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ABSTRACT : Salinity stress is one of the most destructive stresses in plants that has adversely affected
many agricultural lands in the world. Salinity stress causes many morphological, physiological, epigenetic
and genetic changes in plants by increasing sodium and chlorine ions in the plant cells. The plants can
alleviate this disorder to some extent through various mechanisms and return the cell to its original state,
but if the salt dose is high, the plants may not be able to provide a proper response and can die.
Nowadays, scientists have offered many solutions to this problem. Nanotechnology is one of the most
emerging and efficient technologies that has been entered in this field and has recorded very brilliant
results. Although some studies have confirmed the positive effects of nontechnology on plants under
salinity stress, there is no complete understanding of the relationship and interaction of nanoparticles
(NPs) and intracellular mechanisms in the plants. In this paper, we have tried to reach a conclusion from
the latest articles that how NPs could help salt-stressed plants to recover their cells so that we can take a
step towards clearing the existing ambiguities for researchers in this field.
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INTRODUCTION

Soil salinity is a major threat to crop productivity and overall crop yield. It causes osmotic, ionic and oxidative
stress which leads to decline in growth and plant development (EL Sabagh et al., 2021). Salt-influenced soils are
found on each landmass and are increasingly regular in parched or semiarid locales where yearly precipitation is
low, for example, the western US, north Africa, southeast Asia, and Australia. Information from the Sustenance and
Horticulture Association's Reality soil database recommends that somewhere in the range of 6 and 8% of all land
meets the edge of saltiness, proportionate to between 800 million and one billion hectares (FAO, 2008; Tanji,
2002).Saline soils are brought about by a high convergence of dissolvable salt particles in the dirt with sodium Na*
and CI being the most solvent and most harming to plants (Munns and Tester, 2008). High salinity facilitates the
accumulation of free radicals and reactive oxygen species (ROS), which induces an increase in the
malondialdehyde (MDA), hydrogen peroxide (H,O), and proline contents, and a decrease in the antioxidant
activity of enzymes, such as superoxide dismutase (SOD) and peroxidase (POD) and reducing the fodder yield (
Noura and Reda, 2021). The ROS causes oxidation of proteins, carbohydrates, lipids,chlorophyll and nucleic
acids, and this results in cell death (Sachdev et al., 2021).

Causes of Saline Soils:

Salinity occurs due to problems like wrong usage of agricultural lands, lack of rain, excess
evaporation, lack of drainage. Today, irrigation is being made in 17% of arid and semi-arid lands in the world and
due to wrong treatments approximately 20% of these irrigated lands are being unproductive, plant presence is under
negative cycle with it (KELES et al., 2023). Soil salinity puts plants under stress with complicating ground-water
flow from roots due to high concentrations of salts and causing toxicity to plants (Munns and Tester, 2008).
Salinity is divided to primary and secondary salinity, primary salinity occurs by natural factors like oceans,
corrosion of rocks while human induced secondary salinity occurs by excessive irrigation in agricultural lands,
deterioration of agricultural land structure (Munns and Tester, 2008). This situation shows its effect more day by
day. Being estimated that 50% of cultivated agricultural lands will be under salt stress by 2050 (Kumar and
Sharma, 2020). NaCl and Na,So, salts are the main reasons affecting the salinity of agricultural lands (Maryum et
al., 2022). Some factors should be considered in causing salinity such as drainage and management of irrigation
resource, cultural practices and agricultural land development works are important too. The most important factor
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affecting salinity is lack of drainage. It causes millions of fertile agricultural lands to be destroyed (Valipour et al.
2020).
Effect of salinity on plants:

Salinity stress leads to a series of morphological, physiological, biochemical and molecular changes that
adversely affect various physiological, biochemical and metabolic processes that are associated with plant growth
and productivity (Kumar et al., 2023). increasing the soil osmotic potential (osmotic stress), ionic toxicity (ionic
stress), ROS, nutritional and hormonal imbalances for plants are common implications of salinity stress
experienced by plants. (Kumar et al., 2019; Munns, 2005; Yang and Guo, 2018). These negative impacts
significantly decrease plant yield under salinity stress conditions (Parihar et al., 2015).

