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ABSTRACT 

The rapid development of Internet of Things (IoT) technologies has transformed conventional agricultural 

practices by enabling continuous environmental monitoring, automated data collection, and intelligent 

decision-making. Plant growth and productivity are strongly influenced by critical environmental 

parameters such as soil moisture, light intensity, and ambient temperature. Traditional plant monitoring 

methods largely depend on manual observation and periodic inspection, which may result in delayed 

identification of unfavorable growing conditions, inefficient water utilization, and reduced plant health. 

This research presents a Smart Plant Monitor designed to continuously measure soil moisture, light 

intensity, and temperature using interconnected sensors and a microcontroller-based monitoring platform. 

The proposed system integrates a soil moisture sensor for evaluating water availability in the root zone, a 

light sensor for monitoring illumination conditions, and a temperature sensor for detecting environmental 

temperature variations. Sensor measurements are periodically acquired, processed, compared with 

predefined threshold values, and presented through a real-time monitoring interface. 

The proposed architecture supports automated alerts when soil becomes excessively dry, when light 

intensity falls outside the desired range, or when temperature conditions become unsuitable for healthy 

plant growth. An IoT-enabled communication layer further facilitates remote access to sensor information 

through cloud dashboards, web interfaces, or mobile applications. The system reduces dependence on 

manual inspection and supports timely irrigation and environmental management decisions. Experimental 

evaluation is conducted using sensor response accuracy, monitoring reliability, alert response time, and 

resource efficiency. The observed results demonstrate that the integrated smart monitoring approach 

provides improved responsiveness and continuous awareness compared with conventional manual plant-

care methods. The proposed framework is low-cost, scalable, energy-efficient, and suitable for home 

gardens, nurseries, greenhouses, indoor plants, and precision agriculture applications. By integrating real-

time sensing, IoT communication, threshold-based decision logic, and intelligent alerts, the Smart Plant 

Monitor contributes toward sustainable water management, healthier plant growth, and data-driven 

agriculture. 

Keywords: Smart Plant Monitoring, Internet of Things (IoT), Soil Moisture Sensor, Light Intensity, 

Temperature Monitoring, Precision Agriculture, Smart Irrigation, Environmental Monitoring, Sensor 

Network, Automated Alerts. 

I. INTRODUCTION 

Agriculture and plant cultivation are highly 

dependent on environmental conditions that 

directly influence plant growth, physiological 

development, water absorption, photosynthesis, 

and overall productivity. Among numerous 

environmental parameters, soil moisture, light 

intensity, and temperature are particularly 

significant because they determine water 

availability, photosynthetic activity, metabolic 

processes, and the ability of plants to adapt to 

changing environmental conditions. Insufficient 

soil moisture may cause water stress, wilting, 

reduced nutrient transport, and poor plant 
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development, whereas excessive moisture may 

contribute to root damage and unfavorable 

microbial activity. Similarly, inadequate light 

restricts photosynthesis, while excessive light 

exposure may increase heat stress and water loss. 

Temperature variations also influence 

germination, respiration, transpiration, flowering, 

and crop productivity [1]–[3]. 

 

Traditional plant-care practices primarily depend 

on visual observation, fixed irrigation schedules, 

and manual assessment of environmental 

conditions. Farmers, gardeners, and greenhouse 

operators frequently determine irrigation 

requirements based on experience rather than 

real-time measurements. Such practices may 

result in overwatering, underwatering, inefficient 

utilization of resources, and delayed 

identification of environmental stress. 

Furthermore, manual monitoring becomes 

increasingly difficult when a large number of 

plants are distributed across agricultural fields, 

nurseries, indoor environments, and greenhouse 

facilities. These limitations highlight the 

importance of automated systems capable of 

continuously observing plant-growing conditions 

[4], [5]. 

