MRy AN R _
International Scientific Conference Proceedings




LATVIA UNIVERSITY OF AGRICULTURE

RESEARCH
FOR RURAL DEVELOPMENT
2005

International scientific conference proceedings

Jelgava, Laivia
19-22 May, 2005

Jelgava
2005



Research for Rural Development 2005

11 International Scientific conference proceedings
Jelgava, LLU, 2005, 260 pages
ISBN 9984-784-01-0

INTERNATIONAL ORGANIZING COMMITTEE

Ausma Markevica, Mg.sc.paed., Mg.sc.soc., Head of the Ph.D. Studies Department, Latvia University of Agriculture
Anna Lypsik, Dr.agr., Head of the Department of Studies, Estonian Agricultural University

Nadezda Karpova-Sadigova, Mg.sc.soc., main specialist of Ph.D. Studies Department,

Latvia University of Agriculture

EDITORIAL BOARD

Associate professor Zinta Gaile, Dr.agr., Latvia University of Agriculture
Professor Kazimirs Spogis, Dr.habil.agr., Latvia University of Agriculture
Associate professor Inga Ciprovica, Dr.sc.ing., Latvia University of Agriculture
Professor J@nis Valters, Dr. habil.sc.ing., Latvia University of Agriculture
Professor Janis Alsins, Dr.sc., Uppsala University, Sweden

Professor Armin Bernhard, Dr.paed., University of Munster, Germany

© Latvia University of Agriculture, 2005

Editorial office: Latvia University of Agriculture, Liela iela 2, Jelgava, LV-3001, Latvia
Phone: + 371 30 05 607; fax: + 371 30 05 607; e-mail: Ausma.Markevica@llu.lv
Printed and bound in Jelgava printing house



EDITORIAL

With this issue of 2005, we bring 48 proceedings of the 56, which started life as presentations at the 11 International
Scientific Conference “Research for Rural Development 2005” held at the Latvia University of Agriculture, in Jelgava, on
18th to 21st May 2005.

In the retrospect of 4 months later, we can count the Conference as a great success. The theme — Research for Rural
Development - attracted participation of 303 researchers with very different backgrounds. There were 1 presentation from
Cameroon, 1from Finland, 2 from Turkey, 2 from Sweden, 9 from Lithuania and 43 from Latvia.

Four independent reviewers estimated each report.

The proceedings of the 11 International Scientific Conference “Research for Rural Development 2005” is intended for
academics, students and professionals researching in the area of crop production, animal breeding, agricultural engi-

neering, economics, food sciences, veterinary medicine, forestry, wood processing and water management.

The proceedings will also be useful for researchers in educational sciences.
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NITROGEN, PHOSPHORUS AND POTASSIUM INFLUENCE ON INFECTIONS BY
ARBUSCULAR MYCORRHIZAL FUNGI IN DACTYLIS GLOMERATA ROOTS

IEVA DRUVA-LUSITE, LIGITA LIEPINA, JANIS SKUJINS,|ARTURS ANTONLIS

University of Latvia

e-mail:mycorrhiza@gmail.com, e-mail: ligita@email.lubi.edu.lv
ARTURS ANTONIJS

Research Centre of Skriveri, Latvia University of Agriculture

Abstract

The aim of this research was to compare effects of fertilization with various ratios of N, P and K (N:P:K) on arbuscular mycorrhizal
fungi (AMF) infection in roots of Dactylis glomerata in Ca-carbonate (limed) and non-limed meadow plots at the Research Centre of
Skriveri, Latvia University of Agriculture. Dactylis glomerata roots were excavated from variously fertilized plots, a minimum 3 root
samples per plot and analysed for two consecutive years. Arbuscular mycorrhizal fungi infection rates were estimated according to
accepted scoring tables used for determination of AMF colonization.

In 2003 the non-limed plots showed the highest AMF infections treated with fertilizer N:P:K (3:1:3 rafio) 8.5%, and in control 5.7%. The
lowest results were with N:P:K rafiol:3:3, 0.8% and N:P:K (1:3:1), 0.9%. In the limed plots the highest AMF infection were with N:P:K (3:1:3)
6%, and N:P:K (1:3:3) 5.3%, but the lowest was in the control, 1.5%. In 2004 the non-limed plots had the highest arbuscular mycorrhiza
infection with the fertilizer N:P:K ratio 3:1:1, 7.8%, and N:P:K (3:1:3) 7.1%, but the lowest with N:P:K (1:3:1) 4.1%. In the limed meadows the
greatest arbuscular mycorrhiza infection rate was at N:P:K (3:1:119.6% and N:P:K (1:3:3), 7.5%, but the lowest result at N:P:K (1:3:1), 3.4%,
and N:P:K rafio 3:3:3, 4%. In 2003 the fertilizer N:P:K ratio3:1:3 favoured arbuscular mycorrhiza infections in limed and non-limed plots,
but in 2004 plots fertilized with N:P:K ratio 3:1:1. In 2004 AMF infections in Dactylis glomerata roots were greater than in 2003. We
conclude that fertilization with N:P:K ratio 3:1:3 markedly increased the AMF infection rates in non-Ca-carbonate amended soils, butin
the Ca-carbonate amended soils the results were variable due to the increased soil pH causing apparent non-specific phosphate

precipitation/dissolution processes.

Key-words: arbuscular mycorrhiza, Dactylis glomerata, nitrogen, phosphorus, potassium

Introduction

Arbuscular mycorrhizal fungi (AMF) are symbiotic with
plants in their roots (Smith, Read, 1997). Eighty to 95% of alll
plant species having true roots form this symbiosis. AMF
mycelia in the soil are “pseudo-root” extensions providing
roots with increased absorption surface for nutrients and
water usable for plants, whereas fungi obtain
photosynthetically synthesized organics, especially carbo-
hydrates from plants. The AMF also protect roots from patho-
gens and root-invading nematodes (Diedhiou, Hallmann
et al., 2003). AMF infections of plants are greater in non-
cultivated soil (Gloss, Varennes, 2001) and in soils with low
phosphorus availability (Pankhurst, Doube et al., 1997).

High phosphorus (P) concentration in the soil may in-
hibit AMF colonization (Mosse, 1986, cited by Mohammad,
Pan et al., 1998). Low P availability increases mycorrhizal
infection. Roots with AMF has a higher availability of all
phosphorus sources (organic and inorganic) in the soil than
non-mycorrhizal roots (Smith, Read, 1997). AMF increases
the plant capacity for P extraction from soil (Pankhurst,
Doube et al., 1997). Inorganic phosphorus enfers soil as
fertilizer in upon cultivation of soil and increases phosphate
ion concentration in the soil solution, important for P fixa-
tion processes by roots and microorganisms.

AMF commonly capture also organic and inorganic

nitrogen (N) from the soil (Hodge, Robinson et al., 2000).
Main nitrogen sources for plants and AMF fungi are nitrate
(NO,) and ammonium (NH,?) (Smith, Read, 1997). Nitrate
dominates in agriculture soils, because ammonium is rap-
idly nitrified. Nitrate is mobile, not adsorbed on soil col-
loids. AMF can help plants to take up nitrate in low water
content soil, where its mobility is limited. AMF has a slight
effectin humid soils, where roots take up nitrate and water
efficiently depending on the root absorbing power. Ammo-
nium ions are relatively non-mobile and commonly
adsorbed on soil constituents. Arbuscular mycorrhizal fungi,
however, can increase the rate of ammonium uptake.

There is a greater potassium (K) concentration in tis-
sues of mycorrhizal than non-mycorrhizal plants (Smith,
Read, 1997). Potassium ions are relatively non-mobile simi-
lar to ammonium. The K uptake may provide mycorrhizal
role in plant mineral nutrition.

The aim of this work was to compare effects of nitro-
gen, phosphorus and potassium fertilizers at different N:P:K
rafios on AMF infections of roots of Dactylis glomerata in
Ca-carbonate amended (limed) and non-amended (non-
limed) plots, resembling meadow situations

Materials and Methods
Sampling plots, 2 x 5 m, were located in Research
Centre of Skriveri, Latvia University of Agriculture. In 1974
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Fig. 1. Table of mycorrhizal presence % determination according to Habte and Osorio (2001).

sowed a blend of grasses — Deschampsia caespitosa, Poa
pratensis, Dactylis glomerataand Festuca pratensisin plots
resembling meadows. The plots were ferfilized with N, P
and Kin different ratios annually. One half of the plots were
amended with Ca-carbonate (limed), otherwise receiving
the same fertilization schedule. The grass was mowed
annually since 1974. Soil samples from the plots were ana-
lysed by the Laboratory of Plants Mineral Nutrition, Institute
of Biology, University of Latvia.

Roots of Dactylis glomerata were collected in June
2003 and in July 2004. Roots were washed and cut into
1 cm long fragments. The root fragments were heated in
10% KOH for one hour, then simmered for 5 min in 0,05%
Trypan blue. The dyed roots are washed and stored in lacto-
glycerol (Hayman, 1970) until examined microscopically. A
minimum of three sample of roots per plot were collected
to obtain the mean infection values.

The infection rates of AMF were determined by a quan-
titative count of infection % on length unit of dyed root (Fig.1).
The mean infection percentages were determined accord-
ing to the accepted scoring tables for AMF infection rates
(Habte, Osorio, 2001).

Results

In 2003 the AMF infection rate was the highest at 8.5%
in non-limed plot with N:P:K fertilized ratio 3:1:3, butin 2004
infection was the highest at 7.8% in plot with N:P:K ratio
3:1:1 Fig.2.). The lowest infection rate in 2003 was in non-
limed plots with fertilizer N:P:K (1:3:3) = 0.8%, and (1:3:1) =
0.9%. In 2004 the lowest results were in plots with fertilizer
N:P:K (1:3:1) = 4.1%. In control plots the AMF infection rate in
2003 was 5.7% and in 2004 it was 6.8%. In the plot having
fertilizer N:PK ratio 3:3:3 the infection rate in 2003 was
3.8% and 2004 it was 5.4%.

Arbuscular mycorrhiza infections in non-lime plots

2
c 12

N 11 4

£ 10

S &,

> 7 -

E 5 0 miko3
o 451i m mik04
L2 3

2

L 1

£ 0

1:3:1 1:3:3 3:1:1 3:1:3 3:3:3 control
N:P:K

Fig. 2. AMF infections in 2003 compared with 2004 results in Dactylis glomerata roots. Bars indicate standard errors. In legend
mik03 means AMF infection percentage in 2003, but mik04 that in 2004.
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Fig. 3. Soil pH values in non-limed plots.

Arbuscular mycorrhizal fungi infections increased in
2004 as compare with 2003 root samples, except in non-
limed plot with fertilizer N:P:K ratio 3:1:3. In this plotin 2003
AMF infection rate was greater than in 2004. In both years
the soil pH values were different (Fig.3). Soil pH values var-
ied markedly between plots and years. When pHwas 5.93,
AMF infection rate was 7.1% in 2004. When pH was acidic
3.77, the infection rate was 8.5% similar natural conirol soil.
It is not clear why in this sampling plot there were such
pronounced differences in soil pH between 2003 and 2004.
There were no such differences in pH values in other non-
limed plots between both years. There was a sharp differ-
ence in the plot having fertilizer N:P:K rafio 3:1:1 between
AMF infection rates in 2003 (2.4%) and in 2004 (7.8%).

In the limed plots the AMF infection rate was greaterin
the plot with fertilizer N:P:K (3:1:1) = 9.6% in 2004, but in
2003 with fertilizer N:P:K (3:1:3) it was 6% (Fig.4). On the

average in the limed plots AMF infection rates increased in
2004 similar to non-limed plofs. Limited infections rates
were in the control plot (1.5%) and in plots with fertilizer
N:P:K ratios 1:3:1(2.1%), and 3:3:3 (2.7%) in 2003. Low AMF
infection rates in 2004 were in plots with N:P:K ratios 1:3:1
(3.4%) and 3:3:3 (4%).

Fertilization with a low P content fertilizer, such as hav-
ing N:P:K ratio 3:1:3 markedly increases the AMF infection
rate, exceeding or being similar to non-treated control.

In limed soils pH was equal in both years in all plofs.
There was a sharp difference in arbuscular mycorhizal in-
fection rates in the plot with fertilizer N:P:K (3:1:1) Fig. 4). In
2003 infection rate was slight, butin 2004 it had the highest
percentage. In limed plots the pH values are elevated and
phosphorus s precipitated or adsorbed in non-soluble state,
for example, as Ca,(PO,), and not available to plants
(Mezals, 1970). In such situations the AMF mycelia may

Arbuscular mycorrhiza infections in lime plots

2 12
R

T 9

o 8-

g g— Cmik03
f 5 | mmik04
° 47

[

S g

g 1]

g 0

1:3:1 1:3:3

N:P:K

control

Fig. 4. Comparison of AMF infection rates in 2003 and in 2004. Bars show standard errors.
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pH in lime plots
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Fig. 5. Soil pH values in limed plots.

solubilize phosphates and by assimilation and transport
make P available fo plants. Elevated precipitations also may
dissolve some phosphates. In our case July of 2004 was
the rainiest month in the last 80 years (Anonym, 2004).

There were different AMF infection rates in the control
plot. In 2003 it was 1.5%, but in 2004 the infection rate was
5.6%. The soil pH did not change the two years (Fig.5). This
dissimilarity in rates may be caused by the increased soil
water content in 2004, with increased presence of germi-
nating AMF spores.

Ferilization is not effective for increasing AMF coloni-
zation rates in limed meadows, whereas in non-limed situ-
ations the fertilization is effective, especially with fertilizers
having low P content. Although we have not tested fertiliz-
ers with no P content, we presume that ferfilization only
with N and K would further support the AMF infection rates.

Conclusions

1. Arbuscular mycorrhizal fungi infection increased in
2004 as compared with 2003 root samples, except non-
lime meadow with fertilizer N:P:K (3:1:3). This has been
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THE EFFECT OF HARROWING ON THE WEEDINESS
AND YIELD OF SPRING BARLEY IN ORGANIC FARMING

AGRITA SVARTA
Agency of the Latvia University of Agriculture “Research Institute of Agriculture”
e-mail: svarta@inbox.lv

Abstract

Field trials were carried out on organic farming fields at the Research Institute of Agriculture of the Latvia University of Agriculture
(LLU). The influence of harrowing (without harrowing, before emergence, at the stage offillering, before emergence and at the stage of
fillering) depending of pre-crop (red clover, winter rye for grain, bare fallow, bare fallow and green manure,) and use of stable manure
(60 thaor without) on the weediness and yield of spring barley ‘Sencis’ was tested during 2003 — 2004. In spring barley, 18 species of
weeds were established at the stage of earing during 2003 — 2004. The most widespread of perennial weeds were Elytrigia repens (L.)
Nevski and Sonchus arvenseL. The dominant annual weeds were Chenopodium album L, Stellaria medialL., Capsella bursa-pastoris
L., Polygonum spp., and Matricaria inodorum L. The number of annual weeds at the stage of earing differed during the years 50-160
(in 2003) and 33 118 (in 2004) annual weeds per m2. The influence of harrowing on the number of annual weeds was different during
the testing years. The influence of harrowing on the grain yield was negligible during 2003 and 2004.
Key words: organic farming, spring barley, stable manure, harrowing, previous plants.

Introduction The obiject of research: spring barley ‘Sencis’. Seed
The aim of weed management sirategies in organic ~ rate was 500 germinating seeds per m2. Before sowing,
farming systems is to maintain weeds at a manageable ~ grains were freated with 1.5 kg of ashes of foliage frees and
level by structural measures (rofation design, variety choice, 1.5 | of water per 100 kg of grain. Sowing date was
sowing date) (Millington et al., 1990). 19.05.2003. and 30.04.2004. The number of replications
It is stated that influence of weeds on grain yields is ~ was four, random plot layout, plot size 42 m? and testing
different at the different growth stages of cereals. The in-  plot size — 26.18 m?. The harvest was done on 11.08.2004.
creasing of number of weeds in the period from filleringto ~ and 10.08.2004., adjusted to 14 % moisture content and
earing influence significantly the grain yields (Tepewyk,  100% purity.
1997). After previous plant bare fallow + green manure, 15 tha
Weed harrowing before and after crop emergenceis  (2004) and 17°t ha (2003) of biomass of winfer rye were
used widely in arable crops. Timing of harrowing is critical  incorporated into soil. The chemical content of winter rye
and determines whether weed or crop dominafes the sys-  biomass: dry matter —169.3 (2003) and 178.3 (2004) g kg™,
tem (Pefraitis, 1994). In cereals, plug harrow may be used ~ P,0, — 60 and 65 mg kg™, K,0 -254 and 302 mg kg and
for ‘blind harrowing’, which is carried out after drilling but  fotal confent of nitrogen — 277 and 287 mg kg'. Winter rye
before crop emergence to kill the first flush of smallemerg- ~ was sown in autumn (10.09.2002. and 15.09.2003.) butwas
ing weeds. The aim is to give the crop an early advantage  incorporated in spring af the stage of fillering. In the frial,
over the weeds and to aid selectivity in subsequentweed-  variants with stable manure were included (60 t ha). The
ing operations. Post-emergence harrowing may cause crop  chemical content of stable manure: dry matter—169.7 (2003)
injury Bond W., Grundy AC., 2001). and 387.7 (2004) g kg™, P,O, - 64 and 88 mg kg™,
The aim of field frial was to investigate the influence of - K 0 97and 183 mg kg™ and total content of nitrogen -
harrowing on the weediness and yield of spring barley in 238 and 377 mg kg

organic farming. Weed assessment was done 3 weeks after harrow-
Methods ing using a 0.20 m? big frame.

The three-factorial field trials were carried out on cer- Meteorological conditions are summarised in Figu-
tified organic fields during 2003 and 2004. res 1-2.

The influence of harrowing (without harrowing, before The year 2003 was very favourable for growth and

emergence, at the stage offillering, before emergenceand ~ development of spring barley. April was rainy and cold,
at the stage of fillering) depending of pre-crop [red clover, ~ Which hampered the fime of sowing. In May, the air was
winter rye for grain, bare fallow, bare fallow and greenma- ~ 9effing warmer gradually, at nights the temperature was
nure,) and use of stable manure (60 t ha”or without) onthe ~ Under 10 °C, and frosts were frequent on the soil surface.
weediness and yield of spring barley ‘Sencis’ was tested. Barley germinated and fillered quickly. In June, the aver-

The field trials were studied on turf podsolic soil: ~ age air temperature was 0.7 degrees lower than the long-
pH, - 6.75,P,0,~162 mg kg, K,0 —158 mg kg”, organic term average, but the amount of precipitation made 75 % of
matter confent-32.5gkg’andN,_~1.1gkg™. The content the norm. July with average air femperature 19 °C was the
of nitrogen was determinated before sowing of barley in  second warmest middle-summer month during the last 80
spring. years in Latvia.
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Fig. 2. The average air temperature during the vegetation period, °C, 2003-2004.

In April of 2004, the average air temperature was 1.7
degrees higher than the norm. The first decade of May was
one of the warmest decades during the last 80 years in
Latvia. The second decade of May was 3.1 degrees lower
but the third decade - 3.6 degrees lower than the norm. In
this time, frosts were frequent on the soil surface. In May,
the amount of precipitations made 80% of the norm. In
June, the average air temperature was 1.3 degrees lower
than the norm, but the amount of precipitation made 152%
ofthe norm. Very wet conditions were observed in the third
decade of June (223% of the norm). In August, the average
air temperature was 1.7 degrees higher than the norm.
Barley grew and developed well and produced good and
qualitative grain yields.

ANOVA (two factor with replication) was used for data
analysis.

Results

For establishment of effectivity of harrowing on the
weediness of barley, the weeds were ascertained at the

stage of earing (3 weeks after harrowing). Altogether
18 species of weeds were established in the sowings dur-
ing 2003 -2004. In 2003, six perennial weed species were
established in spring sowings, the most widespread of
which were Elytrigia repens (L.) Nevski and Sonchus arvense
L. After red clover, a higher number of weeds was estab-
lished compared to other previous plants. Sowings of pre-
vious plant red clover were sparse, which favoured fast
spread of perennial weeds. In 2004, the number of peren-
nial weeds was negligible.

From annual weeds, Chenopodium album L, Stellaria
medial., Capsella bursa-pastoris L., Polygonum spp. and
Maftricaria inodorum L. were ascertained in all variants. In
some variants, Spergula arvensis L., Viola spp., Galeopsis
speciosa Mill., Raphanus raphanistrum L. and Thlaspi
arvense L. were established, though the number of these
weeds was negligible.

The number of annual weeds depending of pre-plants,
time of harrowing and use of stable manure is presented in
Figures 3 and 4.
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The number of annual weeds at the stage of earing
differed during the years (p-value < 0.05). In 2003, in
sowings 50 — 160 annual weeds per m? were established,
butin 2004 the number of annual weeds was significantly
lower — only 33 - 118 annual weeds per m2.

The influence of stable manure on the number of an-
nual weeds was significant during the testing year (p-value
< 0.05). A significantly higher number of annual weeds
was ascertained in variants with stable manure on aver-
age 104 weeds per m? in 2003 and 64 weeds per m?in
2004).

The influence of pre-plants on the number of annual
weeds was different during testing years (p-value < 0.05).
In 2003, the previous plant did not influence the total number
of weeds if spring barley was grown without stable ma-
nure. After use of stable manure the number of weeds in-
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creased significantly when barley was grown after red clo-
ver (on average + 65 weeds m?) and after winter rye for
green manure (+ 39 weeds m2).

In 2004, in barley after bare fallow and bare fallow +
green manure, the number of annual weeds was similar —
49 - 50 weeds per m2. A significantly higher number of
annual weeds was ascertained in barley after winter rye —
109 weeds per m2. In barley after bare fallow, the number
of annual weeds was low — 32 weeds per m2,

The influence of harrowing on annual weeds was dif-
ferent during the testing years (p-value < 0.05).

In 2003, harrowing significantly decreased the number
of weeds after all previous plants. After bare fallow without
stable manure, double harrowing decreased the number
of weeds significantly but only in variants without harrow-
ing. In variants with stable manure, harrowing decreased
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the number of weeds significantly at the stage of tillering
(EC 23) and if barley was harrowed twice before germina-
tion (EC 7) and at the stage of tillering (EC 23). After winter
rye for green manure, the time of harrowing had no influ-
ence on the number of weeds. After winter rye without
stable manure harrowing at the stage of tillering and dou-
ble harrowing decreased the number of weeds, but in vari-
ants with stable manure the time of harrowing did not influ-
ence the number of weeds.

In 2003, the harrowing decreased the number of
Chenopodium album L. significantly, but the time of har-
rowing influenced the number of Chenopodium album L.
insignificantly.

In 2004, harrowing did not significantly decrease the
number of weeds. At the time of second harrowing (at the
stage offillering, (EC 23)) there was high amount of precipi-
tation and harrowing only loosened the soil but did not kill
the weeds. Excess precipitation and warm weather af the

stage of tillering favoured fast development of barley and
suppression of weeds.

The data in figure 5 shows that the influence of har-
rowing on the grain yield was negligible both years. In
2003, the pre-plants and use of stable manure influenced
the grain yield similarly. In 2004, the main factor, which
influenced grain yields, was pre-crops.

Depending on the variants, the yields in the field trial
varied from 1.56 to 3.85 t ha™ (Fig. 6).

The influence of stable manure on spring barley yield
was significant (p-value < 0.0001). Grain yields increased
by 0.47-0.99 t ha'(2003) and 0.33-0.87 t ha™' (2004) on
average. Use of stable manure for barley after winter rye
provided the highest yield increase on average by 0.92 t ha
during 2003-2004.

The influence of previous plants on spring barley yield
was significant (p-value < 0.0001) and differed during years
(p-value <0.0001). In 2003, the highest yields were
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Fig 5. The effects of pre-plants, use of stable manure and time of harrowing on the grain yield of spring barley ‘Sencis’ during
2003-2004,h %.
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obtained after winter rye for green manure and after bare
fallow in both variants, with stable manure and without it.

In 2004, the highest yields were obtained after red
clover and bare fallow in both variants, with stable manure
and without it.

Harrowing increased the grain yields significantly only
after winter rye for green manure with stable manure,
whereas time of harrowing had no significantinfluence on
the grain yield.

In 2003, the number of annual weeds had a positive
strong and statistically significant correlation with the spring
barley grain yield only after red clover without stable ma-
nure (r = 0.86).

In 2004, there was a strong negative correlation be-
tween the number of annual weeds and spring barley grain
yield (r=—-0.84) only after winter rye in variants without sta-
ble manure (equation of relationship y = —0.0281x +
+4.5765, R2=0.71) and in variants with stable manure after
bare fallow + green manure (r= -0.83, equation of rela-
tionship y =-0.0733 x + 6.9057, R = 0.69).
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Abstract

In 2003 and 2004, field experiments with spring wheat (Triticum aestivum L.) were carried out at the Lithuanian Institute of
Agriculture in Dotnuva, Lithuania. The aim of the study was to evalute the effect of nitrogen and sulphur fertilizers on tiller formation and
grain yield of spring wheat (variety ‘Munk’). N and S fertilizers were applied at 3 rates: N (0, 60 and 120 kg ha') and (S 0, 15 and

30 kg ha).

Both years, N fertilization had a significant effect on tiller formation. At harvest, the total number of fillers was approximately

0.5 fillers higher in the plots with the application of N

120°

The growing season in 2003 was comparatively dryer, and a significant increase

in grain yield was found — up to 60 kg ha'of N. Due to higher rainfall in 2004, grain yield was much higher and the highest effect was

found with the maximum N supply - 120 kg ha™.

One thousand grain weight was influenced by the year, while fertilizers did not have any significant effect.
The impact of Sfertilization on the number offillers and final grain yield was insignificant; nevertheless S fertilization increased the

concentration of S in the aboveground plant mass.
Key words: nitrogen, sulphur, fillers, yield, 1000 grain weight.

Introduction

Spring wheat (Triticum aestivum L.) has a potential to
become a much more important crop in Lithuania, although
in 2003 — 2004 the area under spring wheat accounted for
3.6-3.9% of the total crop area. Spring wheat has received
less aftention, because of relatively smaller grain yield com-
pared with other cereals, especially winter wheat. Over the
last decade the attention to spring wheat has increased
simultaneously with the introduction of new varieties yield-
ing more than 6 kg ha' of grain (Banitnas and Peiraitis,
1994).

The available soil water and nitrogen are the primary
factors limiting wheat yield (Nielsen, 1991; Brown, 1971;
Masle, 1985). As much as 44-45% of grain yield depends
on the weather conditions during the growing season
Goldberg, 1988). Under Lithuanian climatic conditions, the
highest effectiveness of nitrogen fertilizers in winter wheat
was found in humid seasons. In semi-humid seasons the
grain yield declined by 30-46%, and in dry seasons - by
35-62% (Janusauskaite, Sidlauskas, 2004).

During the last 2-3 decades the sulphur deficiency
has been reported throughout the world (McGrath et al.,
1996; Zhao, 2003). Some researches suggest that by using
sulphur fertilizers, the grain yield increased between 5 and
40% (Withers, 1997; Zhao et al., 2003; McGrath, 1996). Sul-
phur fertilizers affected the yield of cereals mainly through
increasing the number of tillers and number of spikes per
unit area in some experiments (Taureau et al., 1987; Garcia
et.al., 1998).

Tillers are important structures for wheat because they
contribute to the increase in the number of spikes per areaq,
enhancing the grain yield. Stresses during plant growth
exert a sizeable effect on filler production. Tiller initiation
and survival depend on the intensity of competition among
plants in the community (Almeida et al., 2004).

In Lithuania, research efforts were focused on nitro-
gen fertilization and main grain yield characteristics of major
cereals winter wheat and spring barley. Only a few experi-
mental data have been published on spring wheat yield
formation, and patterns of tiller initiation and survival have
been seldom discussed.

The task of this study was to investigate the influence
of nitrogen and sulphur on filler production and yield of
spring wheat in two seasons differing in weather condi-
tions.

Materials and Methods

Field experiments were carried out at the Lithuanian
Institute of Agriculture in Dotnuva, Lithuania in 2003 and
2004. The soil of the experimental site is sod gleyic
([Endocalcari-Endohypogleyic Cambisol) light loam. The
arable layer of soil had pH, , 5.5-6.1(2003) and 6.7 (2004),
content of total N (Kjeldahl method) — 0.105-0.110% (2003)
and 0.163% (2004). K,O (A-L method) - 0.117-0.142 g kg
(2003) and 0.146 g kg (2004), PO, (A-L method) - 0.137-
0.196 g kg (2003) and 0.102 (2004), organic C-0.71-0.76%
(2003) and 1.08% (2004). The 0-40 cm layer contained N-
NO, - 0.00112-0.00626 g kg (2003) and 0.00496 g kg
(2004), N-NH, (calorimetrically) - 0.00293-0.00327 g kg
(2003) and 0.00286 g kg™ (2004), total S (turbidimetrically) -
0.108-0.120 g kg (2003) and 0.019-0.024 g kg™ (2004),
available S -0.00005-0.00065 g kg™ (2003) and 0.0002-
0.00036 g kg™ (2004).

The experiment was arranged according to two-fac-
tor (3 N levels and 3 S levels) randomized complete block
design with four applications. The levels of N were 0, 60,
and 120 kg ha' and S - 0, 15 and 30 kg ha''. The size of
harvested area was 20.37m?. Phosphorus (P,0, 40 kg ha”)
and potassium (K,0 100 kg ha™') were applied o each plot.
The main doze of N was applied as ammonium nitrate,
and S - as potassium sulphate. P was applied as ammo-
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nium phosphate, and rate of K was adjusted using potas-
sium chloride. All the fertilizers were broadcast manually
just before drilling. Both years the spring wheat (Munk’ va-
riety) was drilled on the 26™ of April. The seed rate was 5.5
million germinable seeds ha.

During growth, plants were sampled from 4 freatments
(NS, NS, NS, and N, S, ) to assess the number of
plants? and number offillers per plant. The samplings were
done eight times at different growth stages (3-4 leaves
stage (DK 14-15), beginning of tillering (DK 21-22) (only in
2004), end of tillering (DK 23-25), end of shooting (DK 37—
39), booting (DK 41-43), head emergence (DK 53-55), flow-
ering (DK 67-69), bud maturity (DK 73-75).

The crop was harvested on the 12" of August in 2003
and 7" of September in 2004. Before harvesting, samples
were taken in four places per plot {total sampling size -
0.5 m2 per plof). The grain was harvested bny a plot com-
bine harvester and grain samples were taken from each
plot for measuring of moisture (yield adjusted to 14% of
moisture) and mean 1000 kernel weight.

The crop was harvested on the 12" of August in 2003
and 7™ of September in 2004. Before harvesting, samples
were taken in four places per plot (total sampling size
0.5 m per plot). The grain was harvested by a plot com-
bine harvester and grain samples were taken from each
plot for measuring of moisture (yield adjusted to 14% of
moisture) and mean 1000 kernel weight.

Results

The growing season of spring wheat in 2003 was
warmer than normal, with low amount of precipitation, es-
pecially in the second half of the season. In 2004, the tem-
perature was lower than normal, with low rainfall during
the first half and high rainfall during the second half of the
season.

Plant number on the first sampling date (DK 11-13) was
on average 310 plants m2in 2003 and 403 plants m2in
2004. The number of plants in plots without N reached the
maximum level (almost the same level of 480-500 plants?
in 2003 and 2004) on the second sampling date (DK
23-25). Plantnumber in the plots with application of 120 kg ha' N
atfirst sampling was atthe same level as in the plots without
N, but was lower at second sampling. These results can be
an outcome of the sampling method used - pulling out plants
and sampling each time at a new place. However, it is likely
that a lower plant number in plots applied with high rate of N
- boosted production of tillers, which resulted in increased
competition between plant or/and fillers for water and, pos-
sibly, light, as has been suggested by other authors (Pefr et
al., 1984). The beginning of plant number reduction was con-
nected with the beginning of a rapid biomass growth. The
decline inthe number of plants was registered from the 2™ -
3 sampling date (end of tillering — beginning of stem elon-
gation growth stage) and, notwithstanding some differences
in reduction between years, at harvest reached almost the
same population density of 480-510 plants m2in 2003 and
2004.
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Tiller number dynamics is shown in Figure 3 and 4.
Tiller initiation and reduction followed the pattern of plant
number with a delay of some 7-10 days. The positive effect
of nitrogen fertilizers on tillering became visible and regis-
tered on the 3 sampling date (DK 23-25) and remained
such until harvesting. At the 3 - 4" sampling, most of the
plants in the plots without N had 3 tillers (the main tiller and
2 secondary fillers), andin the plots applied with N, — 4 illers
(main and 3 secondary). In the case of nitrogen shortage,
the occurrence of competition for nitrogen begins very early
— before the first filler emerges (Masle, 1985).

In 2003, the number of tillers in the plots applied with
N,,, was almost on the same level during the period from
DK 33-37 until DK 57-59. Later on, we observed the steady
decrease in tillers until the end of growing season. This
was perhaps due to the dry conditions in the second half of
the growth asiis also stated by other researches, that head-
ing, flowering and grain filling are most critical growth stages
in wheat for water requirement (Musick, 1963; Singh, 1981;
Kirkham and Kanemasu, 1983). In 2004, the number of till-
ers decreased until heading, but later on they remained
almost on the same level until harvest. As distinct from
2003, the second half of the growing season in 2004 was
rainy; consequently water was not a limiting factor. In both
years, the total number of tillers was approximately
0.5 tillers higher in the plots with the applicafion N,,,..

In our experiments, the confent of fotal and available S
in the soil layer 0-40 cm (according to classification rec-
ommended by Adomaitis, 1998) was relatively low. In 2003,
the content of available Sin the soil was 0.8 mg kg™, which
resulted in a quite low level of fotal S (1.88-2.34 g kg™ at the
second sampling) in the aboveground mass of plants in
the plots without S fertilizers. In 2004, the content of avail-
able S in the soil was somewhat higher (2.0-3.6 mg kg
and the level of total Sin plants — higher (2.00-2.68 g kg™ at
second sampling). Sulphur fertilizers increased the content
of total S in plants, but the effect of S fertilizers on plant
number and tillering was not significant in treatments se-
lected for sampling in our experiments. This might indicate
that plants are able fo redistribute part of sulphur and en-
sure minimal requirements for filler formation on heavy-
textured soils.

There was a significant difference in grain production
between two seasons, and treatment differences varied
between the seasons. The effect of S rate was nonsignifi-
cant. In the drier year 2003, spring wheat produced an
average vyield of 4.67 t ha™ and in 2004, with more favour-
able conditions - 5.65 t ha™. Larger grains were also pro-
duced in 2004. These results are consistent with the results
of other investigators (Goldberg, 1988; Lopez-Bellido, 2000).

The effect of nitrogen rate was highly significant in
both experimental years, but a much higher yield increase
was in 2004 with more adequate moisture supply. The yield
was increasing up to the highest rate of nitrogen 120 kg ha.
In 2003, a significantincrease in yield was found - up to 60
kg ha' N. The effect of sulphur was nonsignificant, but some
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tendency of increase in grain yield (by 0.92 t ha') with the
level of significance 90% was recorded in 2003.

The effect of N and S fertilizers on 1000 kernel weight
was nonsignificant in both experimental years.

Sinputs with ground water and capillary rise can also
have significant effect on S nutrition of spring wheat. This
issue will be addressed in the next year’s experiment.

Conclusions

1. The positive effect of nitrogen fertilizers on fillering
became significant at DK 23-25 stage and remained such
until harvesting. At this stage, most of the plants in the plots
without N had 3 tillers {the main tiller and 2 secondary), and
in the plots applied with N, 4 fillers (the main filler and
3 secondary). Sulphur fertilizers increased the content of

Table 1
Effect of N and S fertilizers on grain yield in 2003 and 2004
2003 2004
SO S15 S30 Average SO S15 S30 Average
NO 3.94 3.95 4.06 3.98 4.36 4.30 4.19 4.28
N60 4.80 5.06 5.06 4.97 5.70 5.86 6.03 5.86
N120 51 4.99 5.02 5.04 6.99 6.60 6.84 6.81
Average 4.62 4.67 4.7 4.67 5.68 5.59 5.69 5.65
LSD,, formainN and Seffects 0.13 and 0.20; for NxSinferaction 0.27 and 040 respectivelyin 2003 and 2004,
Table 2
Effect of N and S fertilizers on 1000 grain weight in 2003 and 2004
2003 2004
SO S15 S30 Average SO S15 S30 Average
NO 45.42 46.02 45.51 45.65 46.71 | 46.56 46.50 46.59
N60 46.09 46.05 45.70 45.95 47.20 | 47.09 46.49 46.93
N120 46.40 46.47 45.85 46.24 46.68 | 46.65 46.64 46.66
Average 4597 46.18 45.69 4595 46.86 | 46.77 46.54 46.72

18D, formainNand Seflects 0.35and 0.72; forNsSinteraction 0.70and 144 respediivelyin 2003 and 2004.
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total Sin plants, but the effect of S fertilizers on plantnumber  and higher optimum rate of N (120 kg ha™') was in 2004 with
and fillering was nonsignificant. more adequate moisture supply. The effect of sulphur on

2.The effect of nitrogen rate was highly significantin  the yield of grain was nonsignificant in contrast to the low

both experimental years, but a much higher yield increase  level of S content in soil.
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THE DEVELOPMENT OF AQUACULTURE IN TURKEY
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Abstract

Turkey has rich inland water sources, about 200 natural lakes, about 750 artificial lakes or ponds, about 193 reservoirs, 33 rivers
and streams of 177714 km length and 8333 km of coastal strips. Some lagoons covering of 70000 ha in Aegean and Mediterranean
coastal strips are very suitable for aquaculture. The main fish species cultured in Turkey are Carp (Cyprinus carpio), Rainbow trout
(Oncorhynchus mykiss), Atlantic salmon (Salmo salan, Gilthead sea bream (Sparus aurata), European sea bass (Dicentrarchus labrax),
Bluefin tuna (Thunnus thynnus), Black sea turbot (Psefta maxima), Mediterranean mussel (Mytilus galloprovincialis) and Shrimp (Penaeidae
spp). Aquaculture production of Turkey has grown steadily over the years from 5782 tin 1990 to 63000 tin 1999 and to 79031tin 2000.
There are 1309 farms in inland water producing approximately 32466 t of fresh water fish species and 352 farms at sea producing
4019 t of sea fish species, mainly Gilthead sea bream and European sea bass.

Key words: Turkey, aquaculture, fish farming.

Introduction

The history of aquaculture is very old. The first records
of aquaculture activities in 2500 BC can be found in the
tomb of Akfihep during the ancient Egyptian civilisation. In
the Efruscan Culture in ltaly, the earliest marine farms date
back to 6th century BC. The China is the first country in Asia
where aquaculture has been started during the dynasty of
When Fang (1135-1122 BC). Fan Li wrote classic of fish farm-
ing in the 460s BC in China.

Marine and inland water resources provide an impor-
tant source of protein for human nutrition. Because of this
reason, fish farming has become a growing industry in the
world in recent years. According to the FAO statistics the
world aquaculture production by inland and marine wa-
ters has grown from 24456561 tin 1993 to 51385912 tin
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2002. The total world fisheries production (capture and
aquaculture) was 132.989.225 t and aquatic plant produc-
tion was 12929323 tin 2002 (FAO, 2002).

Development of Aquaculture in Turkey

Turkey is situated between the Black Sea in the north,
the Mediterranean in the south and the Aegean Seain the
west. The Marmara Sea divides the country into two parts
called Anatolia and Thrace. The country has an important
geo-political status because its location serves as a natu-
ral bridge linking Asia and Europe and has a fotal area of
779452 km?. Turkey is a highland country with an average
altitude of over 1.000 metfers. The climate in eastern and
inland Anatolia is cold in winter and hot in summer, while
the coastal regions have rather mild climatic conditions.
The annual average precipitation is 643 mm, but it varies

Fig. 1. Geographical Status of Turkey.
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Table 1
Water Capacity of Turkey for Aquaculture
Production fields Number Surface Areq, ha Length, km

Natural Lakes 200 906118 )
Dam Lakes 193 342377 )
Ponds (Arificial Lakes) 750 15500 )

Rivers and streams 33 ) 177714

Seas (Coastal Strips) . 24607200 8333

TOTAL 25871195

from 250 mm in the central part to 3000 mm in the eastern
Black Sea region (Figure 1) (Tekinel, 1988).

Turkey has rich inland water sources, about 200 natu-
ral lakes, about 750 artificial lakes or ponds, about 193 res-
ervoirs, 33 rivers and streams of 177714 km length, and
8333 km of coastal strips (Table 1). Some lagoons covering
of 70000 hectares in Aegean and Mediterranean coastal
strips are very suitable for aquaculture. Another aquaculture
potential will be obtained with the South East Anatolia Project
(GAP) in the lower Euphrates River and Tigris River basins.
This project is the largest regional development project in
Turkey, and one of the largest in the world, integrating de-
velopment of irrigated agriculture and agro-industry, sup-
porting services, including communications, health and
education (Canyurt, 1997, Min. Agr., 2003).

The project area covers 74000 km? that correspond to
9.2% of the fotal surface area of Turkey. About 224000 ha of
water surface will be obtained atf the end of this project; this
will be a big aquaculture production potential for the country.

Situation of Aquaculture in Turkey
Aquaculture production, exportation, importa-
tion and consumption:

According to FAO data (2002), Turkey produces
604725 1, exports 51746 t and imports 33961 t of fish and
fisheries products. The amount of non-food usage is
101852 tthat is used for food industry. The population of the
country is 68279000 and consumption per capitais 7.1kg.

All activities in fisheries and aquaculture in Turkey are
based on the Water Products Law No. 1380, enacted in
1971. The Ministry of Agriculture and Rural Affairs is respon-
sible for all kinds of aquaculture activities and fisheries in
the country. The Ministry undertakes its duties in
aquaculture and fisheries management through four Gen-
eral Directorates and as well as 81 Provincial Directorates.
During 1980s, significant effort was devoted to preparing
laws related to the management of coastal and inland water
sources (Kilig, 2000; Knudsen, 1995).

Aquaculture has been included in the encouragement

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Fig. 2. Fish Production in Turkey.
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Table 2
Aquaculture Production in Turkey (t)

Gilthead
Year/Sp. Carp Trout sed Seabass | Salmon | Other Sp. Total

bream
1990 1025 3212 1031 102 300 N2 5782
1992 251 6396 930 808 680 133 9212
1994 288 9997 6070 2229 430 - 15998
1995 424 12689 4847 2773 654 40 21607
1996 780 18420 6320 5210 193 2188 33201
1997 800 28500 7500 6300 50 2300 45450
1998 950 34630 10150 8660 40 2310 56700
1999 900 38570 11000 12000 - 530 63000

decree published by governments, and the Agriculture Bank
of Turkey applied interest rates to support and encourage
investments in aquaculture. In addition to encouragement
measures and financial support of the Governments, the
Universities attach greatimportance to the research activi-
ties and education of engineers and fechnicians in 16 Fac-
ulties of Fish Products and Professional Colleges.

The main fish species cultured in Turkey are Carp
(Cyprinus carpio), Rainbow trout (Oncorhynchus mykiss),
Atlantic salmon (Salmo salan, Gilthead sea bream (Sparus
aurata), European sea bass (Dicentrarchus labrax), Bluefin
tuna (Thunnus thynnus), Black sea turbot (Psetta maximal),
Mediterranean mussel (Mytilus galloprovincialis), and
Shrimp (Penaeidae spp) (Table 2).

Aquaculture production of Turkey has grown steadily
over the years (Min. Agr., 2003) from 5782 t in 1990 to
63000 tin 1999 and to 79031 tin 2000 (Figure 3).

The numbers of aquatic farms are shownin Table 3. There
are 1.309 farms in inland waters producing approximately
32.466 tonnes of fresh water fish species, and 352 farms at sea

producing 40.119 fonnes of sea fish species, mainly Githead
sea bream and European sea bass (Min. Agr., 2003).

