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The rapid evolution of agriculture, horticulture, and 

allied sectors has necessitated innovative 

approaches to pest and disease management. 

Pesticides play a vital role in safeguarding crops, 

enhancing productivity, and ensuring food security. 

However, their effectiveness depends significantly 

on the precision, efficiency, and sustainability of 

their application. This highlights the importance of 

advancements in pesticide application equipment, 

which aim to optimize resource utilization while 

minimizing environmental and health risks. Modern 

pesticide application technologies address the 

limitations of traditional methods, such as uneven 

distribution, overuse, and wastage. Innovations like 

precision sprayers, drone-based application 

systems, and electrostatic sprayers are transforming 

how pesticides are applied in fields, greenhouses, 

and orchards (Fig. 1). These advancements are 

particularly critical for horticulture, where high-

value crops demand meticulous pest control, and for 

allied sectors like forestry and floriculture, which 

face unique pest challenges. The need for advanced 

equipment is driven by several factors: the rising 

costs of agricultural inputs, the push for sustainable 

farming practices, and stricter regulatory standards 

regarding pesticide usage. By reducing chemical 

residues, improving application accuracy, and 

enhancing operator safety, these technologies 

contribute to producing safer, higher-quality 

agricultural and horticultural products while 

preserving natural ecosystems. 
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Abstract 

The rapid advancements in pesticide application equipment are reshaping pest and disease management 

practices across agriculture, horticulture, and allied sectors. With increasing demands for sustainable 

farming and stricter regulatory standards, technologies such as precision sprayers, electrostatic sprayers, 

and drone-based systems are offering promising solutions to the limitations of traditional pesticide 

application methods. These innovations enhance application accuracy, minimize pesticide use, and reduce 

environmental impact, thus promoting more sustainable agricultural practices. Precision sprayers utilize 

GPS and sensor technologies to target specific areas, optimizing pesticide distribution and reducing 

wastage. Electrostatic sprayers improve coverage and adherence to plant surfaces, while minimizing drift 

and chemical runoff. Drone-based spraying systems, with their ability to cover large areas rapidly and 

uniformly, enable precise and efficient pesticide delivery, even in difficult terrains. Despite challenges, 

such as high initial costs, operational complexity, and the need for specialized training, these technologies 

contribute to improved crop health, enhanced productivity, and reduced ecological footprint. This article 

highlights the significance of these advancements in transforming pest management practices and their role 

in ensuring food security, environmental sustainability, and the long-term viability of agricultural and 

horticultural production. 
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Principle and working 

Precision  sprayers  (Fig. 2)  are  designed  to apply 

pesticides more accurately and efficiently by using 

advanced technology to control the rate, pattern, 

and placement of chemicals. The basic principle 

behind precision sprayers is the use of sensors, 

Global Positioning System (GPS) systems, and 

variable rate technology (VRT) to target specific 

areas of a field, reducing wastage and ensuring that 

pesticides are only applied where needed (Fig. 2). 

By detecting real-time field conditions, such as pest 

infestations or plant health, sensors enable the 

sprayer to adjust the amount and distribution of 

pesticides dynamically. GPS ensures precise field 

mapping, while automated nozzles control spray 

patterns and droplet sizes. This targeted approach 

minimizes pesticide use, reduces environmental 

impact, and improves pest control efficacy (Giles & 

Slaughter, 1997). 

Advantages and disadvantages  

Precision sprayers offer several advantages, 

including reduced pesticide use, which leads to cost 

savings and minimizes adverse environmental 

impact. By applying pesticides only where needed, 

they decrease the risk of over-application and 

chemical runoff. This targeted approach improves 

crop health and yield   potential  by  avoiding  

unnecessary chemical stress on plants. Additionally, 

precision sprayers enhance efficiency by covering 

large areas quickly and accurately, ultimately 

supporting more sustainable and cost-effective 

farming practices. However, they require a 

significant initial investment in technology and 

equipment, which may not be feasible for all 

farmers. The complexity of operation demands 

skilled labour and regular maintenance, adding to 

operational costs. Additionally, precision sprayers 

can be sensitive to adverse weather conditions and 

may experience reduced effectiveness if GPS 

signals are lost or if the sensors malfunction. These 

factors can limit their practicality in some farming 

situations and increase reliance on technological 

infrastructure.  

