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UE to the rapid population growth, global food production should be increased to meet this global 

demand. Agriculture is considered the main dominant channel of food supply and any approach that 

support the crop productivity is urgent. These agro-practices may include using the high-yield varieties, 

improving rational irrigation and fertilization. It is noticed that, using of chemical or mineral fertilizers in 

agricultural production dramatically increased global food production. Several negative impacts have been 

recorded worldwide on the environment, which resulted from leaching of nutrients into groundwater, beside 

the low efficiency of applied fertilizers. Applying of nanofertilizers, is a promising approach, and an 

effective technology, which can increase sustainability and efficiency of agro-production of cultivated crops 

because of their nano-size properties, their high nutrient use efficiency, their slow release of nutrients, and 

thereby low required applied dose of fertilizer. Smart fertilizer means the control dose and time of applied 

fertilizers using the smart agro-technological and advanced tools such as global positioning systems, and 

remote sensing. These tools are able to maximize crop yield and minimize agro-chemical inputs by precise 

monitoring of the environment. Therefore, this work is a comparison between smart fertilizer and 

nanofertilizer, and to answer the main question: are the bio-nanofertilizers considered emerging precision 

agriculture strategy? This is also a call by Environment, Biodiversity and Soil Security (EBSS) for receiving 

articles on smart fertilizer, under many related topics such as different applications of smart fertilizers in 

smart agriculture, their challenges, their obstacles and the novel solutions in this concern.  
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1. Introduction 

Several challenges face the humanity nowadays to 

achieve sustainable development goals such as 

addressing climate changes, achieving global food 

security, and halting the environmental degradation 

of natural resources (Aryal et al. 2021). These 

previous challenges have close link to the agriculture 

sector, which has an accelerated growth in its 

production due to the extension of cultivated soils, 

and the increase in technology alternatives for 
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enhancing the agro-productivity due to the Green 

Revolution (FAO 2019). Agriculture sector globally 

has the ability to produces about 23.7 million tons of 

food per day, which contributes in greenhouse gas 

emissions more than 21% (Panuccio et al. 2022). The 

increase in agro-production is controlled by many 

environmental factors, which affect negatively soil, 

water, and air resources (Panuccio et al. 2022). On 

the other hand, a very rapid increase in global 

population was noticed, which is predicted to be near 

to 10 billion in 2050 (United Nations 2019). 

Therefore, there is a dire need to develop the 

efficiency of many agricultural practices to mitigate 

global hunger and poverty (Zulfiqar et al. 2019). 

Thus, many agricultural practices should be 

improved to increase the agro-productivity such as 

the use of hybrid crop varieties, sustainable agro-

chemicals, as well as improving irrigation and 

fertilization practices (Ndaba et al. 2022).  
 

Using of fertilizers is an important agro-management 

practice to increase crop productivity and improve 

soil fertility through enhancing the supply of 

fertilizers and soil amendments (Aryal et al. 2021). 

Extensive fertilization using traditional chemical 

fertilizers may be lost from the top soil by leaching 

to reach water bodies, accordingly these practices 

lead to poor nutrient use, whereas controlled-release 

fertilizers could be more advantageous compared to 

conventional fertilizers (Vejan et al. 2021). The 

global demand for mineral fertilizers (including 

NPK) was estimated by 185.06 million tons in 2016, 

and is predicted to increase up to 200.92million tons 

in 2022 (Wang et al. 2022). Several studies have 

been recently published on controlling the release of 

fertilizers or so-called nano-fertilizers and their 

prospective in increasing crop production (e.g., 

Shams and Abbas, 2019; Madzokere et al. 2021; 

Beig et al. 2022; Bhardwaj et al. 2022; Dhlamini et 

al. 2022; Jakhar et al. 2022; Wang et al. 2022), but 

the impacts of nano-fertilizers on environmental 

compatibility, crop quality, and non-targeted 

organisms need further research (Vejan et al. 2021). 

After the revolution of nanotechnology and using of 

nanofertilizers, and smart fertilizers, which can be 

used in smart agriculture is a promising. Therefore, 

this work involved the smart fertilizer and its 

comparison to nanofertilizer. It is also a photographic 

call for submitting articles by EBSS on smart 

agriculture and smart fertilizer to answer the main 

question in this work: what is the main difference 

between smart fertilizer and nanofertilizer? 
 

2. What is the nanofertilizer?  

Nanotechnology is the science that deals with any 

materials or particles in the size of nano-level (1 – 

100 nm) in any of its dimensions. Nanotechnology 

has a wonderful list of applications in the agriculture 

sector (Fig. 1). Nano-fertilizers are a kind of 

fertilizer, in which their nanoparticles are 

submicroscopic sizes, having the ability to be 

encapsulated by the nutrients, having a large surface 

area to volume ratio, and having the higher mobility 

of nutrients compared to traditional fertilizers 

(Jakhar et al. 2022). Nano-fertilizers are considered 

deliverable agents or ‘smart system of nutrients’ due 

to their properties that support their delivering 

nutrients to cultivated plants (Table 1). 

Nanofertilizers can increase nutrient efficiency, 

improve plant nutrition, and also improve soil 

fertility (Toksha et al. 2021). The efficacy of applied 

nanofertilizers depends mainly on the agroecosystem 

conditions including different physicochemical 

properties of soils, moisture, and other agro-

ecological conditions (Jakhar et al. 2022).  
 

