Chemical and Biological Technologies in Agriculture© The Author(s) 2021
https://doi.org/10.1186/s40538-021-00208-9

Research

Aspergillus awamori ameliorates the physicochemical characteristics and mineral profile of mung bean under salt stress
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Abstract
Background
In the list of abiotic stresses, salt stress is a main growth retarding factor which affects 7% of rain-fed while 30% worldwide irrigated agriculture. However, various strategies are assumed to manage this problem, but the use of endophytes is cheap and eco-friendly. The goal of this study was to evaluate the behavior of endophytic Aspergillus awamori (EWF) in creating salt tolerance in mung bean in terms of its seedling growth, biochemical indices, antioxidant enzymes, endogenous IAA, and ionic status of the plant.

Results
The results revealed that the 150 mM of NaCl reduced seedling growth (seedlings’ weight and length; leaves number), chlorophyll contents, and IAA. On the other hand, proline, polyphenols, flavonoids, tannin, lipid peroxidation, catalase, and ascorbate peroxidase were increased. Inoculation of EWF had promoted the mung bean growth under all tested conditions. EWF enhanced the biomass and IAA contents of the mung bean plants under salt stress. Moreover, EWF-associated mung bean seedlings exhibited low accumulation of stress markers, and Cl, Na, Na/K, and Ca/K ratio, whereas higher concentrations of Ca, Mg, K, N, and P in mung bean seedlings.

Conclusion
The results provided a sustainable approach in using endophytic EWF under salt stress, thus concluded that this fungus can be very handy in mung bean as well as other important crop production in saline areas.[image: ../images/40538_2021_208_Figa_HTML.png]
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Background
Salinity greatly affects germination and vigor of the plant species, thus reduces the growth, development and yield of agricultural crops [20, 31]. The presence of higher amounts of salts in soil may cause various metabolic and physiological disturbances [34, 44], which can lead to low yield and quality of grains. Moreover, it affects plant’s survival percentage, germination of seeds, and various morphological characteristics [41]. Nutritional disorders, ions toxicity, and nutrients imbalance in cytosol have been noticed in plants due to transport and dispersion of high salt contents [2, 20]. Besides, it leads to oxidative stress at cellular and subcellular level that generates ROS (reactive oxygen species). The produced ROS can then interfere with the metabolism of DNA, proteins, and lipids [40].
Mung beans (Vigna radiate) is a summer crop, which is cultivated in various regions of the Asia, Europe, and America [17, 36]. Mung bean is medicinally, yet nutritionally important crop and good for health [13]. Mung bean seeds comprise approximately 23–26% of protein, 61–63% carbohydrates, and 1.1–1.6% lipids [51], which is almost similar to the cowpea, lentil, and chickpea [26, 27]. Mung bean, like other legumes, is rich source of proteins, but salt stress can significantly affect the physicochemical quality of this crop [48]. Certainly, mung bean grown in saline soil can accumulate higher amounts of NaCl during its growth and development, leading to a low germination rate, protein and carbohydrate contents, and fresh and dry weights [43]. The studies suggested that mung bean being an important crop and very sensitive to salt stress needs proper action in order to restore its productivity. The development of salt resistant mung bean cultivars are very expensive and time consuming, whereas the use of plant growth promoting endophytes is quite feasible in saline areas.
Endophytes are microorganisms that live in the growing plant tissues and establish a symbiotic relationship with host plants [22, 25]. They are broadly distributed in the plant kingdom, which produce a high number of biologically active secondary metabolites when required to support the host plants [4, 10, 39]. It has been noticed in the past that plant species colonized by endophytic fungi have managed stress environment, such as rise in temperature, salinity, and drought [29, 30, 34]. In addition, the host plant species exposed to stress developed an ability to absorb the required amounts of minerals from the soil after endophytic association [33]. Based on the previous findings and extreme importance of endophytic fungi in the field of agriculture, this study was conducted to test the role of endophytic fungal strain, Aspergillus awamori (EWF), in mung bean growth under normal and saline conditions.
