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Abstract: Aquatic macrophytes play a prominent role in water ecosystems. The elucidation of the role is tightly
connected the investigation of plant exometabolites participating in autopurification features of waters. The
aim of this study was to examine the content of exometabolites excreted by various aquatic macrophytes in a
seasonal dynamics. The influence of nitrogen and phosphorus excess on quantitative and qualitative content
of exometabolites was also studied. It was found that the quantitative and qualitative content of exometabolites
depends on species of aquatic macrophytes, a period of vegetation and excess of some mineral supplements
(nitrogen and phosphorus). Among the studied aquatic macrophytes, the biggest biodiversity of
exometabolites was detected in air-water plants like P. australis, S. lacustris L. and T. latifolia L. during the
active vegetation. The addition of mineral supplements resulted in activation of exometabolism in aquatic
macrophytes.
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INTRODUCTION with water, parched and weighted. After that, plants were

Aquatic macrophytes play a prominent role in water and put into 2 L flask with sterile distilled water (400 mL).
ecosystems [1]. The elucidation of the role is tightly Plants were incubated in this flask for 24 h at natural
connected the investigation of plant exometabolites lighting. Solutions with macrophyte excretas were
participating in autopurification features of waters. In concentrated in rotary evaporator at 40-50 °C. The
natural basins, the various exometabolites are separation of total exometabolites into fractions of amino
accumulating due to the living activity of aquatic acids, carbohydrates and organic acids were perdormed
macrophytes. These exometabolites are used for chemical as desrcibed [6]. The qualitative and quantitative of the
communication between aquatic organisms also taking above-mentioned fractions were analyzed with thin-layer
part in regulation of biodiversity and water quality [2, 3]. chromatography  and  liquid chromatography. To
Untill now, the process of exometabolism of aquatic separate  amino  acids with thin-layer chromatography,
macrophytes  remain only partly understood [4, 5]. The the following systems of solvents were applied: butanol-
aim of this study was to examine the content of acetic acid-water (300:60:140: 3-fold transmission and
exometabolites excreted by various aquatic macrophytes 4:1:1: 2-fold transmission). To analyze amino acids,
in a seasonal dynamics. The influence of nitrogen and chromatographic column (150×3.3 mm) with “Separon-C
phosphorus excess on quantitative and qualitative sorbent (Czech Republic) was used. Acetonitrile-water mix
content of exometabolites was also studied. (20:80) was used as moving phase. UV-detector at =254

MATERIALS AND METHODS butanol-acetic acid-water system was used (4:1:5: 2-fold

The following aquatic macrophytes were chosen as register  carbohydrates. The quantitative analysis of
objects for investigation: rush (Phragmites australis), amino acid content was performed at =420 nm;
various species of reed mace (Typha angustifolia and monosaccharides were analyzed in reaction with
Typha latifolia L.), bulrush (Scirpus lacustris L.), and benzidine at =350 nm. The total content of acidic amino
elodea (Elodea canadensis R.). To obtain  root  excretas acids and tricarbonic acids was checked using standard
of the macrophytes, each plants was carefully washed methods  [6]. To separate  the above-mentioned carbonic

treated with 3% peroxide, washed twice with sterile water

18

nm was also applied. To separate monosaccharides,

transmission). Refractometric analyzer was used to
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Fig. 1: Seasonal variations of various exogenous metabolites produced by aquatic macrophytes into
environment. Note: Amino acids: 1 – glutamic acid, 2 – asparaginic acid, 3 – arginine, 4 – amino
isovaleric acid, 5 – phenylalanine, 6 – serine, 7 – alanine, 8 – methyonin, 9 – tryptophan, 10 – leucine 
+  isoleucine; Carbohydrates : 1 – mannose, 2 – glucose, 3 – fructose, 4 – saccharose, 5 – rhamnose, 6 
–  maltose ,  7 – lactose,  8 – mannitol,  9 – arabinose,  10 – ribose; Organic  acids:  1 – total amount 
of organic  acids,  2 – amount of  acidic amino acid and tricarboxylic acids.  A – January,  1st  decade, 
B – June, 2nd decade, C – July, 2nd decade, D – July, 3rd decade, E – August, 2nd decade, F – September, 
2nd decade, G – October, 3rd decade.
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Fig. 2: Concentration of some exogenous carbohydrates, organic acids and amino acids produced by aquatic
macrophytes into environment at the beginning of vegetation season. Note: I - Typha latifolia L., May; II - Typha
latifolia L., June; III - Phragmites australis, June; IV - Typha angustifolia, June. Carbohydrates: 1 - mannose,
2 - glucose, 3 - fructose, 4 - saccharose, 5 - maltose, 6 - mannitol. Organic acids: 1 - pyruvic acid, 2 - fumaric acid,
3 - -ketoglutaric acid, 4 - malic acid, 5 - succinic acid. Amino acids: 1 - asparaginic acid, 2 - glutamic acid, 3 -
alanine, 4 - arginine, 5 - amino isovaleric acid, 6 - methyonin.

