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Abstract— The rapid advancement of Internet of Things (IoT) technologies has significantly transformed traditional 

agricultural practices by enabling intelligent monitoring and control systems. It  proposes a Cloud-Integrated Smart Seed 

Germination Monitoring and Automatic Irrigation System designed to maintain optimal environmental conditions for 

early plant growth. The system employs a NodeMCU microcontroller with built-in Wi-Fi capability to collect real-time 

data from soil moisture and temperature–humidity sensors installed in seed trays. The collected data is transmitted to a 

cloud platform such as ThingSpeak for remote monitoring, visualization, and analysis. 

The system continuously evaluates soil moisture levels and automatically activates irrigation when the moisture falls 

below a predefined threshold, thereby preventing both under-watering and over-watering conditions. Temperature and 

humidity data are also recorded to analyze environmental suitability for seed germination. By integrating automated 

irrigation with cloud-based monitoring, the proposed system reduces manual intervention, conserves water resources, and 

improves seed survival rate and uniform crop development. Experimental observations indicate that the implementation 

of this system enhances germination consistency and promotes efficient resource utilization. The proposed framework 

demonstrates the practical potential of IoT-enabled smart agriculture solutions for sustainable farming practices. 

Keywords— Soil Moisture Monitoring, Temperature and Humidity Sensing, Cloud Computing, ThingSpeak, Seed 
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1.INTRODUCTION 

In traditional agricultural practices, irrigation and environmental monitoring are primarily performed manually 

[1–2]. Farmers typically inspect soil conditions and water crops based on experience rather than real-time 

measurements. Such manual monitoring methods often lead to overwatering, underwatering, and inefficient 

resource utilization. These limitations significantly affect seed germination rate, plant health, and uniform crop 

growth. 

With recent advancements in Internet of Things (IoT) technology, conventional agricultural systems are 

gradually being replaced by intelligent monitoring and control systems [3–4]. Smart agriculture solutions enable 

real-time sensing of environmental parameters and automated decision-making processes. Various systems have 

been developed using wireless sensor networks and mobile applications to monitor soil moisture and 

atmospheric conditions [5]. However, many existing solutions rely on expensive hardware platforms, complex 

infrastructure, or high-cost automation units, which may not be affordable for small-scale farmers and nursery 

operators. 

In several irrigation automation systems, control mechanisms are designed based on fixed scheduling rather 

than actual soil conditions [6–7]. Such time-based systems do not adapt dynamically to environmental changes, 
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resulting in water wastage and inconsistent seed germination. Furthermore, some advanced solutions require 

high-power controllers and complex integration methods, increasing implementation cost and maintenance 

difficulty. 

To address these challenges, this paper proposes a Smart Seed Germination Monitoring and Automatic Irrigation 

System using NodeMCU (ESP8266) integrated with a cloud platform. The system continuously monitors soil 

moisture, temperature, and humidity in seed trays and transmits real-time data to the cloud for visualization and 

analysis. Based on predefined moisture threshold values, the irrigation pump is automatically controlled through 

a relay module, ensuring optimal water supply for seed germination. 

The proposed model is designed to be cost-effective, energy-efficient, and easy to implement. By integrating 

cloud-based monitoring, users can remotely observe environmental conditions through a web interface or 

mobile dashboard. This approach reduces manual intervention, improves germination consistency, and promotes 

sustainable water management practices. 

The remainder of this paper is organized as follows: Section 2 presents the system architecture and component 

description. Section 3 explains the working principle of the proposed system. Section 4 discusses the 

experimental results and performance analysis. Section 5 highlights the advantages and limitations. Finally, the 

paper concludes with future scope and possible enhancements. 

 

2. LITERATURE SURVEY 

2.1 Traditional Irrigation Control Systems 

 Early irrigation systems were predominantly manual, requiring farmers to monitor soil conditions and operate 

pumps based on experience and visual inspection. These systems lacked precision and often resulted in over-

irrigation or under-irrigation. Time-based irrigation controllers were later introduced to automate watering 

schedules; however, such systems did not account for real-time environmental variations, leading to inefficient 

water utilization and inconsistent plant growth. 

