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Abstract 

A style of farming that makes use of technology and data to maximize the throughput and efficiency of 

farming techniques is stated to as smart agriculture. This method of farming is also often referred to as 

precision farming or digital farming. The fact that this invention in the agricultural sector has the 

impending to radically transmute how users cultivate and produce food makes it an extremely hopeful 

and exciting development. Although Internet of Things (IoT) sensors can collect data regarding 

agricultural areas and respond appropriately based on customer input, the concept of smart agriculture 

is still in its infancy. The purpose of this study is to propose the creation of a smart agriculture system 

that makes use of cutting-edge tools like IoT, NodeMCU, and wireless sensor networks (WSN). To 

accomplish the purpose of the paper, automation, and developing technologies, like IoT and smart 

agriculture, will be utilized. Keeping a close eye on the conditions in the surrounding area is one of the 

most important strategies to boost the quantity of successful crops that are produced. Within the scope 

of this work, the development of a system that monitors moisture, temperature, and humidity through 

the utilization of sensors based on a NodeMCU is discussed. 
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INTRODUCTION 

Smart agriculture is a farming approach that exploits technology and data to optimize the efficiency 

and productivity of farming practices [1–5]. This emerging trend in agriculture engineering has 

impended the need to transfigure the way we cultivate and harvest food, making it a highly promising 

and exciting development. The most noteworthy role of smart agriculture is to decrease waste and 

increase crop yields [6, 7]. Farmers can use drones, sensors, and additional cutting-edge tools to gather 

information on crop health, nutrient levels, and soil moisture, enabling them to make defensible choices 

[8–10], irrigation, fertilization, and other inputs. This precision farming approach guarantees that crops 

obtain the exact resources they need, resulting in healthier plants and higher yields. 

 

Furthermore, smart agriculture can lead to more workable and ecologically friendly agribusiness 

practices. With the support of data and technology, farmers can lessen their usage of herbicides, 

fertilizers, and pesticides, minimizing their impression of the environment and preserving natural 

resources. This not only harms the planet but also 

reduces costs for farmers in the long run [11–14]. 

 

In addition to improving crop production and 

sustainability, smart agriculture offers several 

economic benefits. By optimizing inputs and 

reducing waste, farmers can save costs and increase 

profits. The use of automation and robotics in 

farming can also lead to reduced labor costs and 

increased efficiency, allowing farmers to focus on 

supplementary aspects of their maneuvers [15–20]. 

Another advantage of smart agriculture is its 
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potential to improve food safety and traceability. With the use of sensors and tracking systems, can 

farmers observe and record the entire production process, from seed to harvest, ensuring the care and 

worth of their products? This can be especially beneficial for consumers who are increasingly concerned 

about the sources and quality of their food [21–24]. 
 

Nonetheless, like any new tool, smart agriculture also has challenges and limitations. Early 

investment in equipment and technology may be expensive for some farmers, making them inaccessible 

for smaller operations. Additionally, there may be a learning curve for farmers to understand and 

effectively utilize data and technology [25]. 
 

The idea of “smart agriculture” has the power to revolutionize how we manage our natural resources 

and produce food. It offers numerous benefits, such as increased yields, reduced waste, and improved 

sustainability, making it a promising solution to the challenges facing the agriculture industry. With 

further advancements and the adoption of this technology, we may create a more efficient, sustainable, 

and secure food system for the future. This raises the question of how we can achieve this. What 

elements are required? Here, we must have a basic understanding of electronics, programming, and 

NodeMCUs [26]. 
 

The integration of IoT in smart agriculture systems has transformed the way farming and food 

production are approached. Gone is the day of relying solely on traditional farming methods and human 

labor, and farmers can use cutting-edge technology to monitor and manage their crops and livestock 

with precision and efficiency. As someone passionate about sustainable agriculture and the future of 

farming, I am excited to share my thoughts on IoT in smart agriculture systems [27]. 
 

First, the use of IoT in agriculture has greatly improved the overall productivity and profitability of 

farms. With sensors, drones, and other IoT devices, agriculturalists can collect real-time data on the 

temperature, humidity, soil moisture, and other vital factors that affect crop growth. This enables 

farmers to decide on pest management, fertilization, and irrigation with knowledge, resulting in 

healthier and more abundant crops. In addition, IoT devices may monitor livestock health and comfort, 

enabling farmers to provide timely care and improve animal welfare. 
 

