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Abstract. The problem of water eutrophication of the shallow water reservoirs is known about for some
considerable time. Monitoring of surface water quality in the canals and ditches is an important part of the
diagnosis process of eutrophication in freshwater ecosystems. There are several ways to assess water
eutrophication. In this paper, assessment of water eutrophication based on diversity of macrophytes, index
of trophic state and nutrients in the irrigation system of the manor-park complex in Bren (the south of
Poland) is presented. The irrigation system constituting an integral part of the manor-park complex (from
the 18™ century) consists of open channels with a total length of about 1400 m with a total surface area 15
000 m?. The water artificial watercourses with macrophytes can fulfill the role of the constructed wetland
system which affected to the reduction in concentration of biogens in water flowing away from the
irrigation system. The knowledge about the processes of self-purification is important for the
management of small water reservoir like canals or ditches, where "water blooms" are frequent. The
water analysis of surface water carried out during the vegetation seasons (from March to October) in the
years 2015, 2016 and 2017 in the three measurment-control points situated in the supply ditch, the main
park channel and the discharge channel. The concetration of amonium nitrogen (N-NH,"), nitrite nitrogen
(N-NO,), nitrate nitrogen (N-NO3), phosphate-phosphorus (P-PO,*) and also pH values, oxygen
saturation and water temperature were assessed. Macrophytes inventories were carried out during the
vegetation season of 2017, on five sections of channels and ditches. The results of the research showed a
positive effect of the irrigation system in the park on the aquatic ecosystems. The results confirmed that
the water in the canals has a eutrophic state, but as a result of slow water flow and macrophytes presence
(e.g. Typha latyfolia, Lemna minor, Sparganium ramosum) causeed statistically signitifance decrease of
biogenic compounds. It means that the presented a three ways of evaluation eutrophication risk of water
may be successfully used to monitoring of surface water in the shallow water reservoirs like canals,
ditches or ponds with controlled flow of water.
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1. INTRODUCTION

Ponds, ditches and cannals are particularly
rich habitats and play an essential role in the
conservation of aquatic biodiversity. Therefore it is
necessary to assess their water quality but especialy
their trophic state (Menetrey et al., 2005; Hou et al.,
2013; Clarke, 2015). Water and hydro-engineering
structures such as weirs on the irrigation channels
can limit the fast outflow of water from the
catchment (Mioduszewski et al. 2014) and influence
on improvement of the landscape values of the rural
manor parks by introducing a water element, which

favourable irrigation and the development of the
park vegetation. But they do not solve the problems
of water quality and eutrophication. The park
channels are generally shallow reservoirs with a
limited water flow, which results in increased
sedimentation and changes in biochemical processes
occurring in the water. One of the major threats to
this type of water body is eutrophication.
Eutrophication of canals and ditches by over-
fertilization with nitrogen and phosphorus causes a
shift from a mainly submerged aquatic vegetation to
a dominance of duckweed (Janse & Van
Puijenbroek, 1998; Herzon & Helenius, 2008).
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Water eutrophication has become a worldwide

environmental problem in recent years, and
understanding  the  mechanisms  of  water
eutrophication will help for prevention and
remediation of water eutrophication. Water

eutrophication in lakes, reservoirs, estuaries and
rivers is widespread all over the world and the
severity is increasing, especially in the developing
countries (Schindler, 2006; Yang et al., 2008;
Schneider et al., 2013; Policht-Latawiec et al., 2014;
Policht-Latawiec et al., 2016). The assessment of
water eutrophication has been advanced from simple
individual parameters  like  nutrients  to
comprehensive indexes like the Index of Trophic
State  (ITS) (Neverova-Dziopak, 2010) or
Macrophyte Index for Rivers (MIR) (Szoszkiewicz
et al., 2010a and 2010b).

