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Plasma agriculture:
Pioneering sustainability through a revolutionary agricultural approach

Monika Sharma1*, Ashish Kumar2 and Chandresh Guleria1

1DYSPUHF, Nauni, Solan, Himachal Pradesh 173 211
2Rajasthan College of Agriculture, MPUAT, Udaipur, Rajasthan 313 001

As global demand for food production surge and environmental concerns intensify, innovative 
solutions are required to revolutionize traditional agricultural practices. The present article delves 
into the cutting-edge concept of plasma agriculture, an emerging field that holds immense promise 
in addressing key challenges facing modern farming. This article explores the unique properties of 
plasma, the fourth state of matter, and its application in transforming various facets of agriculture, 
from seed germination and soil enrichment to pest management and water optimization. By 
harnessing the power of plasma, this pioneering approach aims to not only enhance crop yields 
but also mitigate environmental impact by reducing chemical reliance and promoting resource-
efficient techniques. Through a comprehensive analysis of its benefits, challenges, and potential 
impacts, this article sheds light on how plasma farming could pave the way for a more sustainable 
and resilient future in agriculture. 
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F A R M I N G  has advanced 
significantly since the early 

days of crop cultivation and 
livestock rearing. Today, technology 
development has made agriculture 
a very productive and efficient 
industry. The demand for food 
is rising rapidly along with the 
growth of the global population. By 
2050, the United Nations projects 
that there will be 9.7 billion people 
on the planet; to feed them, food 
production must rise by at least 70%. 
Traditional farming techniques have, 
however, harmed the environment, 
particularly through soil erosion, 
water pollution, and deforestation. 
Sustainable farming, also known 
as sustainable agriculture, is an 
approach to agricultural practices 
that aims to meet the current needs 
for food production while preserving 
and enhancing the environment 
for future generations. It focuses 
on achieving a balance between 
economic viability, social equity, 
and environmental responsibility. 
By adopting sustainable farming 
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practices, farmers can produce 
food in an environmentally 
friendly, socially responsible, and 
economically viable manner. This 
contributes to preserving natural 
resources, mitigating climate 
change, and ensuring food security 
for present and future generations. 
A new agricultural method that 
has emerged to deal with these 
difficulties is plasma agriculture. 
Plasma agriculture is being 
investigated as a strategy to boost 
crop yields and enhance the quality 
of agricultural output. The process 
uses plasma, a highly energetic gas 
that is created when a gas is ionised. 
Free radicals, electrons, and other 
charged particles produced during 
the ionisation process can interact 
with biological matter in a variety 
of ways. In this article, we discussed 
what plasma agriculture is, how 
it works, its potential benefits and 
limitations.

What is plasma agriculture?
Plasma agriculture is an 

innovative method of farming that 
makes use of plasma to boost plant 
development, safeguard crops from 
pests and diseases, and improve 
the nutritional value of food crops. 
When an electric field is applied to a 
gas, such as air or nitrogen, it ionises 
the gas and produces a high-energy 
plasma. There are several methods 
to employ plasma to enhance 
agriculture. For instance, it can be 
used to disinfect soil, get rid of pests 
and diseases, improve plant nutrient 
uptake, and boost crop production.

By utilising electrodes or plasma 
jets, a plasma field is produced 
around the plants in plasma 
agriculture. This plasma field 
accelerates the plant’s metabolism, 
improves ‘nutrition and absorption’ 
and strengthens its immune system. 
It has been demonstrated that 
plasma agriculture increases crop 
output, boosts nutrient content, and 
lowers pesticide use.

Plasma agriculture is still a 
relatively new technology, and 
there is ongoing research to 
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understand how it works and how 
it can be optimized for various 
crops. However, early results are 
promising, and plasma agriculture is 
already being used in some countries 
to grow crops such as tomatoes, 
lettuce, and strawberries. When a 
gas is heated to a high temperature, 
it is ionised and becomes plasma. 
Plasma is the fourth state of matter, 
very reactive, interacts with matter 
and is an excellent tool for farming 
and enhancing soil fertility.

Though new to agriculture, 
plasma technology is already in 
use for many years in a variety 
of sectors, including electronics, 
manufacturing, and medical. The 
process involves surrounding the 
plants with a plasma field, which 
produces a number of reactive 
molecular species, such as nitric 
oxide, ozone, and hydrogen 
peroxide. These species have 
positive effects on plant growth, 
including increased photosynthesis, 
improved nutrient uptake, and 
increased resistance to pests and 
diseases.