2.2 Sensor-Based Smart Irrigation Systems 

the advancement of embedded systems, researchers began integrating soil moisture sensors with 

microcontrollers such as Arduino to automate irrigation processes. These systems operated based on predefined 

moisture thresholds and significantly reduced manual labor. Although they improved water efficiency, most 

early designs were limited to local monitoring without remote access or data logging capabilities. Additionally, 

many systems did not incorporate multi-parameter monitoring, which is essential during seed germination 

stages. 

2.3 IoT-Enabled Agricultural Monitoring The emergence of Internet of Things (IoT)  

Technology revolutionized agricultural monitoring by enabling real-time data acquisition and remote 

accessibility. Wi-Fi-enabled microcontrollers such as NodeMCU (ESP8266) allowed seamless data 

transmission to cloud servers. Researchers demonstrated that integrating soil moisture, temperature, and 

humidity sensors with IoT platforms enhances monitoring accuracy and enables dynamic irrigation control. 

These systems provided dashboards accessible through web and mobile applications, allowing farmers to 

monitor field conditions from remote locations. 

2.4 Role of Cloud Platforms in Smart Agriculture Cloud platforms 

 ThingSpeak and ThingBoard play a vital role in agricultural data management by offering storage, 

visualization, and analytical tools. A review by Kaur et al. (2021) emphasized that cloud-integrated irrigation 

systems improve decision-making through historical data analysis and graphical representation of 
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environmental trends. The study reported significant improvement in water conservation when irrigation 

decisions were based on real-time cloud data rather than fixed schedules. 

Similarly, Sharma and Patel (2020) developed an IoT-based soil monitoring framework using NodeMCU and 

cloud dashboards, demonstrating reduced human intervention and improved crop productivity. However, the 

system was primarily designed for large-scale applications and required multiple hardware components, 

increasing overall system cost. 

2.5 Limitations of Existing Systems 

 Despite technological advancements, several limitations remain in existing smart agriculture solutions: 

High implementation cost in advanced greenhouse systems 

Complex hardware architecture requiring multiple actuators 

Lack of specialization for seed germination stage 

Limited focus on nursery-level or small-scale applications 

Energy consumption concerns in continuous monitoring systems 

Most existing models are designed for general crop monitoring rather than specifically targeting controlled seed 

germination environments, where precise moisture regulation is critical for uniform sprouting. 

2.6 Research Gap and Motivation From the reviewed literature 

 It is evident that while IoT-based irrigation systems are widely explored, there is a need for a simplified, cost-

effective, and cloud-integrated solution specifically tailored for seed germination monitoring. Maintaining 

optimal soil moisture during early plant development is crucial for improving germination rate and ensuring 

consistent crop growth. 

The proposed Smart Seed Germination Monitoring and control System addresses this gap by integrating real-

time sensing, automatic moisture-based irrigation control, and cloud visualization within a compact and 

affordable architecture suitable for nursery-scale implementation. 

3. PROPOSED METHODOLOGY 

The proposed Smart Seed Germination Monitoring and Automatic Irrigation System is designed to maintain 

optimal soil moisture conditions during the critical seed germination stage. The methodology integrates real-

time sensing, cloud-based monitoring, and automatic irrigation control using a NodeMCU (ESP8266) 

microcontroller. 

The system continuously monitors soil moisture, temperature, and humidity in seed trays. Based on predefined 

threshold values, irrigation is automatically triggered when the soil moisture falls below the required level. 

Simultaneously, environmental data is transmitted to a cloud platform for visualization and analysis. 

