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Abstract

:

An approximate revolution synthesis of magnesium oxide (MgO) nanoparticles has been prepared. For plant growth and development, MgO is essential. The effect and efficiency, respectively, in seed germination, seedling growth, and plant growth were also studied. These analyses examined maize with different concentrations and parameters. The concentration of 500 ppm was tested with extreme results in areas such as plant height, protein contents both in-vivo and in-vitro, and MgO effects shown both in shoot (12.83 ± 0.5 cm) and root (5.37 ± 0.5 cm). Maximum confirmations were fixed with the help of MgO NPs characterization through TEM, SEM, FTIR, zeta potential, and X-ray. The effect of MgO NPs showed a significant increase in root and shoot length, and simultaneous in-vivo studies also showed significant results in plant physiological parameters. In effect, the vital performance in germination rate, potential, and index MgO NPs was higher than the control. Moreover, the performance and absorption of MgO NPs was confirmed by physiological characterization with the help of a UV–Vis spectrophotometer applied to the leaves and roots. It was demonstrated that the influence of MgO NPs is positive and potentially can be used for seedling growth and also for plants. It may bolster farming methods, and help maintain high food quality, quantity, and production.
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1. Introduction


Nanoparticle research is a thriving multidisciplinary area of study that is applied in many different domains [1]. While the agriculture sector has seen revolutionary improvement, innovation is still needed due to rising global food security and climate change [2]. Through better administration and maintenance of inputs to plant production, nanotechnology has the potential to significantly alter agricultural production. Using nano-fertilizers has several benefits, such as (1) particles’ improved permeability into plant systems due to their nano size; (2) greater availability of reaction sites due to the high surface area available, which may increase plants’ photosynthetic efficiency and increase productivity per unit of land; and (3) effectiveness of nano particles over various doses [3]. Nano-fertilizers offer sophisticated applications in plants, including accelerating chemical reactions, acting as pesticides, enhancing feed, and effectively serving as micronutrients [4]. Plants represent the main source of energy for the ecosystem and an indirect or direct influence on human life. Plant interference from insects and pathogens causes significant losses in productivity and output. Plants can be invaded by pathogens that are able to identify their attacks and react by turning on defense mechanisms [5]. There are several theories regarding how NPs work, and these theories are not entirely settled. Improved agrochemical stability, antifungal, antibacterial, and pesticidal properties, as well as advantageous effects on stress tolerance, are a few of the NP modes of action that have been discussed [6,7,8,9]. MgO NPs present strong bactericidal action and tumor inhibition, which make them useful in a range of fields, including medicine, where they are utilized as antacids, in detoxification preparation, and in bio-molecular diagnostics [10,11,12]. Their use positively affects the characteristics of plant growth, such as the capacity for photosynthesis to raise chlorophyll contents, resistance to bacteria, and potential to enhance the quality of tissue culture shoots [13,14]. Common physicochemical characteristics of nanoparticles include their large surface-to-volume ratio and size structural characteristics [15]. One option in agriculture to transfer different macro- and micronutrients into the soil gradually and under control is to replace current fertilizer delivery methods with nano-fertilizers. This will prevent the accumulation and pollution of different natural resources [16]. Because nanoparticles have distinct physicochemical characteristics, they interact with plants and induce a variety of physiological and morphological changes [17].



Magnesium oxide nanoparticles (MgO NPs) are among the many different kinds of nanomaterials that can be nontoxic, accessible, and beneficial to plants [18]. As far as we are aware, a number of inorganic and organic metal oxide nanomaterials as well as a number of hybrid nanomaterials, including Fe3O4–Ag core shell magnetic nanoparticles, ZnO, CuO, TiO2, and graphene oxide, are being used more frequently as alternative antibacterial agents in biomedical applications because of their unusually superior physicochemical properties, high surface-to-volume ratio, and unique nanosize structure characteristics [19,20,21]. MgO NPs can decrease contamination and promote the growth of plant tissue since they are more resistant to antibiotics [22]. This positively affects the growth characteristics of plants, enhancing their capacity for photosynthesis to produce higher levels of chlorophyll, increasing their resistance to bacteria, and potentially enhancing the quality of their shoot tissues [14,23,24]. To regulate the crucial biological polyphosphate molecules like ATP, DNA, and RNA, magnesium is essential. As a crucial part of chlorophyll, it plays an active role in photosynthesis and is important for plant respiration and energy metabolism. Moreover, it is a necessary nutrient for processes like protein synthesis, phloem loading, ATP synthesis in chloroplasts, carbon dioxide (CO2) fixation, partitioning and utilization of photo assimilates, production of reactive oxygen species, and photo-oxidation in leaf tissues [24]. Since magnesium is the most restricting macronutrient in agriculture globally, it is used in this study. Furthermore, it is among the most crucial nutrients for a variety of enzyme functions as well as the structural maintenance of tissues. The significance of magnesium, which was not given much importance in the past, has been more recently realized after exploration of its vital role in cellular or enzymatic functioning. Surprisingly, nevertheless, new research has revealed that the amount of magnesium in historical cereal seeds has significantly decreased over time, and two-thirds of respondents in developed nations experience severe hypomagnesemia due to not receiving the recommended daily intake of magnesium. Therefore, two pressing practical issues are how plants respond to MGD and how to enhance the amount of magnesium in plants [25].



