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Abstract: 

Nanofertilizers represent a modern technology that improves agricultural production quality, biologically supports 

it, and promotes environmental safety and financial stability. To overcome the obstacles of traditional agriculture, 

nanotechnology provides practical solutions. Nanofertilizers play a vital role in reducing the environmental 

damage caused by Chemical fertilizers. They can penetrate plant epidermis more effectively and have greater 

reactivity, allowing for a controlled release of nutrients.  This reduces nutrient excess, enhances nutrient utilization 

efficiency, and ensures targeted distribution. These fertilizers increase soil fertility and improve plants, capacity to 

absorb nutrients, thereby enhancing the efficiency of nutrients. As an excellent alternative to traditional chemical 

fertilizers, nanofertilizers (NFs) have effectively promoted environmental sustainability, while boosting crop 

productivity through intelligent nutrients delivery. Depending on the properties of NFs and their application 

methods, NFs may be absorbed by plants through their roots or leaves. They also reduce production costs and 

harmful environmental impacts, and enhance the plant’s ability to withstand biotic and abiotic stress. However, the 

overuse of NFs in various plants, as excessive doses can lead to Phytotoxicity as it may harm plant growth and 

environment. The main difficulties facing NFs manufacturers are non-toxicity, cost, recycling, and the ability to 

recover them after use and biological decomposition. The Physical and Chemical Properties of the soil have an 

impact on NPs. as they widely affect the aggregation, dispersion, fixation, stability, NPs transfer, and 

bioavailability. 
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1-IntroductionSection 

The lack of food production and environmental crises are among worldwide influential matters that require 

direct political and scientific solutions [1,2], Also manufacturing development and the increase in population 

numbers, which leads to an increase in toxic substances and thus environmental pollution [3]. To meet the rising 

calorie needs associated with population growth, food production must increase by 60-70% [4, 5] provide the 

global need for food, it is pivotal to enhance the efficiency of resources used in production. Modern technology and 

the scientific advancement have made chemical fertilizers used in recent decades essential in maintaining adequate 

food production and boosting crop yields [6, 7]. To increase crop production in developing countries, chemical 
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fertilizers accounted for 50%. However, chemical fertilizers and the efficiency of the nutrients used, including 

nitrogen, phosphorus, potassium, and micronutrients, are still low due to the loss of nutrients from soils or the 

transfer of nutrients into slowly cycling / intractable accumulations within the soils [8], leading to decreased soil 

fertility because of the negative balance of soil nutrients, and increased mining of soil nutrients [9].Also, to achieve 

the desired yield, the excessive utilization of chemical fertilizers has become prevalent, causing a decline in soil 

quality due to soil, environmental, and water pollution[10]. [11] reported that the long term application of chemical 

fertilizers hurts the ecosystem by stiffening the soil, reducing soil fertility, contaminating water and soil, as well as 

depleting essential nutrients of soil and minerals. Furthermore, it caused world warming and climate alteration, the 

poor use of non-renewable resources such as rock phosphate, oil, and gas, etc., and environmental issues such as 

air and groundwater pollution, eutrophication and surface runoff [12]. In addition to the contamination of 

groundwater, the concentration of nitrates rises due to widely used fertilizers reaching a toxic level [13]. It also 

raises the material cost of production and reduces profits for farmers [14].To restore natural resources, harmful 

environmental impacts must be reduced to make intensive agriculture productive, using new methods that protect 

the environment and increase agricultural production [15].An example of this is Nano fertilizers (NFs), which 

intelligently deliver agricultural chemicals and have gained great interest in terms of reducing harmful 

environmental impacts and achieving high crop productivity [16, 17].NFs contains micro and macro nutrients and 

is delivered to plants in a smart and controlled way [18] by their large surface area to volume ratio , very small size 

and potential to be coated with different substances to control the release rate promote the nutrient delevary 

efficiency and reduced fertilizer application rates [19]. When NFs are used as a foliar fertilizer or added to the soil, 

they can enter plant systems because of its chemical and physical characteristics and the tiny dimensions of their 

particles (<100 nm), which makes them benefit more than regular chemical fertilizers [20]. This review aims to 

study the effects of nanotechnology on plant nutrition, growth and productivity, and how nanomaterials can be 

used to deliver nutrients more efficiently to plants, which may lead to increased agricultural production and 

reduced waste of resources. In addition, the environmental impacts of these technologies will be addressed, 

including potential risks from toxic accumulations in the ecosystem. 

