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1. Introduction

y 2050, the global population is
expected to be 9.2 billion; the
population in the developing countries
will be 8.0 billion, while it will be 1.2
billion in the developed countries.
Therefore, it is assumed that agriculture
production should be increased by 50% from
the current levels to meet the increased food
demand [1]. This challenge is further
exacerbated by climate change as agriculture
activities have inextricable links with climate.
An abrupt change in climatic conditions at such
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a rapid pace has threatened food security on a
global scale [2]. Consequently, fertilizers and
plant protection products (pesticides) are the
necessary elements in modern agriculture to
maximize crop productivity and boost its
quality [3]. During the past two decades, many
pieces of research have been carried out on
nanotechnology and its numerous applications
in the agriculture sector. Nanotechnology can
be applied in agriculture activity by producing
nano-fertilizers, nano-pesticides, nano-
herbicides, nano-fungicides, and nano-sensors
(Figure1)[4-9].
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Figure 1. Applications of nanotechnology in agriculture [9]

2. Nano-fertilizers

Nano-fertilizers can be  defined as
encapsulated nutrients in which plant nutrients
are coated with nanomaterials for the
controlled delivery of plant imperative nutrient
requirements (Figure 2) [10, 11]. The
utilization of nanomaterials in fertilizer
application increases the absorption and
influence of nutritional elements and essential
compounds for plants, as well [4]. Several
factors are controlling the efficacy of nano-
fertilizers such as the uptake, distribution, and

accumulation of nano-fertilizers in crops. These
factors strongly depend on both intrinsic and
extrinsic factors; particle size and surface
coating are the most important intrinsic factors.
While the percent of organic matter, soil
texture, and pH of the soil are significant
extrinsic factors (Figure 3) [12, 13]. Foliar
spray of calcium borate Nanoparticles (CaB4O7-
NPs) was applied as a nano-fertilizer on Lactuca
sativa and Cucurbita pepo, the application of
CaB407-NPs promoted shoot and root biomass
production of lettuce by 2.7 and 1.9-fold
compared to the untreated plants, respectively
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[14]. The treatment of the Blackeye bean plant
with hybrid chitosan-calcium oxide
nanoparticles increased the growth of the plant
by 8 cm and 10.7 cm compared with 6 cm for
the untreated plant [15]. Synthesized nano-
siderite (FeCO3-NPs) was applied on chickpea
and displayed high effectiveness in preventing
iron chlorosis by an excessive residual effect
[16]. Utilization of zinc oxide NPs (ZnO-NPs) by
foliar application on rice showed the reliable
results to beat zinc deficiency. Furthermore, the
application of ZnO-NPs also improved the
growth and yield parameters and enhanced
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dehydrogenase, as well [17]. Nitrogen fertilizer
coated with a nanoporous zeolite base has been
utilized as a secondary approach contributing
to the slow release of nitrogen which increases
nitrogen use efficiency [18]. The urea-modified
hydroxyapatite nanoparticles were
encapsulated into cavities of the softwood of
Gliricidia sepium, such nano-fertilizer
composition exhibited a moderate and
controlled delivery of nitrogen at three
divergent pH values (4.2, 5.2, and 7) up to day
60 compared to the commercial fertilizer [19].
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Figure 2. (a) Model of nanocapsule containing macro/microelements. Examples of opening strategies of
nanocapsule: (b) release of nutrients as a function of time to avoid or limit nutrient losses or designed to
occur when a molecular receptor binds to a specific chemical [11]
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Figure 3. Factors that influence uptake, distribution, and accumulation of nano-fertilizers in crops [13]

193




2022, Volume 4, Issue 2

3. Nano-pesticides

Nano-pesticides are any pesticide
formulations intentionally including nano-sized
entities (up to 100 nm) and claiming new
properties arising from size [20]. Due to their
small size and high surface area to volume ratio,
nano-pesticides are expected to exhibit unique
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stable aqueous nano-dispersions of lipophilic
pesticides can be prepared by using suitable
surfactants. Nano-formulations increase the
bioavailability of the pesticides and reduce the
use of toxic organic solvents [22]. An
assortment of different forms of nano-based
pesticides, including nanoemulsions,
nanocapsules, nanospheres, nanosuspensions,

advantageous features compared to the solid lipid nanoparticles, mesoporous metal
conventional pesticides [21]. Nano-  oxide nanoparticles, and nanoclays have been
formulations increase the solubility and  developed (Figure 4) [23-26].
dispersion of lipophilic pesticides in water;
. . ; pesticide loaded !
nanosized pesticides | nano-carrier systems !
vl A o J
encapsulation attachment adsorption entrapment
Figure 4. Schematic diagram of nano-based pesticide formulation [26]
3.1.  Nano-emulsions Abamectin-loaded nanoemulsion with a

