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Abstract: Salinity is a major abiotic stress that hinders plant development and productivity and influences agricultural yield. Seed priming is a technique used to boost germination and seedling growth under abiotic stress. A pot experiment was conducted to evaluate the impact of seed priming with potassium nitrate (KNO3) at various levels (0%, 0.50%, 1.00% and 1.50%) under salt stress (0, 75, 100 mM NaCl) on two maize verities (MNH360 and 30T60) for the growth, development and metabolic attributes results revealed that in maize variety MNH360, KNO3 priming’s significantly enhanced growth parameters than in maize variety 30T60 under control and salt-stressed conditions. Priming with KNO3 enhanced carotenoids and total chlorophyll in the 30T60 variety that protected the maize plants from salt stress. Nevertheless, it was shown that priming with 1.00% KNO3 acts as safeguarded to protect them from oxidative damage by salt stress minimizing reactive oxygen species (ROS) formation through increased levels of malondialdehyde (MDA), catalase (CAT), peroxidase (POD), ascorbate peroxidase (APX), and total soluble protein. The findings of the present study confirm that the use of the KNO3 seed priming technique is a low-cost, environmentally friendly technique for mitigating adverse impacts of salt stress in maize crops by activating the antioxidant defense system and improving chlorophyll and osmolyte contents.
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1  Introduction

Abiotic stress directly affects seed germination and crop establishment. Poor-vigor seeds produced in unfavorable settings thus tend to grow more slowly and with less speed. The degradation of soil is significantly influenced by soil salinization. Similar to other abiotic stresses, salt stress increases reactive oxygen species (ROS), including superoxide (O2), hydrogen peroxide (H2O2), and hydroxyl radicals (OH), which in turn promotes oxidative stress [1,2]. These ROS are exceedingly reactive and can alter the normal cellular uptake of oxidative damage to lipids, proteins, and nucleic acids [3]. Plants have developed a variety of antioxidative defense mechanisms, including superoxide dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT), guaiacol peroxidase (GPX), and glutathione reductase (GR), to lessen the oxidative damage brought on by ROS [4]. SOD is the chief O2− scavenger and its enzymatic action results in H2O2 and O2 formation. The H2O2 produced is then scavenged by CAT and several classes of peroxidases. Catalase, which is established in peroxisomes, cytosol, and mitochondria, converts hydrogen peroxide (H2O2) into water (H2O) and O2 [5,6]. Maize is a frequently used cereal crop and it is cultivated in temperate zones and subtropical areas. It was stated that maize is a variable-stress tolerant plant species under extremes of the environment. Maize is the third vital cereal crop in Pakistan following wheat and rice [7]. The salinity causes significant reductions in photosynthesis [8,9]. When exposed to various stresses, soluble carbohydrates, proteins, and free amino acids are anticipated to operate as active solute components, and their accumulation is thought to act as an effective stress tolerance mechanism. The addition of these osmotic solutes facilitated the plant species’ ability to adjust to increasing salt applications in soil by reducing tissue osmotic potential [10,11].

Seed priming has long been proven as an efficient method for ensuring that plants grow uniformly [12]. Seed priming is a method of optimizing seed treatments by enhancing seed vigor and growth rates [13,14]. Mostly the priming techniques involve the pre-treatment of seeds with chemical solutions or physical methods to enhance their germination, vigor, and overall performance [15]. Chemical priming typically involves the application of solutions containing osmotic agents, which initiate osmotic stress and activate defense mechanisms within the seed [16]. The physical priming methods include techniques like hydropriming and osmopriming, where seeds are soaked in water or osmotic solutions, respectively, to initiate metabolic processes without causing irreversible damage [17]. These priming techniques exploit seed physiological responses to stress and hydration, ultimately enhancing seedling establishment, uniformity, and crop performance [18]. Plants require several macronutrients and micronutrients from seed germination to seed production [14]. Along with major macronutrients, potassium is one of the most important macronutrients. It is required for a variety of biochemical and physiological processes involved in plant development and growth [19]. Protein synthesis, enzyme activation, and glucose metabolism are the major key processes in plant growth that require potassium. It also has a protective role against abiotic conditions like drought, salinity, hot or cold temperatures, metal toxicity, and so on [20]. Yellowing of the leaf margins and slowed development are symptoms of K deficiency in plants. Furthermore, K insufficiency is linked to a weak root system, yield losses, and lodging [21]. During germination, seeds rely on stored nutrients, including nitrogenous compounds like proteins and amino acids, to fuel early growth stages. As germination initiates, enzymes mobilize these stored reserves, breaking down complex nitrogen-containing molecules into simpler forms that can be readily utilized by emerging seedlings [22]. Nitrogen is particularly vital for the synthesis of enzymes involved in metabolic processes, such as respiration and photosynthesis, which are essential for energy production and nutrient assimilation. Additionally, nitrogen regulates the expression of genes involved in germination, coordinating various physiological and biochemical pathways necessary for seedling establishment [23]. The use of KNO3 to prime maize seedlings resulted in improved growth and germination [24]. Seed priming has been shown to improve seedling development and growth, as well as germination percentage [25]. Seed priming has been demonstrated to promote seed germination and emergence in vegetables and tiny-seeded grasses [26]. Many field crops, including wheat, sugar beet, maize, zucchini, and sunflower, have been shown to benefit from priming [14,27,28]. Basra et al. [24] explored that the priming technique increases growth attributes significantly in various crops. Seed priming with chemical solutions such as urea and KNO3 was employed by [29] to examine the protein and protein content, seedling development responses, and germination of maize hybrids under salt and drought stress [29,30].