Materials and methods
Collections and purification of endophytic fungi and preparation of spore suspension
Aspergillus awamori (EWF) was collected from the Plant Microbe Interaction Laboratory, Department of Botany, Abdul Wali Khan University Mardan. The strain was purified after repeated sub-culturing on potato dextrose agar (PDA) and incubated at 25 °C for 2 weeks to produce a sufficient number of spores (conidia). The mycelia and spores formed on the PDA medium were scraped using a sterile No. 21 blade and placed in a 50-ml sterile conical tube. 20 ml of sterile water was added in the conical tube (50 ml) and vortexed for 5 min for spore dispersion. The mixture (containing mycelia and spores) was then filtered with the help of Whatman filter paper No. 2 to obtain a spore suspension. The final concentration of spores in solution was adjusted to 5 × 107 spores/ml to be used in further experiments.
Experimental setup
A pot experiment was conducted to determine the effect of A. awamori inoculation on mung bean growth. A completely randomized design was set up including the inoculation of mung bean with A. awamori. Seeds of mung bean cultivar Qalendar were obtained from ARI (Agriculture Research Institute) Tarnab, Peshawar. Seeds were subjected to the viability test before starting the experiment. Uniform seeds were selected and dipped in 0.1% mercuric chloride for 60 s for sterilization. The mercuric chloride seeds were then washed thrice with distilled water to remove any traces of mercuric chloride. A total of 12 plastic pots (8.5 cm diameter and 12.5 cm deep) with a basal outlet for leaching purpose were arranged. The pots were filled with 300 grams of sandy loam soil (sand = 74.8%, silt = 11.9%, and clay = 13.2%), having electrical conductivity = 0.9 dS/m and pH = 7.2. The sterilized seeds were sown in the pots and allowed to germinate at 23 ± 2 °C. At seedling stage, a spore suspension of fungi at 1 ml/g was applied as a treatment in the required set of pots. After 5 days of spore suspension application, NaCl salt solution (150 mM) was applied twice a week in all set of pots, except the controls (irrigated with tap water).
The experimental design had 4 sets of treatments, with three replications and each replicate consisted of five plants/pot:
Set I: Seedlings irrigated with 0 mM NaCl;
Set II: Seedlings irrigated with 150 mM NaCl;
Set III: Seedlings treated with fungal spores (A. awamori) and irrigated with 0 mM NaCl;
Set IV: Seedlings treated with fungal spores (A. awamori) and irrigated with 150 mM NaCl.
The experiment was proceeded up to 35 days and after the completion of the experiment, mung bean plants were harvested. Shoots and roots of the mung bean plants were separated, and soil particles from the roots were removed with great care. Firstly, the fresh weights of shoots and roots were measured. The shoots and roots were then oven dried for 72 h at 60 °C and re-weighted to determine the dry weights.
Chlorophyll and carotenoids
Total chlorophyll and carotenoid contents of fresh leaf samples were estimated and calculated through a process as described by Maclachlan and Zalik [37]. Fresh leaf samples were ground in 3 ml of acetone (80%) using mortar and pestle. The mixture was transferred to the centrifuge tubes and centrifuged at 1000 rpm for 5 min. The supernatant was collected in the new tube and the pellet was washed again and centrifuged. The supernatant was pooled and adjusted the final volume to 7 ml with acetone (80%). The optical densities (OD) were recorded at 663 nm for chlorophyll a, 645 nm chlorophyll b, and 480 and 510 nm for carotenoids using UV/VIS spectrophotometer (Perkin Elmer):
Chlorophyll a (mg/g) = (12.3 D663 − 0.86 D645/d *1000*w) × V;
Chlorophyll b (mg/g) = (12.3 D645 − 0.86 D663/d *1000*w) × V;
Total Chlorophyll = Chla + Chlb;
Carotenoids (mg/g) = (7.6 D480 − 1.49 D510/D*1000*W) * V.
Estimation of total carbohydrate
Anthrone method was adopted for the estimation of total sugars in fresh leaf samples [54]. A 0.5 g of fresh leaf was crushed in 10 ml of distilled water. After transferring the mixture in centrifuge tubes, a centrifugation was performed at 3000 rpm for 5 min. For the estimation of total carbohydrates, 0.1 ml of the supernatant was mixed with 1 ml phenol (80%) and the mixture was incubated for 10 min at room temperature. After incubation, 5 ml of concentrated H2SO4 was added and the mixture was incubated on the bench for an hour. Glucose was used as a standard and the OD of the solution was measured at 485 nm.