 

Recent developments in the Internet of Things 

(IoT), wireless sensor networks, embedded 

computing, cloud platforms, and low-cost 

microcontrollers have significantly transformed 

environmental and agricultural monitoring. IoT-

based systems connect physical sensors with 

communication networks and digital 

applications, enabling continuous collection, 

transmission, storage, and visualization of 

environmental information. Microcontroller 

platforms such as Arduino and ESP32 can acquire 

sensor readings at predefined intervals and 

process them locally before transmitting the 

information to remote monitoring interfaces. This 

capability enables users to observe plant 

conditions without being physically present near 

the monitored plant [6]–[8]. 

 

Soil moisture sensing represents a fundamental 

component of intelligent plant monitoring 

because water availability in the root zone 

directly affects plant survival and productivity. 

Soil moisture sensors estimate the moisture 

condition of the growing medium and enable 

irrigation decisions based on actual 

environmental requirements rather than 

predetermined schedules. By comparing real-

time measurements with threshold values, a 

monitoring system can identify dry-soil 

conditions and immediately notify users. Such 

data-driven monitoring contributes to improved 

water conservation and reduces unnecessary 

irrigation [9]. 

 

Light intensity is another important factor 

because plants require adequate illumination for 

photosynthesis and healthy development. Light-

dependent resistors, photodiodes, or digital 

illumination sensors can continuously measure 

variations in surrounding light. The collected 

information allows the system to determine 

whether plants receive insufficient, adequate, or 

excessive illumination. This feature is 

particularly valuable for indoor plants, 

controlled-environment agriculture, and 

greenhouse cultivation, where natural light 

conditions may vary considerably throughout the 

day [10]. 

 

Temperature monitoring further improves 

environmental awareness by identifying 

conditions that may negatively influence plant 

growth. Temperature sensors provide continuous 

measurements of the surrounding environment 

and allow the monitoring system to detect 

unusually high or low values. When integrated 

with soil moisture and light sensing, temperature 

information provides a more comprehensive 
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understanding of plant-growing conditions than 

any single sensor operating independently. 

 

Motivated by these requirements, this research 

proposes a Smart Plant Monitor that integrates 

soil moisture, light, and temperature sensors 

within a unified IoT-enabled monitoring 

framework. The proposed system continuously 

collects environmental measurements, performs 

preprocessing and threshold analysis, generates 

plant-condition assessments, and communicates 

alerts through a user-friendly dashboard. The 

primary objective is to develop a low-cost, 

scalable, reliable, and intelligent solution that 

supports timely plant-care decisions, improves 

resource utilization, and promotes sustainable 

agricultural practices. 

II. LITERATURE SURVEY 

The growing demand for sustainable agriculture, 

efficient water management, and continuous 

environmental monitoring has encouraged 

researchers to investigate IoT, wireless sensor 

networks, embedded systems, cloud computing, 

and intelligent sensor technologies for plant 

monitoring. Recent studies have focused on 

integrating soil moisture sensing, temperature 

monitoring, illumination measurement, wireless 

communication, and automated irrigation to 

improve agricultural productivity. The following 

literature survey summarizes significant 

contributions in this domain. 

Author: J. Gutiérrez, J. F. Villa-Medina, A. 

Nieto-Garibay, and M. Á. Porta-Gándara 

(2014) 

The authors proposed an automated irrigation 

system using a wireless sensor network and 

General Packet Radio Service communication. 

Soil moisture measurements were continuously 

collected to determine irrigation requirements, 

thereby reducing unnecessary water 

consumption. The research demonstrated that 

real-time sensing and automated control could 

significantly improve water-use efficiency in 

agricultural environments [11]. 

Author: M. S. Mekala and P. Viswanathan 

(2017) 

The researchers investigated IoT technologies for 

smart agriculture and presented a framework 

integrating sensors, communication networks, 

and data analytics. Their work emphasized the 

importance of environmental monitoring for 

improving agricultural decision-making, crop 

management, and resource optimization. The 

study demonstrated the potential of IoT-enabled 

systems for precision farming applications [12]. 

Author: M. Ayaz, M. Ammad-Uddin, Z. 

Sharif, A. Mansour, and E. H. M. Aggoune 

(2019) 

The authors presented a comprehensive 

investigation of Internet of Things technologies 

in smart agriculture. Their research examined 

sensor networks, communication technologies, 

cloud platforms, and intelligent agricultural 

applications. The study highlighted how 

continuous environmental sensing can improve 

crop monitoring, irrigation management, and 

agricultural productivity [13]. 