Nano-emulsions are heterogeneous systems
composed of one immiscible liquid dispersed as
droplets within another liquid. The droplets
size of nano-emulsion is between 20 to 500 nm,
the diameter and surface properties of the
droplets possess a significant role in biological
behaviour of the formulation [27].
Nanoemulsions consist of three main parts: oil,
surfactant, and water, the two immiscible
phases oil and water are present in a nano-
emulsion system are separated by interfacial
tension induced by surfactants (Figure 5) [28].

remarkable physical stability and application
performance was obtained. The optimal
formula was 2% abamectin and 5% castor oil
polyoxyethylene (EL-40) dissolved in 7.5%
hydrocarbon solvent (S-200) made up to 100%
with deionized water. Abamectin nanoemulsion
droplets exhibited the excellent wettability and
diffusivity on cabbage leaves with a small
dynamic contact angle. The insecticidal activity
against the 3nd instar larva of Plutella xylostella
explored the lowest LCso value of 0.0686 mg/L
[29].
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Figure 5. Schematic representation of Oil-in-water nanoemulsion (A) and water-in-oil nanoemulsion (B) [28]

3.2, Nano-capsules

Encapsulation technology provides a new
strategy for improving the utilization rate of
pesticides. Encapsulating pesticides into shell
materials protects the active ingredients (Als)
from the degradation caused by environmental
factors, reduces the loss of pesticides, achieves
the sustainable release of Als, and maintains the
effective control over the extended periods of
time [30]. A  dual-function pesticide
nanocapsule delivery system of two active
ingredients (Als) validamycin and thifluzamide
was fabricated. The nanocapsule system was
based on a water-oil-water double emulsion
method combined with a high-pressure
homogenization technology. The produced
nanocapsules were monodisperse spheres with
a mean particle size of ~260 nm. Compared

with the commercial formulation, the
nanocapsule delivery system demonstrated a
synergistic  effect, which enhanced the
bioactivity against Rhizoctonia solani [25].

3.3.  Nano-clays

Nano-clays are layered mineral silicates

organized into several classes depending on
chemical composition and morphology such as
montmorillonite, halloysite, kaolinite,
bentonite, and hectorite [31]. The chemical
modification of commercial kaolin was
performed via a simple hydrothermal method
in the presence of NaOH and Na;HPO4 at 160 °C.

Such type of modification changed the physical
and chemical characteristics of kaolin in terms
of morphology, surface area, and functionality
which enhanced the insecticidal activity against
Spodoptera littoralis The LCso values for
alkaline modified kaolin (AMK) in presence of
NaOH were 403.19 mg/L and 98.11 mg/L for
phosphate modified kaolin (PMK) in the
presence of Na;HPO4 [24].
3.4.  Solid lipid nanoparticles

Solid lipid nanoparticles (SLNs) are nano-sized
carriers (50-1000 nm) developed in 1991 as a
substitute colloidal drug delivery system
parallel to liposomes, lipid emulsions, and
polymeric nanoparticles. SLNs increase the
biocompatibility, storage stability and prevent
the degradation of the incorporated drug [32].
As a rule of thumb, SLN can be derived from the
oil in water (O/W) nanoemulsions, however the
oil droplets are replaced by a solid lipid or by a
blend of a solid and a liquid lipid in which the
active molecules can be incorporated with the
solid lipophilic matrix (Figure 6) [33, 34]. The
high shear homogenization and ultrasound
methods were used for the fabrication of solid
lipid nanoparticles loaded by essential oil
Ziziphora clinopodioides Lam (SLN-EO). The
lipid phase consisted of percirol ATO5 and
campritol 888 (5% w/v), and Poloxamer 188
(2.5% w/v) was used as a surfactant. The
fumigant toxicity of 2.5% SLN-EO with a
particle size of 241.10 nm was evaluated
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against red flour beetle (Tribolium castaneum)
and compared with the pure oil. The LCso values
of SLN-EO and pure oil were 30.602 and 68.303
(uL. L air-1), respectively. Further, the
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comparative  assessment of  persistence
indicated that SLN-EO formulation remained
effective until 14 days, while the pure oil lost its
toxicity after the 8th day of application [35].
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Figure 6. Schematic representation of SLN production by microemulsion technique [ 34]

