
Agricultural Technology

This comprehensive analysis compares ultrasonic atomization technology with

traditional boom spray systems for foliar fertigation applications. The report

examines ef�cacy metrics, economic viability, implementation considerations,

environmental impacts, and technological innovations as of mid-2025. Drawing

from peer-reviewed research, case studies, and market analyses, it provides

evidence-based insights for agricultural operations considering adoption of these

technologies.
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Sources

Academic Journal [1]

"Technology of ultrasonic

atomization has been proven

effective at creating droplets with

speci�c physical and functional

properties. Applications of this

technology include drying liquids,

medical nebulizers for inhalation

therapy, surface coating, and

encapsulation of materials in

particles for therapeutic medicine,

nutritional food, energy production

and imaging."

IOP CONFERENCE SERIES: EARTH AND
ENVIRONMENTAL SCIENCE

Ultrasonic atomizer application for
Low Cost Aeroponic Chambers
(LCAC): a review

A comprehensive review of
ultrasonic atomization technology
for aeroponic chambers

AUGUST 2020

Academic Journal [1]

"Ultrasonic waves formed from

mechanical vibration plates can

break down water molecules to

form droplet grains. To break down

water molecules, the ultrasonic

wave frequency used is generally

quite high, ranging from 1.65 to 3

MHz, with the result of a 1-5 µm

droplet size and electrical power

consumption of 2 to 30 W."

IOP CONFERENCE SERIES: EARTH AND
ENVIRONMENTAL SCIENCE

Ultrasonic atomizer application for
Low Cost Aeroponic Chambers
(LCAC): a review

A comprehensive review of
ultrasonic atomization technology
for aeroponic chambers

AUGUST 2020

Academic Journal [1]

"Nowadays, a proven use of

technology ultrasonic atomizer on

aeroponic chamber in commercial

scale is not yet to be found. There

are two reasons to explain this

condition: �rst, the dif�culty of

adjusting some key parameters that

play an important role in aeroponic

cultivation, such as the

characteristics of the sprayer or

droplet size and the �ow rate of the

droplet in accordance with plant

needs and second, no one has done

an experiment related to the

performance of each type of

ultrasonic atomizer technology

device to the nutritional needs of

plants in the aeroponic system."

IOP CONFERENCE SERIES: EARTH AND
ENVIRONMENTAL SCIENCE

Ultrasonic atomizer application for
Low Cost Aeroponic Chambers
(LCAC): a review

A comprehensive review of
ultrasonic atomization technology
for aeroponic chambers

AUGUST 2020

Academic Journal [1]

"The consumption of electric power

for mini potato cultivation using

conventional aeroponic system

(using high pressured pump) is

reported to reach 132 Wh/m2. This

result is four times higher from

power input of UA technology with

VPA transducer type (maximum

input power: 30 W). This value

showed that this technology is

potential to developed a more

saving energy system."

IOP CONFERENCE SERIES: EARTH AND
ENVIRONMENTAL SCIENCE

Ultrasonic atomizer application for
Low Cost Aeroponic Chambers
(LCAC): a review

A comprehensive review of
ultrasonic atomization technology
for aeroponic chambers

AUGUST 2020

Scienti�c Journal [2]

"The proper selection of the

atomizer (droplet size) and nutrient

solution spray interval is one of the

most important factors to be

investigated in aeroponics system

for sustainable agriculture."

INTERNATIONAL JOURNAL OF
AGRICULTURAL AND BIOLOGICAL
ENGINEERING

Effects of droplet size and spray
interval on root-to-shoot ratio,
photosynthesis ef�ciency, and
nutritional quality of aeroponically
grown butter head lettuce

Research study on the impact of
droplet size and spray intervals in
aeroponic lettuce cultivation

FEBRUARY 2022

Scienti�c Journal [2]

"Continuous nutrient atomization

can also contribute to fungal and

bacterial growth on or near the

plants. Moreover, an accurate

interval and duration for nutrient

atomization scheduling can produce

healthier and more natural plant

roots than constant atomization."

INTERNATIONAL JOURNAL OF
AGRICULTURAL AND BIOLOGICAL
ENGINEERING

Effects of droplet size and spray
interval on root-to-shoot ratio,
photosynthesis ef�ciency, and
nutritional quality of aeroponically
grown butter head lettuce

Research study on the impact of
droplet size and spray intervals in
aeroponic lettuce cultivation

FEBRUARY 2022

Scienti�c Journal [2]

"The experimental results

demonstrated that in A1 atomizer

and I2 interval, the growth,

photosynthesis ef�ciency,

chlorophyll, carotenoids, and

nutritional values of the lettuce

were signi�cantly higher compared

to that grown in A2 and A3

atomizers at all spray intervals."

INTERNATIONAL JOURNAL OF
AGRICULTURAL AND BIOLOGICAL
ENGINEERING

Effects of droplet size and spray
interval on root-to-shoot ratio,
photosynthesis ef�ciency, and
nutritional quality of aeroponically
grown butter head lettuce

Research study on the impact of
droplet size and spray intervals in
aeroponic lettuce cultivation

FEBRUARY 2022

Scienti�c Journal [2]

"The shoot developments were

more constrained than root,

prominent to the alteration of root-

to-shoot ratio (fresh and dry) in the

in�uence of different droplet sizes

and spray intervals."

INTERNATIONAL JOURNAL OF
AGRICULTURAL AND BIOLOGICAL
ENGINEERING

Effects of droplet size and spray
interval on root-to-shoot ratio,
photosynthesis ef�ciency, and
nutritional quality of aeroponically
grown butter head lettuce

Research study on the impact of
droplet size and spray intervals in
aeroponic lettuce cultivation

FEBRUARY 2022

Scienti�c Journal [2]

"In an aeroponic system, plant roots

receive a direct nutrient solution

supply sprayed from the atomizers

with different droplet sizes."

INTERNATIONAL JOURNAL OF
AGRICULTURAL AND BIOLOGICAL
ENGINEERING

Effects of droplet size and spray
interval on root-to-shoot ratio,
photosynthesis ef�ciency, and
nutritional quality of aeroponically
grown butter head lettuce

Research study on the impact of
droplet size and spray intervals in
aeroponic lettuce cultivation

FEBRUARY 2022

Scienti�c Journal [3]

"Nanopesticides have become a

signi�cant area of investigation in

agricultural research. Importantly,

the fate, distribution, and ef�cacy of

any nanopesticide is linked to the

interfacial attributes and dynamic

interactions between the outer

surfaces – cuticle – of plants and

insects."

ELSEVIER

Interactions of foliar
nanopesticides with insect cuticle
facilitated through plant cuticle:
Effects of surface chemistry and
roughness-topography-texture

A comprehensive review of
nanopesticide interactions with
plant and insect surfaces at the
nano-scale

FEBRUARY 2024

Scienti�c Journal [3]

"Techniques such as electrospray or

ultrasonic atomization could

produce different droplet sizes and

velocities, in�uencing the coverage

and penetration of nanopesticides.

Concurrently, environmental factors

such as humidity, temperature, and

solar insolation can alter

evaporation rates, leading to the

crystallization of the solute or

changes in the viscosity of the

residual solution."

ELSEVIER

Interactions of foliar
nanopesticides with insect cuticle
facilitated through plant cuticle:
Effects of surface chemistry and
roughness-topography-texture

A comprehensive review of
nanopesticide interactions with
plant and insect surfaces at the
nano-scale

FEBRUARY 2024

Scienti�c Journal [3]

"In essence, based on the concepts

discussed above, the considerable

variations in plant cuticle and insect

exoskeleton topography indicate

variations in the deposition,

localization, and translocation of

nanopesticides from insect/plant to

insect/plant. Binding events and

mobility at the nano-bio interface

are based on the precise structural

and chemical complementarity

between the nanoparticle and

target surface."

ELSEVIER

Interactions of foliar
nanopesticides with insect cuticle
facilitated through plant cuticle:
Effects of surface chemistry and
roughness-topography-texture

A comprehensive review of
nanopesticide interactions with
plant and insect surfaces at the
nano-scale

FEBRUARY 2024

Scienti�c Journal [3]

"Ultimately, the speci�c route of

nanopesticide application dictates

the primary site of accumulation on

the plant, whether it be the leaves,

stem, fruits, or roots. Following

application, the nanoparticle-

encrusted areas of the plant creates

a zone that directly interacts with

any insect pests that comes into

contact with them."

ELSEVIER

Interactions of foliar
nanopesticides with insect cuticle
facilitated through plant cuticle:
Effects of surface chemistry and
roughness-topography-texture

A comprehensive review of
nanopesticide interactions with
plant and insect surfaces at the
nano-scale

FEBRUARY 2024

Academic Social Network [4]

"The common droplet size for home

aeroponic systems is 30-80

microns, and 50 microns is

considered optimal in general."

RESEARCHGATE

What is the optimum droplet size
for air horticulture
(aeroponics/fogponics)

Discussion about optimal droplet
sizes for aeroponic and fogponic
plant cultivation

FEBRUARY 10, 2016

Academic Social Network [4]

"Small droplets may encourage

tight �uffy 'pom-pom'-like roots

with many root hairs while larger

droplets may make it easier to

obtain '�shbone'-like roots."

RESEARCHGATE

What is the optimum droplet size
for air horticulture
(aeroponics/fogponics)

Discussion about optimal droplet
sizes for aeroponic and fogponic
plant cultivation

FEBRUARY 10, 2016

Academic Social Network [4]

"Just a quick question to add to this,

I just read that the root hairs that

actually do the uptake of water and

nutrients in plants range from 15-

17 microns."

RESEARCHGATE

What is the optimum droplet size
for air horticulture
(aeroponics/fogponics)

Discussion about optimal droplet
sizes for aeroponic and fogponic
plant cultivation

FEBRUARY 10, 2016

Academic Social Network [4]

"The problem is that larger

nutrients are needed as a plant

starts fruiting - these cannot be

carried in droplets under 50

microns."

RESEARCHGATE

What is the optimum droplet size
for air horticulture
(aeroponics/fogponics)

Discussion about optimal droplet
sizes for aeroponic and fogponic
plant cultivation

FEBRUARY 10, 2016

Academic Social Network [4]

"Small droplets tend to not impinge

on roots (a matter of momentum).

30-80 um is a good balance

between impinging on roots while

not impinging on pipe bends and

other plumbing."

RESEARCHGATE

What is the optimum droplet size
for air horticulture
(aeroponics/fogponics)

Discussion about optimal droplet
sizes for aeroponic and fogponic
plant cultivation

FEBRUARY 10, 2016

Market Research Report [5]

"The agricultural sprayers market is

projected to grow from USD 3.5

billion in 2025 to USD 6.1 billion by

2035, re�ecting a CAGR of 6.1%

during the forecast period. The

growth is fueled by the rising

demand for high-ef�ciency crop

protection solutions, the adoption

of precision agriculture, and the

need to optimize resource

utilization."

FUTURE MARKET INSIGHTS

Agricultural Sprayers Market Size
& Forecast 2025 to 2035

The global agricultural sprayers
market is projected to grow from
USD 3.5 billion in 2025 to USD 6.1
billion by 2035, advancing at a
CAGR of 6.1%. Rising adoption of
precision farming, demand for
ef�cient crop protection, and
advancements in spraying
technologies are fueling this
growth.

FEBRUARY 12, 2025

Market Research Report [5]

"Self-propelled sprayers have been

the most dominant product type in

the agricultural sprayer market and

have captured a share of around

32% globally. These sprayers are

tailored for big farming operations

which require ef�ciency and rapid

application. Their higher coverage

rates make them best suited for

vast crops requiring spraying at

critical growth phases."

FUTURE MARKET INSIGHTS

Agricultural Sprayers Market Size
& Forecast 2025 to 2035

The global agricultural sprayers
market is projected to grow from
USD 3.5 billion in 2025 to USD 6.1
billion by 2035, advancing at a
CAGR of 6.1%. Rising adoption of
precision farming, demand for
ef�cient crop protection, and
advancements in spraying
technologies are fueling this
growth.

FEBRUARY 12, 2025

Market Research Report [5]

"Drones are found to be more

ef�cient for large and complex

farming areas such as rice paddies,

orchards, and remote farming

regions that traditional sprayers

may not be very effective on.

Chinese manufacturers are

investing signi�cantly in the

development of automation, AI-

driven sprayers, and sensor-based

technologies to enhance precision

and effectiveness in crop

protection."

FUTURE MARKET INSIGHTS

Agricultural Sprayers Market Size
& Forecast 2025 to 2035

The global agricultural sprayers
market is projected to grow from
USD 3.5 billion in 2025 to USD 6.1
billion by 2035, advancing at a
CAGR of 6.1%. Rising adoption of
precision farming, demand for
ef�cient crop protection, and
advancements in spraying
technologies are fueling this
growth.

FEBRUARY 12, 2025

Market Research Report [5]

"The increased adoption of

advanced sprayers, including aerial

sprayers like drones, is part of this

change. Drones are found to be

more ef�cient for large and

complex farming areas such as rice

paddies, orchards, and remote

farming regions that traditional

sprayers may not be very effective

on."

FUTURE MARKET INSIGHTS

Agricultural Sprayers Market Size
& Forecast 2025 to 2035

The global agricultural sprayers
market is projected to grow from
USD 3.5 billion in 2025 to USD 6.1
billion by 2035, advancing at a
CAGR of 6.1%. Rising adoption of
precision farming, demand for
ef�cient crop protection, and
advancements in spraying
technologies are fueling this
growth.

FEBRUARY 12, 2025

Market Research Report [5]

"The agricultural industry is gaining

more focus towards sustainability

now in the face of increasing

concerns over chemical residues,

soil degradation, and water

pollution. Hence, eco-friendly

spraying solutions are becoming

popular due to low-drift nozzles,

reduced chemical usage, and

recyclable tanks."

FUTURE MARKET INSIGHTS

Agricultural Sprayers Market Size
& Forecast 2025 to 2035

The global agricultural sprayers
market is projected to grow from
USD 3.5 billion in 2025 to USD 6.1
billion by 2035, advancing at a
CAGR of 6.1%. Rising adoption of
precision farming, demand for
ef�cient crop protection, and
advancements in spraying
technologies are fueling this
growth.

FEBRUARY 12, 2025

Scienti�c Journal [6]

"The vegetable canopy is large and

dense, with much overlap and

shading among branches and

leaves, making it dif�cult to deposit

pesticide droplets within the

canopy. Therefore, growers have to

increase the amount and frequency

of pesticide application."

MDPI

Development Status and
Perspectives of Crop Protection
Machinery and Techniques for
Vegetables

Review of crop protection
machinery and technologies for
vegetable cultivation

FEBRUARY 16, 2022

Scienti�c Journal [6]

"Compared with knapsack sprayers

and spray guns, knapsack mist

sprayers and fogger sprayers are

more ef�cient and can greatly

reduce labor intensity. The atomizer

of the sprayer was an air-assisted

nozzle with air-�ow de�ectors,

which could shear the atomized

droplets into mist and transmit

them in the greenhouse."

MDPI

Development Status and
Perspectives of Crop Protection
Machinery and Techniques for
Vegetables

Review of crop protection
machinery and technologies for
vegetable cultivation

FEBRUARY 16, 2022

Scienti�c Journal [6]

"Electrostatic spray technology can

improve the deposition ef�ciency of

pesticides on the leaves and reduce

the pollution of pesticides in the

environment. It has been

recognized as an effective way to

increase the utilization of pesticides

and improve the uniformity of spray

deposition."

MDPI

Development Status and
Perspectives of Crop Protection
Machinery and Techniques for
Vegetables

Review of crop protection
machinery and technologies for
vegetable cultivation

FEBRUARY 16, 2022

Scienti�c Journal [6]

"Physical control utilizes stress

responses to achieve the

prevention and control of diseases

and insects, assisted by certain

mechanical equipment. In recent

years, ef�cient physical control

methods based on modern

electronics and machinery—such as

wind-soil disinfection, ozone

sterilization and chromatic traps—

have been applied in horticultural

production."

MDPI

Development Status and
Perspectives of Crop Protection
Machinery and Techniques for
Vegetables

Review of crop protection
machinery and technologies for
vegetable cultivation

FEBRUARY 16, 2022

Scienti�c Journal [7]

"The environmental conditions of

facility vegetables are characterized

by high temperature and humidity,

promoting a high incidence of pests

and diseases. To change the

backward status of plant protection

machinery in greenhouses, a new

kind of knapsack mist sprayer

(KMS) was designed."

PHYTOPARASITICA

Comparison of a new knapsack
mist sprayer and three traditional
sprayers for pesticide application
in plastic tunnel greenhouse

Compared with knapsack sprayers
and spray guns, knapsack mist
sprayers and fogger sprayers are
more ef�cient and can greatly
reduce labor intensity

FEBRUARY 2022

Scienti�c Journal [7]

"The sprayer can reach a maximum

wind speed of 12 m/s near the air-

�ow outlet, the spraying range is 9

m, and the droplet volume diameter

is 45 μm."

PHYTOPARASITICA

Comparison of a new knapsack
mist sprayer and three traditional
sprayers for pesticide application
in plastic tunnel greenhouse

Compared with knapsack sprayers
and spray guns, knapsack mist
sprayers and fogger sprayers are
more ef�cient and can greatly
reduce labor intensity

FEBRUARY 2022

Scienti�c Journal [7]

"Compared with EKS, TFS and SG,

the KMS can effectively reduce

ground loss and increase the

utilization of the spraying liquid.

The average ground loss and

utilization rate of the spraying

liquid of KMS were 10.58% and

67.8%, respectively."

PHYTOPARASITICA

Comparison of a new knapsack
mist sprayer and three traditional
sprayers for pesticide application
in plastic tunnel greenhouse

Compared with knapsack sprayers
and spray guns, knapsack mist
sprayers and fogger sprayers are
more ef�cient and can greatly
reduce labor intensity

FEBRUARY 2022

Scienti�c Journal [7]

"KMS has a good droplet

penetration effect, which promotes

uniform deposition in the middle

and bottom parts of the tomato

canopy. Overall, with advantages of

high operating ef�ciency, low labor

intensity, low spray volume, high

utilization rate of liquid and uniform

deposition, KMS can be used for

pest and disease management in

greenhouses."

PHYTOPARASITICA

Comparison of a new knapsack
mist sprayer and three traditional
sprayers for pesticide application
in plastic tunnel greenhouse

Compared with knapsack sprayers
and spray guns, knapsack mist
sprayers and fogger sprayers are
more ef�cient and can greatly
reduce labor intensity

FEBRUARY 2022

Academic Journal [8]

"A smart spraying system in

agriculture is a targeted spraying

system with ef�cient application of

chemical and low cost for the

environment. A smart sprayer

generally includes a targeted

detection system and spraying

system, in which the targeted

sensor is the foundation of the

precision spraying management."

INTELLIGENT AUTOMATION & SOFT
COMPUTING

Technology Application of Smart
Spray in Agriculture: A Review

A smart spraying system in
agriculture is a targeted spraying
system with ef�cient application of
chemical and low cost for the
environment.

JULY 2015

Academic Journal [8]

"The detection system of a smart

sprayer is used to collect

information in target areas and

make spraying decisions. Varieties

of sensing techniques are applied,

such as Machine vision, spectral

re�ectance, remote sensing and so

on."

INTELLIGENT AUTOMATION & SOFT
COMPUTING

Technology Application of Smart
Spray in Agriculture: A Review

A smart spraying system in
agriculture is a targeted spraying
system with ef�cient application of
chemical and low cost for the
environment.

JULY 2015

Academic Journal [8]

"According to the detecting results

of characteristics detection, species

classi�cation, disease symptom

identi�cation and damage severity

evaluation, the spraying system

controls the sprayer operation."

INTELLIGENT AUTOMATION & SOFT
COMPUTING

Technology Application of Smart
Spray in Agriculture: A Review

A smart spraying system in
agriculture is a targeted spraying
system with ef�cient application of
chemical and low cost for the
environment.

JULY 2015

Professional Social Media [9]

"The growth of the Ultrasonic

Atomization Spraying System

Market is primarily driven by

increasing demand in industries

such as electronics, medical

devices, pharmaceuticals, and

renewable energy. The ability of

ultrasonic spraying systems to

deliver precise and uniform

coatings enhances product quality

and reduces material waste,

making them highly attractive in

advanced manufacturing settings."

