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Summary 

There has been much research into the electrical activity of animal cells over the past few 
decades and how this activity governs their physiological activities.  In contrast there has not been 
nearly as much research into the electrical activity of plants cells, or how this activity can affect their 
physiology.  This has changes in recent years as it has been found that the electrical activity governs 
many physiological processes in plants and can be used to monitor the health of the plant.  While a 
lot of quality work has been done in the field recently, the sheer volume of plants and different 
conditions they exist in means that a lot of research needs to be performed to fully develop the 
potential in the field.  One problem with performing research in this area is a lack of cheap 
equipment to allow more researchers to perform experiments.  In this paper describes a low cost 
open source device that can accurately measure the electrical activity of plants.  Because it is open 
source, other researchers can take the base design and add any features that would be beneficial to 
their specific purposes and experiments. 

 
Report and outcomes 
Materials and Methods: 

Hardware: 

 To develop our device we started with a Programmable System on a Chip 5LP, which has a 
delta sigma ADC used to collect the voltage activity of the plant, 2 voltage DACs used to calibrate the 
analog signal chain and to offset any DC component in our measurements and a built in USB 2.0 
component to send the data to a computer for analysis.  The analog signal chain used in our device is 
shown in Figure 1 and the schematic at the top of Figure 2.  To condition the signal before 
acquisition we first use an instrumentation amplifier (AD623) to produce a signal that is proportional 
to the difference between the ground electrode and the electrode used to measure electrical 
activity.  The AD623 is a very versatile single supply instrumentation amplifier that allows for 
voltages on the input to be below the negative voltage supply rail, which is very useful in measuring 
plant activity because it allows the device to only need a single power supply and still allow for the 
measurement of electrical potentials that may be below the ground potential of the device.  The 
AD623 also allows for a reference voltage to be applied to the output signal, this feature allows us to 
cancel any DC component measured without the need for a high pass filter to remove the DC 
component.  The output of the instrumentation amplifier is then put through a 2-pole low-pass filter 
Bessel filter (our design uses a multiple feedback topology for the filter).  Finally the PSoC 5LP’s delta 
sigma ADC is used to acquire the voltage data.  It should be noted that the delta sigma ADC has 



superior anti-aliasing properties that greatly reduce the amount of anti-aliasing filtering that has to 
be done to the signal [8, 9].   

 The instrumentation amplifier can use a resistor to increase the gain of the circuit, but we 
found out that the amplitude of the potentials on mimosa pudica was large enough that this gain 
was not needed, though it could be used in other iterations of the circuit to measure other plants.  
The delta sigma ADC that comes with the PSoC 5LP has a differential input with programmable gains 
settings of 8, 4, 2 and 1.  Also it can also have different configurations that can use different 
reference voltages with the lowest being ±1.024 mV and the lowest being ±0.064 mV.  When the 
ADC is programmed to measure with 12-bit accuracy it can theoretically have a resolution of 2 μV.  
Because most applications for measuring plant electrical activity will have noise higher than this 
limit, the PSoC 5LP should be more than accurate enough for any application in this field.   

 Because the ADC can measure in a differential mode we use a DAC to serve as a reference 
on the negative input of the ADC and as a reference to offset the output of the instrumentation 
amplifier.  In this configuration the device can measure the electrical activity of a plant from a single 
power supply such as the voltage from a USB connection or a battery. 

 To calibrate the signal chain another voltage DAC is used and the output pin of the DAC can 
be connected to the input of the instrumentation amplifier.  Then the DAC gives a series of voltage 
steps to 500 mV, which is measured by the voltage measuring circuit and any offset or gain errors in 
the circuit can be measured and compensated for. 

 The sampling rate of the ADC is set by a 16-bit timer than fires an interrupt service routine 
(isr) that takes the current value of the ADC and puts it in the USB-UART.  The USBUART is a 
component in the PSoC that emulates a COM port on the computer side and allows high-level 
communication functions on the PSoC device side [26].   

Software: 

 To control the device a graphical user interface (GUI) was written in the Python Software 
Language with the Tkinter library.  The GUI allows the user to start and stop recording from the 
device, displays the data, and allows the user to save the data to a file.  The GUI also allows the user 
to set the sampling rate and the reference voltage level.  Figure 3 shows a screenshot of the GUI. 

 

Results: 

 A picture of our device is shown in Figure 4 and an experimental setup shown in Figure 5.  In 
this setup we are measuring the action potentials of Mimosa pudica.  A typical result of an action 
potential reading is shown in Figure 6.  In Figure 6 the blue line is the voltage readings from our 
device.  The green line in Figure 6 is a line fitting the data with a single activating and a single 
inactiviation exponential as shown in Equation 1.   