This study examines the interaction between potassium nitrate and salt stress tested into two maize varieties, as well as its potential to offer novel insights into enhancing the resilience and productivity of maize crops in stressed environments. The main objective of this study was to examine the potential of KNO3 as a seed priming agent at various levels for the mitigation of salt stress in maize verities throughout its growth period and to investigate the beneficial effects of KNO3 at various levels on the growth, physiology, and antioxidant system of maize verities grown under salt contaminated soil.

2  Materials and Methods

2.1 Experimental Treatments

The experiment was arranged under a completely randomized design with a factorial arrangement replicated four times. The experimental treatments were comprised of two factors, i.e., various levels of salt stress (0, 75, and 100 mM NaCl) and different levels of KNO3 (0%, 0.50%, 1.00%, and 1.50%) as priming solutions on two maize varieties (MNH360 and 30T60) under greenhouse conditions.

2.2 Seed Priming

Two varieties of maize seeds MNH360 and 30T60 were collected from Punjab Seed Corporation, Lahore, Pakistan. MNH360 is an Indian variety of maize while 30T60 is from Sahiwal, Punjab Pakistan. Seeds of two varieties were disinfected with sodium hypochlorite (NaOCl) for fifteen minutes followed by washing with distilled water three times. Seeds of both varieties were soaked with four different concentrations (0%, 0.50%, 1.00%, and 1.50%) of potassium nitrate solution (KNO3) of 100 mL for 24 h. After priming, the seeds were washed with distilled water and rehydrated at room temperature for twenty hours. The seeds which were soaked in the distilled water were considered as control seeds.

2.3 Experimental Setup and Growth Conditions

After the process of seed priming about 100 seeds of both varieties were packed in zipper bags labeled with different concentrations of priming solutions. Following, four replicates of twelve treatments with 96 pots (diameter 9 cm), were arranged by using Design Expert Software 11 (C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl and 0.50% priming solution, S1P1 = 75 mM NaCl and 0.50% priming solution, S2P1 = 100 mM NaCl and 0.50% priming solution, S0P2 = 0 mM NaCl and 1.00% priming solution, S1P2 = 75 mM NaCl and 1.00% priming solution, S2P2 = 100 mM NaCl and 1.00% priming solution, S0P3 = 0 mM NaCl and 1.50% priming solution, S1P3 = 75 mM NaCl and 1.50% priming solution, S2P3 = 100 mM NaCl and 1.50% priming solution). The experiment was conducted in the Botanical Garden, University of the Punjab, Lahore, Pakistan carried out in the period between September and November with a temperature around 28°C ± 2°C. Before sowing, a detailed analysis of soil physicochemical properties (1 kg−1 pot) was evaluated. The soil used for this study was loam textured with EC (1.9 mScm−1), pH = 8, 0.87% organic matter, 2.5 mg kg−1 of P, 129 mg kg−1 of K. After thirty days of seed sowing, the salt stress of using the sodium chloride (NaCl) was applied with a level of 75 and 100 mM, Salt stress was applied four times after a one-week interval to avoid the salt injury. After 75 days of sowing the experiment was harvested. Seedlings were carefully uprooted for growth attributes and were preserved by using liquid nitrogen and stored at −80°C for biochemical analysis.