Estimation of total proteins
Total proteins of mung bean plants were measured through well-defined method of Bradford [11]. 0.1 g of leaf sample was homogenized in ice-cold pestle and mortar using 5 ml of phosphate buffer (pH = 7, 0.1 M potassium phosphate). The mixture was centrifuged at 12,000 rpm for 20 min. To 0.2 ml of the supernatant, 4.8 ml of phosphate buffer was added. For the estimation of total proteins, 0.1 ml of the diluted extract was taken in a clean test tube and added 5 ml of Bradford reagent. Bovine serum albumin was used as a standard and the OD was then recorded at 595 nm.
Estimation of total lipids
Total lipid contents were measured according to the well-established method of Van Handel [50]. Approximately, 0.2 g of leaf sample was ground in chloroform:methanol (2:1 v/v) and the mixture was transferred to the tubes. The contents of each tube were shaken vigorously, added 0.8 ml of 0.73% NaCl, and let it stand on the bench top at room temperature. After the appearance of three layers, the lower layer containing lipids were separated/collected through the separatory funnel. After separation of lipid layer, 0.1 ml of sulfuric acid was added and the mixture was shaken and then heated at 100 °C for 10 min. The sample was cooled and 2.4 ml of vanillin reagent was added. Pure canola oil was used as a standard and the absorbance was recorded at 490 nm upon the appearance of pink color.
Estimation of total proline
Bates et al. [8] method for the extraction and estimation of proline in plants was adopted. Leaf sample (0.5 g) was ground in 10 ml of sulfosalicyclic acid (3%) and the mixture was centrifuged for 5 min at 3000 rpm. To 2 ml of the collected supernatant in a glass tube, 2 ml each of the glacial acetic-acid and freshly prepared ninhydrin reagent was added and the mixture was heated at 100 °C for an hour. The contents of the tube were cooled, 4 ml of the toluene was added to it, and the mixture was vortexed vigorously. Pure proline from Sjima Aldrich was used as a standard and the OD was recorded at 520 nm.
Estimation of total phenolics
Estimation of total phenols was carried using the well-established protocol of Malick and Singh [38] with slight modification. 0.5 g of leaf sample was ground in 80% ethanol (5 ml) and the mixture was filtered through Whatman filter paper No. 1. The filtrate was evaporated to dryness and transferred to a 10-ml glass tube. To the dried filtrate, 3 ml of distilled water was added and the contents of the tube were vortexed. 0.5 ml of Folin ciocalteu reagent and 2 ml of Na2CO3 were added to the solution and mixed. After the appearance of the blue color, the contents were heated for 1 min and then allowed to cool. The absorbance of the solution was finally measured at 650 nm. Catechol was used as a standard.
Total flavonoids measurements
Total flavonoids were measured by the method as described by El Far and Taie [16]. Approximately, 5 g of the leaf sample was macerated in 80% ethanol (50 ml) for the preparation of extract. After 1 day of incubation at room temperature, the extract was centrifuged for 15 min at 10,000 rpm. To 250 μl of the extract supernatant, 1.25 ml of distilled water and 7 μl of NaNO2 (5%) were added and the mixture was incubated for 5 min at room temperature. After incubation, 150 μl of AlCl3.H2O (10%) was added and the mixture was again incubated for 6 min. After incubation, 500 μl of 1 M-NaOH and 275 μl of distilled water were added to the mixture and OD was recorded at 415 nm. Quercetin was used as a standard.
Determination of lipid peroxidation
Heath and Packer [24] method was adopted for the determination of lipid peroxidation. Approximately, 0.1 g plant material was macerated in 2.5 ml of 0.1% tricholoro acetic acid. The mixture was then transferred to centrifuge tubes and centrifuged for 20 min at 3000 rpm. The collected supernatant (1 ml) was mixed with 2.25 ml of 0.5% thiobarbituric acid and 20% tricholoro acetic acid. The mixture was heated at 95 °C for 30 min, cooled in ice bath, and then centrifuged for 10 min at 3000 rpm. The OD of the collected supernatant was recorded at 532 nm and 600 nm. Malondialdehyde was used as a standard.
Determination of catalase activity
Catalase enzyme activity in fresh leaves was measured through protocol described by Chandlee and Scandalios [12]. Approximately, 1 g of leaf sample was homogenized in 2.6 ml of 0.1 M sodium phosphate buffer (pH = 6.5) using pre-cooled mortar and pestle. A reaction mixture was made by mixing 0.1 ml of enzyme extract with 1 ml of potassium phosphate buffer (100 mM, pH-7.0) and 0.4 ml H2O2 (200 mM). Reduction in absorbance due to decomposition of H2O2 was measured at 30-s intervals and 240 nm.
