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Introduction

There is more attention to the use of Nano-biotechnology applications in various fields from the last few decades, 
whereas, in the agricultural sector, Nano-biotechnology has precious characters in the delivery of various agrochemicals 
for enhancing plant tolerance, plant growth, and nutrient use [1]. Nano technologies are the potential technology that 
studies the materials at nanometer dimensions (1–100 nm), it is a novel scientific branch is considered as a key solution to 
numerous problems in agriculture production, by providing the opportunity to address complex technical issues of various 
crop production [2]. Fluctuation in climate conditions globally affects negatively on various Agricultural production, 
particularly the horticultural crops. Therefore, nano application could enhance various crop productivity under harsh 
environmental conditions by integrated management for various inputs to improve soil fertility, maximize crop yield, 
improve the quality of agricultural commodities, producing safe foods, and protecting the environment from contamination 
by various agrochemicals like pesticides and fertilizers [3]. Agriculture crops are subjected to various biotic and abiotic 
stresses such as fluctuation temperatures, heat waves, rising soil salinity, drought, which increase pests and soil pathogens, 
and reduce crops particularly in perishable products like vegetables and fresh fruits [4]. Nanomaterials are considered the 
most rapidly developing edge of the field of nanotechnology, furthermore, Nano-biotechnologies offer a wide range of 
potential benefits to the agricultural sector [5]. There are various aspects of nano-biotechnology that has been developed 
in the field of agriculture, like synthetic nano-ingredient as an alternative to bulk agro-chemicals e.g. Nanofertilizers and 
nanocides, nano-biotechnology related with the hybrid varieties, nanoparticles that are used in packing, enhancing food 
processing, and increasing safety and shelf life of horticulture commodity [6]. Nano-based target delivery approach is used 
for different crops improvement and generates a new variety tolerant for biotic and abiotic stress conditions. Nanocides 
used for increasing the efficiency of crop protection, while, Nano sensors and computerized controls greatly contribute to 
precision farming, Nanomaterials also used to enhance soil characters and protect the environment [7]. This work discussed 
the role of bio-nanotechnology in improving agricultural production by using various applications that including Nano 
fertilizers, Nanopestecides, nan-coating materials, nano-packaging materials, and Nano biosensors. More researches are 
required with respect to synthesis, toxicology, mode of action, and its effective application at the farm level.

Discussion

Why we need bio-nano technology?

Volume 2 Issue 1, 2021
Article Information
Received date : December 15, 2021 
Published date: December 30, 2021

*Corresponding author
Waleed Fouad Abobatta, Horticulture 
Research Institute, Agriculture Research 
Centre, Egypt 

Keywords
Nano-Biotechnology; Agricultural Sector; 
Nano Fertilizers; Nano Sensor

DOI: 10.54026/AROIC/1004

Distributed under Creative Commons 
CC-BY 4.0

Short Communication 

Role of Nano-Biotechnology in 
Agricultural Sector

Waleed Fouad Abobatta*
Horticulture Research Institute, Agriculture Research Centre, Egypt 

Abstract

Nano-biotechnology applications use in various fields in the last decades, while, Nano-biotechnology has a significant 
role in the agricultural sector. There are various challenges facing agriculture production, particularly climate change 
conditions and biotic stress such as pathogens and insects, which affects negatively various crop production, particularly 
the horticultural crops. Nanotechnology is considered a key tool for improving agricultural production, there are numerous 
advantages of the application of Nano-biotechnology like target delivery of various agrochemicals for specific sites in 
plant tissue, enhancing plant tolerance, increase nutrient efficiency, which improves plant growth. Nanoparticles are 
manufactured by different techniques, while, there are two main methods to manufacture (top to down), and bottom-up. 
There are different unique properties of nanomaterials such as higher charge density and higher reactivity due to (High 
surface to volume ratio), higher penetration of plant tissues, strength, and heat resistance. There are different applications of 
nanotechnology in the agricultural field that include nano fertilizers, nanocides, biosensors, nano-carriers, nano herbicides, 
Analysis of gene expression, and application in post-harvest processing such as nano-coating materials and nano packaging. 
In addition application of nanotechnology in precision agriculture. Bio-Nano application in the agricultural fields sustained 
the environment, protecting both soil and water from pollution by agrochemicals, and increasing crop productivity.

