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Abstract. The article presents a study of the influence of Lemna
minor population density on the bioelectric potential and current
of model electro-biosystems in the laboratory сonditions using
500 and 1000 Ω resistors and in the open circuit. The positive
effect of increasing the density of duckweed plants populations
from 60 to 120 fronds/ml on the growth of bioelectric
parameters of model electro-biosystems under load conditions
and without resistors was revealed. Increasing the amount of
duckweed biomass is a factor of enhancing the efficiency of
electro-biosystems based on L. minor.
Keywords: renewable energy, bioelectricity, electrode, population,
electro-biosystem, plant.

1. Introduction
The plant-microbial electro-biosystem generates
bioelectricity due to the microbial oxidation of
photosynthetants released by plants through the roots and
utilization of the components of the substrates in which
they grow (Strik et al., 2008; Kaku et al., 2008; Deng et
al., 2012; Timmers et al., 2012). The plant component is
one of the main factors in the functioning of electrobiosystems (Nitisoravut, Regmi, 2017; Kabutey et al.,
2019). The same electro-biosystems based on the same
anodes and cathodes but with different plant species show
different parameters of bioelectricity generation (Helder
et al., 2010; Wang et al., 2017; Oodally et al., 2019). The
species of plants determines the qualitative and
quantitative composition of the microbial flora of the
roots and also affects the electro-active microorganisms

(Berg, Smalla, 2009; Azri et al., 2018). For example, the
bioelectricity of identical electro-biosystems was 10
times higher with Spartina anglica than with the plant
Arundinella anomala (Helder et al., 2010). Electrobiosystems based on the Cyperus prolifer plant showed
significantly higher voltages than the same systems, but
with the plants Wachendorfia thyrsiflora and Phragmites
australis (Oodally et al., 2019). The species of plants is
one of the key factors in the functioning of the electrobiosystems, and the search for new plant species is of
great relevance.
The genus Lemna L. and the species Lemna minor
are not sufficiently studied as an object of electrobiotechnology. In 2012, experiments were conducted to
generate bioelectricity with another species of duckweed
L. minuta (Hubenova, Mitov; 2012). Lemna minor is a
small floating plant (Landolt, 1986; Gubanov et al.,
2002). The vegetative body of duckweed presents a round
plate 2-4.5 mm long, 2-3 mm wide and not more than 1
mm thick with a translucent unbranched root (Landolt,
1986; Gubanov et al., 2002). Due to its structure, the plant
easily holds on the surface of the water, and under
favourable conditions multiplies rapidly, often covering
the entire surface of contaminated standing water,
cleaning it from contaminants (Cheng et al., 2002; Ziegler
et al., 2014; Ceschin et al., 2018; Iqbal et al., 2019;
Ceschin et al., 2020). Thus, the plant species Lemna
minor presents a promising object for the study of electrobiotechnology, which can be used both as a source of
bioelectricity and for water purification from pollution.
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The electro-biosystem is considered as a complex
hybrid biological-technological device, the functioning of
which depends on a set of factors, among which plant
development is very important (Hubenova, Mitov, 2012).
While in terrestrial plants as biological components of
electro-biosystems, the important characteristics are the
degree of development of leaf biomass which is
calculated by biometric measurement, for duckweed
plants, such a parameter is the density of its population.
Therefore, taking into account the above, in order
to develop the model electro-biosystems based on L.
minor and to identify optimal conditions for their
functioning, we set ourselves the task to investigate the
effect of duckweed plants population density on
bioelectric potential and voltage of model electro biosystems in laboratory conditions with different loads.

performed in laboratory conditions. For model electrobiosystems, transparent plastic containers with a diameter
of 120 mm and a height of 120 mm were used, in which
duckweed plants were placed (Fig. 1). Monosystems with
a pair of electrodes (Rusyn, Medvediev, 2016) with the
following dimensions: cathode 87 mm × 28 mm × 14 mm
and anode 78 mm × 36 mm × 1 mm were used as
electrode systems. The electrodes were completely
immersed in the water around the roots of duckweed.
Bioelectric potential parameters were recorded
using a digital multimeter UT890C UNIT-T. The
bioelectric potential and current were recorded with
short-term connected resistors of 500 Ω and 1000 Ω and
in open-circuit conditions: the open-circuit voltage
(OCV) and short-circuit current. The subject of research
involves the dynamic fluctuations of the bioelectric
potential and current of plant-microbial associations of
the model electro-biosystems.
Duckweed population density was calculated by
directly counting the number of fronds in 1 ml of
medium. The reported results were presented as the
average of all replicate experiments and their standard
errors (x ± SE).

