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ABSTRACT

Compared with conventional fertilizers, nano fertilizer has many advantages such as controlled release, controlled
or slow release of nutrients, high efficiency of nutrition use, cheap, and little polluting of the environment. The use
of fertilizers with nanotechnology is a new field in agriculture, and it is a promising and cost-effective substitute
for conventional fertilizers to improve the productivity of the world’s food supply. Photosynthesis is an essential
biochemical reaction on Earth. Improving photosynthesis, the basic process for light’s transformation into che-
mical energy is one of the most important areas of research for improving agricultural output and tackling world
food security. Nano fertilizers can promote plant photosynthesis, improve crop photosynthetic efficiency, increase
plant biomass, improve plant stress resistance, improve nutrient uptake efficiency, and encourage plant growth
and development due to their tunable surface properties, special electronic, magnetic, and optical properties,
and other characteristics. It can be seen that nano fertilizers and improving photosynthetic efficiency in plants
are a hot topic of concern. Therefore, an overview of the effects of nano fertilizers on plant photosynthesis is given
in this paper. These effects include the ability to increase biomass, pigment and gas openness, photosynthetic effi-
ciency, and plant resistance to stress. On the other hand, improper use of nano fertilizers can have the opposite
effect, inhibiting plant photosynthesis.
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1 Introduction

An essential biological process for all life on Earth, photosynthesis is the way that plants transform
light energy into chemical energy and form the base of the food chain [1]. The chloroplasts located in
the cytoplasm of the leaf pulp cells are the primary site of photosynthesis. The light reaction and the
dark reaction are the two main phases of the photosynthetic process [2]. Primary reaction, electron
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transport, and photophosphorylation are all included in the light reaction stage; the carbon assimilation
process is what is referred to as the dark reaction stage. The entire process of photosynthetic reactions
begins with the light reaction. The protein complex and the chlorophyll molecules implanted in the cyst-
like body’s membrane are essential to the process of light capture, which is the initial step of the light
reaction. The second stage of the light response is electron transport, which occurs throughout the plant
body in a variety of ways. Electron transfer is the second stage of the light reaction. To fuel the ensuing
dark reaction, plants manufacture adenosine triphosphate (ATP) and nicotinamide adenine dinucleotide
phosphate (NADPH) through the light reaction. In essence, carbon assimilation—the dark reaction stage
of photosynthesis—fixes and transforms inorganic carbon into organic carbon. Many mechanisms are
used by autotrophs to fix carbon, although most of them involve the Calvin cycle [3]. Most organisms
get the materials and energy they need to maintain their normal growth from plant photosynthesis,
which is regulated by several factors such as light, CO2 concentration, temperature, water, and so forth.
Numerous artificial and semi-artificial solutions have been shown to boost photosynthetic efficiency in
direct or indirect ways, which is necessary to effectively improve photosynthesis and raise agricultural
yields. Because photosynthesis is the main source of organic matter and oxygen, it is crucial for
preserving ecological balance and sustaining human civilization [4]. It is imperative to increase
agricultural output to fulfill the demands of a growing global population while simultaneously
addressing concerns about environmental sustainability, as the world’s population is expected to reach
9.7 billion by 2050 [5].

Traditional/conventional fertilizers have been widely used to boost crop yield [6], but they often come
with drawbacks such as excessive nutrient runoff, soil degradation, and negative impact on beneficial
organisms [7]. These issues have led researchers to explore alternative approaches to fertilization, with
nanofertilizers (NMs) emerging as a promising innovation in modern agriculture [8]. Nanofertilizers are
designed to deliver nutrients at the molecular level, potentially offering improved efficiency, reduced
waste, and better environment compatibility than conventional fertilizers [9]. Using the special qualities
of nanoparticles—their small size, wide surface area, and capacity to focus on particular biological
processes—nanofertilizers provide a fresh means of promoting photosynthesis and plant growth [10].
Nano-fertilizers significantly improve the efficiency of nutrient utilization, high crop yields, increase plant
quality and, as a result, make plants more resilient to environmental pressures and a friendly plant-
growing environment [11]. Nano-fertilizers’ slow-release method can greatly increase nutrient uptake,
drastically lower nutrient seepage into groundwater, and safeguard the environment when compared to
conventional fertilizers [7]. Kottegoda et al. infiltrated urea molecules under pressure into hydroxyapatite
NMS, which has good biocompatibility, to achieve rapid release of nitrogen nutrients in the early stages
and slow release in the later stages [12]. Field trials showed that this material reduced on-farm urea use
by 50% and increased rice yields by 0.6 tons per hectare [12]. Nano-fertilizers effectively improve plant
nitrogen use efficiency through controlled release patterns, resulting in significant increases in plant yield
[9] (Fig. 1).