Furthermore, the use of IoT in agriculture has significantly reduced the environmental impact of 

farming. By accurately measuring and controlling inputs, such as water and fertilizers, farmers can 

minimize waste and prevent overuse, which leads to soil degradation and water pollution. This not only 

benefits the environment but also helps farmers save on costs and increase their profits. Furthermore, 

IoT devices can detect changes in weather patterns and alert farmers to potential risks, allowing them 

to take preventive measures and mitigate the impact of natural disasters on their crops [28]. 
 

The most impressive aspect of the IoT in smart agriculture systems is its capability to automate many 

labor-intensive tasks. Through the use of smart sensors and actuators, farmers can remotely control 

irrigation systems, adjust lighting and temperature in greenhouses, and operate machinery. This not 

only lone hoards time and physical labor for farmers but also allows for more precise and efficient 

resource management [29]. Farmers can make data-driven choices for future scheduling and 

optimization by analyzing the data gathered by IoT devices to find patterns and tendencies. Of course, 

similar to any technology, there are also some issues and concerns related to IoT use in agriculture. The 

initial cost of implementing IoT devices and the need for reliable internet connectivity in rural areas 

may be barriers for some farmers. There are also concerns about information privacy and security, as 

sensitive information about farming practices and crop yields is collected and stored [30]. However, 

these challenges can be addressed and managed using appropriate regulations and protocols. 
 

INTERNET OF THINGS 

IoT is a rapidly growing phenomenon that revolutionizes how we live and cooperate with technology. 

As consumers, we have been able to experience the benefits of IoT firsthand, and we must say, we are  
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Figure 1. IoT structure. 

 

impressed. First, the convenience that IoT brings to our daily lives is unparalleled. With the use of smart 

devices such as speakers, thermostats, and home security systems, I can control and monitor my home 

from anywhere in the world. This has not only made my life easier but also more efficient, as I no longer 

must worry about forgetting to turn off the lights or adjust the temperature before leaving the house 

[31]. The IoT structure is illustrated in Figure 1. 

 

Moreover, the integration of IoT in various industries has greatly improved efficiency and 

productivity. For instance, in healthcare, the use of wearable devices and sensors has allowed remote 

patient monitoring, leading to faster diagnosis and better treatment. In farming, IoT sensors collect 

records of soil moisture and temperature, helping farmers make informed decisions about irrigation and 

crop management. These are just a few examples of how IoT is transforming industries and making our 

world a better place [32]. 

 

However, as with any new technology, there are concerns regarding privacy and security. With the 

huge amount of data collected and transmitted through IoT devices, there is a jeopardy of this 

information dwindling into incorrect hands. It is crucial for companies to prioritize security measures 

and for individuals to be aware of risks and take necessary precautions. Overall, we believe that the 

benefits of IoT far outweigh these concerns. There is immense potential for innovation and 

improvement in various aspects of our lives. As we continue to see advancements and developments in 

this field, I am excited to see how IoT will continue to shape our future [33]. 

 
PROPOSED SYSTEM 

The projected system block configuration of the smart agriculture system using NodeMCU [34] is 

shown in Figure 2. In this system, we proposed or employed four moisture sensors [35], 1-temperature 

sensor [36], and 1-humidity sensor [37] connected to NodeMCU-2 [38]. 

 

Components Required 

• NodeMCU-2 

• PCB [39] 

• 4-channel ADC [40] 

• Moisture sensor [41] 

• DHT11 [42] 

 

Steps of Connection and Experimentation 

1. Must upload the code after creating all of the connections. 

2. Attach the NodeMCU Vin to every Soil Moisture Sensor Vcc. 

3. Attach the NodeMCU Vin to the Multiplexer Vcc. 

Temperature 

Humidity 

Pressure 

Motion 

Lux 

IoT gateway/ 

framework 

Cloud 

server 

Mobile 

app 

Wireless 

communication 

Sensors 
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Figure 2. Proposed system structure. 

 

 
Figure 3. Soil moisture sensor connection. 

 

4. Attach the ADC multiplexer’s GND to the NodeMCU GND and all the soil moisture sensors 

ground to the NodeMCU GND. 