The technology of nanofertilizers has a great role in 

developing different kinds of fertilizers such as using 

the hybrid nano-composite of nanofertilizer from Cu, 

Fe and Zn (Rahman et al. 2021), or chitosan-based 

nano-fertilizers (Jakhar et al. 2022; Prajapati et al. 

2022), or different nano-enabled fertilizers of zinc 

oxide nanoparticles (ZnO-NPs), iron oxide 

nanoparticles (FeO-NPs) and magnesium oxide 

nanoparticles (MgO-NPs) (Khalid et al. 2022), ZnO-

NPs coated urea granules (Umar et al. 2022), nano-

hydroxyapatite as P-nanofertilizer (Sajadinia et al. 

2021), lignin-clay nanohybrid as bio-based slow-

release fertilizers (Zhang et al. 2022), green 

synthesized fertilizer of zinc nanostructure (Zn NS) 

(Bahmanzadegan et al. 2022), combined applied 

biochar and ZnO nanofertilizer (Sheikhnazari et al. 

2022), nano-rock phosphate as a nano-P-fertilizer 

(Yasmeen et al. 2022), and Fe3O4-urea 

nanocomposites as N-fertilizer (Guha et al. 2022). 
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Table 1. List of some studies on applied nanofertilizers on cultivated plants and their impacts. 
Cultivated plant Applied 

nanofertilizer 

Applied dose Plant studied parameter Refs.  

Maize (Zea mays 

L.) 

ZnO as nano-

fertilizer 

Soil (40-160 mg kg-1) 

Foliar (10 – 40 mg L-1) 

Plant growth increased by 59%, 

photosynthetic pigments 48%, antioxidant 

activity by 52.9% 

[1] 

Rosemary 

(Rosmarinus 

officinalis L.) 

Hydroxyapatite 

nanofertilizer 

Nanofertilizer at 0.5 and 1.0 

g L-1 

Highest values: stem diameter, fiber 

thickness, phloem tissue thickness, xylem 

tissue thickness using nanofertilizer 

[2] 

Medicinal plants 

(Caesalpinia 

bonducella) 

Nano-ZnO, FeO, 

and MgO fertilizers 

Doses from 10 – 40 ppm for 

nano- Fe-/Mg-fertilizers 

and 25 – 100 ppm nano Zn-

fertilizers 

Increased nutrient, growth, and 

chlorophyll contents of plants at applied 

dose of n-fertilizers 40 ppm (Mg and Fe); 

100 ppm (Zn) 

[3] 

Persian thyme 

(Zataria 

multiflora Boiss)  

Green fertilizer Zn- 

nano-structure (Zn 

NS) 

Foliar Zn-NS fertilizer at 

100, and 300 mg L−1 

The highest dose improved plant’s 

essential oil constituents, antioxidant 

activity, total phenolic and its 

compounds, flavonoid, carotenoid, 

chlorophyll 

[4] 

Rice (Oryza 

sativa L.) 

Fe3O4-urea 

nanocomposite 

Fe3O4-NP: urea at 1:1, 1:2, 

and 1:3 ratio 

Increased crop yield when 50% N was 

supplemented in Fe3O4 NPs: urea (1:3) 

ratio and the rest in form of ammonium 

nitrate 

[5] 

Cluster bean 

(Cyamopsis 

tetragonoloba) 

Nano Hydroxy-

apatite fertilizer 

Not available Nano-fertilizer enhanced the plant growth 

and its yield 

[6] 

Cluster bean 

(Cyamopsis 

tetragonoloba) 

ZnO nanofertilizer Foliar spray ZnO nano-

fertilizer at 20 mg L-1 

ZnO nanofertilizer improved plants 

tolerant against pathogens and its growth 

and yield of cluster beans 

[7] 

Cucumber 

(Cucumis sativus 

L.) 

Nano-selenium  Foliar nano-Se (25 mg L-1) Foliar nano-Se promoted bio-stimulant 

increasing the growth under salinity and 

heat stress 

[8] 

Maize (Zea mays) Nano ZnO Foliar nano-ZnO (0-15 mg 

L-1) 

This spray significantly raised P and Zn 

status in maize shoots and grains, 

especially with increasing the dose of 

application. Accordingly, this spray 

boosted maize growth, yield and yield 

components and its efficiency exceeded 

both Zn-EDTA and ZnSO4.  

[9] 

Wheat (Triticum 

aestivum L.) 

Nano ZnO Foliar nano ZnO (0-80 mg 

L-1) 

Wheat growth was enhanced with the 

application of nano-ZnO up to 50 mg L−1 

under salinity stress conditions while 

decreased thereafter. Also, the nano Zn-

spray decreased significantly the 

enzymatic and non-enzymatic activities 

of plants 

[10] 

List of refs. [1] Azam et al. (2022), [2] Elsayed et al. (2022), [3] Bahmanzadegan et al. (2022), [4] Bahmanzadegan et al. (2022), [5] Guha et al. 

(2022), [6] Shylaja et al. (2022), [7] Rexlin et al. (2022), [8] Shalaby et al. (2021), [9] Abbas et al. (2021), [10] Lalarukh et al. (2022). 