2.4 Determination of Growth Attributes

The root and shoot parts of both varieties of maize plants were separated. The growth attributes including plant length (cm), number of leaves, leaf width (cm), and leaf length (cm) were measured using the measuring tape. The leaf area (cm2) was measured by using the following formula:

Leaf Area = Leaf Length × Leaf Width × Correction Factor (0.75) [31]

2.5 Determination of Chlorophyll Contents

To estimate chlorophyll contents, the 0.1 g of crushed fresh leaves were dipped in 10 ml DMSO (dimethyl sulphoxide, (CH3)2SO) in falcon tubes for 48 h, in the dark. The extracts were tested for absorbance at 645 and 663 nm using a UV 1800 spectrophotometer. The amount of chlorophyll in the sample was calculated using Arnon’s formula [32], which is as follows:


Total Chlrophyll contents= [(0.00802)(A663) + (0.0202)(A645)]×(ml of solvent)gram fresh weight of leaves

2.6 Determination of Carotenoids

In falcon tubes, 0.1 g of fresh leaves was dissolved in 10 mL DMSO. For 48 h, the falcon tubes were kept in the dark. The absorbance at 480 nm of all extracts was measured using a UV 1800 spectrophotometer. The carotenoids were calculated using Wellburn’s formula [33], which is as follows:


Carotenoids contents= [(1000 ×480A−1.29 ×chlorophyll a (A663)−53.87 ×chlrophyll b(A645) ]220

2.7 Assessment of Total Soluble Protein Contents

In test tubes, 100 µL of extraction solution was mixed with 3 mL of color reagent (Coomassie Brilliant Blue G-250) to determine the total soluble protein. The reaction mixture was vortexed vigorously for one minute before incubation for five minutes. After 5 min, the absorbance of the solution was measured at 595 nm with a UV spectrophotometer (Shimadzu UV-1800). Using the protein standard curve, the total protein contents of the samples were determined.

2.8 Assessment of Ascorbate Peroxidase (APX) Activity

The oxidation of ascorbate was used to measure the activity of ascorbate peroxidase using the Nakano et al. technique [34,35]. About 100 mM of sodium acetate buffer (pH 5.8), 100 µL extraction solution, 3 µM ethylenediaminetetraacetic acid (EDTA), and 5 mM H2O2 were included in the reaction solution (3 mL) were taken. Using a UV spectrophotometer (Shimadzu UV 1800 Spectrophotometer), the variations in absorbance at 290 nm were measured after every 10 s for 60–80 s. The change in the absorbance of 0.01 per minute was defined as one unit of APX activity.

2.9 Assessment of Malondialdehyde (MDA) Contents

Malondialdehyde was determined according to the procedures described by Dhindsa et al. [36] with little modifications. Briefly, 1.0 mL of enzyme solution and 2.0 mL of reaction solution containing 20% (w/v) trichloroacetic acid (TCA) and 0.5% (w/v) thiobarbituric acid (TBA) were mixed. The solution was placed in a water bath at 95°C for 30 min. The solution was centrifuged at 12,000 rpm for 10 min. For the blank sample, about 1 mL buffer and 2 mL TBA solution were added. The absorbance of supernatant was measured at 532 and 600 nm. For the final value, the absorbance at 600 nm was subtracted from the 532 nm. The absorbance and the extinction coefficient of 155 mm−1 cm−1 were used to determine the amount of MDA present in the sample.

2.10 Determination of Catalase (CAT) Activity

Catalase activity was determined by using the method of Chance et al. [37] which was based on the oxidation of H2O2. The reaction solution (3 mL) contained H2O2, phosphate buffer (pH 7.0), and 100 µL of extracted solution. Using a Shimadzu UV 1800 Spectrophotometer, the variations in absorbance at 240 nm were measured every 10 s for 60–80 s, with each reading lasting 60–80 s. One unit of CAT activity was defined as a change in absorbance of 0.01 per minute in absorbance.

2.11 Evaluation of Guaiacol Peroxidase (POD) Activity

The guaiacol peroxidase (POD) activity was determined by using the method of Chance et al. [37] which is based on the oxidation of H2O2. The reaction solution (3 mL) contained Guaiacol 1 mL, 1.85 mL HAC-NaAC buffer (pH 5.0), enzyme extraction 50 µL and 0.75% H2O2 100 µL. Changes in absorbance at 460 nm were taken every 10 s for 60–80 s using a Shimadzu UV 1800 Spectrophotometer. One unit of POD activity was defined as the absorbance change of 0.01 per min.

2.12 Statistical Analysis

SPSS Ver. 20 software was used to conduct the two-way-ANOVA. Data are four replications’ means ± standard error were used to express the mean values. Duncan’s multiple range test at p < 0.05 was used to statistically analyze differences across treatment means. Statistical analysis of data was performed by applying Fisher’s ANOVA and means of all treatments were compared by the highest significant differences (HSD) test using Statistix 8.1 software. To assess relationships between the studied variables, Pearson’s correlation analysis was used. The R studio software was used for the principal component analysis (PCA) and Pearson correlation coefficients among the observed variables.

