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Abstract:

The field of plant physics in India, which bridges plant biology and physical sciences, has seen
significant growth over the years. Rooted in traditional knowledge, such as the Vedas and Ayurveda, India’s
historical engagement with plant studies laid the foundation for modern scientific exploration. The
pioneering work of Sir Jagadish Chandra Bose in plant electrophysiology marked the formal beginning of
plant physics in India. Post-independence, the establishment of institutions like the Indian Council of
Agricultural Research (ICAR) fostered research in plant physiology, leading to advancements in areas such
as water transport, photosynthesis, and plant adaptation to climate change. Contemporary research focuses
on mechanobiology and climate resilience, with increased collaboration between Indian and international
institutes. The field continues to evolve, positioning India as a key contributorto global research in plant
physics.
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Introduction

Plant physics, an interdisciplinary field that bridges plant biology with physical sciences, has seen
substantial growth in India. This field focuses on understanding the physical principles underlying plant
processes, such as growth, water transport, photosynthesis, and response to environmental stimuli. India’s
historical engagement with plants through agriculture, traditional medicine, and ecology laid a fertile ground
for plant physics to evolve. With advancements in modern science, the country's researchers have
increasingly explored the physical and mechanistic aspects of plant functioning.

Early Contributions and Traditional Knowledge

India has a long-standing tradition of studying plants, deeply rooted in ancient texts such as the Vedas
and Ayurveda (Singh, A. K. 2016).

Although these early works were more focused on the medicinal properties of plants and their role
in human life, they laid the foundation for a scientific inquiry into plant biology (Yogini S. Jaiswal and
Leonard L. Williams,2002).For example, the “Charaka Sambhita” and “Sushruta Sambhita” discussed the
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physiological effects of plants, which indirectly linked with early concepts of plant

physiology(Kuldeepsingh et al 2004).

However, the formal study of plant physics began much later, with the advent of modern science
during the British colonial period (Yoél Forterre,2013). The establishment of institutions like the Indian
Agricultural Research Institute (IARI) in 1905 and various botanical gardens, such as the Indian Botanic
Garden in Kolkata, provided the institutional support for early botanical studies. Even though plant biology
and taxonomy were the focus, interest in understanding how plants interact with their environment from a

physical standpoint started gaining attention.

J.C. Bose: Pioneer in Plant Electrophysiology

Sir Jagadish Chandra Bose, a polymath and one of the pioneers of modern plant physics in India,
revolutionized the study of plant physiology and biophysics. In the early 20th century, Bose's research
challenged the prevailing notion that plants were passive organisms. Through his experiments, he
demonstrated that plants exhibit electrical responses to external stimuli, much like animals. His invention,
the ‘Crescograph’, was an innovative device that could measure minute movements in plant tissues. This
enabled him to quantify plant growth and sensitivity to stimuli, such as light, temperature, and mechanical

pressure(Raghavendra, A.S and Govindjee, 2010).

Bose’s work laid the groundwork for the study of plant electrophysiology, a subfield of plant physics
that investigates electrical signalling in plants. His research not only contributed to a deeper understanding
of plant behaviour but also bridged biology with physical sciences, marking one of the earliest
interdisciplinary approaches to plant science in India.

Post-Independence Development and Institutional Growth

After India’s independence in 1947, the country’s focus shifted toward building scientific infrastructure.
Institutions such as the Indian Council of Agricultural Research (ICAR) and the Council of Scientific and
Industrial Research (CSIR) were established to promote agricultural and biological research. In 1948, a
small unit focused on "Physics in Agriculture™ laid the groundwork for the establishment of the Division of
Agricultural Physics in 1962. The Division was created to advance the study of Soil-Water-Plant-
Environment Energetics, aiming for the eco-friendly and sustainable use of agricultural resources. Initially,
it was organized into four sub-disciplines: Soil Physics, Plant-Biophysics, Environmental Physics, and
Agricultural Meteorology, which continue to be central pillars of Agricultural Physics. Since its inception,
the Division has made notable strides in research, teaching, and training across these fields, including Soil
Physics, Agricultural Meteorology, Remote Sensing and GIS, and Plant-Biophysics. It has been actively
involved in technology transfer to the farming community in the NCR, Delhi, through medium-range
weather-based agro-advisory services, which have been provided since 1993. These agro-advisory bulletins,

updated twice weekly, are distributed through various channels including the Institute's website, print media,
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electronic media, telephone, fax, and email. Since 1992, the Division has been instrumental in human

resource development related to “Remote Sensing Applications in Agriculture” via the Department of Space
Sponsored Winter School. It also established a satellite interactive terminal to deliver off-campus EDUSAT-
based training on “Basics of Remote Sensing, GIS, and GPS” in collaboration with the Indian Institute of
Remote Sensing, Dehradun.[6]

The Division boasts advanced facilities, including a “Soil Physics Laboratory” and a sophisticated
“Hyperspectral Remote Sensing Laboratory,” to support its research and applications..These institutions
fostered research in plant physiology and agricultural physics, which eventually led to the emergence of
plant physics as a distinct field.