3.5.  Nano- Suspensions

Suspension concentrate (SC) is a new pesticide
formulation used for water-insoluble pesticides.
Dispersion of pesticides into the aqueous media
can minimize the usage of organic solvents and
soil pollution. SC is a thermodynamically
unstable system in which pesticide particles are
spontaneously deposited [36]. Pesticide nano-
suspensions are nanocolloidal dispersions of
pesticide active ingredient particles in
crystalline or amorphous state stabilized by
surfactants. The application of nano-suspension
formulations in pest management programs not
only increases the solubility rate of pesticides,
but it improves the stability and enhances the
efficacy, as well [32]. Nano-suspension of
poorly water-soluble fungicide (azoxystrobin)
was manufactured in the presence of 1-
Dodecanesulfonic acid sodium salt (SDS) and
polyvinylpyrrolidone K30 (PVP K30) by using
the wet media milling method. The value of
mean particle size, polydispersity index, and
potential of azoxystrobin nanosuspension was
238.1+1.5nm, 0.17 £0.02, and -31.8+ 0.3 mV,
respectively. Compared to conventional
fungicide formulations, the nanosuspension
exhibited an increase in retention volume and
reduced the contact angle which in turn

enhanced the wettability and adhesion.
Moreover, azoxystrobin nanosuspension
indicated the highest anti-fungal activity against
Fusarium oxysporum with LCso = 1.4243 mg/L
[37].

3.6.  Mesoporous metal oxide nanoparticles

Mesoporous metal oxide nanoparticles
(MMOs) have received much attention due to
their unique physicochemical properties in
terms of the large surface areas, reduced
densities, and hydrothermal stability in
aqueous and organic solutions [38]. The
applications of mesoporous metal oxide
nanoparticles depend on their properties, so as
several MMOs, they have been synthesized with
controlled structures, compositions, and
morphologies [39, 40]. The insecticidal activity
of different structures of Si02-NPs on
Spodoptera littoralis has been evaluated, and
the results demonstrated that the entomotoxic
effect is dominated by particle size. SiO,-NPs
with the smallest size (33 nm) exhibited the
highest control efficacy with LCso = 327.7 mg/L
after 11 days post-treatment [40]. The poisoned
food technique was utilized to evaluate the anti-
fungal activity of MgO-NPs against three seed-
borne fungi of rice, Fusarium verticillioides,
Bipolaris oryzae, Fusarium fujikuroi. Sepiolite-
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blended MgO nanocomposite (SE-MgO)
exhibited a higher antifungal effect compared to
the pure MgO-NPs. The treated seed with SE-
MgO (250 mg/L MgO as an active ingredient)
revealed 100% hyphal reduction [41]. The
template free direct precipitation method has
been used for the fabrication of a hierarchical
microflower-like structure of copper oxide
nanoparticles with an average size of 1.0 pm.
CuO-NPs exhibit fast entomotoxic effect on
Spodoptera littoralis with LCso = 232.75 mg/L
after 3 days post-treatment. CuO NPs caused
severe damages to the insect exoskeleton
through the damage of its cuticle water barrier
mostly by abrasion, besides the effect of
reactive oxygen species (ROS) that create a
pore network on the cell membrane which in
turn causes the leakage of intracellular contents
(i.e., lipids) and deterioration of the protective
wax layer [23]. [jaz et al [42], evaluated the
antibacterial activity of green synthesized CaO-
NPs using leaf extract of Mentha piperita against
Escherichia coli bacteria. The well-diffusion
method was utilized for estimating their
antimicrobial index on Escherichia coli. The
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observed when 100 mg/L CaO-NPs loaded with
50 pl inoculum size of Escherichia coli at
sunlight exposure of 5 hours. The antiviral
activity of a uniform sphere of TiO;
nanostructures has been investigated against
broad bean strain virus in faba bean plants. The
hollow sphere structure of TiO; has birdcage-
like perforations which in turn significantly
increased the exposed interaction area between
the plant virus and TiO; and subsequently
increased their antiviral activity. The results
confirmed a significant reduction in disease
severity for treated faba bean plants relative to
the untreated [43]. The insecticidal activity of
sea urchin-like calcium borate (CaB204)
microspheres and its synergistic combination
with cholinesterase-inhibiting insecticides are
explored against Spodoptera littoralis. The
synergistic combination with methomyl and
chlorpyrifos increases the toxicity to 2.4 and
2.6-fold higher than the individuals. CaB:04
microspheres cause physical damage to the
external insect's cuticle layer, which
consequently enhances the uptake of organic
insecticides (Figure 7) [44].

maximum zone of inhibition (up to 42 mm) was
S

Figure 7. Synergistic combination of sea urchin-like calcium borate microspheres with methomyl and

chlorpyrifos insecticides [44]
4. Conclusions

The urgent need for increasing agriculture
production encourages the researchers to
provide the efficient and sustainable strategies
for food production. The engineering of nano-
materials affords a prospective way for novel
nano-agrochemicals by utilizing their efficacy

and the environmental impacts. Nano-fertilizers
increase the absorption and influence of
nutritional elements and essential compounds
for plants by encapsulating the nutrients with
nanomaterials. These encapsulated nutrients
provide a controlled delivery which in turn
reflects on the crop’s growth and productivity.
Furthermore, nano-pesticides exhibit unique
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advantageous features compared to the
conventional ones via increasing the
bioavailability of the pesticides and reducing
the use of toxic organic solvents. Besides,
reducing environmental pollution through the
mitigation of pesticide application rates and
decreasing losses.

