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RESUMEN 

Este proyecto muestra un innovador sistema de monitoreo en tiempo real diseñado para 

evaluar la salud y las condiciones ambientales de las plantas. Aprovechando la potencia del 

Arduino MKR WiFi 1010 y el Arduino MKR Environmental Shield, el sistema captura 

parámetros ambientales críticos como la temperatura, la presión atmosférica, la humedad y la 

intensidad de la luz. 

Además, utilizando un sensor de suelo conectado mediante protocolos RS485 y RS232, 

el sistema proporciona datos completos del suelo, incluidos el nivel de pH, temperatura, 

humedad, conductividad, nitrógeno, fósforo y potasio. 

La perfecta integración del sistema con Google Sheets a través de Apps Script permite 

el registro de datos en tiempo real en intervalos de seis segundos. Esta conectividad permite a 

los usuarios interactuar dinámicamente con los datos. Al hacer clic en botones intuitivos, los 

usuarios pueden generar gráficos personalizados de cualquier parámetro en función del tiempo, 

lo que ofrece información valiosa sobre las plantas. 

Esta solución combina tecnología IoT de vanguardia con usabilidad práctica, lo que la 

hace ideal para aplicaciones en agricultura, investigación y monitoreo ambiental. El proyecto 

demuestra un enfoque escalable para comprender y optimizar las condiciones de crecimiento 

de las plantas de una manera fácil y altamente eficiente. 

Palabras clave: Arduino MKR 1010 Wifi, Arduino ENV Shield, RS485, RS232, Apps 

Script, IoT. 
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ABSTRACT 

This project shows an innovative real-time monitoring system designed to assess the 

health and environmental conditions of plants. Taking advantage of the power of the Arduino 

MKR WiFi 1010 and the Arduino MKR Environmental Shield, the system captures critical 

environmental parameters such as temperature, atmospheric pressure, humidity, and light 

intensity. 

Additionally, using a soil sensor connected via RS485 and RS232 protocols, the system 

provides comprehensive soil data, including pH level, temperature, humidity, conductivity, 

nitrogen, phosphorus and potassium. 

The system's seamless integration with Google Sheets through Apps Script enables real-

time data logging at six-second intervals. This connectivity allows users to interact dynamically 

with the data. By clicking intuitive buttons, users can generate customized graphs of any 

parameter against time, offering valuable insights into plant health trends. 

This solution merges cutting-edge IoT technology with practical usability, making it 

ideal for applications in agriculture, research, and environmental monitoring. The project 

demonstrates a scalable approach to understanding and optimizing plant growth conditions in 

a user-friendly and highly efficient manner. 

 

 

Keywords: Arduino MKR 1010 Wifi, Arduino ENV Shield, RS485, RS232, Apps Script, IoT. 
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INTRODUCTION  

State of the Art 

Modern IoT-based monitoring systems have revolutionized precision agriculture by 

enabling the collection, transmission, and visualization of critical environmental and soil 

parameters. Devices like the Arduino MKR WiFi 1010, combined with communication 

protocols such as RS485 and RS232, ensure seamless integration of multi-sensor platforms. 

These technologies provide reliable and scalable solutions for real-time data acquisition and 

wireless transmission. 

Recent advancements in sensor technology have made it possible to measure 

environmental factors like temperature, humidity, pressure, and light intensity alongside 

essential soil metrics, including pH, moisture, conductivity, and nutrient concentrations (NPK). 

These compact, energy-efficient sensors are crucial for understanding plant growth conditions 

and ensuring optimal health. 

Cloud integration and data visualization have become central to modern agricultural 

systems. Connecting data to platforms like Google Sheets via Apps Script allows real-time 

access and analysis, empowering users with intuitive graphical representations and actionable 

insights. Such systems enable quick identification and resolution of plant stressors, optimizing 

decision-making and resource management. 

Precision agriculture now relies heavily on multi-parameter sensing systems for targeted 

interventions, such as irrigation and fertilization. By providing near-continuous data collection, 

the prototype of this project ensures timely responses to environmental or soil changes, 

ultimately improving productivity and sustainability. Furthermore, the modularity and 
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scalability of this prototype allow for customization based on specific crops or environmental 

conditions, making it adaptable to diverse agricultural scenarios. 

Open-source platforms like Arduino democratize access to sophisticated monitoring 

tools by offering cost-effective alternatives to proprietary systems. This accessibility empowers 

researchers and small-scale farmers to adopt advanced solutions without incurring prohibitive 

costs. 

