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Nanotechnology has an extensive series of applications in agronomy and has an important role in the future of
sustainable agriculture. The agricultural industries should be supported by innovative active materials such as

nanofertilizers, nanofungicides, and nanopesticides.

nanofertilizer nanosensor nanopesticide nanoproducts nanotechnology agriculture

| 1. Introduction

Nanotechnology is considered the potential solution for solving various agricultural problems. It has received more
attention in the last few decades. This leads to the development of a new and unique method of farm production for
improving agricultural productivity I, It provides new agronomical agents with a delivery method to improve crop
yield. Nanotechnology increases agricultural productivity through various delivery agents like nanopesticides,
nanofertilizers, nanofungicides, nanoherbicides, and nanosensors for the identification of disease in crops, genetic
engineering, plant monitoring, animal health monitoring, post-harvest production management, etc. [,
Nanotechnology is also utilized to improve crop health without causing damage to the soil. It also reduces nitrogen
lost due to leaching and soil microorganisms. NPs afford ‘magic bullets’, which comprise chemicals, and herbicides
or genes that target specific crop components for the proclamation of their content. Nanocapsules are very helpful
in the effective dispersion of herbicides over the cuticles and tissues in plants via the deliberate and steady
proclamation of the dynamic materials, spot-targeted distribution of several macromolecules required for enhanced

plant disease resistance, effectual nutrients application, and improved plant growth 21,

Nanosensors (nano-based delivery systems) will possibly facilitate the effective utilization of agronomic natural
resources such as nutrients, chemicals, and water over precise agricultural practices. The farm managers could
gain the ability to distantly sense the infecting insects or facts of stress levels like drought with the help of
nanomaterials and universe allocating arrangements through satellite imaging of the field Bl. Once the crop is
found to be affected by pests or the soil is in drought conditions, the automatic modification of insecticide
applications or an irrigation point scan be completed. It also perceives the occurrence of plant diseases and the
level of nutritive components in the soil. The nano-encapsulated deliberate proclamation of fertilizers tends to store

fertilizer utilization and reduce ecological contamination 2!,
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| 2. Nanoproducts
2.1. Nanofertilizer

Nano- and biofertilizers, which are more effective and environmentally friendly than the outmoded chemical
fertilizers, are now an important part of agriculture Bl. Nanofertilizers will considerably help us reduce urea
consumption, cut urea imports, and lower the cost of urea subsidies by improving nitrogen usage efficiency (€.
Nanofertilizers deliver nourishment in a regulated manner in response to a variety of cues, such as heat, moisture,
and other abiotic stresses. With the help of various chemical, physical, mechanical, or biological procedures,
nanofertilizers are created, or modified versions of traditional fertilizers, bulk fertilizer ingredients, or derivatives of
various vegetative or reproductive portions of the plant 2. Nanofertilizers are thought to be a cutting-edge strategy
for preserving nutrients, particularly nitrogen, as well as the environment . They are used to improve the fertility
and productivity of the soil and the quality of agricultural output 2. In nanoscale polymers, the release of nutrients
and growth stimulants is controlled, gradual, and efficient 19. Nanofertilizers have high surface areas and particles
that are smaller than the pores of plant roots and leaves to promote penetration into the plant from the applied
surface and increase uptake and efficient use of nutrients 111, When the particle size of the fertilizer is reduced, the
specific surface area and particle density increase, giving nanofertilizers more surface area to interact with and
increasing nutrient penetration and uptake 12, Nanofertilizers increase the availability of nutrients to growing
plants, which improves plant growth overall by increasing the production of dry matter, chlorophyll, and
photosynthesis 18, The low cost of natural zeolites and the recent increase in public awareness of the
phenomenon have evoked significant economic interest in the development of zeolite-based nanofertilizers 14,
Numerous studies have shown that nanofertilizers improve crop growth, yield, and quality, resulting in a higher
yield and higherquality crop product for animal and human consumption IL8IATII8]  Nytrients from nanofertilizer
are transported and delivered to cells more efficiently through 50—-60-nm-wide nanoscale passageways between
cells. Nanofertilizers have increased cuticle absorption and are more soluble and reactive, allowing for targeted