Plasma agriculture has emerged 
as a response to the challenges 
faced by traditional agricultural 
practices and the increasing demand 
for sustainable solutions. With 
the global population growing, 
the need to produce more food 
while reducing the environmental 
impact of agriculture has become 
critical. The application of plasma 
technology in agriculture aims 
to address these concerns and 
capitalize on the potential benefits 
it offers. One of the key motivations 
for exploring plasma agriculture is 
the urgency to develop sustainable 
agricultural practices. Conventional 
methods often rely heavily on 
chemical inputs, leading to soil 
degradation, water pollution, 
and environmental harm. Plasma 
agriculture seeks to provide eco-
friendly alternatives to mitigate 
these negative effects. Improving 
crop health and productivity is 
a constant goal in agriculture 
research. Plasma treatments have 
shown promise in enhancing seed 
germination, stimulating plant 
growth, and controlling diseases, 
suggesting opportunities to boost 

crop yields and reduce losses 
from pests and pathogens. Plasma 
technology offers an alternative 
approach to reduce the reliance on 
pesticides and fertilizers and adopt 
more sustainable pest and disease 
control methods. Plasma treatments 
have been explored for their 
potential to extend the shelf-life of 
produce, minimizing losses caused 
by pathogens and deterioration. 
Furthermore, plasma technology 
allows for precise and targeted 
treatments, aligning with the 
principles of precision agriculture. 
By optimizing resource utilization 
and minimizing waste, plasma 
agriculture can contribute to more 
efficient and sustainable farming 
practices.

How does plasma agriculture work?
High-energy plasma particles 

interact with plant cells and tissues 
when plants are exposed to them, 
changing the physiology of the 
plants which may result in higher 
photosynthesis, enhanced nutrient 
uptake, and improved plant 
development. Plasma can also be 
used to sterilise soil by eliminating 
unwanted bacteria, fungus, and 
other microbes that might lead to 
plant diseases. This can improve 
crop health and enhance their yield.

Crops in stand are exposed to 
a low-temperature plasma field 
in plasma agriculture. In plasma 
agriculture, crops are exposed to 
low-temperature plasma to achieve 
several beneficial effects. Unlike 
high-temperature plasmas, low-
temperature plasmas, also known 
as non-thermal or cold plasmas, 
offer advantages for agricultural 
applications.

The reasons for subjecting crops 
to low-temperature plasma include:
•	 Seed treatment: Treating seeds 

with plasma before planting 
can enhance germination rates, 
stimulate seedling growth, and 
ultimately improve overall crop 
yield.

•	 Disease control: Low-temperature 
plasma has been investigated 
as a potential method for 
controlling plant pathogens, 
such as bacteria and fungi. 
This approach may reduce the 

reliance on chemical pesticides 
and promote more sustainable 
agricultural practices.

•	 Nutrient uptake: Plasma treat-
ments can stimulate root devel-
opment and improve nutrient 
absorption in plants, leading to 
better nutrient uptake from the 
soil and overall crop health.

•	 Stress tolerance: Exposure to 
low-temperature plasma has 
shown promise in enhancing 
crops’ ability to tolerate various 
environmental stresses, such as 
drought, heat, and cold, which 
is particularly valuable in the 
context of climate change.

•	 Weed control: Plasma agriculture 
has explored the use of low-
temperature plasma for weed 
control. Plasma treatments can 
inhibit weed growth without the 
need for herbicides, offering a 
more environmentally friendly 
approach to weed management.

•	 Post-Harvest preservation: 
Plasma treatments can also 
be employed post-harvest to 
extend the shelf life of crops by 
reducing spoilage caused by 
pathogens and maintaining the 
quality of fruits and vegetables.

Low-temperature plasma in 
plasma agriculture presents a 
promising and sustainable approach 
to improve crop production and 
reduce the environmental impact 
of conventional agricultural 
practices. However, further research 
is required to optimize plasma 
application techniques and fully 
understand its effects on different 
crop types and agricultural systems.

Several methods, including 
dielectric barrier discharge, 
microwave plasma, and atmospheric 
pressure plasma, can be used to 
produce this plasma field. The 
energy that plasma releases when 
it comes in contact with crops 
stimulates their growth and boosts 
their resilience to pests and disease. 
Plasma can also be used to surround 
plants with a barrier that shields 
them from disease and pests. In 
organic farming, where the use of 
chemical pesticides is prohibited, 
this can be extremely helpful.
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Benefits of plasma agriculture
Plasma agriculture has several 

benefits that make it a promising 
technology for sustainable farming. 
Some of these benefits include:
•	 Higher crop yield: Plasma 

agriculture has been proven to 
boost crop yield by up to 30% 
with even lesser resources, thus 
addressing the issue of food 
security. 

•	 Reduced pesticide use: Plasma 
agriculture has been 
demonstrated to strengthen the 
plant’s immune system, making 
it more resistant to pests and 
illnesses. This lessens the need 
for pesticides that are damaging 
to the environment and people’s 
health.

•	 Increased nutritional value: 

Plasma agriculture has been 
demonstrated to improve plant 
nutrient uptake, leading to 
increased nutritional value of the 
crops. This might enhance the 
nutritional value of food.

•	 Reduced environmental impact: 
Plasma agriculture may lessen 
the adverse environmental 
effects of farming by using less 
of pesticides, fertilisers, and 
water.

