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Abstract

The growing water deficit and the increased demand for water, as well as economic problems and inade-
quate spatial planning in many regions indicate a necessity of developing more effective rules of programming
and realisation of works concerning the water management in small catchments. The paper presents a sample
analysis of the possibilities of increasing water retention in the agricultural loess catchments with periodic
streams. The scope of the study included the determination of physical parameters of selected sub-catchments
(geometry, soil cover, land use, etc.) and of the sources of threat to water resources, resulting from construction
and geomorphological conditions. Pre-design assumptions of dammings were developed, taking into account
anti-erosion protective measures, and treatments increasing the landscape retention of water were proposed. Cre-
ating surface retention objects should be an important source of water in simplified agroecosystems, especially in
regions, where productivity to a great extent depends on natural weather conditions. Proper management of the
fourth-order loess basin of the Ciemigga River (area of about 150 km® the presence of 50 lateral valleys) could
give a temporary reservoir retention reaching 500 thousand m’. Farmers should be encouraged to seek “own wa-
ter sources” (including the accumulation of water within wasteland), using appropriate economic instruments
(tax reliefs for the documented volume of retained water, e.g. in small retention reservoirs).
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INTRODUCTION

Water is of an enormous importance in the shap-
ing of the natural environment, and constitutes also
a significant determinant for sustainable social and
economic development [DAVIS 2007; GORDON et al.
2010; MIRCHI et al. 2014]. Many regions of the world,
including Central and Eastern Europe have modest
water resources, and their availability is very often
limited due to poor quality. For example, the renewa-
ble resources of surface waters per inhabitant in Po-
land amount to 1655 m®, with a dry-year minimum of
1100 m* (mean annual runoff from a given area) [Eu-
rostat 2011]. Whereas, according to a FAO report
[FAO 2003], countries with less than 1000 m’ of wa-

ter per inhabitant per year are considered as suffering
from adeep deficit which may be a fundamental
cause of inhibition of economic development, and
agriculture in particular [BOUWER 2000; GRAYMAN et
al. 2012].

In agricultural areas the effects of water deficit
are manifested in a considerable reduction of produc-
tivity, lowering of ground water table, reduced flow in
water courses, disappearance of water in small reser-
voirs and limiting biodiversity. Due to those threats
there is a need to accumulate water in periods of its
abundance for use in periods of its deficit [EEA 2012;
KOWALEWSKI 2003; MIODUSZEWSKI 1994].

There are many methods of increasing the reten-
tion capacity of agricultural catchments. Those used
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in the case of surface water retention include, among
other things, regulation of outflow from ponds, accu-
mulation of water in melioration ditches, increase of
valley retention, but primarily the construction of res-
ervoirs on water courses. Creating reservoirs also in-
fluences the regulation of flow, increases ground wa-
ter resources and limits erosion [DEITCH et al. 2013;
MIODUSZEWSKI 1994; 2012].

The extension of water retention in sub-catch-
ments is, in many cases, the condition for the creation
of reservoir retention in larger river valleys (e.g. up-
land erosive areas). The migration of biogenic com-
ponents and suspended matter, and the high capacity
of reservoirs to retain certain contaminants determine
the serious threat of eutrophication processes. In nu-
merous cases the accumulation of biogenic elements
and bottom sediments significantly reduces the eco-
nomic value of reservoirs and renders their exploita-
tion impossible [JuszCczAK, KEDZIORA 2003; PATRO,
ZUBALA 2012; WHITE et al. 1996; ZUBALA 2009].

In the deficit regions, programs of retention in-
creasing should include complex operations in the
range of water management in small river basins for
the purpose of improvement of water resources and
their rational use, taking into account both the eco-
nomic needs and the requirements of the natural envi-
ronment [MIODUSZEWSKI 2003]. The theoretical as-
sumptions often look very good, but it is usually
a long way to the success. In developing countries, the
reasons are low financial investments and complicat-
ed formal procedures. The small increase of the
amount of stored water is also a result of poor utilisa-
tion of the retention capacity of melioration systems
which constitute an important element of infrastruc-
ture of agricultural areas [KOWALEWSKI 2008].