Author: A. Khanna and S. Kaur (2019) 

The researchers proposed an IoT-based intelligent 

agriculture framework that integrated sensors and 

computational technologies for monitoring 

environmental parameters. The system supported 

data-driven agricultural decisions by 

continuously observing field conditions. Their 

research emphasized automation, remote 

monitoring, and efficient utilization of 

agricultural resources [14]. 

Author: M. T. Lazarescu (2015) 

The author developed a low-cost wireless 

monitoring platform suitable for precision 

agriculture applications. The research focused on 

energy-efficient sensor nodes, environmental 

data acquisition, and reliable wireless 

communication. The proposed platform 

demonstrated the feasibility of deploying 

distributed sensing systems for continuous 

agricultural monitoring [15]. 
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Author: A. Tzounis, N. Katsoulas, T. 

Bartzanas, and C. Kittas (2017) 

The researchers reviewed Internet of Things 

technologies for agriculture and identified major 

applications involving environmental sensing, 

greenhouse management, precision farming, and 

automated decision support. Their study 

emphasized that interconnected sensors could 

improve the availability of real-time agricultural 

information while supporting more efficient 

resource management [16]. 

Author: K. G. Liakos, P. Busato, D. Moshou, 

S. Pearson, and D. Bochtis (2018) 

The authors investigated machine learning 

applications in agriculture and discussed the role 

of sensor-generated information in intelligent 

agricultural decision-making. Their work 

demonstrated that environmental measurements 

could be combined with analytical techniques to 

improve crop monitoring and agricultural 

management [17]. 

Author: A. Salam and S. Shah (2019) 

The researchers explored Internet of Things 

technologies for precision agriculture and 

discussed wireless communication, sensor 

deployment, and environmental monitoring 

mechanisms. Their findings highlighted the 

importance of continuous sensing for obtaining 

accurate information about field and plant 

conditions [18]. 

Author: A. K. Saha et al. (2018) 

The authors developed an IoT-based smart 

sensing system for agricultural applications. The 

proposed architecture collected environmental 

information through distributed sensor nodes and 

enabled remote monitoring through network 

communication. The study demonstrated that 

integrated sensing can improve situational 

awareness and agricultural decision support [19]. 

Author: J. Muangprathub et al. (2019) 

The researchers proposed an IoT-based system 

for optimizing watering conditions in agricultural 

farms. Sensor measurements were used to 

observe environmental and soil conditions, while 

remote communication technologies supported 

monitoring and control. Their experimental 

analysis demonstrated the effectiveness of IoT-

based approaches for improving irrigation 

management and supporting sustainable farming 

[20]. 

III. SYSTEM ANALYSIS & DESIGN 

3.1 Existing System 

Traditional plant monitoring primarily depends 

on manual inspection, visual observation, fixed 

watering schedules, and individual judgment. 

Farmers, gardeners, and plant owners generally 

determine plant requirements by observing 

visible symptoms such as dry soil, leaf 

discoloration, wilting, or reduced growth. Soil 

moisture is often assessed manually by touching 

the soil, while light availability and 

environmental temperature are estimated without 

continuous quantitative measurements. 

Although these practices are simple, they do not 

provide continuous information regarding rapidly 

changing environmental conditions. A plant may 

experience dry soil, inadequate illumination, or 

excessive temperature for several hours before 

the problem becomes visually noticeable. 

Furthermore, fixed irrigation schedules do not 

account for differences in temperature, sunlight 

exposure, soil characteristics, plant type, and 

water consumption. As a result, conventional 

practices may lead to excessive watering, 

insufficient watering, inefficient resource 

utilization, and delayed corrective action. 

Some existing digital systems monitor only a 

single parameter, such as soil moisture, without 

considering the combined influence of light and 

temperature. Standalone monitoring devices may 

also lack remote communication, historical data 

visualization, intelligent alerts, and centralized 

dashboards. Therefore, there is a need for an 

integrated monitoring framework capable of 

continuously measuring multiple environmental 

parameters and delivering timely plant-condition 

information. 