5. As shown in Figure 3, the multiplexer was connected to the output of the soil moisture sensor. 

6. Connect other sensors like temperature and humidity to NodeMCU as shown in Figure 3. 

7. Attach NodeMCU d3’s DHT 11 output pin to it. 

8. The output of soil moisture sensors is coupled to A0. 

9. Attach NodeMCU Vin to the DHT 11 Vcc. 

10. Link NodeMCU GND to the DHT 11 GND. 

 

RESULTS AND DISCUSSION 

Once the connections are finished, as shown in Figures 3 and 4, the link transfers the specified code 

(Figure 5) to NodeMCU. Initially, the Thing Speak Channel (Figure 6) was created for a smart agriculture 

system using IoT. The sensor output is displayed on the channel created, as shown in Figure 7. 

 

Smart agriculture using IoT holds immense potential for transforming agricultural practices and 

enhancing efficiency, sustainability, and food security [43]. However, overcoming the challenges of 

cost, data management, and technical expertise is paramount for successful implementation. Addressing 
 

Humidity sensor 

Temperature sensor 

Soil moisture sensor 
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Cloud 
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Soil moisture sensor 3 

Soil moisture sensor 4 

4 channel ADC, ADS1115 module 
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Figure 4. Sensors connections with NodeMCU. 

 

 
Figure 5. Code for NodeMCU. 

 

ethical concerns and mitigating potential societal disruptions is critical. By embracing innovation while 

addressing existing experiments, we can unlock the full latent of smart agriculture to form a more 

sustainable and resilient food system for the future. 

 

The core of smart agriculture lies in its capability to collect and analyze huge amounts of records 

from sensors deployed across farms [44]. These sensors, connected to the internet, can monitor crucial 

parameters such as soil moisture, temperature, light intensity, and even crop health. 

Soil moisture sensor 

DHT11 temp. and humidity sensor 

NODEMCU esp8266 



 

 

Sensor and IoT-centered Smart Agriculture by NodeMCU                                      Kazi Kutubuddin Sayyad Liyakat 

 

 

© STM Journals 2024. All Rights Reserved 29  
 

 
Figure 6. Things speak of the proposed system. 

 

 

 
Figure 7. Output of system. 

 

Although the allure of data-driven insights is immense, the human element remains crucial. Smart 

agriculture tools equip farmers with valuable information, but it is their expertise and understanding 

that translate these data into actionable strategies. This calls for a shift in mindset, from reactive to 

proactive, and from intuition to data-driven decision-making [45]. 

 

Addressing these challenges requires collaborative efforts among governments, research institutions, 

and private companies. Initiatives such as promoting digital literacy, providing financial incentives, and 

developing open-source data platforms can accelerate smart agriculture adoption. 

 

The following are some of the key benefits of smart agriculture: 

• Enhanced efficiency: IoT sensors monitor various environmental factors, such as soil moisture, 

temperature, and light levels. This real-time data allows for optimized irrigation, fertilization, 

and pest control, minimizing resource wastage and maximizing yields. 
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• Improved resource management: By leveraging data from sensors, farmers can achieve precision 

in resource utilization. These include targeted water usage, efficient fertilizer application, 

minimized pesticide use, boosted sustainability, and reduced environmental impact. 

• Predictive analytics: Data analysis of sensor readings coupled with weather forecasts enables 

farmers to predict crop health, disease outbreaks, and potential yield losses. This allows proactive 

interventions and mitigation strategies to prevent financial losses and ensure crop security. 

• Remote monitoring and control: IoT devices allow farmers to remotely monitor their fields and 

manage operations from anywhere with an internet connection. This enables timely intervention, 

reduces labor costs, and allows efficient resource allocation. 

• Increased transparency and traceability: Smart Agriculture systems can track each stage of the 

agricultural process from seeding to harvesting. This provides greater transparency throughout 

the supply chain and enables consumers to make more knowledgeable choices. 

 

CONCLUSION 

The environmental impact of farming has been greatly mitigated by the use of IoT in agriculture. 

Farmers can reduce waste and avoid overuse, which can result in soil degradation and water pollution, 

by precisely measuring and managing inputs such as water and fertilizers. This helps farmers save 

expenses and boost their earnings in addition to helping the environment. IoT devices can also identify 

variations in weather patterns and warn farmers of possible hazards, enabling them to take precautions 

and reduce the effects of natural disasters on their crops. The integration of IoT into smart agriculture 

systems has brought about many benefits and opportunities for the agricultural industry. From increased 

productivity and profitability to improved environmental sustainability and automation, the impact of 

the IoT on farming is undeniable. For IoT security, we will propose a KK approach in the future, and 

we will work on the AI IoT-based agriculture sector and the KSK approach for the agriculture sector. 
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