This study was intended to assess the effects of magnesium oxide nanoparticles, or MgO NPs, on maize seed germination and growth both in vitro and in vivo. We looked at how nanoparticles affected the morphology of plants, including the length of the shoots and roots, and physiological characterization. To assess the translocation of magnesium in maize (Zea mays L.), the magnesium content in several plant sections was also determined with size and shape visualization. This work is the first that we are aware of that offers a thorough analysis of how nanoparticles positively affect the growth of Zea mays.




2. Materials and Methods


This study used Z. mays (maize genotype) collected from the Anhui Science and Technology University. Additional chemicals, like sodium oxide (NaOH) and magnesium oxide (Mg(OH)2), were bought from Hi-media Pvt. Ltd., in Shenzhen, China and used without additional purification. At room temperature, the MgO NP was synthesized at Anhui Science and Technology University via a colloidal technique [26]. The particles were 20 nm in diameter. Gui hua (Osmanthus fragrans) leaves were collected from the garden of Anhui Science and Technology University. The magnesium precursor was magnesium nitrate hexahydrate Mg(NO3)2·6H2O (98%).



2.1. Leaves Extract and MgO NP Synthesis


Distilled water was used to wash fresh Gui hua (Osmanthus fragrans) leaves to remove dirt and contaminants. The sanitized and dried leaves were then cut into smaller pieces and brought to a boil for 20 min at 90 degrees Celsius using purified water. Next, filter paper was used to filter the leaf extract. A total of 9.1 M of magnesium nitrate hexahydrate was dissolved in 350 mL of distilled water. Then, Gui hua (Osmanthus fragrans) leaf extract was progressively added dropwise into the solution with steady mixing for 20 min at 80 °C. Once precipitate appeared, we checked the pH, ensuring it was between 7 and 8. After centrifuging the solution for 15 min at 5000 rpm, we collected the extract and heated it for two hours at 72 to 80 degrees Celsius, then let it sit at 100 degrees for two days. Finally, we collected the powder and ground it using a pestle and mortar. The process is shown in Figure 1.




2.2. Composition of Magnesium Nano-Material


Next, the MgO nano-materials were thoroughly characterized using TEM (transmission electron microscopy), SEM (scanning electron microscopy), XRD (X-ray diffraction), FTIR (Fourier-transform infrared spectroscopy), zeta potential, TG (thermogravimetry), and other analytical tools to gather data on shape, particle size, particle size distribution, crystalline state, surface groups, surface charge, dispersion, etc. The nano-magnesium was prepared using biological methods.



The MgO nanoparticles were spread by ultrasonic vibration (250 W, 20 kHz) after being directly suspended in pure water for 30 min by ultrasonic means. Suspensions containing CK (control), 100 ppm, 200 ppm, 500 ppm, 800 ppm, and 1000 ppm of nanoparticles were prepared.




2.3. Seed Germination Exposure


The seeds were suspended in double-distilled water to test their viability. The seeds that sank to the bottom were chosen for additional investigation. After three rounds of rinsing in double-distilled water, the seeds were surface-sterilized. After 10 min in 0.1% mercuric chloride, three rounds of washing were conducted with sterile distilled water. On sterile cotton beds in each sterile petri plate, five sterile seeds were inserted (in triplicate for each treatment listed below). Whitman filter paper No. 1 was placed on the sterile cotton to prepare the cotton bed, and sterile distilled water was added to preserve moisture. After 30 min of sonication, the biologically produced MgO nanoparticles were added to prepared nanoparticle solutions (0.0, 0.5, 1.0, and 2.5 mg/50 mL) containing the sterile seeds, which were then soaked and placed in prepared pots to be observed for growth.