administration and control 29I,

Copper belongs to the groupof metals recognized as trace elements. In general, these metals have high density
and high atomic mass around a value of 20, which include metals like copper, zinc, nickel, and lead. Cu occurs
through Cu?* also Cu*. It performs as a structural component in directing proteins and is one of the chief
constituents in photosynthetic electron transport, oxidative stress, cell wall metabolism, etc. 29, In plants, copper is
one of the important elements for the manufacture of chlorophyll. Copper’s performance as a cofactor in enzymes
includes superoxide dismutase (SOD), oxidation, polyphenol oxidase, plastocyanin, and amino oxidase 1. Copper
induces numerous enzymes and plays a role in RNA synthesis and the progress of the photosystems. It is an
important component for plant growth and it is involved in several functional methods. It is a significant cofactor for
metalloproteins 22, Copper is essential for making biomass, chlorophyll production for photosynthesis, and the

germination of seeds [23]. High-entropy-alloy NPs were found to be effective as nanofertilizes 24!,

2.2. Nanopesticides and Nanofungicide
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Nanopesticides have taken the place of traditional pesticides. Conventional pesticides deliver a nanoformulation
with metal NPs or polymers, which is one of the most difficult areas of the pesticide industry 23, Nanopesticide
nanocomponents are quite small and additives that do not exist in conventional pesticides are typically very
harmful in nanopesticides. The advantage of pesticide nanoencapsulation is the controlled and gradual release of
the active component through manipulation of the nanocapsule’s outer shell, which delivers a small dose over a
long period of time, reducing unwanted pesticide runoff. Nanopesticides have also improved plant pest and disease
management 281, To protect plants, the following nanopesticides are used: Ag, Cu, SiO,, and Zn. Chemical
pesticides and fertilizers increased food output significantly but at the expense of crop quality and soil fertility 271,
These nanopesticides increase solubility while decreasing soil runoff 28, Target-specific nanopesticides should
help to reduce non-target plant damage and the amounts of pesticides released into the environment. The
nanomaterials used to make pesticides have a number of advantageous properties, including high stiffness,
permeability, thermal stability, and biodegradability 22!, The use of pesticides is one of the most effective ways of
protecting plants from insects, fungi, and weeds. To protect the environment and save non-target species, people

must use natural and environmentally friendly pesticides as well as small amounts of chemical pesticides 22,

Copper is utilized as both a nanopesticide and nanofungicide. It is an imperative disease management device for
both organic and conventional methods of cultivation. The pest-like arthropods include phytophagous insects and
mites that destroy both the grown crops and stored agricultural products B, For instance, the red flour beetle
Triboliumcastaneum is a pest that particularly affects the stored agricultural produce and foodstuff, damaging their
quality and destroying them. This beetle also decreases the germination percentage of grains. Copper NPs have
fungicidal and insecticidal activity against pests that affect the crop. Hence, they can be used as copper-based
nanopesticides, nanofungicides, nanofertilizers, and nanoherbicides [B2I33]. There are many other copper-based
pesticides and fungicides such as copper ammonium complex, copper oxychloride, copper sulfate, copper
hydroxide, and copper oxide 4], The active form in all copper-based products is Cu?* copper ions. Organisms like
bacteria, fungi, algae, and molds that are sensitive to tiny amounts of copper ions have broad-spectrum activity
against microorganisms. This occurs because of the interaction with nucleic acids that affect energy transportation,

disruption of enzymes, and integrity of cell membranes 23],

Nanopesticides were developed to replace conventional pesticides 8. The nanopesticide components in
nanopesticides are extremely small and the additives in nanopesticides that are in common pesticides are often

very toxic.

2.3. Nanoinsecticide

Among them, nanocapsules are by far the most popular method for releasing insecticides under control. It is also
used to nanoformulate organic pesticides such as neem oil 7. Food is a fundamental necessity for the world’s
ever increasing population and, as a result, there is an ever increasing need to grow more food, prompting efforts
to better protect agricultural crops from pest infestation. Polymer-based nanoformulations have been used to
encapsulate the majority of pesticides. Nanoinsecticides have the following advantages over bulk substances:

controlled release that increases the effectiveness of both natural and chemical insecticides, reduced rate of
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application, easy and safe handling, greater susceptibility to photodegradation, and lower toxicity to non-target
organisms. Insecticides have been encapsulated in a wide range of polymer and non-polymer-based
nanoformulations, including NPs (381 Nanofibers, nanogels, nanospheres, micelles, nanoemulsions, and
nanocapsules are all examples of nanomaterials 2. The effective use of biodegradable polymers of natural origin
rather than synthetic ones for encapsulation is a result of the current rise in environmental awareness. A
commercial formulation of the pesticide bifenthrin is also used. These tests will establish a new benchmark for
improved pesticide formulations capable of gathering plant-based systemic resistance. Synthetic pesticides may
pollute the environment if used frequently due to their high residue levels. Because many insect pests are

becoming resistant to insecticides, a new approach to pest control is also required.