 

The main target of nanofertilizers application is the 

regulation of nutrient release rate with high nutrient 

uptake efficiency for satisfying the needs of crop 

growth and productivity. As mentioned above, there 

are many different forms of nanofertilizers, that 

could be fabricated using many natural and synthetic 

materials. Nano fabrication fertilizers could be 

classified into these categories: 

(1) Nano-supported-fertilizers or nanoscale additives 

(bulk products with nanoscale additives): kind of 

fertilizers in which nanostructured materials could be 

applied as additives to regulate release of fertilizers 

(e.g., entrapment nanofertilizer, and adsorption 

nanofertilizer), nutrients incorporated into 

nanocarriers, 
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(2) Nanosized fertilizers or nanoscale fertilizer or 

synthesized nanoparticles, which refer to fertilizers 

made in nanoscale, and  

(3) Nano-wrapped fertilizers or nanoscale coating or 

host materials (product coated with nano-polymer or 

loaded with nanoparticles, which apply nanomaterial 

wraps or coatings to contain regular size fertilizers 

(Calabi-Floody et al. 2018; Shao et al. 2022). 

 

3. Fertigation system 

Simply fertigation is defined as a system or process 

that combines both fertilization (the first half of the 

word) and irrigation (the second half of the word). 

Fertigation has many benefits including saving costs 

via using reduced fertilizer doses, tackling soil 

erosion, eliminating pollution with used 

agrochemicals, decreasing fertilizer leakage, 

controlling administered rates, optimizing water 

consumption, and promoting rapid root growth. The 

fertigation through drip irrigation can simultaneously 

address both water and fertilizer applications, 

leading to considerable increases in crop 

productivity and enhancement in both nutrient and 

water use efficiency (Surendran and Chandran 

2022). Therefore, many published studies confirmed 

the regulation of the quantity of water and nutrients 

based on crop requirements under drip fertigation 

(e.g., Abubakar et al. 2022; Nayebloie et al. 2022; 

Surendran and Chandran 2022). 

The fertigation system uses a variety of fertilizer 

injectors, from the conventional simple tank to the 

automatic injector. The conventional closed tank and 

the injector pump are the two primary methods for 

dispensing chemicals through irrigation systems. 

Most injector pumps are either piston or Venturi 

pumps. While the piston pumps can be installed 

either in-line or on a bypass line, the closed tanks are 

always installed on a bypass line. The Venturi tube 

serves as the foundation for the fertilizer injector. 

Between the injector's input and output, there must 

be a pressure difference. Piston pumps can be 

mounted directly on the supply line rather than the 

bypass line and are powered by the system's water 

pressure. dialed-in pumps (Taha 2022). To help 

lower the reservoir level and/or to maintain the 

biological minimum flow required downstream, 

gated conduits make sure water is moved from the 

reservoir downstream. Gated conduits frequently act 

as water intakes for some customers, primarily for 

irrigation, for minor dams and reservoirs (Tanchev 

2014). More irrigation water may be saved, and 

fertilizer application efficiency has been improved. 

Thanks to the development of equipment and 

management instructions for surge flow irrigation 

(Okasha et al. 2022).  

 

4. Smart fertilizer vs. nano-fertilizer 

Precision or smart farming is a kind of agriculture, in 

which bioinformatics could be used in different 

sectors in agriculture. In simple words, how to 

deliver the water (as a smart irrigation), or fertilizers 

(smart fertilizer), or any other agro-practice in a 

certain time. There are several sensors, which 

already have been used in many agro-activities 

especially the monitoring of soil, water, cultivated 

plants. Nanotechnology has great applications in 

many advanced technological areas including 

information technology (IT), biomedical 

engineering, smart farming, and food sciences (Shao 

et al. 2022). Using of nanotechnology in smart 

farming has many benefits, in which many nano-

sensors could be used for monitoring soil conditions, 

monitoring plant pathogen and pesticides detection, 

monitoring plant-specific treatments through robotic, 

bio-sensors in smart machines for precise weed 

control, and nanoparticles-based smart delivery 

system for nutrients, growth regulators, nano-

pesticides, nano-herbicides (Calabi-Floody et al. 

2018). For smart agriculture, agrochemicals prepared 

in different nano-formulations have been applied due 

to their controlling and stimulation-regulated release 

rate, enhanced compatibility and increased 

solubility, time- or location-specific targeting, long-

term stability and duration (Shao et al. 2022). 

What is the difference between smart fertilizer and 

nanofertilizer? In brief, nanofertilizer is a kind of 

smart fertilizers, which has the same benefits of 

smart fertilizers in delivering nutrients as a tailoring 

agent or an agro-nanotechnology. Many published 

articles confirmed the role of agro-nanotechnologies, 

which have been proposed and substantially 

examined over the last two decades, with tens of 

reviews published from various perspectives (Shao 

et al. 2022). These studies included smart fertilizers 
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as a strategy for sustainable agriculture (Calabi-

Floody et al. 2018), smart nanomaterials and 

nanocomposites for advanced agrochemical 

activities (Kumar et al. 2021), nanotechnology-based 

controlled release of sustainable fertilizers (Beig et 

al. 2022), using of bio-nanoparticles as fertilizers in 

smart farming (Ndaba et al. 2022), functional 

nanomaterials (NMs) for sustainable and smart 

agricultural chemical technologies (Shao et al. 