Determination of ascorbate peroxidases activity
Asada [5] method with little modification was used for the measurement of the ascorbate peroxidase activity in fresh mung bean leaves. Approximately, 1 g of the leaf sample was ground in 3 ml of extraction mixture containing phosphate buffer (pH 7.0), 10 mM KCl, 1 mM MgCl2, and 10 mM EDTA. The ground mixture was centrifuged at 10,000g for 20 min at 4 °C and the supernatant was collected as enzyme extract. The enzyme extract (0.1 ml) was mixed with the reaction mixture (0.9 ml), composed of ascorbic acid (0.2 mM) + potassium phosphate buffer (50 mM, pH-7) + EDTA (0.2 mM) + H2O2 (20 mM). Reduction in optical density was measured at 290 nm and 30-second interval.
Evaluation of endogenous IAA
IAA was quantified using Salkowski reagent. Salkowski reagent was made by using the technique of Benizri et al. [9]. To prepare Salkowski reagent, 1 ml of solution A (0.5 M FeCl3) was mixed with 50 ml of solution B (35% HClO4). Plant material (0.5 g) was crushed by mortar and pestle in 5 ml of distilled water and centrifuged at 10,000 rpm for 15 min. The supernatant (1 ml) was mixed with 2 m l of Salkowski reagent in a test tube. The contents of the tube were incubated for 30 min in the dark at room temperature. Salkowski reagent (4 ml) was used as a control. OD was taken at 540 nm using UV/VIZ spectrophotometer.
Analysis of minerals
Leaves sample (0.25 g), previously dried in an oven, was taken in a 50-ml flask. 6.5 ml of acid solution consisting of nitric acid, sulfuric acid and perchloric acid (5:1:0.1) was added to it. The mixture was digested in a fume hood on a hot plate. Appearance of white fumes indicated the complete digestion of the sample. After the digestion, the contents of the digestion flask were allowed to cool. The cooled digest was collected in 50-ml volumetric flasks and the volume was set to 50 ml with distilled water. The extract was passed through the Whatman filter paper before quantifying the mineral elements by Atomic Absorption Spectrophotometer (Shimadzu AA-670) (Allen et al. 1974).
Statistical analysis
All the experiments were performed in triplicate. ANOVA (one-way analysis of variance) was used for the analysis of data and means were compared by a Duncan multiple range test at p < 0.05, using SPSS for windows 21.0 (SPSS Inc., Chicago, IL, USA). Graphs were constructed by using Graphpad Prism 6.0.
Results
Seedling growth performance
The results of the present study showed that the application of salt cause significant (p = 0.05) inhibition in plant growth (Fig. 1a and b). The mung bean plants that were irrigated with NaCl water had shorter shoots and roots as compared to the control plants. However, salt stress has less effect on the shoot and root growths of the Aspergillus awamori (EWF)-associated mung bean plants (Fig. 1a and b). Similarly, a considerable decrease was observed in the number of leaves in mung bean plants that were exposed to salt stress (Fig. 1c). On the other hand, the association of A. awamori with mung bean plants has a positive effect on the number of leaves under normal and saline conditions as compared to their respective controls (Fig. 1c). The effect of salt stress on dry biomass of the mung bean plants revealed an adverse effects (Fig. 1d–f). The dry weight of mung bean seedlings drastically decreased with NaCl treatment as compared to the control plants. On the contrary, enhancement in biomass of mung bean associated with A. awamori was noted under control and salt stress conditions (Fig. 1d–f).[image: ../images/40538_2021_208_Fig1_HTML.png]
Fig. 1Effect of NaCl on mung bean growth parameters with or without EWF association. a Shoot length; b Root length; c Leaf number; d Shoot dry weight; e Root dry weight; f Leaf dry weight. EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; SL: shoot length; RL: root length; LN: leaf number; SDW: Shoot dry weight; RDW: root dry weight; LDW: leaf dry weight. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Response of pigments
Results showed that the photosynthetic pigments (Chl-a, Chl-b, and total-chlorophyll) decreased significantly (p = 0.05) at elevated salt level (150 mM NaCl) in mung bean plants (Fig. 2). However, the ratio of Chl-a/b and the level of carotenoids were increased under salt stress as compared to the control. A. awamori association with mung bean restored the Chl-a, Chl-b, and total-chlorophyll contents, when exposed the plants to salt stress (Fig. 2).[image: ../images/40538_2021_208_Fig2_HTML.png]