Seed Germination Percentage


The counts were made following ISTA guidelines from 1993 and were reported as a percentage. The following equations were used to determine the root growth (RG), the seed germination rate (GR), and the germination index (GI).


Germination Rate = (Sc/Ss)100










Root Growth = (Rs/Rc)100










Germination Index = (GR/RG)100











Here, Ss is the number of seeds that germinated in the sample. Sc is the number of seeds germinated in control. Rs is the average root length in the sample, and Rc is the average root length in the control. The measurement of the root’s length was made from the section below the hypocotyls to the tip. Shoot length was measured starting at the base of the cotyledons and moving up to the base of the root–hypocotyl transition zone. Scale was used to measure the lengths of the roots and shoots.



The seedling growth index was measured by using this formula:


SGI = (ARL/ASL) GP











Here, SGI is the seedling growth index, ARL is average root length, ASL is average shoot length, and GP is germination percentage.





2.4. Seedlings Growth in a Greenhouse


The research study was conducted in two ways. In the first experiment, seeds germinated in the control condition at 26 ± 2 °C for three days. The three-day-old seed with emerging radicle-like seedlings was hardened into pots with three replications for each concentration. In the second experiment, seeds were germinated in control conditions at 26 ± 2 °C for seven days. The seven-day-old seed with emerging radicle-like seedlings was hardened into pots with three replications for each concentration. After the germination, the nanoparticle suspension was sprayed with designed concentrations for each replication after 7 days (1 mL of each concentration of nanoparticle to every plant leaf).




2.5. Plant Growth in the Field


To further study the efficiency of synthesized nanoparticles, a proper field was prepared for this experiment. Seed was then sown manually on ridges with the help of a seed driller. Different sets of plants were maintained in triplicate for each treatment of nanoparticles in ppm 100, 200, 500, and control. Ten plants were chosen for each concentration of nanoparticle from the middle of the field after one month of growth. Every plant was labelled with number, concentration, and replication. After the maximum growth of the plant, the nanoparticle suspension was sprayed on leaves with designed concentrations (100, 200, 500) for each replication after seven days (5 mL of each concentration of nanoparticle to every plant leaf). Following 60 days of the experiment, measurements were made of the root length, fresh weight (the average of the five plants’ weights), and dry weight (the average of the five plants’ weights). The data collected on the sixty-first day of the experiment were taken into consideration for analysis in this study.





3. Results


Using Gui hua (Osmanthus fragrans) filtrate, the modified co-precipitation approach was utilized to synthesize MgO NPs. The production of MgO NPs was shown by the development of a white precipitate at pH 8. Chemical synthesis was the method for producing magnesium oxide nanoparticles, or MgO NPs [27]. This method is the biological method [28,29].



3.1. Characterization of Synthesized MgO NPs


The scanning electron microscopy (SEM) image analysis forecasts the morphology and production of stable MgO nanoparticles produced by the present green method [30]. The majority of the MgO NPs showed uniform aggregation, with an average particle size distribution range of 5 nm Figure 2I. The polydispersed nanoparticle production was verified by the TEM micrographs [30]. It was discovered that MgO NPs ranged in size from 30 to 100 nm Figure 2II.



The FTIR (Figure 3A) spectra of the generated magnesium nanoparticles showed curves at 3701.20, 3419.65, 1630.74, 1496.73, 1384.30, 1047.99, and 567.93 cm−1 of the sample. The FTIR spectra obtained for fungal filtrate displayed absorption bands at 1630.74 cm−1, 1047.99 cm−1, and 567.93 cm−1, which correspond to N–H bond, CH3–CH3 bonding and C–N stretch, respectively. The different functional groups (Figure 3B) found in biomolecules (proteins) that these absorption peaks correlate to may aid in the boosting of ions to nanoparticles [31]. There are many applications on a single diffractometer platform with intensity set to 592 at 38 degrees and 298 at 59 degrees [32,33]. It was discovered (Figure 3C) that the zeta potential of MgO NPs was −13.9% mV, even though the zeta potential values were between −25 and +25 mV. The first of these two curves occurs (Figure 3D) at 253.91 °C and reduces mass loss by 10.084%. At 415.16 °C, the second curve reduced mass loss by 28.53% in thermogravimetry (TG).




3.2. Effect of MgO NPs on Z. mays Seed Germination


Our observations indicate a considerable increase in the germination rate of Z. mays seeds following treatment with MgO NPs. The data of different replications and each replication count with total 50 seeds for germination test measured (Table 1). Among the treatments using different MgO NP concentrations (i.e., CK, 100, 200, 500, 800, 1000 ppm), treatment of the seeds with 500 ppm resulted in the highest GP. However, decreased GP was present in the control group, which consisted of treated seeds that were not given any MgO NP treatments.



