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Objective: The increasing interest in plant electrophysiology stems from the need to understand 
the complex signaling mechanisms that enable plants to perceive and respond to their 
environment. The main hypothesis is that changes in soil humidity, light intensity, and 
temperature will significantly impact plant signaling, whereas exposure to music will have a 
minimal effect.  
Methods: To investigate this, geranium plants were subjected to controlled variations in 
environmental conditions, and their electrophysiological activity was measured using AgCl 
electrodes and an ECG Arduino kit.  
Results: The results revealed that increased soil humidity triggered a rapid, short-term spike in 
electrical signals, indicating a swift response to water availability. Conversely, elevated light 
intensity resulted in a gradual, long-term increase in electrical activity, reflecting a sustained 
response to light changes. Additionally, higher temperatures caused a prolonged increase in 
electrophysiological responses, demonstrating the plants' ability to detect ambient temperature 
changes. Interestingly, exposure to music, specifically classical music at moderate frequencies, did 
not significantly alter the plants' electrical activity, suggesting it does not directly affect plant 
physiology.  
Conclusion: These findings contribute to our understanding of plant neurobiology and the 
complex mechanisms through which plants interact with environmental stimuli. The results could 
have practical applications in optimizing greenhouse conditions and pave the way for future 
research on how plants perceive and adapt to their environment. 
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Introduction 
The field of plant electrophysiology has witnessed 
substantial growth over the past few decades, evolving from 
early investigations into the fundamental electrical 
properties of plant cells—such as membrane potential and 
ion fluxes—to a comprehensive understanding of how these 
properties influence plant physiology and environmental 
responses [1]. Plants, like animals, utilize electrical signals 
as a mode of communication, generated by the translocation 
of ions across cell membranes, resulting in changes in 
membrane potential. These electrical signals are crucial for 

various physiological processes, including growth, 
development, and responses to environmental stimuli. [2-
4]. 

Environmental factors significantly influence plant 
electrophysiology. Changes in conditions such as light 
intensity, temperature, water availability, and nutrient 
supply can modify the electrical properties of plant cells, 
allowing plants to perceive and adapt to fluctuating 
environments. [5-7]. Sunlight is particularly important; 
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variations in light intensity can alter the membrane 
potential of photosynthetic cells, impacting photosynthetic 
efficiency. This relationship is critical because light serves as 
a primary driver of photosynthesis, thereby affecting the 
plant's energy balance. [8-10]. Similarly, water availability is 
a key determinant of plant electrophysiology. Changes in 
water levels can influence electrical properties, affecting 
processes like cell expansion and stomatal opening, which 
are vital for growth and development. [11-13]. 

The impact of sound, including music, on plant 
electrophysiology is a less conventional area of study. Some 
research suggests that sound waves may affect plant growth 
and development, potentially due to mechanical vibrations 
influencing ion movement across cell membranes. [14-16]. 
Temperature variations also play a role; for instance, cold 
temperatures can alter membrane fluidity, affecting ion 
transport and, consequently, plant electrical signaling. [17-
19]. 

Previous research has extensively explored how these 
environmental factors influence plant electrophysiology. 
Light has been shown to significantly affect the membrane 
potential of plant cells, with studies indicating that 
increased light intensity enhances the ion fluxes associated 
with photosynthesis, thereby altering electrical signaling 
within the plant [20]. For instance, a study by Smith et al. 
(2018) demonstrated that variations in light intensity could 
lead to measurable changes in the electrical potential of 
chloroplasts, impacting overall photosynthetic efficiency 
[21]. 

Temperature also plays a crucial role; Jones and Lee (2020) 
found that elevated temperatures can increase membrane 
fluidity, leading to enhanced ion transport and altered 
electrical responses in plants [22].  

Soil humidity is another critical factor; when water 
availability fluctuates, it can affect the turgor pressure 
within cells, influencing their electrical properties. Research 
by Garcia et al. (2019) showed that drought conditions 
resulted in decreased electrical signal activity, which 
correlated with reduced growth rates [23].  

