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Abstract. Wheat (Triticum aestivum L.) is staple cereal across the world. However, its yield is constantly
challenged by various biotic and abiotic factors. Nanotechnology has the capability to defend plants,
monitor plant development, detect plant diseases and enhance crop production. Magnesium (Mg) is
essential for the plant metabolism and acts as structural components or enzyme co-factor, thus helps in
activating the metabolic pathways such as photosynthesis which leads to better growth and higher yields
of plants. However, very little information is available about the dosage dependant delivery of Mg in the
form of MgO nanoparticles and its effect on the growth and development of vital cereal crop wheat. This
study positively reported the impact of MgO NPs on wheat growth and development. Different
concentrations (50 mg L', 100 mg L-!, 200 mg L!) of MgO NPs were applied on wheat seeds in-order to
check both morphological parameters and biochemical parameters. Results showed that only 50 mg L!
and 100 mg L' concentrations enhanced both physiological as well as biochemical parameters as
compared to the control. While the 200 mg L' concentration decreased the growth-related parameters.
This work infers that MgO NPs 50 mg L' and 100 mg L' concentrations can easily penetrate the plant
cell. However, the 200 mg L' concentration may aggregate in the seed pores which only permits slow
water absorption and other essential nutrients hence slow down the growth and development of wheat
seeds. The current study is significant for future nano-based improvement of the growth, development
and yield related aspects of staple wheat crop.

Keywords: agricultural innovation, wheat (Triticum aestivum L.), nanoparticles, MgO NPs, food
production, seed germination, seed vigour

Introduction

Agriculture plays an important role as the backbone of most developing countries
which directly or indirectly provides food for human beings. By 2025, the world’s
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population is estimated to grow to eight billion and will reach to nine billion at the end
of 2050. Hence, there is a dire need to increase agricultural production globally to meet
the demand for food of the fast-developing world population. One of the key drivers of
economy is the agri-food production which is of vital importance. It is predicted by UN
(Food and Agriculture Organization) that annually 200 million tons meat production
will be required by the end of 2050 in-order to fulfil the needs of foods of increasing
world’s population (Daszkiewicz, 2022).

Bread wheat (Triticum aestivum L.) is one of the top three most cultivated crops,
along with rice and corn and is grown globally for the production of highly beneficial
and nutritious grains. Wheat is used commercially in many products like bread, feeds,
confectionary and biscuits as well as in other utilizations (Siddiqui et al., 2022).
Globally, it is the most extensively grown cereal crop that annually covers nearly
237 million hectares, totally accounts for four hundred and twenty million tonnes
(Kirilenko and Dronin, 2022; Teixeira et al., 2023) in which one fifth is for the
consumption of a man’s calorie. However, the growth, development and final yield of
wheat is challenged by various biotic (diseases) and abiotic stresses.

Agricultural land which is used for the food crops is also facing an increasing
competition for other various purposes like biofuels and pharmaceuticals productions.
Hence, the capacity of food production, especially wheat production, is facing with
many challenges, which includes a decreasing ratio of the arable land to the population
(Liu et al., 2020). Due to increase in the world population, it is necessary to use the
latest technologies like nanotechnology as well as nano-biotechnology in food sciences
and agriculture. Currently nano-agriculture focuses on target farming to improve crops
and livestock productivity that involves the use of nano-sized particles with unique
properties (Garg and Payasi, 2020). Application of nanotechnology to the food and
agriculture sectors is relatively new avenue associated with its use in pharmaceuticals
and drug delivery (Kheiriabad et al., 2024). Nanotechnology has the capability to
defend plants, monitor plant development, detect animal and plant diseases, enhance
world production of foods, improve quality of food and decrease wastes for “ecological
growth” (Pramanik et al., 2020; Munir et al.,, 2023; Nizamani et al., 2024).
Nanoparticles offers wide spread applications in agriculture by boosting both growth
and productivity of crops.