2.4. Nanoherbicide

Herbicides are traditionally used to prevent the growth of undesirable weeds. Weeds planted alongside crops
typically inhibit their growth #9. Herbicide use may affect plant development and growth. Herbicides are a type of
pesticide that is used to prevent or eliminate weeds. Herbicides can be injected into tissues and cuticles using
nanocapsules, which have demonstrated delayed and continuous release of active ingredients. Herbicides that are
more stable in the soil can reduce germination rates and fresh weights. Thus, pre-emergence herbicides with
inhibitory effects that delay weed germination are desirable 2. They are typically unaffected by conventional
treatment, have high toxicity, and have a long half-life. Key nano-based materials, on the other hand, such as
nanopolymers and nanoshells, have a wide range of scientific applications. Better soil motility, as revealed by the
tobacco mild green mosaic virus (TMGMV), provides a potential platform for a medication carrier for agricultural
applications. According to Santaella and Plancot 22, pesticides are delivered to plant parasitic nematodes using
TMGMV as a nanocarrier. Carbon-coated AuNPs created via the simple heat treatment of intracellular biogenic

NPs have been found to be an improved abiotic carrier for plant transformation 41,

Copper oxide NPs are utilized as nanoherbicides for controlling the weeds that affect plant growth. The copper-
based nanoherbicides enter through the root, translocate in vascular bundles and to other parts like photosynthetic
cells, and inhibit the glycolysis pathway and energy transportation through an electro chain that takes place in roots
and parts of the plant. This affects the weed plant and causes starvation of the plant, reducingthe growth and

development of the crops, which leads to the death of the crop 44,

References

1. Mukhopadhyay, S. Nanotechnology in agriculture: Prospects and constraints. Nanotechnol. Sci.
Appl. 2014, 7, 63-71.

2. Mousavi, S.R.; Rezaei, M. Nanotechnology in agriculture and food production. J. Appl. Environ.
Biol. Sci. 2011, 1, 414-419.

https://encyclopedia.pub/entry/46954 4/8



The Production of Nanotechnology in Agriculture | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

. Chalupowicz, D.; Veltman, B.; Droby, S.; Eltzov, E. Evaluating the use of biosensors for

monitoring of Penicillium digitatum infection in citrus fruit. Sensors Actuators B Chem. 2020, 311,
127896.

. Jones, P. A Nanotech Revolution in Agriculture and the Food Industry. Inf. Syst. Biotechnol. 2006.

Available online: https://library.wur.nl/WebQuery/file/cogem/cogem_t4513ea90_001.pdf (accessed
on 9 July 2023).

. Pirzadah, B.; Pirzadah, T.B.; Jan, A.; Hakeem, K.R. Nanofertilizers: A way forward for green

economy. In Nanobiotechnology in Agriculture; Springer: Cham, Switzerland, 2020; pp. 99-112.

. Butt, B.Z.; Naseer, I. Nanofertilizers. In Nanoagronomy; Springer: Cham, Switzerland, 2020; pp.

125-152.

. Tarafdar, J.C.; Sharma, S.; Raliya, R. Nanotechnology: Interdisciplinary science of applications.

Afr. J. Biotechnol. 2013, 12, 219-226.

. Ranjith, M.; Sridevi, S. Smart Fertilizers as the Best Option for Ecofriendly Agriculture. Yigyan

Varta 2021, 2, 51-55.

. Gomaa, M.A.; Radwan, F.l.; Kandil, E.E.; Al-Msari, M.A.F. Response of some Egyptian and Iraqi

wheat cultivars to mineral and nanofertilization. Acad. J. Biol. Sci. 2018, 9, 19-26.

Yomso, J.; Menon, S. Impact of nanofertilizers on growth and yield parameters of rice crop; A
Review. J. Pharm. Innov. 2021, 10, 249-253.

Sangeetha, J.; Thangadurai, D.; Hospet, R.; Harish, E.R.; Purushotham, P.; Mujeeb, M.A_;
Shrinivas, J.; David, M.; Mundaragi, A.C.; Thimmappa, S.C.; et al. Nanoagrotechnology for soll
quality, crop performance and environmental management. In Nanotechnology; Springer:
Singapore, 2017; pp. 73-97.