Acknowledgment

The authors would like to thank everyone who
contributed to completing this manuscript and
the editorial staff of the Journal of Chemical
Review for their indefatigable efforts.

Conflict of Interest

The authors declare no conflict of interest.

Orcid:

Haytham A. Ayoub
https://orcid.org/0000-0003-3886-7323

References

[1]. A. Muller, C. Schade, N. E .H. Scialabba, ].
Briiggemann, A. Isensee, K.H. Erb, P.Smith, P.
Klocke, F. Leiber, M. Stolze, U. Niggli, Nat.
Commun., 2017, 8, 1290. [Google Scholar],
[Publisher]

[2]. N.K. Arora, Environ. Sustain., 2019, 2, 95-
96 [Crossref], [Google Scholar], [Publisher]

[3]. J.L. de Oliveira, E.V.R. Campos, M. Bakshi,
P.C. Abhilash, L.F. Fraceto, Biotechnol. Adv.,
2014, 32, 1550-1561. [Crossref], [Google
Scholar], [Publisher]

[4]. R. Prasad, A. Bhattacharyya, Q.D. Nguyen,
Front. Microbiol., 2017, 8, 1014. [Crossref],
[Google Scholar], [Publisher]

[5]. T. Pagar, S. Ghotekar, K. Pagar, S.
Pansambal, R. Oza, J. Chem. Rev., 2019, 1, 260-
270. [Crossref], [Google Scholar], [Publisher]
[6]. A. Nikam, T. Pagar, S. Ghotekar, K. Pagar,
S. Pansambal, /. Chem. Rev., 2019, 1, 154-163.
[Crossref], [Google Scholar], [Publisher]

[7]. P. Korde, S. Ghotekar, T. Pagar, S.
Pansambal, R. Oza, D. Mane, J. Chem. Rev., 2020,
2, 157-168. [Crossref], [Google Scholar],
[Publisher]

[8]. S. Abegunde, K. Idowu, A. Sulaimon, J.

Journal of Chemical Reviews

Chem. Rev., 2020, 2, 103-113.
[Google Scholar], [Publisher]

[9]. Y. Shang, M. Hasan, G.J. Ahammed, M. Li,
H. Yin, J. Zhou, Molecules, 2019, 24, 2558-2581.
[Crossref], [Google Scholar], [Publisher]

[10]. A.A. Feregrino-Perez, E. Magafia-Lopez, C.
Guzman, K. Esquivel, Sci. Hortic., 2018, 238,

[Crossref],

126-137.  [Crossref],  [Google  Scholar],
[Publisher]

[11]. L. Marchiol, Nanotechnology  in
agriculture: new opportunities and

perspectives. New visions in plant science,

2018, 9, 121. [Crossref], [Google Scholar],
[Publisher]
[12]. C.Ma,]. C. White , ]. Zhao, Q. Zhao, B. Xing,

Annu Rev Food Sci Technol., 2018, 9, 129-153.
[Crossref], [Google Scholar], [Publisher]

[13]. F. Zulfigar, M. Navarro, M. Ashraf, N.A.
Akram, S. Munné-Bosch, Plant Sci, 2019, 289,

110270. [Crossref], [Google Scholar],
[Publisher]
[14]. S. Meier, F. Moore, A. Morales, M. E.

Gonzalez, A. Seguel, C. Merifio-Gergichevich, J.
Mejias, Plant Physiol. Biochem., 2020, 151, 673-
680. [Crossref], [Google Scholar], [Publisher]
[15]. A.S. Balaganesh, B. Chandar shekar, Int. J.
Pharma Bio Sci., 2017, 8, 193-198. [Google
Scholar]

[16]. 1. Sanchez-Alcala, M. C. del Campillo , V.
Barron, J. Torrent, J. Sci. Food Agric., 2012, 92,
1964-1973. [Crossref], [Google Scholar],
[Publisher]

[17]. R. Bala, A. Kalia, S.S. Dhaliwal, J. Soil Sci.
Plant Nutr., 2019, 19, 379-389. [Crossref],
[Google Scholar], [Publisher]

[18]. A. Manik, K.S. Subramanian, Afr. J. Agric.
Res., 2014, 9, 276-284. [Crossref], [Google
Scholar], [Publisher]