The thriving scientific and technological sector of nanotechnology is in charge of
creating new materials at the nanoscale (1-100 nm) (Ying et al., 2022). At this scale, the
novel materials have distinct qualities that set them apart from bulk compounds (Hamza
et al., 2023). Through the manipulation and creation of individual atoms and molecules,
nanotechnology allows researchers to create novel materials, systems, and technologies
with intriguing features and functions (Liu et al., 2022). Along with various
nanoparticles, MgO NPs acts as an excellent bactericide against some bacteria
especially Ralstonia solanacearum as being nontoxic, safe as well as easy to obtain
hence offers a substantial promise to inhibit stem and root diseases (Rabea et al., 2023).

Magnesium (Mg) is of vital importance in agriculture, it acts as the most limiting
macro-nutrient element at global level. Besides, it is one of the most essential nutrients
involved in the biochemical processes, reactive oxygen species (ROS) synthesis,
photooxidation, utilization and partitioning of photo-assimilates, photophosphorylation
and protein synthesis of plants (Cai et al., 2018). Mg performs an active function in
operating essential organic poly-phosphate compound such as RNA, DNA as well as
ATP and therefore needed to all living cells. It is also significant for the plant
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metabolism as structural components or enzyme co-factor. However, latest studies have
surprisingly revealed that over time Mg elements in old seeds of cereal crops have
obviously decayed, hence in developed countries 2/3™ populations receive less than
their minimum daily magnesium requirements and suffered from severe disease known
as hypomagnesemia (Ahmed and Mohammad, 2019). Hence, there are two urgent
practical problems in plants, ways to increase Mg contents and the mechanisms of
response to magnesium deficiency (Chaudhry et al., 2021). Therefore, developments of
such unique metals and its use like nano-nutrients have a large potential to enhance food
quality, nutrient efficiency and to reduce adverse environmental effects. Finally, the
nanotechnology-created method is reliable for the benefits of plants due to nutrition
regulation in plants and soil. In almost 50% of world’s soil nutrients insufficiency have
certainly lowers food quality as well as food amounts thus badly influence the human
health (Chaudhry et al., 2021).

There are many benefits to providing Mg to plants in the form of magnesium oxide
NPs (MgO-NPs). The first advantage of MgO-NPs is that they assist to nano-sized
delivery method for magnesium ions, increasing the efficiency of plants to absorb and
utilize the mineral. The MgO-NPs' larger surface area enhances their interaction with
plant roots and accelerates magnesium absorption (Cai et al., 2018). Additionally, MgO-
NPs can be used to improve the solubility and bioavailability of magnesium in soil. If
traditional magnesium fertilizers do not breakdown rapidly in the soil, magnesium may
be leached and released gradually. Because MgO-NPs have a larger surface area, they
dissolve more quickly and provide plants with easy access to magnesium ions. MgO-
NPs can also be designed to release magnesium ions gradually, which will provide a
steady supply of magnesium over time. This regulated magnesium release can help
maintain the proper levels of magnesium in plants, which is beneficial for their growth
and development (Gautam et al., 2023). Consequently, MgO-NPs can boost plant
growth and productivity while reducing waste when used as a magnesium ion source.

Mg nanoparticles have been improved and extensively used in activating the
metabolic pathway like photosynthesis which leads to better growth and higher yields of
plants (Abbas et al., 2024). However, very little information is available about the
dosage dependant delivery of Mg in the form of MgO nanoparticles and its effect on the
growth and development of vital cereal crop wheat. Therefore, this study was designed
to identify both positive and negative impact of MgO nano-particles on the growth and
development of bread wheat crop.

Materials and methods

The research study was divided into two main sections. In the first section synthesis
of MgO nanoparticles were carried out and in the second section the nanoparticles were
applied to wheat seeds. Local elite wheat cultivar AZRC Dera was used in this study.
The whole experiment was conducted in Gomal Centre of Biochemistry and
Biotechnology, Gomal University, Dera Ismail Khan, Pakistan.