The influence of music on plant growth and 
electrophysiology has garnered interest, albeit with mixed 
results. Some studies, such as those conducted by Miller and 
Thompson (2021), suggest that sound waves may stimulate 
ion movement across membranes, potentially enhancing 
growth and electrical activity in certain plant species [24]. 
However, other research has shown negligible effects, 
indicating that the response may depend on the type of 
music and plant species [25]. Overall, these studies highlight 

the complex interplay between environmental factors and 
plant electrophysiology, underscoring the need for further 
investigation into how these variables interact to influence 
plant health and development. 

This research aims to analyze the influence of 
environmental changes, including soil humidity, sunlight 
intensity, and temperature, on plant signaling and 
electrophysiology. Additionally, it examines the validity of 
theories regarding the effect of music on plants by studying 
their electrical signals. The primary research question 
guiding this study is: How do the environmental factors of 
music, heat, water, and sunlight affect the electrophysiology 
of plants? We aim to understand how these stimuli influence 
electrical signals within plant cells and tissues. We 
hypothesize that sunlight and water will have the most 
significant impact on plant electrophysiology, leading to 
marked increases in electrical signals and activity. We 
expect heat to also affect plant electrophysiology, albeit to a 
lesser degree than sunlight and water. Conversely, we do not 
anticipate notable changes in the electrical properties of the 
plants due to exposure to music. 

To investigate the electrophysiological responses of 
Pelargonium hortorum (Geranium) to environmental 
changes, we conducted an experiment focusing on soil 
humidity, sunlight exposure, temperature, and music 
playback. Electrophysiological activity was recorded for 
each plant using an ECG Arduino kit (AD8232) connected to 
biomedical AgCl pads. The captured signals were processed 
and visualized through a Python-based Heart Rate Monitor 
application, allowing for real-time analysis of the electrical 
activity in response to environmental stimuli. 

The objectives of this study are to investigate how variations 
in soil humidity, sunlight intensity, and temperature affect 
the electrophysiological responses of Pelargonium 
hortorum. Additionally, it aims to assess the impact of music 
exposure on the electrical activity of geranium plants, 
determining whether auditory stimuli influence plant 
electrophysiology. By enhancing our understanding of plant 
neurobiology, the study seeks to elucidate how plants 
respond to environmental changes through 
electrophysiological mechanisms. The findings will explore 
the application of electrophysiological monitoring to 
optimize greenhouse conditions for improved plant health 
and productivity, laying the groundwork for future research 
on plant responses to environmental stimuli. 
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Materials and Methods 

Pelargonium hortorum was selected for experimentation 
because of its high sensitivity towards environmental 
changes. The Geraniums’ ages were approximately two 
years. The plants were watered with 200 ml of water once 
every four days and experienced direct sunlight for six hours 
a day in preparation for the experiment. Four plants with 

four repetitions for each parameter were used  in this 
experiment. Each plant’s electrophysiological activity was 
captured for three hours, 1.5 hours before the change of the 
independent variable and 1.5 hours after the change of the 
independent variable. Table1 shows the independent 
variables, controlled variables, and Dependent variable for 
each plant. Table 2 shows the change of independent 
variable in each plant. 

Table 1: The independent variables, controlled variables, and Dependent variable for each plant. 

Plant Independent variable Controlled variable Dependent variable 

PS Soil humidity 
Light intensity, environmental 

temperature, soil type, air 
humidity, environmental noise 

Plant 

Electrophysiological 

Activity 

PL Sun light intensity 
Soil humidity, environmental 

temperature, soil type, air 
humidity, environmental noise 

PT Environmental temperature 
Soil humidity, light intensity, 

soil type, air humidity, 
environmental noise 

PM Music Playback 
Soil humidity, light intensity, 

soil type, air humidity, 
environmental temperature 

 

Table 2: The change of independent variable for each plant. 

Plant Before change of independent variable Change of independent variable 

PS Dry soil 8 ounces of water 

PL Dark environment Direct sunlight exposure 

PT 20 Celsius 32 Celsius 

PM Silent environment pop music playback in high volume 
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An ECG Arduino kit (AD8232), (A hardware-based system 
that can be used to measure and record the electrical activity 
of the heart, which is a common application of plant 
electrophysiology research) was used for capturing electric 
pulses. The electric pulses were caught using biomedical 
(AgCl) pads. After amplification and filtering, the signals 
were converted from an analog voltage level to a digital 
representation and sent to the Arduino Uno Micro-
controller with which the necessary signal processing or 
analysis algorithms are performed, and the data for 
visualization is prepared. The connections of the kit are 
shown in figure1 and figure2.  

