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Background. Wastewater treatment using physical, chemical, and biological methods is primary solution for 
the reduction of water pollution that reaching the critical thresholds. The members of subfamily Lemnoideae, 
commonly called duckweed, are considered the most efficient aquatic plants for wastewater remediation. 
Although properties of duckweed to survive in water with high concentration of heavy metal ions such as 
chromium, cobalt, lead, nickel and cuprum are well documented, the growth of duckweed in water with 
high concentrations of manganese and the efficiency of retention of manganese from water by these species 
has not been estimated. 
Objective. Four duckweed species (Spirodela polyrhiza, Landoltia punctata, Lemna aequinoctialis, and 
L. turionifera) were used for establishment of influence Mn on their vitality and growth and for studying their 
potential for phytoremediation of fresh water with elevated manganese concentration. 
Methods. Duckweed collected in Eastern China was introduced in tissue culture in vitro by surface steriliza-
tion. The identification of the collected duckweed species was determined by DNA barcoding using primers 
specific for chloroplast intergenic spacers atpF-atpH (ATP) and psbK-psbL (PSB). The experiments for estab-
lishment of influence Mn on duckweed growth carried out in aseptic condition. To determinate concentra-
tion of Mn, the samples of different water type (Hongze Lake, ponds around Hongze Lake, Huaian local 
municipal sewage plant and industrial sewage plant) were analyzed by the Inductively Coupled Plasma Optical 
Emission Spectrometry. 
Results. The most sensitive duckweed to Mn was S. polyzhiza, the first characteristic symptoms of toxicity 
like brown spots have appeared when concentration of Mn was 40 mg/L, the concentration 200 mg/L Mn 
resulted in chlorosis and death of fronds. L. aequinoctialis and L. turionifera had similar effects in SH medi-
um supplemented with 650 mg/L and 975 mg/L Mn, respectively. L. punctata was the most tolerant duck-
weed to Mn plants continued to grow even at concentration 975 mg/L. Response of duckweed on Mn was 
dependent on availability of nitrogen in nutrient medium. Using four duckweed species for treatment of wa-
ter containing 4.12 mg/L Mn allowed to reduce concentration until safe level of standard (0.1 mg/L Mn).  
Conclusions. All investigated duckweed species (S. polyrhiza, L. punctata, L. aequinoctialis, and L. turionifera) 
were characterized by a high level of resistance to manganese, especially L. punctata. Response of duckweed 
on Mn was dependent on availability of nitrogen in nutrient medium. The tested species of subfamily 
Lemnoideae were high effective for phytoremediation of water with elevated manganese concentration. 

Keywords: manganese; phytoremediation; water purification; duckweed; Spirodela polyrhiza; Landoltia punctata; 
Lemna aequinoctialis; Lemna turionifera. 

 

Introduction 

Manganese is an abundant element compris-

ing about 0.1% of the earth's crust [1]. Mn is a 

component of over 100 minerals. Of the heavy me-

tals, it is surpassed in abundance only by iron [2]. 

Because of the natural release of manganese into 

the environment by the weathering of manganese-

rich rocks and sediments, manganese occurs ubiqui-

tously at low levels in soil, water, air, and food. Dis-

solved concentrations of manganese in natural wa-

ters that are essentially free of anthropogenic 

sources/influences range from <0.01 mg/L to 

>10 mg/L [3]. Manganese solubility increases at 

low pH and under reducing conditions and is 

most commonly in the 2+ and 4+ oxidation states 

in aquatic systems.  

The presence of chlorides, nitrates and sul-

phates in high concentrations increase manganese 

solubility, enhancing aqueous mobility and uptake 

by plants. [4]. Though manganese can exist in wa-

ter in any of four oxidation states, Mn(II) is the 
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most common and is usually associated with the 

carbonate anion 2
3CO - to form MnCO3. This com-

pound has a relatively low solubility at 65 mg/L [2]. 

In the presence of a sufficient amount of oxygen 

dissolved in water, manganese exists predominantly 

in an insoluble form (manganese oxide) and is 

mainly deposited in sediments of water bodies. 

But, the bottom layers of water usually have lower 

concentrations of dissolved oxygen. It leads to the 

development of anaerobic conditions in the deeper 

layers of the water reservoirs and bottom sediment. 

In those layers, manganese being converted thro-

ugh bacterial action from insoluble oxide forms to 

manganese ions (Mn2+) which are soluble and can 

easily leach out of the sediment into the water. 

Seasonal and daily heat cycles cause water layers to 

mix. Therefore, this inversion could be accompa-

nied periodically by a rising concentration of dis-

solved manganese in drinking water facility intake. 

As anthropogenic pollutant manganese present 

in both inorganic and organic forms. An essential 

ingredient in steel, inorganic manganese is also 

used in the production of dry-cell batteries, glass 

and fireworks, in chemical manufacturing, in the 

leather and textile industries and as a fertilizer. Or-

ganic forms of manganese are used as fungicides, 

fuel-oil additives, smoke inhibitors, an anti-knock 

additive in gasoline, and a medical imaging agent [2]. 

