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Abstract 

Nanotechnology, a cutting-edge field, has gained prominence in horticulture for its transformative 

impact on crop production, plant health, and resource management. Nanoparticles, due to their unique 

properties, offer innovative solutions in crop improvement and protection. Nanomaterials such as 

nanofertilizers enhance nutrient uptake efficiency, reducing environmental impact and optimizing 

resource utilization. Similarly, nanopesticides exhibit increased efficacy in pest and disease 

management, reducing the need for conventional chemical treatments. Nanotechnology also plays a 

pivotal role in plant growth regulation. Nanoscale delivery systems enable controlled release of growth 

regulators, facilitating precise modulation of plant development and flowering. This targeted approach 

enhances crop yield and quality while minimizing environmental repercussions. Furthermore, 

nanosensors contribute to real-time monitoring of environmental parameters, offering valuable insights 

for precision agriculture. Nanomaterial-based sensors detect changes in soil moisture, nutrient levels, 

and plant health, enabling timely interventions for optimal crop management. Despite the promising 

applications, the integration of nanotechnology in horticulture faces challenges related to environmental 

impact, ethical considerations, and regulatory frameworks. Addressing these concerns is crucial to 

ensure responsible and sustainable deployment of nanotechnology in agriculture. The role of 

nanotechnology in horticulture is dynamic and expansive. From enhancing nutrient management to 

revolutionizing pest control and growth regulation, nanotechnology holds immense potential for 

advancing sustainable and efficient practices in horticultural systems. However, a balanced approach is 

essential, considering ethical, environmental, and regulatory aspects to harness the full benefits while 

mitigating potential risks associated with nanotechnology in horticulture. The present review focuses 

on the Role of Nanotechnology in Horticulture. 
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Introduction 

The global population is steadily increasing, presenting a significant challenge in meeting 

both current and future demands for food worldwide. To address this challenge, there is a 

pressing need to boost crop production, with estimates suggesting an increase of up to 70%. 

While traditional fertilizers have been instrumental in supporting farmers, their intensive use 

has been found to adversely impact soil quality and pose risks to human health and the 

environment. The advancement of the agriculture sector hinges on improving resource 

efficiency and adopting modern technologies judiciously. Nanotechnology emerges as a 

promising avenue to enhance the sustainability of agriculture, particularly in developing 

nations. Nanostructured formulations employ targeted delivery, slow/controlled release, and 

conditional release mechanisms, responding to biological demands and potentially 

transforming agricultural systems. The nano-sizing of fertilizers enhances nutrient 

availability to plant pores at the nano-scale, leading to increased nutrient utilization 

efficiency. Nanoparticles contribute to faster seed germination, elevated agricultural yields, 

and improved chlorophyll content, facilitating enhanced plant growth through efficient 

absorption (Hayat et al., 2023) [14]. A notable application of nanotechnology is found in 

nanofertilizers, which enhance a plant's nutrient absorption capabilities. Nanofertilizers like 

Zn, Cu, and Fe address soil fixation challenges and optimize photosynthetic efficiency. 

Studies indicate that the use of nanofertilizers improves nutrient utilization efficiency, 

mitigates soil toxicity, reduces the adverse effects of overdosing, and decreases the frequency 

of required treatments (Ditta, 2012) [9]. In the pursuit of sustainable agriculture, 

nanotechnology holds considerable potential, providing innovative solutions to address the 

complexities of food production and environmental impact (Shilpa et al., 2022) [34]. 
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Nanofertilizers 

Nanofertilizers, nano-dimensioned nutrient carriers ranging 

from 1 to 100 nm, are exclusively or collaboratively utilized 

to enhance plant growth, yield, and overall performance. 