Macrophytes are an important component of
aquatic ecosystems and are required to be used
broadly within the Water Framework Directive
(WFD) (Directive, 2000/60/EC), to facilitate the
establishment of good ecological status and general
monitoring of ecological status. In addition to their
ecological role, macrophytes are indicators of
ecological quality in standing and flowing waters. In
particular species and species groups of macrophytes
are typical of specific types of waterbody and the
degree to which they are adversely affected by types
of antropogenic impact (Dawson, 2002; Thomaz &
Ribeiro da Cunha, 2010; Lewin & Szoszkiewicz,
2012). The presence of macrophytes in water bodies
is a guarantor of good ecological status, on the other
hand, the undeniable aesthetic value (Sender &
Jaruga, 2017). Plants such as Typha spp. or
Phragmites australis in northern climates have an
obvious annual cycle of aboveground biomass: new
shoots start from zero biomass in early spring and
grow at a maximum rate in spring and early summer
(Kadlec & Knight, 1996). Nutrients are assimilated
from the sediments by emergent and rooted floating-
leaved macrophytes, and from the water in the free-
floating macrophytes (Wetzel, 2001).

Selected  macrophytes can be used
successfully in phytoremediation of contaminated
waters, particular those such as Typha latifolia,
Phragmites  Australis, Glyceria  aquatica,
Sparganium ramonsum and Lemna minor (Tatar &
Obek, 2014; Guittonny-Philippe et al., 2015;
Laabassi et al., 2015; Sender & Jaruga, 2017). The
macrophytes have several properties in relation to
the treatment processes. The most important effects
of the macrophytes in relation to the wastewater
treatment processes are the physical effects of the
plant tissues give rise to filtration effect and provide
of surface area for attached microorganisms (Shah et

al., 2014). Submerged macrophytes are of particular
importance in aquatic ecosystems, as they link the
sediment with the overlying water (Schneider &
Melzer, 2003). Macrophytes play important roles in
balancing lake ecosystem. They have capacity to
improve the water quality by absorbing nutrients
with their effective root system (Dhote & Dixit,
2007). They also affect the amount of oxygen
concentration in the water through photosynthesis
(Caraco et al., 2006).

Some functions of water channels, such as
regulating water flow and nutrient retention, are
likely to depend on the composition and structure of
biological communities of ditches, though the issue
remains poorly explored (Needelman et al., 2007;
Herzon & Helenius, 2008). Small water reservoirs as
channals or ditches and weirs on them can limit the
fast outflow of water from the catchment
(Mioduszewski et al. 2014).

Concentrations of phosphorus and nitrogen
compounds in surface waters are being regulated in
the Poland and European Union. Human activity has
raised the concentrations of these nutrients, leading
to eutrophication of inland waters, which causes
nuisance growth of algae and other aquatic plants
(Lewis et al., 2011). Also the increasing use of
mineral fertilisers over the last decades has
contributed to the appearance of numerous cases of
water eutrophication, a new form of water pollution
(Sala & Mujeriego, 2001). High pH values could
encourage the release of nitrogen and phosphorus
(Hou et al., 2013). Major advances in the scientific
understanding and management of eutrophication
have been made since the late 1960s. The control of
point sources of phosphorus reduced algal blooms in
many lakes (Schindler, 2006). Generally speaking,
water eutrophication is caused by the autotrophy
algae blooming in water (Yang et al., 2008). High
concentrations of nutrients from the catchment are
causing algal blooms in many water reservoir. Algal
blooms induce eutrophic conditions, depleting
oxygen levels needed by organic life, limiting
aquatic plant growth by reducing water
transparency, and producing toxins that can harm
fish, benthic animals, and humans (Klemas, 2012).

