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Wearable plant sensors are a promising and advanced solution for

studying plants effectively

Dr. Ashwaq Talib Hameed
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"Wearable sensors represent an emerging data collection tool and a
promising solution to overcome the challenges of optical imaging in plant
phenotyping. Initially designed for human health monitoring, they are
now being adapted for attachment and adherence to plants for plant
research purposes. These sensors provide long-term monitoring of a
plant's functional and morphological behavior, directly attaching to the
plant's epidermis, thus converting plant and environmental information
into readable electrical signals on-site. Because these devices are directly

attached to the plant, they offer valuable insights into the plant's
physiology beneath the epidermis.
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Wearable sensors are advancing studies in plant phenotyping, both
morphologically and physiologically, using phenotyping techniques
based on optical imaging, which have significantly improved breeding
and crop management. However, there remains a challenge in increasing
spatial accuracy due to the non-contact measurement mode. Scientists are
turning to wearable sensors as a new data collection tool, presenting a
promising solution to environmental challenges.
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Wearable sensors for plant phenotyping provide on-site monitoring of
plant phenotypes and their characteristics in relation to their surrounding



environments. A comprehensive and precise study of numerous functions,
including minimal insect damage, shows wearable sensors as an effective
tool for measuring plant phenotypes. These include:

-Elongation measurement: Elongation is a critical indicator of plant
growth. Wearable sensors enable in-situ monitoring of tensile stress,
which can be converted to plant elongation, providing more accurate data
than traditional time-lapse imaging methods.
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-Leaf temperature monitoring: Understanding the differences between
plant leaf temperature and air temperature is vital for determining water
stress in plants. Wearable sensors can effectively monitor these
temperature differences.

-Plant hydration: Direct measurement of plant hydration using wearable
sensors offers a more practical solution for field measurement compared
to traditional methods like thermal and terahertz imaging, which require
laboratory settings.

-Bioelectric potentials: Bioelectric potentials are essential for regulating
life activities in plants and respond rapidly to external stimuli. Wearable
sensors offer a minimally invasive method to measure these potentials,
causing less damage to plants than conventional methods.

-Stress response: Plants face various biotic and abiotic stresses. Early
detection and intervention are crucial, and wearable sensors enable real-
time monitoring of stress responses, which may not be possible with
traditional visual identification methods.

-Environmental monitoring: Monitoring the environment, including
factors like air temperature, humidity, light, pesticides, and toxic gases, is
essential for plant phenotyping. Wearable sensors can closely adhere to



plant surfaces, sensing real-time changes in the microenvironment,
contrasting with optical methods that provide large area coverage but are
limited in detecting the microenvironment affecting plant growth.

Impact of air temperature and moisture: Air temperature and moisture
seriously affect plant health, impacting processes such as photosynthesis,
transpiration, and disease vulnerability.

-Light intensity monitoring: Light intensity is a crucial environmental
factor for plants, necessary for photosynthesis but potentially harmful in
excess. Wearable sensors can monitor light intensity in the plant's
environment.

-Pesticide and toxic gas detection: Detecting pesticide residues and toxic
gases is vital for plant health. Current methods for these detections are
often expensive and not suitable for in-situ measurements, a gap that
wearable sensors can fill.

The advancement in the development of wearable sensors in
monitoring plant phenotypes (including elongation, leaf temperature,
hydration, bioelectric potential, and stress response) and the environment
(including air temperature, humidity, light, pesticides, and toxic gases) is
significant. Compared to traditional phenotyping techniques based on
optical imaging, these sensors have unique advantages such as high
spatial accuracy and the ease of detecting the impact of environmental
factors on natural patterns. Despite challenges such as interference in
plant growth and weak bonding interfaces, they are a promising and
useful technology for researchers and those interested in plants