2. Materials and Methods
L. minor plants were collected from contaminated
ditches around Lviv. Contaminated water ditches with the
addition of pure water were used as a medium for the
development of duckweed plants. The studies were

а

b

c

d

e

f

Fig. 1. Object of study L. minor, obtained from contaminated ditches at a concentration of 60 fronds/ml (a, d),
90 fronds/ml (b, e), 120 fronds/ml (c, f)

3. Results and Discussion
Аn efficient model electro-biosystem with L.
minor was constructed. The density of duckweed
populations had an important influence on the obtained
parameters of bioelectricity of model electro-biosystem,

both in the open-circuit conditions and when using 500 Ω
and 1000 Ω resistors. As can be seen from Figures 2 and
3, with an increase in the population density of L. minor,
both the bioelectric potential of the open circuit and the
short-circuit current grew. At a population density of 120
fronds/ml of medium, the current was higher on average
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by 0.6 mA than at a density of 60 fronds/ml, and the
bioelectric potential of the open circuit – by 0.056 V.
Similar trends in the positive effect of increasing
the density of the plant population on the parameters of
bioelectricity were recorded when using resistors of 500 Ω
and 1000 Ω on the current (Fig. 4, 5) and the bioelectric
potential (Fig. 6, 7). At 500 Ω with an increase in
the population density of L.minor, the current
increased by 0.067 – 0.083 mA (Fig. 4). At 1 000 Ω,
the current values were higher by 0.048–0.058 mA at

a biomass density of 120 fronds/ml than at a density of
60 fronds/ml (Fig. 5).
At 500 Ω, the difference in parameters of
bioelectric potential between electro-biosystems with
intensive growth and less intensive growth of L. minor
was 0.071–0.101 V depending on external environmental
factors as lighting, etc. (Fig. 6). At 1000 Ω, the bioelectric
potential was higher by 0.020–0.025 V at a duckweed
biomass density of 120 fronds/ml than at a density of
60 fronds/ml (Fig. 7).
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Fig. 2. Influence of duckweed population density of 60, 90 and 120 fronds/ml on
bioelectric potential of the open circuit
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Fig. 3. Influence of duckweed population density of 60, 90
and 120 fronds/ml on short-circuit current
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Fig. 4. Influence of the population density of duckweed on the voltage of the electro-biological system
with L. minor at a short-term load of 500 Ω
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Fig. 5. Effect of the population density of duckweed on the voltage of the electro-biological system
with L. minor at a short-term load of 1000 Ω
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Fig. 6. Influence of duckweed population density on the bioelectric potential of an electro-biosystem
with L. minor at a short-term load of 500 Ω
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Fig. 7. Effect of duckweed population density on bioelectric potential of electro-biosystem with L. minor
at a short-term load of 1000 Ω

With an increase in external resistance, the
parameters of the current decrease, and the bioelectric
potential increases. It was observed that oxidation of
substrates by microorganisms was greater at lower
resistances than at higher resistances, where
microorganisms donate electrons to the anode electrode
and the electrons migrate in a closed circuit (Sangeetha &
Muthukumar, 2013). At low resistance, the electrons
move more easily through the circuit than at high
resistance, which explains the effect of the loads on the
bioelectric parameters (Sangeetha, Muthukumar, 2013).
In the generation of bioelectricity, an important
role belongs to the root secretions of the plant and
excreted photosynthetants, which are substrates for the
growth of electricity-generating microorganisms grow
(Strik et al., 2008; Kaku et al., 2008; Deng et al., 2012;
Timmers et al., 2012). The operation of plant-microbial
electro-biosystems is based on the microbial conversion
of photosynthesis products released by the root system
with the formation of electrons and protons. With an
increase in the density of the duckweed biomass, the
release of photosynthetants and organic compounds
correspondingly increases, which is obviously the reason
for the growth of bioelectric parameters of electrobiosystems. A similar trend is also recorded in the works
where the dependence of bioelectric parameters on the
degree of the development of the plant bush or the stage
of the plant development is demonstrated (Deng et al.,
2016; Rusyn et al., 2019). The constructed electrobiosystem was characterized by the average OCV values
of about 970 mV (Fig. 2) at the level recorded in the
electro-biosystem with the plant Chlorophytum comosum
(Tou et al., 2019), where the values of the average
bioelectric potential were in the range from 900 mV. The
electro-biosystem with duckweed plant L. minor showed

higher OCV values than the electro-biosystem with
another species of duckweed plant, L. minuta, where the
recorded open-circuit voltage was at a level of 700-850
mV (Hubenova, Mitov, 2012).
4. Conclusions
Model electro-biosystems with L. minor were
constructed. Electro-biosystems based on duckweed plant
with biomass of 120 fronds/ml of medium operating with
resistors of 500 and 1000 Ω, have appeared to be more
efficient than with a population density of duckweed of
60 and 90 fronds/ml at the same load. The bioelectric
potential was 986 mV at 1000 Ω,. Electro-biosystems
based on L. minor are promising sources of renewable
energy, and the increase in duckweed biomass is a factor
regulating their efficiency.
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