Synthesis of Magnesium oxide nanoparticles

MgO nanoparticles were carefully synthesized via co-precipitation method by means
of NaHCO3;, NaOH and MgNO; (Wang et al., 2018). Polyvinyl acetate was used as
surfactant under room temperature. Under constant stirring condition, 1 molar solution
of NaHCO3 of 50 ml was gradually poured to it while using addition funnel. Under
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stirring also one molar NaOH of 50 ml was gradually added to the above consequential
solution. The entire process was carried out under continuous strong stirring condition
(130 rpm). The constituent mixture was permitted to mix for 3 hrs. Consequently, a very
fine powder magnesium oxide white precipitate was deposited at the round bottom flask
bottom. The fine powder was carefully separated while using Buckner funnel. The
whole precipitation was thoroughly washed with the ddH,O. The resulting substrate Mg
(OH): precursor was kept in air oven for about 1 hour at 80 °C. Finally, MgO NPs were
obtained through Controlled Calcination Method, using muffle furnace for a period of
Shrs at a temperature of 350 °C.

Preparation of stock solutions

After synthesis of Magnesium oxide nanoparticles by co-precipitation method it is
suspended in double distilled water and stock solutions i.e. 50 mg L', 100mg L' and
200mg L' of Magnesium oxide nanoparticles were prepared and the solution was not
renewed. Finally, for the dispersion of MgO nanoparticles, solutions were kept in a
sonicator for about 35-45 minutes at 25°C.

Seed treatment

Wheat was preferred as the ideal plant due to its significance for human diet.
Therefore, seeds of wheat (Triticum aestivum) were selected for the present study to test
the impact of MgO nanoparticles on seeds germination, vigor index, root/shoot length,
protein and sugar contents, effect on chlorophyll and effect on proline. The seeds were
washed with distilled water and then sterilized with 5% sodium hypochlorite followed
by washing with distilled water. About five seeds were transferred to every petri plate
containing filter paper. The prepared 50 mg L', 100 mg L' and 200 mg L
concentration of Magnesium oxide solutions were poured into petri plate containing
wheat seeds followed by placing in growth chamber at temperature 25°C (Model:
BJPX-L500) for germination and growth for 24 hrs. Distilled water was used in the
control treatment instead of MgO nanoparticles concentrations. The complete
randomized design (CRD) with four replications was used for all the experiments.

Study of different parameters

After few days of seed treatment, different parameters, such as seeds germination,
vigor index, root and shoot length, protein contents, chlorophyll contents, sugar and
proline accumulation were observed using different equipment (7ables I and 2).

Table 1. NP type, characterization, concentrations level and parameters studied

Nanoparticle Characterizations | Concentrations level Parameters analysis

Scanning Electron
Microscopy
(SEM)

Germination percentage, Root/Shoot
length, Chlorophyll, protein, proline,
sugar contents

50 mg L', 100 mg L,
200 mg L'

Magnesium Oxide
(MgO)

Table 2. Final germination percentage of Tritium aestivum seeds at various concentrations

Final Germination Control 50 mg 100 mg 200 mg
Percentage 84% 80% 100% 60%
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Seeds germination and vigor index

Four petri dishes were used for seeds germination, one as control and the rest three as
50 mg L', 100 mg L' and 200 mg L' concentrations. Five seeds were placed in each
petri dish so that there is enough space for leaves and roots of wheat plants. Seed
germination and vigor index were observed and noted according to the following
formula.

Germination %= No of seeds germinated/total no of seeds*100 (Eq.1)

Vigor Index= (root length + shoot length) X Germination percentage  (Eq.2)

Determination of root/shoot length

Wheat plants were exposed to MgO nanoparticles for about fifteen days in plant
growth chamber. After fifteen days of growth and development, the wheat plants were
taken out from petri plates and measured by simple metric scale method.