2022), and smart nano-biosensors for sustainable 

agriculture and environmental applications 

(Ramachandran et al. 2022). 

Agriculture sector includes several farms such as 

crop farming, floriculture, viticulture, aquaculture, 

microalgae farming and livestock, which several 

farms already have been implemented to be smart 

farming through application of artificial intelligence 

(AI) technology, and Internet of Things (IoT) to 

improve their productivity and their quality (Lim et 

al. 2022). A general comparison between smart 

fertilizer and nanofertilizer can be noticed in Fig. (2), 

whereas many photos are listed in Fig. (3) offer more 

information about the smart fertilizer in the system 

of fertigation or smart irrigation as well. It is worth 

to mention that, targeting a not selected plant and/or 

microbe species with possible adverse effect is a key 

issue emerging that put a loophole of criticism for 

these smart nano-agrochemicals, as reported by 

Kumar et al. (2021). Smart fertilizer includes 

nanofertilizer, so smart fertilizer is wider concept 

that includes the nanofertilizer in particular. 

  

Fig. 1. The main applications of nanotechnology in the agriculture and food sectors.
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Fig. 2. A general comparison between smart fertilizer and nanofertilizer. 
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Automatic fertigation system by using three tanks A, B and C (left photo), and control valve. Netafim irrigation control valve in 

ground (right photo) 

 

 

 

 

Meteorological weather station by solar energy, as one of the components that complements smart irrigation system (left) and 

part of the fertigation in the field (right photo) 
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Measurement of the conductivity and temperature of soil which is used in smart irrigation scheduling 

(left photo), saving irrigation water by using plastic mulch which reduces evapotranspiration 

 

  

 

Smart irrigation and fertilizer in a field cultiavted with potato crop using some sensors 
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Motoring automatic drip irrigation system for large scale powered by solar energy (left photo), motoring 

station of soil moisture content and soil temperature at different depth by sensors at plant seedling stage 

 

  

The unit of smart fertilizer in the fertigation system by using sensors  
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Fertilizer tanks and their control units (left photo), control board, check valves, solenoid valves and 

pressure gauge for smart fertigation (right photo) 

  

Photos for hydroponic systems including lettuce and leafy vegetables  

 

Fig. 3. Some photos from the smart irrigation system, which includes different components. 
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5. A call for photographical articles 

Environment, Biodiversity and Soil Security (EBSS) 

journal already planned this year, for more calls 

including more new hot topics. EBSS already started 

publication through a call for smart farming for 

developing sustainable agriculture (Fawzy and El-

Ramady 2022), smart irrigation (Fawzy et al. 2022c), 

then move to a call on Soil-Water-Plant-Human 

Nexus (Brevik et al. 2022). At the same time, more 

calls for submission of photographic review or mini-

review such as Global Soil Science Education 

(Koriem et al. 2022), Management of Salt-Affected 

Soils (El-Ramady et al. 2022a), Soil-Water-Plant-

Human Nexus (Brevik et al. 2022), Grafting of 

Vegetable Crops (Bayoumi et al. 2022), Sustainable 

Applications of Mushrooms in Soil Science (Fawzy 

et al. 2022b), and on Nano-Farming of Vegetables 

(Fawzy et al. 2022a). This is a new call for more 

publications on smart fertilizer under the umbrella of 

smart agriculture especially using the photographic 

reviews or mini-reviews. More submission of articles 

is most welcome. We have more different 

photographic call for the Egyptian Journal of Soil 

Science like a call on Sustainable Applications of 

Mushrooms (Fawzy et al. 2022d), and on Soil and 

Humans (El-Ramady et al. 2022b). 
 

Ethics approval and consent to participate: This 

article does not contain any studies with human 

participants or animals performed by any of the 

authors.  

Consent for publication: All authors declare their 

consent for publication.  

Funding: Authors would like to thank Science and 

technology assistance project to developing 

countries. Research and demonstration of key 

technologies about green and intelligent water-

saving irrigation in arid area of Egypt，

KY201904010. Furthermore, the Experimental 

Station for Research and Production of National 

Research Centre. 

Conflicts of Interest: The author declares no 

conflict of interest. 

Contribution of Authors: All authors shared in 

writing, editing and revising the MS and agree to its 

publication. 

Acknowledgments: Authors would like to thank 

Science and technology assistance project to 

developing countries. Research and demonstration of 

key technologies about green and intelligent water-

saving irrigation in arid area of Egypt，

KY201904010. Furthermore, the Experimental 

Station for Research and Production of National 

Research Centre. 

 

6. References 

Abbas HH, Noufal E, Farid I, Attia M, Ahmed R, Abbas 

M (2021). Effect of traditional sources of Zn and ZnO-

nano-particles foliar application on productivity and P-

uptake of maize plants grown on sandy and clay loam 

soils. Environment, Biodiversity and Soil Security, 5, 

59-72. https://doi.org/10.21608/jenvbs.2021.58802.1 

127. 