It is now clear that the responses of plants to CO, assimilation, osmotic regulation, ion compartmentation
and/or exclusion, toxic ion uptake, chlorophyll content, chlorophyll fluorescence, ROS generation, photosynthetic
electron transport and antioxidant defenses (Munns and Tester, 2008; Tang et al., 2015) under salt stress are quite
complex and depend on manifold factors such as type and concentration of a solute, genetic potential, growth stage
of the plant, type and severity of the stress (Arif et al., 2020). Depending to type and dose of salt, plant cells have
also different mechanisms for protecting themselves from adverse effects of salinity stress. Plants developed their
defense against salinity stress at various levels by modulating molecular, biochemical and physiological
pathways. Some of these mechanisms include ion hemostasis, regulation of enzymatic and non-enzymatic
antioxidants, compatible solute accumulation and osmotic protection, hormonal regulation, change in expression of
stress resistance genes, and regulation of nitric oxide production (Hanin et al., 2016; Van Zelm et al,
2020).

Negative Impacts of Salinity on Crop Physiology:

Salinity exerts its detrimental effect on plants by two mechanisms: osmotic stress and ion toxicity. The
first effect is short term and occurs due to the uptake of Na* and CI~ which reduce osmotic potential between root
and soil solution and infiltrate water availability (Lu et al., 2023). Secondly, high concentrations of Na®*, CI”, or
(SO,) ~* induce ion toxicity that affect nutrient uptake (Khadiga Alharbi et al., 2022). (NaCl) toxicity is directly
related to electrical conductivity (EC), which is an indicator of plant tolerance to salt stress (Rodriguez Coca,
2023). Crop tolerance decreases beyond 2 dSm ™, while some plants grow well even at 8 dSm™. Beyond this limit,
growth and vyield are negatively impacted. The adverse effects of salinity on crop morphology, physiology,
biochemical and yield are listed in Figure 1. Seeds sown in saline conditions are poorly germinated (Mbarki et al.,
2020). Salinity decreases the endogenous level of phytohormones and inhibits seedling establishment (Liu et al.,
2022). If seeded in the first phase of salinity, shoot growth will be affected in later stages (Izadi et al., 2022). Even
if seedlings are vigorous and maintain normal growth in the second phase of salinity, yield will be affected at the
end.

Salinity causes various physiological impairments in plants; due to less stomatal conductivity, Carbon-
fixation capacity becomes limited, disturbing the catalytic activities of enzymes that fix Carbon and destroy
photosynthetic pigments (Omoto et al., 2012). A significant decrease in shoot and root biomass has been recorded
in plants grown in saline (Elgharably and Benes, 2021). El-Sayed et al. (2020) showed that salinity (10 mM
NaCl) reduced the yield of Triticum aestivum up to 65. Iron (Fe) is an important metal activator (co-factor) of
different antioxidant enzymes (Bhattacharya, 2022), which helps in regulating life sustaining processes in plants,
i.e., photosynthesis and chloroplast biosynthesis. Ullah et al. (2021) reported that saline sodic soil is deficient in
(Fe). Plants grown in such soil showed interveinal chlorosis and a declined yield. Chloride ion (CI) is a
predominant ion in saline environments and the uptake of N is indirectly correlated to it. Salinity-induced increased
Cl" uptake is often associated with decreased uptake of nitrate by crops (Ashraf et al., 2018).
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Figure 1. Effects of salt stress on crop morphology, biochemical, physiological, and yield productivity.

The effect of salinity on the plant cells:

As a toxic byproduct of aerobic metabolism, ROS are primarily found in the chloroplast, mitochondria,
and peroxisome. Their enhanced production causes lipid peroxidation that affects photosynthesis and membrane
permeability, damages nucleic acids, inhibits enzymes, and activates programmed cell death (L6pez-Gonzélez et
al., 2023), Figure 2. Brassica napus and Triticum aestivum grown in saline conditions experienced poor
growth and yield due to elevated levels of saline water (Courbet et al., 2021). ]
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Figure 2. The effect of ROS on plant cells
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Nanotechnology:

Since the nineteenth century scientists have been well aware of the ability of biological entities to reduce
metal precursors but the mechanisms are still unexplored. The progress of efficient green synthesis utilizing natural
reducing, capping and stabilizing agents without the use of toxic, expensive chemicals and high energy
consumption have attracted researchers towards biological methods (Mukherjee et al., 2001; Dhillon et al., 2012).
Nanotechnology is advancing day by day and opening new vista of the synthesis, characterization and applications
of (NPs). Thus, nanotechnology has tremendously increased the exogenous application of NPs on plant to
overcome environmental stresses like salt stress (Rossi et al., 2016; Rajput et al., 2018). They possess remarkable
and interesting properties owing their small sizes, large surface area with free dangling bonds and higher reactivity
over their bulk cousins (Kubik and Sugisaka 2002; Daniel and Astruc 2004; Zharov et al. 2005). All these
special characteristics make NPs to specifically interact with plants and modulate plant morpho-physiological
parameters (Das and Das, 2019). High surface to volume ratio, physico-chemical properties, their utilization in
various industries and environmental remediation are increasing gradually (Rajput et al., 2018). Accumulation of
treated salt induces the osmotic stress in plants (Abdel Latef et al., 2017) and the application of NPs further help to
adjust the salt induced osmotic stress. (NPs) having one of the dimension in the range of 1-100 nm act as a bridge
between bulk materials and atomic or molecular structures (Kaushik et al., 2010). Exogenous application of NPs
enhanced the plant growth, development, biochemistry and nutrient uptake under normal and stressed conditions
(Kalteh et al., 2018; Faizan et al., 2020). They also positively regulate plant’s crucial processes like germination,
photosynthesis, stomatal conductance, transpiration and lipid metabolism both under stressed or non-stressed
condition (Hashemi, 2019; Faizan et al., 2020).

Green synthesis of NPs:

Numerous approaches have been used to synthesize (NPs) and toxic chemicals that are used in physical
and chemical methods may reside in the (NPs) formed which may prove hazardous to the environment and
organisms in the field of their application (Dhandapani et al., 2014). It is an efficient technique which includes
synthesis through plants, bacteria, fungi, algae, actinomycetes etc. Green approach is an ecofriendly, cost-effective,
biocompatible and safe (Zahir et al., 2014). NPs synthesized from this approach produce more catalytic activity
and limit the use of expensive and toxic chemicals (Kumar et al., 2017). In recent years, the synthesis of NPs using
green approach has been increased. Rapid industrialization, urbanization and population explosion are resulting in
deterioration of earth atmosphere and a huge amount of hazardous and unwanted substances are being released. It is
now high time to learn about the secrets that are present in nature and its natural products which lead to
advancements in the synthesis processes of NPs. Furthermore, NPs are widely applied to human contact areas and
there is a growing need to develop processes for synthesis that do not use harsh toxic chemicals. Therefore,
green/biological synthesis of NPs -as shown in Figure 3- is a possible alternative to chemical and physical
methods.
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Figure 3: showing the process of green synthesis of NPs.
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Applications of NPs and their uptake by plant:

The biological function of NPs depends on their physicochemical properties, concentration, and the application
method (Ali et al., 2021). Some studies showed the positive effects of various NPs on plants under salinity stress
(Table 1). NPs are used in different methods such as priming, irrigation, hydroponic substrate, foliar application,
and direct injection (Abou-Zeid et al., 2020; An et al., 2020). When exposed to plants, NPs enter plant tissue
through root junction and wound regions, penetrate in to the cell wall and cell membrane of root epidermis (e.g., by
various mechanisms such as endocytosis, carrier proteins, plasmodesmata, or pore formation) accompanied by a
complex series of events to enter plant vascular bundle (xylem) (e.g., through one of the two paths of symplast or
apoplast) (P’erez-de-Luque, 2017), accumulate in cellular or subcellular organelles, and move to the stele
symplastically, to be translocated to leaves (P erez-de-Luque, 2017; Tripathi et al., 2017a) (Figure 4). NPs are
also capable of penetrating through the cuticles, stomata, hydathodes, and trichrome of leaf and into the cell
cytoplasm (Sharif et al., 2013). In the cytoplasm, the NPs may bind with different cytoplasmic organelles and
interfere with the metabolic processes at that site (Zhang and Monteiro-Riviere, 2009).
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The direct absorption of NPs in seeds can also occur by entering the coat via parenchymatic intercellular
spaces, accompanied by diffusion in the cotyledon (Tripathi et al., 2017b). In general, the mechanisms by which
NPs accumulate in plants through their cell walls are still not well understood (Ali et al., 2021). According to these
reports, the uptake, translocation, and accumulation of NPs depend on the species of plant (the plant cells’
physiology and structure), the size, type, chemical composition, functionalization, and stability of the NPs, and the
NPs interactions with soil (environmental conditions), root exudates (mucilage and metabolites), and root-
associated microorganisms. Ali et al. (2021) reported that the accumulation rate of NPs by the root of plants may be
impacted by environmental conditions and the properties of NPs In a previous study, the application of silver
sulfide (Ag,S) NPs in combination with potassium chloride and ammonium thiosulfate significantly enhanced the
concentration of Ag-NPs in the shoot and roots of lettuce (Lactuca sativa L.) (Doolette et al., 2015).