2. Electrostatic Sprayer: Maximizing efficacy 

and minimizing drift 

Principle and working 

 The principle of electrostatic sprayers (Fig. 3) is 

based on charging the pesticide droplets with an 

electric charge as they are sprayed. In this system, 

pesticide droplets are generated through 

atomization and then passed through an electric 

field  or  near  an  electrode,  which imparts a strong   
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positive or negative charge to the droplets. Once 

charged, these droplets are sprayed into the air 

towards the target plant. These charged droplets 

attract   the   target  (e.g., plants, crops)   due  to  the 

electrostatic force between the charged droplets and 

the neutral or oppositely charged plant surfaces. 

This attraction ensures that the droplets wrap 

around and adhere to all surfaces of the plant, 

including hard-to-reach areas such as the undersides 

of leaves and within the canopy, increasing the 

deposition and coverage of the pesticide 

 The main difference between electrostatic 

sprayer and electrodyne sprayer is that electrostatic 

sprayers charge liquid droplets to enhance coverage 

and adhesion, while "electrodyne sprayer" is a less 

common term, potentially referring to similar or 

specific electrically enhanced spraying technology. 

The electrical charge on the droplets results in 

mutual repulsion between them, preventing the 

formation of larger droplets and promoting the 

creation of small, uniform droplets. This minimizes 

the potential for overspray and reduces drift, 

thereby decreasing environmental contamination. 

The electrostatic sprayer thus offers a highly 

efficient and environmentally friendly means of 

applying pesticides, optimizing both chemical use 

and resource management in agricultural practices. 

(Thorat et al., 2022). 

Advantages and disadvantages 

One key benefit is their ability to achieve better 

coverage of difficult-to-reach targets, such as the 

undersides of leaves, where conventional spraying 

often falls short. This results in higher bio-efficacy, 

ensuring that pests are more effectively controlled. 

The technology also allows for longer-distance 

coverage, making it suitable for larger fields. In 

terms of resource savings, electrostatic sprayers 

reduce pesticide usage and overall cost per acre by 

25 and 20%, respectively. Water consumption with 

electrostatic sprayers is ~10 times less water than 

conventional methods, further conserving 

resources. Overall, this method not only increases 

the effectiveness of pesticide application but also 

helps mitigate environmental pollution, making it 

an eco-friendly and cost-efficient solution in 

agricultural spraying. However, electrostatic 

sprayers come with certain challenges, one of the 

main drawbacks being their high initial cost. 

Additionally, the maintenance and repair of these 

sprayers can be quite complex and challenging, 

making it difficult for operators to address technical 

issues. Another limitation is the uncertain coverage 

in dense, thick crop canopies, where the sprayer’s 

effectiveness may be compromised. The system is 

also more intricate compared to conventional 

methods, requiring specialized training for proper 

use. The nozzles need to be positioned at a precise 

distance from the plant canopy for optimal 

performance,  adding  another  layer  of  complexity  

Fig 2: A precision sprayer (Seol et al., 2022) Fig 2: Electrostatic sprayer (Thorat et al., 2022)  
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to the operation.  

Drone-based Spraying Systems: Unmanned 

Precision and Flexible action 

(a) Fixed-wing drone 

A fixed-wing drone features a rigid, aerodynamic 

wing design that generates lift as it moves through 

the air. It closely resembles a conventional aircraft 

but operates without a pilot on board (Fig. 5). These 

drones are powered by either one or two internal 

combustion  engines or  an  electric motor,  which 

is connected to a propeller that provides forward 

thrust. The wings are constructed with a specialized 

air foil that creates a pressure difference between 

the front and rear surfaces of the wing. The wings 

are constructed with a specialized air foil that 

creates a pressure difference between the front and 

rear surfaces of the wing. Control surfaces such as 

ailerons, elevators, and rudders on the wings are 

used to adjust the drone's flight path. Fixed-wing 

drones offer several advantages, including the 

ability to cover long distances, reach high altitudes, 

and fly with minimal noise. They are commonly 

employed for surveillance purposes due to their 

endurance and quiet operation. 