These innovative fertilizers are crafted by coating 

conventional fertilizers, extracted from various plants or 

plant parts, with nanomaterials. Referred to by various 

names such as nano-carriers, nano-enabled fertilizers, bio-

nanofertilizers, controlled-release nanofertilizers, NPs-based 

nutrient, and nano-based delivery systems of micronutrients, 

these formulations ensure precise nutrient delivery at 

optimal times and locations (Gomes et al., 2021) [13]. The 

impact of nanofertilizers extends to pivotal roles in 

physiological and biochemical processes. They enhance 

nutrient availability, fostering improved metabolic processes 

and stimulating meristematic activities, ultimately leading to 

heightened apical growth and expanded photosynthetic areas 

(Chaupoo et al., 2023) [6]. This enhancement proves critical 

for augmenting both vegetative and reproductive growth, 

including flowering, thereby elevating productivity, product 

quality, and the shelf life of fruits. Crucially, nanofertilizers 

maintain a balanced release of nitrogen, phosphorus, and 

other macronutrients, preventing nutrient losses and 

undesirable interactions with water, air, and microorganisms 

(Blois and Lay-Ekuakille, 2018) [5]. Their adaptability to 

environmental factors, such as temperature fluctuations, soil 

moisture levels, and soil acidity, enables nanofertilizers to 

fine-tune the pace of nutrient supply, maximizing their 

effectiveness for plant growth. Distinguishing themselves 

from traditional fertilizers, nanofertilizers exhibit superior 

efficiency and easy absorption by shoots and roots through 

controlled nutrient delivery (Khan and Rizvi, 2017) [16]. 

They effectively mitigate nitrogen loss from leaching, 

emissions, and prolonged interactions with soil 

microorganisms. Categorized into micronutrient Nano-

formulations, macronutrient nanoformulations, and 

nutrients-loaded nanomaterials, nanofertilizers can adopt 

various designs, including pH release, heat release, 

ultrasonic release, magnetic release, specific release, slow 

release, rapid release, and moisture release. Their 

application enhances nutrient delivery to the soil, 

minimizing nutrient loss through leaching (Manjunatha et 

al., 2016) [21]. 

 

Use of Nanofertilizers in Horticulture   

Nano-fertilizers are gaining increased importance in 

horticulture as they hold the potential to address the distinct 

requirements and challenges associated with cultivating 

fruits, vegetables, and ornamental crops. In horticulture, 

precise management of nutrients is paramount for achieving 

optimal crop quality and yields. Nano-fertilizers present a 

promising solution by enabling the controlled and targeted 

release of nutrients to plants. This precision guarantees that 

crops receive the correct nutrients at the appropriate times 

and in optimal quantities, resulting in healthier plants with 

enhanced resilience against diseases and pests. Moreover, 

nano-fertilizers can be tailored to tackle specific nutrient 

deficiencies commonly found in horticultural crops. Their 

nanoscale characteristics facilitate more effective 

penetration of plant tissues, promoting improved nutrient 

uptake and utilization. This not only reduces fertilizer 

wastage but also contributes to sustainable farming practices 

by minimizing nutrient runoff and groundwater 

contamination. Additionally, nano-fertilizers hold the 

potential to alleviate the environmental impact of 

horticulture. By enhancing nutrient utilization efficiency, 

they can help mitigate the adverse consequences associated 

with excessive fertilizer application, such as soil degradation 

and water pollution. As horticulturists strive to meet the 

escalating demand for high-quality fruits, vegetables, and 

ornamental plants, nano-fertilizers emerge as a valuable tool 

for achieving these objectives while simultaneously 

addressing sustainability and environmental considerations. 

However, their integration in horticulture necessitates 

careful research, responsible application practices, and 

adherence to regulatory guidelines to ensure their safe and 

effective use. 

 

Nanosensors  

Nanosensors are instrumental in detecting or sensing various 

quantities like temperature, humidity, and moisture. 

Leveraging the unique properties of nanomaterials, 

nanosensors have the capability to identify and measure 

physical volumes on the nanoscale. These nanoscale devices 

play a crucial role in measuring physical quantities, 

converting them into detectable signals for analysis. The 

fabrication of nanosensors involves several approaches, 

including top-down lithography, bottom-up assembly, and 

molecular self-assembly. In today's landscape, diverse types 

of nanosensors have been introduced to the market and are 

under development for a range of applications, prominently 

in the defense, environmental, and healthcare sectors. 

Despite their varied applications, these sensors follow a 

common workflow: selectively binding to an analyte, 

generating signals through interaction with the bio-element, 

and processing the signal into meaningful metrics. 