 

 

Equation 1 

 

y(t) = Aact ⋅e
−t/τ1 − Ainact ⋅e

−t/τ 2



The red line overlaying the data in Figure 6 is a fit to 2 activating and 2 inactivating exponentials as 
shown in Equation 2. 

 

 

Equation 2 

As can be seen from the different fitted lines, the action potentials of Mimosa pudica are fit to 2 
activating, and 2 inactivating exponentials much better than they are to single exponentials.  To 
more clearly see the 2 activiating exponentials, Figure 7 is a close up of the rising phase of the action 
potential.  It should be noted here that these are extracellular recordings so a decreasing 
extracellular potential is the same as an increasing intracellular potential.  From Figure 7, it can 
clearly been seen there is a fast (~10 msec) and a slow (~300 msec) component.  Our interpretation 
of this that the fast component is a set of mechanical sensing channels that initiates the action 
potential and the slower component is a ion channels that get activated in response to the opening 
of the mechanical sensors.  There are also 2 inactivation exponential time constants, again 
suggesting there are 2 different ion channels responsible for the action potential in Mimosa pudica. 

 

Discussion:  

 We were able to develop a device that could accurately record the action potential of 
Mimosa pudica.  In the future we will also test the device by measuring the action potential the 
Venus flytrap.  With the large amount of analog capabilities of the PSoC 5LP, our future plans for the 
device also include adding a second voltage sensing electrode so that action potential speeds can be 
measured, and also a stimulating electrode that can apply voltage or current to the plant to 
stimulate it. 

 The action potential of the Mimosa pudica is composed of 2 activating and 2 inactivating 
exponentials.  Given the large different in time constants for the 2 activating phases, we assume this 
is due to 2 different ion channels, a fast acting ion channels which is most likely a mechanosensing 
channel, and another ion channel that propagates the initial signal after it reaches threshold.   

 

Conclusions: 

 Our device can operate as a low cost open source platform for measuring plant electrical 
activity.  While our platform can serve as a base, there are still a lot of analog functional units on the 
PSoC 5LP that could be used to make other application specific devices to other plant 
measurements. 

References 

1.	Volkov AG (2000) Green plants: electrochemical interfaces. J Electroanal Chem 483:150–156  

	
2.	Volkov AG (ed) (2006b) Plant electrophysiology—Theory and methods. Springer, Berlin  

3.	V.D.	Kreslavski,	R.	Carpentier,	V.V.	Klimov,	S.I.	Allakhverdiev,	Transduction	
mechanisms	of	photoreceptor	signals	in	plant	cells,	J.	Photochem.	Photobiol.	C	10	(2)	

y(t) = Aact1 ⋅e
−t/τ1 + Aact2 ⋅e

−t/τ 2 − Ainact1 ⋅e
−t/τ 3 − Ainact2 ⋅e

−t/τ 4



(2009)	63–80.	[5]	X.	Yan	et	al.,	Research	progress	on	electrical	signals	in	higher	plants,	
Prog.	Nat.	Sci.	19	(5)	(2009)	531–541.	
	
