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Ultraweak Photon Emission (UPE), or biophoton emission, is a
fascinating phenomenon of extremely low-level light emission from
living organisms, including plants. First observed in plants, UPE's
characteristics, such as its broad spectral range and attribution to
oxidative metabolism, make it a valuable indicator of plant health and
metabolic status. Decades prior, Sir Jagadish Chandra Bose's
groundbreaking work on plant responses to stimuli, particularly
Mimosa pudica, established the electrical nature of plant signaling,
challenging the perception of plants as passive entities. While Bose
didn't directly measure UPE, his observations of physiological changes
in response to stress align conceptually with modern UPE research, as
UPE intensity increases under stress conditions, often linked to reactive
oxygen species (ROS) production. Theoretical frameworks propose
UPE's role in intercellular communication and even "plant
intelligence." Advanced technologies like CCD cameras are crucial for
its measurement. Bridging Bose's pioneering insights with
contemporary UPE research offers innovative strategies for agriculture,

including non-invasive plant health monitoring, stress detection, and
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potentially optimizing growth and enhancing crop resilience through

understanding plant communication.

DOI : https://doi.org/10.5281/zenodo.15655371

1. Introduction

The phenomenon of Ultraweak Photon Emission (UPE), also known as biophoton emission, represents a
fascinating aspect of biological activity in all living organisms, including those within the plant
kingdom."! This emission, characterized by extremely low levels of light, has garnered increasing
attention for its potential role in understanding fundamental biological processes. Notably, the initial
observations of UPE were made in plants, suggesting a significant involvement in their physiology.'
Decades before the discovery of UPE, the pioneering work of Sir Jagadish Chandra Bose on plant
responses to stimuli, particularly his extensive studies on the sensitive plant Mimosa pudica, laid the
groundwork for understanding the intricate ways in which plants perceive and react to their
environment.” The user's query emphasizes the importance of comprehending these plant responses to
environmental cues through both theoretical frameworks and the application of advanced technologies.
This report aims to delve into the definition and characteristics of UPE in plants, explore the significant
contributions of J.C. Bose to our understanding of plant behavior, and investigate the potential
relationships between these two areas of study in light of contemporary research. The exploration will
also encompass theoretical approaches that might explain the role of UPE in plant behavior and
communication, the advanced technologies employed to measure this phenomenon, and potential
innovative strategies that could arise from a deeper understanding of their connection. Finally, the report
will consider modern interpretations of Bose's work within the context of current plant physiology and

biophysics, including the burgeoning field of UPE research.

The fact that UPE was first observed in plants before being detected in other biological systems hints at
a potentially crucial role it plays in plant-specific processes. This early discovery might indicate that
plants exhibit UPE in a manner that was more readily detectable with the nascent technologies available
at the time, or perhaps that the intensity or characteristics of UPE are particularly pronounced in plant
tissues. This precedence suggests that further investigation into UPE in plants could yield fundamental
insights into their unique biological mechanisms, such as photosynthesis and responses to light, which

are central to their survival and interaction with the environment.

Nagashri Nanjundeshwara, Ramya Raghavaal Page | 1341



6;4 The Academic Volume 3 | Issue 5 | May 2025
2.

Defining Ultraweak Photon Emission (UPE) in Plants

Ultraweak Photon Emission (UPE), a ubiquitous phenomenon in the biological world, is defined as the
spontaneous emission of extremely low levels of light from all living organisms, including plants.' This
inherent property of life is also referred to as biophoton emission or ultra-weak bioluminescence.’® A
key characteristic of UPE is its remarkably low intensity, typically ranging from a few to a few hundred
photons emitted per square centimeter of surface area per second.' This corresponds to a radiant
emittance in the order of 10<sup>-17</sup> to 10<sup>-23</sup> W/cm2* In some instances, the
photon flux can be reported as being in the range of 1 to 10<sup>7</sup> photons per second per square