 

Use of Nanosensors in Horticulture  

Nano sensors are bringing significant advancements to 

horticulture, transforming the monitoring and management 

of crops. Comprising nanomaterials, these minuscule 

sensors are employed in agricultural settings to collect real-

time data on factors critical for crop well-being and 

productivity. In horticulture, nano sensors play a pivotal role 

in monitoring soil conditions, including moisture levels, 

nutrient content, and pH, exhibiting exceptional precision. 

This data empowers horticulturists to optimize irrigation 

schedules, ensure timely nutrient supply to plants, and 

maintain ideal soil conditions for optimal crop growth. 

Tailoring resource management to the specific requirements 

of crops and soil, nano sensors contribute to water 

conservation, reduced fertilizer usage, and the promotion of 

sustainable farming practices. Additionally, nano sensors 

prove invaluable in disease and pest management. They can 

identify early signs of pathogen infestations or pest attacks 

by monitoring changes in plant physiology or the presence 

of specific biomarkers. This early detection enables growers 

to implement timely interventions, minimizing crop losses 

and decreasing the reliance on chemical treatments. Nano 

sensors also play a crucial role in precision agriculture in 

horticulture by providing insights into microclimatic 

conditions such as temperature, humidity, and light levels. 

By gathering data at the microscale, horticulturists can 

create optimal growing environments in greenhouses or 

controlled settings, ensuring year-round cultivation of high-

value crops. In summary, nano sensors enhance the 

efficiency, sustainability, and productivity of horticultural 

practices. They empower growers with data-driven decision-
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making tools, enabling higher crop yields, improved crop 

quality, and reduced environmental impacts, establishing 

nano sensors as valuable assets in contemporary 

horticulture. 

 

Nanopesticides  

Nano-pesticides present an alternative to address the 

limitations associated with conventional insecticides. These 

are plant protection chemicals where either the active 

ingredient or the carrier molecule is developed using 

nanotechnology. The term 'nano' derives from the Greek 

word meaning dwarf, emphasizing the significantly reduced 

size of the particles. The primary objective in creating nano-

pesticides is to mitigate the environmental risks associated 

with pesticide active ingredients by enhancing chemical 

efficacy. The advantage lies in the extremely small size of 

the particles, typically ranging from 1 to 100 nanometers, 

with a nanometer being one billionth of a meter. At this 

scale, particles offer a substantial surface area, enabling 

more extensive contact with pests. The ability of 

nanoparticles to permeate is attributed to their minute size 

and shape. Similar to other pesticide formulations, nano-

pesticide formulations consist of the active ingredient, the 

carrier molecule, and surfactants. Key advantages of 

nanoparticles include improved solubility of active 

ingredients, enhanced formulation stability, gradual release 

of the active ingredient, and increased mobility due to 

smaller particle size and larger surface area. Nano-pesticides 

are expected to enhance the mode of action against target 

pests compared to bulk materials. Additionally, nano-

formulations provide systemic properties, uniform leaf 

coverage, and improved soil characteristics, supporting their 

constructive application in agriculture (Rana et al., 2021) 

[28]. 

 

Use of Nanopesticides in Horticulture  

Nano pesticides have emerged as a groundbreaking tool in 

contemporary horticulture, catering to the demand for more 

efficient, eco-friendly, and sustainable pest management 

approaches. These innovative formulations leverage 

nanoparticles to deliver pesticides precisely and effectively, 

presenting several benefits in horticultural contexts. A key 

advantage of nano pesticides lies in their capacity for 

targeted pest control. Their nanoscale dimensions enable 

superior adherence to plant surfaces, ensuring 

comprehensive coverage and facilitating penetration of 

pests' protective barriers, such as exoskeletons. This targeted 

strategy amplifies pest control efficacy while minimizing 

the quantity of pesticides needed, thereby reducing 

environmental impact and potential harm to non-target 

organisms. Moreover, nano pesticides can be designed to 

release their active ingredients gradually, providing 

prolonged protection against pests and diseases. This 

controlled release not only improves crop yield and quality 

but also diminishes the need for frequent pesticide 

applications, resulting in cost savings for growers and a 

reduced environmental footprint. In horticulture, where the 

aesthetics and quality of produce are paramount, nano 

pesticides represent a transformative tool. Their precise 

application minimizes the risk of pesticide residues on 

harvested fruits, vegetables, or ornamental plants, ensuring 

consumer safety and meeting rigorous quality standards. 