[19]. N. Kottegoda, [. Munaweera, N.
Madusanka, V. Karunaratne, Curr. Sci, 2011,
101, 73-78. [Google Scholar], [Publisher]

[20]. M. Kah, T. Hofmann, Environ. Int., 2014,
63, 224-235. [Crossref], [Google Scholar],
[Publisher]

[21]. ]. Yadav, P. Jasrotia, P.L. Kashyap, A.K.
Bhardwaj, S. Kumar, M. Singh, G.P. Singh, Plant
Prot. Sci.,, 2021, 58, 1-17. [Crossref], [Google
Scholar], [Publisher]

[22]. S. Ojha, D. Singh, A. Sett, H. Chetia, D.
Kabiraj, U. Bora, Nanomaterials in Plants, Algae,
and Microorganisms, 2018, 1, 345-391.



https://orcid.org/0000-0003-3886-7323
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Strategies+for+feeding+the+world+more+sustainably+with+organic+agriculture&btnG=
https://www.nature.com/articles/s41467-017-01410-w
https://doi.org/10.1007/s42398-019-00078-w
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Impact+of+climate+change+on+agriculture+production+and+its+sustainable+solutions.&btnG=
https://link.springer.com/article/10.1007/s42398-019-00078-w#citeas
https://doi.org/10.1016/j.biotechadv.2014.10.010
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Application+of+nanotechnology+for+the+encapsulation+of+botanical+insecticides+for+sustainable+agriculture%3A+Prospects+and+promises&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Application+of+nanotechnology+for+the+encapsulation+of+botanical+insecticides+for+sustainable+agriculture%3A+Prospects+and+promises&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0734975014001591
https://doi.org/10.3389/fmicb.2017.01014
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Nanotechnology+in+sustainable+agriculture%3A+recent+developments%2C+challenges%2C+and+perspectives&btnG=
https://www.frontiersin.org/articles/10.3389/fmicb.2017.01014/full
http://dx.doi.org/10.33945/SAMI/jcr.2019.4.2
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+review+on+bio-synthesized+Co3O4+nanoparticles+using+plant+extracts+and+their+diverse+applications&btnG=
http://www.jchemrev.com/article_93601.html
http://dx.doi.org/10.33945/SAMI/JCR.2019.3.1
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+review+on+plant+extract+mediated+green+synthesis+of+zirconia+nanoparticles+and+their+miscellaneous+applications&btnG=
http://www.jchemrev.com/article_89669.html
http://dx.doi.org/10.22034/jcr.2020.106601
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plant+extract+assisted+eco-benevolent+synthesis+of+selenium+nanoparticles-a+review+on+plant+parts+involved%2C+characterization+and+their+recent+applications&btnG=
http://www.jchemrev.com/article_106601.html
http://dx.doi.org/10.33945/SAMI/JCR.2020.2.3
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plant-mediated+iron+nanoparticles+and+their+applications+as+adsorbents+for+water+treatment%E2%80%93a+review&btnG=
http://www.jchemrev.com/article_103030.html
10.3390/molecules24142558
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Applications+of+Nanotechnology+in+Plant+Growth+and+Crop+Protection%3A+A+Review&btnG=
https://pubmed.ncbi.nlm.nih.gov/31337070/
https://doi.org/10.1016/j.scienta.2018.03.060
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+general+overview+of+the+benefits+and+possible+negative+effects+of+the+nanotechnology+in+horticulture&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030442381830236X
10.5772/intechopen.74425
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanotechnology+in+Agriculture%3A+New+Opportunities+and+Perspectives&btnG=
https://www.intechopen.com/chapters/61312
https://doi.org/10.1146/annurev-food-030117-012657
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Uptake+of+engineered+nanoparticles+by+food+crops%3A+characterization%2C+mechanisms%2C+and+implications&btnG=
https://www.annualreviews.org/doi/abs/10.1146/annurev-food-030117-012657
https://doi.org/10.1016/j.plantsci.2019.110270
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nanofertilizer+use+for+sustainable+agriculture%3A+Advantages+and+limitations&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0168945219309021
https://doi.org/10.1016/j.plaphy.2020.04.025
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis+of+calcium+borate+nanoparticles+and+its+use+as+a+potential+foliar+fertilizer+in+lettuce+%28Lactuca+sativa%29+and+zucchini+%28Cucurbita+pepo%29&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0981942820301947
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+plant+growth+assessment+of+hybrid+calcium+oxide+nanoparticles&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+plant+growth+assessment+of+hybrid+calcium+oxide+nanoparticles&btnG=
https://doi.org/10.1002/jsfa.5569
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Pot+evaluation+of+synthetic+nanosiderite+for+the+prevention+of+iron+chlorosis&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.5569
https://doi.org/10.1007/s42729-019-00040-z
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Evaluation+of+Efficacy+of+ZnO+Nanoparticles+as+Remedial+Zinc+Nanofertilizer+for+Rice&btnG=
https://link.springer.com/article/10.1007/s42729-019-00040-z
https://doi.org/10.5897/AJAR2013.8236
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Fabrication+and+characterisation+of+nanoporous+zeolite+based+N+fertilizer&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Fabrication+and+characterisation+of+nanoporous+zeolite+based+N+fertilizer&btnG=
https://academicjournals.org/journal/AJAR/article-abstract/92FC9CB42639
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plant+Nutrient+Nanoparticles+Encapsulated+Cellulose+Matrix+for+Slow+and+Sustained+Release+of+Nitrogen&btnG=
https://www.researchgate.net/profile/Chanaka-Sandaruwan/publication/277528035_Plant_nutrient_nanoparticles_encapsulated_cellulose_matrix_for_slow_and_sustained_release_of_nitrogen/links/5715d55f08ae16479d8ad708/Plant-nutrient-nanoparticles-encapsulated-cellulose-matrix-for-slow-and-sustained-release-of-nitrogen.pdf
https://doi.org/10.1016/j.envint.2013.11.015
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Nanopesticide+research%3A+Current+trends+and+future+priorities&btnG=
https://www.sciencedirect.com/science/article/pii/S0160412013002754
https://doi.org/10.17221/102/2020-PPS
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Nanopesticides%3A+Current+status+and+scope+for+their+application+in+agriculture&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Nanopesticides%3A+Current+status+and+scope+for+their+application+in+agriculture&btnG=
https://www.agriculturejournals.cz/web/pps.htm?type=article&id=102_2020-PPS