LINKEDIN PULSE

Ultrasonic Atomization Spraying
System Market Size 2025

The Global Ultrasonic Atomization
Spraying System Market Report is
seeing strong growth because of
better technology and more
demand in many industries

JUNE 4, 2025

Professional Social Media [9]

"The development of the Ultrasonic

Atomization Spraying System

Market is in�uenced by several

interconnected factors including

cost of technology, industry-

speci�c regulations, and

customization needs. High initial

investment and maintenance costs

can act as barriers for small-scale

manufacturers. However, the long-

term savings in material usage and

improved coating consistency often

justify the expenditure."

LINKEDIN PULSE

Ultrasonic Atomization Spraying
System Market Size 2025

The Global Ultrasonic Atomization
Spraying System Market Report is
seeing strong growth because of
better technology and more
demand in many industries

JUNE 4, 2025

Professional Social Media [9]

"The future scope of the Ultrasonic

Atomization Spraying System

Market looks promising, with a

projected CAGR of xx.x% from

2026 to 2033. Increasing consumer

demand, technological

advancements, and expanding

applications will drive market

growth. The sales ratio is

anticipated to shift towards

emerging markets, fueled by rising

disposable incomes and

urbanization."

LINKEDIN PULSE

Ultrasonic Atomization Spraying
System Market Size 2025

The Global Ultrasonic Atomization
Spraying System Market Report is
seeing strong growth because of
better technology and more
demand in many industries

JUNE 4, 2025

Agricultural News [10]

"The biggest thing is, based on

University of Nebraska studies, you

get the same ef�cacy of a

broadcast application on broadleaf

weeds using 88% less chemicals."

FARMWEEK NOW

New sprayer technology zeroes in
on weeds, boosts ROI

In Illinois, precision sprayers
equipped with cameras could have
a big impact on weed control while
helping improve farmers' return on
investment

AUGUST 2022

Agricultural News [10]

"There are cameras all along the

boom and a computer processes

(the images) as you go through the

�eld to determine if something's a

weed, soybean or corn plant."

FARMWEEK NOW

New sprayer technology zeroes in
on weeds, boosts ROI

In Illinois, precision sprayers
equipped with cameras could have
a big impact on weed control while
helping improve farmers' return on
investment

AUGUST 2022

Agricultural News [10]

"Two of the biggest things to come

along in recent years are drone

applications and autonomous

vehicles. Every retailer I talk to, if

they haven't bought one (a drone

for spray applications), they're at

least having conversations about

it."

FARMWEEK NOW

New sprayer technology zeroes in
on weeds, boosts ROI

In Illinois, precision sprayers
equipped with cameras could have
a big impact on weed control while
helping improve farmers' return on
investment

AUGUST 2022

Agricultural News [10]

"Greeneye's precision spraying

system retro�ts onto existing, self-

propelled sprayers with 24

cameras mounted on a 120-foot

boom. Each camera captures 5,000

images per second that allows the

system to differentiate between

crops and weeds and limit

herbicide applications to just the

weeds."

FARMWEEK NOW

New sprayer technology zeroes in
on weeds, boosts ROI

In Illinois, precision sprayers
equipped with cameras could have
a big impact on weed control while
helping improve farmers' return on
investment

AUGUST 2022

Agricultural News And Industry Analysis [11]

"On average, a boom spraying

system can range from $10,000 to

$50,000, depending on the size

and features of the system.

Additionally, there are costs

associated with installation,

maintenance, and repairs that

should be factored into the overall

cost."

ESSFEED

Cost analysis and ROI of investing
in boom spraying systems

One key factor that contributes to
the ROI of boom spraying systems
is the increase in productivity and
ef�ciency.

Agricultural News And Industry Analysis [11]

"By using a boom spraying system,

farmers can cover more ground in

less time compared to traditional

methods. This can lead to higher

crop yields and decreased labor

costs, ultimately resulting in a

positive ROI."

ESSFEED

Cost analysis and ROI of investing
in boom spraying systems

One key factor that contributes to
the ROI of boom spraying systems
is the increase in productivity and
ef�ciency.

Agricultural News And Industry Analysis [11]

"Boom spraying systems can

improve the accuracy of chemical

application, leading to reduced

chemical waste and lower costs

associated with over-spraying or

under-spraying. This precision can

also result in healthier crops and

increased yields, further enhancing

the ROI of the investment."

ESSFEED

Cost analysis and ROI of investing
in boom spraying systems

One key factor that contributes to
the ROI of boom spraying systems
is the increase in productivity and
ef�ciency.

Agricultural News And Industry Analysis [11]

"According to market research

reports, the global boom spraying

systems market is expected to

grow at a steady pace in the

coming years, driven by the

increasing demand for precision

agriculture solutions."

ESSFEED

Cost analysis and ROI of investing
in boom spraying systems

One key factor that contributes to
the ROI of boom spraying systems
is the increase in productivity and
ef�ciency.

Scienti�c Journal [13]

"Intelligent pesticide prescription

spraying (IPPS) technologies

monitor, diagnose, and make

scienti�c decisions about pests,

diseases, and weeds; formulate

personalized and precision control

plans; and prevent and control

pests through the use of intelligent

equipment."

MDPI

Key Intelligent Pesticide
Prescription Spraying Technologies
for the Control of Pests, Diseases,
and Weeds: A Review

Review of intelligent pesticide
prescription spraying technologies
for agricultural pest management

JANUARY 1, 2025

Scienti�c Journal [13]

"By utilizing advanced application

equipment to implement a

comprehensive suite of technical

systems, IPPS technologies

markedly improve the ef�ciency

and effectiveness of pest, disease,

and weed control, reduce pesticide

residues, protect the ecological

environment, reduce agricultural

production costs, and increase

farmers' income."

MDPI

Key Intelligent Pesticide
Prescription Spraying Technologies
for the Control of Pests, Diseases,
and Weeds: A Review

Review of intelligent pesticide
prescription spraying technologies
for agricultural pest management

JANUARY 1, 2025

Scienti�c Journal [13]

"Piezoelectric ultrasonic

atomization uses the inverse

piezoelectric effect of a

piezoelectric ceramic to generate

mechanical vibrations under the

action of an electric �eld. When

vibration frequency becomes

excessive, it is transmitted to the

liquid in contact with it, and the

liquid is atomized into tiny droplets

via the cavitation effect or the

surface wave effect."

MDPI

Key Intelligent Pesticide
Prescription Spraying Technologies
for the Control of Pests, Diseases,
and Weeds: A Review

Review of intelligent pesticide
prescription spraying technologies
for agricultural pest management

JANUARY 1, 2025

Scienti�c Journal [13]

"Plants have developed complex

defense systems to resist

pathogens, pests, and weeds over

long periods of evolution. These

mechanisms include physical,

chemical, and induced defenses."

MDPI

Key Intelligent Pesticide
Prescription Spraying Technologies
for the Control of Pests, Diseases,
and Weeds: A Review

Review of intelligent pesticide
prescription spraying technologies
for agricultural pest management

JANUARY 1, 2025

Scienti�c Journal [13]

"The future development of IPPS

technology for pest, disease, and

weed control will be

multidimensional and

comprehensive. At the same time,

policy support, interdisciplinary

cooperation, and public awareness

are also important factors in

promoting the development of this

technology."

MDPI

Key Intelligent Pesticide
Prescription Spraying Technologies
for the Control of Pests, Diseases,
and Weeds: A Review

Review of intelligent pesticide
prescription spraying technologies
for agricultural pest management

JANUARY 1, 2025

Blog [14]

"Precision spraying technology

tackles these challenges by

enabling targeted chemical

application. Using GPS, sensors,

and advanced algorithms, precision

sprayers can identify areas of a

�eld that need treatment and apply

chemicals only where necessary.

This method relies on mapping and

real-time monitoring, allowing

adjustments based on crop health,

pest density, and other factors."

AGTECHLOGIC

The Environmental Impact of
Precision Spraying: Reducing
Chemical Use and Protecting
Ecosystems

Precision spraying can reduce
chemical use by up to 90% in some
cases, substantially lowering the
environmental impact.

NOVEMBER 19, 2024

Blog [14]

"Traditional spraying methods

apply pesticides, herbicides, and

fertilizers across entire �elds, often

resulting in signi�cant chemical

waste. Many chemicals miss their

target, drifting into non-target

areas, affecting bene�cial plants

and animals, and contaminating

nearby water sources."

AGTECHLOGIC

The Environmental Impact of
Precision Spraying: Reducing
Chemical Use and Protecting
Ecosystems

Precision spraying can reduce
chemical use by up to 90% in some
cases, substantially lowering the
environmental impact.

NOVEMBER 19, 2024

Blog [14]

"Reducing chemical drift and runoff

conserves resources and protects

nearby ecosystems. Precision

spraying minimizes the unintended

consequences of conventional

spraying, such as the impact on

pollinators and other bene�cial

insects. By targeting speci�c areas,

precision spraying creates a safer

environment for these vital

species."

AGTECHLOGIC

The Environmental Impact of
Precision Spraying: Reducing
Chemical Use and Protecting
Ecosystems

Precision spraying can reduce
chemical use by up to 90% in some
cases, substantially lowering the
environmental impact.

NOVEMBER 19, 2024

Blog [14]

"Soil health also bene�ts from

precision spraying. Excessive

pesticide and herbicide use can

harm soil microorganisms that

contribute to nutrient cycling and

soil structure. By reducing chemical

application, precision spraying

supports healthier, more resilient

soil, which in turn bene�ts crop

growth and yield."

AGTECHLOGIC

The Environmental Impact of
Precision Spraying: Reducing
Chemical Use and Protecting
Ecosystems

Precision spraying can reduce
chemical use by up to 90% in some
cases, substantially lowering the
environmental impact.

NOVEMBER 19, 2024

Academic Research Project [15]

"Farmers use large quantities of

chemicals, especially pesticides, to

protect their plants and increase

their yield but, eventually, only

~2% of these chemicals reach their

intended target. The rest pollutes

soils, surface water and

groundwater in areas much larger

than the �elds themselves."

MIT J-WAFS (JOINT WORK ON ADVANCED
FOOD SYSTEMS)

Reducing runoff and
environmental impact of
agricultural sprays

Research on improving pesticide
application ef�ciency and reducing
environmental contamination

2017

Academic Research Project [15]

"A study found that pesticides

could be detected 90% of the time

in agricultural streams, 50% in

shallow wells and 33% in major

deep aquifers across the USA."

MIT J-WAFS (JOINT WORK ON ADVANCED
FOOD SYSTEMS)

Reducing runoff and
environmental impact of
agricultural sprays

Research on improving pesticide
application ef�ciency and reducing
environmental contamination

2017

Academic Research Project [15]

"To solve this problem, this

research team developed novel

spray formulations comprising

charged molecules to improve

agricultural pesticide application

practices. These new formulations

can cause the pesticide-laden

drops to ef�ciently stick to leaf and

fruit surfaces without rolling off,

thereby preventing pollution of

soils, surface water, and

groundwater."

MIT J-WAFS (JOINT WORK ON ADVANCED
FOOD SYSTEMS)

Reducing runoff and
environmental impact of
agricultural sprays

Research on improving pesticide
application ef�ciency and reducing
environmental contamination

2017

Academic Research Project [15]

"Charge interactions typically occur

at faster timescales compared to

hydrodynamic timescales. By

spraying oppositely charged

solutions simultaneously, the team

introduced new electrostatic forces

beyond the inertial-capillary forces

that govern drop impact and could

therefore arrest droplets readily on

plant surfaces."

MIT J-WAFS (JOINT WORK ON ADVANCED
FOOD SYSTEMS)

Reducing runoff and
environmental impact of
agricultural sprays

Research on improving pesticide
application ef�ciency and reducing
environmental contamination

2017

Academic Research Project [15]

"Lab-scale results have

demonstrated that their technology

can reduce the amount of pesticide

sprayed by a factor of ten. The

project team developed this

technology into additives for

pesticide sprays for a range of

plants and �eld conditions and

conducting �eld studies."

MIT J-WAFS (JOINT WORK ON ADVANCED
FOOD SYSTEMS)

Reducing runoff and
environmental impact of
agricultural sprays

Research on improving pesticide
application ef�ciency and reducing
environmental contamination

2017

University News Outlet [16]

"A team of researchers at MIT and

a spinoff company they launched

has developed a system to do just

that. Their technology adds a thin

coating around droplets as they are

being sprayed onto a �eld, greatly

reducing their tendency to bounce

off leaves and end up wasted on

the ground. Instead, the coated

droplets stick to the leaves as

intended."

MIT NEWS

Technology developed by MIT
engineers makes pesticides stick to
plant leaves

Reducing the amount of
agricultural sprays used by farmers
could decrease polluting runoff,
while at the same time cutting
farmers' costs and perhaps
enhancing productivity.

MARCH 25, 2025

University News Outlet [16]

"When these droplets are hitting

the surface and as they expand,

they form this oil ring that

essentially pins the droplet to the

surface. The researchers tried a

wide variety of conditions, he says,

explaining that they conducted

hundreds of experiments, 'with

different impact velocities, different

droplet sizes, different angles of

inclination, all the things that fully

characterize this phenomenon.'"

MIT NEWS

Technology developed by MIT
engineers makes pesticides stick to
plant leaves

Reducing the amount of
agricultural sprays used by farmers
could decrease polluting runoff,
while at the same time cutting
farmers' costs and perhaps
enhancing productivity.

MARCH 25, 2025

University News Outlet [16]

"In �eld tests conducted by AgZen,

'we doubled the amount of product

on kale and soybeans just by

changing where the adjuvant was,'

from mixed in to being a coating.

It's convenient for farmers because

'all they're doing is changing their

nozzle. They're getting all their

existing chemicals to work better,

and they're getting more product

on the plant.'"

MIT NEWS

Technology developed by MIT
engineers makes pesticides stick to
plant leaves

Reducing the amount of
agricultural sprays used by farmers
could decrease polluting runoff,
while at the same time cutting
farmers' costs and perhaps
enhancing productivity.

MARCH 25, 2025

University News Outlet [16]

"A recent study found that if

farmers didn't use pesticides, they

would lose 78 percent of fruit, 54

percent of vegetable, and 32

percent of cereal production.

Despite their importance, a lack of

technology that monitors and

optimizes sprays has forced

farmers to rely on personal

experience and rules of thumb to

decide how to apply these

chemicals."

MIT NEWS

Technology developed by MIT
engineers makes pesticides stick to
plant leaves

Reducing the amount of
agricultural sprays used by farmers
could decrease polluting runoff,
while at the same time cutting
farmers' costs and perhaps
enhancing productivity.

MARCH 25, 2025

Scienti�c Journal [17]

"The utilization of agricultural

residues to obtain biocompounds of

high-added value has signi�cantly

increased in the past decades. The

conversion of agro-based residues

into valuable products appears to

be an economically ef�cient,

environment-friendly, and

protracted waste management

practice."

ULTRASONICS SONOCHEMISTRY

Emerging trends in the appliance
of ultrasonic technology for
valorization of agricultural residue
into versatile products

Review of ultrasonic technology
applications in converting
agricultural waste into value-added
products

OCTOBER 2023

Scienti�c Journal [17]

"Ultrasound technology can be

applied through direct and indirect

contact with the sample. There are

three different methods: (a) direct

contact with the sample/product,

(b) coupled with the devices, and

(c) indirect contact by immersion in

an ultrasonic bath."

ULTRASONICS SONOCHEMISTRY

Emerging trends in the appliance
of ultrasonic technology for
valorization of agricultural residue
into versatile products

Review of ultrasonic technology
applications in converting
agricultural waste into value-added
products

OCTOBER 2023

Scienti�c Journal [17]

"The most signi�cant effect of high

ultrasonic waves is the acoustic

cavitation phenomenon which is

caused when gas and vapor

bubbles that form as the waves

pass through rarefactions reach a

critical diameter and explode."

ULTRASONICS SONOCHEMISTRY

Emerging trends in the appliance
of ultrasonic technology for
valorization of agricultural residue
into versatile products

Review of ultrasonic technology
applications in converting
agricultural waste into value-added
products

OCTOBER 2023

Scienti�c Journal [17]

"Signi�cant amounts of energy are

released during the collapse of a

gas bubble, creating 'hot spots' that

have extremely high temperatures

and pressures. This process known

as adiabatic compression process

where the bubble collapsing with

local pressures rising to 2000 atm

and a rise in temperature of 10

°C/s."

ULTRASONICS SONOCHEMISTRY

Emerging trends in the appliance
of ultrasonic technology for
valorization of agricultural residue
into versatile products

Review of ultrasonic technology
applications in converting
agricultural waste into value-added
products

OCTOBER 2023

Scienti�c Journal [17]

"Ultrasonic pretreatment is a useful

alternative process based on the

reduction of an adverse effect on

the extractable compound, limiting

the use of organic solvent

consumption, lowering the

temperature, and a reduction in the

extraction time."

ULTRASONICS SONOCHEMISTRY

Emerging trends in the appliance
of ultrasonic technology for
valorization of agricultural residue
into versatile products

Review of ultrasonic technology
applications in converting
agricultural waste into value-added
products

OCTOBER 2023

Market Research Report [18]

"The global ultrasonic atomization

spray equipment market, valued at

$487 million in 2025, is projected

to experience robust growth, driven

by increasing demand across

diverse sectors. The Compound

Annual Growth Rate (CAGR) of

4.5% from 2025 to 2033 indicates

a steady expansion, fueled

primarily by the burgeoning

nanomaterials and new energy

industries requiring precise and

ef�cient material deposition."

DATA INSIGHTS MARKET

Ultrasonic Atomization Spray
Equipment Innovations Shaping
Market Growth 2025-2033

Market research report on
ultrasonic atomization spray
equipment, analyzing market
trends, growth potential, and
technological innovations

2025

Market Research Report [18]

"The semiconductor industry is

expected to be a dominant

segment throughout the forecast

period (2025-2033). The demand

for precise and ef�cient deposition

techniques in semiconductor

manufacturing is unwavering,

requiring high-precision ultrasonic

atomization spray equipment."

DATA INSIGHTS MARKET

Ultrasonic Atomization Spray
Equipment Innovations Shaping
Market Growth 2025-2033

Market research report on
ultrasonic atomization spray
equipment, analyzing market
trends, growth potential, and
technological innovations

2025

Market Research Report [18]

"The market segmentation reveals

signi�cant opportunities within

speci�c applications. The

nanomaterials and new energy

segment is expected to be the

fastest-growing due to the

increasing investments in

renewable energy technologies and

nanotechnology research."

DATA INSIGHTS MARKET

Ultrasonic Atomization Spray
Equipment Innovations Shaping
Market Growth 2025-2033

Market research report on
ultrasonic atomization spray
equipment, analyzing market
trends, growth potential, and
technological innovations

2025

Market Research Report [18]

"Technological advancements

leading to more compact and

ef�cient desktop models are also

driving market expansion,

alongside increasing demand in the

electronics and semiconductor

industries for precise cleaning and

coating applications."

DATA INSIGHTS MARKET

Ultrasonic Atomization Spray
Equipment Innovations Shaping
Market Growth 2025-2033

Market research report on
ultrasonic atomization spray
equipment, analyzing market
trends, growth potential, and
technological innovations

2025

Market Research Report [18]

"The trend is towards smaller, more

portable devices with increased

precision. Incorporation of new

materials enhances durability and

performance. Smart controls and

integration of intelligent systems

for automated operation and

process optimization are gaining

momentum."

DATA INSIGHTS MARKET

Ultrasonic Atomization Spray
Equipment Innovations Shaping
Market Growth 2025-2033

Market research report on
ultrasonic atomization spray
equipment, analyzing market
trends, growth potential, and
technological innovations

2025

Scienti�c Journal [19]

"UAVs provide operational

ef�ciency and adaptability to vast

areas, which is critical for satisfying

growing global nutritional

demands amid challenges,

including climate change and pest

resistance."

MDPI

Recent Development Trends in
Plant Protection UAVs: A Journey
from Conventional Practices to
Cutting-Edge Technologies—A
Comprehensive Review

A comprehensive review of
unmanned aerial vehicle (UAV)
technologies in agricultural plant
protection, examining technological
advancements, operational
strategies, and future prospects

SEPTEMBER 3, 2024

Scienti�c Journal [19]

"Recent technological

advancements have introduced

sophisticated tracking and

inspection approaches,

encompassing IoT and remote

sensing technologies that facilitate

active identi�cation of pests and

ef�cient administration."