The prototype of this project aligns with the forefront of agricultural innovation by 

combining IoT technology, advanced sensors, and cloud-based analytics. Its ability to collect 

data every six seconds and dynamically visualize it in real-time places it among the most 

effective tools for optimizing agricultural productivity and monitoring plant health. This 

integration of cutting-edge technology positions this prototype as a vital contribution to 

sustainable and efficient farming practices. 
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REVIEW OF LITERATURE: ELECTROPHYSIOLOGICAL MONITORING OF 
PLANTS, INTEGRATION OF IOT FOR CONTINUOUS MONITORING, 

ARTIFICIAL INTELLIGENCE 

Electrophysiological monitoring of plants has gained increasing attention as a method 

to study plant responses to environmental and physiological stress. The paper "Identifying 

General Stress in Commercial Tomatoes Based on Machine Learning Applied to Plant 

Electrophysiology" (Applied Science 2021, 10.3390); provides a critical framework for 

understanding how plant electrophysiology can be integrated with advanced technologies like 

machine learning to identify stress factors. This paper serves as a reference to position the 

current project within the broader context of plant health monitoring.  

Electrophysiology has been recognized as a useful approach to understand plant 

responses to environmental changes. This involves measuring bioelectric signals that plants 

produce in response to factors such as water stress, nutrient deficiencies, or pest attacks. These 

signals serve as early indicators of stress, offering a predictive advantage over traditional 

methods like visual inspection or chemical analysis. 

The study on commercial tomatoes highlights the potential of electrophysiological 

signals to detect stress conditions effectively. By analyzing bioelectric activity, the researchers 

demonstrated that stress could be quantified and classified using machine learning models, 

enabling proactive management of crop health. 

Building on the concepts from the paper, this project takes advantage of IoT technology 

for real-time data acquisition. The use of Arduino MKR WiFi 1010 and environmental sensors 

enables the continuous collection of soil and atmospheric parameters alongside 

electrophysiological data. Unlike the paper, which focuses on tomatoes, this system is designed 
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for broader applications in agriculture, enabling the integration of diverse environmental and 

soil conditions such as pH, temperature, conductivity, and nutrient levels. 

The paper emphasizes machine learning as a tool to analyze complex 

electrophysiological data for stress detection. Although the current project does not implement 

machine learning directly, it sets the stage for future integration by providing a robust platform 

for data collection and visualization. The recorded data in Google Sheets could be further 

analyzed using machine learning models to classify and predict plant stress more accurately. 

The paper highlights the importance of reliable data acquisition methods for 

electrophysiology. Similarly, this project uses RS485 and RS232 protocols to ensure accurate 

and noise-resistant communication between sensors and the microcontroller. The integration of 

environmental monitoring shields and soil sensors complements electrophysiological 

monitoring by providing a comprehensive picture of plant health. 

The study demonstrates the importance of translating electrophysiological data into 

actionable insights. The current project builds upon this by creating real-time data visualization 

capabilities in Google Sheets. Users can interact with the data, generate custom graphs, and 

analyze trends, thereby facilitating decision-making for crop management. 

While the paper focuses primarily on the classification of stress in a controlled 

environment using machine learning, this project addresses gaps by providing a scalable, low-

cost system that integrates environmental, soil, and electrophysiological parameters. The ability 

to visualize real-time data extends the usability of such systems beyond academic research to 

practical applications in commercial farming. 
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METHODOLOGY 

The investigation method for the Real-Time Monitoring System for 

Electrophysiological Plant Status involved a systematic and multidisciplinary approach. It 

integrates hardware design, software development, and real-time monitoring of the plant. The 

methodology can be outlined as follows: 

 
1. Literature Review and Background Research 

It was conducted a thorough review of existing studies on electrophysiological plant 

monitoring, soil health sensors, and environmental monitoring technologies. It was studied the 

principles of plant electrophysiology and stress responses, taking advantage of insights from 

companies like Vivent and relevant academic papers. 

A literature review of previous research on plant bioelectrical signals, sensor 

technologies, and data acquisition methods, have demonstrated that plants generate electrical 

responses to environmental stimuli, including light, temperature, humidity, and stress factors 

such as drought or disease. 

 
2. System Design and Development 

a. Hardware Selection: 

It was decided to use the Arduino MKR WiFi 1010 for its Wi-Fi connectivity and 

compatibility with various sensors. Also, the employment of the Arduino MKR Environmental 

Shield for capturing temperature, humidity, pressure, and light intensity. 

