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ABSTRACT: The research paper titled 'Smart Farming: AI and IoT in Agriculture' delves into the impact of artificial 

intelligence (AI) and the internet of things (IoT) on modern agriculture. It provides an in-depth analysis of how these 

advanced technologies are reshaping farming practices, addressing aspects such as supply chain optimization, food 

safety, crop management, and livestock surveillance. This article investigates how big data analytics can be integrated 

with significant technology innovations like sensor networks, drones, and blockchain to improve agricultural 

productivity, resource efficiency, and sustainability. Through an examination of the advantages and difficulties 

associated with integrating AI and IoT in agriculture—such as financial constraints, deficiencies in digital skills, and 

problems with data administration—the study emphasizes the need for creative solutions and policies that foster 

innovation. The study also analyses the socio-economic implications of these technologies, specifically emphasizing 

their potential to transform traditional agricultural practices, improve food security, and advance environmental 

sustainability. It closes with a forecast of future advancements and the ongoing expansion of intelligent farming 

systems, underscoring the essential role that AI and IoT will have in providing food for the increasing global population 

and tackling climate change concerns.  
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I. INTRODUCTION 
 

Artificial intelligence (AI) and the Internet of Things integrated early in agriculture, causing a massive disruption 

within this industry. Critical issues including environmental sustainability, food security, and financial strains on 

farmers are increasingly being addressed with the help of these technologies. Traditionally employed in the consumer 

and industrial sectors, AI and IoT are increasingly being leveraged to improve agricultural production, sustainability, 

and efficiency [1]. 

 

Robust Analysis: Artificial Intelligence (AI) uses neural networks and machine learning algorithms to analyse the 

extensive data across multiple input sources. With the ability to make accurate, data-driven judgments, this skill is 

revolutionizing crop management, disease detection, and resource optimization. The health of the cattle and crop 

harvests are enhanced by these developments. Concurrently, real-time monitoring of agricultural metrics including soil 

moisture, weather, and crop health is made possible by IoT networks, which are made up of networked sensors and 

equipment. Farmers are able to improve farm management methods by making timely and informed decisions thanks to 

this ongoing data collecting [2]. 

 

The convergence of IoT and AI signals a move toward smart farming. Satellites, drones, and remote sensing 

technologies provide extensive agricultural environment monitoring. AI-powered analytics improve problem-solving 

for particular farming difficulties, while IoT-enabled networks facilitate effective agricultural process detection and 

management [3]. 

 

However, there are a number of difficulties in incorporating AI and IoT into agriculture. Significant barriers include the 

high cost of implementation, the requirement for a strong infrastructure, concerns about data protection, and the lack of 

digital skills among farmers. The industry also has to deal with outside variables such environmental deterioration, 

climate change, and socioeconomic problems in rural areas [4]. 

 

Absent these hurdles, the possible benefits of AI and IoT in agriculture are vast. They enable precision farming, 

sustainability, and resource management (i.e. Soil info). Benefit-led promotion of AI and IoT in agriculture is actually 

what governments and the stakeholders are pushing across the world [5].  
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II. LITERATURE SURVEY 
 

IoT's revolutionary effects in agriculture [6, 7]: 
The adoption of IoT in agriculture has become a game changer and the integration is creating a fundamental shift to 

traditional farming methods. Today, IoT solutions such as soil moisture sensors, weather stations, and crop health 

monitors are an important step that enable real-time sensing of relevant information for data-driven agriculture. 

Farmers can most fully realize the value of these technologies when they are used to inform practical and timely 

decisions, such as timing optimal irrigation based on actual water requirements. IoT further aids in enabling precision 

farming whereby the wastage and environmental degradation are addressed by delivering resource efficacious 

applications of fertilizers, pesticides, etc. 

 
AI Encouraging Agricultural Decision-Making [8, 9]: 
One of the major applications where there is a direct relation with decision making and AI playing an important role in 

the Agriculture Sector. Utilizing advanced algorithms, AI processes large datasets from various drones and IoT devices 

to predict when the best time is for planting crops depending on soil conditions, determine where a pest outbreak might 

be located considering heat signatures in photographs, or recommend when to harvest with minimal spoilage. This 

previously impossible level of precision marks the dawn of a new age in agriculture, where AI-based tools like image 

recognition allow for early identification and treatment intervention as well.  

