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Abstract 
Indian agriculture, while being a cornerstone of the nation's economy, faces persistent challenges in 

crop protection, particularly concerning efficient and safe pesticide application. Traditional manual 

spraying methods pose significant health risks to farmers and often result in environmental 

contamination and suboptimal pest control. This review paper examines the evolution of pesticide 

sprayer technology in Indian agriculture, highlighting the advancements from conventional manual 

sprayers to modern automated and precision spraying systems. It analyzes the technological 

underpinnings of these advancements, including the integration of microcontrollers, sensors, wireless 

communication, robotics, and drone technology. The paper synthesizes findings from various research 

efforts, including the design and development of an automatic pesticide spraying machine utilizing a 

NodeMCU ESP32 microcontroller, to evaluate the benefits, adoption challenges, and future directions 

of advanced pesticide sprayer technologies in enhancing agricultural productivity, farmer safety, and 

environmental sustainability in India. Emerging trends such as variable rate spraying and drone-based 

applications are also discussed, providing a comprehensive perspective on the future of pesticide 

application in the Indian agricultural landscape. 

 
Keywords: Pesticide sprayers, agricultural technology, automation, precision agriculture, India, farmer 
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Introduction: The Evolving Landscape of Pesticide Application in Indian Agriculture 

Agriculture in India, a sector employing a substantial majority of the population, plays a 

critical role in food security and economic development [1]. However, the sector is 

continuously challenged by various biotic stresses, primarily from pests and diseases, which 

can significantly impact crop yields and quality [2]. Pesticides remain a crucial tool in 

managing these threats, but their application through traditional manual methods presents a 

complex set of problems. These include direct exposure of farmers to hazardous chemicals, 

leading to a range of acute and chronic health issues, inefficient and uneven distribution of 

pesticides resulting in suboptimal pest control and increased chemical usage, high labor costs 

associated with manual spraying, and potential environmental contamination due to drift and 

overuse [3, 4]. 

Recognizing these limitations, there has been a growing impetus towards the modernization 

of pesticide application technologies in Indian agriculture. This evolution aims to enhance 

efficiency, improve farmer safety, reduce environmental impact, and ultimately contribute to 

more sustainable and productive farming practices [5]. The advancements in pesticide sprayer 

technology in India reflect a global trend towards automation and precision agriculture, 

leveraging developments in electronics, sensor technology, robotics, and information and 

communication technologies (ICTs) [6]. 

This review paper aims to provide a comprehensive overview of the advancements in 

pesticide sprayer technology within the Indian agricultural context. It will trace the 

progression from traditional manual sprayers to the emergence of sophisticated automated 

and precision spraying systems. The paper will delve into the core technologies driving these 

advancements, with a specific focus on the integration of microcontrollers, sensors, wireless 

communication, robotics, and drone technology. By examining existing research and 

development efforts, including the detailed case study of a Bluetooth-controlled automatic 
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pesticide spraying machine [7], this review will analyze the 

potential benefits, the challenges hindering widespread 

adoption, and the future trajectory of advanced pesticide 

sprayer technologies in addressing the unique needs and 

constraints of Indian agriculture. Furthermore, it will 

explore emerging trends such as variable rate spraying and 

drone-based applications, offering a holistic perspective on 

the future of pesticide application in the country. 

The elaboration here emphasizes the multifaceted nature of 

these problems. It delves deeper into the health risks 

associated with manual spraying, explaining that prolonged 

and direct exposure to often highly toxic chemicals can lead 

to both acute effects (like nausea, dizziness, and skin 

irritation) and chronic health issues (such as respiratory 

problems, neurological disorders, and even cancer) among 

farmers and agricultural laborers [15]. Furthermore, it 

elaborates on the inefficiencies of manual spraying, where 

uneven distribution can lead to some areas receiving 

insufficient pesticide, resulting in inadequate pest control 

and subsequent crop losses, while other areas might receive 

excessive amounts, leading to wasted resources, increased 

costs for farmers, and a higher risk of environmental 

contamination [3]. The introduction also highlights the 

significant labor demands associated with manual spraying, 

which can be particularly challenging in the face of 

increasing labor shortages in rural areas and the physically 

demanding nature of the task, contributing to farmer fatigue 

and potential musculoskeletal injuries [8]. Finally, it 

reiterates the environmental concerns linked to traditional 

spraying methods, including pesticide drift that can affect 

non-target organisms and contaminate water sources, as well 

as the overall overuse of chemicals due to imprecise 

application [4]. 