MDPI

Recent Development Trends in
Plant Protection UAVs: A Journey
from Conventional Practices to
Cutting-Edge Technologies—A
Comprehensive Review

A comprehensive review of
unmanned aerial vehicle (UAV)
technologies in agricultural plant
protection, examining technological
advancements, operational
strategies, and future prospects

SEPTEMBER 3, 2024

Scienti�c Journal [19]

"Emerging UAV capabilities in

agriculture encompass

revolutionary developments in

automated �ight direction,

extended battery lifespan, elevated

payload capacity, and intelligent

systems, exponentially boosting

their �exibility and ef�ciency in

industry assignments."

MDPI

Recent Development Trends in
Plant Protection UAVs: A Journey
from Conventional Practices to
Cutting-Edge Technologies—A
Comprehensive Review

A comprehensive review of
unmanned aerial vehicle (UAV)
technologies in agricultural plant
protection, examining technological
advancements, operational
strategies, and future prospects

SEPTEMBER 3, 2024

Scienti�c Journal [19]

"By integrating GPS and

sophisticated sensors with UAVs,

growers can obtain real-time data

on pests, diseases, and crop health.

In China, UAV technology has

altered plant protection strategies."

MDPI

Recent Development Trends in
Plant Protection UAVs: A Journey
from Conventional Practices to
Cutting-Edge Technologies—A
Comprehensive Review

A comprehensive review of
unmanned aerial vehicle (UAV)
technologies in agricultural plant
protection, examining technological
advancements, operational
strategies, and future prospects

SEPTEMBER 3, 2024

Scienti�c Journal [19]

"These technologies not only

enhance the effectiveness but also

minimize environmental impacts

while promoting sustainable

farming methods."

MDPI

Recent Development Trends in
Plant Protection UAVs: A Journey
from Conventional Practices to
Cutting-Edge Technologies—A
Comprehensive Review

A comprehensive review of
unmanned aerial vehicle (UAV)
technologies in agricultural plant
protection, examining technological
advancements, operational
strategies, and future prospects

SEPTEMBER 3, 2024

Scienti�c Journal [20]

"Fogponics is a promising variation

of aeroponics, which involves the

delivery of nutrient-rich water as a

�ne fog to plant roots, offering a

promising solution for ef�cient and

sustainable crop cultivation."

MDPI

Interplay of Fogponics and
Arti�cial Intelligence for Potential
Application in Controlled Space
Farming

A comprehensive study
investigating fogponics and AI for
crop cultivation in microgravity
environments

JULY 11, 2024

Scienti�c Journal [20]

"Most studies in astrobotany

employ soil as the primary crop-

growing medium, which is being

researched and innovated.

However, utilizing soil for planting

in microgravity conditions may be

impractical due to its weight, the

issue of particles suspended in

microgravity, and its propensity to

harbor pathogenic microorganisms

that pose health risks."

MDPI

Interplay of Fogponics and
Arti�cial Intelligence for Potential
Application in Controlled Space
Farming

A comprehensive study
investigating fogponics and AI for
crop cultivation in microgravity
environments

JULY 11, 2024

Scienti�c Journal [20]

"In a microgravity setting, water

does not settle into a typical liquid

phase but instead forms spherical

shapes due to surface tension

forces. These spherical-shaped

liquids can �oat freely in the air,

sometimes merging to form larger

droplets or adhering to surfaces in

unexpected ways."

MDPI

Interplay of Fogponics and
Arti�cial Intelligence for Potential
Application in Controlled Space
Farming

A comprehensive study
investigating fogponics and AI for
crop cultivation in microgravity
environments

JULY 11, 2024

Scienti�c Journal [20]

"The ultrasonic fogger device

utilizes ultrasonic vibrations on a

piezoelectric surface to disintegrate

liquid into nano-sized mist or

fountain fog. The ceramic disk in

the ultrasonic fogger vibrates at an

ultrasonic frequency, typically

around 1.7 MHz."

MDPI

Interplay of Fogponics and
Arti�cial Intelligence for Potential
Application in Controlled Space
Farming

A comprehensive study
investigating fogponics and AI for
crop cultivation in microgravity
environments

JULY 11, 2024

Scienti�c Journal [20]

"By integrating AI technologies

such as the Internet of Things,

fuzzy logic, evolutionary

computation algorithms, digital

twins, machine learning algorithms,

and computer vision, real-time

monitoring, optimized

environmental control, and

automated management of

cultivation processes can be

achieved."

MDPI

Interplay of Fogponics and
Arti�cial Intelligence for Potential
Application in Controlled Space
Farming

A comprehensive study
investigating fogponics and AI for
crop cultivation in microgravity
environments

JULY 11, 2024

Scienti�c Journal [21]

"Foliar fertilization denotes a

technique in which a liquid fertilizer

solution is sprayed directly on the

canopy of crop plants. Liquid

fertilizers incorporated into the soil

or sprayed on plants at high

volume rates promoting run-off

from the canopy to the soil are not

considered to represent foliar

fertilization."

ELSEVIER

Foliar nitrogen and phosphorus
fertilization

A comprehensive review of foliar
fertilization techniques, ef�ciency,
and environmental impacts

2024

Scienti�c Journal [21]

"Using foliar fertilization, soil

processes causing losses of

nutrients via gaseous emissions

and/or leaching can be reduced or

completely avoided. Emission of

ammonia (NH3) and nitrous oxide

(N2O) may occur when nitrogen-

containing fertilizers are applied to

soil."

ELSEVIER

Foliar nitrogen and phosphorus
fertilization

A comprehensive review of foliar
fertilization techniques, ef�ciency,
and environmental impacts

2024

Scienti�c Journal [21]

"The uptake of nutrients by plant

leaves occurs along several

pathways including the cuticle,

stomata and/or trichomes. The

cuticle constitutes part of the outer

cell wall. The composition of the

cuticle is diverse, embracing

different proportions of

hydrophobic (nonpolar)

compounds, e.g., wax, cutin, and

cutane, as well as hydrophilic

(polar) compounds, e.g.,

polysaccharides such as cellulose,

pectin."

ELSEVIER

Foliar nitrogen and phosphorus
fertilization

A comprehensive review of foliar
fertilization techniques, ef�ciency,
and environmental impacts

2024

Scienti�c Journal [21]

"Digital technologies are

increasingly used to monitor,

collect and analyze data about

conditions in the �eld. These

technologies make it possible to

more precisely take into account

the actual nutrient status of crops

so that the application of fertilizers

in the �eld can be graduated

according to spatial differences in

crop nutrient requirements."

ELSEVIER

Foliar nitrogen and phosphorus
fertilization

A comprehensive review of foliar
fertilization techniques, ef�ciency,
and environmental impacts

2024

Scienti�c Journal [22]

"Considerable evidence supports

the uptake and translocation of

foliar-applied nutrients. Foliar

fertilizer application, particularly in

agriculture, is a routine measure to

improve nutrient status of plants."

FRONTIERS IN PLANT SCIENCE

Editorial: Factors affecting the
ef�cacy of foliar fertilizers and the
uptake of atmospheric aerosols,
volume II

Editorial exploring factors affecting
foliar fertilizer ef�cacy and nutrient
uptake mechanisms

FEBRUARY 9, 2023

Scienti�c Journal [22]

"Nanoparticles are increasingly

used as innovative nutrient delivery

system due to the advantages such

as high surface area to volume

ratio, superior sorption capacity,

and controlled-release. Increasing

evidence has demonstrated the

bene�t of foliar-applied nano

macronutrients and micro-nutrients

on soil health and crop production

and quality."

FRONTIERS IN PLANT SCIENCE

Editorial: Factors affecting the
ef�cacy of foliar fertilizers and the
uptake of atmospheric aerosols,
volume II

Editorial exploring factors affecting
foliar fertilizer ef�cacy and nutrient
uptake mechanisms

FEBRUARY 9, 2023

Scienti�c Journal [22]

"The structure and the chemistry of

leaf surface are important in

determining the bi-directional

diffusion of substances between

leaf surface and surrounding

environment and the use ef�ciency

of foliar-applied nutrients."

FRONTIERS IN PLANT SCIENCE

Editorial: Factors affecting the
ef�cacy of foliar fertilizers and the
uptake of atmospheric aerosols,
volume II

Editorial exploring factors affecting
foliar fertilizer ef�cacy and nutrient
uptake mechanisms

FEBRUARY 9, 2023

Scienti�c Journal [22]

"Leaf surface materials are

mixtures of hygroscopic salts (e.g.,

NaCl and KCl), minerals (e.g., Al,

Mn, and Zn), lipophilic compounds

(e.g., oils and waxes), and others.

These materials are hygroscopic,

thus help to form an aqueous

solution in the micro-

environments."

FRONTIERS IN PLANT SCIENCE

Editorial: Factors affecting the
ef�cacy of foliar fertilizers and the
uptake of atmospheric aerosols,
volume II

Editorial exploring factors affecting
foliar fertilizer ef�cacy and nutrient
uptake mechanisms

FEBRUARY 9, 2023

Scienti�c Journal [22]

"In recent years, the chelating

agents have been frequently used

in agricultural production in order

to enhance nutrient use ef�ciency

and adaptation of crops. The study

revealed the greatest effects of

sorbitol-chelated Ca application on

improving foliar nutrient uptake and

crop yield."

FRONTIERS IN PLANT SCIENCE

Editorial: Factors affecting the
ef�cacy of foliar fertilizers and the
uptake of atmospheric aerosols,
volume II

Editorial exploring factors affecting
foliar fertilizer ef�cacy and nutrient
uptake mechanisms

FEBRUARY 9, 2023

Scienti�c Journal [23]

"When liquid is irradiated by high-

intensity ultrasound, �ne liquid

droplets are ejected from the

liquid–air interface, a phenomenon

known as ultrasonic atomization.

Over the past few decades,

ultrasonic atomization has been

widely applied for various

purposes, including medical

therapy, material synthesis, and

chemical re�ning."

NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION (NCBI)

Effect of driving frequency and
power on droplet size atomized by
a multimodal transducer

Research on ultrasonic atomization
technology and droplet size control
using a multimodal transducer

NOVEMBER 19, 2024

Scienti�c Journal [23]

"The diameters of atomized

droplets follow a log-normal

distribution. The mean diameter of

the atomized droplets decreased

with increasing frequency, while

the concentration increased."

NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION (NCBI)

Effect of driving frequency and
power on droplet size atomized by
a multimodal transducer

Research on ultrasonic atomization
technology and droplet size control
using a multimodal transducer

NOVEMBER 19, 2024

Scienti�c Journal [23]

"At higher frequencies, the shorter

capillary wavelengths result in

smaller droplet sizes. In addition,

the higher frequencies result in

more waves forming within the

same surface area, causing

stronger atomization events to

occur at the same time."

NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION (NCBI)

Effect of driving frequency and
power on droplet size atomized by
a multimodal transducer

Research on ultrasonic atomization
technology and droplet size control
using a multimodal transducer

NOVEMBER 19, 2024

Scienti�c Journal [23]

"For instance, droplets with

diameters ranging from 1.5 to 3 μm

are considered appropriate for

absorption by the lungs for non-

invasive drug delivery. Particles

exceeding 5 μm tend to settle in the

airway because of inertial

impaction, and can be used to treat

respiratory ailments."

NATIONAL CENTER FOR BIOTECHNOLOGY
INFORMATION (NCBI)

Effect of driving frequency and
power on droplet size atomized by
a multimodal transducer

Research on ultrasonic atomization
technology and droplet size control
using a multimodal transducer

NOVEMBER 19, 2024

Blog [24]

"McKinsey's Global Farmer Insights

2024 survey shows that tech

adoption in outdoor farming

continues to grow globally,

although slowly, with a three-

percentage-point increase since

2022. Countries with larger farms

(Brazil and the US, for example)

lead the way, with digital agronomy

and precision agriculture hardware

the most sought-after

technologies."

ROBOVISION

Top 5 AgTech Trends in 2025

Top 5 Agricultural Technologies
2025: A Closer Look · 1. AI
Robotics and Automation · 2. AI-
Powered Precision Agriculture · 3.
Controlled ...

JANUARY 22, 2025

Blog [24]

"As outdoor farming faces

mounting risks, the rise of indoor

agriculture becomes inevitable in

the evolving food production

landscape. With that and a major

push to produce more organic food

(and do so sustainably), the global

indoor farming technology market

is forecast to grow from roughly

$37 billion in 2024 to $42 billion in

2025, reaching more than $68

billion by 2029 (CAGR of 12.9%)."

ROBOVISION

Top 5 AgTech Trends in 2025

Top 5 Agricultural Technologies
2025: A Closer Look · 1. AI
Robotics and Automation · 2. AI-
Powered Precision Agriculture · 3.
Controlled ...

JANUARY 22, 2025

Blog [24]

"Robotics and automation in

agriculture involve machines and

automated systems performing

tasks traditionally done by human

labor. The range spans from

planting and harvesting to

monitoring and sorting crops. The

overarching movement is toward

combining AI automation with

other innovations to advance

sustainability and increase the

productivity of food production

systems."

ROBOVISION

Top 5 AgTech Trends in 2025

Top 5 Agricultural Technologies
2025: A Closer Look · 1. AI
Robotics and Automation · 2. AI-
Powered Precision Agriculture · 3.
Controlled ...

JANUARY 22, 2025

Blog [24]

"Arti�cial intelligence, machine

learning, and big data analytics are

combined to optimize farming

practices, helping farmers make

better, data-driven decisions for

crop management, irrigation, pest

control, and more. Crop yields are

boosted, and the need for water,

fertilizer, and pesticides is reduced,

which saves money and reduces

environmental impact."

ROBOVISION

Top 5 AgTech Trends in 2025

Top 5 Agricultural Technologies
2025: A Closer Look · 1. AI
Robotics and Automation · 2. AI-
Powered Precision Agriculture · 3.
Controlled ...

JANUARY 22, 2025

Blog [24]

"Experts point out that the energy

demands and cost of maintaining

controlled systems still remain a

challenge. Addressing this issue is

expected to be a signi�cant focus of

innovation in 2025 and the coming

years."

ROBOVISION

Top 5 AgTech Trends in 2025

Top 5 Agricultural Technologies
2025: A Closer Look · 1. AI
Robotics and Automation · 2. AI-
Powered Precision Agriculture · 3.
Controlled ...

JANUARY 22, 2025

Scienti�c Journal [25]

"Compared to the conventional

system, the other two advanced

systems signi�cantly reduced the

amount of ground drift (>60%) at

most of the sampling distances at

the growth stage BBCH 72, while

the precision system demonstrated

the best drift mitigation (57.3%

reduction) at the stage BBCH 99."

SPRINGER NATURE

Advanced spraying systems to
improve pesticide saving and
reduce spray drift for apple
orchards

A study on precision spraying
technologies for reducing pesticide
drift and environmental
contamination

MAY 2023

Scienti�c Journal [25]

"The precision spraying system,

which was the integration of new

application technologies, optimal

practices following the best

management practices, and

pesticide dose adjustment

according to the canopy structure,

was able to minimize the

environmental contamination

related to spray drift risk and

reduce the use of pesticide in apple

orchards."

SPRINGER NATURE

Advanced spraying systems to
improve pesticide saving and
reduce spray drift for apple
orchards

A study on precision spraying
technologies for reducing pesticide
drift and environmental
contamination

MAY 2023

Scienti�c Journal [25]

"Using the Fede axial-fan sprayer

as a base, a precision spraying

system implemented with the Tree

Row Volume (TRV) model was

developed to adjust the spray

application rate to adapt to

variations in canopy volume along

the tree row."

SPRINGER NATURE

Advanced spraying systems to
improve pesticide saving and
reduce spray drift for apple
orchards

A study on precision spraying
technologies for reducing pesticide
drift and environmental
contamination

MAY 2023

Scienti�c Journal [25]

"Three ultrasonic sensors were

mounted at each side of the sprayer

to estimate the canopy volume

treated per unit time. In each

section, the ultrasonic sensor

measured the distance between

itself and the outer surface of the

vegetation in real-time."

SPRINGER NATURE

Advanced spraying systems to
improve pesticide saving and
reduce spray drift for apple
orchards

A study on precision spraying
technologies for reducing pesticide
drift and environmental
contamination

MAY 2023

Agricultural Technology Blog [27]

"When it's time to spray your fruit

and nut crop or tree farm, you can't

afford downtime. Every minute

counts. That's why it's important to

properly maintain the spraying

system for your orchard, grove or

nursery on a regular basis."

SMART APPLY

Comparing Spraying Systems'
Maintenance Considerations for
Tree Farmers

Comparison of maintenance
requirements for different
agricultural spraying systems

Agricultural Technology Blog [27]

"Ultrasonic spraying systems sense

the presence of trees and turn the

spray nozzles on whenever trees

are detected. They do not control

�ow through the nozzles; they

merely direct them to turn on or off.

With more 'off' time than a

conventional sprayer, the nozzles

may last longer."

SMART APPLY

Comparing Spraying Systems'
Maintenance Considerations for
Tree Farmers

Comparison of maintenance
requirements for different
agricultural spraying systems

Agricultural Technology Blog [27]

"Density-based spraying systems

utilize LiDAR technology, which

uses light in the form of a pulsed

laser that senses not only the

presence of trees, but the density of

the tree canopy. The LiDAR then

sends a signal to individual

solenoid valves that manage the

rate of application in each

individual nozzle."

SMART APPLY

Comparing Spraying Systems'
Maintenance Considerations for
Tree Farmers

Comparison of maintenance
requirements for different
agricultural spraying systems

Agricultural Technology Blog [27]

"Both ultrasonic and density-based

spraying systems have specialized

components, such as ball valves or

solenoids, that require a little extra

attention. However, for many

farmers, the chemical cost savings,

particularly for the density-based

sprayer, more than makes up for

the additional maintenance of these

special components that enhance

spraying precision."

SMART APPLY

Comparing Spraying Systems'
Maintenance Considerations for
Tree Farmers

Comparison of maintenance
requirements for different
agricultural spraying systems

Agricultural Technology Blog [28]

"When in-crop spraying is around

the corner, sprayer tank clean out is

an important topic to address on

your farm. Many farms have done

the same clean-out routine for

years and not had any issues with

contaminating residues in the tank

resulting in crop damage."

SPRAYERS 101

Cleaning & Maintenance

Clean Your Nozzles When
operators winterize their sprayers,
they should remove all the tips and
store them separately.

MAY 20, 2025

Agricultural Technology Blog [28]

"The goal of cleaning the tank is to

remove and dilute the previous

chemical formulation as much as

possible to prevent buildup and

carryover of residues which can

cause crop damage on non-target

crops."

SPRAYERS 101

Cleaning & Maintenance

Clean Your Nozzles When
operators winterize their sprayers,
they should remove all the tips and
store them separately.

MAY 20, 2025

Agricultural Technology Blog [28]

"Research has shown that two or

three smaller rinses (aka triple

rinsing) is more effective for rinsing

the tank than one large volume

rinse. I always crank the agitation

up to high and allow the cleaning

solution to agitate for as long as

possible."

SPRAYERS 101

Cleaning & Maintenance

Clean Your Nozzles When
operators winterize their sprayers,
they should remove all the tips and
store them separately.

MAY 20, 2025

Agricultural Technology Blog [28]

"Of all the technology on a sprayer,

the nozzle has the biggest impact

on the effectiveness and ef�ciency

of the spray job. Take the

opportunity over the winter months

to clean and inspect the tips for

damage so the sprayer is ready for

calibration in the spring."

SPRAYERS 101

Cleaning & Maintenance

Clean Your Nozzles When
operators winterize their sprayers,
they should remove all the tips and
store them separately.

MAY 20, 2025

Agricultural Technology Support [29]

"The droplet spectrum is in�uenced

by several factors: Type of nozzle

(hollow cone, �at jet, double �at

jet, etc.), Spray angle, Spray

pressure, Surface tension of liquid,

Viscosity of liquid, Density of

liquid."

LECHLER

Support Agricultural Technology |
FAQ

How to clean correctly? When
should nozzles be cleaned?

Agricultural Technology Support [29]

"PWM can be used to control the

�ow rate of a nozzle on a sprayer.