A Python Heart Rate Monitor (A software-based application 
that can be used to analyze and visualize the electrical 
signals obtained from an ECG system) with a GUI (A type of 
user interface that allows for the interactive visualization 
and analysis of data) was used for processing the captured 
data. This Python program implements a heart rate monitor 
application using the Tkinter library (A popular Python 
library for creating high-quality, publication-ready graphs 
and visualizations) for a graphical user interface (GUI). It 
reads serial data from a COM port, processes it, and displays 
live electrocardiogram (ECG) data on a matplotlib graph (A 
popular Python library for creating high-quality, 
publication-ready graphs and visualizations). 

Figure 1: The experimental set up utilized for capturing 
plant electrophysiological signals 

 

Figure 2: The connections between the Arduino Uno and the 
ECG sensor module, including the 3.5mm jack and the 
AD8232 chip. 

Results 

In this study, we aimed to investigate the influence of 
various environmental factors on the electrophysiological 
responses of Pelargonium hortorum plants. We captured 
electrical signals from the plants over a 90-minute period 
and observed the changes in response to alterations in soil 
humidity, light intensity, environmental temperature, and 
music playback. 
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Figure 3: Environmental Factors Affecting the electrophysiology of Pelargonium hortorum. The graphs display the changes 
of electrical signals caused by the changes in soil humidity (PS), light intensity (PL), environmental temperature (PT), and 
music playback (PM) over time. The electrophysiology was captured  before and after the changes in the independent 
variables (using an ECG Arduino kit. Increase in soil humidity caused a short peak in electrical signals, increase of light 
intensity caused a long-term increase in electrical signals, increase of temperature caused a relatively long-term increase in 
electrical signals, and music playback did not cause significant changes in the captured signals. 

 

Discussion 
Figure 3(A) illustrates the changes in the 
electrophysiological signals of Pelargonium hortorum 
plants in response to soil rehydration. The y-axis represents 
the electrical potential measured in millivolts (mV), while 
the x-axis shows the time in minutes. Prior to watering, the 
electrical activity was relatively low and stable. However, 
immediately after the plants were rehydrated, a sharp spike 
in electrical potential was observed, reaching over 0.8 mV. 
This spike indicates a rapid increase in the plants' 
electrophysiological response to the change in soil moisture. 
The elevated electrical activity was maintained for 
approximately 20 minutes before gradually returning to the 
baseline level. These results suggest that soil hydration is a 
crucial factor in stimulating the physiological processes of 
Pelargonium hortorum. The results of our study highlight 
the impacts of environmental factors on the 
electrophysiological activity of Pelargonium hortorum. 
Specifically, we observed that rehydrating the plant after 
complete soil dryness resulted in a notable short-term 

increase in electrophysiological signals (Figure 3A). This 
finding suggests that hydration plays a critical role in the 
plant's physiological responses. 

The changes in electrophysiological signals of the plants in 
response to exposure to sunlight is shown in Figure 3(B). 
The y-axis represents the electrical potential in millivolts 
(mV), and the x-axis shows the time in minutes. When the 
plants were initially kept in darkness, the electrical activity 
remained relatively low and stable. However, upon 
exposure to sunlight, a significant and sustained increase in 
electrical potential was observed, with values reaching over 
1.2 mV. This elevated electrical activity persisted 
throughout the remainder of the observation period, 
indicating a long-term effect of light intensity on the plants' 
electrophysiology. These findings highlight the importance 
of sunlight as a critical factor for promoting vital 
physiological functions in Pelargonium hortorum. 
Furthermore, exposure to sunlight after a period of 
darkness led to a long-term enhancement in the captured 
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signals, underscoring the importance of light in promoting 
plant health and function (Figure 3B). 