Figure 1: Increase yield, and enhance fruit quality
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Nano-bio particles are very significant in the agricultural sector due to their high 
stability, particularly when encapsulated with natural materials like nano chitosan. 
On the one hand, there is increasingly interesting to use different nano-bio materials 
like Nanofertilizers, Nanocides, Nano-coating materials, Nanocarrier, and Nano-
biosensors in improving horticultural production [8]. From another hand, using 
nano-bio materials in postharvest processing improves freshness, enhances quality, 
and extended the shelf life of horticultural products particularly perishable products, 
and control disease activity during storage [9].Thus using nanotechnology in the 
agricultural sector provide numerous benefits to facing changing climatic conditions. 

Nanotechnology could be a key tool in improving horticultural production and 
food security for humanity. There are different impacts of nanotechnology applications 
in the horticultural sector include controlled released nano fertilizer to improve crop 
growth, increase photosynthesis efficiency [10]. (Figure 1) increase yield, and enhance 
fruit quality [10]. 

Nano-based materials have more ability to target delivery of the determined 
part of the plant, which increases their effectiveness and increase plant tolerant for 
various environmental stress. Nanocides are used for increasing the efficiency of 
crop protection, while, Nanosensor and computerized controls greatly contribute to 
precision farming, Nanomaterials also used to enhance soil characters and protect the 
environment [11]. Using nano-materials in agriculture provide a different approach 
for different substances, for example slowing the release of fertilizers as per plant 
requirements, enhancing chemical delivery, and reducing environmental hazards. 
Nanomaterials for horticultural applications must have determined properties like 
effective concentration and controlled release of nutrients or pesticides in response 
to positive stimulation, improving targeted activity, and smart and safe delivery with 
minimal Eco-toxicity [6]. There are various aspects of nano-biotechnology has been 
developed in the field of agriculture, like synthetic nano-ingredient as alternative 
of bulk agro-chemicals e.g. Nanofertilizers and nanocides, nano-biotechnology 
related with the hybrid varieties, nanoparticles that used in packing, enhancing food 
processing, and increase safety and shelf life of horticulture commodity [3].

What are nanoparticles?

Nanomaterials are any materials that possess one or more dimensions that 
minimize than 100nm, including either natural or synthetic materials, also, the 
physical and chemical properties of nanoscale material are completely different from 
the bulk materials properties and play important role in different fields [12].

As per “Royal Society and Royal Academy of Engineering, 2004”, synthesis of 
Nanoparticles are mainly by two techniques:

1. ‘Top-down’ systems whereas tiny manipulations of slight numbers of atoms or 
molecules produce the smallest possible patterns in nanoscale.

2. The “bottom-up” nano synthesis technology relies on assembling small 
molecules in successive steps, to synthesize nanomaterials with unique 
properties different from the basic components and can be identified by their 
special molecular structure. 

In addition to the common synthesis techniques that are used for synthesis 
nanoparticles, there are other methods to synthesis nanoparticles by microorganisms, 
plants, and chemical methods,…etc. Nanomaterials have great potentials regarding 
their application in agricultural practice such as plant nutrition, protection, and 
soil improvement, there are numerous materials used to synthesize Nanoparticles 
include metal oxides, polymers, emulsions, silicates, lipids, and ceramics [13]. There 
are different approaches to synthesis Nano fertilizers like formulating a composite 
of nanoparticles of the nutrient itself, absorption nutrients on nanoparticles, 
encapsulation nutrients with a Nano-particulate polymeric shell [14].

Properties of nanoparticles

Nanoparticles have unique properties due to their small size compared to their 
high specific surface area. Therefore, nanomaterials have a high ability in various 
chemical reactions, and biological activities. Most bio-nano particles coating or 
encapsulated with natural materials like chitosan, so, they have more steadiness 
for a long time compared to other agrochemicals [15]. Bio-nanoparticles provide 
different ways to improve plants’ resistance under various biotic and abiotic stresses, 
also, they increase the efficiency of various molecular interactions within the plant, 
which enhances plants’ ability to avoid the negative effects of harsh environmental 
conditions [16]. Depending on their size, qualities, high surface tension, the big ratio 

of surface to volume, and other unique characters, as well as, the physical properties 
of nanoparticles that are completely different from that of the original material, and 
nanomaterials follow the quantum mechanics roles [17].

