




Daiga Zigmunde EVALUATION CRITERIA OF PROTECTED LANDSCAPE AESTHETIC
QUALITY

aspect of relationship among landscape features.
Harmony was positive criterion in assessment
theory of aesthetic quality, but in many cases
from ecological point of view more appropriate
level of harmony was chaos which is the lowest
rating of this criterion. Especially it covered
territories with high biodiversity (decaying trees
and branches, overgrow of vegetation, etc.)
(Figure 8). Similar experience was observed with
criteria � rhythm and symmetry which in higher
evaluation level were rarely �nned in relationship
among protected landscape features. These were
more appropriate for urban landscapes.

Some Recommendations for Future Prospects
Developed further it becomes possible to

compare sites and analyze changes over time
with regards to visual quality, and hence be an

important complement to other types of indicator
data used (ecological and recreational).

Conclusions
It is important to include ecological criteria

such as increase of biodiversity and naturalness
next to landscape's aesthetic quality as a criterion
for environmental planning and management.
It has become more substantial in protected
landscape planning and management where
aesthetics should be distinguished from ecological
values.

However, there is an extra need for further
investigation of the linkage between the aesthetic
and ecological aspects and their attributes in order
to identify the most signi�cant parameters which
can be used in creating evaluation criteria of
protected landscape aesthetic quality.
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Abstract

Highly polluted wastewater is formed on private farms. The wastewater contains Ntotal and Ptotal concentrations
up to 150 mg l−1 and 30 mg l−1 respectively, which is 2-3 times higher than that contained in domestic wastewater.

During the biological treatment of wastewater the removal of organic pollutants (BOD5- biochemical oxygen demand,
and SS � suspended solids) is about 96% and the treatment e�ciency satis�es the environment protection standards.
However, the removal of biogenic pollutants is only 55%, thus the residual pollution with biogenic substances exceeds
the maximum allowable rate according to Ntotal and Ptotal for wastewater released into the environment.

Currently, di�erent natural and arti�cial powdery mineral materials (zeolite, �ltralite, etc.) containing metals and
carbon compounds are transported into Lithuania. Such materials could be used as Ntotal and Ptotal adsorbing �lters.

In respect of the �lter load with pollutants, biologically pre-treated wastewater treatment e�ciency of Ntotal and
Ptotal was determined to be from 50 to 91% and from 49 to 90% respectively.

Having �ltrated the wastewater through a �lter containing 50% of zeolite and 50% of �ltralite, Ntotal and Ptotal

removal e�ciency was �uctuating from 28 to 60% and from 23 to 70% respectively.
Having made the investigations with di�erent loads of minerals, it was determined that N removal is more e�cient

in the zeolite mineral �lter, while P removal is more e�cient in the �ltralite �lter. In order to reach the best results of
biogenic pollution removal, both mineral mixtures should be used for the load of the �lter.

Keywords: wastewater, biogenic matter, �ltralite, zeolite.

Introduction
In dairy farms during the washing process

of the equipment and milk refrigerators, highly
polluted wastewater is formed containing Ntotal

and Ptotal concentration several times higher
than that contained in domestic wastewater. As
the experience has shown, during the biological
treatment of wastewater it is impossible to reduce
the initial Ntotal and Ptotal concentrations (15-
30 mg l−1 and 100-150 mg l−1 respectively) to
the their allowable rates from the environment
protection point of view (4.0 mg l−1 and 30 mg l−1

respectively) (Dauknys and Matuzevi�cius, 2000).
In 2000-2003, we carried out the investigations

and determined that wastewater pollution index
according to BOD5 was from 800 to 900, and
the ratio BOD5/Ptotal was 30-36. When treating
biologically the wastewater from a dairy farm with
high initial pollution coe�cient and insu�cient
ratio BOD5/Ptotal, phosphorus concentration in
pre-treated wastewater reaches 12.6 mg l−1

(Strusevicius and Strusevicien
e, 2003).
Currently, researchers are trying to discover

the methods of P removal from biologically
treated wastewater before their release into the
environment. P- adsorption methods are most
popular and most often used (Kinga et al., 2003).

Some of the authors (Johansson, 1998;
Lookman et al., 1994) have made experiments
with substances in order to discover a medium
ensuring a long-term P-removal process. The
scientists have used di�erent methods to calculate
the operating age of the �lters. Other authors
have been trying to de�ne the relation between
the properties of mineral matter and P removal.
Special boxes have been constructed for the
investigations: a small part of the �lters of
horizontal �ow has been taken where P removal
processes and kinetics have been modelled.

In 2002, we made the investigative laboratory
experiments trying to use calcite macadam
(CA) produced in Lithuania (Akmen
e district)
containing more than 54% of Ca, Al and Fe
compounds that are able to adsorb phosphorus.
As the study results have shown, when wastewater
is �ltered through the CA �lter, P adsorption
is rather slow. About 90% of phosphorus are
removed during 5-day �ltration period. Such a
long retention of wastewater in the CA �lter is not
acceptable from the technological point of view.

Currently, di�erent natural and arti�cial
powdery mineral materials (zeolite, �ltralite, etc.)
containing metals and carbon compounds are
imported into Lithuania. Such materials could be
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used as Ntotal and Ptotal adsorbing �lters.
The objective of the work was to estimate

Ntotal and Ptotal removal e�ciency from
biologically treated wastewater when the
wastewater is �ltered through di�erent mineral
�lters.

Materials and Methods
The study object was arranged on A. Visockas

farm (Kirdonys village, Bir�zai district). Here
the wastewater forms in a living house of 7
people (domestic wastewater) and on a dairy
farm (100 units of milking cows and 50 units of
small domestic animals). The farm has the Alfa-
Laval milking line and a 2.0 m3 refrigerator with
automatic washing systems arranged. During the
24 hours, the amount of domestic wastewater
forms 0.7-1.2 m3, the amount of wastewater from
washing the premises and equipment forms 0.2-0.7
m3 (0.9-1.9 m3 in all). The highest wastewater
discharges have been determined during the
washing of premises (0.9 l s−1). The duration of
wastewater �ow during a day was determined to
be from 2.32 to 3.18 hour.

Wastewater treatment facilities were arranged
on this farm (a multi-chamber septic +
constructed wetlands) even in 1998, according to
the technology of Water Management Institute of
Lithuanian University of Agriculture.

After the biological treatment process, the
wastewater is �ltering into the soil. In June 2004,
an experimental mineral �lter was constructed
nearby the wastewater treatment facilities for
N and P removal from biologically pre-treated
wastewater (Fig. 1).

The e�ciency of nutrient removal from
wastewater was investigated having taken
wastewater samples from all wastewater
treatment stages: before treatment, after primary
treatment in a multi-chamber septic tank, after
biological treatment (i.e. from wastewater
supplied into a new experimental mineral �lter),
and after �ltration through a mineral �lter.

During the study period, with the help of a
valve the �ow of wastewater into the mineral �lter
was changed, which gave possibility to model the
e�ciency of nutrient removal under di�erent loads
of the �lter. The volume of the �lter media was
0.4 m3.

The investigations of nutrient removal from
wastewater have been carried out in two stages.
In the �rst stage (June-September 2004) the
investigations in the zeolite �lter (CE) were
performed within a period of four months. After
this stage of investigations, 50% of zeolite were
removed from the �lter, and the �lter was �lled up
with �ltralite (FLP) instead. The investigations
with a two-layer �lter load were started on the
4th of October and lasted during the year 2005.
Wastewater samples for the investigations were
taken every month.

Zeolite (CE) is natural mineral from Sokirnica
Pool in Ukraine. It belongs to aluminium silicates
containing about 70-75% of clinoptolit. The
empirical formula of clinoptolit is Me [(AlO2)
(SiO2)y]zH2O (Me metal, y and z � coe�cients).
Aluminium and silicon oxides make up about 85%
of the mineral, calcium, potassium, magnesium,
iron and other microelements make up about 15%.
Due to higher ion changing ability (1.5 mg-ekv
g−1), this mineral is often used as a sorbent for gas
and air �ltration. There is su�cient data about
the usage of this mineral in forage additives.

Filtralite (FLP) is a product of course clay
particles created especially for the adsorption of
phosphorus. Clay particles were burnt in a special
rotating furnace at the temperature of 1200 ◦C
(Zhu et al., 1998). At such temperature the
density of burning clay highly increases. Volume
mass reaches 600-800 kg m−3, and �ltralite
composes small particles of 0-4-mm diameter.
In such a way the same amount of �ltralite is
distributed over the whole surface area, which
ensures rather su�cient removal process of the
pollutants. This mineral is produced and mostly
used in Norway. Currently, the company `Optiroc'

 

 
 

Figure 1. Technological scheme of industrial- domestic wastewater treatment on a dairy farm.
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has emerged into other European countries, such
as Sweden, Estonia, and Spain.

Composition of both minerals used for
wastewater �ltration are presented in Table 1.

During the �ltration through the mineral �lter,
nutrient pollutants are removed at the end of
the chemical reaction and biological processes. P
and N join metals and form insoluble salts, such
as Ca (NO3)2, Ca3(PO4)2, Ca4H (PO4)3, etc.
(Strusevi�cius, 1996; Dauknys and Matuzevi�cius,
2000).

As the Czech researcher Kadlec has
determined, N removal is limited by the anaerobic
processes prevailing in the environment (Kadlec
and Knight., 1996).

The main physical characteristics of minerals
are given in Table 2.

Wastewater samples were taken from di�erent
wastewater treatment stages. The samples
were investigated in the Chemical Analysis
Laboratory of the Water Management Institute
of Lithuanian University of Agriculture certi�ed
by the Environment Ministry of the Republic
of Lithuania. The following indices have been
determined:

• pH � by a potentiometric method using a
glass electrode;

• BOD5 � by a titrometric method (Vincler);
• suspended solids (SS) � by a gravimetric

method, having �ltered the substance
through a mid-thickness �lter;

• Ntotal� by a titrometric way, having burnt
the material (Kjeldal method);

• N-NH4� by a spectrometric method;
• N-NO2 � by a spectrometric method;
• Ptotal � photo colorimetric method, having

burnt the substance;
• PO4-P � by a colorimetric method, with

ammonia molybdate and ascorbic acid;
• CODCr� by an oxidation method, with

potassium bichromate and sulphur acid.

Having determined the wastewater discharges
and pollutants concentrations contained in
wastewater in�owing the �lter, the loads of the
mineral �lter with A pollutants (g m−3 d−1) were
calculated. The pollutants treatment e�ciency
E (%) was calculated according to the following
formula:

E =
C0 − Ce

C0
· 100, (1)

where C0 � pollution concentration in
wastewater �owing into the �lter, mg l−1;

Ce � pollution concentration in wastewater,
�owing out of the �lter, mg l−1.

The data of investigations and calculations was
analyzed with the help of correlation analysis.

Results and Discussion
During the whole study period, wastewater for

the laboratory analysis was taken 10 times from
di�erent treatment stages (n = 10).

Table 1
Chemical composition of �ltralite (FLP) and zeolite (CE)

Chemical
Components

Measure unit Filtralite (FLP) Zeolite (CE)

CaO % 30.0 2.1
SiO2 % 62.0 71.5
Al2O3 % 18.0 13.1
FeO % 7.0 0.9
MgO % 3.0 1.07
K2O % 4.0 2.5
Na2O % 2.0 2.5
P2O5 % - 0.033
C % 0.02 -
As mg kg−1 0.75 15.0
Cd mg kg−1 <0.4 -
Cr mg kg−1 8.9 -
Cu mg kg−1 5890.0 200.0
Hg mg kg−1 <0.015 -
Ni mg kg 9.3 -
Pb mg kg <4.0 20.0
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Table 2
Physical characteristics of minerals FLP and CE

Mineral Diameter of
d10 particles,
mm

Diameter of
d60 particles,
mm

CU
(d60/d10)

Porosity,
P%

Bulk
density, kg
m−3

Speci�c
area, m−1

FLP 0.3 2.13 7.1 65.0 580.0 51000.0
CE 2.89 4.33 1.49 43.6 1232.0 770.0

Systemized and statistically processed data
of wastewater composition in di�erent treatment
stages is presented in Table 3. As it can
be seen, before the treatment process the
wastewater is highly polluted with organic matter
as with nutrients and is distinct for slightly
acid or nearly neutral reaction (pH � 6.8 ±
0.34). According to the concentrations of
organic matter and suspended solids, biologically
pre-treated wastewater (Table 3, column 4)
satis�es the maximum allowable concentrations
for wastewater out�ow into the environment
(Aplinkosaugos reikalavimai . . . . 2001): BOD5

� 30.0 mg l−1 O2, SS � 35.0 mg l−1.
However, after the biological treatment, the

wastewater still contains large amounts of biogenic
pollutants (Ntotal � 34.4 mg l−1, Ptotal � 11.9 mg
l−1).

The investigations of biological treatment of
wastewater in a zeolite �lter were started on
the 4th of June 2004. Di�erent discharges of
wastewater supplied into the zeolite �lter resulted
in a di�erent load of the �lter with biogenic
pollutants. Changing the wastewater discharge
from 0.2 to 1.9 m3 d−1, the load of the �lter
according to nitrogen was �uctuating from 14.0
to 140.0 g m−3 d−1, whereas according to
phosphorus -from 6.5 to 75.0 g m−3 d−1.

During the second stage of the investigations
(�lter load was 50% CE and 50% FLP), di�erent
pollution loads of the �lter were investigated
as well. Having changed the discharges of
wastewater supplied into the �lter from 0.3 to 1.8
m3 d−1, the load of the �lter according to Ntotal

and Ptotal was changing from 28.0 to 117 g m−3

d−1 and from 14.2 to 50.0 g m−3 d−1 respectively.
The dependencies of Ntotal and Ptotal removal

e�ciency on the load of �lters with pollutants are
presented in Figures 2 and 3.

As Figures 2 and 3 show, the removal of
biogenic pollutants in the zeolite �lter depended
on its pollution load. The highest loads of
the �lter with nitrogen (110.0-140.0 g m−3

d−1) and phosphorus (55.0-75.0 g m−3d−1) were
determined when the whole amount of wastewater
had been supplied into the zeolite �lter at the
rate of 1.6-1.9 m3 d−1. Under such loads of
the �lter, Ntotal and Ptotal removal e�ciency
was about 50% and 49% respectively. Having
investigated the lowest loads (A) of the �lter
with N and P (AN- 14.0-16.0 g m−3 d−1 and
AP�13.0�22.0 g m−3 d−1, wastewater discharge -
0.2-0.3 m3 d−1), the removal e�ciency of N and P
was determined to be 91% and 90% respectively.
During the �ltration of wastewater through a
two-mineral �lter, rather good Ntotal and Ptotal

Table 3
Fluctuation of pollutants concentration during the biological treatment of wastewater

Pollutants Measure unit Wastewater before treatment
(n = 10)

Wastewater after biological
treatment (n = 10)

pH - 6.8±0.34 7.4±0.27
BOD5, mg l−1O−2 631.0±195.0 28.6±8.3
CODCr mg l−1O−2 1388.0±406.0 61.6±19.2
Ntotal mg l−1 106.9±19.3 34.4±9.6
N-NO2 mg l−1 1.04±0.63 0.22±0.08
N-NH4 mg l−1 88.2±14.4 28.4±7.1
Ptotal mg l−1 26.4±3.8 11.9±2.9
P-PO4 mg l−1 18.8±3.2 7.8±1.7
SS mg l−1 518.0±173.0 22.3±9.1
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Figure 2. Dependence of Ntotal removal e�ciency on the load of mineral �lter.

removal e�ciency is achieved. When the �lter
load of Ntotal and Ptotal is 28.0-40.3 g m−3 d−1

and 6.5-8.1 g m−3 d−1 respectively, Ntotal and
Ptotal removal e�ciency reaches about 60% and
70% respectively. Having investigated the lowest
loads (A) of the �lter with N and P (AN� 95.0-
118.0 g m−3 d−1 and AP� 55.0-75.0 g m−3 d−1)
the removal e�ciency of N and P was determined
to be 28% and 23% respectively. The graphs
given in Figures 2 and 3 may be used for the
calculation of the parameters of �lters. If there
is any data about Ntotal and Ptotal concentrations
contained in wastewater, it can be calculated
how many per cents of those substances are to
be removed in order to satisfy the normative
requirements for wastewater released into the
environment. Having calculated the treatment

e�ciency of necessary biogenic pollutants, the
exact load with nutrients can be determined.
Having obtained the pollutants concentrations
contained in wastewater and the �lter load with
pollutants, the �lter volume according to N (WN)
and P (WP) can be calculated. Higher volume of
the calculated ones according Ntotal and Ptotal is
accepted. The calculation is made according to
the following formulas (Z. Strusevi�cius):

Wn =
CN ·Q

AN
, (2)

Wp =
CP ·Q

AP
, (3)

where CN and CP � concentration of
biogenic pollutants Ntotal and Ptotal contained in
wastewater supplied into the mineral �lter, g m−3;

y = -0.888x + 106.11
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Figure 3. Dependence of Ptotal removal e�ciency on the load of mineral �lters.
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AN and AP � speci�c �lter load with biogenic
pollutants Ntotal and Ptotal, g m−3 d−1;

Q � discharge of wastewater, m3 d−1.

Conclusions
Highly polluted wastewater is formed on

private farms. The wastewater contains Ntotal and
Ptotal concentrations up to 150 mg l−1 and 30 mg
l−1 respectively, which is 2-3 times higher than
that contained in domestic wastewater.

During the biological treatment of wastewater
the removal of organic pollutants (BOD5 and SS)
is about 96%, and the treatment e�ciency satis�es
the environment protection norms. However, the
removal of biogenic pollutants is only 55%, thus
the residual pollution with biogenic substances
exceeds the maximum allowable rate according to

Ntotal and Ptotal for wastewater released into the
environment.

In respect of the �lter load with pollutants,
biologically pre-treated wastewater treatment
e�ciency of Ntotal and Ptotal was determined to be
from 50 to 91% and from 49 to 90% respectively.

Having �ltrated the wastewater through a
�lter containing 50% of zeolite and 50% of
�ltralite, Ntotal and Ptotal removal e�ciency was
�uctuating from 28 to 60% and from 23 to 70%
respectively.

Having made the investigations with di�erent
loads of minerals, it was determined that N
removal is more e�cient in the zeolite mineral
�lter, while P removal is more e�cient in the
�ltralite �lter. In order to reach the best results of
biogenic pollution removal, both mineral mixtures
should be used for the load of the �lter.
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Abstract

The objective of the present studies has been to estimate peculiarities of nitrogen removal in constructed wetlands
of di�erent construction. In limited companies (LTD) `Pastog
e' and `Nikola', constructed wetlands of vertical �ow
(VFCW) are arranged, while limited company (LTD) `Agaras' has two-stage constructed wetlands of horizontal �ow
(HFCW). In all the objects the supplied wastewater is after primary treatment.

Having compared the e�ciency of ammonium and nitrite nitrogen removal in two types of constructed wetlands
(VFCW and HFCW) it was determined that larger amounts of total nitrogen are removed in HFCW (38.1%) rather
than in VFCW (24.4%). However, in VFCW smaller amounts of ammonium and nitrite nitrogen are discharged with
wastewater.

No signi�cant e�ect of the �uctuations of ambient temperature on the removal of ammonium and nitrite nitrogen
was observed in HFCW (di�erence in average values of cold and warm periods was 3-8%).

A rather reliable relation (R2 = 0.738) was determined between ammonium nitrogen concentrations in wastewater
out�ow and HFCW load according to total nitrogen, however, ammonium nitrogen amounts in treated wastewater
(when �lter load according to total nitrogen is 0.3 to 4.6 g m−2 d−1) exceeded the maximum allowable concentration
(MAC) and were �uctuating from 6 to 32 mg l−1.

Keywords: ammonium, constructed wetlands, nitrites, nitrogen, wastewater treatment.

Introduction
When calculating parameters of wastewater

treatment facilities, the focus has been on
the removal e�ciency of organic matter �
biochemical oxygen demand (BOD), suspended
solids (SS), and biogenic Ntotal and Ptotal

pollutants so far. Having evaluated scienti�cally
the biologically treated wastewater out�ow into
open water bodies and its negative impact on
aquatic fauna, the requirements of ammonium
(N-NH4) and nitrite nitrogen (N-NO2) out�ow
with wastewater into open water bodies were
restricted. Since 2002, Lithuania has transferred
the basic regulations of this directive into
the state's normative documents (Aplinkosaugos
reikalavimai. . . , 2001). After those regulations
came into power, additional requirements were
set for wastewater treatment facilities. According
to those requirements, nitrogen compounds
concentration in treated wastewater out�ow
into open water bodies should not exceed
the determined rates: Ntotal � 30.0 mg l−1,
ammonium nitrogen (N-NH4) � 5.0 mg l−1, and
nitrite nitrogen (N-NO2) � 0.3 mg l−1.

Ammonium (NH4) entering a water body with
wastewater is dissociated and becomes ammonia

NH3 ↔ NH+
4 .

Ammonium is a particularly toxic chemical
compound. Even small amounts of this element
(0.0125-3.0 mg l−1) contained in water are
cankerous for most species of �sh of cold and warm
waters (Gross et al., 2003).

Intermediate products of ammonium oxidation
process � nitrites (NO2) � are detrimental even
in relatively small concentrations (over 1.0 mg
l−1). For example, lethal N-NO2 concentration
for a rainbow trout (Oncorhynchus mykiss) is 1.8
mg l−1 after 24 hours of retention (Hagopian and
Riley, 1998).

When treating wastewater biologically, during
the ammoni�cation reactions organic nitrogen
Norg decomposes into ammonium, which in the
ambience of oxygen is dissolved into nitrites and
later into nitrates.

In Lithuania, the investigations of biological
treatment of wastewater in constructed wetlands
of di�erent construction were started in 1994,
while in other countries they were started in 1980.
Recently, in Lithuania, vertical �ow constructed
wetlands (VFCW) as well as horizontal �ow
constructed wetlands (HFCW) have become
popular (Strusevi�cien
e and Strusevi�cius, 1994).
Those wastewater treatment technologies are
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less expensive from the investment as well as
exploitation point of view.

Constructed wetlands of subsurface horizontal
�ow (HFCW) have more advantages, because in
this case water is not exposed to the air during
the treatment process, and energy losses during
evaporation and convection are least. Therefore
such �lters are more suitable in winter. As the
results of the studies carried out in Norway show,
e�cient functioning of HFCW does not depend
on the climatic conditions. When wastewater
�ows under the ground surface, the problem of
heat insulation topical in countries of cold climate
is solved more easily. Moreover, �lters with
subsurface �ltration are more attractive from the
aesthetic point of view (Reddy and D'Angelo,
1994).

In HFCW, wastewater from the in�ow zone is
�owing in a horizontal direction through the �lter
body (roots of uliginous plants, rhizomes and soil)
where the wastewater is treated. The functioning
principle of VFCW is similar to that of HFCW,
except that in VFCW wastewater is distributed at
the �lter surface and then �lter through a 0.6-1.0
m thick sand layer vertically downwards into the
collection pipes.

HFCW are widely studied in the whole world.
As it is noted, such �lters are particularly e�cient
in the removal of organic pollutants. Treatment
e�ciency according to BOD7 reaches 80-98%.
Nitrogen and phosphorus removal e�ciency is
40-90% (Vymazal, 2001; Schierup et al., 1990;
Mander and Mauring, 1997; Cooper, 1999; Kadlec
and Knight, 1996).

Biological N removal processes in constructed
wetlands have no signi�cant e�ect on the
environment. During those processes biological
N compounds are transferred into N2 gas.

First, organic N is mineralized and transferred
into ammonium (NH4) during the degradation
processes of invertebrates and microbes. Then
aerobic chemosynthetic nitrifying bacteria use
NH4 as a source of energy and thus produce the
�nal product � nitrates (NO3) (Focht and Chang,
1975). Finally, during the denitri�cation process
(i.e., heterotrophic respiration process), NO3, as
a �nal acceptor of electrons, is transferred into N2

gas.
The main ways of nitrogen removal in

constructed wetlands include the mineralization of
organic N, evaporation of ammonia, assimilation
into the biomass, ammonium absorption into the
�lter background, and nitri�cation-denitri�cation
processes (Reddy and D'Angelo., 1994; Kadlec
and Knight, 1996). Those processes may be
expressed as follows:

Norg ↔ N-NH4 → N-NO3 → NO2 → N2O,
N2 .

ammoni�cation / nitri�cation / denitri�cation
From all those ways, nitri�cation and

denitri�cation in anaerobic-aerobic ambience of
the �lter background are considered as the
principle ways of nitrogen removal (Reddy and
D'Angelo, 1994). Nitrogen removal with the help
of vegetation and biomass or its transformation
into ammonium makes up 1-34% of all removed
Ntotal, while during the denitri�cation up to 60-
95% of all Ntotal are removed (Stengel et al., 1987;
Cooke, 1994).

P.F.Cooper (1999) has distinguished the
following advantages and disadvantages of HFCW
and VFCW systems: HFCW is more suitable
for denitri�cation rather than for nitri�cation
due to restricted oxygen transport abilities,
whereas in VFCW, oxygen transport abilities are
higher therefore nitri�cation processes are more

Table 1
Characteristics of constructed wetlands

Name of
the object

Model of
constructed
wetlands

Study
period

Output of
wastewater
treatment
facilities,
m3 d−1

Area of
constructed
wetlands,
m2

Hydraulic load of
�lters during the
study period,
m d−1 (min-max)
m d−1

Filtration
coe�cient
of
constructed
wetlands,
m d−1

LTD
`Pastog
e'

VFCW 2004 06-
2006 06

4.5 250.0 0.0040�0.0970 35.5±5.9

LTD
`Nikola'

VFCW 2004 08-
2006 06

5.0 300.0 0.0047�0.1000 30.6±6.1

LTD
`Agaras'

HFCW 2004 06-
2006 06

100.0 1600.0 0.0096�0.0700 21.5±4.3
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Table 2
Average and standard deviation of the indices of wastewater before treatment in the �lters

within the study period

Name
of the
object

mg O2 l−1 Indices, mg l−1

BOD7 Suspended
solids (SS)

Ntotal N-NH4 N-NO2 N-NO3 Ptotal

LTD
`Pastog
e'

91.0±26.0 78.0±20.0 93.2±16.7 79.1±14.3 0.029±0.007 0.41±0.09 12.9±4.3

LTD
`Nikola'

151.2±98.2 133.4±67.0 143.0±23.0 129.6±21.0 0.021±0.009 0.32±0.04 15.6±5.1

LTD
`Agaras'

98.6±36.4 104.0±23.0 62.3±26.0 51.0±22.0 0.030±0.010 1.10±0.76 8.9±1.7

intensive.
The objective of the work was to evaluate

the e�ciency of ammonium and nitrite removal
from wastewater when treating it in constructed
wetlands of horizontal and vertical �ow.

Materials and Methods
The material of the studies carried out in

experimental objects `Pastog
e', `Nikola' and LTD
`Agaras' was used in the present research. In
`Pastog
e'and `Nikola', VFCW are arranged, while
LTD `Agaras' has two-stage HFCW. The main
technical data of the experimental objects is
presented in Table 1.

In all the objects wastewater is supplied into
�lters after primary treatment. Average indices
and standard deviation of wastewater in�ow into
the �lters are presented in Table 2.

In all the objects wastewater discharge
by water meter was measured every day,and

wastewater samples were taken once a month.
Laboratory analysis of wastewater was made in
the Chemical Analysis Laboratory of the Water
Management Institute of Lithuanian University
of Agriculture applying the methods certi�ed in
the European Union. Analysis of variance and
regression analysis was used for the mathematical
processing of data

Results and Discussion
Figures 1 and 2 present the �uctuations in

total nitrogen in�ow and out�ow from �lters as
well as the changes in ammonium and nitrite
nitrogen out�ow from �lters in the constructed
wetlands of vertical �ow within the study
period. In LTD `Pastog
e', Ntotal concentration
in wastewater in�ow was �uctuating from 40 to
150 mg l−1, whereas in wastewater out�ow (after
treatment) - from 30 to 110 mg l−1. Average
treatment e�ciency is 24.4%. Ammonium

20
40
60
80

100
120
140
160

2
0

0
4

 0
6

 2
1

2
0

0
4

 0
7

 0
6

2
0

0
4

 0
7

 1
8

2
0

0
4

 0
8

 0
4

2
0

0
4

 0
8

 2
0

2
0

0
4

 0
9

 0
6

2
0

0
4

 1
0

 1
4

2
0

0
4

 1
0

 2
8

2
0

0
4

 1
1

 0
9

2
0

0
4

 1
1

 2
5

2
0

0
4

 1
2

 2
2

2
0

0
5

 0
1

 0
7

2
0

0
5

 0
2

 2
8

2
0

0
5

 0
4

 1
3

2
0

0
5

 0
5

 0
4

2
0

0
5

 0
6

 1
5

2
0

0
5

 0
6

 2
8

2
0

0
5

 0
8

 0
2

2
0

0
5

 0
8

 2
5

2
0

0
5

 0
9

 1
9

2
0

0
5

 1
0

 2
5

2
0

0
5

 1
1

 2
0

2
0

0
5

 1
2

 1
6

2
0

0
6

 0
1

 1
0

2
0

0
6

 0
2

 1
6

2
0

0
6

 0
3

 2
2

2
0

0
6

 0
4

 2
5

2
0

0
6

 0
6

 0
1C

o
n

ce
n

tr
at

io
n

, 
m

g
 l

-1

N total influent  N total effluent

Figure 1. Pollution of wastewater in�ow and out�ow from the constructed wetlands according to total
nitrogen during the study period in LTD `Pastog
e'.
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Figure 2. Pollution of wastewater out�ow from the constructed wetlands according to ammonium and nitrite
nitrogen within the study period in LTD `Pastog
e'.

nitrogen concentration in wastewater out�ow was
�uctuating from 0.1 to 17.5 mg l−1, but nitrite
nitrogen concentration - from 0.01 to 1.15 mg l−1.
The changes an ammonium and nitrite nitrogen
concentrations are of a seasonal nature. During
the warm period of the year (May-October), the
lowest concentrations of those pollutants were
observed: ammonium nitrogen - 0.4-7.5 mg l−1,
and nitrite nitrogen - 0.01-0.15 mg l−1.

During the cold period of the year (November-
April), concentrations of those pollutants were
highest � ammonium nitrogen concentrations were
�uctuating from 4.5 to 17.5 mg l−1, and nitrite
nitrogen concentrations were changing from 0.1 to
1.15 mg l−1. Nitrite nitrogen amount contained
in wastewater after treatment depends on the
season, however, its average amount does not
exceed 0.3 mg l−1.

Similar �uctuations of those pollutants were
observed in wastewater studied in the other object

� LTD `Nikola' (Figs 3 and 4).
The changes in total nitrogen, ammonium

and nitrite nitrogen in LTD `Agaras' are
presented in Figure 5. In this �lter the
e�ect of ambient temperature on N removal was
insigni�cant. Having compared ammonium and
nitrite concentrations in cold and warm periods
of the year, 3-8% di�erences of the average values
of the periods were determined. However, those
di�erences are considered as insigni�cant. In
this object, Ntotal amount in wastewater in�ow
was �uctuating from 30.0 to 98.0 mg l−1, but
in wastewater out�ow (after treatment) it was
changing from 12.0 to 36.0 mg l−1 (average Ntotal

removal e�ciency was 38.1%).
During the whole study period, ammonium

nitrogen concentrations were �uctuating from 2.2
to 18.5 mg l−1, but nitrite nitrogen concentrations
were changing within the range of 0.15 to 1.4 mg
l−1.
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Figure 3. Pollution of wastewater in�ow and out�ow from the constructed wetlands according to total
nitrogen within the study period in LTD `Nikola'.
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Figure 4. Pollution of wastewater out�ow from the constructed wetlands according to ammonium and nitrite
nitrogen within the study period in LTD `Nikola'.

Comparison of ammonium and nitrite nitrogen
concentrations in wastewater after treatment in
both �lters shows that wastewater out�ow from
HFCW contains higher concentrations of those
elements than wastewater out�ow from VFCW,
although Ntotal removal e�ciency is better in
HFCW rather than in VFCW.

Figures 6 and 7 present the dependences of
ammonium amount in wastewater after treatment
in VFCW on the load of �lter according to Ntotal

in warm and cold periods of the year.
As it is seen, maximum allowable

concentration (MAC, 5.0 mg l−1) of N-NH4

contained in wastewater after treatment in the
warm period of the year is observed when �lter
load according to Ntotal is 2.1 g m−2 d−1, while
in the cold period of the year it appears when the
load of all the studied �lters according to Ntotal is

from 0.45 to 3.46 g m−2 d−1. Ammonium amount
does not exceed MAC.

This data shows that if the constructed
wetlands are going to operate only in the warm
period of the year (i.e., in objects of seasonal
activity), then it is not necessary to do the
calculations of �lter parameters according to
ammonium nitrogen removal e�ciency.

Figure 8 presents the dependence of
ammonium nitrogen amount in wastewater after
treatment in HFCW on the �lter load according to
Ntotal. During the study period, the �lter load was
�uctuating from 0.3 to 4.6 g m−2 d−1. When there
is a large number of measurements (n = 48) and
�lter load is di�erent, the functional dependence
obtained by a regression analysis has a rather
high determination coe�cient (R2 = 0.7381). As
it is seen from Figure 8, the increasing �lter load
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Figure 5. Pollution of wastewater in�ow and out�ow from the constructed wetlands according to total
nitrogen and pollution of wastewater out�ow according to N-NH4 and N-NO2 within the study period in

LTD `Agaras'.
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Figure 6. Ammonium nitrogen concentrations in wastewater out�ow from the constructed wetlands of
vertical �ow with respect to the load according to Ntotal during the warm period of the year (05-10 months).

according to Ntotal from 0.25 to 4.6 g m−2 d−1

determines the increasing ammonium nitrogen
(N-NH4) concentration from 6.0 to 32.0 mg l−1in
a treated wastewater. In the Czech Republic and
in Denmark, studies of HFCW (Vymazal, 2002)
showed that Ntotal removal e�ciency is 41.6-
42.9%. However, total nitri�cation here occurs
only when Ntotal load is similar to the results
obtained in the present research.

Thus, when nitrogen mineralization is
performed under anoxic conditions (i.e., when
there is a lack of oxygen) or under anaerobic
conditions, it is possible to reach a high
nitri�cation level and reduce the ammonium
concentration in wastewater out�ow in HFCW

only when �lter load with nitrogen is reduced
(i.e., when �lter area is increased).

Table 3 presents the average pollution of
wastewater out�ow from di�erent �lters within
the study period.

As the generalized study results show, �lters
of both models demonstrate a good removal
e�ciency of organic pollutants. Considering
Ntotal removal e�ciency, HFCW correspond to the
environment protection requirements, however,
compared to HFCW, wastewater out�ow in
VFCW contains less amounts of ammonium and
nitrite nitrogen.
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Figure 7. Ammonium nitrogen concentrations in wastewater out�ow from the constructed wetlands of
vertical �ow with respect to the load according to Ntotal during the cold period of the year (04-11 months).
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Figure 8. Ammonium nitrogen concentrations in wastewater out�ow from the constructed wetlands of
horizontal �ow with respect to the load according to Ntotal.

Table 3
Average and standard deviation of wastewater out�ow indices from di�erent constructed

wetlands

Name
of the
object

BOD7, mg
O2 l−1

Suspended
solids, mg l−1

Ntotal,
mg l−1

N-
NH4,
mg l−1

N-NO2,
mg l−1

N-NO3,
mg l−1

Ptotal,
mg l−1

LTD
`Pastog
e'

6.9±3.8 9.8±4.9 75.3±12.2 2.4±0.6 0.22±0.07 71.4±11.8 6.90±3.10

LTD
`Nikola'

5.8±2.7 8.9±4.2 98.9±14.8 4.7±1.2 0.31±0.09 92.8±16.2 5.60±2.70

LTD
`Agaras'

16.8±8.8 18.4±9.7 26.6±11.8 9.5±3.8 0.46±0.13 12.7±4.6 1.66±0.24

Conclusions
Having compared ammonium and nitrite

nitrogen removal e�ciency from wastewater in
constructed wetlands of two di�erent models
(VFCW and HFCW), it was determined that
larger amounts of Ntotal are removed in HFCW
(38.1%) than in VFCW (24.4%). However,
compared to HFCW, wastewater out�ow in
VFCW contains less amounts of ammonium and
nitrite nitrogen.