However, the effects of nano fertilizers on plant physiology, particularly their impact on photosynthetic
efficiency, need to be understood [13]. While some studies suggest potential benefits, others raise concerns
about unintended consequences [14]. Understanding the mechanism of action of nano fertilizers and their
long-term effects on plant performance and ecosystem health is crucial to maximizing their potential in
agriculture [15]. This review aims to synthesize the current knowledge on the effect of nano fertilizer on
photosynthetic efficiency in plants, examining both the potential benefits and limitations of this emerging
technology. By exploring the scientific literature, in this review, we seek to contribute to going debate
about the future of fertilization in agriculture and suggest nanotechnology for sustainable crop production
in the face of global challenges.
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2 Plant Photosynthesis

Photosynthesis is an essential biochemical reaction on Earth [16]. The foundation of crop biomass
buildup and yield creation is photosynthesis [17]. Chloroplasts, which function as micro-green energy
producers through the process of photosynthesis, convert solar energy into commercially useful biomass
products including minerals, sugars, and carbohydrates [18]. Enhancing photosynthesis is a crucial field
of study for raising sustainable agricultural productivity and solving issues with global food security [19].
By photosynthesis, plants change carbon dioxide and water into carbohydrates and oxygen [20]. The
antennas of the chloroplasts’ photosystems PSI and PSII—special membrane systems—capture light
energy during the first light phase and transfer it to the reaction centers where photochemical processes
take place. In this process, electrons are transferred from water to NADP+ by linear electron transfer,
which also results in the synthesis of significant NADPH and ATP as well as cyclic and pseudocyclic
electron transfer. The Calvin-Benson-Basel cycle (CBB) in the chloroplast stroma, which is the main
element of the entire carbon metabolism, is the second stage of C3 species’ oxygen-expelling
photosynthesis. It works by using the energy of ATP and NADPH reduction ability created by the light
reaction [21] (Fig. 2).

Improving photosynthesis is crucial for our nation’s food security since it can reduce the strain on arable
land and raise demand for agricultural products [21]. Increasing photosynthesis is a good technique to
increase crop yields. Several studies have demonstrated that using nano fertilizer improves plants’ ability
to absorb solar energy, encourages the synthesis of chlorophyll, ferritin (Fd), ribulose bisphosphate
carboxylase (Rubisco), promotes the exchange of gases in the leaves, and improves the efficiency of
photosynthesis in plants, which, in turn, significantly improves the photosynthesis of plants [6]. For
example, Wang et al. applied foliar sprays to Brassica napus using biomass-derived carbon points and
showed that they may encourage the synthesis of chlorophyll, Fd, and Rubisco synthesis, further boosting

Figure 1: The nano-fertilizer is superior to the traditional fertilizer in plant photosynthesis
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the genes’ expression to raise the net photosynthetic rate, dry biomass, and fresh biomass [16]. Xing et al.
found that manganese ferrite nanomaterials (MnFe2O4 NMs) treated tomato plants had a 20% increase in
leaf chlorophyll content and significantly increased the expression of transmitter toxins, PsaA and PsbA
in the leaves, increasing photosynthetic efficiency by a noteworthy 13.3% [22]. A research area with
great potential for enhancing photosynthesis, which is necessary to address concerns about global food
security and increase agricultural output in a sustainable manner [13].

3 Relationship between Nano-Fertilizers and Plant Photosynthesis 1

Conventional fertilizers are not able to maintain a single supply of fertilizer due to their high dosage, low
nutritional concentration, and other shortcomings. Traditional fertilizers cannot compare to the advantages of
nano fertilizer. It reduces loss and waste and achieves directed and quantitative nutrient transportation in
plants by delivering nutrients in the form of nanoparticles. In addition, nano-fertilizers can boost crop
tolerance to stress, boost photosynthesis, stimulate hormones regulate enzymes, and raise crop yields in
comparison to conventional fertilizers. Compared to conventional fertilizers, which have particle sizes
ranging from millimeters to microns, nano fertilizers typically have particle sizes between one and one
hundred nanometers. This makes it possible for nano fertilizers to directly enter plant cell walls and
increase the efficiency of nutrient uptake, which drastically lowers the quantity of fertilizer used and
lessens damage to the environment. Studies have shown that nano nitrogen fertilizers can significantly
improve plant nitrogen uptake efficiency when compared to conventional nitrogen fertilizers. The
effectiveness of nano nitrogen fertilizers, which can supply a plant with more nitrogen in a smaller
amount and increase its biomass, was found to be unaffected by the application method in a comparison
experiment between surface irrigation and drip irrigation [23]. Because of their unique, ultra-fine particle
size and hydrophobic properties, which prevent them from easily being washed or leached by rainfall,
nano-fertilizers can be suspended and distributed in the soil with more effectiveness, hence reducing
nutrient losses. According to Liu et al., when compared to soybeans treated with conventional
phosphorus fertilizers (Ca(H2PO4)2), synthetic apatite nanoparticles were able to increase soybean growth
and seed yield, decrease the loss of phosphorus nutrients, and improve the nutrient quality of crops by
increasing phosphorus uptake and utilization. With the use of nano-fertilizers, soybean biomass rose
above ground and below ground by 18.2% and 41.2%, respectively [24]. Furthermore, the soil readily

Figure 2: Mechanism and effect of nano-fertilizer on photosynthesis
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immobilizes the components in conventional fertilizers when they are applied; but, nanoparticles can
combine with soil particles to create a complex that extends the time that nutrients release into the soil,
resulting in a continual supply of fertilizers. The effectiveness of nutrient uptake is increased by the high
specific surface area of nano-fertilizers, which facilitates wide interaction between the fertilizer and the
soil’s organic matter or plant roots. Additionally, less waste and nutrient loss occur due to the gradual
release of nano fertilizers. By using nano fertilizers, the risk of contaminating soil and water resources is
decreased, as well as nutrient loss and waste. Additionally, because of increased crop growth, fewer
pesticides are used, further safeguarding the natural environment [23].