(b) Rotary-wing drone 

Rotary wing drones generate lift through rotating 

blades, known as propellers. These drones come in 

two main types: Single Rotor Drones and Multi-

Rotor Drones (Fig. 5). Single Rotor Drones, which 

resemble helicopters, use a single large rotor to 

achieve lift and are primarily employed in the 

construction industry for surveillance tasks. On the 

other hand, Multi-Rotor Drones are the most 

prevalent type in the market. They achieve 

propulsion and control their movements by 

adjusting the speed of individual rotors, coordinated 

by a flight controller. Based on the number of 

rotors, multi-rotor drones are further classified as 

Tricopters (three rotors), Quadcopters (four rotors), 

Hexacopters (six rotors), and Octocopters (eight 

rotors). Among these, quadcopters and hexacopters 

are the most widely used. 

Principle and working 

A quadcopter drone operates on the principle of 

generating lift through four equally spaced rotors, 

each powered by brushless DC (BLDC) motors. 

The propellers attached to these motors create 

thrust, which serves as the lift force. The motor 

speed, regulated by a flight controller and an 

electronic speed controller (ESC), determines the 

amount of lift generated, allowing the drone to  

Fig 4: A schematic diagram of electrostatic-assisted spray and deposition system (Gen et al., 2014).  
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ascend or descend (Fig. 6). To achieve various 

manoeuvres, the drone manipulates the lift force 

produced by the rotors. Take-off occurs when the 

lift force exceeds the drone's weight, while 

hovering is achieved when the lift force equals the 

weight. During stable hovering or climbing, all four 

rotors rotate at the same speed to maintain balance. 

Forward or backward movement (pitch) is achieved 

by adjusting the speed of the front and rear rotors, 

while sideways movement (rolling) is controlled by 

varying the speed between rotors on either side. 

Yawing, or rotating the drone around its vertical 

axis, is accomplished by altering the speed of 

diagonally opposite rotors. This coordination of 

rotor speeds allows for precise control of the 

drone's movement and stability in the air. 

Advantages and disadvantages  

One of the primary benefits of using drones for 

pesticide application is their ability to cover large 

agricultural areas quickly and uniformly, ensuring 

precise application where needed. This reduces 

wastage, as drones can apply targeted treatments 

with greater accuracy than traditional methods, 

minimizing the overall use of chemicals and 

promoting sustainable farming practices. Drones 

can also access difficult terrains and dense crop 

canopies, providing better coverage in hard-to-

reach areas, a challenge for ground sprayers. 

Additionally, flying at lower altitudes improves 

pesticide deposition on plants while reducing drift, 

thus limiting environmental contamination. The 

high degree of automation in drones facilitates 

efficient scheduling and monitoring of pesticide 

application, saving both time and labour costs.  

Fig 5: Different types of drones.  

Fig 6: Labelled diagram of a drone.  
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However, there are some disadvantages to consider. 

The initial cost of purchasing and maintaining 

drone technology can be high, particularly for 

smaller farms. One primary concern is that batteries 

need to be  changed or  charged  for  every  acre of 

spraying. connected to a propeller that provides 

forward thrust. The wings are constructed with a 

specialized air foil that creates a pressure difference 

between the front and rear surfaces of the wing. The 

wings are constructed with a specialized air foil that 

creates a pressure difference between the front and 

rear surfaces of the wing. Control surfaces such as 

ailerons, elevators, and rudders on the wings are 

used to adjust the drone's flight path. Fixed-wing 

drones offer several advantages, including the 

ability to cover long distances, reach high altitudes, 

and fly with minimal noise. They are commonly 

employed for surveillance purposes due to their 

endurance and quiet operation. 

