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griculture, particularly horticultural crops, is a 

major economic sector involved in the 

cultivation and distribution of a diverse variety 

of specialty crops for food, feed, and decorative reasons, 

and it is today a multitrillion-dollar business globally. 

Limited resources and a fast-growing human population, 

which is expected to reach 

9.6 trillion people by 2050, 

drive the industry ahead, 

requiring the development 

of highly efficient 

agriculture while reducing 

global poverty and hunger 

(Zul et al., 2019). Since the 

emergence of agriculture 

around 10,000 B.C., the large amount of land dedicated to 

agriculture and animal husbandry has drastically affected 

the landscapes of Europe and the rest of the globe. This 

trend is expected to continue, with the Food and 

Agriculture Organisation of the United Nations (FAO) 

forecasting a significant rise in global food production in 

the future years, particularly in developing nations (FAO, 

2011). We don't have an infinite amount of time to 

discuss; we have less than 10 years until 2030 when we 

should have met the universally agreed-upon, UN-

mandated Sustainable Development Goals. What is 

required today is action and substantial progress toward 

establishing a shared route and vision for transitioning to 

a type of sustainable agriculture that benefits human 

beings, food production, and the environment (Oberč & 

Arroyo Schnell, 2020)  

In recent years, nanotechnology has gained attention as a 

potential solution to 

address the sustainability 

challenges in agriculture. 

Nanotechnology involves 

the manipulation of 

matter at the nanoscale, 

typically at dimensions 

less than 100 nanometers. 

Nanoparticles, due to 

their small size and large surface area-to-volume ratio, 

exhibit unique physicochemical properties that differ from 

their bulk counterparts. These properties make 

nanoparticles promising candidates for various 

applications, including agriculture. Nanotechnology in 

agriculture, often referred to as nanotechnology in agri-

food systems or nanobiotechnology, encompasses the use 

of nanomaterials and nanodevices to enhance agricultural 

productivity, improve crop protection, and promote 

sustainable practices. Green synthesized nanoparticles, in 

particular, have gained attention as a sustainable 
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alternative to conventional nanoparticles due to their eco-

friendly synthesis routes and potential environmental 

benefits(Zul et al., 2019) 

Applications of Green Nanoparticles in Sustainable 

Agriculture 

1. Crop Growth Enhancement 

Green combined nanoparticles have proved promising 

results in reinforcing crop development and improving 

overall plant energy. The singular features of 

nanoparticles, such as their littleness and extreme surface 

district, enable effective mineral uptake, improved water 

memory, and upgraded plant stress tolerance. Few key 

requests of green nanoparticles in crop growth 

augmentation contain: 

❖ Nutrient Delivery: Nanoparticles can be loaded with 

essential nutrients, such as nitrogen, phosphorus, and 

micronutrients, and delivered to plants in a controlled 

manner. This targeted nutrient delivery improves 

nutrient use efficiency, reduces fertilizer wastage, and 

enhances plant growth and productivity. 

❖ Seed Priming: Nanoparticles can be applied during 

seed priming to enhance germination, seedling vigor, 

and early plant growth. The nanoparticles facilitate 

water uptake, protect against pathogens, and provide 

essential nutrients to the developing seedlings. 

❖ Foliar Spray: Nanoparticles can be applied as foliar 

sprays to improve nutrient absorption and enhance 

photosynthesis. They can also act as carriers for 

growth-promoting substances, such as plant hormones 

or beneficial microorganisms, leading to improved 

plant growth and development (Singh et al., 2021) 

Figure 1: Green synthesis of Nanoparticles and their 

Application. 

2. Nutrient Management 

Green nanoparticles offer innovative approaches for 

efficient nutrient management in sustainable agriculture. 

They can enhance nutrient availability, reduce nutrient 

losses, and improve nutrient use efficiency. Some 

applications of green nanoparticles in nutrient 

management include: 

❖ Slow-Release Fertilizers: Nanoparticles can be used as 

carriers for slow-release fertilizers, allowing 

controlled nutrient release over an extended period. 

This approach minimizes nutrient leaching, reduces 

environmental pollution, and provides a sustained 

nutrient supply to plants. 

❖ Nutrient Solubility and Uptake: Nanoparticles can 

improve the solubility of poorly soluble nutrients and 

facilitate their uptake by plants. They can also enhance 

nutrient transport within plant tissues, ensuring 

effective nutrient distribution to various plant parts. 

❖ Rhizosphere Interactions: Green nanoparticles can 

modify the rhizosphere environment, promoting 

nutrient availability and enhancing nutrient uptake by 

plants. They can interact with soil particles, organic 

matter, and root exudates, influencing nutrient cycling 

and improving nutrient acquisition efficiency (Ditta et 

al., 2020). 