Nanomaterials have tunable surface properties, and special electronic, magnetic, and optical properties.
There are several potential applications for nanotechnology in agricultural productivity [25]. Photosynthetic
mechanisms in plants can be modified by interventions such as nanomaterial-mediated delivery processes
[26]. On the one hand, by increasing the amount of chlorophyll [27], converting light into energy, and
speeding up the exchange of electrons during photosynthesis, nano-fertilizers can increase the efficiency
of light utilization by plants [28] (Fig. 3). By improving crop tolerance to environmental challenges and
nutrient utilization efficiency, nano-fertilizers can guarantee the correct operation of photosynthesis.
Numerous studies have shown that NMs containing essential trace elements for plants can promote crop
germination, nutrient growth, and yield, and increase a plant’s resistance to external stressors [29]. Rui
et al. used silica nanomaterials (nSiO2) and silicon carbide nanomaterials (nSiC) applied to rice, and
demonstrated that rice treated with nano-fertilizers had higher levels of aboveground peroxidase activity,
more trace elements like magnesium, copper, and zinc, and enhanced photosynthesis compared to rice
treated with regular bulk silica (bSiO2) and sodium silicate (Na2SiO3) [30]. Lu et al. used Mn3O4NPs for
foliar spraying of cucumber seedlings, and the results showed that Mn3O4NPs significantly increased the
quantity of biomass, net photosynthesis, and photosynthetic pigment in leaves, thus promoting the growth
of cucumber. Nano photosynthesis enhancers can increase crop electron transfer rate and plant utilization
of light, thus promoting photosynthesis [31]. When compared to traditional fertilizers, Rui et al.
demonstrated that applying low-dose molybdenum dioxide nanoparticles (MoS2 NPs) to soybeans
increased food yield by 30%. In their studies, Kumar et al. discovered that 150 ppm of Zinc oxide
nanoparticles (ZnO NPs) enhanced the vigor index by 51% and the germination rate of pearl barley by
20% [32]. Prakash et al. unequivocally showed that applying ZnONPs significantly increased rice
seedling development and tolerance to stress brought on by Cr exposure. The alleviation of Cr stress by
ZnONPs was linked to enhanced photosynthetic efficiency, decreased oxidative indicators, positive
regulation of important antioxidant genes, and optimized AsA-GSH cycle functioning [15]. In
comparison to the control group, the application of titanium dioxide nanoparticles (TiO2NPs) to the leaf
surface of brassica napus seedlings resulted in a considerable increase in the plants’ biomass, total
phosphorus, and catalase activity, as reported by Hong et al. TiO2 NPs can boost brassica napus’s
chlorophyll content, which will aid in the plant’s photosynthesis [33]. The mechanism by which TiO2

NPs can promote the growth of rice increases the accumulation of energy during photosynthesis and
reduces energy consumption during metabolism, which in turn promotes the growth of rice, was
discovered by Zhang et al. to be true. Applying different concentrations of TiO2 NPs to rice increased
biomass by 32.8%, 35.7%, 38.9%, and 37.7%, respectively [34]. The aforementioned studies demonstrate
that using nanotechnology to boost crop yields under abiotic stressors and alleviate global food poverty
can be a sustainable and successful strategy [35].

In addition to positive effects, NMs may also have a variety of toxic effects on soybeans due to
differences in species, size, indicated properties, concentration, and mode of application [36]. The
mechanisms of phytotoxic effects of NMs mainly include NMs-induced reactive oxygen species (ROS)
production, physical damage to plants by NMs, phytotoxicity due to chemical transformation of NMs,
and phytotoxicity due to interaction of NMs with biomolecules such as genes, proteins, and metabolites
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in the plant [37]. The mechanism of toxic effects of NMs on plants causes oxidative stress, photodamage, and
metabolic disorders in plant cells, affecting nutrient uptake and inhibiting photosynthesis, ultimately leading
to plant growth inhibition [36]. The agricultural application of NMs is aimed at crop yield and reducing
environmental impacts, while toxic effects limit the safe agricultural use of NMs, therefore minimizing
negative effects is the primary prerequisite for the agricultural application of NMs [38].

An examination of over forty reports from the previous five years is covered in the paper’s next section,
which concluded that nano-fertilizers can promote plant photosynthesis, improve crop photosynthetic
efficiency, increase plant biomass, leaf length and width, and nutrient uptake efficiency. At the same time,
improper use of nano fertilizers can inhibit plant photosynthesis and inhibit plant growth and development.