(b) Rotary-wing drone 

Rotary wing drones generate lift through rotating 

blades, known as propellers. These drones come in 

two main types: Single Rotor Drones and Multi-

Rotor Drones (Fig. 5). Single Rotor Drones, which 

resemble helicopters, use a single large rotor to 

achieve lift and are primarily employed in the 

construction industry for surveillance tasks. On the 

other hand, Multi-Rotor Drones are the most 

prevalent type in the market. They achieve 

propulsion and control their movements by 

adjusting the speed of individual rotors, coordinated 

by a flight controller. Based on the number of 

rotors, multi-rotor drones are further classified as 

Tricopters (three rotors), Quadcopters (four rotors), 

Hexacopters (six rotors), and Octocopters (eight 

rotors). Among these, quadcopters and hexacopters 

are the most widely used. 

Principle and working 

A quadcopter drone operates on the principle of 

generating lift through four equally spaced rotors, 

each powered by brushless DC (BLDC) motors. 

The propellers attached to these motors create 

thrust, which serves as the lift force. The motor 

speed, regulated by a flight controller and an 

electronic speed controller (ESC), determines the 

amount of lift generated, allowing the drone to 

ascend or descend (Fig. 6). To achieve various 

manoeuvres, the drone manipulates the lift force 

produced by the rotors. Take-off occurs when the 

lift force exceeds the drone's weight, while 

hovering is achieved when the lift force equals the 

weight. During stable hovering or climbing, all four 

rotors rotate at the same speed to maintain balance. 

Forward or backward movement (pitch) is achieved 

by adjusting the speed of the front and rear rotors, 

while sideways movement (rolling) is controlled by 

varying the speed between rotors on either side. 

Yawing, or rotating the drone around its vertical 

axis, is accomplished by altering the speed of 

diagonally opposite rotors. This coordination of 

rotor speeds allows for precise control of the 

drone's movement and stability in the air. 

Advantages and disadvantages  

One of the primary benefits of using drones for 

pesticide application is their ability to cover large 

agricultural areas quickly and uniformly, ensuring 

precise application where needed. This reduces 

wastage, as drones can apply targeted treatments 

with greater accuracy than traditional methods, 

minimizing the overall use of chemicals and 

promoting sustainable farming practices. Drones 

can also access difficult terrains and dense crop 

canopies, providing better coverage in hard-to-

reach areas, a challenge for ground sprayers. 

Additionally, flying at lower altitudes improves 

pesticide deposition on plants while reducing drift, 

thus   limiting   environmental  contamination.  The 
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high degree of automation in drones facilitates 

efficient scheduling and monitoring of pesticide 

application, saving both time and labour costs.  

However, there are some disadvantages to consider. 

The initial cost of purchasing and maintaining 

drone technology can be high, particularly for 

smaller farms. One primary concern is that batteries 

need to be changed or charged for every acre of 

spraying. Drones also have payload limitations, 

restricting the amount of pesticide they can carry, 

which may require multiple flights for larger fields, 

potentially increasing operational time. Compliance 

with aviation regulations can be complex, often 

requiring permits and adherence to guidelines 

specific to pesticide application. Weather conditions 

such as strong winds or low visibility can affect the 

accuracy and effectiveness of drone operation. 

Moreover, technical expertise is needed to operate 

drones effectively, necessitating training to ensure 

proper handling and application techniques. Lastly, 

the risk of pesticide drift, where chemicals may 

affect non-target areas, raises environmental and 

safety concerns. One of the primary benefits is their 

ability to cover large agricultural areas quickly and 

uniformly, ensuring that pesticides are applied 

precisely where needed. This capability minimizes 

wastage, as drones can apply targeted treatments 

with greater accuracy than traditional methods, 

reducing the overall quantity of chemicals used and 

promoting more sustainable farming practices. 

Additionally, drones can access difficult terrains 

and dense crop canopies, allowing for better 

coverage of hard-to-reach areas, which is often a 

challenge for ground sprayers. The ability to fly at 

lower altitudes enhances the deposition of 

pesticides on plants while reducing drift, thereby 

decreasing environmental contamination. Drones 

also operate with a high degree of automation, 

allowing for efficient scheduling and monitoring of 

pesticide application, which saves time and labour 

costs. 