Manganese additives in gasoline are the source  

of manganese in vehicle emissions. Methylcyclo-

pentadienyl manganese tricarbonyl (MMT) is the 

main additive containing manganese (approx. 24.4% 

by weight); the additives LP62 (containing 62% 

MMT) and LP 46 (containing 46% MMT) are also 

common [5]. 

The main target of manganese toxicity is the 

central nervous system. The neurological effects of 

inhaled manganese in both humans and animals 

are reported. Oral doses 1–150 mg/kg of body 

weight per day resulted in variance in neurotrans-

mitter and enzyme levels in the brain of rats and 

mice. These changes were accompanied by clinical 

signs, such as alteration in coordination and acti-

vity level [6].  
Although manganese is classified under the 

category of "Data are inadequate for assessment of 
human carcinogenic potential" by the Environmen-
tal Protection Agency (EPA, USA) [7] some new 
reports include evidences of effects of elevated 
manganese concentration in drinking water on 
higher cancer incidence. Based on medical statistic 
of Cancer Registration System of Huai'an city 
(China) for 2008 to 2010 years – Huai'an city has 

a higher cancer incidence. It was demonstrated, 

that Mn concentration in water sources of Huai'an 
city area has positive correlation with cancer inci-
dence and mortality: for a 1 µg/L increase in Mn 
concentration, there was a corresponding increase 
of 0.45/100000 new cancer cases and 0.35/100000 
cancer deaths (P < 0.05). [8] The EPA (USA) has 
established that lifetime exposure to the drinking 
water with manganese concentration up to 0.3 mg/L 
is not expected to cause any adverse effects. Be-
sides, maximum manganese concentration for po-
table water of 0.05 mg/L is established by the 
U.S. National secondary drinking water standards. 
In general, a manganese concentration greater 
than 0.05 mg/L is thought to affect water taste for 
human. Moreover, manganese concentrations ex-
ceeding 0.05 mg/L are sufficient to cause reduced 
water intake by dairy cattle and, therefore, reduced 
milk production [9]. 

A number of physical, chemical, and biologi-

cal methods are applied in water treatment. Among 

them biological treatment using aquatic plants  

especially duckweed has been regarded the most 

feasible and cost-effective approach for enabling 

water reuse.  

The members of subfamily Lemnoideae, com-

monly called duckweed, are free-floating aquatic 

plants that are classified into 37 species related to  

5 genera based on morphological criteria and  

employment molecular barcoding techniques [10]. 

Duckweeds are considered the most efficient aqua-

tic plants for wastewater remediation because they 

can remove ammonium, nitrates [11], phosphates, 

heavy metals, arsenic, selenium, boron and organic 

xenobiotics from different type of wastewater (revie-

wed in [12]). Besides, wastewater treatment systems 

based on duckweed are also eco-friendly technique 

with reduced greenhouse gases emissions [13, 14].  

Although properties of duckweed to survive in 

water with high concentration of heavy metal ions 

such as chromium, cobalt, lead, nickel and cuprum, 

and to accumulate substantial amounts of it in the 

tissue are well documented [15–19], the survival of 

duckweed in water with high concentrations of 

manganese and the efficiency of retention of man-

ganese from water by these species has not been 

estimated. 
The aims of the present investigation were:  

1) to observe duckweed growth in water with ele-
vated manganese concentrations; 2) to determine 
manganese concentrations that prevent duckweed 
growth end cause death for Lemnoideae species 
(Spirodela polyrhiza, Landoltia punctata, Lemna 
turionifera, Lemna aequinoctialis); 3) to evaluate 
substantial decrease of manganese concentration in 
water during duckweed growth. 
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Materials and Methods 

Plant material. Four duckweed species, S. poly-
rhiza (N 33''17'40; E 118''49'45), L. punctata  
(N 33''599292, E 119''05674), L. aequinoctialis  
(N 31''14'20; E 121''28'40), and L. turionifera  
(N 33''618817, E 119''001941) used in this study 

were collected at different locations in Eastern 

China. Duckweed fronds were surface sterilized in 

solution containing 0.5% (v/v) sodium hypochlorite 

solution and 0.1% (v/v) benzalkonium bromide 

during 5 min, then were washed twice with auto-

claved water. The procedure was repeated in 2 days 
and fronds were put on solid Schenk–Hildebrandt 

medium (SH) [20]. The composition of nutrient 

SH medium was 24.73 mM KNO3, 1.36 mM CaCl2, 

1.62 mM MgSO4, 2.6 mM NH4H2PO4, 0.42 mkM 

CoCl2, 0.8 mkM CuSO4, 53.94 mkM Fe-EDTA, 

80.86 mkM H3BO3, 6.02 mkM KI, 59.17 MnSO4, 

0.41 mkM NaMoO4, 3.48 mkM ZnSO4, 5 g/L su-

crose, pH was adjusted to 5.5 before autoclaving. 