The objective of this paper is to present a concept
of increasing water retention in loess micro-catch-
ments, based primarily on the construction of small
reservoirs in the bottoms of slope catchments with
periodic flow and on correcting selected landscape
elements. Special attention was devoted to the pre-
-design studies covering agricultural upland areas out-
side of the basic water courses of the drainage basin.
In such countries as Poland, for decades improperly
implemented spatial planning (including the construc-
tion of settlements on the valleys of large rivers),
which makes small agricultural catchments of particu-
lar importance in the development of water resources.
Creating surface retention objects would be an im-
portant source of water in simplified agroecosystems.
This would contribute to independence of productivi-
ty from natural weather conditions.

MATERIALS AND METHODS

The research objects are situated within the
mesoregion Natgczowski Plateau in the drainage ba-
sin of the Ciemigga River (neighborhood of Lublin
agglomeration). Most of the area of the drainage basin
is included in the Ciemigga Valley Protected Land-

scape Area. That sub-region is extremely poor in sur-
face waters.

The research works were carried out successively
(by stages) in the years 2000-2013. The development
of the pre-design assumptions was preceded with nu-
merous field observations, surveys at the locations of
the reservoirs, and analyses of cartographic materials
(topographic maps 1:10 000, cadastral maps 1:5 000).
The detailed scope of the work included the determi-
nation of boundaries and physical parameters of
catchments of the reservoirs; determination of dimen-
sions and methods of construction of the reservoirs;
calculation of the volume of earth masses moved
(method of surface levelling along profiles with de-
termination of basic geometric solids). The analysis
and presentation of the basic parameters of the studied
catchments (e.g. land relief) was possible thanks to
the performing of a numerical model of the area by
means of the program ArcGIS (Spatial Analyst). The
image obtained was superimposed on a topographic
map at 1:10 000 (geodesy geographic coordinates in
the EUREF-89 system). The analyses included also
meteorological, hydrological and hydrogeological
observations conducted in the research area in the
years 2000-2003. Measurements of daily precipita-
tion totals in the area of research catchments were
performed with Hellmann rain gauge (the own rainfall
station). In order to recognise the size of barren sur-
face runoff, hydrometric measurement sites were es-
tablished on watercourses. In these places water levels
were measured, and the flow rate at different filling of
river-beds were determined. The measurement results
were the basis for plotting discharge curves for par-
ticular hydrometric profiles. The readings of water
levels were performed systematically once a day, ex-
cept for periods of snow melting, when the registra-
tion was carried out several times a day. Measure-
ments of flow rates were performed once every 10
days with the method of collecting vessel — using baf-
fles (flow of less than 3 dm®-s™') or with a hydromet-
ric mill HEGA-1 (flow of more than 3 dm®-s™"). Due
to technical and financial limitations and the location
of the catchment 3 in the catchment 2, the research of
surface runoffs was conducted only in the estuary sec-
tions of the catchment 1 and 2.

In the area of all planned reservoirs, observations
of changes of groundwater table levels were per-
formed. The measuring sites were located in the val-
ley bottoms and slopes on both sides of watercourses.
Depending on a width of a valley bottom and land-
form feathures of the adjacent area, 3 to 4 piezometers
were installed on each side (extreme positions were
30-70 meters away from a streamline). Wells were
done to the depth from 150 cm (a valley bottom) to
300 cm (slopes). Groundwater levels were recorded at
intervals of ten days.

In the vicinity of the planned reservoirs, research
on soil and ground was also performed. The exact
profile of the area, thickness of humus and transitional
horizons, and the depth of parent rock were deter-
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mined. Location of the particular layers was estab-
lished on the basis of range drilling. Soil pits were
done on each route. Material for analyses of physical
properties was taken from characteristic levels and
layers (e.g. the granulometric composition — Bouy-
oucos-Casagrande’s areometric method, the density of
the solid phase — pycnometer method, the permeabil-
ity of water — permeameter of Eijkelkamp company).
On each side of the watercourse 3 soil pits were locat-
ed (the valley floor, the slope, the beginning of the
plateau).