In another study, soil organic matter decreased cerium dioxide (CeO,) NPs through roots in maize (Zea mays
L.) (Zhao et al., 2012). It has been also known that when NPs are used in soil or as foliar sprays, root and leaf-
associated microorganisms can affect the mobility of NPs (Feng et al., 2023). In a study, mycorrhizae could reduce
the uptake of Ag-NPs into the roots of the Trifolium repens plant (Feng et al., 2013). But this was completely
different in various plant species. For example, the uptake of phosphorus and selenium NPs increased in the
presence of microorganisms (Perfileva et al., 2021), while the uptake of iron and silver NPs was decreased in
legumes in the presence of microorganisms (Feng et al., 2013; Guo and Chi, 2014). Mucilage is the first barrier to
the entry of toxic particles and are also effective in improving the absorption of beneficial elements as well as the
growth of soil microorganisms (e.g., an effect on microorganism symbiosis) (Driouich et al., 2013; Mckenzie et
al., 2013). The mucilage can also acidify the environment of the rhizosphere (Schaller et al., 2013) and as a result
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promote dissolution of some insoluble NPs (Schwab et al., 2016), which in turn affect the uptake of the NPs by
plants. The application methods, size, concentration, and climate are also the essential factors that determined the
effective adsorption of NPs after foliar application (Lv et al., 2022). Leaf morphology and its chemical
composition, the presence of trichrome, and existence of leaf exudates and waxes are essential factors that affect the
trapping of NPs on the surface of the leaf (Larue et al., 2014). For example, it has been reported that the presence
of chemicals such as pesticides in foliar application affects the absorption of NPs in tomato plants (Bueno et al.,
2022). Most studies also report that the size of the cell wall’s pore is the key constraint on the entrance of NPs into
the plant cell. The small NPs are reported to penetrate plant roots along with osmotic pressure, capillary forces, or
passing directly through the root epidermal cells (Ali et al., 2021; Du et al., 2011; Lin and Xing, 2008). However,
the epidermal cells of the root cell wall are semipermeable containing small pores and restrict the large NPs. In
addition, the cuticle also acts as a primary leaf barrier, restricting the entry of NPs to a size of <5 nm (Ali et al.,
2021).

The basic structure of nanomaterials is complementary to the evaluation of their effect on the uptake,
translocation, and accumulation of NPs in plants (Raliya et al., 2016). The above facts demonstrate the need to
standardize laboratory experiments to assess NPs in plant tissues at various levels to determine the exact effect of
NPs supported by their physical-chemical properties (Zhang et al., 2012). Therefore, a detailed study on the nature
of the NPs is needed to understand and elucidate the absorption, translocation, and accumulation processes. To
determine their movement and localization to various structures and cell organelles within the plant, monitoring and
tracking NPs of high purity and stability are also important (Ali et al., 2021).

Table 1: A list of the studies showing the types and effects of various NPs on plants under salinity stress.

No Species Figure NPs and plants End points Reference/s
1.
Carbon nanotubes on tomg Enhance germination a
seeds (Solanum lycopersicum) growth rates. (Maetal., 2010)
2.
Aluminum oxide on tobac| Negative ~effect on {
L growth and development (Burklew et al., 2012)
(Nicotiana tabacum) ] ;
tobacco seedlings elongation.
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ryegrass (Lolium multiflorum
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Significant  increase
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suspension and severe reducti
on soaking and incubation
copper nanoparticles.

(Farooqui et al.,2016)

\
9mmoZs0  S00CaCO, 250mamoCaCO, 00manoCaCO; 730

ZnO NPs on
Eustoma grandiflorum

Decreased the Peroxidg
(POD) activity and increased t
activity of both Super oxi
dismutase (SOD) and Catala
(CAT) enzymes.

(Youssef et al.,2020)

Carbon NPs on
Trigonella foenumgraecum

Increased the trigonelli
content.