 
Taking Care of Adoption Challenges with Technology [10, 11]: 
Although there is so much to be gained on the facets that have been explained above, there are some challenges that 

come with the use of such technologies in agriculture. The implementation costs are also very high, a factor that would 

greatly affect the small-scale farmers, especially assuming the initiator of the change is from that background. Besides, 

the dependence on stable internet connection becomes a major concern in remote areas. The need to secure collected 

data is seen as crucial, answered by the use of blockchain technology, offering the immutability of the collected data 

regarding the chain of supply of food products. 

 
AI and ML are revolutionizing farming [12, 13]: 
As the focal point of AI and Machine Learning (ML) takes center stage, our dated farming procedures proceed head 

first into this new era in agriculture. Some examples where artificial intelligence (AI) algorithms are already used 

include the increasing ability to predict yields, diagnose illness, and provide valuable insights into management 

practices for livestock and crops. This is what makes precision agriculture possible, through which farmers are able to 

better manage resources and reduce their environmental footprint. 

 
Improving Sustainability in IoT Devices via Energy Harvesting [14, 15]: 
IoT devices in farming are becoming more sustainable thanks to energy harvesting tech, which shows big steps toward 

caring for the environment. These ground breaking fixes let IoT devices tap into green energy like solar power. This 

cuts down on using old-school power sources and leaves a smaller mark on nature. Energy harvesting shines in out-of-

the-way places where it's hard to get power from the grid. It keeps IoT devices running non-stop without needing to 

swap out batteries all the time. 

 
Agricultural Future Trends and Emerging Technologies 
It is worth mentioning that future advancements in the sphere could be the key to even more developments in the 

sphere of technology. The sector is ready for a change due to advance genetic tools, robotics, and drones and so on. The 

very fact that such breakthroughs can fit perfectly into the broad concept of AI and IoT and can cooperate in the 

framework of the agriculture is inspiring from the perspective of the productivity boost and sparing the nature’s 

resources in this sphere. 

 

AI and IoT brings a new approach to agriculture making it more efficient and less environmentally damaging. 

Promising trends with regards to future developments of smart agriculture are expected by increased technical 

incorporation and application, although issues such as cost, connection, and data protection pose challenges in the 

application of smart agriculture. Sustaining innovation and investment could create a significant impact on the greater 

global goal of providing for humanity’s growing food needs sustainably. 
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III. COMPARATIVE STUDY 
 
Basic differences between the contemporary farming and the farming with the AI and IoT application can be compared 

in the table 1 below. It proves how AI and IoT enhance sustainability efficiency and accuracy within various farming 

sectors such as yields, resources, and pest. The combination of AI and IoT is composed of data analysis and automation 

of shown decisions while non-advanced methods are largely based on employees’ talent and experience. This could 

translate to pushing up yields, exerting lesser negative impact on the environment, and utilization of resources in the 

best manner possible. 

 

Table 1: Comparison of AI and IoT based agriculture with traditional techniques of farming 

 

Feature Classic Farming Techniques Smart Tech in Farming 

Managing 

Resource 

In the past, farming methods have 

frequently resulted in inefficient resource 

allocation since they have been based on 

experience and intuition. 

Precision resource management through 

data-driven insights is made possible by 

the integration of AI and IoT, which 

reduces waste and maximizes resource use. 

Crop Monitoring The method used in tradition approaches is 

the manual monitoring, very tiresome and 

leads to a lot of errors. 

Enabled by sensors and drone, AI and IoT 

increases efficiency of intelligent 

monitoring to provide and update 

information on the status of crops and the 

environment. 

Decision Making In traditional farming, experience and 

customs influence decision-making, which 

occasionally leads to less-than-ideal 

decisions. 

Decision making as influenced by artificial 

intelligence acquire real-time data 

analytics for improved decisions in the 

management of farms. 

Environmental 

Impact 
Traditional farming practices can have a 

significant environmental impact due to 

high resource consumption and potential 

pollution. 