And the integration of a soil sensor using RS485 and RS232 protocols to measure 

parameters such as pH, soil temperature, moisture, conductivity, nitrogen, phosphorus, and 

potassium. 

 



17 
 

 

b. Software Development: 

It was decided for the development of the firmware to interface with sensors, collect 

data, and transmission the use of Google Sheets using Apps Script. This setup allows 

continuous data logging, automatic timestamping, and cloud storage, making it accessible from 

any device.  

This software development approach takes advantages of the scalability and 

accessibility of Google’s cloud ecosystem, allowing remote access and real-time collaboration 

while ensuring a reliable and automated workflow for plant monitoring and analysis. 

 

3. Data Collection and Integration 

The system was deployed in a controlled environment to monitor plant status under 

varying conditions. And capture data every 6 seconds and store it in Google Sheets for analysis 

and visualization.  

This cloud-based approach enhances remote monitoring capabilities, ensuring real-time, 

scalable, and easily accessible data management for plant research and precision agriculture 

applications. 

 
4. Visualization and User Interaction 

Apps Script functionalities were created to allow users to generate graphs of specific 

parameters versus time and the development of tools for filtering and analyzing data based on 

user input, such as date ranges or parameter selection.  

Creates dynamic visualizations, helping researchers identify trends and anomalies in 

plant responses. Users can notice significant changes in plant bioelectrical activity, aiding in 

early stress detection 
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CONTENT 

1. Vivent silver electrode for electrophysiological signal measurement 

To monitor the plant’s electrophysiological status, the Vivent silver electrode cable was 

used to establish connection with the plant. The cable captures the electrical signals generated 

by the plant in response to various environmental conditions. The signal was initially observed 

using an oscilloscope, revealing a voltage range between 1 mV and 30 mV. Due to the low 

magnitude of these signals, an instrumentation amplifier was employed to amplify the signal 

and make it suitable for further processing. 

The AD620 is a high-performance instrumentation amplifier known for its precision, 

low power consumption, and compact design. It is ideal for applications requiring the 

amplification of small differential signals, such as electrophysiological monitoring. 

In this project, an AD620 instrumentation amplifier module was used to measure plant 

electrophysiological signals. The module is equipped with two variable resistors, one for setting 

the gain and the other for adjusting the offset. 

The AD620 offset was set to 1.5V to center the amplified signal within the range of the 

ADC used in subsequent processing. 

AD620 amplified the plant’s electrophysiological signal from the initial range of 1 mV–

30 mV to a range of 10 mV–300 mV. This amplified signal was then fed into the ADC of the 

Arduino MKR WiFi 1010 for digitization and further analysis. 

This design step ensured that the plant's weak electrophysiological signals were 

accurately amplified and prepared for digital processing, forming a critical part of the real-time 

monitoring system. 

 

 



19 
 

 

2. Environmental Data Monitoring with MKR ENV Shield 
 

The MKR ENV Shield is used to capture essential environmental parameters, including 

temperature, humidity, atmospheric pressure, and light intensity. This shield integrates 

seamlessly with the Arduino MKR WiFi 1010, providing a robust solution for real-time 

monitoring. 

The MKR ENV Shield includes an onboard SD card slot, enabling local data storage. 

This feature was employed to store measurements from various sensors. 

The data was recorded in a structured format, including: 

Timestamp: Generated using an I2C-connected real-time clock (RTC). 

Plant Signal: Processed ADC values of electrophysiological measurements. 

Environmental Data: Temperature, humidity, pressure, and light intensity. 

Soil Parameters: pH, temperature, humidity, conductivity, nitrogen, phosphorus, and 

potassium levels. 

The integration of the SD card ensures redundancy in data logging. By taking advantage 

of the MKR ENV shield, the project integrates critical environmental data into the real-time 

monitoring system. This data complements the plant electrophysiological measurements, 

providing a comprehensive overview of plant-environment interactions. 

 

3. Soil Sensor Integration for Detailed Analysis 

The system incorporates a soil sensor capable of measuring multiple soil parameters 

such as pH, temperature, humidity, electrical conductivity, nitrogen, phosphorus, and potassium 
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levels. This integration adds valuable insights into the plant's immediate environment, crucial 

for assessing plant health and behavior. 

The sensor operates with a polarization voltage between 12 and 24 volts, supplied via 

two dedicated power lines. And the other two lines the sensor uses the RS485 protocol for 

transmitting data. RS485 is robust and suited for long-distance communication in noisy 

environments. 