The phenomenon of eutrophification, which
occurs widely in the surface waters all over the
world, its mainly identified with the biogenic
compounds. The results of studies other reserchers
shows, that the presented a three ways of evaluation
eutrophication risk of water (based on nutrients,
macrophytes index and trophic index) may be
successfully used to monitoring of surface water in
the shallow water reservoirs like canals, ditches,
ponds and also rivers with controlled flow of water.
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2. MATERIAL AND METHODS
2.1. Study area

The manor-park complex in Bren (longitude
50°12°48.76° N and latitude 20°57°4.19”" E) was
created in the 18th century (1750-1760) by
Pfaffinger — garden designer from Vienna, as a
baroque compositions (the historic french style
park), commissioned by the Prince Jozef Klemens
Czartoryski. The manor-park complex is located 7
km north of Dabrowa Tarnowska (the Matopolskie
Province) (Fig. 1). The area of the complex is about
15 hectares. In addition to the park, there are also
manor hause from the 19th century and several
historical objects in the areas of the complex. These
include the alleys of the park, the representative
entrance gate, the water channels surrounding the
park, the romantic white bridge on the main channel,
the labyrinths and the gardener's house. In 1786 the
famous heraldry Ewaryst Kuropatnicki wrote that
"Bren, the Princes Czartoryski village, the most
beautiful garden in all Galicia has".

The object lies on a sandy plain situated in the
catchment of the Bren River (Kowalik et al., 2015),
which is the right-bank tributary of the Vistula
River. The average altitude of park complex is
175,00 m a.s.l. According to the geographical
division by Kondracki (2011), the manor-park
complex in Bren is situated in the Carpathian Region
(5), in the Western Carpathian province (51), in the
macroregion of the Sandomierska Basin (512.4-5)
and in the mesoregion of the Vistula Lowland
(512.41), in terms of climate is considered as one of
the warmest areas in this region.

The water supply to the park channels is
provided by the irrigation system (Fig. 2) with
parameters given in Table 1.

Figure 1. Location of study area

The first element of system is a three-span
flap weir built across on the Bren river to damming
up of the water (Fig. 2A) and then the water flow
into the park complex by the supply ditch (Fig. 2B).

Next, water running through a fish ponds (Fig. 2C).
The irrigation system constituting an integral part of
the manor-park complex consists of open channels:
the main channel (Fig. 2D), the west channel (Fig.
2E) and the north channel (Fig. 2F) with two weirs
(Fig. 2G). The last element of the system is the
discharge ditch (Fig. 2H). The substrate material of
the channels is loamy sand. The system function
effectively during the vegetation period (March—
October). The water catchment area of the Bren river
is predominantly agricultural.

Table 1. Characteristics of researched watercourses

Lenght | Average Average
of width of g
Research depth of
No. . waterco water
sections water
urse table
[m]
Supply
1 diteh 270 0.60 0.35
2 Main 450 20.0 0.80
channel
g | Discharge | ) 0.60 0.20
ditch
4 West 400 5.00 0.70
channel
5 North 100 6.50 0.50
channel

2.2. The Macrophyte Index

Field studies were carried out during the
vegetation season of 2017, on five sections of
manor-park complex channel and ditches (Table 1).

Field surveys were conducted using the Polish
macrophyte approach, which enabled calculation of
several macrophyte metrics. Firstly, a numerical
index MIR (the Macrophyte Index for Rivers) was
computed, which reflects watercourse degradation,
especially their eutrophication. The assessment
included macrophytes attached or rooted in parts of
cannal bank that are likely to be submerged for more
than 85% of a year length. The presence of each
species was recorded with their percentage cover
using following the nine-point scale: <0.1%, 0.1-
1%, 1-2.5%, 2.5-5%, 5-10%, 10-25%, 25-50%,
50-75%, >75% (Szoszkiewicz et al., 2010a).

Based on the inventory of macrophytes
species composition and their abundance, the
Macrophyte River Index (MIR), which was
referenced to the reference values for a given type of
abiotic watercourse, was calculated for ecological
status in the meaning of the WFD. The MIR index
was calculated according to the following formula:
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2 (Li-Wi-Py)
2 (Wi Py)
where: L;— indicative value of species i, Wi — weight
(ecological tolerance) of species i according to the

three-point scale of ecological amplitude of species
and P;— abundance of species i in a site in the nine-

MIR = -10 (1)

point scale.
The calculated value of the MIR indicator is
compared  with  the obligatory ecological

status/potential classes basis of the following legal
act: Regulation of the Ministry of Environment
dated 21 July 2016 establishing the way of
classifying the state of uniform parts of surface
waters and environmental quality standards for
priority substances (2016) (Table 2).