 

1- Nanotechnology                                                                                                                                               

Nanotechnology is described as a promising technology that contributes to increasing sustainable 

competitiveness and significantly solving environmental problems and societal challenges [21]. The increasing 

demand for agricultural production to meet bioenergy from limited or low arable land, and because of poverty, 

economic development activities, dependence on basic commodities, and malnutrition, all of this can be overcome 

through development in the fields of technology and science increase production [18].Through current 

nanotechnology, production can be increased significantly by using effective nutrient systems, precision 

agriculture, improved plant protection methods, etc. [22]. Nanotechnology has contributed to developing an 

effective system for plant nutrients and water management systems, Nano pesticides, increasing the exploitation of 

solar energy by plants, and minimizing environmental damage [23]. The low efficiency (20-50%) and high 

material cost of traditional fertilizers have prompted scientists to enhance the use and development of NFs [24].To 

increase physiological factors and thus increase germination, growth, and productivity rates [6].This is achieved by 

increasing the plant's ability to get more light [25].     

        Therefore, nanofertilizers are used as an alternative to chemical fertilizers because they are environmentally 

friendly [26,27]. Nanofertilizers are defined as nanoparticles or nanomaterials used to improve plant growth and 

production by delivering beneficial and necessary nutrients in a nanoform [28, 10]. [19] categorised nanofertilizers 

into four groups depending on their composition: nutrient-loaded nanofertilizers, micronutrient nanofertilizers, 

macronutrient nanofertilizers, and plant growth-enhancing nanomaterials. 

Plant productivity is affected by the type of fertilizer added, and the artificial fertilizers added at high rates have led 

to a decrease in soil fertility and depletion of agricultural soil, thus reducing plant productivity [29].According to 

recent studies, the fertilizers used represent about 30% of the achieved plant production, and the remaining 70% 
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depends on agricultural inputs and other factors used [30].Large quantities of fertilizers added to the soil are 

stabilized or lost to the environment through the leaching process, runoff, and volatilization [31].Consequently, a 

decrease in the efficiency of the synthetic fertilizers used [25]. Thus, it affects the availability of nutrients in the 

plant, as small amounts of fertilizer reach the target sites in the plant [32]. High doses of synthetic fertilizers used 

by farmers to obtain high production to achieve balance with the growing population affected the balance of 

nutrients in the soil and increased the concentration of salts thus affecting the productivity of plants [18]. 

Nano-selective materials typically, less than 100 nm in size are added to the soils to provide nutrients, offering 

several advantages such as: (1) Providing plant nutrient requirements through foliar application or soil addition (2) 

An environmentally friendly and low-cost source (3) The efficiency of the fertilization process is high (4) 

Complementing the role of chemical fertilizers, (5) protecting the environment from pollution risks 

[33].Nanotechnology is an application that deals with plant nano-nutrition and nano-nutrients in many ways, 

including absorption and transport of nano-elements, metabolism, and the provision of nanonutrients necessary for 

plant growth in the rhizosphere to increase production [23].Compared to larger scales of the same material, 

reducing the size of a substance at the nanoscale changes its physical and chemical features [34]. Nano technology 

is used in agriculture by 1-Using Nano-agricultural chemicals, 2- Increasing and improving food production, 3- 

Increasing the soil’s capacity to keep water and improving its quality 4- Enhancing the absorption of elements and 

the use of nutrients that stimulate plant growth, 5 - Using nano-sensors and smart monitoring using wireless 

communication devices to maintain the farm and help farmers by accurately reporting plant needs [35]. 