RESULTS AND DISCUSSION

GEOMETRY, SURFACE FEATURES
AND CATCHMENT USE

Three neighbouring catchments were selected for
the study, catchment No. 3 being situated within the
area of catchment No. 2 — constituting its upper part
(a system of two reservoirs was planned in the bottom
of the same valley), while only one water reservoir is
considered for construction in catchment No. 1 (Fig. 1).

Fig. 1. Location of studied catchments;
source: own elaboration

The catchments occupy a combined area of 630
ha and they are situated between ordinates 195 and
234 m a.s.]. The mean altitudes are from 214.5
(catchment 2) to 220.5 m a.s.l. (catchment 3), at aver-
age slopes from 1.84 (catchment 2) to 2.52% (catch-
ment 1). The maximum slopes occur in the axial parts
of the catchments (valley slopes sloping towards the
lines of the water courses) and in their upper parts
(bifurcations of main valleys). Regions with the least
slopes predominate on the hilltops and in depressions
of the ground. In the area under study steep and short
slopes dominate (Phot. 1).

The differences in elevation between the water-
shed and the valley bottoms reach 20 m. The width of
the bottoms of the main valleys varies within the
range of 20-120 m. The lengths of the catchments

Phot. 1. Adjacent surroundings of planned reservoir No. 1;
(photo T. Zubala)

along the axes of the main valleys vary from 1.67
(catchment 1) to 3.10 km (catchment 2), while mean
widths attain values from about 1 (catchments 1
and 3) to 1.45 km (catchment 2). The highest value of
elongation index is characteristic of catchment 1
(0.91) which is, like catchment 2, divided asymmetri-
cally by the bed of the water course (Tab. 1).

Table 1. Physical characteristics of catchments

Geometry Catchment | Catchment | Catchment
and surface features 1 2 3

Area, km’ 1.82 448 2.07
Length, km 1.67 3.10 2.05
Perimeter, km 6.89 10.17 6.96
Compactness coefficient 1.43 1.34 1.35
Elongation ratio 091 0.77 0.79
Mean altitude, m a.s.1. 217 214.5 220.5
Extreme altitudes, m a.s.l. 200-234 195-234 207-234
Slope, % 2.52 1.84 1.88
Maximum slope, % 17 20 17
Land use (ha / %)

156.4/ 3709/ 185.5/
Arable lands 85.9 328 39.6
Grasslands 43/24 24.9/5.6 7.7/3.7
Orchards 13.0/7.1 22.7/5.1 6.6/3.2
Wastelands 0.5/0.3 12.1/2.7 26/1.3
Forests, shelterbelts 0.2/0.1 1.0/0.2 0.1/0.0
Built-up areas, roads 73/4.0 153/3.4 3.7/1.8
Surface waters 0.3/0.2 1.1/0.2 0.8/0.4

Source: own study.

The catchments are drained by means of shallow
melioration ditches, not maintained for many years.
Their depths at the outlet sections do not exceed 0.6
m. The average slopes of their channels are about
0.6%.

The dominant land use type in the research area is
agricultural lands. They occupy 94% of the total area,
arable lands accounting for nearly 84% of the area,
and remaining small amount of about 10% being
grasslands and orchards (Tab. 1). Pastures and mead-
ows dominate in the lower parts of the slopes and in
the bottom of the valley (Phot. 1). In the outlet section
they are often strongly waterlogged, which makes
their use difficult. Forests and shelterbelts constitute
only 0.2% of the total area. Shelterbelts can be en-
countered primarily in the vicinity of buildings and
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along water courses. Location of reservoirs must take
into account the presence of few groups of trees in the
valley bottoms. A very small share of trees on such
areas and the need to maintain the greatest biodiversi-
ty exclude the possibility of removing even individual
trees [BROCKERHOFF et al. 2008; HIETALA-KOIVU et
al. 2004]. Terrains under water constitute a total of
1.4 ha, which is only 0.2% of the total area. The re-
maining part of the area is occupied by built-up areas
and roads. The total length of roads within the catch-
ments under analysis is approximately 37 km, a large
part of which is unhardened.

