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Abstract: Utilization of acoustic emission (AE) method for understanding the plant behavior 
responding to the variation of environmental conditions is carried out in this research. The aim  
of experiment is to monitor AE signals generated by plant for searching the feasibility that these AE 
signals can describe the responsibility of plant while being under both water-stressed and well-watered 
conditions. In this experiment, maize was selected to be test plant and was installed with an AE sensor 
at position of its stem to acquire AE signals from plant growing in greenhouse. Before experimenting, 
a test plant was provided for being well-watered condition. After conducting experiment for 7 days, 
the experimental results indicated that great amounts of values of AE signal parameters occurred 
during the daytime whereas small amounts of values of AE signal parameters appeared during night 
and the variation of all environmental parameter values were associated with the change of AE values 
interestingly. As these results, AE signals generated by test maize is capable of indicating its stress 
condition. Thus, using of AE method for monitoring the plant is considerably interested as modern 
apparatus for increasing productivity, especially in agricultural field. 
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INTRODUCTION 
Non-destructive testing (NDT) is a wide group of analysis techniques used in science and 

industry to evaluate the properties of material, component or system without causing damage 
(Sriwongras et al. 2014). One of these methods is acoustic emission (AE). This technique detects 
elastic waves generated within a test specimen by such mechanisms as corrosion, plastic deformation, 
fatigue, and fracture (Dostal et al. 2011). 

Studying the transpiration system of plant and tree by using AE method is gradually getting 
interests from many researchers. The first report from the area of application of audible acoustic 
emission in the area of plants was published in 1966 by Milburn and Johns (Cerny et al. 2011)  
and then there are many experiments in AE of plan and trees have been conducted widely  
in following; Qiu et al. (2002) observed the AE of tomato plant and analyzed the relationship between 
AE and plant water consumption associated with plant transpiration system. They found that the daily 
patterns of the AE varied depending on the water stress level. AE signals from leaf xylem of both 
water stressed and well watered potted winter wheat plant were investigated by Xiu-Ling et al. (2006). 
The results of this article described that very few AEs occurred in xylem of wheat leaves in well-
watered plant whereas great amounts of AEs have occurred since 5 days of the drought cycle as plant 
showed obvious leaf curling, indicating significant cavitation in leaf xylem on plant exposed to sever 
soil water deficit. Jackson et al. (1996) explained that AE technique is useful to determine the 
threshold water potential at which damage to the water-conducting system of the plant but AEs have 
only a limited use in determining the proportion of embolism in a conducting stem, and other methods 
are needed to find the percentage reduction in hydraulic conductivity. From publications as mentioned, 
basically, the occurrence of cavitation in plant transpiration system when plant is under water stress 
condition can be monitored by using acoustic method. Therefore, it is very interesting to perform more 
experiment on AE method with transpiration system in order to find the new method how to recognize 
exactly when the plant want to be watered properly due to its water stress condition. 
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The aim of investigation was to clarify the relationship between values of AE parameters  
and the values of environmental parameters from monitoring the transpiration system of investigated 
plant by using acoustic emission method in order to consider which environmental parameter  
is the most effect factor to AE parameters. 

MATERIAL AND METHODS 
Investigated plant 

Experiment was operated at 9.34 AM from 27th March-3nd April, 2015 at Department  
of Technology and Automobile Transport and Department of Plant Biology, Faculty of Agronomy, 
Mendel University in Brno. The investigated plant used in experiment was maize being a variety  
of Piorun. Sowing an investigated plant took place on 9th February, 2015 by planting it in plastic pot 
having dimensions 20 cm in height and 25 cm in diameter with substrate (Klasmann TS30), which has 
structure size of substance around 0–5 mm. Plant was grown in a greenhouse being able  
to be controlled the environmental factors such as air temperature, light intensity and relative 
humidity. In order to prevent water stress condition happening on investigated plant during entire 
experiment, plant was watered one time by water of 500 cc before conducting experiment and the top 
part of plastic pot was covered by aluminum foil sheet in order to protect the water loss from soil 
surface to air due to evaluation.  

Experimental procedure and measurement 
To implement experiment, acoustic emission device as shown in Figure 1 was used to detect  

the AE signals generated from the stem of an investigated plant in order to estimate the situation of its 
transpiration system. A schematic diagram of the experimental set-up as displayed in Figure 2 
comprises investigated plant grown in plant pot, broadband AE sensor with a metal waveguide, 
environmental monitoring sensor, AE preamplifier, AE acquisition system, AE software  
and computer. The process of measuring the plant using this device can be described as follows; First, 
AE sensor having operating frequency of 25–60 kHz manufactured by Dakel company (Czech 
Republic) was placed on the waveguide to receive AE signals generated by tested plant properly 
(Sriwongras et al. 2015). The waveguide was a signal connector that has function of transferring AE 
signal from investigated plant to AE sensor. The used waveguide in this experiment was drawing pin 
made of stainless steel. One side of waveguide was conical tip inserted into the stem of investigated 
plant and another side was thin round shape used for connecting with an AE sensor. To improve AE 
signals, the AE preamplifier of 35 dB was used to magnify the received signals before these signals 
were converted from analog signals to digital signals by AE acquisition unit. In the meantime  
of conducting experiment, environmental monitoring sensor (EMS) was employed to record the data 
of air temperature, relative humidity and light intensity in order to find the relationship between 
environmental parameters and AE parameters. Finally, all digital signals were analyzed and shown the 
results of all data by computer programs being Daemon and Deashow developed by Dakel company 
(Czech Republic). 
Figure 1 Acoustic emission device used in this experiment 
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Figure 2 Setting up AE equipment with an investigated maize 

 

