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УДК 574.24

DYNAMICS OF MORPHO-PHYSIOLOGICAL PARAMETERS

OF LESSER DUCKWEED (LEMNA MINOR)

UNDER HEAVY METALS CULTIVATION

E. P. Zhyvitskaya, A. G. Sysa, A. K. Galakh, A. P. Yakovleva

Belarusian State University, ISEI BSU, Minsk, Republic of Belarus, aliaksei.sysa@iseu.by

Abstract. The effect of metal cations of copper (II), iron (II), lead and zinc in the concen-

tration range from 0,1 to 10,0 mg/l on the morphological and physiological parameters of duck-

weed freshwater plants was studied in this work. The specific growth rate and the dynamics of

changes in the total area of leaf blades were taken as morpho-physiological indicators. It was

shown that for Cu2+ and Fe2+ cations in the concentration range of 0,1–0,25 mg/ml, the duckweed

growth rate did not differ from the control, while zinc and lead cations had 17,3 % and 30 %

inhibitory effects. effect, respectively. In the concentration range of 0,5–2,5 mg/l, it was shown

that the effectiveness of the inhibitory effect on the growth of duckweed decreased in the series

Zn2+ > Pb2+ > Fe2+ > Cu2+, which was also confirmed by data on the dynamics of the decrease in

the ratio of the average areas of leaf blades before and after 7 days of cultivation. The results of

the work show that duckweed (Lemna minor) can be used in bioindicative measures in relation to

the content of elements of the group of heavy metals (copper (II), iron (II), lead and zinc) in water

bodies.

Keywords: hydrobionts, bioindication, toxicity, environmental monitoring, specific

growth rate.

Studying the proportion of natural and anthropogenic variables in the evolution of water

bodies' ecosystems becomes more important under the circumstances of worldwide anthropogenic

effect on water bodies. The potential for studying river ecosystems (as accumulating landscape

features) is thus influenced by the fact that changes in these ecosystems may be used to measure

the impact of anthropogenic pressure on the entire region.

Studying changes in various ecosystem components is necessary owing to the limited pre-

diction of anthropogenic influence as a result of the nonlinearity of systemic processes in deter-

mining the level of disruption of natural limnogenesis. At the same time, it is crucial to consider

the latter's ambiguous reaction, which is related to a number of water body features, their connec-

tion with watersheds, and the impact of the surrounding environment and climate. Establishing

regulatory mechanisms to determine the stability of ecosystems and forecast their evolution is

important in addition to describing changes in the structural and functional  aspects  of  communi-

ties [1].

Aquatic ecosystem management is the primary issue in hydroecology, but it is difficult

without a solid understanding of how hydrobionts function. Bioindicative research that is con-

ducted as part of hydroecological monitoring should unquestionably be one of the top priorities in

the field of aquatic ecology.

As a result of the advancement of an in-depth awareness of how natural environments func-

tion, the topic of analyzing the ecological state of waters using bioindication techniques that in-

volve bottom species has expanded dramatically [11]. This rise is mostly due to the need to address

concerns that are of a practical nature and pertain to the care and maintenance of the ecosystems

of regional waters.

Due to a lack of trustworthy data on the ecology of specific species and animal groups,

which can have a major effect on the functionality of supraorganismal systems, it is difficult to put

the theoretical prerequisites for functioning into usage in the research  of  flowing  hydroecosys-

tems [2]. The both the structural and functional qualities of biocenoses and their bioindicative
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aspects must be put in alignment by continuous data collection, analysis, and synthesis. It is es-

sential to look for and make use of relevant characteristics when evaluating the environmental

condition of watercourses.

The surface waters environmental research has experienced significant growth recently due

to new study regions and a speeding accumulation of hydroecological data. Finding the essential

anthropogenic burden on the waterways is one of the primary problems in highly developed areas.

Environmental research, however, is severely hampered in its ability to examine the relationship

between the intensity of industrial burden and the response of the aquatic ecosystem since there is

no continuing monitoring of the hydroecological state of waterways.

Due to its diversity and dynamic structure, aquatic ecosystem ecological studies are often

more descriptive than explanatory in study pertaining to river pollution concerns. It is crucial to

provide methods for a complete evaluation of the existing status of aquatic ecosystems in order to

gather sufficient information for the research of waterways. These approaches are based on hydro-

chemical and hydrobiological indicators that will enable us to determine the status of a water body

and rank the crucial levels of human-caused loads on the ecosystem [6].

