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Abstract

There are various problems in the agriculture sector, such as climate change and expanding food consumption, It
makes it necessary to encourage agricultural development in order to ensure agricultural and economic stability

from many years ago, farmers have benefited from the use of fertilizers in agriculture. Traditional fertilizers are
costly and damaging to both people and the environment, thus, there is a need to provide environmentally
friendly fertilizers that are high in nutrients and compatible with the soil and environment .To improve the
quality attributes therein, nanotechnology is emerging as a possible solution in the form of nanofertilizers.
Nanotechnology has an enormous record of solving agricultural issues and expanding the agricultural sector,
which has the most impact on environmental and social development. By introducing value-added food items,
agriculture, and improving the safety of the food supply, nanotechnology has the potential to raise the efficiency

of food production and protect both consumers and producers.
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Introduction

The addition of traditional chemical fertilizers and their overuse to compensate for the lack
of soil nutrients lead to environmental pollution as well as the high costs of these fertilizers
(Walpola and Yoon, 2012), and as a result of the negative effects of the ill-advised use of
chemical fertilizers in the southern region, including the problem of soil pollution as well as
increasing it. The salinity of the soil of the region, it was necessary to think about using
modern fertilizers as an alternative to traditional fertilizers and using them to provide the
nutrients necessary for plant growth and increase productivity, while maintaining the soil in a
good condition and a clean environment (Miransari, 2011). Among these fertilizers are the
environmentally friendly and very effective fertilizers called "Nanofertilizer", and on this
basis we have used the integrated nanofertilizers. Nanotechnology means studying the basic
principles of molecules and compounds whose size does not exceed 100 nanometers
(Solomon et al., 2007) .This technique depends on reducing the part to a size equal to one
billionth of a meter and then using the new material. In a wide range of sciences such as
medicine, engineering, agriculture and food, positive effects have been shown (Mozafari et
al,, 2008). The use of nano fertilizer is one of the most widely used and widely used
molecules for its positive effect on improving plant growth (Drostkar et al., 2016).The
technology of using nanofertilizers is still on the scale of experiments in Iraq. However, a
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number of countries surrounding Iraq have made great strides in using this technology,
including Iran, Saudi Arabia, Jordan and Egypt. Attention to plant nutrition and the search for
new sources of nutrition to provide all the nutrients for any crop in the quantities needed by
th-e plant is necessary to obtain the highest yield and quality, and the availability of major and
minor nutrients is very important for the growth of plants in terms of their participation or
entry into some Plant vital activities (Saeed ef al., 2012), and that the lack of one or more of
these nutrients for any crop becomes the determining factor for the growth and productivity of

that crop.

Nanomaterials and Nanoparticles

One of the 21% century's most important technologies is nanotechnology. The word "nano"
is a translation of the Greek word for "dwarf." It means 10 or billionth of a meter. (Pantidos
and Horsfall 2014). "Nanoparticles" are particles with at least one dimension smaller than 100
nm (Naik, 2020). Due to their high surface area to volume ratio, nanoscale regime, and

special characteristics, nanoparticles are widely used. Sharma (2008) stated that the

importance of nanotechnology lies in the fact that tiny objects with nanoscale dimensions
have properties that differ when they are at this size from their properties when they combine

to form larger bodies. Peddis et al., (2009) explained that there are some unique properties of
nanoparticles such as very high specific surface area and high surface energy, and this leads to
a great difference in their behaviors and environmental fate compared to their counterparts
with larger particles. Ghorbani e al., (2011) reported that nanoparticles (NPs) at a scale of
less than 100 nm exhibit material properties that differ from them when they are of

conventional dimensions greater than 100 nm. Musante (2011) indicated that some materials
rface area, the degree of freezing or melting, and

at the nanoscale show a change in the su

some other properties compared to the aggregation of particles at a higher level than that. It

was later found to have many positive effects in the fields of medicine, pharmacy, biology,

agriculture and other diversified industries (Roco, 2003, Nowack and Bucheli, 2007).
uction from sources of nanoparticles

Hosseini and Eghtedari (2012) indicated that global prod
reached 103 tons in 2004 and is in a continuous annual increase and can play an important

role in the economic development of developing countries in the agricultural field. Nair et al.,

(2010) showed that nanomaterials possess all the properties necessary for their use in
agriculture, such as effective concentration with high solubility, good stability and efficacy, in

addition to controlling their release time, as they are less toxic and safe, and are used in small

quantities and avoid repeated application on plants, thus obtaining a good result. From the

first application, it also has the ability to enhance the plant's ability to rapidly absorb nutrients

L\ and other smart sensors that are used against viruses and treatment of pathogens for other
crops (Thul et al,2013).Prasad et al, (2014) showed that the use of nanomaterials

\% nanoparticles is a modern technology that has become used in a wide range of life sciences,
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m to the soil to improve their properties or vital components or adding

including adding the
growth and improving their productivity,

them to plants with the intention of increasing their
and that nanoparticles have unique and distinctive behavior and characteristics such as their

smallness and possession of a surface area. Highly effective with high solubility and

permeability inside the plant and stability and stability within the treated area. Moslemi et

al.,(2014) noted that nanoparticles are products in the form of envelopes or capsules of
micronutrients small in diameter (um) with many nutritional properties, namely: (1)Improving
the contact surface for absorption and thus increasing bio-readiness (2)Lower production
costs. (3)Safe biodegradation for food and the environment, and it is worth noting that most of
the research and development work in the field of encapsulated micro-nutrients is in the food

and drug fields (Choi et al. 2009 Majeed; et al., 2013 and Moslemi et al., 2014).