Constraints of Aquaculture in Turkey

Especially marine aquaculture systems are criticised
for their environmental and ecological impacts. The exten-
sive and semi-intensive farming methods have less envi-
ronmental impacts than intensive aquaculture. It is neces-
sary to support the development of sustainable aquaculture.
For this purpose, in 2002 European Commission designed
a strategy document for a sustainable development of
aquaculture in Europe (C.E.C., 2002; Basurco and Lovatelli,
2004). As a candidate country to the European Community,
Turkey takes all the measures to respect and adopt the
rules designed by the European Commission. Fisheries and
Aquaculture file is one of the 31 files to be discussed with
the Commission from 3 October 2005. The importance of
aquaculture has been recognized by the Ministry of Agri-
culture and Rural Affairs and by the private sector in col-
laboration with the Universities (Canyurt at all., 2003). The

000

1990 1992 1994 1995

1996 ekl 1998 =i

Fig. 3. Development of Aquaculture in Turkey.
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Table 3
Number of Licensed Aquaculture Farms and Capacities by 2002
. . Total
Area Number Copou_, Number Copaa_t]y, Total Capacity,
tyear tyear number -
tyear
Fresh
water 1022 23970 287 8496 1309 32466
Farms
>ed 247 22912 105 17207 352 40119
Farms
Total 1269 46882 392 25703 1661 72585
Table 4
Aquaculture Production by Years at Fresh Water and the Sea (t)
(Ministry of Agriculture and Rural Affairs)

Year Fresh water % Sea % Total %
1988 3965 96,7 135 33 4100 100
1990 4237 73,3 1545 26,7 5782 100
1992 6522 70,8 2688 29,2 9210 100
1994 7265 45,4 8733 54,6 15998 100
1996 17960 54,1 15241 45,9 33201 100
1998 33290 58,7 23410 41,3 56700 100
2000 43385 54,9 35646 45,1 79031 100

development of aquaculture is very important in Turkey
because it provides jobs.

Conclusions

In the conclusion of this work we can say that the
aquaculture sector in Turkey is facing some constraints,
such as (Canyurt, 1996; Kilig, 2000; Min.Agr. 2003):

- the complexity of licensing procedures;

- site selection problems;
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- the complexity of project preparation and application;

- problems with some other sectors, like tourism, pro-
tected areas and navigation;

- high prices of inputs and difficulties in supplying;

- disease risk with imported eggs and fry;

- marketing and quality control problems;

- non-organization of the sector can be cited as a
major constraint of aquaculture in Turkey to be solved.
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Abstract

A study was conducted to determine efficiency of an organic acids additive on pigs metabolic processes and digestive tract
microflora. The pigs of control group were fed without an organic acids additive. The feed of the trial group piglets contained 6 kg of
organic acids additive per fonne feed, for starter pigs — 4 kg per tonne feed, for finished pigs — 3 kg per tonne feed. The study indicated
that at the age of 130 days, pig mass in the trial group was 54.08 kg on average, but in the control group — 51.06 kg, which showed that
pigs from the trial group had by 6% higher average mass than in the control group (p <0.05). At the age of 160 days, pig mass in the
frial group was on average 94.3 kg, in the control group — 90.63 kg; pigs from the trial group had by 4% higher mass than in the control
group (p<0.05). Feed consumption for the frial group was by 1% less than in the control group. Average daily gain for the trial group was
0.663 kg, which was by 6% more than for the control group pigs (p<0.05). Feed conversion in the trial group was 3.06 kg, but in the
control group — 3.275 kg, i.e. 6.4% higher than in the trial group. Analyses of Jejunum microflora showed that use of acidifier additive
reduced Mould colony formed units — CFU amount in 1 g of the trial group sample by 6%. Staphylococcus species amount in the frial
group was 500 CFU in 1 g of sample, but in the control group — 40000 CFU, i.e. 80 times more. In the frial group, Lactic acid bacteria CFU
amount in 1 g of sample was by 6% higher than in the control group. The results of Rectum microflora analyses showed that

Staphylococcus species amount in the trial group was 12000 CFU in 1 g of sample, but in the control group it was by 34% higher.

Key words: pigs, organic acids, guts microflora.

Introduction

Diarrhoea is a common problem in animal produc-
tion, affecting mostly the young growing animal. High av-
erage frequency (6-7%) of all litters born are affected with
diarrhoea pre-weaning (Svensmark et al., 1989a). Further
the risk for developing diarrhoea post-weaning increased
ifthe piglets had gastrointestinal disorders during the suck-
ling period (Svensmark et al., 1989b).

Organic acids and some of their salts are added info
starter feeds and fattening feeds for piglets in order to im-
prove the performance and stabilize the general health of
the animals (Hyden, 1995).

Microbial activity in raw materials and feeds can be
eliminated by the use of antimicrobial substances, which
either inhibit the growth of the organism (bacteriostatic or
fungistatic action) or kill it (bacteriocidal or fungicidal ac-
tion). Growth of an organism is a consequence of several
processes. Inhibition of one or more of those processes
results in growth inhibition and possibly kills.

The survival and growth of microorganisms are gov-
erned by many parameters, such as temperature, mois-
ture, nutrient availability, and pH. In most cases, entero-
pathogens have a low folerance fo low (acid) pH whilst
commensal microflora tend to prefer a more acid environ-
ment. Within the framework of using organic acids, pH is
an important criteria. Each microorganism has its own re-
sponse fo acidity: minimum, maximum and optimal pH
level for growth. Altering the ion concentration influences
the growth or inhibition of an organism. Bacteria are gener-
ally more fastidious and prefer a nearly neutral pH (6.5-
7.5), but can tolerate a pH range of 4-9. Yeasts tolerate
lower pH values than bacteria. Moulds are to the widest
pH range (Axford et al., 2000).

The major disease causing bacteria in animal pro-
duction are the Gram negative enteric bacteria. These spe-
cies will colonise the gut and result in either subclinical
infections which lower performance or cause clinical scours
and enteritis problems that can, in severe cases, lead to

Table 1
Acidifier additive projection on pig mass dynamics
Control group Trial group
Traits n=50 n=50
XS o S XES o S

Mass on 30th day, kg 9.24+0.24 1.72 8.09+0.14 1.03
Mass on 130th day, kg 51.06+1.17 8.29 54.08£1.19 8.44
Mass on 130th day, 100 106

% to control

Mass on 160th day, kg 90.63+0.76 | 5.39 94.30+0.83 | 5.87
Mass on 160th day, 100 104

% to control




Imants Jansons, Janis Nudiens

ACIDIFIERS ADDITIVE PROJECTION ON PIGS METABOLIC
PROCESSES AND DIGESTIVE TRACT MICROFLORA

Table 2
Acidifier additive projection on pigs productivity
. Control group Trial group

Traits n=50 n=50
Daily gain, kg 0.626+0.005 0.663+0.006
Daily gain, % to control 100 106
Feed consumption, kg 266.5 264.3
Feed conversion, kg 3.275 3.066
Feed conversion, % to control 100 93.6

death. In case of salmonellae, these organisms can relo-
cate through the mucouse membranes of the gutwall and
enter the blood stream. Once in the blood, these organ-
isms can colonise various organs such as liver, spleen,
ovary, efc. (Malmquist et al., 1995).

Lactic acid, fumaric acid, propionic acid, citric acid and
theirs salts have been shown to improve growth rate and
feed efficiency in pigs (Peris, Asensio, 2002). Other benefits
associated with acidification include improvements in di-
gestive enzyme activity, microbial phytase activity, and in-
creased pancreatic secretion (Dibner, 2004).

The aim of the research was to detfect organic acids
additive projection on pigs metabolic processes and guts
microflora.

Methods

The studies were carried in the pig breeding Associa-
fion Ltd “Cirma”, Biochemistry laboratory of the Research
Institute of Biotechnology and Veterinary Medicine “Sigra”
and meat processing plant “Ruks”. With the aim fo carry out
the studies, two groups of pigs were formed. The control
group did not contain the organic acids additive. The feed
of the trial group contained 6 kg of organic acids additive
per tonne feed for pigs after weaning, 4 kg per tonne feed
for grower pigs, and 3 kg per tonne feed for finished pigs.

The results of pigs’ Jejun

Organic acids additive contains formic acid, acetic acid,
citric acid, phosphoric acid, and calcium. Investigation was
made with 100 pigs from 30 days of age fill slaughtering at
the age of 160 days. Pig mass was detected on the 30th
day, 130th day after birth, and before slaughtering. During
the feeding experiment, consumed feed and feed conver-
sion was analysed. Smallintestine and rectum substances
were taken for microbial tests after slaughtering. Microbial
tests was made by standard methods.

The data were processed with MS Excel program,
t-test.

Results

Atthe beginning of the investigations, when the piglets
start mass was compared (Table 1), in both groups indices of
mass did not show an essential difference (p>0.05). At the
age of 130 days, pigs mass in the frial group was 54.08 kg on
average, butin the control group — 51.06 kg, which demon-
strated that pigs from the trial group had by 6% higher mass.
An essential difference between both groups was found
(p<0.05). Atthe age of 160 days, pig mass for the trial group
was on average 94.3 kg, for the control group — 90.63 kg,
which showed that pigs from the trial group had by 4% higher
mass compared to the control. An essential difference be-
tween the groups was found (p<0.05).

Table 3
um microflora analyses

Traits Control group Trial group
Total thermophilic aerobic and facultative
anaerobic microorganisms CFU amount in 1g of
sample 150000 20125500
Lactic acid bacteria CFU amount in 1g of sample 23800 25250
Mould CFU amountin 1 g of sample 800 750
Yeasts CFU amount in 1g of sample 1000 500
Escherichia coli mesophilic forms CFU amount in
19 of sample 128000 246500
Escherichia coli termophilic forms CFU amount in
19 of sample 142400 282500
Staphylococcus species CFU amount in 1 g of
sample 40000 500
Enterococcus species bacteria CFU amountin1g
of sample 2540000 167500
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Table 4
The results of pigs’ Rectum microflora analyses
Traits Control group Trial group
Total thermophilic aerobic and facultative anaerobic
microorganisms CFU amount in 1g of sample 9500000 1473800
Lactic acid bacteria CFU amountin1g of sample 12833 58000
Escherichia coli mesophilic forms CFU amountin 1 g of
sample 165666 255600
Escherichia coli termphilic forms CFU amount in 1 g of
sample 120000 1288000
Enterobacter aerogenes CFU amount in 1g of sample 13333 80000
Staphylococcus species CFU amountin 1 g of sample 34333 12000
Enferococcus species bacteria CFU amount in 1 g of
sample 4766666 2240000

Pigs from the frial group consumed 264.3 kg of feed,
from the control group — 266.5 kg, thus feed consumption
in the trial group was by 1% less than in the control. The
highest daily gain indices for pigs from the trial group was
0.663 kg, which was by 6% higher than for pigs in the con-
trol group (Table 2). An essential difference between both
groups was found (p<0.05).

The bests results of feed conversion were found in the
trial group, because 3.06 kg of feed ration were necessary
to obtain 1kg of body mass, butin the control group 3.27 kg
were necessary which was by 6.4% more.

The results of Jejunum microflora analyses (Table 3)
showed that use of acidifier additive reduced Mould colony
formed units - CFU amount in 1 g of sample. In the control
group, CFU amount was 800 in 1 g of sample, in the trial
group —6% less. A significant decrease was observed to
Staphylococcus species: in the trial group — 500 CFUin1g
of sample, but in the control group — 40 000 CFU, i.e.
80 times higher than in the trial group. Lactic acid bacteria
CFU amount in 1 g of sample in the trial group was by 6%
higher compared to the control.

The results of Rectum microflora analyses (Table 4)
showed that use of acidifiers additive reduced the Staphy-
lococcus species amount: 12000 CFU in 1g of sample in
trial group, but in the control group — 34333 CFU in 1 g of
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Abstract

In Latvia, use of unheated cow sheds with lowered environmental temperature is growing. In such circumstances, cooling of the
milking equipment washing liquid is more rapid and quality of the washing equipment decreases. However, it may be eliminated by

coating the milk and washing liquid piping with heat insulation.

A mathematical model of the milking equipment washing liquid by which the end temperature of the washing liquid cooling can
be determined is developed. Two types of heat insulation materials are under the trial. Laboratory experiments on cooling of the
washing liquid are carried out and the experimental coefficients of the mathematical model are determined.

Key words: cow shed, milking equipment, washing liquid, temperature.

Introduction

In Latvia, use of the unheated cow sheds is growing
where in the cold season the environmental temperature
is lowered. For instance, in the milking parlours this fem-
perature exceeds 0 °C only a little in winter [11. In turn, the
advised temperature is lower than 12 °C [2]. Therefore, in
such circumstances more rapid cooling of the milking equip-
ment washing liquid occurs and itis under the threshold of
the maximum limit which for more widely used washing
liquids is set as +40 °C [2]. But it worsens washing quality of
the milking equipment.

To eliminate this drawback, supplementary heating of
the washing liquid is done in modern milking equipment.
However, it is related to an increased consumption of elec-
fricity.

As our former experiments indicate [3], in milking
equipment with the milk piping envisaged for 100 cows,
approximately 60% of the heat of the washing liquid is lost
when it is flowing in the milk and washing liquid piping.
Therefore, the washing liquid cooling can be decreased by
heat insulation of piping. This method is particularly suit-
able in modern milking equipment, because it does not
have glass, but stainless steel piping. Currently, it is also
possible to purchase different heat insulafion coatings which
are suitable for cow shed conditions. Therefore, the aim of
our research was fo develop heating solution for the milk
and washing liquid piping in milking equipment, develop
its mathematical basis and carry out testing in laboratory
conditions.

Materials and methods
In general, cooling of the washing liquid is character-
ized by the equation [4]:

t

T,=T,+(T,-T,)e", 0
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where:

T, —the end temperature of the washing liquid, °C;

T, - the environmental temperature, °C;

T —the start femperature of the washing liquid, °C;

t —fime of measurement, s;

1 - time constant where temperature change of the

washing liquid happens e times (i.e., 2,718 times), s.

Applying this equation, we have developed a math-
ematical model of cooling the washing liquid for a cow
milking equipment with milk piping [3]:

t(ky Ly +K gy +kyy npg kg Ly )

T, = Tg + <Tz _Tg ) e CMurermpLyvey Mt my e my Ly ’(2)

where:
¢,—the peculiar thermal capacity of the washing liquid,
kJ kg’ K
M, - mass of the washing liquid
¢, - the peculiar thermal capacity of the milk piping,
kJ kg K;
m,— mass of one meter of the milk piping, kg m”;
¢, — the total peculiar thermal capacity of the milk col-
lecting unit and the washing liquid tank, kJ kg™ K;
M, - the total mass of the milk collecting unit and the
washing liquid tank, kg;
¢,— the peculiar thermal capacity of the milking equip-
ment, kJ kg K,
m,, — mass of one milking equipment, kg;
¢,—the peculiar thermal capacity of the washing liquid
piping, kJ kg™ K™;
m,,— mass of one meter of the washing liquid piping,
kg m;
k — heat transition coefficient of the milk piping, W m™ K;
L - length of the milk piping, m;
K, — the total heat transition coefficient of the milk col-
lecting piping and the washing liquid tank, W piece K™;
k — the heat transition coefficient of the milking equip-

/]
ment, W piece K™;
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n,—number of the milking equipment, pieces;
k,,—the heat transition coefficient of the washing liquid

piping, W m™ K",

L~ length of the washing liquid piping, m.

Developing the given model, it is taken into account

that flow of the washing liquid in the milking equipment is
insured via four different sections (Fig.1) which are made of
different materials and which are with different heat accu-
mulating and leakage properties. In addition, this model is
universal, because it can be used in milking equipment
which differs in length both in milk and washing piping and
in the numerical amount of the washing equipment.

Fig.1. Division of the washing liquid flow according to sepa-
rate sections of the washing equipment: 1- the milk piping;
2- the milk collector; 3 — the milk pump; 4 - the milk filter;
5- the washing liquid tank; 6 — the washing liquid piping;
7- the milking equipment; a—b- Section 1 (the milk pip-
ing); b—c—Section 2 (the milk collecting unitand the wash-
ing liquid tank); Section 3 (the milking equipment); c-a- section
4 ( the milking liquid piping excluding the milking equipment).

If the milk and washing liquid piping in the milking
equipment is covered by heat insulation, then the math-
ematical model (2) looks as follows:

(3)

-k -Ly 4K gt ng +kiy-Lyy)

=7 +(r—T1 oy Myt -Ly ¢y Ly +ey-M ey -mpng +cpy mpy Ly +Chy mly Ly
p=1gt\Ui—1,)e 5

where:
T, - the end temperature of the washing liquid using
milk and washing liquid piping with heat insulation, °C;
T —the start temperature of the washing liquid, °C;
k’ - heat transition coefficient of the heat insulation ma-
terial for the milk piping, W m7'K",;
k', heat fransition coefficient of the piping insulation
material for the washing liquid, W m™ K;
¢’ - the peculiar heat capacity of the heat insulation
material for the milk piping, kJ kg'K;
m’— mass of one meter of heat insulation for the milk
piping, kg m";
¢, — the peculiar heat capacity of the heat insulating
material for the washing liquid piping, kJ kg 'K™;
m’, —mass of one meter of the heat insulating material

for the washing liquid piping, kg m™

Taking info account that by lefting the hot washing lig-
uid info the washing system of the milking equipment, at
first heating of the elements which form the given system
occurs, atfirst temperature of the fluid rapidly decreases. It
levels out only in 3-5 minutes [3]. Therefore, the start tem-
perature of the washing liquid (after levelling out) is calcu-
lated according to the formula [3]:

’ ’
7o c, M, T, +(ch.-m,.+c,. “m; -Ll.)-Tg
! Zci-mi+cu-Mu+c,f-mi’-Ll.

where:
T,—the start temperature of the washing liquid, °C;
¢—the peculiar heat capacity of the singled out section
in the milking system, kJ kg'K-;
¢’ - the peculiar heat capacity of the heat insulation
for the singled out section in the milking equipment,
kJ kg'K";
m,—mass of the singled out section in the milking equip-
ment, kg m;
m’ - heat insulation mass for the singled out section in
the milking equipment, kg m™;
L - length of piping, m.
In turn, the heat transition coefficient of the heat insu-
lation material for the milk piping is found using the follow-
ing equation [3]:

> @)

T'-T
(Cu'Mu+cl.m1.Ll).ln( lr gJ
L, -t '

To experimentally evaluate cooling rapid ness of the
washing liquid in the washing equipment piping, itis possi-
ble to use the time constant t getting it from the for-
mula (1):

K =

T = _ ' = _
- T -T - T -T
In——= and In——*% (6)and (7)
T,-T, T,

Where formula (6) is good for the milking equipment
without heat insulation of the corresponding piping, but
formula (7) - is good using the milk and washing liquid
piping which is coated by the heat insulation.

Relating one constant against the other, it is possible o
defermine the coefficient 3, which characterizes the effect
of the heat insulation:

T-T
In*—*%
P

' lnTi—Tg (8)
T,-T,

From formula (8) expressing T, coherence is obtained:

5-1
T -T
T =T +(T,,—T)-[ b g] , 9)
g g T;'_Tg
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Thus, knowing value of the experimentally determined
coefficient 3, itis possible to calculate the end temperature
T, for the washing liquid, i.e., temperature of this liquid
after its discharge through such sections of the milking
equipment which are coated by the heat insulating mate-

rial.
Methods of research

To determine effect of the heat insulation coefficient §,
a milk piping segment made of stainless steel was used
which is used by the firm LartaTfor its equipment. Length of
piping — 1.2 m, outer diameter — 42 mm, thickness of the
wall-1.2 mm. The experiments were carried out in several
successions. In the first succession of the experiment, the
milk piping section was without heat insulation, in the sec-
ond succession- it was covered by the heat insulating
material made of foam polythene, but in the third succes-
sion- by rock cotton and aluminium foil coating.

Heat insulation coating for piping was put on its out-
side part, supplementary wrapping (strengthening) them
by water-proof stick-type tape. One end of piping was
locked by a tight stopper, but during the experiment piping
was placed with the open end upwards.

For the experiments water was applied which substi-
tuted the washing liquid. As it is known from specialist lit-
erature [2], concentration of the washing liquid in the milk-
ing equipment is only 0.3-0.8%. Therefore, its physical
heating properties can be accepted to be the same as for
water.

In the start of every experiment, piping was filled (full)
with hot water the temperature being 90 °C. Taking into
account that at first material of piping heats up, measure-
ment registration was started when water temperature de-
creased to 80 °C. The experiments lasted for two hours,
every 15 minutes changes in temperature of the washing
liquid were. In turn, it was tried to maintain the environ-
mental temperature constant at16.5 °C.

As a result of the experiments, data were obtained
about dynamics of changes in water femperature in the
given period of time. To evaluate the cooling fempo of the

fluid, the time constant T was estimated using formulas (6)
and (7). After that, coefficient ¢ of the heat insulation effect
was calculated using the formula (8). For estimations sub-
sequent computing programs were developed.

Using the mathematical model (3), mathematical
equations for estimating the end temperature were devel-
oped for every section in the milking equipment.

. tKy
T, :Tg +(Tl _Tg)'e bluton My (10)
tky-Ly
T]r =T + (T!_ T ) e ¢y My +cpmp-Ly+c;-Mj-Ly ) ('|'|)
4 ! g
o thyeny
TI[I = Tg + (]: — Tg ) e My ey my gy . (12)
tkiy Ly

T’ — T + (T'_ T ) e M, Fepy myy-Lyy +cpy-myy-Liy . (13)

The entities T*,; k* ; 8 of the formulae were estimated
using the formulae (4) (5) (8).

To determine temperature T, the heat fransition coef-
ficient k [3] which was determined in our laboratory trials
and the constructive parameters of the milking equipment
available in our laboratory were used.

The physical heat parameters of the separate sec-
tions in the milking equipment were taken from a source of
literature [6].

Results of the theoretical research were tested practi-
cally applying the milking equipment of the firm Lartal avail-
able at the laboratory of the agricultural machinery of the
Latvia University of Agriculture for which the cooling dy-
namics of the washing liquid was determined in two differ-
ent situations: both when the milk and washing liquid pip-
ing is coated by heating insulation and also when it is not
applied.

o 80
5 0] %)
Q
S 60 - 62.
O
g o0 T 1449
g 40 \O\gS 34.4
9 30 , ‘

0 900 1800 2700 3600 4500 5400 6300 7200

Timet, s

—o—water temperature change without using heat insulation T(t),° C;
—— water femperature change using foam polythene heat insulationT {t), °C.
—— water femperature change using rock cotton heat insulation T {t), °C.

Fig. 2. Dynamics of water cooling in the piping section without heat insulation and using heat insulation.
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Tablel

Results of heat insulation effect

Research variants
Parameters Without heat
fo be . X With polythene With rock cotton and Formula used in
, insulation . o . o o, S
stated insulation () aluminium foil insulation (") estimations
7,8 5690 (6)
"unt’, s 8953 22081 (7)
0" un g’ 0.636 0.261 (8)
Ty 344 (1)
T",un T, 449 62.2 9)
Results constant ' for fluid cooling increased on 36.4%, but using

In the experiments, water cooling dynamics was de-
termined for the piping without heat insulation and for one
with foam polythene and rock cotton heat insulation coat-
ing. The water cooling characteristic obtained in the ex-
periments is shown in Fig. 2.

Results of the research including the estimated pa-
rameters are presented in Tablel.

If heat insulation is not used then temperature of the
liquid during the experiment decreased from 80.0t0 34.4 °C,
but applying piping covered by heat insulation the end
temperatures of the fluid were 44.9 and 62.2 °C, respec-
tively, on 10.5 and 27.8 °C higher. In turn, the time constants
' for fluid cooling were 5690, 8953 and 22081 s, respec-
tively. Thus, using foam polythene heat insulation, the time

rock cotton heat insulation which is also coated by alu-
minium foil, the time constants 1" increased on 74.2%. The
respective coefficient & of the heat insulation effectin these
instances was 0.636 and 0.261, respectively.

Basing on the formulae (2) and (3), a computing pro-
gram was developed (Table 2) by the aid of which it is
possible to estimate the end temperature of the washing
liquid.

This computing program is universal because itis used
both when the milk and the washing liquid piping is with-
out heat insulation and when they are with heat insulating
coating. As the starting parameters, the constructive num-
bers of particular milking equipment and the characteriz-
ing indices of its washing regimes can be used.

Table 2

Estimation program of the washing liquid end temperature
(Numbers refer to the milking equipment with the milk piping manufactured by the firm Lartal available at the Technical Faculty
of the Latvia University of Agriculture)

H - The The The
eat transifion lied Changeable applied Intermediate results applied
coefficients ;Jpp e parameters PP PP

ormula formula formula
k; 0.66 7, °C 80 c,, kI kg K 4180
k" 0.42 5) | 71,°C 67.62 ¢ 461
k', 0.15 (5) 7", °C 67.60 @ |Lrm 13.4
Ky 22.68 T' ;», °C 67.52 4) cr My 15705.8
ki 11.96 T, 11.9 c 1400
ki 0.77 4, 3600 mpy 1.15
k" 0.22 5) |L,m 12.4 Cry 461
k' 0.14 5) | M, ke 30 Ly my 6.0
Heat msulation i gab 2 Ser M 27868.1
0"= 0.636 (7 Ly, m 5.6 ¢ M, 125400
5'= 0216 (7 | M., ke 0.05 " 1030
M >, kg 0.2 ¢ i 1400
7, | 564 () T, 60.2 (10) T,, °C 25.8 )
T, | 43.1 (11 T, 64.9 7", °C 27.9 3)
Ty | 40.4 (12) " 63.5 13 T, ° 29.4 (3)
T, | 612 ) Ty 66.1
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Comparing the end temperatures 7, and T°, of the
washing liquid which are obtained in the laboratory trials
and by estimations, difference is only 0.25% (without heat
insulafion) and 3.21% with heat insulation. It shows that
method of estimation for the end temperature of the wash-
ing liquid cooling in the milking equipment is sufficiently
high in its accuracy.

Conclusions

1. If the environmental temperature is lowered in the
milking place and is below the recommended 12 °C then
cooling of the washing liquid is increased which can ex-
ceed the permitted limits.

2.Cooling of the washing liquid in the milking equip-
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Abstract

The article discusses investigations in a flat rectangular shape contact area of two elastic solids (brake friction lining and disc) using
a theoretical method. The solids are in free as well as in forced movement. The investigations have resulted in correlations describing
deformation and stiffness parameters of solid flat joint in different loads: fransference of the center of cross section 5, the angle of
turning ¢ of one solid in relafion to the other (as a result of friction lining deformation), and tension ¢, in any cross section of the contact
area. The results of the investigations make it possible to analyze the stiffness of the contact of solids, test the strength of the contact
areas, optimize the contact area of solids, and prognosticate even wear out of friction lining.

Key words: sfiffness, tension, friction, joint.

Introduction

The aim of this study is o realize even wear on friction
lining surface. Wear depends on such factors as: a kind of
material, specific surface pressure, friction coefficient, slip-
ping velocity, and surface temperature (Cokonosckui,
1955). During braking process, friction lining wears out and
grows hotinfensively. Braking force causes the friction force.
Friction force causes the bending moment. As a result, load-
ing distribution and wear out are uneven. It is possible to
achieve even loading and wear out applying braking force
P with eccentricity /.

Stiffness criterion of machine assemblies mounting
characterises preciosity, oscillation resistance, conditions
in contfact (for example, pressure concentration, butt firm-
ness and firmness of loaded joints), and longevity of parts
during exploitation.

Stiffness of machines depends on stiffness and defor-
mation of mounted surfaces. About 40. .. 90% from all elastic
deformation consists of contact elastic deformation. Con-
tact deformation of mounted parts surfaces can induce ei-
ther positive (reduce frequency of self resonance oscilla-
tion, impact load absorption) or negative influence (loading
density, decrease preciosity of motion and increase wear
out). In joints loaded with bending moment parts tend to
curve. Itinfluences parts motion preciosity and induces vi-
brations.

Elastic fransference in contact of area depends on the
following factors: roughness of surface, deflection of accu-
rate geometry, pressure distribution on surface, loading
character, material, movable or immovable contact sur-
face, lubrication and other factors (LLTaepman,1949;
PbikoB1966; demkunH, 1970, 1980; OctpoBckumin 1965).

The authors carried out a theoretical study of two flat
surface contact for a brake of single disc.

Friction lining wear out mainly depends on specific

surface pressure p (x,z,t) and slipping velocity
v (x,z,t) between disc and its lining (Fig. 1, c). Usually

velocity of wear out dw/dt is proportional to specific sur-
face pressure and function of exponent (Kparenbckui,
1977).
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dw

0 K}, p® (x,z,t 0’ (x,z,1).

(1)

w(x,z,t) = Kija(x,z,tN)vﬁ(x,z,?)dr, )
0

where
K - coefficient characterizes resistance of wear and

working conditions;
T - time moment;

a.and b —exponents (& > 1 ;b = 1).
Uneven wear out of friction lining in radial direction de-
pends on the length of friction way. Length of friction way
depends on friction radius » (Fig. 1, a). Wear out of friction
lining will be nearly even in all points of friction surface if
linear intensity (or velocity) of wear out is equal in these
points. It is possible to realize such conditions if distribu-
tion of specific surface pressure is uneven. Specific surface
pressure should be reduced in points on friction surface in
which the friction way is longer. During braking process,
distribution of specific surface pressure p is uneven. Fric-

fion force causes F* (F'') the bending moment M=F;-h

(Fig. 1, c). Because of the bending moment friction lining
tends to rotate on one side of lining load more than on the
other. It means that friction lining wear out uneven in radial
and axial direction. One of the aims of the study is to de-
velop a theory to analyse tension distribution, deformation
and angle of rotation as functions of force P applying point
(x, z) and bending moment +A4. By changing eccentricity it
is necessary to find the desirable distribution of specific
surface pressure on friction lining.

Resistance of lining wear increases if wear outin all
surface points is equal. It will preserve flatness of friction
lining, too. As a result, longevity of disc brake will increase.

The results of this study is contribution to the design of
o disc brake with single a disc.

Methods

The authors have investigated a flat rectangular shape
contfact area of two elastic solids using a theoretical method.
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Disc

Body

Fig. 1. Schemes of single disc friction elements (body with friction lining) loading:

a) load with friction force F( F/' y; b)load with force P;

¢) brake friction clutch loaded eccentrically with force P and bending moment caused by friction force F, (F,,' ).

In this aspect parameters have been experimentally
detected and statistically generalized by other authors
(NMeBuHa, PelueTos, 1971).

Such amethod allowed to include more parametersina
constructive research compared with theoretical modeling.
The study has been carried out with solids in free movement.

Two solids, loaded with forces, are translated regard-
ing each other in contact area because of local solids de-
formation.

The task was to solve a free movement contact pro-
vided solids can move freely regarding each other.

The authors characterize siffness of elastic solid closed
joint contact with such parameters:

o transference of the center of cross section s, ;

e angle of furning ¢ of one solid in relation to the other
one;

e tension o, in any cross section of the contact area.
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It is assumed that only friction lining is deformed un-
der load. These parameters are analysed as a function of
force P > 0, bending moment M > 0 (or M < 0) caused by
friction force 7 (or F,'), and eccentricity /. Itis assumed that
z=0.

Results

Free motion of two solids loaded with force and
bending moment if flat joint contact area is
closed

Relative deformation of two solids, moving flatly and
paralelly, (the elastic displacement being in the middle of
the flat closed joint) and the relative turning angle depend
on the part whose stiffness is lower (Fig. 2).

Condition of solid flat closed joint contact balance
(NeBuHa, PewweTos, 1971):
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Fig. 2. Scheme of calculation of solid flat closed joint contact area stiffness parameters.

0,05L
0,16 J.axdx =P;

—-0,05L

(3)

0,05L
b Iaxxdx =M + PI,

~0,05L

(4)

where
b — width of joint, mm;
o ,—tension in any cross — section of the contact
area, MPg;
M - bending moment, Nmm;
[ - coordinate of force P applying point, mm;
L —jointlength, mm.

Tension &, can be calculated using empirical formula
(NMeBuHa, PeweTtos, 1971):

O_X :£5X) :|:¢(X_LK):| ,MPCI, (5)

10¢ 10¢

where
n-degree exponent,n=1... 3 [[leBuHa, PelueTos,
1971];
¢ — coefficient, it depends on geometry of material
(NeBuHa, PewweTtos, 1971);
8,~ elastic fransference of the center of cross - sec
tion at distance x, um;
x — coordinate of contact area cross-section, mm;
L, - coordinate of part’s rotation center, mm.

After integrating (3) and (4), nonelinear equation re-
garding parameters L, and ¢ has to be solved:
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(0.05L— L )™ ~(-0,05L-L,)"™ _10P 107" 6)
n+l b Q"

(0,05L—L, )" —(=0,05L— L, )" o (0.05L -1, )™ ~(-0,05L - L, )" _
n+2 K n+1

_M+Pl 107"c"

NPT

It is impossible to solve the equation system (4) di-
rectly regarding parameters L _and . Atthe beginning itis
necessary fo solve the equation:

) 7

(0,05L—Ly )" =(=0,05L =L, )" _(n+2) (M +PlL
0,05L—L, )" =(0,05L—L, )" (n+1) \ 10P

Firstly L <0is established, afferwards rotation angle ¢

can be calculated:

L 10P(n+1
P10 'i/b[(o,OSL —L )" (— (- 3,)05L —L)"| 8)
The joint will open, if L=-0,05L 9)
0,1z ="*2 [M + 0,0SLJ | o)
n+1 10P ’
or
M~+Pl n
Pl 2n+2) m
if
M + Pl N
Pl 2n+2) 12
than the joint will be closed, but if
M + Pl "
Pl 2n+2) 13

the joint will be open.
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Maximal fension in joint contact area (MPa) is:

0(0,05L-L,)]"
max {T} (14)
Elastic displacement (im):
0, :—103(0-LK. (15)

Free motion of two solids loaded with force and
bending moment if flat joint contact area is
open

The condition of solid flat closed joint contact balance
(Fig. 3) are:

X X *
j:ﬂ:[ -
M 5, |Om
0, N
O, / X
L, X

Fig. 3. Scheme of calculation of solid flat open joint contact area
stiffness parameters.

0,05L
06 [odx=P; 06|
Ly
0,05L
b IxO'de:M+Pl, 17)
Ly
R =M,kG/cm2. (18)

10—4n Cn
After integrating of (14) and (15) such equation regard-
ing parameters L, and ¢ should be solved:

(0.05L—L, )" _10P 107 ¢" 19)
n+1 b Q"

(0,05L-L,)" L (0,05L—L, )™ M+PL 10*c" ’
n+2 K n+l b "

Equation (19) can be directly solved regarding param-
efers L and ¢:

M + Pl
L, =(n+2)————-0,05(n+1)L: 2
0 =(1+2)=— (n+1) (20)
p=10"c M+ Pl .
A (0,050 —L, )" (0,05L-L,)| (21
b +L,
n+2 n+l
If L =-0.05L, the jointwill close. If L =-0.05L is put

into (18), the joint opening conditions (9) will be described.

Maximal tension o and elastic displacement §,
are:

o-max = [

8y =—10°|p|Ly.

n

(22)

b

10 p(0,05L — L, )}

C

(23)

The algorithm for estimation has been worked out to
estimate the load of solids when they are moving in both
possible ways of motion.

The friction lining is attached fo the body. Force P and
the bending moment A =F,-h=P. f-h caused by fric-
tion force £ acts on friction lining.

Using computer software “Solidworks” and “Cosmos-
works” optimal eccentricity / = 27 mm was determined.
Such eccentricity provides the desirable distribution of spe-
cific surface pressure on friction area.

Three graphs illustrate the results of computing (Figs.
4, 5, 6). Such input parameters were admitted: a = 180 mm;
b=80mm,/=27mm,n=3,andc=>5.

o P.N
2000 4000 5000 8000 10&)00 12000

0,01
0,02
0,03

§ -0,04 ’\\

N \Nnk

-0,05

OQO ’ Ty
-0,06

Fig. 4. Inferface centre displacement §, depending on force P
and moment M caused by friction force.
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Fig. 5. Maximal normal tension o, depending on force P and
moment M caused by friction force.
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Fig. 6. Angle of solid flat rotation ¢ depending on force P and
moment M caused by friction force.

Discussion

The investigations have revealed correlations be-
tween deformation and stiffness parameters of a solid flat
joint in different loads.
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When investigating the motion (movement) of two flat
and parallel solids, whwn the concentrated force P and the
bending moment M (positive or negative) act on one of the

solids, the tension &, in any cross section of the contact

area and the displacement §, of the joint, located in the

cross section, running through the middle of the joint, can
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There are three cases:

if bending moments are equal (M = P - 1), the joint will
not open and the angle of loaded parts regarding each

other will be ¢ =0, maximal tension o, = P/bL,
and transference of the center of cross section
1/h

8, =10co,, " . which means, that there is propor-

tionality between contact deformation and tension;
if the joint is closed (12) or open (13), stiffness param-

efers ofjoint ¢, J, , and maximaltension & should
be calculated.
When designing the joint, it must be closed. Itis possi-

ble to reduce maximal tension o __ , and the angle of solid

max’

contact area rotation changing dimensions of band L.
If o, <[o] resistance in contact area will be pro-
vided ([o] - allowable tension of material surface).

Conclusions

The investigations have resulted in revealing correla-
tions between deformation and stiffness parameters of a
solid flat joint under different loads: transference ofthe center
of cross section ¢,, the angle of turning of one solid in
relation to the other, and tension o in any cross section of
the contact area. The results of the investigations make it
possible to analyze the stiffness of the contact of solids, to
test the strength of the contact areas, and to optimize the
contact area of solids.
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IMPACT OF THE WORKING WIDTH OF THE PLOUGH BODY

ON THE TILLAGE EFFICIENCY
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Abstract

Theoretical and experimental investigations are carried out to estimating the impact of the plough body working
width on its specific draft resistance, as well as the ploughing efficiency.
By using analytical correlations derived as a result of theoretical research, a computer algorithm has been worked out for
simulating the functions of the plough body and the forces exerted by soil upon the operating parts, as well as its draft
resistance. Specific draft resistance of the plough body, energy consumption, as well as labour efficiency and ploughing
costs depend considerably on the working width of the body. By increasing it, the energy capacity, specific fuel consump-
tion and expenditure decrease, but labour efficiency increases.
Key words: plough body width, specific draft resistance, opfimisation of parameters.

Introduction

It is known from our previous investigation (Vilde,
1999, 2001) that draft resistance of ploughs depends on the
body parameters and on such soil properties as its hard-
ness, density, friction and adhesion, as well as on working
regime. By using analytical correlations derived as a result
of theoretical research, a computer algorithm has been
worked out for simulating the functions of the plough body
and the forces exerted by soil upon the operating parts, as
well as its draft resistance. These correlations allow to de-
termine the forces acting on the plough body and its draft
resistance depending on the body parameters, as well as
to evaluate the impact of physical and mechanical proper-
ties of soil upon it (Rucins, Vilde, 2004). However, there are
no analytical correlations that would enable to determine
the specific draft resistance of the share-mouldboard sur-
face and the plough body as a whole, depending on the
working width of the body.

In the literature, there is difference of opinions on
the impact of plough body working width on its specific
draft resistance. F. P. Ciganov in his dissertation had written
that decreasing of the body width decreases specific draft
resistance of ploughing (Ciganov, 1969). W.R. Gilland G. E.
Vanden Berg have opposite views, their data show that
“specific draft generally tended to decrease as size of cut
increased” (Gill, Vanden Berg, 1967, p. 262). In the
Kverneland plough prospect it is written that by increasing
the furrow width from 35 c¢cm to 45 cm (14” to 18”) the con-
sumption of diesel fuel is reduced by as much 18% and
working capacity is increased by up fo 30% (Kverneland
prosp. Nr.1,2002).

The purpose of the investigation is fo estimate
the specific draft resistance of the plough body and plough-
ing efficiency depending on its working width.

Materials and methods

The object of the research is the specific draft resistance of
the plough body depending on the body design param-
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eters, as well as the physical and mechanical properties of
soil. On the basis of previous investigations (Vilde, 1999),
theoretical and experimental studies are carried out to de-
termine the impact of body working width on its specific
draft resistance and ploughing efficiency.

Results

Theoretical studies

By using analytical correlations derived as a result
of theoretical research, and a computer algorithm worked
out for simulating the functions of the plough body and the
forces exerted by soil upon the operating parts of the plough
body, the draft resistance caused by these forces, as well
as the specific resistance depending on the working width
are determined (Fig. 1).

According to our previous investigations (Vilde,
1999), the draft resistance R of the plough body is deter-
mined by the share cutting resistance R, . The resistance
caused by weight R__of the strip lifted, by the inertia forces
R, by soil adhesion R, and by weight R, of the plough
body itself (including a part of the weight of the plough).
However, the latter is not dependent on the plough param-
efers.

Rx = ZR = RPx +RGx +RJx + RAx + RQx (U
ix

The vertical reaction R_and the lateral reaction R of
the operating part are defined by corresponding partial re-
actions:

R.=YR.:R =XR,. 2:3)

The total draft resistance R of the operating part is com-
posed of the resistance of the working (share-mouldboard)
surface R/, and the resistance of the supporting (lower and
lateral) surfaces R”, :

Re =R+ Ry = SRl +fy (SR, + SRy, + Py Sy + Pare Siz),

(4)
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Fig. 1. Scheme of the plough body, its parameters and acting forces.

where

f, — coefficient of soil friction along the working and
supporting surfaces of the operating part;

P, and p, .- specific adhesion force, respectively,
to the lower and the lateral supporting surfaces of the
operating part;

5,,and S, —surface area of the lower and lateral
supporting surfaces of the operating part.

The specific draft resistance related to the unit of the
area q of the cross section of the lifting soil strip:

K,= qu_l = (R; + R;)q_l =(Rp, + R, + R + R, +

+R, )" =k =k =k, +kg+k, +k,+ky, (5)

where:
k' — specific draft resistance of the working (lifting)
surface;
k” - specific draft resistance of the supporting sur-
faces;
kp - specific draft resistance caused by the share
cutting resistance;
k.- specific draft resistance caused by the weight of
the soil strip lifted;
k - specific draft resistance caused by the inertia
forces of the soil strip lifted;
k,— specific draft resistance caused by the soil ad-
hesion;
k.- specific draft resistance caused by the weight of
the plough body itself including a part of the weight of
plough).

q = ab, (6)
where:
a - depth of ploughing (thickness of soil strip);

b - working width of plough body (width of soil strip).

From our previous investigations (Rucins, Vilde, 2004) it fol-
lows:
- specific draft resistance caused by the weight of the
lifting soil strip:
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1

7/*

*{ [(sin y cos &, + cos ZysinT y)e

kg = kg + kg ~ qdgk ,rsin”

fosiny(a-81) _

(7)

- (sin y cos €, + cos 2 ysin )] cos & +

fosin y (66,

+ (cos €,e —cos &,)(cos &, — f, sin & sin y)~ *
* sin gl[sin &, 8in y + f,(sin 2y cos &, + cos 2 }/)] }+

+0grsin " y(e, — &)+ Sgrsin ' y(g, — &) (& +0.52)ctg ¥

- specific resistance caused by soil inertia:
k, =k, +k, = 5\/2/%;l sin 7{ (sin y cosg, +cos” ysin™ y)*
*losin7a=e2) _ (gin ycose, + cos? }/sin’] )+

+(cosg, — f sin g sin y) o)

(8]

sing, [sin g siny + f, (sin® COSE, +cos’ }/)] }+

+8Vk, " sin ysin £,e”™7 @™ + 57k, sin y cos y(1-cos” &,)
- specific resistance caused by soil adhesion:

k,=k,+k,=p, rsin y (/™" @ _1)*
*{ sinycosg, +cos’ysin” y +(cosg, — f; sing siny) " *

*sing, [sing1 siny + f;(sin” y cosg, +cos27/)] Ja+ 9)

+ 0 (pAX}ery + prszz)(ab)71

- specific resistance caused by the weight of the plough
body:

k, =0, (ab)™ (10)
- specific resistance caused by cutting off the soil strip:

kp = Rpx(ab)71 = [kXPOSisbSCtg(y—‘r_ (00) +knp0ninan ](ab)ill ﬂ”

where
g - the cross section area of the strip to be lifted;
& - the density of soil;
k, —the soil compaction coefficientin front of the oper-
afing part;
/,— the soil friction coefficient against the surface of
the operating element;
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v —the speed of the movement of the plough body;
p, —the specific force of soil adhesion to the operating
surface;

b - the surface width of the soil strip;

g, and ¢, — correspondingly the initial and the final
angles of the lifting (share- mouldboard) surface;

g - acceleration caused by gravity (g = 9.81).

k. and k - coefficients involving the impact of the
shape of the frontal surface of the ploughshare edge
and knife;

P, and p, - soil hardness in the working zone of the
share and knife;

i,and b_- thickness and width of the share edge;

i and a_-thickness and working depth of the knife;
y -the inclination angle of the share edge towards
the direction of movement (the wall of the furrow);
¢,—the angle of friction.

That is proportional to soil hardness and the share
edge, as well as the knife surface area (Rucins, Vilde,
2004).

From our previous investigations (Rucins, Vilde, 2004)
and formulas (7) - (11) conclusions follow.

Because draft resistance of the plough body caused
by weight and inertia forces of the lifting soil strip is
directly proportional to it cross section areaq, the
changes in working width cause no influence on the
specific draft resistance.