In addition to these characteristics, it was found that in comparison to untreated seeds, seeds treated with different doses of MgO NPs showed a considerable increase in shoot height and root length, as shown in Figure 4. For the maximum treatment of 500 ppm of Mg(OH)2 NPs, measurements were taken of shoot height (10.4 ± 0.3 cm) and root length (19.1 ± 0.6 cm).



The results above clearly expressed that MgO NPs positively impacted shoot and root development in addition to having a significant impact on all seed germination parameters. As of right now, however, there is no concrete evidence to back up the theory that MgO NPs cause seed germination in maize. It is plausible that Mg(OH)2 NPs adhere to the waxy coating found on Z. mays seeds, and that their nano size allows them to pass through the seed coat and positively impact the germination process, as seen in Figure 5.



Beneficial impacts of MgO NPs are as follows during the seed germination. (1) Seeds’ ability to absorb water and nutrients is increased by nanoparticles. (2) Water is quickly absorbed by seeds, which solubilizes the gibberellic acid (GA) in the embryo and travels to the seed tissue and aleuronic cytoplasm, where it activates the central dogma system and generates the enzyme amylase. Additionally, the enzyme amylase converts seed starch into sugars and gives the seed cells the energy they need to germinate. (3) By helping to raise the amount of nitrate reductase in the embryo, nanoparticles aid in the promotion of seed germination and antioxidant systems by improving the ability of the seeds to absorb and use water and other nutrients. (4) By lowering H2O2 and superoxide radicals, nanoparticles contribute to the decrease of oxidative stress and improve the activity of important enzymes involved in seed germination [24].




3.3. Efficacy of MgO NPs on Seedling Growth in Greenhouse


To find the effect MgO NPs on Z. mays seedlings, we chose performance concentrations including control, 100 ppm, 200 ppm, and 500 ppm. The maximum 500 ppm shoot height (60.3 ± 0.3 cm) and root length (35.2 ± 0.6 cm) were measured. The maximum 200 ppm shoot height (54.1 ± 0.3 cm) and root length (26.7 ± 0.6 cm) were measured. The maximum 100 ppm shoot height (47.4 ± 0.3 cm) and root length (18.2 ± 0.6 cm) were measured. The maximum control ppm shoot height (40.7 ± 0.3 cm) and root length (15.4 ± 0.6 cm) were measured. We also tested for seed germination rate (GR), germination potential (GP), and germination index (GI), in an effort to broaden the experiment. The finding of these testes appeared to support 500 ppm concentration. The Table 2 presents the results below.




3.4. Effect of MgO NPs on Maize Plants’ Growth


In light of the encouraging results of MgO NPs with regard to seed germination and seedling growth and plant growth Figure 6, we next conducted a field investigation to assess the effectiveness of these nanoparticles in promoting plant growth for three months. The measurements were made on the basis of morphological traits such as plant height and root length. We selected some plants for control and some for the other concentrations.



The biophysical phenotyping methodology has a directly proportionate effect, as seen in Figure 7 [34] illustrate, As the concentration approach 500 ppm the results reveal an increase. Following treatment of the plants with varying MgO NP concentrations (100, 200, 500, 800, and 1000 ppm), 500 ppm was dominant, as shoot height (240.4 ± 1.6 cm) and root length (129.2 ± 1.3 cm) significantly increased after 120 days. In comparison, the plants treated with control showed inadequate growth and development, with plant height of 205.6 ± 2.3 cm and root length 89 ± 1.5 cm.




3.5. Biochemical Characterization of Maize Treated with MgO NPs


3.5.1. Antioxidant Enzymes


The activity of an organism’s internal enzymes is generally directly connected with its capacity to tolerate adversity [35]. Antioxidant enzymes such as SOD, POD, CAT, and PPO scavenge O2 to safeguard the plant’s internal enzyme system and improve response time in shoots and roots. The SOD activity was significantly higher in 500 ppm-treated seedlings. Plant material (leaf and roots) was collected and freeze-dried to maintain integrity. Extraction was performed using appropriate solvents (e.g., methanol, ethanol).