3.1 NMs’ Beneficial Impact on Plants
Plant growth the amount of chlorophyll in their leaves, and the efficiency of photosynthetic processes can

all be increased by using nano fertilizer [39]. Nutrients required by plants regulate photosynthesis in many
different ways. For example, copper can be involved in the electron transfer of photosynthesis, and zinc
has a role in the synthesis of several proteins as well as plant chlorophyll. Micronutrient nanofertilizers
supply plants with micronutrients like molybdenum, iron, manganese, zinc, copper, and manganese.
Nanoscale forms of nutrients can increase the bioavailability of these important elements [40] (Table 1).
For instance, iron is an essential trace component for crops and is involved in numerous physiological
metabolic processes, including protein synthesis, fixing nitrogen, photosynthesis, and others [41]. Xiong
treated maize seeds using four concentrations of zero-valent iron nanoparticles (nZVI). Through the
stimulation of Rubisco and RCA activities, it was demonstrated that suitable dosages of nZVI considerably
enhanced the photosynthesis potential and photosynthetic carbon accumulation of maize seedlings, hence
promoting the formation and growth of maize plants [42]. The effects of co-exposing rice seedlings to Cd
(100 μM) and 50~200 mg/L of hydroxyapatite nanoparticles (nHA), iron oxide nanoparticles (nFe2O3), or
nZVI were examined by Rui et al. It was demonstrated that all three kinds of nanoparticles greatly

Figure 3: Application of nano-fertilizer
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decreased the aboveground Cd bio-enrichment in rice, encouraged plant development, and raised the height,
aboveground biomass, and root biomass of rice plants to varying degrees [43]. The chapter describes the
application of nano-fertilizers that can improve photosynthetic efficiency, biomass, nutrient uptake
efficiency, chlorophyll, and light in plants where current research is more concerned (Fig. 4).

3.1.1 Improvement of Photosynthetic Efficiency
Photosynthesis is widely recognized as the key to increasing crop yields and satisfying the expanding

global food demand [44]. Plant growth and development, resistance-building, photosynthetic regulation, and
fertilizer consumption efficiency are all areas in which nano-fertilizers can be highly effective. Carbon dots
(CDs) are a significant class of nanomaterials that are usually round particles that have a diameter of fewer
than ten nanometers they are well adapted to be used in the biological field because of their good water
solubility, photoluminescence, ease of regulation, low toxicity, and biocompatibility [45]. Several studies
have demonstrated the CDs’ amazing capacity to promote plant development and development, regulate
plant photosynthesis, and improve plant stress tolerance [46]. Intrinsic mechanism of CDs in regulating
plant photosynthetic efficiency N-CDs can significantly promote photosynthetic efficiency and fruit soluble
solids accumulation in apple trees. Wang et al. found that N-CDs are capable of giving electrons,
transferring electrons generated under light excitation to plastoquinone in the photosynthetic electron
transport chain, and improve photosynthesis by accelerating the redox cycle of plastoquinone, which can
significantly improve the photosynthetic utilization efficiency of apples and promote the great potential in
the quality of fruits [47]. In addition, Liu et al. applied foliar sprays of Mg, and N-CDs to rice plants and
showed that N-CDs enhanced the efficiency of light energy use by preventing the loss of excitation energy
absorbed by photosynthetic system II to thermal energy [48]. The Rubisco enzyme, a crucial component of
the Calvin cycle, was intrinsically stimulated by the carbon sites on N-CDs, which sped up the uptake of
CO2 during photosynthesis. Final growth acceleration of Mg, N-CDs-treated rice plants [48].

Numerous studies have demonstrated that the application of various nanofertilizers, in addition to CDs,
can enhance plants’ photosynthetic efficiency. At low concentrations, TiO2NPs can help plants absorb more
light energy, speed up the electron transfer process in the photoreaction centers, and encourage photolysis of

Figure 4: NMs’ beneficial impact on plants
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water and NADPH reduction. All of these effects can enhance photosynthetic efficiency and encourage the
growth of tomato plants [49]. When compared to traditional Fe sources, it was discovered that FeNPs greatly
improved wheat growth, photosynthetic efficiency, and uptake of critical nutrients in both normal and saline
soils. The study’s findings showed that adding different Fe sources significantly improved wheat plants’
capacity for photosynthetic activity and gas exchange [50]. Numerous investigations have exhibited the
advantageous impacts of nano fertilizers on the growth and photosynthesis of maize. Corn growth,
including plant height, dry matter biomass, root biomass, and nutrient uptake such as nitrogen,
phosphorus, and potassium, can be greatly enhanced with nano fertilizers. Two popular application
techniques are foliar spraying and soil watering, with foliar spraying proving especially successful. These
results give nano-fertilizers a scientific foundation for use in agricultural production, potentially
increasing corn output and quality. In addition to promoting the uptake and use of mineral nutrients,
carbon nanoparticles (CNPs) treatment resulted in a considerable increase in maize plant height,
aboveground dry matter biomass, and root dry matter biomass. It also changed the chemical and
biochemical properties of the soil. Depending on the concentration and particle size of the nano
fertilizers, using CNPs can benefit plants and soil in a number of ways. On the other hand, they can
greatly enhance soil quality and encourage plant development [51]. Multiple ZnONP treatments increased
the accumulation of H2O2 and ABA in the barley root system and reduced root elongation and leaf
growth, as demonstrated by Guo et al. [52]. Although they offer potential for use in agricultural
production, nano fertilizers must be used cautiously to prevent harm to plants. When using nano-
fertilizers on barley, much thought must be given to how they may affect photosynthesis and other
physiological functions. From the foregoing, it is evident that nano fertilizer can enhance plant
photosynthetic efficiency, enhance fertilizer use efficiency, and encourage plant growth and development.