Fig. 2Effect of NaCl stress on chlorophyll and carotenoid contents of mung bean seedlings with or without EWF association. a Chlorophyll a contents; b Chlorophyll b contents; c Ratio of chlorophyll a and chlorophyll b; d Total chlorophyll contents; e Carotenoid contents. EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; Chla: chlorophyll a; Chlb: chlorophyll b; T.Chl: total chlorophyll; Crtd: carotenoids. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Accumulation of primary metabolites
The results of the present study revealed a decrease in the total carbohydrates in mung bean under salt stress (Fig. 3a). Conversely, a beneficial effect of A. awamori on the amounts of carbohydrates of mung bean plants was observed under control as well as salt-stressed conditions (Fig. 3a). Additionally, treatment of mung bean with different concentrations of NaCl exhibited a decrease in protein contents as compared to the other treatments (Fig. 3b). The application of the fungal strain (A. awamori), on the other hand, stimulated the accumulation of proteins in mung bean plants under normal and stressed conditions (Fig. 3b). Also, the NaCl application significantly (p = 0.05) reduced the total lipid contents in mung bean plants as compared to the other treatments. However, a recovery in lipid contents of the mung bean plants has been noticed under saline conditions (Fig. 3c).[image: ../images/40538_2021_208_Fig3_HTML.png]
Fig. 3Effect of NaCl stress on primary metabolites of mung bean seedlings with or without EWF association. a Carbohydrate contents; b Protein contents; c Lipid contents; EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; CHO: carbohydrates; Ptn: proteins; FW: fresh weight. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Accumulation of secondary metabolites
The results of this study exhibited a promotion in phenolic contents of the mung bean after application of salt stress. In contrast, the applied fungal endophytes (A. awamori) brought the phenolic contents of the mung bean plants exposed to the salt stress back to normal (Fig. 4a). Likewise, the application of salt enhanced the accumulation of prolines in mung bean plants under salt stress as compared to the control plants, whereas less proline was accumulated in mung bean plants associated with A. awamori and exposed to salt stress (Fig. 4b). Moreover, salinity stress caused a significant increase in flavonoid content in mung bean plants, which was significantly (p = 0.05) reversed after the association of mung bean plants with A. awamori (Fig. 4c).[image: ../images/40538_2021_208_Fig4_HTML.png]
Fig. 4Effect of NaCl on secondary metabolites of mung bean seedlings with or without EWF association. a Total phenolic contents; b Proline contents; c Flavonoid contents. EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; T. Phe: total phenolics; Pro: proline; Fla: flavonoids; FW: fresh weight. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Enzymatic activities
The results revealed that the application of NaCl at different concentrations enhanced the lipid peroxidation in mung bean plants under salt stress conditions as compared to the control plants (Fig. 5a). The association of mung bean plants with endophyte (A. awamori), however, caused a significant reduction the lipid peroxidation at the tested concentrations of NaCl concentration (Fig. 5a). Also, an increased catalase activity has been noticed in the leaves of mung bean plants irrigated with NaCl solution as compared to the control plants (Fig. 5b). Conversely, the application of fungal endophyte (A. awamori) has played a positive role in controlling the catalase activity under normal and salt stress conditions. The A. awamori association enabled the mung bean plants to bring the catalase activity to normal (Fig. 5b). Besides, NaCl application has enhanced the activity of ascorbate peroxidase in mung bean plants, but the association of plants with A. awamori caused a significant decrease in ascorbic peroxidase under normal and salt stress environment (Fig. 5c).[image: ../images/40538_2021_208_Fig5_HTML.png]
