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Abstract

With the development of ' modern ‘agriculture and smart farming, the requirement of
improved production quality and food safety is high. Recent studies have found that in
response to stresses like drought, salt and mechanical damage the plants emit
ultrasonic signals in the” spectrum of 20-150 kHz. However, the generation
mechanisms and the biological roles are still not well determined. In the present study,
based-on pea (Pisum sativum) and soybean (Glycine max) plants, we capture the
ultrasoundin. response to mechanical damage and saline and alkali stress and
established ‘@ huge database of ultrasound during plant damage. Then, an online
detection ‘system was established by combining the processing of ultrasound signal
and the deep learning technique, which allows the detection and real-time monitoring
of plants” ultrasound. Combining our ultrasound system and microscopic observation
and _simulation of the fluid dynamics, we analyzed the origin of the plant ultrasound.
Here we find the generation of plant ultrasound is not from the direct mechanical
vibration but from the convection in the stem caused by the surrounding cellular
tissue and the organs for water transportation. In addition, by constructing fluid
dynamics in the stem conduits with different conditions of physiological regulation,
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we provide a predictive model for the production of ultrasound in the plants
experiencing salt and alkali stress. The result here demonstrates the molecular-level
mechanism and role of a plant’ s generation of ultrasound during the stress. It not only
provides a better insight on plants’  stress response by ultra sound as a new indicator
for detecting the abnormalities in the biology physiology but also proposes a more
sophisticated system to monitor the physiological situations online and ahead of'time,
which has a wider application prospect for modern agriculture.

Key words: Plant-Generated Ultrasonic Signals, Abiotic Stress Response,
Underlying Mechanism, Real-Time Physiological Monitoring
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% SEREIE

fprintf(num2str(fileNames{j}));
[signal, Fs] = audioread(num2str(fileNames{j}));

Fcut = 25000; % EILHMFE (Hz)

order = 10; % ISk EH%L

% Wi miEE g

[b, a] = butter(Order, Fcut/(Fs/2), 'high');

% LR IR IR

signal = filter(b, a,
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