Activity of the SOD antioxidant enzymes in shoots of CK was 11.5%, and 62.4% at 500 ppm concentration. In CK roots, SOD was 9.3%, while it was 32.3% at 500 ppm concentration (Figure 8A). The PPO antioxidant enzymes in shoots of CK was 32.2%, and 56.2% at 500 ppm concentration. PPO in CK roots was 28.8%, and 62.7% at 500 ppm concentration (Figure 8B). The CAT antioxidant enzyme activity in shoots of CK was 54.24%, and 76.28% at 500 ppm. In CK roots, CAT was 20.56%, while at 500ppm it was 68.82% (Figure 8C). The POD antioxidant enzyme activity in shoots of CK was 20.21%, and 92.12% at 500 ppm. In CK roots, POD was 30.16%, while at 500 ppm it was 85.32% (Figure 8D). The results obtained with CK were not good as accepted.




3.5.2. Membrane Lipid Peroxidation


Lipid peroxides are created when oxygen-derived free radicals react with unsaturated fatty acids in lipids. These enzymes include MDA, H2O2, O2−, protein, soluble sugar, and total phenol [36]. We used a 1:5 ratio of extract liquid volume to tissue weight, following the recommendation of weighing about o.1 g of sample and adding 1 ml of extract liquid. The extraction process was performed with ice bath homogenization. After centrifuging the mixture 8000 rpm for 10 minutes at 4 °C, collected the supernatant and placed it on ice for further measurement. Spectrophotometer was preheated for at least 30 minutes. The wavelength was set at 525 nm. Measurement were taken using reagent 1 (distilled water) and reagent 2 (sample). Both preheated for more than 10 minutes at 37 °C [37]. The MDA contents were 0.24% in shoots of CK and 0.54% at 500 ppm. Roots were 0.21% for CK and 0.44% at 500 ppm (Figure 9A). The H2O2 content in shoots of CK was 0.039%, and 0.097% at 500 ppm. In roots, it was 0.041% for CK and 0.061% at 500 ppm (Figure 9B). The O2− contents in shoots of CK was 0.763%, and 1.423% at 500 ppm. In roots, it was 0.625% for CK and 1.059% at 500 ppm (Figure 9C). The soluble sugar content in shoots of CK was 0.412%, and 1.187% at 500 ppm. In roots, it was 0.247% for CK and 0.882% at 500 ppm (Figure 9D). The protein content in shoots of CK was 0.404%, and 0.907% at 500 ppm. In roots, it was 0.325% for CK and 0.812% at 500 ppm (Figure 9E). The total phenol content in shoots of CK was 11.45%, and 14.43% at 500 ppm. In roots, it was 10.85% for CK and 13.12% at 500 ppm (Figure 9F).




3.5.3. Plant Defense Enzymes


Phenylalanine ammonia lyase (PAL) is present in many different types of plants as well as a small number of microorganisms. It is crucial for the healthy growth and development of plants as well as their ability to fend off infections [38]. Activity of plant defense enzymes such as catalase, peroxidase, and superoxide dismutase was determined by spectrophotometer using standard assay protocols [39]. The PAL activity in shoots of CK was 26.82%, while it was 54.32% at 500 ppm. In roots, it was 41.87% for CK and 73.0% at 500 ppm (Figure 10).




3.5.4. Phenolics


Tannin is a type of polyphenol compound known to interact ith various metal ions through complexation or electrostatic action. Additionally, it has been observed to contribute to hemostasis and inhibit the growth of microorganism [40]. For analyzing tannins and flavonoids, it is recommended to weigh about 0.1 g of leaf and add 1 mL distilled water, fully homogenize, and transfer to EP tube, sealing the film to prevent liquid spatter. The mixture is then extracted at 80 °C and placed in a water bath for 30 min. This is followed by 10 min in an 8000 rpm centrifuge at 25 °C, and finally the supernatant is removed to be measured. A spectrophotometer is preheated for more than 30 min, the wavelength is adjusted to 760 nm, and measurement is taken with reagent 1(distilled water) and reagent 2 (sample) preheated for more than 10 min at 37 °C [41]. The tannin content was 18.17% in shoots of CK and 56.89% at 500 ppm. In roots, it was 35.64% for CK and 66.78% at 500 ppm (Figure 11A). Flavonoids are a kind of polybenzene compound. In an alkaline nitrite solution, flavonoids and aluminum ions form a red complex with characteristic absorption [42]. Flavonoid content was 3.39% in shoots of CK and 3.65% at 500 ppm. In roots, it was 2.21% for CK and 2.87% at 500 ppm (Figure 11B). The 500 ppm treatment consistently outperformed the control in both tannins and flavonoids.