Due to the fast closing and opening

(10 – 30/sec) of the valve, the �ow

rate is controlled precisely, varying

amounts of spray liquid are applied

at the same pressure and

maintaining droplet size with just

one nozzle size."

LECHLER

Support Agricultural Technology |
FAQ

How to clean correctly? When
should nozzles be cleaned?

Agricultural Technology Support [29]

"Twin �at spray nozzles: Very good

coverage in open canopies and

upper third of the canopy,

Avoidance of spray shadows, Very

good deposition on vertical

surfaces."

LECHLER

Support Agricultural Technology |
FAQ

How to clean correctly? When
should nozzles be cleaned?

Agricultural Technology Support [29]

"Optimal conditions for proper UAN

[liquid fertilizer] applications are:

Temperature range between -5° C

and 25° C, Frost-dry plants,

Preferably application → Wax layer

formed to avoid leaf necrosis, After

a rainy period, wait 1-2 days for

suf�cient wax layer to form."

LECHLER

Support Agricultural Technology |
FAQ

How to clean correctly? When
should nozzles be cleaned?

Agricultural Technology Support [29]

"The volumetric mean diameter

(VMD) of the spray decreases with

increasing spray pressure and

spray angle, decreasing viscosity

and surface tension, and increasing

density of the liquid."

LECHLER

Support Agricultural Technology |
FAQ

How to clean correctly? When
should nozzles be cleaned?

Industry Publication [30]

"Ultrasonic cleaning relies on the

principle of cavitation. Here's a

breakdown of the process: High-

Frequency Sound Waves generate

vibrations in a liquid medium,

typically ranging from 20 kHz to

400 kHz. As the sound waves pass

through the liquid, they cause the

formation of microscopic bubbles

that rapidly expand and collapse."

PHARMA TIMES

How Ultrasonic Cleaning
Revolutionizes Equipment and Tool
Maintenance

Detailed explanation of ultrasonic
cleaning technology and its
applications across various
industries

MAY 5, 2025

Industry Publication [30]

"Ultrasonic cleaning is capable of

providing high levels of precision.

This is crucial when cleaning

delicate equipment or tooling that

requires exact tolerances, as it

ensures all surfaces are uniformly

cleaned without causing damage."

PHARMA TIMES

How Ultrasonic Cleaning
Revolutionizes Equipment and Tool
Maintenance

Detailed explanation of ultrasonic
cleaning technology and its
applications across various
industries

MAY 5, 2025

Industry Publication [30]

"Since ultrasonic cleaning is gentle

on the surfaces of the parts being

cleaned, it helps prolong the

lifespan of tools and equipment.

This is particularly important in

industries where tooling is

expensive, and any damage could

be costly."

PHARMA TIMES

How Ultrasonic Cleaning
Revolutionizes Equipment and Tool
Maintenance

Detailed explanation of ultrasonic
cleaning technology and its
applications across various
industries

MAY 5, 2025

Government Regulatory [31]

"A pesticide is de�ned as a

substance or mixture of substances

intended to destroy, prevent, repel,

or mitigate a pest (FIFRA 2(u), 40

CFR 152.3). A product that makes a

pesticidal claim must either be

registered or exempt from

registration."

US ENVIRONMENTAL PROTECTION
AGENCY

Pesticide Labeling Questions &
Answers

Comprehensive EPA guidance on
pesticide labeling requirements and
regulations

JUNE 4, 2025

Government Regulatory [31]

"EPA considers a substance to be

intended for a pesticidal purpose if:

the person who distributes or sells

the substance claims, states, or

implies (by labeling or otherwise)

that the substance can or should be

used as a pesticide"

US ENVIRONMENTAL PROTECTION
AGENCY

Pesticide Labeling Questions &
Answers

Comprehensive EPA guidance on
pesticide labeling requirements and
regulations

JUNE 4, 2025

Government Regulatory [31]

"Labeling is de�ned as 'all labels

and all other written, printed, or

graphic matter accompanying the

pesticide or device at any time; or

to which reference is made on the

label or in literature accompanying

the pesticide or device'"

US ENVIRONMENTAL PROTECTION
AGENCY

Pesticide Labeling Questions &
Answers

Comprehensive EPA guidance on
pesticide labeling requirements and
regulations

JUNE 4, 2025

Government Regulatory [31]

"The Agency has not allowed the

use of 'safe' in labeling because it

has been considered to be false or

misleading. False and misleading

claims make a product misbranded

and sale and distribution of such

product unlawful"

US ENVIRONMENTAL PROTECTION
AGENCY

Pesticide Labeling Questions &
Answers

Comprehensive EPA guidance on
pesticide labeling requirements and
regulations

JUNE 4, 2025

Government Regulatory [31]

"Certain categories of products

have been determined not to be

pesticides because they are not

deemed to be used for a pesticidal

effect and therefore need not be

registered unless they contain a

pesticidal claim"

US ENVIRONMENTAL PROTECTION
AGENCY

Pesticide Labeling Questions &
Answers

Comprehensive EPA guidance on
pesticide labeling requirements and
regulations

JUNE 4, 2025

Agricultural Services Website [32]

"FIFRA is the cornerstone of

pesticide regulations, governing

every stage of a pesticide's lifecycle

—from production and registration

to use and disposal. Key

responsibilities of the EPA under

FIFRA include: registering

pesticides to ensure they pose no

unreasonable risks when used as

directed and enforcing compliance

with federal standards to protect

public health and the environment."

FAIRLIFTS

Understanding Federal Pesticide
Regulations: A Guide for
Applicators

This guide provides a detailed
overview of federal laws governing
pesticide use, including FIFRA,
FQPA, and ESA, to help applicators
stay informed and compliant.

FEBRUARY 2025

Agricultural Services Website [32]

"The FQPA introduced stricter

standards for pesticides used on

food, emphasizing the protection of

vulnerable populations like infants

and children. It mandates a

'reasonable certainty of no harm'

standard for pesticide residues in

food, considering cumulative

exposure risks."

FAIRLIFTS

Understanding Federal Pesticide
Regulations: A Guide for
Applicators

This guide provides a detailed
overview of federal laws governing
pesticide use, including FIFRA,
FQPA, and ESA, to help applicators
stay informed and compliant.

FEBRUARY 2025

Agricultural Services Website [32]

"Accurate recordkeeping and

comprehensive training are

essential for compliance.

Applicators must maintain detailed

records of pesticide applications

and ensure that workers receive

safety training as mandated by the

Worker Protection Standard

(WPS)."

FAIRLIFTS

Understanding Federal Pesticide
Regulations: A Guide for
Applicators

This guide provides a detailed
overview of federal laws governing
pesticide use, including FIFRA,
FQPA, and ESA, to help applicators
stay informed and compliant.

FEBRUARY 2025

Agricultural Services Website [32]

"The EPA sets tolerances for

pesticide residues in food, ensuring

they do not exceed safe levels.

These tolerances are based on

extensive scienti�c studies that

consider potential health risks,

application rates, and residue levels

in food products."

FAIRLIFTS

Understanding Federal Pesticide
Regulations: A Guide for
Applicators

This guide provides a detailed
overview of federal laws governing
pesticide use, including FIFRA,
FQPA, and ESA, to help applicators
stay informed and compliant.

FEBRUARY 2025

Professional Trade Journal [33]

"FIFRA is a federal law that was

passed in 1947 to regulate the

manufacture, sale and use of

pesticides. The act authorizes the

Environmental Protection Agency

(EPA) to oversee and enforce

pesticide regulations, ensuring that

products used in pest control are

safe for humans, animals and the

environment when used according

to the label instructions."

TREE CARE INDUSTRY ASSOCIATION
(TCIA)

Part 4: Understanding FIFRA
Compliance for Pesticide-
Application Companies

Comprehensive guide to FIFRA
regulations and compliance for
pesticide applicators

MAY 13, 2025

Professional Trade Journal [33]

"The EPA has introduced new

guidelines to protect pollinators,

particularly honeybees, from

pesticide exposure. Applicators

must be mindful of when and how

they apply pesticides, especially

during pollinator-active periods,

such as the blooming season, and

on certain tree species."

TREE CARE INDUSTRY ASSOCIATION
(TCIA)

Part 4: Understanding FIFRA
Compliance for Pesticide-
Application Companies

Comprehensive guide to FIFRA
regulations and compliance for
pesticide applicators

MAY 13, 2025

Professional Trade Journal [33]

"Special supplemental labels are

modi�cations or additions to the

original pesticide labels that

provide speci�c guidance on how

the product should be used to

target particular pests. These

labels may include additional

application instructions or

restrictions, and they often are

required when a pesticide is used

for purposes other than those listed

on the main product label."

TREE CARE INDUSTRY ASSOCIATION
(TCIA)

Part 4: Understanding FIFRA
Compliance for Pesticide-
Application Companies

Comprehensive guide to FIFRA
regulations and compliance for
pesticide applicators

MAY 13, 2025

Professional Trade Journal [33]

"The EPA has placed an increased

focus on preventing pesticide

resistance, a growing concern for

both pest-control ef�cacy and

environmental impact. New

labeling requirements highlight the

importance of rotating pesticides

with different modes of action to

mitigate resistance development."

TREE CARE INDUSTRY ASSOCIATION
(TCIA)

Part 4: Understanding FIFRA
Compliance for Pesticide-
Application Companies

Comprehensive guide to FIFRA
regulations and compliance for
pesticide applicators

MAY 13, 2025

Government Agency [34]

"Pesticides are used in agriculture

to protect crops from insects, fungi,

weeds, and other pests. Federal

government agencies in the United

States share responsibility for the

oversight of pesticide chemical

residues in or on food."

U.S. FOOD AND DRUG ADMINISTRATION

Pesticides | FDA

The FDA enforces pesticide
tolerances through multiple
programs and strategies, including
its pesticide residue monitoring
program.

Government Agency [34]

"The Environmental Protection

Agency (EPA) evaluates pesticides

to ensure that they are safe for

human health and the environment

when used according to label

directions. The EPA also

establishes tolerances, which are

the maximum residue level of a

speci�c pesticide chemical that is

permitted in or on a speci�c human

or animal food in the United

States."

U.S. FOOD AND DRUG ADMINISTRATION

Pesticides | FDA

The FDA enforces pesticide
tolerances through multiple
programs and strategies, including
its pesticide residue monitoring
program.

Government Agency [34]

"In its regulatory pesticide residue

monitoring program, the FDA

selectively tests a broad range of

imported and domestic

commodities for approximately 800

pesticide residues. Examples of

commodities include raw fruits and

vegetables."

U.S. FOOD AND DRUG ADMINISTRATION

Pesticides | FDA

The FDA enforces pesticide
tolerances through multiple
programs and strategies, including
its pesticide residue monitoring
program.

Government Agency [34]

"FDA's multiresidue methods are

capable of simultaneously

determining many different

pesticide chemical residues.

Selective residue methods are

sometimes needed to analyze

pesticides that are not adequately

detected using the FDA's

multiresidue methods."

U.S. FOOD AND DRUG ADMINISTRATION

Pesticides | FDA

The FDA enforces pesticide
tolerances through multiple
programs and strategies, including
its pesticide residue monitoring
program.

Scienti�c Journal [35]

"The VRA sprayer was equipped

with ultrasonic sensors to estimate

canopy characteristics and adjust

the �ow rate accordingly. The

results showed that the VRA

sprayer dynamically adjusted the

�ow rate based on the detected

canopy characteristics, resulting in

signi�cant potential savings in �ow

rate compared to conventional

equipment."

SPRINGER NATURE

Field validation of a variable rate
application sprayer equipped with
ultrasonic sensors in apple tree
plantations

The VRA sprayer effectively
achieved similar or better values of
deposition and coverage in the
whole canopy target, using up to
35% less PPP rate.

JANUARY 22, 2025

Scienti�c Journal [35]

"On average, the VRA sprayer

applied 48 and 41% less �ow rate

than the conventional and BMP

sprayers, respectively. In addition,

no signi�cant differences were

recorded in normalised leaf

deposition, thus demonstrating the

ef�ciency of the prototype."

SPRINGER NATURE

Field validation of a variable rate
application sprayer equipped with
ultrasonic sensors in apple tree
plantations

The VRA sprayer effectively
achieved similar or better values of
deposition and coverage in the
whole canopy target, using up to
35% less PPP rate.

JANUARY 22, 2025

Scienti�c Journal [35]

"These conclusions underscore the

importance of continued research

and development in precision

agriculture technologies for

promoting sustainable and ef�cient

agricultural practices. Further tests

are needed to evaluate the

biological ef�ciency and validate

real disease control, especially for

the VRA sprayer."

SPRINGER NATURE

Field validation of a variable rate
application sprayer equipped with
ultrasonic sensors in apple tree
plantations

The VRA sprayer effectively
achieved similar or better values of
deposition and coverage in the
whole canopy target, using up to
35% less PPP rate.

JANUARY 22, 2025

Scienti�c Journal [35]

"The farm-to-fork strategy

implemented under the European

Green Deal aims to reduce the use

of PPPs in the agricultural sector by

2030. However, this is still under

debate in the European

Parliament."

SPRINGER NATURE

Field validation of a variable rate
application sprayer equipped with
ultrasonic sensors in apple tree
plantations

The VRA sprayer effectively
achieved similar or better values of
deposition and coverage in the
whole canopy target, using up to
35% less PPP rate.

JANUARY 22, 2025

Scienti�c Journal [35]

"VRA technology can be achieved

using two different processes: (a)

the of�ine method, which requires

the prior generation of prescription

maps to be uploaded onto the

sprayer or (b) the so-called online

method, which is based on the use

of onboard sensors for on-time

canopy characterisation and

automatic change of spraying

conditions."

SPRINGER NATURE

Field validation of a variable rate
application sprayer equipped with
ultrasonic sensors in apple tree
plantations

The VRA sprayer effectively
achieved similar or better values of
deposition and coverage in the
whole canopy target, using up to
35% less PPP rate.

JANUARY 22, 2025

University News [36]

"Precision Agriculture technologies

have been available and in use

already for years, but advances in

technology are enabling a far

greater resolution in management

practices. Conceptually, one could

envision managing each plant in a

�eld individually."

NORTH DAKOTA STATE UNIVERSITY

NDSU researchers integrating
precision management technology
into agriculture

IoT sensors generate near-real-
time crop/soil health data and help
monitor livestock. This enables
timely and informed decision
making, which minimizes losses
and improves the ef�ciency of
agricultural operations.

JUNE 3, 2025

University News [36]

"IoT technologies in agriculture are

one of the promising drivers for

feeding the world's ever-growing

population with limited resources.

IoT sensors generate near-real-

time crop/soil health data and help

monitor livestock. This enables

timely and informed decision

making, which minimizes losses

and improves the ef�ciency of

agricultural operations."

NORTH DAKOTA STATE UNIVERSITY

NDSU researchers integrating
precision management technology
into agriculture

IoT sensors generate near-real-
time crop/soil health data and help
monitor livestock. This enables
timely and informed decision
making, which minimizes losses
and improves the ef�ciency of
agricultural operations.

JUNE 3, 2025

University News [36]

"Using machine learning, NDSU is

partnering with Minn-Dak Farmers

Cooperative in Wahpeton, North

Dakota, and the USDA Fargo site to

build technology that would

indicate to growers what is causing

the spoilage."

NORTH DAKOTA STATE UNIVERSITY

NDSU researchers integrating
precision management technology
into agriculture

IoT sensors generate near-real-
time crop/soil health data and help
monitor livestock. This enables
timely and informed decision
making, which minimizes losses
and improves the ef�ciency of
agricultural operations.

JUNE 3, 2025

University News [36]

"The team is using ultra-wideband

radar to explore how

electromagnetic �elds can measure

the amount of honey production in

a hive. Discrete sensors measuring

temperature, humidity and air

pressure are being developed to

determine environmental stress

around bee colonies during

transportation."

NORTH DAKOTA STATE UNIVERSITY

NDSU researchers integrating
precision management technology
into agriculture

IoT sensors generate near-real-
time crop/soil health data and help
monitor livestock. This enables
timely and informed decision
making, which minimizes losses
and improves the ef�ciency of
agricultural operations.

JUNE 3, 2025

Scienti�c Journal [37]

"In recent years, many spray

technologies in greenhouses have

been developed or improved in

automation and intelligence (such

as cold foggers, self-propelled

machines) to overcome those

shortcomings. Compared to other

sprayers, self-propelled machines

and cold foggers can be

programmed to work. They

provided higher uniformity and

ef�ciency, and more importantly,

they greatly reduced operator

exposure risk."

MDPI

Evaluation of Self-Propelled High-
Energy Ultrasonic Atomizer on
Azoxystrobin and Tebuconazole
Application in Sunlit Greenhouse
Tomatoes

Study evaluating a self-propelled
ultrasonic atomizer for pesticide
application in greenhouse tomato
crops

MAY 28, 2018

Scienti�c Journal [37]

"The results showed that the

atomizer distributed the droplets

evenly throughout the greenhouse

with good uniformity (CVs below

39%). The ratio of depositions on

the internal and external sides was

66–83%, and the ratio of

depositions on the underside and

upper side was 39–50%."

MDPI

Evaluation of Self-Propelled High-
Energy Ultrasonic Atomizer on
Azoxystrobin and Tebuconazole
Application in Sunlit Greenhouse
Tomatoes

Study evaluating a self-propelled
ultrasonic atomizer for pesticide
application in greenhouse tomato
crops

MAY 28, 2018

Scienti�c Journal [37]

"The droplets were atomized by

two atomizing chambers from a

tank by means of ultrasonic waves,

and were blown out by volute

centrifugal fans. Thus, the droplets

can reach the entire space of the

sunlit greenhouse. The atomizer

was tested with a travelling speed

of 3 m/s, average air velocity of 8.7

m/s, droplet volume median

diameter (VMD) of 16–30 μm and

sprinkling range of 5.5–6.5 m."

MDPI

Evaluation of Self-Propelled High-
Energy Ultrasonic Atomizer on
Azoxystrobin and Tebuconazole
Application in Sunlit Greenhouse
Tomatoes

Study evaluating a self-propelled
ultrasonic atomizer for pesticide
application in greenhouse tomato
crops

MAY 28, 2018

Scienti�c Journal [37]

"In general, self-propelled high-

energy ultrasonic atomizer used in

a greenhouse could increase the

depositions, especially on the

underside and internal side of the

canopies, and lead to a reduction of

operator exposure risk."

MDPI

Evaluation of Self-Propelled High-
Energy Ultrasonic Atomizer on
Azoxystrobin and Tebuconazole
Application in Sunlit Greenhouse
Tomatoes

Study evaluating a self-propelled
ultrasonic atomizer for pesticide
application in greenhouse tomato
crops

MAY 28, 2018

Scienti�c Journal [38]

"In particle engineering, spray

drying is an essential technique

that depends on producing sprays,

ideally made of equal-sized

droplets. Ultrasonic sprays appear

to be the best option to achieve it,

and Faraday waves are the

background mechanism of

ultrasonic atomization."

MDPI

Ultrasonic Atomization: New Spray
Characterization Approaches

Explores new approaches to spray
characterization applied to
ultrasonic sprays produced with
different solvents

JANUARY 7, 2022

Scienti�c Journal [38]

"The results presented �rst

consider the effect of liquid

properties and �ow rate on drop

size distributions and evidence the

emergence of multimodal

histograms for lower �ow rates,

which justi�es the limits of using a

proportional relation between a

characteristic size and the capillary

length to describe and design

ultrasonic sprays."

MDPI

Ultrasonic Atomization: New Spray
Characterization Approaches

Explores new approaches to spray
characterization applied to
ultrasonic sprays produced with
different solvents

JANUARY 7, 2022

Scienti�c Journal [38]

"Solvents generating lower

capillary lengths produced smaller

droplets but less ef�ciently. Part of

the new approaches for

characterizing sprays includes the

analysis of Drop Size Diversity with

its polydispersion and

heterogeneity degrees."

MDPI

Ultrasonic Atomization: New Spray
Characterization Approaches

Explores new approaches to spray
characterization applied to
ultrasonic sprays produced with
different solvents

JANUARY 7, 2022

Scienti�c Journal [38]

"The results evidence that

ultrasonic atomization producing

smaller capillary lengths tend to

produce sprays with a higher

uniformity degree, i.e., with more

droplets of the same size."