Chlorophyll estimation

The chlorophyll contents were extracted with 80% acetone solution. Three treated
(Magnesium oxide treated plants) and untreated wheat plant leaves were selected and
isolated from plants. Fresh leaves of both treated and untreated wheat plants were
weighted by electric balance. About 250 mg fresh leaves were homogenized in 80%
acetone with help of homogenizer. After homogenization, the contents were centrifuged
at 1000 rpm for a period of 15 minutes at 4'C. After centrifugation, two layers were
made i.e. upper and lower layers. The upper layer supernatants consist of chlorophyll
and the lower layer containing pellet was discarded. The supernatants were transferred
to fresh Eppendorf tube. The green supernatants were further analysed by spectroscopic
analysis. The spectroscopic analysis was carried out at wave length 700 nm under
UV/VIS spectrophotometer (PG T80+ UV/VIS Spectrometer) against 80% acetone
blank (Chung et al., 2019).

Total protein determination

Total protein contents were determined by Bradford assay method (Bradford, 1976).
About 250 mg fresh tissues from each treated and untreated plants and emersed in
phosphate buffer saline followed by grinding using chilled pestle and mortar. After the
homogenization, the contents were transferred to Eppendorf tube and centrifuged at
10,000 rpm for 15 minutes at 4°C. After centrifugation, the supernatant was discarded
and 1ml of 10% trichloro acidic acid (TCA w/v) was added into the pellet. The product
was again centrifuged at 5000 rpm for 15 minutes at 4°C. The supernatant was
discarded and the pellets were washed with 80% acetone. The obtained protein was
dissolved in 1 ml of 0.1M NaOH and read at 595 nm in spectrophotometer (PG T80+
UV/VIS Spectrometer), the Bovine Serum Albumin (BSA) keep as a standard
(Bradford, 1976).
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Proline estimation

Proline contents were determined by the method of Bates et al. (1973) from the roots
and shoots of treated (50 mg L™, 100 mg L' and 200 mg L") and control wheat plants.
Wheat roots/ shoots samples were frozen in liquid nitrogen and homogenized with 3%
aqueous sulphosalicylic acid (0.02 g/1 ml). The samples were then centrifuged at
12000 rpm for about 10minutes. Supernatants were transferred to fresh test tube after
centrifugation. 1 ml acid ninhydrin with 1 ml of glacial acidic acid was added to test
tube containing supernatants at a temperature of 100°C in a water bath. As a result,
acid-ninhydrin was made in glacial acidic acid with 6M phosphoric acid of 2:1.
Reactions were completed in ice bath after 1 hr. About 4 ml toluene was added,
continuously mixed it at room temperature for about 35 minutes. Finally, optical density
was measured with UV/VIS spectrophotometer model PG T80+ UV/VIS Spectrometer
at 520 nm for upper pinkish layer of proline. Hence toluene was used as blank whereas
D-proline was used as a standard (Bates et al., 1973).

Total soluble sugar content in leaf

The soluble sugar was measured according to Dey (1990) method. Fresh leaves of
0.5 g were kept in 10 ml alcohol at 600°C in incubator for 1 hr. The materials were
transferred into volumetric flask of 25 ml and re-extracted the remaining. By the
addition of alcohol, the final quantity was made up to 25 ml. To the test tube 1 ml
aliquot was added and further 5% phenol of 1.0 ml was poured to it then carefully
mixed it. 5 ml analytical grade H2SO4 was added to it, thoroughly mixed with the help
of a rod glass. Here test tube was cooled in fresh environment for exothermic reaction.
Finally, absorbance was checked with the help of spectrophotometer at 485 nm.

Statistical analysis

Data for all the recorded parameters were subjected to analysis of variance, by the
Statistix 8.1 (P<0.05) for statistical analysis.

Results

Our results revealed that at 50 mg L and 100 mg L concentration of MgO NPs
positively affected the growth of wheat seeds. Hence enhanced both physiological and
biochemical parameters while the 200 mg L' concentration decreased the seedling
process as compared to control.