The plants were cultivated in incubator at 22 ± 1 ̄ C 

(for day temperature) and 22 ± 1 C̄ (for night 

temperature) with a photon flux density of 50– 

60 μmol·m−2s−1 provided by cool white fluorescent 

bulbs in a 16 h light/8 h dark cycle. 

Species identification. The identification of the 

collected duckweed species was determined by DNA 

barcoding using primers specific for chloroplast in-

tergenic spacers atpF-atpH (ATP) and psbK-psbL 

(PSB) as previously described [10].  

Mn treatments. The plant material being grown 

on solid SH medium supplemented with 5 g/L su-

crose was inoculated in 100 mL flasks containing 

40 mL autoclaved liquid SH medium or modified 

SH medium with reduced amount of nitrogen (Nmin): 

2.5 mM KNO3 instead of 24.73 mM and 2.6 mM 

KH2PO4 as replacement for 2.6 mM NH4H2PO4 

supplemented with 5 g/L sucrose, pH5.5. The fresh 

weight of plant material was 50 mg that correspond 

to 4.6 ± 0.8 mg of the dry weight (DW). To estab-

lish influence Mn on vitality and growth of duck-

weed different amounts of MnSO4 were added in 

nutrient media (which correspond to the Mn con-

centration: 3.2, 40, 132, 200, 260, 650, 975 mg/L). 

After 19 days of growth in aseptic condition in 

climate chamber the duckweed samples were col-

lected and dried at 60 ̄ C until the weight was con-

stant, then DW was measured. The increase duck-

weed biomass was calculated as the difference be-

tween the measured DW and DW of initial plant 

material. All experiments were carried out with 

three replicates. 

To investigate phytoremediation potential of 
different duckweed species for Mn 2g of the plant 
material was inoculated in plastic basins filled with 
200 ml Nmin medium containing 4.12 mg/L of Mn 
and cultivated for 19 days in climate chamber. The 
distilled water was added every 2 days to each con-
tainer to keep stable water level. All tests were 
conducted in four repeats for each condition.  

Determination of Mn concentration. The samples 
of different water type were collected from Hongze 
Lake, ponds around Hongze Lake, Huaian local mu-
nicipal sewage plant (N  33''629349, E  119''044762) 
and the industrial sewage plant (N 33''381293, 
E  118''993329) to determinate concentration of Mn. 
The samples of 20 ml were digested with equal 
volume of concentrated HNO3 in water bath. Then 
samples were analyzed in triplicates by the Induc-
tively Coupled Plasma Optical Emission Spectro-
metry (ICP-OES, Perkin Elmer, model: OPTIMA 
2000TMDV) using winLab32 software. The measu-
rements of Mn concentration were carried out using 
operating conditions according to [21] with some 
modifications related to Read Delay (30 seconds), 
Rinse Delay (30 seconds) and view mode (axial). 

Statistical analysis. All experiments were car-
ried out with three biological replicates. The mean 
values and standard deviation were calculated using 
MS Office 2019 Excel.  

Results 

To establish influence Mn on vitality and 
growth of duckweed species we checked different 
Mn concentration in nutrient media. Concentration 
3.2 mg/L Mn is corresponded to basal salt medium 
SH and was used as positive control. The highest 
growth level was observed in Nmin medium for all 
tested species. The most sensitive duckweed to Mn 
was S. polyzhiza, the first characteristic symptoms 
of toxicity like brown spots have appeared when 
concentration of Mn was 40 mg/L, the concentration 
200 mg/L Mn resulted in chlorosis and death of 
fronds. L. aequinoctialis and L. turionifera had similar 
effects in SH medium supplemented with 650 mg/L 
and 975 mg/L Mn, respectively. L. punctata was 
the most tolerant duckweed to Mn, plants continued 
to grow even at concentration 975 mg/L (Table 1, 
the Figure). Obtained data demonstrated that duck-
weed species are sufficiently resistant to Mn.  

To assess the growth of duckweed after 19 days 
of cultivation on different media, the fronds were col-
lected, dried, and weighed, and the increase biomass 
was calculated as the difference between the measu-
red DW and DW of initial plant material (Table 1). 
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Table 1: Increase of duckweed biomass DW after 19 days growth on different media (mg) 

Mn, 
mg/L 

S. polyzhiza L. aequinoctialis L. turionifera L. punctata 

Nmin SH Nmin SH Nmin SH Nmin SH 

3.2 121.3 ± 5.8 95.2 ± 5.3 111.4 ± 12.1 79.6 ± 9.6 126.4 ± 5.6 104 ± 9.6 113.0 ± 10.2 110.0 ± 5.6 

40 110.0 ± 6.4* 102.6 ± 11.2 122.3 ± 2.3 73.0 ± 7.2 105.3 ± 12.1 65.2 ± 7.2 98.6 ± 1.4 113.6 ± 6.2 

