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1. Introduction 
In recent years, irrigation method using the negative 
pressure difference attracts attention from the point 
of view of water saving. In addition, it is proved 
that this technique is effective in upbringing of the 
plant as well as saving of water [1]. By measuring 
water distribution of soil, active irrigation control 
will be performed [2-4]. In our previous study, we 
confirmed that the resonance frequency of a leaf is 
influenced by the water stress to the plant [5]. Thus 
the vibration measurement of a leaf was expected to 
be a new inspection technique for monitoring the 
health condition of the plant. However, we faced 
some problems on building an automatically 
measuring system for a long period of time, because 
we used an air gun for a vibration source. Therefore, 
for the automatic measuring, we attempted to use a 
loudspeaker, as well as for the frequency control of 
the vibration. But it was not successful to vibrate 
the leaf in low frequencies with usual speakers. 

However, we found that it is possible not only 
to vibrate a leaf very efficiently but also to control 
the frequency freely by using the acoustic radiation 
force generated by a high power ultrasonic speaker 
(i.e. parametric speaker). Therefore, the experiment 
about the ability of monitoring the health condition 
of the plant under cultivation by measuring the 
resonance frequency of the leaf using this acoustic 
radiation force was conducted in this study. 
 
2. Experiment I: vibration measurement of a 
leaf using a high power ultrasonic speaker 
As shown in Fig.1, a laser displacement sensor 
(Keyence Corp., LK-G150) and a sound source 
(Nippon Ceramic Co. Ltd., AS150AW3PF1) had 
been arranged focusing on the central part of a leaf 
of komatsuna. This plant was cultivated in the 
culture soil that refined with a 2 mm sieve. 
Resonance frequency measurement of the leaf was 
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performed by applying vibration to a leaf by 
acoustic radiation force. A sine wave (50Hz, 1cycle) 
was used as a transmitted wave. Figure 2 shows a 
typical example of the measurement result by a 
laser displacement sensor. From these figures, a 
resonance frequency of a leaf can be clearly seen. 

 

 
Fig. 1. An experimental setup using a leaf. (a) Schematic 
view of the experimental setup, (b) photograph of actual 
experimental setup. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A typical example of measurement result of the 
vibration of a leaf by a laser displacement sensor. 
(a)Vibration displacement, (b) frequency analysis result. 
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3. Experiment II: the frequency change after 
having stopped water supply 
Next we investigated how the resonance frequency 
of a leaf would change with the time progress when 
water stress was given to a plant. In this case, after 
starting the experiment, a plant was put in the state 
where water supply was stopped. The conditions of 
measurement were as follows.  
1. Lighting on/off time were 8:00 and 20:00. 
2. The temperature and humidity of the laboratory 

were almost constant (25 degrees centigrade) . 
The measurement result of the resonance 

frequency in daytime is shown in Fig.3. From this 
figure, the change of resonance frequency for five 
days was only about 0.2 Hz.  

 

 

 

 
Fig. 3. The example of a measurement result for five 
days of the resonance frequency of a leaf. 

However, the phenomenon that a plant leaf 
and stalk began to fall quickly from the morning of 
the 6th day was observed by the CCD camera as 
shown in Fig.4. Since the leaf was coming to the 
position out of range of a laser displacement sensor, 
we decided to supply water and observed the 
change. As the result, the phenomenon that the state 
of a leaf and stalk returned to the original position 
within a short time (about 10 minutes after water 
supply) was confirmed. 

 
 

 

 

 
Fig. 4. Photograph of the plant by a CCD camera. 
(a) At the time of an experiment start, (b) just before 
water supply. 

Temporal change of the resonance frequency 
of a leaf before and after this water supply is shown 
in Fig.5. From this figure, we can confirm that 
decrease of the resonance frequency has started 
suddenly in the morning before water supply. 
Moreover, it can be also confirmed that the 
resonance peak value has returned to the original 
value quickly after water supply. Considering about 
the physiological phenomenon of the plant, the 

following can be considered. 
(1) Since a plant does its best to survive up until 

last minute even if water supply is stopped, the 
resonance frequency of a leaf does not change. 

(2) Activity energy ran short, when it was going to 
start activity in the morning. Then, in order to 
leave a new sprout, it was alternatively omitted 
from the outside big maturity leaf. 

 
 

 

 

 

 

 

 

 

Fig. 5. The example of a measurement result of temporal 
change of the resonance frequency of a leaf before and 
after water supply. (a) Before water supply (volume 
water content is under 15%), resonance frequency is 
decreased about 0.8Hz within about 4hours, (b) after 
water supply (volume water content is above 30%), 
resonance frequency is returned quickly within about 12 
minutes. 

4. Conclusion 
We confirmed that a high power ultrasonic speaker 
could use as a non contact vibration source of 
vibration of a leaf. According to this fact, long-time 
vibration measurement of a leaf was attained. From 
the experimental result, it is shown that the reaction 
to water stress is clearly regarded as change of a 
resonance frequency. As a future task, the 
difference in the vibration characteristic of a leaf 
and a stalk will be considered, and also we are 
going to develop the most suitable irrigation control 
using this phenomenon. 
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