Resistance of the lifting (share-mouldboard) surface
caused by soil adhesion is proportional to the body
working width (width of the lifting strip), and changes
in working width cause no influence on the specific
draft resistance. On the contrary, the specific draft re-
sistance of supporting surfaces caused by soil adhe-
sionis inversely proportional of the cross section area
of the soil strip.

The specific draft resistance caused by the weight of
the body itself is inversely proportional to cross sec-
tion area of the soil strip. It means that by increasing
the working width, the partial specific resistance de-
creases.

The specific draft resistance caused by cutting off the
soil strip can be or cannot be dependent on body
working width. By constant increasing of the share
width, working width decreases the specific draft re-
sistance because resistance caused by break off the
soil slice is insignificant in comparison with cutting
resistance. If the share width is equal to working width
of the body and varied identical with the variation of
the body’s working width, the specific draft resist-
ance caused by cutting is not dependent on its work-
ing width.

The soil friction coefficient and the specific force of soil
adhesion are not constant values. Their values decrease
with the increase in speed (Rucins, Vilde, 2003 a). This is
considered in calculations.
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The resistance of the supporting surfaces of the plough
body depends on the values of the reacting forces.

Yet their value is dependent, in many respects, on the
manner of unification and perfection of the hydraulically
mounted implements of the tractor. The vertical reaction of
the plough with modern tractors having power regulation
is transferred to the body of the tractor, and it affects the
plough resistance to a considerably lesser degree.

The presented work discusses, as an example, theo-
retical research results of forces acting on the plough body
and the specific draft resistance of the plough body at its
various working widths when ploughing loamy soils that
predominate in Latvia.

The calculations were carried out with the computer
according to the foregoing formulae.

The following values of the basic factors were taken
into consideration, which affect the resistance of the share-
mouldboard surface and the plough body.

Parameters of the plough body

Thickness of the share blade and knife /. =/ =0.004 m
Width of the plough share b =035m
Initial angle of the lifting strip of soil g, =30°
Final angle of the lifting strip of soil e, =100°

Angle between the horizontal generatrix
of the operating surface and the vertical

longitudinal plane y =40°
Radius of the curvature of the lifting

surface r=05m
Area of the lower supporting surface 5,,=0.0157 m?
Area of the lateral supporting surface = 0.068 m?
Weight of the plough body Q=200kg
Physical and mechanical

properties of soil

Hardness of soil p,=4.1MPa
Coefficients involving the impact of the

shape of the of the plough share edge

and knife k.=k =08
Density of soil 8=1600 kg m-*
Coefficient of soil friction against the

surface of the operating element f,=04
Adhesion force P, =2.5kPa
The mode and status of work

Ploughing depth a=020m
Working width of the plough body b=0.30...0.50m
Working depth of the knife a,=020m
Cross section area of the liffed soil

strip g=0.06...0.1m?
Soil compaction coefficient in front of

the operating part k=11
Working speed v=I1L.5ms.

Calculation results of the specific draft resistance of the
plough body and its components are presented in Table 1
and Figs. 2 4.
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Fig. 5. Total specific draft resistance of the plough body K depending
on the body’s working width b by various speeds v.
Table 1
Specific draft resistance caused by soil weight k. and inertia forces k
V,ms’ 1 2 3 4 5
ks, Pa 31616.91 28575.36 27100.36 | 26390.86 26013.65
k. Pa 2311.29 8386.87 17933.71 31080.75 47897.78
ks+ ki, Pa 33928.21 36962.24 45034.07 57471.60 73911.43

Experimental studies

Experimental studies are carried out on the “Kverne-
lands Vary Width” plough, having bodie’s working width
from 30 cm fo 50 cm (Valsts Baltijas MIS,1996). Conditions
of the study are shown in Table 1 and the results — in the
graph (Figure 5).

The graph (Fig. 6) shows how specific draft resistance
and energy consumption in ploughing depends on the
working width of each body. By increasing it, the energy
capacity and specific fuel consumption in ploughing de-
creases by 10-16%. The greater is the ploughing depth, the
greater is the effect due to the increased working width of

the body. This phenomenon is caused by higher soil hard-
ness and density of the deeper soil layers (see Table 1).

In loamy soil, increase in working width of the bodies
at the ploughing depth of 18...19 cm decreases specific
fuel consumption by 2...3 kg ha”, but at the depth of -
24cm-by4...5kgha’. Correspondingly, thereis arisein labour
efficiency, and the ploughing costs fall by 2...4 LVL ha".
Therefore, when ploughs are used that have a possibility to
vary the working width, it is recommended to work at the
maximum width and, if necessary (insufficient power of the
tractor), fo reduced number of bodies.

Thus, for example, in the aggregate with the MTZ-82

Table 2
Testing conditions of the plough
Characteristics Unif of Value of indice
measurement
Field kind grassland
Soil kind loam
Relief even
Micro-relief cm 2
Soil humidity in layers: 0-10 cm % 18.2
10-20 cm 174
20-30 cm 17.5
Soil hardness in layers: 0-10 cm MPa 1.50
10-20 cm 2.85
20-30cm 3.33
Mass of remnants gm? 180
High of remnants cm 14
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Fig. 6. Variations of energetic and economic characteristics of the Kverneland AB-85 plough body with semihelicoidal bodies No. 8
depending on the body with in ploughing grassland on a loamy soil at the speed of 8.7-9 km h; b — the body width, cm;

K, — the specific draft resistance, N cm?; Q, - the specific fuel consumption, kg ha™; W,

— the direct labour productivity, ha h™;

0

| - ploughing costs LVL ha' (LVL 1= USD 1.85).

- - - ploughing depth of: 24 cm;

tractor itis more purposeful to work with the Kverneland AB-
85 two-body plough with the working width of each body 50
cm (the total width T m) than with three bodies having the
width of 33 cm each and the same working width.

Conclusions

1. The deduced analytical correlations and the devel-
oped computer algorithm allow simulation of the soil coer-
cion forces upon the operating surfaces of the plough body
and determine its specific draft resistance depending on
the body design, working parameters and soil pro-
perties.

2. Presentation of the plough body specific draft resist-
ance as the sum of components cutting resistance of the
strip, resistance caused by its weight, the soil inertia forces
and adhesion allows analysing the forces acting upon the
share-mouldboard surface, finding out the character of their
changes depending on the parameters of the surface and
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Abstract

One of the prior trends of research is the problem studies of power economy of technological processes and quality of automatic
control. Though the theory of grain drying process has been developed profoundly, sfill there are problems in its implementation. The
developed analytical and simulation models of grain drying are difficult to implement into practice because they do not contain all the
factors, which influence the real grain drying process or they cannot be solved. The developed models enable to assess only the
essentiality of factors and/or the fundamental basics of the process. In order to ensure the effective and user-friendly grain drying
process, itis indispensable to develop the control methodology using system modeling approach.

The present paper deals with the system approach to heat and mass transfer problem and the testing of the basic hypothesis of
the diffusion theory about the normal distribution of particles in the diffusive environment.

Key words: grain drying, diffusion, system modeling, class diagram, state chart diagram.

Introduction to system modeling
methodology

The central concept in the system analysis is the con-
cept of system. The system is a set of objects, components
or autonomic elements that forms the entirety. Some sets
become systems, if the new features and characteristics
appear which are not atiributed fo the elements of the com-
ponent system.

The main characteristics of system are its structure
and functioning process. The structure of system is a set of
the elements, which is stable within its interrelation. The
structure unites all elements and facilitates the split of the
system info separate components. The structure reflects
different interrelations, including putting the elements of
one system into another. In this case, the put in system is
called a subsystem, but a superior system is called a
metasystem (Steve McConnell, 2004).

The system functioning process is connected with the
changes of its features within a period of time. The signifi-
cant characteristic of the system is the state of the system.
Itis a set of features that reflects in each moment the sig-
nificant peculiarities of the system. System functioning proc-
ess is reflected as the sequential change of its states. The
system functioning process is a set of transition from one
state to another. The methodology of system analysis and
modeling is a conceptual basis for the decomposition of
the field of objects. The model is some conception of sys-
tem that reflects the most essential regularities of its struc-
ture and process functioning. The common feature of all
models is their similarity fo the original system. The build-
ing of models enables to obtain the additional information
about the features or behaviour of the original system. The
process of model building and their further application in
the obtaining of new information about the systemis called
modeling.

The problems of the system and its models are viewed
from different positions. The number of the system ele-
ments causes the problems of the system structure. On the
other hand, the process of system functioning might bring
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the unpredictable nature that forbids to provide the laws on
transformation from the input action fo the output resultformally.

The analysis of the system structure is the method of
system exploration that starts with its general description
and proceeds with detailed examination of separate as-
pects. The general model of system is built as the hierar-
chical structure, where different levels reflect different lev-
els of abstraction. One of the tasks of the structural analysis
is to determine the most significant elements or compo-
nents of a system in each abstraction level.

The development of the logical model of system in the
form of class diagram is the basis for the methodology of
system analysis. The class diagram reflects the statical
structure of the system models. The class diagram shows
different interrelations among the elements, components
and subsystems of systems. In the given diagram there are
types of relations and inner structure of the structure de-
scribed. The class diagram plots the structural relations,
which do not depend on time. The class is the abstract
description of the set of objects. These objects have identi-
cal structure, behaviour and interrelation with objects from
other classes. The class has a name, the set of attributes
and operations. The attribute of the class is the reflection of
a separate feature. The class operation is a function that
processes the data.

The diagram of classes reflects both the inner struc-
ture of the class and the relations among classes. These
relations are called associations. There are two kinds of
associations: aggregation and generalization. The aggre-
gation association shows the “whole - part” type relation,
but the generalization association shows the “successor —
predecessor” relation.

The stafistical aspects of the system are modeled us-
ing such elements as the class diagrams and the object
diagrams. They enable to visualize, specify and document
everything that is situated in the system, including classes,
interfaces, components, instances and their interrelations.
The dynamic aspects of the system are modeled by means
of automats and interrelations.
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The main aim of this diagram is to describe the possi-
ble sequences of states and transitions, which character-
ize the behaviour of the modeled system (3nneHc A., 2002).
The diagram of states describes the dynamic behaviour of
the essence on the basis of their responses to particular
events. The diagram of states is a special chart type that
reflects the complete automat. The tops of the chart are
states, which are connected with arcs, indicating transition
between the states. The automat has the starting and end-
ing state.

During all life-time the object faces different events,
such as signal, demand to perform an operation, formation
or destruction of the object. By responding to an event, the
object performs some calculation activity that changes the
state of the object. The object can receive an event, re-
spond toit, performing an action, and then it can change its
state. If after this it receives another event, the response of
the object will differ depending on the previous state.

The automat models the life-cycle of a separate ob-
ject. During its life-cycle, the object goes through the se-
quence of states. The state describes the period of time of
the object’s life-cycle. The state has a name. The states are
interrelated with the fransitions. In the diagram, the state is
shown as a rectangle with rounded corners.

The transfer of energy and humidity in the
drying process - methodology explanation

The drying theory is based on the laws on heat and
humidity transfer in humid materials during their interac-
tion with the heated gas, hot surfaces and electromagnetic
waves. One of the basic tasks of drying analytical theory is
the solution of differential equation systems. These are heat
and mass transfer equations, the solution of which ena-
bles to describe the fields — potential distribution of transfer.
The analytical distribution of the material’s temperature and
humidity is obtained in the cases, when the environmental
potentials have linear, exponential and harmonic time type.
The task becomes more complicated, if we take info ac-
count that the kinetic coefficients are not constant during all
the process, but they depend on the current potentials of
temperature and humidity. This brings to the nonlinear trans-
fer equations.

The process of material drying consists of three stages:
the inner transfer of humidity closer to surface, formation of
humidity vapour, and the transfer of humidity from the sur-
face of the material into the environment. In the case of the
interaction between the humid material and heated air, the
liquid from the surface through diffusion leaves the surface
of the material and is fransferred info the environment. The
vaporization from the surface of the material creates the
difference of humidity capacity between the inner layers
and the surface layer. This causes the diffusion of humidity
from the inner to the surface layers. The presence of hu-
midity gradient in the material causes the decrease of tem-
perature between the inner layers and the surface layer,
and under the influence of thermodiffusion the humidity
tends to move info the material.
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The description of the drying process is defined by the
humidity movement mechanism in the material, vaporiza-
tion energetics, and the humidity movement mechanism
from the material surface into the environment.

The fundamental law of substance transfer can be

expressed as g = —AV 9, where g — density of the humidity
flow (quantity of humidity, transferred within a fime unit
through the surface unit), v @ — gradient of the substance
potential, which characterizes the potential speed of change

athwart the surface, and A - coefficient of proportionality,
which is called the coefficient of the humidity conductivity.

Diffusion theory and the incidental move-
ment of particles

The phenomenon of the heat and humidity transfer is
described by means of the diffusion model. The system of
particles that forms the substance is indeterminate. We look
atthe system that consists of particles, which move chaoti-
cally (3enbaosuy A.B.,1973). The system is indeterminate
in a sense that, knowing the initial state of a particle in a
space, we are not allowed to indicate directly its coordi-
nates at any coming moment. It is the class of the particle
movement tasks, where the particles implement their move-
ment under the influence of incidental impulses. For in-
stance, the movement of the diffusive substance molecules
is performed under the influence of the incidental shocks of
molecular environment. It is impossible fo anticipate the
movement of every particle, but only to forcast with a cer-
tain probability. However, itis excellent that, if the parficles,
which move chaotically and independently from each other,
are in great number, it is possible to determine unequivo-
cally the behaviour of the parficle system in general.

Two types of environment take part in the diffusion
process. One of them diffuses, but the other one serves as
a base, where the diffusion takes place (MH3Gypr A.C.,
1973). Such division does not have a complete characteris-
tic: it is possible when the concentration of the diffusive
environment is low.

Let us assume that the particles of substance are situ-
ated in squares, each of which is located in some distance
from others. All squares are situated on one line and form
discreet points on the infinite straight line. Every space of
time each of the particles that occupies one of the cells on
the straight line moves to the one of the two neighboring
squares. In every square there can be one, several or none
of the particles. The particles move to another square
irrespectively of the behaviour of other particles and re-
gardless of their own previous behaviour. In this case it is
impossible to anticipate the behaviour of every particle, but
it is possible to forecast the system with a great number of
particles. This moving system models the diffusion proc-
ess of particles: the flow of the diffusive mass is directly
proportional to the density gradient and is directed contrary
to this gradient, i.e. towards the decrease of density.

This law has consequences. Although initially all par-
ticles are situated in one point, there might be some parti-
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Fig. 1. The diagram of one-dimension diffusion system classes.

cles that within the time unit will move far away. The
diffusion equation has a significant role in physics of
maths, it describes the expansion of heat and mass in
the material.

The class Agent models the diffusive particles (Fig. 1).
There are two types of agents: green and red. The red
agents perform the role of moving particles, but the green
ones - the role of the immobile obstacles. The class Tor
models the environment in which the agents are situated.
Tor consists of the Point type points. Every agent knows its
location. Every point comprises the information about its
neighbouring points.

One particle can have three states (Fig. 2). At the be-
ginning itis situated in the point and with the probability 1/3
it may be there in the next moment. With the same prob-

ability 1/3 it can reach one of its neighbouring points. The
process continues until the experiment is stopped.

Diffusion in the plane

The linear movement model of particles can be ex-
panded in the plane and space. The discreet system of
squares is viewed. This system consists of focal points in
the quadratic network of plane. The particles can be situ-
ated in one of the points of this set of squares, and they can
move in every discreet time moment with the probability 1/
5 to the right, to the left, upwards, downwards, or to stay
where they are. This model is expressed by the diffusion
equation in the plane.

The behaviour of the point is supplemented with the
functions (Fig. 3), which determine their own upper and

[p=1/3]

[p=1/3]

/Left =C enter

Center

[p=1/3]

/ Right =Center

Fig. 2. The diagram of one particle states.
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Fig. 3. The diagram of two-dimensional diffusive system classes.

lower points. The agents have new features: temperature
and humidity. Now the system can register the comparison
of two parameters: humidity and temperature.

The number of the state (Fig. 4) is supplemented with
the upper and lower point. The probability can get to the
one of neighboring points or stay where it is 1/5.

/ Top=Center [p=0.2]

The methodology and results of experiments

The essence of research is the modeling of two types
of environment. The first fype of environment is the base
space, where the diffusion processes take place. The sec-
ond type of environment is the mass of particles that moves
chaofically from one point to another. It is necessary: to

Top

[p=0.2]

[p=0.2]
[p=0.2]
Lef Center ﬁ
/Left =C enter / Right =Center
[p=0.2]
/ Stop
/ Bottom = Center
/ Start
Botto

Fig. 4. The diagram of one particle states in the plane.
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Fig. 5. Diffusion process of particles.

model the experiment in one-dimension and two-dimen-
sion space, to describe models using the system approach,
to implement the computer model, and to analyze the ob-
tained results.

Modeling of the diffusion process

The diffusive particles are concentrated in the middle
of line segment. In Figure 5 the high concentration of parti-
cles is showed in black. Where the concentration is low or
equal fo zero, it is showed in white. The black color indi-
cates the substance conceniratfion between the high and
low value. Every particle moves into one of its two neigh-
bouring points or stays where it is.

The time axis is showed horizontally, but vertically we
can observe the distribution of particles depending on time.
There were performed about 1000 iterations. We can see
that in the course of time the particles become as a cloud
with dim sides. The particles tend to be positioned along all

£

the length of line segment, but at the same time we can
see that the concentration of particles is higher in the place,
where they were generated initially.

The experiment (Fig. 6) with the diffusion of the drying
agents was repeated. The heat is inside the body, where
there is a hole. The body coat is showed in grey. The body
coat consists of the particles, which cannot move and which
are the obstacle for the other parficles. The black colour
indicates the high concentration of particles. The experi-
ment shows how the concentration of squares inside the
body decreases and their concentration in the environment
increases. This process can be interpreted as the transfer
of humidity and heat from the inside of the body info the
environment.

The experiment (Fig. 7) shows the location of the im-
mobile body in the diffusive flow of particles. The particles
to be modeled are able to escape obstacles. We can ob-

Fig. 6. Interaction of the diffusion process of particles with the coat.

|.:.| -,I'I'a- i.' 4

Fig. 7. The diffusion of the particles from the body into the environment.
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1200
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Fig. 8. Distribution of particles in the 500" iteration as a result of 50 experiments.

serve the high concentration of parficles in the lower part of
the body and the low concentration — in the upper part of
the body. This experiment shows the modeling of limits
within the diffusion process.

The computer implementation of the error
system

The solutions of the diffusion equation are functions,
which are described by Gauss distribution law. These so-
lutions describe the mass evolution of units that initially
were concentrated in one point. With a certain probability
the point can reach the infinity, at the same time the basic
mass of particles is concentrated around its starting posi-
fion.

The offered system model fulfils the task, when the
particles in the beginning are concentrated in one cell, and
as aresult of chaotic movement the particles form the cloud.
It is necessary to test the hypothesis that the location of
particles on the axis corresponds to the normal distribution
at any time.

The data processing of the experiment

For carrying out the experiment there were 250 squares
generated, which were arranged lineary and numbered from
0to 249. In the square that was situated in the middle there
was generated 1000 particles type drying agent that can,
with the same probability, move o one of the two neigbouring
squares or to stay where it is. Within one experiment there
were 50 tests carried out, each of them consisting from
1000 quanta of ime. The aim of the experiment was to ob-
tain information about the distribution of particles on the line
segment within the particular quantum of time in each of
50 tests, to assess y? criteria, and to answer, whether the
particular system describes the diffusion process or does
not, and, in particular, whether as the result of 50 tests the
empirical distribution corresponds to the normal distribution
or does not correspond to it.

There were 10 time experiments with 50 repetitions
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carried out. As a result of each experiment there were
20000 data obtained, but in one experiment there were
1000000 data obtained. The data, obtained during the ex-
periment, were tested concerning the correspondence to
normal distribution with 2 criterion. In order to test the hy-
pothesis about the correspondence of the empirical distri-
bution to normalin the space of time t = 500 units, the table
was worked out to calculate the frequency normal distribu-
tion, where the normal value and standard deviation are
equal to x =126.5219 and s =16.3705, respectively. Be-
sides, the length of the inferval ¢ =1and n=1000000.
%2 criterion was calculated according to formula
1“‘7%):222 (Liepa I, 1974). The number of in-
tervals k = 250. Therefore the number of freedom degrees
is v = 250-1-2 = 247 and critical y? value with the signifi-
cance level 0.05 is 284.66.

Since the actual test value is less than the critical
X* =222 <7 s 0= 284.66, we cannot reject with the
probability of 95% the hypothesis that the empirical distri-
bution corresponds to the normal.

The corresponding y? test p-value is equal to 0.8718
that fends towards 1, therefore we can consider that the
obtained empirical results correspond to the normal distri-
bution.

The results of the experiment

As a result of the experiment, the actual y? values for
10-time (t=100, 200, ... 1000 units) experiments were calcu-
lated. All experiments, except one at the space of time
t = 600, proved the hypothesis about the correspondence
of the empirical distribution to the normal distribution be-
cause the corresponding p-values are more than 0.4.

Conclusions

The developed model is adequate to the real process
and corresponds to the analytical solutions of the diffusion
equation, when the diffusive mass is focused in one point.
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The computer model of the diffusive mass has the
equalization feature. All particles are evenly distributed in
the space. In the case of infinity the statfical balance is es-
tablished, when the mass flow in each point of the space is
equal to zero.

The results of the experiment showed that even if dis-
tribution of the separate elements of the system is even,
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Abstract

Biodiesel is renewable and environmentally friendly fuel, which can be used as a substitute for diesel in compression ignition (Cl)
engines. Nowadays it is also successfully used not only in transport sector, but also in commercial construction equipment and space
heating. As the production of biodiesel rapeseed methyl ester RME) is started now and is planned to grow rapidly, it is necessary to
investigate biodiesel impact on engine performance and exhaust gas composition.

This paper describes the results of the investigation the aim of which was to find out the impact of biodiesel and its blends on an
engine’s dynamical, economical and ecological parameters in laboratory conditions on an engine test bench. The experimental work
was done with an XD2P diesel engine in the Motor testing and biofuels laboratory of the Motor Vehicle Institute of LLU. The engine was
fueled on fossil diesel, rapeseed methyl ester RME) and on blends of 5 (5RME) and 35 (35RME) percent RME/diesel fuel. The results
indicated that power for biodiesel and blends was lower than with ordinary petrol diesel on average: 7.9% on 100RME and 3.6% on
35RME. The reduction in torque and increase in fuel consumption was observed. Experimental results showed that the addition of RME
to diesel can significantly reduce oxides of nitrogen (NO,), carbon monoxide (CO), and absorpfion coefficient.

Key words: rapeseed methyl ester, engine performance, biodiesel.

Introduction application areas could be primary candidates for substi-

The widespread use of diesel powered vehicles and  tution of biodiesel due to a wide usage of high sulfur diesel
machines not only in Latvia, butalso in allworld, has caused  fuel in these application areas.
many different environmental problems (acid rains, smog) Biodiesel is also successfully used in boats in many
and human health problems. Diesel exhaustis a complex  countries. For this application area there could also be some
mixture of gaseous constituents (including CO, NO, NO,,  advantages noted. Firstly, the biodegradation rate of
CO,) and particles, which have been classified as probable  biodiesel is about twice as high as for diesel fuel; it de-
human carcinogens by International Agency for Research  grades by 98.3% in 21 days (Williams, 2002). Secondly, the
on Cancer (IARC, 1989). toxicity of biodiesel to plants and animals is lower com-

One of the possibilities to reduce environmental, eco-  pared to conventional diesel fuel. For example, tests with
nomical and social problems caused by usage of fossil  larval forms of fish and shellfish showed that the toxicity of
diesel fuel is to introduce biodiesel instead of fossil diesel  biodiesel is 20-40 times less than that of fossil diesel fuels
fuel in diesel engines. Biodiesel can be made of such re-  (Zhou et al., 2003).
newable resources as rapeseed oil, palm oil, waste cook- As the production of biodiesel (rapeseed methyl ester
ing oil and others. These fuels have many characteristics,  RME) is started now and is planned to grow rapidly, it is
which make them aftractive for use in compression igni-  necessary to investigate the impacts of biodiesel and fossil
tion engines, and the main advantage of biodieselis thatit  diesel fuel blends on engine running and exhaust param-
can be used in existing diesel engines without any modifi-  eters. In this paper the results of biodiesel engine tests,
cations. Biodiesel also has some other essential advan-  which were carried out in the Engine testing and biofuels
tages, which make it more competitive to diesel. Biodiesel  laboratory of the LLU Motor Vehicle Institute, are discussed.
has a higher flash point, which make it safer for fransport  paterials and methods
and storage; it reduces not only carbon dioxide, carbon
monoxide, carcinogenic aromatic hydrocarbons (PAH) and
others, but also sulfur dioxide emissions due to very low
sulfur content in fuel.

Now biodiesel is applied in different areas: transport,

In the Engine testing and biofuels laboratory of the
Latvia University of Agriculture investigations of a commer-
cial direct injection diesel engine XD2P (YTT) were carried
out. It was a four-cylinder, four stroke, water cooled, 22:1

commercial construction equipment and space heating. compression ratio engine with industrial application. Thg
The use of biodiesel in automofive industry has been in-  Maximum forque was 139 Nm at 2000 rpm, and the maxi-
creasing very fastin the last years. It could be due to the fact ~ MUM engine power was 49 kKW at 4200 rpm. '
that many manufacturers (e.g. Audi, Volkswagen, The experimental setup consists of a diesel engine,
Mercedes-Benz and others) guarantee their engines for AN engine testbench VEM-100, microscales and gas ana-
biodiesel use. In Europe, U.S.A. and other countries,  lysers. The schematic of the experimental setup is shown
biodiesel and its blends are used in diesel cars, lighttrucks i Fig. 1.

and heavy trucks with few or no modifications. In some Fuel consumption was defermined by mass (gravi-
countries, such as US.A., biodiesel is used in different off-  meiric) method: an closed flask was previously filled with
road equipment (bulldozers, excavators and cranes) and  fuel and, while the engine was operated in determined
as a heating oil for boilers operation or house heating. These  conditions, the flask was opened and a record of consumed
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Fig. 1. Schematic diagram of the experimental setup
1-gas analyser KM9104; 2 — gas analyser BOCSH BEA-350; 3 — engine; 4 — electronic scales; 5 - inlet fuel flask; 6 — control unit;
7 — dynamometer.

fuel on the required time was obtained. Power, torque, fuel
mass consumption and specific fuel consumption were
calculated later.

The exhaust emissions of NO , NO, CO, CO,, and O,
were measured using the KM9104 exhaust gas analyser,
but the PM related exhaust gas opacity (smoke) was meas-
ured using the gas analyzer BOSCH BEA-350 with
opacimeter RTM 430.

The engine was operated on diesel fuel (DD), rapeseed
methyl ester (RME) and on its blends: 35% (350 ml L) RME
with 65% (650 ml L") diesel (35RME), and 5% (50 ml L") RME
with 95% (950 ml L") diesel (5RME). Biodiesel blends were
prepared just before the experiments.

Each of the fuels and blends were tested on full open

throttle position at a variety steady engine running points:
800, 1000, 1200, 1600, 2000, 2400, 2800, 3200, 3600, and
4000 rpm. The general testing procedure was as follows —
after completion of a warm-up procedure, data collection
was performed at different engine speeds ffirstly, engine
was stabilized for some time and only then measurement
parametrs were recorded).

The engine was tested with all the fuels in random
order and each reading was repeated three times. The
results of these three replications were averaged and re-
ported. The results (power, forque, and fuel consumption)
for 5RME in this work are not reported due to fechnical
problems with experimental setup during the experimen-
tal work with this blend.

Table 1
Physical and chemical properties of the TOORME, 35RME, and 5RME
100RME 35RME SRME
Standard Standard Standard
No. Parameter Method 1 1 VSEN | Values | pr3sBio | Values | LVSEN | Values
14214 DD 590
1. Density at 15 °C, | LVSEN 860-900 877 830-870 848 820-845 800
kg m” 1SO 3675
2. Viscosity at 40 LVS EN 3.50-5.00 4.5 3.00-4.70 3.97 2.00-4.50 2.9
°C, mm’s’ 1SO 3104
3. Flash point, °C LVS EN > 120 148 > 70 85 > 55 70
22719
4. Cetan number LVS EN >3] 56 >51 55 > 46 54
ISO 5165
5. | Ashes, %, ww' | LVSEN <0.02 0.02 <001 0.01 <001 0.01
ISO 6245
6. Water content , LVS EN <500 310 <300 200 <200 200
mg kg 1SO 12937
7. Iodine number, g | EN 14111 <120 115.8 <42 34.8 - 6.2
1,/100 g
8. Distillation: prEN ISO -
% evaporated at 3405
250 °C <65 32 <65 47
% evaporated at
350 °C > 85 100 > 85 95
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Fig. 2. Power vs. engine speed for tested fuels.
Results The results showed that absorption coefficient levels

The average results obtained for tests are presented
in Figs 2 and 3, and Tables 2 and 3. The results show that
there is a slight drop in power output, when RME is added
to fossil diesel. There is only a significant difference in power
between diesel and TO0RME - the maximum average dif-
ference between these fuels is 16%. The engine power
output for tested biodiesel and blends was lower than with
ordinary petrol diesel on average: 7.9% on 100RME and
3.6% on 35RME. Largest decrease in power output was
obtained, particularly at higher speeds.

As seen in Fig. 3, the differences in delivered torque
are slightly more pronounced than in power output. The
torque delivered with 35RME reduced by 1.1...9.5%, but
with TOORME - by 6.3...15.9%. The maximum difference of
the measured torques between DD and 35RME is 9.5% at
800 rpm.

Fueling the engine with 100RME and 35RME, fuel mass
consumption and specific consumption was increased to
a considerable extent. In these tests, fuel mass consump-
tion for T00RME increased by 14.5% and for 35RME - by
6.7%.

of the engine on free acceleration regime decrease with
increasing of the biodiesel blending percentage. For ex-
ample, absorption coefficient for DD was 1.74 m-, for 5SRME
-115m", for 35RME — 0.9 m", and for T00RME —only 0.847 m".
As itis seen, maximum reduction of the absorption coeffi-
cient (by 51.2%) has been recorded for 100% biodiesel us-
age, but quite good results have been almost recorded for
35RME.

As it is seen in the Table 3, carbon monoxide (CO)
emissions are reduced by 49.8% (100RME) and carbon di-
oxide emissions (CO,) — by 7.8% (I00RME). This reduction
could be related fo the fuel composition - there is less
carbon and more oxygen. In summary, the reduction of
these components changed on the percentage basis of
biodiesel.

Monoxides of nitrogen (NO) and oxides of nitrogen
(NO ) emissions from rapeseed oil methyl ester were gen-
erally slightly lower than those from the diesel fuel. NO,
emissions were reduced by 17.5%, when the engine was
fueled with clean rapeseed oil methyl ester, and only by

Table 2

Technical parameters produced by an XD2P diesel engine while fueled with 35RME and 100RME
compared to conventional diesel fuel at nominal rpm

35RME 100RME
DD % +/— % +/—
Power, kW 427 M7 923 39.9 —6.6
Torque, Nm 101.7 99.1 26 95.0 —6.6
Fuel consumption, kg h” 14.3 15.4 +7.7 17.2 +20.3
Specific fuel consumption, g kWh' 335.7 369.7 +10.1 430.6 +28.3
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Fig. 3. Torque vs. engine speed for tested fuels.

0.3%, when the engine was fueled with 5% biodiesel blend.

The values recorded for oxygen (O,) for biodiesel and
its blends were higher than those for conventional diesel
fuel. It can also be expected due to the oxygen content of
biodiesel fuels.

Discussion

Many studies on the performances and emissions of
Cl engines are reported in the literature (Niehaus et al.,
1985; Schumacher et al., 1992; Reece & Peterson, 1993).
These studies observed reductions in power ranging from
one to seven percent. Such reduction in power and torque
can be due to a lower heating value of biodiesel (Anfolin et
al., 2002). Based on other studies (Graboski & McCormick,
1998), neat biodiesel and biodiesel blends exhibit a fuel
economy proportional to their lower heating value. The re-
sults of the presented research also confirm other authors’
(Carraretto et al., 2004) reported fact that with pure biodiesel,
the maximum torque is reached at higher speeds.

In most cases, power decreased and fuel consump-
tionincreased as the percentage of biodiesel was increased
in the fuel blend. For example, fuelling a Cummins 5.9L
diesel engine, power decreased by 5% (100% RME) and
1.5% (20% RME), but fuel consumption increased by 4%
(100% RME) and 1.8% (20% RME) (Peterson et al., 1999).
Some studies reported that biodiesel can cause a slightly
higher engine power than diesel fuel due to a complete
combustion with the fuel oxygen in the fuel rich flame zone
(Gonzalez Gomez et al., 2000), and therefore it can reduce
smoke and CO (Chang & Van Gerpen, 1997).

Reece (Reece et al., 1993) noted reductions in smoke
density when fueled the engine with a 20% rapeseed de-
rived biodiesel and 80% No. 2 diesel blend. This agrees
with other researcher studies, where a reduction oinsmoke
with the use of biodiesel in vehicles was reported (Graboski
et al., 1998). Smoke opacity reduction by 71% was noted
fueling a 5.9L Cummins direct injection diesel engine
(Peterson et al., 1995). Researchers from the University of

Table 3
Exhaust emissions produced by an XD2P direct injection diesel engine
Exhaust Emissions
emission DD 5RME 35RME 100RME
variables % +/- % +/- % +/-
CO, ppm 2203 *ND *ND 1205 -45.3 1105 -49.8
COy, % 12.9 12.6 -2.3 12.5 -3.1 1.9 -7.8
NO, ppm 332 325 -2.1 317 -4.5 27 -18.4
NO,, ppm 337 336 -0.3 318 -5.6 278 -17.5
0, % 3.1 3.8 +22.6 3.8 +22.6 4.8 +54.8
*ND-notdetecied
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Limerick (Gonzalez Gomez et al., 2000) noted reduction in
smoke density approximately by 48% when fueled with a
WCOME (waste cooking oil methyl ester) as compared to
conventional diesel. Researchers (Sams, 1997) found out
that carbon from fuel combustion can be reduced in the
order of 60-70% using biodiesel with the oxygen content
10-12%. The presence of oxygen in biodiesel blends leads
to more complete combustion processes, resulting in not
only lower smoke, but also in lower emissions of CO and
particles (Carraretto et al., 2004).

The main part of the experiments in the world has
shown that biodiesel fuels can significantly reduce exhaust
emissions, including carbon monoxide (CO), carbon diox-
ide (CO,), hydrocarbons (HC), and particulate matter (PM).
Fueling a 5.9 turbocharged direct injection diesel engine
with RME (Peterson & Reece, 1996), hydrocarbons reduced
by 52.4%, carbon monoxide — by 47.6%, and nitrogen ox-
ide — by 10.0% compared to diesel fuel. In other research
work (Hansen & Jensen, 1997) was noted that the use of
RME in VOLVO THD 103KFleads to a decrease in CO emis-
sions, but an increase in NO, and particulate emissions.
Some researchers (Niehaus, 1985) noted increases in car-
bon monoxide and hydrocarbon exhaust emissions, but
decreases in oxides of nitrogen exhaust emissions. In other
research work (Krahl et al., 1998) decreases in carbon mon-
oxide, hydrocarbon, particulate matter and soot emissions
were noted, but increases in oxides of nitrogen exhaust
emissions fueling engine with rapeseed oil methyl ester

References

(RME) compared to conventional diesel; Schafer (Schéfer,
1996) also reported decreases in hydrocarbon and smoke
emissions fueling the engine with rapeseed oil methyl es-
ter compared to conventional diesel.

The research results confirmed reduction in power,
torque, smoke opacity, CO, CO,, NO, and NO,_emissions,
but it is not similar to the results of those researchers who
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or soybean oil methyl esters. Most of the reported studies
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Conclusions

1. A compression ignition engine fueled on rapeseed
oil methyl ester provides slightly lower power, torque and
higher fuel mass consumption and specific consumption.

2.For diesel engines running on biodiesel and its
blends, exhaust emissions tend to be lower for carbon
monoxide, carbon dioxide, oxides of nitrogen, and monox-
ides of nitrogen in comparison to fossil diesel.

3.The level of the exhaust emission components (CO,
CO,, NO, and also smoke) decreases as the biodiesel con-
cenfration increases.
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Abstract

Sustainable energy systems and food security can be obtained in rural areas by usage of renewable energy resources and
development of agro—ecotechnologies. Substitution of fossil feedstock for energy and raw materials by biomass is important measure
also for greenhouse gas (GHG) emission mitigation. The article presents investigation of reed biomass size reduction processes:
flattening and cutting. Necessity fo reduce the size of common reeds (Phragmites australis) to particles smaller than 3 mm for solid
biofuel production is defermined by compaction properties of biomass. It was stated that unflattened reed stem cutting energy
consumption is 2 fimes more than flattened stem cutting energy. There are no sufficient differences in the energy consumption values for
single flattened reed stalk cutting with different shaped knives. The average difference is approximately 2.4 kJ m2 with knife edge

angles 90° and 20°.
Key words: reed biomass, cutting.

Introduction

As the fossil fuel resources are decreasing, in future
we will have fo rely on renewable energy sources. The
World Energy Council Committee estimates that by the year
2020 the share of renewable energy will grow to
21-30% of the total energy consumption. In a shorter term,
the EU assumes that the share of renewable energy in the
fuel and energy balance will rise from 6% in 1998 to 12% in
2010 (1. In rural agro - ecotechnologies, main resources
for solid biofuel are residues of cereal crops, peat and
emergent vegetation as common reed etc. Solid biofuels
are residues from agriculture and - still to a very limited
extent — energy crops grown especially for energy pur-
poses.

Properties of stalk materials as reeds and straw have
to be investigated [2] for the design of processing and han-
dling equipment, economical fransport and storage.

In Latvia, straw resources that can be used for energy
production have increased (more than 171 000 t of straw
annually), because cattle breading has decreased in pre-
vious years [3]. Only one part of straw residue (20-30%) is
planned to use for heat production, but another part will be
used as organic fertilizer. Besides that more than 230 mil-
lion tons of peat are available for biofuel production. Peat
can be used as additive for manufacturing of briquettes, be-
cause it improves density of stalk material briquettes. Latvia
is a country of lakes (more than 2000), which are overgrow-
ing with common reed (Phragmites australis) on shorelines.
There is a possibility fo utilize this natural biomass. Biomass
energy production can be realized only in accordance with
an ecosystem approach and good understanding of agri-
cultural ecosystem function. Straw, peat and reed materials
can denominate as agricultural ecosystem biomass re-
sources only if there are mechanization fools and technolo-
gies for collection and ufilization processes.

Materials and methods

Mechanical properties of biomass are not favourable
for transport, storage and usage of energy. Naturally her-
baceous biomass is a material of low density (0.02-0.06 g cm™®)
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and is not favourable for transportation over long distances,
therefore new mobile equipment and technologies for
mechanization of biomass flattening, comminution and
densification have to be worked out. A demand for density
of solid biofuel briquettes and pellets is >1.0 g cm? in the
standards of European countries [4]. This value has been
used for evaluation of herbaceous material densification
results. Size reduction is a very important conditioning proc-
ess for dry biomass densification.

From densification experiments it is stated that higher
density has been obtained with a stalk material particle
size smaller than 3 mm [3]. During cutting operation with
counter shear, stalk flattening occurs at first. For this reason
flattening of reed specimens with 10% moisture content
has been investigated previously.

Reed stalk cutting experiments have been carried out
by means of Zwick material testing machine TC-
FR2.5TN.D0O9 (Fig. 1). Zwick material testing machine has
force measurement accuracy —0.1N, displacement meas-

Fig. 1. Zwick material testing machine.
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Fig. 2. Cutting device.

urement accuracy — 0.01 mm, max force measurement —
2.5 kN. Computer controls the Zwick material testing ma-
chine. The force and displacement measurement data were
collected on the computer.

Energy consumption for reed stalk cutting has been
investigated using the Zwick material testing machine
equipped with a cutting device (Fig. 2). Original cutting de-
vice has been designed for the Zwick material testing ma-
chine for flattened stalk material cutting.

The cutting device (Fig. 3a) consists of the die 1 with a
gap and a turnable specimen fastening 4 and a rectangu-
lar prismatic punch with 5 mm thickness. Clearance be-
tween the punch and the gap is 0.02 mm from each side.
Cutting using two fypes of knives — with edge angles 20°
and 90° (Fig. 3b) was investigated. Flaftened reed stalks
were used for cutting experiments. Displacement, stress
and energy data were collected on the computer. Stress
and energy diagram can be obtained by means of Microsoft
Office Excel program from the collected data.

F

. ¥
3
b)
a)

Fig. 3. Flaftened reed cutting device.

Cutting shear stress for reed stalk material can be cal-
culated using equation [2]:

O’_E 1
1 (1)

where
o - ultimate cutting stress, N m%;
F —maximal cutting force, N;
A - cutting area, m?,
Specific cutting energy per area unit E__ for stalk
biomass can be calculated using equation [5]:

= (2)

where
Ep— specific cutting energy per area unit, J-m%;

E_ —cutting energy, J;

C

A —cutting area, m?.

¢ Flattened

1800

O Unflattened

1700 L 2

1600

1500

1400 O

1300 &
1200 4

1100

Cutting shear force, N

1000

900

800

Reed stem number

10 15 20

Fig. 4. Reed stem cutting shear force.
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Fig. 5. Reed stem cutting energy.

Results

Reed stalk biomass cutting experimental investiga-
tions are necessary for new chopping equipment design.
Stalks are the main part of any herbaceous material, their
cutting properties determine the shredder and grinder de-
sign. Reed stalks consist of nodes and tubular internodes.
The cross-section shows air channels for internal ventila-
tion on periphery, because reeds are aquatic plants. Stalk
cross section and structural studies show that it is a com-
plicated structure. During cutting operation with counter
shear, stalk flattening occurs first. Flattened and unflattened
reed specimen cutting shear force (Fig. 4) average values
were the same, using a knife with the edge angle of 90°.
For the experiments, the same reed stem material was

used (one part of stem was flattened and used for cutting,
but the other part for cutting was used unflattened).
Exchange of flattened und unflattened common reed
cutting energy consumption during this process is shown
in Fig. 5. From force - displacement diagrams, energy con-
sumption for cutting was calculated. Average energy con-
sumption 0.8 J has been stated for unflattened single reed
stalk cutting. But average energy consumption for flattened
reed cutting is 0.38 J. The difference between flattened and
unflattened reed stem cutting energy consumption is
0.42 J. From previous flattening experiments it is stated that
flattening energy consumption for reed stem with length
6 cm is 0.2 J. Therefore it is more economically to use
flattened reed stems for cutting. It is simpler also for tech-
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Fig. 6. Reed stem cutting with two type of cutting edge.
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nology, because reed stem transporting can be realised
with drive rolls. Rolls can implement two functions - drive
and flattening.

Fig. 6 demonstrates reed stalk cutting using two types
of knives with edge angles 20° and 90°. Cutting properties
of these two types cutting knives were compared. The dif-
ferences were not sufficient in the specific energy values
for single flattened reed stalk cutting (average difference is
approximately 2.4 kJ m for the two types of knives).

Figure 7 shows ultimate cutting stress of flattened reed
stem stack. Ultimate cutting stress is lowest for stack with
maximum amount of layers. Flattened reed ultimate cut-

ting stress for two types of knifes cutting edge is different.
Ultimate cutting stress for the knife with cutting edge angle
20° is twice lower than the cutting stress for the knife with
cutting edge angle 90°.

Cutting energy consumption for two types of knives
and flattened reed stem stacks can be seen in Fig. 8.

For cutting two — and three - layer stack of flattened
reed stalks, the knife with edge angle 90° shows twice
more energy consumption than the knife with edge angle
20°. For a single flattened reed stalk there are no sufficient
differences in the energy consumption values for the men-
tioned knives. Therefore, for reed stalk stack cutting, more
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Fig. 8. Reed stem specific energy consumption.
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favorable will be usage of single reed stalk layers and chop-
ping with a cutter with the edge angle 90°. If the cutter edge
angle is smaller, the cutter edge sties edgeless faster.

Conclusions

1. The main reed biomass size reduction processes
are flattening and cutting.

2.The difference between flattened and unflattened
reed stem cutting energy consumption is 0.42 J.

3. Ultimate cutting stress for the knife with cutting edge
angle 20° is twice lower than cutting stress for the knife
with cutting edge angle 90°.
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4.There are no sufficient differences (2.4 k) m?) in the
energy consumption values for single flaftened reed stalk
cutting with knife edge angles 20° and 90°.

5.Thin herbaceous biomass layer cutting is recom-
mended for shredder design.