A conversion module is used to convert differential RS485 signals to single-ended 

RS232 signals, which are compatible with the MKR WiFi 1010 serial ports. 

 

4. Integration of Arduino MKR WiFi 1010 with Google Sheets 

For the software development, Google Apps Script was used to facilitate seamless 

communication between the Arduino MKR WiFi 1010 and Google Sheets. This approach 

enabled the real-time storage and visualization of environmental, soil, and plant 

electrophysiological data in the cloud. 

Secure data transmission was implemented using the WiFiNINA library for HTTPS 

connectivity. The Apps Script endpoint was set up to handle POST requests and parse incoming 

JSON data. And receive the data from the Arduino in JSON format. The parsed data was 

appended to specific rows in Google Sheets, maintaining a chronological order with the 

timestamp given by the Apps Script software.  

Buttons in the Google Sheet interface allow users to generate charts dynamically. Users 

could visualize any parameter (e.g., environmental, soil, or electrophysiological) versus time, 

using dedicated scripts that accessed and plotted the data. 

Figure 1 represents the MKR ADC vs. time, which is used to calculate the plant's 

voltage. The ADC data from the Arduino MKR WiFi 1010 provides insight into the electrical 
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activity of the plant. This information is crucial as variations in plant voltage can indicate 

physiological changes related to stress, hydration, or overall health. 

 
The next four figures correspond to the MKR Environmental Shield, which measures 

different environmental conditions. The MKR Environmental Shield supports multiple sensors, 

with its key ranges including temperature (15°C to 40°C), humidity (0% to 100%), atmospheric 

pressure (260 hPa to 1260 hPa), and light intensity (0 to 650 Lux). Figure 2 shows 

environmental temperature, an important factor affecting plant metabolism and growth. Figure 

3 illustrates environmental humidity, which influences water absorption through the roots and 

transpiration through the leaves. Figure 4 displays atmospheric pressure, a parameter that can 

impact gas exchange and overall environmental stability. Figure 5 represents environmental 

light intensity, which is essential for photosynthesis, as light availability directly affects the 

plant’s energy production and growth. 

 
The remaining seven graphs focus on soil conditions, crucial for nutrient uptake and 

plant development. Figure 6 shows soil pH, which ranges from 3 to 9, with a resolution of 0.01 

and an accuracy of ±0.3. Soil pH determines nutrient availability, as extreme values can limit 

the absorption of essential elements. Figure 7 represents soil moisture, measured from 0% to 

100% with a resolution of 0.1%. Proper moisture levels are necessary for root function and 

microbial activity. Figure 8 tracks soil temperature, ranging from -40°C to 80°C, with a 

resolution of 0.1°C and an accuracy of ±0.5°C. Soil temperature affects root growth and 

enzymatic activity, playing a key role in nutrient cycling. 

 
Figure 9 displays soil electrical conductivity, measured in micro Siemens per centimeter 

(µS/cm) with a range of 0 to 10,000 µS/cm. This parameter indicates soil salinity and nutrient 

concentration, helping to assess the balance of dissolved ions. The last three graphs relate to 
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the concentration of essential nutrients in the soil. Figure 10 shows nitrogen (N) concentration, 

figure 11 represents phosphorus (P) levels, and figure 12 displays potassium (K) concentration. 

Each of these macronutrients is measured in mg/Kg, ranging from 0 to 1999 mg/Kg, with a 

resolution of 1 mg/Kg. Nitrogen is crucial for leaf and stem growth, phosphorus supports root 

development and energy transfer, and potassium enhances disease resistance and fruit quality. 

 
Together, these measurements provide a comprehensive analysis of the plant’s 

environment and internal electrical activity. By correlating plant voltage with soil and 

environmental conditions, it becomes possible to detect stress factors early and optimize growth 

conditions effectively. 

 

 

Figure 1. Date vs. MKR ADC 
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Figure 2. Date vs. Environmental Temperature 

 
 

 

Figure 3. Date vs. Environmental Humidity 
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Figure 4. Date vs. Environmental Pressure 

 
 
 

 

Figure 5.  Date vs. Environmental Light Intensity 
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Figure 6. Date vs. Soil pH 

 

Figure 7. Date vs. Soil Humidity 
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Figure 8. Date vs. Soil Temperature 

 

Figure 9. Date vs. Soil Conductivity 
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Figure 10. Date vs Soil Nitrogen 

 

 

 

Figure 11.  Date vs Soil Phosphorus 
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Figure 12. Date vs. Soil Potassium 

The system has demonstrated robust performance, collecting and recording data 

consistently for 18 days without any issues. During this period, various events were monitored 

and analyzed through the generated graphics. 

