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Role of Nanotechnology in Vegetable Crop
Nutrition and Protection

Kunal Anand INTRODUCTION

Department of Horticulture, . .
Bihar Agricultural University, Nanotechnology, which represents the new frontier in modern

Bhagalpur, Bihar agriculture, refers to technology that makes use of matter at
nanometer levels ranging from 1-100nm. Nanotechnology can
be applied in vegetable production systems in order to ensure
maximum use efficiency of nutrients, pest and disease control,
and overall maximization of productivity of crops. With
agricultural activities facing increasing challenges as regards to
increased demand for outputs and decreased availability of
inputs, nanotechnology represents a solution towards
sustainable vegetable farming.

Concept of Nanotechnology in Agriculture

Some of the main concepts of nanotechnology in the context of
agriculture relate to various applications. This includes use of
nano fertilizers for nutrient delivery, use of nano pesticides for
effective control of pests, use of nano sensors for the detection
of crop conditions and health, and use of nano carriers for
releasing agrochemicals.
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Use of Nanotechnology in Nutrient Supply of
Vegetables Crops

1. Nano Fertilizer

Nano-fertilizers are designed to ensure the
release of nutrients in a regulated way, thereby
increasing their availability to plants. It
increases the efficacy of nutrient utilization up
to 80-90%, reducing losses due to leaching and
volatilization. Besides, they improve the
absorption rate via both root and leaves and
require reduced doses as compared to regular
fertilizers.

Types of nano-fertilizers include nano-
nitrogen (nano urea), nano-zinc, nano-iron, and
nano-silica. Application in crops like tomato,
brinjal, and cabbage has resulted in increased
productivity. They increase the level of
chlorophyll content and stimulate
photosynthesis and rooting.

2. Regulation and Targeted Supply of
Nutrients to Plants

Nanoparticles serve as carriers for the supply of
nutrients directly into the body of plants. Thus,
nanosized fertilizers get delivered to tissues of
plants through stomata or roots in a regulated
and targeted fashion. This technique helps
reduce the process of fixation of nutrients
within soil and increase its availability to plants.

It has been shown that this strategy
provides improved precision in agricultural
operations, prevents contamination of
environment by excessive chemicals, and
increases fertilizer efficiency.

The use of nanomaterials in soil
improvement is facilitated by promoting
microbial  activity, increasing  nutrient
availability, and improving water retention
capabilities. All these features help improve
soil quality and provide conditions that support
continuous vegetable growing.

Use of Nanotechnology for Vegetable Crop
Protection

1. Nano-Pesticides

The wuse of nano-pesticides involves the
incorporation of the active ingredient into
nanoparticles for better pest targeting and
efficacy. Some benefits of nano-pesticides
include specificity towards targets, reduction in
pesticide dosage, sustained release, and lower
environmental impact as well as decreased
toxicity.

Nano-pesticides are commonly used
for the protection of plants against insect pests
and pathogen attack, especially fungi and
bacteria in vegetables.
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(Source, Mustafa, I. F., & Hussein, M. Z. 2020).
Mustafa, I. F., & Hussein, M. Z. (2020). Synthesis and technology of
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nanoemulsion-based pesticide formulation. Nanomaterials, 10(8), 1608.

2. Antimicrobial Nanoparticles

Certain metal nanoparticles such as silver,
copper, and zinc oxide have powerful
antimicrobial properties. They work by
suppressing pathogens, disrupting microbial
cells, and impeding their ability to spread.

For instance, silver nanoparticles are capable of
eradicating bacterial wilt, while copper
nanoparticles suppress fungus in vegetables.

3. Nano-Herbicides

Nano-herbicides have improved weed
management through the ability to release the
herbicides in a controlled manner. The
reduction in the amount of herbicide required to
kill the weeds enhances efficiency while
minimizing the environmental damage.

Table-1: Applications of Nanotechnology in Vegetable Crops.

Area Technology Function Benefits Examples
High nutrient use
Crop . Controlled g‘ Nano urea, nano
o Nano-fertilizers ) efficiency, reduced .
Nutrition nutrient release zInc
losses
Crop . Targeted Precision farming, Encapsulated
.. Nano-carriers . . . .
Nutrition nutrient delivery reduced pollution nutrients
. . Improve soil Better microbial activity, ..
Soil Health Nanomaterials P . . Y Nano silica
properties water retention
Cro .. Targeted pest Reduced dosage, slow . ..
p. Nano-pesticides g P £ Nano insecticides
Protection control release
Cro Antimicrobial . o Silver, copper
p. . Disease control Inhibits pathogens .pp
Protection nanoparticles nanoparticles
Controlled
Weed .. .. . Nano herbicide
Nano-herbicides herbicide Efficient weed control .
Management formulations
release
L. Detect plant Early disease detection, Soil and plant
Monitoring Nano-sensors P Y . . P
health status precision farming sensors

4. Nano-Sensors for Monitoring Diseases

Nano-sensors help in the monitoring of the
growth conditions of plants in real-time. Nano-
sensors are important in the monitoring of soil

moisture, diseases, and deficiencies in
nutrients.
Advantages of Nanotechnology in the

Cultivation of Vegetables

The use of nanotechnology has several
advantages in vegetable production. It increases
the effectiveness of the fertilizers and
pesticides, reduces environmental pollution and
practices.
Nanotechnology improves crop yields while
ensuring that the quality of vegetables produced
is high.

encourages sustainable

Challenges and Limitations
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Although the use of nanotechnology in
agriculture is promising, there are some
challenges. Nano-products are expensive,
making them hard to access by some groups of
farmers. In addition, farmers do not understand
the process of using them due to lack of
technical knowledge and inadequate education
on the issue. Concerns over safety arise from
the toxic effects of the nanoparticles to both

humans and the environment.

Prospects for the Future
The prospects for nanotechnology for vegetable
crop production include the development of
environment-friendly nano-products and their
combination with precision agriculture and loT
technologies. =~ The  greater = commercial
availability of nano-based products and their
use in developing climate-tolerant production
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of vegetables can be anticipated. Nutrients and
agrochemicals can be more efficiently used
using smart delivery systems.
CONCLUSION

There is huge potential for applying
nanotechnology to improve vegetable crop
production and enhance the sustainability of
farming operations by making nutrient and
agrochemical applications more efficient. With
the use of nano-fertilizers and nano-pesticides,
input applications can be made precise, while
nano-sensors ensure that precision agriculture
techniques can be employed. Nevertheless,
proper assessment of the environmental and
health effects as well as supportive policy
measures are required to safely adopt
nanotechnology in vegetable production
systems.
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