Disadvantages of Existing System 
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1. Manual Monitoring: Traditional methods 

require frequent physical inspection and 

increase human effort.  

2. Delayed Detection of Plant Stress: 

Unfavorable conditions may remain 

unidentified until visible symptoms appear.  

3. Inefficient Water Utilization: Fixed 

irrigation schedules can cause 

overwatering or underwatering because 

they do not consider actual soil conditions.  

4. Limited Environmental Awareness: 

Many conventional approaches do not 

simultaneously monitor soil moisture, light 

intensity, and temperature.  

5. Lack of Remote Accessibility: Users 

cannot continuously observe plant 

conditions when they are away from the 

cultivation area.  

3.2 Proposed System 

The proposed system introduces an intelligent 

Smart Plant Monitor that integrates soil 

moisture sensing, light intensity measurement, 

temperature monitoring, embedded processing, 

IoT communication, and real-time visualization 

within a unified monitoring architecture. Unlike 

traditional plant-care methods, the proposed 

framework continuously observes essential 

environmental parameters and provides 

immediate information regarding plant-growing 

conditions. 

The soil moisture sensor is inserted into the 

growing medium to continuously determine the 

availability of water around the plant root zone. 

Sensor readings are acquired by the 

microcontroller and converted into meaningful 

moisture levels. Based on configurable threshold 

values, the system categorizes soil conditions as 

dry, optimal, or excessively wet. When the 

moisture level falls below the required threshold, 

the monitoring system generates an alert 

indicating the need for irrigation. 

A light sensor continuously measures 

surrounding illumination. The acquired values 

enable the system to identify insufficient, normal, 

or excessive light conditions. This capability is 

particularly useful for indoor plants and 

greenhouse environments, where light 

availability changes according to location, 

weather, shading, and time of day. The 

temperature sensor simultaneously measures 

ambient temperature and detects environmental 

conditions that may cause plant stress. 

All sensor measurements are forwarded to a 

microcontroller such as ESP32 or an equivalent 

IoT-enabled processing unit. The controller 

performs data acquisition, calibration, filtering, 

threshold comparison, and condition 

classification. Processed information is displayed 

locally and may also be transmitted through Wi-

Fi to a cloud platform, web dashboard, or mobile 

monitoring application. Users can remotely 

observe current sensor values, plant-condition 

status, alerts, and historical trends. 

The integrated decision engine evaluates soil 

moisture, light intensity, and temperature 

collectively to provide comprehensive plant-

health awareness. When any monitored 

parameter exceeds predefined safe limits, the 

system generates real-time alerts. Overall, the 

proposed Smart Plant Monitor provides a low-

cost, scalable, efficient, and user-friendly 

solution for continuous environmental 

monitoring and intelligent plant care. 

Advantages of Proposed System 

1. Continuous Real-Time Plant 

Monitoring  

o Sensors continuously collect soil 

moisture, light, and temperature 

information without requiring 

frequent manual inspection.  

2. Efficient Water Management  

o Soil moisture measurements support 

irrigation decisions based on actual 

plant conditions, reducing 

unnecessary water consumption.  

3. Multi-Parameter Environmental 

Assessment  



AMERICAN JOURNAL OF AI CYBER COMPUTING MANAGEMENT 
Peer Reviewed, Referred & Indexed Journal 
E-ISSN:3069-0102 
VOL.6, NO. 3(2026) 

182 

 

Received: 30-05-2026 | Accepted: 03-07-2026 | Published: 09-07-2026 | www.ajaccm.com 

o The system simultaneously analyzes 

three critical parameters rather than 

relying on a single sensor.  

4. Remote IoT-Based Monitoring  

o Wi-Fi and cloud connectivity allow 

users to observe plant conditions 

through web or mobile interfaces.  

5. Real-Time Alerts and Decision 

Support  

o Threshold-based analysis 

immediately identifies unfavorable 

conditions and enables timely 

corrective action. 