Arable fields in the research area have the form
of elongated rectangles, their longer borders often
running along the lines of the steepest slopes. As
a consequence, the non-favourable cultivation along
the slope is conducted. With such an arrangement of
the fields, the conventional tillage treatments acceler-
ate and amplify the processes of erosion [BOARDMAN,
POESEN 2006; VAN OO0sT et al. 2000]. The arrange-
ment of the plots affects also the situation of the ac-
cess roads. In many cases they run along the slope
lines. Thus the roads become the runoff channels of
eroded soil, and in extreme cases they transform into
impassable ravines [JOZEFACIUK, JOZEFACIUK 1999].

The small surface areas and the compact shapes
of the catchments, the specific relief of the area (un-
dulating hilltops transiting into steep slopes, bifurcat-
ed valley), the arrangement of the roads and the ab-
sence of forests are factors accelerating water runoff
from the area studied. The runoff is additionally fa-
cilitated by the ditches which perform only the drain-
age function [SKAGGS et al. 1994].

SOIL AND GROUND CONDITIONS

Selected properties of the soil in the research
transverse profiles made in the region of the planned
reservoirs are presented in Table 2. The depth of the
humus horizon varies from 0.2 (steep slopes) to 0.7 m
(food of slopes with deposited products of erosion).
The humus horizon overlies a transition layer with
depth from 0.6 to 1.8 m. That layer merges into the
loess bedrock. In the bottom of the valley there is
a thick layer of diluvial formations, and groundwater
table stagnates often shallowly beneath the ground
surface. Anaerobic conditions are conducive to gley-
ing processes and to the formation and accumulation
of large amounts of organic mater retaining the fea-
tures of moorsh.

Table 2. Sclected physical properties and grain-size distribution of soil in measuring cross-sections of catchments (shown

extreme values and average)

Valley bottoms | Slopes
Soil properties Depth, cm

20-25 55-60 80-85 95-100 15-20 55-60 90-95 105-110

Bulk density, Mg-m > 0.90-1.44 | 0.45-1.64 1.57-1.65 0.39-1.59 1.39-1.61 1.48-1.59 1.51-1.68 1.52-1.67
’ (1.18) (1.04) (1.62) (1.06) (1.55) (1.54) (1.61) (1.60)

Total porosity, % 41.1-62.0 | 31.7-81.7 | 39.9-409 | 38.6-79.5 38.0-47.4 | 41.0-43.3 358429 | 33.8-429
i (50.3) (56.9) (40.3) (56.8) (41.4) (41.9) (38.4) (38.4)

Filtration coefficient 58-1899 12458 161-254 11-242 77-289 19-59 33-398
(cm-s™)-107° (526) (209) B (208) (112) (174) (34) (216)
Sand. % 0.1-0.9 1.3-2.0 0.1-0.6 3 0.1-1.0 0.1-0.7 0.1-1.5 0.3-1.0
? (0.5) (1.7) (0.4) (0.5) (0.3) (0.8) (0.7)

Silt. % 59.9-674 | 46.7-52.0 | 42.4-61.9 B 59.8-62.0 | 65.3-71.9 | 52.5-62.3 59.7-68.0
i (64.5) (49.4) (50.3) (60.9) (67.7) (57.2) (63.9)
Clay, % 3240 46-52 38-57 3 37-40 28-34 3746 3140
i (35) (49) (49.3) 39) (32) (42) (36)

Source: own study.

In the bottoms of the valleys numerous interbed-
dings were observed, with thickness from several to
over a dozen centimetres and with composition typi-
cal for silty clays (content of fraction <0.02 mm ex-
ceeding 50%). The layers forming the ground are
characterised primarily by a low solid phase density
(1.9-2.48 Mg'm™) and bulk density (minimum of
0.39 Mg-m°). Whereas, they have a high total porosi-
ty (maximum of 81.7%) and permeability (in the up-
per horizon the filtration coefficient attains values of
ca. 0.002 cm-s ™). In the bottoms of the valleys there
are also formations with totally different physical
properties. For example, in the control profile of
catchment 2 at the depth of 0.8 m the density of the
solid phase increases to 2.7 Mg-m, and bulk density
is as high as 1.65 Mg-m . In that horizon the value of
the filtration coefficient drops to zero, and total poros-

ity is lower by 20-40% compared to the layers situat-
ed above. The presence of layers with limited perme-
ability reduces water drainage through the ground,
which is favourable in the case of reservoir construc-
tion in the valley bottom [KAWAMURA 2000].