3.1.2 Increasing Plant Biomass
One of the main factors influencing crop output, along with biomass and seed yield, is photosynthetic

efficiency [53]. Plant growth and development are significantly influenced by macro- and micro-elements,
particularly in photosynthesis. Iron is a necessary component of photosynthesis since it is an enzyme
cofactor, and iron deficiency will lead to yellowing and necrosis of plants, while the slow release of Fe
from Fe-containing nanoparticles improves the utilization rate of Fe in plants and makes it easier to be
absorbed by plants [10]. Tombuloglu et al. demonstrated that 20–40 nm Fe-containing NMS
exponentially increased root length and root dry and fresh weight and leaf dry and fresh weight in wheat,
with the highest growth transporter efficiency, the strongest promotion, and the highest plant chlorophyll
content and biomass [54]. Two iron-based (Fe and Fe3O4) nanoparticles were sprayed onto the leaves of
maize plants by Li et al. The findings showed that the iron-based nanomaterials significantly increased
the chlorophyll content, net photosynthetic rate, and leaf biomass of maize plants, which positively
affected the plants’ growth [10]. Rui et al. treated cotton with Fe2O3 NPs and showed that Fe2O3 NPs
promoted root hairs and biomass in conventional cotton [55].

In a similar vein, numerous studies demonstrate that applying additional nano-fertilizers can additionally
stimulate plant growth. Mn is a necessary component for several enzymes involved in photosynthesis to
function. According to Ye et al., MnNPs considerably boosted the Capsicum annuum L. root length and
biomass when compared to Mnso4, the traditional manganese fertilizer, improving the production of the
crop [56]. Thus, it can be concluded that, at certain concentrations, nano-fertilizers improve plant
development and chlorophyll content. However, particular attention must be given to the concentration
and particle size of the fertilizer during application.

3.1.3 Effects on Pigmentation and Gas Exchange
In the plant photosynthetic system, chlorophyll, photosynthetic proteins, and enzymes play crucial roles

in the absorption, conversion, and transport of light energy [48]. By foliar spraying Mg, N-CDs on rice

3204 Phyton, 2024, vol.93, no.12



seedlings, Liu et al. demonstrated how Mg, N-CDs can enhance chlorophyll metabolism by controlling the
expression of genes linked to chlorophyll metabolism, so as to keep its content and activity high in the plant,
and thus promote its role in photosynthesis [48]. Crop photosynthesis can be aided by photocatalysts such as
TiO2NPs. According to Wang et al. ’s application of varying concentrations of TiO2NPs to tomatoes, low
concentrations of TiO2NPs considerably enhanced the content of chlorophyll a and chlorophyll b, hence
promoting photosynthesis in tomato plants [57]. Chlorophyll content (SPDA value) and gas exchange
parameters (Pn, Tr, Ci, Gs) are important indicators of plant photosynthesis in response to NMs in the
environment. Stomatal value is the main site of gas exchange between plants and the outside world, and
gas exchange parameters (Pn, Tr, Ci, Gs) are key factors affecting plant photosynthesis [58]. In Rui’s
study, it was found that 10 mg/kg MoS2NPs increased the Gs and SPAD values of soybeans, and the
increase in Gs could promote the raw material for photosynthesis, CO2, to enter the plant, and the plant
absorbed the light energy through the photosynthetic pigments, and converted the CO2 into carbohydrates
necessary for the plant’s growth, which promoted photosynthesis of soybeans, and thus increased the
plant’s biomass and yield [59]. It was demonstrated that moderate doses of nZVI stimulated the
overexpression of the AHA2 gene and increased plasma membrane (PM) H+ -ATPase activity in
Arabidopsis thaliana [40]. Plant nutrient absorption, cell division, and stomatal regulation are just a few
of the physiological activities that depend on plasma membrane H+ -ATPase, or PM H+ -ATPase. Thus,
increasing stomatal openness and facilitating CO2 uptake through overexpression of PM H+ -ATPase
improves photosynthesis [40]. It is evident that nano-fertilizers can boost the amount of chlorophyll in
crops and encourage the flow of leaf gases; nevertheless, it should be noted that various plants may
require varying concentrations of fertilizer.

3.1.4 Impact on ROS
The Earth’s oxygen-rich atmosphere has dictated the evolution of multicellular life forms, and numerous

creatures rely on oxygen to survive, physiological processes involving oxygen molecules (O2) happen
constantly in cells [60]. These processes result in the production of ROS since O2 changes both with
energy and electrons [61]. In plant cells, the plasmodesmata and different organelles like mitochondria,
chloroplasts, and peroxisomes are the primary locations where ROS are produced [62]. These areas
essentially contain antioxidant systems to buffer the local redox environment. Chloroplasts are the site of
photosynthesis. Under light conditions, photosystems I and II produce ROS, and the main types of ROS
are O2−, H2O2, and