Applications of AI and IoT encourage 

resource optimization and sustainable 

farming methods, which lessen 

environmental impact and improve 

ecosystem health. 
Adaptability and 

Learning 
Conventional farming techniques depend 

on the personal growth and adjustment of 

each farmer throughout time. 

Artificial intelligence (AI) algorithms 

enable ongoing learning and adaptation by 

utilizing data insights to raise productivity 

and operational efficiency over time. 

Cost Traditional farming techniques can have 

different upfront costs, and long-term costs 

could result from possible inefficiencies. 

Even while AI and IoT technologies may 

require a larger initial investment, higher 

yields and more efficiency over time result 

in lower long-term costs. 

Accessibility to 

Farmers 

Although farmers vary in their knowledge 

and use of technology, traditional farming 

practices are frequently available. 

For some farmers, especially those in 

isolated or underserved areas, access to AI 

and IoT technologies presents accessibility 

challenges because they require sufficient 

infrastructure, internet connectivity, and 

training. 

 
IV. IMPLEMENTATION 

 
Smart Irrigation System combines the functionality of the hardware parts to measure the moisture in the soil and adjust 

irrigation. To feedback part, a relay and motor driver control a water pump by receiving data from a soil moisture 

sensor, and transferring it to the NodeMCU (ESP8266) microcontroller. Which is operated by the smart irrigation app, 

makes right decision about using water and periods of irrigation, increases crop productivity, and promotes sustainable 

agriculture. 
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4.1 Block Diagram 
 

 
 

Fig 1. Block Diagram of the Smart Irrigation System 

 

IoT Gateway: The microcontroller used in this IoT is the NodeMCU (ESP8266) which receives the data from the soil 

moisture sensor and sends it to the smart irrigation app. 

 

Communication Network: Wi-Fi is applied for stable connection for transmitting data from moisture sensor to 

NodeMCU and further to the app. 

 

User Interface: The smart irrigation app is established as the primary interface which offers the user the capability to 

view the moisture status of the soil, gain information on the desired and current watering schedules and make the 

necessary alterations. 

 

Actuators: The motor driver triggered by the NodeMCU relay controls the water pump to water the soil depending on 

the data given by a sensor. 

 

Power Supply: In this project, the NodeMCU, sensor, relay, motor driver and all the connected components are 

supplied with efficient power supply. 

 

This block diagram is used to represent flow of data from soil moisture sensor to NodeMCU and then to smart 

irrigation application controlling the water pump which is connected with help of relay and motor driver. The metabolic 

arrangement thus allows for constant supervising, scrutinizing together with wise watering, thus serves water 

conservancy and farming proficiency. 

 

4.2 Circuit Diagram 
 

 
 

Fig 2. Circuit Diagram of the Smart Irrigation System 
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Fig 3. Schematic Diagram of the Smart Irrigation System 

 

Figure 3 highlights a schematic view of the developed system. An IoT based smart irrigation system is a system that 

uses various components of IoT so as to control the watering of crops or plants. Below is an outline of a common 

schematic for such a system: Water Supply: The system then starts with a supply of water which could be from a well, 

treated municipal water or water harvested from the roof. This source affords the required water that we use for 

irrigating crops. 

 

Soil Moisture Sensor: Measures the moisture content in the soil to determine if irrigation is needed. 

Water Pump: Operated by the relay module to draw water and distribute it throughout the irrigation system. 

NodeMCU (ESP8266): Acts as the controller; it collects data from the soil moisture sensor and controls the water 

pump. It uses Wi-Fi for connectivity on the internet for remote monitoring and controlling and thus serves as the IoT 

interface to the sensor, control unit and the smart irrigation application. 

 

9V Battery: Provides power to the NodeMCU, relay module, and water pump. 

LCD I2C Module: Provides a visual display of the soil moisture levels and system status. 