centimeter.*®

The spectral range of UPE in plants spans from the ultraviolet to the near-infrared regions, typically
between 200 and 1000 nm." Some studies, however, indicate a broader range, extending from 180 to
1500 nm.*® Within this spectrum, the emission is often described as relatively flat, particularly between
200 and 800 nm, with a slight peak observed in the orange region.* It is also noted that specific
wavelengths within the UPE spectrum can be associated with different excited molecular species
generated during cellular processes.*® For example, triplet-excited carbonyls ((R=0¢) emit photons in the
near-ultraviolet and blue-green regions, while excited state pigments emit in the green-red ('Pe) and

near-infrared (°P+) regions.*

The origins of UPE in plants are attributed to various biochemical reactions and metabolic activities
occurring within their cells, with oxidative metabolism playing a central role.' Excited molecules, such
as singlet oxygen and triplet carbonyls, formed during these oxidative processes are considered likely
sources of photon emission.' Processes like lipid peroxidation and protein oxidation, induced by reactive
oxygen species (ROS), can also trigger electron excitation and transfer, leading to UPE.' Cellular
organelles such as mitochondria and chloroplasts, where ROS are generated during metabolism and

photosynthesis, are potential sites for UPE production.*®

It is crucial to distinguish UPE from other forms of light emission observed in plants. Bioluminescence,
for instance, involves specific enzymatic reactions, such as those catalyzed by luciferase, and results in a
significantly higher intensity of light emission.' In contrast, UPE occurs spontaneously without external
excitation." Another distinction is from blackbody radiation, which is solely dependent on the

temperature of an object and has a different spectral profile, primarily above 1000 nm at room
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temperature.' Notably, the intensity of UPE at typical biological temperatures is orders of magnitude
higher than that of blackbody radiation in the same spectral range.! Furthermore, UPE can be broadly
categorized into spontaneous luminescence, which is continuously emitted, and exogenously induced
luminescence, which includes delayed luminescence (DL).> DL refers to the weak emission of light

following the removal of an external light source, as excited molecules return to their ground state.’

The spectral overlap between UPE and chlorophyll fluorescence, which occurs around 400 nm
(blue/near ultraviolet) and 700 nm (near infrared) °°, suggests a potential interplay between these
phenomena. Chlorophyll is central to plant energy metabolism and also plays a role in stress responses.
This spectral similarity could indicate that chlorophyll or its excited states are involved in the generation
or modulation of UPE, particularly in response to light stimuli or during photosynthetic processes.
Investigating the correlation between chlorophyll fluorescence and UPE intensity under various

conditions might reveal significant insights into the energy dynamics within plant cells.

Table 1: Characteristics of Ultraweak Photon Emission (UPE) in Plants

Characteristic Description

Definition Spontaneous emission of extremely low
levels of light from living organisms,

including plants.

Intensity Range A few to a few hundred photons/cm?/sec
(10<sup>-17</sup> to 10<sup>-23</sup>
W/cm?)

Spectral Range Typically 200-1000 nm (UV, Visible, Near-
Infrared), sometimes reported as 180-1500

nm.

Primary Origins Biochemical reactions and metabolic
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processes, particularly oxidative metabolism

involving ROS.

Distinction from Bioluminescence Bioluminescence involves enzymatic

reactions and higher light intensity.

Distinction from Blackbody Radiation Blackbody radiation depends solely on
temperature and has a different, mostly

higher, spectral range.

3. J.C. Bose's Groundbreaking Investigations on Mimosa Pudica

Sir Jagadish Chandra Bose, initially a renowned physicist, shifted his focus to the world of plants around
the turn of the 20th century, effectively bridging the disciplines of botany and physics and establishing
an early form of biophysics.” His research was driven by a quest to find unifying principles underlying
the apparent differences in responses between animals and plants.” Bose's work challenged the then-
prevalent view of plants as passive and insensitive organisms, proposing instead that they are sensate,