6.Flattening and cutting force and energy consump-
tion values obtained experimentally are necessary param-
eters for calculations and design of the cutting tools.
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Abstract

Relevant resources for biomass energy production are cereal straw residues and emergent vegetation from wetlands. This bulk
herbaceous biomass is a material with low density. Density of briquetted straw and reed has been increased from 60 kg m3 to
1000 kg m3. The storage, dosage and mixing of biomass bulk materials before compacting are necessary, which requires working
knowledge of the bulk properties of materials. The angle of repose of straw, reed and peat particles was investigated. It was stated
that angle of repose of straw and reed varies between 45-55 degrees. The angle of repose of peat particles varies between
37-50 degrees. The stress ratio between horizontal and vertical stress is important for equipment design. This ratio was investigated
for different size particles of straw, reed and peat. Stress ratio of straw particles varies between ~0.6-0.71.

Key words: stalk materials, biomass briquettes, angle of repose, bulk properties.

Introduction

Ecological and economical situation in the world is
increasing the demand for renewable energy sources with
less impact on environment. There is a growing public con-
cern about the environmental implications of in-field burn-
ing — air pollution, damage to the countryside, and the risk
of accidents. This has led to a consideration of alternatives,
notably the potential for using straw as a competitively
priced fuel. Utilizing cereal straw residues and vegetation
from wetlands (overgrown lakes with common reed) for
energy consumption will enable the employment of more
people in the countryside. Spruce environment will recruit
fourists.

Herbaceous biomass is a material with low density.
Density of briquetted straw and reed has been increased
from 60 kg m to 1000 kg m2. From preceding measure-
ments it was ascertained that durability of straw and reed
briquettes has to be increased therefore different composi-
tions of straw, peat, reeds, etc. were tested. It was estab-
lished that adding 50% of peat to straw or reed increases
durability of briquettes 2.2 times.

In order to design silos, feeders, mixing and flow pro-
moting devices for briquetting process it is necessary fo
know flow properties of bulk solids. The loading, storage
container discharging and automatic feeding process de-
pend on internal stresses acting in the biomass volume.
Knowledge of the stresses acting in chopped biomass is
important for many applications:

* storage container and hopper design for strength,

e storage container and hopper design for flow,

e loads on feeders and inserts,

e driving torque of feeders.

Many of the problems are associated with the bin and
hoper design: the material does not exit from a hopper fast
enough or material is cohesive enough that the particles
form arch bridges or domes that hold overburden material
in place and stop the flow completely. Dead spaces in the
bin can prevent a bin from complete discharge of the ma-
terial [5].

To prevent stacking and arching of the material it is
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necessary to investigate the dimensions and form of flow
promoting devices accordingly to bulk material properties.
One of properties is the angle of internal friction. The angle
of internal friction is a measure of the force required to
cause particles to move or slide on each other. Internal
friction is influenced by many parameters including parti-
cle surface friction, particle shape, hardness, particle size,
efc.

The Mohr stress circle represents the stresses in cut-
ting planes, which are inclined through all possible angles
[5]. Using the Mohr stress circle for predicting stresses in
different locations of the storage bin itis necessary to know
the stress ratio A of stress o, (horizontal stress) fo stress o,
(vertical stress). Several methods are known for obtaining
stress rafio A . One of them is calculation of A from the angle
ofinternal friction of the bulk material. Obtained results give
insufficient accuracy. Stress ratio measured directly from a
uniaxial compression test [3,4] is more accurate because
the process in the cylinder by direct measuring more like
processes happened in real technological processes in
silos, feeders, mixing and flow promoting devices.

In the Research Laboratory of Mechanics of the Latvia
University of Agriculture, research on mechanical proper-
ties of straw, reed and peat particles has been made. Val-
ues of the angle of internal friction and stress rafio A have
been experimentally established.

Material and methods

Preceding measurements ascertained that durability
of straw and reed briquettes have to be increased there-
fore different compositions of straw, peat, reeds, efc. were
tested. It was established that adding peat to straw and
reed increases durability of briquettes.

In order to design silos, feeders, mixing and flow pro-
moting devices for briquetting process it is necessary to
know the mechanical properties — flow properties of above
mentioned bulk solids.

The angle of infernal friction is an important flow prop-
erty for calculating minimum outlet dimension of silo to
prevent arching as well as critical rathole diameters. Fur-
thermore, it is possible to estimate the stress rafio A of the
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1

Fig. 1. Measuring of the angle of repose:
1-bulk material, 2 - contact ledge, 3 - scale of angle,
4 — support.

bulk material. The angle of internal friction can be calcu-
lated from the angle of repose [6]. The angle of reposeis a
characteristic of solids, which characterizes the piling or
stacking nature of particles. The angle of repose is consid-
ered to be mostly a measure of the internal friction be-
tween the parficles as a whole, but not between individual
particles. It is used in a number of correlations and esti-
mates for behavior properties of the bulk solids. The best
use of the angle of repose is to determinate the size of a
pile of bulk materials, either volume or ground area that
such pile will occupy.

The angle of repose is measured accordingly to Fig-
ure 1. Chopped to different length, reed and straw stalks
with moisture content less than 10% are used for obtaining
the angle of repose. Stalk material is sieved, then divided
into the following fineness groups: 3-5,2-3,1-2,0.5-
1,and < 0.5 mm.

Bulk material is filled in cylinder and by lifting cylinder
bulk material is poured out on the horizontal surface (Fig.2).

The angle of infernal friction ¢ for different materials
gives different relations with the angle of repose. For many
materials, the angle of internal friction is approximately 2°—
8° less than the angle of repose.

Coefficient of infernal friction f is expressed from the
angle of infernal friction by equation:

In a bin filled with solid bulk material this material acts
atthe base of a bin and also on the walls with the horizon-
tal stress o,. For the stress calculation, a bulk solid is con-
sidered as a confinuum instead of single particles. Because
of this the methods of continuum mechanics can be ap-
plied. If different sloped cuts through an element of bulk
solid are considered it can be seen that different shear and
normal siresses are acting at the different cutting planes.
This is shown in a simplified way in Figure 3 where the
stresses 6, and ¢, which act in different directions, differ
from each other.

The stress ratio A between horizontal and vertical
stress is important for storage equipment design. Often the
equation of Kézdi (2) is used for the estimation of the stress
rafio A [1]:

A=1-sing, 2)
where

¢ —angle of internal friction.

The German standard DIN 1055 part 6 [2] recommends

the following equation, which is based on equation (2):
A=12-(1-sing). (3)

The use of eq. (3) results in higher wall loads in the
upper area of silo, i.e. wall normal stresses o, and shear
stresses 1. are greater than those calculated on the basis
of eq. (2). Therefore, the load assumption for the structural
design is on the safe side with eq. (3). To be on the safe side
for applications where the maximum vertical stress is im-
portant (e.g. for the calculation of the feeder load or the
maximum vertical stresses), the smaller A should be used
because it yields higher vertical stresses.

The values of the stress ratio calculated according fo
equation (3) in the practice are not correct in many cases
because the stress ratio depends on a lot of parameters
that are not taken into account in eq. (3). According to ISO-
guideline TC98/SC3/W65, stress ratio can be measured
directly from a uniaxial compression test [3].

Figure 3 shows an element of bulk solid in a bin filled
with bulk solid (the inner walls assumed to be frictionless).
The stress ¢, is acting on the element of bulk solid in the

Fig. 2. Obtaining of the angle of repose.
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lcv

Fig. 3. Bulk material element:
o, - vertical stress, 6, — horizontal stress.

vertical direction (note: in bulk solids mechanics compres-
sive stresses are defined as positive stresses). The stress
o, prevails in the horizontal direction as a result of the ver-
tical stress. The ratio of stress 6, to siress o, is defined as
the stress ratio A.

Stress ratio A is calculated as a proportion of horizon-
tal and vertical stresses [4]:
_O

o

v

A )

Experimental equipment design for estimating of stress

/

Fig. 4. Device for measuring horizontal stress:
1-load cell, 2 - piston,
3 —bulk material, 4 - cylinder
with strain gauge.
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rafio A is shown in Figure 4. Horizontal stresses of material
acting on the walls of the cylinder 4 leads to fension defor-
mation of those thin walls. The deformation is proportional
to the siresses ¢, and is measured using strain gauges.
Fixed vertical stress is obtained with ZWICK festing ma-
chine of materials. As a result of compression in the bulk
material, vertical 6, and horizontal o, stresses arise (Fig. 3).
Output voltage from strain gauges through the fransducer
PicoScope - 212 is collected to PC. Chopped to different
length reed and straw stalks with moisture content less
than 10% are used for estimating of stress ratio A. Stalk
material is sieved, then divided in to following fineness
groups: 5-7,3-5,2-3,1-2,0.5-1,and < 0.5 mm.

Strain gauges are calibrated by using oil pressure in
active part of the cylinder.

Change of vertical stress in the range from 0.54 t0 2.7
MPa was used for stress ratio calculation.

In figure 5, the bulk solid element from Figure 3 is
shown again. No shear stress is acting on the top and bot-
tom of the bulk solid element in figure 3 and also on the
walls of the bin (assumed as friction less) in horizontal di-
rection. A triangular-shaped elementis considered, cut from
bulk solid elementin Figure 3. The normal stress ¢, and the
shear sfress 1 acfing in the plane, which is sloped at an
angle o to the y-direction, are calculated from equilibrium
of forces on the triangular element. This results in the fol-
lowing equations:

c,+0, O©,—0,
o, = cos(La 5
“ 2 5 (2a), (5)
7, :%sin@a), (6)

If equations (5) and (6) are plotted on a o, 7— diagram
(normal stress vs. shear stress diagram), the resulting curve
is a Mohr stress circle with its cenfer at 6, =(c +0,) /2 and
radius 6, =(c,-6,) /2 [Figure 5). The Mohr stress circle repre-
sents the stresses in cufting planes, which are inclined
through all possible angles o.. Each Mohr stress circle has
two points of intersection with the o— axis (because the sin-
function becomes zero for all multiples of r, T in equation (6)
becomes zero for a.=0 and for o.= 1/2). The points of inter-
section indicate the two cutting planes in which the shear
stress tis equal fo zero. The normal siresses acting in these
planes are called principal siresses. The larger stress is indi-
cated with o, (‘major principal stress”) and the smaller one
with o, (‘minor principal stress”). The position of the Mohr
stress circle is defined exactly by the two principal stresses.

In the example considered in figure 3, no shear stress
is acting in the horizontal and vertical planes. Hence, these
planes are the principal stress planes. The vertical stress o,
has to be set equal to the major principal stress ¢, because
c,> o, . Therefore the horizontal stress o, is the minor prin-
cipal stress, 6, [5].



Imants Nulle, Aivars Kakitis

INTERNAL STRESSES OF BIOMASS COMPOSITIONS

triangular
element

Fig. 5. Fofce eqilibrium on an element of bulk solid, the Mohr stress circle.

Results and discussion

The angle of repose has been obtained in depend-
ence on the particle size of the bulk material (reed, straw
and peat). It was stated that size of particles has relevant
influence on the angle of repose. Particles with size less
than 1 mm achieved value of the angle of repose ¢ = 45°,
but particles greater than 5 mm - 55°. The range of the
angles of repose for straw and reed particles is nearly simi-
lar. Peat particles less than 1 mm reach angle of repose
= 37° (see Fig. 6). The mass-flow and funnel-flow limits in
silos are well known and have been used extensively in
proper design; the limits for hoppers depend on the hopper
half-angle ©, the effective angle of internal friction ¢ and
the wall friction angle ¢. Once the wall friction angle and
angle of internal friction have been determined by experi-
mental means, the hopper half angle ® may be determined
as a function ©=¢ (¢,0).

Stress ratio A obtained by equation (3)isinfluenced by
particle size of the bulk material (Fig. 7). Consider stress
rafio A of particles greater than 2 mm established that A is
quite similar for all investigated biomass materials. On av-
erage, calculated stress ratio for investigated materials
ranged within 0.3-0.5. It conforms to results obtained by
other researchers (0.3 0 0.6) [5].

The results of direct measuring of horizontal stress o,
in dependence on vertical stress o, are showninFig. 8. The
stress rafio A calculated accordingly to eq. 4 shows no de-
pendence on vertical siress. Experimental obtained stress
rafio of straw particles varies between ~0.5-0.72 for parti-
cle size 0.25 to 7 mm (Fig. 9).

The value of stress rafio obtained in direct measuring is
~1.7 fimes higher than the value of stress ratio calculated from
the angle of repose. The trend of dependence of the siress ratio
on particle size is similar in the both measuring methods.
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Fig.6. Dependence of the angle of repose on particle size.
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Fig. 7. Influence of particle size of the material on stress ratio A
(obtained by equation (3)).

Direct measuring of stress ratio A in the material arises
great stresses in axial direction, which causes the material
flow and stresses in radial direction. Physical process in
the cylinder using method of stress ratio direct measuring
conforms to physical process in technological equipment
- silos, feeders, mixing and flow promoting devices. The
values of the stress ratio which are calculated according to
equation (3) and DIN 1055 part 6 [2], respectively, are not
correctin any case because the stress ratio depends on a
lot of parameters which are not taken into accountin equa-
tion (3). Therefore, the load assumption for the calculation
of silos wall strength is on the safe side with the stress ratio
A obtained in direct measuring, but the smallest A is rec-
ommended for applications where vertical stress is impor-
tant (e.g. for the calculation of the feeder load or the maxi-
mum vertical stresses).

An important qualitative result of the Mohr stress cir-
cle analysis is that shear stresses can occur in bulk solid at
rest. This is impossible for a fluid at rest (in contrast fo fluids,
bulk solid can have a sloped surface even at rest). There-
fore, a representation of the stresses (fluids: pressures) in
different cutting planes of afluid atrestin a o, T —diagram
would yield a stress circle with the radius zero (equation (5)
with o,=0, yields 7_=0).

In summary, the following can be stated with regard to
the stresses acting in bulk solids:

A bulk solid can tfransmit shear stresses even ifit is at
rest.

In different cutting planes different stresses are acting.
Stress conditions can be represented with Mohr stress
circles [5].

y =0.6416x $
R>=0.93
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<
& 2
=
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]
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=
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0 1
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Fig. 8. Stress ratio.
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Fig. 9. Stress ratio of different—size straw particles.

Conclusions

1. The angle of repose is dependent on the size of
biomass material (straw, reed, peat) particles, increasing of
particle size leads to increasing of the angle of repose. The
angle of repose for straw and reed is in the range from 45°to
55°, but for peat it is 37° to 50°. The ranges of the angle of
repose for straw and reed particles are nearly similar.

2.Experimentally obtained stress ratio of straw parti-
cles varies between ~0.5-0.72 for particle size 0.25 to
7mm.
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Abstract

The paper gives the data about the mineralization process (sum of ions) and the amount of nutrient ions (nitrogen, phosphorus)
contained in water of two streams (basin areas 1.63 km? and 2.02 km?) located in soils of different fexture in the karst zone. As the study
results have shown, higher amounts of DIN (dissolved inorganic nitrogen) were determined under the conditions of higher humus
contentin the soil (more humus (0.8-3.0%) was observed in glacial lacustrine soils), uneven runoff distribution (when its formation process
is inferrupted), and increasing DIN concentrations in silt. N-NO, purification coefficient in stream water was higher when the stream was
flowing via non-drained wood-covered areq, also under the conditions of higher air temperatures. TP {total phosphorus) concentrations
contained in stream water mostly depended on large amount of precipitation (especially in summer) as well as on phosphorus
contained inssilt: higher PO, concentrations contained in silt determined lower TP concentrations in water [determination coefficient of the

relation r2=0.24-0.30).

Key words: streams of karst zone, nitrogen, phosphorus, silt, water purification coefficient.

Introduction

The research data on the climatic conditions, hydro-
geology and subsurface water protection in the karst zone
of Lithuania is summarized in publications by different
authors (Juodkazis, 1992; Paukstys, 1996; Narbutas et al.,
2001). As it was determined, the chemical composition of
water is most significantly affected by karst phenomena
in the Tatula mid-river and the Lévuo downstream
(Povilaitis, 2003). The extent of researches much de-
pended on permanent karst processes of gypseous
Devonian sediment that resulted in environmentally in-
compatible phenomena from the agricultural point of view.
Karst process of gypseous rocks is also affected by chemi-
cal pollution, because chemical pollutants are easily
transported from soil surface into deeper layers of karst
rocks.

The effect of pollution on the environment is obvious
in the changes of indices of river water quality. In the Mid-
dle Lithuanian Plain, where the river runoff is exclusively
affected by surface water, rivers contain the largest con-
centrations of nutrients (Tumas, 1997). The highest aver-
age fotal nitrogen (TN) concentrations (up fo 7 mg I') were
observedin the rivers of karst zone (the MUSa upstream
and the Tatula downstream) that experience the inflow
of different industrial and domestic wastewater; lower
concentrations (4.28 mg I) were determined in river
basins (the river Pozemis) where intensive agriculture is
being developed; the lowest concentrations (1.38 mg I)
occurred in rivers fed by subsurface water (the river
Smardoné) (Choméenko et al., 2000). Due to the inten-
sive farming, in the Middle Lithuanian Plain the average
annual 14.4 kg ha' nitrogen leaching in streams was
determined by high nitrogen concentrations (5.9 mg |)
(Gaigalis et al., 2001).

Water quality depends on many different factors in-
cluding the intensity and duration of precipitation, the sea-
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son of the year and soil texture (Jaakkola, 1984).

The basins of the streams under investigation are not
very large; here the agricultural activity is being devel-
oped. Besides, the basins differ both in their relief and soil
fexture.

The objective of the studies was to estimate the char-
acteristics of the changes in the mineralization and nu-
trient concentrations contained in streams of the karst
zone.

Study conditions and methodology

The streams under investigation are situated in the
active karst zone (Birzai district). The study included the
analysis of hydrochemical indices of the streams within
the period of 2000-2004. One of the studied streams is the
stream G-1, a tributary of the river Apas¢ia, flowing through
the land areas of villages PaeZeriai and Liesiskiai; the other
oneis the stream Béré, a tributary of the river Musa, flowing
through the lands of Kirdonys village (Fig. 1).

Soils prevailing in the catchment area (1.63 km?) of the
stream G-1 are moraine sandy loam soils; type of the soils
is Hapli-Calc(arlic Luvisols with a low content of humus
(0.47-0.81%) in the topsoil layer. Soils in the stream Béré
catchment area (2.02 km?) are light and medium textured
glacial lacustrine clay soils with a medium content of hu-
mus (0.8-3.0%); type of the soils is Endocalcari-Endohypo-
gleyic Cambisols.

The average surface gradient (between the watershed
and the stream bed) was 0.5-1.5% in G-1and 0.2-0.3% in
the Béré basin.

Forest density in the catchment areas of the streams
G-1 and Béré is 14.2% and 23.7% respectively. However,
here the arable land covers 65%, fallow land makes up
30%, while in basin of the stream G-1the arable land cov-
ers 35% and pasture makes up 47%.

Water samples were taken in two posts in both streams
once per month. Analysis of water samples was made at
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Fig. 1. Schemes of catchment areas of the studied streams: a) G-1 stream; b) Béré stream.

the Chemical Analysis Laboratory of Water Management
Institute of LUA considering the methods approved by the
Ministry of Environment of Lithuania (Unifikuoti..., 1994).

Study Results

In 2000, according to the average DIN values, water
was considered as clean in 20% of rivers; according fo P-
PO, values it was considered as clean in 59% of all studied
rivers in Lithuania. Slightly or moderately polluted water
according to the average DIN and P-PO, values was deter-
mined in 74% and 25% of rivers respectively; heavily or
very heavily polluted water occurred in 6% and 16% of alll
studied rivers of Lithuania respectively (Lietuvos upiu...,2002).

DIN concentrations in water of the stream G-1and the
Béré were insignificant or moderate (average annual con-
centrations were 1.4-4.0 mg | and 2.0-9.4 mg I respec-
tively), except for the year 2003, when water of the Béré

was distinct for heavy pollution (9.4 mg I) (Table 1). During
the whole study period, higher DIN and TP (total phospho-
rus) concentrations were observed in the stream Béré. This
might have occurred due to a higher humus content in the
soil where the stream is flowing.

Inthe stream Bére, higher average annual N-NO, con-
centrations were determined by the runoff formation that
did not occur throughout the whole year (in summer the
stream often gets dry). At the onset of the runoff, N-NO,
concentrations are particularly high especially in autumn
(15.1mg I'in November 2002 and 15.4 mg I'in September
2003). When the ferritory experienced 766 mm (126% of
perennial rate) of precipitation in 2001 and 756 mm (125%
of perennial rate) of precipitation in 2004, the runoff of the
stream Béré occurred throughout the whole year, which
resulted in even distribution of N-NO, leaching and thus

Table 1
Precipitation, N-NO, and TP concentrations in the stream water

Year Precipitation, mm N-NO;, mg I TP, ug I’

G-1 Bére G-1 Bére
2000 595 0.3-3.0 0.9-6.3 22-88 26-206

14 3.8 56 75
2001 766 0-4.6 0.5-4.6 4-118 44-176

2.2 2.0 63 89
2002 626 0.5-74 0-20.6 8-102 18-222

2.8 6.2 47 77
2003 613 0.3-9.5 2.1-31.3 12-80 16-164

3.5 94 37 76
2004 758 0.6-8.3 0.3-8.5 10-94 24-180

40 3.3 42 92
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Fig. 2. Fluctuations in N-NO, and TP concenfrations contained in water of the streams.

lower average annual DIN concentrations than those con-
tained in the stream G-1.

In both streams, the average annual TP concentra-
tions did not exceed the maximum contaminant limit
(200 ug I) for river water: in the stream G-1 it was 37-
63 ug I in the Béré it was 48-92 ug I). In 2000, in the
natural river Skroblus the average value of TP was 108 pg I
(Lietuvos upiu....2002). This shows that water of the streams
under investigation contained lower concentrations of TP
than water of natural rivers.

Arather significant fluctuations in TP monthly concen-
trations contained in water of both streams were observed:
4-118 ug I'in the stream G-1and 16-222 ug I in the Béré
(Fig. 2). During the whole study period, only in the stream
Béré TP concentrations exceeded the maximum allowable
concentration 2 times out of 38 measurements. More in-
tensive precipitation enhanced the increase in TP concen-
trations contained in water of both streams. In July 2001,
the territory experienced 119 mm of precipitation. In June
2004, the precipitation amount was 101 mm; thus in these
periods TP concentration in Béré stream was 164 and
150 ug I respectively; in the stream G-1 it was 98 and
48 ug I respectively. The P inflow into the stream might

have occurred due fo the surface runoff. As the literature
refers (Gaigalis et al., 2001), the TP concentration in stream
water increases due to P amount contained in precipita-
fion.

Both biogenic and organic pollution are characteristic
for the rivers of Lithuania. As the study results of the year
2000 show according to BOD, values, water of Lithuanian
rivers studied in 76% of measurement posts is clean; in
20% of all studied measurement posts, water is insignifi-
cantly or slightly polluted; 4% of all studied rivers contain
heavily polluted water (Lietuvos upiy...., 2002).

According to the average annual BOD, values water
in the streams under investigation is considered as clean.
However, there were some cases (most often in March,
April and May) when water was slightly or moderately pol-
luted: in water of the stream G-1, the index BOD, was fluc-
tuating within the range of 4.6 to 7.0 mg I of O, in the Bére
water it was changing from 6.2 to 9.8 mg I of O,,. Higher
BOD, amounts contained in the Béré water than in water of
the stream G-1 also depended on the soil of the vicinity
(glacial lacustrine clay soil). Clay particles are capable to
absorb organic matter. Under the conditions of runoff, the
absorbed organic matter may be turned into the source of

Table 2
BOD, content (mg I of O,) in water of streams
Stream Il = IV months V — XI months XII = I months
G-1 1.0-4.6 0.7-7.0 1.1-3.1
3.0 2.7 2.2
Béré 1.5-6.2 0.7-6.8 14-9.8
3.6 3.3 3.8
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Fig. 3. Fluctuations in N and P compounds contained in stream water and sediment (silt).

organic matter contained in water. During the snow thaw
period in spring, higher runoff also determined higher
amounts of organic matter contained in water of streams
(on the average 3.0 mg I of O, in the stream G-1 and
3.6 mg I of O, in the Béré) (Table 2).

Smaller amounts of organic matter in stream water
occurred in the warm period of the year, when there are
favorable conditions for the decomposition of organic mat-
ter. As the correlation analysis has proved, the fluctuations
of water temperature affect the changes in BOD, by about
22-23%. Higher water temperatures determine smaller
amounts of organic matter.

Affected by bacteria, mineralizing organic matter might
be one of the factors determining N and P occurrence in
stream water. During different physico-chemical processes,
phosphates may be adsorbed by clay and organic parti-
cles, but only under the conditions of high phosphate con-
centrations. When phosphate concentrations contained in
water are low, a reverse process — desorbfion —is possible
(Tumas, 1999).

Almost 12 fimes larger amounts of dissolved inorganic
nitrogen (DIN = N-NO,+N-NH,) and about 5 times higher
amounts of phosphorus compounds (P,0,) were observed
in silt of the Béreé flowing via glacial-lacustrine clay soils than
in the stream G-1 flowing via moraine loam soils (Fig. 3).

In silt of both streams, the highest DIN concentratfions
were defermined in spring; the highest amounts of P,0,
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occurred in March and April in the stream G-1and in May
and Julyin the Béré. In spring during slow vegetation proc-
esses of aquatic flora, DIN and P,0, are accumulating in
silt. The amounts of those compounds contained in silt of
streams might have been saturated with nitrogen and phos-
phorus compounds contained in the sediment washed out
with drainage runoff during the spring flood period. In May,
larger amounts of P,0, contained in silt of the Béré might
have been determined by warmer air temperature (aver-
age monthly air temperature was 14.7 °C) and more inten-
sive mineralization process of organic matter, as well as by
large precipitation amount (128 mm) in May of 2000 and
sediment inflow with surface water runoff.

As the literature refers (Kormondis,1992; McDowell et
al.. 2001), erosion of phosphorus contained in ground and
sorption properties of bed sediment make a significant ef-
fect on phosphorus runoff.

Nitrogen and phosphorus concentrations contained
in silt (sediment) of studied streams make a strong effect on
the formation of those elements in water. Increasing DIN
concentratfions in silt result in the increased nitrate nitrogen
(N-NO,) concentrations in water (Table 3). Such depend-
ence might have been determined by the fact that nitrogen
is a mobile soil element, only ammonia that makes an
insignificant part of inorganic nitrogen is adsorbed by
ground particles therefore it may be leached easily. When
sediments contained larger amounts of P,0, lower con-
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Table 3

Characteristics of the correlation connection between N and P compounds contained in stream
water and sediment (silt)

Elements G-1 Béré
Form of relation r Form of relation r
N N,=0.67N,+1.70 0.84 N,=0.088N,+0.10 0.60
P P,=-0.0004P,+0.079 -0.55 P,=-0.0004P,+0.17 -0.49

Note. r-coeficientofcorrelation; N,. P, -N andPcompounds containedin sedimentsitf; N, P, ~Nand P concentraion in streamwater.

centrations of TP were observed in water as phosphorus
contained in sediment may form insoluble com-
pounds.

Chemical matter is transformed in siream water. Dif-
ferent complex chemical processes are observed in water
flow, which results in the changes in amounts of chemical
matter. The quantitative description of those processes is
expressed in complex mathematical equations. The fol-
lowing formula may be used for the calculation of water
purification (Tumas, 2003):

C =Ce, (1)
where

C, and C - concentration of chemical matter at the

beginning and at the end of the stream, mg I;

L - length of the river inferval, km;

o — river water purification coefficient.

Concentrations of the studied elements contained in
stream water at the distance of 500 m from the initial water
quality measuring post differed significantly. As the calcu-
lated water purification coefficient has shown, in the stream
Béreé, when itis flowing through non-drained woody areq,
N-NO, concentration is decreasing, i.e. water is purifying
throughout the year (Fig. 4). The highest purification coeffi-
cient was defermined in summertime. The correlation
analysis has proved that the fluctuations in air temperature
affect the changes in the intensity of N-NO, retention by
27-36%.

N-NO, purification in the stream G-1 flowing via mo-
raine sandy loam soils is more intensive in summer, when

1 VII VIIT IX

N-NOs purification coefficient
Lt o - whsn

the stream is mostly fed with ground water. During the spring
flood period or when drainage runoff starts in autumn, water
purification gets less intensive and stream water may even
be saturated with N-NO,. As the literature states (Rudzi-
anskaité et al., 2000; Sukys, 2001). stream water minerali-
zation and its quality much depend on drainage water. The
fluctuations of N-NO, contained in drainage water deter-
mined TP concentrations by 28-89% or did not determine
at all in stream water flowing through glacial lacustrine
soils, and slightly determined (only by 14%) concentrations
of those elements contained in stream water flowing via
moraine loam soils.

TP purification. the same as for nitrogen, was observed
to be higher in both streams in summer under the condi-
tions of active processes of biota.

Conclusions

1. According fo N-NO, concentrations, water in the
streams G-1 and Béré was slightly or moderately polluted
(average annual concentrations were 1.4-4.0 mg ' and
2.0-6.2 mg I respectively) except for the 2003, when wa-
ter of the Béré was distinct for heavy pollution (9.4 mg I'). A
higher humus content in the soil and uneven runoff (when
its formation is interrupted) determined higher N-NO, con-
centrations. Increasing DIN concentrations in silt result in
the increased nitrate nitrogen (N-NO,) concentrations in
water.

2. TP concentrafions contained in the stream water
showed particularly significant fluctuations (4-118 ug I in
the stream G-1and 16-222 ug I in the Béré). Concentra-
tions much depended on the precipitation amount, par-
ticularly in summer. as well as on phosphorus contained in

——G-1 —=—Beére

VII VIII IX

U Ry R TR N

TP purification coefficient

Fig. 4. Changes in the purification coefficient of N-NO, and TP contained in stream water.
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silt: higher P,0, concentrations contained in silt defermined
lower TP concentrations in water ([determination coefficient
of the relation r2 = 0.24-0.30).

3. According fo the average annual BOD, values, wa-
ter of the streams is considered as clean. Organic matter
amount in the stream water much depended on the soil
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Abstract

The processing of milk in dairy companies produces a certain amount of wastewater and liquid wastes. During the treatment
process of such wastes sludge is accumulated in treatment facilities. The sludge is a rather valuable soil fertilizer; however, apart from
plant available nutrients, it also contains large amounts of pollutants. The paper analyzes the quality of wastewater treatment process
performed in freatment facilities of dairy companies, and specifies the amounts of plant available nutrients contained in sludge
accumulated during the treatment process of wastewater and liquid wastes. The amounts of heavy metals contained in sludge are
compared with their maximum allowable concentrations defermined in the environmental requirements for soil ferfilization (Aplinkosaugos
reikalavimai..., 2001).

On the basis of the study results and normative documents of environment protection, the article presents optimal rates and
regime for sludge fertilization as well as analyzes the agro-technical and qualitative characteristics of sludge spreaders made at the
Water Management Institute of Lithuanian University of Agriculture and used during the technological process of fertilization.

Key words: wastewater, sludge, pollution, treatment efficiency, spreaders.

Introduction of wastewater was analyzed, and the recommendations

Large amounts of heavily polluted wastewater and for possible application of wastewater were approved
liquid wastes are constantly accumulating in milk process- ~ (Strusevicius...., 1999). Having evaluated the quality of
ing companies in the whole country. These wastewater sludge formed during the freatment process of wastewater
and liquid wastes are either supplied into municipal treat- and liquid wastes in treatment facilities and its suitability
ment facilities, spread over fields as a fertilizer, or are col- for soil fertilization, the analysis of the pollution load con-

lected info special storage reservoirs. Wastewater and lig- ~ fained in wastewater and liquid wastes was made, and

plied into municipal freatment facilities are usually mixed ~ estimated. The analyses were made in the Chemical Analy-
with industrial and domestic wastewater from municipali- ~ Sis Laboratory of Water Management Insfitute of Lithuanian
ties. During the treatment process, different pollutantsand ~ University of Agriculture, assessed by the Ministry of Envi-

sludge are formed. Such kind of sludge is rich in plant avail- ~ ronment of Lithuania (Unifikuoti nuoteky..., 1994) and in
able nutrients; when applied on fields, such sludge pro- ~ Agrochemical Research Center of Lithuanian Institute of

vides the soil with different organic matter and  Agriculture. Qualitative indices of the sludge accumulated

microelements that enhance significantly the humification i the treatment facilities of the company and applied for

various harmful pollutants contained in wastewater (e.g, ~ ©f nufrients and heavy metals contained in the sludge on
heavy metals). According fo the “Nijhius Water Technol- the basis of LAND 20-2001 requirements (Nuoteky. .., 2001).
ogy” project (the Netherlands), stock company “Rokiskio During the freatment process in modern wastewater treat-
soris” has arranged autonomous computer-conirolled ment facilities arranged in the company, water is removed
wastewater freatment facilities where the treatment proc- ~ from sludge until the content of dry matter in the sludge
ess of wastewater and liquid wastes is performed in oxi- reaches only 14.9%. Therefore, when using such kind of
dation ponds using flocculants. sludge for soil fertilization, special requirements for the fech-

The obijective of the studies was fo evaluate the qual-  nological fertilization process are to be considered, includ-
ity of wastewater treatment in facilities arranged in milk  ing the width of sludge spreading strip, spreading infensity
processing companies, fo estimate the possibilities of sludge ~ and smooth spreading surface. The ferfilization process
as a ferfilizer of soils, to defermine the fertilization value ~ should also follow the requirements of sludge fertilization
and applied rates of the sludge, and to evaluate the agro- ~ fafes and sludge spreading quality. Moreover, the removal

technical characteristics of sludge spreaders used for fech- and spreading processes of sludge should be absolutely
nological soil fertilization process. innocuous for the environment. Such characteristics were

considered when creating the sludge spreaders of the In-

- stitute (Trasy paskleidimo..., 1997).
Before the new wastewater treatment facilities had Study results
been arranged in SC “Rokiskio suris”, different studies were y
carried out evaluating the possible usage of industrial Autonomous wastewater treatment facilifies arranged
wastewater and liquid wastes formed during the produc-  in SC “Rokiskio stris” were started being operated at the
fion process. During the studies the chemical composition ~ €nd of 2001. Wastewater sewerage network is supplied

Study methodology
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Table 1

Treatment efficiency of wastewater and liquid wastes treated in wastewater treatment facilities
of SC “Rokiskio suris”

Waste - | Liquid Waste - Liquid
Index, water wastes After Treatment water vt\)/ofs fes After Treatment
mg I before before [treatment|efficiency, %| before i elore  ltreatment efficiency, %
freatment | freatment treatment reatment
2002 2003
BOD; 3010 46260 10.24 99.6 1955 148000 577 99.7
SS 837 11368 22 95.29 586 22614 21.63 96.54
N 64.6 1354 0.8 93.1 57.9 2016 25 9593
P 45.6 3502 7.9 84.27 28.5 2880 7.16 78.61
CoD 5059 87677 35 99.09 952 168710 37.2 98.78
Fat 89.3 742.3 2.3 95.41 29.8 560 1.2 98.59
pH 5.84 47 7.8 2.29 2.63 3.8 7.45 -
Amount, t| 375556 786 376342 - 223208 393 223605 -

Nofe. BOD ~Biochemical Oxygen Demand, S5-Suspended Solids; COD-Chemical OxygenDemand, N-Nirogen, P-Phosphate.

with industrial wastewater —i.e., heavily polluted domestic
wastewater from milk processing equipment as well as
liquid wastes containing high concentrations of fresh or-
ganic lactic acids and pulps. The analysis of the data about
the pollution of wastewater and liquid wastes accumu-
lated and treated in the company was made within the
period of 2002-2003. Systematic average annual pollution
indices of treated wastewater and liquid wastes are given
in Table 1.

The wastewater formed during the milk processing in
the company contains high concentrations of organic mat-
ter. According fo BOD, value, the momentary pollution of
industrial wastewater and liquid wastes was fluctuating
within the range of 1511 to 7506 mg I’ and 1135 to 148000
mg I respectively, during the study period. As the data in
Table 1 shows, autonomous treatment facilities ensure
rather efficient treatment of wastewater and liquid wastes.
During the freatment process the suspended solids accu-
mulating in retention ponds and the sludge accumulating
in aerotanks are mineralized in the oxidation reactor. After
the mineralization process the sludge is pressed in a spe-
cial filter until the consistence of paste. The composition
and fertilization value of such sludge was disputable there-

fore the studies in three replications were made in the as-
sessed Chemical Analysis Laboratory at Water Manage-
ment Institute of Lithuanian University of Agriculture. The
average values of the study results are given in Table 2.

To evaluate the possibilities of sludge application
for soil fertilization, one should be aware of the category
the sludge is attributed to, considering the concentration of
heavy metals contained in it. Those indices are presented
in Figure 1.

When heavy metals concentration exceeds the maxi-
mum allowable concentration for category Il, such sludge
is aftributed to category Il and cannot be applied for soil
fertilization. The data obtained was compared with the
maximum allowable environment-friendly concentrations.
The comparison results are given in Table 3.

The study results given in Table 2 show that according
to N, P, and K concentrations the fertilization value of the
sludge is rather high; considering the fertilization charac-
teristics of sludge, this substance is more valuable than
slurry that contains up fo 5.3 kg N, 2.5 kg P and 5.9 kg Kin
one fon. As the datain Table 3 shows, the amounts of heavy
metals contained in sludge refer that the sludge fully corre-
sponds to the environment protection requirements of cat-

Table 2

Composition and fertilization value of the sludge

Year Moisture Mass, N P K Drv matter. %
content, % | kgm? kg fon™ kg fon™ kg ton™ y -

2002 88.65 1320.0 6.15 218 1.35 1n.1

2003 85.1 1312.0 6.78 431 0.81 14.9
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1?22 1 category
Ty 14007 2 category
Fig. 1. Sludge categories according fo LAND 20-2001.
Table 3
Average concentrations of heavy metals contained in wastewater sludge
A
Year Heavy metals, mg kg
Cd Cr Cu Ni Pb Zn Fe

2002 0.0 26.5 58.0 12.6 12.0 1845 31000

2003 1.0 40.0 32.0 22.4 16.6 336.0 52800

MAC 6.0 400 600 300 500 2000 -

egory Il and may be used for soil fertilization considering
the determined NPK fertilization rates.

According fo all indices, the concentrations of heavy
metals contained in wastewater sludge are not very high,
except foriron (Fe) and zinc (Zn). Rather high Fe concentra-
tionin sludge is determined by wastewater influent into the
treatment facilities from Fe-removal facilities. When apply-
ing the sludge for soil fertilization, no normative restrictions
on Fe input rates are to be followed.

As the study results show, the only Zn load in sludge
exceeds the maximum allowable concentration of zinc for
the sludge of category |, therefore the sludge that accumu-
lates in wastewater treatment facilities of the company
“Rokiskio sUris” is to be attributed fo sludge category II. Ac-
cording to LAND 20-2001 requirements (Nuoteky ..., 2001),
the highest rate of sludge applied in light-textured soils (sand
and sandy loam) should not exceed 4 t ha™ of dry matter; in
heavy-textured soils the maximum applied rate of sludge
should be 5 tha™ of dry matter. As the study results show, 11
of sludge contains 111-149 kg of dry matter (Table 2), thus the
applied rate of sludge might be 26.8 t per year in light-tex-
tured soils and 33.5 t per year in heavy-textured soils. Such
soil fertilization rates also correspond to the fertilization rates
by NPK amounts. During the implementation of the program
defermined in the Directive 91/676/EEC approved by the EU
Council, the annual N fertilization rates must be reduced to
170 kg/ha in the future; thus the highest rate of applied
sludge should not exceed 30.2 tha'.

During the investigations on the possibilities of sludge
application it was determined that pathogenic microorgan-
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isms contained in sludge are decomposed after the ther-
mal treatment of sludge, thus the pathogenic sludge pollu-
tion does not determine the usage of sludge for the fertili-
zation of soils (Haker, Lackeby.. ., 2003).

In Lithuania, the production of slurry and wastewater
spreaders is not developed enough, and different modern
up-to-date spreaders of organic fertilizers are very expen-
sive fo obtain as they are produced only in foreign coun-
tries. Since 2001, the SC “Rokiskio sUris” has been using
sludge spreaders made in our Institute. The lifting capacity
of the spreaders is 10 1, they are usually aggregated with
tractors of class 3.0 and are used for the spreading of semi-
liquid or paste-textured sludge (Steponavicius..., 2004).
Considering the requirements of the methodology LST (Trasy,
paskleidimo..., 1997; Koenig..., 1994), the agro-technical
assessment of the spreaders has been made and possible
rates of applied sludge (1-60 tha™') as well as optimal work-
ing width of the spreaders have been determined. The
study results of ransverse sludge applicafion are presented
in Figure 2.

As Figure 2 shows, the spreaders are spreading the
sludge on a 20-m wide strip, while the optimal working
width is only 14 m wide (Organiniy trasuy. .., 1995). The un-
evenness of spreading in the strip of such width usually
does not exceed 10%; longitudinal unevenness usually does
not exceed 7.6%. This implies that the spreaders used in
the technological process of fertilization are functioning ef-
ficiently enough and correspond to all requirements for the
environment protection where the permissible spreading
unevenness is determined to be no higher than 20%.
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Fig. 2. The weight of sludge (kg) accumulated in 0.25-m? measuring tubs during the spreading process.
Conclusions ments for field ferfilization according to NPK rates, the ap-
1. The sludge accumulated during the treatment proc-  plied rate of sludge should not exceed 30.2 tha'.
ess of wastewater and liquid wastes in milk processing 3.As the investigations of sludge spreaders created at

companies is usually of high fertilization value. One tone of  thelInstitute have shown, the opfimal working width of spread-
such sludge contains 6.15-6.78 kg of N, 2.13-4.31kg of P ersis up to 14 m. In such case the spreading unevenness of
and 0.81-1.35 kg of K. sludge within the working width does not exceed 10.0% and

2.Considering the environment protection require-  the longitudinal unevenness does not exceed 7.6%.
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Abstract

The paper presents the results of investigations on wastewater formation and its freatment in constructed wetlands (CW) with
horizontal flow. The investigations were carried out on a dairy farm in the period of 1995-2004.

On farmsteads containing cattle sheds, the pollution of wastewater is 2-3 tim es higher compared with domestic wastewater.

The largest amount of slowly decomposing organic pollutants is retained during wastewater filtration via a septic tank (62.7%
according to COD,).

During wastewater filtration through a horizontal CW, the amount of retained organic pollutants biochemical oxygen demand
(BOD,) and chemical oxygen demand (COD, ) is 93.6%.