HYDROLOGICAL CONDITIONS

Outflows from individual slope catchments could
amount to as much as 0.046 hm®-km? a year (Tab. 3).
The unit flows (q) in the control catchments were
comparable and varied within the range of 1.1-1.5
dm®s"-km? The maximum recorded flow rate
(Qumax) in @ water course was 192.0 dm*-s™ (catchment
1). A decidedly greater part of the surface outflow
occurred in the winter half-year (80—98% of annual

outflow).
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Table 3. Precipitation sums and surface runoff indicators in the studied catchments in 2001-2003
Ob H Preciuitati Catchment 1 Catchment 2
servation recipitation
period rﬁm Qmax | Qér \Y Qmax | Qs’r q \
dm?s™! dm®s™'km™ hm® dm®-s™! dm®skm™ hm®
2001/ XI-IV 204 87.0 5.0 2.7 0.078 78.0 10.7 2.4 0.167
2002 V-X 338 4.0 0.3 0.2 0.005 24.0 2.5 0.6 0.040
XI-X 542 87.0 2.6 1.4 0.083 78.0 6.6 1.5 0.207
2002/ XI-IV 130 192.0 3.9 2.1 0.061 158.0 8.2 1.8 0.128
2003 V-X 292 1.8 0.06 0.03 0.001 6.0 1.6 0.4 0.026
XI-X 422 192.0 2.0 1.1 0.062 158.0 4.9 1.1 0.154
Source: own study.

The obtained results con-
firmed that the rthythm of outflow
from the catchments was deter-
mined primarily by the character
of supply. The source of supply
was rainfall which, especially in
the cold season, participated im-
mediately, via surface runoff, in
the outflow, and snowfall — sup-
plying the outflow in periods of
thaw. Apart from violent and
short-lasting high storm water,
during the warm half-year there
was a gradual decrease of out-
flow. Summer rains, thanks to
high air temperatures and plant
vegetation, were used mostly for
the processes of evapotranspira-
tion. In July and August there
were longer periods with total
disappearance of outflow, which
was particularly observable dur-
ing a period of atmospheric and
hydrological drought in the sec-
ond year of the study (annual sum
of precipitations 422 mm). The
proposed reservoirs could partial-
ly meet the water requirements
also during such periods — there is
a possibility of their rapid filling
during incidental flows of water
(e.g. storm flows).

GROUND WATERS

Groundwater levels in the region of the planned
reservoirs were changed periodically — seasonally and
annually. They resulted primarily from the varied pre-
cipitation supply and outflow. Each hydrological year
began and ended with a relatively high level of ground-
water level in the bottoms of the valleys, the highest
levels being recorded usually in the period from Feb-
ruary to April (mainly after thaws). In a year with
abundant rainfall a notable increase of groundwater
level was observed also at the turn of July and Au-
gust. In an average and a dry year the greatest lower-
ing of groundwater table occurred from June till Au-
gust. Groundwater table was notably shallower in the
valley bottom than at the foot of the slopes (Fig. 2).

Fig. 2. Transverse cross-section (A—A’) and longitudinal (B—B’) of the bottom
of the valley catchment No. 1 with marked reservoir: dark gray — removed soil
material, light gray — embankment; source: own elaboration

The mean level in the bottoms of the valleys was 23
cm, while at the foot of the slopes about 50 cm (dis-
tance of groundwater table from ground surface). In
the valley bottoms the groundwater table often
reached the ground surface — in a wet year such high
levels persisted in total for nearly five months. The
reasons for the persisting waterlogging should also be
sought in the grain-size distribution of the surface
layer and interbeddings. It creates an impermeable
barrier for infiltrating waters.