2.3. Index of Trophic State

The method used is fundamentally different
approach and based on the

from traditional

definition of trophic status as the existing state of the
biotic balance in waters. It is characterized by easy
interpretation of results and low costs (Neverova-
Dziopak & Kowalewski, 2014).

Table 2. Classes of ecological status/potential of water
based on MIR for the abiotic type of watercourse such as
canals and dam reservoirs

Ecological sftatus Values of the MIR
or potential
very good >46.8
good (46.8-36.6>
moderate (36.6-26.4>
poor (26.4-16.1>
bad <16.1

100m

o
2 i NN )

S A 4
Figure 2. Location of measurement-control points and other elements of the irrigation syst

e

Explanations: 1, 2 and 3 — location of the measurement-control points; A — three-span flap weir on the Bren River; B —
the supply ditch; C — ponds; D — the main channel in the manor-park complex with a white bridge; E — the West
channel; F — the North channel; G — two weirs to damming up of the water; H — the dischrge ditch.
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ITS is a relatively new method for diagnosing
eutrophication intensity. It analyzes the balance
between production processes and organic matter
decomposition through simultaneous measurements
of oxygen saturation and pH of water. ITS is a
versatile tool which can be applied in various types
of water Dobies (Skwierawski, 2013).

The analysis of oxygen saturation and pH
values were carried out during the vegetation
seasons (from March to October) in the years 2015,
2016 and 2017 in the three measurement-control
points situated in the supply ditch (1), the main
channel (2) and the discharge channel (3) (Fig. 2).
On site, the degree water oxygen saturation was
measured with CO-411 oxygen meter, and the water
pH was measured with CP-104 pehameter. In
addition, the water temperature was measured
synchronously with the pH and oxygen content.

The Integrated Index of Trophic State can be
calculated according to equation:

2 pH, 2 [0,%]
n

100 - T] )

ITS = +a-

where: pH; — pH value; [0,%] — oxygen saturation
measured synchronously with pH; a — an empirical
coefficient; n — number of measurements (Neverova-
Dziopak, 2010). Values of ITS index for waters of
different trophic state showed in Table 3. One of the
conditions of use Index of Trophic State (ITS) is the
existence of a linear relationship between pH values
and oxygen saturation in water.

Table 3. Values of ITS index for waters of different
trophic state

State of biotic Trophic state ITS
balance
Dystrophic <5,7£0,3
Negative
Ultraoligotrophic 6,3 0,3
Balanced Oligotrophic 7,0 £0,3
Mesotrophic 7,740,3
Positive
Eutrophic >8,3 £0,3

2.4. The concetrations of biogenic compounds

Water samples were collected once a month
during the vegetation seasons (from March to
October) in the years 2015, 2016 and 2017 in the
three measurement-control points situated in the
supply ditch (1), the main channel (2) and the
discharge channel (3) (Fig. 2).

The concetration of amonium nitrogen (N-

NH,"), nitrite nitrogen (N-NO,), nitrate nitrogen (N-
NO;) and phosphate-phosphorus (P-PO,*) were
assessed using flow colorimetric analysis on FlAstar
5000 apparatus.