In VFCW, ammonium and nitrate nitrogen
removal is of seasonal nature:

• during the warm period of the year (05-
11 months) when �lter load according to
Ntotal is �uctuating from 0.45 to 3.4 m−2

d−1, ammonium nitrogen concentrations in
treated wastewater out�ow were changing
from 0.4 to 7.5 mg l−1, while nitrite nitrogen
concentrations were changing from 0.01 to
0.15 mg l−1;

• during the cold period of the year when
�lter load was �uctuating from 0.65 to 2.6
m−2 d−1, ammonium and nitrite nitrogen
concentrations in wastewater out�ow were
much higher - �uctuating from 4.5 to 17.5
mg l−1 and from 0.1 to 1.15 mg l−1

respectively.

No signi�cant e�ect of the �uctuations
of ambient temperature on the removal of
ammonium and nitrite nitrogen was observed in
HFCW (the di�erence of average values of cold
and warm periods was 3-8%).

A rather reliable relation (R2 = 0.738)
was determined between ammonium nitrogen
concentrations in wastewater out�ow and
in HFCW load according to total nitrogen.
However, ammonium nitrogen amounts in treated
wastewater (when �lter load according to total
nitrogen is 0.3 to 4.6 g m−2 d−1) exceeded the
maximum allowable concentration (MAC) and
were �uctuating from 6 to 32 mg l−1.
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Abstract

The objective of the studies was to evaluate the suitability of sand reed �lter for the treatment of wastewater from
milk collection post and on the basis of the studies performed to determine the minimal length of �ltration path in
order to reach the normative wastewater treatment level.

In 2003, in Padargupiai village (Ariogala municipality, Raseiniai district) experimental treatment facilities for
wastewater from milk collection post were constructed. As the pollution of such wastewater after pre-treatment (primary
treatment) is 2 times higher than that of domestic wastewater, the �ltration path in constructed wetlands was made
2 times longer (up to 10 m long). On the basis of the study results the dependence equations were made, with the
help of which the amounts of the main pollutants contained in wastewater of milk collection posts were calculated,
after the wastewater is �ltered through the sand layer of di�erent length. As calculations have shown, the treatment
of wastewater from milk collection posts until the allowable rates depends on the constructed wetlands with the length
of the �ltration path of 7 m. The removal of organic pollutants, total nitrogen and total phosphorus from wastewater
�owing through such media are 97.2%, 68.7%, and 91% respectively.

The studies performed allowed to improve the calculations of the necessary area of constructed wetlands in order to
reach the normative treatment level of wastewater from milk collection posts according to the index biochemical oxygen
demand (BOD5).

Keywords: constructed wetlands, �ltration path, treatment e�ciency.

Introduction

Large milk processing companies in di�erent
districts of the country create a network of
posts where milk is collected from farmers and
then cooled. In such posts particularly polluted
wastewater is formed, because the possibility
of pollution of such wastewater with milk
biochemical oxygen demand (BOD5) � 100000-
120000 mg O2l−1) is very high. Therefore the
pollution of wastewater from milk collection posts
directly depends on milk losses and used water
amount. Those indices basically depend on the
level of technologies and work culture. As the
experience shows, the largest losses occur due to
o�handed removal of milk from auto-tanks and
refrigerating tanks and reach 0.26 kg of BOD per
ton (Strusevi�cius, 1996). The highest wastewater
pollution with organic pollutants according to
BOD5 was determined to be when washing auto-
tanks where up to 10 l of milk (1565-2130
mg O2l−1) remain; the least pollution with
organic pollutants was observed when washing
the premises and refrigerating tanks (617-826 mg
O2l−1).

In 2001, wastewater pollution investigations
were carried out in three milk collection posts:

Pabaiskas (2.0 t d−1 collected) and Vaivadi�skis
(2.5 t d−1 collected) in Ukmerg
e district, and
Ariogala (120 t d−1 collected) in Raseiniai district.
Wastewater pollution here reached 580, 270, and
1400 mg O2l−1 respectively. The low wastewater
pollution in Vaivadi�skis milk collection post was
observed because a modern milk refrigerator with
automatic washing program is arranged here. In
Ariogala milk collection post, a 5 times higher
wastewater pollution is due to the large number
of washed auto-tanks (30 units). The wastewater
of such high pollution �rst of all is to be
treated by using chemical substances. Currently,
the primary treatment of heavily polluted
wastewater (BOD5 1200-6000 mg O2l−1) from
meat processing companies is performed by the
hydration and carbonization method (Strusevi�cius
and Strusevi�ciene, 2001; Strusevi�cien
e and
Strusevi�cius, 2004; Strusevi�cien
e et al., 2002)
or with the help of coagulant `Zetag 8660'.
The mixture of those substances is also used
for the primary treatment of wastewater from
slaughterhouses (Strusevi�cien
e and Strusevi�cius,
2006). Applying those methods, wastewater from
meat processing companies are treated up to
50%. Therefore those methods were selected for
the primary treatment of wastewater from milk
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processing companies as well.
After clari�cation in the sedimentation tank,

wastewater is further treated biologically in
constructed wetlands. As the studies of the
treatment of domestic wastewater in such �lters
have shown, the wastewater treatment level
corresponds to all the approved requirements.
The length of wastewater �ltration path here
is usually 5 m. Such length is enough
to ensure the removal of 86-96% of organic
matter and 57-89% of biogenic compounds from
domestic wastewater during complex physical
and biological processes. In order to reach
the normative wastewater treatment level, the
reaction constant in calculations is taken to be
0.06 (Strusevi�cien
e et al., 1997).

The objective of the studies was to evaluate
the suitability of sand reed �lter for the treatment
of wastewater from milk collection post and on the
basis of the studies performed to determine the
minimal length of �ltration path in order to reach
the normative wastewater treatment level.

Materials and Methods
The studies were carried out in the treatment

facilities of wastewater from a milk collection
post arranged in Padargupiai village (Ariogala
municipality, Raseiniai district) within the period
of 2003-2005. The technological scheme of the
treatment facilities is presented in Figure 1. The
designed amount of wastewater was 5 m3 d−1, but
later increased up to 12.5 m3 d−1 as a result of the
development of the production. The wastewater
is discharged from the company through two
sewerage collectors into a well-type pump-house,
from which the wastewater is further supplied into
the aeration-�occulation device (useful volume 8
m3) through a pressure line. In the reaction
chamber of the device the wastewater is treated
with chemicals and air mixture. Further it is
supplied into the sedimentation chamber (useful
volume 8 m3). Above the reaction chamber

a dosage device of chemicals is arranged. In
2003-2004, quicklime (Ca O) was supplied into
the reaction chamber for the coagulation of
pollutants (1 kg of quicklime for 1 m3 of
wastewater). In 2005, quicklime was replaced by
the coagulant `Zetag 8660' (4 g of coagulant for
1 m3 of wastewater). Compared to quicklime,
this coagulant has some exploitation advantages:
its dosage is not complicated (dissolved in water
(40 g for 1 l) the coagulant is dripped from
the vessel with a tap into the wastewater), and
thus less amount of sediment are formed in the
sedimentation tank. Wastewater is clari�ed in
the sedimentation tank; as a result, sludge starts
accumulating here. The useful volume of the
sedimentation tank (7.5 m3) is calculated to
contain the amount of sludge accumulated within
a period of 3-4 months with enough space for
�occulus to settle. From the sedimentation tank
the wastewater is supplied into 2 successively
connected sand reed �lters. The size of both
�lters is 200 m2 each. Coarse particle sand was
used for the arrangement of constructed wetlands.
After the treatment in the facilities, wastewater is
discharged into the drainage channel.

Wastewater samples for chemical analysis
were taken once per two months from the
following places: before treatment � from the
pump-house; after pre-treatment in the physical-
chemical treatment device � from the out�ow from
chemical reaction chamber; after clari�cation in
the settler � from the wastewater distribution well
of the �rst sand reed �lter; after 5 m �ltration
through sand media � from the wastewater
distribution well of the second sand reed �lter;
after 10 m �ltration through sand � from the
control well.

Wastewater analysis was made in the
certi�ed Chemical Analysis Laboratory of Water
Management Institute of Lithuanian University
of Agriculture, applying the uni�ed methods
(Uni�kuoti. . . , 1994). The following indices were
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Figure 1. Technological scheme of constructed wetlands: 1 � wastewater pumphouse, 2 � dosing device of
chemical reagent matter; 3 � ejectoric wastewater mixer; 4 � chamber of chemical reaction; 5 � settler; 6 �

the �rst sand reed �lter; 7 � the second sand reed �lter; 8 � control well.
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determined: BOD5, pH, total nitrogen, total
phosphorus, suspended solids, and fat.

Matematical and statistical analysis of test
study results was performed with the help of
standard computer programs. To determine the
interrelations, `Excel' program was used.

An operating time meter of the pump
was arranged in wastewater treatment facilities.
Considering the discharge of the pump, the
amount of wastewater in�ow into the treatment
facilities was calculated.

Results and Discussion
The wastewater forming in milk collection

posts, is particularly heavily polluted. Its
pollution is �uctuating from 369 to 1388 mg
O2l−1 and is changing within a day and not
during separate periods. This depends on the
collected amount of milk and the amount of water
used for washing auto-tanks and refrigerators.
When treating such heavily polluted wastewater
in constructed wetlands, �rst of all the primary
treatment is to be carried out. For this purpose,
chemical treatment method was selected. In
2003-2004, quicklime (Ca O) was supplied into
the reaction chamber for the coagulation of
pollutants. In the milk collection post about
90% of wastewater is formed within the period
of 5 hours, therefore it is important to use
chemical matter that would ensure as short
duration of wastewater treatment process as
possible. Thus, since 2005, quicklime was replaced
by the coagulant `Zetag 8660'. Compared to
quicklime, this coagulant has certain exploitation
advantages: its dosage is not complicated
(dissolved in water it is dripped from the vessel
with a tap into the wastewater), and less amounts
of sediments are formed in the settler. Using this
coagulant, the e�ciency of wastewater treatment,
under laboratory conditions reached 70%. Similar
e�ciency was obtained when using quicklime.
Under the industrial conditions, after the primary
treatment the amount of BOD5 contained in
wastewater decreased by 27.2%, the amount of

suspended solids was reduced by 48.1%, and the
amounts of total nitrogen and total phosphorus
decreased by 15.8% and 27.0% respectively.
This depended on the air temperature regime,
sometimes - on inexact dosage of chemicals; too
small space of the reaction chamber for 2.5 times
increased the amount of wastewater, and the
capacity of sedimentation tank.

The main pollution indices of wastewater
forming in the treatment facilities and pre-
treated with chemical substances (minimal value
� maximum value / average value) are presented
in Table 1.

As wastewater of milk collection posts is
heavily polluted (BOD5 is up to 1400 mg l−1),
a two-stage sand reed �lter was constructed in
the second stage of the treatment process. The
studies have shown that sand reed �lters are
quite suitable for the treatment of such kind of
wastewater. Wastewater treatment in such �lters
is good just after the arrangement of the �lters:
according to BOD5, wastewater out�ow contained
24.3 mg O2l−1 of organic pollutants, 2.4 mg l−1

of total nitrogen, 0.2 mg l−1 of total phosphorus.
After the primary treatment, wastewater from
milk collection post is still twice as much polluted
as domestic wastewater. For the treatment of
such wastewater, sand reed �lters were used for
the �rst time in Lithuania. Due to the lack
of experience, the length of the �ltration path
was selected to be 10 m. As the investigation
results have shown, 5-m long �ltration through
sand is insu�cient for wastewater treatment until
the allowable rates, although even 88.5% of
organic pollutants are removed. Nevertheless, in
most cases the pollution of wastewater does not
satisfy the environment protection requirements
(average pollution according to BOD5 is 60
mg O2l−1), wastewater is of blackish color and
becomes clear only after certain period of time.
When the �ltration path is 10 m, wastewater
according to BOD5 is treated to 4 mg O2l−1,
and even the highest pollution of wastewater
out�ow reaches only 10 mg O2l−1. The removal
of biogenic pollutants from wastewater is also

Table 1
The main chemical indices of wastewater from milk collection post (mg l−1)

Studied wastewater BOD5 pH Ntotal Ptotal SS Fat
Before treatment 369�1388 6.0�7.6 17.7�82.0 3.7�11.0 291�944 176�364

821 6.9 38.0 6.3 534 252
After primary
treatment

103�926 6.4�10.7 6.6�58.0 0.6�9.1 103�496 76�184
521 7.5 32.0 4.6 277 178
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Figure 2. Dependence of the removal of organic pollutants on the length of �ltration path (p < 0.05).

good in constructed wetlands: the amounts of
total nitrogen and total phosphorus decreased
by 82% and 97% respectively. Total nitrogen
amount contained in wastewater out�ow from the
�rst sand reed �lter never exceeded the allowable
rate, while its concentration in wastewater out�ow
from the second �lter reached 12.8 mg l−1.
The �ltration path may be reduced so that
the pollution of wastewater out�ow would be
close to the allowable rate but would not
exceed it. Shorter �ltration path would ensure
lower expenses on the construction of wastewater
treatment facilities. In order to calculate the
pollution of wastewater at any point of the
�ltration path, the dependence of the removal of

the main pollutants on the length of �ltration path
was evaluated (Figs. 2 - 5).

With the help of the dependence equations
obtained, the amounts of the main pollutants
contained in wastewater of milk collection posts
after �ltration through the sand layer of di�erent
length was calculated. Calculation results are
presented in Table 2.

As it is seen in Table 2, a 10 m long
�ltration path is not necessary for wastewater pre-
treatment until the allowable rate. In order to
reach the normative wastewater treatment, the
length of the �ltration path may be reduced to
7 m. In such constructed wetlands, the average
treatment level according to BOD5 would be
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Figure 3. Dependence of the removal of total nitrogen on the length of �ltration path (p < 0.05).
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Figure 4. Dependence of the removal of total phosphorus on the length of �ltration path (p < 0.05).

18 mg O2l−1, treatment e�ciency would reach
97.2%, and the removal of total nitrogen and
total phosphorus would be 68.7% and 91.0%
respectively. The amount of suspended solids
would still exceed the allowable rate by 7.4 mg
l−1. During further investigations in 2006, it was
observed that using the coagulant `Zetag 8660' the
average amount of suspended solids contained in
wastewater out�ow from the �lter decreased by
56.5% and reached 10.0 mg l−1. Therefore having
reduced the length of the �lter to 7 m, there is no
danger for the amount of suspended solids to be
exceeded.

To ensure normal wastewater treatment in
constructed wetlands, its active reaction is

particularly of great importance. Optimal
medium for biological processes is when pH
of wastewater reaches 7-8. When quicklime
was used for wastewater pre-treatment (primary
treatment), there were certain dosage problems,
therefore with the �uctuations of quicklime
amount its pH was changing from 6.8 to 10.7.
When the alkalinity of wastewater is so high, even
nitrate bacteria are inanimate.

When using the coagulant `Zetag 8660', pH
of wastewater after �ltration through a 5-m deep
sand layer is 7.4, but through a 10-m deep sand
layer - 7.6. No stronger in�uence of the reduced
length of sand reed �lter to 7 m on the active
reaction was observed, because the active reaction
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Figure 5. Dependence of the removal of suspended solids on the length of �ltration path.
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Table 2
Puri�cation level of wastewater in milk collection post in respect of the length of �ltration

path

Index,
mg l−1

Length of �ltration path, m
0 1 2 3 4 5 6 7 8 9 10

BOD5 632 381 229 138 83 60 30 18 11 7 4
Ntotal 35.1 29.8 25.2 21.3 18.1 15.3 13.0 11.0 9.3 7.9 6.7
Ptotal 8.18 5.80 4.12 2.92 2.08 1.47 1.05 0.74 0.53 0.37 0.27
SS 177.9 142.3 113.9 90.8 73.0 58.2 46.6 37.4 29.7 23.8 19.0

is optimal.
The necessary area of constructed wetlands

for the treatment of domestic wastewater is
calculated by the following formula in respect of
BOD5 (Strusevi�cien
e et al., 1997):

A =
Q(lnC0 − ln Cv)

Kr
(1)

where
A � necessary surface area of the �lter, m2;
Q � wastewater discharge, m3 d−1;
C0 � BOD7 of wastewater in�ow, mg l−1;
Cv � normative BOD7 after the treatment,
mg l−1;
Kr � reaction constant.
When calculating the area of the �lter, the

reaction constant of domestic wastewater is taken
to be 0.06. As the investigations have shown, it is
impossible to use this constant for the calculation
of the area of constructed wetlands where the
treatment of wastewater from milk collection post
is performed. The calculated area of constructed
wetlands was obtained to be larger than the
needed one (the calculated - 400 m2, the necessary
- 280 m2). According to the experimental sand
reed �lter, it was calculated that Kr = 0.12.

Considering that the pollution of pre-treated
wastewater is reduced by one third, the areas
of sand reed �lters in respect of the wastewater
discharge and its pollution with organic pollutants
according to BOD5 was calculated with the help
of formula 1. The calculation results are presented
in Table 3.

Under the laboratory conditions, the e�ciency
of primary wastewater treatment is much higher.
However, milk collection posts are located in rural
territories and, as the long-term experience has
shown, the equipment is operated insu�ciently.
Therefore, in calculations, the pollution according
to BOD5 was taken to be reduced by one third
within the �rst stage of treatment process.

As it is seen in Table 3, the constructed
wetlands used for the treatment of wastewater
from milk collection posts require larger areas of
land. However, as it was mentioned above, such
milk collection posts are located in rural areas
where the land is not expensive. The expansion of
such posts is promoted by positive characteristics
(e.g., simplicity of the operation) and local
materials used for construction. Such posts fully
meet the hygienic and environment protection
requirements, therefore the perspectives of the

Table 3
Dependence of the area of sand reed �lter (m2) on the discharge and pollution of wastewater

of the milk collection post according to BOD5

BOD5 of
wastewater,
mg O2l−1

Wastewater discharge, m3 d−1

1 2 3 4 5 6 7 8 9 10 11 12
1000 27.3 54.6 82.0 109.3 136.6 164.0 191.3 218.6 246.0 273.3 300.6 328.0
900 26.4 52.8 79.2 105.6 132.0 158.5 184.9 211.3 237.8 264.2 290.6 317.0
800 25.5 51.0 76.5 102.0 127.5 153.0 178.5 204.0 229.5 255.0 280.5 306.0
700 24.3 48.6 72.8 97.2 121.4 145.8 170.0 194.3 218.6 242.6 267.2 291.5
600 23.1 46.2 69.2 92.3 115.4 138.5 161.6 184.6 207.7 230.1 253.9 277.0
500 21.4 42.8 64.2 85.6 107.1 128.5 150.0 171.3 192.8 213.8 235.6 257.0
400 19.8 39.5 59.3 79.0 98.8 118.5 138.3 158.0 177.8 197.5 217.3 237.0
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usage of such constructed wetlands are promising.

Conclusions
1. Treatment of wastewater from milk

collection posts until the allowable rates
is ensured by the constructed wetlands, the
length of the �ltration path of which is 7
m. After the �ltration through such sand

medium, wastewater is released of 97.2% of
organic pollutants, 68.7% of total nitrogen,
and 91.0% of total phosphorus.

2. When calculating the necessary area of the
constructed wetlands needed to reach the
normative treatment level of wastewater
from milk collection posts according to
BOD5, the reaction constant is to be equal
to 0.12.
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Abstract

Basing on the economic, ecological and social points of view, the polder systems in the Nemunas lowland are
considered as unique, requiring a great deal of annual state subsidies. According to the land-improvement programme,
during the period of 2006-2008, Lithuanian polder system are planned to be yearly granted 2.15 million euros from the
State budget, whereas the local administration of Silute district, which is exploiting the polders of the Lower Nemunas
- more than half of the sum (63%).

The article includes the analysis of exploitation expenses and statistical estimation of the Lower Nemunas' polders
during the period of 1996-2006 as well as the investigation of the funds distribution on routine repairs, reconstruction
and maintenance work. The average annual expenses on the pump stations, dikes, ditches and roads during the research
period were determined. The analysis of the previous decade's expenses shows that the statistical average of the
expenditure on the polder systems of Silute district amounts to 0.68±0.13 million euros a year. The yearly renovation
of polders depreciation should be obviously awarded a grant of the amount not less than 0.72 million euros.

Keywords: polder systems, maintenance expenses, state subsidies.

Introduction
Rehabilitation of the inherited polder systems

and their employment for the future needs
have proved to be one of the main goals of
European countries around the region of the
Baltic Sea. In Dutch where more than 2500 km
of dikes have been constructed to protect the
polders against �oods, a maintenance decision
model has been developed for the optimization
of the cost�optimal dike repairs (Speijker et
al., 2000). Van Overloop (2006) analyzed the
water management peculiarities of polders in
the Netherlands and presented a control method
to avoid drainage problems. Since 1996, the
experts from Lithuania and Germany had been
cooperatively working on the development of a
sustainable rehabilitation concept for the polder
systems on the rivers Older and Nemunas (Quast
and Lukianas, 1999). They concluded that the
future agricultural employment of the polders
requires special socio-economic conceptions based
on practice and scienti�cally proved rehabilitation
solutions.

In Lithuania, polder systems cover the area
of 50972 ha. At the beginning of the year of
2005, Lithuanian's separate areas were protected
from the �ooding during the periods of �oods by
the 464.37 km of dikes. A total of 94 drainage
pump stations are constantly in operation in
order to remove the water out of them. Those
sorts of constructions have already depreciated

approximately by 50% (the dikes � by 47%, the
pump stations � by 54%) and have lost around
half of the balance value. At the moment their
residual value amounts to 9.2 million euros.

Approximately 82% of the polders are
concentrated in the Lower Nemunas. There have
been constructed two types of polder systems
(summer polders and winter ones). The dikes
of the length of 302 km protect the total area
of 42 000 ha. The winter polders are employed
to protect settlements and cultivated areas from
�ooding throughout the area of 10.6 thousand ha.
The summer polders are usually over�owed during
the time of spring �oods. The �ooded area varies
from 30 to 55 thousand ha according to the �ood
intensity. In the springtime after the snow melt
the �ood runo� lasts approximately 30 days.

During the soviet period, the summer
polders provided the development of an intensive
industrial production of vitamin grass �our. After
regaining its independence, Lithuania undertook
the privatization of its lands. The polder land
employment under the new farming conditions is
gradually changing due to the reduced demand for
fodder. The degradation of the polder systems
in the Nemunas delta has resulted in a decreased
intensity of the draining (the major part of the
automatized pump stations was damaged, and the
repairs of the pump stations, dikes and electricity
intake have faced the shortage in payment).
Progressively, denaturalization of summer polder
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landscape started and the areas of the meadows
were reconverted into swamps (Mali�sauskas and
Morkunas, 2004). However, the �ooded meadows
have been a valuable sort of the semi�natural
landscape that is expected to have been retained,
leastwise in some summer polders. Therefore, the
vision of water resources for the year of 2025,
has intended to withdraw the part of summer
polder systems from the agricultural practice
(Rekomendacijos. . . , 2000).

The intensity of alterations in farming has
been negligible in the winter polders during the
last decade. Despite the holdings of arable lands
are small (1-1.5 ha), the process of the land
privatisation has been rapid here. The winter
polders employment has been comparatively
intensive. Therefore water-operating conditions
must be applied not only to the needs of the
grassland but to any sort of the plants under
the cultivation. In such case, water operating
conditions control is conditioned by the changes in
farming and land tenure (Ju�skauskas and Balodis,
1999; Ascila et al., 2001).

In the year of 1992, most of the polders were
integrated into the Nemunas Delta Regional Park,
some areas being attributed to the territories of
`Nature 2000'. A. Dumbrauskas and P. Punys
(1999) proposed that water regime control in those
areas should be coordinated with the demands
of the parks � the di�erent kinds of biotops
necessary for the environment might be protected
and developed under the conditions of water
meadows with the possibilities of limited usage.

Intensive agricultural activities in the polder
systems stimulate the sedimentation and pollution
processes in Curonian Lagoon. A.P. Mali�sauskas
(2000) determined that the loads of nitrogen and
phosphorus from the polders reach 5-12 and 0.5-
1.0 kg ha−1 respectively. Therefore the attention
to ecology and environment requirements must
be concentrated. Thus the ecological and
environmental requirements should be awarded a
far greater attention.

The implementation and maintenance of the
polder systems are rather expensive. Although
the land in the polders is owned or leased to
private farmers, cooperatives or agro-�rms, its
structures (the dikes, pump stations, and drainage
systems) are lawfully considered to be included in
the possession of the State. Irrespective of the
land usage, the repairs of the damages caused
by �oods are yearly �nanced by the State funds.
In spite of the constant increase of the budget
subsidies of special purposive assignation for
the polder exploitation, their stable functioning

cannot be ensured. Besides that, the absence of
the scienti�cally based distribution of means has
been noticed. At the moment the �nancing of the
polder systems exploitation on the contrary to the
�nancing of the land-improvement works is not
based on the function dependence on the residual
value of the constructions under their exploitation
(�Saulys and Bastien
e, 2004). The amount of
the polder subsidies is decided by some other
accidental factors. Such practice is considered
to be economically ine�cient. Therefore it is
important to determine the ways for the decrease
of the expenses on the polders drainage. In
order to optimize the exploitation of the land and
nature in the Nemunas delta as well as to save up
the limited energetic and �nancial resources, the
new standards of the exploitation of the polders
systems are necessarily to be prepared.

The main aim of those investigations includes
the analysis of the exploitation expenses on
the polders during the last decade and the
determination of the optimal needs of the means
to support stable conditions of the hydrotechnical
constructions of polders.

Materials and Methods
The area of the Lower Nemunas, constantly

su�ering from the regular river �oods, is provided
with a wide scale system of the summer and winter
polders (Fig. 1). The great part of these areas
is protected from the summer and autumn �oods
and only a minor part, including settlements
(for example, Rusne) and other constructions
or arable land, is under a constant protection
all year round. Most polders were constructed
in the years 1960-1971. The winter polder of
Uostadvaris constructed in 1907 and the summer
polder of the Sysa built in 1912 are considered
undoubtedly as out-of-date. The most out-of-
date polders, which were constructed during the
prewar period, include the summer polders of the
Pakalne, Minija, and Stankiskes. Some out-of-
date polders have been under repairs twice. The
last reconstruction of the year 1986 involved the
summer polder of the Vorusne.

The water-polder area di�ers from some tens
to some thousands of hectares. The calculation
reveals that the water-area of Silute district
amounts to over 25 thousand hectares. The Alka
(4887 ha), Verze (3625 ha), and Sysa (3095 ha)
summer polders are considered as the greatest
according with the water-area of the river basin.
The areas of the winter polders are far smaller,
including Uostadvaris (35 ha) and Vorusne (40
ha) polders as the smallest ones. The total
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length of all polder dikes amount to 213.5 km
(183.5 km of summer polders and 30 km of
winter polders). The Alka summer polder (27.6
km) and the Rusne winter polder (13.1 km) are
undoubtedly considered to be the longest. Some
dikes are only 2-3 km long, for example, the
winter polders of Uostadvaris and Vorusne. Each
polder is supplied by a corresponding network
of ditch approaches and local roads. The Alka
summer polder, which occupies the greatest area,
is supplied by four e�ective pump stations. Three
pump stations are under exploitation in the
Ruguliai winter polder. As the pump stations
have been under exploitation for many years, their
mechanisms have been depreciated. They should
be replaced by newer according to the advanced
appreciation of the farming level and all economic
and ecological aspects.

Grassland and pastures predominate in the
polders of the Lower Nemunas. They include
84% of the total 24 232 ha area. The arable
land covers 7%, but swamps include only 0.7%
of the total area (Fig. 2). The Alka summer
polders include the most share of the farming
land - even 3327 ha as well as the greatest
part of the arable land � 459 ha. The Rusne

winter polders cover a su�ciently great share
(third part of the total area) of the arable land.
The winter polders of the Rusne, Vorusne, and
Uostadvaris include the relatively greater amount
of arable land than meadows, and the winter
polder of Ruguliai does not have arable land at all.
Grassland and pastures (88.5%) dominate in the
summer polders, and arable land covers only the
6% of the total area. The investigation includes
the period of 1996-2006. The expenses on the
exploitation of the Lower Nemunas polders have
been calculated according to the statements and
estimates of the ful�lled works of the joint-stock
company `Silute polders'. The article includes the
data of the Ministry of Agriculture of Lithuania
and the Department of the infrastructure, land
reclamation and cooperation. The reliability of
the results was determined by processing them
using mathematical-statistical methods, using the
MS Excel 2000 Data Analysis Tool Pack. The
mean of expenses was calculated at signi�cant
level P = 0.05.

Results and Discussion
For the purpose of the polder maintenance,

a joint-stock company `Silute polders' has been
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Figure 1. The location of polders in the Nemunas Lowland.
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Figure 2. Distribution of the land usage in Silute polders.

established. The polder area covers 30 thousand
ha and is under the service of the joint-stock
company. It maintains 38 pump stations.

During the last decade (1996-2006), the joint-
stock company `Silute polders' maintained the
polder systems and concluded labour contracts for
7.5 million euros. The average annual expenses
reach 678±134 thousand euros (the relative error
of the means � 10%), varying from 345 to 1150
thousand euros depending on particular years
(the coe�cient of the variation � 34%). The
analysis of the expenses change (Fig. 3) shows
that during the period from 1996 to 1999, the
expenses were gradually decreasing. In 2000 after
the administrative redistribution of Lithuania's
territory, the local administration of Pagegiai
separated from the Silute district and took some
part of the polder systems (Plaskiai, Silgaliai, and
Nausedai- Plausvariai summer polders covering
area of 5639 ha) at its own disposal. Some part of
the �nancing has been redistributed as well and
granted for the local administration of Pagegiai.
Thus, in 2000, the State subsidies for the polder

exploitation in Silute district were decreased to
440 thousand euros, and in 2001 the district was
granted only 345 thousand euros or on average
10.9 euros ha−1. But the technical conditions of
the polder implementation under such �nancing
started rapidly to worsen. The granted funds
were not su�cient to maintain the stability of the
functioning or at least to renovate its depreciation.
Thus, the State increased �nancing for Silute
district once again and in 2003 its amount reached
the sum of the year 1999, i.e., 678 thousand euros.
In 2006, the total expenses of the exploitation of
the polder systems increased to a very high level
� up to 1.15 million euros. Thus, one hectare of
the draining land requires about 36.4 euros.

The diagram of the percentage expenses
distribution for various kinds of work in
polder systems (Fig. 4) shows, that the
repairs, reconstruction and maintenance of the
pump stations demand the most share of the
means (42%), the repairs, reconstruction and
maintenance of the dikes require the third share
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Figure 3. Dynamics of the means allocated for out the maintenance of the polders in Silute municipality
during 1996-2006.
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Figure 4. Common distribution of the �nancial allocation for `Silute polders' in 1992-2006.

of the means (31%), the repairs of the ditches and
their equipment need the �fth share of the funds
(21%), and only 6% are spent on the repairs of the
local roads and approaches to the pump stations.

Pump stations. During the last decade, for
the maintenance of the pump stations operation
(repairs, reconstruction and maintenance 262-390
thousand euros were granted, i.e., the average
annual expenses reached 326±64 thousand euros.
The statistical estimation shows that the
calculated average of the expenses on the pump
stations exploitation proves to be su�ciently
exact (the data variation � 33%, the relative error
of the mean � 10%). During the investigation
period the pump stations were granted on average
42% of annual funds' of the sum: the least in 1999
� 29%, the most in 2003 � 76%.

Dikes. The repairs, reconstruction and
maintenance of the dikes annually need about
239±88 thousand euros (the error of the mean
� 18%), when includes the third part of the
annual sum granted for polder funds. Due
to the equally great data variation (59%), the
con�dence interval of the expenses average at
the 95% con�dence level proves to be rather

extensive, which means that the range on of the
�uctuations of the dike exploitation expenses vary
greatly throughout separate years (from 151 to
327 thousand euros). The dike repairs require the
most share of the means (approximately 64%),
reconstruction - about 20%, whereas the dike
maintenance (mowing down of vegetation) are
yearly provided 10�33% of the means (the average
� 26%).

Fig. 5 presents statistical estimation of annual
expenses on the maintenance of pump stations,
dikes, ditches and local roads.

Ditches. The repairs of the polder ditches
and their equipment were granted from 33 to 275
thousand euros a year. Excluding the data of
the year 2002 because of its su�cient separation
from the total data range, the calculated expenses
on average amounted to 157±57 thousand euros.
Statistically it is purposeful to exclude the
two periods of the polder ditches exploitation.
According to the data, during the period from
1996 to 1999, the ditches were supplied with the
means 2.7 times more than during the later years
- 2000�2006 (accordingly 251 and 94 thousand
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Figure 5. Average annual expenses and its variation during 1996-2006.
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euros), which includes 32 and 16 percents of the
annual expenses.

Roads. The funds, required for the repairs of
the approaches to the pump stations and local
polder roads, varied from 3 to 113 thousand
euros. Due to an exceptionally great expenses
variation (81%), the calculated average (42±22
thousand euros) proves to include a su�ciently
great (24%) error of calculation. The road repairs
were granted approximately 6% of the total means
amount.

The State audit report on the State budget
means, spent on the land-improvement in the
year 2005, indicates that the planning of the
budget funds' needs for the land-improvement
and the funds distribution in the State capital
investment programme didn't ensure an e�ective
funds employment. For that reason the State
control of the Republic of Lithuania applied to
the Ministry of Finance with a suggestion to
look through the �nancing order of the land-
improvement work (during the preparations for
the rati�cation of the State budget and the
�nancial rates of the local administration budgets
in the year 2006) to insure a proper funds planning
and their distribution according to the needs of
the land-improvement work and the requirements
of the Investment Law.

The land reclamation programme for the
period of 2006�2008 is granting the funds for
the exploitation, repairs and reconstruction of the
land reclamation structures, in which the polder

funds are excluded into a separate line.
The land reclamation programme provides

the polder systems with 2.15 million euros a
year. In spite of that, the funds are going
to be redistributed for separate kinds of works
during the next two years. The means for
the maintenance of pump stations (in connection
with the increase of energy prices) are going to
be increased by 16%, and the total means for
the repairs and reconstruction are going to be
accordingly less by 30% and 67%. But, in fact,
due to the smaller number of the pump stations
under repair and reconstruction, the recalculated
means for one unit will be the same. Analogically,
the total means for the repairs and reconstruction
of the dikes are going to increase by 42% and 54%,
but calculating per 1 km of the dikes, the means
for the repairs will even be less, whereas the means
the reconstruction will increase by 19%.

The expenses analysis in Silute district reveals
that the statistical average of the expenses on the
polder systems amounts to 679 thousand euros a
year. The equal division of the average expenses
on the total number of stations (326 thousand
euros) by all the pump station units on the
operation (38 units) concludes that on average
8.6 thousand euros: a year are provided for a
pump station. Due to some kind of an error of
the calculation of the average being involved, it
may change around the limits of 7�10 thousand
euros. The calculation of the division of the
average of expenses on the dike exploitation (239

Table 1
The State subsidies provided for the maintenance, repairs and reconstruction of the polder

systems in 2006 � 2008

Maintenance
Years Pump stations Dikes

number budget,
thousand
euros

thousand
euros per
unit

length,
km

budget,
thousand
euros

thousand
euros per km
a year

2006 94 740 7.9 378 128 0.3
2007 94 857 9.1 378 128 0.3
2008 94 857 9.1 378 128 0.3

Repair
2006 33 219 6.6 9.2 369 40.1
2007 10 67 6.7 14.0 522 37.3
2008 10 67 6.7 14.0 522 37.3

Reconstruction
2006 3 565 188 1.55 132 85.3
2007 2 377 188 2.00 203 101.4
2008 2 377 188 2.00 203 101.4
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Table 2
Depreciation of the main hydrotechnical structures in polder systems in Silute district

Hydrotechnical Unit Number Balance Depreciation, Residual Yearly depreciation
structures value, euros % value, euros % euros
Dikes km 221.7 6754033 46.5 3613408 1.57 106038
Pump
stations

unit 38.0 4214983 49.3 2136997 2.35 99052

Ditches km 988.3 4485013 82.4 789362 2.67 119750
Culverts unit 922.0 1520610 67.9 488116 3.08 46835
Sluices unit 35.0 472186 64.8 166210 3.08 14543
Bridges unit 33.0 362727 46.7 193333 1.18 4280

thousand euros) by the total dike length (213.5
km) shows that the dikes are allocated for about
1.1 thousand euros per km a year. This average
may �uctuate from 0.7 to 1.5 thousand euros per
km a year. Correspondingly, the total average
of the expenses (159 euros per km a year) is
calculated after dividing the expenses on the
ditches (157 thousand euros) by the total length
of ditches (988.3 km) (the average may �uctuate
from 100 to 217 euros per km a year. The fact is
that the exploitation of the polder roads requires
from 46 to 145 euros per km a year and the average
reaches 97 euros per km a year.