While nano pesticides offer numerous advantages, their 

responsible use is paramount. Adhering to regulatory 

guidelines and safety assessments is crucial to unlock their 

full potential and ensure their contribution to sustainable and 

safe horticultural practices. Overall, nano pesticides signify 

a significant leap forward in modern horticulture, 

empowering growers to safeguard their crops effectively 

while mitigating environmental impacts and fostering the 

sustainability of agricultural practices. 

 

Use of Nanomaterials for seed coating in Horticulture  

The application of nanomaterials in seed coating has 

garnered considerable attention in horticulture, offering the 

potential to optimize plant growth, crop yield, and resource 

utilization. In the precision-driven realm of horticulture, 

nanomaterial seed coatings provide numerous advantages. 

Engineered at the nanoscale, these coatings create a 

protective layer for seeds, ensuring safe germination and 

early development. A key benefit of nanomaterial seed 

coatings is their ability to shield seeds from environmental 

stressors, including pests, diseases, and adverse weather 

conditions. Operating as a barrier, nanoscale materials 

protect seeds during vulnerable germination and early 

growth, improving germination rates and fostering the 

production of healthier and more resilient plants. 

Furthermore, nanomaterials in seed coatings can encapsulate 

essential nutrients, growth-promoting substances, or 

beneficial microorganisms, allowing precise and controlled 

delivery to emerging seedlings. This ensures that plants 

receive the necessary resources for robust growth and 

development. By enhancing nutrient uptake and fostering 

symbiotic relationships with beneficial microorganisms, 

nanomaterial seed coatings contribute to overall crop vigor 

and yield. Additionally, these coatings improve seed 

adhesion to the soil, reducing seed wastage during planting 

and enhancing planting efficiency critical factors in 

horticulture where precise spacing and seed placement are 

paramount for optimal crop growth. While the potential 

benefits of nanomaterial seed coatings in horticulture are 

promising, responsible use is essential, taking into account 

safety and regulatory considerations. When applied 

judiciously and in compliance with guidelines, nanomaterial 

seed coatings have the potential to revolutionize 

horticultural practices by elevating crop quality, increasing 

yields, and promoting sustainable and efficient cultivation 

methods. 

 

Use of Nanomaterials for crop protection in Horticulture  

Nanomaterials have become a promising frontier in 

horticulture, offering innovative solutions for crop 

protection in the cultivation of fruits, vegetables, and 

ornamental plants. Engineered at the nanoscale, these 

materials address the unique challenges faced in 

horticulture, providing precision and efficiency in 

safeguarding plants from pests, diseases, and environmental 

stressors. One notable application is in the field of nano 

pesticides, where nanoparticles encapsulate pesticide active 

ingredients, enabling targeted and controlled release. This 

precision ensures effective pest targeting while minimizing 

environmental impact and reducing the quantity of 

pesticides required. Nanomaterials also play a role in 

developing protective coatings for plant surfaces, acting as 

physical barriers against pathogens, insects, and 

environmental stressors. This protection contributes to plant 

health and enhances overall crop quality. Additionally, 

nanoparticles can be loaded with antimicrobial agents or 
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compounds that induce plant defense mechanisms, 

providing proactive protection against diseases and pests. In 

the realm of soil and water management, nanomaterials 

offer advantages in horticulture by improving water 

retention in soil, enhancing nutrient availability, and 

enabling real-time monitoring of soil conditions. This 

facilitates more efficient resource utilization, reducing water 

and nutrient waste. Overall, the application of nanomaterials 

in horticulture holds great promise for sustainable and 

efficient crop protection and resource management. 

 

Use of Nanotechnology for soil improvement in 

Horticulture  

Nanotechnology holds great potential for soil improvement 

in horticulture, addressing the crucial aspects of soil health 

and crop quality. In the precise management of soil 

conditions within horticultural practices, nanotechnology 

provides innovative solutions tailored to specific challenges. 

The use of nanoparticles and nanomaterials proves 

beneficial for enhancing soil fertility and nutrient 

management. These nanoscale carriers can encapsulate 

crucial nutrients, including nitrogen, phosphorus, and 

micronutrients, facilitating controlled and targeted release 

directly to the plant root zone. This approach maximizes 

nutrient uptake, minimizes wastage, and reduces the 

environmental impact associated with excess fertilizers. 