One significant event occurred when the plant was watered. The system displayed a 

clear and immediate increase in soil humidity, conductivity, and NPK levels, aligning with 

expected behavior after watering. These changes were effectively captured by the soil sensors, 

showcasing the accuracy and reliability of the integrated monitoring system. 

However, identifying corresponding changes in the plant’s voltage signals proved to be 

challenging. Unlike soil parameters, the plant's voltage signals did not exhibit an obvious or 

easily discernible pattern related to the watering event. This highlights the complexity of 
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interpreting electrophysiological signals and suggests that more advanced data analysis 

techniques may be required to extract meaningful insights from these signals. 

To address this limitation, the potential use of artificial intelligence (AI) is proposed. AI 

techniques, such as machine learning models, could analyze the multidimensional dataset and 

identify subtle correlations and patterns in plant voltage signals that may indicate stress, disease, 

or other physiological changes. By taking advantage of AI, the system could evolve into a 

powerful diagnostic tool capable of providing actionable insights into the plant's health and 

status. 

The budget used for this project is detailed in Table 1. 

 

Component Qty Unit 
Price 
(USD) 

Total 
Price 
(USD) 

Description 

Arduino MKR WiFi 
1010 

1 40 40 Main microcontroller for data 
acquisition and wireless 
communication. 

MKR Environmental 
Shield 

1 40 40 Measures environmental data 
(temperature, humidity, pressure, 
and light intensity). 

SD Card (16 GB) 1 10 10 Used for data storage. 
Soil Sensor (RS485) 1 80 80 Measures soil pH, temperature, 

humidity, conductivity, and NPK 
levels. 

RS485 to RS232 
Converter Module 

1 12 12 Converts RS485 protocol to 
RS232 for soil sensor 
communication. 

AD620 
Instrumentation 
Amplifier Module 

1 10 10 Amplifies plant voltage signals. 

Vivent Silver Cable 1 50 50 Electrode cable for plant voltage 
measurement. 

Power Supply (12-
24V) 

1 20 20 Provides voltage for soil sensor 
polarization. 

Table 1. Estimated Budget for the project 
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The total estimated value is 262.00 US dollars. 

The relatively low budget for this system highlights its potential for widespread 

adoption due to affordability. Unlike expensive proprietary systems, this custom-designed setup 

provides a cost-effective alternative while maintaining robust functionality. By leveraging 

accessible components and open-source platforms, this solution offers an easy implementation 

pathway for researchers and agricultural professionals. 

Its economic design demonstrates that advanced plant monitoring systems can be 

developed without requiring substantial financial resources, making it particularly suitable for 

small-scale farmers, educational institutions, or low-budget research projects. Additionally, the 

modular nature of the system enables scalability and customization, further enhancing its 

practical appeal. 
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CONCLUSIONS 

Current methods in electrophysiological plant monitoring often involve renting 

specialized equipment, such as those provided by companies like Vivent. These systems focus 

primarily on analyzing the plant’s voltage signals, which require substantial computational 

resources, including advanced artificial intelligence algorithms, to interpret the data accurately. 

 

This project introduces a comprehensive monitoring system that integrates 

environmental sensors, soil information, and plant voltage measurements. By combining these 

diverse data points, the system offers a more holistic view of the plant's condition. 

 

The inclusion of environmental factors such as temperature, humidity, pressure, and 

light intensity, alongside soil parameters like pH, temperature, humidity, conductivity, nitrogen, 

phosphorus, and potassium, creates a multidimensional dataset. This approach has the potential 

to significantly enhance the detection and understanding of plant diseases or stress factors by 

correlating multiple variables, rather than relying solely on plant voltage signals. 

 

This innovative system not only reduces reliance on high-cost, resource-intensive 

methodologies but also opens the door for real-time, low-cost, and scalable solutions in 

agricultural monitoring and management. It paves the way for a new era of precision agriculture 

that can proactively address plant health challenges with enhanced efficiency and accuracy. 
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ANNEX A: ARDUINO CODE 
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ANEXO B: APPS SCRIPT CODE 
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ANEXO C: ELECTRONIC SCHEMATIC 

 