During wastewater filtration through CW, nutrients (N, and P, ) treatment efficiency on the dairy farm, where N
is 101.0 mg I, is on the average 61.4% of nutrient load, and 41.4% of P where P, concentration is 21.5 mg I

The analyzed wastewater treatment facilities (septic tank + CW) are distinct for their buffering capabilities. They are effective
enough, however due to limited P removal processes in sustainable natural environment, additional P-removal means are to be used
in wastewater treatment facilities arranged on dairy farms.
Key words: wastewater, refention of pollutants, sepfic tank, constructed wetlands.

concentration

total

Introduction horizontal filtration. Both methods may be applied equally

Since 1990, there has been an agricultural shake-up  successfully. Vertical filters cover a smaller area and create
in Lithuania, which resulted in the extinction of a large  favorable nitrificafion environment, however their opera-
number of farms constructed in the Soviet period. Cattle-  fion is more expensive. Besides, under climatic conditions
breeding production has moved fo new private farms. In  of Lithuania, vertical filters may freeze up in winter (when
1990, no private dairy farms existed. At the moment there  temperatures are sometimes below 30°C). Therefore, CW

are 410 dairy farms containing 20 to 500 animal units. of horizontal filtration were chosen for the first study objects
While searching for new technological solutions, the  in the country. ) o
Environment Ministry of Lithuania inifiated a program of The paper presents the results of the investigations on

scientific research in 1994. This program was based onthe  Wastewater formation on a dairy farm and discusses
treatment of wastewater in constructed wetlands (CW). The ~ Wastewater pollution load and its treatment efficiency in
research was carried out in collaboration with scientists ~ freatment facilities with CW of horizontal filtration.

from Germany (G. Geller) and Switzerland (U. Schori, Ph. The main objectives of the study included the analysis
Wyss). This collaboration was of greatimportance and con- ~ Of wastewater freatment process when wastewater was
tributed much info the arrangement of firstwasfewater treat-  flowing via a three-chamber septic tank and CW.

ment facilities of this kind on cattle-breeding farmsin1995.  Materials and methods

Wastewater treatment fGCi"ﬁes ConTGining p|0nT ﬁ|fel’s The p”ofobiecf was Orronged inintensive karst region
might be constructed using local material workforce there- i Northern Lithuania (Birzai district) on A. Visockas dairy
fore their arrangement is not expensive. All geographical  farm in1999. The farm (100 milking cows) contains modern
zones in Lithuania contain sufficient resources of sand suit-  Alfa-Laval systems for milking and milk refrigerating.
able for the construction of sand filters. Wastewater from the dwelling house (7 members of the

When calculating constructional and technological  family) and wastewater from dairy equipment rinsing are
parameters of experimental freatment facilities, the atfen-  canalized into a 17 m? three-chamber septic tank. After pre-
tion was first of all paid on primary wastewater freatment  treatment in a septic fank, wastewater flows info CW the
quality and particularly on the reduction of suspended sedi-  area of which is 100 m?2(L=B=10 m). Wastewater enters the
ment (SS) load, as these are the main factors determining filter through distribution pipes arranged on both sides of
the durability of constructed wetlands. For the primary pre-  the sepfic tank. The principal scheme of wastewater treat-
treatment of wastewater, a three-chamber septic tankwas  ment facilities arranged on the farm is given in Figure].
selected the design of which was selected considering the Natural sand from a quarry was used in the study ob-
industrial rates approved in Germany (DIN 4261). The in-  ject. Chemical composition of the sand is as follows: pH
vestigations on the functioning efficiency of constructed  8.9-9.1, organic matter —0.15-0.32%, Si— 43.7-45.1%, Fe -
wetlands have been carried out for over two decades  0.71-0.99%, Ca —0.43-0.63%, Mg —0.11-0.18%, porosity —
(Kadlec and Knight, 1996; Geller et al.,, 1991; Reed et al,  34.40%, comparative mass — 2620-2680 kg m3, sand
1984; Wyss, 1996; Geller, 1996; Burka 1990). particles d,, - 0.27-0.33 mm, d,, - 0.68-0.77 mm

Constructed wetlands may be of verfical as well as  (CU=d,/d,(=2.33-2.52). Sand filtration coefficient is

77



Zenonas Strusevicius, Sigita Marija Struseviciené

WASTEWATER PRODUCED ON DAIRY FARMS AND ITS TREATMENT
EFFICIENCY IN CONSTRUCTED WETLANDS

18.5-20.4 md™". The distance from wastewater distribution
pipe to drainage pipe is 5.0 m.

The investigations on wastewater formation and treat-
ment process on a dairy farm were carried out in the period
of 1999-2004. During the study period, wastewater sam-
ples were taken for laboratory analysis every month at the
following points of wastewater treatment process:
wastewater inflow info the septic tank, wastewater treated
in chambers 1and 2 of the sepfic tank, wastewater outflow
from the septic tank, and wastewater oufflow from CW.
While sampling wastewater the wastewater discharges
were measured, f0o.

Laboratory analysis of wastewater chemical compo-
sition was done in the Chemical Analysis Laboratfory of
Water Management Institute of Lithuanian University of
Agriculture. The laboratory is provided with the license ap-
proved by the Environment Ministry of the Republic of Lithua-
nia.

The decrease in concentrations of pollutants BOD,, SS,
N, and P__, when wastewater is flowing through each
chamber of a septic tank, was calculated by the following
equation (Kadlec and Knight, 1996):

E=100Q,C -Q C )/I(Q C

inin out —out in"in)’

(1)

where
Q, and Q_, - wastewater inflow and outflow, m*d”;
C, and C_, - pollutants concentration in wastewater
inflow and outflow, mg I'.

Results and discussion

On A. Visockas dairy farm, the duration of wastewater
flow into treatment facilities fluctuated in the range of 2.51
to 3.28 h within a 24-hour period. Maximum momentary
wastewater discharges were measured during the wash-
ing process of milk refrigerator and other premises (0.911s7).
Wastewater non-uniformity coefficients of an hour (C, ™)
were changing from 7.38 to 15.48. Wastewater discharge
of a 24-hour period (Q ) measured in different study peri-
ods was fluctuating from 1.6 to 3.7 m®d on the dairy farm.

House Cattle farm
oo Lmml

L

Septic-tank

The study results showed a rather high wastewater
pollution load that exceeded the one of domestic
wastewater 2-3 fimes. Similar wastewater pollution load
was noticed by other scientists as well (Kern, 1998;
Bidlestone et al., 1991).

The average amount of easily decomposed organic
pollutants contained in wastewater according to BOD, value
was determined to be 920.0 mg I of O, on the dairy farm.
The percentage of easily decomposed organic pollutants
(BOD,/COD_) was 40.6%. Comparatively high N and P con-
centrations were determined in wastewater produced on
the dairy farm —135.0 and 30.0 mg I'. Ammonia nitrogen
N-NH, makes up the largest proportion of pollutants con-
tained in wastewater produced on the farm (71.5%).

Mineral phosphorus P-PO, makes up the largest
amount of total phosphorus contained in wastewater
(68.0%).

The decrease in pollutants concentrations was ob-
served when wastewater was flowing successively via a
three-chamber septic tank. Having estimated wastewater
amount produced on the study object and also considering
the storage capacity of the chambers of septic tank, the
analysis was made on the change in pollutants concentra-
tions contained in wastewater depending on the duration
of wastewater residence in a sepfic tank, i.e. in chambers
1,2 and 3 of a sepfic tank.

Regressive analysis of the data showed rather reli-
able correlation connections — regression coefficient R? fluc-
tuated within the range of 0.79 to 0.90. Wastewater pre-
treatment efficiency E% according to BOD,, SS, N, ., and
P With respect fo the duration of wastewater treatment
process in a sepfic tank foept 1S expressed by the following
empirical equations:

Eyop = 0487 12_+9.351_+3.01 R?=0.90); 2)
E,=0.69 ,_+13.771,_+0.70 (R*=0.89); (3)
E,=0.3312_+6.531_+3.28 R*=0.79) (4)
E,=0.30,_+5.981_+1.40 (R?=0.88) (5)

Horizontal filtration CW

Fig. 1. Technological scheme of the treatment process of wastewater produced on a cattle-breeding farm.
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Table 1
Wastewater treatment efficiency on the dairy farm

Investigated pH BODs | CODg | New | NNH, | Pga | PPO, | SS
wastewater mg I

1 2 3 4 5 6 7 8 9
Before 6.5+0.12 920+215.0 2266+377.0 | 135+£21.0 96.5+21.4 30.0+59 | 20.4+4.2 | 480.0+127.8
freatment
After 7.0+0.21 452.7+102.0 | 846.0+127.0 | 101.0+14.0 | 70.6+14.6 21.5+4.7 | 16.9+3.3 | 172.0+68.0
freatment in
a septic tank
After 7.26+0.24 28.7+17.8 109.0+£21.4 39.2+8.2 28.7+7.7 12.6+2.1 | 10.6+£2.7 | 18.3+9.4
freatment in
CW
Treatment
efficiency,
%:
septic tank +0.5 50.9 62.7 25.2 26.2 28.4 17.2 64.2
cw +0.26 93.6 87.2 61.4 593 414 37.3 89.3
wastewater +0.76 96.9 95.2 711 70.3 58.0 48.1 96.2
treatment
facilities

Having summarized the results of 6-year studies car-
ried out on the dairy farm it was determined that a sepfic
tank is most capable in refention of SS (64.5% on the aver-
age). The refention of organic matter (according to BOD, ) is
50.9%, the amounts of refained nutrients (N, and P, )are
25.2% and 26.8% respectively. Investigations on
wastewater treatment efficiency in CW were performed
under the conditions of free wastewater filtration (i.e. with-
out drainage affluent). Summarized data on the investiga-
tions carried out on the dairy farm are given in Table 1.

A septic tank is an important device when preparing
wastewater for further biological treatment. It stabilizes the
pH of wastewater and is capable to retain large amounts of
SS and slowly decomposing pollutants COD,, (64.2% and
62.7% from wastewater on dairy farms). BOD, amounts are
reduced in a septic tank, too. The refention of BOD, here is
50.9 % respectively.

The wastewater flow gets abated in a chamber of the
septic tank. Under the influence of gravitational power, pol-
lutants that are heavier than water deposit on the bottom,
while light pollutants are floating on the surface.

The largest amounts of pollutants deposit in the first
chamber of the septic tank; here the mineralization proc-
ess of wastewater under anaerobic conditions occurs.

Decomposition process of organic matter might be
expressed as follows:

organic matter + microbes, ferments - fat acids +
microbes, ferments - CH, + CO,H, + alcohols + CO.

The formation process of glucose under anaerobic
conditions is as follows:

58C,H,,0, = 62CH,COOH + 22CH,CH,COOH +
+16CH,CH,,COOH + 60,5C0O, + 33,5CH, + 27H,0.

The following gas is produced during the fermenta-
tion process of organic matter:
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methane (CH,), carbon dioxide (CO,), sulphuretted
hydrogen (H,S), nitrogen compounds (NH,, N,O, N,).

The decomposition process of fat is rather slow. Af-
fected by different microorganisms and ferments, fatis de-
composed into fat acids, which on its turn decomposes
into water and carbon dioxide. The mineralization of fiber
is also slow. Special construction of the septic tank allows
the accumulation of sludge for 2-3 years. The openings
(holes) arranged in the walls of the septic tank ensure free
flow of wastewater from one chamber of the septic tank
into the other. The second and the third chambers of the
septic tank contain less amounts of sludge and floating
crust on wastewater surface, as here inflowing wastewater
is already purified. Further mineralization of fine colloids
formed in the first chamber during the decay process of
organic matter is observed in the proceeding chambers.
Moreover, a certain amount of flocculants moving verti-
cally between the bottom and floating crust gets from the
first chamber into the second one. Flocculants are periodi-
cally raised from the bottom by gas produced in the sludge.
The flocculants are moving vertically through a special hole
connecting two adjacent chambers. The flow occurring
between the chambers transports moving flocculants into
the following chamber. Further freatment of wastewater
purified in the septic tank is performed in constructed
wetlands (CW) (Strusevicius, 1996).

In CW, wastewater is filtrated through sand media
containing roots of wetland vegetation. Here wastewater
is purified during different physical, biological and chemi-
cal processes. Plants contribute fo the treatment process of
wastewater indirectly. Plants are to maintain the condition
of sand media that would ensure free movement of water.
If there were no plants, such filters would easily be clogged.
Plants help to maintain filtration qualities of sand. Moreo-
ver, they act as a catalyst (i.e. they ooze oxygen and other
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materials, such as root excrements) and thus create
favorable conditions for vegetation to grow and other living
organisms to reproduce and participate in the removal proc-
ess of different nutrients. Itis not enough to optimize only
one component (e.g. sand) of the whole system according
to one index (e.g. conductivity). Integration of all compo-
nents is much more than only a sum of separate system
parts therefore it needs a thorough estimation. Actually,
during the construction of CW certain difficulties occur due
to the necessity to coordinate two contradictory require-
ments: first, sufficient conductivity of media, and second,
large area of pore surface (e.g. in the case of clay soil) in
order to ensure sufficient space for the reproduction of bac-
teria and performance of chemical reactions. Sand is to
meet hydraulic as well as grain-size composition require-

ments (Conley, Dick, Lion 1991).

CW are complex systems that are changing in the
course of fime. For example, bacteria needs some time to
adapt to the type of wastewater; plants need the whole
year to naturalize their roots into sand media. Despite of
this, the systems mentioned start functioning efficiently
enough from the onset of their operation.

Reed is the most suitable vegetation cover for such
type of treatment systems. Reeds are the only plants the
roots of which may reach the layer of 60-100 cm deep.
When supplying oxygen into the roof layer, reeds ensure
efficient freatment process. Due to their growing character-
istics, reeds may easily grow through parts of old plant
stems (Geller, 1996).

Different aerobic and anaerobic decomposition proc-
esses of organic matter are observed inside the filter. Pro-
teins that make up the greatest part of organic matter usu-
ally contain a group of amino acids (NH,) that tends to de-
compose into ammonia and other compounds (hydrogen,
carbon dioxide, efc.) due to different microbes and ferments
(Reddy et al., 1980).

Decomposition of cellulose and lignin is perhaps the
longest process. With the help of bacteria and fungi, cellu-
lose and lignin are decomposed into secondary organic
matter contained in the composition of microorganisms.

During those complex processes, nitrogen and phos-
phorus are removed. About 10% of nitrogen and phos-
phorus are used for the development of vegetative
biomass; the rest amount of those elements is contained
in the biomass of microorganisms or is removed in other
ways:

e under aerobic conditions, ammonia along with oxy-
gen make up nitrates and hydrogen (nitrification proc-
ess);

e under anaerobic conditions, nitrates make com-
pounds with glucose; in the result, nitrogen, carbon
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dioxide and water are released (denitrification);
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plants and microorganisms as well as for occurrence of
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During the wastewater filtration process via CW,
93.6% of organic pollutants (according to BOD, and COD,)
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Conclusions

1. On the dairy farm containing modern milking and
milk refrigerating equipment, the pollution of wastewater
is 2-3 times higher compared with domestic wastewater
from a dwelling house.

2. The largest amount of slowly decomposing organic
pollutantsis retained during wastewater filiration via a sepfic
tank (62.7% according to COD,. ).

3. During wastewater filtration through a horizontal
CW, the amounts of refained organic pollutants (BOD, and
COD_) is about 93.6%.

4. During wastewater filtration through CW, nutrients
(N, andP__) treatment efficiency is on the average 61.4% of
N on the dairy farm, where N, concentration is 101.0 mg I,
and 41.4% of P where P, concentrafionis 21.5mg I

5. The analyzed wastewater treatment facilities (sep-
tic tank + CW) are distinct for their buffering capabilities.
They are effective enough, however due to limited P re-
moval processes in sustainable natural environment, ad-
difional P-removal means are to be used in wastewater
treatment facilities arranged on dairy farms.
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Abstract

According to EU Water Framework Directive, a new model of land reclamation management and financing will be developed.
Taking into consideration the high value of state investment required to ensure a steady work of land reclamation systems, itis important
fo reject the funds allocated on an equality principles and to give preference to the regions where the maintenance, rehabilitation and
repair of these structures is more effective. The discussion concerning the allocation of state funds is elaborated in this paper. On the
basis of statistical analysis, natural and economical regional differences were evaluated. Four scenarios of the allocation of special
subsidies from state budget are submitted for approval. When modelling the financing results based on the regional distribution
methodology, the changes in base financing indices are under discussion.

Key words: state subsidies, land reclamation structures, depreciation, financing scenarios, modelling.

Introduction

Considering the regulations of agricultural and rural
development strategy, it is necessary to create appropriate
means that would ensure the rational development of re-
gional agricultural specialization corresponding to natural
conditions (Stanikdnas et al., 2002). Lithuania has sufficient
amount of natural resources in its disposition to develop
the agricultural industry. Agricultural land covers more than
a half (51.6%) of total area of the country (Lietuvos. .., 2004);
more than 88% from the whole area of agricultural land are
drained (Melioruota..., 2004). High land fertility here (on
the average 39.1 points) ensures an active and quite rapid
integration into the EU market of agricultural production
(Buivydaite et al., 1999).

Land reclamation systems installed for water regime
control (water discharge network, subsurface drainage sys-
tems, surface water collectors and other equipment of hy-
draulic engineering) play a maijor role in agro-industrial
development in most countries of Eastern Europe. There-
fore it is necessary fo follow the regulations of the govern-
ing policy and monitoring approved in all European coun-
tries (Maziliauskas, 1997; 2001).

Some problems of operation and maintenance of land
reclamation systems emerged after Lithuania restored its
independence in 1990. The land reclamation management
was disbanded. As a result, nobody felt responsible for the
operation and maintenance of the land reclamation infra-
structure anymore. The major cause was the incapability
of the State fo carry out the necessary reorganisation of the
land reclamation management before the land reform was
started. Despite the approval, in 2004, of a new Land Rec-
lamation Law that fransfers drain laferals and collectors
with a diametfer of less than 12.5 cm to landowners, the
State still remains always responsible for the operation and
maintenance of the major part of the land reclamation in-
frastructure.

In Latvia, the situation was handled differently. At the
onset of the land privatisation process in 1991, people re-
ceived, for free, land reclamation systems that were real-
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ised during the soviet period along with their land. The land
reclamation systems were divided into three categories
according to their use and ownership: state, public and
private property. By 1999, about 50% of all land reclamation
systems belonged to the landowners (Ministry of Agricul-
ture, 2002).

The Estonian Soil Reclamation Law ook effect in 1994.
The emergence of private ownership resulted in a need to
establish non-governmental associations, which would
work jointly fo maintain soil reclamation systems. Currently,
a total of 43 cooperatives have been established on the
basis of drainage basins (FAO, 1998).

In Lithuania, the situation is bizarre and abnormal be-
cause private land has two owners: (1) the owner of the
plot, and (2) the State as authority for the operation and
mainfenance of the land reclamation systems. As the land-
owners are economically weak, they are not interested in
taking over the responsibility for the operation and mainte-
nance of drainage systems while the State, as authority,
cannot always carry out the necessary maintenance works
because of lack of funds. Consequently, many drainage
systems covering thousands of hectares deteriorate in
Lithuania every year.

Currently, one of the most urgent problems in Lithua-
nia is the condition of land reclamation structures. Mainte-
nance of land reclamation infrastructure may be done prop-
erly and on time only when the financing is sufficient, or if
the draining areas are reduced (Saulys and Lukianas, 2003).
A new Land Reclamation Law was approved only on the
21+ of February 2004. It regulates the transfer of land recla-
mation structures located in a private land plot to the land
owners (Lietuvos. . ., 2004). According fo the Law, the great-
est part of subsurface drainage has come into the posses-
sion of the landowner. This resulted in certain changes in
the value of land reclamation structures disposed by the
government. The previous financing situation needs to be
changed, too. From now on the owners of drained land
themselves will have to take care of land reclamation sys-
tems located in their land plots and belonging fo them by
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ownership rights (Smilgevicius, 2004). The regulations of
state financial support provided to the owners of drained
land for the construction, repair, maintenance and recon-
struction of land reclamation structures refer that the share
of personal funds should be no less than 15% of fotal costs
required for repair and maintenance works. The whole fi-
nancing from state budget will be provided only for repair
works of drainage collectors with the diameter no less than
12.5cm.

Currently, active discussions concerning the alloca-
tion methodology of state subsidies are being held. This
also concerns the water management sector. Further fi-
nancing of systems, which are really in disrepair from the
state budget, is considered as economically inefficient be-
cause their operation is not payable. In order to avoid more
serious social rural problems that might occur during the
implementation of certain changes in the governing and
financing of water management sector, the government is
going to approve special regulations enhancing people to
re-establish natural condition of land in areas non-favour-
able for the agriculture.

The obijective of the studies was to determine the cri-
teria influencing the economical efficiency of the financing
of land reclamation activities as well as to prepare new
scenarios for the allocation of special subsidies from the
state budget.

Methods

The studies were based on the analysis and evalua-
tion of laws and normative acts of laws in water manage-
ment sector, also on the analysis of present situation in the
financing of state land reclamation practice. During the in-
vestigations the data from the Statistics Department of
Lithuania, State Land Management Institute, Agrarian Insti-
tute of Lithuania, Ministry of Environment of Lithuania as
well as Agricultural Ministry of Lithuania was used. The
data was processed in the method of statistical analysis.
The algorithm for the calculations of special subsidies allo-
cated from the state budget was prepared with the help of
“MS Excel 2000” program.

Results

The activity of land reclamation is a particularly impor-
tant part of the infrastructure of agricultural production. On
the 1 of January, 2004, total residual value of land recla-
mation structures was 3 493 113 thousand Lt (Melioruota.. .,
2004). After the new Land Reclamation Law had been ap-
proved, the amount of state and private land reclamation
structures were distributed info much the same parts: about
50.1% of land reclamation structures is still possessed by
the state (residual value 1751309 thousand Lt), about 49.9%
ofitis transferred fo land owners (residual value 1741804 thou-
sand Lt). Until the year 2005, special state budget subsidies
for land reclamation sector were mainly allocated consid-
ering the area of drained land in municipalities. Having
transferred a part of drainage network to private land own-
ers, the part of state land reclamation structures has been
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distributed among the municipalities unequally: from less
than 30% to more than 80% therefore the former financing
order is no more acceptable.

Statistical estimation shows a strong relationship be-
tween subsidies allocated for land reclamation acfivities
(maintenance, repair and reconstruction) (S_ ) and the area
of drained land (A) in municipalities as well as residual
value (V) of land reclamation structures:

S

I

. =12.88A+79.73,r=0.98, )

S

I

=101V +60.62,r=092. (2)

Considering that longer lifetime of land reclamation
structures determines higher possibility of their failures (cor-
relafion coefficient r = 0.94) (Bastiene, 2002), the base fi-
nancing for land reclamation activities should depend on
their residual value.

Inequality in regional income of agricultural subjects
determines different possibilities for the establishment of
competitive farms. According fo the data collected by the
Lithuanian Institute of Agrarian Economics, marketable plant
growing is payable only in regions where agricultural land
productivity exceeds the mean value of the whole country
(39.1 points] (Lietuvos. . ., 2001). Depending on land produc-
tivity, the income from crop cultivation differs 3.5 times (cal-
culating for 1 ha of agricultural land areas) while compar-
ing common income of farmers possessing the rich and
the poor soils, it was determined that their income differs
1.5 times.

Statistical estimation shows a strong dependence of
the income of farms from crop cultivation on the land pro-
ductivity:

| op = 35.01B-729.96,r=0.98. (3)

However, as mentioned above, the land productivity
much depends on the water regime control (draining or
irrigation structures). Thus, when creating the means for
rational development of regional agricultural activities, the
financing for state land reclamation structures should be
adjusted in respect of the fact how much those means grade
up land productivity. Due to the non-homogeneous com-
position of topsoil layer the draining efficiency in all territo-
ies is different. For example, in Salgininkai municipality,
drainage grades up the land fertility by 7.2 points, while in
Pakruojis municipality land upgraded with the highest
number of 21.4 extra points after draining. Cambisols pre-
vailing in Middle Lithuania are particularly fertile: here soil
fertility index is more than 50 points (this evaluation in-
cludes the increased soil fertility due to land draining). Thus,
the region of Middle Lithuania is obviously superior from
the point of view of other regions of the country (Fig. 1).

Analysing the rural development tendencies of the last
years it will be observed, that the area of unused agricul-
tural land is constantly increasing (Lietuvos. .., 2002). The
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Fig. 1. Soil fertility of the various districts of Lithuania.

area of derelict land makes up only 0.2-0.8% in the Middle
region, while in Eastern region it reaches 14.1-17.9%. By the
methods of mathematical analysis and statistical grouping,
Gurskiene has defermined thatin Middle Lithuania with rich
soils there are relatively more economy subjects (Gurskiene,
2000). The increasing value of the average productivity point
of agricultural land determines the decrease in the number
of farmers not using their land by the linear equation
(N,, = 14.47 - 0.24 B). This implies that the increasing pro-
ductivity of agricultural land areas results in less amount of
derelict or wasteland. Natural investigations of the changes
in the amount of derelict land and average land productivity
points in cadastre vicinities of Middle Lithuania region were
carried out by Brusokaite-Stravinskiene, too (Brusokaite-
Stravinskiene, 2002). As the researcher has determined,
decreasing land productivity points result in expanding area
of derelict land by the exponential equation (r = 0.95). Analo-
gous dependence [r = 0.62) is obtained in the whole country
having analysed the data collected by Palciauskaite, a re-
searcher of the National Land Management Institute. The
comparison of both equations shows that in municipalities
where the productivity of agricultural land areas exceeds the
mean value of the country, better land tends to become der-
elict compared to the areas where land productivity is lower.
This often depends on economical reasons: in productive
land areas the profit of farms is relatively low for the mean-
time, while in regions where poor soils are prevailing the
agricultural activity is unprofitable.

Changesin derelictland area (A, ) in the Middle Lithua-
nia region in respect of land productivity points (B):

A, =5182.5e0%1"E (4)
and the whole country:
A, =2362e°"E (5)

Brusokaite-Stravinskiene distinguishes two groups of
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reasons defermining the occurrence of derelict arable land:
(1) low farming, unfavourable farming structures and frag-
mentation of land plots; (2) failures of land reclamation struc-
tures. According to the author’s study results, land areas of
the first group make up 92.2%, those of the second group
cover only 7.8%. Naturally, under the conditions of infen-
sive farming, land reclamation systems located in high-
productivity arable land areas are being repaired as soon
as possible. On the other hand, drainage failures most of-
ten occur in derelictland areas (Bastiene, 2002). Consider-
ing the fact that it is not economically feasible to allocate
funds for the maintenance of land reclamation structures
located in derelictland areas, the area of derelict land plots
in municipalities should be regarded as one of the evalua-
tion criteria when allocating the budget subsidies for land
reclamation acfivities.

On the base of the analysis results, special state budget
subsidies for land reclamation sector are suggested being
allocated considering the residual value of state-owned
land reclamation structures located in the territories of
municipalities, and adjusting them according to the in-
creased land productivity point due to water regime control
and the area of derelict land plots. As the practical studies
have shown, about 2% of special state subsidies should be
allocated to the repair and reconstruction of pumping sta-
tions arranged in polders. Those funds would be distrib-
uted according to the applications of municipalities, while
the rest part of subsidies ([about 98%) would be given to the
maintenance, repair and reconstruction of land reclama-
fion structures.

Four possible scenarios of the allocation of special
state budget subsidies for land reclamation sector are dis-
tinguished:
scenario () State budget subsidies for land reclamation

sector allocated considering the residual value
and depreciation of state-owned land recla-
mation structures located in the territories of
municipalities (base financing —( £y, );
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scenario () Base financing adjusted according to the in-
creased land productivity point due to water
regime control (7, );

scenario (Ill) Base financing adjusted according to the area
of derelictland located in municipalities (7, );

scenario (IV) Base financing adjusted according fo both cri-
teria (increased land productivity point due to
water regime control and the area of derelict
land located in municipalities - 7, ).

According to the scenario (l), state budget subsidies
for land reclamation sector for different municipalities are
calculated and allocated by the following equation:,

F(I)l- :le 'Srec (6)

where

F,— state budget subsidies (base financing) for the i
municipality, thousand Lt;

S - special state budget subsidies for the mainte-
nance, repair and reconstruction of land reclamation
structures;

k,— coefficient assessing the residual value and
deprecition of land reclamation structures in the i mu-
nicipality. The coefficient is calculated by the following

equation:
Dl
V/

4 100-D,

Vi T
ZV/‘ D; @
" "1100- D,

where

V- residual value of state land reclamation struc-

tures located in the i municipality;

D~ depreciation of land reclamation structures located

in the i municipality in percent.

According to the scenario (), state subsidies for the
municipalities are calculated by the following equation:

kp F([)
Fan, = S

ect
n rec

2K,
i=1

@

where
k,— coefficient assessing the increased land produc-
tivity point due fo water regime control in the i mu-
nicipality. The coefficient is calculated by the following
equation:

9

kBl = n
i=1
i=1

where
Brec

regime control in the i™ municipality.

According to the scenario (lll), adjusted subsidies for
the i municipality are calculated by the following equa-
fion:

—increased land productivity point due to water
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P kay Fuy,
iy, =

n rec

2 kaFy,
E (10)
where

k ~ coefficient assessing derelict land areas in the i" municipal-

ity. The coefficient is calculated by the following equation:

m

where

Ager, — area of derelict land in the i municipality, ha;

A ,—areaof agricultural land in the i municipality, ha;

A dﬂ"— mean value of derelictland area in the country, ha.
i

When allocating the funds according fo scenario (IV), a
certain part of base subsidies is adjusted considering the
increased land productivity points due to water regime con-
trol, the other part of subsidies is regulated on the basis of
derelict land areas in municipalities. In this case adjusted
state budget subsidies for the i municipality will be the
sum of the above-mentioned values of the equations (8)
and (10):

Favy, = Fan, +Fomy, - 12)

On the basis of the given algorithm, a special calcula-
tion program “MS Excel 2000” has been created for the
calculation of all possible variants of the adjustment of state
subsidies. When calculating according to scenario (ll), re-
gions where land productivity grades up to 10 points due to
water regime control would obtain 30-50% lower state
budget subsidies; while regions where land productivity
rises by 18-21 points would get higher subsidies (125-
145%). When calculating to scenario (lll), the state subsi-
dies are reduced when derelict land areas in the munici-
pality exceed the average value of the whole country (about
3.8%); when derelict land areas are less than the mean
value of the country, the financing is increased.

When taking into consideration natural and economic
conditions in different regions of the country, special state
budget subsidies for land reclamation sector are recom-
mended to be allocated according to scenario (IV). Here
several financing variants may be applied, depending on
which part of subsidies is re-allocated due to increased
land productivity point (B ) and which part is allocated
considering derelict land area (A,.).

It should be noted that there m|ght be a great deal of
transitional variants between financing scenarios (Il) and
(). Having modelled the results of financing of land recla-
mation activities in different regions according to the given
methodology, the amount of subsidies for any selected
variant may be calculated. The adjustment of base financ-
ing according to the single scenario (ll) results in the
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Fig. 2. Regional distribution of base financing index when modelling scenario IV b.

changes of base financing index from 0.6 to 1.4, i.e. the
funds are re-allocated only by 40%.

Similar adjustment of allocated state funds would in-
crease the base financing index up to 1.39 for the munici-
palities in Middle Lithuania region where water regime
controlis particularly important (due to water regime con-
trol land productivity here grades up to 20 points). For the
municipalities where water regime control is less signifi-
cant (land productivity grades up to only 10 points) the
base financing index is only 0.65, which means that base
financing would be reduced by about 35%. These regula-
tions most affected the municipalities of Eastern Lithuania
region, also municipalities in Zemaiciai Highland where
base financing index reaches 0.77. Naturally, in the vicini-
ties with medium importance of water regime control
(where land productivity grades up by about 1.4 points)
the impact of the adjustment of base financing is minimal
(£3%).

As Figure 2 shows, during the modelling of the financ-
ing of regions according to scenario (lll}, in one case when
water regime control is significant and derelict land area
makes up 0.25%, the base financing index may increase
up to 1.44; or it may decrease to 0.87 if the area of derelict
land expanded to 5%. Such changes in derelict land area
would reduce the allocated subsidies by 60%. In the other
case, when water regime control is less significant and the
area of derelict land makes up more than 7.5-10%, the
base financing index would decrease o 0.40-0.58%. In
order the base financing would not be reduced, the area of
derelict agricultural land should not exceed 3.6%.

When modelling the financing according to scenario
(IV), both factors are considered with making no priority of
any of them. For example, in a certain group of municipali-
ties with less importance of water regime control, the base
financing index is 0.65 according to scenario (ll), and
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0.42 according to scenario (lll) (when derelict land area
makes up 10%). Having applied scenario (IV), the base fi-
nancing index would be 0.54. If in this case the area of
derelictland made up only 2.5%, then the financing index
would be 1.14 according to scenario (lll) and 0.89 according
to scenario (IV). Figure 5 shows the base financing index of
regions when scenario (IV b) is applied (50% due to in-
creased land productivity point and 50% considering der-
elictland area). The area of derelict land in municipalities is
calculated on the basis of the data of 2003.

Conclusions

Differences in the income of agricultural subjects of
various regions depend on natural and economic factors.
Having created the possibilities for rational agricultural
development in different regions, the state budget subsi-
dies allocated for state land reclamation structures should
be regulated considering the criteria that estimate the in-
creased land productivity point due to water regime con-
trol, as well as considering the area of derelict land in mu-
nicipalities.

New methodology of the allocation of special state
budget subsidies for land reclamation activities has been
developed and the algorithm for the calculation has been
created. Having applied the methodology suggested, the
base financing index would increase up to 1.39 in the re-
gion of Middle Lithuania where water regime control is of
great importance. In regions of Eastern Lithuania and
Zemaiciai Highland where water regime contfrol is less
significant, the base financing would be reduced by about
35%. For municipalities where water regime control is of
medium importance (land productivity grades up by about
14.5 points) the adjustment of the base financing has mini-
mal impact, and the base financing index is changing only
by £3%.
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WATER MANAGEMENT

INVESTIGATION AND EVALUATION OF THE STATE OF PROTECTIVE BELTS AND
INFLOW OF EROSION PRODUCTS INTO DRAINAGE CHANNELS
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Water Management Institute of Lithuanian University of Agriculture
e-mail: valentines@water.omnitel.net

Abstract

As the results of the studies on the condition of protective belts of drainage channels (PB) have shown, due to improperly
maintained and mechanically damaged protective belts large amounts of erosion products contained in surface water inflows the
channel bed. Disorderly condition of protective belts does not correspond to the requirements of environment protection. Mechanical
damages are often related to unsustainable human activity in the adjacent zone of a drainage channel. According to the principles of
the type of soil occurrence in the channel bed, four groups of damages might be distinguished: soil enfrance into the channel during the
fillage of a protective belt; inflow of washout products from the basin; scours of protective belts and washout of turf flumes of surface
water discharge. The most frequent damages enhancing the washout of flumes and inflow of erosion products are tfotal or partial
fillage of the protective belt of a drainage channel. From the point of view of erosion process, the inflow of erosion products from the
basin is considered as the most dangerous damage, which is inevitable when the width of a protective belt is insufficient, parficularly
in places with deep turf flumes arranged.
Key words: siltafion of channels, mud accumulation, protective zones.

Introduction machinery fo move during the mechanized mainfenance
Even inthe middle of the last century, whenlots ofland  of channels, while the PB of channels are necessary for the
reclamation systems were arranged, many problems re-  refention of erosion products inflow together with surface
lated to the deformation and siltation of operated channels  water from adjacent areas. Coarse particles of erosion prod-
occurred (Sileika, 1961). The studies on the resistance and  ucts contribute to the formation of a sediment layer on the
failures of drainage network have shown that one ofthe  channel bed; chemical substances enhance the
main factors affecting the changes mentioned include sur-  eutrophication of water bodies. Moreover, those materials
face water inflow from outside. When solving this problem,  induce the overgrowth of a channel bed and thus increase
suitable flumes were suggested to be arranged and slopes  the water flow resistance. PB of a channel, as the final bar-
needed to be strengthened in order not fo be eroded by  rier for the retention of water erosion products, are partficu-
water. The importance of protective belts (PB) of channels  |arlyimportantin channel strefches nearby which there are
from the siltation as well as ecological points of view was  cultivated and plots located with the surface slope towards
taken info consideration only since 1974 Jaceris, 1986). For  the channel. In the case of unsatisfactory condition of pro-
this purpose, until 1980 the limits of protective belis of chan-  tective belts, soil particles may be transported info the chan-
nels and water bodies were indicated in plans of farms; in - nel bed during the snow thaw period or heavy rainfalls.
1975-1980 the effectiveness of those protective belts was PB are able to retain water erosion products washed
investigated and recommendations were prepared atthe  from adjacentfields during water flow and purification proc-
Lithuanian Hydraulic Engineering and Land Reclamation  esses via the vegetation of a protective belt. As Raginskas
Research Institute and Geography Department of Lithua-  (1983) has determined, a 1-m wide protective belt of chan-
nian Science Academy. In 1982, the regulations of the for-  nel overgrown with grass vegetation may decelerate slow
mation and mainfenance of protective belts of water bod-  or moderate water inflow by 49.3% and may retain 82.4%
ies were confirmed (Vandens ..., 1982). In the regulafions  of all deposits (in the case of sirong water flow the values
mentioned it is specified that the width of a protective belt  are 20.1% and 66.4% respectively). Chemical compounds
near aregulated stream with the basin area of 10km? (when  concentrations contained in water do not change irrespec-
the coastal strip at an angle is up to 5°) should be no less  tive of water flow velocity. From the point of view of erosion
than 1m. When the slope of a channel orthe area of abasin - process, the author mentioned above has estimated in his
is larger than the values mentioned, the protective beltwas  works the significance of the basin area determining the
expanded fo 2.5 m or 5 m respectively. The regulations  surface water quantity in a certain interval of the adjacent
also specify that in the territory of a protective belt the land  zone of channels during the period of floods or heavy rains,
fillage, turf destruction or cattle pasturage are forbidden.In s well as the effect of the relief on water flow velocities
the latest regulations (Valstybés ..., 2001) the width of PBof  and soil resistance to washout process. Moreover, on the
a channel is indicated the same, only the possibility of its  basis of the susceptibility to sedimentation of the protective
expansion is excluded. PB of channels with the width men-  belts, the author has substantiated rational width of protec-
tioned are found in most (about 80%) of all channels and  tive belts. Therefore, PB of channels are to be properly
regulated streams (Jablonskis, 2001). From the funcfional  maintained in order fo retain as many erosion products as
point of view, the nearby part of a channel is necessary for  possible and thus fo reduce the siltation of channels.
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PRODUCTS INTO DRAINAGE CHANNELS

The obijective of the study was to estimate the condi-
tion of protective belts of channels and to determine their
interrelation with inflow of erosion products into drainage
channels.

Program and methodology

In 2000-2003, expeditionary studies were carried out
in Kédainiai, Raseiniai and Kaunas districts. In the territory
of 2076 km?, 60 random squares with the area of 1 km?
each were selected and framed with lines of coordinate
network in the map with the scale of 1:50000 (Fig. 1).

() Baisogala

Xrekenava

Ramygala f

Ariogala

Fig. 1. Scheme of the location of random squares.

Using tables of random numbers, five stretches of
channels with the length of 100 m each were selected in
each separate square (in the map with the scale 1:10000
the stretches were also selected randomly).

During the studies the width of PB of channel and its
comparative alfitude in respect of the nearby field were
measured in all stretches under investigation. Moreover,
the purpose of land use plots located in the adjacent zone
of channels was determined, human activity, water ero-
sion outcomes as well as mechanical damages of PB of

channel were estimated. The outcomes of surface water
erosion process were estimated according to the washout
in the basin as well as in PB of channel, or considering the
amount of soil washed onto a channel slope or in a chan-
nel bed. The studies also included the evaluation of the
dimensions of all mechanical damages observed in PB of
channel. The condition of surface water discharge flumes
was also estimated, as well as their width and depth in the
spot where PB of channel joins the channel slope. In order
to obtain obvious and unchanged results of erosion and
different damages, the study data was collected during the
flood period early in spring (before the growth of grass) and
before the snowfall period in autumn. In all, 600 stretches
of the PB with the total length of 60 km have been studied.
Over half of those stretches are the adjacent zones of chan-
nels arranged in cultivated land areas (Table 1).

Table 1
Distribution of studied PB in respect of the
type of land use

Studied trench slopes
Type of land use Amoont %
Cultivated land 320 53.3
Grassland and pastures 157 26.2
Waste land 58 9.7
Forest 30 5
Local roads 35 58
Total 600 100

Results and discussion

Having analyzed the data on PB condition, it was deter-
mined that all damages caused by water erosion and anthro-
pogenic processes that enhanced soil occurrence in chan-
nels are observed only in those channel stretches the protec-
tive belt of which have boundaries with areas of cultivated
land. It was determined that soil particles appeared in chan-
nels mostly due to the damages caused by improper human
activity nearby the channels and effects of water erosion proc-
ess. According to the type of soil occurrence in channels, dam-
ages might be divided into four groups: entrance of topsoil
ground particles into the channel during the tillage of PB; wash
products from the basin; scour process of PB; and washout of
turf flumes of surface water discharge (Table 2).

Table 2
Frequency of damages of PB and erosion cases and extent in cultivated land areas

Tvoe of damage Number of damages Amount of eroded soil Amount of soil

P 9 unit % m° % (m?) for 1 case
Tillage of PB 36 54.5 69 43.8 1.9
Washout of channel basins 15 22.7 62.3 39.5 4]
Scours of PB 12 18.2 20.9 13.3 1.7
Washout of flumes 3 46 54 34 1.8
Total 66 100 158.6 100 24
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Table 3
Parameters of PB with damages observed
Number of Geometric parameters of trench slopes
Type of damage damages Width, b (m) Height, h [cm) in respect of the field
b+SE bmaks bmin h+SE hmaks hmin
Tillage of PB 36 0.15+0.056 0.45 0 +2.1£1.6 +30 -18
Washout of channel 15 0.65+0.45 95 0 -7.6x1.6 +20 -18
basins
Scours of PB 12 1.91+£0.65 4 0 +2.1+37 +20 0
Washout of flumes 3 1.82+0.51 3 0.5 +16+7 +35 0

Note:abbreviation SE-standarderror.

Having analyzed the reasons of the entrance of ero-
sion products into drainage channels there was determined
a particular effect made by the geometric parameters of a
protective belt on different kinds of damages and their quan-
titative indices (Table 3).

More than a half of all damages observed are related
to improper human activity nearby the channel when the
whole PB or a part of itis tilled up. As the study results have
shown, the ground of topsoil layer gets into the channel
only when the whole PB of a channel is ploughed up and
furrows are turned fowards the channel. Seven cases of
damages were observed when the remains of topsoil
ground were found on the channel slope and the width of
PB in those places of channel stretches reached from
0.15 m to 0.45 m. When PB is filled for the first fime, the
topsoil layer thrown with the turf on the channel slope does
not fall to pieces immediately; as the study results have
show, affected by different outside factors (rain, wind, sun-
shine, cold) it is decreasing until the grass overgrows it
completely. When PB is tilled not for the first time, the top-
soil layer that gets on the slope falls to pieces and the great-
est part of it gets into the channel bed immediately. In the
stretches where PB is tilled from the side of the channel (6
cases of damages), no signs of the entrance of topsoil layer
into the channel were observed; however, it was noticed
that a furrow is left nearby the channel slope, i.e. a depres-
sion is formed equal to the depth of a topsoil layer. Later,
after the cultivation, this depression is partially filled up.
However, such cultivated 1-0.5-m wide stretch of the ad-
jacent zone of channel has a 1-1.5 degree inclination to-
wards the channel, thus here favorable conditions for wa-
ter erosion processes are formed. Apart from the fillage
cases specified in Table 2, 43 stretches were found with PB
less than 1 m wide; however, no entrance of erosion prod-
ucts into the channel was observed.

The second kind of damages according to the fre-
quency and the amount of eroded soil is considered to be
washout from basin area (Table 2). This kind of damages
may resultin the siltation of channels; the amount of eroded
ground for such damages is twice as large as for other
kinds of damages. Such damages are observed only in
winter crop fields during floods after snow thaw period in
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spring and in land plots ploughed in autumn. It was defer-
mined that the cases of washout from the basin are more
frequent in the stretches of channels where PB is fully cul-
tivated (Fig. 2), or its surface level is lower than that of a
nearby field (Fig. 3). However, eroded washout amounts,
compared to the average values (4.1 md), are lowest: on the
average one washout gefs about 1 m?® of soil (Table 4), often
washed from the nearby areas of the channel that are situ-
ated at the distance of no more than 24 m.

Increased width of PB results in less number of ero-
sion-related damages that tend to become occasional.
However, the amount of washout products for one dam-
age case is much larger (on the average 10 m®). When
studying the conditions of soil occurrence in the channel,
three principal inferrelated factors were determined to be
essential for the extent of erosion: relief of cultivated field,
dimensions of PB and its elements, and soil resistance to
washout process. The relief determines the amount of water
accumulated during the snow thaw period; water flow ve-
locity and its destructive power depend on the inclinatfion
degree of soil surface of the cultivated field. In all cases the
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Fig. 2. Dependence of types of erosion in the basin
on the width of PB.
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Fig. 3. Effect of the altitude of PB on the frequency of erosion
cases in respect of the field.

soil was washed from hollows with a certain inclinafion
towards the channel. In two cases the erosion process might
have been enhanced by increased inclination degree due
to deep turf flumes (0.55 and 0.8 m deep). In the first case,
when 24 m? of peat soil was washed, the width of PB was
only 0.8 m, which indicates that the greatest part of the
flume was ploughed up. In the second case (15.1 m? of
sandy loam soil was eroded), the washed flume was nearly
5mlong and 4.3 m wide. The profile of the washout flume
(width and depth) corresponded to the profile of the ravine
washed during previous snow thaw periods; therefore it is
possible that the erosion process has started from a flume
that was too deep. Vertical edge (0.7 m high) at the end of
the washout flume indicates that the profile of the channel
was being formed not only by water inflow from the basin
(as itwas in the first case) but by the changes in water flow,
which tends to the destruction of sandy loam soil at the
lower part of the ravine. When studying the condition of PB
it was noticed that most of turf flumes (58 cases out of 81)
were too deep (0.5-0.8 m deep) and might have caused
the erosion under certain circumstances. Those flumes

were arranged 40-50 years ago having excavated the
channels; considering the requirements of that time, the
depth of flumes was not limited (Katkevicius, 1973). Follow-
ing the work technology, flumes were mostly excavated
with the help of bulldozers, and the start point of the flume
was at about 3-4 m away from the side of the channel.

