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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 CO?}~ to form MnCQs. 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 (Mn?") 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,
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that Mn concentration in water sources of Huai'an
city area has positive correlation with cancer inci-
dence and mortality: for a 1 pug/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 KNOs3, 1.36 mM CaCl,,
1.62 mM MgSOs, 2.6 mM NHsH>PO4, 0.42 mkM
CoClz, 0.8 mkM CuSOs, 53.94 mkM Fe-EDTA,
80.86 mkM H3BOs, 6.02 mkM KI, 59.17 MnSOQs,
0.41 mkM NaMoO4, 3.48 mkM ZnSOs, 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°C (for night
temperature) with a photon flux density of 50—
60 umol'm 2! 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 KNO:s 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 MnSQO4 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.
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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 33629349, 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 HNO; 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
2000™DV) 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, S. polyzhiza L. aequinoctialis L. turionifera L. punctata

mg/L Ninin SH Niin SH Ninin SH Niin SH
32 121.3 £58 | 95253 [1114 £ 12.1| 79.6 £9.6 | 1264 £ 5.6 104 £9.6 |113.0 £10.2| 110.0 £5.6
40 110.0 £ 6.4%|102.6 = 11.2| 1223 +23 | 73.0£7.2 | 1053+ 12.1| 652+72 | 986+ 1.4 | 113.6 +6.2
132 |116.2 £ 6.2*¥| 89.8 £58 |110.6 £ 11.0| 70.6 £ 8.6 | 107.0 £ 7.6* | 735+ 5.5 934 +54 | 97.8 £ 8.1
200 [29.2 £ 7.9%|31.3 £ 7.0%%|116.4 + 10.4| 75.2 £ 12.2 | 1222+ 10.6*| 89.0 + 7.6 856 58 | 734+ 74
260 | 17.3 &£ 7.4%%120.6 £ 9.2%*%|72.4 £ 12.3*| 682+ 7.2 | 978 £ 7.8% | 834 £ 126 | 83.3+53 | 70.6 = 4.2
650 n.a. n.a. 238 £4.4% | 11.6 £ 48%| 284+ 54* | 26468 | 41.3£7.1 |364%10.2
975 n.a. n.a. 19.8 £ 5.4%*| 9.8 £ 5.6%* | 26.2 & 8.2%* | 132 £ 4.8%* | 36.8 = 142 | 358 £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.

Control

S. polyrhiza

L. aequinoctialis

L. turionifera

L. punctata

Excess Mn

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 N, with 3.2 mg/L Mn, B, F, J, N — control medium SH with 3.2 mg/L Mn,
C — medium Ny, with 40 mg/L Mn, D — medium SH with 40 mg/L Mn, G, K — medium Ny, with 650 mg/L Mn, H, L —
medium SH with 650 mg/L Mn, O — medium N, 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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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.

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

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.
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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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0. XKoy, T. Bai, O.M. KiweHko

NOTEHLIAN NPEACTABHUKIB MIAPOOUHU LEMNOIDEAE ANA ®ITOPEMERIALIT
MPICHOI BOAM 13 NIABULLEHOIO KOHLIEHTPALIEIO MAPTAHLIIO

Mpo6nemaTtuka. OYMLLEHHS CTIYHMX BOZ i3 BUKOPUCTAHHAM (Di3UYHUX, XiIMIYHKX i BiONOriYHNX METOAIB € OCHOBHUM PilLEHHAM Anst 3HW-
eHHs1 3abpyaHeHHs1 BOAM, sike YacoM Jocsirae KpUTUYHUX noporis. YneHu nigpoamHu Lemnoideae, sikux 3a3suyai Ha3mBakoTh PSICKOHO,
BBaXalTbCA HanbinbLl epeKTMBHUMN BOAHUMWU POCIIMHAMU ANSi OYULLEHHS! CTiIYHMX BOA. XOo4ya BNacTMBOCTI PSICKU BUXMBATKU y BOi 3
BMCOKOHK KOHLIEHTPAUIEL iOHIB BaXKKUX MeTarniB, TakMx sk XpoM, kobanbT, CBMHELb, HIKenb i Migb, [obpe 3a00KyMeHTOBaHi, OgHaK npo
PICT PSAACKM y BOAi 3 BUCOKMMM KOHLIEHTPALIsSIMWU MapraHuto Ta npo edeKTUBHICTb BUOANEHHs MapraHuio 3 BOAu LMK BUgaMu rnosigom-
neHb He Gyno.

Meta. Yotupu Buam psacku (Spirodela polyrhiza, Landoltia punctata, Lemna aequinoctialis i L. turionifera) 6ynu BukopuctaHi ansi Bcta-
HOBIEHHS BNNnBY Mn Ha iX XUTTE3QATHICTb i PICT, @ TAKOX AN BUBYEHHS X 34aTHOCTI 40 dhiTopemeiauii npicHOi BOAW 3 NigBULLEHOO
KOHLEHTpaLi€lo MapraHuo.