To secure a stable functioning of the polder
systems, they should be granted at least the
minor amount of the funds required for the
reconstruction of the annual depreciation. The
data in Table 2 includes the depreciation and
residual value of the main polder systems
elements.

The calculation reveals that the equipment
of the polder systems depreciates on average by
390.5 thousand euros a year. The addition of
the annual exploitation expenses in the area of
14254 ha to this amount concludes that the local
administration of Silute should award a grant for
the polder exploitation containing the sum not less
than 721 thousand euros.

The �nancing of polder exploitation must be
based on the market economy principles and valid
not so much by social as by the economic necessity.
In this case not only the state but also the local
administration and entities, which use the polders
of the Lower Nemunas, must take some additional
engagements upon themselves as well.

The funds must be di�erentiated not only

according to the area of the polders and their
equipment but to the social and economic needs
as well. It is namely a district local administration
that is responsible for the determination and
legalization of the funds redistribution priorities.

Conclusions
1. Throughout the last decade (1996�2006)

the exploitation of the polder systems in
the local administration of Silute district
shows that the joint-stock company `Silute
polders' had completed a 7.46 million euros
worth. The average annual expenses during
this period amount to 579±138 thousand
euros. The repairs, reconstruction and
maintenance of the pump stations need the
most share of the funds (42%), the repairs,
reconstruction and maintenance of the dikes
need the third part of the means (31%), the
�fth part (21%) are spent on the repairs of
the ditches and their equipment, and only
6% are necessary for the repairs of local
roads and approaches to the pump stations.

2. The analysis of the expenses in the local
administration of Silute district reveals that
the statistical average of the exploitation
expenses on the polder systems (679
thousand euros a year) is less than that to be
provided for annual renovation of equipment
depreciation, i.e., 721 thousand euros a year.

3. Due to optimization of the exploitation of
the lands and nature in the Nemunas delta,
the polder funds should be di�erentiated not
only according to the area of the polders and
their equipment but to the social, economic
and ecological needs as well.
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Abstract

The objective of the present studies has been to estimate wastewater treatment e�ciency of surface-�ow wetlands
for �nishing treatment of secondary e�uent. The studies have been carried out within the reconstructed wastewater
treatment facilities in Babenai (Kedainiai district, Lithuania), where, after the initial wastewater treatment in the septic
tanks and biological ponds, a plant �lter has been set for �nishing the wastewater treatment. The removal e�ciency of
the main pollutants in the �lter like BOD5, suspended solids, total N (nitrogen), and total P (phosphorus) has become
the focus of the analysis as well. Wastewater treatment e�ciency analysis was done on base measurements taken in all
seasons of the year within the period 2003-2006

Surface-�ow wetlands are characterised by good removal e�ciency of the organic pollutants. At the average load
of the examined plant �lter - 0.9 mg O2 l−1 BOD5 (biochemical oxygen demand), the removal e�ciency reached up
to 61.2%. Low winter temperatures reduce the rate of removal for BOD and the biological reactions responsible for
nitri�cation and denitri�cation. During the warm period of the year, the treatment e�ciency of BOD5 was 70.8%, and
during the cold one � 52.4%. However, the total N constituted up to 16.7% and 9.7% respectively. Due to the anoxic
and anaerobic conditions in the �lter, wastewater after the treatment on average contains 66.0% of ammonium nitrogen
of the total N concentration. After a year, with the growth of plants the phosphorus removal e�ciency improved and
at the average load of the examined plant �lter according to P 0.063 g m−2 d−1, on average 0.018 g m−2 d−1 of the
total P was removed, i.e., the removal e�ciency constituted 28.6%.

Keywords: wastewater treatment, constructed wetlands, surface-�ow wetlands.

Introduction
Constructed wetlands are considered as one

of wastewater treatment methods containing
plant and soil �lters. A plant-soil �lter is a
certain type of wastewater treatment facilities
ensuring optimal conditions for natural self -
puri�cation processes of wastewater to occur.
Constructed wetlands may be designed as surface-
�ow wetlands (SFW). They are also known as free-
water surface wetlands or plant �lters.

In surface-�ow wetlands the wastewater is
directly `exposed' to atmosphere. Certain �lters
contain a �ltration body (plant roots + soil) with
an isolated bottom for the protection of subsurface
water from pollution. The principal �lter scheme

is presented in Figure 1.
Surface-�ow wetlands often include a pre-

settling basin and a number of compartments
with a shallow water layer (0.2�0.4 m) planted
up with helophytes such as Phragmites, Typha
or Scirpus spp. (Verhoeven and Meuleman,
1999). In the USA and other countries, SFW
�lters are usually used in secondary and tertiary
wastewater treatment stages. They may also be
used for the treatment of surface runo� water from
agricultural land areas (Koskiaho, 2003).

On the basis of experience in the USA,
it has been established that the puri�cation
e�ciency of surface-�ow wetlands is high for COD
(chemical oxygen demand) and BOD (90%), but
substantially lower for N and P (10�15%) (Kadlec

 

Figure 1. Principal scheme of surface-�ow wetlands.
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and Knight, 1996). P.S.Burgoon et al., 1999
has studied the treatment of potato processing
wastewater and has determined that in surface-
�ow wetland 10-20% of NH4-N was removed.
However, there are some data indicating much
higher treatment e�ciency. In the N-data from
17 constructed surface-�ow wetlands in the North
American Database (Knight et al., 1992), the
average N removal e�ciency was 49.9% of the
total Kjeldahl N and 33.9% for NH4.

Bachand and Horne (2000) speci�es that
such systems are distinct for particularly high
N removal e�ciency that depends on the type
of vegetation and air temperature. Swedish
researchers also indicate the impact of air
temperature (Kallner and Wittgren, 2001).
In South Sweden, surface-�ow wetlands have
been built to treat wastewater from municipal
wastewater treatment plants. Commonly,
nitrogen removal has been the prime aim, though
a signi�cant removal of total P and BOD7

has been observed. The wetlands performed
satisfactorily and removed 0.7-1.5 tons of N ha−1

yr−1 with loads between 1.7 and 6.3 tons of N
ha−1 yr−1. P removal varied between 10 and 41
kg ha−1 yr−1, and was related to di�erences in
loads (Andersson et al., 2005).

In Lithuania, wastewater treatment in surface-
�ow wetlands was performed by A.Balevi�cius
(2002). His studies were mostly focused on
the development of biocenosis. Strusevi�cien
e
and Strusevi�cius (1994) has also investigated the
application of such �lters for the treatment of
polluted surface water.

The objective of the studies was to estimate
wastewater treatment e�ciency of surface-�ow
wetlands for �nishing treatment of secondary
e�uent.

Materials and Methods
For surface-�ow wetland, the investigation

object included the Babenai wastewater
treatment facilities (Kedainiai town) that
have been re-constructed from the aeration
wastewater treatment plant into the natural one.

Technological scheme of wastewater treatment
facilities after reconstruction is presented in
Figure 2.

After the reconstruction, wastewater gets
into the aero tank reconstructed into a septic
tank. Further wastewater is �owing through
two concrete-laid ponds. A plant �lter (SFW)
has been arranged for the �nishing wastewater
treatment. The �lter was set in 2003; currently
it is completely overgrown with common cattail
(Typha latifolia). The length of the �lter is 45 m,
the width is 15 m. Water depth in the �lter
may be regulated from 0.1 to 0.8 m. Water
depth is maintained to be at the depth of 10
cm in the warm period of the year and at the
depth of 50 cm in winter. Due to the entrance
of surplus water into the wastewater network,
its discharge is �uctuating from 10 to 90 m3

d−1. The in�ow and e�uent water samples were
taken every 2-4 weeks in di�erent study periods
(2003-2006). The water discharge was measured
at the same time as well. Laboratory analysis
was done considering standard Lithuanian
methodologies that completely meet EU
standards (Uni�kuoti. . . 1994). Regression
and analysis of variance were used for the
mathematical processing of 34 measurements.

Results and Discussion
The indices of wastewater supplied into the

�lters after the primary treatment in septic tank
and biological ponds are presented in Table 1.

Correlation analysis of the study data has been
done in order to determine BOD5 concentration in
the e�uent with respect to the load of the �lter.
The dependences obtained are shown in Figure
3. Considering the given equation, possible load
of the �lter has been calculated in order to reach
the normative treatment level of 25.0 mg O2 l−1

according to BOD5 in treatment facilities up to
2000 people equivalents (Nuoteku� . . . , 2006). In
this case the possible load of the �lter should not
exceed 3.1 mg O2 l−1 according to BOD5.

The average load of the �lter according to
BOD5 was 0.9 g m−2 d−1. Having this kind

Pump
station

Septic tank
Biological pond Biological pond Surface-flow wetland

      (plant filter)

 

-1

Figure 2. Technological scheme of wastewater treatment facilities after reconstruction.
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Table 1
Average indices of wastewater supplied into the �lter

BOD5, mg O2l−1 Total N, mg l−1 Total P, mg l−1 Suspended solids, mg l−1

Average 19.8 30.3 2.9 19.0
Min 4.2 8.5 0.7 6.0
Max 56.0 103 6.6 40.0

of load, the wastewater treatment e�ciency was
analysed due to di�erent periods of the year.
During the warm period the treatment e�ciency
was 70.8%, and during the cold one � 52.4%.
With reference to low temperatures, snow and
ice, the oxygen regime became worse in the �lter
therefore diminishing the removal e�ciency of
organic pollutants. A certain BOD5 removal
analysis with respect to the load of the �lter
was also performed. The data of the analysis
are presented in Figure 4. In order to achieve
the normative level of the treatment according
to BOD5 the load of the �lter cannot exceed
3.1 mg O2 l−1. Subsequently, BOD5 removal
e�ciency constitutes approximately 35.0%. When
the average load of the examined �lter was 0.9 mg
O2 l−1, BOD5 removal e�ciency reached up to
61.2% on average.

The average load of the �lter according to
suspended solids was 1.1 g m−2 d−1. With respect
to the given load, the average removal e�ciency
of suspended solids - was 55.4%. To reach the

normative treatment level according to suspended
solids 30 mg l−1, the load of the �lter might
be about 9.7 g m−2 d−1. With such a load
the removal e�ciency of suspended solids was
60.8%. Similar results have been received by
other researchers � A.S. Slack et al. (2005) have
determined it to be 64.6%.

Wastewater in the �lter goes through the
roots of plants therefore involving them into the
process of nitrogen removal. In winter, plant
vegetation stops and that is why the nitrogen
removal processes are analysed due to the warm
and cold periods. The average load of the �lter
according to the total N in di�erent periods had
little di�erence and was 1.2±0.82 and 1.2±0.67
g m−2 d−1 respectively. The results show that in
the �lter the average removal of total N is 0.116 in
winter and 0.20 g m−2 d−1 in summer. According
to the analysis of variance, the di�erence between
the average is statistically unreliable (LSD � 0.14
g m−2 d−1, p = 0.05). Although a statistically
reliable di�erence has not been determined, the
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Figure 3. BOD5 concentration in the e�uent with respect to the load of the �lter (p < 0.05).
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Figure 4. BOD5 removal capacity of the �lter with respect to the load (p < 0.05).

tendency of greater nitrogen removal during the
warm period has been noticed. The removal
e�ciency of total N in warm period was 16.7 and
in cold period it was 9.7%.

N contained in wastewater is of di�erent forms
and amounts. Having compared nitrogen forms

contained in the in�ow and e�uent water of the
�lter, no signi�cant changes in their composition
were observed. NH4-N in the in�ow water of
�lter constituted 67.3%, and in the e�uent water
constituted 66.0% of the total N concentration.
This indicates that anaerobic conditions are
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Figure 5. Total N concentration in the e�uent with respect to the load of �lter (p < 0.05).
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Figure 6. Total P concentration in the e�uent with respect to the load of �lter (p < 0.05).

dominant in the �lter.
Total N concentration contained in wastewater

after the treatment depends on the load of the
�lter. Results of the data analysis are presented
in Figure 5. The data of the studies are scattered
and the coe�cient of determination is not high.
However, in order to anticipate the possible
concentration of total N after the treatment with
respect to the load, it is possible to rely on
the given dependency. With reference to the
maximum allowable concentration of hazardous
and other controlled substances, the concentration
of total N in the e�uent water could not exceed
30 mg l−1 (Nuoteku� . . . , 2006). In order to satisfy
a certain requirement, the load of the plant �lter
due to total N should not exceed 1.6-2.0 g m−2

d−1.
The removal e�ciency of total P depended on

the duration of the �lter operation. During the
�rst year of the �lter setting, common cattail was
planted. At that time it was a rare species that
ensured perfect conditions for algae vegetation.
During that period the same or even greater P
concentration was found in the e�uent water as
it was in the in�ow water. The following year
the plants spread well and became dense. The
dark water surface resulted in poor conditions
for algae vegetation. However, the e�ciency of
phosphorus removal got better. The average load
of the �lter according to the total P was 0.063 g
m−2 d−1 and on average 0.018 g m−2 d−1 were

removed, i.e., the removal e�ciency was 28.6%.
According to recent data, the dependency of the
total P concentration in the e�uent water on the
load was determined. The results are presented
in Figure 6. With reference to the maximum
allowable concentration of hazardous and other
controlled substances, the concentration of total
P in the e�uent water could not exceed 4.0 mg
l−1 (Nuoteku� . . . , 2006). In order to satisfy a
certain requirement, the load of the plant �lter
due to total P should not exceed 0.11 g m−2 d−1.

Conclusions
1. Surface-�ow wetlands are characterised

by good removal e�ciency of organic
pollutants. At the average load of the
examined plant �lter - 0.9 mg O2 l−1 BOD5

the removal e�ciency reached up to 61.2%.
In order to achieve the normative level of
the treatment according to BOD5 - 25 mg
O2 l−1, the load of the �lter cannot exceed
3.1 mg O2 l−1.

2. Low winter temperatures reduce the rate
of removal for BOD and the biological
reactions responsible for nitri�cation and
denitri�cation. During the warm period of
the year, the treatment e�ciency according
to BOD5 was 70.8%, and during the cold one
� 52.4%, meanwhile the total N constituted
up to 16.7% and 9.7% respectively.

3. Due to the anoxic and anaerobic conditions
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in the �lter, wastewater after the treatment
on average contains 66.0% of ammonium N
of the total N concentration. In order to
achieve that the concentration of the total
N in the e�uent water not exceeding 30 mg
l−1, the load of the plant �lter due to total
N should not exceed 1.6-2.0 g m−2 d−1.

4. It was established that when the average
load of the �lter according to the total P

was 0.063 g m−2 d−1, on average 0.018 g
m−2 d−1 of the total P were removed, i.e.
the removal e�ciency was 28.6%. When the
load of the �lter according to the total P is
not higher than 0.11 g m−2 d−1, it is possible
to achieve that the concentration of total P
in the e�uent water does not exceed 4.0 mg
l−1.
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Abstract

The paper presents the study material and analysis of the distribution of woody vegetation of regulated streams in
southeast Lithuania. The studies were carried out in 110 randomly selected slope strips of regulated streams in the Neris
river basin in the Baltic Highland within the period of 2005 to 2006. During the studies 32 species of woody vegetation
were found, from which 14 species of trees and 18 species of bushes. In regulated streams di�erent species of willows
are most common. However their distribution on channel slopes is di�erent. For most species of woody vegetation the
conditions are most favorable in the lower and middle part of slopes. Here their density is highest (0.34 ± 0.89 and 0.73
± 0.139 units m−2 respectively), the frequency is 0.56 and 0.64 respectively. As it was determined, the frequency of
woody vegetation on slope strips of regulated streams is na = 0.61. On the slope the lower overgrowth limit of woody
vegetation is ra = 1.58 ± 0.16 m, the upper limit is rv = 4.13 ± 0.22 m. In southeast Lithuania, in discharge network
of drainage systems there are more possibilities for planning of ecological means, when trees and bushes are allowed to
grow on slopes.

Keywords: regulated streams, overgrowth of slopes, woody vegetation.

Introduction
Except for protective channels (there are

about 10 thousand km of them) in Lithuania there
are about 53 thousand km of land reclamation
channels. Most of those channels are former
natural, now regulated water �ows. The purpose
of a drainage channel is to collect and discharge
water from draining areas on time (Lamsodis,
2001). When selecting maintenance ways for
water recipients of drainage systems and adapting
them to natural processes occurring in channels,
it is important to determine the suitability of the
state of channels for the performance of functions
of water recipients. The main purpose is the
conductivity of the channel. Vegetation � trees,
bushes, grass � reduce the conductivity of the
channel (regulated stream) (Rimkus and Vaikasas,
1998). Many researchers have investigated the
resistance of trees and bushes to water �ow, the
in�uence of their shadows on the development
of grass vegetation, as well as the hydraulic
conductivity of the channel (Rimkus et al.,
2002; �Sukys and Po�skus, 1998). Naturally,
every additional obstacle (trees, bushes and grass
vegetation) increase the resistance to the �ow
within a �ow pro�le and thus reduce the hydraulic
conductivity. As the study results show, the
hydraulic conductivity in overgrown channels is
most a�ected by the central part of channels, and
�ood water is often collected in the bed; moreover,
the lower strip of the channel is less overgrown

with trees, and in the zone of shadow grass
vegetation is choked naturally. Higher density
of trees makes more signi�cant impact on the
vegetation.

Having carried out land reclamation works,
also having eliminated sprouts, bushes and
other perennial vegetation from slopes, the
morphological structure of landscape has
changed and become less di�erent. Natural
components were replaced by many morphological
anthropogenic components. When the amount
of vegetation decreases in draining areas, the
conditions become favorable for wind erosion,
pollution of water bodies, speci�c changes of
fauna and changes of local microclimate. The
studies carried out in the Vardas stream basin
in southeast Lithuania (�Sileika et al., 1998) have
shown that the protective belt arranged around
the streams may e�ectively retain and remove
nutrients and sediment. Trees and bushes growing
on the protective belt signi�cantly reduce nitrate
concentration in water �owing from adjacent
arable land plots.

Having regulated the stream, woody
vegetation does not grow on its slopes. During the
changes of grass vegetation in channels, woody
plants start growing here. Most often these
include deciduous trees and bushes. Having
investigated woody vegetation in the Nev
e�zis
Plain in Middle Lithuania (Lamsodis, 2002;
Lamsodis, 1999), 32 species of woody vegetation
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were observed. It was determined that the highest
speci�c composition, frequency and density of
woody vegetation is observed in channels arranged
in the forest, at the outskirts or near the
forest. Thus the forest and outskirts of forest
are places where drainage channels are most
naturalized from the dendrology point of view.
In �eld channels single plants are prevailing.
Here the lower and upper parts of channels are
overgrown most intensively. In channels located
near the forest, in outskirts of forest or in the
forest the middle and upper parts of slopes are
overgrown most intensively. This implies that the
distribution of plants more depends on the forest;
on slopes of �eld channels the distribution of
vegetation more depends on di�erent moisture
conditions on the upper and lower parts of
slopes. The overgrowth of channel slopes also
depends on the exposition of the channel. As
it was determined (Lamsodis, 1999; Survilait
e
and �Saulys, 2006), �eld channels facing west,
northwest, north and northeast tend to overgrown
with vegetation more intensively.

Thus, the overgrowth process of the discharge
network of drainage systems with trees has a
positive impact on the environment, as well
as reduces the hydraulic conductivity of the
channel, which is particularly important for the
principle draining function to perform. Detailed
investigations about the overgrowth of channel
bed and slopes with woody vegetation, its speci�c
composition and expansion were performed in
the region of intensive agriculture in the Nev
e�zis
river basin located in the Middle Lithuania
(Lamsodis, 2001; Lamsodis, 2002). Meanwhile,
no any similar investigations are performed in

southeast Lithuania. The objective of this work
was to investigate quantitative and qualitative
peculiarities of the overgrowth of regulated
streams with woody vegetation, and evaluate the
future possibilities to plan the naturalization of
regulated streams of southeast highlands.

Materials and Methods
The studies were carried out in the Neris

river basin, in the Baltic highlands (the so-called
Balti�skais mountain range) located in the south
and east of Lithuania within the period of 2005
�to 2006. Form the point of soils regionalism,
the territory corresponds to the districts of South
and East Lithuanian Highlands, and its larger
part. Soils prevailing here include sand, loam and
sandy loam rock-forming soils. Widely expanded
sand and sandy loam soils permeable to water
absorb snow thaw and precipitation water. Due
to their fast in�ltration, those waters contribute
to the subsurface water stock that gradually
is transported to rivers during the abatement
period. Annual subsurface runo� of rivers of
the study area reaches 5.0 l s−1 km−2, which
is nearly 10 times higher than that of rivers of
Middle Lithuania (0.5 l s−1 km−2) where soils
of heavy-textured soils of low conductivity are
prevailing. The region is distinct for hilly relief,
large areas of eroded land and high danger of
erosion. The average precipitation amount in
southeast Lithuania reaches 700 mm per year.
Their distribution is uneven due to the non-
homogeneity of spread hills, abundance of water
bodies and other reasons. The average annual
air temperature is 5.7 ◦C, the amplitude of
yearly air temperature, the index of which is

 

 
 

Figure 1. Location of the study area.
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the di�erence between average temperatures of
July and January, reaches 23.0-23.5 ◦C (Gailiu�sis
et al., 2001). Forest density is middle in the
region (about 28%). Here small forests, mostly
pinewoods, �r woods, birch woods, alder woods
and asp woods are prevailing without any large
forest areas (Kulie�sis et al., 1997). River network
is sparse (on the average 0.75 km km−2), because
apart from rivers, the territory is drained by lakes
and marshes (Baltru�saitien
e et al., 1975).

The studies were carried out in strips of
the following regulated streams: the Bezdon
e,
the D	uk�sta, the Gnesvianka, G-1, the Nem
e�za,
the Rie�z
e, the Rudamina, the Vai�svil
e and the
Vilnoja. Scheme of the study area is given in
Figure 1.

The length of all investigated stream strips
reaches 12.7 km, the one of slope strips is 112
km. The average strip length was selected
to be 10 meters. In the most representative
place of the strip one pro�le under analysis was
distinguished, where morphometric measurements
of the stream bed pro�le were made. The
lower border (ra) of slope overgrowth with woody
vegetation was determined � i.e., the distance
upwards the slope, from the foot of the slope until
the edge of vegetation. Also the upper border
(rv) of slope overgrowth with woody vegetation
was determined � i.e., the distance upwards the
slope from the foot of the slope until the edge
where no vegetation is observed. The width of
the overgrown strip of the slope (La) is expressed
by the di�erence between overgrowth of upper and
lower edges of the slope with woody vegetation.

Considering the moisture conditions for plants,
the slopes of investigated strips were divided
into three parts � upper, middle and lower (the
foot of slope). In every part of the stream
slope (habitat) the dispersion of woody vegetation
was determined in respect of quantitative and
qualitative characteristics of di�erent species,
communities and their whole. The habitat of
woody vegetation is considered to be the stream
bed pro�le where individual species or their
communities are present.

The number of woody vegetation species (Rsk)
in habitats (distinguishing upper, middle and
lower parts of slope) was determined on the basis
of the Guidebook for the recognition of Lithuanian
plants (Lekavi�cius, 1989; Snarskis, 1968).

The frequency of separate species of woody
vegetation (D) in habitats was determined as ratio
of bed slopes or their sample of parts in which this
spice was found (upper, middle and lower part of
slope) and the number of researched bed pro�les.

The density of woody vegetation (T) in
habitats was determined as a total number of
stems and forms (a bush of one species was
considered as a unit) falling for 1 m2 of the area
of the whole bed slope as well as parts of slopes
(i.e., the number of stems and forms falling for 1
m2 of the area of upper, middle and lower part of
slope).

The data of the spread of woody vegetation
in the regulated stream beds was processed
by the methods of mathematical statistics
(was estimated mean value, standard deviation,
coe�cient of variation, standard error of the
mean value) (�Cekanavi�cius and Murauskas, 2000;
�Cekanavi�cius and Murauskas, 2002).

Results and Discussion
Di�erent trees and bushes grow on the

slopes of regulated streams. Having made the
investigations in streams of southeast Lithuania
(Fig. 1), 32 species of woody vegetation were
found, from which 14 species of trees and 18
species of bushes. Within the study area the
following tree species were most dominant: sallow
(Salix caprea) observed in 25 habitats, white alder
(Alnus incana) and black alder (Alnus glutinosa)
observed in 22 and 16 habitats respectively. From
all bushes, the most popular was grey osier (Salix
cineria) observed even in 47 habitats.

When analyzing the overgrowth of regulated
stream slopes with woody vegetation it is
obvious that its distribution on channel slopes is
di�erent. For most species of woody vegetation
the conditions are most favorable on the lower and
middle parts of the slope. Here its frequency and
density is highest (Fig. 2). Frequency of woody
vegetation on the middle part of the slope and on
the foot of the slope is 0.64 and 0.56 respectively.
Frequency on the foot of the slope is 0.45 less.
The changes of density of woody vegetation are
similar in di�erent parts of the slope. The highest
density is observed on the middle part of the slope
(0.73 ± 0.139 units m−2) and on the foot of the
slope (0.34 ± 0.089 units m−2). The least density
and frequency of woody vegetation are observed
on the upper part of the slope.

Changeable growing conditions on the slope
resulted in scarce woody vegetation due to
moisture excess on the lower part of the channel
slope (the most frequent spot of the contact of
depression curve with the slope) (Table 1). The
lower edge of the overgrowth of slope with woody
vegetation is ra = 1.58 m. In each case the
variety of di�erent conditions is expressed by a
rather high variation coe�cient (84%). On the
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Figure 2. Distribution T of woody vegetation.
(T - density (units m−2)).

upper part of the channel slope (nearly always
above the depression curve) the amount of woody
vegetation is also less due to the lack of moisture.
The upper edge of the overgrowth of slope with
woody vegetation is rv = 4.13 m, or 2.02 m from
the upper part of the slope (variation coe�cient
is 43% ). As the best conditions for plant growing
are observed on the middle part of the slope,
here woody vegetation is most abundant. In this
part of the slope the width of overgrown strip is
La = 2.55 m, variation coe�cient is 77%.

As it was determined, the lower edge of
the overgrowth of slope with woody vegetation
is ra = 1.58 m, which is 1.76 times more
than the overgrowth of the lower edge (0.90 m)
determined in the Middle Lowland of Lithuania
In southeast Lithuania, sand and sandy loam
soils are prevailing, and here the coe�cients of
channels of trapezium-shaped pro�le are higher
(m = 2.0) than in the Middle Lowland of

Lithuania (m = 1.5) where loam and clay soils are
dominant. Therefore here the water depth in the
channel bed increases 1.42 times and the width
of the �ow increases 2.23 times until the edge
of woody vegetation strip. When the hydraulic
roughness and other morphometric parameters of
the lower part of pro�le are similar, the hydraulic
conductivity of regulated streams overgrown with
woody vegetation is more than 2 times higher
in southeast Lithuania compared to those in
the Middle Lowland of Lithuania. From this
point of view, in southeast Lithuania there are
more possibilities to plan ecological means in the
discharge network of drainage systems, allowing
trees and bushes to grow on the slopes.

Di�erent moisture demand of the species
determined their di�erent distribution on the
slope (Table 2). Various trees and bushes require
di�erent amounts of water, and thus di�erently
support the lack of moisture.

Table 1
Indices of slopes of regulated streams covered with woody vegetation

Index slope
length, L

lower
overgrown
limit, ra

upper
overgrown
limit, rv

width of
overgrown
strip, La

total number of strips, N 112
number of strips when woody vegetation was
discovered on slopes, n

68

frequency of slopes covered with woody
vegetation, na

0.61

mean value, x̄, m 6.15 1.58 4.13 2.55
standard deviation, S 1.60 1.32 1.78 1.95
coe�cient of variation, CV 26 % 84 % 43 % 77 %
standard error of the mean value, SX ± 0.19 ± 0.16 ± 0.22 ± 0.24
error of the mean value when reliability is 95%,
SX95

± 0.38 ± 0.31 ± 0.42 ± 0.46
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Table 2
Spread of species (frequency and density) in di�erent parts of the slope

Species D× 10−2 (frequency) ratio T (density) × 10−2 units m−2

top middle bottom top middle bottom
Alnus glutinosa 0.00 1.82 9.09 0.00±0.000 0.11±0.111 0.79±0.402
Salix triandra 1.82 3.64 7.27 1.09±1.092 1.04±0.875 1.40±0.788
Salix fragilis 3.64 7.27 9.09 1.02±0.835 3.27±1.780 5.08±2.660
Alnus incana 3.64 20.00 18.18 0.18±0.130 4.00±1.480 3.84±1.580
Salix caprea 5.45 18.18 7.27 0.92±0.707 3.63±2.083 2.00±1.753
Salix pentandra 0.00 5.45 1.82 0.00±0.000 4.36±2.783 0.25±0.248
Tilia cordata 1.82 0.00 0.00 0.11±0.108 0.00±0.000 0.00±0.000
Quercus robur 3.64 1.82 0.00 0.46±0.405 0.08±0.081 0.00±0.000
Acer platanoides 7.27 5.45 0.00 1.07±0.821 0.64±0.415 0.00±0.000

For some species, such as black alder (Alnus
glutinosa) and crack-willow (Salix fragilis), the
most favorable growing conditions are observed
on the foot of the slope. Here their frequency
and density are highest (0.091, 0.0140 units m−2

and 0.0508 units m−2 respectively). For other
species, such as white alder (Alnus incana),
twig willow (Salix pentandra) and sallow (Salix
caprea), more favorable conditions are found
on the middle part of the slope. Oak tree
(Quercus robur), �r tree (Picea abies), European
wahoo (Euonymus euripaea), small-leave linden
(Tilia cordata), pear-tree (Pyrus) and apple-
tree (Malus) are found only on the upper
part of the slope or on the protective strip.
(Lamsodis, 2002) has assigned to this group
common black alder (Frangula alnus), common
�lbert (Corylus avellana), common maple (Acer
platanoides), cork elm (Ulmus suberosa) (the
species are spreading towards the top of the
slope). Those species, except for common �lbert
(Corylus avellana), were found very seldom, most
often in the forest, therefore it is di�cult to decide
about their location on the slope.

Conclusions
On the slopes of regulated streams of the

Baltic highlands of southeast Lithuania 32 species

of woody vegetation were found, from which 14
tree species and 18 bush species. As the study
results have shown, the speci�c composition of
woody vegetation and its distribution in regulated
streams depend on the place in the landscape
(forest, outskirts of forest or �eld) and on the
location on the slope. The study results have
also shown that the frequency of the overgrowth
of regulated stream slopes with woody vegetation
is na = 0.61 (ratio). The lower and upper
edges of the overgrowth of slope with woody
vegetation are ra = 1.58 ± 0.16m and rv =
4.13± 0.22m respectively. The width of the slope
strip overgrown with woody vegetation is La =
2.55± 0.24m.

For many species of woody vegetation the most
favorable growing conditions were observed on the
lower and middle parts of the slope, where the
frequency (D) and density (T) of vegetation are
D-0.56, T-0.34 ± 0.089 units m−2 and D-0.63, T-
0.73 ± 0.139 units m−2 respectively.

According to the distribution of growth on the
slope of regulated streams, three types of woody
vegetation of streams were distinguished, which
has shown that not all species are equally adapted
to the growing conditions on di�erent parts of the
slope.
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Abstract

On the basis of this research and the investigations of other authors (1992 � 2002), the paper presents the comparison
of the treatment e�ciency of domestic wastewater treatment facilities functioning by di�erent natural means. From
all the studied three natural wastewater treatment facilities, constructed wetlands are considered as most e�cient for
domestic wastewater treatment: here the removal of organic pollutants and biogenic compounds is 85-98% and 67-95%
respectively. Biological ponds are most suitable for the treatment of domestic wastewater, the discharge and pollution
of which is �uctuating within a wide range. However, such ponds do not always ensure the treatment until the allowable
rates. Their treatment e�ciency according to biochemical oxygen demand (BOD5) is 49.6%. Total nitrogen amount
contained in wastewater out�ow from the treatment facilities with biological ponds was on the average 22.2 mg l−1. The
biggest problem of those ponds is rather low P removal e�ciency (only 29.5%). Therefore wastewater �owing out of the
ponds needs additional treatment. The usage of subsoil �ltration �elds is limited because their arrangement requires
light soils. When arranging the distribution pipeline below the freezing zone, in many places the requirement that the
pipes must be 1 m above the maximum ground water level is violated. The pipes should be arranged in places where
there is no recipient for treated wastewater out�ow. The load of subsoil �ltration �elds should not exceed 300 m3 ha−1

per month.
From the economical point of view, domestic wastewater treatment facilities with �owing ponds require least

expenses.

Keywords: �lter, �owing ponds, subsoil �ltration �eld.

Introduction
As the experience shows, in villages domestic

wastewater may be successfully treated applying
natural methods. Such methods are the basis
for the functioning of bio-engineering, �ltrating
and soil treatment facilities (Ïðèíöèïû. . . , 1988;
Íèêîëàåâ, 1972; Gumbricht, 1991; Haberl
et al., 1995). They are distinct for high
treatment e�ciency and little energetic needs
(only for wastewater transportation). They are
not complicated; their simple operation does
not require quali�ed sta�, which is particularly
important in rural areas.

In Lithuania, domestic wastewater treatment
facilities functioning by natural methods are
getting more popular. Treatment facilities with
�owing biological ponds are arranged in Tisk	unai,
Plinkaigalis, and Bark	uni�skis settlements in
K
edainiai district, and they are constructed
in other districts as well. However, the
expansion of such wastewater treatment facilities
is impeded, because the problem of worse
wastewater treatment quality in summer is still
under the question.

Currently, subsoil �ltration �elds are most
often used for the treatment of domestic
wastewater from individual farmsteads. There is
special methodology prepared for their hydraulic

calculations (Ïðîåêòèðîâàíèå. . . , 1987), however
there is still a lack of the data about their
longevity and e�ect on the natural environment.

From all the methods of domestic
wastewater treatment, constructed wetlands
are most popular. They are widely used
for the treatment of domestic wastewater
from settlements, industrial companies, and
farmsteads. Constructed wetlands may be
used for the treatment of di�erent amounts of
wastewater � from 1 to 500 m3 a day. Recently,
they have been applied for the treatment of
industrial wastewater as well.

The increasing number of di�erent domestic
wastewater treatment facilities requires the
evaluation of their technical and economical
characteristics as well as their comparison seeking
to select the most optimal ones for the conditions
of Lithuania.

The objective of the work was on the basis
of this research and investigations of other
authors to compare the e�ciency of domestic
wastewater treatment facilities functioning by
di�erent natural methods, and to evaluate
their applicability for the treatment of domestic
wastewater from settlements with �uctuating
discharge and pollution indices.
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Materials and Methods
To compare the e�ciency of domestic

wastewater treatment by natural methods, three
wastewater treatment facilities in K
edainiai
district were selected: with subsoil �ltration �elds
in Liepu� settlement, with �owing biological ponds
in Tisk	unai, and with constructed wetlands in
Pagiriai. In the �rst two objects the observations
were performed by the author. To evaluate
wastewater treatment e�ciency in constructed
wetlands, the data of the studies carried out by
V. Gasi	unas, S. Strusevi�cien
e and Z. Strusevi�cius
was used (1996 � 2000) (Sodybu�..., 2000).

The studies were carried out in settlements
where sewerage network is arranged improperly
and thus collects surface and drainage water.
Such settlements are numerous in Lithuania. The
discharge of wastewater in�ow into the treatment
facilities was �uctuating from 5 to 20 m3 d−1

in Liepu� settlement, from 2.7 to 400 m3 d−1 in
Tisk	unai settlement, and from 50 to 750 m3 d−1

in Pagiriai settlement. Wide-range �uctuation of
discharges determines wide-range �uctuation of
wastewater pollution indices.