3  Results

3.1 Growth Attributes

From the statistical analysis, the interactions between leaf length, leaf width, leaf area, number of leaves, and plant height showed significant results for the interaction of levels of priming agent, salt stress, and various maize variety types. When the impacts of priming/stress (AB), varieties/priming (AC), and varieties/stress (BC) are compared, substantial variations between these results were noted, validating their agreement with the suggested model. For the maize variety MNH360, the interaction of salt stress and various levels of priming agents showed that with 100 mM NaCl and primed with 1.50% potassium nitrate solution, leaf length was significantly greater than when exposed to 75 mM NaCl and control. However, at 75 mM NaCl with 1.00% of priming solution, showed maximum leaf length, but it reduced as the concentration of priming agent was increased (Fig. 1). A similar pattern was also noticed in the 30T60 maize variety. The interaction of salt stress and various levels of priming agents revealed that at 100 mM NaCl salt stress and priming with 1.50% potassium nitrate solution, leaf length was significantly greater than other treatments. At 75 mM NaCl salt stress, 30T60 showed a better response comparable to MNH360, shown in the plot (Fig. 1).
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Figure 1: The effect of KNO3 on leaf length (cm), leaf width (cm), number of leaves, leaf area, and plant height (cm) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–c) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

The interaction of salt stress and various KNO3 as priming agents on MNH360 showed that under controlled conditions without KNO3 priming and salt stress, leaf width had less response than the salt stress at 100 mM NaCl and at 75 mM, primed with 1.50% and 1.00% potassium nitrate. Similarly, the leaf width was also higher than the other priming levels and salt stress, at 75 mM NaCl with 1.00% priming solution and it increased with increasing priming level (Fig. 1). The interaction of salt stress and various levels of KNO3 priming on the 30T60 variety showed that the salt stress at 100 mM and 75 mM NaCl and priming with 0.50% potassium nitrate the leaf width was maximum as compared to other levels of KNO3 at 75 mM and 100 mM NaCl. However, seed priming at 1.50% without salt stress showed the lowest leaf width (Fig. 1).

The interaction of various levels of priming solution and salt stress on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% potassium nitrate showed the highest value of leaf area as compared with the rest of the treatments, while 75 mM NaCl salt stress with 1.00% priming solution showed higher leaf area and it showed increasing trend. While under control conditions (salt stress at 0 mM NaCl) showed less leaf area (Fig. 1). The interaction of salt stress and various levels of KNO3 for seed priming on variety 30T60 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% potassium nitrate showed a higher response as compared to other priming levels. While 75 mM NaCl stress with 1.00% priming solution showed high leaf area and increased with increasing priming level. While salt stress at 100 mM and 75 mM NaCl at 0% priming showed statistically similar values for leaf area (Fig. 1).

The interaction of various levels of KNO3 priming and salt stress on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% potassium nitrate showed higher number of leaves than the other priming levels as well as salt stress levels, while 75 mM NaCl salt stress with 1.00% level for seed priming showed less number of leaves that increased with increasing priming level (Fig. 1). The interaction of salt stress and various levels of KNO3 priming on maize variety 30T60 showed that the salt stress at 100 mM NaCl and seed priming with 0.50% potassium nitrate solution showed a higher number of leaves as compared to other priming levels. While 75 mM NaCl stress with 1.00% KNO3 priming solution showed fewer number of leaves and decreased with increasing priming level (Fig. 1).

The interaction of various levels of KNO3 solutions and salt stress on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% potassium nitrate solution the plant height was higher as compared with other priming levels. While 75 mM NaCl stress with 0%, 0.50%, and 1.00% priming solutions showed more plant height than 100 mM and 0 mM NaCl stress and decreased with increasing seed priming level (Fig. 1). The interaction of salt stress and various levels of priming solutions on maize variety 30T60 showed that the stress at 75 mM NaCl and KNO3 seed priming with 1.00% and 0.50% potassium nitrate solution and salt stress at 100 mM NaCl and priming with 1.50% showed higher plant height than another priming level with 100 mM and 0 mM salt stress (Fig. 1).

3.2 Chlorophyll and Carotenoid Contents

From the finding, it was noticed that all the interactions for salt stress, various KNO3, and maize varieties for total chlorophyll content and carotenoid contents showed statistically significant differences from each other.