There are different advantages that nanomaterials gain from the unique 
functional properties like
 
1) Higher charge density and higher reactivity due to (High surface to volume 

ratio).

2) Nanomaterials behavior displaying as quantum mechanical, as the increase of 
surface area compared to volume.

3) More strength and improving heat resistance, reducing melting point, and other 
magnetic properties.

4) Varying in the electron transfer rate kinetics of metal nanoparticles with other 
adsorbed mediums.

5) Nanoparticles have reactivity that is more chemical at the edges of the forms.

6) More ability to penetrate the plant cell walls.

7) Higher mobility of nanoparticles in living cells and the environment.

Classification of Nanomaterials

There are different bases to classify the Nano fertilizers as following:
Firstly, by using techniques and applying a functional point of view it could be 
categorized as follow:

a) Soil application Nano fertilizers could apply directly to the soil or through irrigation 
systems.

b)Foliar application.

The second category of Nano fertilizers is made up of Nano-porous materials, 
Nano-clays, and Nano-forms of polysaccharides such as chitosan, that function as 
vehicles with a large surface area that increases plant absorption of using substances 
like Nano-particles, consequently, improves plant growth [18].

Nanomaterials and Agriculture

Due to various biotic and abiotic threats like climate change conditions, soil 
degradation, pests and pathogens spreading, and other factors that decrease the 
efficiency of applied bulk fertilizers, polluted soil, and water, as well as decrease crop 
productivity and reduce farmer’s profits. Therefore, various nano application could be 
a promising solution for many challenges that facing agriculture production [19]. [20] 
mentioned using nanotechnology in agriculture for the first time, followed by [21]. 
Applications of nanotechnology in agriculture are still novel techniques, practically 
not more than two decades only, therefore, still limiting in various sectors, from 
another side it is considered the vital key in improving the productivity of different 
crops, Nevertheless, due to increasing inadequate in global demand for food which 
overloading of the terrestrial ecosystems.

Nano application

Figure 2: Schematic for nano application in agricultural sector
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Nanotechnology is used in the agricultural sector by various types (Figure 2) 
that include nano fertilizers (e.g. Zinc oxide nanoparticles and carbon nanotubes), 
nanocides, nano carriers like chitosan, nano sensors, and nano-coating materials to 
increase the shelf life of perishable products.

In addition, Nano-coating materials like chitosan nanoparticles, and zeolite 
nanoparticles are used to coat various conventional agrochemicals such as phosphorus, 
sulfur, while, active ingredients like validamycin, tebuconazole, and azadirachtin have 
been converted into nanopestecides [22].

Hereunder some application of nanotechnology in agricultural 
sector:

Nano-fertilizers 

Currently, Nano-fertilizers represent an alternative to bulk fertilizers and reduce 
the accumulation of different nutrients, which may affect negatively soil characters, 
in addition, contamination of water may be eliminated. Nano fertilizers supply slow 
and steady nutrients for the plant in a determined time as per plant requirement 
through smart delivery systems, thereby increasing the efficiency of using fertilizers 
and minimizing nutrient loss and leaching in drainage water [18]. Nano fertilizers 
provide a good potential to deliver nutrients to specific target sites in plant cells. 
There are different paths to adsorb Nano fertilizers in plant tissue and adsorb rates 
are determined by characters of nanoparticles like size and surface properties. 
Nanoparticles must cross the cell wall before entering the intact plant cell protoplast, 
therefore, the smallest nanoparticles with a diameter lesser than (5–20 nm) pass directly 
through the pores in cell wall, while, the particles with more size than (20 nm) could 
pass from the gaps in cuticle layers [23]. In addition, Soil application of Nano fertilizers 
increased the adsorption of nutrients from soil solution due to noticeably minor 
particle dimensions and larger specific surface areas. Therefore, Nano-biotechnology 
offers Nano-fertilizers as a new technique and alternative for conventional fertilizers, 
which have great potential to increase nutrient efficiency, availability for a long time, 
protect the environment, so, there is great attention for using Nano fertilizer in the 
nutrition of various horticultural crops [24].