Abubakar SA, Hamani AKM, Chen J, Sun W, Wang G, 

Gao Y, Duan A (2022). Optimizing N-fertigation 

scheduling maintains yield and mitigates global 

warming potential of winter wheat field in North China 

Plain. Journal of Cleaner Production, 357, 131906. 

https://doi.org/10.1016/j.jclepro.2022.131906.  

Aryal JP, Sapkota TB, Krupnik TJ, Rahut DB, Jat ML, 

Stirling CM (2021). Factors affecting farmers’ use of 

organic and inorganic fertilizers in South Asia. 

Environmental Science and Pollution Research 28, 

51480–51496. https://doi.org/10.1007/s11356-021-

13975-7. 

Azam M, Bhatti HN, Khan A, Zafar L, Iqbal M (2022). 

Zinc oxide nano-fertilizer application (foliar and soil) 

effect on the growth, photosynthetic pigments and 

antioxidant system of maize cultivar. Biocatalysis and 

Agricultural Biotechnology, 42, 102343. https://doi.or 

g/10.1016/j.bcab.2022.102343.  

Bahmanzadegan A, Tavallali H, Tavallali V, Mohammad 

Ali Karimi MA (2022). Variations in biochemical 

characteristics of Zataria multiflora in response to 

foliar application of zinc nano complex formed on 

pomace extract of Punica granatum. Industrial Crops 

and Products, 187, Part A, 115369. 

https://doi.org/10.1016/j.indcrop.2022.115369.  

Bayoumi Y, Shalaby TA, Fawzy ZF, Shedeed SI, Taha N, 

El-Ramady H, Prokisch J (2022). Grafting of 

Vegetable Crops in the Era of Nanotechnology: A 

photographic Mini Review. Env. Biodiv. Soil Security, 

6, 133 – 148. DOI: 10.21608/JENVBS.2022.147280.1 

181. 

Beig B, Niazi MBK, Sher F, Jahan Z, Malik US, Khan MD, 

Américo-Pinheiro JHP, Vo DV (2022). 

https://doi.org/10.21608/jenvbs.2021.58802.1127
https://doi.org/10.21608/jenvbs.2021.58802.1127
https://doi.org/10.1016/j.jclepro.2022.131906
https://doi.org/10.1007/s11356-021-13975-7
https://doi.org/10.1007/s11356-021-13975-7
https://doi.org/10.1016/j.bcab.2022.102343
https://doi.org/10.1016/j.bcab.2022.102343
https://doi.org/10.1016/j.indcrop.2022.115369


202                                                                               ZAKARIA F. FAWZY, ET AL., 

 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

Nanotechnology-based controlled release of 

sustainable fertilizers. A review. Environmental 

Chemistry Letters, https://doi.org/10.1007/s10311-

022-01409-w. 

Bhardwaj AK, Arya G, Kumar R, Hamed L, 

Pirasteh-Anosheh H, Jasrotia P, Kashyap PL, Singh 

GP (2022). Switching to nanonutrients for sustaining 

agroecosystems and environment: the challenges and 

benefits in moving up from ionic to particle feeding. 

Journal of Nanobiotechnology 20, 19. https://doi.org/1 

0.1186/s12951-021-01177-9.  

Brevik EC, Omara AED, Elsakhawy T, Amer M, Fawzy 

ZF, El-Ramady H, Prokisch J (2022). The Soil-Water-

Plant-Human Nexus: A Call for Photographic Review 

Articles. Env. Biodiv. Soil Security, 6, 117 – 131. DOI: 

10.21608/JENVBS.2022.145425.1178. 

Calabi-Floody, M., Medina, J., Rumpel, C., Condron, L. 

M., Hernandez, M., Dumont, M., Mora, M. de la L. 

(2018). Smart Fertilizers as a Strategy for Sustainable 

Agriculture. Advances in Agronomy, 119–157. Doi: 

10.1016/bs.agron.2017.10.003. 

Dhlamini B, Paumo HK, Kamdem BP, Katata-Seru L, 

Indra Bahadur I (2022). Nano-engineering metal-based 

fertilizers using biopolymers: An innovative strategy 

for a more sustainable agriculture. Journal of 

Environmental Chemical Engineering, 10 (3), 107729. 

https://doi.org/10.1016/j.jece.2022.107729.  

El-Ramady H, Brevik EC, Elsakhawy T, Omara AED, 

Amer M, Abowaly M, El-Henawy A, Prokisch J 

(2022b). Soil and Humans: A Comparative and A 

Pictorial Mini-Review. Egypt. J. Soil Sci. Vol. 62, No. 

2, 101 – 122. DOI: 10.21608/EJSS.2022.144794.1508  

El-Ramady H, Faizy SED, Amer MM, Elsakhawy T, 

Omara AED, Eid Y, Brevik EC (2022a). Management 

of Salt-Affected Soils: A Photographic Mini-Review. 

Env. Biodiv. Soil Security, 6, 61 – 79.  

Elsayed AAA, EL-Gohary A, Taha ZK, Farag HM, 

Hussein MS, AbouAitah K (2022). Hydroxyapatite 

nanoparticles as novel nano-fertilizer for production of 

rosemary plants. Scientia Horticulturae, 295, 110851. 

https://doi.org/10.1016/j.scienta.2021.110851.  