Husen, A.; Igbal, M. Nanomaterials and Plant Potential: An Overview. In Nanomaterials and Plant
Potential; Springer: Cham, Switzerland, 2019; pp. 3—-29.

DeRosa, M.C.; Monreal, C.; Schnitzer, M.; Walsh, R.; Sultan, Y. Nanotechnology in fertilizers. Nat.
Nanotechnol. 2010, 5, 91.

Preetha, P.S.; Balakrishnan, N. A Review of Nano Fertilizers and Their Use and Functions in Soil.
Int. J. Curr. Microbiol. Appl. Sci. 2017, 6, 3117-3133.

Usman, M.; Farooq, M.; Wakeel, A.; Nawaz, A.; Alam Cheema, S.A.; Rehman, H.U.; Ashraf, |.;
Sanaullah, M. Nanotechnology in agriculture: Current status, challenges and future opportunities.
Sci. Total. Environ. 2020, 721, 137778.

Fraceto, L.F,; Grillo, R.; de Medeiros, G.A.; Scognamiglio, V.; Rea, G.; Bartolucci, C.
Nanotechnology in Agriculture: Which Innovation Potential Does It Have? Front. Environ. Sci.
2016, 4, 20.

https://encyclopedia.pub/entry/46954 5/8



The Production of Nanotechnology in Agriculture | Encyclopedia.pub

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Benzon, H.R.L.; Rubenecia, M.R.U.; Ultra, V.U., Jr.; Lee, S.C. Nano-fertilizer affects the growth,
development, and chemical properties of rice. Int. J. Agron. Agric. Res. 2015, 7, 105-117.

Singh, M.D. Nano-fertilizers is a new way to increase nutrients use efficiency in crop production.
Int. J. Agric. Sci. 2017, 9, 975-3710.

Javeed, Z.; Riaz, U.; Murtaza, G.; Mehdi, S.M.; Idrees, M.; Zaman, Q.U.; Khalid, W.
Nanofertilizers and Nanopesticides: Application and Impact on Agriculture. In Diverse Applications
of Nanotechnology in the Biological Sciences; Apple Academic Press: Cambridge, MA, USA,
2022; pp. 199-212.

Yruela, I. Copper in plants. Braz. J. Plant Physiol. 2005, 17, 145-156.

Shikanai, T.; Muller-Moulé, P.; Munekage, Y.; Niyogi, K.K.; Pilon, M. PAA1, a P-Type ATPase of
Arabidopsis, Functions in Copper Transport in Chloroplasts. Plant Cell 2003, 15, 1333-1346.

Adhikari, T.; Sarkar, D.; Mashayekhi, H.; Xing, B. Growth and enzymatic activity of maize (Zea
mays L.) plant: Solution culture test for copper dioxide nano particles. J. Plant Nutr. 2016, 39, 99—
115.

Zhang, L.; Webster, T.J. Nanotechnology and nanomaterials: Promises for improved tissue
regeneration. Nano Today 2009, 4, 66—80.

Romanovski, V.; Roslyakov, S.; Trusov, G.; Periakaruppan, R.; Romanovskaia, E.; Chan, H.L.;
Moskovskikh, D. Synthesis and effect of CoCuFeNi high entropy alloy nanoparticles on seed
germination, plant growth, and microorganisms inactivation activity. Environ. Sci. Pollut. Res.
2023, 30, 23363-23371.

Agrawal, S.; Rathore, P. Nanotechnology pros and cons to agriculture: A review. Int. J. Curr.
Microbiol. App. Sci. 2014, 3, 43-55.

Jasrotia, P.; Kashyap, P.L.; Bhardwaj, A.K.; Kumar, S.; Singh, G.P. Scope and applications of
nanotechnology for wheat production: A review of recent advances. Wheat Barley Res. 2018, 10,
1-14.

Chhipa, H. Nanofertilizers and nanopesticides for agriculture. Environ. Chem. Lett. 2017, 15, 15—
22.

Chaud, M.; Souto, E.B.; Zielinska, A.; Severino, P.; Batain, F.; Oliveira, J., Jr.; Alves, T.
Nanopesticides in Agriculture: Benefits and Challenge in Agricultural Productivity, Toxicological
Risks to Human Health and Environment. Toxics 2021, 9, 131.

Shaker, A.M.; Zaki, A.H.; Abdel-Rahim, E.F.; Khedr, M.H. Novel CuO nanopatrticles for pest
management and pesticides photodegradation. Adv. Environ. Biol. 2016, 10, 274-283.