Modern ecology is actively growing the scientific field of bioindication. The majority of

the time, the goal of employing multiple metrics and indices is to evaluate the ecological health of

water bodies; they may also be used to guide policies to guarantee the sustainable development of

regions, ecosystems, and territories at various sizes. A reservoir's sanitary status may be readily

established via the study of the living creatures present there. You can also use this information to

assess the degree and kind of pollution present in a reservoir and the methods in which it spreads,

as well as provide a quantitative description of the progress of natural self-purification processes.

Numerous species of creatures that live demonstrate how the environment is contaminated.

Benthic organisms, macrophytes, fish, and phyto- and zooplankton are examples of marker items.

There is scientific proof that a rise in the concentration of several toxins in water causes severe

disruptions in embryonic and larval development as well as the emergence of multiple abnormal-

ities. Tumors and diseases of certain organs, such as the liver, brain, gill system, etc., frequently

appear in young fish. Additionally, the same pool may have water regions that are unsuitable for

hydrobionts [3].

Long-term experience demonstrates that studies on the test item lesser duckweed (Lemna

minor L.) are essential for the toxicological evaluation of water sources [8].

In most polluted bodies of water around the world, a little duckweed grows in water bodies

with different levels of pollution. Different varieties of duckweed are superior to algae and other

macrophytes in this regard, being able to trap and accumulate heavy metals and metalloids [9].

The goal of the study is to take into account the characteristics of using aquatic macro-

phytes — duckweed Lemna minor — as bioindicators in connection to the levels of elements from

the group of heavy metals as copper (II), iron (II), lead, and zinc in water bodies.

The Lemna minor plants used in the project were gathered between May 30, 2022, and June

5, 2022 from the Volkovichskoe reservoir, a freshwater reservoir close to the city of Minsk. Its

morphology was used to identify the species [5].

Tests for inhibition of the growth of freshwater plants of duckweed (Lemna minor) by cop-

per (II), iron (II), lead and zinc cations in the concentration range from 0,1 to 10,0 mg/L were

carried out according to the standard GOST 32426–2013 [4]. Pb(CH3COO)2·3H2O, ZnCl2·3H2O,

CuSO4·5H2O, FeSO4·3H2O salts were used to prepare solutions.

Plants were grown using dechlorinated (settled) tap water with a volume of 100 cm3 in

cylindrical vessels with a volume of 250 cm3. In each of these vessels, ten duckweed plants were

used, each with a developed and developing lobe. Three replicates of each dilution of the research

chemicals were used, and six replicates were used as the control. The plants were cultivated under

laboratory conditions under artificial illumination (11-hour light day, illumination 1 000 lx) at a

temperature of 24 °C for seven days. Dechlorinated tap water served as the control [10].

The indicators of toxicity in the experiment were the specific growth rate (growth rate) and

the total area of duckweed plates.
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The average specific growth rate (growth rate) is calculated as a logarithmetic increase in

the growth rate – the number of fronts for each parallel of the experimental and control

groups [4, 7]:

𝜇𝑖−𝑗 =
𝑙𝑛 𝑁𝑗 –  𝑙𝑛 𝑁𝑖

𝑡
,       (1)

𝜇𝑖−𝑗 – average specific growth rate from the time point i to j;

𝑁𝑗– test variable at j;

𝑁𝑖– test variable in control at i;

t – period of time from i to j.

The area of the front (duckweed plates) was calculated from photographs; the images were

analyzed using Image J software (NIH, USA).

To build dose-response models in this work, we used a log-logistic model with four param-

eters (b, c, d, e) LL.4 of the drm library in the statistical computing environment R (GraphPad

Software, Inc.), which has the form:

𝜑(𝑥) = 𝑐 +  
𝑑−𝑐

1+ 𝑒𝑏(log 𝑥−log 𝑒).      (2)

The estimated parameters of the models have a definite physical meaning.

In particular, for the log-logistic model, the parameters c and d determine the lower and

upper horizontal asymptotes of the sigmoid curve, e corresponds to the ED50, and b – to the angle

of inclination in the transition region.

Fitting of model parameters to the analyzed empirical data was carried out using the gen-

eralized method of minimizing the sum of squares of deviations of model forecasts from the ob-

served values, taking into account specially selected weight coefficients.

The least squares approach was used to fit the model parameters to the examined empirical

data while accounting for carefully chosen weight factors.

The Student's t-test, which examined the assumption that each coefficient is equal to zero

and computed the p-values that indicate the attained level of significance, was used to conduct the

statistical analysis of the estimated parameters. A simple linear regression model with a zero slope

was used to test the model's overall statistical significance (the horizontal regression line denotes

the lack of a dose-response connection).

Growth inhibition is the main parameter used when testing water for toxicity, with a rec-

ommended duration of exposure of 7 days. The research results are shown in figure 1.