The lowest level of groundwater table in the val-
ley bottom was noted in a year exceptionally poor in
atmospheric precipitation and amounted to 110 cm
(catchment 1). In all of the observation wells the
mean groundwater levels in the winter half-years were
higher than in the summer half-years. The greatest
amplitudes of water levels were noted in the case of
sites situated at the foot of the slopes — the maximum

© PAN in Warsaw, 2016; © ITP in Falenty, 2016; Journal of Water and Land Development. No. 30 (VII-IX)



146

www.czasopisma.pan.pl P N www.journals.pan.pl

T. ZUBALA, M. PATRO

difference attained 142 cm. In the valley bottoms the
range of groundwater table levels was 0—110 cm.

In the period of observations there was a tenden-
cy towards groundwater level lowering in the control
transects, which was related with reduced precipita-
tion supply. At present the drainage ditch situated in
the bottom of the valley does not perform its function.
Cessation of maintenance of the melioration struc-
tures and the lack of in-depth pre-melioration analysis
caused the lack of effects of drainage in the central
and lower sections of the main valleys.

CONSTRUCTION OF RESERVOIRS
AND EXTENSION OF LANDSCAPE RETENTION

Due to the existing conditions, it is recommended
to construct water reservoirs in the bottoms of the
valleys of the slope catchments (Fig. 1-2). The open
water surface area will be from 4500 to 7200 m?, with
maximum water rise head of 1.5 m and active capaci-
ty of 6050-9880 m* (Tab. 4).

Table 4. Parameters of water reservoirs

Reservoir

Parameter ] 2 3
Length / width, m 75/ 60 150/46 | 120/60
Total depth, m 2 2 2
Maximum water rise head, m 1.5 1.5 1.5
Water surface area, m’ 4500 6900 7200
Maximum active capacity, m’® 6050 9390 9880
Volume of earthworks, m® 5860 8250 8335
Protective geomembrane, m’ 1260 1380 1800

Source: own study.

The small widths of the valleys and the close vi-
cinity of arable lands are arguments for the construc-
tion of dug reservoirs with embankments (Fig. 2). The
application of deepening, without free basing of the
reservoirs on the natural banks of the valleys, will
increase the scope of work and the costs and time of
performance, but it will reduce to the minimum the
necessity of changes in the use of the neighbouring
lands and will remove the banks of the planned reser-
voirs from arable fields. This reduces a threat of con-
tamination by agricultural pollutants [DZIKIEWICZ
2000; EVANS 2012]. In addition, thanks to the deepen-
ing it will be possible to get rid of a notable part of
organic matter deposited in the bottoms (source of
biogenic elements) [BAJIKIEWICZ-GRABOWSKA, ZDA-
NOWSKI 2006; JARVIE et al. 2005] and to gain volume
without any effect on the neighbouring agricultural
lands (groundwater levels). The planned reservoirs
will have rectangular shapes — shoreline formation,
including embankment construction, will be made
with the use of the earth material acquired (Fig. 2).
The bottoms of the reservoirs will be levelled in all
directions. The adopted longitudinal profiles will pre-
vent the backwater effect of the damming. In the case
of reservoirs 1 and 3 it is recommended to construct
earth dams, while reservoir 2 will be based on the

body of the existing road embankment (Fig. 1). The
damming structures will be reinforced and protected
with geosynthetics against soaking. Emptying of the
reservoirs will be possible thanks to the use of monks.
The choice of the outlet structures should take into
account the risk of transporting the products of ero-
sion into the reservoir bowls (colmatation cannot in-
terfere with water outflow from the water bodies).
The supply of the reservoirs with water can take place
with the use of weirs or suitably profiled channels
incised into the banks on the inflow side. In the case
of the side walls and dams the bank slope should be
1:2, while the banks on the inflow side should be
formed with slope of 1:4 (Fig. 2) and suitably
strengthened, e.g. with stone outlay (there is a possi-
bility downflows on the full width of the valley). In
certain cases girdling ditches were also designed, the
function of which will be absorb waters flowing down
directly from the valley slopes (vicinity of reservoirs
1 and 2) or the small side valley (western bank of res-
ervoir 3) directly to the water courses below the
damming profiles.