The interaction of salt stress and various levels of KNO3 for seed priming on maize variety MNH360 showed that the salt stress at 100 mM NaCl and priming with 1.50% potassium nitrate showed maximum chlorophyll content as compared to 75 mM NaCl and control without KNO3 priming and salt stress while 75 mM NaCl without priming showed higher chlorophyll contents and decreased with increasing concentration of KNO3 for seed priming (Fig. 2). The interaction of salt stress and various levels of KNO3 for seed priming on maize variety 30T60 showed that the salt stress at 100 mM NaCl and seed priming with 1.00% potassium nitrate the chlorophyll content was higher than the other treatments while at 75 mM NaCl stress maize variety 30T60 showed the same results as for maize variety MNH36 (Fig. 2).
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Figure 2: The effect of KNO3 on total chlorophyll content (μgg−1 FW) and carotenoid content (μg/g FW) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–d) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

The interaction of various levels of KNO3 for seed priming and salt stress on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50%, 1.00%, and 0.50% potassium nitrate showed higher carotenoid contents as compared with rest of treatments. While 75 mM and 100 mM NaCl stress with 0% priming level showed lesser carotenoid content than 0 mM salt stress (Fig. 2). The interaction of salt stress and various levels of KNO3 for seed priming on maize variety 30T60 showed that the salt stress at 100 mM NaCl and seed priming with 1.50%, 1.00%, and 0.50% potassium nitrate showed the highest carotenoid contents as compared to other salt stress levels. While 75 mM and 100 mM NaCl stress with 0% priming solution showed lower carotenoid contents than the rest of the treatments. By increasing the concentration of KNO3 for seed priming and salt stress level carotenoid content also increased (Fig. 2).

3.3 Ascorbate Peroxidase (APX) Activity

The interaction of various levels of KNO3 for seed priming and salt stress on APX activity for maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50%, 1.00%, and 0.50% potassium nitrate showed higher response of the APX activity as compared to 75 mM and 0 mM NaCl stress. Maximum APX activity (0.0352 U mg−1 protein) was observed with 1.50% potassium nitrate seed priming at 100 mM salt stress. While minimum APX activity (0.016 U mg−1 protein) was observed with 0% potassium nitrate seed priming at 100 mM salt stress (Fig. 3). The interaction of salt stress and various levels of KNO3 seed priming of APX activity for maize variety 30T60 showed the same results as the above interaction. However maximum APX activity (0.028 U mg−1 protein) was observed with 1.50% of potassium nitrate solution for seed priming at 100 mM salt stress. While minimum APX activity was (0.012 U mg−1 protein) observed with 0.50% of potassium nitrate solution for seed priming at 0 mM salt stress (Fig. 3).
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Figure 3: The effect of KNO3 on APX activity (units/mg protein) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–e) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

3.4 Assessment of Malondialdehyde (MDA) Content

The interaction of various levels of KNO3 for seed priming and salt stress on the MDA content of maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50%, 1.00%, and 0.50% potassium nitrate the MDA content was higher as compared to 75 mM and 0 mM NaCl stress. Maximum MDA contents (4.47 mmol g−1 FW) were observed with 1.50% potassium nitrate solution for seed priming at 100 mM salt stress. While minimum MDA content (1.95 mmol g−1 FW) was observed at 0 mM NaCl and seed priming with 0.50% potassium nitrate solution (Fig. 4). The interaction of salt stress and various levels of KNO3 solution for seed priming on MDA content for maize variety 30T60 showed that the salt stress at 100 mM NaCl and seed priming with 1.50%, 1.00%, and 0.50% potassium nitrate for MDA content was higher as compared to 75 mM and 0 mM NaCl stress. Maximum MDA content (3.308 mmol g−1 FW) was observed with 1.50% potassium nitrate solution for seed priming at 100 mM salt stress. While minimum MDA content (1.55 mmol g−1 FW) was observed at 0 mM NaCl and seed priming with 1.50% potassium nitrate solution (Fig. 4).
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Figure 4: The effect of KNO3 on MDA content (mmol/g FW) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–c) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

3.5 Catalase (CAT) Activity

The interaction of various levels of KNO3 solution for seed priming and salt stress on the CAT activity on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% potassium nitrate the CAT activity was higher as compared to 75 mM and 0 mM NaCl stress. Maximum CAT activity (0.0249 U mg−1 protein) was observed with 1.50% potassium nitrate solution used for seed priming at 100 mM salt stress. Minimum CAT activity (0.013 U mg−1 protein) was observed with 0.50% potassium nitrate solution used for seed priming at 0 mM salt stress (Fig. 5). The interaction of salt stress and various levels of KNO3 solution for seed priming on CAT activity for maize variety 30T60 showed the same results as the above interaction. Maximum CAT activity (0.021 U mg−1 protein) was observed with 1.50% potassium nitrate solution used for seed priming at 100 mM salt stress. Minimum CAT activity (0.012 U mg−1 protein) was observed with 0% potassium nitrate solution used for priming at 75 mM salt stress (Fig. 5).
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Figure 5: The effect of KNO3 on CAT activity (units/mg protein) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–d) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