132 116.2 ± 6.2* 89.8 ± 5.8 110.6 ± 11.0 70.6 ± 8.6 107.0 ± 7.6* 73.5 ± 5.5 93.4 ± 5.4 97.8 ± 8.1 

200 29.2 ± 7.9** 31.3 ± 7.0** 116.4 ± 10.4 75.2 ± 12.2 122.2 ± 10.6* 89.0 ± 7.6 85.6 ± 5.8 73.4 ± 7.4 

260 17.3 ± 7.4** 20.6 ± 9.2** 72.4 ± 12.3* 68.2 ± 7.2 97.8 ± 7.8* 83.4 ± 12.6 83.3 ± 5.3 70.6 ± 4.2 

650 n.a. n.a. 23.8 ± 4.4** 11.6 ± 4.8** 28.4 ± 5.4* 26.4 ± 6.8 41.3 ± 7.1 36.4 ± 10.2 

975 n.a. n.a. 19.8 ± 5.4** 9.8 ± 5.6** 26.2 ± 8.2** 13.2 ± 4.8** 36.8 ± 14.2 35.8 ± 9.8 

Notes. The increase duckweed biomass was calculated as the difference between the measured DW and DW of initial plant material. 
Data are means ±SD of three replicates. * – brown spots on single fronds; ** – more than 90% dead fronds; n.a. – not applicable. 
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Figure: Influence of different media on growth of duckweed: S. polyrhiza (A-D), L. aequinoctialis (E-H), L. turionifera (I-L), 
L. punctate (M-P). A, E, I, M – control medium Nmin with 3.2 mg/L Mn, B, F, J, N – control medium SH with 3.2 mg/L Mn,  

C – medium Nmin with 40 mg/L Mn, D – medium SH with 40 mg/L Mn, G, K – medium Nmin with 650 mg/L Mn, H, L –  

medium SH with 650 mg/L Mn, O – medium Nmin with 975 mg/L Mn, P – medium SH with 975 mg/L Mn 

 

Another aim of our work was to check the 

Mn concentration in water of various origin (see 

Materials and Methods). Analysis of samples of 

different kinds of water by using ICP-OES revealed 

anthropogenic Mn pollution of ponds around 

Hongze Lake. Mn content in one of the ponds was 

almost in 20 times higher than the standard for 

drinking water (1.96 in comparison with 0.1 mg/L, 

China Standard GB3838-2002) (Table 2). 

Determination of Mn concentration in media 

after 19-days growth of duckweed demonstrated that 

plants took up about 98% of the Mn in condition 

of our testing. The initial concentration of Mn 

dropped down from 4.12 mg/L to 0.097 mg/L for 
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Table 2: Concentration of Mn in different kinds of water 

Water samples 
Concentration of 

Mn, mg/L 

Standard 0.100 

Tap water  0.040 

Hongze Lake 0.063 

Pond around Hongze Lake 1.958 

Municipal wastewater OUT 0.060 

Industrial wastewater OUT 0.325 

 

L. aequinoctialis, to 0.0735 mg/L for S. polyrhiza, 

to 0.078 mg/L for L. Punctata, and to 0.0995 mg/L 

for L. turionifera. All duckweed species were able 

to decrease the Mn concentration to standart of 

drinking water (0.1 mg/L). The obtained results show 

that all tested duckweed species have high poten-

tial for Mn phytoremediation. 

Discussion 

Manganese (Mn) is cofactor for proteins that 

have crucial role in photosynthesis, the metabolism 

of fatty acids and carbohydrates as well as in pro-

tection against oxygen free radicals. Therefore, de-

ficiency of this essential nutrient is causes inter-

veinal chlorosis and reduced plant biomass [22]. 

On the other hand, excess Mn concentrations can 

be toxic for plants resulting in brown spots on ma-

ture leaves [23], chlorosis, and necrosis and defor-

mation of young leaves [24]. The threshold of Mn 

toxicity varies according to plant species or culti-

vars [24]. Among tested duckweed species L. punctata 
was the most resistant to high concentration of 

Mn, S. polyzhiza was the most sensitive. In spite of 

difference between species all of them can be at-

tributed to Mn-tolerant plants. 

The general trend followed from our experi-

ments was that vitality of duckweed in presence of 

excess Mn concentrations was higher in media 

with low concentration of nitrogen (Nmin). Differ-

ent response of duckweed on the same Mn con-

centration can indicate indirectly on the cross-talk 

between uptake of Mn and nitrogen.  

Symptoms of Mn toxicity were also depen-

dent on composition of nutrient medium. Plants 

growing on Nmin medium with low content of  

nitrogen had brown spots which magnified with in-

creasing Mn concentration leading to general ne-

crosis of fronds. Whereas plants growing on SH 

medium have demonstrated chlorosis which started 

from apex and spread to whole frond. Obtained 

data and discovered patterns lay the foundation for 

further investigation of mechanism of Mn phyto-

toxicity and tolerance at molecular level. 