(Noohpisheh et al., 20

Effects of NPs on plants under salt stress:

In recent years, much attention has been directed toward the use of NPs, as one of the most promising
methods, to improve growth and plant performance under salinity stress (Ahmad and Akhtar, 2019). NPs enter the
plant system by several routes, mainly through roots and leaves Figure 3. NPs interact with plants at cellular and
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subcellular levels after entry, promoting changes in morphological, biochemical and physiological, and molecular
states (Khan et al., 2019b). These interactions may be positive or negative, depending on the nature of the NPs and
the plant species. The chemical nature, reactivity, size, and specifically concentration of NPs in or on the plant
could determine NPs’ effects on plant systems (Paramo et al., 2020; Zulfigar and Ashraf, 2021). Available
evidence has shown that different NPs can promote salinity-stressed plant growth and development (Ali et al.,
2021; Zulfigar and Ashraf, 2021) at concentrations below certain limits by various known mechanisms Figure 3.
These studies were mostly performed under artificial treatment conditions such as plate growth medium and
hydrophobic or pot conditions. To understand the impact of NPs on plant growth, we discuss the positive effects of
NPs to improve plant salinity stress tolerance.

e Effect of NPs on physiological aspect of plants:
1. Improvement of photosynthesis

One of the most important processes affected by salinity stress, depending on the type of plant, salt dose and
other conditions, is photosynthesis (Hnilickova et al., 2021). Several studies report that the foliar application of
NPs dramatically improves the content of chlorophyll in plants, enabling plants to synthesize more complexes for
light harvesting to absorb more light energy and improve photosynthesis (Ali et al., 2021; Zulfigar and Ashraf,
2021). According to various studies that have examined the effect of NPs on salinity-stressed plants, most of the
available NPs were able to increase photosynthesis by increasing the content of photosynthetic pigments (Singh et
al., 2021; Zulfigar and Ashraf, 2021). Xuming et al. (2008), by genetic analysis of the smaller RuBisCO subunit,
found that foliar application of TiO,-NPs significantly increased the amount of this enzyme and plant
photosynthesis. Ullah et al. (2020) have recently evaluated the effect of TiO,-NPs on wheat growth under salinity
stress. Their results showed that the application of the NPs improved wheat growth under saline stress which was
ascribed to the property of absorbing light by the NPs and helping photosynthesis and better absorption of water by
wheat plant. Based on three separate studies conducted on the effect of TiO,-NPs on spinach plant, Hong et al.
(2005) reported the ability of TiO, NPs to protect chloroplasts against aging due to their photocatalytic properties. It
is known that the addition of silicon reduces the permeability of the plasma membrane of leaf cells and significantly
improves the upper structure of chloroplasts, which greatly reduces the damage caused by stress with the
disappearance of the bilayer membrane and the collapse of the grana (Etesami et al., 2020; Zhu et al., 2004).

The rate of photosynthesis was significantly increased by SiO, NP treatments due to increased activity of
carbonic anhydrase and photosynthetic pigment synthesis (Siddiqui and Al-Whaibi, 2014). Avestan et al. (2019)
have shown that nano-silicon dioxide application to strawberry plants maintained epicuticular wax structure and
improved photosynthetic pigments but resulted in lower accumulation of osmolytes than that of salinity-treated
plants. In tomato, the supplementation of Si-NPs under saline stress maintained the concentrations of chlorophylls
and glutathione reductase, and enhanced phenylalanine ammonia lyase activity, and the levels of fruit vitamin C
compared with those in the non-treated plants grown under salt stress (Pinedo-Guerrero et al., 2020). While
examining the effect of carbon nanotubes in a potential vegetable crop broccoli, the supplementation of multi-
walled carbon nanotubes under saline regimes, resulted in improved rate of photosynthesis and water uptake
(Martinez-Ballesta et al., 2016). Recently, Gohari et al. (2020a) have observed that the low levels of multi-walled
carbon nanotubes had salt ameliorating effect on Ocimum basilicum plants via increasing photosynthetic pigments.
Baz et al. (2020) tested carbon NPs on lettuce varieties under salt stress. They found that pretreatment with carbon
NPs improved seed germination under salinity stress (150 mM) and high temperature.