3.6 Guaiacol Peroxidase Activity (POD) (U mg−1 Protein)

The interaction of various levels of KNO3 solution for seed priming and salt stress on POD activity of maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.50% and 1.00% potassium nitrate solution the POD activity was higher as compared to 75 mM and 0 mM NaCl stress. Maximum POD activity (0.0224 U mg−1 protein) was observed with 1.50% potassium nitrate solution for seed priming at 100 mM salt stress. While minimum POD activity (0.0117 U mg−1 protein) was observed with 0.50% potassium nitrate solution for seed priming at 0 mM salt stress (Fig. 6). The interaction of salt stress and various levels of KNO3 for seed priming on maize variety 30T60 showed the same results as the above interaction. Maximum POD activity (0.0191 U mg−1 protein) was observed with 1.50% potassium nitrate solution for seed priming at 100 mM salt stress. While minimum POD activity (0.0112 U mg−1 protein) was observed with 0% potassium nitrate solution for seed priming at 75 mM salt stress (Fig. 6).
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Figure 6: The effect of KNO3 on POD activity (units/mg protein) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–f) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

3.7 Total Soluble Protein Content

The interaction of various levels of KNO3 for seed priming and salt stress on maize variety MNH360 showed that the salt stress at 100 mM NaCl and seed priming with 1.00% potassium nitrate on total soluble protein content was higher as compared to the other priming levels. While salt stress at 100 mM NaCl showed higher total soluble protein content than 75 mM and 0 mM NaCl stress. The values of total soluble protein were initially increased then decreased and again slightly increased by increasing the level of KNO3 for seed priming for both 75 and 0 mM salt stress. On the other hand, with salt stress at 0 mM NaCl and seed priming with 0% potassium nitrate the total soluble protein content was higher than other priming levels (Fig. 7). The interaction of salt stress and seed priming of maize variety 30T60 showed the same results as the above interaction. The only difference was that the salt stress at 75 and 100 mM NaCl and seed priming with 1.50% potassium nitrate solution have the same values of total soluble protein as other seed priming and stress levels (Fig. 7).

[image: images]

Figure 7: The effect of KNO3 on Total Soluble Protein content (mgg-1FW) of MNH360 and 30T60 maize varieties under salt stress. Data exhibit means ± SE of 4 replicates. The statistical variations were calculated at each concentration as compared to the controls. The non-identical letters (a–d) and asterisk (*) signs indicate a significant difference compared to the controls (p ≤ 0.05), determined by the Duncan multiple range test. C0 = Control, S1 = 75 mM NaCl, S2 = 100 mM NaCl, S0P1 = 0 mM NaCl, and 0.5% priming, S1P1 = 75 mM NaCl and 0.5% priming, S2P1 = 100 mM NaCl and 0.5% priming, S0P2 = 0 mM NaCl and 1% priming, S1P2 = 75 mM NaCl and 1% priming, S2P2 = 100 mM NaCl and 1% priming, S0P3 = 0 mM NaCl and 1.5% priming, S1P3 = 75 mM NaCl and 1.5% priming, S2P3 = 100 mM NaCl and 1.5% priming

3.8 Correlation Analysis

To evaluate the relation among the measured attributes correlation analysis of two varieties of maize, i.e., MNH360 (Fig. 8), and 30T60 (Fig. 9) was depicted., In the maize variety MNH360 the leaf chlorophyll contents were positively correlated with leaf length, protein content and number of leaves while being negatively correlated with CAT, POD, APX and leaf area. Similarly, plant height, leaf width, carotenoids, and MDA contents showed non-significant results with each other. For the maize variety 30T60 chlorophyll content of the plants has a positive correlation with leaf width, number of leaves, plant height, CAT, and MDA contents and has a negative correlation with leaf length, carotenoids, APX, and protein content. However, the POD and leaf area showed non-significant association with each other.