Nanofertilizers

Nano-fertilizers are emulsions or particles of a nanoscale or smaller that contain
a, 2017). They are a substances that provide nutrients to
icles, and this packaging is done by putting the nutrient

et al.,2010). According on the technique of nutrient
sical and

one or more

the macro- or micronutrients (Chhip
crops inside capsules within nanopart

inside the nanomaterials (De Rosa
delivery, the feeder is encapsulated by being inserted within the nanoparticles. Phy

chemical characteristics of nano fertilizers include a good surface area due to the aggregation
of atoms and molecules on the surface. This makes it feasible to create nano-fertilizers with
properties that enable them to release nutrients gradually and sustainably in response to the
needs of the plant, so that they can be used and absorbed by the plant roots, preventing them
from being converted into substances or chemical forms and gases, with the help of this
technology, it is possible to raise global production, protect plants from disease, enhance food
quality, increase agricultural output, reduce resource loss, and maintain a sustainable

environment(Prasad et al.,2014).

It is possible to extract nanofertilizers from vari

coating them in nanomaterials, or they can be
traditional fertilizers, or other plant components for the enhancement of soil fertility,

productivity, and quality of agricultural products; for the regulated and gradual release of
nutrients(Zulfigar et al.,2019). Due to nanomaterials' high level of reactivity, they interact
with fertilizers to improve and maximize plants' ability to absorb nutrients(Prasad et al.,2017).
The delivery systems for the nanomaterials have a big impact on how well they are absorbed
by leaves. Nanofertilizers are able to increase human health and nutrition by decreasing the
need for biocides, improving plants' resistance 10 abiotic stresses and improving
metabolite(Figure 1).Correct use of nanofertilizers can feed plants gradually in a way that
raises NUE, prevents leaching, reduces volatilization, and lowers overall environmental
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concerns(Chen and Wei,2018). Due to their high specific surface area, smaller and more

reactive, nanofertilizers increase the availability of nutrients.

Manjunatha et al.,(2016) categorized nanofertilizers as follows:By
1- Slow release: nutrient-releasing nano-fertilizers that are contained in a capsule and

released over a specified period of time.

2- Quick release as soon as they contact the surface, the nanoparticles split apart and
diffuse.

3- specialized release By introducing a certain chemical or by having a particular
enzyme present, the capsule or nano-shell that protects the fertilizer opens.

4- When water is present in the planted soil or when there is moisture, the nutritional

element releases.

The nutrient element is released when the soil temperature reaches a certain level.

stance, in alkaline

5-
Release of the nutrient component based on the pH of the soil, for in

6-
or acidic conditions.

7- When exposed to external ultrasound frequencies, the nanovessels burst, releasing the
nutrient through ultrasound.

8- When placed in a magnetic field, the nanoshells release their magnetic charge.

9- Nanocapsules of DNA.

Figure 1.The use of nanobiofertilizers in various agricultural applications.

RN, According to Mikkelsen (2018), nano-fertilizers are nutrient carriers with very large surface
‘- ""‘Ex‘&ﬂ areas that range in size from 1 to 100 nanometers and divided them into encapsulated nano-
" fertilizers (conventional fertilizers supplemented with nanomaterials or encapsulated in them),
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also to nano-additives (traditional fertilizers including nano-additives) and nano-fertilizers

(nutrient-carrying nanoparticles).
Three methods can be used to encapsulate nutrients with nanomaterials (Igbal, 2019).

- In the nanomaterials' encapsulation.
- Coated with the nanoparticles.
- In the form of nanoemulsions.

The three following factors affect how effective nanofertilizers are internal and external
factors, as well as the method of management, Internal factors are ,the preparation process,
particle size, and surface coating for a nanoformulation ,While external factors such as soil
temperature, organic matter, soil depth, soil pH, soil texture, and microbial activity, which
might potentially have an impact on the use of nanofertilizers (Solanki et al.,2015, El-Ramady
et al.,2018). Additionally, the method of application through plant roots or leaves also has a
big impact on how well nanofertilizers are absorbed, and bioavailability. The comparative

application of various fertilizers, from conventional to nanofertilizers, is shown in Figure 2.

Figure 1. A comparative assessment of the effects of chemical fertilizers, organic fertilizers, bulk fertilizers, and
nanofertilizers on plant growth and the soil rhizosphere. [Text in red and blue, respectively, indicates negative

and positive impacts]
Comparison of traditional fertilizers with nanofertilizers

Chang et al.,(2013)indicated that crucial characteristics of nano-fertilizers, like high

solubility and controlled release of nutrients in accordance with the right period for plant
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