2.5. Statistical analyses

The data set consisted of analytical results of
water samples collected at the three measurement—
control points located at the beginning, in the
middle, and at the end of the irrigation system
during 3 vegetation seasons (2015-2017) with a
monthly frequency. For statistical analysis, the
procedures provided by the program Statistica
version 125 were used. The analysis of the
significance of differences between the values of
indices measured in points was conducted using U
Mann-Whitney test (o = 0.05) to assess the effect of
the irrigation system in the manor-park channels on
water quality. A 5% significance level was used. A
statistical method was chosen after checking data
normality. For each analysed physicochemical index
of water quality its minimum and maximum values
were determined its arithmetic mean and coefficient
of variance (CV) were computed. Moreover, the
median and average value were calculated separately
for each index and measurement point. Assessment
of the water trophic state (ITS) performed based on
the correlation relationship (oo = 0.05) between the
oxygen saturation of water and pH values. In figures
added: medians, minimum and maximum values,
quartiles (25-75%) and correlation coefficients (r).

3. RESULTS

3.1. Assesment of water eutrophication
based on macrophytes diversity

Qualitative and quantitative characteristics of
macrophytes in the manor-park channels is given in
Table 4. In total, 25 species of macrophytes were
inventoried in the manor-park channels, of which 20
are indicator species in the MIR method. As showed
in Fig. 3, the most richness of macrophytes was
observed in the discharge ditch (18 species) then in
the West channel (16 species), in the North channel
(13 species), in the supply ditch (8 species) and least
species inventoried in the main channel (only 4
species). This can be caused by a higher water flow,
the depth of water and the strong shading of channel
in relation to the other canals and ditches (Table 1).

The emergent macrophytes accounted more
than 60% of the all observed plants in the water
channels.
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Figure 3. Species richness of the research sections

The submerged macrophytes were second
abundant group of plants (16%). The free floating-
species and algae accounted 8%.

Based on the range of values of the trophic
(L) and ecological tolerance (W), waters in the
channels acquired the characteristics of the eutrophic
environment (Fig. 4).

With regard to the five classes system of
ecological status/potential, according to the
calculated value of the MIR index, the water in the
park-channels was clasified as class Il of the water
guality and moderate ecological status/potential
(Table 4).

The most frequently occurring macrophytes
were Typha latifolia followed by Glyceria Maxima
and Lemna minor (Table 4). Duckweed, because of
low flow, it constitutes a rather compact
phytocoenosis. It is worth noting that P. australis is
abundant in the pond (before inflow to the park-
complex), as well as in and the west channel. Typha

Table 4. Qualitative and quantitative characteristics of macrophytes in the manor-park channel

No.

Macrophyte species

The indicato
value of species

(L)
The weighting

factor of species

Place of the research

(Wi)

ditch
Main
channel
ditch
channel
North
channel

West

Supply

Discharge

The cover value of species (P;)

Vaucheria sp.

Cladhopora sp.

Equisetum fluviatile

Potamogeton crispus

Potamogeton natans

Lemna minor
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latifolia is far more abundant than P. australis at the
study site, and is localized in the west and north
channel, specifically in the discharge ditch. The
plant species distribution at the study site depends
on several factors, such as the water flow, the depth
of water, the widght and the shady of channels.

7

6

5

Number of species

g |

1123|456 |7/|8]9]10

Eutrophic waters

Mesotrophic
waters

Oligotrophic
waters

Indicator value (L)

Figure 4. Distribution of the indicative value of species
(L) of macrophytes identified during research

3.2. Assessment of trophic state based on
oxygen saturation of water and pH value

Water pH was higher in the main channel and
in the discharge ditch than in the supply ditch. The
oxygen saturation in water showed similar trends.
As revealed by Table 6 and Figs. 6-7, the mean pH
value of inflow water was 7.36 and ranged from 6.93
to 8.23. However, at the outflow from the irrigation
system, the pH values were ranging from 7.50 to
9.13. The oxygen saturation and pH values were
statistically significant higher (1) in the second and
third measurement-control points than in the first
point. In both analyzed cases between the second
and third point was not found significant differences
(<) (Table 6; Fig. 5).