Fig. 3: The influence of nitrogen and phosphorus excess on quantitative and qualitative content of exometabolites of
Typha latifolia L. Note: A - control (in May), B - excess of nitrogen (in May), C - excess of phosphorus (in May),
D - control (in June), E - excess of nitrogen (in June), F - excess of phosphorus (in June). Amino acids: 1 -
asparaginic acid, 2 - glutamic acid, 3 - alanine, 4 - arginine, 5 - amino isovaleric acid, 6 - methyonin.
Carbohydrates: 1 - mannose, 2 - glucose, 3 - fructose, 4 - saccharose, 5 - maltose, 6 - mannitol. Organic acids:
1 - pyruvic acid, 2 - fumaric acid, 3 - -ketoglutaric acid, 4 - malic acid, 5 - succinic acid.

acids, chromatographic column (150×3.3 mm) with into 0.02% solution of KNO or 0.04% solution of KH PO .
“Separon-C sorbent (Czech Republic) was used. Root excretas were collected as described above.18

Methanol-water- formic acid mix (6:12:1) was used as
moving phase. UV-detector at =254 nm was applied for RESULTS AND DISCUSSION
registration.

The qualitative and quantitative content of The qualitative and quantitative content of
macrophyte excretas was analyzed in native conditions exometabolites from a variety of aquatic macrophytes was
and  with the influence of mineral supplements. In the analyzed in this study. Excretion of exometabolites by
case of supplements, abluted roots were put for 15 min aquatic  macrophytes is a season-dependent event; it also

3 2 4
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Table 1: Exogenous amino acids and carbohydrates produced into
environment by aquatic macrophytes

Plant species Amino acids Carbohydrates
T. angustifolia 1. Asparaginic acid 1. Fructose

2. Arginine 2. Glucose
3. Glutamic acid 3. Maltose
4. Methionine

P. australis 1. Asparaginic acid 1. Rhanmose
2. Alanine 2. Mannose
3. Glutamic acid 3. Fructose
4. Amino isovaleric acid 4. Saccharose

5. Glucose
T. latifolia L. 1. Asparaginic acid 1. Glucose

2. Alanine 2. Maltose
3. Glutamic acid 3. Fructose
4. Arginine

E. canadensis R. 1. Arginine 1. Rhamnose
2. Glutamic acid 2. Mannitol
3. Amino isovaleric acid 3. Arabinose
4. Leucine + Isoleucine 4. Glucose

5. Saccharose
6. Maltose

depends on biological features of macrophyte  species
and external factors (Fig. 1 and 2). Nevertheless, a set of
basic  amino  acids,  carbohydrates  and  organic acids
was revealed for each plant species (Table 1). The general
tendency that was revealed in this study is that the most
diversiform  set of exometabolites is seen during the
period of active plant vegetation. By the end of this
period, the qualitative and quantitative content of
exometabolites is impoverishing (Fig. 1 and 2). The similar
findings were previously reported [7]. Among the studied
aquatic macrophytes, the biggest biodiversity of
exometabolites   was   detected   in   air-water   plants   like
P. australis, S. lacustris L. and T. latifolia L. during the
active vegetation. 

Then, the influence of nitrogen and phosphorus
excess on quantitative and qualitative content of
exometabolites  of Typha latifolia L. was investigated
(Fig. 3). It was found that in May the total concentration
of amino acids increased by 30% (owing to increase of
asparaginic acid (35%) and glutamic acid (43%),
carbohydrates - by 70% (owing to increase of mannose
(63.6%), maltose (50%), glucose (46.4%) and fructose
(43.8%), organic acids - by 40% (owing to increase of
pyruvic acid (51.3%) and fumaric acid (15.6%). The
qualitative content of carbohydrates was increached by
mannitol, organic acids - by malic acid and succinic acid.
The influence of phosphorus excess on quantitative and
qualitative content of exometabolites of Typha latifolia L.
was less evident. It was found that in May the total
concentration of amino acids increased by 12%,

carbohydrates - by 36%, organic acids - by 29%. In June,
the total amount of amino acids and carbohydrates
increased as in control as well as in the case of nitrogen
and phosphorus excess (Fig. 3). This is not surprising
because living activity of aquatic macrophytes is a
season-dependent event [8].

Thus, the quantitative and qualitative content of
exometabolites depends on species of aquatic
macrophytes, a period of vegetation and excess of some
mineral supplements (nitrogen and phosphorus).
Exometabolic precesses are predominantly active during
the active vegetation of plants. The addition of mineral
supplements resulted in activation of exometabolism in
aquatic macrophytes.
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