Sarwar, M. Biopesticides: An effective and environmental friendly insect-pests inhibitor line of
action. Int. J. Eng. Adv. Res. Technol. 2015, 1, 10-15.

https://encyclopedia.pub/entry/46954

6/8



The Production of Nanotechnology in Agriculture | Encyclopedia.pub

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Stevenson, P.C.; Arnold, S.E.; Belmain, S.R. Pesticidal plants for stored product pests on small-
holder farms in Africa. In Advances in Plant Biopesticides; Springer: New Delhi, India, 2014; pp.
149-172.

Tefera, T.; Kanampiu, F.; De Groote, H.; Hellin, J.; Mugo, S.; Kimenju, S.; Beyene, Y.; Boddupalli,
P.M.; Shiferaw, B.; Banziger, M. The metal silo: An effective grain storage technology for reducing
post-harvest insect and pathogen losses in maize while improving smallholder farmers’ food
security in developing countries. Crop Prot. 2011, 30, 240-245.

Rai, M.; Ingle, A. Role of nanotechnology in agriculture with special reference to management of
insect pests. Appl. Microbiol. Biotechnol. 2012, 94, 287-293.

Pscheidt, J.W.; Ocamb, C.M. Copper-based Bactericides and Fungicides. In Pacific Northwest
Pest Management Handbooks; Oregon State University: Corvallis, OR, USA, 2022.

El-Saadony, M.T.; Abd El-Hack, M.E.; Taha, A.E.; Fouda, M.M.; Ajarem, J.S.; Maodaa, S.; Allam,
A.A.; Elshaer, N. Ecofriendly synthesis and insecticidal application of copper nanoparticles
against the storage pest Triboliumcastaneum. Nanomaterials 2020, 10, 587.

Sun, Y.; Liang, J.; Tang, L.; Li, H.; Zhu, Y.; Jiang, D.; Song, B.; Chen, M.; Zeng, G. Nano-
pesticides: A great challenge for biodiversity? Nano Today 2019, 28, 100757.

Chaudhary, S.; Kanwar, R.K.; Sharma, T.; Singh, B.; Kanwar, J.R. 8 Phytoconstituents from
Neem. In Nano Agroceuticals Nano Phyto Chemicals; CRC Press: Boca Raton, FL, USA, 2018; p.
173.

Kaur, S.; Sharma, K.; Singh, R.; Kumar, N. Advancement in Crops and Agriculture by
Nanomaterials. In Synthesis and Applications of Nanoparticles; Springer: Singapore, 2022; pp.
319-335.

Nuruzzaman, M.; Rahman, M.M.; Liu, Y.; Naidu, R. Nanoencapsulation, Nano-guard for
Pesticides: A New Window for Safe Application. J. Agric. Food Chem. 2016, 64, 1447-1483.

Knowd, I.; Mason, D.; Docking, A. Urban agriculture: The new frontier. In Proceedings of the 2nd
State of Australian Cities National Conference, Brisbane, QLD, Australia, 30 November—2
December 2005; Volume 21.

Kumar, N.; Balamurugan, A.; Mohiraa Shafreen, M.; Rahim, A.; Vats, S.; Vishwakarma, K.
Nanomaterials: Emerging trends and future prospects for economical agricultural system. In
Biogenic Nano-Particles and Their Use in Agro-Ecosystems; Springer: Berlin/Heidelberg,
Germany, 2020; pp. 281-305.

Santaella, C.; Plancot, B. Interactions of Nanoenabled Agrochemicals with Soil Microbiome. In
Nanopesticides; Springer: Cham, Switzerland, 2020; pp. 137-163.

https://encyclopedia.pub/entry/46954 7/8



The Production of Nanotechnology in Agriculture | Encyclopedia.pub

43. Li, Z.; Su, L.; Wang, H.; An, S.; Yin, X. Physicochemical and biological properties of nanochitin-
abamectin conjugate for Noctuidae insect pest control. J. Nanopart. Res. 2020, 22, 286.

44. Itodo, H.U.; Nnamonu, L.A.; Wuana, R.A. Green Synthesis of Copper Chitosan Nanoparticles for
Controlled Release of Pendimethalin. Asian J. Chem. Sci. 2017, 2, 1-10.

Retrieved from https://encyclopedia.pub/entry/history/show/106497

https://encyclopedia.pub/entry/46954 8/8