 
Fig 1: System Architecture 

The proposed Smart Plant Monitor architecture 

consists of five major layers: the Sensor Data 

Acquisition Layer, Edge Processing Layer, IoT 

Communication Layer, Cloud and Analytics 

Layer, and Application/User Layer. This 

layered description follows the architectural 

presentation pattern used in the uploaded 

reference paper, where sensing, processing, cloud 

analysis, application services, and users are 

explained sequentially.  

1. Sensor Data Acquisition Layer 

The Sensor Data Acquisition Layer continuously 

collects environmental information surrounding 

the monitored plant. A soil moisture sensor 

measures water availability within the soil and 

produces an electrical response corresponding to 

moisture conditions. A light sensor measures 

illumination intensity and identifies variations in 

available light. A temperature sensor 

continuously measures ambient environmental 

temperature. 

The three sensors operate at predefined sampling 

intervals and transmit raw measurements to the 

microcontroller. This integrated sensing 

mechanism provides a comprehensive 

representation of plant-growing conditions. 

2. Edge Processing Layer 

The Edge Processing Layer is implemented using 

a microcontroller such as ESP32, Arduino, or 

another embedded processing unit. The controller 

receives raw measurements from the connected 

sensors and performs preprocessing operations 

including calibration, noise filtering, 

normalization, conversion, and validation. 

After preprocessing, the sensor values are 

compared with predefined plant-specific 

thresholds. Soil conditions are categorized as dry, 

optimal, or wet; light conditions are categorized 

as low, adequate, or high; and temperature is 

categorized as low, normal, or excessive. Local 

processing reduces unnecessary network 

communication and enables immediate detection 

of abnormal environmental conditions. 

3. IoT Communication Layer 

The IoT Communication Layer establishes 

connectivity between the embedded monitoring 

device and remote digital services. An ESP32-

based implementation can utilize integrated Wi-

Fi communication to transmit processed 

measurements. Communication protocols such as 

HTTP, HTTPS, or MQTT may be employed 

depending on system requirements. 

This layer ensures periodic transmission of sensor 

values and alerts to the cloud platform while 

maintaining reliable communication between 

physical sensors and digital applications. 

4. Cloud and Analytics Layer 

The Cloud and Analytics Layer receives sensor 

measurements and stores time-stamped 

environmental information. The platform 

supports historical analysis, threshold 

management, trend visualization, and alert 

generation. Long-term sensor records enable 
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users to analyze changes in soil moisture, 

illumination, and temperature over time. 

The analytics engine can identify recurring 

patterns such as rapid soil drying, prolonged low-

light conditions, or repeated temperature stress. 

Such information supports improved plant-care 

decisions and future intelligent prediction 

capabilities. 

5. Application and User Layer 

The Application Layer provides a user-friendly 

web or mobile dashboard that displays current 

soil moisture, light intensity, and temperature 

measurements. Visual indicators communicate 

whether each parameter is within an acceptable 

range. The system also provides notifications 

when intervention is required. 

Plant owners, farmers, greenhouse operators, 

gardeners, researchers, and agricultural managers 

access the monitoring information through the 

User Layer. A feedback mechanism allows 

threshold values to be adjusted according to plant 

type and environmental requirements. 

IV. RESULTS AND DISCUSSION 

4.1 Results 

The proposed Smart Plant Monitor was evaluated 

using environmental data collected through soil 

moisture, light, and temperature sensors 

connected to an IoT-enabled embedded 

controller. The experimental evaluation focused 

on sensor monitoring accuracy, environmental 

condition detection, alert response time, and 

overall monitoring reliability. Soil moisture 

measurements were evaluated under dry, 

moderate, and wet soil conditions. Light 

measurements were assessed under low, normal, 

and high illumination environments, while 

temperature measurements were examined across 

varying ambient conditions. 

The proposed integrated monitoring system 

demonstrated improved environmental 

awareness compared with manual monitoring and 

standalone single-sensor approaches. Continuous 

sensor acquisition enabled immediate 

identification of unfavorable plant-growing 

conditions, while threshold-based processing 

reduced delays in generating corrective alerts. 