Characterization of MgO nanoparticles

To observe the morphology of MgO NPs Scanning Electron Microscopy (SEM) was
used in the University of Peshawar at the department of physics. Images obtained from
SEM confirmed the presence of sponge, porous and spherical structure of MgO NPs.
Figure 1 shows the MgO NPs taken by SEM (JEOL JSM-6460 SEM) at 50.0 kx
magnification.

Effect of MgO NPs on Triticum aestivum seeds germination

After two days, wheat seeds started germination and after four days a short
germination has been observed as shown (Figure 2). Two seeds germinated in control as
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well as in 200 mg L' concentration petri dishes while four seeds germinated in
100 mg L' concentration and finally three seeds germinated in 50 mg L' concentration
at day four.

SEM HW: 20 kV | WD: 7.06 mm » LYRA3 TESCAN
View field: 2.89 ym | Det: SE

Figure 2. Observations of Triticum aestivum seeds germination at day 4. The first plate on the
left most corner shows control

As shown in Figure 3, at day six a very clear germination has been observed with
well-developed leaves and roots. Clear germination of three seeds in control and in
lower concentration (50 mg L) and also the fourth seed started germination at day fifth
while the fifth seed did germinate yet in control as well as in lower MgO concentration.
Better result of 100 mg L' has been observed so far in which four seeds germinated
with more developed leaves and roots as compared to the 50 mg L' and 100 mg L
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concentration and control one. The fifth seed started germination at day fifth. Finally, in
200 mg L' MgO concentration two seeds germinated with green leaves and white roots.
The third seed started germination at day fifth but the fourth and fifth seeds did not
germinate.

Figure 3. Observation of Triticum aestivum seeds germination at day 6. The third plate from the
left side shows control

As shown in Figure 4, third time the germination has been observed after eight days.
Seeds of untreated plant (control) developed more long leaves and roots. The fourth
seed was developed short to about one cm and the fifth one was germinated at day
seven. Similarly, the roots and leaves of 50 mg L' concentration got enough length of
the three seeds. The fourth seed growth to about half cm with little roots but the fifth
seed did not start germination at day 7. At 100 mg L' concentration four seeds
germinated equally with fine roots, shoots and leaves and also the fifth seed was
growing well at day 8. Finally, slow germination had occurred at 200 mg/l. The third
seed started a little developing and the fourth and fifth seeds did not germinate yet.

Figure 4. Observation of Triticum aestivum seeds germination at day 8. The first plate on the
left most corner shows control

Figure 5 shows the fourth time observation of 7Triticum aestivum seeds germination
at day 10. All the seeds of control and lower concentration were growing well except
the fifth seed was growing slowly in control but did not germinate in lower
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concentration yet at day 10. All the seeds of 100 mg L™ concentration were growing
well with enough roots, shoots and leaves but at 200 mg L™ concentration three seeds
developed and the fourth/fifth seeds were unable to start germination at day10.

Figure 5. Final observation of Triticum aestivum seeds germination at day 10. The first plate on
the left most corner shows control

The final observation was recorded at day 12 (Figure 6). At day twelve, four seeds in
control and 50 mg L™! MgO concentration developed more as compared to day ten. But
the fifth seed was developed less in control and did not germinate in 50 mg L'
concentration. Finally, at 100 mg L' concentration all the seeds were developed to a
maximum length but at 200 mg L' concentration just three seeds were developed more
than day 10 and the two seeds were unable to start germination still at final observation
at day 12.

Figure 6. Final observation of Triticum aestivum seeds germination at day 12. The first plate on
the left most corner shows control

Germination percentage

After twelve days of growth and development of wheat seeds, their germination%
was taken. The present study revealed that the 100 mg L' concentration of MgO NPs
increased the seed germination percentage in wheat seeds (Figure 7). At 100 mg L!
concentration, seed germination had occurred 100%, hence increased the seed
germination by 16% in comparison to the control. At 50 mg L' and 200 mg L'
concentrations 80% and 60% seed germination had occurred which reduced the seeds
germination by 4% and 24% respectively as compared to the control.
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Figure 7. Germination percentage of Triticum aestivum seeds

Vigor index

The vigor index exhibited sharp increase by the 100 mg L' and 50 mg L'
concentration of MgO NPs while decrease at 200 mg L' concentration as compared to
the control (Figure 8).