2. Maintenance of plant water balance

In plants under salt stress, the amount and absorption of water by the plant decreases. High concentrations of
salt in soil solution result in increased osmotic stress, which limits water absorption by the plant and in turn affects
leaf water content, stomatal conductance, leaf growth (acceleration of leaf senescence and leaf death) and
photosynthesis (decrease in chlorophyll concentrations) and ultimately results in a reduction in plant growth
(Munns and Tester, 2008). There are reports that show that NPs can improve water status and water use efficiency
in many plant species (Mahmoud et al., 2020b; Zulfigar and Ashraf, 2021), alleviating salt-induced osmotic
stress. Furthermore, several studies have reported that plants treated with NPs maintain a higher stomatal
conductance and transpiration rate, stomatal conductance, leaf water content, and root and whole-plant hydraulic
conductance (Zulfigar and Ashraf, 2021). Aquaporins are channel proteins belonging to the major intrinsic
protein superfamily that play an important role in plant water relations. The main role of aquaporins in plants is
transport of water and other small neutral molecules across cellular biological membranes (Kapilan et al., 2018). It
has been reported that NPs can increase root hydraulic conductance through increased expression of plasma-
membrane intrinsic protein aquaporins, which may in part contribute to the increase in water uptake and reduce
oxidative stress and membrane damage (Ali et al., 2021; Zulfigar and Ashraf, 2021). For example, NPs
treatments improve seed absorption and water retention (Ali et al., 2021); it may be attributed to increasing seed
germination (Khodakovskaya et al., 2009). The tomato seeds were inoculated to media with carbon nanotubes;
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after 2-day incubations, the seeds’ moisture content was treated with the NPs containing 19% more than untreated
seeds. These findings suggested that the NPs promote the uptake and retention of water.

o Effect of NPs on biochemical aspects of plants:
1- Modulation of antioxidant defense systems in plant:

It is well known that ROS production is one of the responses of plants to abiotic stresses including
salinity stress and plant developed antioxidant enzymes to deal with the excessive ROS in salinity stressed-plant
cells (You and Chan, 2015). The effect of NPs on increasing the content of antioxidant enzymes has been proven
in many studies (Abdoli et al., 2020; Gonz™ alez-Garcia et al., 2021). The researchers stated that some NPs have
the properties of certain antioxidant enzymes and thus help the plant to overcome the oxidative conditions created.
For example, the NPs of cobalt, iron and cesium act similarly to the enzyme catalase (CAT) and the cesium,
manganese, copper and iron NPs also act similarly to the enzymes peroxidase (POD) (Rico et al., 2015). Khan et
al. (2020) investigated the effect of seed priming with this Ag-NPs (10, 20, and 30 mM) on pearl millet
(Pennisetum glaucum L.) under salinity stress (0, 120, and 150 mM NaCl). Their results showed a significant
increase in growth traits in this plant in the presence of this NPs, which was due to an increase in antioxidant
enzymes such as SOD, CAT, and glutathione peroxidase (GPX) and a decrease in the ratio of sodium to potassium.
In a study that the effect of TiO, NPs on Dracocephalum moldavica at concentrations of 0, 50, 100 and 200 mg L™ *
under salinity stress (0, 50 and 100 mM NaCl) was investigated, TiO,-NPs caused an increase in antioxidant
content and a decrease in H,O,, especially at a concentration of 100 mg L™ * (Gohari et al., 2020a). In addition,
cerium-NPs were able to improve the activity of antioxidant enzymes in cotton plants to remove ROS inside the
cell. The NPs also increased plant growth under salinity stress (Liu et al., 2021).

Recently, Gohari et al. (2020a) and Gohari et al. (2020b) have observed that low levels of multi-walled
carbon nanotubes had salt ameliorating effect on Ocimum basilicum plants via increasing photosynthetic pigments
and inducing both enzymatic (i.e. APX, CAT and GP) and non-enzymatic components (i.e. phenolic content) of the
antioxidant defense system. Moradbeygi et al. (2020) investigated the effect of iron-NPs under salinity stress
conditions on (Dracocephalum moldavica L). According to the results of this experiment, the NPs were able to
improve the conditions for the plant growth under salinity by increasing the content of phenolic and flavonoid
compounds, especially in the roots, and reducing the content of antioxidant enzyme activity. The authors believe
that the non-enzymatic system is more important than the enzymatic system to neutralize the destructive effect of
stress in this plant. Hence, when the non-enzymatic defense system is weakened, the enzymatic defense system is
activated to help eliminate free radicals and their destructive effects on the plant. The above facts demonstrate that
various NPs can alleviate the oxidative damage in plants by modulating antioxidant defense systems (both
enzymatic constituents and non-enzymatic constituents).