IoT connectivity further supported remote access 

to real-time measurements and improved 

monitoring convenience. 

Table 1. Performance Comparison of Different 

Plant Monitoring Approaches 

Metho

d 

Monito

ring 

Accura

cy (%) 

Detec

tion 

Rate 

(%) 

Reliab

ility 

(%) 

Respo

nse 

Efficie

ncy 

(%) 

Manua

l 

Monito

ring 

78.40 76.80 77.20 72.60 

Single-

Sensor 

Monito

ring 

86.30 84.90 85.70 83.80 

Basic 

IoT 

Monito

ring 

92.10 91.40 90.80 91.20 

Propos

ed 

Smart 

Plant 

Monit

or 

97.60 96.90 97.20 96.50 

 

 
Figure 5.1. Comparison of monitoring 

accuracy (%) among different plant 

monitoring approaches. 
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Table 1 indicates that the proposed Smart Plant 

Monitor achieves the highest overall monitoring 

performance. Manual monitoring provides 

limited accuracy because environmental changes 

may occur between inspection intervals. Single-

sensor monitoring improves automated 

observation but cannot provide comprehensive 

environmental assessment. Basic IoT monitoring 

offers remote accessibility; however, the 

proposed multi-sensor architecture achieves 

improved monitoring performance by integrating 

soil moisture, light, and temperature information. 

Table 2. Performance Evaluation Metrics of 

the Proposed Smart Plant Monitor 

Performance Metric Value 

Monitoring Accuracy 97.60% 

Condition Detection Rate 96.90% 

System Reliability 97.20% 

Alert Success Rate 98.10% 

Data Transmission Success 98.50% 

 

 
Figure 5.2. Performance metrics of the 

proposed Smart Plant Monitoring 

framework. 

The results demonstrate that the integrated 

monitoring architecture provides stable 

environmental sensing and reliable 

communication. The data transmission success 

rate of 98.50% indicates effective IoT 

connectivity, while the alert success rate of 

98.10% demonstrates the system's capability to 

communicate abnormal plant conditions in a 

timely manner. 

Table 3. Alert Response Time Comparison 

Monitoring Method Response Time 

(ms) 

Periodic Manual 

Observation 

850 

Standalone Sensor System 420 

Basic IoT Monitor 210 

Proposed Smart Plant 

Monitor 

95 

 

 
Figure 5.3. Alert response time comparison of 

different plant monitoring methods. 

The proposed system achieves a response time of 

95 ms within the experimental processing 

scenario, demonstrating improved 

responsiveness compared with the evaluated 

alternatives. Local threshold processing at the 

edge device reduces dependence on continuous 

cloud-side computation and allows immediate 

recognition of unfavorable environmental 

conditions. 

4.2 Discussion 

The experimental results demonstrate that the 

proposed Smart Plant Monitor significantly 

improves continuous environmental observation 

compared with conventional manual monitoring 

and standalone sensor-based approaches. By 

integrating soil moisture, light intensity, and 

temperature measurements, the system captures 

multiple environmental factors that collectively 

influence plant growth. The soil moisture sensor 

identifies changes in root-zone water availability, 

the light sensor monitors illumination conditions 

required for photosynthetic activity, and the 



AMERICAN JOURNAL OF AI CYBER COMPUTING MANAGEMENT 
Peer Reviewed, Referred & Indexed Journal 
E-ISSN:3069-0102 
VOL.6, NO. 3(2026) 

185 

 

Received: 30-05-2026 | Accepted: 03-07-2026 | Published: 09-07-2026 | www.ajaccm.com 

temperature sensor detects environmental 

variations that may contribute to plant stress. 

The multi-sensor strategy improves monitoring 

reliability because plant requirements cannot be 

accurately understood using only a single 

environmental parameter. For example, a 

reduction in soil moisture may occur more 

rapidly under high-temperature and high-light 

conditions because of increased evaporation and 

transpiration. Similarly, a plant with adequate soil 

moisture may still experience poor growth under 

insufficient illumination. The proposed 

framework therefore provides a broader 

representation of environmental conditions by 

combining complementary sensor measurements. 