FAO (2019). OECD-FAO Agricultural Outlook 2017-

2026, OECD Publishing, Paris. 10.1787/agr_outlook-

2017-en. 

Fawzy ZF, El-Ramady H (2022). Applications and 

Challenges of Smart Farming for Developing 

Sustainable Agriculture. Env. Biodiv. Soil Security, 6, 

81 – 90. DOI: 10.21608/JENVBS.2022.135889.1175. 

Fawzy ZF, El-Ramady H, Abd El-Fattah DA, Prokisch J 

(2022b). Sustainable Applications of Mushrooms in 

Soil Science: A Call for Pictorial Articles. Egypt. J. 

Soil Sci. 62 (2), 101-115. DOI: 10.21608/EJSS.20 

22.148638.1514. 

Fawzy ZF, El-Ramady H, Abd El-Fattah DA, Prokisch J 

(2022d). Sustainable Applications of Mushrooms in 

Soil Science: A Call for Pictorial and Drawn Articles. 

Egypt. J. Soil Sci. Vol. 62 (2), 155 – 167. DOI: 

10.21608/EJSS.2022.148638.1514. 

Fawzy ZF, El-Ramady H, Omara AED, Elsakhawy T, 

Bayoumi Y, Shalaby TA, Prokisch J (2022a). From 

Farm-to-Fork: A pictorial Mini Review on Nano-

Farming of Vegetables. Env. Biodiv. Soil Security, 6, 

149 – 163. DOI: 10.21608/JENVBS.2022.145977.1180. 

Fawzy ZF, El-Sawy SM, El-Bassiony AM, Zhaojun S, 

Okasha AM, Bayoumi Y, El-Ramady H, Prokisch J 

(2022c). Is the Smart Irrigation the Right Strategy 

under the Global Water Crisis? A Call for 

Photographical and Drawn Articles. Env. Biodiv. Soil 

Security, 6, (in press). 

Guha T, Geetha Gopal, Amitava Mukherjee, Rita Kundu R 

(2022). Fe3O4-urea nanocomposites as a novel nitrogen 

fertilizer for improving nutrient utilization efficiency 

and reducing environmental pollution. Environmental 

Pollution, 292, Part A, 118301. https://doi.org/10.101 

6/j.envpol.2021.118301.  

Jakhar AM, Aziz I, Kaleri AR, Hasnain M, Haider G, Ma 

J, Abideen Z (2022). Nano-fertilizers: A sustainable 

technology for improving crop nutrition and food 

security. NanoImpact, 27, 100411. 

https://doi.org/10.1016/j.impact.2022.100411.  

Khalid U, Sher F, Noreen S, Lima EC, Rasheed T, Sehar 

S, Amami R (2022). Comparative effects of 

conventional and nano-enabled fertilizers on 

morphological and physiological attributes of 

Caesalpinia bonducella plants. Journal of the Saudi 

Society of Agricultural Sciences, 21 (1), 61-72. 

https://doi.org/10.1016/j.jssas.2021.06.011.  

Kumar A, Choudhary A, Kaur H, Mehta S, Husen A 

(2021). Smart nanomaterial and nanocomposite with 

advanced agrochemical activities. Nanoscale Res Lett 

16, 156. https://doi.org/10.1186/s11671-021-03612-0.  

Lalarukh I, Zahra N, Al Huqail AA, Amjad SF, Al-Dhumri 

SA, Ghoneim AM, Alshahri AH, Almutari MM, 

Alhusayni FS, Al-Shammari WB, Poczai P, Mansoora 

N, Ayman M, Abbas MHH, Abdelhafez AA (2022) 

Exogenously applied ZnO nanoparticles induced salt 

tolerance in potentially high yielding modern wheat 

(Triticum aestivum L.) cultivars, Environmental 

https://doi.org/10.1007/s10311-022-01409-w
https://doi.org/10.1007/s10311-022-01409-w
https://doi.org/10.1186/s12951-021-01177-9
https://doi.org/10.1186/s12951-021-01177-9
https://doi.org/10.1016/j.jece.2022.107729
https://doi.org/10.1016/j.scienta.2021.110851
https://doi.org/10.1016/j.envpol.2021.118301
https://doi.org/10.1016/j.envpol.2021.118301
https://doi.org/10.1016/j.impact.2022.100411
https://doi.org/10.1016/j.jssas.2021.06.011
https://doi.org/10.1186/s11671-021-03612-0


SMART FERTILIZERS VS. NANO-FERTILIZERS: A PICTORIAL OVERVIEW                                       203 

 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

Technology & Innovation, 27, 102799, https://doi.or 

g/10.1016/j.eti.2022.102799. 

Lim HR, Khoo KS, Chia WY, Chew KW, Ho SH, Show 

PL (2022). Smart microalgae farming with internet-of-

things for sustainable agriculture. Biotechnology 

Advances, 57, 107931. https://doi.org/10.1016/j.biote 

chadv.2022.107931.  

Madzokere TC, Murombo LT, H. Chiririwa H (2021). 

Nano-based slow releasing fertilizers for enhanced 

agricultural productivity. Materials Today: 

Proceedings, 45, Part 3, 3709-3715. https://doi.org/1 

0.1016/j.matpr.2020.12.674. 