MeTopauka peanisauii. Pscky, 3i6paHy y Bogoimax CxigHoro Kutato, BBOAUNM B KynbTypy TKaHWH in Vitro MOBEPXHEBOI CTepuni3auieto.
loeHTudikauito 3ibpaHux BUAIB psickv NpoBOAWNM 3a Aonomorow WwTpuxkoayBaHHs AHK i3 BukopucTaHHsiM npaiiMepiB, cneundivHmx
Ans xnoponnacHux MikreHHux cnencepis atpF-atpH (ATP) i psbK-psbL (PSB). EkcnepumMeHTH 3i BCTaHOBNEHHSA BinuBy Mn Ha picT psc-
KM MPOBOAUIM B acenTUYHMX ymoBax. [N BM3HAYeHHs KoHUeHTpauii Mn 3pasku pisHux TuniB Bogmn (o3epo [oH3e, cTaBku 6ins o3epa
"oH3e, MicueBa kOMyHanbHa kaHanisauiiHa cTaHuis XyaiisiHa Ta cTaHLisi TPOMUCIIOBUX CTiYHKUX BoA) Gyno npoaHanisoBaHo 3a A0MOMO-
rol MeToAy aTOMHO-EMICiHOT CMeKTPOMETPIi 3 iIHAYKTMBHO-3B’A3aHOI0 MNasmoto.

PesynbTaTtn. Hanyytnusiwoto psckoto go Mn 6yna S. polyzhiza. MNepLui xapakTepHi CUMNTOMW TOKCUYHOCTI, TaKi K KOPUYHEBI NNsSiMU,
3’ABUNWCb, KOMKW KOHUeHTpauiss Mn ctaHoBuna 40 mr/n, koHueHTpauis 200 mr/n Mn npusBoguna o xrnoposy Ta 3arubeni nucreuis.
L. aequinoctialis i L. turionifera manu nogibHni edpexT npu BupoLLyBaHHi B cepegoBuwi SH, gnonosHeHomy 650 i 975 mr/n Mn BignosigHo.
L. punctata 6yna HanbinbLu cTilkolo cepen pACOK Ao Mn, BOHa He NpUNMHANa PicT HaBiTb 3a KOHLEeHTpauii 975 mr/n. Bignosigb psickv Ha
Mn 3anexana Big AOCTYNHOCTi a30Ty B XXMBUITbHOMY cepegoBuLLi. AHani3 KoHUeHTpauii Mn y pisHux Bugax Bogm Nokasas aHTPOMNOreHHe
3abpyaHeHHs cTaBKiB HaBKoro o3epa [oH3e, B ogHOMY 3 HMX BMICT Mn maiixe B 20 pasiB nepesuLlye CTaHAapT Ans nuTHoi Boau (1,96
3amicTb 0,1 mr/n). BukopuctaHHs 4-x BUAIB PACKM ANst OYULLEHHS BOAW, WO MicTuna 4,12 mr/n Mn, 4ano MOXNUBICTb 3MEHLUUTU KOH-
LeHTpauito go 6esneyHoro pisHsi ctaHgapty (0,1 mr/n Mn).

BucHoBku. Bei gocnigxysanHi Buau psckm (S. polyrhiza, L. punctata, L. aequinoctialis i L. turionifera) xapakrepnayBanvcs BUCOKUM piBHEM
CTiViKOCTi 4O MapraHLto, ocobnumeo L. punctata. Peakuis psicku Ha Mn 3anexana Bif KOHLUEHTpaLji a3oTy B XMBUMbHOMY CepefoBuLLI. Bu-
npo6oByBaHi BUAW niacimeicts Lemnoideae 6ynu BucokoedekTUBHUMU ANs (hiTopemeaiadii BoAM 3 MiABULLIEHOH KOHLIEHTPALLIED MapraHLto.
KniouyoBi cnoBa: mapraHeup; diTopemegiauis; ounweHHs Boau; pscka; Spirodela polyrhiza; Landoltia punctata; Lemna aequinoctialis;
Lemna turionifera.
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NOTEHUMAN NPEACTABUTENEN NOOCEMEACTBA LEMNOIDEAE AN ®UTOPEMEOUALIUMU
NPECHOW BOAbI C MNOBbILWEHHOW KOHLEHTPALIMEA MAPIAHLIA

Mpobnemartnka. Ounctka CTOYHbIX BOA C UCMOMb30BaHNEM PUINYECKNX, XMMNYECKUX 1 BMONOrNYECKMX METOAOB SABMAETCH OCHOBHbBIM
peLleHVeM AN CHUXKeHUS 3arpsi3HeHUs BoAbl, KOTOPOEe MOpoW AOCTUraeT KpUTMYECKUX noporoB. YneHbl noacemenctBa Lemnoideae,
KOTOpbIX 0ObIYHO Ha3blBalOT PSICKON, cumMTatoTcst Hambornee aHEKTUBHBIMU BOAHBIMU PACTEHUSIMU ANt OYMCTKM CTOYHbIX Bod. XOTS
CBOWCTBA PSCKM BbDKMBATb B BOAE C BbICOKOW KOHLEHTPaLUEN MOHOB TSBKENbIX MEeTanmnoB, TakMx Kak XpoM, KoBanbT, CBUHEL,, HUKEMb U
Mefb, XOPOLUO 3a[0KyMEHTMPOBaHbI, O POCTE PACKU B BOAE C BbICOKMMM KOHLIEHTPaLUMsSiMU MapraHua u o6 addekTBHOCTM yaaneHus
MapraHua 13 Bofbl 3TMMY BUAaMu CoOBLLEHN He Bbino.