active, and intelligent entities capable of exploring their environment.*

To facilitate his investigations, Bose invented a series of original and ingenious instruments that allowed
him to simultaneously measure minute bioelectric potentials and quantify very small movements in
plants. Among these, the Crescograph stands out as a particularly delicate recording instrument
engineered to convey the 'tremors of excitation' and 'the throbs and surges of life' of a plant.* This
device, composed of minute clockwork gears and a smoked glass plate, could magnify plant movement
up to 10,000 times through the use of two levers.? The tracings inscribed on the glass plate, which Bose
termed 'plant autographs', calibrated the rate of growth of the plant under various stimuli, including
temperature, electricity, gas, and chemicals.* Bose also employed an electric probe and an Einthoven

galvanometer to precisely measure electrical pulsations within plant tissues.’

Bose conducted a significant portion of his studies on the touch-sensitive plant Mimosa pudica.’
Through his experiments, he demonstrated the electrical nature of the conduction of various stimuli,
such as touch, wounds, and chemical agents, in plants, a phenomenon that was previously attributed to
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chemical signaling.6 Bose meticulously documented the characteristic electrical response curve of plant
cells to electrical stimulation and observed the reduction and eventual disappearance of this response in
plants treated with anesthetics or poisons.’ His findings led him to conclude that plants experience
sensations and are capable of feeling pleasure and pain, much like animals.” The rapid closure of
Mimosa pudica's leaves upon touch, a well-known phenomenon, was shown by Bose to be a result of
electrical signals traveling through the stem, leading to a loss of turgor pressure in specialized motor
organs called pulvini.'® Furthermore, Bose's experiments provided evidence of long-term memory and
learning capabilities in Mimosa pudica."' He also proposed a vital theory for the ascent of sap in plants,

based on the pulsatory motion of living cells, which he observed through his sensitive instruments.®

Bose's strong conviction was that plants possess a sensitive nervous system analogous to that of animals,
and that their responses to external stimuli could be accurately measured and recorded.” He provided
compelling evidence that plants coordinate their movements and responses to the environment through
electrical signaling.’ His demonstration of similar responses in both inorganic and living matter to
various stimuli > suggested a fundamental biophysical principle at play, potentially linking the energy
transformations in these systems to phenomena like UPE. Bose's work, therefore, laid a critical
foundation for understanding the rapid signaling mechanisms in plants at a biophysical level, which

could be inherently connected to the generation and modulation of ultraweak photon emissions.

Table 2: J.C. Bose's Key Findings on Mimosa Pudica's Response to Stimuli

Stimulus Type Observed Instrument Used Key Interpretation
Response by Bose
Touch Rapid leaf closure Crescograph Electrical ~ signals

travel through the
stem, causing loss

of turgor pressure in

pulvini.
Electrical Characteristic Galvanometer Plant cells exhibit
electrical response electrical responses
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curve to stimuli.

Anesthetics Decrease and | Galvanometer Plants  have a
absence of electrical sensitive  nervous
response system affected by

chemical agents.

Poison Unsteady pulse beat | Crescograph Plants  experience

life and their
physiological
processes are
affected by toxins.

Repeated Shock Habituation and | Observation Plants are capable
memory (leaves did of learning and
not close) remembering

stimuli.

General Similar responses to | Various Instruments | Plants possess a
animals in various nervous system and
conditions sensitivity akin to

animals.

4. The Interconnection Between Ultraweak Photon Emission and Plant Responses to
Environmental Cues

Current scientific understanding reveals a significant interconnection between Ultraweak Photon
Emission (UPE) and how plants react to their surroundings. UPE is recognized as a non-invasive
diagnostic tool that effectively reflects the functional status and overall health of plant cells.”> Changes
in the intensity and characteristics of UPE have been consistently observed in response to a wide array

of environmental factors, both biotic and abiotic.! For instance, an increase in UPE intensity is