Nanofertilizers, through various mechanisms, enhance plant growth. For example, increasing the solubility of 

nutrients like phosphate [36], reducing the harmful effects of abiotic and biotic stresses, (e.g. drought, flooding, 

salinity). increasing the production of plant hormones in the soil which improves plant nutrition [37, 38] through 

different mechanisms like phytohormons biosynthesis regulating, modulating the available phytohormones and 

regulating the process of signaling [39]. Improving nitrogen fixation and thus enhances plant growth [37] 

Sustainable environment [40], and Increase soil fertility [34]. The nutrients in nanofertilizersare encapsulated in a 

thin protective layer, in the form of nanoparticles, or in the form of an emulsion [10]. Nutrients can be released 

according to environmental conditions such as moisture, temperature, and soil acidity. The release of elements can 

be controlled slowly or quickly, which improves plant growth compared to traditional fertilizers, thus improving 

the efficiency of nutrients used in smart nanofertilizers and reducing nutrient losses in traditional fertilizers 

[41].Nanofertilizers supply nutrients to the plant in nanoforms, which enhances plant growth and productivity 

[42].They are classified according to the needs of plants into three categories: nano-particulate fertilizers, micro 

nanofertilizers, and macro nanofertilizers [43]. Nanoparticles with a diameter of less than 100 nanometers are 

distributed in liquid or powder form [44].Fertilizers added to fields lose more than half of them and do not reach 

their intended locations for many reasons, including hydrolysis, photolysis, leaching, microbial immobilization, 

and degradation [45].Nanotechnology has the capacity to develop the current artificial framework into modern 

systems in agriculture [46].Increasing the efficiency of modern agricultural chemical nutrients [47]and solving 

agricultural and environmental problems [48]. NFs can be developed using nanotechnology using synthetic or that 

are manufactured from plants (green fertilizers) by mechanical, biological, or chemical methods [49]. To 

synthesize nanoparticles, there are two methods: 1- The bottom-up approach and 2- The top-down approach. 

Nanoparticles are prepared in the first method by manufacturing nanoparticles from atoms, molecules, and smaller 

monomers. In the second method, nanoparticles are prepared by breaking a bulk into small nano-sized particles.                                  

2- Nanofertilizer 

 Nanofertilizers refers to macro- or micro-plant nutrients or carriers of plant nutrients, and they are also 

called elements coated with nanomaterials NFs [50]. Mineral nutrients in the form of NFs can paticipate in plant 

nutrition in two mechanisms: the first way includes using  nanostructured elements integrated in a carrier complex 

which may or may not be a nanosubstance, as is the case of NPs of primary elements inserted by absorption or 

adsorptionin a matrix such as chitosan, polyacrylic acid, clay or zeolite [51]. The second is to employ the element 

itself in a nanostructured form (in suspension or encapsulated), such as for theNPs of Fe or Zn for applying to soil, 
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substrate or by foliarspray [52]. Both types of NF have high solubility and rapid absorption without discharged as 

compared with traditional fertilizers [53]. 

 To increase the nutrient use efficiency (NUE) values for plants, according to the plant's needs, nutrients are 

released by encapsulating or encapsulating the NFs with a nanomaterial [54]. Synthetic fertilizers can release 

nutrients within 4-10 days, while NFS can release them within 40-50 days [55]. Slow release of nutrients in the 

environments could be carried out by using zeolites. Zeolites include a group of naturally forming minerals having 

crystal structure layered honeycomb-like and their web of interconnected tunnels and cages can be loaded with 

nitrogen and potassium along with others slowly dissolving component containing phosphorous, calcium and a 

complete suite of minor and trace nutrients [56]. 

Nanoparticles affect some metabolic processes in plants [57]. NFS is more beneficial than synthetic fertilizers 

because it has unique properties, as Figure 1 shows [48, 58]. Because of the small volume of NFS particles (<100 

nm), they have the ability to enter plants when added to the soil or foliar [59], in addition to NFS having a high 

surface area, which increases the nutrients available to the plant and plant NUE [59, 20]. NFs can increase the 

dispersion of nutrients in the soil and are soluble in water, increasing their availability to plants. While NPs are 

stabilized in the soil and because of their big particle size and high absorption, their solubility is low, so it is 

encapsulated to make them available to plants and increase their absorption [10].     

 

 
Figure 1. The most important advantages of NFs or/and NPs [60]. 