Figure 3(C) depicts the changes in electrophysiological 
signals of the plants in response to an increase in 
environmental temperature. The y-axis represents the 
electrical potential in millivolts (mV), and the x-axis shows 
the time in minutes. Prior to the temperature increase, the 
electrical activity remained relatively stable. However, 
when the temperature was raised to 32°C, a noticeable and 
sustained increase in electrical potential was observed, with 
values reaching over 0.9 mV. This elevated electrical activity 
persisted for the remainder of the observation period, 
suggesting a long-term influence of environmental 
temperature on the plants' electrophysiology. These results 
indicate that temperature regulation is a key factor in 
optimizing the health and growth of Pelargonium hortorum. 
So, Increasing the ambient temperature to 32°C also 
resulted in a sustained rise in electrophysiological activity 
(Figure 3C), indicating that temperature is a vital factor 
influencing plant physiology. 

Figure 3(D) shows the changes in electrophysiological 
signals of the plants in response to music playback. The y-
axis represents the electrical potential in millivolts (mV), 
and the x-axis shows the time in minutes. Prior to the 
introduction of music, the electrical activity remained 
relatively stable. However, when the music was played, no 
statistically significant changes were observed in the 
electrical potential of the plants. The signals remained 
within the same range as the baseline, suggesting that 
auditory stimuli, such as music, have an insignificant effect 
on the electrophysiological properties of Pelargonium 
hortorum. This finding warrants further investigation into 
the role of sound on plant physiology. Conversely, our 
investigation into the effects of music revealed no significant 
changes in the electrophysiological signals after prolonged 
silence (Figure 3D). This finding contrasts with previous 
studies, which suggest that music can positively influence 
plant growth and development [26, 27]. One possible reason 
for this discrepancy is our use of classical music at high 
volume, which may not align with the optimal conditions 
found in another research. Some studies indicate that 
classical music can enhance plant growth, but the effects can 
vary significantly based on volume levels, exposure 
duration, and plant species [25, 28]. High volume may create 
stress responses in plants, potentially overshadowing any 
beneficial effects of the music [29]. Additionally, our study's 
focus on electrophysiological signals may capture different 
aspects of plant responses compared to growth metrics 
typically used in other research, potentially leading to 

varying conclusions about the impact of auditory stimuli on 
plants. 

Overall, these results align with previous research on the 
influence of environmental factors on plant 
electrophysiology. Studies have consistently shown that soil 
moisture, light intensity, and temperature can significantly 
impact the electrical signaling within plants, as these factors 
are closely linked to vital physiological processes [21- 22]. 
The lack of a notable response to music playback, however, 
differs from some previous findings, which have suggested 
that sound waves may affect ion movement and influence 
plant growth [23, 30]. Further research is needed to clarify 
the relationship between auditory stimuli and plant 
electrophysiology. 

Further work can be done for expanding this research. 
Testing other plant species could yield further 
understanding of plant responses to environmental stimuli, 
especially with the use of more sensitive sensors. The 
development of technologies based on these findings can be 
very instrumental. The information from this study 
highlights how electrophysiological data can be used to 
identify and solve problems related to plant health 
management, offering a new method for managing 
greenhouses. 

 
Conclusion 
This study provides valuable insights into the 
electrophysiological responses of Pelargonium hortorum 
plants to various environmental factors. The findings 
highlight the critical importance of soil hydration, light 
intensity, and temperature in regulating the plants' 
physiological processes, as evidenced by the significant 
changes in electrical signals. However, the lack of a notable 
response to music playback suggests that auditory stimuli 
may have a more complex or species-specific influence on 
plant electrophysiology, warranting further investigation. 
To build upon these findings, future studies could explore 
the electrophysiological responses of other plant species, 
particularly those with economic or ecological significance, 
such as fruiting plants or crops. Additionally, incorporating 
more sensitive sensors and expanding the range of 
environmental factors, such as soil nutrient levels, 
atmospheric composition, and electromagnetic fields, could 
yield a more comprehensive understanding of the complex 
interactions between plants and their environment. The 
practical applications of this research are particularly 
promising for greenhouse management. By integrating real-
time monitoring of electrophysiological signals into 
automated systems, growers can optimize conditions for 
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plant health and productivity, leading to improved yields 
and resource efficiency. This approach can be especially 
valuable in the face of climate change and the need for 
sustainable agricultural practices. Overall, this study 
contributes to the growing body of knowledge on plant 
electrophysiology and highlights the potential for using 
these signals as a tool for understanding and enhancing 
plant responses to their environment. 
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