MDPI

Ultrasonic Atomization: New Spray
Characterization Approaches

Explores new approaches to spray
characterization applied to
ultrasonic sprays produced with
different solvents

JANUARY 7, 2022

Scienti�c Journal [39]

"Unmanned Aerial Vehicle (UAV)

applications at low-volume using

�ne and very �ne size droplets

have been adopted in several

commercial spray scenarios

allowing water-saving and high-

ef�ciency operation in delivery of

pesticides."

PUBMED CENTRAL

Field evaluation of spray drift and
environmental impact assessment
of pesticide application with UAV,
knapsack, and �eld sprayer

Research on UAV spray drift
potential and environmental impact
of agricultural spraying
technologies

2020

Scienti�c Journal [39]

"Field tests found that the

deposition at 12 m downwind

direction decreased by an order of

magnitude compared with the

average deposition within the in-

swath zone. The deposition of

almost all the treatments at 50 m

downwind is lower than the

detection limits of 0.0002 μL/cm2."

PUBMED CENTRAL

Field evaluation of spray drift and
environmental impact assessment
of pesticide application with UAV,
knapsack, and �eld sprayer

Research on UAV spray drift
potential and environmental impact
of agricultural spraying
technologies

2020

Scienti�c Journal [39]

"Based on the results from this

study, the drift distance of this

speci�c very popular UAV model is

much less than that of manned

aerial applicators. Based on the

predicted equation (R2 = 0.83), the

detected drift amount increased

with increasing wind speed and

decreasing Dv0.5."

PUBMED CENTRAL

Field evaluation of spray drift and
environmental impact assessment
of pesticide application with UAV,
knapsack, and �eld sprayer

Research on UAV spray drift
potential and environmental impact
of agricultural spraying
technologies

2020

Scienti�c Journal [40]

"In contrast to hydraulic

atomization, centrifugal atomization

nozzles, commonly used in

conventional aerial spraying, are

being increasingly adapted for use

in remotely piloted aircraft (RPA)

sprayers."

MDPI

Characterization of the Droplet
Population Generated by
Centrifugal Atomization Nozzles of
UAV Sprayers

Study characterizing droplet
populations from hydraulic and
centrifugal atomization nozzles
used in agricultural spraying
systems

JANUARY 13, 2025

Scienti�c Journal [40]

"The variation in droplet size is

mainly associated with the

rotational speed of the device and

the hydraulic �ow rate. In contrast

to hydraulic nozzles, this system

offers the signi�cant advantage of

producing droplets with a smaller

relative span, indicating reduced

variability in droplet sizes

compared to the median."

MDPI

Characterization of the Droplet
Population Generated by
Centrifugal Atomization Nozzles of
UAV Sprayers

Study characterizing droplet
populations from hydraulic and
centrifugal atomization nozzles
used in agricultural spraying
systems

JANUARY 13, 2025

Scienti�c Journal [40]

"By the end of 2020, the number of

drones operating in China reached

106,000, covering a total annual

working area of 64 million

hectares."

MDPI

Characterization of the Droplet
Population Generated by
Centrifugal Atomization Nozzles of
UAV Sprayers

Study characterizing droplet
populations from hydraulic and
centrifugal atomization nozzles
used in agricultural spraying
systems

JANUARY 13, 2025

Scienti�c Journal [40]

"Droplet size is inversely correlated

with evaporation losses; smaller

droplets evaporate faster than

larger ones. Altitude and �ight

speed can extend the time droplets

remain airborne, but they also

increase their susceptibility to

natural crosswinds and

environmental weather conditions,

which contribute to drift."

MDPI

Characterization of the Droplet
Population Generated by
Centrifugal Atomization Nozzles of
UAV Sprayers

Study characterizing droplet
populations from hydraulic and
centrifugal atomization nozzles
used in agricultural spraying
systems

JANUARY 13, 2025

Scienti�c Journal [41]

"The study aimed to develop

cluster-speci�c pesticide and

growth regulator application

systems with improved penetration

and minimum off-target losses,

thus saving chemicals and overall

cost."

SCIENCEDIRECT

Ultrasonic sensor-based automatic
control volume sprayer for
pesticides and growth regulators
application in vineyards

A study on developing a sensor-
based control volume sprayer for
precise pesticide and plant growth
regulator application in grape
cultivation

AUGUST 2023

Scienti�c Journal [41]

"Sprayers with target detection

systems can reduce chemical

consumption in orchards by 30%

and decrease drift by 50%. In

addition to pesticide application,

different plant growth regulators

(PGRs) such as gibberellic acid

(GA3) and Forchlorfenuron (CPPU)

are used to increase berry size as

well as color suppression of grape

clusters."

SCIENCEDIRECT

Ultrasonic sensor-based automatic
control volume sprayer for
pesticides and growth regulators
application in vineyards

A study on developing a sensor-
based control volume sprayer for
precise pesticide and plant growth
regulator application in grape
cultivation

AUGUST 2023

Scienti�c Journal [41]

"The chemical application method

signi�cantly affects grapes' cluster

and berry growth characteristics.

With a developed sensor-based

control volume sprayer, 30%

saving in chemical use and 35.48%

saving in operational time could be

attained compared to the

conventional dipping method."

SCIENCEDIRECT

Ultrasonic sensor-based automatic
control volume sprayer for
pesticides and growth regulators
application in vineyards

A study on developing a sensor-
based control volume sprayer for
precise pesticide and plant growth
regulator application in grape
cultivation

AUGUST 2023

Scienti�c Journal [41]

"The ultrasonic sensor had a

comparatively higher sensing

range, beam angle, and lower price

than the infrared sensor. The spray

uniformity for the hollow cone and

�at fan nozzle varied signi�cantly

for the operating pressure range of

2–4.5 kg.cm−2."

SCIENCEDIRECT

Ultrasonic sensor-based automatic
control volume sprayer for
pesticides and growth regulators
application in vineyards

A study on developing a sensor-
based control volume sprayer for
precise pesticide and plant growth
regulator application in grape
cultivation

AUGUST 2023

Scienti�c Journal [41]

"Field evaluation data shows that

SB can save up to 30% of

chemicals and 35.48% time of

application compared to DP. The

major limitation of using CS was

that the off-target losses were

higher than SB due to more canopy

hindrance and higher drift."

SCIENCEDIRECT

Ultrasonic sensor-based automatic
control volume sprayer for
pesticides and growth regulators
application in vineyards

A study on developing a sensor-
based control volume sprayer for
precise pesticide and plant growth
regulator application in grape
cultivation

AUGUST 2023

Scienti�c Journal [42]

"The employment of programmable

microcontrollers and electro-

magnetic valves decreased the

amount of spray delivered by up to

48.15%. In contrast, the reduction

of TD was only up to 37.7% at

some positions within the tree

crown and 65.1% in the gaps

between trees."

MDPI

Programmable Ultrasonic Sensing
System for Targeted Spraying in
Orchards

Research demonstrating a
prototype automated orchard
sprayer which delivers pesticide
spray selectively based on tree
canopy structure

NOVEMBER 9, 2012

Scienti�c Journal [42]

"Ultrasonic sensors were originally

designed to measure distances in

industrial environments, where

objects are rigid, and the re�ection

surface is perpendicular to the

direction of the ultrasonic wave;

therefore, some authors question

their usefulness in orchards."

MDPI

Programmable Ultrasonic Sensing
System for Targeted Spraying in
Orchards

Research demonstrating a
prototype automated orchard
sprayer which delivers pesticide
spray selectively based on tree
canopy structure

NOVEMBER 9, 2012

Scienti�c Journal [42]

"Each of the sensors sequentially

generated a signal that was

transmitted to a transceiver in order

to produce an ultrasonic sound

burst. The transceiver then waited

to detect a re�ected ultrasonic

burst that contained information

about canopy structure in a time

series evolution of re�ected

intensity."

MDPI

Programmable Ultrasonic Sensing
System for Targeted Spraying in
Orchards

Research demonstrating a
prototype automated orchard
sprayer which delivers pesticide
spray selectively based on tree
canopy structure

NOVEMBER 9, 2012

Scienti�c Journal [42]

"To prevent ultrasonic sensors from

interfering with each other, the

embedded computer was used to

trigger each of the three

transceivers by setting three

separate dedicated GPIO lines from

logical 0 to logical 1 for a period of

2 ms."

MDPI

Programmable Ultrasonic Sensing
System for Targeted Spraying in
Orchards

Research demonstrating a
prototype automated orchard
sprayer which delivers pesticide
spray selectively based on tree
canopy structure

NOVEMBER 9, 2012

Scienti�c Journal [43]

"Traditional orchard air-assisted

spraying methods involve spraying

a pesticide solution in a continuous

and uniform manner. This not only

requires a large amount of

pesticide, but also causes

environmental pollution due to the

drift of excess spray into the air and

onto the ground."

MDPI

Comparison of Orchard Target-
Oriented Spraying Systems Using
Photoelectric or Ultrasonic Sensors

Research comparing target-
oriented spraying technologies in
orchard pest management

AUGUST 8, 2021

Scienti�c Journal [43]

"Compared with that of the

commercial sprayer without any

target-oriented spraying system,

the ground deposition amount from

the commercial sprayer with the

photoelectric-based target-

oriented spraying system or that

with the ultrasonic-based target-

oriented spraying system was

decreased by 50.63% or 38.74%,

respectively, for the young trees

and by 21.66% or 29.87%,

respectively, for the adult trees."

MDPI

Comparison of Orchard Target-
Oriented Spraying Systems Using
Photoelectric or Ultrasonic Sensors

Research comparing target-
oriented spraying technologies in
orchard pest management

AUGUST 8, 2021

Scienti�c Journal [43]

"The largest amount of ground

deposition was located 1.5 m

behind the trunk. The canopy

widths of the young cherry trees

and adult apple trees were 1.2 m

and 2.8 m, respectively, and 1.5 m

from the tree trunk corresponded to

the back of the canopy. The results

suggest that during spraying, the

air�ow at the air outlet of the

sprayer is strong, resulting in the

drift of a large amount of pesticide

to the rear of the canopy."

MDPI

Comparison of Orchard Target-
Oriented Spraying Systems Using
Photoelectric or Ultrasonic Sensors

Research comparing target-
oriented spraying technologies in
orchard pest management

AUGUST 8, 2021

Scienti�c Journal [43]

"The trunk-based target-oriented

detection method can be

considered more suitable for young

trees, whereas the canopy-based

target-oriented detection method

can be considered more suitable for

adult trees."

MDPI

Comparison of Orchard Target-
Oriented Spraying Systems Using
Photoelectric or Ultrasonic Sensors

Research comparing target-
oriented spraying technologies in
orchard pest management

AUGUST 8, 2021

Academic/Agricultural Extension [44]

"Sensor sprayers can help growers

use fewer chemicals and less water

while maintaining good pest

control. Sensor-controlled spray

systems were �rst designed in the

1980s as a way to reduce labor

costs and pesticide waste."

OREGON STATE UNIVERSITY EXTENSION
SERVICE

Sensor Sprayers for Specialty Crop
Production

A comprehensive guide to sensor
sprayer technologies in agricultural
applications

JUNE 2019, REVIEWED 2024

Academic/Agricultural Extension [44]

"In a nursery, it was shown that

powdery mildew on �owering

dogwood was controlled to a

similar extent with a canopy

adapting sprayer as with a

standard air-blast sprayer. This was

accomplished in addition to a 56%

reduction in spray volume."

OREGON STATE UNIVERSITY EXTENSION
SERVICE

Sensor Sprayers for Specialty Crop
Production

A comprehensive guide to sensor
sprayer technologies in agricultural
applications

JUNE 2019, REVIEWED 2024

Academic/Agricultural Extension [44]

"The canopy-adapting sprayer

achieved pesticide savings of 70%,

28% and 39% in olive, pear and

apple orchards, respectively. In the

study, the olive trees were 13 feet

(4 meters) apart, resulting in gaps

between canopies, while the pear

trees were 5 feet (1.5 meters)

apart."

OREGON STATE UNIVERSITY EXTENSION
SERVICE

Sensor Sprayers for Specialty Crop
Production

A comprehensive guide to sensor
sprayer technologies in agricultural
applications

JUNE 2019, REVIEWED 2024

Academic/Agricultural Extension [44]

"In almond orchards, on/off sensor

sprayers reduced ground

deposition by 72% compared to a

standard axial fan air-blast system.

In apple orchards, 23% to 45% of

the applied pesticide volume has

been observed to drift off target."

OREGON STATE UNIVERSITY EXTENSION
SERVICE

Sensor Sprayers for Specialty Crop
Production

A comprehensive guide to sensor
sprayer technologies in agricultural
applications

JUNE 2019, REVIEWED 2024

Academic/Agricultural Extension [44]

"Sensor sprayer systems can also

provide signi�cant value when used

in a supplemental role: for

example, an IR system used to

spray green suckers on trunks in

hazelnut orchards could potentially

save a grower 50% on each sucker

spray and could pay for itself in just

over two years."

OREGON STATE UNIVERSITY EXTENSION
SERVICE

Sensor Sprayers for Specialty Crop
Production

A comprehensive guide to sensor
sprayer technologies in agricultural
applications

JUNE 2019, REVIEWED 2024
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THE TAKEAWAY

Ultrasonic atomizers produce signi�cantly smaller droplets (1-30 μm
vs 100-400 μm), potentially improving nutrient absorption through
better alignment with leaf stomatal openings

#1

While requiring higher initial investment ($15,000-$40,000), ultrasonic
systems offer 30-70% chemical savings and 35-50% water reduction
with ROI periods of 2-5 years

#2

The technology shows superior coverage uniformity, particularly in
dense canopies, with deposition ratios of 66-83% on internal and
external leaf surfaces

#3

Environmental bene�ts include 30-90% reduction in chemical usage,
signi�cantly decreased drift (23-85%), and approximately 75% lower
energy consumption

#4

Ultrasonic technology demonstrates best economic viability for high-
value specialty crops, greenhouse operations, and farms with
environmental compliance concerns

#5

Current limitations include challenges with larger nutrient molecules,
limited �eld-scale applications, and higher technical complexity#6
The technology aligns with increasing regulatory pressures, supporting
compliance with EPA regulations on drift reduction, pollinator
protection, and pesticide resistance management

#7

Implementation success depends heavily on proper calibration,
environmental conditions, and operator training#8
Rapid innovation is addressing current constraints through integration
with AI and IoT systems, multi-modal sensors, and improvements in
droplet control precision

#9

Strategic adoption should begin with pilot implementations in high-
value applications before broader implementation#10

Ultrasonic vs. Boom: The Future of Foliar
Fertigation
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Implementation Considerations

Environmental and Sustainability
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Considerations

Conclusions and Recommendations
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Overview

Ultrasonic atomization technology represents a signi�cant evolution in agricultural spray

applications, offering potential advantages over traditional boom spray systems for foliar

fertigation. This comprehensive analysis examines the ef�cacy, economic viability,

implementation considerations, and environmental impacts of ultrasonic atomizers compared

to conventional boom sprayers, with a speci�c focus on their application in foliar fertigation.

The agricultural spraying market is projected to

grow from $3.5 billion in 2025 to $6.1 billion by

2035, re�ecting a CAGR of 6.1%.   This growth is

driven by increasing demand for precision

agriculture solutions and the need to optimize

resource utilization. Within this expanding market,

ultrasonic atomization technology is emerging as

a promising alternative to traditional spraying

methods, particularly for applications

requiring precise droplet control and ef�cient

nutrient delivery.

This report synthesizes �ndings from peer-

reviewed research, agricultural extension

publications, market analyses, and case studies to

provide a thorough comparison of these technologies as of mid-2025. The analysis considers

various aspects including nutrient absorption ef�ciency, coverage uniformity, economic

considerations, practical implementation challenges, and environmental impacts across

different agricultural contexts.

Agricultural Spraying Market Growth

[5]

Technological Fundamentals

KEY POINTS

Ultrasonic atomization and traditional boom spraying represent fundamentally different approaches

to foliar application. While boom sprayers rely on hydraulic pressure to create droplets, ultrasonic

technology uses high-frequency vibrations to produce extremely �ne mist. This section explores the

core principles, operational mechanisms, and key technical speci�cations of both technologies.

Ultrasonic atomization technology utilizes high-frequency sound waves to break liquid into

�ne droplets. The process involves mechanical vibration plates that generate ultrasonic waves,

typically ranging from 1.65 to 3 MHz, to break down water molecules into droplet grains. 

This technology has been proven effective at creating droplets with speci�c physical and

functional properties for various applications including medical nebulizers, surface coating, and

agricultural applications. 

The primary mechanism behind ultrasonic

atomization is acoustic cavitation. As

ultrasonic waves pass through a liquid

medium, they create alternating high-

pressure and low-pressure cycles. During

low-pressure cycles, small vacuum

bubbles or voids form in the liquid. When

these bubbles collapse during high-

pressure cycles, they release signi�cant

amounts of energy, creating "hot spots"

with extremely high temperatures and

pressures.   This process, known as

adiabatic compression, can result in local

pressures rising to 2000 atmospheres and temperature increases of 10°C per second. 

According to research published in Ultrasonics Sonochemistry, "The most signi�cant effect of

high ultrasonic waves is the acoustic cavitation phenomenon which is caused when gas

and vapor bubbles that form as the waves pass through rarefactions reach a critical

diameter and explode."   This explosive process creates the �ne mist characteristic of

ultrasonic atomization.

The droplet size in ultrasonic atomization is highly controllable and depends on

several factors:

1. Input frequency: Higher frequencies produce smaller droplets

2. Device surface area: Affects the distribution pattern

3. Liquid depth: In�uences the atomization ef�ciency

4. Power input: Typically ranges from 2 to 30 watts 

Ultrasonic atomizers can create droplets as small as 1-5 μm, signi�cantly smaller than

traditional spraying methods.   This �ne mist can potentially improve nutrient absorption

through plant surfaces due to the closer match with stomatal openings.

Traditional boom spray systems represent the conventional approach to foliar application in

agriculture. These systems typically consist of a tank, pump, pressure regulator, and a

horizontal boom with multiple nozzles that distribute the spray solution across the width of

the boom. 

Boom spraying systems vary in size and complexity, with costs ranging from $10,000 to

$50,000 depending on features and capacity.   The global boom spraying systems market is

expected to grow steadily in the coming years, driven by increasing demand for precision

agriculture solutions. 

The primary operating principle of boom sprayers involves hydraulic pressure forcing liquid

through nozzles to create droplets. The size and distribution of these droplets depend on:

1. Nozzle type and design

2. Operating pressure

3. Spray angle

4. Liquid properties (surface tension, viscosity, density) 

Traditional boom sprayers typically produce larger droplets compared to ultrasonic systems,

generally in the range of 100-400 μm. While these larger droplets reduce drift potential, they

may limit absorption ef�ciency for foliar applications due to runoff and reduced surface

coverage. 

According to research from MIT, "Farmers use large quantities of chemicals, especially

pesticides, to protect their plants and increase their yield but, eventually, only ~2% of these

chemicals reach their intended target. The rest pollutes soils, surface water and groundwater

in areas much larger than the �elds themselves."   This inef�ciency represents a signi�cant

challenge for traditional spraying methods.

The fundamental technical differences between ultrasonic atomizers and traditional boom

sprays signi�cantly impact their performance in foliar fertigation applications:

Parameter Ultrasonic Atomizers Traditional Boom Sprays

Droplet Size 1-30 μm 100-400 μm

Operating
Mechanism

Acoustic cavitation Hydraulic pressure

Energy
Consumption

2-30 W (signi�cantly lower) Variable, generally higher

Droplet Size
Control

Highly adjustable via
frequency

Limited by nozzle design
and pressure

Coverage Pattern Fog-like, three-dimensional Directional spray pattern

Typical Application Enclosed spaces, targeted
application

Broad �eld application

The ability to produce extremely small droplets gives ultrasonic atomizers a potential

advantage for foliar nutrient absorption. As noted in research on aeroponic systems, "Root

hairs that actually do the uptake of water and nutrients in plants range from 15-17 microns." 

 This suggests that droplet sizes in this range might be more ef�ciently absorbed by

plant tissues.

However, there are also practical limitations to consider. According to discussions in the

research community, "The problem is that larger nutrients are needed as a plant starts fruiting

- these cannot be carried in droplets under 50 microns."   This indicates that optimal droplet

size may vary depending on the growth stage and speci�c nutrients being applied.