Nanocides

Nanomaterials have more efficient and able to site-specific use due to their 
distinctive physical and chemical characteristics like wide surface area. Nanomaterials 
offer new insights toward crop protection and play a significant role as an alternative 
for bulk materials of different pesticides, insecticides, and herbicides in an eco-friendly 
greener way [6]. Furthermore, the composition of Nanocides enhances the solubility of 
low soluble active ingredients, and assist in the gradual release of the active compound. 
In addition, Nanomaterials attain two vital aspects in pathogen and pests control 
represented in their higher efficiency with tiny ecological influence and minimizing 
toxicity for humankind health [25]. Nanocides are highly reactive compared to the 
bulk pesticides, so, it used at lower doses to spray a wide area of crops, also, they could 
use as soil application particularly in slow-release forms such as encapsulated or 
coating with nano-polymers, which provide ingredients for a long time that enhancing 
plant protection and maintain soil health [26].

Nanotechnology and packaging

There are annually massive horticulture commodities spoiled worldwide due 
to various factors, particularly during post-harvest processing. Nano-biotechnology 
applications in food processing and packaging could improve commodity shelf life 
and increase fruit quality [27]. Furthermore, using nano-membrane for packaging 
and treatment commodity by nanomaterials extends the shelf life of the products 
particularly for perishable products. In addition, using coating nanomaterials improve 
fruit quality and increase apple fruit shelf life [28]. Currently, there are various 
biodegradable nanocomposites materials used in coating and backing of horticultural 
commodities like nanofillers, which depend on nano polymer composites such as 
Nanoclays, Nanonylons, and cellulose microfibrils [29]. On another side, nanomaterials 
such as chitosan, cellulose, and polymer are used as coating of the internal surface of 
packaging materials to reserve stability of the package and minimize the reaction of 
food products with the packaging material [30].

Benefits of nano-biotechnology in backing horticulture commodity

In addition, there are numerous nanoparticles (NPs) well known as antibacterial 
and antifungal impacts like (AgO, CuO, TiO2, MgO, CaO, Fe3O4, and ZnO) NPs, 

[31, 32]. In addition, using Nano silver oxide increases the shelf life of apple fruits 
[33] Likewise, using nano-Sio2 in packaging materials improves loquat fruit quality 
[34]. Nowadays, numerous applications of nano-biotechnology have been used in 
agricultural production including:

1.Maximizing production

2.Increase the commodity shelf life

3.Enhancing food safety e.g. reducing pathogens activity.

4.Produce a new generation of packaging materials.

5.Controlling internal atmosphere.

6.Reduce the damage of different rays particularly Ultra Violet.

7zIndicate food spoilage by using Nano biosensor.

Nanosensor

There is different usage for nanosensor in horticulture production, it works in 
farms during cultivation to detect pathogens and determine soil humidity and the 
proper time for irrigation. Also, its uses during packaging processing to control gasses 
changes in the internal atmosphere for packages, and as indicators for food safety [35].

Conclusion

There is increasing attention to bio-nanotechnology as a key solution to 
different challenges that face the agricultural sector and food processing. Due to 
several benefits of using Nano-biotechnology such as improving plant tolerance, 
increasing nutrient efficiency, reducing the quantity of agrochemical consequently 
protect the environment, and increase plant growth and productivity. There are two 
main methods to manufacture (top to down), and bottom-up. While there are main 
methods used in the synthesis of nanoparticles, including physical, chemical, and 
green synthesis. Nanoparticles have numerous unique characters, which increase 
their ability in various chemical reactions, and biological activities. Nanoparticles are 
manufactured by different techniques, while, there are different unique properties of 
nanomaterials such as higher charge density and higher reactivity due to (High surface 
to volume ratio), higher penetration of plant tissues, strength, and heat resistance. 
There are numerous applications of nanoparticles in the agricultural sector such as 
nano fertilizers, nanocides, biosensors, nano-carriers, nano herbicides, applications 
in food processing, in addition to the application of nanotechnology in precision 
agriculture. Furthermore, bio-Nano application in the agricultural field sustained the 
environment, protecting both soil and water from pollution by agrochemicals, and 
increasing crop productivity.
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