Wastewater and water samples for chemical
analyses were taken once per month in all study
objects. The analyses of domestic wastewater,
drainage water and ground water were made
in Chemical Analysis Laboratory of Water
Management Institute of Lithuanian University of
Agriculture. Total nitrogen (Ntotal) contained in
the samples was determined by Kjeldahl method,
total phosphorus (Ptotal) was determined by
spectrometric method after mineralization with
potassium persulphate, ammonium nitrogen (N-
NH4

+) was determined by spectrometric method
with Nesler reagent, nitrate nitrogen (N-NO3

−)
was determined by spectrometric method with
phenoldisulphic acid, and residual of phosphorus
acid (P-PO4

−) was determined by spectrometric
method with ascorbic acid.

Mathematical and statistical analysis of test
study results was performed with the help of
standard computer programs. To determine the
interrelations, `Excel' program was used.

Results and Discussion
In Liepu� settlement, primary wastewater

treatment was performed in anaerobic �lter.
Further deep treatment was performed when
wastewater was �ltered through the subsoil.
Anaerobic �lter is a monolithic ferroconcrete
vessel with a conical bottom �lled with insoluble
media with large surface area (about 100 m2

m−3.) The media is made of corrugated polythene

pipes (diameter d = 63 mm) of 2.5 m height. The
top part of 30 cm of the media is made of loose
5-10 cm long parts of the same pipe. Wastewater
gets into the conical part of the �lter and is slowly
rising up. In the upper part of the media the
wastewater is directed by catching chutes into the
chamber of siphons, from which it is automatically
distributed into the �ltration �elds.

Particularly e�cient functioning of the
anaerobic �lter was observed in 1992, when the
amount of organic pollutants (according to BOD5)
contained in wastewater was reduced by 81.4%,
and the amounts of total nitrogen and total
phosphorus were reduced by 23.0% and 60.1%
respectively. In 1993, treatment e�ciency of the
�lter decreased to 19% because the pollution of
in�owing wastewater was �uctuating up to 40.5
times. Moreover, the �lter improved sanitary-
hygienic indices of wastewater � total amount of
microbes was reduced about 10 000 times.

During the dry periods of the year, when the
�lter receives non-diluted domestic wastewater
with the surface water, treatment e�ciency in
the anaerobic �lter is 50%. Due to its complex
construction and expensive operation, primary
treatment of wastewater should be carried out in
much simpler and cheaper three-chamber septic
tanks.

After the treatment process in anaerobic �lter,
wastewater still cannot be released into open
water bodies, because its average pollution with
organic matter (according to BOD5) is 38.0 mg
O2l−1, and maximum pollution value is 104.3
mg O2l−1. Further wastewater was treated in
the subsoil irrigation system where it was �ltered
through the soil and �nally puri�ed. As the
investigations have shown, chemical indices of
ground water are �uctuating from clean to slightly
polluted and correspond to the environment
protection rates, i.e., they are changing similarly
as in intensively used agricultural land plots.
In the control variant the average ground water
pollution according to BOD5 reached 3.1 mg
O2l−1. When the load of �ltration �elds was
150, 300, and 600 m3 ha−1, the average ground
water pollution was 4.2, 4.3 and 5.9 mg O2l−1,
respectively (Fig. 1).

The pollution of ground water is indicated
by the increase in the amount of nitrate or
ammonium ions. Having compared the values
of chemical compounds concentrations contained
in ground water of the studied period with the
rates allowable for drinking water (Geriamasis
. . . , 1998) it was determined that ground water
is of good quality according to the average
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Figure 1. Average amount of organic pollutants contained in ground water in di�erent study years: I � from
settlement; II � from �lter; III � control; IV � 150 m3 ha−1m−1; V � 300 m3 ha−1m−1; VI � 600 m3 ha−1m−1.

as well as maximum concentrations. Even in
the �elds with maximum load of 600 m3 ha−1

of wastewater per month, maximum N-NH4

concentration was 0.64 mg l−1, maximum N-NO3

and P-PO4 concentrations were 9.74 and 0.71 mg
l−1, and the concentrations permissible for water
of good quality were 0.78, 10, and 1.1 mg l−1

respectively. Nitrites contained in ground water
are particularly harmful: they are more toxic
than nitrates even 40 times (Rutkovien
e et al.,
1991). The average N-NO2 concentration was
comparatively low in all the �ltration �elds (0.02-
0.1 mg l−1).

During the study period, the �uctuations of
ground water level were observed. No relation
between the load of �ltration �elds and ground
water level was determined.

Technical condition of the pipeline of subsoil
�ltration system was analyzed after two years of
operation. The thickness of sludge particle layer
on the inner walls reached 0.1-0.2 mm. Thus it can
be stated that after the anaerobic destruction only
very �ne hydro-mobile colloidal suspended solids
remain, therefore there is no danger for immediate
silting of irrigation systems.

The usage of subsoil �ltration �elds is limited
because their arrangement requires light soils; and
the arrangement of the distribution pipeline below
the freezing ground does not meet the requirement
specifying that pipes must be arranged 1 m above
the maximum ground water level.

Flowing ponds are often arranged for the
treatment of domestic wastewater from small
settlements. After the clari�cation in a septic

tank, wastewater �ows into the system of
biological ponds where further it is treated in the
vicinity of complex biochemical processes.

The pollution of wastewater �owing from
Tisk	unai settlement with organic matter is not
high: the average BOD5 value was 68.8 mg O2l−1,
and in some study years it was �uctuating from
54.3 to 104.3 mg O2l−1 (Fig. 2). In the �rst
treatment stage of domestic wastewater (in a
septic tank) it decreases by 30.4% on the average.
The average pollution of wastewater �owing into
the �rst pond is 51.3 mg O2l−1 according to
BOD5. When wastewater �ows through the
system of ponds, the amount of organic matter
contained in it decreased by 49.5% during the
last three years when the bio-community has
�nally formed in the ponds. BOD5 amounts
contained in wastewater �owing out of the �rst,
the second, and the third ponds were 39.0, 37.2
and 25.9 mg O2l−1 respectively. The maximum
allowable BOD5 rate contained in wastewater
out�ow from the treatment facilities is 25.0 mg
O2l−1 (Aplinkosaugos..., 2001).

The amount of total nitrogen contained in
wastewater out�ow from the treatment facilities
with biological ponds was 22.2 mg l−1 on the
average. Maximum pollution of wastewater
out�ow was 50.0 mg l−1. During three and a half
years, 40 investigations of Ntotal concentrations
were performed, from which 17 times Ntotal

exceeded the allowable rate (7 times exceeded
signi�cantly) and reached 23.0-50.0 mg l−1.

P removal from wastewater is least e�cient.
Having compared Ptotal concentration contained
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Figure 2. Average amount of organic pollutants contained in wastewater in di�erent study years.

in wastewater out�ow from the septic tank and
the third pond it is obvious that in most cases
wastewater treatment was more e�cient when
the treatment facilities received more polluted
wastewater. However, wastewater out�ow from
the third pond still did not correspond to the
required concentration of 1.5 mg l−1: during
the �rst study year the concentration was 2.5
mg l−1, during the second, the third and the
fourth study years it was 2.8, 3.4, and 5.6 mg
l−1 respectively. Even the average amount of
Ptotal contained in wastewater out�ow from the
treatment facilities exceeded the allowable rate
2 times, and its treatment e�ciency was only
29.5%. Maximum Ptotal concentration contained
in wastewater out�ow from the treatment facilities
reached even 11.3 mg l−1.

During the warm period of the year,
phosphorus tends to impair wastewater
puri�cation in biological ponds because it
enhances the development of microorganisms that
use dissolved oxygen. This may result in the
lack of dissolved oxygen for the oxidation and
nitri�cation processes of pollutants.

As it is seen, three biological ponds are not
always enough for the treatment of wastewater
until the allowable rates. As Balevi�cius has
determined, in the microphytes bio�lter the
removal of biogenic pollutants from wastewater is
particularly e�cient: N and P removal is up to
90% (Balevi�cius, 2002). Therefore water horizon
in the third pond is to be reduced to 0.5 m, and a
microphytes �lter must be arranged (i.e., the �lter
must be planted with reed).

Recently, constructed wetlands have become

more popular. They have become one of the
most acceptable models of wastewater treatment
facilities from engineering as well as hygienic
points of view. Their construction requires no
expensive local materials. In such treatment
systems wastewater is not exposed to the
environment and is treated without energetic
input or continuous supervision. These are the
reasons why such wastewater treatment facilities
are particularly popular in rural territories,
because here their employment is higher, and
larger area of technical treatment facilities from
10 to 100 times is not such problematic as in
larger towns. In Lithuania, the �rst constructed
wetlands of horizontal �ow were arranged in
Pagiriai settlement in 1996. Due to the non-
economy and complicated maintenance, former
aeration equipment contained in the �lter were
neglected and not operated.

From the very beginning of the arrangement,
the constructed wetlands were functioning
reliably. The average BOD5 concentration
contained in wastewater out�ow reached 10.4-
13.0 mg O2l−1 (Fig. 3). In di�erent periods,
particularly in summer, the concentration of
wastewater in�ow into the �lter according to
BOD5 reached 87.0-130.4 mg O2l−1, while the
concentration of the out�ow water was 17.4-21.7
mg O2l−1.

As it was determined, the functioning of
constructed wetlands is more e�cient when they
receive more polluted wastewater from the septic
tank. For example, when the pollution of
wastewater in�ow into the �lter according to
BOD5 is 50 mg O2l−1, its treatment e�ciency is

248



Simanas A�skinis TREATMENT OF DOMESTIC WASTEWATER BY NATURAL MEANS

0

100

200

300

I II III

B
O

D
5
  
m

g
 O

2
 l-1

 

Before treatment
Outflow from septic-tank
Outflow from filters

Figure 3. Average amount of organic pollutants contained in wastewater in di�erent study years: I � mean
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80%; when the pollution of wastewater in�ow is
100 mg O2l−1, the treatment e�ciency is 90%.

The authors have made the analysis of the
treatment level in respect of the �lter load
according to BOD5. The amount of pollutants
for 1 m2 of �lter area according to BOD5 was
calculated and compared with BOD5 value of the
out�ow water. As it was determined, in order to
reach the treatment e�ciency of wastewater from
settlements up to 25.0 mg O2l−1 (according to
BOD5), the load of �lters should not exceed 6.0 g
of BOD5 per 1 m2 of the �lter per day; in order
to reach the treatment e�ciency of 15 mg O2l−1,
the load of �lters should not exceed 3.5 g of BOD5

per 1 m2 of the �lter per day.
Constructed wetlands are suitable for the

removal of biogenic pollutants from domestic
wastewater. The average Ntotal concentration in
wastewater in�ow into the septic tank was 25.8
mg l−1, in wastewater out�ow from the �lter it
was 12.9 mg l−1 (the allowable average annual
concentration is 20 mg l−1).

During the treatment process of wastewater
the organic nitrogen becomes mineral nitrogen.
For the comparison, it was calculated which part
of Ntotal is observed in the ammonia form when N
concentration is 20 mg l−1. Before the treatment
process, wastewater contains 47.3% of ammonia
nitrogen, after the treatment in the septic tank
and in constructed wetlands ammonia nitrogen
amounts contained in wastewater are 60.0% and
67.5% respectively.

The average Ptotal concentration contained in
wastewater in�ow into the septic tank was 2.9
mg l−1, while the wastewater out�ow from the
�lter contained 1.1 mg l−1 of Ptotal (the allowable
average annual rate is 1.5 mg l−1).

During the treatment process, qualitative
composition of phosphorus is also changing.

For the comparison, it was calculated which
part of Ptotal is in mineral form, when Ptotal

concentration is 1.5 mg l−1. The amount
of mineral phosphorus contained in wastewater
before the treatment process makes up 85.3%,
after the treatment in the septic tank and in
constructed wetlands it makes up 82.0% and
56.7% respectively.

Marshy plants improve the functioning of the
�lter. The best solution is to plant up the
�lter with reed. Reed roots and rhizomes are
necessary for ground and oxygen to maintain the
growth of aerobic microorganisms that enhance
the decomposition of wastewater as well as
increase and maintain the hydraulic conductivity
of the soil. Two years are needed for reed to take
root in the �lters and in the sand. Only after
such period of time their full e�ect in biological
treatment processes is observed. Bacteria also
need a certain period of time for the adaptation
to the wastewater.

Constructed wetlands are reliable facilities
for the treatment of domestic wastewater.
Here di�erent complicated physical-biochemical
processes occur, during which 85-95% of organic
pollutants and 67-95% of biogenic compounds are
removed.

Due to the entering of extraneous waters into
the sewerage networks during wet periods of
the year and the resulting wastewater dilution
as well as the increase in their amount, in
settlements with badly arranged sewerage network
the designed area of constructed wetlands is
calculated according to the normative wastewater
amount; while the treatment of the rest amount of
wastewater needs additional equipment. For this
purpose the �owing biological ponds may be used.

From the economical point of view, domestic
wastewater treatment facilities with �owing
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biological ponds is cheapest. Their arrangement
requires 1-1.5 thousand LTL for 1 m3 of
wastewater treated per day. The arrangement
of domestic wastewater treatment system with
subsoil �ltration requires 2-3 thousand LTL for
the treatment of 1 m3 of wastewater per day; the
arrangement of constructed wetlands requires 2.5-
3.0 thousand LTL of investments for the treatment
of 1 m3 of wastewater per day. Exploitation
expenses are minimal in all wastewater treatment
facilities functioning by natural methods.

Conclusions
1. From all the investigated three natural

wastewater treatment facilities, constructed
wetlands are most e�cient, where the
removal e�ciency of organic pollutants and
biogenic matter are 85-95% and 67-95%
respectively. The area of �lters is to
be calculated in respect of the normative
amount of wastewater. The excess amount
of wastewater is to be treated in additional
cheaper equipment (e.g., �owing biological
ponds).

2. Flowing biological ponds are most suitable
for the treatment of domestic wastewater,
the discharge and pollution of which is
�uctuating within a wide range. However,

the mentioned ponds do not always ensure
the treatment of wastewater until allowable
rates. According to BOD5, the treatment
e�ciency of the ponds is 49.6%. The most
important problem of the ponds is rather
low removal of phosphorus (only 29.5%).
Therefore wastewater out�ow from the
biological ponds needs additional treatment
in the shallow macrophyte bio�lter.

3. In order to avoid the pollution of ground
water, the load of �ltration �elds should not
exceed 300 m3 ha−1 per month. In such
case the amount of nitrogen and phosphorus
getting into one hectare will not exceed
100 kg and 16 kg respectively. Such
�ltration �elds should be arranged where
there is no recipient for the release of treated
wastewater nearby.

4. The cheapest solution is domestic
wastewater treatment facilities with
biological ponds. The arrangement of
such treatment facilities requires only
1.5 thousand LTL of investments for the
treatment of 1 m3 of wastewater per day.
Domestic wastewater treatment system with
subsoil �ltration is 2 times more expensive,
while constructed wetlands require 2.2 times
higher expenses.
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Abstract

The paper deals with the analysis of ground water quality when slurry is applied on crop rotation �elds. The
investigations were carried out in Juodki�skis study object of the Lithuanian Institute of Water Management in 1995-
1998.

According to the average concentrations, the quality of ground water samples taken from the borehole arranged in
Juodki�skis test �eld was good compared with hygienic rates for drinking water. All samples taken for the estimation
of ammonia and nitrate nitrogen amount were of good quality. However, nitrate-N concentration increased to 5.5-5.6
mg l−1 in some periods. Having compared actual phosphate phosphorus concentrations with the allowable ones it may
be con�rmed that ground water is not polluted with phosphates as phosphate phosphorus concentrations did not reach
P-load permissible for drinking water.

Considering the correlation connection between ground water level and chemical compounds concentrations, it was
determined that ammonia nitrogen and phosphorus compounds concentrations were in�uenced by ground water level
�uctuations (correlation coe�cient r = 0.54 and r = 0.62). (Given r values correspond to the reliability criterion
tactual > ttheor95%). Lower ground water levels in a borehole determine higher N − NH+

4 , P − PO−4 and Ptotal

concentrations. No relation between nitrate nitrogen (N −NO−3 ), Ntotal and K+ and ground water level �uctuations
was determined.

Keywords: ground water, nutrients, slurry.

Introduction
As it is speci�ed in the European Union

Nitrate Directive, only economically and
ecologically balanced agricultural development
may form preconditions to support clean and
healthy natural environment. The primary
direction of the environment protection strategy
of Lithuania is the improvement of water quality.
Recently, the human factor (i.e., non-point
source and local pollution) makes more and more
signi�cant in�uence on the ground water quality
(Tumas, 1999). As the results of the investigations
carried out in Vok
e branch of the LUA have
shown, the systematic application of manure and
manure with mineral fertilizers tends to change
the migration intensity of nitrogen, potassium,
calcium, magnesium chlorides and sulphates
in brown soil of light grain-size composition
non-saturated with water (Tripolskaja and
Romanovskaja, 2001).

Currently, cattle-breeding is particularly of
great importance in Lithuania. Its signi�cance
will increase in the future, as dairying is one
of the principle branches of agriculture. All
the future diary farms will contain no less
than 50 cows. Those farms will employ slurry
handling technologies therefore the amounts of

accumulated slurry will even be larger. Now about
14 million tones of slurry are formed on farms; due
to improper handling and accumulation of manure
about 40% of nutrients get into the environment.

Being close to the ground surface, the
ground water is particularly susceptible from
the point of view of pollution. It is being
polluted by non-point source as well as local
pollution sources. In the lower land of the Middle
Lithuania with little permeable moraine loams
prevailing, the horizontal spread of pollutants is
insigni�cant; here the pollutants are spreading
mostly vertically. In such situation the pollution is
particularly dangerous for lower situated aquatic
horizons (�Zemaitis, 1993), because during the
nutrient circulation nutrients are leached into
deeper soil layers as well as into drainage water
and ground water.

In Lithuania there are about 300 thousand
shaft wells; about 1 million (one third)
of Lithuanian inhabitants make use of them
(Kad	unas and Ma�sanauskas, 1992). Shaft wells
accumulate drinking water from ground aquatic
horizon which is least protected from the surface
pollution.

According to some ecologists, about 80% of all
diseases in the world as well as high death-rate
of rural inhabitants are related to unsatisfactory
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quality of drinking water (Drinking. . . , 1990).
Agriculture has the strongest e�ect on water
quality. Considering the data of the European
Environmental Agency, pollution with nitrogen
from cattle-breeding complexes makes up 20-
40% of all N-emission, the ambient air receives
96.5% of ammonia, 48.4% of nitrogen dioxide, and
45.2% of methane gas (Air. . . , 1997). During
the decomposition of nitrogen fertilizers and
cattle manure, nitrate ions are formed that are
soluble in water, mobile in the soil and quickly
permeable into ground water. In respect of the
hydrogeological conditions, nitrates may pollute
water in wells until the rate that is dangerous for
human health (Rutkovien
e et al., 1997; Kutra et
al., 2002).

The objective of the studies was to determine
optimal slurry spreading time under the
conditions of intensive farming, seeking to reduce
nutrient leaching into the environment and the
e�ect of slurry application on ground water
quality.

Materials and Methods
The study object was arranged in Juodki�skis

village, K
edainiai district. Soil of the study object
is Endocalcari-Endohypogleyic Cambisols (CMg-
n-w-can) (Buivydait
e et al., 2001). According to

the texture, the soil is attributed to sandy loam
soils. Soil density is 1.5 g cm−3, density of the
hard phase is 2.6 g cm−3. Soils are carbonate-
rich, as the layer of 40-50 cm contains 24.6% of
alkali reaction, pH>7; humus content is low or
middle because the arable soil layer, the depth of
which is 0.3 m, contains on the average 1.2-2.2% of
humus. The limit moisture susceptibility is 18.6%
of absolutely dry weight.

The study area is drained with the drainage (9
draining systems were arranged). One treatment
consists of three drainage systems with the area
of 0.54 ha each: in two of them drain spacing
was 20 m, in one drainage system the drainage
spacing was 15m. Total study area covers the
area of 4.86 ha. In order one drainage system had
no e�ect on the other one, polythene �lm screens
were arranged between them down to the draining
depth (1.2 m). The scheme of the study area is
presented in Figure 1.

Four-�eld crop rotation was selected for the
studies. The following agricultural crops were
grown (amount of inserted slurry � in the
brackets):

1. sugar beet (40 t ha−1) (N232P75K230);
2. barley with undercrop (20 t ha−1)

(N44P39K63);
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Figure 1. Study scheme:
Treatment I � slurry applied in autumn (the whole rate); treatment II � slurry applied in spring (the whole
rate); treatment III � slurry applied in autumn and spring (0.5 rate in autumn, 0.5 rate in spring); 1 - �elds

with drain spacing of 20 m; 2 - �elds with drain spacing of 15m; 3 - ground water borehole.
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3. clover (70%) with timothy (30%) (No
fertilization);

4. spring rape (30 t ha−1) (N66P33K108).

Samples for the determination of the chemical
composition of drainage and ground water were
taken once or twice per month. Precipitation
water was sampled after the fall of precipitation.
Meteorological conditions were evaluated on the
basis of the data of Vilainiai meteorological post
with the improvements made by a rain-gauge
arranged in the study area. Water analysis
was done by Chemical Analysis Laboratory
of Lithuanian Water Management Institute
according to the methodology speci�ed in the
literature (Uni�kuoti..., 1994).

In the sampling places, total nitrogen
(Ntotal) was determined by Kjeldahl method,
total phosphorus (Ptotal) was determined by
spectrometric method after the mineralization
with potash persulphate, ammonium nitrogen (N-
NH4

+) was determined by spectrometric method
with Nessler reagent, nitrate nitrogen (N-NO3

−)
was determined by spectrometric method with
phenoldisulph acid, and the residue of phosphorus
acid (P-PO4

−) was determined by spectrometric
method with ascorbic acid and potassium (K+)
was determined by �ame photometric method.
Colorimetric analyses were made with the help of
the analyzer `FIA star 5012 system'.

Drainage runo� was measured in a volumetric
way every 5 days, but during spring and autumn
�oods - every day. Daily runo� was calculated in
a linear interpolation way.

Soil samples for the agrochemical tests were
taken in autumn and spring before the slurry was
spread, from 0-20, 20-40, and 40-60 cm deep soil
layers.

Samples for the determination of the
fertilization value of slurry were taken in three
replications from each reservoir transported in
the test �eld. Fertilization value of slurry and

NPK amounts transported with the slurry were
determined in a Chemical Analysis Laboratory.

The yield was determined in a direct way. The
area of the accounting �eld of sugar beet was 40
m2, that of barley, clover and rape was 10 m2.
NPK amount was determined in the main as well
as in the side production.

During the study period annual precipitation
amount was changing between 422 mm in 1996
(28% lower than average perennial rate) and 725
mm in 1998 (23% higher than average perennial
rate); maximum average air temperature reached
7.1 ◦C in 1995, and exceeded the average perennial
air temperature by 13% (Table 1).

According to yearly precipitation amount, the
year 1998 was wetest (725 mm, which is 10%
higher than average perennial rate). In vegetation
period the precipitation amount was biggest (532
mm, which is 33% higher than average perennial
rate).

Mathematical and statistical analysis of
test study results was performed with the help of
standard computer programs. To determine the
interrelations, `Excel' program was used.

Results and Discussion
During the studies the attention was

focused on nutrient leaching processes. Having
determined drainage runo� heights and chemical
composition of the drainage water, nutrient
amounts leached by drainage water in separate
treatments were determined (Table 2).

The biggest nutrient amounts inserted with
slurry in 1995, therefore most nitrogen has been
leached. In 1998 the biggest drainage runo�
in�uenced a large leaching of nutritious.

Pollution of ground water is best indicated
by the increase of the amount of nitrate and
ammonium ions. Having compared chemical
compounds concentrations of ground water of
the study period with the background values

Table 1
Meteorological conditions of the study period

Indexes 1995 1996 1997 1998
I-XII IV-X I-XII IV-X I-XII IV-X I-XII IV-X

Precipitation, mm 599 406 422 288 574 422 725 532
% from average perennial
rate

102 102 72 72 97 106 110 133

Average air temperature, ◦C 7.1 13.3 5.4 12.5 6.9 12.5 6.8 12.6
% from average perennial
rate

87 109 87 102 111 102 110 103
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Table 2
Inputs and leached amounts of NPK within a 4-year study period in the experiment �eld

Year Treatment Runo� Input Leaching
N P K N P K

mm kg ha−1

1995
I 230 36 26 82 37 0.08 1.8
II 190 149 29 148 30 0.1 1.9
III 175 150 29 119 20 0.08 ??.5

1996
I 44 34 13 46 5 0.05 1.3
II 28 52 20 11 4 0.03 0.8
III 38 45 18 25 7 0.03 0.5

1997
I 101 0 0 0 9 0.02 0.8
II 73 0 0 0 8 0.04 1.0
III 74 0 0 0 10 0.12 0.8

1998
I 241 68 16 89 29 0.16 2.5
II 215 65 13 82 27 0.12 3.0
III 202 65 14 89 24 0.05 2.3

(Êîíäðàòàñ, 1969) determined in moraine
sediment until the intensive land use, it can
be said that ground water is being polluted.
Although NH4

+ concentrations did not exceed
the background ones (NH4

+ 0.1-1.5 mg l−1)
and were �uctuating from 0 to 1.4 mg l−1, no
existence of NO3

− ions in ground water until the
intensive land use was observed, and during the
study period the average amount of this element
observed in all samples was 7.9 mg l−1.

Comparison of the values of chemical
compounds concentrations of ground water of the
study period with the rates allowable for drinking
water (Lietuvos. . . , 2003) (Table 3) suggests that
according to the average concentrations (N-NH4

+

- 0.2, N-NO3
− - 1.8, P-PO4

− - 0.03 mg−1) the
ground water is of good quality.

When determining the nitrate nitrogen, all
samples were of good quality because the
concentration of this element did not reach the
limit of 10 mg l−1. However, during certain
periods the concentration of nitrate nitrogen
increased to 5.5-5.6 mg l−1. Comparison of
the actual values of phosphates with their
allowable values suggests that the ground water

is not polluted with phosphates as phosphate
concentration did not exceed the allowable limit
for drinking water. Although the amount of
nutrients contained in ground water rarely exceeds
the determined limit, it is obvious that nutrient
concentrations have a tendency to increase.

It is found in the literature (Tumas, 1999)
that ammonium concentration in ground water
seldom is higher than 0.2 mg l−1. However,
in Juodki�skis study object concentrations of this
element reached even 0.8-0.9 mg l−1 (NH4

+) due
to intensive land use.

The highest ammonia nitrogen (N-NH4
+)

concentrations in ground water were determined
in 1995 (0.6-0.7 mg l−1), in 1996 (1.1 mg l−1), and
in 1998 (0.3-0.4 mg l−1), when intensive farming
was being developed. Whereas While in 1997,
when perennial grass was grown, the maximum
ammonia nitrogen concentration reached only
0.2 mg l−1. In 1996, a distinct concentration
was determined by the mineralization or
ammoniphication processes, during which organic
nitrogen is being transformed into inorganic one.
In autumn of 1995, the mineralization process of
ploughed up residuals of sugar beet started, and

Table 3
Actual and allowable values of ground water indices

Indices Actual values Permitted limit (PL)
(N-NH4

+) mg l−1 0 � 1.1 2.0
(N-NO3

−) mg l−1 0.2 � 5.6 10.0
(P-PO4

−) mg l−1 0 � 0.18 0.23
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intensive autumn precipitation as well as spring
�ood water in 1996 leached ammonia nitrogen into
deeper soil layers, which resulted in the highest
concentration of this element during the whole
study period.

The highest nitrate nitrogen (N-NO3
−)

concentrations were observed in spring of 1996,
when the soil was not sown up, and in 1998, when
spring rape was grown. When organic matter
containing nitrogen gets into the ground water,
nitri�cation process starts, because usually water
of mineral soils always contains dissoluble oxygen
(from 5 to 10 mg l−1) (Juodkazis and Ku�cingis,
1999). This process is not interrupted until the
concentration of dissolved oxygen decreases to
0.3 mg l−1 (Tumas, 1999). However, if there
is no oxygen, nitri�cation decreases to minimum
(Wetzel, 1983), and then the denitri�cation
process starts.

Although phosphate amounts were very low
in ground water, their �uctuations are similar
to those of ammonia and nitrate nitrogen. This
means that �uctuation reasons of those nutrients
are the same. The highest phosphate (P-PO4

−)
concentrations were observed after sugar beet was
harvested (0.18 mg l−1) and in spring of 1996 (0.16
mg l−1), when the soil was not sown up.

The �uctuation of potassium (K+)
concentrations in ground water is more dynamic
than that of other elements. Higher potassium
concentrations were observed at the beginning of
the year (3.1-4.1 mg l−1), and later they decreased
(1.5-2.1 mg l−1). The highest concentrations were
observed at the beginning of summer (3.4-4.6
mg l−1), while in autumn they used to decrease
again (3-3.1 mg l−1). The data in the literature
shows that, potassium contained in the soil is a
structural element of clay minerals. Therefore the
soils of a heavy grain-size composition contain
larger amounts of potassium than those of light
grain-size composition (Motuzas et al., 1996). In
soils of the test �eld, the sum of physical clay
particles is �uctuating from 10 to 28%, but the
sum of physical sand particles � from 59.7 to
84.1%. This determined the low concentrations of

potassium in ground water.
In the borehole arranged in the study object

of Juodki�skis, the ground water was �uctuating
depending on the precipitation amount. It was
slightly late until the precipitation penetrated to
the level of ground water. The lowest water level
in the borehole was observed in the August of each
year, when precipitation is not abundant and the
air temperature is highest. In 1995, the ground
water level decreased to 206 cm, in 1996 � to
207 cm, in 1997 � to 237 cm, and in 1998 � to
167 cm. The highest level of the ground water
from ground surface is observed during the spring
�ood or after heavy precipitation. For example,
in January 1995 it was only 65 cm deep, in years
1996, 1997, and 1998 - 97, 77 and 59 cm deep
respectively.

Considering the correlation connection
between ground water levels and chemical
compounds concentrations it was determined
that the concentrations of ammonia nitrogen
and phosphorus compounds depend on the
�uctuations of ground water level (Table 4).

Concentrations of ammonia nitrogen (N-
NH4

+), P-PO4
− and Ptotal contained in water

of the ground water borehole much depend on
the depth of water abatement: the deeper the
water, the higher the concentrations of those
elements. No similar relation was determined
between nitrate nitrogen (N-NO3

−), Ntotal, and
K+.

Conclusions
1. Ground water quality in the borehole

arranged in Juodki�skis study object was
good, because concentrations of the studied
elements did not exceed the hygienic norms
set for the drinking water.

2. The highest ammonia-N, nitrate-N, and
phosphate concentrations depended on
plant residuals in the test �eld as well
as on precipitation amount: in spring of
1996 and in summer of 1998 concentrations
of those elements were highest, because
in autumn of 1995 sugar beet residuals

Table 4
Correlation coe�cients between ground water level and chemical compounds concentration

Number of
observations

Water level
�uctuation range, cm

Values of the correlation coe�cient
N-NH4

+ N-NO3
− Nbendr P-PO4

− Pbendr K+

31 - 28 59 - 237 0.54* 0.05 0.27 0.62* 0.5* 0.28

Note: Correliation connection values reliable according to the criterion t (tactual >theor) are signed
with stars.

256



Stefanija Misevi�cien
e THE EFFECT OF SLURRY APPLICATION ON THE QUALITY OF
GROUND WATER

of a fast mineralization were ploughed up.
Meanwhile, during the vegetation period of
1998 the precipitation exceeded the annual
rate by 33%.

3. Although after slurry application the
highest nitrate nitrogen concentrations were

5.5-5.6 mg l−1 and did not reach the
rate allowable for drinking water (10.0 mg
l−1), comparison with background values
suggests that the quality of ground water
is decreasing.
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Abstract

The most urgent environmental problem in cultivated land areas of Lithuanian karst region is the protection of
subsurface water from technogenic pollution. In terms of subsurface water pollution, the ambience of sinkholes is
considered to be particularly dangerous. The work was carried out in 2004�2006 in the district of Bir�zai.

Having analyzed the regime of sinkhole water formed in the vicinity of sinkholes as well as the regime of ground
water of their vicinity it was determined that this regime is di�erent in respect of the local hydrogeological conditions.
A common regularity was observed: during the snow thaw period and rainy period sinkholes are fed with water from
ambient soil and with shallow ground water, during the dry period water accumulated in peat of the failures of sinkholes
�ows into the ambience, and during the particularly dry periods subsurface water abates in sinkholes and they start
draining the ground water very intensively.

Analyzing the interrelations of water quality indices it was determined that in most cases the quality of ground water
in sinkholes and in their vicinity is closely related. Sinkholes with water level higher than the ground water level and
with higher chemical compounds concentrations make no adverse e�ect on ground water quality due to comparatively
low runo� into the environment. However, such sinkholes are considered to be potential pollution sources of lower
aquatic layers.

Nitrate nitrogen is one of the most harmful pollutants getting into the sinkholes from agricultural �elds and farming
land plots where mineral fertilizers are applied. Ground water of higher level polluted with the nitrogen is obviously
polluting the subsurface water of the sinkhole as well.

Keywords: ground water, sinkhole water, water regime, pollution.

Introduction
In the karst region of northern Lithuania (in

the territory of Bir�zai, Pasvalys, and part of
Panev
e�zys districts) the soils are rather fertile;
here under the conditions of intensive farming
there is a danger for nutrients (mineral salts) not
assimilated by plants to get into the subsurface
water. Water polluted with salts is more
aggressive and dissolves gypseous dolomite layers
more intensively. As a result, subsurface moraine
sediment falls into the hollows, and sinkholes
are formed. Currently, more intensive karsting
processes have been observed.

Most of the sinkholes were formed many
years ago; some of them are overgrown with
bushes and trees, others are overgrown with
marshy vegetation. Such hollows overgrown with
peat cover from 0.01 to 0.2-0.4 ha and even
larger relief territories. Moreover, they collect
quite large amounts of surface and soil water
forming from snow thaw and precipitation water.
There is an opinion that such sinkholes are
considered to be the direst pollution sources of the
subsurface water (Vodzinskas, 1967; Narbutas,
1995; Taminskas, 1999).

In respect of gypsum, the water circulating

in karst forming layers near the soil surface
is more aggressive as it is more intensely
diluted with in�ltration water (Ìàðöèíêÿâè÷þñ
and Áóöÿâè÷þòå, 1990). Compared with the
pollution of water layers in non-karst terrains,
karst ground water (water in karst layer)
is polluted much easier and in shorter time
(Kaarolu, 1999). A threatening phenomenon
is the in�ltration of polluted surface water into
subsurface layers, especially the pollution of
gypsum dissolving subsurface water with di�erent
chemical and organic materials increasing its
aggressiveness (Narbutas et al., 2001). Small
sinkholes are considered to be the most susceptive
to pollution by nitrates and the level of this kind
of pollution in them is the highest (Hallberg and
Hoyer, 1982). A considerable amount of biogenic
materials and other pollutants come to sinkholes
together with precipitation, organic materials
(dust, pollen, tree leaves) get in together with
surface outwash, and bush and tree leaves are
considered to be the greatest source of sinkhole
water pollution (Taminskas, 2002).

A complicated circulation of subsurface water
evidently related with surface water and �ltration
water of soil surface layers takes place in a peat-
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covered sinkhole and its vicinity. The research
data of the Lithuanian Water Management
Institute (LV	UI mokslo. . . , 1998) shows that
concentration of potassium (K) is normally 2�5
times, of phosphorus (P-PO4) � up to 9 times, and
of ammonium nitrogen (N-NH4) � up to 50 times
higher in the water of peat-covered karst failure
compared with the ground water of mineral soil
in the vicinity. It was observed that during the
rainy season of the year sinkholes are fed with
ground water, and during the dry season, � on
the contrary, the water accumulated in their peat
�ows into the environment (�Sukys and �Saulien
e,
2005). During especially dry periods, the
subsurface water of some sinkholes abates heavily
and they drain the ground water intensively. This
proves the fact that the regime of sinkhole and
ground water of their vicinity can di�er greatly
depending on climatic factors changing in respect
of time and local hydrogeological conditions.