[image: images]

Figure 8: Relationship between different parameters of maize variety MNH360 under various application levels of potassium nitrate for seed priming grown under salt stress. CAT (Catalase activity); POD (Guaiacol peroxidase activity); MDA (Malondialdehyde contents); LA (Leaf area); LW (Leaf width); Car (Carotenoids contents); NOL (Number of leaves); Pro (Total soluble protein); PH (Plant height); APX (Ascorbate peroxidase activity); LL (Leaf length), CHL (Total chlorophyll content)

[image: images]

Figure 9: Relationship between different parameters of maize variety 30T60 under various application levels of potassium nitrate for seed priming grown under salt stress. CAT (Catalase activity); POD (Guaiacol peroxidase activity); MDA (Malondialdehyde contents); LA (Leaf area); LW (Leaf width); Car (Carotenoids contents); NOL (Number of leaves); Pro (Total soluble protein); PH (Plant height); APX (Ascorbate peroxidase activity); LL (Leaf length), CHL (Total chlorophyll content)

3.9 Principal Component Analysis

A principal component analysis (PCA) was used to demonstrate the effect of various levels of potassium nitrate for seed priming on various concentrations of NaCl toxicity in two varieties of maize (MNH360, 30T60) (Figs. 10 and 11). For variety 30T60 Dim-1 and Dim-2 exhibited maximum contribution and occupy more than 69.6% of differences. Among which Dim-1 exhibits (53.9%) and Dim-2 exhibits (15.7%), while MNH360 accounted for more than 69.4% of the total database in which Dim-1 accounted for (47.8%) and Dim-2 accounted for (21.6%) of the database. In both varieties, parameters leaf length, leaf area, leaf width, number of leaves, plant height, chlorophyll content, carotenoids, protein, MDA, APX, POD, and CAT showed a positive correlation in the database.

[image: images]

Figure 10: Loading plot of principal component analysis (PCA) on various attributes of MNH360 under various application levels of potassium nitrate grown under salt stress. CAT (Catalase activity); POD (Guaiacol peroxidase activity); MDA (Malondialdehyde contents); LA (Leaf area); LW (Leaf width); Car (Carotenoids content); NOL (Number of leaves); Pro (Total soluble protein); PH (Plant height); APX (Ascorbate peroxidase activity); LL (Leaf length); CHL (Total chlorophyll content)
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Figure 11: Loading plot of principal component analysis (PCA) on various attributes of 30T60 under various application levels of potassium nitrate grown under salt stress. CAT (Catalase activity); POD (Guaiacol peroxidase activity); MDA (Malondialdehyde contents); LA (Leaf area); LW (Leaf width); Car (Carotenoids content); NOL (Number of leaves); Pro (Total soluble protein); PH (Plant height); APX (Ascorbate peroxidase activity); LL (Leaf length); CHL (Total chlorophyll content)

4  Discussion

When plants are exposed to abiotic stress such as salinity stress, in response to that salt stress, reactive oxygen species (ROS) production exceeds the antioxidant system’s capability, resulting in oxidative stress, which causes cytotoxic protein damage and lipid peroxidation [38]. It was quite obvious that one of the most important environmental variables limiting agricultural production is the salinity which results in increased production of ROS [38,39]. To cope up with unfavorable conditions seed priming is cost effective and a technique to enhance the growth and development of crop plants [40]. Researchers noticed that seed priming improved germination in a variety of crops [41]. In similar way, it was noticed that seedling growth has been improved by seed priming with suitable priming agent under stress conditions [14,42].

It was noticed in the current study that salt stress significantly affected the growth attributes of maize verities, while the seed priming with the KNO3 not only minimized the detrimental effects of salt stress but also improved the growth variable. The findings are in line with the findings of various researchers who noticed that priming with inorganic salts improves not only seed germination but also growth, metabolic processes, and crop production in most of the crops [43], and increased germination percentages and seedling growth in sense of maximum fresh and dry biomass production of crop seedlings [2,44]. The results of current research revealed that the growth attributes of MNH360 showed more positive response than 30T60. However, both varieties showed a good response under various levels of KNO3 seed priming under salt stress. It has been described that priming treatment may enhance K+ ion uptake and maximize the osmotic potential gradient, enabling more rapid water absorption in the seed. Our experimental work showed that 1.50% KNO3 with 100 mM NaCl stress significantly increased the vegetative and biochemical parameters of maize verities. According to Aksu et al. [45], potassium is one of the most crucial main mineral contents required for plant growth and development. Additionally, it functions as an agent that reduces stress in response to a variety of abiotic conditions, including salt and drought stress [46], and control conditions in tomatoes [47]. Furthermore, it was observed that the exogenous application of KNO3 has the ability to produce substances within the plants that release NO, which acts as a signaler molecule plants that this involved in the regulation of plant growth and development, defense against pathogens and responses to various abiotic stresses [45].