Journal of Chemical Reviews

[Crossref], [Google Scholar], [Publisher]

[23]. H.A. Ayoub, M. Khairy, S .Elsaid, F.A.
Rashwan, H.F. Abdel-Hafez, J. Agric. Food Chem.,
2018, 66, 5491-5498. |[Crossref], [Google
Scholar], [Publisher]

[24]. M. Khairy, H.A. Ayoub, F.A. Rashwan, H.F.
Abdel-Hafez, Appl. Clay Sci., 2018, 153, 124-133.
[Crossref], [Google Scholar], [Publisher]

[25]. ]. Cui, C. Sun, A. Wang, Y. Wang, H. Zhu, Y.
Shen, N. Li, X. Zhao, B. Cui, C. Wang, F. Gao,
Nanomaterials, 2020, 10, 220. [Crossref],
[Google Scholar], [Publisher]

[26]. X. Zhao, H. Cui, Y. Wang, C. Sun, B. Cui, Z.
Zeng, |. Agric. Food Chem. 2017, 66, 6504.
[Crossref], [Google Scholar], [Publisher]

[27]. K.R. Pagar, A.B. Darekar, Asian J. Pharm.
Sci., 2019, 9, 39-46. [Crossref], [Google Scholar],
[Publisher]

[28]. T.N. Barradas, K.G.D. Holanda e Silva,
2020. Nanoemulsions as optimized vehicles for
essential oils, Sustainable Agriculture Reviews
44, Springer, 2020, 115-167. [Google Scholar],
[Publisher]

[29]. ]. Feng, W. Chen, Q. Liu, Z. Chen, ] .Yang,
W. Yang, Pest Manag. Sci., 2020, 76, 4192-4201.
[Crossref], [Google Scholar], [Publisher]

[30]. Y. Liu, Y. Sun, G. Ding, Q. Geng, J. Zhu, M.
Guo, Y. Duan, B. Wang, Y. Cao, J. Agric. Food
Chem., 2015, 63, 4263-4268. [Crossref], [Google
Scholar], [Publisher]

[31]. J.C. Mierzwa, V. Arieta, M. Verlage, ].
Carvalho, C.D. Vecitis, Desalination, 2013, 314,

147-158. [Crossref], [Google  Scholar],
[Publisher]
[32]. ZM. Adib, S. Ghanbarzadeh, M.

