen, magnesium) after the association of plants with AMF under salt stress conditions was
observed and verified (Abd_Allah et al., 2015).

Conclusion

Currently, project investigation revealed that after exposure to salt stress reduction in okra growth, different
biochemical attributes and reduction in important cations concentration were observed. Under same study when okra
plants made association with applied Aspergillus terreus, it proved to be a potential candidate in alleviating salinity
stress and improvement was observed in all studied parameters. So, the application of Aspergillus terreus as
biofertilizer will facilitate sustainable okra cultivation in salinity-affected areas of Pakistan.
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