3.1 System Overview 

The methodology consists of three primary stages: 

1. Data Acquisition – Sensors collect environmental parameters. 

2. Data Processing & Decision Making – NodeMCU evaluates moisture threshold. 

3. Control & Cloud Communication – Pump activation and data upload. 
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3.2 Block Diagram of the Proposed System 

 

 

 

                                      

3.3 Working Flow Chart 
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3.4 Advantages of Proposed Methodology 

 Real-time monitoring 

 Automatic irrigation control 

 Reduced water wastage 

 Improved germination consistency 

 Remote cloud access 

 Low-cost implementation 

 

 

4. RESULTS AND DISCUSSION 

The proposed Smart Seed Germination Monitoring and control System was implemented and tested under 

controlled nursery conditions to evaluate its performance in maintaining optimal soil moisture levels during 

seed germination. 

 

4.1 Experimental Setup 

 

Fig.1  image of prototype 

http://www.jetir.org/


© 2026 JETIR February 2026, Volume 13, Issue 2                                                www.jetir.org (ISSN-2349-5162) 

JETIR2602468 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e494 
 

 

Fig. 2    Placement of setup in field area 

The prototype consisted of: 

 NodeMCU (ESP8266) 

 Soil Moisture Sensor inserted into seed tray 

 DHT11 Temperature and Humidity Sensor 

 Relay Module connected to Mini Water Pump 

 Wi-Fi connection to ThingSpeak cloud platform 

The soil moisture threshold was set at 40% for testing purposes. 

 

4.2 Performance Observation 

During experimentation, the following behavior was observed: 

 When soil moisture dropped below 40%, the relay activated and the pump supplied water to the 

tray. 

 Once moisture exceeded the threshold value, the pump automatically turned OFF. 

 Temperature and humidity values were continuously updated to the cloud platform. 

 Data was successfully visualized in graphical format on the dashboard. 

The system responded within a few seconds to changes in soil moisture levels, demonstrating real-time 

monitoring and control capability. 
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4.3 Cloud Monitoring Results 

 

 

 

 

The cloud dashboard displayed: 

 Soil moisture variation over time 

 Temperature fluctuations 

 Humidity trends 

Graphical visualization helped analyze watering frequency and environmental stability during the germination 

phase. 
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4.4 System Efficiency Analysis 

The proposed system demonstrated: 

 Reduction in water wastage due to moisture-based irrigation 

 Improved consistency in soil moisture maintenance 

 Reduced manual intervention 

 Stable environmental monitoring 

Seeds showed uniform sprouting compared to manually irrigated trays. Continuous moisture regulation 

contributed to better germination uniformity and healthier early-stage plant growth. 

4.5 Discussion 

The results confirm that integrating IoT with automated irrigation significantly enhances seed germination 

management. The use of NodeMCU ensures low power consumption and reliable wireless communication. 

Cloud integration allows remote supervision and historical data analysis, which is useful for optimizing 

irrigation patterns. 

However, minor variations in sensor readings were observed due to soil type differences and sensor calibration 

sensitivity. Proper calibration is essential for accurate measurements. 

Overall, the system achieved its objective of maintaining optimal moisture conditions and providing real-time 

monitoring support. 

5. CONCLUSION 

This paper presented the design and implementation of a Smart Seed Germination Monitoring and control 

system using NodeMCU integrated with cloud technology. The proposed system effectively monitors critical 

environmental parameters such as soil moisture, temperature, and humidity during the early stages of plant 

growth. By utilizing real-time sensor data and threshold-based decision making, the system automatically 

controls irrigation to maintain optimal soil conditions for seed germination. 

The integration of Wi-Fi-enabled NodeMCU with a cloud platform enables remote monitoring, data 

visualization, and historical analysis, thereby reducing the need for continuous manual supervision. 

Experimental results demonstrate that the system improves water efficiency, maintains consistent soil moisture 

levels, and enhances uniform seed sprouting. The automated irrigation mechanism prevents both overwatering 

and underwatering, contributing to better resource management and sustainable agricultural practices. 

The proposed solution is cost-effective, scalable, and suitable for nursery-level as well as small-scale 

agricultural applications. By combining IoT technology with cloud computing, the system provides a practical 

approach toward precision farming and smart agriculture. Overall, the developed model successfully achieves 

its objective of improving seed germination monitoring through intelligent automation and real-time data 

management. 
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