Nayebloie F, Kouchakzadeh M, Ebrahimi K, Homaee M, 

Abbasi F (2022). Improving fertigation efficiency by 

numerical modelling in a lettuce subsurface drip 

irrigation farm. Agricultural Water Management, 270, 

107721. https://doi.org/10.1016/j.agwat.2022.107721.  

Ndaba B, Roornarain A, Rama H, Maaza M (2022). 

Biosynthesized metallic nanoparticles as fertilizers: 

An emerging precision agriculture strategy. Journal of 

Integrative Agriculture. 21 (5), 1225-1242. 

https://doi.org/10.1016/S2095-3119(21)63751-6.  

Okasha AM, M Khalifa E, M Moustafa M, S Khattab M 

(2022). Effect of fertilization with surge flow 

technique on application efficiency, water 

productivity, yield and irrigation cost of maize crop 

(zea mays l.). Misr journal of agricultural engineering, 

39(1), 71-92. 

Panuccio MR, Marra F, Maffia A, Mallamaci C, Muscolo 

A (2022). Recycling of agricultural (orange and olive) 

bio-wastes into ecofriendly fertilizers for improving 

soil and garlic quality. Resources, Conservation & 

Recycling Advances 15, 200083. https://doi.org/1 

0.1016/j.rcradv.2022.200083. 

Prajapati D, Pal A, Dimkpa C, Harish, Singh U, Khaidem 

Devi KA, Choudhary JL, Saharan V (2022). Chitosan 

nanomaterials: A prelim of next-generation fertilizers; 

existing and future prospects. Carbohydrate Polymers, 

288, 119356. https://doi.org/10.1016/j.carbpol.2022.1 

19356.  

Rahman MH, Hasan MN, Khan MZH (2021). Study on 

different nano fertilizers influencing the growth, 

proximate composition and antioxidant properties of 

strawberry fruits. Journal of Agriculture and Food 

Research, 6, 100246. https://doi.org/10.1016/j.jafr.202 

1.100246. 

Ramachandran RP, Vellaichamy C, Chyngyz Erkinbaev C 

(2022). Smart nano-biosensors in sustainable 

agriculture and environmental applications. In: Kunal 

Pal, Angana Sarkar, Preetam Sarkar, Nandika Bandara, 

Veeriah Jegatheesan (Eds.), Micro and Nano 

Technologies, Food, Medical, and Environmental 

Applications of Nanomaterials, Elsevier, Pp: 527-542, 

https://doi.org/10.1016/B978-0-12-822858-6.000194. 

Rexlin J., Vijayakumar, S., Nilavukkarasi, M. et al. (2022). 

Bioengineered ZnO nanoparticles as a nano priming 

agent in Cyamopsis tetragonoloba L. Taub. to improve 

yield and disease resistance. Appl Nanosci. 

https://doi.org/10.1007/s13204-022-02526-2. 

Sajadinia H, Ghazanfari D, Naghavii K, Naghavi H, 

Tahamipur B (2021). A comparison of microwave and 

ultrasound routes to prepare nano-hydroxyapatite 

fertilizer improving morphological and physiological 

properties of maize (Zea mays L.). Heliyon, 7 (3), 

e06094. https://doi.org/10.1016/j.heliyon.2021.e06094. 

Shalaby TA, Abd-Alkarim E, El-Aidy F, Hamed E, Sharaf-

Eldin M, Taha N, El-Ramady H, Bayoumi Y, dos Reis 

AR (2021). Nano-selenium, silicon and H2O2 boost 

growth and productivity of cucumber under combined 

salinity and heat stress. Ecotoxicology and 

Environmental Safety, 212, 111962. https://doi.org/1 

0.1016/j.ecoenv.2021.111962.  

Shams A, Abbas M (2019) Can hydroxyapatite and boron 

oxide nano-fertilizers substitute calcium 

superphosphate and boric acid for broccoli (Brassica 

oleracea var. italica) grown on a heavy clay soil? 

Egyptian Journal of Horticulture, 46(2), 215-234. 

https://doi.org/10.21608/ejoh.2019.16154.1113. 

Shao C, Zhao H, Wang P (2022). Recent development in 

functional nanomaterials for sustainable and smart 

agricultural chemical technologies. Nano Convergence 

9, 11. https://doi.org/10.1186/s40580-022-00302-0. 

Sheikhnazari S, Niknezhad Y, Fallah H, et al. (2022). 

Integrated Application of Rice Husk Biochar and ZnO-

NPs Improves Yield Components, Yield and Nutrient 

Uptake in Grain of Rice Under Different Nitrogen 

Fertilizer Levels. Gesunde Pflanzen. 

https://doi.org/10.1007/s10343-022-00691-6  

Shylaja S, Prashanthi Y, Rao TN (2022). Synthesis and 

evaluating the effects of nano hydroxyapatite on 

germination, growth and yield of cluster beans. 

Materials Today: Proceedings, 64, Part 1, 917-921. 

https://doi.org/10.1016/j.matpr.2022.06.054. 