The introduction then pivots to the growing recognition of 

these limitations and the increasing drive towards 

modernizing pesticide application technologies in Indian 

agriculture [5]. It frames this modernization as a crucial step 

towards achieving more efficient, safer, and 

environmentally sustainable farming practices [6]. This 

elaboration emphasizes that the push for advanced spraying 

technologies is not merely about increasing productivity but 

also about ensuring the well-being of the farming 

community and minimizing the ecological footprint of 

agricultural activities. The introduction positions these 

advancements as being aligned with the global movement 

towards automation and precision agriculture, where 

technology plays an increasingly vital role in optimizing 

every aspect of crop production. It concludes by stating the 

paper's objective: to comprehensively review the evolution 

of pesticide sprayer technology in India, from rudimentary 

manual methods to the cutting-edge of automated and 

precision systems, thereby setting the context for the 

subsequent detailed discussion of these advancements. 

 

Evolution of Pesticide Sprayer Technologies in India 

The landscape of pesticide application in India has 

witnessed a gradual but significant evolution over the 

decades: 

 

Traditional Manual Sprayers: The most prevalent method 

historically and even currently, especially among 

smallholder farmers, involves manual sprayers such as 

knapsack sprayers, hand-operated pumps, and foot-operated 

sprayers [8]. While these are relatively inexpensive and 

require no external power source, they are characterized by 

low efficiency, uneven application, high labor intensity, and 

significant health risks to the operator due to direct exposure 

to pesticides [9]. The physical strain associated with carrying 

and operating these sprayers also contributes to farmer 

fatigue and potential musculoskeletal problems. 

 
Engine-Powered Sprayers: The introduction of engine-

powered sprayers, including motorized knapsack sprayers 

and boom sprayers attached to power tillers or small 

tractors, marked an advancement in terms of coverage area 

and reduced manual effort [10]. These sprayers offer higher 

discharge rates and can cover larger fields more quickly. 

However, they still require manual operation and expose the 

operator to pesticides, albeit potentially to a lesser extent 

than purely manual sprayers. Furthermore, their higher cost 

and fuel requirements can be a barrier for many small-scale 

farmers. 

 

Tractor-Mounted Boom Sprayers: For larger 

landholdings, tractor-mounted boom sprayers represent a 

significant step towards increased efficiency and coverage 
[11]. These sprayers utilize hydraulic or pneumatic systems to 

deliver pesticides through multiple nozzles mounted on a 

wide boom, allowing for the treatment of several rows of 

crops simultaneously. While they reduce manual labor and 

increase application speed, they still often lack sophisticated 

control systems for precise application and can be expensive 

for small and marginal farmers. 

 

Emergence of Automated and Precision Sprayers 

The latest phase in the evolution of pesticide sprayer 

technology in India is characterized by the integration of 

automation and precision agriculture principles [12]. This 

involves the development and adoption of systems that 

utilize sensors, microcontrollers, wireless communication, 

robotics, and drone technology to optimize pesticide 

application. These advanced systems aim to address the 

limitations of traditional sprayers by enhancing efficiency, 

improving safety, reducing environmental impact, and 

enabling targeted pest management. 

 

Technological Advancements in Pesticide Sprayers in 

India: The shift towards more efficient and safer pesticide 

application in India is being driven by the integration of 

several key technological advancements: 

 

Microcontrollers and Embedded Systems  

Microcontrollers like the NodeMCU ESP32, Arduino, and 

Raspberry Pi act as the intelligent core of automated 

sprayers [7, 13]. They are essentially small, low-power 

computers that can be programmed to control various 

functions based on inputs from sensors or instructions from 

a user. The elaboration emphasizes their role in processing 

data from sensors (e.g., crop detection, obstacle avoidance), 

controlling actuators (e.g., pumps, motors for nozzle 

movement), and managing communication with wireless 

modules. The low cost and versatility of these platforms 

make them particularly suitable for developing affordable 

and customizable solutions that can be adapted to the 

specific needs of Indian farmers and various cropping 

systems. The open-source nature and large community 

support for platforms like Arduino and Raspberry Pi also 
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facilitate innovation and the development of locally tailored 

applications. 