 

 

Methods of the nanofertilizer application                                                                                                     

        There are three ways to add nanofertilizers: 1- Foliar spraying [61]. 2- Soaking, where cotton seeds were 

soaked in nano fertilizers, and the result was positive by reducing the number of chemical fertilizers used by a half 

[4]. 3- Added to the soil, as in wheat [62]. Nanofertilizers enter by organic chemicals present in the environment or 

ion passage, or endocytosis, through developing required pores, or through links to carrier proteins, and/or entering 

through aquaporins (Fig. 2) [63].  
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Figure 2. Mode of entry of NPs into plants [64] 

Absorption and translocation of NFs in plants   

To give an idea about the appropriate applications of NPs in plants, it is necessary to study the absorption and 

movement of NPs from soil to plants. For example, if NFs or NPs best to be transported by the xylem tissue, it is 

recommended to apply an irrigation system, and if they prefer to be transported from the phloem tissue, external 

application is suitable for it, NPs size, NFs composition, and pore diameter (5-20nm) for the cell wall and plant 

physiology [58]. Nanoparticles with smaller sizes can pass through the cell wall pores and enter the cell membrane, 

but, nanoparticles that are larger than the size of the cell wall pores have been found to accumulate outside the cell 

preprints [65] 

It affects NFs in plants through its effect on the transport and accumulation of nutrients released from them [66]. 

NPs in foliar applications, before entering the plant tissues, they encounter the cuticular barrier [67]. The leaf 

epidermis has two entry paths: the first is the hydrophilic or stomatal path, which is dedicated to polar solutes, and 

the second is the lipophilic or stomatal path, which is designated for non-polar solutes that enter through diffusion 

into the leaves [68]. Factors that affect the absorption of NPs through leaves must be taken into account, including 

the size and number of stomata and the difference in leaf morphology [38]. Nutrients do not return to their original 

locations because nutrients move unidirectionally and non-cyclically in the vascular systems through the xylem or 

phloem [40]. There is another way for NPs to be transmitted through the symplastic passage through 

plasmodesmata from one cell to another [69]. When the nanoparticles reach the central cylinder, they will be 

transferred to other parts through the xylem (apoplast) [70]. The transporation in the apoplast pathway is controlled 

by osmosis, while the transporatrion in symplastic pathway is controlled by diffusion [71]. 

3- Mechanisms and mode of entry of NPs in plantscells 

NPs entry into plant cells was propounded by three mechanisms [72]. The first is that NPs cross the cell 

membrane by diffusion easily because it is small in size. The transit is associated with a lot of characteristics in 

plants such as volume, hydrophobicity, constitution, charge, and shape of molecules [73]. The second, NPs are 

conveyed into the cell actively through engulfing the Plasma membrane a behavior known as endocytosis [74]. The 

third is through trans-membrane proteins that regulate the transit of NPs into cells [75]. limited by some factors 

namely the size of micro pores. The mode of transport from plant cells to tissues is by foliar /shoots or roots. This 

is mediated either through an apoplastic or symplastic mode of transport [76].  

Physical and Chemical Properties of soil and their effects on NPs                                                               

The Physical and Chemical Properties of the soil have an impact on NPs. These properties include soil pH, 

texture, clay minerals, structure, Organic matter in the soil, the ability to ion exchange (CEC), and the microbial 

community, as they widely affect the aggregation, dispersion, fixation, stability, NPs transfer, and bioavailability 

[77]. 
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Developing smart agriculture using NFs                                                                                                         

To increase NUE values, it is suggested to use smart NFs fertilizers by releasing nutrients in a slower, 

more controlled, and better manner that suits the plant’s nutritional needs over time [78]. To achieve a slow and 

steady release of nutrients over long periods, semi-permeable layers are used (Control the dissolution of fertilizers 

in soil or water) inside the fertilizers or on their surfaces [79]. different mechanisms suggested for controlled 

fertilizer release. Liu and Shaviv inserted the multi-staged diffusion pattern to elucidate this process: water weeps 

into the covering of fertilizer when it is used and irrigated, leading to the absorption of moisture by the rigid 

fertilizer pith and dissolved partially.  consequence, osmotic pressure increases in the granule leading to awful 

release (faile mechanism) or diffusion release. the awful release takes place when the osmotic pressure overruns the 

membrane's resistance sill, resulting in a burst of the coating and the pith being quickly released. This occurs with a 

crisp coating such as sulfur. Otherwise, polymeric covering like Polyolefin is employed in the diffusion 

mechanism. the pith is gradually released through the right membrane by diffusion because the membrane can 

tolerate pressure increase [80]. Therefore, this will provide an amount of nutrients in a timely manner and 

significantly reduce the losses of nutrients in the environment. Nanosensors have great with great capabilities in 

agriculture and production and are considered a promising tool. They are very small nano-devices that connect to 

the object to be discovered. These small sensors have the ability to detect chemical, biological, and physical 

processes, respond to them, and transmit these responses to humans in the form of signals for processing [81]. 