The establishment of premier scientific institutes such as the Indian Institutes of Technology (11Ts)
and Indian Institutes of Science Education and Research (IISERs) provided the necessary platforms for
interdisciplinary research. Departments of physics and biology began to collaborate, exploring how physical
principles apply to plant growth, transport mechanisms, and energy exchange.

Research Areas in Contemporary Plant Physics

1. Water Transport and Hydraulics: One of the most studied areas in plant physics is water transport,
especially in arid and semi-arid regions of India where water scarcity is a major issue. Indian researchers
have focused on understanding the mechanisms of water uptake, transpiration, and hydraulic conductivity
in plants. The study of xylem and phloem transport systems has been critical in improving agricultural
practices, especially in drought-prone areas(Morante-Carballo,2022).

2. Photosynthesis and Energy Efficiency: Photosynthesis, the process by which plants convert light energy
into chemical energy, is another key focus of plant physics research in India. Scientists are using tools from
physics to study how light is absorbed, transferred, and used by plants(Morante-Carballo,2022).This has
significant implications for agriculture, particularly in improving crop yields and energy efficiency under
different environmental conditions.

3. Mechanobiology: The study of how plants sense and respond to mechanical forces, such as wind, touch,
and gravity, is another growing area. Mechanobiology explores the physical forces that influence plant
morphology, development, and behavior(Codjoe et al ,2022).Research in this area is crucial for developing

plants that can withstand harsh environmental conditions, including high winds and mechanical stress.

4. Climate Change and Plant Adaptation: As global climate change affects temperature, precipitation
patterns, and CO2 levels, Indian researchers are studying how plants adapt to these changing
conditions(Crous K. Y. ,2019) .By applying principles of physics, such as thermodynamics and fluid
dynamics, scientists aim to understand how plants manage stress, conserve water, and maintain energy
balance.

Thermodynamics and Plant Stress

Thermodynamics helps in understanding the energy transformations within plants. For instance, during
water stress, plants undergo various physiological changes to conserve energy and water. The principles of

thermodynamics can explain how plants optimize their energy use under such conditions[10].
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Fluid Dynamics and Water Conservation

Fluid dynamics is crucial in studying how water moves through plant tissues. This includes understanding
the mechanisms of water uptake by roots and its transport through the xylem to different parts of the plant.
By applying fluid dynamics, scientists can model and predict how plants respond to varying water
availability(Bhattacharjee, S and Saha, A.K. ,2014). By understanding these principles, scientists can
develop crops that are more resistant to drought, ensuring better yields even in water-scarce conditions.
Insights from the studies can lead to the development of plants that use energy more efficiently, which is
crucial for their survival and productivity.This interdisciplinary approach not only enhances our
understanding of plant biology but also contributes to sustainable agriculture practices.

Collaborations and Future Directions

A study on international collaboration patterns in Indian scientific research highlights that Indian
researchers have significantly increased their collaboration with international partners over the past two
decades. The USA, Germany, England, and China are among the top collaborating countries. These
collaborations not only enhance the research capabilities of Indian institutes but also contribute to global
scientific advancements in plant physics and related fields.For example, Indian scientists are participating
in global projects related to climate change, food security, and plant adaptation to extreme environments.
With the advent of modern technologies such as remote sensing, computational modeling, and
nanotechnology, plant physics research in India is poised for rapid growth.

Indian scientists are actively involved in global projects addressing climate change and plant
adaptation. For instance, the Indian Agricultural Research Institute (IARI) in New Delhi collaborates with
international bodies to study the impact of climate change on crop productivity and develop resilient crop
varieties[14].Institutes like the Indian Institute of Remote Sensing (IIRS) in Dehradun use remote sensing
technologies to monitor crop health and predict agricultural yields. These efforts are often in collaboration
with international space agencies and research organizations (Dua, J., Singh, V.K. & Lathabai, H.H,
2023)The Agharkar Research Institute in Pune is exploring the use of nanotechnology in agriculture, such
as developing nano-fertilizers and nano-pesticides. These innovations aim to increase crop yield and reduce

environmental impact.

The government of India has also recognized the importance of plant research for addressing food
security, environmental sustainability, and agricultural productivity. Programs like the National Initiative
on Climate Resilient Agriculture (NICRA) encourage the application of plant physics principles to improve

the resilience of crops to climate variability.
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Conclusion

The development of plant physics in India has come a long way from its early days, thanks to
pioneering scientists like J.C. Bose and the establishment of strong research institutions post-independence.
Today, the field is at the intersection of biology, physics, and environmental science, addressing some of
the most pressing challenges of our time, such as climate change and food security. With continued
investment in scientific infrastructure and interdisciplinary research, India is well-positioned to make

significant contributions to plant physics on the global stage.
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