The researchers of di�erent �elds have been
carrying out di�erent kinds of research for several
decades to assess and solve the problem of
subsurface water protection against agricultural
pollution in the karst region; the results have
been published in the national and foreing press.
However, the relationship of the regime of sinkhole
and soil-ground water of the vicinity and pollution
have not been analysed much in terms of scienti�c

approach.
Work objective is to establish the interrelation

of ground water regime and pollution in the
vicinity of karst sinkholes.

Materials and Methods
The work was carried out in 2004�2006. The

research was performed in the vicinity of four
peat-covered sinkholes in land areas of Pae�zeriai
and Lyglaukiai villages, Bir�zai D. The sinkholes
are formed in 5�10 m thick moraine sediment
with sandy loams and light sandy clay loams
prevailing. Under these permeable to water
moraines the layers of karst gypsous dolomite and
gypsus occur. One of the investigated sinkholes is
surrounded by a cultivated pasture, the second -
by a natural bushy meadow, the third is located
between farm gardens and a pasture, and the
fourth is surrounded by arable land. Mineral
slopes of these sinkholes are overgrown with grey
alders and aspens. In the bottom peat, mainly
goat-willows and willows grow with their dying
remains scattering around. On the ground surface
the diameter of these sinkholes reach about 15�30
m.

In each study place of the four sinkholes, 2
plastic wells (piezometers) of 50 mm in diameter
are installed for monitoring the water level and
taking the water samples. They are placed in an

 

 
 

 

Figure 1. Location of the geological cross�section of the study area and observation wells.
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analogous order (Fig. 1): one well is installed in
the sinkhole and the other � higher on the slope
with respect to the sinkhole at 2�3 m from the
edge of the sinkhole. The wells in the sinkholes
are �xed in the mineral soil that moved over them
long ago in such a way that their �ltrating part is
below the lowest level of subsurface water.

The level of ground and sinkhole water was
measured once in one or two months. At the
same time, water samples from the observation
wells were taken for chemical analyses, and
concentrations of six chemical components of the
water � N-NO3, N-NH4, Ptotal, SO4,- K, and Cl
- were analysed in the Laboratory of Chemical
Analyses of the Water Management Institute of
the Lithuanian University of Agriculture. The
statistical analysis included estimation average
and standard deviations of data of research,
and also correlation Pearson by means of the
standard computer program `Excel'. Student test
criterion was used for interrelation signi�cance
level estimation.

Results and Discussion
During the research period the regime of

ground and sinkhole water level in each study
place was of di�erent but clearly correlated nature
(Table 1). The underwater level in sinkhole 1 was
0.5�0.8 m almost all the time, in sinkhole 3 �
0.6�2.2 m above the ground water level, and in
study places 2 and 4 the level of ground water in
the vicinity was higher, mostly up to 0.5 m and
sometimes even up to 1.2 m.

The regime of ground and sinkhole water
level in each study place was of di�erent but
clearly correlated nature (Fig. 2). Common

regime regularity is that the highest levels are
observed during spring snow thaw which can
last to midsummer quite often and later they
abate with deceleration up to late autumn or
even the beginning of winter. In addition, the
change in these levels was relatively synchronous
in sinkholes, in which the level of subsurface
water was regularly higher than the level of
ground water in the vicinity. In other sinkholes
the water level changed with frequent lateness
and asynchronicity in respect of a similar and
especially higher level of ground water in the
vicinity.

The quality of ground and sinkhole water
was di�erent depending on the place of study
(Table 2). Concentration of N-NO3 in ground
and sinkhole water �uctuated relatively slightly
in study place 1 (cultivated pasture) � from 0.01
to 4.1 mg l−1, and even less in place 2 (natural
bushy grassland) � from 0.01 to 0.71 mg l−1. The
established concentrations of this nitrogen in the
water of sinkhole 3 (between farm gardens and
pasture) were rather high (14.8�50 mg l−1) and
concentrations in the ground water of this sinkhole
bank 2 m deeper were low (0.06�3.7 mg l−1).
Concentration of N-NO3 in the water of sinkhole
4 (arable land) �uctuated comparatively little �
0.1�1.16 mg l−1, but in the ground water of the
sinkhole bank - from 7.4 to 23.4 mg l−1, at which
is not allowed to drink such water.

Concentration of N-NH4 in the water of
all sinkholes was 2 times higher or more
than that in ground water and the highest
concentration (�uctuated from 1.3 to 14.0 mg
l−1) was established in the water of sinkhole
4. Concentrations of other three analysed
elements were higher in sinkhole water compared

Table 1
The indices of �uctuations of ground water levels in sinkholes and their vicinity

No. of the
study place Studied water Water level height, m Fluctuation Indices of the

relation levels
highest lowest average R2 tactual

1 Ground water 63.01 60.37 61.46 2.64 0.82 7.67
Water in sinkhole 63.04 60.60 62.02 2.44

2 Ground water 64.63 62.46 63.27 2.17 0.76 6.70
Water in sinkhole 64.11 62.03 63.21 2.09

3 Ground water 55.33 52.16 53.40 3.16 0.76 6.69
Water in sinkhole 57.66 53.97 55.79 3.39

4 Ground water 65.58 63.15 64.12 2.41 0.81 7.61
Water in sinkhole 65.72 62.06 63.73 3.66

Note. R2- coe�cient of determination; t � actual criteria for reliability or determination; P- probability
corresponding by the calculated tactual criterion; tactual > t95% = 2.1, the relation signi�cant.
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Figure 2. Fluctuations of ground water level in sinkholes and their vicinity. Sinkhole place: 1 - cultural �eld;
2 - in natural bushy grassland; 3 - between gardens and pasture; 4 - in arable land.

Table 2
Concentrations of chemical compounds in water of sinkhole and in ground water

Water of a sample Concentrations, mg l−1

N-NO3 N-NH4 Ptotal K SO4 Cl
Study place 1

Ground water 0.01�3.8 0.01�4.2 0.012�0.22 0.4�2.7 2.3�36 0.76�15.1
0.97 0.90 0.060 1.4 13.0 7.7

Water of a sinkhole 0.01�4.1 0.04�8.2 0.069�0.66 1.0�2.3 37�117 3.8�17.9
0.94 1.95 0.31 1.5 73 12.2

Study place 2
Ground water 0.01�0.25 0.02�0.29 0.007�0.11 0.4�3.5 17.0�50.0 1.96�23.0

0.09 0.11 0.040 1.3 26.5 9.1
Water of a sinkhole 0.01�0.71 0.08�1.8 0.089�0.60 0.8�7.5 14.0�380 2.0�18.4

0.22 0.42 0.280 2.6 220 13.0
Study place 3

Ground water 0.06�3.7 0.01�0.96 0.02�0.11 0.2�2.3 1.7�23.0 6.0�22.0
1.33 0.53 0.056 1.0 8.2 11.2

Water of a sinkhole 14.8�50 0.16�2.5 0.011�0.16 2.9�4.9 100�206 14�31
32.2 1.52 0.055 3.4 167 25.3

Study place 4
Ground water 7.7�23.4 0.13�6.8 0.028�0.39 1.5�5.4 15.0�37,0 15.0�28.0

16.3 1.56 0.099 3.2 24.8 20.1
Water of a sinkhole 0.10�1.16 1.3�14.0 0.164�0.42 2.9�6.4 630�2116 38�194

0.67 4.62 0.262 4.1 1570 147

Note. Numerator � �uctuation ranges of concentrations, denominator � average concentration
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Table 3
Interrelation of chemical compounds concentrations in water of sinkhole and in ground water

Study
places

Sampling
volume

Values of relation R2 between concentrations
N-NO3 N-NH4 Ptotal K Cl SO4

1 26 0.45 0.70 0.07 0.25 0.70 0.00
2 26 0.63 0.71 0.18 -0.04 0.13 -0.05
3 26 0.66 0.00 0.06 0.42 0.70 0.00
4 26 0.45 0.64 0.33 0.00 0.06 0.43

Note. Statistically signi�cant R2 values are given in bold. R2 - coe�cient of determination; t � actual
criteria for reliability or determination; P- probability correspondly to the calculated tactual criterion;
tactual > t95% = 2.1, the relation is signi�cant

with ground water as well. Especially high
concentration of SO4 (630 � 2116 mg l−1) was
established in the water of sinkhole 4. As
the values of sulphates indicate the amount of
dissolved gypsum (Narbutas, 2001), they suggest
a statement that gypsum dissolving is still taking
place in the moraine rock which came down
on the original failure and this dissolving is
obviously activated by �uctuations of the level of
ground water in the vicinity polluted with N-NO3

nitrogen (16.3 mg l−1 on average).
Correlation analysis shows that the quality of

water in all sinkholes and ground water in their
vicinity mainly depends on nitrogen compounds,
as well on chlorine in study place 1, also on
potassium and chlorine in place 2, and also on
sulphates in place 4 (Table 3).

Local hydrogeological conditions determine
the nature of relationship of chemical compound
concentrations in sinkhole water and in the ground
water in the vicinity. The sinkhole water which is
higher and more polluted than the ground water
leaks into the vicinity ground, which probably
pollutes the ground water. Such case is typical
for study place 3 in which the sinkhole is fed
with surface and soil water after a more intensive
snow thaw or profuse rainfall. However, due
to the small volume, the runo� of the polluted
sinkhole water into the ambience is relatively
minor and in fact has no impact on ground water
quality. This is proved by a comparison of N-
NO3 concentrations. It was established that the
average concentration of this nitrogen in sinkhole
water was 32.2 mg l−1 and in ground water it was
only 1.3 mg l−1. Obviously, the polluted sinkhole
water leaks deeper into karsting layers through a
more conductive failure soil.

In study place 4, on the contrary, N-NO3

concentration is higher in the ground water of
higher level in the vicinity (16.3 mg l−1 on
average) and comparatively low (0.67 mg l−1

on average) in the sinkhole water. However,
a relatively high concentration of N-NH4 was
established in the sinkhole water (4.62 mg l−1

on average). This can be explained by the fact
that the nitrates which get into sinkhole peat from
higher layers of ground water in the vicinity turn
into ammonium as reduction takes place under
anaerobic conditions and continue polluting the
subsurface water. In this case it can be stated
that the polluted ground water which gets into
the sinkhole has an undoubtedly adverse e�ect on
the quality of sinkhole water.

Conclusions
1. The regime of the ground and sinkhole

water level in each study place was of
di�erent but correlated nature. The local
hydrogeological conditions determine the
nature of correlation between sinkhole water
in their vicinity and ground water quality.

2. Nitrate nitrogen is the most harmful
pollutant which can get into subsurface
water from agricultural �elds and farming
land plots where mineral fertilizers are
applied. Such pollutant gets into peat-
covered sinkholes when they receive soil and
shallow ground water of snow thaw and after
rains.

3. It was established that the ground water
feeding sinkholes from their vicinity has high
concentration of nitrate nitrogen (up to 23
mg l−1) and relatively low concentration
of ammonium nitrogen (about 0.3 mg
l−1). Such ground water goes through
the peat layer into moraine loamy failure
and acquires concentration of ammonium
nitrogen (up to 14 mg 1−1) which is
considered to be a dangerous pollutant
from the point of view of environmental
protection and health care.
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4. When water level in sinkholes is higher
and water unallowably polluted, it leaks
into the ground water of their vicinity.
Though due to rather low runo�, it makes
no adverse e�ect on the quality of ground

water. There is a greater probability that
the polluted sinkhole water will leak into a
more conductive moraine failure, therefore,
such sinkholes are considered to be potential
pollution sources of lower aquifer layers.

References
1. Hallberg G.R., Hoyer B.E. (1982) Sinkholes, hydrogeology, and ground water quality in Northeast

Iova. Iowa Departament of Natural Resources, Geological Survey Bureau, Open File Report 82-3,
120 pp.

2. Kaarolu F. (1999) Review of Groundwater Pollution and Protection in Karst Areas. Water, Air and
Soil Pollution, vol. 113, No 1�4, July, pp. 337�356 (20).

3. Klimas A., Pauk�stys B., Taminskas J. (1992) Technogeniniai veiksniai ir ju� poveikis karstiniams
procesams. (Technogenical factors and theirs impact to the karst processes). Geologija, t. 13, pp.
86�99. (in Lithuanian).

4. LV	UI mokslo tiriamojo darbo ataskaita (1998) (Scenti�c report of WMI) (darbo vadovai dr. R.
�Ci�zauskas ir dr. P. �Sukys). Vilainiai, 103 pp. (in Lithuanian).

5. Narbutas V., Lin�cius V., Marcinkevi�cius V. (2001) Devono uolienu� karstas ir aplinkosaugos
problemos �Siaur
es Lietuvoje: monogra�ja. (Karst of the devonian rocks and the problems of
environment protection in North Lithuania: monograph). Vilnius: Agora, 191 pp. (in Lithuanian).

6. Narbutas V. (1995) �Siaur
es Lietuvos karstinio regiono �zemiu� ir po�zeminio vandens ekologinis
pa�zeid�ziamumas. Geologijos mokslo pasiekimai � gamtosaugai. (The ecological vulnerability of land
and ground water in karst region in the North Lithuania. Geological science to nature protection).
Seminaro med�ziaga, (Material of the seminar), 1995 m. lapkri�cio 29d, Vilnius, pp. 23�25. (in
Lithuanian).

7. Pauk�stys B. (1991) 	Ukin
es veiklos reglamentavimas karstiniame rajone. Lietuvos po�zemin
es
hidrosferos i�stekliai, re�zimas ir apsauga. Infomacinis biuletenis, (The regulation to farming in karst
zone. The resources of ground water regime and protection. Newsletter) Vilnius, Valstybin
e Vilniaus
hidrologijos i�mon
e AKVA, pp. 39�42. (in Lithuanian).

8. �Sukys P., �Sauliene A. (2005) Gruntinio vandens u�z umo tyrimai karstiniu� smegduobiu� aplinkumoje.
(Investigation of ground water pollution in vicinity of karst sinkholes). 2005 m. mokslo tiriamieji
darbai. Vilainiai, ISSN 1392�3250. pp. 65�68. (in Lithuanian).

9. Taminskas J. (1999) Smegduobiu� susidarymas ir raida. (Generation and development of karst pits)
Geogra�jos metra�stis, t. 32, pp. 194�203. (in Lithuanian).

10. Taminskas J. (2002) Smegduobiu� apsaugos optimizavimas. (Optimization of sinkholes protection)
Geogra�jos metra�stis, t.35, pp. 87�94. (in Lithuanian).

11. Vodzinskas E. (1967) Kai kurios pastabos apie �Siaur
es Lietuvos karstines i�griuvas ir ju� susidaryma�.
(Some comments on about the failures and theirs formation in the North Lithuania). Geogra�nis
metra�stis, t. 8, pp. 161�166. (in Lithuanian).

12. Ìàðöèíêÿâè÷þñ Â.È., Áóöÿâè÷þòå Ñ.Â. (1990) Ãåîëîãè÷åñêèå è ãèäðîãåîëîãè÷åñêèå óñëîâèÿ
ñóëúôàòíîãî êàðñòà â Ñåâåðíîé Ëèòâå. (Geological and hydrogeological conditions of the vitriolic
karst in the North Lithuania). Ãåîëîãèÿ, ò. 11, Âèëüíþñ, ñ. 112-115. (in Russian).

263



WATER MANAGEMENT

ECOLOGICAL AND ECONOMICAL ASPECTS OF THE
MANAGEMENT OF DRAINAGE SYSTEMS IN LITHUANIA

Valentinas �Saulys, Nijol
e Bastien
e
Water Management Institute of Lithuanian University of Agriculture
E-mail: valentinas@water.omnitel.net

Abstract

After the private ownership of land was restored and a part of land reclamation structures was given to land owners,
the intensity of land use has changed. In the areas of Lithuania, which are less favoured for agriculture, the land is
not intensely used. Further �nancing of land reclamation of such areas from the state budget grants is economically
ine�cient as the return of relatively high investments is very low. With the changing of land reclamation infrastructure
it is necessary to prepare measures which would facilitate rational, regional agricultural specialization corresponding to
natural conditions. The routine procedure of �nancing the land reclamation has to be changed as well.

The paper analyses the changes in usage of drained land areas and �nancing of the land reclamation sector in
Lithuania during the last decade (1997-2007). The purpose of this research is to establish the criteria of the economical
e�ciency of drainage systems and to propose methods how to change the �nancing of state-owned land reclamation
infrastructure.

On the grounds of the carried out situation analysis, a methodology of distributing state grants for land reclamation
to municipality budgets are presented. To have an e�cient use of the state budget funds, the operation and maintenance
of shared land reclamation systems have to be carried out according to the maintenance plans approved by municipalities,
which would provide for arrangements and compensations due to con�ict of interests arising when land plots are used
in di�erent ways. Possible ecological measures that could be applied when carrying out repair and reconstruction of
drainage systems are discussed.

Keywords: land reclamation facilities, �nancing, economic criteria, ecological measures.

Introduction
Agricultural hydrosystems are a constituent

part of water economy. They play an important
role in agro-industrial development of many
Eastern European countries. Therefore, it
is necessary to pursue policy and monitoring
of reclaimed land management coordinated in
all European countries (Maziliauskas, 2001;
Schultz, 2001). For Lithuania, the state of
drainage systems is one of the main issues
to solve. Maintenance of these systems can
be performed at the right time and with
required quality only with su�cient �nancing
(from di�erent subsidies, taxes, through applying
di�erent variants of labour force contributions
and using other alternative resources) or by
reducing the plot of reclaimed areas. All this
has to be closely connected with the Lithuanian
Agricultural Development Strategy (Stanik	unas
et al., 2002; �Saulys and Lukianas, 2003).

The research shows that land reclamation
facilities must be owned by direct users of the
reclaimed areas (Peter et al., 1996; Marshall
and Tenev, 1996). Privatization of drainage
systems had to be started several years ago,
together with the land reform. Unfortunately,
the decision was taken to wait until the

�nalization of the reform. In fact, that was
not the most appropriate decision. Due to
insu�cient maintenance, some part of land
reclamation property has been lost: the areas
with ine�ciently operating drainage areas have
increased signi�cantly (Bastien
e, 2002). The new
Land Reclamation Law regulating the ownership
of land reclamation facilities was passed on 21
February 2004 (Lietuvos melioracijos i�statymas,
2004). According to this Law, subsurface drainage
network has become the ownership or the land
user, i.e., they are considered as appurtenances of
land plot. Now the owners of the drained land will
have to maintain the drainage structures at their
own expenses. In the rules of the state �nancial
support allocated to the owners of the drained
land for carrying out the implementation, repair,
reconstruction and maintenance it is laid down
that a share of own funds must be at least 15% of
all costs. The full �nancing from the state budget
will be applied only for the repair of collectors, if
their diameter is 12.5 cm or larger.

At the moment, active discussions are
in progress regarding the methodology of
distribution of the state grants for land
reclamation. After the private ownership to
the citizens was restored, the intensity of land
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use has changed. In some areas of Lithuania,
which are less favoured for agriculture, the
drained land is not used intensively for agriculture
development. There are places where drainage
systems are deteriorated. Further �nancing of
rehabilitation of such systems from the state
budget is economically ine�cient as the return
of such relatively high investments is very low.
Investments should not be made in such areas.
The state is planning to provide for the procedure,
which would promote the denaturalisation of this
kind of land.

The purpose of this research is to establish the
criteria of the economical e�ciency of drainage
systems and to propose methods how to change
the �nancing of state-owned land reclamation
infrastructure.

Materials and Methods
Lithuania has enough natural resources

to develop agricultural production e�ciently.
Agricultural land occupies more than a half
(51.6%) of total land area of the country, and more
than 88% of agricultural land is drained. Fairly
high land productivity allows active integration
into the EU market of agricultural products
(Buivydait
e et al., 1999). However, soil cover
in Lithuania is not uniform. Due to the non-
homogeneous texture and fertility of topsoil layer,
the regional income of agricultural subjects also
draining e�ciency is di�erent. The activities
of the Lithuanian water economy sector �
land reclamation � is important to farmers
and constitutes an essential part of agricultural
production infrastructure. On 1 January 2006,
the total residual value of land reclamation
structures accounted for 3.32 milliard Lt (1 Lt
equals 0.29 euros). The percentage of state owned
drainage structures and private ownership there

is nearly the same: 50.1 and 49.9% respectively
(Melioruota. . . , 2007).

The research was done with reference to
the analysis and evaluation of the laws and
regulatory legal acts in the �eld of water
management. The data from the Department of
Statistics of Lithuania, the State Land Survey
Institute, the Lithuanian Institute of Agrarian
Economics, the Ministry of Environment, and the
Ministry of Agriculture were used. The algorithm
for calculating special subsidies from the state
budget was prepared by using `MS Excel 2000'
programme.

Results and Discusion
After the provision, that drainage structures

belong to the owner of land plot was legitimated;
the value of land reclamation property was
changed. The routine procedure of �nancing of
land reclamation activities has to be changed
as well. Moreover, for the implementation of
agricultural and rural development strategy and
for changing the land reclamation infrastructure,
it is necessary to form measures which would
background a rational regional agricultural
specialization adequate to natural conditions.

The need of funds for the maintenance
of drainage systems is not reasoned. The
Ministry of Agriculture is increasing allocations
for these activities gradually. During the years
of 2000�2006, drainage systems were implemented
only in the area of 101 ha, but reconstructed -
in the area of 9220 ha. In fact all funds are
allocated for the maintenance of the existing land
reclamation structures (Fig. 1).

It was determined that yearly maintenance
costs of drained areas reach 76�87 Lt ha−1.
The average annual price of ditch maintenance
is 50�55 Lt ha−1, and the average annual price
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Figure 1. State grants for land reclamation in 1997�2007.
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of reparation of damaged subsurface drainage
network is 26�32 Lt ha−1. These costs
are changing: they decrease when using new
technologies and machinery, and increase by
absolute value as the probability of drainage
system failures increase with time. However,
the yearly allocation for maintenance of drainage
systems is less than 76�87 Lt ha−1 (in 2007
only 23.4 Lt ha−1. Therefore the necessary
maintenance work is not carried out timely
resulting in the increase of damages.

Special state subsidies for land reclamation
purposes are distributed depending on the area
of drained land in municipalities. Without
the funds allocated to polder systems, the
�nances received by municipalities (D) very
closely correlate with the area of drained land (A)
(correlation coe�cient r = 0.98). The principles
of distribution for land reclamation did not change
in 2007 (Fig. 2).

In order to achieve a more e�cient use
of the land reclamation infrastructure, it is
necessary to take into account the regional
agricultural specialization corresponding to
natural conditions. Regional di�erences
of agricultural entities determine unequal
possibilities of pro�tableness to create competitive
farms. According to the data of the Lithuanian
Institute of Agrarian Economics, it is expedient to
take on commercial plant production only in those
regions where the productivity of agricultural
land is higher than the average of the country
(Lietuvos. . . , 2001). The level of income from
plant production in farms (calculating per 1 ha
of agricultural land) on soils of di�erent fertility
di�ered 3.5 times and the total income of the
farmers with the best and the worst soils di�ered
1.5 times. Statistical estimation shows a strong

dependence of the income of farms from crop
cultivation on the land productivity (r = 0.98).

The review of rural development tendencies
and regional agricultural specialization of the
recent years showed that due to low pro�tableness
of farms on fertile land and loss-making
agricultural activities in the regions of land less
favoured for farming, the areas of abandoned
agricultural land are increasing (Fig. 3).

Recording of abandoned drained areas is
rather problematic. Firstly � there is no
adequate de�nition which land should be de�ned
as abandoned. Secondly � little interest of
districts administration is shown in recording
results due to high expenditure on its realization.
Today, undeclared land areas in municipalities,
which re�ect the land areas not used for
intensive agricultural production quite accurately,
can change abandoned areas unexploited for
agricultural production in districts. In addition,
the methods elaborated by the EU for such land
accounting present highly reliable data.

The analysis of abandoned areas show
that in municipalities where agricultural land
productivity is higher than the average, relatively
better land is abandoned more often than in
municipalities with lower land productivity (Fig.
4). It should be mentioned that, in fact, the
amount of abandoned land depends on land
productivity and a whole complex of factors of
economic nature. In 1995-2002 it was possible to
observe an increase in arable land areas used for
cereal growing in the regions of fertile soil, whereas
in hilly regions with less fertile soil, a decrease in
such land areas was observed.

However, quite a di�erent tendency is observed
in the development of rural tourism business.
In less fertile areas, where agricultural activities
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Figure 2. Relationship between drained area and land reclamation grants from the state budget for
municipalities in 2006 (p < 0.01).
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Figure 3. The percentage of abandoned and undeclared agricultural land areas in municipalities:
1 - less than 16 percent, 2 - 16-32 percent, 3 - more than 32 percent.

are less pro�table and the areas of abandoned
agricultural land are increasing, the rural tourism
business is developing faster (Fig. 5). In the
southeast region (Utena, Vilnius, and Alytus
counties) the number of rural tourism homesteads
reaches 69.2%.

On the basis of the analysis results, a new
methodology of the allocation of special state
budget grants for land reclamation activities has
been developed. Having applied the methodology

suggested, the funds designated for this purpose
would be allocated considering the residual value
of the state-owned land reclamation structures
located in the territories of municipalities, and
adjusting them according to the increased land
productivity point due to water regime control
and the area of abandoned land plots (�Saulys and
Bastien
e, 2006). The start of distribution of the
state budget grants for land reclamation, taking
into account the tendencies of rural development,
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Figure 4. Relationship between land productivity and abandoned (undeclared) land areas in municipalities
in 2005 (p < 0.01).
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Figure 5. Relationship between the abandoned land areas in counties and the number of rural tourism
homesteads in 2005 (p < 0.01).

would promote a better maintenance, repair and
reconstruction of land reclamation structures in
the districts with land areas more favourable for
farming.

An e�cient employment of the state budget
funds requires that the use and maintenance of the
state land reclamation structures are carried out
according to the plans approved by municipalities;
the plans have to be reviewed every year, if at
least one owner or user of a land plot requests
that. When drawing the plans of the use and
maintenance of shared drainage systems, the
following aspects have to be evaluated:

• agricultural priorities in a municipality;
• agricultural development and intensity level

in a municipality;
• environmental issues (formation of riparian

protective strips and wetlands);
• interests of land owners and other users;
• agreements with contracting companies

and organizations responsible for the
maintenance and repairs;

• responsibility and compensations for
carrying out the shared commitments.

Today environmental issues become priorities.
In the territories of intensive agriculture, surface
and ground waters are polluted; no conditions
are created to increase biological diversity
and landscape attractiveness. Due to the
regulation of streams, the landscape of valleys
is transformed. Therefore the priorities of
land reclamation activities and environmental
protection must be de�ned. The principles of
the naturalization of low-productivity drained
areas as well as the necessity and expedience of
the rehabilitation of imperfect drainage systems
should be determined too. Ecological criteria

should help in evaluating the ecological situation
in a region (whether ecological land is lacking
or su�cient). Attention should be paid to
the re-naturalization of regulated streams and
their valleys. The spillways, weirs and ponds
constructed on the streams break the natural
ecological connection between the upstream
and downstream. Renovation of valleys of
the regulated streams will promote renewal of
biodiversity.

The majority of researchers consider ecological
measures related with the drainage network, by
allowing tree and bush growing on ditch slopes.
According to the authors (�Saulys et al., 1999),
by applying an alternative � biological - way
of maintenance of the drainage network it is
necessary to assess the processes taking place
in ditches as accurately as possible. These
processes are the washing of watercourse bottom,
deformations of slopes and their lower parts,
movement of silt, and sediment, of the covering
channel bottom with vegetation, and growing of
shrubs on the slopes. It is necessary to take into
account the �nancial possibilities of the users of
land drainage and to plan the maintenance work
and bene�ts achieved both for the farmer and for
the nature. Tree and bush growing on channel
slopes has to be based on hydraulic calculations.
The water of spring and summer �oods has to
contain in the watercourse and the water level
of vegetation period should not interfere with
drainage operation. Field experiments showed
that ligneous vegetation in Southeast Lithuania
is mainly prevalent in the section of regulated
stream slopes between 1.58±0.16 and 4.13±0.22
m measuring from the ditch bottom (Survilait
e
et al., 2006). The width of the overgrown strip
on the slope is 2.55±0.24 m. When hydraulic
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roughness of the lower part of a channel cross-
section and other morphometric parameters are
equal, hydraulic conductivity of regulated streams
overgrown with ligneous vegetation in southeast
Lithuania is more than 2 times higher than that
of overgrown ditches in the central lowland. In
this respect there are more possibilities to apply
ecological measures in the drainage network in
southeast Lithuania. This could be implemented
by expanding riparian strips near the ditches,
shaping an environmental ditch pro�le and also
by allowing tree and bush growing on the slopes.
During the increase of drainage system areas,
small marshes, valleys, close depressions and other
wet plots were drained, which was very important
for nature protection. Farming activities in
such areas are usually loss-making. In such
locations the probability of drainage damage
is higher (due to the activity of risk factors
of the main drainage system condition). It
is recommended to implement the optimization
and naturalization of drainage systems when
the repair and reconstruction work of imperfect
drainage is at hand.

The research established that when draining
heavy texture soils and incorporating liming
materials into the back�ll of a drainage trench,
the trench conductivity to water increases (�Saulys
and Bastiene, 2006). In addition, potassium
concentrations in the drainage systems, which
were implemented by mixing trench back�ll with
lime, were lower by 1.71 times than that in
the out�ow from the control drains. Run-
o� of potassium cations was 1.9 times lower
than that from the systems of control drains.
An essential di�erence between the average
concentrations of potassium cations in drainage
variants was established. The average phosphate
concentrations in the out�ow from the control

drains were 2.53 and 2.64 times higher compared
to the systems with lime admixture (�Saulys and
Bastiene, 2007). Having made the statistical
analysis, it was estimated that these di�erences
are signi�cant. Carrying out of drainage
system reconstruction and installing additionally
interceptor drains with lime admixture into
drainage trench back�ll for surface water coming
from agricultural �elds would substantially reduce
the run-o� of potassium and phosphorus into a
stream.

Conclusions
Economic e�ciency of operating land

reclamation systems depends on the pro�tability
of agricultural activities in drained land
areas. Regional di�erences in pro�tableness of
agricultural subjects are determined by natural
and economic factors. Analysis show that the
basic �nancing of state-owned land reclamation
structures should be adjusted taking into account
the criteria which would assess the increase of land
productivity points due to water regime control
and abandoned land areas in municipalities.

An e�cient employment of the state budget
funds requires that the use and maintenance
of the shared land reclamation systems are
carried out according to the plans approved
by municipalities. The plans should take
into account agricultural priorities, agricultural
development and intensity level, environmental
issues, interests of land owners and other users,
and responsibility and compensations for carrying
out the shared commitments. Environmental
issues become priorities. Today, while carrying
out repair and reconstruction of the drainage
systems, additional ecological measures must be
applied.
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Abstract

The paper deals with statistic analysis of the relation between variables of cultural heritage and that of regional
development in Latgale region. Latgale was selected as the study area � it is one of the �ve cultural or historical
ethnographic regions of Latvia with stable original features, which are formed in the result of the speci�c historical
processes but stands out among other regions of Latvia with the lowest indicators of development. According to the
results of analysis of correlation, the number of architectural and archaeological monuments per 1000 people or their
density in area have no close correlation with the major part of the parameters under examination. The analysis of
regression was carried out between `the number of architectural monuments against the area' and `the natural logarithm
from the density of population in 2005'. The ratio is expressed by the function y = 0.0339x2 − 0.1422x + 0.1671,
where y is the number of architectural monuments per square kilometre, but x � natural logarithm from the density of
population (the number of people per square kilometre). The coe�cient of determination for this relation is almost the
same as for a functional one - 0.9499. Both for the coe�cients of the equation and free member of equation have very
high validity (t � empirical respectively 21.7; -11.1; 7.9).

Keywords: regional development, cultural heritage, EU structural funds, Latgale, density of population.

Introduction
Nowadays the cultural heritage and its

protection are activated not only as the
preservation of values of the past and handing
them over to the next generations, but also in
relation to the research of long-term development
possibilities of places and regions. The
cognition of the interrelation between both of
these phenomena (cultural heritage and regional
development) is grounded because of many
reasons, among which the following should be
mentioned as the most signi�cant ones:

1. Regional development, including the
challenge of equal territorial development,
has come in the forefront within the
context of modern spatial processes
determined by the global economy. Some
places concentrate the capital and human
resources, while other places are depleted.
When solving this problem, new resources
and possibilities of development are
seeked, which outline also the need for
new ways of thinking. The European
Common Agricultural Policy (CAP) can
be mentioned as a typical example for such
changes, which for the development of the
countryside set out the preservation of rural

environment and lifestyle as the main target,
instead of food production.

2. Protection of cultural heritage is constantly
expanding, the number of items included
on the list of protected units is increasing
(for example, in Latvia from - 1454 in
the year 1940 (LR KM, 2001) to 8423 in
the year 2007, in France - from 16546 in
the year 1970 to 28202 in the year 1993
(Benhamou, 1997)), though, of course, it
becomes more and more di�cult to ensure
their preservation. Protective paradigms
are also changing, replacing simpli�ed
administrative instructions by coordination
between protective tasks and other purposes
of development and involving various
interest groups in their implementation
(Ashworth, 1994; St	ure, 2004; Burgess,
2000). Hence, the protection of cultural
heritage becomes more integrated with
other processes occurring on the territory.

In the context of the regional development,
the cultural heritage is considered as one of the
potential resources, which not only increases the
aesthetic value of landscape, but also can promote
both investment and employment in the region
(e.g., Power of Place, 2000). In Latvia these
trends are also resounding with the rhetoric of
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state political documents: `The cultural heritage
and diversity of culture is one of the conditions for
sustainable and balanced development of regions'
(LR KM, 2006).

The aim of this research project is to
assess possibilities of use of resources of cultural
heritage in the planning process of regional
development. The main objectives are (1) to
de�ne main quantitative parameters of region's
cultural heritage; (2) to de�ne main quantitative
indicators of regional development; (3) to identify
interrelations between them by statistical data
processing. Latgale was selected as the study
area � it is one of the �ve cultural or historical
ethnographic regions of Latvia with stable original
features, formed in the result of the speci�c
historical processes (Cimermanis, 1999). The
most striking accents in the cultural identity
of Latgale region are made by the dominance
of the Roman Catholic religious confession, the
Latgalian language, and the multicultural and
multiethnic population with outspoken presence
of the Slavic culture. The peculiarity has
developed because of di�erent sources of impact
� lots of elements are common with the Slavic
nations, but the catholic churches are built
according to the Italian, Austrian, and Polish
design patterns, which were transferred to Latgale
by the active monks of catholic orders (Taiv	ans,
1993). The regional peculiarities of the culture
of Latgale are more pronounced than anywhere
else and they are precisely represented by the
character of cultural heritage in the region.

At the same time, Latgale stands out among
other regions of Latvia with the lowest indicators
of development (amount of population income
tax, unemployment rate, changes in the number
of population, number of economically active
enterprises, non-�nancial investments, gross
domestic product), in addition, these negative
di�erences are increasing (VRAA, 2006b). In
many researches Latgale is singled out as a
peculiar region which should be studied separately
(Riv�za et al. 2006; Trapeniece, 2002; Zel�ca, 2006).
Therefore it is even more important to take an
innovative look at the processes of the regional
development, including not only the traditional
indicators in the analysis, but also resources of
cultural environment.

Materials
The region under research � Latgale - takes

22% of the present-day territory of Latvia. For
the purpose of this study, by the region under
research, the territory conforming to the cultural

historic region of Latgale, which existed until
the year 1940, is understood, and in the public
awareness it is still related with the concept of
Latgale, encompassing the Balvi, Ludza, R	ezekne,
Kr	aslava, and Prei�li districts, the territory of
the right-hand bank of Daugavpils district, and
several civil parishes in Madona and J	ekabpils
districts. The cities of the republican status -
R	ezekne and Daugavpils - are not included in this
research.

The research is based on the following publicly
accessible information of the governmental
institutions, published and unpublished, as
well as on evaluation data of the situation of
the protection of cultural monuments obtained
in the �eld work: (1) 489 objects included
in the list and in the project of the list of
architectural and historical culture monuments, as
well as 1046 archaeological monuments (Valsts...,
1998; VKPAI, 2002); (2) data basis of the
Central Statistics Board regarding the number
of population in municipalities of Latvia, the area
(LRCSP 2006); (3) information regarding tax
revenues of the municipalities (cash �ow) (LRVK,
2007), (4) information regarding implementation
of the EU support for the business (VRAA, 2006a;
LIAA, 2006).