The third largest washout (9 m®) in the basin is specific
for the erosion process that occurred during the spring flood
ofthe study period (18.03.2003) the changes of which were
thoroughly observed. Due to a beaver dam existing farther
away in the channel and ice accumulated in it, not only the
channel with its 1.5 m wide protective belt was flooded, but
also a 2.5 m wide strip of winter crop field. As it was ob-
served, the velocity of surface water inflow from basin satu-
rated with sediment is significantly decreasing as soon as
the water flow reaches the flooded area. After the abate-
ment of channel affluent, the balance of soil washed out of
the basin into the channel was estimated. It was defer-
mined that 2.9 m? of the total 9 m® of light loam soil washed
from winter crop field seftled down in the sirip of winter
crops; 1.9 mé of soil accumulated in the zone of protective
belt, the rest amount of soil (4.2 m® or 46.6% of its tofal
amount) accumulated in the channel bed. Thus, due to
decreased flow velocity more than a half of sediments
(53.4%) accumulated in the flood area and did not enter the
channel bed. If PB and the areas of winter crops were not
flooded, itis possible that the whole amount of soil eroded
from the basin (in the case if PB is at the same surface level
as the field) would be washed with water flow straight into
the channel bed, as it was observed in two previous cases.

Accumulation of erosion products of the basin info
channels also depends on the type of soil prevailing
(whether the soil is organic or inorganic) (Table 5).

The third damage according to the frequency and
amount of eroded soil (Table 2) is scours of protfective belt.
Unlike the washout in the basin areq, scours were formed
ayear or several years ago. However, scours also occur as
a result of surface water inflow from the basin, when water
flow washes out the soil in lower places of PB that are more
susceptible to damages. It was determined that in half of
all 12 cases, PB was at the same level as the field; in all the

Table 4

Extent of erosion in respect of the width of protective belts of trench slopes

W Type of erosion Extent of erosion Average dlfitude of
idth (b) of PB, m Number % me dFor one PB, cm
amage
b=0 8 53 6.7 0.83 -13.1
0.5>b>0 3 20 37 1.23 51
1>b>0.5 1 7 24 24 0
2>b>1 1 7 9 9 29
b>2 2 13 17.8 8.9 5
Total 15 100 61.2 4.08
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Table 5
Distribution of soils eroded from the basin
according to their type

Total Amount
. Number of of Im?® for
Type of soil amount,
damages m3 1 case of
erosion
Peat 6 29.1 49
Sandy loam 4 17.4 44
Sand 2 2.0 1.0
Light loam 2 10.0 50
Loam 1 2.6 2.6

rest cases PB was about 10 cm above the field and its aver-
age width was 1.9 m (Table 3). During the studies it was
observed that most often scours occur at the joining point
of PB and the slope where the erosion process is mutual
due fo poor vegetation and downward water flow (i.e. the
length of scour is increasing on the slope as well as in PB
(6 cases)). The soil of scours is rather different, it does not
depend on the type of soils: most intensive washout proc-
ess was observed in sandy loam (10.1 m3, 4 cases) and
loam (9.73 m?®, 6 cases) soils; in light loam and sandy soils
the washout was less intensive (1 m?, 1 case each).

From the extent of erosion as well as the number of its
cases, the washout of turf flumes is less dangerous. Only
three turf flumes out of 81 case were found to be washed
out (Table 2); on the average 1.8 m? of washed soil for each
separate washout. It was determined that sandy loam soils
were prevailing in the vicinity of all three washout cases of
flumes; the width of PB were 1, 0.5 and 1.6 m respectively;
the depth of flumes were 0.8, 0.6 and 0.4 m respectively. In
the first two cases hollows were noticed (0.35 and 0.46 m
deep)in the cultivated land nearby the flumes; therefore, it
is assumed that a certain part of flumes has been ploughed
up, and the surface water flow of flood has washed out the
topsoil layer as well as the flumes.

The summarized study results show that erosion prod-
ucts have accumulated in channels due to the following
reasons:

References

1) duetotheignorance or misunderstanding, land users
tend to plough up the PB, or leave it too narrow;

2) toodeep turfflumes for surface water discharge, when
the width of PB is insufficient, which may create
favorable conditions for the accumulation of erosion
products from the basin;

3) the scours of PB may appear due to the absence of
flumes for surface water discharge.

According to the existing requirements, arranging turf
flumes there must be a certain inclinafion in the PB and a
30 cm deep hollow at the side of the channel (Melioracijos . . .,
1998). When surface water flows through the flumes of such
construction, flow velocity remains stable, it does not de-
crease and sediment does not seftle down in the channel
bed. However (as one analyzed case of basin erosion has
showed) before the surface water enfers the channel, wash
load might be at least partially removed. This is particularly
important from the environment protection point of view;
as the analysis results obtained by Racinskas (1990) show,
sediment contains much higher nutrient concentrations
(nitrogen, phosphorus and potassium) (up to 90-95%) than
the inflow surface water itself. To retain sediments
(BalseviCius, 1968), itis suggested to arrange flumes along
the PB. Proper construction of flumes is essential from the
functional point of view of a channel, as most of the existing
turf flumes are too deep and impede the efficient fulfillment
of mechanized channel maintenance works.

Conclusions

1. The studies have determined that field erosion
(wash) products have entered the channels only in the
stretches the PB of which has boundaries with the areas of
cultivated land.

2.1t was determined that soil has accumulated in the
channel bed due to the following reasons:

a) When a part of ploughed PB and topsoil layer gets

into the channel immediately;

b) From the basin with inflowing surface water when

PB is fully or partially ploughed (up to 1 m wide);

¢) From the basin due to improperly arranged turf

flumes of surface water discharge;

d) From PB due to non-arranged surface water dis-

charge flumes.
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P-LOAD IN DRAINAGE WATER WHEN SLURRY IS APPLIED
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Abstract

The paper presents study results on nutrient leaching in crop rotation fields where slurry was applied. The studies were carried out
within the period of 2001-2003.

As the study results have shown, phosphorus (P) concentrations much depend on drainage runoff. Increasing drainage runoff
resulted in decreased P concentrations (r = 0.7).

P leaching also depends on the precipitation amount (r = 0.83). Higher precipitation rates resulted in more infensive P leaching.

P leaching more depended on the drainage runoff and the type of cultivated crops rather than on fertilization rates. P leaching
decreased when higher amounts of phosphorus were accumulated in crop yield; the mineralization process of vegetative residuals that
were left in the test field enhanced more intensive P leaching.

When slurry was applied on crops of the test field, P concentrations never exceeded maximum allowable rates determined in
normative documents of the Environment of Lithuania.

From the point of view of the environment protection, it is more expedient o apply slurry in spring because in this season of the year
the leached amount of fotal P input into the soil is 37.5% less compared fo its leached amount when slurry is applied in autumn.
Key words: slurry, phosphorus concentration, phosphorus leaching.

Introduction In many countries (Denmark, France, Germany) nitro-

As it is known, P compounds are vitally important for ~ gen amount allowable for the ferfilization of agricultural
all living organisms. It was proved that not only plants, but ~ land areas is determined in the regulafions. However, in
even simple microorganisms are not able to exist without ~ countries like the Netherlands and Belgium the ferfilization
phosphorus. This element is essential to maintain the syn-  is restricted in respect of P amount because soils in most
thesis of organic matter and metabolism in plants. Dueto  European countries are overloaded with this element, which
the stability and poor dissolubility in soil, a lack of phos-  may resultin significantly higher P losses due fo the leach-
phorus is often experienced in the soil. As a result of the  ing and soil erosion (Sibbesen et al., 2003).
decomposition of initial P-rich materials, mineralization Although leached amounts of this element are com-
process of vegetative residuals and application of organic ~ paratively small, even 0.03-0.05 mg I of P concentrations
and mineral fertilizers, phosphorus contained in the soil May enhance the eutrophication (Sharplus et al., 1997).
turns into a soluble form (TomncoH u ap., 1982). Low mobility of phosphorus determines small leached

This element contained in the soil is a plant available  amounts of this element, however according fo the classi-
nutrient, however excess amounts of phosphorus may fication of surface water quality necessary to maintain liv-
adversely affect the quality of drainage water as well s ing conditions defermined by the European Union, P,
ground water. Rivers flowing via farming fields collectwa-  concentration should not exceed 0.025 mg I (The Harmo-
ter rich in nutrients. The most significant Pinput (70%) is that  nised. ..., 1996). However, due fo the intensive development
with river water. About 200 rivers inflow info the Baltic Sea; ~ of agricultural activities, such concentration is extremely
the Vysla, the Oder, the Neva, the Dauguva and the Nemunas  difficult fo be reached therefore Swedish researchers are
are considered as most heavily polluted. Considering the ~ suggesting maximum allowable concentration to be 0.05
pollution of the Balfic Sea with P compounds, the Nemunas Mg I (Gustafson et al., 1995). . -
is the third river from all the five mentioned here (Grimvall According to the data of 2000, the river NevéZis flow-
etal., 2001). ing via land areas of intensive farming activities is more

Due fo the isolation of the Balltic Seq, the process ofthe  heavily polluted than the Skroblus, a river of natural back-
interchange of its water with the Alantic Oceanis very slow.  ground, because the average P, concentrations contained
Therefore biogenes accumulating in the sea may cause  in water of those rivers were 0.39 and 0.08 mg I respec-
different eutrophication problems. The farming activity of ~ tively (Lietuvos upiy ..., 2000). o _
humans may enhance natural eutrophication process dur- Thus, to reduce P leaching from farming fields and its
ing which waters of low productivity become productive  adverse effect on the natural environment, the optimal fime
enough as a result of continuous inflow of nutrientsinfo the  ©f the application of slurry on crops was being determined.
hydroecosystem. Constant inflow of biogenes may cause  Study conditions and methods
the lack of oxygen on the sea bottom where the decompo- In 2001-2003, the investigations were carried out in
sifion process of all kinds of organic moﬂer formed onthe  Jyodkiskis study object of Water Management Institute of
sea surface is observed. That is why in certain areas ofthe  Lithuanian University of Agriculture. During the studies, the
sea bottom fauna has been damaged and the number of  effect of slurry on nutrient leaching in light-textured soils of
fish has significantly decreased (Pleijelis, 1994). crop rotation fields was estimated. The experimental
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90 m

90 m

Fig. 1. Experimental scheme:
freatment | — slurry applied in spring; treatment Il - slurry
applied in autumn;1-6 — drains.

scheme comprises treatments I-Il in three replications
(Fig. 1).

The area of the study object (0.81 ha) is drained with
drainage, drain spacing is 15 m, draining depth is 1.2 m.
Three replications of each treatment are arranged on sepa-
rate drains. In-between two adjacent drains there are poly-
thene screens arranged in order to separate one drain from
the other and avoid nutrient leaching from one drainage
system into the other. Each separate drainage system cov-
ers the area of 0.135 ha.

The following crops were grown in the fest field:

1. Red clover, 2" year (20 t ha™ of slurry; P,, in spring
and P, in autumn);

2.Sugar beet (60 tha™ of slurry; P, in springand P, in
autumn);

3.Spring rape (20 tha” of slurry; P, in spring and P in
autumn).

Soil of the study object is calcareous gley brown soil
(RDg4-k2) (Buivydaité et al., 2001). According fo grain-size
composition, the soil is attributed to sandy loam soils.

Surface layers of the soil contain lower amounts of
carbonates (1.7-4.7%), while at the depth of 40 to 100 cm
their amounts are fluctuating from 18 to 22%. The soil is of
alkaline reaction (pH>7), low in humus content (on the av-
erage 1.82-1.90% of humus in the arable layer), contains
low nitrogen concentrations (36.0 kg ha™' dissolved inor-
ganic nitrogen at a 0-40 cm deep layer). The soil is not rich
in phosphorus and potassium concentrations as its arable
layer contains only 93.0 kg ha' and 88.0 kg ha™ of plant
available P,0, and K,O respectively.

Samples for the determination of drainage water
chemical composition were taken once a month. Mete-
orological conditions were estimated on the basis of the
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data collected in the measurement post of Vilainiai. The
data was checked with the help of a rain gauge arranged
in the study area. Analysis of water samples were done in
the Chemical Analysis Laboratory of Water Management
Institute on the basis of the methodology described in lit-
erature (Unifikuofi..., 1994).

Concentrations of total phosphorus (P, ) contained in
water samples were determined by a spectrometric
method after mineralization with potassium persulphate.

Concentrations of phosphorus (P) contained in slurry
are defermined from a single exiract burnt with a concen-
trated sulphuric acid (H,S0O,) and selenium (Se) catalyst. P
concentration is measured by a molibdenum method.

Drainage runoff was measured every five days. Dur-
ing the periods of spring and autumn floods, the runoff
measurements were taken every day in a volumetric way.
Discharges were calculated on the basis of linear interpo-
lation, drainage runoff heights were estimated according
to everyday discharges.

The study period covers the whole period from the
spreading time of slurry in autumn in one year until its
spreading time in the following year.

Results
The average P concentrations contained in drainage
water were only 0.02-0.03 mg I' within the study period

(maximum allowable P concentration is 2 mg I). Figure 2
shows the fluctuations in P concentrations.
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Fig. 2. Dynamics of phosphorus concentrations in drainage
water.

However, in 2001, when red clover (2 year of use)
was grown, a sharp increase in momentary P, concen-
trations up to 0.044-0.066 mg I was observed. As the lit-
erature refers (Bnauk, 1973), the increase in P concentra-
tions is related to the type of cultivated plants, such as per-
ennial grass or other plants with a strong root system. Roots
of such plants uptake and dissolve hard-dissoluble cal-
cium phosphates contained in the soil. During this process
calcium is used and phosphorus is released. Although
leached phosphorus amounts are not very large, even 0.03-
0.05 mg I' of P may enhance eutrophication of water bod-
ies (Sharplus et al., 1997). In the treatment where slurry was
applied in autumn, P,_  concentration was higher (0.066
mg I) than in the treatment with slurry applied in spring
(0.05mg I").
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Fig. 3. The dependence of P, concentration (mg I) on drain-

age runoff/month (mm).

As the study results have shown, there is a close rela-
tionship between P concentrations contained in drainage
water and the drainage runoff (Fig. 3).

The results of correlation analysis have shown that
under the conditions of higher drainage runoff the concen-
tration of total P contained in drainage water is decreasing
(r=0.7, n=21, fuducl=5.99>T1heor95%=2.]).

As the analysis results of drainage water of the period
2001-2003 show, the average P concentrations did not
exceed the maximum allowable concentrations (MAC) for
drainage water: P 0.019-0.034 mg I (Dél aplinkos. . ., 2002)
(Fig. 4).
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Fig. 4. Average, minimum and maximum P, concentration in
drainage water of the period 2001-2003.

Ahigher P, value was determined in the freatment
where slurry was applied in autumn (0.066 mg I) but it still
was even 30 times lower than the MAC.

Under the climatic conditions of Lithuania, the leach-
ing of certain nutrients from the soil is considered as a
natural phenomenon. However, the amounts of leached
nutrients depend on many factors, the main of which is
meteorological conditions (Table 1).

Meteorological conditions of the study peTrc;glsl
Index 2001 | 2002 | 2003
Precipitation, mm 580.5 | 461.8 4514
% from perennial rate 984 | 78.3 76.5
Average air temperature, °C 7.3 8.2 7.1
% from perennial rate Nn7.7 | 132.3 n4.5
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During the vegetation period, the study object experi-
enced the largest amount of precipitation that made up
72.8% of annual precipitation rate.

According to yearly precipitation amount, the years
2002 and 2003 were driest (461.8 mm and 451.4 mm, which
is 21.7% and 23.5% below the perennial rate respectively).

Losses of P, _in the soil much depend on the precipi-

total

tation amount (Fig. 5).
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Fig. 5. Relationship between precipitation and P amounts
leached by drainage per year.

In the years abundant in precipitation, large amounts
of infiltration water are observed. Nutrient concentra-
tions contained in the infiltrated water might be lower
than those contained in smaller amounts of leachate,
however total leaching losses are increasing (Tyla et al.,
1997).

Precipitation amount was different within the whole
study period. Larger amounts of precipitation determined
larger amounts of leached P, . Strong linear relationship

total®

was observed between the precipitation mm (X and P,
loading kg ha ly) (correlation coefficient r = 0.83) Stjudent's
criferiont, o5, =3.2Whenn=5,thent =4.7.

As the literature refers (Svedas, 1990), one of the
factors enhancing nutrient leaching is fertilization of soil
with mineral and organic fertilizers. The study results
have shown that under the agroclimatic conditions of
Middle Lithuania, slurry applied in separate treatments
has different effect on nutrient leaching. As different
rates of fertilizers were applied on the test field of the
study object, it is obvious that large input rates of P
determine more intensive leaching of this element. Sta-
tistical characteristics of the dependence of leached P
amount (y) on fertilization rates (x) of the study period
2001-2003 are given in Fig. 6.

P leaching from the soil is less intensive and thus more
even. No maijor relationship between P leaching and ferti-
lization was determined. Significantly increased fertiliza-
tion rates resulted in slightly higher amounts of leached
phosphorus, as this element is less soluble and less mo-
bile than nitrogen (Tumas, 1992).
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Fig. 6. Characteristics of the relationship between fertilizers and leached phosphorus
amounts.

The results of correlation analysis have shown that
the relationship between P leaching and fertilization rates
is not reliable because the theorefical value of Stiudent’s
criterion is less than the actual one (r=0.35, n=7,1__ ..
=2.6>t  =0.9 with fertilization in spring; r=0.58, n=7,
b oose =2.6>1 =19 with ferfilization in autumn).

During the study, period different fertilization rates were
applied on crop fields. Moreover, the study fields experi-
enced P input with precipitation and plant residuals, but the
leaching of the element was changing insignificantly and
depended on the drainage runoff rather than on the amount
of P input in treatments of trials (Fig. 7).

In the variant where slurry was applied in spring the
drainage runoff was 148 mm in 2001. At that period the
leached P amountwas 0.027 kg ha'. In the following study
year the drainage runoff was 39 mm less therefore the
leaching of phosphorus was 0.009 kg ha less intensive.
Similar P leaching results were observed in the variant with
slurry applied in autumn: a 7-mm higher drainage runoff
resulted in 0.014 kg ha' more infensive P leaching.

In 2003, no P leaching was observed as no drainage
runoff occurred due to small amount of precipitation.

The soil is a source of nutrients, however the supply of
plants with nutrients is not similar. Amounts of plant avail-

able nutrients such as mobile phosphorus contained in the
soil are different. Moreover, fluctuations in the amounts of
the elements depend on meteorological, agrochemical and
other factors.

Soil samples for the determination of mobile phos-
phorus (P,0,) were taken in spring before slurry was ap-
plied and in autumn after the harvest time. As the analysis
results have shown, concentrations of those elements con-
tained in the soil were very low during all the years of the
study period.

The greatest amounts of those elements were deter-
mined in a 0-40 - cm deep soil layer. This is because
nutrient input into this layer is mainly from fertilizers and
vegetative residuals; the migration of P in the soil is rather
slow, which results in small leached amounts of those ele-
ments.

Phosphorus content in the soils of the study object
was moderate (except for the spring of 2003, when P con-
tentincreased due to ploughed up residuals of sugar beet).
In spring of the year 2003, the average amounts of mobile
P contained in the soil was 112 mg kg™, i.e. almost did not
change (moderate P content).

The amount of mobile P contained in the soil made a
strong effect on the yield of crop rotation plants (Fig. 8).
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Fig. 7. Dependence of P leaching (kg ha™') on drainage runoff.
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Fig. 8. Dependence of the crop yield on the amount of mobile
P contained in the soil (0-40-cm deep soil layer).

Higher amounts contained in the soil determined a
higher yield of cultivated crops (r=0.65,n =15, ., =
2.2<t  =4.08).

Certain amount of phosphorusis accumulated inthe crop
yield and thus is eliminafed from farming fields (Table 2).

In such a way, the possibility of P leaching is reduced.
The contfent of phosphorus that remains in the soil with
plant residuals is also essential. Higher amounts of P con-
tained in vegetative residuals increase the possibility of P

leaching (Fig. 9).

In the treatment where slurry was applied in spring,
the crop yield accumulated 44.3 kg ha' of P; in treatment
with slurry applied in autumn, P uptake with crop yield was
36.45 kg ha''. Thus, leached P amounts were 0.02 kg ha”!
less in the first treatment of trial. P input with plant residuals
was also 0.04 kg ha™ less in the first variant where slurry
was applied in spring, therefore leaching of this element
was 0.02 kg ha'' less.

P input and leached P amounts were different in all
treatments of trials within a three-year study period: in the
variant where slurry was applied in spring P, input was
81.1 kg ha' and leached P amount was 0.05% of total P
input; in the variant with slurry applied in autumn, P input
was 71.7 kg ha™ and its leaching was 0.08% of total P input.
Having compared the leached P amountin both variants it
was determined that 37.5% less intensive leaching of this
element occurred in the variant where slurry was applied
in spring rather than in autumn.

Conclusions

1. As the study results have show, P concentrations
mostly depend on the drainage runoff r=0.7).
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Fig. 9. P uptake with crop yield, P input with plant residuals and leached P amount, kg ha.

Table 2

The yield of field crops, t ha'

Year Treatments Yield, t ha™ (abs. dry matter) P amount in the yield, %
Red clover 2™ year
T haymaking | 2™ haymaking | 1% haymaking | 2" haymaking
2001 In spring 5.86 3.19 0.12 0.23
In autumn 5.35 3.22 on 0,19
Sugar beet
Roots Leaves Roots Leaves
2002 In spring 7.2 1.8 0.102 0.15
In autumn 52 2.6 0.095 0.123
Spring rape
Seeds Haulms Seeds Haulms
2003 In spring 2.6 45 0.62 0.087
In autumn 2.1 4. 0.68 0.044
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2. P leaching mostly depends on the amount of pre-  intensive when larger amounts of plant residuals remained

cipitation (r=0.83). in fields.
3. Pleaching depends on the drainage runoff and cul- 5. From the point of view of the environment profec-
tivated crops rather than on fertilization rate. tion, it is more expedient to apply slurry in spring rather

4. P leaching decreased when larger amounts of this  than in autumn because then 37.5% less amounts of phos-
element accumulated in the yield. P leaching was more  phorus of total P input are leached.
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Abstract

The studies were carried out in two control profiles of the Graisupis ditch excavated 40 years ago and situated at the distance of
2.4 and 4.8 km from the outletin the land of infensive farming in Kedainiai district. The study object contained mineral loam/sandy-loam
soils on the flat relief. The areas of catchments in control profiles were 12.1 and 5.9 km?, the largest discharges of spring floods were
34and1.6 m3s?.

Cross-sectional parameters, grass characteristics and flow parameters were measured under the conditions of different dis-
charges (6 replications in each control profile during the vegetation period and 4 replications in spring when the channel bed is clean).

As the study results show, roughness coefficient of the grass-covered channel bed increased up fo 21 fimes, water tables were
observed to be 20-40 cm higher, the outlets of the drainage were flooded up.

Considering the average grass indices determined in control profiles, grass hydraulic resistance was calculated according to
4 formulas based on the scheme when grass cover resistance is estimated as the total resistance of separate obstructions.

The difference of 22.3% between calculated results and natural measurements was determined. The formula estimating grass
cover parameters as well as flow regime was determined to be most suitable.
Key words: bed, overgrowth, roughness, coefficient of hydraulic resistance, average velocity.

Introduction of the flow over the grass layer (Borovkov, 1989). Such wa-
In Lithuania, fotal number of drainage channels and  ter flow conditions are observed in large rivers.
regulated small streams is over 53 thousand km. They When strong river flow flattens the grass growing on a
make up about 70% of the whole hydrographic network.  channel bed and slopes, it is recommended fo reduce the
Most of the channels were arranged 15-55 years ago  cross-section by a certain equivalent depth of a grass layer,
therefore their bottom and slopes contain a comparatively  and water flow above the grass layer is suggested to be
deep layer of soil and deposits suitable for grass and  calculated as in the case of the channel bed of common
bushes to grow. Intensive growth of grass vegetation in  roughness (Rimkus, 1999). It was determined that the layer
drainage channels, particularly on their beds, is anatural  offlattened grass is decreasing with increasing water flow
process making the most significant effect on a channel.  velocities; thus the method is optimal under the conditions
As the study results show, grass vegetation growing in  of different degree of flattened grass. However in channels
channels and riverbeds tends to increase their rough-  such conditions are observed only during spring floods
ness, reduce water flow velocities and thus to enhance  when grass stems are slightly decayed, broken and bent
the deposition process of sediment. When grass roots by a snow cover.
penetrate into a sediment layer, the sediment cannot be V. N. Goncharov has analyzed certain cases when the
washed away even by a strong floodwater flow, therefore  roughness of the overgrown channel bed increased about
a continuous sediment deposition processis observedin 30 times compared to a clean channel bed (Goncharov,
channels. Recently, those problems have become par-  1954). To calculate the roughness coefficient, a theoretical
ticularly urgent as no regular annual maintenance of  scheme is used when horizontal suppressive obstacles
drainage channels is performed nor the growth of grass  are introduced into the water flow.
vegetation is controlled anymore. In larger areas of ar- Methods estimating grass stems as a whole of sepa-
able land such drainage channels would be even useful,  rate obstacles of water flow are considered as a separate
because they could reanimate the landscape and main-  group (Karasev et al., 2000; Borovkov, 1989). Those meth-
tain the biodiversity; but on the other hand, grass vegeta-  ods are based on the idea that when water flow is im-
tion impedes the flowing of water, adversely affects the  peded by a cylinder bodies the friction makes up only sev-
water discharge process from drainage systems, in-  eral per cents, while all the rest part of the resistance is the
creases water depths and thus causes the possibilities  resistance of the form (pressure). This principle was used
for the drainage outlet to be clogged. when developing the methodology for the calculation of
Water flow processes in riverbeds and large channels  the conductivity of channels overgrown with bushes
overgrown with grass have been studied in detail. Many  (Rimkus et al., 1999) as well as for the calculation of the
authors have suggested different scheme-based and cal-  drag force when modeling the distribution of velocities and
culation methods. shear stress between the overgrown and non-overgrown
When aquatic vegetation is growing only on the bot-  parts ofthe flow (D. Klopstra et al., 1997, Sung-Uk Choi et al.,
tom and does not take up the whole cross-section of the  2004).
water flow, it is considered that in such case the flow con- The objective of the studies was to determine the ef-
sists of the part ofthe flow in a grass layer and another part  fect of grass vegetation intensively growing in drainage

99



Vaclovas Poskus

HYDRAULIC CAPACITY OF VEGETATED DRAINAGE CHANNELS

Table 1
The overgrowth of channels and distribution by catchment area (F) and gradients (i)
Overgrowth F, km® i, %o

Type n % Size n % Size n %
Grass 66 21.6 01-3 201 | 657 05-1 169 55.2
Grass and single 100 | 327 31-10 86 28.1 11-3 97 317
bushes
Grass and scarce 48 15.7 10 - 20 12 3.9 3.1-5 17 55
bushes
Thick bushes 92 30.1 >20 7 2.3 >5 23 7.5
Total 306 | 100 4.0+0.40 306 | 100 1.6 +0.09 306 100

Note:n—numberofsurveyed stretches ofchannels, % — distibutionin % of surveyed ones

channels on the hydraulic regime of the channels, based
on natural measurements and calculation methods.

Study object and methodology

The size and condition of channels of the Middle Lithua-
nian Plain might be characterized by the data obtained
from randomly selected 306 stretches of drainage chan-
nels.

Intensive grass cover is also observed in stretches of
channels with scarce bushes as well as in the part of chan-
nels with thick low bushes that create no shadow. Thus it
might be stated that grass vegetation is observed in more
than 70% of drainage channels.

For the studies of hydraulic conductivity, the channel
Graisupis in Kédainiai district has been selected. The chan-
nel was arranged 40 years ago in landscape of clayey
moraine plain. The channel Graisupis is attributed to the
basin of the river Smilga (the Nevézis tributary); its length is
8.0 km, catchment area — 16.4 km?, wooded part of this
area — 26%, prevailing soils are mineral loam and sandy
loam. The studies were carried out in two confrol cross-
sections (profiles) located in fields of intensive farming at
the distance of 2.4 km and 4.8 km from the outlet of the
channel respectively. The area of basins nearby those cross-
sections is 12.1 km? and 5.9 km? respectively; maximum
10% probability discharges of the spring flood are 3.4 and
1.6 m®s™ accordingly. The channel profile was designed as
trapezium-shaped with slope coefficients m =1.5 and width
of the channel bed 0.6 m, the channel gradient at the spots
of control cross-sections is 2.4 and 1.6%. respectively.

At the control profiles the form of each cross-section
was measured having graded the points ateach 0.5 mon
the slopes and at each 10 cm on the lower flooded part of
the channel. Considering the data of cross-sectional meas-
urements, with the help of grapho-analytical method the
wet perimeter and the area of cross-section have been
determined as well as the hydraulic radius for each meas-
ured water level has been calculated.

Water levels were measured during the high water
periods caused by spring floods and intensive rainfall. Water
discharge was measured at the water measuring post con-
taining a thin shield of combined profile; the measuring
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post was located below the control cross-sections. When
water level in the post was measured to be within the limits
of a triangle 120° cut (up to 0.6 m), water discharges were
calculated in respect of the measured water levels using
special tables (Solomencev, 1957), in the case of higher
water levels the discharges were calculated based on the
data collected at this post by dr. K. Gaigalis. The discharges
in measured cross-sectfions were corrected according fo
the channel basin areas, and were verified having per-
formed control measurements of velocities using a com-
puterized micro-propeller water flow meter. The average
hydraulic gradient was calculated according to water lev-
els in the measuring cross-section and the cross-section
below. Using this data, a roughness coefficient of the chan-
nel was determined in the order described below.

Having calculated the average velocity in the control

profile v = % the coefficient C was calculated according to

V
Chezy equation € = TR and the roughness coefficient n

1/6
was calculated according to Manning equation # = c

In June, when grass is high but still not flattened, the
density, height and diameter of grass stems were meas-
ured in the control cross-sections. As there is a great diver-
sity of grass, only the indices of the most common grass
species were measured within a 10-m long stretch. Hav-
ing grouped and generalized the indices, they were used
for the calculation of hydraulic resistance.

Figure 1 presents a calculation scheme that is closest
to the flow conditions observed in the channel Graisupis,
when the channel bed is overgrown with grass, water lev-
els are less than the height of grass stems and thus the
grass is not bent down by the water flow.

Using several authors’ formulas based on this scheme,
the hydraulic resistance coefficients of grass and its aver-
age velocities have been calculated and the results were
compared with those obtained from direct measurements.
The values of grass density, its height and diameter as well
as natural water depths measured in control cross-sec-
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Fig. 1. Calculation scheme of the hydraulic resistance of
grass-covered channel bed.

tions and indicated in Table 2 were used for the calculo-
tions. Hydraulic resistance coefficients of whole grass
stems A, and x were calculated according fo the following
equations:

a)

ﬂg = j’o (1 - da\/gg)-i- Kiagdaha . (1)

(Karasev et all, 2000, (6)), where d_ - stem diameter,

a, — density of stems, units/m?; h, - height of the part of
stem under water (in our case it was equal to water depth
as the stems were not fully submerged); A, - channel bed
resistance coefficient (considered as A, = 0.13); K - grass
stem resistance coefficient (considered as K = 1.2 for cylin-

der-shaped stems);
b)

1
/1’3 = 4Smcdkb W,

a

(2)

(Borovkov, 1989), where S_ — stem resistance areaq,
C, - stem resistance hydrodynamic coefficient (considered
for cylinder-shaped stem as C = 1.2); k, - coefficient of the
interaction of stems determined from the dependence

1.5d . .
ky = 177, where d - stem diameter; | - distance be-

tween two adjacent stems in the direction of flow; M 2-the
average dimension of the area where one vegetation unit
is growing;

a

£ = 1324

1-152
(1-157),

(3)
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(Rimkus et al., 1999), formula for the hydraulic calcula-
tions of channels, overgrown with bushes, where d - stem
diameter; | - distance between adjacent stems. Common
feature of those formulas is that stem resistance is esti-
mated with a constant coefficient irrespective of the flow
regime (depth, velocity);

d

182agdaha
(Re-1072)*

(Karasev et all, 2000; (8)), where values of all elements
are the same as in formula (1), only the constant value

182
K, = 1.2 is replaced by the dependence Ki= (r : 0_3)|,2,

where Re should be related to the diameter of stems be-
cause the water is flowing round separate stems. As water
flow processes are much more complicated in a natural
bed, stems tend to intertwine making various non-defined
forms. The degree of water flow round those forms is close
to the dimensions of the flow itself and thus it is considered

2y = 2,1 dofag )+ @)

Vh
that Re = g where v — average velocity, h - water depth

and v - kinematic viscosity.

Due to the different methodologies, it was impossible
to make a direct comparison of resistance coefficients.
Therefore the average velocities needed fo be calculated.
Having calculated the resistance coefficients according to
equations (1) and (4), the average velocities are calculated

according to Chezy formula p - ¢/gr . Where ¢ = \/ZE,
3

R - hydraulic radius, | - hydraulic gradient, g — acceleration
due to gravity.

When coefficients are calculated according to formula
(2), the average velocity is calculated by the equation

2
— a

- SmCde

2 . .y s .
v =.\2ghl - j, where J ,i.e.itis the same as in

formula (2).
Having calculated { according to formula (3), the aver-

- 2gi
age velocity is calculated as follows: ¥ = [T15¢ N where
I 4R

i is hydraulic gradient and A - channel bed resistance
koefficient.

Study results

The channel was cleaned with the help of an excava-
torin 1995, the studies were started in 2000; thus the chan-
nel bed is covered with unvaried grass vegetation. The
grass of previous year is usually flattened during the spring
flood, which results in a relatively clean channel bed (de-
pending on the size of flood and other conditions). At the
onset of grass vegetation period, the most intensive grow-
ing of grass is observed on the sides of a channel bed and
lower parts of channel slopes. Here usually high grass veg-
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Table 2
Characteristic of grass most frequent in control profiles
Name of grass De_nsityz, Height h, Diameter d,
unit m m mm
Upper slope
Wheat grass (Elitrigia Desv.) 2650 | 0.65 | 1.5
Middle of the slope
Various meadow grass | 3925 | 0.4 | 0.8
Lower slope
Reed grass; sedge (Typhoides urundinacea, Carex 900 1.0 2.1
gracilisi/
Reed grass (7yphoides urundinaceal.) 1938 1.2 2.3
Meadow sweet (Filjpendula uimarial.) 975 0.8 50
Other heavy-stem grass 875 1.1 6.0
Sedge (Carex gracilis, Carex cespifosa) 1950 0.7 2.2
Yelow iris (/ris pseudacorus) 1100 1.2 12.0
Average 1429 0.96 3.32

etation easily supporting moisture is prevailing: certain
species of reed (e.g. Thypoides arundinacea L), marsh
dropwort (Filipendula ulmaria L), sedge (Carex gracilis,
Carex cespitosa), etc. When the channel gets dry, those
species of grass are growing in the channel bed. The spe-
cies of grass vegetation dominant in the channel bed in-
clude: marsh marigold (Caltha palustris L), marsh forget-
me-not (Myosotis scorpioides L.), ivy bent (Agrostis
stolonisans), etc. Those and other kinds of grass vegeta-
tion grow very thick in the channel forming a real all-over
carpet. Their stems are growing and divaricating in a hori-
zontal position therefore it was impossible to calculate di-
rectly their hydraulic resistance by the selected calculation
methods. The effect of those grass stems was estimated
having measured the profile of the channel bed and calcu-
lated the average velocity. The main indices of grass spe-
cies growing in control profiles are given in Table 2.

For the calculations of hydraulic resistance the aver-
age values of grass were calculated having estimated the
characteristics of all species of grass growing on the lower
part of the slope, except for the indices of yellow iris that
was less frequent. To make the comparison, indices of the
most frequent grass species (i.e. reed grass and yellow
iris) that make the thickest cover in the channel were se-
lected.

Within the study period of 2000-2004, during the veg-
etation period when the channel bed was covered with
grass, high water levels that were enhanced by 25-40%
probability of summer flood occurred only in July-August
in 2000 and in August-October in 2001, when the height
and density of grass reached its maximum rate and the
grass vegetation on channel sides started to bend down
intertwining with grass vegetation growing on the channel
bed. Not all maximum water levels were fixed as they
lasted for a rather short period of time. Spring floods oc-
curred in January-March periods, when channels were
full of snow and thus were not suitable for our studies due
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to their uneven profiles. Those reasons determined a com-
paratively small number of natural measurements taken in
each control profile.

When grass vegetation fills up the whole profile of the
water flow, the concept of roughness becomes relative
because it does not define the roughness of the channel
bed and slopes but specifies the reduced hydraulic con-
ductivity of the whole profile.

In all studied cases the flowing of water under the
conditions of high water levels during the vegetation pe-
riod occurred between grass stems. Occasionally, short
rifts of non-continuous open water flow were observed;
the rifts did not cover the entire width of the channel bed,
although water depth reached 1 m and even more. During
the studied periods of high water levels the grass was not
flattened. This is the main difference between water flow in
small channel beds and large riverbeds. For example, the
overgrowth of a large 17-19-m wide and 3.4-4.5-m deep
channel starts from the banks of the channel, then free
water flow gets narrower, occasional zones of stagnant
water occur, and the roughness coefficient of such channel
increases about 3.4 fimes (from 0.025 o 0.084), which re-
sults in increased water level only by 25% (Zhuk et al.,
1984). In our studied cases the roughness coefficient n cal-
culated by Manning equation was from 0.096 to 0.290 in
control profile 1 during the vegetation period, while in con-
trol profile 2 it was from 0.130 to 0.637, i.e. exceeded the
designed roughness coefficient (0.030) about 21 times.

Differences of water levels in overgrown and relatively
clean channel beds are best illustrated by the graphs in
Figure 2, where the dependence of depths on water dis-
charges that were obtained having expressed natural
measured values by logarithmic dependences are shown.

In both control profiles more significant differences in
water depths were observed under the conditions of lower
discharges. When discharge is 0.1-0.2 m?s”, the differ-
ences in water depths are up to 0.4 m. As we know, the
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Fig. 2. Dependence of water depths on water discharges under the conditions of overgrown (upper curves and dependences) and
relatively clean channel beds (lower curves and dependences).

drainage outlet is usually constructed at this level; obvi-
ously, most of drainage outlets will experience the affluent
in the infensively overgrown channel bed. Such affluent
may significantly reduce the efficiency of drainage func-
tioning only in certain cases when channels are shallow
and the gradient of drained areas is insignificant. The effect
of the affluent on the state of drainage and its outlet was not
the obijective of our studies and thus it was not investi-
gated.

According to the selected four formulas, the average
velocities were calculated for all depths measured in con-
trol profiles, when three different bed overgrowth indices
were chosen. Due fo a rather extensive data, Table 3 gives
only a certain part of average velocity values calculated in
control profile 1. The values given in Table 3 illustrate the
results obtained by calculations with different formulas.

Calculated average velocities for different water

depths (when the grass cover on the channel bed is mod-
erate) differ from the measured ones more than 70%, but
average deviations do not exceed 23%. Average velocities
calculated by all the four formulas are 29.8% higher than
the measured ones when reed grass is prevailing in the
channel bed (less frequent than moderate overgrowth) and
30.8% lower than the measured values when yellow iris is
prevailing (Table 2). All the discussed formulas well enough
evaluate the indices of grass vegetation. The differences of
the results of average velocities obtained using different
formulas are befter presented in graphs.

As it is seen, the average velocities calculated by for-
mulas (1)-(3) do not depend on water depths, while the
measured velocities and those calculated by formula (4)
show a tendency fo increase with increasing water depth.
It was also determined that average velocities calculated
by the first three formulas correspond fo the calculated ones

Table 3

Comparison of calculated average velocities with the measured ones, under average conditions
of the grass cover of the bed

Average velocifiesv, m s’
Meas Colculafred by formula 1 by formula 2 _ by formula 3 by formula 4

Dept ured (Karasiov et al., 2000) (Borokov, 1989) Rimkus et al., 1999) (Karasiov et al., 2000)
hs, m ms' Value, m s +% Value, ms™ +% Value, ms™ +% Value, m's™ +%
0.14 | 0.088 0.126 43.2 0.115 30.7 0.088 0.0 0.049 -44.3
0.53 | 0.069 0.108 56.5 012 73.9 0.091 319 0.077 1.6
0.70 | 0.085 0Mn3 329 0.125 47.0 0.095 1.8 0.107 25.9
0.79 | 0.077 0114 48.0 0.126 63.6 0.096 247 0.109 41.6
0.90 | 0124 017 -5.6 0.128 3.2 0.098 -21.0 0.159 28.2
117 | 0.284 0.12 -57.7 0.129 -54.6 0.098 -65.5 0.302 6.3
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Fig. 3. Comparison of measured velocities and those calculated by different formulas in control
profile 1.

until a certain depth, but with further increasing depth the
results become different. Such shortcoming is not observed
in formula (4) that estimates not only the indices of channel
overgrowth, but the flow regime (Re)as well. Having made
the regression analysis of the range of measured average
velocities and those calculated with different formulas, it is
obvious that only the formula below gives statistically
reliable (F_, ,41.28 > F__ 7.71)regression dependence
(r=0.95):

v=1.05v

measured

+ 0.006.

This formula is less suitable for practical usage be-
cause the output data must contain not only the indices of
channel overgrowth but the values of flow velocities as
well.

Due fo the limited number of natural measurements,
the study results show only approximate possible changes
in the hydraulic conductivity of channels covered with thick
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Abstract

The studies were made on the surface water and groundwater sources, the existing and future water production yields of the
Riga city. The forecasts about water demand in Riga by year 2010 are estimated as 200 000 m?* d*, with a variation coefficient of 1.13.
Total water yield is estimated as 410 000 m? d, with a storage coefficient of 2.05, which is considered as sufficient. It is proposed that
in future 50% of drinking water for Riga will be abstracted from groundwater and 50% will be produced in the Daugava surface

freatment plant.

Introduction

Riga was founded in the 13" century and was devel-
oped on the eastern and western banks of the Daugava
River next to the gulf of Riga (Fig. 1). Today the territory of
Riga is approximately 302 km2 and its population exceeds
750 000. The number of population living in the cities has
dropped over the last years, however it still makes over a
third of the total population of Latvia. Sharp changes have
occurred within the production structure after Latvia regained
its freedom in 1991.

Today centralized water supply is available to 94% of
the city’s permanent residents. According to the law, the
responsible institutions have to supply drinking water also
to the neighboring residential areas: Adazi, Baltezers,
Upesciems, Bergi and Titurga.

From 1904 t0 1967, the underground water collected in
the Baltezers region was the only source of water supply
for the city of Riga. A portion of the city water supply begun
to decrease starting from 1967 and in particular from 1978
when water was supplied from Lake Jugla and the Daugava
River.

In 2001, a quantity of collected water was a thousand
m?®, collected from the following water sources in following
proportions: the Daugava — 31839.9, Baltezers — 13527.3,
Baltezers-1-2712.6, Baltezers-11-1819.1, Rembergi —1831.7,
Zakumuiza — 8753.4, Vencu wells — 25.1, Katlakalns -
3336.3 and Spiedudens wells —41.2.

Water consumption in Riga in 1996 was 360 thousand
m® d. Since 1996, total water consumption in the city is
constantly dropping, even more rapidly than the prognosis
0f1995 had predicted. According to the prognosis of 2000,
the average daily water consumption from the water sources
in the Riga city had to amount fo 236 thousand m? d™' of
drinking water. In reality, the amount of the consumed wa-
ter in Riga in 2000 was only 200 thousand m?® dnn”, which
is 18% lower than the predicted (Fig. 2).

Productivity of the existing water sources in 2000 was
considerably higher than the needs of city, which to a cer-
tain degree improved the quality and safety of water. The
consumption of that part of the distributed water had in-
creased from 1995 to 2000 that was accounted for by the
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Fig. 1. The existing and potential ground abstraction plants used for drinking water supply in Riga.
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Fig.2. Comparison between water consumption quantity and its prognosis at the research stage (1 d”).

water meters and this had big influence on the water con-
sumption. In 2001 the average water consumption in one
household was 163 liters per person daily, which was sig-
nificantly lower than the predicted 235 liters per person daily.
Combined with the decrease of the populationin Riga and a
large drop in the non-household water consumption this
lead to the significant drop in the fotal water consumption.

Although the consumption of the drinking water in the
city had dropped, sfill it is essential to evaluate the possi-
bilities of the development of the water sources in future
with a goal to improve standards of the services and to
increase safety of the water supply.