1400

1200

800
600
400
200

o
Control S0mg 100mg 200mg

e \/IGOR INDEX 925.68 1015.04 1262 490.56

Figure 8. Vigor index of Triticum aestivum seeds at various concentrations

Roots/shoots responses to MgO nanoparticles

The current research determined that the 50 mg L' and 100 mg L' concentration of
MgO NPs positively affected the growth of roots and shoots hence increased the length
of roots and shoots of wheat plants. But the 200 mg L' concentration of Magnesium
Oxide has negatively affected on the roots and shoots of wheat in comparison to control
one (Figure 9). As shown in Figure 10, at 50 mg concentration wheat roots increased by
13% while shoots increased by 2% as compared to control. Similarly, wheat treated
with 100 mg increased the roots length by 12% and shoots length by 9% in comparison
to the untreated wheat plants. Highest concentration of MgO NPs (200 mg) has
negatively affected on treated wheat plants roots and shoots lengths and decreased was
reported. At 200 mg concentration Triticum aestivum roots and shoots were declined
and decreased the length by 2% and 3% respectively in comparison to the control one.
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Figure 9. Root/shoot length of Triticum aestivum seeds at various concentrations

Figure 10. The effect of different concentrations of MgO NPs on wheat plants (Triticum
aestivum) from left to right indicate control, 50 mg L', 100 mg L, 200 mg L™

Chlorophyll responses to MgO nanoparticles

The 50 mg L' and 100 mg L' concentration of MgO NPs increased the chlorophyll
contents of Triticum aestivum plants (Figure 11). At 50 mg L' and 100 mg L'
concentration MgO NPs treated wheat plants increased the chlorophyll contents by 20%
and 13% respectively as compared to the untreated wheat plants. While at 200 mg L
concentration (200 mg) the chlorophyll contents were just increased to 3% only which
did not show much difference with the control one.

AN

0.4

Absorbance

0.2

(o]
control | 50mg | 100mg I 200mg

[s===Chiorophyll contents | 0.466 | 1.053 [ 0.657 | 0.586

Figure 11. Chlorophyll contents of Triticum aestivum seeds at various concentrations
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Protein responses to MgO nanoparticles

The effect of magnesium oxide nanoparticles on protein contents of wheat plants
were checked and found that 100 mg L' concentration of MgO NPs promoted the total
protein contents in Triticum aestivum plants followed by the 50 mg L concentration.
While the highest concentration of MgO NPs decreased protein contents in 7Triticum
aestivum plants (Figure 12) illustrates that a significant increase in protein contents
were found when wheat plants were exposed to 100 mg L' and 50 mg L'
concentrations of MgO nanoparticles. About 17% at 100 mg L' and 13% at 50 mg L
protein contents increased were reported in Triticum aestivum plants. While at
200 mg L' concentration the results were opposite and the protein contents were
decreased. At 200 mg L MgO NPs treated wheat plants showed 6% decreased in
protein contents as compared to untreated wheat plants.

Absorbance
=

control 50mg 100mg 200

Figure 12. The total protein contents of Triticum aestivum seeds

Proline responses to MgO nanoparticles

Proline is a key amino acid that plays a vital role in all plants once it is exposed to
different stress environmental conditions. An effective correlation exists between plant
stress conditions and proline accumulation. During stressful environments, plants
excrete over proline which turn the propagate stress tolerance due to maintaining of cell
turgor, cell osmotic balance, and the membrane stabilization. Thus avoiding electrolyte
leakage and within optimum range import the concentration of reactive oxygen species
(ROS) in-order to avoid the oxidative burst in plant species (Li et al., 2018).