Nanosensors provide information about real-time field conditions, plant growth, plant diseases, and pesticides, and 

also help predict environmental stressors [82]. 

Nanocarriers in based fertilizers                                                                                                                     

They are fertilizers that, when formulated with plant nutrients that contain NMs, reduce the harmful effects 

of conventional fertilizers used in large quantities and/or increase the efficiency of the plant nutrients. Nanocarriers 

such as Silica, Fe oxide, C- coated Fe and polymers do not contain any nutrients at all [83]. 

4-  Beneficial effects of nanofertilizers 

Nanomaterials have benefits in agriculture, including: 

1- Improved absorption by plants 2- Protecting plants from agricultural chemical wastes [84] 3- Availability of 

fertilizers controlling their release during the growth period and preventing the loss of fertilizers through filtration 

and complete absorption by the plant, increasing and maintaining soil fertility 4- Reducing water and soil pollution 

by decreasing the use of chemical fertilizers and thus increasing food products and reducing fertilizer filtration [85] 

5-  Manipulating the genetic structure of plants using nano-devices 6- Post-harvest management 7- Diagnosing 

plant diseases 8- Increasing the quality and efficiency of rapid absorption rates of nanomaterials 9- Reducing 

negative effects by adding excessive doses , reducing soil toxicity, and increasing the efficiency of nutrient use [10, 

86] 10- Reducing the demand for fertilization of plants and the number of irrigations 11- Increasing crop 

production in quantity and quality [34].12- Their cost-efficiency and eco friendliness as a provenance of plant 

nutrients [87]. 

5-  Accumulation and phytotoxicity by plants                                                                                                    

Several studies have noted that nanoparticles can interact with DNA immediately and produce reactive oxygen 

variety and cause oxidative stress in the plant, causin different compose of DNA damage,like single-strand (SSBs) 

and double-strand breaks (DSBs), mutations, chromosomal abnormality, and eventually, cell death  [89] and lipid 

peroxidation, thus causing phytotoxicity [90]. After the accumulation of nanoparticles in plants, some negative 

effects and characteristics can be observed, including 1- The different parts of the plant are damaged in general 2- 

The rate of seed germination decreases 3- The quality of crops deteriorates 4- The photosynthesis process changes 

5- The weight of biomass, shoots, and root length decreases 6- Fat peroxide increases, 7- The rate of transpiration 

decreases, 8- Poisoning of plants occurs at the genetic level, 9- DNA damage increases  [90]. Plants inherently 

have some defenses to overcome nanotoxicity by activating enzymatic and nonenzymatic protection systems 

[90,91]. Nanoparticles are transported by symplast or apoplasts through plasmodesmata and can accumulate in 

plant cells and may cause toxicity [92]. Their toxic and useful influences are based on concentration, size, surface 
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properties, and plant species. NPs can promote plant growth when applied at low concentrations and under 

controlled conditions, but, at higher concentrations or with prolonged exposure, they may damage cellular 

structures like membranes, proteins, and DNA. NPs can also overlap with water and nutrient uptake, obstruct 

enzyme activities, and release toxic metal ions, as a result, decline plant growth [93]. 

Conclusion                                                                                                                                                       

The effect of nanomaterials varies based on the type of plant, the method of application, as well as the shape, size, 

and concentration of nanomaterials. Their small size provides a large surface area, facilitating movement in the soil 

and plant. Nanomaterials can improve food production and reduce environmental negative impacts particularly via 

nanofertilzer, which are highly soluble, enabling them to penetrate the cuticle and reach the target site, promote 

plant resistance to biotic and abiotic stresses, eventually increasing production. The intelligent delivery of 

nanomaterials can reduce fertilizers usage, improved NUE, minimize nutrient loss by leaching, and surface runoff.  

Moreover, nano-sensors and seed coating can decrease production costs and environmental impacts. Foliar 

application of NFs generally is more effective than soil application, enhancing physiological, biological, and 

chemical characteristics, growth, crop quality, and production. However, a major bother with Nano fertilizers, is 

their toxicity. Therefore, it is critical to determine the appropriate dosage for each plant to prevent any negative or 

toxic effects.                                                                                                                                                               
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