Llenb. YeTbipe Buaa psacku (Spirodela polyrhiza, Landoltia punctata, Lemna aequinoctialis u L. turionifera) 6binn ncnonb3osaHbl ANS
yCTaHOBMNEHUs BMUSHUA Mn Ha WX XM3HECNOCOBHOCTb U POCT, a TakkKe AN U3y4YeHus Ux crnocobHocTu k putopemeamaLum NnpecHom
BOAbI C MOBbILLEHHOW KOHLUEHTpaLumen MapraHua.

MeTtoauka peanusaumm. Psacky, cobpaHHyo B Bogoemax BoctouHoro Kutasi, BBoAMnu B KynbTypy TKaHew in vitro nyTeM noBepxHOCT-
HOW cTepunusaumn. oeHTndmkaumio cobpaHHbIX BUAOB PSCKM MPOBOAUMM C MOMOLLbLIO WTpuxkoampoBaHua [HK ¢ ucnonb3oBaHnem
npanmepoB, cneunduyHbIX 4ns XNoponfacTHbIX MeXreHHbIx cnevicepos atpF-atpH (ATP) u psbK-psbL (PSB). SkcnepyMeHTbI No ycTa-
HOBMEHWIO BNUSHMA Mn Ha poCcT pSICKM NPOBOAWIN B acenTu4eckux ycnoeusax. [na onpeaeneHus KoHueHTpauun Mn obpasubl pasnuy-
HbIX TUMOB BOoAbl (03epo OH30, NpyAbl y 03epa [0H30, MecTHast KOMMyHarbHas KaHanu3auvoHHas cTaHums XyansiHa U cTaHums npo-
MBbILLMEHHBIX CTOYHbLIX BOA) ObiNM MpoaHanu3vpoBaHbl C MOMOLLbI MeToAa aTOMHO-3MUCCUOHHOW CMEKTPOMETPUU C WMHAYKTUBHO-
CBSI3@HHOW Nnas3mon.

PesynbTatbl. Camoli YyBCTBUTENBHOW psickoi kK Mn 6bina S. polyzhiza. MNepBble xapakTepHble CUMMTOMbI TOKCUYHOCTU, Takue Kak Ko-
pUYHeBbIE NATHA, NOSIBUNMCH, koraa koHueHTpaums Mn coctasnsna 40 mr/n, koHueHTpaumsa 200 mr/n Mn npuBoamna Kk xnoposy u rube-
nv nucteuos. Y L. aequinoctialis u L. turionifera nogo6bHbin addekT Habnogancs npu BeipawmsaHnm B cpege SH ¢ gobasneHnem 650
1 975 mr/n Mn cooTBeTcTBeHHO. L. punctata 6bina Hanbonee ycTonunBomn cpeau psicok kK Mn, oHa He npekpaluana pocT Aaxe npu KOoH-
ueHTpaumm 975 mr/n. OTBeT psAckM Ha Mn 3aBucen oT AOCTYNHOCTM a30Ta B NMTaTenbHoW cpeae. AHanu3 KoHueHTpauum Mn B pasHbix
BMAax BOAbI MoKasan aHTPOMOreHHoe 3arpsisHeHne NpyAoB BOKPYr o3epa [0H30, B OAHOM M3 HUX codepxaHue Mn noytu B 20 pas
npeBbILLano cTaHaapT Ans nuteeBor Boabl (1,96 BmecTo 0,1 mr/n). Vicnonb3oBaHve 4 BUAOB PACKM ONst OMUCTKM BOAbI, coaepallem
4,12 mr/n Mn, no3BoONuUNoO yMeHbLUNTb KOHUEHTpauuo Ao 6esonacHoro ypoBHs ctaHgapta (0,1 mr/n Mn).

BbiBopabl. Bce nccnepoaHHbie Buabl packu (S. polyrhiza, L. punctata, L. aequinoctialis n L. turionifera) xapaktepnsoBanucb BbICOKUM
YPOBHEM YCTOWYMBOCTM K MapraHLy, ocobeHHo L. punctata. Peakuusi psicku Ha Mn 3aBucena oT KOHUEHTpauuu a3oTa B nuTaTenbHON
cpepe. VicnbiTyeMble BUabl noacemeincTea Lemnoideae 6binv BbICOKOI(EKTUBHBI AN huTOopeMeanaummn Boabl C NOBbLILLEHHON KOH-
LeHTpaumen mapraHua.

KnioueBble cnoBa: mapraHel; doutopemeamnaums; 04MCcTKa BoAbl; pscka; Spirodela polyrhiza; Landoltia punctata; Lemna aequinoctialis;
Lemna turionifera.