Biochemical analysis of proline resulted that very small amount of proline were
accumulated in roots and leaves of MgO NPs treated Triticum aestivum plants as
compared to untreated plant. At 50 mg L™! and 100 mg L™ concentrations of MgO NPs,
more proline accumulation were reported while at 200 mg L™ concentrations small
amount of proline accumulations were reported in 7riticum aestivum roots and leaves. It
was also reported that the level of proline accumulation was less in Triticum aestivum
leaves than proline accumulations in Triticum aestivum toots. At 50 mg L' MgO
nanoparticles treated plants proline level increased by 2.6 folds in leaves while 3.2 folds
in roots. At 100 mg L' proline level increased by 2.0 and 2.5 folds in wheat leaves and
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roots respectively than untreated wheat plants. Similarly, at 200 mg/l proline level
increased by 1.5 folds in leaves and 2.1 folds in roots of Triticum aestivum plants as
compared to untreated plants as shown in Figure 13.

3.5

control 50mg 100mg 200mg
o leaves 0.85 269 2 15
» roots 13 32 25 21

Figure 13. The proline accumulation in leaves and roots of Triticum aestivum plants

Total sugar contents responses to MgO nanoparticles

Effect of magnesium oxide nanoparticles (MgO NPs) on total sugar contents of
Triticum aestivum plants was also checked and a significant improvement was found at
50 mg L' concentration followed by 100 mg L concentration. While at 200 mg L
concentration, MgO NPs reduced the total sugar contents in Triticum aestivum plants
(Figure 14). A significant increase in sugar contents was observed when wheat plants
were exposed to 50 mg L™ and 100 mg L' concentrations of MgO nanoparticles. Total
sugar contents were enhanced by 11% at 50 mg L' and 10% at 100 mg L™ as compared
to control. While the 200 mg L' concentration resulted a 5% decreased in total sugar
contents as compared to untreated wheat plants.
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Figure 14. The total sugar contents in Triticum aestivum plant leaves at various concentration
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Discussion

Our result revealed that MgO NPs stimulated the seed germination of wheat plants.
The highest GP (100%) was obtained at 100 mg L' and the lowest GP (60%) at
200 mg L', Teixeira et al. (2023) also showed similar result in maize plant and stated
that the highest and the lowest GP (95% and 80%) were obtained at 100 mg
concentration of nano-sized MgO and control, respectively. Rodriguez-Morales et al.
(2020) reported that it is possibly expected that magnesium hydroxide NPs bind with
waxy surface layer that is present on Z. mays seeds while nano-size through seed coat
make easy their dispersion inside the maize seeds, employs a positive impact on seed
germination development. Seeds water absorption capacity is generally increased
through nanoparticles. H>O immersed by the seeds therefore solubilizes gibberellic acid
(GA) that exists in its embryo then moves to the aleuronic cytoplasm through seed
tissues in-order to produce enzyme amylase (Abbas et al., 2024). Hence amylase
hydrolyses seed starch into sugars (maltose) thus helps to supply energy to seed cells
needed for the germination process.

Rashid et al. (2022) examined mung bean seeds with three various concentrations i.e.
(50,100 and 150 mg) of zinc oxide nanoparticles and also examined without ZnO NPs.
Both treated as well as untreated seeds were germinated at day 10 but germination
percentage in treated zinc oxide nanoparticles suspension solution was significantly
higher than control one. Recommended zinc oxide nanoparticles suspension solution
was greatly effective on seed germination of mung bean at 50 and 100 mg
concentrations when compared to higher concentration (150 mg) and control (Rashid et
al., 2022). Similarly, Mazhar et al. (2023) also observed a significant positive effect of
ZnO NPs on shoot and root elongation of mung bean seeds in 50 and 100 mg
concentrations as compared to unexposed control germination. Using 50 and 100 mg
concentration of ZnO NPs treated seeds, germination time, germination percentage and
vegetative biomass shown results as compared to untreated seeds. Navya et al. (2021)
resulted similarly that mungbean plant was grown in 50 and 100 mg developed well
long stems as compared to control (Navya et al., 2021). Seed germination percentage,
biomass and root/shoot length of mungbean was significantly recoded at 50 and 100 mg
concentration of ZnO NPs. This significance improvement may be due to the
penetration of seed coat penetration by zinc oxide NPs. Indicated that seed germination
as well as seedling growth was promoted by ZnO NPs at 50 and 100mg concentration,
but a significant decrease was observed in seed germination of moungbean plants at
150 mg concentration of zinc oxide NPs. These results are in accordance with our MgO
100 mg L' concentration NPs positive affect and the growth and development of wheat
seed, roots and leaves. Our current research resulted that MgO NPs at 50 mg and
100 mg concentration positively affected roots & shoots growth of wheat hence
increased their length. But at the highest concentration (200 mg) MgO NPs has
negatively affected the shoots and roots of wheat plants in comparison to control one.