Among the three measurement-control points,
the main channel exibited the highest average,
minimum and maximum values of water
temperature, but the coefficients of variation were
similar for all the measurement points (Table 6; Fig.
8). The temperature of water in the supply ditch
ranged from 5.4 to 23.3°C, while in the main
channel, from 5.9 to 27.6°C, and in the discharge
ditch for 5.9 to 26.7 °C. The coolest water flowed in
the supply ditch: its 3-year average was 2.2°C lower
than for the main channel and 1.8°C lower than for
the discharge ditch. The average temperature of

water in the main channel was only 0.4°C higher
than in the discharge ditch.

pH (1)
P=0.000* ']‘
pH(2) P=0.000* A
P=0613 @
PH(3)
0,% (1)
0,%(2)
0,%(3)

Figure 5. Results of U Manna-Whitney test
Note: *bold type indicates significant differences

9.4
9,2 O median  —|

9.0 0 25%-75% _|
8.2 T min-max |
8.6 ] |
8.4
8.2 = o [u]
8.0
7.8
7.6 o B
7.4
7.2
7.0
6.8

pH

1 2 3
Measurement-control points

Figure 6. Changes of the pH values in the three
measurement-control points

180
O median

160 [125%-75% —|
T T min-max

-

- Ll
\ [

o

0%
S
|_

80
60 o 1— I
40 T
20
1 2 3

Measurement-control points
Figure 7. Changes of the oxygen saturation (0,%) in the
three measurement-control points

Statistical results are evident also in Table 5,
which show the correlations of pH and oxygen
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saturation at the measurement points. The analysis
shows that only in two measurement points
relationship between pH and oxygen saturation was
linear and statistically significant (P < 0.05).

30
28 O median
26 [ 25%-75%
24 T min-max
) 22 —1— p— —
520
o
é‘ 18 1
i 16 o o
£ 14 o
(P}
F 12
10 L ——
8
6 T
4
1 2 3

Measurement-control points
Figure 8. Temperature changes in the three measurement-
control points

Table 5. Results of correlations analysis

Variable pH (1) pH (2) pH (3)
O:% (1) Pr: 8.?224 B B
%@ | - | eow | -
0% | - - |rZom

Note: *bold type indicates significant differences

There was a highly significant correlation
between pH values and oxygen saturation in the
main channel (r = 0.75, n = 24, P < 0.05) and the
discharge ditch (r = 0.69, n = 24, P < 0.05) (Figs.
10-11). It was very weak a linear relationship
between pH values and oxygen saturation in water in
the supply ditch (r = 0.32, n = 24, P > 0.05) (Fig. 9).

PH (1) = 7.398 + 0.004 + 0,% (1)
r=10.32

20 40 60 80 100 120 140
0,% (1)

Figure 9. Correlations between pH and oxygen saturation

in the supply ditch

pH (2)=7.037 + 0.012 = 0,% (2)
r=0.75
9,2

9,0
8,8
8,6

& 84

.82

40 60 80 100 120 140 160
0,% (2)

Figure 10. Correlations between pH and oxygen

saturation in the main channel

pH (3) =6.941 + 0.013 » 0,% (3)
r=10.69
9,2

9,0
8,8
8,6

@ 8.4

T.82
8,0 >

78t

7.6

7.4 -
40 60 80 100 120 140 160

0,% (3)
Figure 11. Correlations between pH and oxygen saturation
in the discharge ditch

The highest values of ITS were found in the
second measurement point (ITS = 8.25) and the third
measurement point (ITS = 8.22), which means that
the water has an eutrophic state. A slightly lower
value (ITS = 7.76) was obtained for the first point,
but it is statistically insignificant.

3.3. The concetrations of biogenic
compounds

Overall, results of the research indicate that
the irrigation system in the manor-park are highly
effective in the treatment of domestic wastewater.
Nutrients concentration were generally statistically
significant lower (]) in the main channel and in the
discharge ditch than in the supply ditch and a trend
was more evident. In all analyzed cases between the
second and third point was not found significant
differences («) (Table 6; Figs. 12-16).