Analysis of the concentration of Mn in vari-

ous types of water revealed anthropogenic pollution 

of ponds. One of tested ponds had concentration 

of Mn almost 20 times higher than the standard for 

drinking water. Using duckweed for treatment of 

water containing even higher concentration of Mn 

allowed to reduce it below of the safe level of 

standard that allows to characterize duckweed as 

high effective plant for water remediation.  

Conclusions 

Analysis of different kind of water by ICP- 

OES showed that manganese pollution of ponds 

around Hongze Lake are reached the critical thre-

sholds and water treatment measures are required. 

In condition of our experiments the tested species 

of subfamily Lemnoideae were high effective for 

phytoremediation of water with elevated manga-

nese concentration and were able to decrease the  

Mn concentration to standart of drinking water:  

the initial concentration of Mn was reduced from 

4.12 mg/L to 0.0734–0.097 mg/L. 
All investigated duckweed species (S. polyrhiza, 

La. punctata, L. Aequinoctialis, and L. turionifera) 

were sufficiently resistant to manganese, especially 

L. punctata which vegetative grown even at concen-

tration of Mn 975 mg/L. Duckweed response on 

Mn was dependent on concentration of nitrogen in 

nutrient medium. The same Mn concentration can 

lead to various effects namely either necrosis or 

chlorosis according to concentration of nitrogen in 

medium. These observations point indirectly on the 

crosstalk between uptake of Mn and nitrogen. The 

survival of duckweed in presence of excess Mn 

concentrations was also dependent to concentra-

tion of nitrogen. It was demonstrated that duck-

weed fronds better survived in presence of excess 

Mn in media with low concentration of nitrogen. 

Represented data show that duckweed is a conven-

ient model for further investigation of both Mn 

metabolism at the molecular level and the mecha-

nism occurrence of phytotoxicity. 
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ʖ. ɾʦʫ, ʊ. ɹʘʽ, ʆ.ʄ. ʂʽʱʝʥʢʦ 