The suggested location and structure of the reser-
voirs will not involve any threat to the adjacent areas,
presented in the literature [MANATUNGE et al. 2008;
MIODUSZEWSKI 2012; ZBIKOWSKI, ZELAZO 1993]. As
an instance, no technical infrastructure, including
buildings, has been noted in the valley bottoms.
Though the reservoirs will play the role of biofilters
[HARRELL, RANJITHAN 2003], they should also be
protected to extend their service life. For this purpose
it is necessary to create buffer zones between water
and land, introducing special vegetation stopping ex-
cessive contamination from getting to the reservoirs
(biogeochemical barriers) [CORRELL 2005; MANDER
et al. 2005; RySzKOwsKI et al. 1999]. At this stage it
is not planned to build sedimentation tanks above the
reservoirs, therefore gradual silting should be ex-
pected, and the necessity of periodic removal of sedi-
ments from the bottoms should be taken into account.
In the case of a high threat on the part of soil erosion
products it will be required to designate sedimentation
zones, separated from the reservoirs with stone over-
flows [MOLINA-NAVARRO et al. 2014].

For effective improvement and qualitative protec-
tion of water resources an attempt at expanding the
landscape retention should also be undertaken [CHEN
et al. 2010; SuN et al. 2006]. In the opinion of authors
it is necessary to conduct tree plantings on as large
area as possible — first on areas with slopes greater
than 15%. However, due to the agricultural character
of the area and to its very good soils, the application
of measures of this kind cannot be a limitation for the
agricultural production area. There is a need to create
protection of high nature-value landscape interiors,
e.g. turf and bush enclaves in the side valleys and on
mid-field scarps. As the basic elements of the biologi-
cal building it is planned to introduce plantings of
turfs in the bottoms of the main valleys and on the
lines of periodic downflows (17.5 ha), and plantings
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of trees along the roads and in the area of steep slopes
(belt, row — 18.8 km, area plantings — 4.4 ha). In this
regard both the selection of tree species and the or-
ganisation of the plantings are very important (taking
into account the habitat conditions, selection of sites,
structure) [WEGOREK 1985; 1995; ZAJACZKOWSKI
2001]. Increasing the participation of orchards on the
slopes with a slightly smaller falls is also proposed
(8 ha).

An important aspect in the construction of small
reservoirs in agricultural areas is their effect on rais-
ing the groundwater level [HAYASHI, ROSENBERRY
2002; WINTER 1999]. The creation of small reservoirs
outside of river valleys is a possible and favourable
solution not only from the viewpoint of increasing the
water resources of the catchments, but also because it
may contribute to an improvement of quality of the
waters [MIODUSZEWSKI 2012; WIATKOWSKI 2011;
ZUBALA 2009], protection against erosion [PATRO
2008; POWERS et al. 2014] and enhancing the attrac-
tiveness of the landscape [BELL 2004; JANECZKO
2009]. Moreover, reservoirs enhance the biodiversity
in the agricultural landscape, creating a favourable
habitat for aquatic flora and fauna [DAVIES et al.
2008; WILLIAMS et al. 2004].

CONCLUSIONS

Many regions of the world face the problem of
water deficit. Also in Europe there are countries
whose resources do not exceed 1700 m® a year per
one inhabitant. The reasons for this state may be vari-
ous, but there is only one rapid and effective method
of improving the water balance — expansion of reten-
tion. Unfortunately, not everywhere there are possibil-
ities of constructing large reservoirs on the main wa-
ter courses of a drainage basin. In such a situation
improvement of water resources should be sought in
the sub-catchments, with the use of smaller but more
numerous and much cheaper retention reservoirs. This
is possible e.g. in strong-relief agricultural areas,
where periodic outflows of surface waters is ob-
served. This applies not only to many regions of Po-
land, but also to other areas in the world with similar
characteristics and land use.