3. Pest and Disease Control 

Green synthesized nanoparticles have shown potential in 

pest and disease control strategies in sustainable 

agriculture. Their antimicrobial, antifungal, and 

insecticidal properties can be harnessed to reduce the use 

of conventional pesticides and mitigate the development 

of pesticide resistance. Some applications of green 

nanoparticles in pest and disease control include: 

❖ Insect Pest Management: Nanoparticles can act as 

insecticides, repellents, or insect growth regulators, 

targeting specific pests while minimizing adverse 

effects on beneficial insects and the environment. They 

can disrupt insect physiology, affect their behavior, or 

act as physical barriers to prevent pest infestation. 
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❖ Fungal and Bacterial Ailments: Green nanoparticles 

can prevent the tumor of fungal and bacterial 

pathogens and suppress the growth of plant afflictions. 

They can pierce bacterium containers, obstruct their 

metabolic processes, and disrupt their container 

membranes, superior to affliction control. 

❖ Nanosensors for Disease Detection: Nanoparticles can 

be functionalized with specific biomolecules or 

antibodies to detect and identify plant pathogens at an 

early stage. These nanosensors enable rapid and 

accurate disease diagnosis, facilitating timely and 

targeted disease management strategies (Elmer et al., 

2018). 

4. Soil Remediation 

Green nanoparticles offer innovative solutions for soil 

remediation and environmental sustainability. They can 

be utilized to mitigate soil pollution, remove 

contaminants, and improve soil health. Some applications 

of green nanoparticles in soil remediation include: 

❖ Heavy Metal Remediation: Nanoparticles can bind to 

heavy metal ions in soil, immobilizing them and 

preventing their uptake by plants. They can also 

facilitate the transformation of toxic metals into less 

toxic forms, reducing their bioavailability and 

environmental impact. 

❖ Organic Pollutant Degradation: Green nanoparticles 

can catalyze the degradation of organic pollutants, 

such as pesticides, herbicides, and petroleum 

derivatives, through advanced oxidation processes. 

They promote the breakdown of these contaminants 

into harmless byproducts, reducing soil pollution and 

improving soil quality. 

❖ Soil Structure Improvement: Nanoparticles can 

interact with soil particles and organic matter, 

improving soil aggregation and stability. They enhance 

soil water-holding capacity, aeration, and nutrient 

retention, leading to improved soil fertility and plant 

growth. 

The applications of green nanoparticles in sustainable 

agriculture are diverse and hold significant potential for 

addressing various challenges in crop production, nutrient 

management, pest and disease control, and soil 

remediation. Continued research and development in this 

field will contribute to the advancement of sustainable 

agricultural practices with reduced environmental impact 

and increased productivity (Manna et al., 2023). 

Advantages and Limitations of Green Nanoparticles in 

Agriculture 

Green synthesized nanoparticles offer several advantages 

for sustainable agriculture. They are produced using eco-

friendly methods, utilizing renewable plant materials or 

bio-waste, thereby reducing the reliance on toxic 

chemicals. Green nanoparticles also exhibit lower toxicity 

compared to their chemically synthesized counterparts, 

reducing potential risks to the environment and human 

health. Additionally, green synthesized nanoparticles can 

be easily scaled up for large-scale production, making 

them practical for agricultural applications. However, the 

use of nanoparticles in agriculture also presents certain 

limitations and challenges. One major concern is the 

potential for nanoparticle release into the environment and 

their subsequent fate and transport, which requires careful 

risk assessment and management. Additionally, the long-

term impacts of nanoparticles on soil health, microbial 

communities, and ecosystem functioning need further 

investigation. Standardization of synthesis methods, 

characterization techniques, and guidelines for 

nanoparticle application in agriculture are also essential 

for safe and sustainable implementation. The literature 

review highlights the significant role of green synthesized 

nanoparticles in sustainable agriculture. Green 

nanoparticles offer potential solutions to enhance crop 

growth, improve nutrient management, control pests and 

diseases, and remediate contaminated soils. Their eco-

friendly synthesis routes and unique physicochemical 

properties make them promising tools for achieving 

sustainable agricultural practices. However, further 

research is required to better understand the 

environmental and health implications associated with the 

use of nanoparticles in agriculture, and to establish 
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guidelines for their safe and responsible implementation 

in the field (Dashora & Sharma, 2018). 

So, as we stand at the crossroads of innovation and 

sustainability, let us embrace the potential of green 

synthesized nanoparticles. Together, we can cultivate a 

future where agriculture thrives in harmony with nature, 

ushering in a new era of abundance and ecological 

balance. 
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