4.A.G.	Volkov,	R.D.	Lang,	M.I.	Volkova-Gugeshashvili,	Electrical	signaling	in	Aloe	vera	
induced	by	localized	thermal	stress,	Bioelectrochemistry	71	(2)	(2007)	192–197.	
5.K.	Aasamaa,	A.	Sõber,	Stomatal	sensitivities	to	changes	in	leaf	water	potential,	air	
humidity,	CO2	concentration	and	light	intensity,	and	the	effect	of	abscisic	acid	on	the	
sensitivities	in	six	temperate	deciduous	tree	species,	Environ.	Exp.	Bot.	71	(1)	(2011)	
72–78.	
6.K.	Trebacz,	H.	Dziubinska,	E.	Krol,	Electrical	signals	in	long-distance	communication	in	
plants,	Commun.	Plants	(2006)	277–290.	
7.P.	Oyarce,	L.	Gurovich,	Evidence	for	the	transmission	of	information	through	electric	
potentials	in	injured	avocado	trees,	J.	Plant	Physiol.	168	(2)	(2011)	103–108.	
8.	http://www.ni.com/white-paper/11342/en/	
9.	http://www.analog.com/media/en/training-seminars/tutorials/MT-022.pdf	
10.	Plant	Signal	Behav.	2006	May-Jun;	1(3):	105–115.PMCID:	PMC2635006	Plants	as	
Environmental	Biosensors	Alexander	G	Volkovcorresponding	author	and	Don	Rufus	A	
Ranatunga	
11.	Charge	induced	closing	of	Dionaea	muscipula	Ellis	trap	☆	
Alexander	G.	Volkova,	,	,	Tejumade	Adesinaa,	Emil	Jovanovb	
12.	A.	Inaba,	T.	Manabe,	H.	Tsuji,	T.	Iwamoto,	Electrical	impedance	analysis	of	tissue	
properties	associated	with	ethylene	induction	by	electric	currents	in	cucumber	
(Cucumis	sativus	L.)	fruit,	J.	Plant	Physiol.	107	(1995)	199–205.	
13.	Electrochemical	Potential	Around	the	Plant	Root	in	Relation	to	Metabolism	and	
Growth	Acceleration	
14.	Growth	acceleration	of	bean	sprouts	by	the	application	of	electrochemical	voltage	in	
a	culturing	bath	
15.	Electrical	capacitance	as	a	rapid	and	non-invasive	indicator	of	root	length.	
Ellis	TW1,	Murray	W,	Paul	K,	Kavalieris	L,	Brophy	J,	Williams	C,	Maass	M.	
16.	Electric	signalling	in	fruit	trees	in	response	to	water	applications	and	light-darkness	
conditions.	Gurovich	LA1,	Hermosilla	P.	
17.	Studying	the	electrical	impedance	variations	in	banana	ripening	using	electrical	
impedance	spectroscopy	(EIS)	A.	Chowdhury	;		T.	K.	Bera	;		D.	Ghoshal	;		B.	Chakraborty	
18.	The	prospect	of	electrical	impedance	spectroscopy	as	non-destructive	evaluation	of	
citrus	acidity	
Juansah,	J.,		Budiastra,	I.W.,		Dahlan,	K.,		Boroseminar,	K.	
19.	Volkov	AG,	Haack	RA.	Insect	induced	bioelectrochemical	signals	in	potato	plants.	
Bioelectrochem	Bioenerg.	1995;35:55–60.	
20.	Electrical	signaling	along	the	phloem	and	its	physiological	responses	in	the	maize	
leaf.Fromm	J1,	Hajirezaei	MR,	Becker	VK,	Lautner	S.	
21.	Photosynthetic	responses	of	soybean	(Glycine	max	L.)	to	heat-induced	electrical	
signalling	are	predominantly	governed	by	modifications	of	mesophyll	conductance	for	
CO(2).Gallé	A1,	Lautner	S,	Flexas	J,	Ribas-Carbo	M,	Hanson	D,	Roesgen	J,	Fromm	J.	
22.	The	expression	of	a	nopaline	synthase	-	human	growth	hormone	chimaeric	gene	in	
transformed	tobacco	and	sunflower	callus	tissue.	
Barta	A1,	Sommergruber	K,	Thompson	D,	Hartmuth	K,	Matzke	MA,	Matzke	AJ.	
23.	Seed-based	expression	systems	for	plant	molecular	farming.	
Boothe	J1,	Nykiforuk	C,	Shen	Y,	Zaplachinski	S,	Szarka	S,	Kuhlman	P,	Murray	E,	Morck	D,	
Moloney	MM.	



24.	Crossing	kingdoms:	Using	decellularized	plants	as	perfusable	tissue	engineering	
scaffolds.	
Gershlak	JR1,	Hernandez	S2,	Fontana	G3,	Perreault	LR1,	Hansen	KJ1,	Larson	SA2,	Binder	
BY4,	Dolivo	DM2,	Yang	T5,	Dominko	T6,	Rolle	MW1,	Weathers	PJ2,	Medina-Bolivar	F5,	
Cramer	CL5,	Murphy	WL7,	Gaudette	GR8.	
25.	http://www.cypress.com/file/53431/download	
	
	

 

Figure 1:  Circuit block diagram of the signal chain for the voltage sensing circuit 

 

Figure 2: Topdesign schematic for our plant measuring device 

 

 



 

Figure 3: Graphical User Interface for our plant device 

 



 

Figure 4: Picture of our plant electrical measuring device 

 



 

Figure 5: Measuring plant electrical activity setup 

 

 

Figure 6: Action potential of Mimosa pudica 

 



 

Figure 7: Close up of rising phase of Mimosa pudica action potential 

 

Expenditure 
The summary of the budget can be found in Openplant report Supplementary file 1. 

 

Follow on Plans 
The equipment ordered included development kits (from Cypress Semiconductor) to design and test 
our plant electrical activity prototypes.  We ordered a few development kits to test which 
Programmable System on a Chip (PSoC) performed the best.  We got PSoC 5LP development kits to 
test as they have very powerful analog components and a high speed ARM Cortex-M3 processor to 
make a device that is able to measure at high speeds.  To test if a portable field device could be used 
we also got PSoC 4200M kits that have less analog components and a slower ARM Cortex-M0 
processor, but it is designed to use lower power so it can be used remotely to sense plant electrical 
activity.  We also ordered raspberry pi to communicate with our device and could display the plant’s 
electrical activity to a user.  A few wireless options were also tested to see if the device could work 
wirelessly so that the device could be deployed in the field.  We also ordered a soldering kit to put 
the device together and a USB based analog / digital oscilloscope to debug our device. 

 

 