The average concetration of nutrients was
always high in the first measurement control point
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and gradually decreased in the second and third
point (Table 6).

N-NH, (1)
P=0.000* ||,
N-NH, (2) ¥
P=0232 &>
N-NH, (3)
N-NO, (1)
P=0.007* ||
N-NO, (2) ¥
P=0439 |&>
N-NO, (3)
N-NO; (1)
P=0.004* ||
N-NO;(2) \[/
P=0415 &
N-NO; (3)
P-PO, (1)
P=0.000* ||,
P-PO,(2) P=0.000" |,
P=0711 |&>
P-PO, (3)

Figure 12. Results of U Manna-Whitney test
Note: *bold type indicates significant differences
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0,8
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-0,2
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Measurement-control points
Figure 13. Changes of the phosphate-phosphorus
(P-PO,*) content in the three measurement-control points

The high maximum concetration of nutrients
were in the first step of the irrigation system (in the
supply ditch), and the low in the end step of system

(in the discharge ditch). The coefficients of variation,
showed that the greatest dynamics of changes
occurred for all measured biogenic compounds. The
cause may lie in illegal waste water discharge situated
close to the irrigation system and in the intensive
fertilisation of agriculturally-used soils.
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Figure 14. Changes of the amonium nitrogen (N-NH,")
content in measurement points
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Figure 15. Changes of the nitrite nitrogen (N-NO;)
content in measurement points

4. DISCUSSION

The results from experimental study showed
that exist different ways of water eutrophication
assessment in shallow artificial channels and ditches,
which include the macrophyte index, the biotic
balance in water (acc. to pH values and oxygen
saturation) and nutrients concetrations.

Water eutrophication caused a degradation of
aquatic ecosystems, so the assessment methods and
parameters should reflect the extents of aquatic
ecosystem health (Yang et al., 2008; Vilmi et al.,
2015) especially, this process is common in
agricultural catchments of not regulated water and
wastewater management (Tyler et al., 2012;
Kanownik & Policht-Latawiec, 2015).
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Table 6. Descriptive statistics of the physical and the biogenic indices of water in the manor-park channels

Index value
S c = c
Y— c o
No. Parameters Y % E 2 & 5 E 2| 3% | 23
O un — = E = c Q E = E N
s o = s > S Sz | eS| g°
o = s < n S Ss
Water temperature 1 5.4 23.3 13.7 13.5 55 40.3 24
1 [°C] 2 5.9 27.6 15.9 15.7 6.5 40.9 24
3 5.9 26.7 15.5 15.5 6.3 40.7 24
1 6.93 8.23 7.63 7.63 0.31 4.07 24
2 pH 2 7.59 9.11 8.25 8.23 0.48 5.85 24
3 7.50 9.13 8.19 8.17 0.53 6.42 24
Oxygen saturation 1 27 123 67 65 29 43 24
3 degree 2 50 155 100 108 30 30 24
(%] 3 50 143 97 99 28 29 24
3 1 0.03 0.96 0.25 0.18 0.23 93.74 24
4 PPOA, 2 001 | 022 | 006 | 005 | 005 | 8205 | 24
(mg-dm’] 3 001 | 021 | 006 | 004 | 005 | 8648 | 24
N-NH.* 1 0.08 4.59 1.08 0.43 1.28 118.96 24
5 [mg-drrf’g] 2 0.00 2.15 0.32 0.10 0.52 159.59 24
3 0.01 0.18 0.07 0.07 0.04 57.24 24
N-NO." 1 0.03 0.50 0.15 0.12 0.11 71.98 24
6 [mg-dn12'3] 2 0.02 0.22 0.08 0.07 0.04 54.79 24
3 0.01 0.18 0.07 0.07 0.04 57.24 24
N-NO. 1 0.97 24.23 5.53 4.25 4,57 82.71 24
7 (g dnf.g] 2 077 | 752 | 301 | 279 | 166 | 5532 24
3 0.10 6.75 2.65 2.51 1.59 60.27 24
* 1 — the supply dich; 2 — the main channel in the park; 3 — the discharge ditch
26 different N forms had different variation in
24 = O median ] - - .
- O25%-75% | concentratlpn among t_he sampllng sites.  All
20 I min-max Concentrations of nutrients in water samples
_ 18 significantly decreased from the supply ditch along
':g 16 the irrigation system to the discharge canal. The
& :‘2‘ same relationship was observed in the manor-park
:5" 10 channels in Bren. Concentration of N-NH," was
; 8 - relatively low and minimally changed among
6 1 T sampling sites. This result is consistent with the
; T [a] [0 study in Danish streams, lakes, and estuaries,
0 - L T suggesting that N-NH," is quickly consumed by
2 1 ; ; microorganisms or phytoplankton (Kronvang et al.,