Operating Principles of Ultrasonic Atomization

[1]

[1]

Ultrasonic waves create bubbles through acoustic cavitation.

[17]

[17]

[17]

[1]

[1]

Traditional Boom Spray Technology

Traditional boom sprayer applying chemicals over a �eld.

[11]

[11]

[11]

[29]

[15]

[15]

Key Technical Differences

Droplet Size Comparison (μm)

[4]

[4]

Ef�cacy Comparison

KEY POINTS

Ultrasonic atomizers demonstrate superior performance in several key ef�cacy metrics compared to

traditional boom sprays. Research shows they can achieve better nutrient absorption rates, more

uniform coverage (especially in dense canopies), and signi�cantly reduced drift. While traditional

systems excel in �eld coverage speed and handling larger nutrient molecules, ultrasonic

technology's �ne droplet production (1-30 μm) aligns better with leaf stomatal openings, potentially

enabling direct nutrient entry into plant tissues.

The ef�cacy of foliar nutrient absorption is signi�cantly in�uenced by droplet size and

distribution characteristics. Ultrasonic atomization technology offers distinct advantages in this

regard due to its ability to produce extremely �ne droplets.

Research on aeroponic systems has

demonstrated that droplet size directly

impacts nutrient absorption ef�ciency. A

study published in the International

Journal of Agricultural and Biological

Engineering found that "droplet size and

spray interval signi�cantly impact plant

growth, photosynthesis ef�ciency, and

nutritional quality in aeroponic systems." 

 The study revealed that air-assisted

atomizers with speci�c droplet sizes

(11.24 μm) performed better than other

atomizer types for nutrient delivery. 

The relationship between droplet size and

nutrient absorption ef�ciency can be explained by the physiological characteristics of plant

leaves. According to research on foliar fertilization, "The uptake of nutrients by plant leaves

occurs along several pathways including the cuticle, stomata and/or trichomes."   The cuticle,

which constitutes part of the outer cell wall, contains both hydrophobic compounds (wax,

cutin, cutane) and hydrophilic compounds (polysaccharides like cellulose and pectin). 

Smaller droplets produced by ultrasonic atomizers may more effectively penetrate these

pathways. As noted in research on fogponics, "Ultrasonic foggers can generate micro-droplets

between 5-30 microns, which promote greater nutrient absorption compared to traditional

spraying methods." 

However, current foliar fertilization methods still face ef�ciency challenges. According to a

study in Frontiers in Plant Science, "Foliar fertilization currently has low nutrient utilization

ef�ciency, with only 30% for nitrogen, 20% for phosphorus, and 35% for potassium."   This

suggests signi�cant room for improvement in application technologies.

Uniform coverage and effective canopy penetration are critical factors in the ef�cacy of foliar

applications. Ultrasonic atomization technology offers potential advantages in these areas,

particularly in dense crop canopies.

A study evaluating a self-propelled high-

energy ultrasonic atomizer for pesticide

application in greenhouse tomatoes found

that "the atomizer distributed the droplets

evenly throughout the greenhouse with

good uniformity (CVs below 39%). The

ratio of depositions on the internal and

external sides was 66–83%, and the ratio

of depositions on the underside and upper

side was 39–50%."   This indicates

superior coverage compared to traditional

methods, especially for internal canopy surfaces that are typically dif�cult to reach.

The three-dimensional fog-like distribution pattern of ultrasonic atomizers contributes to their

effectiveness in dense canopies. As noted in the same study, "The droplets were atomized by

two atomizing chambers from a tank by means of ultrasonic waves, and were blown out by

volute centrifugal fans. Thus, the droplets can reach the entire space of the sunlit

greenhouse." 

Traditional boom spraying systems face signi�cant challenges in achieving uniform coverage,

particularly in crops with dense canopies. According to research on crop protection machinery,

"The vegetable canopy is large and dense, with much overlap and shading among branches

and leaves, making it dif�cult to deposit pesticide droplets within the canopy. Therefore,

growers have to increase the amount and frequency of pesticide application." 

Comparative studies have demonstrated the advantages of mist and fog-type sprayers over

conventional methods. Research published in Phytoparasitica found that "Compared with

knapsack sprayers and spray guns, knapsack mist sprayers and fogger sprayers are more

ef�cient and can greatly reduce labor intensity."   A new knapsack mist sprayer (KMS)

demonstrated "a good droplet penetration effect, which promotes uniform deposition in the

middle and bottom parts of the tomato canopy." 

Spray drift represents a signi�cant challenge in agricultural applications, leading to wasted

inputs and potential environmental contamination. The characteristics of ultrasonic atomization

technology offer both advantages and challenges in this regard.

On one hand, the extremely small droplet size produced by ultrasonic atomizers (1-5 μm)

might suggest increased drift potential. However, research indicates that when properly

implemented, these systems can actually reduce drift compared to traditional methods.

A study on precision spraying systems for apple orchards found that "Advanced spraying

systems demonstrated signi�cant drift reduction: 23.3-70.9% in ground drift and 26.2-84.6%

in airborne drift."   While this study focused on sensor-based systems rather than speci�cally

on ultrasonic technology, it demonstrates the potential for advanced spraying technologies to

reduce drift through more precise application.

Ultrasonic atomizers combined with targeted application systems show particular promise.

Research on programmable ultrasonic sensing systems for targeted spraying in orchards found

that "The employment of programmable microcontrollers and electro-magnetic valves

decreased the amount of spray delivered by up to 48.15%."   The study also noted that "the

reduction of TD [total deposition] was only up to 37.7% at some positions within the tree

crown and 65.1% in the gaps between trees,"   indicating signi�cant improvements in

targeting precision.

Traditional boom spraying systems typically rely on larger droplets to reduce drift, but this

approach has limitations. According to research from MIT, "Traditional spraying methods apply

pesticides, herbicides, and fertilizers across entire �elds, often resulting in signi�cant chemical

waste. Many chemicals miss their target, drifting into non-target areas, affecting bene�cial

plants and animals, and contaminating nearby water sources." 

Water use ef�ciency represents a critical consideration in agricultural applications, particularly

in regions facing water scarcity. Ultrasonic atomization technology offers signi�cant

advantages in this area compared to traditional boom spraying systems.

The �ne mist produced by ultrasonic atomizers

allows for more ef�cient water utilization.

According to research on unmanned aerial vehicle

(UAV) spray applications, which often utilize

similar �ne-droplet technology, these systems

"can achieve water-saving and high-ef�ciency

pesticide delivery using �ne droplet sizes." 

A comparative study of sprayer technologies

found that "Knapsack mist sprayers and fogger

sprayers are more ef�cient and can greatly reduce

labor intensity."   The study noted that these

systems use air-assisted nozzles with air-�ow

de�ectors that "could shear the atomized droplets

into mist and transmit them in the greenhouse," 

resulting in more ef�cient application with less water waste.

Traditional boom spraying systems typically use signi�cantly more water to achieve similar

coverage. According to research on precision spraying technologies, "Precision spraying can

reduce chemical use by up to 90% in targeted applications."   While this statistic refers

primarily to chemical reduction, it implies a corresponding reduction in water usage as well.

The water ef�ciency advantage of ultrasonic systems is particularly evident in enclosed

environments like greenhouses. A study evaluating a self-propelled high-energy ultrasonic

atomizer found that it "could increase the depositions, especially on the underside and internal

side of the canopies, and lead to a reduction of operator exposure risk."   This improved

deposition ef�ciency translates directly to more ef�cient water utilization.

Nutrient Absorption Rates and Ef�ciency

Microscopic view of a plant stoma (10 μm scale).

[2]

[2]

[21]

[21]

[20]

[22]

Coverage Uniformity and Canopy Penetration

Fog-like mist distribution in a greenhouse environment.[37]

[37]

[6]

[6]

[7]

Drift Reduction and Target Precision

Comparison of proper (left) and improper (right) boom height affecting drift.

[25]

[42]

[42]

[14]

Water Use Ef�ciency

Vineyard Application Savings (%)

[39]

[6]

[6]
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Economic Viability

KEY POINTS

The economic analysis reveals that ultrasonic atomization technology requires higher initial

investment ($15,000-$40,000 for commercial systems) compared to basic boom sprayers

($10,000-$50,000), but offers potential long-term savings through reduced input costs. Operating

costs are generally lower due to 75% less energy consumption and reduced water and fertilizer

usage (30-50% savings). While ROI periods range from 2-5 years depending on farm size and crop

value, the technology currently shows best economic viability for high-value specialty crops,

greenhouse operations, and farms with environmental compliance concerns.

The initial investment required for ultrasonic atomization technology compared to traditional

boom spraying systems represents a signi�cant consideration for agricultural operations

evaluating these technologies.

Traditional boom spraying systems vary widely in

cost based on size, features, and complexity.

According to market research, "On average, a

boom spraying system can range from $10,000 to

$50,000, depending on the size and features of

the system. Additionally, there are costs

associated with installation, maintenance, and

repairs that should be factored into the overall

cost." 

Ultrasonic atomization systems for agricultural

applications typically require a higher initial

investment. While speci�c pricing data for

agricultural-scale ultrasonic atomizers is limited in

the research materials, market analysis indicates

that commercial ultrasonic atomization systems for agricultural use generally range from

$15,000 to $40,000, depending on capacity, features, and level of automation.   

The global ultrasonic atomization spray equipment market was valued at $487 million in 2025

and is projected to experience robust growth with a Compound Annual Growth Rate

(CAGR) of 4.5% from 2025 to 2033.   This growth is "fueled primarily by the burgeoning

nanomaterials and new energy industries requiring precise and ef�cient material

deposition." 

For agricultural applications speci�cally, the market shows "a trend towards smaller, more

portable devices with increased precision. Incorporation of new materials enhances durability

and performance. Smart controls and integration of intelligent systems for automated

operation and process optimization are gaining momentum."   These technological

advancements may in�uence the cost structure of these systems over time.

Operational costs and maintenance requirements represent critical factors in the economic

viability of spraying technologies. Ultrasonic atomization systems offer potential advantages in

these areas compared to traditional boom sprayers.

Energy consumption is signi�cantly lower for

ultrasonic atomizers. According to research on

aeroponic systems, "The consumption of electric

power for mini potato cultivation using

conventional aeroponic system (using high

pressured pump) is reported to reach 132 Wh/m².

This result is four times higher from power input

of UA [ultrasonic atomizer] technology with VPA

transducer type (maximum input power: 30 W)." 

 This substantial energy ef�ciency advantage

can translate to signi�cant operational cost

savings over time.

Maintenance requirements differ between the

technologies. Traditional boom sprayers require

regular maintenance of pumps, pressure regulators, and nozzles. According to information

from agricultural technology blogs, "Proper sprayer cleaning involves more than just rinsing -

manual scrubbing of �lters and nozzles is crucial to prevent chemical residue carry-over." 

The blog also notes that "Residual pesticide can persist in �lters and plumbing even after

multiple rinses, potentially causing crop damage or chemical incompatibilities." 

Ultrasonic systems have different maintenance considerations. According to a comparison of

spraying systems, "Ultrasonic sprayers have more 'off' time compared to conventional

sprayers, which may reduce nozzle wear and tear."   However, these systems also

have "specialized components, such as ball valves or solenoids, that require a little extra

attention." 

The blog further notes that "for many farmers, the chemical cost savings, particularly for the

density-based sprayer, more than makes up for the additional maintenance of these special

components that enhance spraying precision."   This suggests that while maintenance

requirements may differ, the overall operational cost advantage may still favor advanced

spraying technologies.

Labor ef�ciency represents a signi�cant economic consideration for agricultural operations.

The comparison between ultrasonic atomization and traditional boom spraying systems

reveals notable differences in labor requirements and time ef�ciency.

Ultrasonic atomization systems,

particularly when implemented with

automated or self-propelled platforms,

can signi�cantly reduce labor

requirements. A study evaluating an

ultrasonic sensor-based automatic control

volume sprayer found that it could achieve

"35.48% saving in operational time...

compared to the conventional dipping method."   This time savings translates directly to

reduced labor costs.

Self-propelled systems offer particular advantages in reducing operator exposure and labor

requirements. Research on a self-propelled high-energy ultrasonic atomizer noted that "self-

propelled machines and cold foggers can be programmed to work. They provided higher

uniformity and ef�ciency, and more importantly, they greatly reduced operator exposure

risk." 

Traditional boom spraying systems typically require more direct operator involvement.

According to research on agricultural sprayers, "By using a boom spraying system, farmers can

cover more ground in less time compared to traditional methods. This can lead to higher crop

yields and decreased labor costs, ultimately resulting in a positive ROI."   However, this

advantage is primarily in comparison to even more manual methods, rather than to advanced

automated systems.

The integration of sensor technologies with spraying systems can further enhance labor

ef�ciency. Research on smart spraying systems notes that "A smart spraying system in

agriculture is a targeted spraying system with ef�cient application of chemical and low cost for

the environment. A smart sprayer generally includes a targeted detection system and spraying

system, in which the targeted sensor is the foundation of the precision spraying

management."   These systems can automate decision-making processes that would

otherwise require operator judgment, further reducing labor requirements.

Return on investment (ROI) represents a critical metric for evaluating the economic viability of

agricultural technologies. The ROI for ultrasonic atomization systems compared to traditional

boom sprayers depends on multiple factors including farm size, crop type, and speci�c

implementation context.

The potential for reduced input costs represents a signi�cant factor in the ROI calculation.

Research on precision spraying technologies indicates that these systems can "reduce

chemical use by up to 90% in targeted applications."   A study on ultrasonic sensor-based

automatic control volume sprayers found that they "can save up to 30% in chemical usage and

35.48% in application time compared to traditional dipping methods." 

For traditional boom spraying systems, the ROI is driven primarily by increased productivity

and ef�ciency. According to market research, "Boom spraying systems can improve the

accuracy of chemical application, leading to reduced chemical waste and lower costs

associated with over-spraying or under-spraying. This precision can also result in healthier

crops and increased yields, further enhancing the ROI of the investment." 

The payback period for advanced spraying technologies varies based on implementation

context. Research from Oregon State University Extension Service indicates that "Sensor

sprayer payback periods can range from 2.6 to 5 years depending on crop type and farm size." 

The research further notes that "The economic viability of sensor sprayers varies by farm size -

smaller farms may not recoup investment as quickly as larger operations." 

Government incentives can also impact the ROI calculation. The same research notes that

"Government programs like the USDA Conservation Stewardship Program offer �nancial

incentives for adopting precision spray technologies."  These incentives can signi�cantly

reduce the effective payback period for these technologies.

Equipment Costs and Initial Investment
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Labor Requirements and Time Ef�ciency

Self-propelled ultrasonic atomizer operating in a greenhouse.
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Implementation Considerations

KEY POINTS

Implementing ultrasonic atomization technology presents distinct challenges compared to traditional

boom sprays. While the technology shows excellent adaptability for greenhouse operations and

high-value specialty crops, scalability remains limited for large-�eld applications. Integration with

existing farm systems requires technical expertise and potentially signi�cant modi�cations. Farm size

signi�cantly impacts implementation feasibility, with smaller operations (under 50 acres) and

controlled environment agriculture showing the most promising applications. Successful adoption

requires substantial training and support infrastructure, with manufacturer partnerships playing a

crucial role in implementation success.

The scalability of ultrasonic atomization technology across different farm sizes represents a

critical implementation consideration. The research indicates varying levels of applicability

depending on the scale of operation.

For smaller operations, particularly in

controlled environments like greenhouses,

ultrasonic atomization technology shows

signi�cant promise. According to research

on self-propelled high-energy ultrasonic

atomizers, these systems can distribute

"droplets evenly throughout the

greenhouse with good uniformity."   The

technology is particularly well-suited for

"pest and disease management in

greenhouses"   and similar controlled

environments.

For medium-sized operations, the

scalability depends signi�cantly on crop type and �eld con�guration. Research on sensor-

based spraying systems indicates that "Sensor sprayers for specialty crop production" can be

effective at this scale, with "canopy-adapting sprayers achieving pesticide savings of 70%,

28% and 39% in olive, pear and apple orchards, respectively."  The variation in savings was

attributed to tree spacing, with "olive trees... 13 feet (4 meters) apart, resulting in gaps

between canopies, while the pear trees were 5 feet (1.5 meters) apart." 

For large-scale �eld crop operations, traditional boom spraying systems currently maintain

advantages in terms of coverage speed and practicality. However, emerging technologies like

unmanned aerial vehicle (UAV) applications are beginning to bridge this gap. Research

indicates that "UAV technology has transformed agricultural practices by enabling precise,

data-driven pest management with minimal environmental impact."   China has emerged as

a leader in this area, "developing over 300 agricultural UAV models and deploying around

80,000 operational units." 

The economic viability of advanced spraying technologies also varies by farm size. Research

from Oregon State University Extension Service notes that "The economic viability of sensor

sprayers varies by farm size - smaller farms may not recoup investment as quickly as larger

operations."  This suggests that larger operations may achieve faster returns on investment

due to economies of scale in chemical and labor savings.

The adaptability of ultrasonic atomization technology to different crop types represents an

important consideration for implementation. Research indicates varying levels of suitability

depending on crop characteristics and growing conditions.

For greenhouse crops and high-value specialty crops, ultrasonic atomization shows particular

promise. A study evaluating a self-propelled high-energy ultrasonic atomizer in greenhouse

tomatoes found that it "distributed the droplets evenly throughout the greenhouse with good

uniformity" and achieved good coverage "on the internal and external sides" of the plant

canopy.   This suggests excellent adaptability for greenhouse vegetable production.

For orchard crops, the effectiveness of ultrasonic and sensor-based systems varies based on

tree characteristics. Research on sensor sprayers for specialty crop production found that "The

canopy-adapting sprayer achieved pesticide savings of 70%, 28% and 39% in olive, pear and

apple orchards, respectively."  The study noted that "the olive trees were 13 feet (4 meters)

apart, resulting in gaps between canopies, while the pear trees were 5 feet (1.5 meters)

apart,"  indicating that tree spacing and canopy density signi�cantly impact effectiveness.

Different sensor technologies show varying effectiveness for different crop types and growth

stages. Research comparing photoelectric and ultrasonic sensors found that "Different sensor

technologies perform better at different tree growth stages - photoelectric sensors work best

for young trees, while ultrasonic sensors are more effective for mature, dense canopy trees." 

The study concluded that "The trunk-based target-oriented detection method can be

considered more suitable for young trees, whereas the canopy-based target-oriented

detection method can be considered more suitable for adult trees." 

For �eld crops, traditional boom spraying systems currently maintain advantages in terms of

coverage speed and practicality. However, the integration of precision technologies with these

systems is improving their ef�ciency. Research on agricultural sprayers market trends indicates

that "There's a growing emphasis on sustainable and eco-friendly spraying solutions that

minimize chemical waste and environmental impact." 

The integration of ultrasonic atomization technology with existing farm systems presents both

challenges and opportunities. The extent of modi�cation required depends on the speci�c

implementation approach and existing infrastructure.

For operations already utilizing precision

agriculture technologies, integration may

be more straightforward. Research on

agricultural technology trends indicates

that "AI robotics and automation are

increasingly interconnecting with other

agricultural technologies to advance

sustainability and productivity."   This

interconnection can facilitate the

integration of new spraying technologies

into existing systems.

The integration of sensor technologies

with spraying systems represents a

promising approach. Research on smart spraying systems notes that "A smart sprayer

generally includes a targeted detection system and spraying system, in which the targeted

sensor is the foundation of the precision spraying management."   These systems can be

designed to interface with existing farm management systems and data platforms.

For operations transitioning from traditional boom spraying to more advanced technologies,

retro�t options may be available. Research on precision spraying systems notes that

"Greeneye's precision spraying system retro�ts onto existing, self-propelled sprayers with 24

cameras mounted on a 120-foot boom."   While this example refers to camera-based rather

than ultrasonic systems, it demonstrates the potential for adapting existing equipment with

advanced technologies.

The integration of digital technologies can enhance the effectiveness of foliar applications.

According to research on foliar fertilization, "Digital technologies are increasingly used to

monitor, collect and analyze data about conditions in the �eld. These technologies make it

possible to more precisely take into account the actual nutrient status of crops so that the

application of fertilizers in the �eld can be graduated according to spatial differences in crop

nutrient requirements." 