The effectiveness of modern pesticide application 

technologies compared to traditional methods has 

been the subject of various studies (Giles and 

Slaughter, 1997. These studies emphasize the 

improved efficiency, accuracy, and environmental 

benefits offered by new sprayers, drones, and 

electrostatic equipment. Here’s a summary of key 

findings from some of these studies: 

Precision vs traditional sprayers  

Precision sprayers, which use GPS and sensors, 

reduced pesticide use by 30-50% compared to 

traditional methods (Zheng et al., 2023; Thorat et 

al., 2022; Giles and Slaughter, 1997). These 

sprayers also minimized the risk of chemical runoff 

by applying pesticides only where necessary, based 

on real-time data from the field. This is a big 

improvement over traditional sprayers, which often 

lead to over-application and waste by spraying the 

same amount of pesticide everywhere, regardless of 

pest levels. Precision sprayers not only help control 

pests more effectively but also lower long-term 

costs by cutting down on pesticide and labour use. 

However, their high initial cost and the need for 

skilled operators remain challenges for wider use (. 

Electrostatic vs conventional sprayers 

A study by Thorat et al. (2022) compared 

electrostatic sprayers with traditional sprayers, 

highlighting the advantages in coverage, 

effectiveness, and environmental impact. 

Electrostatic sprayers reduced pesticide use by up to 

25% and water consumption by almost 90% 

compared to conventional methods. The charged 

droplets   in  electrostatic  sprayers   stick  to   plant 

surfaces, improving coverage, especially on the 

undersides of leaves, which are harder to reach with 

traditional   sprayers.  The  study   also  found   that 
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electrostatic sprayers produced much less pesticide 

drift, helping to prevent environmental pollution. 

On the other hand, traditional sprayers often suffer 

from drift and uneven coverage, which wastes 

chemicals and contaminates areas that shouldn’t be 

sprayed. Although electrostatic sprayers have these 

advantages, their high upfront cost and limited 

effectiveness in thick crop canopies are challenges. 

 Drone-based vs ground-based sprayers 

Zheng et al. (2023) compared drone sprayers 

(quadcopters) with tractor-mounted sprayers in 

terms of coverage, efficiency, and pesticide use. 

Drones were more accurate, applying pesticides at 

lower altitudes, which improved deposition and 

reduced drift. In comparison, traditional sprayers 

often lead to pesticide loss due to wind drift and 

uneven application. The study also showed that 

drones could cover larger areas more quickly than 

ground sprayers, saving on labour costs and 

reducing the need for multiple passes. Drones can 

access difficult areas such as dense crop canopies 

and uneven terrains, offering better coverage where 

ground sprayers are less effective. However, drones 

have some drawbacks, such as their limited 

payload, which means multiple flights may be 

needed for large fields, increasing operational time. 

Additionally, drones require specialized training 

and have high maintenance costs, which can be 

barriers to widespread adoption. 

Conclusion 

The advancements in pesticide application 

equipment are revolutionizing pest management 

practices in agriculture, horticulture, and allied 

sectors, offering solutions to the challenges of 

traditional methods and aligning with the goals of 

sustainable farming. Innovations such as precision 

sprayers, electrostatic systems, and drone-based 

technologies provide enhanced accuracy, reduced 

chemical usage, and lower environmental impact, 

contributing to optimized resource use, improved  

safety, and higher-quality crop production. While 

challenges like high upfront costs, operational 

complexity, and the need for specialized training 

remain, growing accessibility through supportive 

policies, training initiatives, and technological 

advancements is facilitating their adoption. As food 

security demands increase and environmental 

regulations become more stringent, these advanced 

systems are critical for achieving efficient and 

sustainable pest control. By embracing these 

transformative technologies, the agricultural sector 

can enhance productivity, preserve environmental 

integrity, and build a future defined by sustainable 

and resilient farming systems. 
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