Study Goal

Recognizing the necessity of improving water supply
services and environment protection standards using the
available data, the goal of the study was to find out the
following:

e the amount of consumed drinking water in the Riga

city in 2010 (enlist losses);
the ways to protect safety and high quality of the city’s
water;
capability of the water sources systems to provide the
necessary level of production;
possibility of the underground water sources in
Baltezers region to ensure provision of 50% of the
drinking city’s water requirement;
compliance of the quality of produced drinking water
with the EU water requirements.
Study Methodology

The revised materials issued by the “Rigas Udens” Ltd
in between 1997 — 2004 were used in the study. The “Rigas
Udens” laboratory data was used for the observations of a

drinking water quality; analysis was carried out according
to the standard methods.
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This study is based on the collected and processed
data. In this study were used materials of the scientific re-
search that were carried out at the Society’s request by
various scientific organizations together with the client's
specialists.

The experience of the protection of water sources in
Vilnius, Tallinn and Stockholm experience of the water
sources protection has been used.

Results

The population in the city of Riga has dropped from
911 830 in 1990 when it was the highest, to approximately
750000 in 2002; and this drop occurred more rapidly than
it was anticipated. Drop of the population and of the pro-
duction activities in Riga as well as the water rates’ deter-
mination and installation of the water meters in the apart-
ments lead to significant drop in the water consumption,
which exceeded all the prognoses made.

The available data shows that the tendency of the
population to decrease is changing and it will start grow
gradually in the period from 2010 to 2015.

Planning of the development of the city of Riga out-
lines few areas that will be used in future for the housing
construction and commercial development. However, tak-
ing into consideration the available information, one can-
not expect a big rise of the water consumption in a period
before 2010, as residents will continue moving away from
the city center to the closest living suburbs across the Riga
borders.

In this period of time attention should be paid mainly
to the improvement of level of a water supply services,
securing the system of water sources and its quality com-
plies with the EU drinking water directives. The centralized
network should be widen up to provide access to the cen-
tralized waterline for 95% of the residents, however it should
be achieved that to 2015 the water supply services would
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THE INVESTIGATION OF SAFE WATER SUPPLY TO RIGA CITY

Specifics of the water consumption (liters consumed by one consumer in 24 hours) ot
ACTUAL PROGNOSIS
Year 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 2004 2005 2006
Household | 228 | 213 | 196 | 153 | 137 | 130 | 125 | 121 18 15 15
Institutions | 31 | 30 25 24 | 19 | 17 | 16 15 15 15 15
Production | 37 | 32 33 30 | 32 | 32 | 32 32 32 32 32

cover up t0 100%. Ifthe program that counts for and regis-
ters an active loss of the water will be installed then a quantity
ofthe water that is not accounted for can be brought down
to approximately 23%.

It can be concluded that there are reasons to suppose
that in the period from 2003 to 2010 the daily and the aver-
age water consumption in the city will reach 200 thousand m?
similarly as it was in 2000. The city will consume 280 thou-
sand m2in 24 hours with the 24 hours maximal water con-
sumption. To ensure fairly safe water supply in the city, the
capability of the water source and preparation should be
45-50% higher than the average daily consumption. Be-
cause of that the capabilities of the water sources will reach
300 thousand m? of water in 24 hours. Specifics of the wa-
ter consumption in liters consumed per one consumer are
shown in Table 1.

Researches of the underground water sources of Riga
and the development of these until 2010 (3) that were car-
ried out by the “Rigas Udens” Ltd and the State Geology
Service attest that there are sufficient reserves of the under-
ground water and these are significantly higher than the
required by the city quantities of water for 2010.

Other water sources are supposed to have iron and
manganese reduced at a period after 2008.

Prescribed capability of the “Daugava” drinking water
production complex is 240 thousand m?3 dnn-, of which 9%
are utilized for technological needs of the complex, mainly
for filter flushing. Due to of the production capability of the
complex of drinking water the supply for the city is
220 thousand m3 dnn”'. The purifying complex had
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achieved a fotal capability of 220 thousand m3in the proc-
ess of its realization in Riga in 2001. The water source
“Baltezers” has an intensive underground water supply and
still can increase its capability 1.5 times thus achieving the
level of production of 80 to 85 thousand m3 dnn.

The water source “Baltezers-I” is able to increase its
productivity up to 27 thousand m3 dnn.

The planned productivity of the water source “Baltezers-
II” used to be 30 thousand m3 dnn™'. Research will be car-
ried out in relation fo the renovation of the well activity fa-
cilitation, and the essential rehabilitation works will be ac-
complished. Capabilities of only such water sources should
be increased where it would be economically beneficial.

The capability of the water source “Zakumuiza” can
be increased up to 48 thousand m?2 dnn-'.

The underground water wells equipped with a deep
pump and connected to the pressure wires allow flexibly to
increase or decrease the supply of water in the city in morn-
ing or evening hours when the level of consumption is
changing. It would be efficient to increase quantity and ca-
pacity of such wells.

Conclusions

The desirable working regime of the Riga water sup-
ply system to 2010 would be when 50% would be catered
from the underground water sources and 50 % from the
drinking water preparatory station “Daugava”.

Extension of the water supplier “Zakumuiza” would
increase from 72% to 85% that fraction of the distributed
water that complies with the EU drinking water directives.
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Abstract

Latvia has become a fully-fledged Member State of the European Union (EU) and now is a part of the global integration processes.
The EU has set a goal fo form a knowledge-based society and to become a region with a dynamic economy. For this reason it is
necessary to increase scientific research and innovation capacity. The scientific potential is characterized by adequate supply of
materials, facilities and equipment. Itis a precondition for any kind of productive scientific activity. It must be noted that equipment, along
with materials and resources necessary for their maintenance and operation in scientific institutes and by groups of scientists, has not
experienced any significant improvement since the Soviet period. Since 1990, budgetary funding for science has been sufficient to
ensure a mere survival. In 2004, Ministry of Education and Science, together with scientific institutions, drafted the National Programme
“Support for Modernization of the Scientific Infrastructure in the State Research Institutions”. The funding made available through the EU
Structural Funds can be used for purchasing new scientific equipment for the state research insfitutions.
Key words: EU Structural Funds, National Programme, scientific infrastructure.

Methods

The information for this report is compiled by the Na-
tional Development Plan (Single Programming Document)
and the Programme Complement, by the information of
the National Programme, scientific sources related to the
set aim and tasks, as well by sources of Web sites.

Introduction

Presently, insufficient funding prevents the research
institutions to purchase modern equipment. Deterioration
of the resource base in universities and research institutes
causes a rapid degradation in the effectiveness of their
operations. Because of low industrial activity, in industry

Monitoring Committee

the development of research and technology is weak. The
operating enterprises that are developing sectors with a
substantial share of high technologies, are not receiving
support from the Government [2].

From 2004 the EU Structural Funds have been used in
Latvia and the use of the Structural Funds is guided by the
National Development Plan (Single Programming Docu-
ment) and the Programme Complement both of which are
documenting the implementation provisions for Latvia’s
2004-2006 EU Structural Funds Programme [3, 5]. Taking
into account the current social and economic situation, the
National Development Plan sets out development strategy
for Latvia. The EU Structural Funds are making an effective

Paying Authority
State Treasury

Steering Committees
ERDF, ESF, EAGGF un FIFG

2nd level Intermediate bodies

1st level Intermediate bodies

Aid Scheme Managers

Final Beneficiaries
State and municipal enterprises, private enterprises and physical persons,
local governments, state institutions, non-govermmental organisations a.o

Source: htpp//mmww.esfondily

Fig. 1. The Institutional Framework of the EU Structural Funds in Latvia.
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contribution for research in Laivia. A modern research in-
frastructure is a prerequisite for the development and the
use of future-oriented fechnologies.

Institutional Framework of the EU Structural
Funds

In figure 1is shown the Institutional Framework.

The Managing Authority of the EU Structural Funds in
Latvia is the Ministry of Finance and it ensures: 1) Elabora-
tion of the National Programme; 2) Overall management,
implementation, control, monitoring and evaluation of the
National Programme; 3) Secretariat for the Monitoring and
Steering Committees.

Under the Ministry of Finance is the Central finance
and Contract Agency (2nd Level Intermediate Bodies & Aid
Scheme Managers) — which functions are:

1) ensure technical, administrative and financial man-
agement in respect of final beneficiaries;

2) call for proposals;

3) receive project applications and ensure adminis-
frative assessment;

4) enter info contract with Final Beneficiaries or bod-
ies/firms carrying out operations;

5) carry out controls.

The paying Authority is the State Treasury.

There are four Steering Committees — one for each
Structural Fund. The functions are the following:

1) approve guidelines for applicants (including project
application form);

2) approve Standard Contract between 2nd Level In-
termediate Bodies/Aid Scheme Managers and final ben-
eficiary/body or firms carrying out operations in case of
Structural Funds National Programmes;

3) open call for applications and Aid Schemes;

4) give + opinion to list of projects of open calls for
applications;

5) give + opinion to EU Structural Funds National Pro-
grammes and their projects;

6) give + opinion to Aid Schemes;

7) monitor on a regular basis implementation of priori-
ties and measures on each EU Siructural Funds level.

The Ist level Infermediate Bodies are ministries in-
volved in the implementation of EU Structural Funds. The 1st
level Intermediate Body/Line Ministry is responsible for
development of the National Programme and submission
for consideration to the Steering Committee. The Tst level
Intermediate Body / Line Ministry develops project selec-
tion criteria for projects and submits the criteria to the Moni-
toring Committee for approval. In case of positive opinion
of the Steering Committee, the 1st level Intermediate Body /
Line Ministry approves the projects of the National Pro-
gramme.

Final Beneficiaries are State and municipal enterprises
and physical persons, local governments, state institutions,
non-profit organization.

Monitoring Commitfee —

1) confirms the Programme Complement;
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2) confirms project specific selection criteriq;

3) monitors implementation of the Single Program-
ming Document and achievement of its objectives;

4) considers and approves annual and final imple-
mentation reports (National Development Plan).

EU Structural Funds for Latvia

At present all four EU Structural Funds are available for
Latvia, which allows Latvian government to grant financial
assistance to resolve structural economic and social prob-
lems. Each of the four existing Structural Funds has its own
specific thematic area. The European Regional Develop-
ment Fund (ERDF) finances infrastructure, job-creating in-
vestment, local development projects and aid for small
firms. The ERDF primarily supports productive investment,
infrastructure and Small and Medium Size Enterprises de-
velopment [6].

The ERDF has five priorities. The Priority 2 “Promotion
of Enterprises and Innovation” is oriented towards entre-
preneurship and promotion of science. It supports forma-
tion of new enterprises and increasing competitiveness of
the existing enterprises by creating a beneficial environ-
ment for knowledge based economy. There are five Meas-
ures associated with the Priority 2.

1. Support to Development of Innovation.

2.Business Infrastructure Development.

3.Enhancing Business Support Measures for Small and
Medium Size Enterprises.

4. Access to Finance for Small and Medium Size Enter-
prises.

5.Development of Public Research.

To the Research and Development (R&D) relates Meas-
ure 2.5 “Development of Public Research”. There are two
activities:

2.5.1. Support to the implementation of the targeted
applied research projects — the Open calls for Pro-
jects;

2.5.2. Provision of modern research equipment and
infrastructure to the state research insfitutions - the Na-
tional Programme “Support for the Modernization of
the Scientific Infrastructure in State Research Institu-
fions”.

As it is shown in Table 1, the final beneficiaries are
state research institutions — the higher education institu-
tions and state research institutions, which perform research
activities in the relevant research field.

The National Programme is applied in cases where it
is necessary to create a package of projects that are mutu-
ally linked and have a common objective. These packages
of projects are elaborated in accordance with specific na-
tional sector strategy [1]. The projects in National Pro-
grammes are fixed by implementing ministry and between
projects is no competition.

To start project implementation, the 2nd level Inter-
mediate Body concludes the agreement with the Final Ben-
eficiary on projectimplementation and ensures operational
monitoring of the implementation.
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Table 1
Implementation and Monitoring Arrangements
Priority/ : 1st Level 2nd Level )
Implementation - : Final Total cost
Measure/ Procedure Intermediate Intermediate Beneficiar w0
Activity Body Body y
Open calls for State
2.5.1 - MoES* CFCA** Research 4,8 mill
Projects .
Institutions
National State
252 P MoES CFCA Research 10,5 mill
rogramme e
Institutions
Source:Programme Complementfor Latvia Objective 1 Single Programming Document.
*The MinistryofEducation and Science
*The CentralFinance and ContractAgency

Research Priorities

The support for projects is tailored to applied research
activities performed in accordance with the research pri-
orities adopted by the Decree No.548 of the Cabinet of Min-
isters for the period 2002-2005:

+ Information technologies (telematics, systems
of multimedia and telecommunications, new technolo-
gies of systems and software engineering);

o Biotechnology, bio-medicine and organic
synthesis (gene therapy, new technologies for syn-
thesis of biologically active compounds);

e Material sciences (nanomaterials, new materi-
als in microelectronics, photonics and optoelectronics,
biomaterials and other composite materials) and en-
gineering;

o Forestry and wood sciences (sustainable for-
estry development, rational usage of wood biomass,
wood processing fechnologies).

The National Programme “Support for the Moderniza-
tion of the Scientific Infrastructure in State Research Institu-
tions”is closely related with the above mentioned research
priorities.

Results and Discussion

The National Programme “Support for the Moderniza-
tion of the Scientific Infrastructure in State Research Institu-
tions”is targeted at the provision of research insfitutions
with modern scientific equipment with the aim to commer-
cialize research [1, 4]. The cause of included projects in the
National Programme involving with the strategic goal of
the research - to develop the competitiveness for National
Research Institutions — and tasks to achieve that goall:

e toestablish conditions forinnovative entrepreneurship
development;

¢ to modernize the infrastructure for the research and
development.

The National Programme is coordinated by the Minis-
try of Education and Science (MoES) and the project imple-
mentation period is 2004-2006. The target group is state
research institutions:

e State research institutes (e.g. Laivia Institute of

Organic Synthesis, State Institute of Wood Chemistry);

e Universities (e.g. Riga Technical University, Uni-
versity of Latvia, University of Agriculture of Latvia, Riga
Stradin’s University, Daugavpils University, Ventspils
University College);

¢ University Research institutes (e.g. Institute
of Solid State Physics, Institute of Atomic Physics and
Spectroscopy, Institute of Mathematics and Computer
Science).

The process ofthe approval of the Nafional Programmeis:

e draft plan for the National Programme (November,
2003-March, 2004);

e approval at the Programme and project evaluation
commission of the MoES — April 7, 2004;

e approval atthe Steering Committee of the ERDF-June, 17
2004;

e MokES Decree No. 523 of the approval of the National
Programme - September 10, 2004;

e signed friangular agreements (6) between MoES, CFCA
and research institutions — during September 29 and
October 7, 2004 for implementation of ERDF funds;

e signed friangular agreements (2) between MoES, CFCA
and research institutions — March 15, 2005;

e to design signed triangular agreements (8) between
MoES, CFCA and research insfitutions — June 30, 2005.

Financing of the National Programme

The total amount forimplementationis VL 10 522 107
(22 projects), int.al., ERDF financing - LVL 7 891 580; MoES
co-financing - LVL 2 630 527:
o 2004-LVL 4077927 (6);
e 2005-LVL 4 313180 (10);
e 2006 -LVL 2131000 (6).

(Without ERDF and MoES financing there are research
institutions financing — LVL 101 113).

Eligible Activities of the National Programme

The National Programme (within 22 projects)includes
the following main activities:
e purchasing of new equipment;
e renovation and adjustment of laboratories for the plac-
ing of the new equipment;
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Implementation of the National Programme Projects in 2004

Table 2

. ) ) . Total budget | Financing Sources of
Project Applicant Title of the Project o the Project (LVL)

Institute of Solid The Modernization of Infrastructure in 1193640 ERDF: 856 895

State Physics (ISSP) | the Institute of Solid State Physics of MoES: 285 632
the University of Latvia ISSP: 51113

Biomedical Equipment for Development of 422 500 ERDF: 316 875

Research and Latvian Genome Database MoES: 105 625

Study Centre of the

University of Latvia

(LU BMC)

University of Latvia | Modernization of Infrastructure for 885300 ERDF: 663 975
Material Sciences and Astronomy in MOES: 221 325
the University of Latvia

The Latvian Institute | The Improvement of the Scientific 828 500 ERDF: 621 375

of Organic Infrastructure in the Latvian Institute MoES: 207 125

Synthesis (I0S) of Organic Synthesis (I0S)

Riga Technical Support  of  Equipment  and 708 100 ERDF: 531 075

University Infrastructure of Research Centers of MOES: 177 025
Engineering  Sciences in  Riga
Technical University

Dobele Fruit and Modernization of the Fruit and Berry 91000 ERDF: 68 250

Berry Experimental | Experimental Processing Centre and MOES: 22 750

Processing Centre | Fruit Storage Facilities

Total: | 4 077 927

Source: Naciondila programma “Atbalsts zinainiskass infrastrukidiras modemizéSanaivalsts zinainiskajas institiiciias” 2004.-2006.

e installation of equipment;
e personnel fraining for the work with the equipment;
e  projectmanagement costs.

Table 2 shows that in 2004 there were implemented
sixth projects of the National Programme with the total
budget-LVL 4 077 927.

Description of implemented projects

Project “Modernization of Infrastructure
in the Institute of Solid State Physics (ISSP)
of the University of Latvia” http://www.cfi.lu.lv/

Objectives of the Project:

e to provide the possibility for preparing the staff with
the highest qualification;
e toupdate the research equipment.

The result of the Project is purchased technological
equipment (26) for nanomaterials and nanotechnologies,
incl.: microscopy, electronics measuring equipment and
optoelectronic equipment and lasers, as well frained per-
sonnel (11) for the work with the modern equipment, reno-
vated and adjusted 5 of laboratories (178 m?) for the placing
of the new equipment.

This project will give a great opportunity to work on
modern equipment, to frain people in work with new tech-
nologies, to develop new inorganic materials and new tech-
nologies for psycho-physical testing and primary vision
care.

N2

Project “Equipment for Development of
Latvian Genome Database”

Objectives of the Project

An objective of the project is to provide Latvian ge-
nome data base with advanced infrastructure. Project is
aimed to ensure recourses for gene analysis and
genotyping within the framework of Latvian population ge-
nome database. Created infrastructure modules are avail-
able for Latvian research organizations and will improve
developing high level medical and scientific research.

Contents and results of the project

Serious and modern equipment is needed to create
functional genome analysis centre. Even though there is high
level scientific potential in Latvian biomedical research, this
area lacks serious investments in modern technologies which
are based on use of high level equipment. The project is
aimed at improving this situation. The result of the project is

a fully functioning genotyping cenire at LU BMC. The infra-

structure obtained by support from the EU Structural Funds

raised the quality level and productivity of genotyping nec-
essary for fully functioning genome data base.

1. Two robofic workstations Freedom EVO 100/4 (Tecan)
for liquid handling, reaction setups and purification of
biomolecules.

2. Autoflex MALDI-TOF mass spectrometer (Bruker
daltonics) for high throughput genotyping and pro-
teomic analysis.
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3. Realtime PCR 7500 (Applied Biosystems) for quantita-
tive gene expression analysis and genotyping.

4.  Centrifuge Avanti J-30I (Beckman Coulter) for prepara-
tive separation of macromolecular components of the
cell.

5. Akta FPLC system including fraction collector for pre-
parative protein purification.

6. Fluorescence microscope Leica DM 6000 (Leica

Microsystems) for fluorescence imaging of cells.

Technological improvements and developments
made by the project will be used for genome and medical
research in Latvia at least within next ten years. Develop-
ment of high level genomic research and biobanks is one
of the most perspective directions in modern biomedical
research and health care. Latvian genome database will
effectively improve knowledge — based economy in the
field of medicine and pharmacy.

Project “The Improvement of the Scien-
tific Infrastructure in the University of Latvia
in Field of Material Science and Astronomy”
http://www.lu.lv

Reason why the Project was set up

Scientists working in the University of Latvia and its
institutes can successfully compete or be leaders in the
field of material sciences thanks to scientific potential, ex-
perience and existent resources accumulated in Latvia.
However, the lack of the up-to-date equipment and infra-
structure, particularly the usage and development of mod-
ern technologies that dominate in Europe and the world,
prevent the competitiveness. As a result, the accomplish-
ment of a high level research and the production of spe-
cialists with the highest qualification are prevented, young
scientists don’t wish to work in Latvia and foreign research-
ers cannot be atfracted.

Objectives of the Project

To update the research equipment in the field of mate-
rial sciences in the University of Latvia.

To provide the accomplishment of the basic research
functions of material sciences at the world level, as
well as to develop technologies and new products
with practical application.

To provide the possibility for preparing the staff with
the highest qualification using modern research equip-
ment, to ensure the wish of young scientists to work in
Latvia, as well as to attract foreign researchers.
Results of the Project

Promotion of the competitiveness and employment:
the project will promote the competitiveness, devel-
opment and commercialization of products with high
added value.

Development of human resources: the project will pro-
mote the research work and where with the quality of
knowledge and skills of education workforce.
Development of infrastructure: the research infrastruc-
ture [equipment — 23 pieces) will be purchased within
the framework of the project. Purchased equipment

N3

will be the most perspective in the development of

new investigations and products.

Perspectives for the Future

The modernization of the resources of the University
of Latvia and its institutes will let to successfully develop
more perspective scientific disciplines such as material
sciences, int.al., nanotechnologies and magnetic hydro-
dynamics, will promote the transfer of technologies and
development of the national innovation system in research
and industry, as well as will contribute to the development
of human resources. As aresult, gradual reorganization of
national economics towards up-to-date technologies and
generation of knowledge intensive production with high
added value will be possible. EU Structural Funds enabled
the University of Latvia and its institutes receive additional
funding for the modernization of scientific equipment in
material sciences and astronomy that was not possible
with existing funding from the national budget and other
Latvian or foreign resources.

Following indices related to the fulfillment of the Lis-
bon strategy will be achieved as a result of the project.
Achieved average EU indices for one resident: by en-
couragement of scientific elaboration and develop-
ment of products with high added value Latvia will be
capable of ensuring comparatively fast economical
growth and cohesion.

Promoted sustainable territorial development: the de-
velopment of research will be promoted in the frame-
work of the project. It will create a positive spill-over
effect promoting the development of regional econom-
ics via introduction of new products and elaborations.

Project “The Improvement of the Scientific Infrastruc-
ture in the Latvian Institute of Organic Synthesis
(10S)” hitp://www.osi.lv

Reason why the Project was set up

The project was set up to upgrade the equipment of
the Latvian Institute of Organic Synthesis (I0S). Currently the
potential of the Latvian pharmaceutical companies to de-
velop new drug candidates isimpaired by the fact that none
of them possess necessary resources to create full phar-
maceutical R&D cycle. By concentrating the necessary up-
to-date equipment and scientific knowledge base in the
institutes, and making it available to pharmaceutical com-
panies, the capacity of the whole industry to create new
high value added pharmaceutical products can be sub-
stantially increased. The IOS collaborates in several stages
of development of new medical substances with Latvian
pharmaceutical companies Grindexand Olainfarm, as well
with companies from US, Japan, UK, Germany, Sweden,
Denmark, and Finland.

Objectives of the Project

The goal of the project is to improve the scientific infra-
structure in 10S, namely, to procure the unique scientific
research equipment necessary for the medical, pharma-
ceutical and organic chemistry industries to conduct re-
search on the analysis of biologically active compound
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structures. The highly qualified personnel of IOS, its scien-
tific research knowledge as well as laboratory space of I0S
will provide excellent basis for the exploitation of the equip-
ment procured within the scope of the project.

Activities of the project

The following activities were made within the scope
of the project.
Organising the tender for procurement of the equip-
ment according to the Latvian laws regulating public
purchases.
The procurement of the following equipment:
¢ Multinuclear 600 MHz NMR Spectrometer;
e Liquid Chromatography System with Mass Selective
Detector.
The installation of the equipment and personnel train-
ing.
Results of the project
Due to the support provided by the EU Structural Funds,
IOS obtained a potential to offer Latvian pharmaceutical
companies scientific services of substantially higher qual-
ity as well as design new services to meet the needs of the
industry. Moreover, due to the character of the support, new
services can be provided with maximum cost efficiency.

In the future 10S plans to apply for the EU Structural
Funds to finance the applied research. The project facili-
tates the development of high value added pharmaceuti-
cal products and knowledge intensive technologies, thus
contributing to the competitiveness and sustainable growth
of EU economy.

Project “Support of Equipment and Infrastructure of
Research Centers of Engineering Sciences in Riga
Technical University” http://www.rtu.lv

Objectives of the Project

Project aim is to support purchase of modern equip-
ment and modernization of research laboratories in engi-
neering sciences. This, in turn, will create necessary pre-
conditions for Latvian specialists fo increase their competi-
tiveness and participate in development of knowledge in-
tensive technologies at European and world level, as well
as to commercialize research and develop high added
value production in Latvia. The project is also promoting
new contact development with foreign universities.
Activities of the project
Preparation of tendering documentation.
Tenders for equipment supply contracts.
Supply and installation of scientific equipment.
Results of the project
Within the project, 237 units of new scientific equip-
ment were purchased, thus supporting 19 scientific labora-
tories in fields of machine building and electrical engineer-
ing. New equipment will facilitate development of human
resources, as many new scientists will use the equipment.
At the same time, project results are directly targeted at
improvement of competitiveness of Latvian industries
through development of new products and more compe-
tent problem solving capacity for industrial processes.
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Project "Modernization of the Fruit and Berry
Experimental Processing Centre and Fruit
Storage Facilities” http://www.ddsis.lv

Reason why the Project was set up

At present only 10% of the Latvian market is supplied
with local fruits. Therefore research about suitable storage
regimes for commercial varieties is very important. In 2003,
such research was already started at the Dobele Fruit and
Berry Experimental Processing Centre (Dobele HPBES). Yet,
in Europe, the ULO type modified atmosphere storage
comes into use more and more, because it makes possi-
ble better maintenance of fruit quality for a significantly ex-
tended period of time. It is necessary sfill fo find the most
suitable gas mixtures for each fruit crop and variety, as well
as their length of storage and other parameters. For this
reason it was planned in this project to purchase experi-
mental ULO type storage facilities with 4 chambers, to per-
form simultaneous research in different regimes.

Another important issue linked with the increase of
the amounts of processed local fruits and berries, is re-
search concerning fruit and berry processing. An experi-
mental Fruit and Berry Processing Centre has been estab-
lished at the Dobele HPBES, which includes a processing
unit, biochemical laboratory, facilities for deep freezing and
cold storage. For 4 years research is done for a wide range
of fruit varieties, which will allow the growers to select the
most suitable varieties and provide processing enterprises
with new technologies. For extended and more precise
research, universal equipment for making experimental
lots of fruit and berry additives and special press for pure
juice were necessary.

Taking into view the expected joining to the EU, the
processing facilities were necessary to adapt according fo
the EU Standards and Latvian Cabinet of Ministers Rules.
This demanded repairs and reconstruction.

For the improvement of the fruit and berry biochemical
laboratory, purchase of a spectrometer was included in the
project, which will allow to solve the problem of rapid and
low-cost quantitative analysis of simply isolated and stained
components. The experience obtained during the work,
demand from the producers, participation in several inter-
national projects, as well as the current trends of research
in the world make it necessary to work on the analysis of
complex, biologically active substances (vitamins,
polyphenols, etc.). One of the most widely used methods
here is high performance liquid chromatograph (HPLC), so
the purchase of a high pressure liquid chromatograph was
planned.

Objectives of the Project

To create, during the implementation of the project, a
possibility for essential expansion and modernization of
fruit and berry processing research, necessary for the de-
velopment of commercial fruit growing in Latvia, aiming
first of all at the development of healthy, functionally active
products. The results of the research will be used by the
processing enferprises in this field, so increasing their com-
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petitiveness after joining to the EU. Carrying out of the project
will allow to begin research about the storage possibilities
of Latvian-grown fruit and berries in ULO type storage, to
introduce its results in specialized farms, so providing the
local market with fresh locally grown fruits and berries dur-
ing the whole season.

Activities of the project

The project activities can be roughly divided into
4 packages.

1. Organizing of price polls and competitions linked
with purchase procedures.

2.Renovation and adjustment of the premises for the
placing of the new equipment.

3.Purchase of the experimental equipment.

4.Training of the personnel for the work with the equip-
ment.

Results of the Project

The project will stimulate the development of com-
petitive, high added value products and their com-
mercialization.

The project will facilitate research and, as a by-prod-
uct, the quality of knowledge and skills of the educa-
tion employees.

In the framework of the project there is purchased sci-
entific equipment most promising for the development
of new research and products, along with the improve-
ment of the infrastructure of the research facilities:

e equipment for fruit and berry biochemical labora-
tory - high performance liquid chromatograph (HPLC)
“Shimadzu HPLC VP System”, spectrophotometers
“Shimadzu UV 1650 PC*;

e equipment for fruit and berry processing centre -
universal equipment for production of fruit and berry
additives (also jams, jellies, etc.); juice press “VORAN
60 Hydraulic Basket Press”;

e purchase and establishment of ULO type experi-
mental chambers (4 pcs.) and gas regime mainte-
nance and control equipment.

Perspectives for the Future

The scientific equipment purchased as a result of the
project will allow to confinue and extend research in the
development of innovative — healthy, functionally active
products, using up-to-date biotechnological methods. It will
also help more easy involvement in the EU Framework
projects, as the obtained research results will be more com-
parable to the results obtained in the developed EU coun-
fries.

The up-to-date fruit storage technologies purchased
during the carrying out of the project will allow to begin
research about new storage possibilities for fruits and ber-
ries grown in Latvia, which will result in increased com-
petitiveness of local specialized fruit grower cooperatives,
supplying the local market with homegrown products all
the season, and create export possibilities for some
products.

The project was aimed at the development of healthy,
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functionally active products. This means — products ob-
tained from fruits and berries with high biochemical value,
grown by using sustainable, environment-friendly tech-
nologies. Latvia is one of the few countries in the world
where the climate allows production of fruits with high bio-
chemical activity while using minimal applications of chemi-
cal sprayings. The development of innovative, characteris-
tic (specific) to Latvia food products certainly will indirectly
facilitate also the development of tourism.

One of the projects of the National Programme imple-
mented in 2005 is the Ventspils University College project
“Provision of Infrastructure and Modern Scientific-Techni-
cal Equipment for the Antennae of Ventspils International
Radio Astronomy Centre (VIRAC) for Implementation of Sci-
entific and Commercial Projects”(hitp://www.virac.lv). To-
tal budget of the projectis LVL 405 000, of which ERDF
financing — LVL 303 750 and MoES co-financing -
LVL 101 250. The project envisages the renovation of
premises, establishment of fast internet broadband con-
nection, purchase and installation of equipmentin the former
military object — Ventspils Infernational Radio Astronomy
Centre. In the framework of the project the purchased equip-
ment will provide possibilities to do observations of radio
waves with radio felescope RT-32. It will serve as a pre-
condition for the integration of VIRC into The European Very
Long Baseline Interferometry thus gaining opportunity fo
take part info extensive international research projects. In
the result of a project, the purchased equipment will be
available for carrying out different research tasks and also
for students and new specialists for writing their bachelor,
master and doctorate theses.

In 2006 it is planned to implement the project “The
Improvement of the Agricultural and Forestry Research in
the University of Agriculture of Latvia”. The project envis-
ages purchase of 14 units of new scientific equipment (e.g.
ultrasonograph, liquid chromatograph for determination of
vitamins and amino acids, infra-red light analyzer for de-
termination quality parameters of the fodder), installation
of equipment and personnel training for the work with the
equipment.

Conclusions

1. From 2004 the Structural Funds (SF) were used in
Latvia.

2. With the goal to modernize Infrastructure in National
Research Institutions, the National Programme “Support for
Modernization of the Scientific Infrastructure in the State
Research Institutions”was elaborated.

3.The National Programme is coordinated by the Min-
istry of Education and Science (MoES).

4.The National Programme includes 22 projects, of
which 6 projects are implemented.

5.Purchased equipment will be available for carrying
out different research projects in international collabora-
tion and also for students and new specialists to carry out
research work.
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DEVELOPMENT TENDENCIES OF LAND MARKET IN LATVIA
IN THE FRAMEWORK OF LAND USE POLITICS
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Abstract

Before Latvia initiated the fransition to market oriented economies, large collective units, which had the right to use the land, used
most of the land but were not necessarily the landowners. This situation provided a special starting point for the return to the market
economy in the agricultural sector. The government of Latvia decided to implement restitution of land ownership rights to former owners
basing on historical boundaries as a method to privatise and open the land market. There were two processes going on af the same
fime: the restitution of private ownership rights to land, and the break-up of collective productive units. The restitution processes are the
starting point for the development of land markets. Moreover, it represents a necessary condition fo open land markets. However, the
pace at which this land market opening is occurring depends on the way each government implemented the land reform.

Key words: land, price, market.

Introduction

Land prices are needed to determine the optimal allo-
cation of land resources among different uses, as well as
to determine the value of land as collateral for credit or to
define land taxes. Therefore, wrong or misperceived land
prices could lead to inadequate allocation and use of land
resources. Land markets face constraints derived either from
the characteristics of the factor (land), such as being a not
mobile resource, or from the economic environment, such
as taxes or regulation on land uses. All these factors, as
well as the relevant cultural and socio-political character-
istics, affect the solutions reached in the land markets to
solve the land allocation problem. These solutions are ex-
pressed by the market prices for land.

Several Latvian economists have analysed findings
on the market of state owned and behoving land for the
period between 1997 and 2002. This research dwells upon
the organizations of the land market, dynamics of sold (pri-
vatised) land areas, prices fluctuations and relafions be-
tween means of payment (Spogis, Dobele, 2003). There
are different researches in social, economic and ecologi-
cal factors affecting the land market in Latvia, which present
different opinions of the factors that affect the land market
(Dobele, Spogis, 2004). Some of them had made analyses
in land use and analyse the land market in the district of
Madona (Dobele, Grundmane, 2003). There are also re-
searches in the role of planning in land use policy after the
land reform in Latvia (Dambite, Vilcina, 2004), but there are
not enough researches about the land market behaviour to
prescribe the basic regulations and to put into effect de-
fined instruments in the land use polifics.

Two important issues should be addressed when
analyzing market solutions for land allocation through land
prices. First, land prices will be capturing all the factors
affecting the performance of land markets. Second, land
market prices will not necessarily reflect the value of land;
land market prices are a solution to the land use problem
in the short run, while the value of land should be the in-
strument to define long-term land allocation (long run land
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prices will tend to equal the land value). Land prices are the
result of the interaction of various factors in the land mar-
kets.

The author propounds the following hypothesis: re-
searches of the land market preconditions may improve
working out of land use politics instruments after land re-
form.

The objective of the research is fo evaluate the land
market development factors, which influence land use, to
better understand how land markets work and which vari-
ables, that are not directly related to land use, affect the
land market functioning, to promote prescribing the basic
regulations of land use politics.

The following tasks have been set to achieve this ob-
jective:
to analyse theoretical aspects and factors which influ-
ence land rent, land prices and land market;
to find outland market and land price changes within
the framework of land use polifics;
to evaluate land market development tendencies.

Materials and Methods

Materials, which have been used for this research,
are data from Central Statistical Bureau of Latvia, special
literature about land and real estate market, and data from
the State Land Service of the Republic of Latvia.

The following research methods were used: linear
regression and correlation analysis, as well as the method
of statistical grouping.

Results

Preconditions of the land market, factors, which influ-
ence the forming of land market, and development ten-
dencies of land market in the framework of land use poli-
tics may be studied considering various aspects, which
include several economic branches. The research can be
worked out in different ways. Land market development
tendencies, demands and problems changes with the
growth of development of the level of welfare and joining
the international organizations. The author of the research
basis arguments on the necessity to investigate land mar-
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ket preconditions and factors which influence land market
to estimate the probable influence on land use politics and
to find connections among economic indicators. Using all
this knowledge corresponding activities, promoting and
restrictive measures are taken to improve the development
of land use politics. During the research work there were
analysed one of the important tendency of land use, to
estimate factors of land market and its influence on agri-
culture land prices in Latvia.

Land as a resource of means of production in com-
parison with other means of production has various spe-
cific differences. The basic of them:
land is a natural resource and not a person’s work
product. Land becomes the means of production only
in the result of historical development of a society;
all other means of production increases their indicates
in a quantitative and in a qualitative level. Land as
area is limited, it could not be maximized, created
again, substituted with another means of production;
land use is connected with a permanent place. Land
is using only there, where it is situated. It could not
move to other place, in the case of need is it a possible
to move other means of production;
in the process of use all means of production are go-
ing to depreciate, fo minimize their own expedient
characteristics, and at the end completely going out of
production. While land in the process of production is
getting more fertile;
one of the important characteristic of the land as agri-
culture means of production is its fertility. (Spogis K.,
Vedla A., Mihejeva L., 1996)

There are a number of common obstacles faced by
the land markets:

restitution and/or privatisation processes are not fin-
ished (unsolved restitution claims, differences between
legal and physical restitution, registration problems,
efc),

political restrictions imposed by the governments to
avoid drastic changes in agricultural sector (prohibi-
tions on certain land transactions, incentives to avoid
massive decollectivizations, efc.),

lack of incentives to undertake private, either individual
or collective, farming business (credit, technical as-
sistance, marketing, etc.),

significant power of state agencies in the land market
(as owners or lenders) and as providers of the regula-
tory framework,

social and economical differentiation between man-
agers of reformed collective units and private farmers,
relevant governmental organizations still in a transi-
tion and/or redefinition stage, and

cultural, ethnic and social values strongly attached to
land ownership. (Trivelli, 1997 b)

All these characteristics together affect the perform-
ance of land markets in Latvia. As a consequence, markets
forces do not necessarily drive land allocation among dif-
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ferent uses and/or users. Land prices, which should be the
mean to define the best land allocation, are conditioned to
the factors affecting the land market performance. In this
sense land prices are not resulting from the market adjust-
ment of supply and demand, but from the factors described
previously.

During the process of land tenure restitution there was
realized idea to give back land to natural persons as ten-
ure. Figure 1shows that 59.3% of the total area of the Latvia
in 2004 are under the properties and land assigned for
uses to natural persons, which compose 3 827.2 thousand
ha of land.

Structure of land properties and uses shows the actual
results of land reform. It is a very positive result of land
reform because the tendency of land properties is still in-
creasing. Good conditions in the tenure system in the coun-
try promoting further developmentin the market conditions,
because of the secure environment for entrepreneurship.
Till the registration of the real property in the Land book, the
real estate acquirer to the third persons have no any rights
and can not be used not a single one precedence which is
related to the real estate.

The problem of how to define, determine and assign a
price, or a value, to land is an important issue in the eco-
nomic literature. Land could be seen as an asset, but also
as production factor that serves production and consump-
tion purposes. Land assets have three important character-
istics: scarcity (land exists only in fixed amounts and can-
not be created easily), not mobile, and durabile (it cannot be
destroyed easily). These characteristics make land an at-
tractive asset as productive factor, as collateral for credit
and as store of wealth.

Most of the literature on land prices agrees that the
price of land can be obtained based on the estimation of
the present value of the stream of all future net returns to
land, as in the case of any other asset. However, this does
not necessarily mean that the market price of land will al-
ways equal the present value (PV hereafter) of the future
rents because there could be different factors affecting the
market price of land, that do not affect the present value
measure.

The PV formulation is a good representation of the
long-run equilibrium price of land because is based on alll
the theoretical sources of land value. This long-run equilib-
rium price is called, in the economic literature, a market
fundamental because it is based upon fundamental eco-
nomic variables. This long-run price should equal the land
value. Market prices, however, can deviate from the mar-
ket fundamentals for several reasons, such as expecta-
tions of future changes in land prices, land market imper-
fections, among others. The PV formulation is not neces-
sarily an appropriate representation of the short-run
behavior of land prices. This PV formulation states that the
price of land is a direct function of the rents that could be
obtained from the use of land for productive activities; that
is, the higher the rents, the higher the land price; and that
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Fig. 1. Structure of Land Properties and Uses According to Owner’s Status and Free Unclaimed Land in Latvia
(% of fotal area of Latvia on 01.01.2005.).

the price of land is a function of the inverse of the interest
rate (that defines the discount rate), meaning that higher
interest rates will mean lower land prices. (Trivelli, 1997 a)

Land rents (R) are defined as the net return to land,
accounting for the income remaining after paying for all
productive factors and inputs (except land) involved in the
agricultural production process. In the case of rented land,
the amount paid as rent by the fenant represents the fotal
rent for land, which becomes the net return to land after
paying all ownership costs (property taxes, maintenance
costs). Alternatively land rents (R) can be defined not only
as net rents, but as the aggregation of two factors: the net
residual income (R1), and the net capital gains (R2) defined
as the change in land value caused by changes in oppor-
tunity costs or inflation (then R = f [R1; R2]). Land rents and
capital gains deftermine land prices. Land rents are the fun-
damental source of value, but there are other sources of
land value that can result of changes in land rents due to
market adjustments and or to changes in the benefits of
owning land, mainly due to speculative movements in the
asset markets. The two land rent components have differ-
ent determinants and arise from different processes. As-
suming that R can be decomposed we could analyze the
main components of netrents. On one hand, R1is the result
of the agricultural production process. In a world with fixed
supply of agricultural land, the potential land buyers defer-
mine R1 or tenants, which, based on their technology, avail-
ability of other productive resources and the market prices
of agricultural inputs and outputs, determine the demand
for agricultural land. On the other hand, R2 responds to
expectations about the changes in the value of land due to
changes in prices and opportunity costs in other economic
sectors. This rent component is more related fo land assets
used as stores of wealth than to land used as productive
factor. In most of the literature R2 is assumed fo be a func-
tion of expected changes in net rents or in the value of land,
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and in that sense the issue of how expectations are formed
and whatinformation is available at a certain fime becomes
relevant. Capital gains, R2, could be as important as R1in
determining the price of land, especially in inflationary and
unstable economic environments. (Trivelli, 1997 a)

Aland buyer will be willing fo pay the full capital value
of land, the total PV, accounting for the total net rents (R),
land as a productive factor and as store of wealth, because
he/she will obtain full benefits of both uses of land. A ten-
ant will be willing to pay rent only based on R1, without
considering R2 because the tenant only receives the ben-
efits derived from using the land as productive factor.

Our goal in the next lines is to discuss the expected
effects of different variables and scenarios that affect net
rents and the capital gains components of land prices. We
will discuss the variables that affect the R1 component of
land net rents, as well as the ones affecting the capital
gains component (R2). Land netrents are determined in the
land market by the adjustments of supply and demand.
Supply and demand for agricultural land jointly determine
the price at which land will be allocated, that is the land
rent. To simplify, let's assume for a moment that there are
no costs of owning land (property taxes, depreciation), and
then the land rent determined in the market will be the net
return fo land. If there is a fixed supply of land for agricul-
tural production, rents (R1) are determined by the demand
for land for agricultural activities. The demand for land is
determined based on the value of the marginal product of
land (VMP), which is the value of the production that can be
aftributed fo land (implicit land rent). The VMP is the result of
the production conditions (technology, input prices, capital
level, and other production factors use) that can be seen as
the production function of certain output, and the output
market prices. Then, land rent [R1) equals the marginal pro-
ductivity of land times the output prices. Marginal produc-
tivity of land can be derived directly from the production
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function (that is the technical relation between inputs and
output for a given technology). The VMP is a measure of the
shadow price of land (implicit land price). (Trivelli, 1997 a)

Land rents will change if demand for land changes.
The main reasons for changes in land demand, consider-
ing land only as productive factor only for agricultural pur-
poses, arise from changes in the determinants of the VMP,
such as changes in relative prices (output/inputs), access
to capital, technological improvements and in production
conditions. Of these changes only the ones related to tech-
nology can be endogenous, the others are exogenous. If
land supply changes (with constant demand for land) rents
will change as well.

Production infrastructure has also a positive effect on
land rents, and therefore on land prices. Similarly, better
production conditions, such as irrigation systems or water
availability are reflected in higher land prices.

Land demand is based on the VMP, which is a function
of the real prices of the output. The relevant output prices
for each land buyer or tenant are the net prices received for
the output in the market, which is the market price less all
the costs of taking the products to the market. These rel-
evant prices are a function of the marketing system (more
market efficiency then less marketing costs), the distance
and transportation systems, the market information sys-
tem (that reduces uncertainty and also the probability of
having an inefficient fransaction), among others.

In regional or local markets the distance between the
markets gives the main difference among producers and
the plot of land, then among land plots with the same char-
acteristics, the more valuable land is the one located in the
better position with respect to the market. (In rural areas
distance is not always the better measure for proximity -
transportation systems and communication infrastructure
have decisive effects.) The localization of land becomes an
important characteristic because land is not a mobile as-
set. There was found that the less favorably located (with
respect fo the market) were more affected by land price
changes that the ones located near the market.