Fig. 5Effect of NaCl on stress enzymes of mung bean seedlings with or without EWF association. a Lipid peroxidation activity; b Catalase activity; c Ascorbic acid peroxidase activity. EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; LPO: Lipid peroxidation; CAT: catalase; APO: ascorbic acid peroxidase activity; FW: fresh weight. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Endogenous IAA concentration
After salt stress, the endogenous IAA content of the mung bean plants was reduced as compared to the control plants, but application of A. awamori improved the IAA concentration in mung bean plants during stress as well as non-stress conditions (Fig. 6).[image: ../images/40538_2021_208_Fig6_HTML.png]
Fig. 6Effect of NaCl stress on IAA of mung bean seedlings with or without EWF association. EWF: A. awamori-associated plants; Ctrl = control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; IAA: indole acetic acid; FW: fresh weight. Each bar represents the mean of triplicated data with ± SE. Bars that are labeled with different letters are significantly different from one another at p = 0.05


Mineral contents of mung bean plant
Our result showed an increase in sodium and chloride ion under salinity in mung bean seedlings (Table 1). Association of endophytic fungus (A. awamori) showed slightly decreases in sodium and enhance chloride ion. Salinity also caused a reduction in phosphorous, potassium, and calcium in mung bean plants, whereas less reduction was noticed in A. awamori-associated mung bean plants. Interestingly, an increase in Na/K and Na/Ca ratios has been noticed in A. awamori-non-associated vs A. awamori-associated mung bean plants under saline conditions. The results also exhibited a decrease in nitrogen and magnesium levels in mung bean plants exposed to salt stress, while a reverse effect was observed in A. awamori-associated plants (Table 1).Table 1Mineral profile of A. awamori-associated and A. awamori-non-associated mung bean seedlings under normal and salt stress conditions


	Treatments
	Ionic status (mg/g DW)

	Na
	K
	Ca
	Mg
	N
	P
	Cl
	Na/K
	Na/Ca

	Ctrl
	14.0 ± 0.1c
	22.2 ± 0.8b
	29.7 ± 1.3b
	7.8 ± 0.3b
	30.3 ± 0.4b
	2.1 ± 0.9c
	17.3 ± 0.5a
	0.63
	0.47

	NaCl
	53.8 ± 1.7d
	16.8 ± 1.0a
	22.2 ± 1.8a
	5.9 ± 0.9a
	19.4 ± 0.7a
	1.3 ± 0.7a
	50.3 ± 1.1c
	3.23
	2.43

	EWF
	5.10 ± 0.3a
	33.0 ± 0.7d
	31.2 ± 0.9c
	10.9 ± 1.9d
	35.5 ± 1.3c
	2.1 ± 1.7c
	17.9 ± 0.6a
	0.13
	0.16

	EWF + NaCl
	12.9 ± 0.7b
	29.7 ± 1.0c
	30.8 ± 1.1b
	9.1 ± 1.2c
	33.0 ± 1.9c
	1.7 ± 0.2b
	28.4 ± 1.3b
	0.4
	0.41


EWF: A. awamori-associated plants; Ctrl: control plants without A. awamori and salt stress; NaCl: sodium chloride-stressed plants without A. awamori association; EWF + NaCl: sodium chloride-stressed plants with A. awamori association; DW: dry weight. Each data point represents the mean of triplicated data with ± SE. Data that are labeled with different letters are significantly different from their respective data point at p = 0.05



Discussion
Substantial decrease in plant growth, vigor, and nutritional status have been noticed during biotic and abiotic stress conditions. Salt stress is one of the important and widespread stress that have visible effects related to various growth parameters of the plants, including shoot and root lengths. In the present study, a significant decrease was noticed in shoot lengths in the presence of high salt concentrations, whereas the effect on roots was there but mild. Conversely, the endophyte (A. awamori)-associated mung bean had significantly longer roots and shoot under normal condition as compared to the control. The reduction in shoot and root lengths under high NaCl concentrations can be linked to the ionic toxicity, which might lead to defects in cellular membranes of the mung bean cells [6]. In the last decade, the role of endophytes in plant growth and development under stressful conditions has been highlighted by various scientists [21, 30, 33, 41]. In recent years, Bacillus subtilis was noticed to restore the roots and shoots growth in Acacia gerrardii under saline conditions [23]. In fact, the endophytes have the ability to uphold the plants’ fitness and normal health under harsh environment.