RESULTS AND DISCUSSION 
The experimental results of relationship between the values of AE parameters and the values  

of environmental parameters throughout seven days in this experiment can be represented as line 
graphs  
in Figure 3–6. In these line graphs, the considered AE parameters consist of the root mean square 
(RMS) which is indicative of average acoustic emission energy and the number of counts which is the 
number  
of signals crosses a preset threshold (Miller et al. 2005). For environmental parameters, the values  
of air temperature (AT), light intensity (LI), relative humidity (RH) and atmospheric pressure (AP) 
were recorded. According to the experimental results, they showed that there were two possible 
patterns of line graph in this experiment; first pattern was that values of RMS and the number of 
counts mostly varied directly with values of air temperature, light intensity and atmospheric pressure 
as illustrated in Figures 3, 4, 6. Second pattern was that values of AE parameters mostly varied 
inversely with relative humidity values as displayed in Figure 5. 

Figure 3 AE parameters (RMS and the number of counts) and air temperature versus time during 
measurement. 
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Figure 4 AE parameters (RMS and the number of counts) and light intensity versus time during 
measurement 

 
Figure 5 AE parameters (RMS and the number of counts) and relative humidity versus time during 
measurement 

 
Figure 6 AE parameters (RMS and the number of counts) and air pressure versus time during 
measurement 

 
From the experimental results using acoustic emission method to measure AE signals generated 

from stem of investigated maize, the results showed that the parameters of AE signal were varied 
according to the value of air temperature, light intensity, relative humidity and atmospheric pressure 
throughout 7 days. However, during experimental period of 4-5th day, it was found that there were 
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strongly change of both AE signal parameter values and also author, at the same time, noticed that 
investigated plant obviously became being wilted and leaf curling due to occurring water-stress 
condition. Therefore, in 6th day of experiment, the invested plant was watered again in order to 
prevent plant from being under water-stress condition. After 2 hours of watering plant, the variation  
of AE signal parameter values from plant were reduced gradually and after that the leaves of plant 
became normal condition. Therefore, the change of value of AE parameters during measurement was 
likely to interpret the movement of water inside the stem of investigated plant. This experimental 
result was consistent with the other researches, for instance, Cerny et al. (2011) justified that  
the change of acoustic emission activity roughly corresponds to the day cycles and it was evident that 
the AE signals was more active in the early-evening and partially in the early morning periods. 
Zweifel et al. (2005) reported that ultrasonic acoustic emission in trees was often related to collapsing 
water columns in the flow path as a result of tensions called cavitation.  

CONCLUSION 
The implementation of the acoustic emission method for passive monitoring in plant 

transpiration system hold a great promise for process understanding and potential recognizable system 
on water stress condition of plant. From using AE sensor with waveguide to receive signals at stem  
of investigated plant, the experimental results showed that both values of AE parameters and values  
of environmental parameters have correlation together interestingly throughout experiment. From its 
correlation, the change of values of AE parameters might occur from the response of transpiration 
system of plant due to variation of environmental parameters. Therefore, the values of AE parameters 
can describe the situation of transpiration system in plant properly. 

ACKNOWLEDGEMENT 
This research has been supported by Internal Grant Agency, Mendel University in Brno, Faculty  
of Agronomy [No. IP26/2015]. “Use of Acoustic Emission Testing for Monitoring of Plant 
Transpiration Energy”. 

REFERENCES 
Cerny M., Mazal P., Cermak J., Nohal L. 2011. Potencials of sap flow evaluation by means of acoustic 
emission measurements. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 
2011(59): 105–110. 
Dostal P., Cerny M., Lev J., Varner D. 2011. Proportional monitoring of the acoustic emission  
in crypto-conditions. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis,  
2011(4): 31–38. 
Jackson G. E., Grace J. 1996. Field measurements of xylem cavitation; are acoustic emissions useful. 
Journal of Experimental Botany, 47(304): 1643–1650. 
Miller R. K., Hill E. V. K. 2005. Nondestructive testing handbook: acoustic emission testing. 2nd ed. 
United States of America: American Society for Nondestructive Testing. 
Murakami S., Yahagi Y., Koike T., Homma K. 2007. AE events issued from the stem of plants under 
long term water stress. Journal of Environment and Engineering, 2(3): 601–610. 
Qiu G. Y., Okushima L., Sase S., Lee I. 2002. Acoustic emissions in tomato plants under water stress 
conditions. Japan Agricultural Research Quarterly (JARQ), 36(2): 103–109. 
Sriwongras P., Dostal P. 2014. Application of acoustic emission for monitoring of plant root behavior.  
In: Proceedings of international PhD student conference 2014 [online]. November 19, 2014, Mendel 
University in Brno, Faculty of Agronomy, Brno, Czech Republic, pp. 590-594. [2015-09-01]. 
Available from: https://mnet.mendelu.cz/mendelnet2014/articles/56_sriwongras_1015.pdf 



 
MENDELNET 2015 
 

550 | P a g e  

 

Sriwongras P., Dostal P. 2015. Innovative technique for monitoring of plant transpiration energy.  
In: quality, technology, diagnosis of technical systems, 5(1): 213–218. 
Xiu-ling J., Li-hua Z., Rui-kun M., Zhen-lin W., Quan-guo Z., Yan-rong Y. 2006. Ultrasonic acoustic 
emissions from leaf xylem of potted wheat subject to a soil drought and re-watering cycle. 
Agricultural Sciences in China, 5(5): 346–355. 
Zweifel R., Zeugin F. 2005. Ultrasonic acoustic emissions in drought-stressed tree more than signals  
from cavitation. New Phytologist, 179: 1070–1079. 
 
 
 