1O2 [62]. For each of these types of ROS, chloroplasts have corresponding systems for
their removal. However, plant injury is primarily caused by the buildup of reactive oxygen species (ROS)
under stress, and excessive ROS can cause plant cell damage or even death [63]. ROS damage plant
organelles inhibit photosynthesis and are the primary source of plant oxidative stress. High levels of ROS
production in chloroplasts impede photosynthesis and reduce crop yields [64]. Nanomaterials protect plants
from oxidative damage by scavenging reactive oxygen species, promoting the uptake and distribution of
stress hormones, boosting antioxidant enzymes in plants, and reducing damage to cell membranes, DNA,
proteins, and other biological components. Numerous studies have demonstrated that because of their
special chemical and physical characteristics, nano fertilizers have enzymatic activities that scavenge ROS
and prevent oxidative damage to proteins, including organelles and nitrogen-fixing enzymes [65]. For
example, cerium oxide nanoparticles (CeO2NPs) have superoxide dismutase (SOD) activity, which can
catalyze the decomposition of oxygen radicals and hydrogen peroxide can catalyze the decomposition of
ROS through the redox reaction between the oxidized state of Ce3+/4+ and the reduced state of Ce [66].
Wu et al. applied CeO2NPs to Arabidopsis thaliana plants and showed that negatively charged CeO2NPs
could effectively enhance plant photosynthesis by trapping and quenching ROS in chloroplasts [67].
MnsO4NPs also have excellent antioxidant-like enzyme functions, the coexistence of reduced and oxidized
Mn2+ in MnsO4NPs, and the switching of II and T valence analogous to a redox reaction endowed MnsO4

NPS with the ability to scavenge ROS [68]. ZnO NPs dramatically reduced the toxicity of chromium (Cr)
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stress on rice seedlings, as demonstrated by Prakash et al. This primarily has to do with how ZnO NPs
influence the functional relationships between antioxidant enzyme activities of ascorbate peroxidase (APX),
glutathione dehydrogenase (ascorbate) (DHAR), reductase (MDHAR), and glutathione reductase (GR).
Thus, the amount of antioxidant enzymes in seedlings exposed to Cr through ZnO NPs treatment was
considerably higher than the amount in vivo in rice plants that were not treated [69]. In the meantime, by
enhancing their physiological and molecular mechanisms, nanofertilizers can improve plant resistance to
salinity and drought stress. Stress hormones have a significant role in how plants respond to salt and
drought, and nanofertilizers can enhance plant tolerance to stress by promoting the uptake and dispersion
of stress hormones. For instance, Sun et al. demonstrated that Fe3O4 nanoparticles can increase the
concentration of stress hormones like abscisic acid (ABA) in plants, hence improving their tolerance to
stress [70].

However, under other conditions, NMsmay also induce ROS accumulation and toxicity to crops, which is
also affected by a variety of factors, including plant species, growing environments, exposure duration, and
concentration [71]. For example, Nair et al. showed that ZnO-NPs-treated seedlings resulted in more
buildup of zinc in the tissue, more formation of ROS, decreased viability of root cells, more MDA in the
leaves, less chlorophyll and carotenoid content, and inhibition of plant growth and development [72]. The
above studies have shown that nano-fertilizers are capable of antioxidant-like enzyme activities that can
scavenge ROS to reduce oxidative damage to proteins such as nitrogen-fixing enzymes as well as
organelles and to improve plant photosynthesis. However, NMs can also produce stress, generate excessive
ROS, and inhibit plant growth. Therefore, considerations like the type of fertilizer used, the growth
environment, and the type of plant should all be taken into account while administering NMs, and the
concentration and duration of exposure.

3.1.5 Improving Plant Stress Resistance
Reduced plant photosynthesis leads to decreased agricultural output and quality. Abiotic stressors,

biocompression, inefficient use of fertilizers and pesticides, and soil degradation all contribute to this.
Herbivore eating and pathogen infestation are two major biological stressors that have an impact on crop
production. Conventional pesticides pose harm to human health and the environment even when they
boost crop yields. Ag, Cu, and Al nanoparticles are examples of nanoparticles with antibacterial and pest-
controlling characteristics. In a field trial, Cromwell discovered that 150 mg/mL of silver-based
nanoparticles decreased nematode populations by 82% and 92% at d 2 and d 4 post-treatment,
respectively [73]. The primary factors reducing agricultural yields globally include abiotic stresses, such
as drought, high temperatures, high salinities, cold, nutrient shortages, chemical toxicity (such as heavy
metals), and oxidative stresses. For example, drought stress causes damage to soybeans by reducing
photosynthesis and inhibiting the synthesis of photosynthetic pigments. Cold stress reduces the rate of
biochemical reactions in soybeans and affects gene expression in the plant, thereby triggering a decline in
plant functions including water and nutrient uptake, cell membrane fluidity, photosynthesis, protein
synthesis, and cellular metabolism [74]. According to Hanif et al., ZnO NPs, proline, and betaine
safeguard photosynthetic machinery and improve membrane stability, nutrient and water uptake, and plant
resistance to drought stress [75]. By balancing plant oxidation levels and controlling phytohormone
levels, the use of nanomaterials in agriculture can preserve normal plant growth even in the face of
drought and high temperatures. Plants that are exposed to abiotic adversity can withstand it thanks to the
ability of nanomaterials to activate and control genes linked to adversity. Heat shock and water channel
proteins become more active as a result. Nanomaterials have targeted transportation and delayed release
compared to organic compounds. These advantages help plants resist heat stress and drought thanks to
nanomaterials [76]. Stress from low temperatures and salt greatly affects photosynthesis. Osmotic stress
from salt and low-temperature stress reduces photosynthesis through stomatal and non-stomatal processes.
Lower CO2 concentration in the leaves is primarily caused by the former, which is primarily caused by a
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decreased stomatal aperture, an uneven stomatal spatial distribution, or a stomatal density. Salt and low
temperature stress are two examples of non-stomatal factors that cause excessive production of ROS in
photosynthetic tissues. In photosynthetic tissues, increased ROS generation is a result of low-temperature
stress and salt. Plant yields drop as a result [77].