Nagashri Nanjundeshwara, Ramya Raghavaal Page | 1346



6%3 The Academic Volume 3 | Issue 5 | May 2025

frequently detected when plants are subjected to stress conditions such as mechanical injury, fluctuations
in temperature, exposure to various chemical treatments, attacks by pathogens, and environmental
challenges like drought and salinity.' Research suggests that UPE can not only indicate the presence of
stress but also reflect its severity and potentially predict how a plant will respond.®’ Beyond stress
responses, UPE is also implicated in fundamental plant processes like growth and development, with

studies showing higher emission levels in more mature plants and during periods of active root growth.*

Reactive oxygen species (ROS) are now understood to be crucial precursors in the generation of UPE in
plants." These molecules are produced during normal metabolic activities, and their production often
increases when plants are exposed to various stressors. This elevated ROS production can lead to
oxidative stress within the plant, which in turn is associated with an increase in UPE intensity.'
Specifically, ROS-induced processes like lipid peroxidation and protein oxidation can trigger the

excitation of electrons, which subsequently release energy in the form of photons, contributing to UPE."

UPE is also intrinsically linked to the metabolic processes within plants. It is considered an inherent
characteristic of all living systems, reflecting their local energy state and ongoing metabolic activities.'
Spontaneous UPE occurs as a natural consequence of the chemical reactions taking place within plant
cells." The phenomenon is so closely tied to cellular activity that UPE can serve as a sensitive indicator

of the overall metabolic state and physiological well-being of a plant.'

The established correlation between UPE and ROS production under various stress conditions strongly
suggests that UPE could be a valuable, non-destructive method for monitoring the levels of oxidative
stress in plants. Since stress often leads to increased ROS, and ROS are involved in generating the
excited molecular species that emit biophotons, measuring UPE intensity could provide a real-time
assessment of a plant's stress level without causing any damage. This capability is particularly
significant for early detection of stress caused by environmental factors or pathogen attacks, allowing

for timely interventions to mitigate potential harm and improve plant health.

5. Bridging the Gap: Connecting J.C. Bose's Observations and the Phenomenon of UPE

While J.C. Bose's pioneering investigations on Mimosa pudica predated the discovery and detailed
understanding of Ultraweak Photon Emission (UPE), his meticulous observations of the plant's
sensitivity and responsiveness to various stimuli provide a crucial historical context for interpreting

these phenomena at a fundamental biophysical level. Bose's work was instrumental in establishing the
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presence of electrical signaling in plants as a response to touch and other environmental cues.® Modern
research has elucidated that Mimosa pudica's rapid leaf closure upon touch involves the generation of

action potentials and the flux of ions across cell membranes in the pulvini.*

Interestingly, contemporary studies have shown that UPE intensity tends to increase in plants under
mechanical stimulation and various forms of stress.' Although Bose did not directly measure UPE, it is
plausible that the electrical and physiological changes he observed in Mimosa pudica following
stimulation were accompanied by alterations in UPE. These changes in UPE would likely reflect the
underlying metabolic and oxidative processes triggered by the plant's response to the stimulus. In fact,
several modern studies utilize UPE measurements to monitor plant responses to mechanical injury, a

research area that conceptually aligns with Bose's focus on the touch sensitivity of Mimosa pudica.”

Bose's groundbreaking work on plant electrophysiology, particularly his detailed investigation of
Mimosa pudica's sensitivity, laid a significant foundation for understanding the rapid signaling
mechanisms in plants. These mechanisms, involving electrical and physiological changes, could be
intrinsically linked to the generation and modulation of UPE. While direct evidence connecting Bose's
specific experiments on Mimosa pudica with UPE measurements is not explicitly available in the
provided snippets, the conceptual parallels between his findings and the modern understanding of UPE's
relationship with plant stress responses are noteworthy. The electrical signals and ion fluxes observed by
Bose likely initiate metabolic cascades that could lead to the production of ROS and subsequent UPE.
Therefore, Bose's legacy provides a valuable framework for interpreting and further investigating the

biophysical changes associated with UPE in sensitive plants like Mimosa pudica.
6. Theoretical Frameworks Explaining the Role of UPE in Plant Behavior and Communication

Several theoretical frameworks have been proposed to elucidate the role of Ultraweak Photon Emission
(UPE) in plant behavior and communication. One prevalent hypothesis suggests that UPE originates
from the random radiative decay of molecules that have been excited during metabolic processes,
particularly those involving oxidation and radical reactions.”” According to this view, the photons
emitted are a byproduct of these biochemical reactions, reflecting the overall metabolic state of the

plant.