The scope of support in the Latvian
currency (lats) and the number of projects were
summarized according to the administrative units
of Latvia, following the addresses of the registered
o�ces of the bene�ciaries as indicated in the
Register of Enterprises of Latvia (Lursoft, 2007).

Methods
In the data processing, the methods of

primary (descriptive statistics) and secondary
statistical data processing (analysis of correlation
and analysis of regression) were used (Arhipova
and B	ali�na, 2003). In the estimation of the
situation in the protection of cultural heritage,
both qualitative and quantitative data processing
methods were used, because the former researches
in this area prove the need to use them in
a tandem (St	ure, 2004). Taking into account
that tax revenues of municipalities per capita
and the distributing of parameters of density
of population correspond with logarithmical
normal distribution, the linearized data of these
indicators were also included in the group of
data, using the natural logarithms of the basic
indicators. In the statistical data processing, the
analysis of correlation and regression was applied,
using the Microsoft Excel programme.

As an indicator for the statistical evaluation
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of receipt of EU funds, the relative frequency
of the bene�ciaries was used against the number
of municipalities in the group concerned. For
evaluation of the funds granted, the method of
sign frequency di�erence was applied, using the
Fisher's transformation (Fisher and Yates 1963)
to normal distribution by the arcsin function
(Krasti�n�s and Ciemi�na, 2003). Vasermanis and
�S�kiltere (2003) suggest to use another method in
cases when the relative sign frequency tends to
0.5, while Krasti�n�s (1985) holds the view that
transformation of relative frequency applying the
arcsin function, is more universal and precise.

When checking the null hypotheses,
thefunction was evaluated (Krasti�n�s and Ciemi�na,
2003):

ϕ =
2π

180
arcsin(

√
p), (1)

where p is the relative sign frequency.
Empiric ratio, comparing the relative sign

frequency b in the representative samples and, is
obtained by the formula

tb =
|ϕ1 − ϕ2|√

n1+n2
n1×n2

, (2)

where ϕ1 is the value of ϕ function of brelative
frequency for representative sample n1;

ϕ2 � value of ϕ function of relative sign
bfrequency for representative sample n2.

If the empiric tb was less than the critical
t for the probability concerned, then the null
hypothesis was denied.

Results
Location and protection of culture monuments in
Latgale region

The catholic churches, 90 in total, constitute
the most signi�cant part in the overview (see
Table 1) of the architectural heritage of Latgale.
They are called as the prime architectural
dominant in Latgale landscape by the historian
L.Taiv	ans (1993). Most of the orthodox
churches are situated within the border zone with
Russia, but the old-believers'preaching-houses are
concentrated in the central and southern part of
Latgale. In many communities there are churches
of several religions, indicating the multicultural
character of the region (Riebi�ni, Brodai�zi,
L	�v	ani), which is one of substantial cultural-
geographical characteristics of Latgale. The
second largest group of architectural monuments
is the complexes of manor buildings (45),
including the landlord houses (42), household
buildings (67), and parks (40). The characteristics

of the technical condition of architectural
monuments of Latgale indicate that almost 70%
of them are in good and satisfactory conditions
(St	ure, 2004). However, the technical condition
is not similar throughout di�erent groups of
monuments. The catholic churches constitute
the best maintained group of the architectural
monuments. On the whole, the public buildings
are also quite well maintained, being used
nowadays mainly as schools or premises for
authorities. The pubs, mills and household
buildings of manors �nd themselves in the poorest
technical condition. These buildings are very
often not used at all, for example, the mills in
Daudzene, Rijnieki, Kr	aslava, or the way they are
used does not contribute to their preservation.
The pubs and manor household buildings are
in critical conditions, and more than half of
the manor household buildings and traditional
construction units seem to be threatened by
inevitable decay which has already started.

Until nowadays the major part of the
architectural monuments of the other typological
groups, except churches, have lost their primary
meaning and function, for example, the manor
buildings and commercial facilities. The pre-
conditions for the preservation of these units are
their functional conformity to the actual needs
of society. None of the architectural monuments
of Latgale is managed in commercially e�cient
mode. All units (except churches), which are in
good technical condition, receive the public sector
grants.

Relation between the spread of cultural monuments
and indicators of regional development

According to the results of analysis of
correlation (table 2), the number of architectural
and archaeological monuments per 1000 people
or their density in area have no close correlation
with the major part of the parameters under
examination. The indicators `the number of
archaeological monuments against the area (the
density) with the density of the population'
and `the natural logarithm from the density
of population' have an average and positive
correlation. The number of architectural
monuments to the area (density), in its turn,
is forming close (0.69) correlation with natural
logarithm from the density of population.

When analysing the regression between the
density of architectural monuments and natural
logarithm from the density of population, four
municipalities � Varak�l	ani and Vi�laka, where
there is a disproportionately large amount of
protected architectural units, and Kuprava and
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Table 1
Number of architectural and historic monuments of Latgale by typological groups
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Vi�l	ani, where there aren't at all though should be
according so big density of population, � should
be removed from the group under research.

When looking at the data aggregation of
128 municipalities of Latgale (excluding the data
of Varak�l	ani, Vi�laka, Kuprava and Vi�l	ani), the
analysis of regression was carried out between `the
number of architectural monuments against the
area' and `the natural logarithm from the density
of population in 2005' (Figure 1).

The ratio is expressed by the function y =
0.0339x2−0.1422x+0.1671, where y is the number
of architectural monuments per square kilometre,
but x � natural logarithm from the density of
population (the number of people per square
kilometre). The coe�cient of determination for
this relation is almost the same as for a functional
one - 0.9499. Both for the coe�cients of the
equation and free member of equation have very
high validity (t � empirical respectively 21.7; -
11.1; 7.9) (Figure 1).

Evaluating the territorial distribution of the
structural funds managed by the Investment
and Development Agency of Latvia (IDAL), no
substantial in�uence on researched parameters of
regional development or spread of the cultural
heritage is observed in Latgale, because in the
period concerned from the 132 municipalities of
Latgale (except R	ezekne and Daugavpils) only
one company registered in the municipality (Nag�li
civil parish) received the support managed by

IDAL. This forms the frequency of receipt of
EU structural funds - 0.0076 (0.76% of the
municipalities of Latgale). The frequency of
support of programs managed by IDAL in
Latvia is on average 0.0925 (on average 9.25%
of companies registered in the municipalities
of Latvia received the support). Using
R.Fisher's transformation for veri�cation of null
hypothesis, the obtained results indicate that the
municipalities of Latgale receive statistically less
signi�cant support of IDAL (t empirical 4.56)
than the municipalities throughout Latvia on
average and it is not in�uenced by di�erences
between the municipalities of Latgale.

The distribution of EU support administered
by the National Agency of Regional Development
(NARD) was compared among the four groups.
The �rst group included all 530 municipalities of
Latvia, the second group � all 132 municipalities
of Latgale (exclusive of R	ezekne and Daugavpils),
the third one � the municipalities of Latgale,
where there are more than �ve protected units
of archaeology (42 municipalities), and the
fourth group included those municipalities of
Latgale, where there are more than four protected
architectural monuments (37 municipalities).
Throughout the municipalities of Latvia, the
frequency of EU support administered by NARD
is 0.1226 which was received by 12.3% of 530
municipalities of Latvia. In the municipalities
of Latgale in total this index is 0.1212, in the
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Table 2
Matrix of mutual correlation of cultural heritage and economic social parameters in the

analyses of 132 municipalities of Latgale

Parameters AHI AHP ATI ATP IS1 IS2 NI lnNI BL lnBL
AHI 1
AHP 0.21 1
ATI 0.22 0.03 1
ATP -0.18 0.33 0.14 1
IS1 -0.32 -0.01 -0.15 0.02 1
IS2 -0.21 -0.07 -0.15 0.03 0.49 1
NI -0.31 0.14 -0.08 0.32 0.12 0.14 1
lnNI -0.31 0.12 -0.08 0.29 0.12 0.15 0.98 1
BL -0.21 0.42 -0.11 0.62 0.02 0.11 0.46 0.39 1
lnBL -0.36 0.38 -0.14 0.69 0.16 0.19 0.47 0.42 0.83 1

Nomenclature for Table 2:
AHI � the number of archaeological
monuments against population

AHP � the number of archaeological monuments
against the area

ATI � the number of architectural
monuments against population

ATP � the number of architectural monuments
against the area

IS1 � changes in population in the year 2006
against the year 2000 (%�)

IS2 � changes in population in the year 2006
against the year 2005 (%�)

NI � municipal tax revenues in the year 2004
in lats

lnNI � natural logarithm from municipal tax
revenues in the year 2004

BL � the density of population in year 2005 lnBL � natural logarithm from the density of
population in the year 2005

municipalities of Latgale with more than �ve
protected archaeological units � 0.1190, but in
the municipalities of Latgale with more than four
protected architectural monuments � 0.2162.

Using R.Fisher's transformation for testing the
null hypothesis, the obtained results indicate, that
in all municipalities and in the municipalities
of Latgale, where there are more than �ve
protected archaeological units, the frequency of
bene�ciaries of EU support administered by
NARD substantially does not di�er from the
index of all Latvia (t empirical respectively
0.04 and 0.06). Whereas in the municipalities
of Latgale, where there are more than four
protected architectural monuments, in their turn,
21.6% of municipalities received the EU support
administered by NARD, and it is possible to
declare with 80% credibility that this di�erence
from the average is statistically signi�cant (t
empirical - 1.48).

Results and Discussion
It should be noted that even the spatial

indicators of separate underlying dimensions are
analysed rarely, for example, the territorial
distributing of EU resources. The regional
percentage distribution of subsidies of the Rural
Support Service was analysed by Maz	ure (2005),

while the distribution of the �nancial support
according to the purposes of the programme of
structural funds was analysed by Rukmanis and
Pilvere (2006), V	�tola (2006), Musial (2004), and
Parts et al. (2004).

So far the interrelations between the spread of
resources of cultural environment and economical
development and density of population and
density of cultural monument have not been
studied in Latvia. At the same time, in particular
the resources of cultural environment and their
protection are mentioned quite often as one of
the pre-conditions for long-term development of
regions, as it is, for example, in `Territorial
planning of Latgale planning region' (Latgales. . . ,
2006). Also within the contents of this planning,
in the analysis of the spatial structures of region
the attention towards the cultural heritage as the
resource of development is paid only mediately
- just in connection with the development of
tourism.

The statistical analysis indicates close relation
between the density of population and the
density of architectural monuments, which could
be explained by the system of the distribution
of population in Latgale being conservative.
It has changed very little over the centuries.
Consequently the trend is there: the bigger
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Figure 1. Results of analysis of regression between the density of number of architectural monuments and
natural logarithms of the density of population.

the density of population on the territory,
the greater the probability that over centuries
architectural values will be created on that
territory, which will acquire the status of cultural
monuments. The quantitative indicators of
cultural monuments di�er from economic and
demographic indicators. In course of time
the indicators characterizing cultural monuments
change very little, their dynamics is incomparably
slower than the economic or social indicators.

Conclusions
1. The analysis of interrelation of indicators

of the concentration of cultural monuments
and the regional development open up
opportunities for broadening the concept
of economic development of territories,
including therein also the resources of
cultural and historic development of the
area.

2. The density of the protected architectural

units can be expressed as a function from
the natural logarithm of the density of
population of the civil parish concerned.
The correlation is functional and of
extraordinarily high credibility. The
concentration of the protected architectural
units in the municipalities of Latgale
increases the possibility to receive the EU
resources for regional development with the
credibility of 80%.

3. The municipalities of Latgale receive the
statistically less signi�cant IDAL support
than municipalities on average throughout
Latvia, and this increases the risks for the
preservation of cultural heritage in Latgale
in comparison with the rest of the territory
of Latvia.
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Abstract

After the regaining of independence in Republic of Latvia, a new period in the structural-politics of national
economy, in choice of enterprise forms and business companies, in their foundation and development began. Beginning
from the regain of independence, there has been no published research on these issues for about 16 year period. All
studies on this topic were dedicated to separate periods, processes or regions. In the Paper format results of original
research have been expounded on the development of entrepreneurship content forms in four separate urban, strategic
territories: Daugavpils or Southern-Latgale, R	ezekne or Eastern-Latgale, Liep	aja - Ventspils or Western-Kurzeme and
Riga intra-regions. In the research the whole period since regaining of Latvia independence has been analyzed, as
well as the adaption of the law package on entrepreneurship and the beginning of the real entrepreneurship activity
in years 1991-1992. Substantial di�erences between the territories (agglomerations) and also conformities of common
development have been de�ned. There are essential di�erences in the activity e�ciency of entrepreneurship subjects
and in the results of the work contributed. The urban in�uence of big cities increases. The subjects and components of
logistics systems develop faster.

Keywords: forms of entrepreneurship, logistics, intra-regions.

Introduction
We can point out several periods in

researches on subjects and foundation forms
of entrepreneurship, its composition, structure,
transformation, liquidation and studies of other
questions in Latvia.

Larger-scale studies in Latvia Republic in
1920-1940 were done by Ed. Balodis (1934) and
A. Aizsilnieks (1968) - the time, when Latvia
was a typical agrarian state with an absolute
dominant of farmers house-holds, but in the trade
sector developed customers co-operation system
with accordant infrastructure of logistics. From
the studies of this time it is already possible to
see certain regional di�erences.

After renewal of independence in Republic of
Latvia a new period in the structural-politics of
national economy, in choice of forms of enterprises
and business companies, in their foundation and
development began (�Spo�gis, 1992; �Spo�gis et al.,
1996; Torg	ans, 1991; Z	�le, 1997; Gr	utups et
al., 1995). In national economy and in forming
of Gross Domestic Product (GDP) now service
branches (74%) dominate absolutely, but part of
agriculture is insigni�cant. On its turn in the
group of service sectors the group of logistics
branches is the second largest.

Active research work on this topic has been
carried out during the last years (Jurgena et al.,
2006; Jurgena, 2003; �Spo�gis et al., 2003; �Spo�gis et

al., 2004).
But these published researches are for separate

periods, processes or regions. There is no
published research for period of 16 years, starting
form adaption of the law `On Entrepreneurship'
and the law `On Latvia Republic Register
of Enterprises' � in 1991, and the law
package following these - for particular forms of
entrepreneurship.

The necessity for studies on dislocation
tendencies of entrepreneurship subjects is also
dictated by the today's large-scale processes in
dislocation of logistics infrastructure objects.

By evaluating and analyzing the regional
aspect of development of industrial objects
of logistics infrastructure we should draw the
conclusion that they both become more powerful
(tonnage, capacity, speed) pretending service of
wider systems of logistics, more dedicated, more
target-oriented.

Choice of service spectrum of these
logistics enterprises, their dislocation and
development directions are determined or
substantially in�uenced by the placement of other
entrepreneurships subjects, their composition,
types of cargo transport, directions. Therefore,
they can be di�erent, for example, in R	ezekne
intra-region, in Ventspils and Liep	aja ports region
or in Riga, but also can form powerful, universal
as the new Logistic centre `Wellmak Latvia'
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operating in form of Limited Liability Company.
Therefore, our research was carried out in

specially selected strategic territories with the
aim to �nd out general and di�erent indications
and phenomena in the historical development of
dislocation of entrepreneurship subjects in these
territories and to evaluate forming processes of
logistics systems infrastructure.

In compliance with the objective, the following
tasks were ful�lled in the research:

• amount and dynamics proportion of
economically active entrepreneurship
subjects identi�ed in four di�erent
intraregions as well as similar and di�erent
features or regularities in these territories;

• the quantitative development of
entrepreneurship forms de�ned by
Commercial Law analyzed in the whole
period to be analyzed � 16 years � and the
economical connections of their time-rows
have been evaluated;

• the regional tendencies of dislocation of
entrepreneurship subjects in the context
of logistics infrastructure have been
analytically evaluated.

Materials and Methods
To do these tasks the following economical

research methods were used:

• dynamic time-row of entrepreneurship
subjects amount was created for each
territorial unit (intraregion) and for each
quantitative time-row the increase of its
basis and chain, and speed of increase was
calculated;

• for each form time-row was calculated
correlative connections and development
trends.

The explored strategical territorial units have
been chosen by such hypothesis and conception:

• in the centre of each territory there is
a city of a state importance (Daugavpils,
R	ezekne, Liep	aja - Ventspils, Riga) and
urban in�uence;

• for each city and territory there are di�erent
strategic missions and economic and
political environment of entrepreneurship:

� Daugavpils is the city of industry,
transport and Southern-Eastern
border-line of Latvia,

� R	ezekne is the dry-land transport
junction of Latgale and of European
Union Eastern border-line district,

� Liep	aja and Ventspils are the free-port
cities of special economic area with
spacious possibilities in the European
Western-Eastern transport corridor,

� Riga � a metropolis with many
suburbs, free-port and attractive city
for foreign investors;

• activities of entrepreneurship in each
intraregion from logistics aspects can change
in di�erent ways, both in absolute and in
relative estimate.

In intraregions the following territories were
included:

• In Southern-Latgale � the region of
the Byelorussian and Russian border-line
district � city and district of Daugavpils and
districts of Kr	aslava, Prei�li, J	ekabpils;

• In R	ezekne (Eastern-Latgale) intraregion �
R	ezekne city and district, and Ludza district
that borders with Russia;

• In Western-Kurzeme intraregion � Liep	aja
and Ventspils with their districts;

• In Riga region � metropolis and Riga
district, city and district of Jelgava, Bauska,
Tukums, Dobele and Ogre districts.

In general these regions cover both the
Eastern border-line of European Union and
strategically important components for Eastern-
Western transit corridor logistics infrastructure.

To do the tasks the necessary information and
data were obtained in the LURSOFT database,
Eurostat, Statistical Yearbook of Latvia and in
scienti�c publications.

Results and Discussion
Dynamics of entrepreneurship subjects amount in
the researched urban regions (intraregions)

Calculation results of entrepreneurship
subjects amount dynamics in the whole period of
their registration in Latvia in the urban regions
in�uenced by greatest, state importance cities can
be seen in Table 1.

From the Table 1 a few de�nite conclusions
can be drawn. In the analyzed period, it
is � in the two beginning years of enterprises
and business companies' registration (1991-1992)
the greatest activity was in Southern-Latgale or
Daugavpils intraregion. It can be understood
logically and can be explained, if we know the
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Table 1
Entrepreneurial activity subjects (enterprises and business companies) amount dynamics in
Western-Kurzeme, Southern-Latgale, Eastern-Latgale and Riga regions in years 1991-2006

Years Change ratio of subjects amount basis, %
Southern-Latgale Western-Kurzeme Eastern-Latgale Riga region

2006 63 55 44 93
2005 51 46 37 74
2004 63 43 41 66
2003 50 36 23 49
2002 37 31 24 40
2001 47 37 29 48
2000 51 38 38 51
1999 58 37 35 51
1998 54 45 42 55
1997 68 52 43 55
1996 76 49 46 55
1995 93 69 57 61
1994 173 146 106 118
1993 250 115 148 110
1992 313 255 214 154
1991 0 0 0 0

fact that Daugavpils traditionally was the centre
of industry. Historically in this centre the
enterprises of logistics infrastructure maintenance
and forming � factories of Baltic Railway
infrastructure, Access-chain factory, Fabric of
Cord textiles etc. operated.

But during the next 10 years (1993-2002) there
was a sharp negative base increase. Analyzing
the absolute numbers, we can see that in years
1993-2002 there was tenfold decrease of newly-
established enterprises amount. Obviously there
was a lack of political and economical support
to save and continue Daugavpils industrial
traditions; therefore, initiatives of the new
businessmen sharply dissapeared.

During the last years of analyzed period (2003-
2006) considerable progress is already visible.

If we compare data of Daugavpils intraregion
with the indicators of Daugavpils city, we
can draw the conclusion that the whole
entrepreneurship environment concentrated
mainly in Daugavpils city.

Analyzing entrepreneurship activities from the
aspects of logistics infrastructure and its service,
subjects amount dynamics of entrepreneurship
in this region, we can conclude that logistics
(transport, warehousing and connections)
branches proportion here is the smallest from
all four strategical regions, and it constitutes only
6.6%.

Similar dynamic processes took place in the
other side of Republic of Latvia � on the coast
of the Baltic Sea � strategic Western-Kurzeme.
Looking into the time-rows analysis data of
entrepreneurship subjects amount dynamics, the
conclusion was drawn that in this region the
�uctuations were yet deeper than in the South-
Eastern part of the state. Substantial progress
of enterprises foundation in Liep	aja - Ventspils
intraregion began only in year 2003 and sharp
increase continued during the last years.

Very substantial particularity of this
strategical intraregion opened analysis of the
logistics branches enterprises dynamics: their
amount in 2000-2006 years period had sharply
grown and proportion exceeded by 10% which is
the greatest indicator from all other researched
regions.

In the region in�uenced by R	ezekne, decrease
of establishment of entrepreneurship subjects
foundation continued 12 years till the year 2003,
and only the last years noticeable signs of the
stabilization and development were noticed. In
this intraregion, according to its strategical role
in the economy of Latvia, logistics branches
developed sharply, and already came to 9% from
amount of entrepreneurship subjects.

In Riga and Riga region vicinity the
�uctuations of entrepreneurship activities were
smaller, and already from the year 2003 the
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number of new enterprises increased sharply.
This can be considered to be the process
of entrepreneurship activities concentration and
redislocation. More than 88% of all logistics
branches entrepreneurship subjects in Latvia
operate in this region.

Proportion of established entrepreneurship subjects
in explored intraregions

The calculations were carried out in
every explored region � registered number of
entrepreneurship subjects of each year was related
to this number indicator of the whole Latvia.
Calculations revealed the continual increase
of metropolis urban in�uence. The process
of entrepreneurship subjects concentration and
redislocation to the centre began with the year
1992, and has consistently been continuing
for already 15 years. In addition, during the
last two years � 2005 and 2006 � the speed
of concentration increase grows. But analysis
of logistics enterprises and business companies
quantitative development revealed a substantial
and interesting fact: - the new entrepreneurship
subjects of logistics branches locate mainly in
territories close to Riga.

When summarizing proportions of these four
urbanized regions, it was discovered that in
other 12 districts taken together the registered

enterprises and business companies make only 8
%.

The number of the newly-established
enterprises on 1000 inhabitants in the explored
urban regions in the beginning of nineties was
more equal. In the year 1992, in Ventspils -
Liep	aja intraregion it even exceeded Riga proper
indicator.

In addition, the tendency of development
equilibrium between Riga and Liep	aja - Ventspils
urbanized regions is visible during the last
years. In the Western-Kurzeme (Liep	aja
� Ventspils) urbanized region entrepreneurship
subjects number on 1000 inhabitants doubled in
the period from 2002 to 2006, in Riga region
it increased 2.3 times, but this indicator was
identically low in both Eastern border-line district
intraregions � Southern-Latgale and Eastern-
Latgale.

Indicators of e�ectiveness
In research macroeconomical indicators from

statistical data � Gross Domestic Product
(GDP), number of the employed inhabitants
and the number of resident inhabitants were
used. Calculated, comparable macroeconomical
indicators are given in the Table 2.

Comparing the proportion of produced GDP
in each region with the proportion of all registered

Table 2
Proportion of Entrepreneurship subjects, logistics branches entrepreneurship subjects,
resident inhabitants, employed inhabitants and produced GDP in the explored regions

(intraregions) in Latvia, in year 2005

Regions
studied
(intra-
regions)

Proportion
of the
entrepre-
neurship
subjects, %

Proportion of
the logistics
branches
entrepre-
neurship
subjects, %

Proportion
of
produced
GDP, %

Proportion
of
inhabitants
doing
permanent
job, %

Proportion
of resident
inhabitants,
%

Number of
entrepre-
neurship
subjects on
1000 resident
inhabitants

Riga
(Riga
region
vicinity)

78.9 71.7 71.4 64.1 54.0 23.0

Western
Kurzeme

5.0 8.2 7.7 7.7 8.1 12.0

Southern
Latgale

5.0 5.6 6.1 9.3 12.0 4.0

Eastern
Latgale

3.1 2.7 2.3 3.7 4.8 4.0

Other
regions

8.0 11.8 12.5 15.2 21.1 -

In total 100.0 100.0 100.0 100.0 100.0 -
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entrepreneurship subjects and logistics branches
entrepreneurship subjects in Latvia the conclusion
was drawn that the most powerful subjects
operate in Western Kurzeme � in Liep	aja -
Ventspils region, where 7.7% of GDP was given
by 5% of entrepreneurship subjects. Thus, the
proportion of logistics branches entrepreneurship
subjects is larger than the total part of GDP.

Relatively powerful enterprises and business
companies operate also in Sauthern Latgale,
where the proportion of produced GDP is
considerably greater than the proportion of the
registered subjects.

Comparing the proportion of individuals doing
permanent job, it is possible to evaluate that
Latgale businessmen have relatively low work
productivity where the proportion of GDP is
�rmly below the proportion of employees.

In Riga region 64 % from all Latvia inhabitants
doing permanent job formed 71% from the GDP
of Latvia.

Interesting results were obtained comparing
proportion of inhabitants and employees: - in
Riga and in its urbanized region where people
work, but they live in some other place (district or
town), but in Latgale both intraregions (Sauthern
Latgale and Eastern Latgale) 17% of inhabitants
live there, though there is only 13% of employees
which form only 8% of GDP.

In all surveyed regions the logistics and
its infrastructure enterprises more often appear
on the lists of outstripping growth enterprises
and business companies. The development of
transport services branch exceptionally stands
out: cargos shippment with road transport in
years 1995-2005 has grown up by 2.6 times.

Forms of Entrepreneurship
In the study program the objective to clarify

the consequences of changes in content and legal
forms of registered entrepreneurship subjects was
included. Due to limited volume of the Paper only

results of regression analysis are shown in Table
3.

As seen in Table 3 Joint Stock Companies
and Proprietorships have the closest connection
(r = 0.94) for subjects count dynamical changes
within the years of the analyzed period.

Limited Liability Companies have di�erent �
weaker connection (r = 0.51) Reason for it can
be the changes of law norms or issue of new
laws that can facilitate or vice versa � hinder the
choice of Limited Liability Company form. But
this indicator cannot be related to the subjects
logistics systems, because in this type of fast
growing enterprises and business companies the
form of Limited Liability Company dominates
completely.

Conclusions
1. In the urban intraregions studied, we

can observe common features in the
amount dynamics of newly-established
entrepreneurship subjects: in the beginning
of the analyzed period � year 1992 � a sharp
increase, in the next 10 years (1993.-2002.)
multiple decrease of these subjects, but they
increase again in the last four years (2003.-
2006.)

2. In�uence of metropolis (Riga) still increases,
but urban in�uence from other cities
of Republic is also signi�cant, as in
the four studied intraregions 92% of
registered entrepreneurship subjects were
concentrated and only 8% remained for
other 12 districts. Even bigger proportion
in those are for entrepreneurship subjects of
logistics branches.

3. From the point of view of Value Added
the most powerful subjects are in
Western-Kurzeme � in Liep	aja - Ventspils
intraregion, where 7.7% GDP were provided
by 5% of entrepreneurship subjects.

Table 3
In Latvia registered entrepreneurship subjects form dynamic time-rows regression equations

in years 1991-2006

Entrepreneurship forms Correlation
coe�cient, r

Determination
coe�cient, R2

Regression equation

Joint Stock Companies 0.94 0.88 y = 366.172−0.1921x

Individual Merchants 0.94 0.88 y = −314.2+4122.7x

Farms 0.87 0.76 y = 6960.80−0.2353x

Proprietorships 0.74 0.55 y = 108.9x− 370.93
Limited Liability Companies 0.51 0.26 y = −387.11x + 10401
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4. In Latgale intraregions, where study
was done (Southern-Latgale and Eastern-

Latgale) proportion of inhabitants is 17%,
but share of employees � 13% which has
provided only 7% of GDP.
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Abstract

At rural enterprises, besides the traditional resources - natural, �nancial, and human capital - there is some other
kind of capital - it is social capital. Foreign scientists have done a lot of researches on it. The nature of social capital
and its role in economics is not much studied in Latvia. The present scienti�c article re�ects consumptions on social
capital by di�erent foreign scientists. The World Bank as an institution has also approached to the research of social
capital. It studies social capital at institutions. The World Bank describes the social capital of two kinds. The scienti�c
article characterizes Pieriga region. Rural enterprises and businessmen of agricultural, industrial and service branches
in Pieriga region have been enquired. By the results of the enquiry, the presence of social capital in rural enterprises
and its impact on their development have been analysed.

Keywords: social capital, enterprise, region.

Introduction
In 1990s, besides the already existing concepts

of �nance, real and human capital, a new concept
appeared - social capital. It is considered that
social capital is as important in analysis of small
business and entrepreneurship as the rest kinds of
the capital. Therefore the author studied some
of the multiple links between social capital and
entrepreneurship.

Social capital as a feature of community is
involved in usefulness of an individual and gives
satisfaction or dissatisfaction with oneself. It
forms important aspects of the behavior of an
individual - the behavior that presents tendency
of a person towards concrete contexts of social
capital. An individual gets positive usefulness
from the very existence of social capital and acts
correspondingly. We have to assume that straight
involvement of social capital can be negative or
positive: a person can be delighted knowing that
there is social capital at the community or the
person can be dissatis�ed with the fact. The
variant depends on the kind of social capital -
links, loyalty, nets, support, and trust - in the
community or enterprise.

There are some countries in the world, also
Latvia, where, in the result of fast urbanization,
citizens of towns are situated equally throughout
the state territory in many towns but there is one
city with inadequately huge number of residents.
The percentage of Riga citizens makes 32% of
all the state inhabitants but the number of the
employed is even greater (Ozoli�na, 2006), which
is characteristic of many developing countries.

Since �rst years of work of the European
Union, the role of the states tends to decrease but
the role of the regions in the EU tends to increase.
`Region' and `regional development' have become
commonly used notions. Nowadays there is a lot
of regional research performed, and controversial
discussions on objective validity of a region take
place.

The aim of the present paper is to determine
the in�uence of social capital in enterprises of
Pieriga region.

The tasks of the research are:

1. to explain the role of social capital;
2. to characterize Pieriga region;
3. to study the in�uence of social capital on

development of the enterprises in Pieriga
region.

Hypothesis was advanced: social capital
promotes the development of rural enterprises in
Pieriga region.

Materials and Methods
For the aim and the tasks of the scienti�c

article, scienti�c literature was studied in
monographic way. Resources were explored also
regarding Pieriga region and enterprises. The
most important scientists and their devotion were
determined. It was important to clear indicators
of social capital that could be used to determine
its in�uence on enterprises of Pieriga region.
Research methods were developed as the result.
To approbate the suggested methods, the author
inquired 320 enterprises in the rural territory
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of Pieriga region in the year 2006. Di�erently
employed respondents took part in the inquiry:
agricultural producers, industrially employed, and
workers of service sphere. All their enterprises
were situated in rural area. For the analysis
of the results, 313 inquiry forms were used
because the others were assumed as invalid. The
analysis of the results showed which features
and indicators characterize the presence of social
capital the best and how social capital in�uences
the development of an enterprise. To express
social capital numerally, the situation balance
method and con�dence indicator were used. In
all, 28 questions were included in the inquiry form.
The owner of the enterprise could choose one
to �ve answers to a question that characterizes
his/her social capital and development of his/
her enterprise. The results of the research were
processed using MS Excel and SPSS - Exact Test
programmes.

Results of the Research and
Discussion

Role of social capital
In economics, conception of capital describes

all production means created by people and
gathered by generations that serve for goods
production and service. Capital is one of
production factors, i.e., land, work, �nance,
and entrepreneur skills. Capital is created by
human work. Money �ow re�ects the �ow
of real material values. Real capital wears
out physically and morally. Physical wearing
out takes place due to production process and
natural forces. Moral wearing out is connected
with scienti�cally technical progress that results
in constantly improved capital bene�ts - they
become more productive, consume less energy,
and become more compact. To use the productive
capital, land and its resources, human work is
necessary. But to do a job, knowledge, experience
and skills are needed. It means that human work
abilities have to be developed and corresponding
to modern demands. Such developed human
working skills are called human capital. Therefore
human capital can be considered to be a special
kind of capital. Human capital is particularly
connected with people. But it is not the only
capital of this kind. Recently, one more such
kind of capital is researched and acknowledged in
the world. It is social capital. Human capital
is an individual resource but social capital can
be found in relationships among the individuals.
Sociologist L.Hanifan (Hanifan, 1916) de�ned the
notion of social capital in 1916, although it was

researched also earlier. Nowadays, this issue
is studied widely and there is not unequivocal
explanation of this concept yet. Therefore
almost each scientist who researches this question
gives also a de�nition. Sociologist P.Bourdieu
de�nes social capital as all the active and passive
resources connected with long, more or less
institutionalized relations of mutually recognized
cooperation nets (Bourdieu, 1986). P.Bourdieu
considers that amount of social capital to each
individual depends on expanse of the net he/she
can mobilize e�ectively for his/her needs, and on
amount of capital that he/she can get from each
element of the involved net. P.Bourdieu perceives
social capital as a tool for gains of individuals by
their skills to involve in groups and be sociable
to get to needed resources. Sociologist A.Portes
de�nes it similarly: `Social capital is ability of
individuals to manage selected resources due to
their participation in nets of relationships or some
social structure; this ability is not within an
individual but in his/ her relationships with the
others' (Portes, 1998). Social capital is a result of
liabilities.

Sociologist J.Coleman considers that `social
capital is group of multiple di�erent elements
with two common features: they all have some
peculiarities characteristic to the social structure;
and they release some activities to the individuals
within the structures' (Coleman, 1988). He
speaks about three forms of social capital: duties
and expectations, channels of information, and
social norms. J. Coleman stresses di�erence
between social capital and private resources even
more when he speaks about social capital as
public bene�t, i.e., it forms social structures with
involved people and `social capital is not a private
property to everybody who bene�ts from it'.

From the theory of social capital, it is known
that `social capital could be de�ned as social
relationships in the society' (Pizza - Georgi, 2002).
Not only particular sociologists have turned to
research of social capital but also institutions,
for instance, the World Bank. In its researches,
social capital refers to institutions, relationships
and norms forming quality and amount of social
interactions of the society. This institution speaks
about two kinds of social capital:

1. binding social capital with horizontal
links among people, social collaboration
and norms in�uencing productivity and
prosperity of group work. Social capital
releases coordinating and collaboration.
These links give feeling of identity and
common aim to groups;
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2. connecting social capital with vertical links
needed for `bridge' relationships, stepping
over lines of a social group (religion,
nationality, socially economical status etc.).

Social capital could be considered as special form
of human capital expressed in relationships among
individuals. J.Coleman (Coleman, 2000) states
that human capital is abilities possessed by a
person but social capital is contribution by people
interacting with activities and problems solving.
The concept `social capital' is associated with
bene�ts for an individual, a family and social
groups from society and close connections that
help to solve di�erent problems. Social links go
through any sphere of human activities including
rural development. R.Putnam considers `social
nets and the involved exchange norms' as the
central idea of social capital. At �rst, it is
important for the involved; and sometimes social
nets are bene�t for those who are not involved.
Therefore such social nets are individually and
socially important. As the most important thing,
now he assumes to make `theoretically united
and empirically valid dimensions of social capital
that could be really measurable'. The scientist
observes statistical data on USA organizations
and formal institutions in 20th century till 1997.
He agrees with M.Woolcock (Woolcock, 2001)
that social trust is not basic index of social capital
but rather its consequences. R.Putnam considers
that social trust diminishes with generations in
the USA: younger Americans trust less than older
ones. He assumes also that social links determine
level of altruism in the society. Analyzing social
capital, the scientist reveals that the states closer
to Canada have higher level of social capital
while it is lower in the states with previously
widespread slavery. Migration is connected with
also higher social capital. R.Putnam (Putnam,
2001) compares social capital with economical
success and reveals strong connection between
individuals of higher education and social capital.
Income and social inequality are lower in the
states with high social capital. R.Putnam
considers that causality works in both directions.
Economist G.Becker (Becker, 1996) observes the
concept of social capital and connects it with
function of household usefulness: `Function of
usefulness depends not only on di�erent bene�ts
at any time period but also on personnel and
reserve of social capital at the same moment'
(Becker, 1996). By this scientist, social capital
is compound of advantages caused by experience
`succeeding prosperity, regularly takes part in
production that promotes welfare'. This view

seems to be fundamentally di�erent from the
Coleman's (social capital is individual resource
used to increase one's usefulness). Social capital
can be a resource and an advantage at the same
time. It increases individual usefulness of an
individual and `releases some activities of an
individual'. Therefore social capital is connected
also with entrepreneurship both as a resource for
activities and advantage (for instance, life style of
the entrepreneur).