In the case of strong-relief agricultural catch-
ments favourable conditions for the construction of
small reservoirs occur in waterlogged bottoms of val-
leys (especially where maintenance of melioration
structures has been neglected). The study demonstrat-
ed that such places offer favourable opportunities for
the construction of small reservoirs with water surface
areas of about 7000 m® and active volumes of nearly
10 000 m®. Under the conditions of the study, a single
reservoir could retain during an event from 4.5 to
9.7% of the annual outflow. On loessic areas, in ba-
sins of fourth rank (area of about 150 km?) there could
be as many as 50 side valleys. Construction of one
reservoir (with the parameters presented in the article)
in each valley could give temporary surface retention

at level of 500 000 m’. At the same time, the suggest-
ed solution does not cause negative effects in natural
aquatic ecosystems, as in the case of large dams.
Small dams will be located on periodic streams —
apart from the main valley. Farmers should be en-
couraged to seek “own water sources” (retention facil-
ities on land excluded from agricultural use), using
appropriate economic instruments. Households that
would have shown a significant decrease in the con-
sumption of tap water could be offered appropriate
tax incentives.

Due to the high susceptibility of small reservoirs
to anthropopressure and to the high probability of its
occurrence in agricultural areas, it is necessary to un-
dertake actions, already at the design stage, that will
protect the reservoirs against excessive inflow of bio-
genic elements and eroded soil material. The lack of
such solutions (biogeochemical barriers) will cause
their rapid eutrophication and silting. It is also im-
portant due to the need of efficient operation of such
reservoirs which may be an element of protection of
natural water bodies against contamination. Particular
attention should be paid to the introduction of mid-
field shelterbelts, which also would contribute to in-
creasing the retention of landscape. Shelterbelts and
water reservoirs will also have a significant effect on
the improvement of the simplified agricultural land-
scape and on increasing biodiversity through the di-
versification of habitats.
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Tomasz ZUBALA, Magdalena PATRO

Potencjalne mozliwosci retencjonowania wody w rolniczych zlewniach lessowych

STRESZCZENIE

Rosnacy deficyt i zwigkszone zapotrzebowanie na wodg, jak rowniez problemy ekonomiczne i niewtasciwe

planowanie przestrzenne w wielu regionach wskazujg na konieczno$¢ wypracowania bardziej efektywnych zasad
programowania i realizacji zadan w zakresie gospodarki wodnej w matych zlewniach. W pracy przedstawiono
przyktadowa analiz¢ mozliwosci zwigkszenia retencji wodnej w rolniczych zlewniach lessowych z ciekami
okresowymi. W ramach badan wyznaczono parametry fizyczne wybranych zlewni czastkowych (geometria, po-
krywa glebowa, zagospodarowanie itp.) oraz okreslono zrédla zagrozen zasobow wodnych, wynikajacych z wa-
runkéw urzadzeniowych i geomorfologicznych. Wykonano zatozenia przedprojektowe pigtrzen z uwzglednie-
niem zabezpieczen przeciwerozyjnych oraz zaproponowano zabiegi zwigkszajace krajobrazowa retencje wodna.
Tworzenie obiektow retencji powierzchniowej powinno by¢ waznym zrédtem wody w uproszczonych agrosys-
temach, zwlaszcza w regionach, w ktérych produktywno$¢ w duzym stopniu zalezy od naturalnych warunkow
pogodowych. Dzieki wlasciwemu zagospodarowaniu lessowego dorzecza IV rzgdu rzeki Ciemiggi (powierzch-
nia okoto 150 km?, obecnos¢ ok. 50 dolin bocznych) mozna by uzyskaé chwilowa retencje zbiornikowa siegaja-
cg 500 000 m’. Nalezy zachecaé rolnikéw do poszukiwania ,,wlasnych zrodet wody” (m.in. gromadzenie wody
w obrebie nieuzytkow), stosujac odpowiednie instrumenty ekonomiczne (ulgi podatkowe za udokumentowang
objetos¢ retencjonowanej wody, np. w zbiornikach malej retencji).

Stowa kluczowe: retencja, zasoby wodne, zbiorniki, zlewnia rolnicza
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