3.5.5. Acetylcholinesterase (AchE) Activity


Acetylcholinesterase (AchE) is a serine hydrolase. It catalyzes the hydrolysis of acetylcholine (Ach) to form choline, and choline reacts with DTNB to form 5-mercapto-introbenzoic acid (TNB) [43]. To access the activity of acetylcholinesterase (AChE), Begin by grinding 0.1 g of leaves and adding 1 ml of extract liquid in an ice bath for homogenization. Next, Centrifuge the mixture at 8000 rpm for 10 minutes at 4 °C. after preheating a spectrometer for 30 minutes, adjust the wavelength to 412 nm. The reagent 1 (distilled water) and reagent 2 (sample). Both preheated at 37 °C before 10 minutes [44].



AchE activity was 4.45% in shoots of CK and 23.41% at 500 ppm. In roots, it was 6.93% for CK and 14.71% at 500 ppm (Figure 12). AchE also reaches its maximum at the 500 ppm concentration. Thus, the results of all the experiments characterizing MgO NPs, with regard to seed germination (%), seedling growth (GR, GP, GI), and plant growth, show in favor of the 500 ppm concentration.






4. Discussion


4.1. Physical and Chemical Properties of MgO NPs


It is well known that various chemical reactions occur during the penetration of foreign nanoparticles into the seed and leaves [45]. To understand the possibility of the maximum influence of nanoparticles, we performed SEM. The resulting numbers attest to the high level of nanoparticle stability. Ultimately, the size and shape of MgO NPs were ascertained using transmission electron microscopy (TEM). The FTIR spectra of the produced magnesium oxide nanoparticles, as well as bioactive compounds that might be related to the chemical synthesis of the particles and their stability, were investigated. Moreover, the FTIR spectrum reported for MgO NPs showed absorption bands at 1496.733 cm−1 due to   −  C  ≡  C  −   stretch, and 34,199.65 cm−1 and 1384.30 cm−1 due to stretching of C–N [46,47,48]. To look into the phase and purity of the manufactured MgO NPs, the XRD patterns were captured. XRD is the only laboratory technique that accurately and non-destructively gathers data on things like layer thickness, preferred orientation, lattice strain, crystal size, and chemical composition. Encapsulating biomolecules like proteins over nanoparticles during biological synthesis has an impact on the zeta potential value [49]. Using simultaneous thermogravimetry (TG), the thermal properties of the investigated heterocyclic esters were ascertained [50]. In an air-filled atmosphere, it was observed that all of the compounds were thermally stable and that their thermal stability increased with changes in mass during heating [51].




4.2. Morphological Changes in Germination


We investigated the germination efficiency of MgO NPs at different doses. A number of seed germination-related metrics were examined, including mean germination rate (GR), germination index (GI), and germination potential (GP). The percentage of germination for each day of the germination phase is expressed by the GI. Greater and faster seed germination is indicated by higher GI values. As compared to the control group (untreated seeds), the findings show the influence of concentration on seed germination. No such study using MgO NPs has been conducted previously. The authors of a prior work showed that MgO NPs had a concentration-dependent influence on Z. mays seed germination [52]. According to a different study, MgO nanoparticles can successfully pierce the seed coat and affect seed germination [53]. Seeds treated with different doses of MgO NPs have been shown to significantly increase growth of shoots and roots. Other researchers have shown a positive impact from the function of nanoparticles, such as titanium dioxide nanoparticles (TiO2 NPs), a mixture of silicon dioxide nanoparticles (SiO2 NPs), and silver nanoparticles (Ag NPs), in the germination of Z. mays and Glycine max seeds [54,55]. In order to clarify this concept, these researches also proposed a possible mechanism for seed germination. It is commonly recognized that magnesium is a practically necessary macronutrient for plant growth and that its ions are crucial for the activation of enzymes that are involved in seed germination. It is thus envisioned that similar methods may be used in the context of MgO NPs [54,55,56]. In general, nanoparticles aid in raising the level of the enzyme nitrate reductase, which improves the seeds’ capacity to absorb and use water and other nutrients [57]. Gibberellic acid (GA), which is present in the embryo, is dissolved by the water absorbed by seeds, travels through seed tissues to the aleuronic cytoplasm, It generates the enzyme amylase, which hydrolyzes the starch in seed to sugars (maltose), by giving seed cells the energy because they need to germinate [58,59]. This strengthens the antioxidant systems of seeds [60], as displayed above in the schematic illustration of potential putative pathways involved in the germination of maize seeds treated with MgO NPs. All of these modifications work together to improve maize seed germination.