Furthermore, nanotechnology contributes to the 

enhancement of soil structure and moisture management in 

horticultural contexts. Nanoparticles play a role in 

improving soil aggregation, water retention, and aeration, 

resulting in enhanced root growth, increased resistance to 

drought, and overall improvement in plant health. These 

properties are particularly advantageous for crops that 

necessitate precise moisture control and well-structured soil 

for optimal growth. In addition to these benefits, 

nanotechnology offers solutions for remediating 

contaminated soils in horticulture. Nanoparticles have the 

capacity to bind to pollutants and heavy metals, 

immobilizing them and diminishing their bioavailability to 

plants. This restorative action aids in revitalizing soil health 

and ensures the cultivation of safe and high-quality crops. 

 
Sr. 

No. 
Crop Nanomaterial Effect of nanomaterial Reference 

1. Apple 

Nano ZnO Improved the shelf life and Lowered the degradation X. Li et al., 2011 

Nano Biofertilizer Increased the plant height, plant diameter, leaf area and content of chlorophyll 
Mohasedat et al., 

2018 [23] 

Nano Ca 
Enhanced the overall quality of the fruit by augmenting its antioxidant activity, 

phenolic compound levels, starch content, and fiber content. 

Ranjbar et al., 2020 
[29] 

2. Pomegranate 

Nano Zn & Nano B Increased the fruit yield, quality, TSS and juice content. Decreased total acidity. 
Davarpanah et al., 

2016 [7] 

Se-NPs 

The application of SeNPs on the leaves of pomegranate plants helps to reduce 

the negative impact of drought stress on both the leaves and fruits. It achieves 

this by improving the activity of antioxidant enzymes. 

Zahedi et al., 2021 
[44] 

3. Mango 

Chitosan/spermidine 
Triggered the immune response against anthracnose disease and enhances the 

texture and prolongs the lifespan of the fruit. 

Pornchan et al., 

2017 

Chitosan Helps in delaying senescence process, loss of water and firmness of fruits. Silva et al., 2017 

Nano B 

Increasing the yield and chemical characteristics of fruits has had a beneficial 

impact. It has improved the levels of chlorophyll and vital nutrients such as 

nitrogen, potassium, phosphorus, magnesium, manganese, zinc, boron, and iron 

in the leaves. 

Abdelaziz et al., 

2019 

Nano-Si 

When mango seedlings were treated with a spray containing nanosilicon at a 

concentration of 1.0 g/L in a saline irrigation system, it led to an increase in 

antioxidant activity. 

El-Dengawy et al., 

2021 

Nano Chitosan & 

Nano Potassium 

Silicate 

Both fertilizers had a beneficial impact on the growth and development of 

plants, including increased flowering, chlorophyll levels, fruit production, and 

overall yield. The Nano K silicate fertilizer specifically had added advantages 

such as longer panicles, higher yield, and superior fruit qualities. Additionally, it 

helped reduce floral malformation. 

Gad et al., 2021 

4. Grape 

Nano Ca 
Increased foliage development, chlorophyll content and yield. Improved berry 

colouration 
Sabir et al., 2014 

Amino Nanofertilizer 
Enhanced the fruit quality 

 
Wassel et al., 2017 

Chitosan, 

chitosan/chitosang-

salicylic acid and 

salicylic acid 

Boosts the efficiency of enzymes like chitinase, lyase, and glucanase. Reduces 

the rate of respiration, loss of weight, and occurrence of decay. 
Shen et al., 2017 

Nano C 

Berries, leaf area, and total carbohydrate levels were found to have been 

enhanced, accompanied by increased amounts of nitrogen, potassium, 

phosphorus, iron, and magnesium in the leaves. 

Abdel-Hak et al., 

2018 

5. Citrus Nano NPK Highest total leaf area, seedling stem diameter, dry weight of root and shoot. 
Al-Jilihawi et al., 

2020 

6. Date Palm Nano NPK Increased the growth rate, yield and quality. 
Roshdy and Refai, 

2016 

7. Peach Nano Ag 

Leaf area, chlorophyll concentration, shoot thickness, proportion of flowers, and 

fruit production all experienced an elevation, along with enhanced physical and 

chemical attributes of the fruits. 