Regional social capital is expressed through
relationships at households, with workers at
enterprises or people beyond the municipality.
Business outside the territory of municipality is
arranged formally and informally (Str	��kis, Pel�se
et al., 2004).

An interesting e�ect of social capital is
observed regarding the living place. An
entrepreneur can follow his/her ideas or character
of the new business and leave the community. But
his/her �nancial expectations - property and debt
- increase with longer time at community because
it broadens his/her access to local social capital
(Gleaser et al., 2000). And, of course, local leaders
and investors have great interest to keep the
entrepreneur there. If an entrepreneur involves
in the community successfully then dynamic
feedback occurs: people with businesslike thinking
remain because of �nancial reasons and can take
part at local social capital.

Di�erent forms of capital are formed basing on
combination of �xed capital, other forms of capital
and work. Financial, physical and human capitals
need each other and social capital is also necessary
to realize and collect them. In the case of human
capital, it often happens practically. Theoretically
speaking, human capital can be collected without
interventions of �nancial and physical capital
but not without social capital. Many forms of
social capital are less dependant on �nancial and
physical capital than human capital. Although
some kinds of real capital release forming of social
capital (investments in projects which is socially
important for the most part of the society), human
capital helps to generate social capital. Time is
the value that is most of all invested in social
capital. J.Coleman (Igaune, 2006) considers that
social capital di�ers from other kinds of capital by
its character of o�al. Other kinds of capital are
formed purposely but social capital is an outcome
of purposeless social interaction that is commonly
orientated towards pro�tability.

Characteristics of Pieriga region
The statistical region is regional division of

the state territory, used for statistical registration
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and gathering of regional information. Statistical
regions are set in all the territory of the EU.
They are based on the Nomenclature of Units
of Territorial Statistics (NUTS) by EUROSTAT.
There are 6 statistical regions set in Latvia:
Riga, Pieriga, Vidzeme, Kurzeme, Zemgale, and
Latgale. It has to be marked that borders of the
statistical regions agree with the borders of the
administrative regions (Kei�ss, Kazinovskis, 2001).
Planning region is a territory set by government
or municipality for elaboration of development
plan and realization of de�nite aims and tasks
according to development planning. There are
5 planning regions in Latvia: Riga, Vidzeme,
Kurzeme, Zemgale, and Latgale. Merging
statistical regions of Riga and Pieriga (Jurmala,
Limbazi district, Ogre district, Riga district, and
Tukums district), the statistical region gets the
same territory as Riga planning region (MK,
28.04.2004).

Planning of Riga planning region was
elaborated basing on Decree No. 6 (02.05.2003)
`On Elaboration of Development Plan of Riga
Planning Region' by Development council of Riga
planning region. To secure successful elaborating
of the plan, Agreement on Collaboration of
Development Plan for Riga Planning region was
set among Riga Council, Jurmala council and
regional governments of Limbazi, Ogre, Riga and
Tukums (20.05.2003). Spatial planning of Riga
planning region for 20 years was worked out
in connection with middle- term document (7
years) - development program of Riga planning
region. Riga region consists of two cities
of republic importance (Riga and Jurmala)
and four districts (Riga, Limbazi, Ogre, and
Tukums municipalities) as well as municipalities
of rural areas. Totally Riga planning region is
compound of 75 municipalities: two cities of
republic importance, 13 towns' (including 8 towns
with rural territories), 5 regions' and 55 local
municipalities' (Ozoli�na, 2006). In this work,
the author pays attention to rural territories,
their inhabitants and entrepreneurship connected
with agricultural production, industry and
service. Number of farms per 1000 inhabitants is
regionally di�erent: from the year 1991 to 1995,
the least was in Riga region - 0.8, but the greatest
in Vidzeme region - 26, 6. Correspondingly from
2001 to 2005, in Riga region - 0.1 as the least, but
the highest in Zemgale region - 1.4.farms (Data
by Latvia Enterprises Register, 2006). A total
of 1.2 million or 47% of all the inhabitants of
Latvia live in Riga region. Near a million - 941
thousand or 86% - citizens of the region live in

the core of it (Riga, Jurmala, and Riga district).
Riga region is territory with the highest density
in Latvia - it exceeds the average density of the
state more than three times. Besides 60% of
the inhabitants of Riga region are at giving age
(15 to 60 years), 16% are before the giving age,
and 24% - older than giving age (Data by Latvia
Enterprises Register, 2006).

Almost one third (32%) of the territory of Riga
region is agriculturally used land. Most part of
it (101 830.9 ha) and the greatest percentage is
in Tukums district - 41.4% of territory of the
district. In Limbazi district, agriculturally used
lands are 81 888.5 ha or 31.5% of the area of the
district, then follows the Riga district (81 620.6
ha, 26.1% of the total territory). The least area
of agriculturally used lands is in Ogre district
(65773.5 ha) but it takes 35.7% of the territory.
Taking into account the urban character of the
region, percentage of the agricultural territories
is lower in the region than in the state (38.3%)
(Data by Latvia Enterprises Register, 2006).

Residential centres - concentration places
of work, service, and homes - are forming
residential functional structure within Riga
region. Their connections are regional functional
daily communications that are characterized by
mobility and tra�c of the inhabitants, as well
as by internal and external economical and
administrative communication. Comparing GDP
per capita in prices, it was 5881 lats in Riga
region, but the lowest in Latgale region - 1490
lats in 2004 (Regional statistics, 2007). This
indicator is according to number of economically
active enterprises in the regions. The more such
enterprises, the greater the GDP per capita.

In�uence of Social Capital on the Development of
Enterprises

Economical development of di�erent regions
of Latvia is di�erent. Farms near Riga are
developing fast but development in Latgale region
is very slow. New conditions have emerged in the
development of economics with personal intellect
and creativity as the main factors. It is as a
symbol of economical boom. That is why social
capital and trust have an increasing role in the
society. Studying the researches of the scientists,
indices of social capital were assumed that can be
applied determining capacity of social capital in
the economics of Latvia (Anc	ans, 2002). They
are as follows:

1. participation at some NGO or association;
2. participation at competitions `The Best

Yard' on the levels of municipalities and
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the state;
3. cooperation characterizes economical

collaboration;
4. number of members of trade unions shows

interest in improving work conditions;
5. participation in election is an individually

expressed attitude to social and political
activities;

6. subscribers of newspapers participate
actively in obtaining di�erent information;

7. participation in di�erent enterprises
(cultural, sports) point to abilities of
collaboration and communication;

8. trust, educating and patriotism show
attitude to facts and personal traits (Igaune,
2006)

In economics, partly in rural entrepreneurship,
presence of social capital is determined together
with informal social nets and formal organizations
where individuals and rural enterprises take part
by production and services.

In 2006, in the rural territory of Pieriga
region, sociological inquiry was performed in 320
enterprises. A total of 313 questionnaires were
used in the analysis of data because the rest were
assumed as invalid. Agricultural, industrial and
service enterprises took part in the research. In
the results analysis of the research, the indices
of social capital were expressed by numbers,
using the situation balance method and con�dence
indicator. The inquiry form included 28 questions.
Owner of the enterprise could choose one to

�ve answers of a question that characterizes
his/her social capital and development of his/her
enterprise. One part of the questions explained
indices of social capital but another - economical
indices during recent �ve years.

It can be concluded from the data of Table
1 that out of 313 respondents taking part in the
inquiry, 252 or 80.5% are owners of the farms and
enterprises, 205 of them or 65.5% are agricultural
enterprises, 26 or 8.3% are industrial enterprises,
and 82 or 26.2% are service enterprises. Financial
turnover of the enterprises above 100 101 LVL is
just 53 or 16.9%. By the results of the research,
enterprises managing more than 200 ha of the
land compound 19 or 6.1%. In all, 176 men and
137 women took part in the inquiry. Further
the author is analyzing responses to the question
`Do you agree that your enterprise develops?'
The author characterized the answers of Table
2 as frequency balance. Usage of the situation
balance method (EU Programme of Business
and Consumer Surveys, 1998) allows reducing
responses of each question to a single number.

The situation balance of the answers to the
question in Table 2 is +70.7%. It means that
the respondents consider that their enterprises
develop. It is a high level indicator. Further the
responses to the question `Who has the greatest
merit in the development of enterprise or farm?'
are observed.

Here the respondents could give more than one
answer. By the data of Table 3 we can conclude

Table 1
Characterizing indices of participants of the inquiry in Pieriga region in 2006

Indices Number Structure, %
Owner 252 80.5
Manager 35 11.2
Specialists 26 8.3
Totally 313 100.0
Agricultural enterprises 205 65.5
Industrial enterprises 26 8.3
Service enterprises 82 26.2
Totally 313 100.0
Financial turnover in 2005:
to 3 000 LVL 71 22.7
from 3 001 to 10 000 LVL 81 25.9
from 10 001 to 45 000 LVL 58 18.5
from 45 001 to 100 00 LVL 50 16.0
above 100 001 LVL 53 16.9
Totally 313 100.0

Source: data by the author's research (2006)
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Table 2
Responses to the question `Do you agree that your enterprise develops?'

in Pieriga region in 2006

No. Variants of responses Frequency of responses Percentage, %
1. I absolutely agree 197 62.9
2. I agree partially 79 25.2
3. I disagree partially 16 5.1
4. I totally disagree 7 2.2
5. Di�cult to say 14 4.6

Totally 313 100

Source: data by the author's research (2006)

that the greatest merit in the development of the
enterprise is awarded to `my ability to collaborate
with other people' (25.9%). Such answer is given
by more than one fourth of the respondents.
It is known from the theory of social capital
that `social capital could be de�ned as social
relationships in the society' (Pizza - Georgi, 2002).
From the answers of the respondents it can
also be concluded that owners or managers of
the enterprises are with great capacity of social
capital, they have it and social capital is of
great importance in development of their farm or
enterprise.

The author concluded �ve indices of social
capital from the results of the inquiry. They are:

1. results of elections - participation in
elections of Saeima or municipality is active
position of an individual to social and
political activities;

2. participation in competitions connected
with living place in the country points to
collaboration and communication ability;

3. subscribing of the press shows awareness and
activities for information obtaining;

4. membership in associations and
cooperatives characterizes voluntary
economical collaboration. It gives
remarkable support to its members;

5. trust and attitude to facts reveal personal
traits.

These indices are evaluated separately in the
branches of agriculture, industry and service.
Then the author calculates the situation balance
by branches of the enterprises.

At �rst, percentage of the responses by the
branches is gained. Then the situation balance
is calculated as di�erence between percentages
of marginal responses. The answer `di�cult to
say' is neutral, therefore it does not impact the
balance. Situation balance in the branch of
agriculture is +70.3 (Table 4). Analogically the
situation balance is calculated for the branches
of industry and service. In the industry, it is
+61.5 and in services it is 75.0. Evaluating

Table 3
The responses to the question `Who has the greatest merit in the development of enterprise or

farm?' in Pieriga region in 2006

No. Variants of responses Frequency of responses Percentage, %
1. My personal traits 136 21.0
2. My ability to assume new

information
126 19.4

3. My ability to collaborate with
other people

168 25.9

4. Support by the EU and the state 136 21.0
5. Good market conditions 76 11.7
6. Other variant 7 1.0

Totally 649 100

Source: data by the author's research (2006)
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Table 4
Responds on the question about development of branches

in rural enterprises in Pieriga region in 2006

Contents I
absolutely
agree

I agree
partially

I disagree
partially

I totally
disagree

Situation balance

Percentage, % 61.95 25.85 6.34 1.43
Coe�cients +1.0 +0.5 -0.5 -1.0
% multiplied by
the coe�cient

+61.95 +12.93 -3.17 -1.43

Situation
balance

+70.3

Source: data by the author's research (2006)

responses of the respondents of the three branches
on development of their enterprises, the author
concludes that balance of answers is the greatest
in the branch of service. Indicator of con�dence of
social capital indices is evaluated from the results
of the research.

Organizations and institutions trusted the
most by the respondents are: bank, municipality,
and the State Revenue Service. Indicator of
con�dence: {+74.5 + (−73.8) + 89.5 + (−44.4) +
34.2}/5 = +16.0%.

By the results of the inquiries and by the
calculated indicator of con�dence (+16%) we can
conclude that leaders of the above- mentioned
farms have social capital. The bigger the indicator
of con�dence, the greater the capacity of the social
capital. Calculating the indicator of con�dence
to social capital by branches, it is as follows:
in agricultural branch - 80.0 + (−65.9) + 88.2 +
(−31.4) + 24.7 = +95.6/5 = +19.1; in industrial
branch - +71.2+(−92.3)+61.5+(−88.4)+23.1 =
−20.9/5 = −4.2; and in service branch - +61.6 +
(−87.8)+63.0+ (−63.4)+29.3 = +2.7/5 = +0.5.

The con�dence indicator of the respondents
of agricultural and service branches is positive.
It means that owners and managers of these
enterprises have big capacity of social capital. But
owners and managers of industrial enterprises do
not have enough capacity of social capital.

Conclusions
1. Using acknowledgement of social capital

by scientists, adjusting it to economical
processes and taking into account the
presented research, the author concludes
that social capital can be de�ned as
net of relationships that is more or
less institutionalized and gives access to
necessary resources.

2. Inclusion of social capital in the analysis of
economical data means that at least some
social activities and relationships, processes
and changes are becoming endogenous to
economics in the society.

3. Evaluating researches by di�erent scientists,
indices of social capital are selected
that are to be included in economical

Table 5
Evaluation of social capital indices by the indicator of con�dence in Pieriga region in 2006

No. Questions Situation balance, %
1. Did you take part in recent two elections of the municipality? +74.5
2. Did you take part in competitions `Sower' and `Then icest

yard of the district'?
-73.8

3. Have you ordered the press during the last year? +89.5
4. Are you a member of some cooperative? -44.4
5. Name three organizations, institutions you trust mostof all. +34.2

Indicator of con�dence +16.0

Source: data by the author's research (2006)
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researches - individual participation in the
elections, activities and participation in
associations and cooperation, and activities
for information obtaining and trust.

4. By the results of inquiries of rural
enterprises in Pieriga region and calculated
indicator of con�dence of social capital
indicators that is +16%, the author
concludes that leaders of the above-

mentioned enterprises have social capital.
5. Social capital has positive impact on the

development of enterprises. It promotes
the development. It is seen by the results
of the research that the most capacity for
social capital is in the branch of agriculture.
The hypothesis is proved: social capital
promotes development of rural enterprises
of Pieriga region.
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Abstract

The process of creation of the informative systems based on the account of such animals as horses, sheep and goats
is analyzed in the work. Three structural models are created and their comparative analysis is conducted. As a result
of analysis the general elements of structures, characteristic to each model were found. The Meta modelling approach
to facilitate the system was udes. The system has a more abstract structure and allows dynamically to add not only the
animal specimens but also new types of attributes in �y during runtime. Recompilation of the system is not required
there is no necessity of the analytical restructuring of the model, the absence of type explosions is guaranteed in a
database because not a new table-type, but a new record in one or two tables is added.

Keywords: Selection, object model, Meta modelling.

Introduction
Selection is the main task of animal breeding.

To carry out this works animals should be
compared. But in order to compare the animals
their descriptions and measurements should be
used. We made an e�ort to �nd out whether it is
possible to de�ne general criteria for comparison
of di�erent animals; thus it would allow to
systematize work of secessionists.

The method of registration of sheep, horses
and goats was studied. Based on these materials,
the structure and procedure of estimation of
each animal was made. Then these procedures
and structures were compared, and using the
qualimetric system of indexes of quality the
invariant elements of the systems were found.
As a result, there was a possibility of using
a compatible Meta modelling approach to
realization of tasks of the systems of di�erent
animal accounting.

Materials and Methods
To create the models of animal estimation,

normative documents on selection were studied,
specialists in this area were involved, the practical
methods of domestic animal registration and
selection were studied (Ministry of Agriculture,
2002).

When the materials of domestic animal
estimation had been collected, there was a
necessity to analyze them. The object - oriented
approach to create and analyze the models was
used. The objective models of account of sheep,

horses and goats which obviously demonstrate the
system of animal estimation accepted in Latvia
were created (Microsoft, 2007). The qualimetric
approach to the analysis of the created models
predetermined the possible variants of universal
parameters of comparison and domestic animal
account (Rulko, 2003).

Qualimetric is a study of quantitative and
quality estimations of quality. All the results
were made into the whole model and the Meta
modelling methodology for the general system
realization of animal account was used.

Results and Discussion
On the �rst stage, three models of classes using

the normative documents of Latvian Republic
on registration of domestic animals were made
(Ministry of Agriculture, 2002). Figures 1, 2 and
3 represent the formal objective models of account
of horses, goats and sheep.

Similarly, the information on the estimation of
goats was structured.

The objective estimation model of sheep
qualities was made, too.

Basic entities in each model are a horse,
goat and sheep. These are animals whose
parents should be registered. It represented
recurring associations, outgoing and ingoing into
one entity, on the class model. An owner and
animal passport are registered for each animal.
In contradistinction to the animal passport the
attribute `the animal owner' can be changed
during the life cycle of the object of a horse, goat
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Figure 1. Object model of horse estimation.

and sheep type (Ministry of Agriculture, 2002). It
is one of features of models of all animals which
should be taken into account during realization of
the systems of animal account. It is represented
schematically not as a static owner, but as a
dynamic structure of data type `collection'. A
great number of quality and quantitative indexes
of animals in�uence an increase of the model.
In the mentioned models quality indexes are
modelled by the stereotype `enumeration' and
quantitative indexes are represented by numerical
types. The main di�culty of comprehension of
account models is a great number of quantitative
and quality animal attributes. The other di�culty
lies in the problem that these models are static,
that at �rst the system is �lled by the models of
animal attributes, and then it is realized as the
information system. Additions of a new attribute
change the model structure and make recompile
the whole system (Petraq and Panos, 2006).

In �gure 4 there are general attributes of
animals, characterizing horses, sheep and goats.

However, these model elements are insu�cient
for a complete account of each animal type. That
is why the qualimetric approach which divides all
quality indexes into two large categories was used
(Rulko, 2003).

All animal characteristics were divided into
two groups: quality (what) and quantitative (how
many). Because of this division, it is not necessary
to register a de�nite list of animal attributes, but
instead of it, it is suggested that one provides a
possibility of the generalized index registration in
the system. It means that the registration record
of each animal consists of two parts - quality and
quantitative indexes (it refers to each animal). It
is necessary to specify a de�nite list of qualities
for registration of de�nite type. So this is a
two-level modelling system. First, comes the so-
called Meta level where there is information about
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Figure 2. Object model of goat estimation.

the lists of quality and quantitative argument-
types of parameters (information on the type of
animal), the second level- implementation level
where there is information on the de�nite meaning
of attributes of de�nite animal specimens.

In �gure 5 there is a generalized two-level

chart of Meta modelling. It allows to disengage
oneself from a de�nite animal during creation of
the system, and de�nite information on an animal
is given during its exploitation.
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Figure 3. Object model of sheep estimation.

Conclusions
The two-level chart of Meta modelling was

created as a result.
The prototype of information system of

registration of any type animals was created
founded dividing into quality and quantitative
properties.

Usage of Meta types makes a model more
abstract and facilitates it; thus, construction of

 

Figure 4. In the horse, sheep and goat models.
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Figure 5. Dividing into quality and quantitative properties.

the program system consists of three stages: at the
�rst stage such abstract essences as quality and
quantitative types of information, abstract animal
entities, its parents and the owner are determined.
At the second stage an abstract model is speci�ed
by �lling it with its de�nite list of quality and
quantitative indexes.

Made as the class diagram of object model of

animal account, it helps to analyze, structure and
generalize system information.

Usage of qualimetric approach allows to create
a compatible model of the animal account.

Usage of two-level model allows to decide
the problem of di�erent type animal account by
determining not types and animals and their
properties, but types of types.
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Abstract

If among engeniering phenomena exist nonlinear interconnections, they are expressed with help of corresponding
nonlinear functions. Teaching the regression analysis for the engeniering science students one of the important topic is
method of Least Square Method (LSM) and their application in the nonlinear regression analysis. Based on experience
at Latvia University of Agriculture, the illustrated approach of teaching of nonlinear regression topics for undergraduate
students in engenieing applications is presented. Teaching statistics on regression analysis, students usually have
problems with interpretation of the transformed regression model parameters signi�cance. The tasks of teaching using
LSM in the nonlinear regression analysis are discussed.

Keywords: Nonlinear regression, Least Square Method.

Introduction
Models which are nonlinear in parameters, in

sense, that by suitable (log) transformation the
models can be made linear in parameters. In this
case method of Least Square Method (LSM) has
been used for transformed equations. However, it
is possible that the stochastic term has di�erent
variability related to dependent variable: additive
or more random and unpredictable. Depending
on the stochastic term variability the nonlinear
models can be intrinsically linear (in-parameter)
regression models (in the sense that by suitable
(log) transformation the models can be made
linear in the parameters) and can be intrinsically
nonlinear in parameters.

If for the linear models and models
nonlinear in variables the least-squares criterion
of minimization has been applied to initial
(original) variables, then for the models nonlinear
in parameters the least-squares criterion of
minimization it has to be applied to transformed
variables, for example LnY. However, the
parameters estimation for the transformed models
LSM is biased. It means that, although nonlinear
models can be transformed into linear regression
models and can be estimated by LSM, we have to
be careful about the properties of the stochastic
residual term that enters these models. As the
preceding analysis shows, it is necessary to pay
attention to the residual term in transforming
a model for regression analysis. Otherwise, a
formal application of LSM to the transformed
model will not produce a model with correct

statistical properties. The examples of the
di�erent nonlinear models and the application
of LSM are considered, as well the transformed
models estimated parameters has been compared.

The contents of regression analysis
Interconnectedness accordance between sets

of numbers is de�ned by a function (Van Der
Waerden, 1957). In particular, if X and Y
are two subsets on a numerical axis, than the
form of accordance between them in general is
de�ned as equation y = f(x). Here value of
y examined as a dependent variable or function
from other independent variable of x, which is
named an argument. Term regression is used
for denotation of dependence between two sets
of values X and Y . All facilities which are
used for description of dependence between values
from a set of X and values from the set of
Y are make maintenance of regression analysis.
Distinguish two types of dependences between
two sets of values: functional and statistical. In
a di�erence of functional dependence, statistical
dependence does not determine synonymous
accordance between sets of values X and Y ,
but gives some estimation of the facts, that
with probability 90% the height of 80-old year
Latvian pine-tree makes 23 meters, and other 10%
percents are distributed near this value.

At the same time it is possible with the
0.01% probability, that midget pine-trees, arriving
at only heights 10 meters, sprout in Latvia.
Thus, statistical connections aren't described the
dependences of separate values of y and x, but
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their mean values: in Latvia middling a statistical
80-old year pine-tree achieves 23 meter heights
on the average. For the regression illustration
the equations of dependences, graphs, tables of
values, di�erent coe�cients are served. On a
�gure 1 regression dependence is shown between
such sizes as age of pine-tree and his height. The
main species in Latvia is pine-tree (47% from
total Latvia forest area), growth of trees motion
is stipulated by tips of growth circumstances
(Statistical Yearbook of Latvia, 2005). Building
the system of rectangular co-ordinates, the results
of measuring are represented points on a plane in
the system of rectangular co-ordinates, where a
horizontal axis X is age of pine-tree in a range
[0;140] and the vertical axis of Y is a height
of tree in diapason [0;30]. It is possible to
see that does not exist synonymous functional
dependence between age of pine-tree and its
height. However, it is empiric possible simply
to estimate dependences between the average
values of ages and proper mean values of heights.
Points on �gure 1 represent regression statistical
dependence of height of pine-tree on its age, and
the conducted continuous line expresses functional
dependence between statistically middle ages and
proper middle height.

Whether there must be an error of measuring
of normal

At measuring of the same size identical values
turn out not always. The looked after sizes have
variation near some mean value. The di�erence of
the mean value and observed value Gauss named
as the error of one measuring. It is assumed in

the theory of errors of Gauss, that the random
variable x has a mean value Mx and squared
deviation Sx, which Gauss named as the average
error of all observation. On a �gure 2 the results
of the simultaneous weighing of three di�erent
samples are represented by three Force Sensor
Resistors. The 10000 measuring were made.
Weight of every sample is random variable with
mean values 577.3, 600.5 and 626.3.

Gauss assumed that errors of measuring,
which are random variables, are distributed
normally (Van Der Waerden, 1957). Gauss pulled
out a hypothesis, that a total error of observation
is the sum of large number of independent small
errors which possess small variances. It means
that the central limit theorem is correct. The sum
of very plenty of independent random variables
with variance which makes small part of variance
of all sums has normal distribution approximately.
However, not always a measuring error is normal
it must be taken into account at the analysis of
their nature. For example, in case with regressive
dependence of growth of trees on a �gure 1, in
an age range to ten years obviously there is a not
normal error of measuring of height of tree. If
to assume that an error of supervision of heights
of young trees is normally distributed, at that
rate there must be trees with a negative height.
On a �gure 3 the observation of measuring of a
zero value of mass is shown. Calibration of mass
is done in order to propose so-called zero mass
of scales. On the analogs and digital scales it
is often possible to see displacement of value of
mass in a negative area. However at a 10 bit
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Figure 1. The pine-tree age-height regression.
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Figure 2. Weighting of tree di�erent samples.

positive digital modulation, the negative values
of normal distribution are lost and substituted
by zeros. Moreover, the discrete measuring are
given by discrete errors unlike assumption of their
continuity.

In this case, Gauss grounded searching for of
estimation of some parameter, which does not
depend on supposition of distributing normality.
Gauss over was brought by an example with the
game of chance, in which it is possible only to
lose. Truly, in case with measuring of a zero
mass, it is necessary to take on some positive
value of measuring for a zero mass, notoriously
realizing the loss. If Z is accepted as an
estimation of parameter of z, a loss will be the
more than anymore |Z-z|. For the measure of
loss Gauss adopted (Z-z)2 and assumed, that an

estimation did not have a systematic error and
its variance is minimal. He proved then, that
the result of such minimization is given by the
most probable value of estimation of parameter
of z. At imposition of condition of normality
Gauss speci�ed obvious expression probability,
that the results of observations will lie in strictly
the small intervals set how many pleasingly. Thus,
condition of normality of distributing of errors of
observations generally speaking, is optional. In
this case it is only necessary to consider, that the
chosen estimation of parameter will be always in
a loss.

Why a sum of squares of errors of measuring must
be minimum

Let the looked after dependence of y = f(a, x)
be set as a regression hash table xi → fi, where
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3
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Figure 3. The digital zerro weight value.

300



Sergejs Arhipovs GROWTH REGRESSION MODELS PROBLEMS OF THE
EXPERIMENTAL DATA ESTIMATION IN ENGINEERING APPLICATION

 

   0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0   1   2  3 4 5  6  7  8  

y i
 

xi
 

f i
  

 

 

 

     

 

 
  

  

 

Figure 4. LSM attributes.

xi are arguments, � are the values, and it is
necessary to �nd parameter a, that to estimate
the got values of yi = f(a, xi) with the best way
appearance with the looked after values of fi.

In the case of normal distribution of errors of
observation Gauss grounded, that probability of
the results of observation will be in an interval
(fi − δi; fi + δi) at small δi approximately equal
exp(−(f1−y1)2−(f2−y2)2−. . .−(fn−yn)2)·δ1 . . .
δn. This probability will be maximal then, when
sum Σ(fi − yi)2 will be minimum. Consequently,
by Gauss the best values of yi will be those, values
which correspond the best probability of hits to
the given interval. On a �gure 4 the construction
of straight line is represented such, that the sum
of squares of errors will be minimum.

Geometrical interpretation of Least Square Method
(LSM)

Geometrical essence of LSM consists of
�nding of minimum distance from point a view
(f1, f2, f3) to the variety which is given by the
model of y = f(a, b, x), where a,b are model
parameters, and x is an argument of regression.

On a �gure 5 three-dimensional space is
represented, which designs the triple observation
of the regression yi = f(a, b, xi). Every dimension
it is a set number of values which can adopt one of
the proper observations. A point (f1, f2, f3) is the
got results of observations. The represented two-
dimension surface is the variety of points (a

′
, b
′
) in

functional space of lines, being linear combination
of two bases of x and 1. In this case model

parameters a and b are symbolic denotations two
functional dimensions and one point (a

′
, b
′
) on

this numerical plane designates one function of
y = a

′
x + b

′ .
A task consists of �nding of such point

(y1, y2, y3) on the set variety, that Euclid distance
between her and a point of view (f1, f2, f3) was
minimum. Thus, geometrical sense of LSM
consists of �nding of distance of a point of view
to the linear variety with the set functional base.
A requirement of Gauss to linearity is substantial
that is why, in general case of non-linearity on
parameters (but not on arguments) a question
gets up about existence and uniqueness of the
shortest distance to the variety.

Non-linearity of regression
The concept of linear and nonlinear regression

is practically mentioned in every source on LSM.
In this context it is necessary to distinguish
linearity on the sought after parameters, for
example a, b, z . . . , from the concept of linearity
on arguments, for example x, y, z . . . . A mess
with linearity and non-linearity of regression in
the case of application of LSM is easily removed.
LSM of Gauss is used for an analysis only
of linear on parameters regression (Van Der
Waerden, 1957). That, parameters of a,b,z. . .
included in the model of y = f(a, b, z . . . , x)
strictly linearly. As for linearity or non-linearity
of incoming in a model arguments, Gauss is
shown by unimportance of it for application of
LSM. Thus, regression of y = f(a, b, z . . . , x) in
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Figure 5. The geometric interpretation of LSM.

LSM must be linear combination (parameters) of
linearly independent functions (of arguments).

For example, polynomial dependence y(x) =
an·xn+. . . +a2·x2+a1·x+a0 is linear combination
of orthogonal functions (. . . xn, ·x2, ·x, 1) and,
formal is a nonlinear function ot x. From this
point of view there is only one type of linear
regressions, it is y(x) = a1 · x + a0 or, in the
case of many variables, it is y(x, y, z . . . ) = ax ·
x+ ay · y + az · z + . . . a. Hyperbolical dependence
y(x) = a+b/·x2 also named nonlinear, although is
linear combination of functions (1, 1/·x2) and fully
meets conditions of applicability of LSM. Periodic
regression y(x) = a0+a1 ·sin(x)+a2 ·cos(x) often
meets in biometrics and econometrics. These
can be price-waves on products or population
dynamics of animals. Function y(x) nonlinear
on x, but linear on the parameters of a0, a1, a2

� LSM �nds a synonymous decision. Thus,
term �nonlinear regression� it is necessary to
use and understand in the context of semantic
interpretation of model, in sense of functional
dependence on arguments and to try to dissociate
this term from the terms of applicability of LSM
(Gujarati Damodar, 1995).

Source of methodical errors of the use of LSM
Term `nonlinear regression' generates such

concept, as `linearization of regression' (Gujarati
Damodar, 1995). Usually linearization of
regression has named two di�erent approaches.
First from them o�ers the uncomfortable from
point of view functions of bases to renamed by
variables and, thus, to transform a model in a
linear kind. For example, `nonlinear' regression
y(x) = a + b/ · x2 taken to `linear' y(z) = a + b · z

by transformation of z = 1/·x2. But from point of
terms of application of LSM such transformation
is not of principle and can be justi�ed the aims of
comfort of writing and, maybe, tabulations of the
looked after values in a text.

The second type of regression linearization
will transform not argument, but all model which
usually originally nonlinear as on arguments so on
the sought after parameters. For example, model
y(x) = a · xb not only not taken to the system
of Gauss normal equations but also presents
certain problems of �nding of decision by numeral
methods. Linearization of this model consists of
its taking the logarithm, which, grindings o� of
sight of the Gauss theory of errors, results in some
paradoxical questions. To logarithm of model
log(y) = log(a) + b · log(x) it is formal possible to
apply LMS, but it is then necessary to explain not
only sense of initial model and its regenerate kind
but also nature of errors of observations in both
models. Gauss required minimizing the sum of
squares Σδi2 errors which are included in a model
linearly. Indeed, if yi = a ·xib+δi, the criterion of
minimization on LSM is Σ(yi − a · xib)2 → min.
However, if on what or from reasons, a model is
taken the logarithm, formal it doing is impossible
because log(yi) = log(a · xib + δi) 6= log(a · xib) +
log(δi). From other side, if decision to apply LMS
to logarithm of model is made all the same, it is
necessary to explain linearity of errors in
log(y) = log(a) + b · log(x) + log(δ) and
multiplicative errors of observations in the initial
model of yi = a · xib · δi.

Very often such linearization of all model
is used not in order to �nd the decision of
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regenerated model and to interpret exactly her in
terms of subject domain as it is done in classic
literature, but in order that to the found decision
to apply reverse transformation and obviously or
non-obvious to establish optimality of the decision
found thus. It methodological improperly because
usually is not an answer given to the question
what criterion satis�es the found decision?

It is possible to show the incorrectness by
the cartographic measuring producible on a
sphere and their transformations of projects on
a plane. On a spherical surface the frequent
measuring of distance are made between two
points. A task consists of determination of the
most exact distance between them. Following the
method of transformation of model of regression
(linearization, taking the logarithm of and other)
the results of observations are orthogonally
mapped to the �at card and to the regenerate
results got thus LSM is used. Intuitional the
clearly, that got estimation will system di�er of
a truth value (�gure 6).

The results of such application of LMS are
represented on �gure 7.

The graph illustrates the values of measuring
(grey groups) projected on a �at card. On a
vertical line the values of distances are postponed,
and on a horizontal line the numbers of measuring
are postponed. Two horizontal lines are the
average values of the proper supervisions on
a sphere and on a plane. The method of
Monte Carlo is make 35 series of experiments
for 15000 imitations of measuring with the set
random uniform distributed error. The results of
experiments con�rmed system divergence between
the estimation of distance in a primary not
modi�ed model on a sphere and estimation of
distance in a modi�ed to a projection model on
a plane. It is similarly possible to see on graphic
arts, that distributing of error of observations on

a �at card also su�ered transformation and now it
already is not even and has obvious displacement
toward the point of sphere which is most project
remote of a card.

Estimation of growth of trees
Under a mathematical model, often

understand the equation of the regression, built on
the basis of experimental information. However,
the coe�cients of such polynomial make no rich
in content sense, and regression in this case is
the formal speci�cation of experimental data.
Naturally, that such mathematical models on
principle make no biological sense and their
value for researches is very limited, and they
can be used only in strictly certain terms and
taking into account the features of conducting
of experiment. The basic task of our researches
consisted in the construction of rich in content
model the coe�cients of which make clear
biological sense and, which would serve as basis for
the construction of theoretical pattern of growth
of di�erent types of trees in Latvia. Di�culties,
arising up at the decision of this task, consist
in the question about the selection of curves for
description of such measuring signs which in most
are biologically di�cult. So, for example, if to
come from supposition, that continuous �ssion
lies in basis of growth, clearly, that the size of
increase must be proportional the measured sign,
that can be presented as di�erential equalization
of dy/dt = k · y, the decision of which looks like
y(t) = y0 ek·t.

The most composite hypothesis consists of
that the stake of the divided cages with age
diminishes gradually. Speed of processes of
production of new matter changes also. Therefore
for growth there always are limits. Equalization
of P.F.Ferhlust dy/dt = a · (1 − y/b) · y together
with death rate/birth rate coe�cient a and also
contains another coe�cient (1−y/b), which limits

Figure 6. The measuring projecting on a �at card.
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Figure 7. The simulation results of measuring projecting on a �at card.

growth at y. Indeed, when poplation is at the
beginning of the development and value of y ∼ y0
close to the initial value, then a coe�cient (1-y/b)
does not have strong in�uence on speed of change
of poplation volume and law of growth described
by the equation dy/dt ∼ a · (1 − y0) · y = a′y.
Thus, the volume of population at the beginning
grows exponentially. However, when population
approaches the value of y ∼ b, then coe�cient
(1− y/b) ∼ (1− b/b) = 0 becomes very small and
halts speed of growth of population of dy/dt ∼ 0.