4.3. Exposed to MgO NPs in Greenhouse


In this section of our experiment, seed germinated in the greenhouse was firstly placed in the control condition for three days. After three days of germination, the germinated seed hardened into the greenhouse openly for one month. MgO nanoparticles were sprayed on the leaves after the interval of seven days. Using the same concentration of 1 mL for one plant, three replications were tested for each concentration to check the effect of MgO nanoparticles under greenhouse conditions. The data were collected after one month, and there was a remarkable change in roots’ and shoots’ elongation and height. Magnesium (Mg) is an essential nutrient for plants that is required for several physiological processes, including photosynthesis, enzyme activity, and overall plant growth. Recent agricultural research has shown interest in magnesium oxide nanoparticles (Mg+ NP) as a potential means of enhancing crop yield and plant development.




4.4. Exposure to MgO NPs in Field


For further study, an experiment was set in the field. Z. mays was sprayed on leaves with different concentrations of MgO NPs. A lasting solution to this issue is to enhance the nutritional content of maize, particularly by biofortification, given the correlation between high levels of malnutrition and maize intake in many low-income countries [61]. According to the results of the in-field investigation, maize treated with MgO NPs significantly accelerated in development when compared to control (untreated plants) and plants treated with the corresponding growth. Furthermore, it was noted that the enhancement of plant development depended on concentration.




4.5. Interpretation to MgO NPs in Biochemical Characterization


Proceeding towards biochemical characterization, we initially come to antioxidant enzyme superoxide dismutase activity (SOD), which catalyzes the dissociation of superoxide anion to produce H2O2 and O2− antioxidant enzyme [62]. MgO-treated seedlings have the highest SOD activity under 500 ppm concentration. A similar phenomenon occurs with catalysis of the oxidation of phenols and amines by hydrogen peroxide (POD), which has the dual effects of eliminating the toxicity of hydrogen peroxide and phenols and amines [63]. It is the most important H2O2 scavenging enzyme (CAT) and plays an important role in the active oxygen scavenging system [64]. The characteristic absorption peak of H2O2 and copper-containing oxidase can oxidize monobasic phenol (PPO) and dibasic phenol to produce quinone, which causes browning [65]. In measuring membrane lipid peroxidation, the amount of MDA can determine the degree of lipid oxidation. The most prevalent active oxygen molecule in living things is H2O2, which is mostly created by SOD and XOD and broken down by POD and CAT [66]. In addition to being a significant reactive oxygen species, H2O2 serves as the center of the transition of reactive oxygen species. O2− is the primary reactive oxygen species that plants make during metabolism. The amount and pace of O2− production in plants have greatly risen, and this has the intensity of membrane lipid peroxidation [67]. The amount of soluble protein is used to determine the activity of an enzyme. Additionally, food and other quality analyses employ the soluble content [68]. Reduced monosaccharides in the sample, as well as sucrose, maltose, and starch that, in the circumstances of this procedure, can partially hydrolyze to glucose, are referred to as soluble sugar. Because of their great nutritional value and potential medical benefits, plant phenols are widely used in food, medicine, cosmetics, and other industries.



They also can scavenge free radicals and have anti-oxidant and anti-aging properties [69]. Protein content is a vital component of the system that controls reactive oxygen species. The enzymes’ folding, stability, degradation, and activation are controlled by proteins, and these processes have significant effects on ROS buildup and plant stress tolerance [70]. Compression has shown that total phenols (TPs) are active during the process of plant growth and play a significant positive role in the plant growth mechanism [71]. In the total phenols, a higher MgO content also offers the greatest advantage. L-phenylalanine was converted by PAL to yield trans-carnosic acid, which was the form with the highest absorption rate. The Application was also tested with phenolics including tannins and flavonoid, which are types of plant polyphenol and secondary metabolites. Tannins possess distinct chemical properties and exhibit various physiological activities, Such as combining with protein, alkaloid, and polysaccharide. On the other hand, flavonoids are known for their anti-inflammatory, antibacterial, and hypolipidemic properties. As ell as their abality to scavenging hydroxyl radicals. AchE is a serine hydrolase, and AchE catalyzes the hydrolysis of acetylcholine (Ach) [43].