ʇʆʊɽʅʎɯɸʃ ʇʈɽɼʉʊɸɺʅʀʂɯɺ ʇɯɼʈʆɼʀʅʀ LEMNOIDEAE ɼʃʗ ʌɯʊʆʈɽʄɽɼɯɸʎɯɰ 

ʇʈɯʉʅʆɰ ɺʆɼʀ ɯɿ ʇɯɼɺʀʑɽʅʆʖ ʂʆʅʎɽʅʊʈɸʎɯɭʖ ʄɸʈɻɸʅʎʖ 

ʇʨʦʙʣʝʤʘʪʠʢʘ. ʆʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʦʩʥʦʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʟʥʠ-
ʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ, ʷʢʝ ʯʘʩʦʤ ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʠʭ ʧʦʨʦʛʽʚ. ʏʣʝʥʠ ʧʽʜʨʦʜʠʥʠ Lemnoideae, ʷʢʠʭ ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ʨʷʩʢʦʶ, 
ʚʚʘʞʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚʦʜʥʠʤʠ ʨʦʩʣʠʥʘʤʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ. ʍʦʯʘ ʚʣʘʩʪʠʚʦʩʪʽ ʨʷʩʢʠ ʚʠʞʠʚʘʪʠ ʫ ʚʦʜʽ ʟ 
ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʽʦʥʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʭʨʦʤ, ʢʦʙʘʣʴʪ, ʩʚʠʥʝʮʴ, ʥʽʢʝʣʴ ʽ ʤʽʜʴ, ʜʦʙʨʝ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ, ʦʜʥʘʢ ʧʨʦ 
ʨʽʩʪ ʨʷʩʢʠ ʫ ʚʦʜʽ ʟ ʚʠʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʤʘʨʛʘʥʮʶ ʪʘ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʘʣʝʥʥʷ ʤʘʨʛʘʥʮʶ ʟ ʚʦʜʠ ʮʠʤʠ ʚʠʜʘʤʠ ʧʦʚʽʜʦʤ-
ʣʝʥʴ ʥʝ ʙʫʣʦ. 
ʄʝʪʘ. ʏʦʪʠʨʠ ʚʠʜʠ ʨʷʩʢʠ (Spirodela polyrhiza, Landoltia punctata, Lemna aequinoctialis ʽ L. turionifera) ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʩʪʘ-
ʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ Mn ʥʘ ʾʭ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʽ ʨʽʩʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʚʯʝʥʥʷ ʾʭ ʟʜʘʪʥʦʩʪʽ ʜʦ ʬʽʪʦʨʝʤʝʜʽʘʮʽʽ ʧʨʽʩʥʦʾ ʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʦʶ 
ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ. 
ʄʝʪʦʜʠʢʘ ʨʝʘʣʽʟʘʮʽʾ. ʈʷʩʢʫ, ʟ̔ ʙʨʘʥʫ ʫ ʚʦʜʦʡʤʘʭ ʉʭʽʜʥʦʛʦ ʂʠʪʘʶ, ʚʚʦʜʠʣʠ ʚ ʢʫʣʴʪʫʨʫ ʪʢʘʥʠʥ in vitro ʧʦʚʝʨʭʥʝʚʦʶ ʩʪʝʨʠʣʽʟʘʮʽʻʶ. 
ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʟʽʙʨʘʥʠʭ ʚʠʜʽʚ ʨʷʩʢʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʨʠʭʢʦʜʫʚʘʥʥʷ ɼʅʂ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʘʡʤʝʨʽʚ, ʩʧʝʮʠʬʽʯʥʠʭ 
ʜʣʷ ʭʣʦʨʦʧʣʘʩʥʠʭ ʤʽʞʛʝʥʥʠʭ ʩʧʝʡʩʝʨʽʚ atpF-atpH (ATP) ʽ psbK-psbL (PSB). ɽʢʩʧʝʨʠʤʝʥʪʠ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʧʣʠʚʫ Mn ʥʘ ʨʽʩʪ ʨʷʩ-
ʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʘʩʝʧʪʠʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ Mn ʟʨʘʟʢʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʦʜʠ (ʦʟʝʨʦ ɻʦʥʟʝ, ʩʪʘʚʢʠ ʙʽʣʷ ʦʟʝʨʘ 