 

Sensor Technologies for Crop and Pest Detection 

This part delves deeper into the specific types of sensors and 

their applications. For ultrasonic sensors, the elaboration 

clarifies their function in emitting sound waves and 

measuring the time it takes for the echo to return, thus 

enabling non-contact distance measurement crucial for 

maintaining a consistent spray distance and avoiding 

collisions with obstacles or crops [14]. For Infrared (IR) 

sensors, it explains their ability to detect the heat signature 

of plants, allowing the sprayer to differentiate between 

vegetation and bare soil, thus enabling targeted spraying [7]. 

Color sensors are further elaborated as devices that can 

identify the spectral reflectance of objects, potentially 

distinguishing between different plant types or even 

detecting early signs of stress or disease based on color 

changes [7]. The elaboration also highlights the potential of 

more advanced technologies like hyperspectral imaging 

(capturing data across a wide range of the electromagnetic 

spectrum to reveal subtle differences in plant health and 

composition) and computer vision (using cameras and 

image processing algorithms to identify specific pests, 

diseases, or weeds based on visual characteristics) [15], 

which are paving the way for highly localized and precise 

pesticide application, minimizing off-target spraying and 

reducing overall chemical usage. 

 

Wireless Communication and Remote Control 

This section emphasizes the significance of wireless 

technologies like Bluetooth and Wi-Fi in enhancing farmer 

safety and operational convenience. The detailed explains 

how Bluetooth provides short-range communication, ideal 

for direct control of a sprayer from a nearby mobile device, 

as seen in the NodeMCU ESP32 project [7]. Wi-Fi, with its 

longer-range capabilities, can enable more sophisticated 

control and monitoring, potentially allowing farmers to 

manage spraying operations from a greater distance or even 

through cloud-based platforms [16]. The elaboration also 

highlights the potential for real-time monitoring of crucial 

spraying parameters like flow rate (the amount of pesticide 

being dispensed per unit time) and coverage (the area of the 

crop being treated), providing farmers with valuable 

feedback on the effectiveness and efficiency of the spraying 

operation. This data can also be logged and analyzed to 

optimize future spraying schedules and application rates. 

 

Robotics and Autonomous Navigation  

Mobile robots equipped with spraying systems that can 

operate autonomously in agricultural fields [17]. It explains 

that these robots utilize a combination of technologies for 

navigation, including GPS (Global Positioning System) for 

outdoor positioning, IMUs (Inertial Measurement Units) to 

track orientation and movement, and computer vision 

systems (using cameras and AI algorithms to perceive the 

environment, identify rows, and detect obstacles). The 

elaboration highlights the potential of these robots to work 

for extended periods without human intervention, covering 

large areas efficiently and consistently. This can 

significantly reduce the need for manual labor, especially 

for repetitive and physically demanding tasks like spraying. 

Furthermore, autonomous robots can be programmed with 

precise spraying paths and application rates, leading to 

improved uniformity and reduced chemical wastage 

 

Drone-Based Pesticide Application 

Advantages and functionalities of using Unmanned Aerial 

Vehicles (UAVs) or drones for pesticide spraying [18]. The 

elaboration emphasizes their ability to cover large and often 

inaccessible fields rapidly. GPS-based navigation allows for 

precise flight paths and consistent spray coverage. Drones 

can be equipped with multiple nozzles to achieve uniform 

application over a wider swath. The elaboration also 

highlights the increasing integration of sensors and imaging 

capabilities on drones, enabling them to perform variable 

rate spraying based on real-time assessments of crop health 

(using multispectral or hyperspectral cameras) and pest 

infestations (using computer vision algorithms to identify 

pest hotspots) [19]. This targeted application minimizes the 

amount of pesticide used and reduces the risk of off-target 

drift, contributing to environmental sustainability. The 

elaboration also touches upon the regulatory aspects and 

safety protocols that need to be considered for the 

widespread adoption of drone spraying in India. 