Because of their unique physicochemical characteristics, NMs can help reduce stress and promote plant
development [78]. Abiotic stress on plant growth is decreased by the easily absorbed, physiologically active
nano-sized silicon particles (SiO2-NPs) [77]. In the end, it enhanced crop growth and photosynthesis.
According to Naidu et al., low-temperature doubly stressed cotton seedlings may withstand some degree
of growth damage from SiO2-NPs applied at a certain concentration SiO2-NPs [79]. This was observed
under salt-low-temperature doubly stressed conditions. The stomatal state was regulated, PSII’s light
energy utilization efficiency and electron transfer activity were improved, an increase in Rubisco activity
was induced, and the carbon assimilation capacity under low temperature and double salt stress was
increased, all of which contributed to the enhancement of cotton seedling photosynthesis, minimizing
harm to cotton seedling development when exposed to both low temperature and salt stress [77]. One of
the factors contributing to the decline in crop yield is the growing severity of heavy metal pollution in
agricultural soils, both in terms of contamination level and area. Because of their special physicochemical
characteristics, nanofertilizers have been shown to have extraordinary effects on soil remediation, crop
tolerance, and crop uptake of heavy metals. According to Shen et al., calcium hexacyanoferrate
nanoparticles (CahCF NPs) can lessen the uptake of cadmium ions by ion exchange and mimic plants’
detoxifying mechanisms for heavy metals like cadmium, hence reducing the stressors caused by heavy
metals on plant growth [80].

Table 1: The application of NMS to the positive effect of plant

Nanofertilizers Crops Impacts References

TiO2NPs Tomatoes Chlorophyll a and be concentrations significantly increased,
and tomato photosynthesis was encouraged.

[57]

Fe and
Fe3O4NMs

Corn Raised leaf biomass, both the amount of chlorophyll and net
photosynthetic rate, all of which aided in the growth of maize
plants.

[10]

TiO2NPs Maize It improves rice growth by increasing energy buildup during
photosynthesis and reducing energy use during metabolism.

[34]

Apatite
nanoparticles

Soybeans Soybean growth rate and seed yield were enhanced by
improved phosphorus uptake and use to improve crop
nutritional quality.

[24]

ZnO NPs Rice
seedling

Promotion of rice seedling development and rice seedling
tolerance to stress brought on by exposure to Cr.

[15]

TiO2 NPs Chinese
cabbage

NPS significantly raised Brassica napus’s biomass, total
phosphorus concentration, and catalase activity.

[34]

Mn3O4NPs Cucumbers There was an increase in biomass, net photosynthesis, and the
photosynthetic pigment concentration.

[31]

ZnO NPs Maize
seedlings

The development and expansion of maize plants were
promoted, and the photosynthetic capability and carbon
accumulation of the seedlings of maize were enhanced.

[42]

(Continued)
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It is evident that using nano fertilizers can help plants withstand stress better and sustain less damage
when under stress. However, the majority of research on the regulatory action of single salt or low-
temperature stress on photosynthetic processes has not been done, which will be a new route. As a result,
the influence of nms regulatory action on photosynthetic processes is mostly focused on these two types
of stresses. In conclusion, spraying nano fertilizer is one of the trends to improve photosynthesis and
alleviate various plant stresses.

3.2 Negative Effects of NMs on Plants
In addition to the positive effects, NMs may also have various toxic effects on plants due to differences

in species, size, indication properties, concentration, application methods, etc. The mechanisms of NMs’
phytotoxic effects mainly include NMs-induced ROS production, physical damage to plants by NMs,
phytotoxicity caused by the chemical transformation of NMs, and phytotoxicity caused by interaction

Table 1 (continued)

Nanofertilizers Crops Impacts References

N-CDs Apple Enhancing photosynthesis has the potential to greatly increase
apple photosynthetic efficiency and boost fruit quality.

[47]

Mg, N-CDs Rice To increase the leaves’ capacity for photosynthetic activity,
encourage the production. This will keep the activity of the
chlorophyll molecules high.

[48]

FeNPs Wheat In both normal and saline soils, NPS dramatically increases
wheat growth, photosynthetic efficiency, and nutrient uptake.

[50]

CNPs Corn Corn’s photosynthesis and growth, including plant height, dry
matter biomass, root biomass, and uptake of minerals like
potassium, phosphorus, and nitrogen, can be greatly enhanced
with nano-fertilizers.

[51]

Fe2O3NPs Peanuts Peanut biomass, plant height, and root length were all
increased by controlling plant hormones, antioxidant enzyme
activity, and photosynthesis.

[55]

MnNMs Capsicum
annuum L.

Plant growth and chlorophyll concentration are positively
correlated.

[56]

nSiO2 and
nSiC

Maize Higher levels of the trace metals magnesium, copper, and zinc;
longer roots and shoots from sprouted seeds; elevated
aboveground peroxidase activity in rice; and enhanced
photosynthesis in rice.

[30]

MoS2 NPs Soy Grain yields and soybean BNF increased by 30%. [59]

CeO2NPs Arabidopsis
thaliana

With its ability to capture and neutralize ROS in chloroplasts,
it significantly improves plant photosynthesis.