ɻʦʥʟʝ, ʤʽʩʮʝʚʘ ʢʦʤʫʥʘʣʴʥʘ ʢʘʥʘʣʽʟʘʮʽʡʥʘ ʩʪʘʥʮʽʷ ʍʫʘʡʷʥʘ ʪʘ ʩʪʘʥʮʽʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ) ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦ-
ʛʦʶ ʤʝʪʦʜʫ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʪʠʚʥʦ-ʟʚôʷʟʘʥʦʶ ʧʣʘʟʤʦʶ. 
ʈʝʟʫʣʴʪʘʪʠ. ʅʘʡʯʫʪʣʠʚʽʰʦʶ ʨʷʩʢʦʶ ʜʦ Mn ʙʫʣʘ S. polyzhiza. ʇʝʨʰʽ ʭʘʨʘʢʪʝʨʥʽ ʩʠʤʧʪʦʤʠ ʪʦʢʩʠʯʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʢʦʨʠʯʥʝʚʽ ʧʣʷʤʠ, 
ʟôʷʚʠʣʠʩʴ, ʢʦʣʠ ʢʦʥʮʝʥʪʨʘʮʽʷ Mn ʩʪʘʥʦʚʠʣʘ 40 ʤʛ/ʣ, ʢʦʥʮʝʥʪʨʘʮʽʷ 200 ʤʛ/ʣ Mn ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʭʣʦʨʦʟʫ ʪʘ ʟʘʛʠʙʝʣʽ ʣʠʩʪʝʮʽʚ. 
L. aequinoctialis ʽ L. turionifera ʤʘʣʠ ʧʦʜʽʙʥʠʡ ʝʬʝʢʪ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ SH, ʜʦʧʦʚʥʝʥʦʤʫ 650 ʽ 975 ʤʛ/ʣ Mn ʚʽʜʧʦʚʽʜʥʦ. 
L. punctata ʙʫʣʘ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʦʶ ʩʝʨʝʜ ʨʷʩʦʢ ʜʦ Mn, ʚʦʥʘ ʥʝ ʧʨʠʧʠʥʷʣʘ ʨʽʩʪ ʥʘʚʽʪʴ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 975 ʤʛ/ʣ. ɺʽʜʧʦʚʽʜʴ ʨʷʩʢʠ ʥʘ 
Mn ʟʘʣʝʞʘʣʘ ʚʽʜ ʜʦʩʪʫʧʥʦʩʪʽ ʘʟʦʪʫ ʚ ʞʠʚʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɸʥʘʣʽʟ ʢʦʥʮʝʥʪʨʘʮʽʾ Mn ʫ ʨʽʟʥʠʭ ʚʠʜʘʭ ʚʦʜʠ ʧʦʢʘʟʘʚ ʘʥʪʨʦʧʦʛʝʥʥʝ 
ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʘʚʢʽʚ ʥʘʚʢʦʣʦ ʦʟʝʨʘ ɻʦʥʟʝ, ʚ ʦʜʥʦʤʫ ʟ ʥʠʭ ʚʤʽʩʪ Mn ʤʘʡʞʝ ʚ 20 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʩʪʘʥʜʘʨʪ ʜʣʷ ʧʠʪʥʦʾ ʚʦʜʠ (1,96 
ʟʘʤʽʩʪʴ 0,1 ʤʛ/ʣ). ɺʠʢʦʨʠʩʪʘʥʥʷ 4-ʭ ʚʠʜʽʚ ʨʷʩʢʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʱʦ ʤʽʩʪʠʣʘ 4,12 ʤʛ/ʣ Mn, ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʢʦʥ-
ʮʝʥʪʨʘʮʽʶ ʜʦ ʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ ʩʪʘʥʜʘʨʪʫ (0,1 ʤʛ/ʣ Mn).  
ɺʠʩʥʦʚʢʠ. ɺʩʽ ʜʦʩʣʽʜʞʫʚʘʥʥʽ ʚʠʜʠ ʨʷʩʢʠ (S. polyrhiza, L. punctata, L. aequinoctialis ʽ L. turionifera) ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 
ʩʪʽʡʢʦʩʪʽ ʜʦ ʤʘʨʛʘʥʮʶ, ʦʩʦʙʣʠʚʦ L. punctata. ʈʝʘʢʮʽʷ ʨʷʩʢʠ ʥʘ Mn ʟʘʣʝʞʘʣʘ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʟʦʪʫ ʚ ʞʠʚʠʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʠ-
ʧʨʦʙʦʚʫʚʘʥʽ ʚʠʜʠ ʧʽʜʩʽʤʝʡʩʪʚ Lemnoideae ʙʫʣʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʬʽʪʦʨʝʤʝʜʽʘʮʽ ʾʚʦʜʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʘʨʛʘʥʮʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʨʛʘʥʝʮʴ; ʬʪ̔ʦʨʝʤʝʜʽʘʮʽʷ; ʦʯʠʱʝʥʥʷ ʚʦʜʠ; ʨʷʩʢʘ; Spirodela polyrhiza; Landoltia punctata; Lemna aequinoctialis; 
Lemna turionifera. 