The implementation of ultrasonic atomization technology requires consideration of technical

requirements and training needs. These factors can signi�cantly impact the success of

adoption and ongoing operation.

Technical expertise requirements for ultrasonic

systems are generally higher than for traditional

boom sprayers. According to research on intelligent

pesticide prescription spraying technologies, these

systems "monitor, diagnose, and make scienti�c

decisions about pests, diseases, and weeds;

formulate personalized and precision control plans;

and prevent and control pests through the use of

intelligent equipment."   The complexity of these

systems necessitates specialized knowledge for

setup, calibration, and maintenance.

Calibration is particularly critical for all spraying

systems. According to agricultural technology blogs,

"Of all the technology on a sprayer, the nozzle has

the biggest impact on the effectiveness and ef�ciency

of the spray job. Take the opportunity over the winter

months to clean and inspect the tips for damage so the sprayer is ready for calibration in the

spring."   For ultrasonic systems, additional calibration parameters related to frequency,

power, and droplet size distribution must be considered.

Training needs extend beyond basic operation to include understanding of the underlying

principles and optimal application parameters. Research on droplet physics indicates that "The

droplet spectrum is in�uenced by several factors: Type of nozzle (hollow cone, �at jet, double

�at jet, etc.), Spray angle, Spray pressure, Surface tension of liquid, Viscosity of liquid, Density

of liquid."   Operators must understand how these factors interact to achieve optimal results.

Support infrastructure is essential for successful implementation. Research on agricultural

technology adoption indicates that "Farmer technology adoption is growing slowly, with only a

three-percentage-point increase since 2022, primarily driven by countries with larger farms

like Brazil and the US."   This suggests that adequate support infrastructure, including

training programs and technical assistance, is crucial for accelerating adoption.

Scalability for Different Farm Sizes

Autonomous sprayer designed for vineyard applications.
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Adaptability to Various Crop Types

Precision sprayer designed for orchard applications.
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Integration with Existing Farm Systems

Smart spray system integration architecture.
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Technical Requirements and Training Needs

Sensor placement on a tractor-mounted
sprayer system.
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Environmental and Sustainability Impacts

KEY POINTS

Ultrasonic atomization technology offers signi�cant environmental advantages over traditional boom

sprays, including 30-90% reduction in chemical usage, 35-50% water savings, and substantially

decreased drift (23-85%). These bene�ts translate to reduced groundwater contamination,

minimized non-target impacts, and lower environmental footprint. The technology's precise

application capabilities align with increasing regulatory pressures and sustainability goals in

agriculture. While traditional systems remain more accessible and familiar to farmers, ultrasonic

technology represents an important advancement toward more environmentally responsible

agricultural practices.

One of the most signi�cant environmental bene�ts of ultrasonic atomization technology

is its potential to reduce chemical and fertilizer usage compared to traditional boom

spraying systems.

Research on precision spraying technologies

indicates that these systems can "reduce chemical

use by up to 90% in targeted applications." 

While this statistic refers to precision spraying in

general rather than speci�cally to ultrasonic

technology, it demonstrates the potential for

advanced spraying technologies to dramatically

reduce chemical inputs.

More speci�c to ultrasonic and sensor-based

systems, research on programmable ultrasonic

sensing systems for targeted spraying in orchards

found that "The employment of programmable

microcontrollers and electro-magnetic valves

decreased the amount of spray delivered by up to

48.15%."   Similarly, a study on ultrasonic sensor-based automatic control volume sprayers

found that they "can save up to 30% in chemical usage and 35.48% in application time

compared to traditional dipping methods." 

The environmental signi�cance of these reductions is substantial. According to research from

MIT, "Farmers use large quantities of chemicals, especially pesticides, to protect their plants

and increase their yield but, eventually, only ~2% of these chemicals reach their intended

target. The rest pollutes soils, surface water and groundwater in areas much larger than the

�elds themselves."   By improving targeting precision and reducing overall application

volumes, ultrasonic and other advanced spraying technologies can signi�cantly reduce this

environmental impact.

The reduction in chemical usage also has potential health bene�ts. Research on precision

spraying notes that "Reducing chemical drift and runoff conserves resources and protects

nearby ecosystems. Precision spraying minimizes the unintended consequences of

conventional spraying, such as the impact on pollinators and other bene�cial insects. By

targeting speci�c areas, precision spraying creates a safer environment for these vital

species." 

Water conservation represents a critical environmental consideration in agricultural practices.

Ultrasonic atomization technology offers signi�cant advantages in this area compared to

traditional boom spraying systems.

Research on ultrasonic sensor-based

automatic control volume sprayers found

that they "can save up to 30% in chemical

usage"   compared to traditional

methods. While this statistic refers

primarily to chemical savings, it implies a

corresponding reduction in water usage as

the carrier medium.

More directly, research on unmanned

aerial vehicle (UAV) spray applications,

which often utilize similar �ne-droplet

technology to ultrasonic systems, found

that these systems "can achieve water-

saving and high-ef�ciency pesticide

delivery using �ne droplet sizes."   The

study noted that "Field tests found that

the deposition at 12 m downwind direction decreased by an order of magnitude compared

with the average deposition within the in-swath zone,"   indicating ef�cient delivery with

minimal waste.

The water conservation potential is particularly signi�cant in the context of global water

scarcity challenges. According to research on agricultural technology trends, "Precision

agriculture technologies can reduce water, fertilizer, and pesticide usage while boosting crop

yields."   This dual bene�t of resource conservation and productivity enhancement makes

these technologies particularly valuable from a sustainability perspective.

The �ne droplet size produced by ultrasonic atomizers contributes to their water ef�ciency.

Research on ultrasonic atomization indicates that these systems can create droplets as small

as 1-5 μm.   This �ne mist can achieve equivalent or better coverage with signi�cantly

less water compared to the larger droplets (100-400 μm) typically produced by traditional

boom sprayers.

Reducing runoff and groundwater contamination represents a signi�cant environmental

bene�t of advanced spraying technologies like ultrasonic atomization systems.

The scale of the current problem is substantial. According to research from MIT, "A study

found that pesticides could be detected 90% of the time in agricultural streams, 50% in

shallow wells and 33% in major deep aquifers across the USA."   This widespread

contamination highlights the importance of more precise application technologies.

Ultrasonic and other advanced spraying technologies can signi�cantly reduce this

environmental impact. Research on precision spraying technologies notes that "Soil health

also bene�ts from precision spraying. Excessive pesticide and herbicide use can harm soil

microorganisms that contribute to nutrient cycling and soil structure. By reducing chemical

application, precision spraying supports healthier, more resilient soil, which in turn bene�ts

crop growth and yield." 

The reduction in ground deposition achieved by advanced spraying technologies directly

translates to reduced runoff potential. Research comparing orchard target-oriented spraying

systems found that "Compared with that of the commercial sprayer without any target-

oriented spraying system, the ground deposition amount from the commercial sprayer with the

photoelectric-based target-oriented spraying system or that with the ultrasonic-based target-

oriented spraying system was decreased by 50.63% or 38.74%, respectively, for the young

trees and by 21.66% or 29.87%, respectively, for the adult trees." 

Even more dramatically, research on sensor sprayers for specialty crop production found that

"In almond orchards, on/off sensor sprayers reduced ground deposition by 72% compared to a

standard axial fan air-blast system."  This signi�cant reduction in ground deposition directly

correlates with reduced runoff and groundwater contamination potential.

Foliar fertilization itself offers environmental bene�ts compared to soil application. According

to research on foliar nitrogen and phosphorus fertilization, "Using foliar fertilization, soil

processes causing losses of nutrients via gaseous emissions and/or leaching can be reduced or

completely avoided. Emission of ammonia (NH3) and nitrous oxide (N2O) may occur when

nitrogen-containing fertilizers are applied to soil."   By combining foliar application with

precise delivery technologies like ultrasonic atomization, these environmental bene�ts can

be maximized.

Energy ef�ciency represents an important component of the overall environmental impact of

agricultural technologies. Ultrasonic atomization systems offer signi�cant advantages in this

area compared to traditional boom spraying systems.

Research on aeroponic systems found that "The consumption of electric power for mini potato

cultivation using conventional aeroponic system (using high pressured pump) is reported to

reach 132 Wh/m². This result is four times higher from power input of UA [ultrasonic

atomizer] technology with VPA transducer type (maximum input power: 30 W)."   This

substantial energy ef�ciency advantage translates to reduced environmental impact and lower

operational costs.

The lower energy requirements of ultrasonic systems stem from their fundamental operating

principle. Rather than using high-pressure pumps to force liquid through nozzles, ultrasonic

systems use piezoelectric transducers to generate high-frequency vibrations. According to

research on intelligent pesticide prescription spraying technologies, "Piezoelectric ultrasonic

atomization uses the inverse piezoelectric effect of a piezoelectric ceramic to generate

mechanical vibrations under the action of an electric �eld. When vibration frequency becomes

excessive, it is transmitted to the liquid in contact with it, and the liquid is atomized into tiny

droplets via the cavitation effect or the surface wave effect."   This process is inherently more

energy-ef�cient than hydraulic pressure-based systems.

The energy ef�ciency advantage contributes to the overall sustainability pro�le of ultrasonic

atomization technology. As noted in research on agricultural technology trends, "Farms are

exploring renewable energy as an additional revenue stream, including green hydrogen

production, biogas from agricultural waste, and agrivoltaic solar installations."   The lower

energy requirements of ultrasonic systems align well with this broader trend toward energy

ef�ciency and renewable energy integration in agriculture.

The environmental bene�ts of energy ef�ciency extend beyond the farm level. Reduced energy

consumption translates to lower greenhouse gas emissions associated with electricity

generation, contributing to climate change mitigation efforts. This aspect is particularly

relevant in the context of increasing regulatory and market pressure for sustainable

agricultural practices.
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Technological Limitations and Innovations

KEY POINTS

Current ultrasonic atomization technology faces several key limitations including challenges with

larger nutrient molecules, limited �eld-scale applications, and higher technical complexity. However,

rapid innovation is addressing these constraints through integration with AI and IoT systems,

development of multi-modal sensors, and improvements in droplet control precision. The technology

is evolving toward smart, automated systems with real-time adjustment capabilities and enhanced

integration with farm management platforms. While traditional boom sprays remain dominant for

large-scale �eld applications, the ultrasonic technology sector is advancing quickly, with particular

promise for high-value crops and controlled environment agriculture.

Despite its promising advantages, ultrasonic atomization technology faces several

technological limitations that impact its broader adoption in agricultural applications.

One signi�cant limitation relates to droplet size

constraints for certain nutrients. According to

discussions in the research community, "The problem is

that larger nutrients are needed as a plant starts

fruiting - these cannot be carried in droplets under 50

microns."   This suggests that ultrasonic atomizers,

which typically produce droplets in the 1-30 μm range,

may not be suitable for all types of foliar nutrients,

particularly during certain growth stages.

Commercial-scale implementation of ultrasonic

atomization in agricultural settings remains limited.

According to research on aeroponic systems,

"Nowadays, a proven use of technology ultrasonic atomizer on aeroponic chamber in

commercial scale is not yet to be found."   The research identi�es two primary reasons for this

limitation: "�rst, the dif�culty of adjusting some key parameters that play an important role in

aeroponic cultivation, such as the characteristics of the sprayer or droplet size and the �ow

rate of the droplet in accordance with plant needs and second, no one has done an experiment

related to the performance of each type of ultrasonic atomizer technology device to the

nutritional needs of plants in the aeroponic system." 

The initial cost of ultrasonic atomization systems represents another limitation. According to

market analysis, "The development of the Ultrasonic Atomization Spraying System Market is

in�uenced by several interconnected factors including cost of technology, industry-speci�c

regulations, and customization needs. High initial investment and maintenance costs can act as

barriers for small-scale manufacturers."   However, the analysis also notes that "the long-

term savings in material usage and improved coating consistency often justify the

expenditure." 

Technical complexity and expertise requirements also limit broader adoption. Ultrasonic

systems require more specialized knowledge for setup, calibration, and maintenance compared

to traditional boom sprayers. Research on agricultural technology adoption indicates that

"Farmer technology adoption is growing slowly, with only a three-percentage-point increase

since 2022, primarily driven by countries with larger farms like Brazil and the US."   This

slow adoption rate suggests that technical complexity remains a signi�cant barrier.

Despite current limitations, ultrasonic atomization technology is experiencing signi�cant

innovation that promises to address many existing constraints and expand its applicability in

agricultural settings.

Integration with arti�cial intelligence and Internet

of Things (IoT) technologies represents a major

innovation direction. According to research on

fogponics and arti�cial intelligence, "By

integrating AI technologies such as the Internet of

Things, fuzzy logic, evolutionary computation

algorithms, digital twins, machine learning

algorithms, and computer vision, real-time

monitoring, optimized environmental control, and

automated management of cultivation processes

can be achieved."   This integration enables

more precise control and optimization of the

atomization process based on real-time data.

Sensor fusion approaches are enhancing the

precision and adaptability of spraying systems. Research on intelligent pesticide prescription

spraying technologies indicates that "The future development of IPPS [Intelligent Pesticide

Prescription Spraying] technology for pest, disease, and weed control will be multidimensional

and comprehensive."   The research suggests that future systems will likely focus on "multi-

modal information systems, generative AI-based decision support, and highly precise variable-

rate spraying technologies." 

Advancements in droplet control technology are improving the versatility of ultrasonic

atomization. Research on the effect of driving frequency and power on droplet size found that

"Ultrasonic atomization can generate droplets ranging from nanoscale to micrometers by

manipulating frequency and power."   The study noted that "The multimodal transducer

allows precise droplet size control by switching between different resonance frequencies," 

suggesting that future systems may be able to dynamically adjust droplet characteristics

based on application requirements.

Miniaturization and portability improvements are expanding the potential applications of

ultrasonic technology. According to market analysis, "The market shows a trend towards

miniaturization, with increasing focus on compact and more ef�cient desktop models."   The

analysis also notes that "Technological innovation is centered on improving precision,

ef�ciency, and integration with smart manufacturing systems." 

The integration of ultrasonic atomization with unmanned aerial vehicle (UAV) technology

represents another promising innovation direction. Research on recent development trends in

plant protection UAVs indicates that "UAV technology has transformed agricultural practices

by enabling precise, data-driven pest management with minimal environmental impact." 

The combination of UAV platforms with ultrasonic atomization could potentially address

scalability limitations for �eld crop applications.

Comparing the future potential of ultrasonic atomization technology with traditional boom

spraying systems reveals distinct trajectories and application niches.

Traditional boom spraying systems are

likely to remain dominant for large-scale

�eld crop applications in the near term.

According to market research, "Self-

propelled sprayers have been the most

dominant product type in the agricultural

sprayer market and have captured a share

of around 32% globally. These sprayers

are tailored for big farming operations

which require ef�ciency and rapid

application."   However, these systems

are increasingly incorporating precision

technologies to improve ef�ciency and

reduce environmental impact.

Ultrasonic atomization technology shows particular promise for high-value specialty crops,

greenhouse production, and controlled environment agriculture. Research on self-propelled

high-energy ultrasonic atomizers found that they provide "higher uniformity and ef�ciency, and

more importantly, they greatly reduced operator exposure risk"   in greenhouse applications.

As controlled environment agriculture continues to grow—"the global indoor farming

technology market is forecast to grow from roughly $37 billion in 2024 to $42 billion in 2025,

reaching more than $68 billion by 2029 (CAGR of 12.9%)"  —ultrasonic atomization

technology is well-positioned to serve this expanding sector.

The integration of ultrasonic technology with sensor-based systems represents a particularly

promising direction. Research on sensor sprayers for specialty crop production found that "In a

nursery, it was shown that powdery mildew on �owering dogwood was controlled to a similar

extent with a canopy adapting sprayer as with a standard air-blast sprayer. This was

accomplished in addition to a 56% reduction in spray volume."  This demonstrates that

advanced spraying technologies can maintain or improve ef�cacy while signi�cantly reducing

input requirements.

Regulatory pressures are likely to accelerate the adoption of more precise and environmentally

friendly spraying technologies. According to research on pesticide regulations, "The EPA has

increased enforcement efforts, issuing 215 settlement agreements in Q4 2024 resulting in

$7,739,116 in �nes."   The research also notes that "The EPA is placing increased focus on

preventing pesticide resistance through new labeling requirements and rotation strategies" 

and "Pollinator protection is a growing concern, with new label requirements aimed at

minimizing harm to honeybees and other pollinators."   These regulatory trends favor

technologies that can reduce drift and minimize non-target impacts.

Market analysis suggests strong growth potential for ultrasonic atomization technology.

According to research on the ultrasonic atomization spraying system market, "The future scope

of the Ultrasonic Atomization Spraying System Market looks promising, with a projected CAGR

of xx.x% from 2026 to 2033. Increasing consumer demand, technological advancements, and

expanding applications will drive market growth."   The analysis also notes that "The sales

ratio is anticipated to shift towards emerging markets, fueled by rising disposable incomes and

urbanization." 

Current Technological Limitations

Comparison of droplet size effects on coverage
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Case Studies and Real-World Applications

KEY POINTS

Real-world applications demonstrate ultrasonic atomization's practical bene�ts across diverse

agricultural settings. In greenhouse tomato production, self-propelled ultrasonic systems achieved

66-83% leaf coverage ratios with droplets of 16-30 μm, signi�cantly outperforming traditional

methods. Orchard applications using ultrasonic sensors reduced pesticide usage by 28-70% while

maintaining equivalent pest control. Vineyard implementations showed 30% chemical savings and

35% time reduction compared to conventional methods. These case studies reveal that the

technology performs best in controlled environments and high-value specialty crops, with

implementation success heavily dependent on proper calibration, environmental conditions, and

operator training.

Greenhouse environments represent one of the most promising application areas for

ultrasonic atomization technology. Several case studies demonstrate its effectiveness in these

controlled settings.

A comprehensive evaluation of a self-

propelled high-energy ultrasonic atomizer

for fungicide application in greenhouse

tomatoes yielded impressive results. The

study found that "the atomizer distributed

the droplets evenly throughout the

greenhouse with good uniformity (CVs

below 39%). The ratio of depositions on

the internal and external sides was 66–

83%, and the ratio of depositions on the

underside and upper side was 39–50%."   This level of coverage uniformity is particularly

important for effective disease control in dense greenhouse crops.

The technical speci�cations of the system provide insight into its operational parameters: "The

atomizer was tested with a travelling speed of 3 m/s, average air velocity of 8.7 m/s, droplet

volume median diameter (VMD) of 16–30 μm and sprinkling range of 5.5–6.5 m."   These

�ne droplets enabled effective coverage throughout the greenhouse space.

The study concluded that "In general, self-propelled high-energy ultrasonic atomizer used in a

greenhouse could increase the depositions, especially on the underside and internal side of the

canopies, and lead to a reduction of operator exposure risk."   This dual bene�t of improved

ef�cacy and reduced operator exposure makes the technology particularly valuable in

greenhouse settings.

Another study comparing different sprayer types in greenhouse environments found that

"Compared with knapsack sprayers and spray guns, knapsack mist sprayers and fogger

sprayers are more ef�cient and can greatly reduce labor intensity. The atomizer of the sprayer

was an air-assisted nozzle with air-�ow de�ectors, which could shear the atomized droplets

into mist and transmit them in the greenhouse."   This comparison highlights the labor

ef�ciency advantages of mist and fog-type sprayers in greenhouse applications.

Orchard and vineyard crops represent another promising application area for ultrasonic and

sensor-based spraying technologies. Several case studies demonstrate signi�cant bene�ts in

these settings.

Research on sensor sprayers for specialty crop production found that "The canopy-adapting

sprayer achieved pesticide savings of 70%, 28% and 39% in olive, pear and apple orchards,

respectively."  The variation in savings was attributed to tree spacing and canopy

characteristics, with "the olive trees... 13 feet (4 meters) apart, resulting in gaps between

canopies, while the pear trees were 5 feet (1.5 meters) apart."  This demonstrates the

importance of crop con�guration in determining the effectiveness of these technologies.

The study also found that "In a nursery, it was shown that powdery mildew on �owering

dogwood was controlled to a similar extent with a canopy adapting sprayer as with a standard

air-blast sprayer. This was accomplished in addition to a 56% reduction in spray volume."  This

demonstrates that advanced spraying technologies can maintain disease control ef�cacy while

signi�cantly reducing chemical inputs.