In the current study, a considerable decrease in leaf number was noticed in mung bean plants exposed to salt stress. The decrease in leaf numbers might be due to the absorption of high salt concentrations by roots that can be transported to various tissues and finally accumulates in the cells, leading to low number of leaves. On the other hand, the application of A. awamori positively affected the leaf number of mung bean plants. This shows the helpful effect of A. awamori on mung bean plants under salt stress. The A. awamori might have the capability to absorb salt from the soil by itself and protect the host plants from the harmful effect of salts. Same phenomenon was observed in the past, where salt stress caused premature leaf senescence, thus leading to low number of leaves per plant [35]. Application of salt also caused severe reductions in mung bean biomass, Chl-a, Chl-b, and total chlorophyll. Chl-a, Chl-b, and carotenoids are chief photosynthetic pigments that play vital role in the photosynthetic process. Various reasons can be responsible for severe reduction in biomass, Chl-a, Chl-b, and total-chlorophyll under salt stress, but declination in photosynthesis might be one of the major causes. Under saline condition, higher amounts of Na+ can be accumulated in the chloroplast, which interferes with the PS-II and finally disrupts photosynthesis and inhibits growth of the plant [15]. Also, a reduction in the hydrolysis and translocation of reserved food to growing plant parts might be the possible answer to the significant decrease in plant biomass under salt stress. Higher accumulation of inorganic ions and organic solutes in plants under elevated salt concentrations might lead to reduction in plant dry matter [53]. The effect of salt stress on mung bean biomass, Chl-a, Chl-b, and total-chlorophyll have been reversed after the application A. awamori. Production of IAA might lead to an increased Chl-a, Chl-b, and total-chlorophyll contents in mung bean plants. Moreover, A. awamori inhibited the uptake of Na+ and thus raised the chlorophyll and carotenoids contents in mung bean plants exposed to salt stress. Similar observations has been recorded by Muhammad et al. [41], they observed an increase in fresh biomass and dry biomass and chlorophyll contents of endophyte treated plants.
Under salt stress conditions, metabolic activities of the plant species get disturbed that might lead to the alteration in the levels of primary and secondary metabolites. The present study revealed a decrease in the total carbohydrates, proteins, and lipids and an increase in phenolics, flavonoids, and proline in salt-stressed mung bean. However, the A. awamori association has brought the primary and secondary metabolite concentrations back to normal in salt stressed mung bean plants. In fact in abiotic stress responses, soluble sugars are considered as a major marker [14]. The presence of high amounts of sugars in salt stress A. awamori-associated mung bean might be due to the protection against the oxidative damages at the molecular level. An increased amount of sugars have been noticed by Zhang et al. [55] in the endophyte-associated wheat plants grown under salt stress. Moreover, lipids and proteins are major components in cell membranes, which plays a major role in plant cell resistance against environmental stress. Salinity is widely reported to enhance production of ROS, which can damage important cell components, such as proteins, lipids, and nucleic acids [19]. The endophytes might have the ability to scavenge the ROS and ease the deleterious effect of the salt stress on host plants. Bagheri et al. [7] in this regard confirmed a significant promotion in total proteins and sugars in P. indica colonized rice plants under salt stress. Similarly, soybean was observed to retain the normal concentrations of sugars, proteins, and lipids in A. japonicas-associated plants [30].
Phenolic compounds are prevalent secondary metabolites in plants that play various roles and protection against ROS generated under environmental stresses. The results of the present study exhibited the production of high phenolic contents (33%) in mung bean under salt stress. However, the applied fungal endophytes (A. awamori) regulated the production of the phenolics in the mung bean plants in the saline environment. Certainly, phenolic compounds can prevent membrane damages and scavenge the ROS during stress [49]. An increased production of phenolics has been observed in salt stressed pearl millets in recent years [34]. Proline is another stress marker and compatible organic solute with low molecular weight. Proline can serve as hydroxyl radical scavenger that can maintain water balance in cell and protect/stabilize macromolecules [23]. Proline contents of salt stressed mung bean plants were found high in the present study. Moreover, proline an osmoprotectant was regulated in mung bean plants associated with A. awamori. Plants can produce high proline contents during stress in order to increase water uptake and photosynthetic efficiency [3]. Our results are in line with the findings of Ismail et al. [28], who observed an increase in proline contents in endophyte inoculated soybean and sunflower plants under stress condition. High accumulation of proline in A. awamori-associated mung bean plants might help in retaining high leaf water contents under stress in order to protect them against oxidative damages. Correspondingly, flavonoids are non-enzymatic antioxidants that are known to scavenge toxic radicals during stress conditions [47]. The present results showed elevated level of flavonoids in mung bean under salt stress. Increase in flavonoid content at 150 mM NaCl was 68%. The association of mung bean with A. awamori, on the other hand, regulated the flavonoid contents in mung bean plants during salt stress. Various reports confirmed an increased flavonoids contents in different plant species under stress [21, 44]. In fact, plant activates different antioxidant systems, such as flavonoids and phenolics, to defend themselves against the ROS, produced during stresses. Furthermore, the high flavonoid contents permitted the A. awamori to scavenge ROS, generated during NaCl stress. Also, it is possible that A. awamori regulated the mung bean defense system to detoxify ROS and protect itself against the deleterious effect of high NaCl concentration.