¢ Regulation the biosynthesis of phytohormones in plant:

In a study, the application of Ag-NPs on wheat plant under stressful conditions increased the content of indole-
3-butyric acid (IBA), 1-naphthalene acetic acid (NAA), and 6-benzylaminopurine (BAP) and decreased the content
of ABA. These changes are likely to be one of the key mechanisms of Ag-NPs in improving the plant growth under
stress (Abou-Zeid and Ismail, 2018). Also, improved root biomass and the maintenance of the proper osmotic
state of the cells in salinity-stressed strawberry plant were attributed to selenium NPs-mediated increase in indole-
3-acetic acid (IAA) and ABA levels in this plant (Zahedi et al., 2019). In wheat, Ag-NPs were reported to
influence germination and grain yield under salt stress by modulating photosynthetic efficiency and plant hormones
as the levels of 6-benzylaminopurine, 1-naphthalene acetic acid, and indole-3-butyric acid increased, whereas those
of ABA decreased (Abou-Zeid and Ismail, 2018). In general, the research related to NPs’s repercussions on
growth hormones under salinity stress conditions is limited. Study of how to adjust the levels and initial adaptive
responses of phytohormones by NPs can be an interesting research field in the future.

e Regulation the biosynthesis of compatible solutes:

Under salinity conditions, compatible solutes or osmolytes increase in plants. The compatible solutes may
alleviate the limiting effect of increasing the high ion concentrations (Na* and CI") on the activity of enzymes by
stabilizing proteins and their complexes, as well as membranes under salinity stress (Etesami and Jeong, 2018).
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There are some reports that NPs application can also increase plant tolerance to salinity stress by modifying the
levels of the compatible solutes (Zulfigar and Ashraf, 2021). There are many reports that NPs application can also
increase plant tolerance to salinity stress by modifying the levels of solutes such amino acids (e.g., proline) and
total soluble sugars (Abdoli et al., 2020; Alabdallah and Alzahrani, 2020), which minimize the osmotic shock
created by NaCl stress due to ion toxicity (Na* and CI). For example, Farouk and Al-Amri (2019) reported that
Zn-NPs application to salinity-stressed canola (Brassica napus L.) plants alleviated the salt-induced harmful effects
via osmolyte biosynthesis and ionic regulation. In another study, Mohamed et al. (2017) demonstrated that seed
pre-sowing treatment with Ag-NPs improved the growth, proline, and soluble sugars of salt-stressed wheat
seedlings. Wan et al. (2020) have recently evaluated the effect of carbon nanohorns on Sophora alopecuroides
seedlings under salinity stress. Their results showed that the foliar spray of the NPs promoted the root fresh weight,
leaf soluble sugar content, and leaf and root total protein contents. Abdel Latef et al. (2017) have recently
evaluated the effect of different concentrations (0-01%, 0-02% and 0-03%) of TiO, NPs on bean plants under
salinity stress. Their results showed that the lowest concentration (0.01%) improved the plant tolerance to salinity,
which was ascribed to improvement in amino acids, soluble sugars, and proline in this plant.

Conclusions and future prospective:

Production of NPs using extracts from natural substances is emerging as an important nanotechnology.
The use of natural resources for production of NPs is sustainable, eco-friendly, inexpensive and free of chemical
contaminants for biological and medical applications where purity of NPs is of major concern. Useful and common
nanomaterials can be produced easily on large scale. The biological methods do not need harsh or toxic chemicals.
The waste products of plant extracts are non-toxic and easier to dispose off. Furthermore, NPs synthesized via
green route are more stable and effective in comparison with those produced by physico—chemical methods.
Greener synthetic efforts reported earlier are dedicated to Ag and Au NPs, which may be due to their importance in
disinfection science. This report is devoted to several other metals and its oxides NPs viz. Fe, Pd, Ru, PbS, CdS,
Cu0, Ce0,, TiO,, and ZnO NPs synthesized by biological methods which have imperative roles in human welfare.
A considerable number of efforts have been taken in order to obtain secondary metabolites from the extract of
natural products which may act as reducing, stabilizing and capping agents in the synthesis process of
nanomaterials. Capping and stabilizing agents present in biological entities act as growth terminators and inhibits
agglomeration processes and thus enhances the stability and persistence of NPs. The nature of biological entities in
different concentrations with combination of organic reducing agents influences the size and shape of NPs. The
most of these investigations have been carried out in research laboratories in small scale but researchers are
engaged to explore the potential and application of NPs at large scale in agricultural field, environment, health
science and many more to fulfill the future demands of growing population of world and to provide best service for
human welfare.
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