From the findings of the current study, it was observed that the chlorophyll and carotenoid content in both varieties of maize were significantly affected, and treatments of various levels of priming solution with KNO3 showed results, indicating that under salt stress conditions, and has a good capability to maintain its chlorophyll and carotenoid content. Potassium is required for several metabolic processes, including stomatal opening and photosynthesis. Potassium has just been discovered to provide abiotic stress tolerance [45]. Under salt stress, K aids in the maintenance of ion homeostasis and the regulation of osmotic equilibrium. It was investigated by researchers that the efficiency of the assimilation of photosynthetic products and translocation was affected by salt stress [48]. In our research work, seed priming mitigates the effect of salt stress and enhanced the chlorophyll and carotenoid content, in both varieties. However, 30T60 maize variety showed more chlorophyll and carotenoid content than MNH360. Furthermore, enhanced chlorophyll and carotenoids contents in maize plants was essential for adjustment of osmotic potential and increased photosynthetic activities under salt stressed conditions [49]. Increased chlorophyll and carotenoids contents in maize plants justified their increased emergence, growth and seedling vigor under salt stressed conditions. Low malondialdehyde content in primed maize seeds suggested defense from lipid peroxidation and oxidative stress that might be the reason for minimum membrane damage and improved growth.

It was observed that ascorbic acid content in plants increased significantly in all treatments applied. Ascorbic acid is readily oxidized to monodehydroascorbic acid as part of its antioxidant function [10,50]. APX activity in our study was significantly increased by various levels of KNO3 seed priming under salt-stress conditions. Priming with the KNO3 plays a very significant role in all physiological and antioxidant activities of maize plants.

The level of MDA showed that the level of salt tolerance in plants under salt stress treatment [51]. The addition of ions and active ROS production is associated with an increase in MDA content [42]. In our experimental results, lipid peroxidation (MDA) content strongly supported the hypothesis that by seed priming with the KNO3, MDA content increased under salt stress conditions. Salinity treatment increased the activities of antioxidant enzyme such as CAT, GR, and POD [52,53]. This suggests that adaptation to salinity improves antioxidant ability, which may effectively reduce ROS damage during stressful environments [54]. The findings of the current study revealed that catalase activities in both varieties showed significantly different results with respect to various levels of priming agent. By increasing KON3 salt in the priming solution and stress levels, CAT activities were increased in both varieties, but MNH360 showed more CAT activity than 30T60 which might be due to genetic make-up of variety. The POD activity increased as a result of a decreased in ROS by seed priming under salt stress conditions [55]. In our research work, seed priming with KNO3 showed a positive response to POD activities under salt-stress conditions.

Many researchers noticed that salt stress causes an accumulation of toxic ions in the cell that causes an increase in ROS, which causes oxidative damage to various biomolecules and cell organelles. Antioxidant metabolism is one of the very common defense systems that plants adapt to compensate for the damage caused by ROS [56]. A decrease in ROS may cause an increase in enzymatic antioxidants (CAT, POD, GR, and SOD) as a result of seed priming under salt stress [57]. Our results supported this phenomenon, showing that seed priming with KNO3 enhanced the total soluble protein content under salt stress. Both varieties were significantly different, but the MNH360 variety contained more total soluble protein content than the 30T60 due to better genetic make-up. The biochemical parameters showed a positive response to KNO3 priming and salt stressed conditions. Plants treated with a higher level of KNO3 for seed priming and a higher level of salt stress showed differential responses as compared with the rest of treatments.

In summary, seed priming with KNO3 can help to alleviate the detrimental effect of salt stress on plant growth by maintaining the photosynthetic activity and increasing the production of soluble sugar. Overall, seed priming with KNO3 could be used as a simple and cost-effective strategy to minimize the NaCl-induced damage in maize verities. We recommend comparing plant responses to seed priming in soil and hydroponics to broaden applicability in agriculture.

5  Conclusion

Germination and plant growth were more significantly impacted by salt stress. Higher levels of salt stress and KNO3 solution significantly affected all the measured attributes of maize verities. Better response for maize verity MNH360 was noticed as compared to 30T60. Growth attributes were higher in the 1.00% and 1.50% KNO3 priming treatments among all the priming treatments. Furthermore, it was also noticed that lipid peroxidation and enzymatic antioxidants such as MDA, TSP, CAT, POD, and APX showed a better response in MNH360 than in 30T60, despite 30T60 having higher chlorophyll and carotenoid contents than MNH360. The findings of this study justified the reliability of KNO3 seed priming, an easy and affordable technique to be adopted by farmers in salt affected regions for improving emergence seedling growth under salt stressed conditions.
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