Surendran U, Chandran KM (2022). Development and 

evaluation of drip irrigation and fertigation scheduling 

to improve water productivity and sustainable crop 

production using HYDRUS. Agricultural Water 

Management, 269, 107668. https://doi.org/10.1016/j.a 

gwat.2022.107668. 

https://doi.org/10.1016/j.biotechadv.2022.107931
https://doi.org/10.1016/j.biotechadv.2022.107931
https://doi.org/10.1016/j.matpr.2020.12.674
https://doi.org/10.1016/j.matpr.2020.12.674
https://doi.org/10.1016/j.agwat.2022.107721
https://doi.org/10.1016/S2095-3119(21)63751-6
https://doi.org/10.1016/j.rcradv.2022.200083
https://doi.org/10.1016/j.rcradv.2022.200083
https://doi.org/10.1016/j.carbpol.2022.119356
https://doi.org/10.1016/j.carbpol.2022.119356
https://doi.org/10.1016/j.jafr.2021.100246
https://doi.org/10.1016/j.jafr.2021.100246
https://doi.org/10.1016/B978-0-12-822858-6.00019-4
https://doi.org/10.1007/s13204-022-02526-2
https://doi.org/10.1016/j.heliyon.2021.e06094
https://doi.org/10.1016/j.ecoenv.2021.111962
https://doi.org/10.1016/j.ecoenv.2021.111962
https://doi.org/10.1186/s40580-022-00302-0
https://doi.org/10.1007/s10343-022-00691-6
https://doi.org/10.1016/j.matpr.2022.06.054
https://doi.org/10.1016/j.agwat.2022.107668
https://doi.org/10.1016/j.agwat.2022.107668


204                                                                               ZAKARIA F. FAWZY, ET AL., 

 

Env. Biodiv. Soil Security, Vol. 6 (2022) 

Taha AM (2022). Selecting an Injector for 

Fertilizer/Chemical Injection. In: Fertigation: A 

Pathway to Sustainable Food Production. Springer 

Nature Switzerland AG. Pp: 13-24, 

https://doi.org/10.1007/978-3-031-05596-6_3. 

Tanchev L (2014). Dams and Appurtenant Hydraulic 

Structure, 2nd Ed. CRC Press/Balkema, EH Leiden, 

The Netherlands, pp. 915–927. 

Toksha B, Sonawale VAM, Vanarase A, Bornare D, Tonde 

S, Hazra C, Kundu D, Satdive A, Tayde S, Chatterjee 

A (2021). Nanofertilizers: A review on synthesis and 

impact of their use on crop yield and environment. 

Environmental Technology & Innovation, 24, 101986. 

https://doi.org/10.1016/j.eti.2021.101986.  

Umar W, Czinkota I, Gulyás M, Aziz T, Hameed MK 

(2022). Development and characterization of slow 

release N and Zn fertilizer by coating urea with Zn 

fortified nano-bentonite and ZnO NPs using various 

binders. Environmental Technology & Innovation, 26, 

102250. https://doi.org/10.1016/j.eti.2021.102250.  

United Nations (2019). World Population Prospects 2019: 

The Highlights. United Nations, Department of 

Economic and Social Affairs, Population Division, 

United States. pp: 1-46. 

Vejan P, Khadiran T, Abdullah R, Ahmad N (2021). 

Controlled release fertilizer: A review on 

developments, applications and potential in 

agriculture. Journal of Controlled Release, 339, 321-

334. https://doi.org/10.1016/j.jconrel.2021.10.003.  

Wang C, Luo D, Zhang X, Huang R, Cao Y, Liu G, Zhang 

Y, Hui Wang H (2022). Biochar-based slow-release of 

fertilizers for sustainable agriculture: A mini review. 

Environmental Science and Ecotechnology, 10, 

100167. https://doi.org/10.1016/j.ese.2022.100167.  

Yasmeen T, Arif MS, Shahzad SM, Riaz M, Tufail MA, 

Mubarik MS, Ahmad A, Ali S, Albasher G, Shakoor A 

(2022). Abandoned agriculture soil can be recultivated 

by promoting biological phosphorus fertility when 

amended with nano-rock phosphate and suitable 

bacterial inoculant. Ecotoxicology and Environmental 

Safety, 234, 113385. https://doi.org/10.1016/j.ecoen 

v.2022.113385.  

Zhang S, Yang M, Meng S, Yang Y, Li YC, Tong Z 

(2022). Biowaste-derived, nanohybrid-reinforced 

double-function slow-release fertilizer with metal-

adsorptive function. Chemical Engineering Journal, 

450, Part 2, 138084. https://doi.org/10.1016/j.cej.202 

2.138084.  

Zulfiqar F, Navarro M, Ashraf M, Akram N A, Munné-

Bosch S. (2019). Nanofertilizer use for sustainable 

agriculture: Advantages and limitations. Plant Science, 

289, 110270..

 

https://doi.org/10.1007/978-3-031-05596-6_3
https://doi.org/10.1016/j.eti.2021.101986
https://doi.org/10.1016/j.eti.2021.102250
https://doi.org/10.1016/j.jconrel.2021.10.003
https://doi.org/10.1016/j.ese.2022.100167
https://doi.org/10.1016/j.ecoenv.2022.113385
https://doi.org/10.1016/j.ecoenv.2022.113385
https://doi.org/10.1016/j.cej.2022.138084
https://doi.org/10.1016/j.cej.2022.138084