Kouhsoltani, A.Y. Khosroshahi, H. HamishehKkar,
Adv. Pharm. Bull, 2016, 6, 31-36. [Crossref],

2022, Volume 4, Issue 2

[Crossref], [Google Scholar], [Publisher]

[34]. V. Mishra, K.K. Bansal, A. Verma, N. Yadav,
S. Thakur, K. Sudhakar, J.M. Rosenholm,
Pharmaceutics, 2018, 10, 191. [Crossref],
[Google Scholar], [Publisher]

[35]. F. Hosseinpour-Jajarm, G. Moravvej, M.
Modarres Awal, S. Golmohammadzadeh, Int. J.
Pest Manag., 2021, 67, 147-154. [Crossref],
[Google Scholar], [Publisher]

[36]. C.P. Chin, H.S. Wu, S.S. Wang, Ind. Eng.
Chem. Res., 2011, 50, 7637-7643. [Crossref],
[Google Scholar], [Publisher]

[37]. ]. Yao, B. Cui, X. Zhao, Y. Wang, Z. Zeng, C.
Sun, D. Yang, G. Liu, J. Gao, H. Cui, Appl. Nanosci.,
2018, 8, 297-307. [Crossref], [Google Scholar],
[Publisher]

[38]. C.K. Tsung, J .Fan, N. Zheng, Q. Shi, Al.
Forman, J. Wang, G.D. Stucky, Angew. Chem. Int.
Ed., 2008, 120, 8810-8814. [Crossref], [Google
Scholar], [Publisher]

[39]. M. Barwant, Y. Ugale, S. Ghotekar, P.
Basnet, V.H. Nguyen, S. Pansambal, H.C. Ananda
Murthy, M. Sillanpaa, M. Bilal, R. Oza, V.
Karande, Chem. Pap., 2022, 1-13. [Crossref],
[Google Scholar], [Publisher]

[40]. H.A. Ayoub, M. Khairy, F.A. Rashwan, H.F.
Abdel-Hafez, J. Nanostruct. Chem., 2017, 7, 91-
100. [Crossref], [Google Scholar], [Publisher]
[41]. A. Sidhu, A. Bala, H. Singh, R. Ahuja, A.
Kumar, ACS Omega., 2020, 5, 13557-13565.
[Crossref], [Google Scholar], [Publisher]

[42]. U. ljaz, L.A. Bhatti, S. Mirza, A. Ashar,
Mater. Res. Express., 2017, 4, 105402. [Google
Scholar], [Publisher]

[43]. M.M. Elsharkawy, A. Derbalah, Pest
Manag. Sci, 2019, 75, 828-834. [Crossref],
[Google Scholar], [Publisher]

[Google Scholar], [Publisher]

[33]. A.B. Kovacevi¢, R.H. Miiller, S.D. Savig,
G.M. Vuleta, CM. Keck, Colloids Surf. A:
Physicochem. Eng. Asp., 2014, 444, 15-25.

[44]. M. Khairy, H.A. Ayoub, F.A. Rashwan, H.F.
Abdel-Hafez, Environ. Sci. Processes Impacts,
2021, 23, 1006-1017. [Crossref], [Google
Scholar], [Publisher]

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed under the
Creative Commons Attribution License(CC BY) license (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