•	 Soil regeneration: Plasma 
agriculture can aid in the 
regeneration of degraded soils 
by raising nutrient availability 
and enhancing soil structure. 
The demand for toxic pesticides 
and herbicides can be reduced 
by plasma treatment by 
decreasing soil-borne infections.

•	 Water efficiency: Plasma 
technology can reduce the 
amount of water up to 50% 
through the plant’s capacity 
for water absorption and 
minimising water loss through 
transpiration.

•	 Reduced carbon footprint: Plasma 
agriculture is a low-carbon 
farming technique that can aid 
in lowering greenhouse gas 
emissions.

•	 Plasma agriculture could 
mitigate climate change through 
enhanced plant growth, 
reduced fertilizer and pesticide 
use, improved soil health, 
waste reduction and water 
conservation. 

Future prospects of plasma agriculture:
•	 Improved crop productivity: 

Plasma agriculture holds 
promise for enhancing crop 
yields by promoting better 
seed germination, nutrient 
absorption, and overall plant 
growth. This could address the 
increasing global food demand.

•	 Reduced chemical usage: The 
potential of plasma treatments 
to control pests and diseases 
might lead to decreased 
reliance on chemical pesticides 
and fertilizers, fostering more 
environmentally sustainable 
agricultural practices.

•	 Climate change adaptation: 
Plasma agriculture’s ability 
to bolster crop resilience 
against environmental stresses 
like drought and heat could 
help agriculture adapt to the 
challenges posed by climate 
change.

•	 Post-Harvest preservation: Plasma 
treatments may prolong the 
shelf life of harvested crops, 
curbing post-harvest losses, and 
contributing to food security.

•	 Water efficiency: By optimizing 
water use in plants, plasma 
agriculture could help conserve 
water resources, particularly in 
regions facing water scarcity.

Challenges of plasma agriculture
•	 Limited research: Plasma 

agriculture is a relatively new 
field, and more extensive 
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research is needed to understand 
its long-term effects, scalability, 
and compatibility with diverse 
crop types and farming systems.

•	 Energy consumption: Generating 
plasma requires energy, and 
enhancing the efficiency of 
plasma devices is necessary to 
reduce the associated energy 
consumption.

•	 Cost and accessibility: The 
initial investment in plasma 
technology can be expensive, 
posing challenges to its 
accessibility and affordability 
for farmers, especially in 
developing regions.

•	 Standardization and regulation: As 
plasma agriculture develops, 
establishing standardized 
treatments and regulations will 
be essential to ensure safe and 
effective application.

•	 Integration with existing practices: 
Integrating plasma technology 
into current agricultural methods 
may require adjustments and 
farmer training, presenting 
implementation challenges.

•	 Environmental impact: While 
plasma treatments aim to 
reduce chemical usage, potential 
environmental impacts of 
plasma technology need 
comprehensive evaluation.

•	 Perception and acceptance: 
Convincing farmers and 
stakeholders about the benefits 
and safety of plasma agriculture 
could be challenging, 

particularly if the technology 
is not widely understood or 
accepted.

Conclusion
Plasma agriculture offers a 

promising and innovative approach 
to address the challenges faced by 
modern farming. By utilizing low-
temperature plasma technology, 
this field presents numerous 
benefits for sustainable agriculture. 
The potential to enhance crop 
productivity through improved 
seed germination, nutrient 
absorption, and plant growth holds 
significant promise for meeting the 
increasing global demand for food. 
Additionally, the ability to reduce 
chemical inputs may lead to more 
environmentally friendly farming 
practices. Plasma agriculture’s 
capacity to improve crop resilience 
to environmental stresses, such as 
climate change impacts, is a valuable 
asset in ensuring agricultural 
sustainability and food security. 
Moreover, post-harvest preservation 
capabilities can help reduce food 
waste and enhance food availability. 
However, certain obstacles must 
be overcome for widespread 
adoption. More research is needed 
to fully understand the long-term 
effects and compatibility of plasma 
technology with different crops and 
farming systems. The optimization 
of energy consumption and cost 
considerations are essential to ensure 
economic viability, particularly for 

small-scale farmers. Establishing 
standardized treatments and 
regulations will be crucial to ensure 
safe and effective application, while 
efforts to educate stakeholders and 
farmers about the benefits and safety 
of plasma agriculture are necessary 
for its successful implementation. In 
summary, plasma agriculture shows 
great potential to revolutionize 
modern farming practices, 
promoting sustainable and efficient 
agricultural systems. With continued 
research and advancements, plasma 
agriculture can play a vital role in 
addressing the evolving challenges 
of agriculture while contributing 
to a more sustainable and resilient 
future.

SUMMARY
The article explores how plasma 

treatments can enhance seed 
germination, plant growth, and 
soil health, ultimately leading to 
increased crop yields. Additionally, 
it highlights the potential of 
plasma in managing pests and 
diseases without the need for 
harmful chemicals, contributing to 
environmentally friendly farming 
practices. The article also discusses 
how plasma farming can optimize 
water usage and reduce the reliance 
on synthetic inputs, thus promoting 
a more resilient and efficient food 
production system. 
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