Another significant theory posits that UPE arises from a coherent electromagnetic field that is generated

within and between plant cells due to specific biochemical reactions, possibly involving oxygen atoms.
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This perspective suggests that the emitted photons are not merely random byproducts but are part of a

more organized system of energy transfer and potentially information exchange within the plant.

Building on the idea of coherence, UPE has been proposed to play a role in both intra- and intercellular
communication and regulation in plants.”” The concept of a "morphogenetic field," involving weak
electromagnetic radiation that influences cell growth and development, as proposed by Gurwitsch, also
aligns with this idea.'” This suggests that plants might utilize UPE as a means to transmit signals and

coordinate activities at various levels of organization.

Furthermore, UPE has been theorized to carry biological information and could be involved in a form of
plant "intelligence," enabling them to sense and respond to their environment in complex ways.” Some
theories even propose that deoxyribonucleic acid (DNA) within plant cells could serve as a source and
storage of biophotons, contributing to a coherent field that facilitates regulation and communication
within the organism.>® Furthermore, the involvement of quantum coherence and entanglement in
biological systems, including plants, has been suggested as a potential mechanism underlying the

generation and function of UPE.*

The co-existence of both random and coherent theories for UPE generation suggests that this
phenomenon might have multifaceted origins and roles in plants. While some UPE might be a byproduct
reflecting metabolic activity and stress levels, other aspects, potentially related to coherence and specific
patterns, could be involved in more directed processes like signaling and regulation within the plant.
This duality highlights the complexity of UPE and the need for further research to fully understand its

significance in plant biology.
7. Advanced Technologies for the Measurement and Analysis of UPE in Plants

The extremely low intensity of Ultraweak Photon Emission (UPE) necessitates the use of highly
sensitive and advanced technologies for its measurement and analysis in plants. A significant milestone
in this field was the development of the photon multiplier tube (PMT) in the 1950s.>” The PMT's ability
to amplify weak light signals significantly increased the sensitivity of detection, allowing researchers to

demonstrate the ubiquitous nature of UPE in living organisms.

Currently, charge-coupled device (CCD) cameras, including intensified CCDs (ICCDs) and electron-
multiplying CCDs (EMCCDs), are the workhorses for UPE imaging in plant research.' These cameras
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offer high sensitivity, low noise, and the crucial ability to capture spatial information, allowing for the
imaging of UPE distribution across plant tissues. EMCCDs, in particular, provide exceptional
sensitivity, enabling the detection of even single photons.' However, the process of electron
multiplication in EMCCDs can make quantitative photon counting challenging due to the inherent

randomness of the gain.45

To ensure accurate measurements, UPE experiments are typically conducted within dark chambers to
eliminate any interference from ambient light.! Additionally, detectors are often cooled to very low

temperatures to minimize thermal noise, which can obscure the faint UPE signals. '

To investigate the spectral characteristics of UPE, researchers employ spectral analysis techniques. This
often involves the use of optical filters with specific transmission properties to isolate different
wavelength ranges of the emitted light.’® More sophisticated instruments like spectrometers, which can
disperse the emitted light into its constituent wavelengths, are also used to obtain a detailed spectral
distribution of UPE.*® The continuous development of advanced imaging systems with enhanced
resolution and sensitivity is crucial for improving the accuracy of monitoring plant physiological states
using UPE.! These technological advancements are essential for pushing the boundaries of our

understanding of UPE and its role in plant biology.