Thus, in time speed of growth of population
falls practically to the zero and its volume aspires
to the certain size. By the decision of di�erential
equation of dy/dt = a · (1 − y/b) · y there is a
function
y(t) = (y0 · b · ea·t)/(b − y0 + y0 · ea·t),
which describes an initial exponential change the
quantity of population and further stabilizing of
its volume well. In the case of model of Ferklust
population is expected by the synonymous
stabilizing. Depending on the size of initial
volume, population will be raise, if volume is less
the value of b prescribed by model y0 < b, to
diminish in the case of y0 > b, and be in the stable
state, if y0 = b.

The analysis of these demographic trees
showed in Latvia, that the initial stage of their
growth did not answer the model of Ferkhlust,
however slowed growth of trees is in time and their
height does not change in future. On a �gure 8
it is possible to see distributing of middle heights
of pine-trees depending on their age, beginning of
10 years and concluding 140 summer age, when
growth is practically halted.

This information are the statistical measuring
of middle heights of pine-trees which sprout in
identical regional and bonitate terms. The values
of heights of pine-tree are grouped on the groups
of ages with a di�erence 10 years and imposed on
the graphs of decision of equalization of Ferklust
with the initial condition of y0 = 1 meter and limit
on a height b = 25 meters. Visual comparison and
numeral experiment on searching for an optimum
coe�cient a showed that divergences between the
sheets of facts and approximated function did not
have casual character, but are regular. In an
initial period many information is substantially
below than theoretical curve, and farther more
actual values are excelled by the proper values of
approximation.

Thus, it is necessary once again to analyze
and revise the variable coe�cient of increase in
equation of growth. In the case of trees, it is
possible that the initial period of growth di�ers
of exponential dependence. Therefore by analogy
with approach of Ferklust, it is necessary to pick
up such coe�cient of growth, that the height
of tree did not change with age, that at the
coe�cient of growth biological sense would have
mathematical appearance and, that divergences
between normally distributed characters would
be taken in ideal case information and got
dependence.

In research a model is explored y(x) =
axk/(b + xk) approximations of dependence of
height of tree y of his age of x. Information
was grouped in relation to the type of trees,
region of sprouting and bonitates. Riga and Ogres
district forest taxation data are used execute of
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Pine grow regression 
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experiments, which is �xed the price in a time
period from 1999-2005 year. Data is are analyzed
from 10840 areas, which general area is 20724
hectares.

Regression y(x) = axk/(b + xk), which is
the decision of equation of dy/dx = ay2/xk give
satisfactory approximation. Three parameters of
a,b,k give very good approximation, they have
biological sense. A decision is given by a limit
on monotonous growth of tree. Optimization
of model a least-squares method gives a semi
analytical decision, what can not be attained
with the model of Ferklust. Thus this model
becomes an applicant on the use in the system
of estimation of growth of trees. On a �gure 9
the real information of observations of heights of
pine-trees and regression is combined got formal
application of LMS.

The lack of this approach consists of method
of �nding of decision of model. Regression is
nonlinear on the parameters of b,k and LSM
in this case applied formal, that needs further
ground. On a �gure 9 a two-dimension surface

is shown built as the graph of criterion C(b, k) =
Σ(fi − a(b, k)xk

i /(b + xk
i ))2, where the parameter

of a = a(b, k) is expressed through the other two
parameters.

It can be done to equal zero the derivation
of LSM criterion by a. The analysis of surface
of criterion of minimization shows the features of
investigation, that the criterion of minimization is
nonlinear on the parameters of a,b,k.

Conclusions
The application of LSM allows the students

to obtain clear interpretation of the statistical
models as well as to help them better
understand the transformed models parameters
interpretation. Students get clear explanation
about the LSM �eld of usage in the tasks of
nonlinear regression, as well the concepts about
the statistical properties of transformed models.
The preceding analysis demonstrates for students
the properties of the stochastic residual term that
enters these transformed models.
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Abstract

Recently, the graduates should not only be technically competent, but also they should be skilled in communication
and team work, have social and global awareness, be self directed and prepared for life-long learning. Knowing of
languages contributes to student personal development. However, passivity of the students in the English classroom
is among the factors limiting not only active engagement in academic tasks, acquisition of communicative skills but
also soft skills needed for future profession. Therefore, at Lithuanian University of Agriculture, where student-active
teaching and learning has been applied the study of the most acceptable class work forms for breaking passivity and
improving students' motivation in the classroom for learning English as a foreign language was performed. The most
persistent problem for the passive students who are afraid of speaking is the inability to �nd right words to express
themselves (31%), and the fear of making mistakes, criticism, and sounding foolish (almost 55%). The application of the
active class-work forms seems to behave well over �ghting the passivity and enabling acquisition of the most important
skills both for foreign language acquisition and becoming perspective future employees. Team work in created by a
teacher relaxed atmosphere in the �tted classroom was found to be one the ways for breaking silence and passivity of
the students in the English class room.

Keywords: class work forms, student passivity, contributing factors, abilities.

Introduction
Challenging economic times have greatly

increased pressure on society and higher
education, in particular. Recently, an opinion
has been predominant that teaching and learning
must meet professional needs, be critical and
innovative, make appropriate use of contemporary
technologies, use teaching/learning experience
and resources to support good practice.
Consequently, the graduates should not only be
technically competent, but also they should be
skilled in communication and team work, have
social and global awareness, be self directed and
prepared for life-long learning. In this context,
knowing languages means greater participation in
social, economic, cultural and political life, to say
the least of the e�ective contribution to personal
development (Forrest, 2004).

With the growing involvement of Lithuania
in international business and the increasingly
multinational character of foreign languages in
nearly every kind of occupation is evident.
Generally, Lithuanian business �rms and service
organizations are not likely to hire employees
based on their language skills alone. But a
substantial number of them, except for the
willingness to learn, commitment, reliability, self-
motivation, ability to work in a team, oral and
written command of the native tongue, and co-

operation, have not only come to recognize the
speci�c needs for foreign languages, but also most
of them foresee a growth in the need for foreign
language skills, both in their own particular
businesses and in the global employment market.
Besides, people who are able to speak foreign
languages have increased earning power and
have greater career advancement possibilities.
However, in Lithuania we are confronted with the
sad fact that the majority of students entering
higher education with the experience of eight or
more years of the instruction in English at the
secondary school use the version of English which
is not accurate, meagre and insu�ciently �uent
to stand up the demands placed on it outside the
classroom. Moreover, some of the students seem
to be completely negative about their learning
they have no clear conception of their future needs
with the foreign language and the possible reason
for this might be low students' motivation leading
to indi�erence and passivity.

Recent advancements in foreign language
teaching indicate a trend towards the development
of the communicative competence (Allwright,
1987; Littlewood, 1991; Harmer, 1991). Lots
of student-active class work forms including
discussion and debate, communication games,
team work, pair work, problem solving, role play
are designed to provoke spoken communication
between students and/or between the teacher
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and the students. However, many teachers can
be heard complaining that their students have
nothing to say: they complain, for example,
that they have no opinions, are not interested
in or are not prepared to discuss anything. In
this setting encouraging communicative classroom
participation is one of the greatest challenges for
English foreign language (EFL) teachers.

Research aim: to analyse the class work forms
helping to break student passivity and improve
their motivation to learn English as a foreign
language.

Research objectives:

1. to analyse the causative factors of passivity
in the classroom;

2. to discuss the class work forms helping in
�ghting passivity;

3. to reveal the in�uence of secure and relaxed
atmosphere.

Research object: the role of the class work
forms in �ghting student silence and passivity.

Materials and Methods
The research was conducted at Lithuanian

University of Agriculture by way of questioning 55
students in the spring of 2003 and 66 students in
the spring of 2005. They represented 4 groups of
the �rst and second year students from 2 faculties:
the Faculty of Economics, and the Faculty of
Forestry.

Di�erent class work forms including:
discussions, presentation making, pair work, and
team work were applied to teach EFL. The
application of these forms in the English classes
enabled to establish the role of the class work
forms in �ghting student silence and passivity
and reveal the main reasons of the passivity.

To collect data necessary for the research
students were asked to complete a questionnaire.

The questionnaire was constructed seeking to �nd
out the reasons of passivity in the English classes
and the role of the class work forms in �ghting it
at Lithuanian University of Agriculture.

The questionnaire was anonymous and
contained the following questions:

1. What is the atmosphere like in the English
class?

2. Are you passive in your English class?
3. What class work forms are most

stimulating?
4. What abilities have you developed in your

English classes?

Data analysis, correlation and interpretation
were analysed with the help of EXCEL software.

Results and Discussion
The reasons of passivity in the class room

The research revealed that 56% of the �rst year
students from the Faculty of Economics and 78%
of the �rst year students from the Forestry Faculty
considered themselves passive in the English
classroom. It follows from Figure 1 that the most
persistent problem for the students is inability
to �nd right words to express themselves (31%)
followed closely by the fear to make mistakes
(21%). Signi�cantly lower are the e�ects of fear of
criticism (18%) and sounding foolish (17%). The
least important reason of why the students remain
silent and passive is the lack of common knowledge
(13%).

The development of the communicative skills
requires learning atmosphere which gives students
a sense of security. Figure 2 indicates that
active students enjoy being in their English classes
and in most cases �nd the atmosphere there
relaxed or quite relaxed (60% of active students).
Those who considered themselves passive in the
English classroom did not enjoy being in their
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Figure 1. The reasons of passivity in the class room. (1. Fear of making mistakes; 2. Fear of criticism; 3.
Lack of common knowledge; 4. Inability to �nd right words to express thoughts; 5. Fear of sounding foolish).
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Figure 2. Assessment of the atmosphere in the classroom by active and passive students. (The atmosphere
in the classroom: 1. Relaxed; 2. Quite relaxed; 3. Stressful; 4. Quite stressful).

English classes, because in most cases found the
atmosphere there stressful or quite stressful (75%
of passive students). These results indicated
that atmosphere in classroom could be attributed
to key factors contributing to student passivity.
In stressful or quite stressful atmosphere such
students are afraid of di�erent things (making
mistakes, criticism and sounding foolish) that
explained more than 50% of the reasons of their
passivity (Fig. 1). Thus, to ensure active
and productive student participation in order to
develop their English skills a teacher should create
relaxed atmosphere in the classroom applying the
most acceptable class work forms.

Too big group, un�t classroom, group mates,
and even incompetence of a teacher were
mentioned among the factors contributing to
student passivity. No class work form will help
to break silence and passivity of the students if

classrooms are un�t for learning. This factor
was indicated by more than 60% of respondents,
irrespective of their behaviour in class. Over
20% of the students as a factor contributing to
passivity mentioned too big groups, and over 10%
- incompetence of the teachers (Fig. 3). The latter
factor was pointed out by the passive �rst year
students, and most probably resulted from the
confrontation with new class-work forms. Second
year students did not question the competence of
the teachers.

In�uence of class-work forms on activity.
The results obtained on the class-work forms

proved the e�cacy of the forms in �ghting the
passivity. Four class-work forms: discussion,
team-work, pair work and presentation were under
investigation. We attempted at identifying which
of them contributed most to the promotion of

Students                     Course
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Figure 3. Factors contributing to student passivity. (1 � too big group; 2 � un�t classroom; 3 � group mates,
4 � incompetence of teacher).
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student activity. The results of the questioning
indicated that there was no considerable di�erence
between Faculties or years. Data presented in
Fig. 4 revealed that the worst forms of learning
for the passive students were presentation making
and discussion most probably due to the fact that
these forms of learning require much e�ort on their
part and are contrary to their habit � to be passive
in the classroom. The main aim of these students
was most likely to hide behind the backs of the
active students and expect not to be noticed.

The most preferred for the passive students
appeared to be team work that should be taken
into account while teaching passive students.

The application of the considered class-work
forms not only ensures better acquisition of the
English language, but also transforms listless and
disinterested students into more active thinkers
and participators.

Abilities developed in the English classes
In the analysis of the abilities developed by the

students in the English classes the most important
were the answers of the second year students as
their English course is almost completed, though
the answers of the �rst year students were taken
into account. The �ndings of the study indicated
that the ability to communicate was rated as
the most important by approximately 48% of the
passive students, whereas approximately 44% of
the active students indicated that they learned
to express their ideas (Fig. 5). They also
developed the ability to work in a team and ability
to communicate 23% and 21%, respectively.
In contrast to the passive students they also
admitted that they learned to think critically
� 12% of the respondents. Responsibility for
monitoring the quality of teaching and learning
lies with University faculties and departments

that are responsible for the teaching and learning
quality. Quality assurance in teaching resides with
teachers whose quali�cation and its development
is an important factor that determines their
ability to organise classes, provide appropriate
instruction and motivate students to succeed.
Quality assurance in learning resides with the
students who together with the teachers are
considered to be equal partners in the educative
process, and thus are expected to be largely
responsible for their own learning and learning
outcomes. Material resource basis at Universities
is the last but not the least factor to be taken
into account as proper classrooms and their
equipment, computer and computer programme
use possibilities, abundance of books and diversity
of library resources and possibilities to use them
surely guarantees better quality in studies.

Many a teacher face a problem of students
who are not attending the classes, who don't
complete assignments on time and if present they
say they are not interested, they have no opinions
or they have nothing to say in other words
they are simply passive (Corria, 1999; Balato,
1996). There are many factors that might a�ect
students' commitment to study. Many things �
perhaps most � are beyond our control as language
teachers home background, physical tiredness,
events in their personal life, health, personality,
etc. are just some factors that can have
temporary in�uence on the activity of the students
and make them silent. Di�erential success in
foreign language learning has been attributed
to individual di�erences such as intelligence,
aptitude, personality, motivation, and anxiety
(Rossiter, 2001). However, in general, silence
is related to fear of saying the wrong thing, of
showing emotions, fear of the judgement not only
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Figure 4. Class-work forms contributing to activity of the students. (Class-work forms: 1 � discussions, 2 �
presentation making, 3 � pair work, 4 � team work).
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Figure 5. Abilities developed in the English classes. (1 � to express one's ideas; 2 � to work in the team; 3 �
to communicate; 4 � to think critically).

of the teacher, but also of the fellow students, it
may also be a way to avoid taking risks or getting
involved (Thorne, 1989).

In our research we attempted to identify the
main reasons for this kind of behaviour. The
obtained data indicated that more than a half of
the �rst year students from both faculties were
passive. This percentage slightly decreased in
the second year (by approximately 10%). As
the key reasons for this kind of behaviour were
indicated: fear of making mistakes, criticism and
sounding foolish and inability to �nd right words
to express themselves or poor vocabulary. This
state of a�airs made us think that the problem
might stem from the school where typical form
of interaction is: the teacher always initiates, the
learner only responds, what greatly limits the
communicative functions that learners need to use
and interactional abilities they need to practice
(Littlewood, 1991)

Lots of communicative activities and
class-work forms are designed to provoke
spoken communication and stimulate students'
involvement as well as deal with the problem of
student participation. (Holec, 1979; Little, 1991;
Ohta, 2001; Saville-Troike, 1988)

The results obtained from our survey indicated
that for the active students the most acceptable
class-work form was discussion followed by
presentation and team work. They also indicated
that through these class-work forms they learned
to express themselves, to work in a team
and improved their communication abilities.
Meanwhile the passive students indicated that
discussion and presentation were the worst forms
of the class-work most probably due to the fact
that most of them are afraid of making mistakes,
criticism or sounding foolish. However, these

class-work forms made them change and the
majority of them indicated that they improved
their ability to communicate.

It seems generally to be assumed that
e�ective learning of a foreign language requires
a supportive atmosphere. In order to learn the
students need the environment in which they do
not feel intimidated or frustrated and they need
to feel they will be heard. J.Shrum and E.Glisan
(1995) note that `competition in language learning
may result in feelings of anxiety, inadequacy,
hostility, fear of failure, guilt and too strong a
desire for approval'. The above mentioned class-
work forms seem to be conductive to building
self-esteem and increasing motivation when the
atmosphere in the classroom is relaxed.

Such issues as infrastructure and limited
school budgets have not received much attention
in EFL books and articles yet seem to contribute
to the outcome of the educational process as
more than a half of students indicated that un�t
classrooms contribute to their behaviour in the
classroom.

The detected complex of factors contributing
to student passivity, and suggested means of
breaking silence and passivity, should help to
achieve a degree of communicative competence
in a number of languages (plurilingualism) on a
lifelong basis, in the interests of better personal
mobility, information in a multilingual and
multicultural Europe what has been proportioned
by The Council of Europe in modern language
learning and teaching (Trim, 2001).

Conclusions
The most persistent problem for the students

who are afraid of speaking is the inability to �nd
right words to express themselves (31%), and the
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fear of making mistakes, criticism, and sounding
foolish (almost 55%).

To ensure active and productive student
participation in order to develop their
communicative competence a teacher should
create relaxed atmosphere in the classroom.

Among the class-work forms applied in the

English classes team-work help in acquiring better
abilities in communication. The application of the
active class-work forms seemed to behave well over
�ghting the passivity and enabling acquisition
of the most important abilities both for foreign
language acquisition and as of the perspective
future employees.
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Abstract

The migration of many rural youngsters to bigger cities and other countries in order to �nd a place for better life
and job is not only economic but also educational and up-bringing problem nowadays. The development of the Latvian
countryside is closely connected with the investment of educated young people in the long-term creative development of
the native country. Latvia University of Agriculture students consider that one of the reasons of leaving their native land
rather easily is because they were not purposefully brought up in the �eld of the patriotism and the feelings of belonging
to their native country. Higher educational establishments apply di�erent study models dependent mainly on the aims
of educational institutions. The aim of this work is to develop a study model of `Rural tourisms' taking into account
that the study course `Rural Tourism' has its up-bringing potential which can help to increase the development of
students' patriotic attitude during the acquisition of Latvian cultural and historic inheritance. The priority of the study
course `Rural Tourism' in Latvian higher educational establishments is supposed to contribute to the development of
students' entrepreneurial skills but this direction does not increase the development of students' patriotism. The above
mentioned developed study model is based mainly on the dynamics of the relationship between the study program and
the development of students' patriotism.

Keywords: study model, patriotism, regional studies.

Introduction
One of students' training forms is the study

model including mutual students` and lecturer's
level of freedom in the area of study relations
which complies with the chosen learning task. The
process of learning and up-bringing is not fully
voluntary for students, because `a stone does not
ask a sculptor to put it into a shape'. Each
new study model gives birth for a corresponding
problem-solving situation in this process. Kant
declared that the aim of up-bringing is not to
adapt humans to a de�nite situation, but it
should be an universal one, and should move
to the humans' development all over the world;
thus, the aim of up-bringing in many countries
will be the same (Kant, 2002). One should
understand that the issue is about values common
to all mankind but they di�er depending on
the interest of each ethnical community and
one's own particular way in education. The
questions of up-bringing patriotic attitude are
urgent in modern pedagogy. The education
of�today has a rather practical feature and
modern higher educational establishments tend
to limit students' personal cultural development
in de�nite borders. In future after �nishing
their educational establishments students will
produce, create in their own �eld, but they

will be only consumers for others (Kons, 1982).
Patriotism and society are closely interdependent,
as a social phenomenon. It mainly depends on
the peculiarities of the historical development of
a state and society. In the period of Soviet
occupation in the conditions of reglamentational
functioning Soviet social system patriotism was
one of ideological fundamentals used as the main
direction in the area of upbringing youth. Later,
at the end of 60s and beginning of 80s patriotism
was investigated as an intellectual phenomenon
of society in di�erent �elds of science, especially,
in philosophy. From the middle of 80s the trend
to realise patriotism as one of the phenomenon
of the social intellectual life became dominant
(Bader, 2006). As the subject of the students'
patriotic attitude one can consider the state,
the native land that could be understood as
having a predisposition to share national goals,
interests that is the priority compared to any
other personal interests. A state and one's
native land are the highest values and the
object of major high personal patriotic feelings
and purposes. Patriotism and the patriotic
attitude can strengthen a state and facilitate its
development (H	egelis, 1981).

The study model in higher educational
establishment is intended to help students obtain
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knowledge which will be useful in their future life
and education, and support students` own opinion
about their development of knowledge and skills.
Our aim is to work out a study model of the
study course `Rural Tourism' so it is necessary
to observe already existed didactic models used in
high schools and implement such a study model
which will allow students to develop further their
patriotic attitude, obtain Latvian cultural and
historical values during study in high school.

Many di�erent didactic models are used
in higher educational establishments. The
aim of the Pragmatic � Practical Model is
to reach a practical result and develop a
student's personality based on his/her individual
characteristic features. Students' practical skills
are developed; they obtain knowledge about social
culture and cultural values. A student can
realise his/her working approach and develop
his/her own characteristic features in the frame
of this model. Students develop their group work
skills; collaborate in models of groups, teams
(�Zogla, 2001). Contrary to this model, the
idealistic theoretical model represents the theory
which can't be used in the real life. The aim
of the Individual Model is to incorporate the
development of students' entrepreneurial skills
that intend to work in future with presidents of
the �rms or top managers. The main focus is on
the individual needs in this model comparing to
the common social needs in the previous one.

One can notice that a student is often
perceived as a potential university client who
pays for the chosen program. Thus, market
relations are implemented at universities and
one thinks less about intellectual values as
well as patriotic upbringing (Westheimer,
2006). From the very beginning, di�erent
popular models were developed in each state
di�erently, but these models were available
in other states. Behaviouristic, cognitive,
lingvodidactic, activities-based, motivational
models interdependently enrich and supplement
each other. The task of learning environment
at universities is to develop an individuality, to
hasten students' accumulating and constructing
knowledge and skills under the guidance of a high
school lecturer. The educational process helps
students to obtain socializing skills as well as
other skills and methods which are necessary in
their future professional work. Cultural values are
acquired during the process of learning because
these values are included in the contents of the
study course (�Zogla, 2001).

While working out the study model `Rural

Tourism' the following hypothesis is taken into
account:

The development of students' patriotic
attitude occurs more successfully if:

• students are connected with the research of
cultural, historical and natural heritage of
their native land, and emotional experience
signi�cantly personal for each student takes
place during it;

• the contents of the study course `Rural
Tourism' is oriented to the development of
students' patriotic attitude to the native
land and its cultivation.

Our task is to develop students' patriotic
attitude to the native country in higher
educational establishments during the time of
acquisition of the study course `Rural Tourism'.
The aim of this work is to develop a study
model of `Rural tourisms' taking into account
that the study course `Rural Tourism' has its
up-bringing potential which can help to increase
the development of students' patriotic attitude
during the acquisition of Latvian cultural and
historic inheritance. In the frames of the
study course `Rural Tourism' we have the real
possibility to develop students' patriotic attitude
and the sense of belonging to the native land
and understanding that she/he is a component of
the whole, by implementing cultural and natural
treasures of the native land. Our country has
its own ethnic and cultural peculiarities which
will be handed down to the next generation and
these endeavours also can be developed during
the process of education. The possibility of
practical implementation of acquired knowledge,
skills, and its accordance to the needs of the
modern world, students' ability to widen their
knowledge independently, were also taken into
account. The ideas of constructivism are put as a
base of developing the study model of the course.
Students were given the possibility to work out
their own approach to obtaining knowledge, which
will become personally signi�cant in their future
working time. Students' obtained knowledge,
skills, and their conformity to modern reality
are considered to be important. Acquiring
knowledge and skills occur in collaboration, thus
social experiences are obtained. Students' and
high school lecturers' mutual team work could
facilitate the development of a future specialist's
professional skills as well as each student's
individuality. The Hermeneutic approach to
understanding traditions, history and cultural
values of a native land were taken into account
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during the study course acquisition. Such an
approach could allow discovering a goal but
not constructing it. It is also important to
appreciate the student's way to self-investigation,
understanding his own place in this world,
explaining himself who he is in connection with
himself as a personality (Ksenofonts, 2005).

Materials and Methods
Patriotism is a multidimensional phenomenon

including complicated characteristic features
which re�ect di�erent levels of functioning varied
social systems in many ways. The level
of LUA students' patriotic attitude may be
considered as one of the structural components
of his/her personality, and may be added to the
strongest feelings and stable personal peculiarities
(value, con�dence, norms of behaviour, and
valuable criteria of social phenomenon). The
essence of the patriotic attitude as a student's
complicated individual integral model includes
love un faithfulness to the native country; the
identi�cation of one's own interests with the
interests of the native land, the connection
of his/her fortune with the life of the native
state; students' patriotic feelings which are
the components of human spiritual structure;
the active civil position, readiness to protect
the interests of the native land and work
for its prosperity; pride for the national
culture and achievements of their countrymen,
the respectful attitude to the Past, national
traditions, and critical evaluation of them
simultaneously (Koltzova and Sosnin, 2005).
Consequently, LUA students' patriotic attitude
are honest, correct and respectful to the native
land. The aim of patriotic upbringing is to
create a sense of responsibility for the native
country; a need to take care about cultural and
historical values of the native land; a necessity to
collaborate in the cultural and historical life of
the native country; a willingness to work actively,
self-actualisation in practical life for welfare of the
native state.

We need to facilitate patriotic upbringing
because students' patriotic attitude is real only
when it becomes an persistent emotion, and
if a student is conscious of the necessity
of the patriotic activities and its practical
implementation. Comprehending the life of the
native state through his/her emotional experience
a student acquires spiritual values of the native
state.

The model of the study course `Rural Tourism'
is based on the following methodical principles:

• the conformity to nature;
• the conformity to culture (Dunska, 2006);
• and the main - investigation of the native

land.

The tasks of forming LUA student's patriotic
attitude follows the above mentioned: overcoming
sel�shness and being aware of civil duties; raising
human pride of the native land and respect to
it; preserving and resuming national traditions;
openness to new ideas and strengthening
e�cient love to the native land. Modern
LUA students should have the ability to
adapt themselves to changeable environments,
implement opportunities for mobility as well
as using the advantages of national values. A
student's patriotic upbringing is the development
of the attitude and it cannot be seen separately
from themselves, a family, and a state. An
important role is given to a family where young
people would develop their love to the native
land and patriotism. LUA students from the
countryside and provincial towns are more
brought in Latvian cultural traditions. The
development of comprehension of the motherland
starts from the very childhood, from a child's
emotional experience during working activities.

LUA students express such a standpoint
in discussions that patriotism is mainly the
matter of a family. Tactics of citizenship
upbringing is developed in the family, and
working habits are adopted also in the family.
The basic principles of the generation genetic
links, patriotic mentality with original ethnic
peculiarities, customs and traditions of rural
yards are considered in continuum. A young
man acquires the fundamentals of love of his
microsocium- The Small Motherland- only in his
family. The de�nite professional direction of
LUA students also occurs here. Thus, higher
educational establishment should do its best in
order to develop LUA students' patriotic attitude
to the native land. Knowledge should not
be contrary to students' attitudes, emotional
experience, and disturb the acquisition of the
study course contents. Student's emotions,
understanding, and listening can be improved
during the study process.

It is possible using the local lore method.
Principles of regional studies which is taught
during `Rural tourism' course. Local lore
method (research work carried on the native land)
could be treated as a speci�c LUA students'
activity form which is realized in scienti�c circles
which are expanded through upbringing students'
ecological culture, the development of all spheres
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of human personality and students' inclination
to acquire the surrounding world, as well as
the attitudes to the world, society, and the
ability for self-investigation. Local lore method of
`Rural Tourism' course consists of the following:
target identi�cation; �nding out environmental
epistomological spiral; cycle; social role mastering;
student ethics development (Áóêîâñêà, 2002).
The de�nition of the aim determines such a
development of scienti�c work connected with
rural tourism activities which allows realizing
students' upbringing, education, to develop the
emotional, moral and intellectual sphere. The
realisation of the block `The epistomological
spiral of cognition of the environment' de�nes
the gradual acquaintance of the world: from
the close to the more distant, at the very
beginning students acquire, then investigate. The
acquisitions of di�erent social roles acquaint
students with professions of rural tourism and
scienti�c investigation of routes of rural tourism
during the time of presentation, when there
is a possibility to feel themselves in a new
role. This recurrence de�nes the theoretical
preparation of the tour of rural tourism, the
defence and practical realization. Students' ethic
preparation includes norms connected with the
relationship with nature, society and Self. These
norms are the moral fundamentals of the scienti�c
ecological activities connected with the native
land and rural tourism. Such an organization of
scienti�c work connected with tourism and the
native land ensures students' complex approach to
patriotic upbringing. This method is interpreted
as the impact on students' consciousness, feelings
and behaviour in the whole. The revelation of
history and facts of culture challenges students'
positive feelings, joy of discovery, forms love
and pride for `The Little Motherland'. Students
implement many cultural values during the time
of activities of their life, very often it occurs
unconscientiously. The image of the small native
district, town stays from the very childhood in
a student's memory. This image is a micro
model of the surrounding world on which a
young man depends on acquiring the surrounding
world. The historical and regional studies proved
its pedagogical e�ciency many years ago. The
process of youth upbringing is more e�cient if
the local images and regional components are
implemented (Íîæåíêèíà, 2005).

The aspect of historical and regional studies in
LUA gives the possibility to change an aspect of
Latvia rural region, and understand its uniqueness
and the place in the world cultural space. The

native land can't preserve its originality if people
change their living places without any feelings of
responsibility. LUA students are able to keep in
touch with local traditions and originality; thus,
higher school can up bring the students' feeling of
responsibility and patriotic attitude.

Results and Discussion
Experts who collaborate with young people

in the area of rural tourism believe that
patriotic upbringing is �nished in primary school,
and there is not a continuation in secondary
and higher educational establishments (Rungule,
2005). Rural schools have organizations for boys-
scouts, small hobby-groups, for girls'- guides.
Young people in the countryside are much more
conscious of their native land, because they
comprehend that native land is the family' capital.
But still many young people leave the countryside
because there are no possibilities of studying
and �nding a job. Sometimes young people are
involved in the cultural life of the native land
during the time of learning in higher school, but
it does not last long only till they establish their
own families.

Forming the model of the study course `Rural
Tourism' to develop the patriotic attitude the
following didactic postulates were implemented:

• the process of LUA students' cognition is
activated during the research activities;

• self-evaluation of the patriotic attitude
makes LUA students be based on worked
out criteria.

We have taken into account the fundamentals
of the study process are LUA student's
deliberated activities, a student's and a higher
school lecturer's collaboration. The study subject
`Rural Tourism' is the subject of learning for
students, but it is the teaching aid for higher
school lecturers. The theoretical material of
the contents of the study model should be in
accordance with the didactic stages of the process
of acquisition: information of facts, events and
occurrences. We have taken into account the
working elements such as tasks oriented to LUA
students' practical work should also be included.
The model contains the emotional element which
is included in the contents of the study course
`Rural tourism' (photos, video and ethnograpical
materials, posters). We created the �nal test for
determining the patriotic at the end of the course
`Rural Tourism'. This test includes questions for
self-evaluation based on critical thinking closely
connected with self-control.
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The structure of the model of the study
course `Rural Tourism' is based on the idea that
the theory, activities, emotions, mind, will and
feelings are marked as well. All these components
are developed as reasons followed because the
results will appear in the students` patriotic
attitude. We based on two concepts in this model:

• self-upbringing, and
• self-education.

Self-upbringing is included in the contents of the
study course `Rural Tourism'. It is LUA student's
responsibility and duty to develop, to save, make
progress and take care about the native land.
According to the Latvian educated .Students, true
upbringing is self-upbringing (Students, 1998).
Self-education is student's education during the
course of rural tourism, dipping into the culture
and history of the native land, it is self-education
using intellectual activities. LUA student should
be oriented to self-activities, because he/she
should enrich knowledge and skills obtained at
university. Student's attitudes to the world
could be divided into two parts. The �rst one
is connected with research activities when the
development of causation constantly takes place.
But the second one is connected with the answer
`what', and `how', not `why' (Schopenhauer,
1994).

Authors created the model that represents
the unity of upbringing and learning in order to
develop a students` new quality - the patriotic
attitude and the highest stage of that - civil
maturity. In the centre of the model there
is a student, during the study process his/her

intellect, feelings and will are developed. During
the research activities the patriotic attitude and
further civil maturity start to develop. The
principles of history, culture, accordance to
activities, work connected with the native land
are implemented during the study course. The
study model was worked out taking into account
modern changes in the state and society. The
model develops a students` patriotic attitude as
well as strengthens the development of students'
professional skills. The fundamentals of the
study models are the following: the acquisition
of historical and cultural values of the native
land; the development of the patriotic attitude.
This model motivates students' research activities
connect with the real life, develops the exact
emotional attitude to the cultural environment,
raises patriotism and civil maturity. According
to the criteria of patriotic attitudes: the attitude
to oneself, the state and society, work, the
nation of the native land, culture and nature,
the didactic model provides: acquisition of
knowledge and skills of the native land and the
attitude to the changes of the native land (�Spona,
2000). In the study contents of the course
`Rural Tourism' methods and themes developing
the patriotic attitude, in which the cultural
environment of the Latvian state is implemented,
are included. Professional education and patriotic
upbringing in higher educational establishments is
the joint purposeful process of the development
of young personality. One cannot separate
patriotic upbringing and professional training and
isolate from the conditions and possibilities of the
personal development.

 
 

 
 

Figure 1. The study model of the development of the patriotic attitude.
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The native land gives us a lot: it conducts our
cultural life, the closest link with the motherland
is language, it gives us the treasures of history
and nature. A student's duty is to respect and
love all these things. One should upbring Latvian
patriotism, patriotism to the native land, respect
to traditions and cultural values of the Past. Then
a student will have the feeling of responsibility
for the native land and civil maturity will be
developed. Study of local history, culture is
a students` tool of patriotic upbringing. This
knowledge develops great ethic values which teach
to respect the natural treasures and inheritance
of former generations a lot, and encourages the
development of a student civil maturity. The
aim of the national plan of the development
inspires optimism because there is a point about
the e�cient implementation of human resourses
and the development of lasting and attractive
living environment for human job, rest and life
(Strat	e�gisk	as anal	�zes komisija, 2005).

The attitude of an individual is formed in
collaboration with the social environment, but
higher school is only a small part of this
environment. The e�ciency of the educational
process at universities depends greatly on the
prevailing attitude in the society. Students
should develop emotional intelligence during
the educational process, but the sta� of
higher educational establishment could o�er `the
patriotic components' in the contents of the
study course. Acquiring the study course `Rural
Tourism' students investigate the history of their
native land, nature and historical monuments,
and all of these matters become closer, more
understandable and loved by them. Rural
tourism and study of local history, culture
is very important for students' education and
socialization, as well as implementing students'
sensible forms of their spare time. The study
course `Rural Tourism' has a great pedagogical
value, because it inspires the patriotic students'
attitude and their re�nement that is why this
study model is created.

Conclusions
It is important what exactly students feelings

and what is their exact attitude towards their
native land. Students usually do not think so
much about the bene�t of the native region; they
mainly concentrate on their own family and their
studies. Students' stable civil consciousness can
not be developed without the continuation of rural

traditions, observing facts and events. A students'
patriotic attitude means that he/she facilitates
the existence of the native region not only in
words but also with his/her work. Young people
determine the fortune of their native region, state,
that is why it is important to continue the
patriotic upbringing work at university level. One
needs the support from the state that is why many
states accept patriotic upbringing programs for
young people on the state level. All attention in
the practice of higher educational establishments
is paid to wide directions of study work, neglecting
upbringing feelings and will, expressing emotional
spheres. The premises of universities should
be open to moral civil ideas and the ideas of
citizenship nowadays. During the educational
study one can upbring students and change their
attitude to the native region, because of the
critical situation in Latvia nowadays. The absence
of the patriotic upbringing proves that there
is crisis in the state and society. One should
not forget that patriotism develops the following
important functions: it is the internal reserve and
moral force of the social development, which starts
to develop cultural potential and national forces
joining them into the cultural and social unit.

Thus, patriotism helps to unite the state and
develops sense of preserving people as a cultural,
economic, territorial, political unity. One can
make the following statements:

• patriotism adjusts behaviour and secures
mobilization of the social forces in critical
situations;

• it develops sense of preserving cultural
traditions and their development;

• patriotism has a trend to increase forces,
possibilities, potential of the development
of the social community, and it is the
progressive source of it;

• patriotism ensures the spiritual links of an
individual with culture, history, and in such
a way ensures the development of historical
social diversity etc.

Patriotism is an important factor of
determining human behaviour, civil positions,
the development of social responsibilities and
activities. Thus, one can surely conclude
that patriotic upbringing is an objective
necessity, because it ensures social existence,
the development of society and its productive
functioning, and strengthens its creative and
spiritual potential.
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