 

4.3 Working 
The YL-69 is inserted into the ground to take soil moisture level measurement. The I2C module that is an LCD shows 

the status of the water pump (ON/OFF and the moisture content in the soil. The water supply system entails the use of a 

submersible pump regulated through a relay module for supplying water to the plants. The NodeMCU microcontroller 

links all these components because they are a HTTP Web APIs, relay, power source and monitor. To control and 

supervise the moisture parameters there is the Blynk IoT application. It can work automatically determining the soil 

moisture but there is an opportunity to control it manually. Last of all, it displays these parameters on the dashboard of 

the used device. 
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4.4 Flow Chart 
 

 
                                                            

Fig 4. Flow Chart 

 

4.5 Experimental Result 
 

         
 

Fig 5.1 Hardware Setup of the System 

http://www.ijmrset.com/


International Journal of Multidisciplinary Research in Science, Engineering and Technology (IJMRSET) 

                       | ISSN: 2582-7219 | www.ijmrset.com | Impact Factor: 7.521| Monthly, Peer Reviewed & Referred Journal| 

| Volume 7, Issue 7, July 2024 | 

| DOI:10.15680/IJMRSET.2024.0707261 | 

IJMRSET © 2024                                                   |     An ISO 9001:2008 Certified Journal   |                                                 13326 

 

 

 

 
 

Fig 5.2 Soil moisture sensor output for dry sample 

 

 
 

Fig 5.3 Soil moisture sensor output for wet sample 

 

V. CONCLUSION 
 

In summary, our research dives into how the Internet of Things (IoT) & Artificial Intelligence (AI) changing farming. 

This shift is causing a huge impact on the agriculture industry! The findings show that these cool technologies are 

starting a new era of precision farming and more sustainable practices, which is really exciting. 

 

1. Enhanced Efficiency and Productivity: Precision farming, which maximizes resource use and increases crop 

yields, is made easier by the combination of AI and IoT. Farmers can make well-informed decisions thanks to real-time 

data analysis, which is altering conventional farming practices. 

 

2. Sustainability and its Effect on the Environment: AI and IoT reduce waste, adjust to climate change, and 

encourage environmentally friendly farming methods, all of which support sustainable agriculture practices. With the 

help of these technologies, farming's environmental impact can be reduced while maintaining long-term sustainability. 

 
3. Adoption and Implementation Challenges: The application of AI and IoT in agriculture has advantages, but there 

are drawbacks as well, including significant upfront expenditures, a need for technical know-how, and infrastructure 
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obstacles. In order to guarantee broad acceptance and optimize the advantages of new technologies, these issues must 

be resolved. 

 
4. Effects on Employment and Labor: The integration of AI and IoT changes the labor dynamics in agriculture by 

decreasing the necessity for physical labor and raising the demand for new skill sets. It is essential to build training and 

teaching programs to enable farmers and agricultural laborers to use these technologies. 

 
5. Future-Prospective Development and Innovation: Agriculture's future depends on ongoing innovation and 

expansion propelled by IoT and AI. Future concerns can be addressed and agricultural techniques further 

revolutionized by emerging technologies like gene-editing, blockchain, and advanced robotics. 

In conclusion, the study highlights just how game-changing AI & IoT can be for today’s farming. There are so many 

thrilling opportunities to boost productivity, sustainability, & efficiency with these new tech tools. But we must also 

tackle challenges and make sure we use them ethically. If we find a good balance between what farmers need and 

caring for the environment, we can build a bright & sustainable future for agriculture together! 

 
6. Future Scope of the Research 
As farming changes with the rise of Artificial Intelligence (AI) and Internet of Things (IoT), it’s important to find cool 

new areas research. This helps tackle problems & supports sustainability. 

 

1. Genetics and Advanced Crop Breeding: In order to ensure food security, research should examine how AI might 

hasten the creation of high-yield, disease-resistant crop types suited to certain environmental circumstances. 

 
2. Robotic farming integration: Examining AI-enabled robots and self-governing equipment for meticulous 

operations including as planting, harvesting, and weed management can increase productivity and decrease reliance on 

human labour. 

 
3. AI-Powered Disease and Pest Control: Future research can concentrate on AI-driven systems for early disease and 

pest detection and management, along with predictive models to foresee outbreaks and suggest solutions. 

 
4. Blockchain Technology for Food Tracking: Food traceability and transparency can be improved by checking out 

how blockchain tech works with IoT sensors. This would let us track our food in real-time from the farm our plates. 

Research can encourage innovation, accessibility, and sustainability in farming techniques as agriculture adopts AI and 

IoT, which will assist farmers and the world's food security. 
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