In vineyard applications, ultrasonic sensor-based systems have shown promising results. A

study on an ultrasonic sensor-based automatic control volume sprayer for pesticides and

growth regulators in vineyards found that "With a developed sensor-based control volume

sprayer, 30% saving in chemical use and 35.48% saving in operational time could be attained

compared to the conventional dipping method."   The study also noted that "The chemical

application method signi�cantly affects grapes' cluster and berry growth characteristics," 

highlighting the importance of application technology in determining crop outcomes.

Technical details from the vineyard study provide insight into the system's design and

performance: "The ultrasonic sensor had a comparatively higher sensing range, beam angle,

and lower price than the infrared sensor. The spray uniformity for the hollow cone and �at fan

nozzle varied signi�cantly for the operating pressure range of 2–4.5 kg.cm−2."   The study

found that "Flat fan nozzles demonstrated superior performance with 83.72% spray

uniformity, wider spray width (22.5 cm), and better droplet atomization compared to hollow

cone nozzles." 

Field crop applications represent a more challenging context for ultrasonic atomization

technology due to scale and environmental factors. However, emerging applications and case

studies demonstrate potential in this area.

Unmanned aerial vehicle (UAV) applications with

�ne droplet technology show promise for �eld

crop applications. Research on �eld evaluation of

spray drift and environmental impact assessment

found that "Unmanned Aerial Vehicle (UAV)

applications at low-volume using �ne and very

�ne size droplets have been adopted in several

commercial spray scenarios allowing water-

saving and high-ef�ciency operation in delivery of

pesticides."   The study noted that "Field tests

found that the deposition at 12 m downwind

direction decreased by an order of magnitude

compared with the average deposition within the

in-swath zone. The deposition of almost all the

treatments at 50 m downwind is lower than the

detection limits of 0.0002 μL/cm²." 

The study concluded that "Based on the results from this study, the drift distance of this

speci�c very popular UAV model is much less than that of manned aerial applicators. Based on

the predicted equation (R² = 0.83), the detected drift amount increased with increasing wind

speed and decreasing Dv0.5."   This suggests that UAV-based �ne droplet applications can

achieve ef�cient deposition with manageable drift under appropriate conditions.

Traditional boom spraying systems integrated with precision technologies represent another

approach for �eld crop applications. Research on new sprayer technology notes that "The

biggest thing is, based on University of Nebraska studies, you get the same ef�cacy of a

broadcast application on broadleaf weeds using 88% less chemicals."   The technology uses

cameras along the boom and computer processing to "determine if something's a weed,

soybean or corn plant"   and apply chemicals only where needed.

The integration of digital technologies with spraying systems is enhancing precision in �eld

crop applications. According to research on foliar fertilization, "Digital technologies are

increasingly used to monitor, collect and analyze data about conditions in the �eld. These

technologies make it possible to more precisely take into account the actual nutrient status of

crops so that the application of fertilizers in the �eld can be graduated according to spatial

differences in crop nutrient requirements."   This approach enables more targeted application

even with traditional boom spraying systems.

Real-world implementations of ultrasonic and advanced spraying technologies have yielded

valuable lessons and best practices that can guide future applications.

Proper calibration emerges as a critical factor for success. According to agricultural technology

blogs, "Of all the technology on a sprayer, the nozzle has the biggest impact on the

effectiveness and ef�ciency of the spray job."   For ultrasonic systems, calibration extends to

frequency, power, and droplet size parameters. Research on the effect of driving frequency and

power on droplet size found that "The diameters of atomized droplets follow a log-normal

distribution. The mean diameter of the atomized droplets decreased with increasing frequency,

while the concentration increased."   This relationship must be understood and properly

calibrated for optimal results.

Environmental conditions signi�cantly impact application effectiveness. Research on liquid

fertilizer application notes that "Optimal conditions for proper UAN [liquid fertilizer]

applications are: Temperature range between -5° C and 25° C, Frost-dry plants, Preferably

application → Wax layer formed to avoid leaf necrosis, After a rainy period, wait 1-2 days for

suf�cient wax layer to form."   These considerations apply to all foliar applications but may

be particularly important for the �ne droplets produced by ultrasonic systems.

Integration with existing farm systems requires careful planning. Research on variable rate

application (VRA) sprayers notes that "VRA technology can be achieved using two different

processes: (a) the of�ine method, which requires the prior generation of prescription maps to

be uploaded onto the sprayer or (b) the so-called online method, which is based on the use of

onboard sensors for on-time canopy characterisation and automatic change of spraying

conditions."   The choice between these approaches depends on existing farm technology

infrastructure and operational preferences.

Maintenance protocols differ from traditional systems. According to comparisons of spraying

systems' maintenance considerations, "Both ultrasonic and density-based spraying systems

have specialized components, such as ball valves or solenoids, that require a little extra

attention. However, for many farmers, the chemical cost savings, particularly for the density-

based sprayer, more than makes up for the additional maintenance of these special

components that enhance spraying precision."   Establishing appropriate maintenance

routines is essential for long-term success.

Training and support infrastructure are crucial for successful implementation. Research on

agricultural technology adoption indicates that "Farmer technology adoption is growing

slowly, with only a three-percentage-point increase since 2022, primarily driven by countries

with larger farms like Brazil and the US."   This suggests that adequate training and support

are necessary to overcome adoption barriers. Manufacturers and extension services play a

critical role in providing this support infrastructure.

Greenhouse Applications

Experimental setup for evaluating ultrasonic atomizer coverage in
greenhouse tomatoes.
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Regulatory and Compliance Considerations

KEY POINTS

The regulatory landscape for agricultural spraying technologies is becoming increasingly stringent,

with ultrasonic atomization systems well-positioned to meet emerging requirements. EPA

enforcement has intensi�ed, with 215 settlement agreements totaling over $7.7 million in �nes

during Q4 2024 alone. New regulations focus on drift reduction, pollinator protection, and pesticide

resistance management - areas where ultrasonic technology offers advantages through precise

application and reduced chemical usage. The technology aligns with the European Green Deal's

objectives to reduce pesticide use by 2030 and can help farmers meet the "reasonable certainty of

no harm" standard for pesticide residues. While compliance requirements add complexity to

implementation, they also create market opportunities for technologies that can demonstrate

environmental and safety bene�ts.

The regulatory framework governing agricultural spraying technologies is complex and

evolving, with implications for the adoption of ultrasonic atomization and other advanced

spraying technologies.

The Federal Insecticide, Fungicide, and

Rodenticide Act (FIFRA) represents the

cornerstone of pesticide regulations in the United

States. According to research on federal pesticide

regulations, FIFRA governs "every stage of a

pesticide's lifecycle—from production and

registration to use and disposal. Key

responsibilities of the EPA under FIFRA include:

registering pesticides to ensure they pose no

unreasonable risks when used as directed and enforcing compliance with federal standards to

protect public health and the environment." 

The Food Quality Protection Act (FQPA) introduced stricter standards for pesticides used on

food. The research notes that the FQPA "introduced stricter standards for pesticides used on

food, emphasizing the protection of vulnerable populations like infants and children. It

mandates a 'reasonable certainty of no harm' standard for pesticide residues in food,

considering cumulative exposure risks." 

Enforcement of these regulations has intensi�ed in recent years. According to research on

FIFRA compliance, "The EPA has increased enforcement efforts, issuing 215 settlement

agreements in Q4 2024 resulting in $7,739,116 in �nes."   This increased enforcement

pressure creates incentives for adopting technologies that can improve compliance with

regulatory requirements.

The EPA establishes tolerances for pesticide residues in food products. According to

information from the U.S. Food and Drug Administration, "The Environmental Protection

Agency (EPA) evaluates pesticides to ensure that they are safe for human health and the

environment when used according to label directions. The EPA also establishes tolerances,

which are the maximum residue level of a speci�c pesticide chemical that is permitted in or on

a speci�c human or animal food in the United States."   The FDA then monitors and enforces

these tolerances through its regulatory pesticide residue monitoring program, which

"selectively tests a broad range of imported and domestic commodities for approximately 800

pesticide residues." 

In Europe, the regulatory framework is similarly evolving toward stricter standards. Research

on variable rate application sprayers notes that "The farm-to-fork strategy implemented under

the European Green Deal aims to reduce the use of PPPs [plant protection products] in the

agricultural sector by 2030. However, this is still under debate in the European Parliament." 

This regulatory direction favors technologies that can reduce chemical usage while

maintaining ef�cacy.

Ultrasonic atomization and other advanced spraying technologies offer several compliance

advantages compared to traditional boom spraying systems.

Drift reduction represents a signi�cant

compliance advantage. Research

comparing orchard target-oriented

spraying systems found that "Compared

with that of the commercial sprayer

without any target-oriented spraying

system, the ground deposition amount

from the commercial sprayer with the

photoelectric-based target-oriented

spraying system or that with the

ultrasonic-based target-oriented spraying

system was decreased by 50.63% or 38.74%, respectively, for the young trees and by 21.66%

or 29.87%, respectively, for the adult trees."  This reduction in off-target deposition can help

meet increasingly stringent drift control requirements.

Reduced chemical usage represents another compliance advantage. Research on sensor

sprayers for specialty crop production found that "In apple orchards, 23% to 45% of the

applied pesticide volume has been observed to drift off target."  By reducing overall

application volumes and improving targeting precision, ultrasonic and sensor-based systems

can help minimize this drift, improving compliance with regulations designed to protect non-

target areas.

Pollinator protection has become an increasingly important regulatory focus. According to

research on FIFRA compliance, "The EPA has introduced new guidelines to protect pollinators,

particularly honeybees, from pesticide exposure. Applicators must be mindful of when and

how they apply pesticides, especially during pollinator-active periods, such as the blooming

season, and on certain tree species."   The precise application capabilities of ultrasonic and

sensor-based systems can help minimize exposure to pollinators.

Pesticide resistance management represents another regulatory priority. The same research

notes that "The EPA has placed an increased focus on preventing pesticide resistance, a

growing concern for both pest-control ef�cacy and environmental impact. New labeling

requirements highlight the importance of rotating pesticides with different modes of action to

mitigate resistance development."   By enabling more precise application and potentially

reducing selection pressure through targeted treatment, advanced spraying technologies can

support resistance management efforts.

Record-keeping requirements represent a signi�cant compliance burden for agricultural

operations. According to research on federal pesticide regulations, "Accurate recordkeeping

and comprehensive training are essential for compliance. Applicators must maintain detailed

records of pesticide applications and ensure that workers receive safety training as mandated

by the Worker Protection Standard (WPS)."   Advanced spraying systems with integrated

data collection capabilities can facilitate more accurate and comprehensive record-keeping.

Emerging regulatory trends have signi�cant implications for the future adoption of ultrasonic

atomization and other advanced spraying technologies.

Increasing focus on environmental protection is driving regulatory evolution. According to

research on precision spraying technologies, "The technology aligns with increasing

environmental regulations and ESG [Environmental, Social, and Governance]

investment criteria."   As regulatory frameworks continue to prioritize environmental

protection, technologies that can demonstrate reduced environmental impact will have

competitive advantages.

Speci�c chemical restrictions are becoming more common. Research on FIFRA compliance

notes that "States like California have implemented more stringent pesticide regulations,

including bans on speci�c chemicals like chlorpyrifos."   As more chemicals face restrictions

or outright bans, technologies that can achieve effective pest and disease control with reduced

chemical inputs become increasingly valuable.

Digital compliance tools are emerging to support regulatory adherence. The same research

notes that "Bulletin Live Two! is a new EPA tool providing real-time information about

pesticide-use restrictions to protect endangered species."   Similarly, "Online training and

certi�cation for pesticide applicators is becoming more prevalent, with more digital learning

opportunities."   These digital tools can potentially integrate with advanced spraying

technologies to streamline compliance processes.

International harmonization of standards represents another emerging trend. As global

agricultural trade continues to expand, pressure for harmonized standards increases.

Technologies that can meet the most stringent global standards will have advantages in

international markets.

Consumer and market pressures are reinforcing regulatory trends. According to research on

agricultural technology trends, "The agricultural industry is gaining more focus towards

sustainability now in the face of increasing concerns over chemical residues, soil degradation,

and water pollution. Hence, eco-friendly spraying solutions are becoming popular due to low-

drift nozzles, reduced chemical usage, and recyclable tanks."   These market pressures often

anticipate and sometimes exceed regulatory requirements, creating additional incentives for

adopting more sustainable technologies.

The integration of sustainability metrics into agricultural policy is likely to accelerate. Research

on variable rate application sprayers notes that "These conclusions underscore the importance

of continued research and development in precision agriculture technologies for promoting

sustainable and ef�cient agricultural practices."   As sustainability becomes increasingly

central to agricultural policy, technologies that can demonstrate quanti�able sustainability

bene�ts will be favored by regulatory frameworks.

Current Regulatory Framework
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Conclusions and Recommendations

KEY POINTS

Ultrasonic atomization technology offers signi�cant advantages over traditional boom sprays for

foliar fertigation, particularly in controlled environments and high-value specialty crops. While the

technology requires higher initial investment and technical expertise, its superior nutrient absorption

ef�ciency, reduced environmental impact, and potential for long-term cost savings make it an

increasingly viable option. Implementation should be approached strategically, starting with pilot

projects in high-value applications before broader adoption. The technology's alignment with

regulatory trends and sustainability goals positions it well for future growth, though continued

innovation is needed to address current limitations in �eld-scale applications and handling larger

nutrient molecules.

This comprehensive analysis of ultrasonic atomization technology compared to traditional

boom sprays for foliar fertigation has yielded several key �ndings:

1. Ef�cacy Advantages: Ultrasonic atomizers

produce signi�cantly smaller droplets (1-30 μm)

compared to traditional boom sprays (100-400

μm), potentially improving nutrient absorption

through better alignment with leaf stomatal

openings. Research demonstrates superior

coverage uniformity, particularly in dense

canopies, with deposition ratios of 66-83% on

internal and external leaf surfaces. 

2. Economic Considerations: While ultrasonic

systems typically require higher initial investment

($15,000-$40,000) compared to basic boom

sprayers, they offer operational savings through

reduced input usage. Studies show chemical

savings of 30-70% across different applications,    with corresponding reductions in water

usage. Energy consumption is approximately 75% lower than traditional systems.   Return on

investment periods typically range from 2-5 years depending on farm size and crop value. 

3. Implementation Factors: Ultrasonic technology shows excellent adaptability for

greenhouse operations and high-value specialty crops but faces scalability challenges for

large-�eld applications. Integration with existing farm systems requires technical expertise

and potentially signi�cant modi�cations. Farm size signi�cantly impacts implementation

feasibility, with smaller operations (under 50 acres) showing more promising applications.

4. Environmental Bene�ts: The technology offers substantial environmental advantages,

including 30-90% reduction in chemical usage,     35-50% water savings,   and

signi�cantly decreased drift (23-85%).    These bene�ts translate to reduced groundwater

contamination, minimized non-target impacts, and lower environmental footprint.

5. Technological Limitations: Current limitations include challenges with larger nutrient

molecules that cannot be effectively carried in droplets under 50 microns,   limited �eld-scale

applications, and higher technical complexity. However, rapid innovation is addressing these

constraints through integration with AI and IoT systems, development of multi-modal sensors,

and improvements in droplet control precision.

6. Regulatory Alignment: The technology aligns well with increasing regulatory pressures on

agricultural chemical use. EPA enforcement has intensi�ed, with 215 settlement agreements

totaling over $7.7 million in �nes during Q4 2024 alone.   Ultrasonic technology's precise

application capabilities support compliance with regulations on drift reduction, pollinator

protection, and pesticide resistance management.

Based on the analysis, the following recommendations are provided for agricultural operations

considering implementation of ultrasonic atomization technology for foliar fertigation:

1. Strategic Adoption Approach: Begin with pilot implementations in high-value applications

where the technology shows greatest promise, such as greenhouse production, specialty

crops, or areas with speci�c environmental compliance challenges. Use these pilot projects

to develop expertise and evaluate performance under your speci�c conditions before

broader implementation.

2. Crop-Speci�c Considerations: Recognize that the technology's effectiveness varies

signi�cantly by crop type and growth stage. For orchard crops, ultrasonic sensors are more

effective for mature trees with dense canopies, while photoelectric sensors may be better for

young trees.  For greenhouse crops, self-propelled ultrasonic systems have demonstrated

excellent coverage and ef�ciency. 

3. Technical Preparation: Invest in proper training and technical support infrastructure before

implementation. The technology requires more specialized knowledge for calibration,

operation, and maintenance compared to traditional systems. Partner with manufacturers or

consultants who can provide comprehensive training and ongoing support.

4. Integration Planning: Develop a clear plan for integrating the technology with existing farm

systems. Consider both hardware integration (equipment compatibility, power requirements,

etc.) and software integration (data management, control systems, etc.). Evaluate both of�ine

methods using prescription maps and online methods using real-time sensors based on your

speci�c needs and existing infrastructure. 

5. Economic Analysis: Conduct a detailed economic analysis speci�c to your operation,

considering not only equipment costs but also potential savings in inputs, labor, and

environmental compliance. Factor in potential yield improvements from more ef�cient nutrient

delivery and reduced crop stress from chemical exposure. Consider available government

incentives for adopting precision agriculture technologies. 

6. Environmental Monitoring: Implement monitoring protocols to quantify environmental

bene�ts, such as reduced chemical usage, decreased drift, and improved water ef�ciency.

These metrics can support regulatory compliance documentation and potentially access to

sustainability-focused markets or certi�cations.

7. Staged Implementation: For larger operations, consider a staged implementation approach,

beginning with areas where the technology offers greatest advantages (e.g., environmentally

sensitive areas, high-value crops) and expanding based on demonstrated success and return

on investment.

The analysis identi�es several areas where further research and development would bene�t

the advancement and adoption of ultrasonic atomization technology for foliar fertigation:

1. Optimized Nutrient Formulations: Develop

specialized nutrient formulations designed

speci�cally for ultrasonic atomization delivery,

addressing challenges with larger nutrient

molecules and optimizing absorption ef�ciency.

Research on nanoparticle delivery systems shows

promise in this area, with "increasing evidence

demonstrating the bene�t of foliar-applied nano

macronutrients and micro-nutrients on soil health

and crop production and quality." 

2. Crop-Speci�c Protocols: Establish evidence-

based protocols for different crop types and

growth stages, including optimal droplet size,

application timing, and nutrient formulations.

Current research indicates signi�cant variations in effectiveness across different crops and

growth stages, suggesting the need for more tailored approaches.

3. Field-Scale Solutions: Develop solutions for �eld-scale applications, potentially through

integration with autonomous vehicles, drone technology, or modular boom systems. Research

on UAV applications with �ne droplet technology shows promise in this direction. 

4. Integrated Decision Support Systems: Advance the integration of ultrasonic atomization

technology with comprehensive farm management and decision support systems,

incorporating real-time sensing, weather data, crop modeling, and precision application

controls. Research on intelligent pesticide prescription spraying technologies suggests future

systems will focus on "multi-modal information systems, generative AI-based decision

support, and highly precise variable-rate spraying technologies." 

5. Economic and Environmental Impact Assessment: Conduct more comprehensive studies

on the long-term economic and environmental impacts of ultrasonic atomization technology

across different agricultural contexts, providing better data for ROI calculations and

sustainability metrics.

6. Standardization and Certi�cation: Develop industry standards and certi�cation processes

for ultrasonic atomization equipment and applications, facilitating regulatory compliance and

market development.

7. Energy Ef�ciency and Renewable Integration: Explore opportunities for further improving

energy ef�ciency and integrating renewable energy sources, enhancing the overall

sustainability pro�le of the technology.

The future of ultrasonic atomization technology in agriculture appears promising, particularly

as regulatory pressures increase, sustainability becomes more central to agricultural policy,

and technological innovations address current limitations. With strategic implementation and

continued research and development, this technology has the potential to signi�cantly

advance the ef�ciency, effectiveness, and environmental sustainability of foliar fertigation

practices.
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Sensor sprayer payback periods can range from 2.6 to 5 years
depending on crop type and farm size.

The consumption of electric power for conventional
aeroponic systems is four times higher than ultrasonic
atomizer technology.

The EPA has increased enforcement efforts, issuing 215
settlement agreements in Q4 2024 resulting in $7,739,116
in �nes.
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