Lipid peroxidation (LP) is defined as a non-enzymatic auto-oxidative process. This parameter is used as an indicator to assess plant’s sensitivity to salt-induced oxidative stress [45]. In the present study, the application of NaCl showed high levels of LP in salt-stressed mung bean plants as compared to the other treatments. However, the application of A. awamori has regulated the LP in the mung bean plants undergoing salt stress. A. awamori might help the mung bean plants to activate their defense system to scavenge the ROS, thus reducing the LP. Similarly, Aspergillus terreus caused a significant reduction of LP in associated pearl millet plants at the tested NaCl concentrations [34]. Besides, catalase (CAT), and ascorbate per oxidase (APO) are antioxidant enzymes that can neutralize the harmful effect of ROS during stressful conditions. In the present study, it was observed that irrigation of mung bean with salt solution caused an increase in CAT and APO activities in leaves of mung bean plants as compared to the control. On the contrary, A. awamori normalized the CAT and APO activities in associated mung bean plants, experiencing salt stress. Indeed, catalase converts H2O2 to H2O and O2 and thus considered as the most effective enzyme to prevent oxidative damages in the plant body. In addition, APO enzyme neutralize the ROS and provide protection to plants. Neelam [42] explained that different environmental stresses, e.g., ionic stress and salt stress caused enhanced activity of catalase enzyme to neutralize H2O2.
Endogenous IAA concentration
The results of this study showed that the mung bean endogenous IAA content was reduced, when the plants were exposed to the salt stress. Reduction in values of IAA at high salt stress was approximately 27%. An increase in IAA level has been noticed in mung bean plants associated with A. awamori under salt stress. Endophytes are known to help their host plants to release IAA under stress [4, 39]. Plant growth promotion under stressful conditions have been noticed by Mehmood et al. [39], which can be linked to the regulation of host plant’s endogenous IAA by endophyte. A. awamori-associated plants also showed considerable IAA production, which supports the previous finding of Mehmood et al. [39].
Our result showed an increase level in sodium and chloride ions in mung bean seedlings under salinity, which was quite obvious. However, A. awamori-associated mung bean plants showed a significant (p = 0.05) decrease in sodium and chloride ion under salt stress. Zuccarini and Okurowska [56] explained that chloride ions accumulation during salt stress can be handled up to some extent after utilizing AM (arbuscular mycorrhiza). The AM helped in decreased uptake and accumulation of chloride ions. Similarly, AM was also found to revert the impact of high sodium [18]. Therefore, it might be possible that A. awamori absorbed the NaCl from the environment and protected it host from the negative effects of salt. Our results also showed that salinity caused a reduction in the level of potassium, calcium, magnesium, phosphorous, and nitrogen in mung bean plants. Opposingly, an increased level of potassium, calcium, magnesium, phosphorous, and nitrogen was noticed mung bean plants inoculated with A. awamori under salt stress. An AM-associated bean plants have also been observed to show resistance against the hazardous effects of salts. AM helped the bean plants to maintain ions balance, reduce deficiency of potassium and reduce Na/K level [1]. Additionally, most crops absorb less phosphorus in high NaCl level present in soil. In the presence of salt, the absorption of phosphorous through roots and translocation through shoots are highly depressed which results in low crop yield. Moreover, Kalifa et al. [32] stated that inorganic phosphate is partly available during salt stress and this availability is crucial for developing salt tolerance in crops. So it might be possible that endophytic A. awamori released inorganic phosphate to help their host plants to regulate their normal metabolic process. Besides, rice seedlings grown in saline soil were observed to have low levels of nitrogen [52]. The low levels of nitrogen in rice grown under saline conditions might be linked to the disturbance in the ion homeostasis. In a previous study, it has been noticed that endophytic association enables the host plant to absorb more nitrogen in the form of nitrates under saline conditions [46].
Conclusion
From the results of this study, it is concluded that salt stress posed a severe a negative effect on mung bean growth and development. However, the use of endophytic fungi, A. awamori, reversed the negative effect and supported the growth of mung bean under salt stress. Therefore, A. awamori is one of the potential candidates that might be used as a biofertilizer to sustain agriculture under biotic and abiotic stress conditions.
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