ʖ. ɾʦʫ, ʊ. ɹʘʠ, ɽ.ʄ. ʂʠʱʝʥʢʦ 

ʇʆʊɽʅʎʀɸʃ ʇʈɽɼʉʊɸɺʀʊɽʃɽʁ ʇʆɼʉɽʄɽʁʉʊɺɸ LEMNOIDEAE ɼʃʗ ʌʀʊʆʈɽʄɽɼʀɸʎʀʀ 

ʇʈɽʉʅʆʁ ɺʆɼʓ ʉ ʇʆɺʓʐɽʅʅʆʁ ʂʆʅʎɽʅʊʈɸʎʀɽʁ ʄɸʈɻɸʅʎɸ 

ʇʨʦʙʣʝʤʘʪʠʢʘ. ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 
ʨʝʰʝʥʠʝʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ, ʢʦʪʦʨʦʝ ʧʦʨʦʡ ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʠʭ ʧʦʨʦʛʦʚ. ʏʣʝʥʳ ʧʦʜʩʝʤʝʡʩʪʚʘ Lemnoideae, 
ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʨʷʩʢʦʡ, ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚʦʜʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ʍʦʪʷ 
ʩʚʦʡʩʪʚʘ ʨʷʩʢʠ ʚʳʞʠʚʘʪʴ ʚ ʚʦʜʝ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʭʨʦʤ, ʢʦʙʘʣʴʪ, ʩʚʠʥʝʮ, ʥʠʢʝʣʴ ʠ 
ʤʝʜʴ, ʭʦʨʦʰʦ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ, ʦ ʨʦʩʪʝ ʨʷʩʢʠ ʚ ʚʦʜʝ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʤʘʨʛʘʥʮʘ ʠ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʣʝʥʠʷ 
ʤʘʨʛʘʥʮʘ ʠʟ ʚʦʜʳ ʵʪʠʤʠ ʚʠʜʘʤʠ ʩʦʦʙʱʝʥʠʡ ʥʝ ʙʳʣʦ. 
ʎʝʣʴ. ʏʝʪʳʨʝ ʚʠʜʘ ʨʷʩʢʠ (Spirodela polyrhiza, Landoltia punctata, Lemna aequinoctialis ʠ L. turionifera) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ Mn ʥʘ ʠʭ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʨʦʩʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʧʨʝʩʥʦʡ 
ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʨʛʘʥʮʘ. 
ʄʝʪʦʜʠʢʘ ʨʝʘʣʠʟʘʮʠʠ. ʈʷʩʢʫ, ʩʦʙʨʘʥʥʫʶ ʚ ʚʦʜʦʝʤʘʭ ɺʦʩʪʦʯʥʦʛʦ ʂʠʪʘʷ, ʚʚʦʜʠʣʠ ʚ ʢʫʣʴʪʫʨʫ ʪʢʘʥʝʡ in vitro ʧʫʪʝʤ ʧʦʚʝʨʭʥʦʩʪ-
ʥʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʩʦʙʨʘʥʥʳʭ ʚʠʜʦʚ ʨʷʩʢʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʰʪʨʠʭʢʦʜʠʨʦʚʘʥʠʷ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʘʡʤʝʨʦʚ, ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʭʣʦʨʦʧʣʘʩʪʥʳʭ ʤʝʞʛʝʥʥʳʭ ʩʧʝʡʩʝʨʦʚ atpF-atpH (ATP) ʠ psbK-psbL (PSB). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʫʩʪʘ-
ʥʦʚʣʝʥʠʶ ʚʣʠʷʥʠʷ Mn ʥʘ ʨʦʩʪ ʨʷʩʢʠ ʧʨʦʚʦʜʠʣʠ ʚ ʘʩʝʧʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʦʙʨʘʟʮʳ ʨʘʟʣʠʯ-
ʥʳʭ ʪʠʧʦʚ ʚʦʜʳ (ʦʟʝʨʦ ɻʦʥʟʦ, ʧʨʫʜʳ ʫ ʦʟʝʨʘ ɻʦʥʟʦ, ʤʝʩʪʥʘʷ ʢʦʤʤʫʥʘʣʴʥʘʷ ʢʘʥʘʣʠʟʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ ʍʫʘʡʷʥʘ ʠ ʩʪʘʥʮʠʷ ʧʨʦ-
ʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ) ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-
ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. 
ʈʝʟʫʣʴʪʘʪʳ. ʉʘʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʨʷʩʢʦʡ ʢ Mn ʙʳʣʘ S. polyzhiza. ʇʝʨʚʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʩʠʤʧʪʦʤʳ ʪʦʢʩʠʯʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʢʦ-
ʨʠʯʥʝʚʳʝ ʧʷʪʥʘ, ʧʦʷʚʠʣʠʩʴ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʩʦʩʪʘʚʣʷʣʘ 40 ʤʛ/ʣ, ʢʦʥʮʝʥʪʨʘʮʠʷ 200 ʤʛ/ʣ Mn ʧʨʠʚʦʜʠʣʘ ʢ ʭʣʦʨʦʟʫ ʠ ʛʠʙʝ-
ʣʠ ʣʠʩʪʝʮʦʚ. ʋ L. aequinoctialis ʠ L. turionifera ʧʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʚ ʩʨʝʜʝ SH ʩ ʜʦʙʘʚʣʝʥʠʝʤ 650 
ʠ 975 ʤʛ/ʣ Mn ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. L. punctata ʙʳʣʘ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʩʨʝʜʠ ʨʷʩʦʢ ʢ Mn, ʦʥʘ ʥʝ ʧʨʝʢʨʘʱʘʣʘ ʨʦʩʪ ʜʘʞʝ ʧʨʠ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ 975 ʤʛ/ʣ. ʆʪʚʝʪ ʨʷʩʢʠ ʥʘ Mn ʟʘʚʠʩʝʣ ʦʪ ʜʦʩʪʫʧʥʦʩʪʠ ʘʟʦʪʘ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʚ ʨʘʟʥʳʭ 
ʚʠʜʘʭ ʚʦʜʳ ʧʦʢʘʟʘʣ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʫʜʦʚ ʚʦʢʨʫʛ ʦʟʝʨʘ ɻʦʥʟʦ, ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ ʩʦʜʝʨʞʘʥʠʝ Mn ʧʦʯʪʠ ʚ 20 ʨʘʟ 
ʧʨʝʚʳʰʘʣʦ ʩʪʘʥʜʘʨʪ ʜʣʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ (1,96 ʚʤʝʩʪʦ 0,1 ʤʛ/ʣ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ 4 ʚʠʜʦʚ ʨʷʩʢʠ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ 
4,12 ʤʛ/ʣ Mn, ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ ʩʪʘʥʜʘʨʪʘ (0,1 ʤʛ/ʣ Mn).  
ɺʳʚʦʜʳ. ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʠʜʳ ʨʷʩʢʠ (S. polyrhiza, L. ʨunctata, L. aequinoctialis ʠ L. turionifera) ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ 
ʫʨʦʚʥʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʘʨʛʘʥʮʫ, ʦʩʦʙʝʥʥʦ L. ʨunctata. ʈʝʘʢʮʠʷ ʨʷʩʢʠ ʥʘ Mn ʟʘʚʠʩʝʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʧʠʪʘʪʝʣʴʥʦʡ 
ʩʨʝʜʝ. ʀʩʧʳʪʫʝʤʳʝ ʚʠʜʳ ʧʦʜʩʝʤʝʡʩʪʚʘ Lemnoideae ʙʳʣʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ ʚʦʜʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥ-
ʮʝʥʪʨʘʮʠʝʡ ʤʘʨʛʘʥʮʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʨʛʘʥʝʮ; ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ; ʦʯʠʩʪʢʘ ʚʦʜʳ; ʨʷʩʢʘ; Spirodela polyrhiza; Landoltia punctata; Lemna aequinoctialis; 
Lemna turionifera. 