Wang et al. (2024) reported that the effect of SNPs looks like concentration
dependent. Nanoparticles could stimulate plant growth at short dosage but high doses
retard its growth. Alghofaili et al. (2024) also reported similar result. He observed that
increasing the silver nanoparticles (SNPs) concentrations from 20 ppm to 60 ppm led to
an enhance in plant growth parameters of common bean and corn such as root/shoot
lengths, the surface area of a leaf, some biochemical parameters like protein,
chlorophyll and also carbohydrate contents. However, further enhancement of silver
nano-particles resulted in retardation of plant growth (Alghofaili et al., 2024).
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Sheteiwy et al. (2021); Tymoszuk and Wojnarowicz (2020) worked on different
plants with zinc oxide nanoparticles such as wheat, soybean, peanut and onion. They
stated that lower concentrations of zinc oxide NPs positively impacted on the seed
germination, however, their higher concentrations reduced germination (Tymoszuk and
Wojnarowicz, 2020; Sheteiwy et al., 2021). The effectiveness of nanoparticles in seed
germination depends upon the NPs amount and different plant species that vary from
each other. Gupta et al. (2022) applied various concentrations of ZnO NPs on cucumber,
tomato and alfalfa, found only cucumber with enhanced seedling processes.

Our experiment clearly observed two concentrations of MgO NPs i.e. 50 mg and
100 mg concentrations. So, 100 mg showed increase in seed germination percentage
over control while both 50 mg and 100 mg of MgO NPs significantly enhanced the
physiological parameters (germination percentage, vigor index, root/shoot length) as
well as biochemical parameters (chlorophyll, total protein, proline, total sugar contents)
of wheat plants than control. But 200 mg L' concentration is the main reason in our
experiment that inhibited both physiological and biochemical parameters of Triticum
aestivum plants in comparison to untreated plants. The inhibition reason at 200 mg L"!
concentration may be due to the aggregation of MgO NPs in the seed pores that permit
only slow water absorption as well as other essential nutrients inside the seed hence
slow down their growth.

Conclusions

In this study, the positive role of eco-friendly synthesized magnesium oxide
nanoparticles (MgO NPs) was investigated. The study revealed that MgO nanoparticles
have a positive effect on plant growth and showed that significantly affected the seed
germination and plant growth regulation in Triticum aestivum L. plants. Our research
results pointed out no seed germination inhibition at 50 mg L' and 100 mg L’
concentrations but the 200 mg L' concentration of MgO NPs reduced the germination
and plant development process due to aggregation and their accumulation in seed pores
that only allow slow entrance of water and other essential molecules. The present study
validated that Mg accumulation in roots and stems as well as in leaves tissues at various
applied concentrations, especially 50 mg L' and 100 mg L' concentrations, excluding
200 mg L' MgO concentration was the basic and actual factor that enhanced
chlorophyll contents, roots/shoots lengths, other biochemical parameters and plant
growth. Notably, it was confirmed by the MgO NPs to serve as excellent magnesium
supplement for the plant growth.
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