 

Precision Spraying Systems and Variable Rate 
Technology (VRT): Precision spraying aims to apply the 

right amount of pesticide at the right place and the right time 
[20]. It emphasizes the core principle of applying the "right 

input, at the right rate, at the right time, and in the right 

place." The elaboration explains that VRT systems rely on 

the integration of GPS technology to map field variability in 

terms of pest pressure, weed density, soil properties, and 

crop health. This data is then used to create prescription 

maps that guide the sprayer to automatically adjust the 

application rate of pesticides as it moves across the field. 

The elaboration highlights the significant benefits of VRT, 

including substantial reductions in the total amount of 

pesticide used (leading to lower input costs and reduced 

environmental impact), improved pest control efficacy by 

targeting problem areas more effectively, and enhanced crop 

yields and quality due to optimized resource management. 

The integration of advanced sensors and real-time data 

analysis is further enhancing the capabilities of VRT 

systems, allowing for dynamic adjustments to spraying 

parameters based on immediate field conditions. 

 

The Case of Automatic Pesticide Spraying Machine with 

NodeMCU ESP32 
The "Design & Development of Automatic Pesticide 

Spraying Machine" project, utilizing a NodeMCU ESP32 

microcontroller and Bluetooth communication [7], 

exemplifies the application of modern technology to address 

the limitations of traditional pesticide spraying in India. The 

key aspects of this project highlight the trends in automated 

sprayer development: 

 

Enhanced Farmer Safety: The primary objective of the 

system is to minimize direct human contact with harmful 

pesticides by enabling remote operation via Bluetooth. 

 

Cost-Effective Design: The use of the NodeMCU ESP32 

(fig.1 [7]), a low-cost and versatile microcontroller, aims to 

make the technology accessible to a wider range of farmers.
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Fig 1: NodeMCU ESP32 modelled prototype 

 

Simplified Operation: The programming simplicity of the NodeMCU platform, similar to Arduino, facilitates easier 

development and potential user adoption (Fig 2 [7]). 

 

 
 

Fig 2: Conceptual Block Diagram for development of product 

 

Basic Automation for Improved Efficiency 

The integration of IR and color sensors for crop detection 

allows for automated spraying based on the presence of 

plants, potentially reducing pesticide wastage in non-

cropped areas. 

Mechanical System for Targeted Application 

The incorporation of a rack and pinion mechanism for 

nozzle movement suggests an effort to achieve better 

vertical coverage of crops [Fig 2 & 3 [21]]. 

https://www.biochemjournal.com/


 

~ 639 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   

 

 
 

Fig 3: Concept Generation and Selection 

 

 
 

Fig 4: wheel operated pesticides sprayer 
 

This project, while a specific example, reflects the broader 

movement towards developing affordable and user-friendly 

automated pesticide spraying solutions that prioritize farmer 

safety and application efficiency in the Indian agricultural 

context. 

 

Challenges and Opportunities for Adoption in Indian 

Agriculture: Despite the significant advancements in 

pesticide sprayer technology, their widespread adoption in 

Indian agriculture faces several challenges: 

 

Affordability and Accessibility: The high initial cost of 

advanced sprayers, particularly robotic and drone-based 

systems, remains a major barrier for small and marginal 

farmers who constitute the majority of the agricultural 

population in India. 

 

Technical Expertise and Maintenance: Operating and 

maintaining sophisticated electronic and mechanical 

systems requires technical skills that may not be readily 

available in rural areas. Access to trained technicians and 

spare parts is crucial for ensuring the long-term viability of 

these technologies. 

 

Infrastructure Limitations: Reliable power supply for 

operating electric sprayers and charging drone batteries, as 

well as adequate internet connectivity for remote control and 

data transmission, can be limiting factors in many rural parts 

of India. 

 

Scalability and Adaptability: The diverse cropping 

systems, field sizes, and terrains across India necessitate the 

development of adaptable and scalable spraying solutions 

that can cater to a wide range of agricultural practices. 