The progression of UPE measurement technology, from the initial use of PMTs to the current
sophisticated CCD and EMCCD cameras, has significantly enhanced our ability to detect and analyze
these extremely faint light signals. This technological evolution is vital for enabling more detailed
investigations into the biological significance of UPE, allowing researchers to link it to specific cellular
processes and observe dynamic changes in response to various stimuli with increasing precision. This
enhanced capability is fundamental for validating theoretical models and exploring the diverse potential

applications of UPE research in plant science and beyond.
8. Innovative Strategies and Potential Applications Stemming from UPE and Bose's Work

A deeper understanding of the link between Ultraweak Photon Emission (UPE) and plant behavior,
particularly inspired by the foundational work of J.C. Bose, holds significant promise for the
development of innovative strategies and practical applications across various fields. UPE has emerged
as a valuable non-invasive tool for diagnosing and monitoring oxidative metabolism in plants.> This

capability opens up exciting possibilities in agriculture for real-time monitoring of plant growth,
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assessing the impact of environmental stresses such as heat, salt, drought, and mechanical injury, and

ultimately supporting the principles of precision agriculture.”

UPE imaging provides a non-destructive method to gain insights into plant vitality and their responses to
various stressors, potentially enabling the early detection of issues before they become visibly apparent.'
It can be used to differentiate between healthy and stressed plant tissues and to quantitatively assess the
degree of damage."' Beyond plant health, UPE measurements could also be valuable in evaluating the

quality and safety of food products.*!

Inspired by J.C. Bose's pioneering work on plant sensitivity and their responses to subtle stimuli, a
deeper understanding of UPE could lead to innovative strategies for optimizing plant growth conditions
and developing crops with enhanced resistance to various environmental challenges. For example, UPE
monitoring might be used to identify specific environmental conditions that promote optimal plant
health and vigor, as reflected in their UPE signatures. Furthermore, UPE could potentially be employed
in screening programs to identify plant varieties or specific treatments that enhance a plant's ability to

cope with stress, based on their UPE response profiles.

The possibility that UPE plays a role in plant communication, as suggested by some theoretical
frameworks, opens up even more intriguing applications.”® If plants do indeed use biophotons to
exchange information, further research could explore how these signals are generated, transmitted, and
received. This knowledge might then be harnessed to develop novel agricultural techniques that leverage
or even manipulate plant communication networks to improve crop yields or enhance resistance to pests
and diseases. For instance, understanding the UPE signals associated with defense responses could lead
to strategies that prime neighboring plants to activate their own defenses, creating a more resilient
agricultural ecosystem. Additionally, UPE might be used to screen for plant activators, chemical
compounds that can potentiate a plant's defense mechanisms, by observing their effect on elicitor-

responsive photon emission.””

The potential of UPE as a non-destructive tool for comprehensive plant monitoring, coupled with the
historical insights from Bose's work on plant sensitivity, could indeed revolutionize agricultural
practices. Real-time assessment of plant health and responses through UPE analysis could lead to more
efficient resource management, timely interventions to address stress, and ultimately, improved crop

yields and sustainability in agriculture.
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Table 3: Potential Applications of Ultraweak Photon Emission in Plant Science and Agriculture

Application Area

Specific Use Case

Potential Benefits

Stress Detection

Early detection of drought,
heat, salt stress, and

mechanical injury.

Timely interventions,
reduced crop loss, optimized
resource allocation (e.g.,

targeted irrigation).

Food Quality Assessment

Determining the freshness
and quality of harvested

produce.

Reduced food waste,
ensuring consumer safety,

potential for quality grading.

Growth Monitoring Tracking seedling vigor and | Identification of optimal
overall plant development. growth conditions, early
detection of growth

anomalies.
Disease/Pest Detection Early detection of pathogen | Prompt treatment,
infections or pest | preventing widespread
infestations. damage, reduced reliance on

chemical pesticides.

communicate with each

Plant Breeding Screening for stress-tolerant | Accelerated breeding
or high-yielding varieties | programs, development of
based on UPE signatures. more resilient crops.

