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ABSTRACT 
 

Nanotechnology is an encouraging technique for growing agricultural viability and efficiency. Gold nanoparticles (AuNPs) play an 

important role among all other nanoparticles because these particles have special chemical properties like a large surface area, balance, 

and biological compatibility. By seeing their performance in plants’ roots, shoots, photosynthesis, mineral and nutrient uptake, seed 

germination, and resilience against adverse weather conditions, AuNPs have become an innovation in sustainable wheat production. 

Moreover, several other types of nanoparticles are also used in agriculture and present the principles of nanotechnology. AuNPs can 

properly increase the production of wheat, improve resource efficiency, and reduce the use of traditional agrochemicals by killing wheat 

pests, efficient nutrient delivery, and crop monitoring. However, the use of nanoparticles faces several challenges because they can 

contaminate water, soil, or the atmosphere, which poses a major health risk to farmers and limits the use of nano-pesticides and nano-

fertilizers in agriculture. In this article, we will mainly discuss the fundamentals and types of nanoparticles and the mechanism of action 

of AuNPs in crop protection. 
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Introduction 

Wheat (Triticum aestivum L.) is one of the major staple foods and cereal 
crops all over the world as well as in Pakistan. The agriculture sector 

contributes 18.9% to Gross Domestic Product and plays an important role 

in the economy. There are many biotic and abiotic factors responsible for 
reduced wheat productivity. Many insect pests are associated with wheat, 

which attack at different stages of the crop, cause damage, and ultimately 

result in yield reduction. Wheat crop is attacked by aphids, Wheat weevil, 
Wheat midges, Cereal leaf beetle, White grubs, Termites, Grasshopper, 

Hessian fly, Flea beetles, Armyworm, Wheat stem sawfly, Helicoverpa 

armigera, and Pink Graminous Stem Borer [1, 15, 16]. Through the 
application of effective pesticides and herbicides, the regulation of soil 

features, wastewater management, disease detection, nano fertilizers, and 

nanotechnology are one of the promising technologies that could increase 
agricultural output [2]. 

 (AuNPs) have garnered a lot of interest and are being used extensively in a 

number of fields. Because of their spherical form, enormous specific surface 
area, and rapid modification by functional groups, AuNPs have become an 

emergent topic of intense research. In order to properly understand and 

utilize AuNPs' potential, it is imperative to maximize the scientific method 
as their demand keeps rising [3, 15]. 

Due to their particular features, nanoparticles are widely exploited in 
agricultural production through foliar spraying and soil application. By 

using nanoparticles, agricultural chemicals can be used more effectively and 

produce less pollution. However, incorporating nanoparticles into 
agricultural production may pose concerns to the environment, food, and 

potentially human health. Therefore, it is necessary to pay attention to the 

absorption, migration, and transformation in crops, and to the interaction 
with higher plants and the plant toxicity of nanoparticles in agriculture. 

Particle size, surface charge, concentration, exposure duration, and plant 

species are some of the variables that affect the uptake and transport of 
nanoparticles by plants. Numerous channels, including stomata, root hairs, 

and leaf surface fissures, allow nanoparticles to enter the plant system. Once 

inside the plant, nanoparticles can migrate through the plant system by 
diffusion, bulk flow, and phloem loading. Numerous parameters, including 

the size and shape of the particles, their surface characteristics, the pH of 

the solution, and the presence of other ions or compounds in the solution, 
might affect the transport of nanoparticles [4, 17, 18]. 

This article aims to list the importance of the wheat crop and the challenges 

wheat faces due to insect pests that damage the wheat crop. And 

nanotechnology helps in controlling the attack of insect pests. 

Fundamentals of Nanotechnology 

The process of combining the fundamental characteristics of the physical, 
chemical, and biological sciences at the nanoscale is known as 

nanotechnology. Physically, the size is decreased; chemically, new 

connections and chemical characteristics are controlled; and biological 
functions, like drug bonding and delivery at specific locations, are generated 

at the nanoscale. In a gray area known as a mesoscopic system, 

nanotechnology connects classical and quantum mechanics. The medical 
sector uses this mesoscopic technology to create natural nanoassemblies for 

treatment and diagnosis, including agricultural goods, nanomedicine, and 

nanotools. Precision farming methods that improve plant nutrient 
absorption and pathogen detection against agricultural diseases have been 

made possible by nanotechnology. The use of zeolites and nanoclays, which 

are useful in soil nutrient broths and soil fertility restoration, is improving 
fertilizers. Additionally, contemporary ideas of smart seeds and seed banks 

are designed to germinate in environments that are conducive to their 

survival; in these situations, nanopolymeric combinations are employed as 
coatings [5, 15, 19]. 