199



https://doi.org/10.1016/B978-0-12-811487-2.00016-5
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Chapter+16+-+Nanotechnology+in+Crop+Protection&btnG=
https://www.sciencedirect.com/science/article/pii/B9780128114872000165
https://doi.org/10.1021/acs.jafc.8b01600
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Pesticidal+Activity+of+Nanostructured+Metal+Oxides+for+Generation+of+Alternative+Pesticide+Formulations&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Pesticidal+Activity+of+Nanostructured+Metal+Oxides+for+Generation+of+Alternative+Pesticide+Formulations&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.8b01600
https://doi.org/10.1016/j.clay.2017.12.014
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Chemical+modification+of+commercial+kaolin+for+mitigation+of+organic+pollutants+in+environment+via+adsorption+and+generation+of+inorganic+pesticides&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169131717305616
https://doi.org/10.3390/nano10020220
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Dual-Functionalized+Pesticide+Nanocapsule+Delivery+System+with+Improved+Spreading+Behavior+and+Enhanced+Bioactivity&btnG=
https://www.mdpi.com/2079-4991/10/2/220
https://doi.org/10.1021/acs.jafc.7b02004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+Strategies+and+Prospects+of+Nano-based+Smart+Pesticide+Formulation&btnG=
https://pubs.acs.org/doi/10.1021/acs.jafc.7b02004
http://dx.doi.org/10.5958/2231-5659.2019.00006.7
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Nanoemulsion%3A+A+new+concept+of+Delivery+System&btnG=
https://indianjournals.com/ijor.aspx?target=ijor:ajrps&volume=9&issue=1&article=006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Nanoemulsions+as+Optimized+Vehicles+for+Essential+Oils&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-41842-7_4
https://doi.org/10.1002/ps.5976
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Development+of+abamectin-loaded+nanoemulsion+and+its+insecticidal+activity+and+cytotoxicity&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ps.5976
https://doi.org/10.1021/jf5055062
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis%2C+Characterization%2C+and+Application+of+Microbe-Triggered+Controlled-Release+Kasugamycin%E2%80%93Pectin+Conjugate&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis%2C+Characterization%2C+and+Application+of+Microbe-Triggered+Controlled-Release+Kasugamycin%E2%80%93Pectin+Conjugate&btnG=
https://pubs.acs.org/doi/abs/10.1021/jf5055062
https://doi.org/10.1016/j.desal.2013.01.011
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Effect+of+clay+nanoparticles+on+the+structure+and+performance+of+polyethersulfone+ultrafiltration+membranes&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0011916413000283
https://dx.doi.org/10.15171%2Fapb.2016.006
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+Effect+of+Particle+Size+on+the+Deposition+of+Solid+Lipid+Nanoparticles+in+Different+Skin+Layers%3A+A+Histological+Study&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845546/
https://doi.org/10.1016/j.colsurfa.2013.12.023
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Solid+lipid+nanoparticles+%28SLN%29+stabilized+with+polyhydroxy+surfactants%3A+Preparation%2C+characterization+and+physical+stability+investigation&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927775713009400
https://doi.org/10.3390/pharmaceutics10040191
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solid+Lipid+Nanoparticles%3A+Emerging+Colloidal+Nano+Drug+Delivery+Systems&btnG=
https://www.mdpi.com/1999-4923/10/4/191
https://doi.org/10.1080/09670874.2020.1713420
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Insecticidal+activity+of+solid+lipid+nanoparticle+loaded+by+Ziziphora+clinopodioides+Lam.+against+Tribolium+castaneum+%28Herbst%2C+1797%29+%28Coleoptera%3A+Tenebrionidae%29&btnG=
https://www.tandfonline.com/doi/abs/10.1080/09670874.2020.1713420
https://doi.org/10.1021/ie2001007
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=New+Approach+to+Pesticide+Delivery+Using+Nanosuspensions%3A+Research+and+Applications&btnG=
https://pubs.acs.org/doi/abs/10.1021/ie2001007
https://doi.org/10.1007/s13204-018-0745-5
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Preparation%2C+characterization%2C+and+evaluation+of+azoxystrobin+nanosuspension+produced+by+wet+media+milling&btnG=
https://link.springer.com/article/10.1007/s13204-018-0745-5
https://doi.org/10.1002/ange.200802487
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+General+Route+to+Diverse+Mesoporous+Metal+Oxide+Submicrospheres+with+Highly+Crystalline+Frameworks%E2%80%A0&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+General+Route+to+Diverse+Mesoporous+Metal+Oxide+Submicrospheres+with+Highly+Crystalline+Frameworks%E2%80%A0&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ange.200802487
https://doi.org/10.1007/s11696-022-02178-0
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Eco-friendly+synthesis+and+characterizations+of+Ag%2FAgO%2FAg2O+nanoparticles+using+leaf+extracts+of+Solanum+elaeagnifolium+for+antioxidant%2C+anticancer%2C+and+DNA+cleavage+activities.&btnG=
https://link.springer.com/article/10.1007/s11696-022-02178-0#citeas
https://doi.org/10.1007/s40097-017-0229-2
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis+and+characterization+of+silica+nanostructures+for+cotton+leaf+worm+control.&btnG=
https://link.springer.com/article/10.1007/s40097-017-0229-2
https://doi.org/10.1021/acsomega.0c00008
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Development+of+MgO-sepoilite+Nanocomposites+against+Phytopathogenic+Fungi+of+Rice+%28Oryzae+sativa%29%3A+A+Green+Approach&btnG=
https://pubs.acs.org/doi/abs/10.1021/acsomega.0c00008
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Characterization+and+evaluation+of+antibacterial+activity+of+plant+mediated+calcium+oxide+%28CaO%29+nanoparticles+by+employing+Mentha+pipertia+extract&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Characterization+and+evaluation+of+antibacterial+activity+of+plant+mediated+calcium+oxide+%28CaO%29+nanoparticles+by+employing+Mentha+pipertia+extract&btnG=
https://iopscience.iop.org/article/10.1088/2053-1591/aa8603/meta
https://doi.org/10.1002/ps.5185
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Antiviral+activity+of+titanium+dioxide+nanostructures+as+a+control+strategy+for+broad+bean+strain+virus+in+faba+bean&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/ps.5185
https://doi.org/10.1039/D1EM00125F
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Sea+urchin-like+calcium+borate+microspheres+and+synergistic+action+with+cholinesterase-inhibiting+insecticides+for+ecofriendly+Spodoptera+littoralis+control&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Sea+urchin-like+calcium+borate+microspheres+and+synergistic+action+with+cholinesterase-inhibiting+insecticides+for+ecofriendly+Spodoptera+littoralis+control&btnG=
https://pubs.rsc.org/en/content/articlelanding/2021/em/d1em00125f/unauth
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