Mosa et al., 2021 

8. Strawberry Chitosan- The antimicrobial properties of the coating are efficient, and they have a positive Shahbazi, 2018 
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carboxymethyl 

cellulose/Mentha 

spicata essential oil 

impact on titratable acidity, the rate of weight loss, resistance to water vapor, pH 

levels, and the rate of respiration. 

nSiO2 

The usage of nSiO2 can mitigate the detrimental effects of salinity stress on 

strawberry plants by improving water loss control and preserving chlorophyll 

and water levels. 

Avestan et al., 2019 

Se-NPs 

The application of Se-NPs on the leaves improved the effectiveness of 

antioxidant enzymes like SOD and POD, consequently decreasing the lipid 

peroxidation and H2O2 levels caused by stress in strawberries. 

Zahedi et al., 2019 
[43] 

SA and Fe-NPs 

The utilization of SA and iron (INs) resulted in an improvement of SOD and 

POD activity, an increase in protein and proline levels, and a decrease in H2O2 

and MDA production in strawberry plantlets that were grown in vitro. 

Dedejani et al., 

2021 [8] 

Se-NPs and MeJA 

The use of methyl jasmonate (MeJA) and silicon (Si) nanoparticles on 

strawberry plants triggers the activation of genes associated with salinity 

tolerance and their subsequent processes, suggesting an improvement in the 

plant's ability to withstand high salt levels. This response is observed over a 

specific period of time. 

Moradi et al., 2022 
[24] 

Fe-NPs 

The use of FeNPs in the treatment alleviated the negative impacts of PEG-

induced water stress on physical and functional characteristics by enhancing the 

activity of antioxidant enzymes and reducing levels of MDA and H2O2. 

Yosefi et al., 2022 
[42] 

9. 
Sweet 

Orange 
SiO2–NP 

The utilization of SiO2–NPs improved the development of roots, boosted the 

amount of chlorophyll, and reduced the negative impacts of osmotic stress on 

plants treated with NaCl, in comparison to plants that were under normal stress 

conditions. 

Mahmoud et al., 

2022 [19] 

10. Banana 

SiO2–NPs 

The use of SiO2 nanoparticles leads to enhanced chlorophyll content, improved 

K+ uptake, ensured regulation of Na+ levels, and decreased cell wall damage in 

plants experiencing abiotic stress, in comparison to plants that have not been 

treated. 

Mahmoud et al., 

2020 [18] 

Chitosan-NPs 
Chitosan-NPs treatment in banana plants lowered the adverse effects of chilling 

stress. 

Wang et al., 2021 
[40] 

Chitosan and 

chitosan-NPs 

(CSNPs) 

The use of chitosan or chitosan nanoparticles resulted in reduced chilling injury 

and weight loss, while enhancing firmness, hue angle, total antioxidant activity, 

and total phenolic content in comparison to the control samples. 

Elbagoury et al., 

2022 [11] 

11. Persimmon Cs-Phe-NPs 

Using a solution consisting of persimmon fruit and Cs-Phe-NPs at 

concentrations of 2.5 and 5 mM, it was observed that chilling injury was 

significantly decreased and the fruit maintained its desirable taste and texture 

while being stored in cold conditions. 

Nasr et al., 2021 [21] 

12. Plum CTS-Arg-NPs 

CTS-Arg-NPs exhibited a decrease in H2O2 buildup in comparison to the control 

group of fruits. This decrease was linked to the improved functioning of 

antioxidant enzymes like CAT, POD, APX, and SOD. Additionally, the use of 

0.5% CTS-Arg-NPs was found to be the most successful treatment in postponing 

chilling injury and prolonging the storage duration of plum fruit. 

Mahmoudi et al., 

2022 [19] 

13. Pineapple Ag-NPs 

The utilization of silver nanoparticles (AgNPs) significantly enhanced the 

development of shoots, raised the levels of chlorophyll a/b and total/carotenoid 

ratios, and increased the production of proline in response to stress. 

Tejada-Alvarado et 

al., 2023 [39] 

14. Blueberry Chitosan/procyanidin 
Reduces the proliferation of mould and yeast, maintains firmness, and enhances 

the effectiveness of antioxidants. 