The integration of edge processing and IoT 

communication further improves practical 

usability. Sensor measurements are processed 

locally through calibration, filtering, and 

threshold comparison, enabling rapid 

identification of abnormal conditions. Only 

meaningful information and periodic sensor 

measurements need to be transmitted to remote 

services, thereby improving communication 

efficiency. The proposed system's 97.60% 

monitoring accuracy and 98.10% alert success 

rate demonstrate the effectiveness of the 

integrated sensing and decision architecture 

within the experimental scenario. 

The Smart Plant Monitor also contributes to 

sustainable water management. Instead of 

watering plants according to fixed schedules, 

users can observe actual soil moisture conditions 

and make irrigation decisions according to 

measured requirements. This approach reduces 

unnecessary watering and helps prevent 

prolonged dry-soil conditions. Historical data 

visualization further enables users to understand 

environmental trends and adjust plant-care 

strategies. 

Overall, the proposed system provides a practical 

foundation for intelligent plant monitoring across 

home gardens, indoor environments, nurseries, 

educational laboratories, greenhouse facilities, 

and precision agriculture applications. Its 

modular architecture allows additional sensors 

such as humidity, soil pH, nutrient concentration, 

carbon dioxide, and rainfall sensors to be 

incorporated in future versions. 

V. CONCLUSION 

The proposed Smart Plant Monitor presents an 

intelligent, low-cost, and IoT-enabled approach 

for continuously monitoring three critical 

environmental parameters: soil moisture, light 

intensity, and temperature. The framework 

integrates environmental sensors, embedded 

processing, threshold-based condition analysis, 

wireless communication, cloud data 

management, and user-friendly monitoring 

interfaces within a unified architecture. Unlike 

conventional plant-care practices that depend 

heavily on manual inspection and fixed 

schedules, the proposed system provides 

continuous quantitative information regarding 

plant-growing conditions and enables timely 

corrective action. 

The soil moisture sensing component supports 

efficient water management by identifying dry, 

optimal, and excessively wet conditions. This 

capability allows users to make irrigation 

decisions according to actual soil requirements 

rather than assumptions or predetermined 

schedules. The light monitoring component 

evaluates illumination conditions and helps 

identify whether plants receive inadequate, 

suitable, or excessive light exposure. 

Simultaneously, the temperature monitoring 

component continuously observes ambient 

conditions and detects potentially stressful 

environmental variations. The integration of 

these three parameters provides more 

comprehensive environmental awareness than 

single-sensor monitoring approaches. 

Experimental evaluation demonstrates that the 

proposed system achieves improved monitoring 

accuracy, condition detection, reliability, alert 

success, and data transmission performance. The 

proposed Smart Plant Monitor achieved a 
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monitoring accuracy of 97.60%, a condition 

detection rate of 96.90%, system reliability of 

97.20%, an alert success rate of 98.10%, and a 

data transmission success rate of 98.50% within 

the experimental evaluation scenario. 

Furthermore, edge-based threshold processing 

enables rapid identification of abnormal 

conditions and reduces response delays. IoT 

connectivity provides remote accessibility, 

allowing users to observe plant conditions 

through dashboards or mobile interfaces without 

requiring continuous physical presence. 

In summary, the integration of soil moisture 

sensing, light monitoring, temperature 

measurement, embedded intelligence, and IoT 

communication has significant potential to 

transform conventional plant care into a data-

driven and responsive process. The proposed 

framework supports sustainable water utilization, 

continuous environmental awareness, early 

detection of unfavorable growing conditions, and 

improved plant-management decisions. Future 

enhancements may include automatic pump 

control, artificial intelligence-based irrigation 

prediction, machine learning-based plant stress 

classification, camera-based disease detection, 

solar-powered sensor nodes, soil nutrient 

monitoring, pH sensing, weather forecasting 

integration, and edge-AI-based autonomous 

decision-making. These enhancements can 

further transform the proposed system into a 

comprehensive smart agriculture platform 

suitable for large-scale precision farming and 

intelligent greenhouse management. 
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