 

Digital Literacy and Farmer Training: Effective adoption 

of advanced sprayers requires farmers to possess a certain 

level of digital literacy and receive adequate training on 

their operation, maintenance, and data interpretation. 

 

Regulatory Framework and Safety Concerns: The use of 

drones for pesticide spraying, in particular, requires a clear 

regulatory framework to address safety concerns and ensure 

responsible application. 

However, there are also significant opportunities for the 

increased adoption of advanced pesticide sprayers in India: 
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Growing Awareness of Farmer Health and Safety: The 

increasing recognition of the health hazards associated with 

manual pesticide application is driving the demand for safer 

alternatives. 

 

Government Initiatives and Subsidies: Government 

support through subsidies and awareness programs can play 

a crucial role in making advanced spraying technologies 

more accessible to farmers. 

 

Emergence of AgriTech Startups and Innovation: A 

growing number of AgriTech startups in India are 

developing innovative and cost-effective spraying solutions 

tailored to the needs of local farmers. 

 

Potential for Precision Agriculture: The adoption of 

precision spraying technologies can lead to significant 

reductions in pesticide usage, benefiting both the 

environment and the farmers' input costs. 

 

Increased Efficiency and Productivity: Automated and 

advanced sprayers can improve the efficiency and speed of 

pesticide application, allowing farmers to manage larger 

areas more effectively and potentially increase yields. 

 

Conclusion: Towards a Future of Safe, Efficient, and 

Precision Pesticide Application in India 

The advancements in pesticide sprayer technology in Indian 

agriculture represent a crucial step towards addressing the 

long-standing challenges associated with crop protection. 

The evolution from traditional manual sprayers to 

automated and precision systems holds immense potential 

for enhancing farmer safety, improving application 

efficiency, reducing environmental impact, and contributing 

to more sustainable agricultural practices. The integration of 

microcontrollers, sensors, wireless communication, robotics, 

and drone technology is paving the way for a future where 

pesticide application is more targeted, efficient, and less 

hazardous. 

The conclusion underscores the crucial role of the 

integration of various digital technologies, including 

microcontrollers, sensors, wireless communication, robotics, 

and drone technology [7, 13, 16, 17, 18]. It highlights the example 

of the NodeMCU ESP32-based automatic sprayer as a 

testament to the ingenuity and focus on developing cost-

effective and user-friendly solutions tailored to the specific 

needs of Indian farmers [7]. The case study of the NodeMCU 

ESP32-based automatic sprayer highlights the ingenuity and 

focus on developing cost-effective and user-friendly 

solutions for Indian farmers. However, realizing the full 

potential of these advancements requires a concerted effort 

from all stakeholders, including government agencies, 

research institutions, technology developers, extension 

services, and the farming community. Addressing the 

challenges related to affordability, technical expertise, 

infrastructure limitations, and digital literacy is crucial for 

ensuring the widespread and effective adoption of these 

technologies. 

Looking towards the future, the conclusion envisions an 

agricultural landscape in India where pesticide application is 

increasingly guided by the principles of precision 

agriculture [20]. It anticipates a greater reliance on drone 

technology for efficient and targeted spraying [18, 19], the 

development and deployment of more sophisticated 

autonomous robotic sprayers capable of navigating complex 

field environments [17], and the widespread use of data 

analytics and artificial intelligence for optimized pest 

management strategies in real-time. The elaboration 

emphasizes that realizing this future requires a collaborative 

and sustained effort from all stakeholders. This includes 

proactive policy support from the government, continued 

innovation and the development of affordable technologies 

by research institutions and the private sector (including 

AgriTech startups), robust extension services to facilitate 

farmer training and technology transfer, and a willingness 

among the farming community to embrace these new tools 

and practices. The conclusion ends on an optimistic note, 

highlighting the potential of these advancements to usher in 

an era of safer, more efficient, and environmentally 

sustainable pesticide application in India, ultimately 

contributing to a more resilient and prosperous agricultural 

sector that benefits both the farmers and the nation as a 

whole. 
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