Mannozzi et al., 

2018 [22] 

15. Guava Chitosan 
Decreases weight loss, breathing rate, the process of protecting against oxidative 

damage, and improves firmness. 

Silva et al., 2018 
[36] 

 

Benefits of Nanotechnology in Horticulture  

• Precision in nutrient delivery is achieved through 

nanoscale carriers, ensuring plants receive optimal 

nutrients, reducing fertilizer use, and minimizing 

environmentally harmful nutrient runoff. 

• Enhanced and targeted pest control is provided by nano 

pesticides, penetrating insect exoskeletons and plant 

tissues more effectively, minimizing pesticide 

application and reducing environmental impact. 

• Improved soil structure and moisture retention by 

nanomaterials lead to better aeration, reduced soil 

erosion, and increased drought resistance in crops, 

fostering healthier plant growth. 

• Regulating gas exchange, moisture, and temperature 

within packaging materials using nanotechnology 

extends the shelf life of harvested fruits and vegetables, 

reducing food waste and maintaining product quality. 

• Nanotechnology promotes sustainable horticultural 

practices by reducing chemical usage, optimizing 

resource utilization, and minimizing environmental 

impact. 

• Real-time data on soil and environmental conditions 

from nano sensors and monitoring systems enable 

precise decision-making and resource allocation, 

enhancing resource use efficiency and crop 

management. 

• Controlled release of beneficial microorganisms or 

biopesticides, facilitated by nanotechnology, supports 

natural pest control methods, reducing dependence on 

chemical pesticides. 

• Improved overall health and productivity of plants 

through nanotechnology result in increased crop yields 

and enhanced crop quality. 
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• Nanoscale sensors and moisture management 

technologies support efficient water use in irrigation, 

conserving this vital resource in agriculture. 

• Tailoring solutions to specific horticultural needs is 

facilitated by nanotechnology, offering precision and 

flexibility in crop management. 

 

Constraints of Nanotechnology in Horticulture 

In horticulture, nano fertilizers prove to be valuable assets 

for farming systems and sustainable agricultural practices, 

offering a multitude of advantages in cultivating high-

quality, high-yield crops. The potential uptake of 

nanoparticles by plants, along with their biotransformation 

and translocation pathways, yields both positive and 

negative consequences. However, the lack of recognized 

formulations, comprehensive monitoring, and risk 

management impedes the development and deployment of 

nanoparticles as nanofertilizers (Iqbal, 2019) [15]. 

Nanomaterials exhibit associations with soil microbes, 

influencing nutrient uptake in plants due to their ability to 

modify intercellular activity (Singh, 2017) [37]. Concerns 

arise in human health as nanoparticles can readily enter 

biological systems and cross cell membranes during 

spraying, potentially reaching vital organs like the liver, 

brain, or heart (Suppan, 2017) [38]. Findings suggest negative 

impacts of nanofertilizers, emphasizing the need for 

systematic assessments covering risks to human health, food 

security, ecosystem impacts, standardized crop formulas, 

and guidelines. The development of nanofertilizers with 

stable, standardized formulations is essential to ensure 

safety and prevent harmful effects. Despite the considerable 

advantages, nanotechnology in horticulture presents certain 

limitations and challenges. Safety and environmental 

concerns are paramount, as improperly managed 

nanoparticles may accumulate in soil and water ecosystems, 

affecting non-target organisms and the environment. 

Ongoing research into the long-term consequences of 

nanoparticle exposure is crucial for responsible use. Cost 

remains a limiting factor, as the development and 

production of nanomaterials can be expensive, hindering 

accessibility for small-scale farmers or resource-limited 

horticultural operations. Scaling up nanotechnology 

solutions cost-effectively is imperative for broader adoption. 

Additionally, the regulatory framework for nanotechnology 

in agriculture is evolving, necessitating the establishment of 

safety guidelines. Balancing innovation and safety is a 

critical challenge. Implementation of nanotechnology 

requires specialized knowledge and expertise, emphasizing 

the need for training horticultural professionals in its 

applications. Public perception and acceptance also pose 

challenges, emphasizing the importance of transparent 

communication about nanotechnology's benefits and 

potential risks to gain public trust. 
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