The findings shown in Figure 1 demonstrate that, in comparison to the control, the growth

rate of the common duckweed is reduced by 87–94 % by all the investigated cations in the inves-

tigated concentration range (from 0,1 to 10,0 mg/L). The growth rate of the duckweed was com-

parable to control plants seven days after culture in a medium containing 0,25 mg/L Cu2+ or Fe2+.

The average specific growth rate significantly dropped between concentrations of 0,5 and

2,0 mg/L, falling by 51 % for copper (II) cations and 79% for iron (II) cations, respectively.

The effects of lead and zinc cations on the rate of duckweed development were more sig-

nificant. Thus, a 17,3 % reduction in the growth rate was seen for zinc ions and a 30% reduction

for lead ions even at an ion concentration of 0,25 mg/L. Zn2+ cations and Pb2+ ions both signifi-

cantly reduced the development of duckweed in the concentration range of 0,5–2,0 mg/L.

Statistical analysis of the significance of the estimated model parameters for the studied

compounds according to the t-test is presented in table 1.

The coefficients of slope (b), upper limit (d), and ED50 values were found to be statistically

significant for all studied cations.
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Figure 1 – Lesser duckweed (Lemna minor) average specific growth rate dynamics

in dependence on the concentration of metal cations after 7 days of exposure

Table 1 – Estimation of the model's parameters for the effects of copper (II), iron (II), lead, and

zinc cations on the lesser duckweed's (Lemna minor) growth rate

Parameter Estimate (mg/L) Standard error t-statistics р-value

b: slope (Cu2+) 0,9 0,19 4,7974 5,08×10-6*

b: slope (Fe2+) 1,32 0,30 4,4603 1,98×10-5*

b: slope (Pb2+) 0,88 0,21 4,2904 3,85×10-5*

b: slope (Zn2+) 1,39 0,36 3,9068 1,62×10-4*

с: lower limit –0,02 0,02 –0,7799 0,44

d: upper limit 0,32 0,01 22,5024 <2,2×10-16*

e: ED50 (Cu2+) 2,54 0,62 4,0873 8,32×10-5*

e: ED50 (Fe2+) 1,24 0,22 5,7380 8,56×10-8*

e: ED50 (Pb2+) 0,66 0,17 3,9449 1,41×10-4*

e: ED50 (Zn2+) 0,58 0,10 5,6052 1,56×10-7*

*Note: confidence level * – р < 0,001.

The obtained values of ED50 support the form of the curves showing the specific growth

rate of duckweed in the concentration range of 0,5–2,5 mg/L, which shows that the efficiency of

the inhibitory impact on the development of duckweed declines in the series Zn2+ > Pb2+ > Fe2+ >

Cu2+: ED50 Zn2+ (0,58 mg/L) ≈ ED50 Pb2+ (0,66 mg/L) < ED50 Fe2+ (1,24 mg/L) < ED50 Cu2+

(2,54 mg/L).

Due to the fact that in certain cases a significant reduction in the area of newly emerging

fronds was noticed, it was exceedingly challenging to measure the specific growth rate 7 days after

culture with metal cations in the concentration range of 2.5-10.0 mg/L. The total area of fronts is

the following parameter, and it is significant in determining the effects of copper (II), iron (II),

lead, and zinc cations on duckweed (figure 2).

A reduction in the area of fronts is seen after seven days of exposure to lead and zinc cations

at concentrations over 0,5 mg/L, as well as copper (II) and iron (II) cations at concentrations above

0,75 mg/L. Seven days of cultivation with a concentration of zinc cations (0,75 mg/L), lead

(1,0 mg/L), iron (II) (2,0 mg/L), and copper (II) (2,5 mg/L) resulted in a 50 % reduction in the

areas of duckweed fronds, which is completely consistent with the information noticed from the

analysis of the specific growth rate.
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Figure 2 – Ratio of average frond areas of the lesser duckweed (Lemna minor) before and after

7 days of cultivation (S1 – frond area before cultivation, S2 – frond area after cultivation)

Thus, using prescribed techniques, the impact of copper (II), iron (II), lead, and zinc cations

on an experimental culture of the duckweed Lemna minor was examined. It has been proven that:

1) all assessed cations reduced the growth rate of duckweed by 87–94 % with respect to

the control;

2) the shape of the curves of dynamics in the specific growth rate of duckweed in the con-

centration range of 0,5–2,5 mg/L suggests that the effectiveness of the inhibitory effect on the

growth of duckweed decreases in the series Zn2+ > Pb2+ > Fe2+ > Cu2+;

3) all investigated cations led to a decrease in the growth rate.
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