Plant Communication | Investigating how plants | Potential for developing

Studies might use biophotons to | strategies  to enhance

beneficial plant interactions
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other. or disrupt harmful ones
(e.g., weed-crop

communication).

Screening of Agrochemicals | Identifying plant activators | Development of  new,
that enhance defense | environmentally  friendly

mechanisms. crop protection agents.

Optimization of Growth | Identifying optimal light, | Maximized plant health and
Conditions temperature, and nutrient | productivity, efficient use of
levels based on UPE | resources.

responses.

9. Revisiting the Legacy: Modern Interpretations and Critical Evaluations of J.C. Bose's

Contributions in the Context of UPE Research

The work of Sir Jagadish Chandra Bose on plant sensitivity, initially met with considerable skepticism
and even ridicule, is now undergoing a significant re-evaluation and increasing appreciation by
contemporary scientists, particularly within the burgeoning field of plant neurobiology.” His central
concept that plants possess a form of nervous system and exhibit the capacity to feel and respond to a
variety of stimuli, much like animals, is now gaining traction and validation through modern research
employing sophisticated techniques.’ In fact, some contemporary researchers consider the field of plant

neurobiology as a direct continuation of Bose's pioneering efforts, referring to it as "Bose 2.0"."'

Bose's emphasis on electrical signaling as a primary means by which plants coordinate their responses to
the environment ~ aligns remarkably well with the modern understanding that changes in membrane
potentials and the movement of ions play crucial roles in plant responses to stimuli. These electrical and
physiological changes, documented in detail by Bose, could very well be linked to the generation and
modulation of Ultraweak Photon Emission (UPE). While Bose lacked the technological tools to measure
UPE directly, his foundational work provides a crucial historical and conceptual link to understanding

the biophysical mechanisms that might underlie this phenomenon.
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Bose's philosophical view of the interconnectedness of living and non-living matter > also resonates with
the idea that fundamental biophysical principles, potentially reflected in UPE, govern the responses of
all matter to energy and stimuli. His demonstration of similar electrical responses in metals and plants to
external stimuli suggests a shared underlying mechanism related to energy transfer and excitation, which

could be connected to the emission of biophotons.

It is important to acknowledge that some controversies surrounding Bose's interpretations of his findings
still persist within the scientific community.” However, the recent resurgence of interest in his work and
the advancements in plant physiology and biophysics, particularly the study of UPE, offer an
opportunity to revisit his hypotheses with contemporary tools and knowledge. Future research could
indeed explore whether the electrical signals and physiological changes that Bose meticulously
documented in Mimosa pudica and other plants correlate with specific changes in their UPE signatures.
Such investigations could potentially validate some of his early, and at the time revolutionary, ideas
about plant sentience and communication using the lens of modern biophysical understanding, including

the intriguing phenomenon of ultraweak photon emission.
10. Conclusion

This report has explored the phenomenon of Ultraweak Photon Emission (UPE) in plants, highlighting
its characteristics, origins, and relationship with plant responses to environmental stimuli. The
foundational work of J.C. Bose on Mimosa pudica and other plants, though preceding the discovery of
UPE, provides a crucial historical and conceptual framework for understanding the intricate biophysical
processes underlying plant behavior. Modern research continues to unveil the significance of UPE as a
non-invasive tool for monitoring plant health, stress responses, and metabolic activity. The theoretical
models proposed to explain UPE suggest its potential role in intra- and intercellular communication, and
advancements in measurement technologies are enabling increasingly detailed investigations into this
faint but potentially vital form of light emission. The innovative strategies and applications stemming
from a deeper understanding of UPE, particularly in agriculture, hold promise for revolutionizing plant
science and agricultural practices. Finally, the enduring legacy of J.C. Bose is evident in the resurgence
of interest in his work, with contemporary science beginning to validate many of his pioneering
observations using modern biophysical techniques, including the study of UPE. Further research into the

potential correlations between the electrical and physiological responses documented by Bose and the
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UPE signatures of plants could provide valuable insights into the fundamental mechanisms governing
plant life and their interactions with the world around them.
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