There are different types of nanoparticles, their composition, key properties 

and agricultural applications which are discussed below in the table. 
Table 1: Types of Nanoparticles 

Types of 

Nanopartic

les 

Compositi

on 

Key 

Properties 

Agricultur

al 

Applicatio

ns 

Referen

ces 

Gold 

Nanopartic

les 

(AuNPs) 

Gold (Au) High 
Stability, 

Biocompatibi

lity 

Biosensors 
and 

Disease 

Detection 

(Karnwal 
et al., 

2024) 

Silver 

Nanopartic

les 

(AgNPs) 

Silver 

(Ag) 

High Surface 

Area, Potent 

Antibacterial 
Activity 

Treatment 

of Seeds, 

Fungal 
Illness 

(Shahid        

et al., 

Zinc Oxide 

Nanopartic

les (ZnO 

NPs) 

Zinc 
Oxide 

(ZnO) 

UV 
Protection, 

Vital Supply 

of 
Micronutrien

ts 

Increased 
Crop 

Developm

ent, 
Improved 

Seed 

Germinatio
n 

(Al Jabri 
et al., 

2022). 

Titanium 

Dioxide 

Nanopartic

les 

Titanium 

Dioxide 

(TiO 

Chemical 

Stability, 

Photocatalyti

c Activity 

Resistance 

to Stress, 

Degradatio

n of 

Pollutants 

(Nagaraj 

et al., 

2025). 

Mechanism of Gold Nanoparticles in Wheat Plants 

AuNPs were created to enhance plant physiology and seed growth. 

Nanogold has a major effect on the average germination percentage. The 
germination percentage rose from 106.87 to 120.73% when the nanogold 
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concentration increased from 25 to 100 ppm. The fastest-growing plants 
were those treated with 100 ppm nanogold [12, 18, 19]. AuNPs can reduce 

the amount of oxidative stress genes and proteins when pathogen triggers 

reactive oxygen species burst. This demonstrates how AuNPs might boost 
plant development by striking a balance between defense response and 

growth [12]. This is important because under ambient environmental 

conditions, plant cells produce ROS at low concentrations, including 
superoxide radical (O2.-, hydrogen peroxide (H2O2), hydroxyl radical (OH), 

single oxygen (1O), peroxy radical (ROO.) and alkoxyl radicals (RO.). 

However harsh environmental circumstances cause an excessive amount of 
ROS to be produced [12, 15]. 

Challenges and Future Prospects 

Nanotechnology has advantages in wheat production as well as also have 
disadvantages ROS oxidize biomolecules (lipid, carbohydrates, proteins, 

enzymes, DNA), they harm molecular and cellular components and kill 

plants [13]. The use of nanopesticides and nanofertilizers in agriculture 
poses a major health risk to farmers because they can contaminate water, 

soil, or the atmosphere [15,16,17]. Plant growth is predicted to be hindered 

once NPs build up in the soil, and they may also build up in edible tissues. 

Following their release into the agro-environment, the NPs go through a 

number of changes that could be hazardous to humans and plants [7]. 

Nanotechnoloy has potential to improve the agricultural productivity in 
wheat plants by using gold nanoparticles that work against insect pests. 

Future studies should concentrate on deciphering the intricate mechanism 

of metal nanoparticle biogenesis and developing engineered NPs with 
reduced toxicity, enhanced health advantages, and regulated size and form. 

Increasing the application of plant-based metallic nanoparticles in related 

domains also requires attention [14]. 
Conclusion 

(AuNPs) plays a significant role in raising or growing sustainable wheat 

production by helping in root and shoot development, photosynthetic 
activity, biocompatibility, and by providing resilience against 

environmental changes. (AuNPs) can reduce the amounts of oxidative stress 

genes and proteins. Use of AuNPs encourages the efficient use of 
agricultural inputs which increases productivity. Apart from (AuNPs) there 

are other types of nanoparticles which play different roles in plant 

physiology. Excessive use of gold nanoparticles can contaminate water, soil 
and atmosphere. The use of nano-pesticides in agriculture can cause harm 

to human health, environment and soil health. To ascertain the best 

application techniques, suitable concentrations, and long-term 
environmental effects, more research is required. Gold nanoparticles have 

potential to enhance sustainable wheat production with right handling and 

scientific validation. 
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