Measurement-control points
Figure 16. Changes of the nitrate nitrogen (N-NOj3’) content
in measurement points

Vegnetti et al., (2003) reported that nutrients
concentrations significantly decrease along the water
flow in the channels. This is a typical phenomenon
frequently observed in natural purification
processes. Tyler et al., (2012) observed that passage
through irrigation ditches or canals has the potential
to decrease nutrient loads and concentrations in
outflow. Kronvang et al., (2005) observed that

2005).

In another study, Laabassi et al., (2015) and
Zeng et al., (2017) found decrease in nutrients
concentration with the participation of emergent and
floating macrophytes. It is therefore the basis for to
use macrophytes to decrease and combat
eutrophication in many shallow reservoir. Nutrients,
light, water temperature, wide range of pH (6-9),
water quality changes are factors that can strongly
determine the diversity and composition of aquatic
macrophytes (Albertoni et al., 2014; Dar et al., 2014;
Shah et al.,, 2014). This is also evident in the
researched park canals and ditches.
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Bakker et al., (2010) reported, that submerged
freshwater macrophytes decline with increasing
eutrophication. This has consequences for ecosystem
processes in shallow lakes and ponds as
macrophytes can reduce algal blooms under
eutrophic conditions. In the case of the irrigation
system in the park only four species of submerged
vascular plants, which favors the growth of algae
and water blooms in the summer was observed.

According to Rosset et al., (2014) each
trophic status, even the nutrient richest, brings an
original  contribution to regional  diversity.
Nevertheless, at the landscape scale, the proportion
of hypertrophic waterbodies exceeds the proportion
of less nutrient-rich systems. Conservation efforts
should therefore promote the less rich small
waterbodies currently lacking in the networks. Their
results reinforce the notion of pond regional
networks or ‘pondscapes’, where the regional
biodiversity is promoted by the coexistence of a
mosaic of trophic conditions in networks of
waterbodies.

5. CONCLUSIONS

In  conclusion, species  richness  of
macrophytes in the park-channels is poor, but from
year to year increase of the numbers of new taxa.
The first macrophytes appeared a year after the
reconstruction of the irrigation system.

The primary cause of moderate ecological
status of water in the park-channels is inflow
nutrients from the treatment of domestic wastewater
from the Bren River catchment. The increase of
nutrients concentrations in the irrigation system
(especially in the supply ditch) is driven by higher
nutrient levels in the Bren River.

Results demonstrated that research on
phytoremediation of water pollution should focus
much more on the use of existing water
infrastructure with native macrophytes growing. At
the end of the irrigation system, nutrients
contaminants had been efficiently removed from
water.

Among other findings, studies have evidenced
a very strong reduction in concentration of biogens
in water flowing away from the manor-park
complex. Channels and ditches in the park play a
key role of flow moderators and provide
development of biodiversity.

It can be therefore concluded that a artificial
watercourses, such as channels and ditchs used to
irrigation of the manor-park complexs, can
significantly favor natural self-purification processes

leading to improved water quality and increase
biodiversity.
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