5. Conclusions


The extract of Gui hua (Osmanthus fragrans) was used to synthesize the MgO NPs that showed great potential. Some analysis tools, such as TEM, SEM, FTIR, XRD, zeta potential, and TG were applied to characterize the synthesized MgO nanoparticles systematically. The percentage of germination of the seeds was dramatically increased by the biologically produced MgO NPs. According to the current research, these nanoparticles can be utilized to disrupt seed dormancy and promote early germination of seeds. Furthermore, it was observed that MgO NP concentration enhanced the development of Z. mays seedlings cultivated in a greenhouse. When sprayed with NPs, they showed strong results in a greenhouse at intervals of seven days for a month. After the seedling growth, the results showed in favor of 500 ppm concentration in all physiological characterizations. Likewise, MgO NPs also have a great influence on plant growth and productivity promotion in the field. Good results were seen in plant color (green) due to amazing performance in Pn (photosynthesis). The AAS (atomic absorption spectroscopy) and characterization study confirm the results, as do the high MgO contents in leaves, roots, and seeds treated with 500 ppm concentration compared to control (CK). We also observed that the biologically synthesized nanoparticle assists their easy penetration and translocation in various plant parts. Thus, it is observed and concluded that treatment with MgO NPs helps to promote seed germination, seedling growth, and plant growth promotion. Hence, these MgO NPs can be efficaciously used as nano-nutrients for the promotion of more efficient plant growth. Substantial studies are required to exact translocation in further plant parts, and to understand the translocation at the molecular level. The influence of MgO NPs will be important to improve the health of food.
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Figure 1. Preparation process of magnesium nanoparticles (MgO NPs). 
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Figure 2. (I) SEM analysis of MgO nanoparticles, (A) NPs stablity at 1 µm. (B) 200 µm, (C) 500 µm, (D) stablity level graph. (II) TEM analysis of MgO nanoparticles, (a) range of NPs size at 5 nm, (b) 10 nm, (c) 20 nm, (d) 50 nm, (e) 100 nm and (f) NPs size graph. 
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Figure 3. (A) FTIR (Fourier-transform infrared spectroscopy), (B) XRD (X-ray diffraction), (C) zeta potential and (D) TG (thermogravimetry) characterization of MgO NPs. 
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Figure 4. Effect of MgO NPs on seed germination by seventh day with different concentrations CK, 100 ppm, 200 ppm, 500 ppm, 800 ppm, and 1000 ppm. 
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Figure 5. Schematic illustration of potential theoretical processes in Zea mays seed germination in the presence of MgO NPs. 
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Figure 6. Effect of MgO NPs on maize plant growth. 
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Figure 7. Phenotypic effect of MgO NPs on maize plant growth. 
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Figure 8. Effects of different concentrations of MgO on antioxidant enzymes, (A) the effect of SOD activity, (B) PPO activity, (C) CAT activity and (D) POD activity. Here the a means highest content level and b, c and d are lowest content level respectively. 
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Figure 9. Effects of different concentrations of MgO, (A) MDA, (B) H2O2, (C) O2−, (D) sugar, (E) Protein, (F) phenol content activity on membrane lipid peroxidation. Here the a means highest content level and b, c and d are lowest content level respectively. 
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Figure 10. Effects of different concentrations of MgO on plant defense enzymes. Here the a means highest content level and b, c and d are lowest content level respectively. 
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Figure 11. Effects of different concentrations of MgO on phenolics. Here the a means highest content level and b, c and d are lowest content level respectively. 
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Figure 12. Effects of different concentrations of MgO on acetylcholinesterase activity, Here the a means highest content level and b and c are lowest content level respectively. 
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Table 1. 7th Day Seed germination percentage.
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	Treatments
	R1 (cm)
	R2 (cm)
	R3 (cm)
	GS (Numbers)
	GP (%)





	CK
	11
	14
	16
	41
	27.33



	100 ppm
	18
	22
	16
	56
	37.33



	200 ppm
	25
	27
	21
	73
	48.67



	500 ppm
	34
	45
	46
	125
	83.33



	800 ppm
	16
	22
	12
	50
	33.33



	1000 ppm
	14
	12
	18
	44
	29.33







Note: Treatments: in parts per million; R: replications; GS: no. of grown seeds; GP: germination percentage.













 





Table 2. Seed germination rate, germination potential, and germination index.






Table 2. Seed germination rate, germination potential, and germination index.





	Treatments
	Germination Rate (%)
	Germination Potential (%)
	Germination Index (%)





	CK
	40.67
	20.33
	8.74



	100 ppm
	48.67
	24.33
	10.43



	200 ppm
	58.12
	29.37
	12.43



	500 ppm
	75.33
	37.67
	16.15







Note: Data collected after one month of spray on maize seedlings.
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