[67]

SiO2-NPs Cotton
seedlings

It improved the capacity to assimilate carbon in the presence
of both low temperature and salt stress.

[79]

nZVI Arabidopsis Elevated AHA2 gene overexpression. The air inlet is opened,
which promotes CO2 absorption and improves photosynthesis.

[40]
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with biomolecules, such as genes, proteins, and metabolites, in the plant [37]. Damage to DNA and proteins,
lipid peroxidation, and oxidative stress can all result from high ROS levels, metabolic disorders, and
impaired photosynthesis, ultimately leading to growth inhibition [36].

Metal-based NMs such as AIg NPS, CeO2NPS, CuONPs, and ZnONPS have been extensively
researched for their potential use in resisting crop pests and diseases and improving crop nutrition, and
their toxic effects on plants have also attracted much attention [81] (Table 2). Yuan et al. showed that Ag
NPs disrupted mitosis by reducing the number of chromosomal aberrations and the number of
micronuclei in plant cells, thereby inhibiting plant germination [82]. Size determined the toxicity of CuO
NPs to soybeans; compared to bigger particles, small-sized (25 nm) CuO NPS considerably increased the
amount of oxidative stress in soybeans [83]. High doses of nZVI reduced the stomatal conductance and
photoreduction capacity of leaves compared to low concentrations, which in turn inhibited electron
transfer, foliar gas exchange, and photosynthetic capacity. High doses of nZVI were also susceptible to
peroxidation and osmoregulation of the plasma membrane, aggravating the burden on the antioxidant
enzyme system [42]. Lopez-Moreno et al. showed that CeO2NPs do not affect soybean germination, but
rather enter the soybean root and are genotoxic to soybeans [84]. The results of the above studies indicate
that the type, exposure dose, size, surface properties, and harmful effects of NMs on plants are influenced
by both plant species and NM variations.

The mechanism of toxic effects of NMs on plants cause oxidative stress, photodamage, and metabolic
disorders in plant cells, affect the uptake of nutrients in the plant, and inhibit photosynthesis, which
ultimately results in the suppression of plant development. The agricultural application of NMs is aimed
at crop yield and reduction of environmental impacts, while the toxic effects limit the safe use of NMs in
agriculture, so minimizing the negative effects is the first prerequisite for the agricultural applications of
NMs. In the meantime, nanoparticles are frequently employed in emerging industries like personal care
goods, industrial products, pharmaceuticals, and biomedicine, making them inevitably enter soil and
water bodies, damaging plants and having an impact on human health via the food chain. Since
photosynthesis is the foundation of plant growth and metabolic activity and one of the physiological
processes most vulnerable to abiotic stresses, it is critical to evaluate NMs’ phytotoxicity systematically
in order to advance contemporary agriculture’s ability to produce food security [85].

Table 2: The application of NMS in the negative effect of plant

Nanofertilizers Crops Impacts References

Ag NPs Soy Plant mitosis is halted and germination is suppressed by
lowering the quantity of micronuclei and chromosomal
abnormalities in plant cells.

[82]

CuO NPs Soy The oxidative stress level was significantly increased in
soybean.

[83]

nZVI Arabidopsis High dose of nZVI decreased stomatal conductance and
photoreduction ability, which in turn inhibited electron transfer,
gas exchange and photosynthesis.

[42]

CeO2NPs Soy CeO2NPs does not affect the germination of soybean, but will
enter the root of soybean and genetic toxicity of soybean.

[84]
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4 Conclusions and Future Perspectives

From the literature in recent years, it is evident that the use of nano fertilizers has garnered a lot of
interest in how they may impact plant photosynthesis and can improve plant photosynthesis, crop yield
and plant quality. Compared with traditional fertilizers, nano fertilizers can achieve precise delivery of
nutrients through controlled release and targeting of the target site, improve the bioavailability of
nutrients, significantly boost the amount of chlorophyll in plant leaves, enhance how well plants use light,
and hence enhance photosynthesis (Fig. 5). Nano fertilizers are used in smaller quantities, making them
more economical, by controlling or slowly releasing nutrients, which improves the efficiency of nutrient
use and minimizes environmental impact.

Overall, nano-fertilizers can significantly promote plant photosynthesis and are an effective way to
increase crop yields, providing a fantastic choice for sustainable agriculture with enormous application
potential. However, regarding the toxicity and environmental residue of nanoparticles, there are still
unresolved problems, particularly the potential harm that a broad release of NMs into the environment
could do to human health (Fig. 6). There is still much to be done before significant amounts of
nanofertilizers can be used in practical applications, including determining the ideal action concentration
of various nanofertilizers on various plants. The issues of the present and the expectations for the future
are discussed below:

1) The ideal application concentration varies depending on the crop, and in order to prevent plant growth
suppression, extensive tests are required to find the ideal application concentration, application particle size,
and application period.

2) A more thorough investigation of the mechanism of nanofertilizer-induced plant photosynthesis is
required.

3) To identify the best kinds of nanofertilizers for various situations, comparative research on various
nanofertilizers, such as ZnO-NPs, Fe2O3NPs, CDs, etc., is required.

4) Since there is still a long way to go before widespread adoption, concerns about toxicity, implications
for human health, and financial gains should receive more attention.

Figure 5: The positive effect of nano-fertilizer on plant photosynthesis
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