Fixed land zonification laws have an impact on land
prices. If land can only be used for agricultural production
then the rate of return of alternative uses of land becomes
not important in the land price determination. With fixed
agricultural zoning regulations, the shadow price of land is
based only in the agricultural use of land (the VMP). This
situation allows inefficient land allocation, because land
will be used for agricultural production also if there is more
aftractive return opportunities derived from using land in
other activities (urbanization, mining activities, and tour-
ism).

The degree of land fragmentation could be affecting
land prices. Once land is divided in small units the cost for
a buyer of obtaining an efficient size plot are higher than if
the plot is not divided and the buyer could choose the size
ofland he/she wants to buy. In the case of agricultural land
the degree in which fragmentation will affect land prices
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depends on the size of an efficient agricultural exploitation,
meaning that if land plots are above the efficient (scale-
efficient) size, land could have higher price respect to simi-
lar subdivided land.

Given thatland is not mobile, and land supply tends fo
be fixed at local level, the local demographic conditions
have a direct effect on land prices through land demand.
Population growth and demographic variables could have
an important effect on land prices at least through two dif-
ferent channels, first through the demand of agricultural
products (food and fiber), and second, through demanding
space (e.g. urbanization pressure).

According to Figure 2, the calculated linear regression
coefficients are b = 0.1011; a = 4.2179. And the linear re-
gression equation is Y = 0.1011x + 4.2179, the R - squared
value equals to R? = 0.5031. The correlation coefficient is
r = 0.709. So, that indicates an existence of compara-
tively tight positive relationship between agriculture land
prices and the density of population. According to Figure 2,
the increasing of density of population may be expected in
the future that average price of agriculture land increases
for 0.1 VL per hectare.

Inflation has an important effect on land prices and
one of the more controversial fopics in the economic litera-
ture on land prices. In the first place, when there is inflation
and full indexation (all prices grow at the same rate) then
real output prices remain constant and so do real land rents.
Obviously, inflation is never homogeneous and there is not
perfect indexation, so one first effect of inflation on land
prices arises upon the relative effect of inflation on agricul-
tural real output and input prices. During inflationary peri-
ods there is also a fendency to observe growing nominal
prices of assets as the money supply increases.

The second, effect, and probably the most important
one, arises from the use of land as store of wealth. Real
assets with fixed supply tend to hold its real value during
inflationary periods and in that sense there is an inflation-
hedging motive for land purchases. One argument sup-
porting the inflation-hedging motive fo buy land comes from
the assumption of the availability of credit to purchase land.
Under inflation, the real credit payments tend to decline
over time, while the value of land remains constant or in-
creases. In absence of credit programs to buy land, land
purchases still an aftractive investment opportunity as an
inflationary-risk-free saving instrument. However, this type
of investments (buying land) involves high searching and
management costs that act like a disincentive to land pur-
chases.

The attractiveness of land in inflationary environments
is strongly related to the effect of inflation on real inferest
rafes. If real interest rates are negative, then interest-bear-
ing assets are no aftractive, so investors search for other
assets like housing and farmland.

The use of land as an inflation hedge affects directly
the demand for land without affecting necessarily the use
of it for agricultural production. This is a case of speculative
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Fig. 2. The empirical and theoretical regression of average price of agricultural land and density of population.

movements of land prices based on the expectations that
potential investors have about the trend of real land prices
under inflation. Investors expect real prices of land to grow
or at least to stay constant during inflationary periods, asin
the case of other durable assets. Two importantissues need
to be recalled here; first, investors which see land as an
inflation safe investment usually are not land users, so they
tend to keep leasing the land, which means that inflation
hedging mofives will affect the value - through capital gains
- but not necessarily the rental value of land for agricultural
production. (However, rental values will be affected by in-
flation through the changes in real output and input prices.)
Second, to be able to reap of the benefits of the investments
in land there must be a land market, in order to allow in-
vestors to buy land, but also to be able to sell it and obtain
the benefits (in cash) of their investment. (Trivelli, 1997 a)

There are three variables which impact of price
changes, these variables are: the liquidity constraints, the
transactions cost in the land markets and the socio-eco-
nomical and political environment where the land market
is operating.

Liquidity constraints are important because of the di-
rect effect in the opportunity cost of money. In the case of
long - term investments, like most agricultural business,
liquidity constraints are usually the binding constraint. If
there is no financial system, land can only be purchased if
one has enough cash to buy land, which will make de-
mand for land small and scarce, but land under leasing
arrangements will have a large demand. If there is a finan-
cial system the demand for land could increase propor-
tionally fo the access to financial tools (it is usual to find that
financial systems operate under credit rationing). If every-
one can access aloan to buy land, buy using the purchased
land as collateral, land prices will tend to rise.

Furthermore, liquidity constraints can be binding not
only the land fransactions but also the use of land (produc-
tion) through production credit constraints. In that case,
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where land is used as collateral, the higher values of land
will be translated into better credit conditions or availability.
Then, land prices should be higher (have a premium) if that
land serves as collateral for credit, than if it does not.

The transaction costs in the land market are the aggre-
gation of a number of costs: legal paperwork, searching cost,
valuation of the asset, management costs, bargaining, etc.
The higher the transaction costs in the land market, the lower
the incentives to do land fransactions. This disincentive to do
land fransactions has two important effects, it does not allow
land allocation fo its best economic use and it reduces the
demand for land as an asset because it becomes costly to
obtain the benefits derived from owning the asset. This last
situation is highly relevant for the use ofland as collateral for
credit. Banks are not interested in land as collateral if they
cannot easily sell the land and obtain money in a shortferm
at a low cost. (Trivelli, 1997 a)

Finally, but not least important, the socio economical
and political environment where land transactions are tak-
ing place is crucial. If there are no attractive and safe in-
vestment opportunities, for example, land prices will tend
to increase because of the higher returns and security of-
fered by this asset. If the legal system is highly complex or
unstable, if there is no security on land tenancy, if there is
an unstable political environment no long term investments
will be done, and that will affect land prices. If there is land
ownership risk, prices will be affected negatively. Every
economic, social and political context will offer distinctive
features affecting land prices; all of them need to be taken
into account when analyzing land market performance.
(Trivelli, 1997 a) A summary of the main expected effects of
different variables on land prices is presented in the fol-
lowing table.

Conclusions

1. Land prices, which are primarily a function of net
returns to land, are affected by a number of variables
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Summary of the main expected effects of different variables on land prices

Expected Effects on Land Prices

Changes in: (other
things constant)

Expected Effect
on Land Prices

Main reason

Increases in output + Increases the VMP of land
prices
Increases in input ?0) Depends on the effect on output prices
prices
Increosgs n ’rhe_ . + Increases the VMP of land
output/input price ratio
T . Increases production per unit of land (VMP
echnological change + increases)
Soil conservation Depends' on the copitolizoﬁon. of the . §pi|
programs ?(+) conservation, that could be a function of the initial
degree of soil problems
lfgffgrsifuﬂﬁglbgd'es + Assuming subsidies have real impact on production
. costs, they increase the VMP
production
Increqse in transaction Decreases the real net rent received by the
costs in the output or - tenant/landowner
input market
lf&czigfse(éneggg%ggsrs ) Reduces the net rent that could be obtained from
- ’ land. Also induces renting instead of buying.
maintenance costs)
Eg:gg;ﬁr:g Zi?jr?r}:;rrlgfer ) Reduces the net rents that could be obtained from
. land. Also induces renting instead of buying.
costs in the land market
Represents an increase in owners costs but the
Property taxes ?24) effect depends on the relation between the taxes
and inflation, and on the type of taxes.
Income faxes 2 Reduces the net land rents, but it depends on the
' relation with inflation.
Double effect. Speculative, increases attractiveness
Inflation + of land as asset (store of wealth) and, depending on
the effect on real output prices, could affect demand
(VMP)
Increases in real ) Changes the opportunity cost of investments, makes
inferest rate more attractive other sectors.
The effect could be seen in two cases. With perfect
Increase in expected infgrma'rion The expected gains tend to be regl
future capital gains + gains then price bubbles could be observed. With
less information, more speculative movements and
price overreaction.
Egg;gg?gﬁfd Breaking up fi>$ed zonificotiops tends to open the
lagricultural ?2+) morke'r.' The final effect will depend on what
land/urb alternative uses for land come to be relevant.
and/urban)
gsgn programs fo buy + More demand for a fixed or quasi fixed asset supply
. More demand for agricultural output (more
Population growth + demand) and more demand for space.
Depends on the program, but usually the possibility
Government programs ?(+) of capitalizing government benefits increases the

capital gains (subsidies, efc.)

Source: Trivell; 1997a.
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defined by the socio-economic, legal and political envi-
ronment where these prices are formed. These variables
affect the price of land through different means and their
importance as price shifters varies according to the way in
which land is being considered (only as productive factor,
or as an asset, or both).

2. When agricultural land prices are measured (or es-
timated) based only on the value of land as productive fac-
tor, the analysis will be biased and the estimates will not
reflect the solutions reached by the land market. To obtain
a reliable analysis of land prices, and of land markets in
general, one needs to consider the whole demand for land.

3. Both land markets for buying and selling and rental
markets provide information on the alternative uses for land
resources and, up to some extent, of the importance of
different variables related to the socio economic and politi-
cal environment where these markets operate. In this con-
text, the need fo understand the contribution of each value
source to land prices seems clear, in order to predict,
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support and help the land market work in such a way that
land resources are allocated in the most efficient and sus-
tainable way.

4. A better understanding of how prices are formed
and what variables affect them will help to identify policy
options to improve land market’s efficiency. In this respect,
the benefits derived from improvements in policy advice
and in resource use are enough to encourage sustained
research on the topic.

5. During the last ten years land property is the most
stable real estate sector in the land market in Latvia. The
land market characterizes by increasing demand and cor-
responding increase of land prices. These tendencies will
keep constant and the prices will increase in neighbour-
hood of Riga and in the surroundings of the biggest cities.
In the regions of Laivia the prices of land will increase slowly,
but it would be expect the increases of prices in all seg-
ments.
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Abstract

The necessity of the research is determined by the fact that in Latvia there is a strong growth in bank credit fo the private sector like
in several transition countries in Central and Eastern Europe. Its implications for macroeconomic development and financial stability can
be ambiguous.

The aim of the research is to find possible scenarios for positive credit (to private sector) growth implications for macroeconomic
development and financial stability in Latvia.

Attainment of the objective comprises analysis of available statistical data about Latvig, identification of factors affecting bank
credit growth following up some recent researches and modeling scenarios how the credit growth could facilitate further economic
development in Latvia.

This paper presents only recent frends in bank credit to the private sector in Latvia and evaluates some of the factors affecting
these trends. It does not provide updated practical models and scenarios because the research has been started only recently.

Key words: macroeconomics, bank, credit growth, crediting.

Introduction searches and modeling scenarios how the credit growth
In Latvia, there is a strong growth in bank credittothe  could facilitate further economical development.
private sector (BCPS) like in several transition economies in Structure of this paper: section 2 describes statistical

Central and Eastern Europe. For example, the cumulative  information about economics of Latvia; section 3 focuses
growth of BCPS in real terms in Latvia was 304 percent  on recent frends in bank credit growth; section 4 is dedi-
during 1998-2002. While the initially low levels of credit — cated toidentfification of factors affecting bank credit growth;
stocks inflate these rates, the BCPS-to-GDP ratio (BCPS ra-  the main conclusions are in section 5.
tio) also increased by 17 percentage points [1]. Creditdevel- ~ Statistical information
opment has not been studied extensively, but IMF and the Latvia is one of the transition countries — in 1990 a
Bank of Latvia (central bank) are worried that its implica-  process of fransformation from socialist o market economy
tions for macroeconomic development and financial sta-  began. In 2004, Latvia joined the European Union (EU). On
bility can be ambiguous. December 30, 2004, the Bank of Latvia fixed the peg rate of
The aim of this research is to find possible scenarios  the lats (VL) and euros at EUR 1 = LVL 0.702804, which took
for positive BCPS growth implications for macroeconomic  effect on January 1, 2005 in line with the plan for Latvia's

development and financial stability in Latvia. preparation for full-fledged membership in the Economic
Attainment of the objective comprises analysis ofavail-  and Monetary Union (EMU) approved by the government.
able statistical data about Latvig, identification of factors In Latvia there is the growth in the economy — gross

affecting bank credit growth following up some recentre-  domestic product (GDP) is increasing rather fast during the

Table 1
Basic indicators of economy in Latvia in 1994-2004
Unit: as per cent over previous year [2]

Average net Real wages
GDP wages and C(_)nspmer Inflation and salaries | Unemployed
salaries of the | price index of the persons

employees employees
1994 | 102 147 136 126 108 109
1995 | 100 121 125 123 97 99
1996 | 103 107 18 N3 91 109
1997 | 108 N2 108 107 104 94
1998 | 105 110 105 103 105 131
1999 | 103 105 102 103 103 98
2000 | 107 106 103 102 103 85
2001 | 108 106 103 103 104 98
2002 | 106 108 102 101 106 98
2003 | 108 m 103 104 108 101
2004 | 109 109 106 107 103 100
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Fig. 1. GDP growth in Latvia (1997-2003) [3].

recentyears (compared with the previous year, GDP in 2004
increased by 8.5%, according to the Central Statistical Bu-
reau, see Table ).

One of the reasons is the stable domestic demand.
Growth of private consumption is really high (Fig. 1).

The income of individuals has increased in recent
years, which can be explained by several factors: growth
of salaries, credit development for households, and rather
low inflation. Consumer prices changed after the EU en-
largement, which is why in 2004 the inflation was rather
high (consumer prices in 2004 increased by 7.3% —7.8% for
goods and 6.1% for services). The potential for growth of
private consumption still remains. Unemployment de-
creases, but few short-term fluctuations are possible. Infer-
est rates started fo increase in the second half of 2004
(Fig. 2), and with the increase of liabilities the netincome of
households will decrease, but it could be compensated by
salary increase.

Bank credit growth and shifts in banks’
balance sheets

In Latvia, similarly to other European countries, finan-
cial system is centered on banks. As the equity market is
small (stock market capitalization in the year 2003 was

9.6% of GDP), bank credit is one of the most important
sources of financing to private firms. In recent years, the
stock of BCPS in Baltic countries has started to rise from
fairly low levels in line of private sector activity and institu-
fions.

Comparing the situation in Latvia with the other Baltic
states, in Estonia the growth of BCPS started earlier, butin
Lithuania - later than in Latvia (Table 2). The way the in-
crease in BCPS was financed is similar (Tables 3-4) — the
increase reflected in part increased bank infermediation
and also net borrowing from abroad.

The greatest impact on the growth of total loans has
the increase in loans to private enferprises, but the steep-
est slope has loans to private persons (Fig. 3). Besides, the
slope became steeper in the second half of 2002. For pri-
vate enterprises, one of the incentives to take loan is to
make some improvements / investments (competitiveness
or qualifying with the EU restrictions efc.) with funding from
EU.

The other way is to look at the most popular loans
(Fig. 4). Commercial credit is for the enterprises or busi-
nessmen (for example, industrial credit is only for enter-
prises) and in total loans there are both the loans for indi-
viduals and for enterprises. The overdraft can also be for

Fig. 2. Interest rate — RIGIBOR (3-month loans) (2000-2004) [Drawn by the author using data of the Bank of Latvia, see source 3].
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Table 2
Measures of growth of bank credit to the private sector (BCPS) [1]
Turning Average annual real Change in BCPS | Average annual change in
point* growth rate** ratio BCPS ratio
Estonia 1994 259 353 44
Latvia 1997 314 17.9 3.0
Lithuania 2002 23.7 2.6 2.6
*Yearwhen the BCPS-to-GDPratiostartsrising.
*Creditgrowthis deflated by the GDP deflator.
Table 3

Financing the growth of the BCPS ratio: changes in the ratio between balance sheet items and
GDP (in % points of GDP) 1]

Reference Bank !oons Bank quns Bank Net foreign Other net
) to private to public . S N

period sector sector deposits liabilities liabilities
Estonia 1992—2002 35.2 —0.2 19.0 9.9 6.2
Latvia 1998—2002 16.7 0.2 1.1 10.3 —4.4
Lithuania 2002 2.6 0.6 2.3 1.2 -0.2

Table 4
Financing the growth of the BCPS ratio: annual average changes in the ratio between balance
sheet items and GDP (in % points of GDP) [1]

Reference Bank ]oans Bank quns Bank Net foreign Other net
. to private to public . oo T
period sector sector deposits liabilities liabilities
Estonia 1992— 2002 3.2 -0.0 1.7 0.9 0.6
Latvia 1998— 2002 3.3 0.0 2.2 2.1 —-1.0
Lithuania 2002 2.6 0.6 2.3 1.2 —0.2
1200.0 — — 3500.0

—a— Loans to private persons (<---)

—m— Loans to public enterprises (-—->)
) . -+ 3000.0
1000.0 -+ Loans to private enterprises (--->)

—— Total loans (--->) 7

-+ 2500.0

800.0 -+

- 2000.0

600.0 -+

- 1500.0

400.0 —+
- 1000.0

200.0 —+ 1 5000

00 W 00

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Fig. 3. Loans to domestic enterprises and private persons (at end of period 1994 - 3Q 2004; in millions of LVL)
[Drawn by the author using data of the Bank of Latvia, see source 6].
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Fig. 4. Lending to domestic enterprises and private persons (at the end of period 1997-2004; in millions of LVL)
[Drawn by the author using data of the Bank of Latvia, see source 3.

enterprises, although the credit line is a more popular prod-
uct. The consumer credit and mortgage loans in Fig. 4 are
the loans for private persons.

People want to take mortgage loans because they are
ready to pay for a better place to live. From the customers’
point of view — if monthly payment for the mortgage loanis
the same as the rent payment, it is better to have a real
estate in 20-30 years. For now it is hard to forecast if there
will be new apartment house projects enough to satisfy the
demand in the next few years. That is why the secondary
apartment market also runs up. The growth in real estate
market is closely related to the credit growth and it could
cause problems for economy. For example, if there is a
crisis in the real estate market — slowdown in economy
decreases prices in secondary market or the quality of
these apartments sharply goes down and many people
are eager to get rid of such apartments - then there could
appear problems with loan payments or with the value of
collateral which could be a starting point for chain reaction
and even in the worse case for banking crisis.

The curve for mortgage loans in Fig. 4 can be divided
in three parts — the slow growth fill the midyear of 2000,
medium growth for next 3 years, and fast growth from the
middle of the year 2003. Some of the reasons for such a
growth: the economy has been stabilized, people have
better jobs and wages / salaries, so they can dream for the
better future, and the competition in the banking business
helps to get better conditions for credit.

In order to facilitate balanced long-term economic
development and reduce domestic demand, the Bank of
Latvia increased the refinancing rate to 3.5% in March 2004
(before that it was decreasing from 27% in 1993 to 3% in
2002). This increase, however, did not have a significant
effect on the increase of the amount of loans granted, since
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the number of borrowers opting for loans in a foreign cur-
rency instead of LVL and, consequently, the number of banks
taking the currency risk grew. The Bank of Latvia also in-
creased the reserve requirement for banks and foreign bank
branches from 3% to 4% (in effect as of July 2004), with a
view to reduce macroeconomic risks in the country and to
ensure the sustainability of the current rapid economic
growth. The minimum reserve requirement for credit institu-
tionsis a part of deposits received from enterprises and resi-
dents or non-banks that have fo be kept with the Bank of
Latvia. The increase of the reserve requirement will make
banks and foreign bank branches keep larger amounts of
funds with the Bank of Latvia thereby reducing the resources
available for lending. The planned reduction of the reserve
requirement for banks to 2% set by the EU will take place
gradually in line with the minimisation of the risks men-
tioned above. The refinancing rate again was raised in No-
vember 2004 to 4.0%. In order to unify the bank competition
conditions and slow down the quickly growing borrowing of
the Latvian banks from foreign banks, starting from January
2005, the minimum reserve base shall include bank liabili-
ties to foreign banks and foreign central banks with an agreed
maturity or redeemable at nofice of up to 2 years [4].

Factors affecting these trends

Microeconomic factors

Important factors are related to bank ownership, bank
profitability, and credit risk.

In Latvia there are 22 banks, dffiliate of Nordea Bank
Finland PLC and 31 savings and loan associations. Bank
profitability in the middle of the year 2004: ROE was 19.7%
and ROA -1.7%, according fo the information from the Bank
of Latvia. The three major banks of Latvia (Hansabanka, SEB
Unibanka, Parex banka) already are comparable with the
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medium size EU banks by assets. The rest 19 are competi-
tors of small banks of the EU.

Credit risk can be understood in several ways. For ex-
ample, Latvia has been rated by the Standard and Poor’s
with A- and by Moody’s — with A2. The other way to look at
this risk is to evaluate the specific legislation. The supervi-
sor from the year 2000 is the Financial and Capital Market
Commission (FCMC). The strategic goals of it:
promofion of the stability in the financial and capital mar-
ket:
promotion of the development of the financial and
capital market;
profection of the inferests of investors, depositors and
the insured.

The main strafegic goal of FCMC is to ensure overall
stability in the financial and capital market. That means that,
within powers granted by law, the FCMC will furn against
any parficipant of the financial and capital market whose
action or inaction may cause instability in the financial and
capital market as a whole or its separate sectors. FCMC is-
sues regulations and orders governing the activity of the
market participants, licenses participants of the financial and
capital market as well as certain products, controls compli-
ance with its regulations and orders, collects, analyses and
publishes information about the financial and capital market
(quarterly report fo the Bank of Latvia and the Ministry of Fi-
nance, annual report to the parliament, monthly statistics),
prepares recommendations for the improvement of regula-
tions (for example, New Basel Capital Accord) and their har-
monisation with the norms of EU legislation, carries out the
assessment of risk on the level of an individual market par-
ticipant, individual market sector as well as of the system as
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a whole, ensures the accumulation and management of
guarantee funds for the protection of the investors, deposi-
tors and the insured, co-operates with foreign financial and
capital market supervisory organisations, international finan-
cial institutions (IMF, EBRD etc.), the Bank of Latvia, the Minis-
try of Finance of the Republic of Laivia and provides meth-
odological assistance to the Office for the Prevention of Laun-
dering of Proceeds Derived from Criminal Activity [5].

As mentioned in IMF working paper, the BCPS ratio in
other European countries is higher than in Baltics and other
transition countries, and there are even differences among
countries with similar per capita income (Fig. 5). Latvia and
Lithuania have much more space to converge faster in terms
of increase in BCPS ratio than Estonia.

Macroeconomic factors

Two main factors are likely fo lead to rapid growth of
BCPS - crowding-in and capital inflows. In most transition
countries, the rise of BCPS has been accompanied by a
falling bank credit to the government ratio. In Latvia it was
not the subiject till the year 2004 when loans fo public en-
terprises started to decrease (Table 4 and Fig.3).

Banks can expand their available resources not only
through domestic deposits, but also through capital inflows
as borrowings from abroad (some of the banks in Latvia
are owned by banks of existing euro-area members which
lightens this process) [11.

Detecting lending booms

The growth of the BCPS ratio in transition countries
can be compared with that of the countries, which al-
ready had banking crises (Fig. 6).

The growth rate in crisis countries, except for Chile
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Fig. 5. BCPS-to-GDP ratio and purchasing power parity (PPP) per capita income, 2001 [1].
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Fig. 6. BCPS ratios in bank crisis countries and some of transition countries [1].

and Mexico, before the crisis was higher than it is in Bul-
garia, Croatia, Estonia, Hungary, Latvia, Poland, and
Slovenia. In the IMF working paper, the authors had con-
structed the backward looking stochastic frend for the BCPS
series in order to examine the presence of lending booms.
Their conclusions from the results were that Bulgaria in
2002 was the closest to be detected as a lending boom
country. The next result was for Latvia. But these results can
be doubted because these tests were conditional on sev-
eral caveats, mostly relating to the difficulty of distinguish-
ing what is “abnormal” growth of credit, since all these
countries have been in transition [1].

Conclusions

Credit development has not been studied extensively,
butitis the subject for the transition countries like Latvia. Credit
growth is closely related to macroeconomic development.
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There are different situations in Baltic states — in Esto-
nia the credit growth took place earlier than in Latvia and
Lithuania.

The fastest growth is for loans to private persons in
Latvia, butin overall - total loans development depends on
BCPS growth.

The Bank of Latvia operates by raising the refinancing
rate and the reserve requirement for banks and foreign
branches.

Latvia and Lithuania has space for further credit devel-
opment more than Estonia.

The further research about credit development and
the factors affecting it is necessary in order to prove the
results of some previous econometric models and finding
the new ones, besides it could help to draw consequences
for explicit detecting of lending booms.
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Abstract

The aim of the paper is fo analyse relationship between international trade and the correlation of the business cycles between
Baltic countries and their main trading partners. Two univariate methods are used to extract cyclical components in the fime series:
exponential smoothing procedure the Hodrick — Prescott filter and unobserved components method. A simple regression model proves
the hypothesis that trade intensity has led fo business cycle synchronization.

The main conclusion is that there exists a strong correlation between the business cycles of the Baltic countries. However, the
economic cycle of Baltic countries is different from that of their main trading partners in EU. According fo Optimum Currency Area theory,
these results cast doubts on the usefulness of adopting the euro in the Baltic countries in the near future. On the other hand, recently the
deepening of economic integration has led to make intense trade between the Baltic countries and the EU, which may eventually imply

more synchronised cycles in the future.

Key words: business cycles, internatfional trade, Optimum Currency Area.

Introduction

Recently much attention has been paid to the ques-
tion of what extent the business cycles of the EU new mem-
bers correlate with the business cycle of the old Member
States. The main reason for this interest is the enlargement
of the European Union on the 1 of May 2004. A few years
after joining the EU all new Member States, including Baltic
States, will have to take into use the single currency, the
Euro. Therefore, these countries will belong to the group of
states implementing a single monetary policy. This fact
entails a significant change for these countries, as until
then they can use their own monetary policies to reduce
cyclical fluctuations of the economy. The effectiveness and
suitability of a single monetary policy to new Member States
depends partly on the interconnection of the business cy-
cles of these countries and old EU members. If the busi-
ness cycles are synchronized, the single monetary policy
will also be suitable for the country. In the opposite case, it
may amplify cyclical fluctuations.

Optimal Currency Area (OCA) theory provides a set of
criteria, which would guaranty successful participation in
monetary union. Following the seminal paper of Mundell
(1961), according to the traditional statement of OCA, the
dominant criteria are to what extent trade with potential
partner countries and extent to which the experience of
shocks is common or asymmetric. A widely used tool for
measuring the symmetry or asymmetry of shocks is a meas-
ure of the synchronicity of business cycle experience. The
empirical evidence discussed in the literature shows that
openness, trade infegration and similarity of economic
structures have strong effect on international co-move-
ments. In this paper the focus is on trade integration. So, the
main purpose of the arficle is to analyse correlations be-
tween business cycles of Baltic countries and their main
trading partners.

There are several papers related fo this synchroniza-
tion topic. Fidrmuc and Korhonen (2001) find that the corre-
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lation of cyclical fluctuations between the EU accession
countries (now new member states) is less than the corre-
lation of business cycles within EU. They also emphasize
that new member states might satisfy OCA criteria after
joining the EU and at a higher level after they enter mon-
etary union. This is referred in the literature as the endogenity
of the OCA properties. The main reason for that is the coor-
dination of economic policies. An other possible reason for
higher correlation of business cycles is the increasing in-
ternational trade among member countries. Rose (2002)
showed that on average 19 studies have found that cur-
rency union members trade about two times more than the
countries that have their own currencies.

A number of studies (Frankel and Rose, 1998, Fidrmuc,
2001 etc.) analyse how international frade affects business
cycle correlation. The main findings reveal that trade has
positive effect on the synchronicity of the fluctuations of the
economy. However, there is not much certainty of how it
happens. Maurel (2002) finds that more intense trade trans-
mits the shocks fo the economy more efficiently. Another
way is related to the composition of the bilateral transac-
tions. The level of intra-branch transfers has effect on the
level of similarity of composition of industry; and it would
stimulate the development of comparable industrial struc-
tures and, consequently, more correlated business cycles.
Similar structure of economy guarantees a symmetrical
reaction fo shocks and facilitates the implementation of
joint policies to alleviate the impact of economic fluctua-
tions.

Artis, Marcellino, Proietti (2003) analyse the evolution
of a business cycle in the accession countries focusing on
the cross-correlations and the degree of cyclical concord-
ance. They conclude that Baltic countries constitute an ex-
ception from other new members of EU: they share similar
tendencies, in the past they have been less correlated (es-
pecially Latvia and Estonia) with Euro area, but more corre-
lated with Russia. Artis et al (2003) also maintain that the
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main reason for the asymmetric nature of business cycles
is the strong impact of single shocks that accompany the
transition process. This is especially evident for Balfic Stafes.

The rest of the paper is organized as follows. Firstly the
data used are described and the applied de-tfrending meth-
odologies are explained. After that calculated values of
cross-correlations are presented and analysed remem-
bering stress to internatfional frade. A simple regression
model confirms the hypothesis that trade has positive ef-
fect on business cycle synchronization. The last section
summarizes the main findings.

Materials and methods

The traditional way to assess the similarity of busi-
ness cycles is to study the correlation in the cyclical com-
ponent of the economic growth of different states. Compar-
ing only the dynamics of growth indicators it was not pos-
sible to get an adequate picture of the cyclical develop-
ment of an economy. There is no single methodology for
separating the cyclical component from trend (economic
growth) component.

Also measurements of business cycles differ in vari-
ous studies. For example, Lucas (1987) viewed the busi-
ness cycle facts as the statistical properties of the co-move-
ments of deviations from trend of various economic aggre-
gates with those of real output [3]. Frankel and Rose (1998)
used real GDP and industrial production index, total em-
ployment and unemployment rate as proxies for the eco-
nomic cycles, but there is problem in application of this
framework in Latvia and other former fransition economies:
the data are limited, available time series are short. So, this
paper employs only industrial production index for meas-
uring correlations between cyclical components for Latvig,
Lithuania, Estonia and their main trading partners. These
time series are available for longer time horizon and with
higher frequency — monthly data.

Data

Industrial production indices were taken from from
Eurostat, but for Russia — national SO. Most economic vari-
ables including output, are characterized as non-station-
ary as they grow over time, hence they contain a trend
component; in additional they often display cycles. High
frequency cycles corresponding to the seasonal compo-
nent can be removed prior the analysis, so that one is left
with the component of interest — low frequency cycles, in-
terpreted as business cycles.

After visual examination, time series have been sea-
sonally adjusted using a traditional X12 Census method.
The seasonally adjusted series have been fransformed into
natural logarithms.

Infobserved variable) = Trend + Cycle + Seasonal com-
ponent + White Noise

As the cycles will not be invariant o how one de-
scribes the trend component in the data, the results should
be tested against alternative trend specifications. Two
univariate methods will be used to extract cyclical compo-
nents in the time series:
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(i) exponential smoothing procedure Hodrick-Prescott
filter with two different values of the smoothing para-
meter A;

(i) unobserved components method. This method uses
the structural time series approach, which is set up in ferms
of different components that have direct interpretations, but
cannot be observed directly.

As the choice of appropriate data transformation de-
pends on the nature of underlying dynamic properties of
the fime series, data has fo be first tested for unit root. So,
augmented Dickey-Fuller (Harvey, 1989) unit root fest is first
applied fo the data. For all countries industrial production
indices were first order differenced series - they were not
stationary in the level, but stationary after taking first differ-
ences. Hence, they contain a unit root and could not be
represented with a smooth (linear) trend.

Description of used detrending methods

The Hodrick - Prescott (1997) filter

The H-P filter has become a popular choice among
business cycle analysts. This filter extracts a stochastic
trend that moves smoothly over fime and is uncorrelated
with the cycle. The filter is obtained by solving the
minimization problem:

¢ =) — 8 (2)
where LA is an arbitrary constant that penalizes the
variability in the growth rate of the frend 12].

When A = 0, the trend component is the data itself,
hence no smoothing takes place. In this case, the cyclical
component vanishes. Conversely, as A grows large, the
smooth component s closer to a linear trend. According to
suggestion of Kydland and Prescott (1990), for monthly data
an optimal value of smoothing parameter is A = 14400
(frequency in square multiplied by 100). Use of this value
allows us to compare results with relevant findings in the
literature. Also we choose a variant of HP filter with A = 144,
which can account for relative more volafility in the frend.

The advantage of the HP method is that it is easy fo
apply, and the broad use of it in many international studies
makes itinteresting for comparisons. However, the method
has also come under severe crificism. Among others Harvey
and Jaeger (1993), Cogley and Nason (1995) showed that
when the HP filter is applied to an integrated series, it can
generate spurious cycles. The filter also depends on the
choice of A which makes the resulting cyclical component
and its statistical properties highly sensitive to this choice.

Unobserved components method

In this method a structural time series model is speci-
fied in ferms of components that have a direct interpreta-
tion. These components are not directly observable, but
are assumed fo have ARIMA representations (Harvey, 1989).
Structural time series model consists of a trend, cycle,
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Fig. 1. Industrial production indices for Latvia, Estonia, Lithuania and Russia (in constant prices)
(Author’s calculations using data from. [19], [20]).

seasonal and irregular component. All four components are
stochastic, and disturbances driving them are mutually
uncorrelated. In this framework the sfochastic frend evolves as:

g =8 +B.+ny ©)
B =B +C,. (4)

where [ is the slope of the frend,

n and ¢ are normal, independent, white noise distur-
bances, with variances ¢ 2and ¢ 2

The cyclical component is de%ined as:

v, and v, are independent white noise disturbances,
with variances ¢, .

Finally, the irregular component is assumed to be
white noise, and seasonal component will be estimated
as a trigonometric function [9].

Estimation of the whole model is carried out by maxi-
mum likelihood with Kalman filter in the Eviews package.
The unobserved components model has the advantage
that it can be applied directly to non-stationary time series
without having to difference the data explicitly. If we com-
pare both used methods, Hodrick — Prescott filter can be a

€ =peoshee,  +psinh.c,+0, ©) special case of unobserved components method.
¢, =-psink,c,  +pcosh,.c  +v,,, 6) Results
where p is the damping factor such that 0<p<], A visual inspection of the raw industrial production
A is the frequency of the cycle in radians, and series for Latvia, Lithuania, Estonia and Russia shows a
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Fig. 2. IP series (Latvia) and estimated trend-components.
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Fig. 3. Correlations of the business cycles of Balfic countries and their main trading partners
with that of the EU (1997-2004).

similarity. In the period from 1995 fill 2000 there is high
degree of correspondence with the development in the
Balfic countries and that of Russia.

This close connection with Russia is based on the fact
that in this period Russia was an important trading partner
for all three Baltic countries. The impact of Russian crisis in
1998 was also significant. However, the reaction of Latvia’s
current trading partners in the European Union to the Rus-
sian crisis was only modest. So, even before calculating
the cycles in this time span, a high correlation can be ex-
pected between the cyclical components of industrial pro-
duction indices of the Baltic countries with Russia than with
the western frading partners.

All discussed above calculations were made using
two de-trending methods: the Hodrick-Prescott filter with
two different A values and the unobserved components
method (see Fig. 2).

Figure 3 illustrates the correlations of the business cy-
cles of Latvia, Estonia, Lithuania and their main trading part-
ners, the correlation of the business cycle of Latvia and
other Balfic countries with that of the EU is relatively smalll.

Term “business cycle of EU” should be commented.
Arfis et al. (2004) proved that correlation between “old EU
Members” is relatively high. There is only one exception —
UK, which has a less synchronised business cycle with the
aggregate EU cycle than other countries in the union. This
factis usually explained by emphasising that foreign trade
with United States and Canada plays of larger role in UK
than in the EU on average (see Bjornland (2000)). Surpris-
ing is the fact that Russia has higher correlation with EU
than Baltic countries. Cyclical component calculated from
HP filter does not show such result.

Figure 4 reflects the interconnectedness of the busi-
ness cycles of Latvia and its main trading partners.
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Fig. 4. Correlation of Latvia’s business cycle with that of its main trading partners (1995-2004).
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Fig. 6. Estonia’s main trading partners in 2004. [19]

Infigure 4 countries are ranked taking into account the
role in total infernational trade of Latvia. The main Latvia's
trading partner is Germany, but correlation is relatively small.
So, data of Latvia, there is no high relationship between
correlation of cyclical components of IP and trade.

In the case of Estonia, high correlation between Esto-
nia and Finland is not surprising as Finland is the main
trading partner of Estonia, and Russia was an important
trading partner also for Finland. The negative correlation

between Estonia and Sweden should be noted. Sweden is
the second country ranking by share of sum of export and
import o total trade of Estonia. This can also be fraced back
to the Russian crisis, during which the Swedish economy
was growing, unlike that of Estonia. There is also an exam-
ple that not only infensive trade relations are important for
synchronicity of business cycles — Estonia’s export to Great
Britain has been quite moderate to date but the correla-
tions are relatively high.
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Fig. 7. Correlation of Estonian business cycle with that of its main trading partners (values on Oy axis).
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Fig. 8. Trading partners of Lithuania in quarter 1, 2004. [22].

Effect of trade intensity on business cycles correlations

De-trending method R? B p-value
HP 14400 0.201 0.066 2.40052E-05
uc 0.1328 0.102 0.000764

The mostimportant partners of Lithuania in 2004 were
Switzerland (16.8%), Germany (10.1%), Latvia (8.9%) and
Russia (8%t). The most significant partners in imports were
Russia (24.4 %), Germany (15%), Poland (5.1%) and France
(4.3%). Full list of rading partners of Lithuania is shown in
Figure 8.

In Figure 8 we can see that Russia still remains as very
important trading partner of Lithuania. But correlation coef-
ficient between cyclical components of industrial produc-
tion is about 0.5. Only if we take lags in IP of Russia
(-3 months) correlation is a bit higher: 0.57.

Empirical analysis did not show close relation between
business cycles synchronization and trade.

Regression analysis

There is no clear correspondence between correla-
tions and trade observed. Since cross-correlafions and trade
indicators did not show unambiguous relationship, a quite
simple model is estimated:

Correlation(cyclelP,;cyclelP,) = B, + f, - Trade intensity ; +u, (7)

where Correlation(cyclelP,;cyclelP,) is correlation coeffi-
cient between cyclical components of industrial produc-
tion indices for country jand country j.
“Trade infensity * is one of ways how to measure
trade intensity from country i to country j. Approach used in
this model is taken from Frankel and Rose (1998):

Import;; + Export;

Trade intensity;; = ) 8)
(Import+ Export); + (Import+ Export),

The error term u, represents the influence of all other
effects impacting business cycle correlations [9]. The posi-
tive and significant value of regression coefficientin model
(7) confirms the hypothesis that higher trade intensity is
associated with higher correlation between business
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cycles. Negative value of 3, would show that increase in
trade causes divergence of the economic cycles. This situ-
afion can be observed when structures of economies are
different, when there is a high level of specialization.

Regression was run for 82 pairs of countries. Both co-
efficients are significant and positive, but values of R square
are relatively small. Although in Frankel and Rose (1998)
this kind regression suffered from problem of hetero-
scedasticity, in our case Goldfend — Quandt test we did not
reject H, about homoscedasticity. One of explanation could
be specific completion of countries with high level of simi-
larities.

Regression results are summarized in following ta-
ble.

Both de-trending methods show almost the same re-
sults. As it was expected, B, is positive. It is not surprising
because usually industrial production mostly consists of
tradable goods and increase in IP value can positively in-
fluence amount of export. Low value of R? shows that trade
is not the main reason for business cycle synchronization,
and this research should be continued.

Conclusions

A strong correlation between the business cycles of
the Baltic countries is clearly evident. It can be sup-
posed that one of the reasons of high correlation coef-
ficients is international frade. Before Russian crisis, all
three Balfic countries had Russia as one of three main
trading partners, Russian crisis hit all three economies
causing reducing in production levels and in amount
ofexported goods, but after that all three countries re-
oriented their markets to EU. So, development of the
economies of Balfic States was quite synchronized.

In recent years, the correlation between the business
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cycle of Russia and Balfic countries has decreased.In e Research should be improved using muliivariate meth-

the same period, the role of Russia in international ods for measuring business cycles, because use of
trade of Latvig, Lithuania and Estonia has decreased. industrial production indices restricts analysis to sphere
e  The economic development cycle of Balfic countries ofindustry, not whole economy. Recently in most of EU
is different from that of their main trading pariners in countries the share of industrial production in GDP has
EU. A higher level of synchronisation can be expected been reducing, and is close to 25%.
in future taking into account that Balfic countrieshave e Asimpleregression model proves the hypothesis thatirade
been EU members for less than one year. Therefore, it intensity has a positive effect on business cycle correlations.
may be assumed that the deepening of economicin- e  To get clearer evidence about relationship between
tegration and joining to the EMU in future will bring international trade and business cycles, sources of
business cycle of Balfic countries closer fo that of the shocks should be examined, i.e., if the business fluc-
European Union. tuations are caused by supply or demand shocks.
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Abstract

The changes taking place in economics, its internationalisation, development of information and progress of science and tech-
nique determine the necessity fo raise the country’s economic competitiveness, as the result of it the level of life will rise. It is relevant for
Latvia to be aware of its advantages and potential competitiveness in EU market in order to carry out appropriate macroeconomic
policy and favour the introduction of appropriate macroeconomic as well as social policy. The main advantage for providing more rapid
development is the fact that Latvia is a small country, able to adopt flexibly, the demand of economic environment where it is easier to
achieve a compromise with society. As well as the fact that it is characteristic for the population of Latvia to have a constant tendency
towards better life. The way in which Latvia will be able to use its comparative advantages in context of EU market will determine the
progress of the national economy including agriculture. At the moment, several problems, which are to be solved, have already
appeared in agriculture. The more rapid introduction of technologies of information communication (ICT) in agriculture could be one of
the ways to solve the problem. It would provide the development for both economic and social spheres mofivating exchange of
information, expanding of the market, increasing of production quality, improving work organisation in enterprises, and providing more
possibilities for education.

Purpose: To carry out the questioning of students of the Latvia University of Agriculture in the course of study in order fo find out the
level of ICT application among students, as well as to obtain information about ICT application in the process of education.
Key words: technologies of information communication, process of education, students’ questioning.

Introduction As one of the ways to tackle the problem in the au-

The entering into European Union determines thatEU  thors” opinion could be more rapid introduction of tech-
market is at the same time both possibility and trial for ~ nologies of information communications in agriculture.
Latvia's national economy. Therefore the relevance of agri- ~ The sector of felecommunications makes up a remark-
culture remarkably changes in the fotal development of  able share of infrastructure and motivates more rapid
national economy. Some decades ago agriculture andits  development of national economy. The density of this
enterprises were dominant elements of rural farming, which  branch has increased rapidly in the last years due to
provided work, production in rural territories and also cre-  stabilization of market relations in society and increase of
ated social infrasfructure. At the present moment, agricul-  gemand for telecommunication services of different kinds.
fure has become an important sphere, however now itis  Generqlly available telecommunication services in the
only one of many other §pheres that coexist. The volume of country expand both qualitatively and quantitatively. De-
production has dramatically decreased due to changes of o . . . .

spite this fact many inhabitants of Latvia, especially those

ki iti ituati i- . . -
market and political situation, unemployment causes seri who live in rural areas, still have not had the possibility to

ous social problems in the countryside. In the context of
P i find out and use the possibilities that modern technolo-

agriculture in Latvia, itis important to consider not only pro- ) 3 o )
duction of agriculural products but also conservation of ~ 9ies provide. The number of users' lines, which have been
rural environment. connected to digital system in 2003, was 80%, which

At the present moment when Latvia, as EU member, ~ Proves the development of telecommunication network
carries out its agricultural policy, it is relevant to take into  in Laivia. The development of mobile telecommunications
consideration the supply of agricultural products, their qual- is very dynamic (the coverage of mobile connections is
ity, prices and amount, which are offered by other member  rapidly approaching to 100% coverage of the whole coun-
countries, as well as opportunities for production of agri-  try), however there is tendency to decrease the number of
cultural products in Latvia, their quality, costs and prices,  fixed lines. The comparison of Baltic States indicated
ecological problems, and social factors (employment of  |atvia's digital distributions as the most irregular ones.
rural population, geographical distribution of population). Teledensity in the capital and the biggest cities is higher

Furthermore, legal aspects are of high importance 4,4 i il country altogether, however it is very low in the
(country has to observe international normative). In the au- rest part of the country. This causes a big gap between

thors”opinion, agriculture is affected by the following prob- urban and rural areas. The conclusion is that the develop-

lems, which are to be sorted out by the state: - . o
1) adopting of farms to EU demands, standards and ment of telecommunication network in Latvia is irregular
' and big investment is necessary in order to reduce this

introduction of quotas; . : ) .
2)increase of costs in farms; difference (Kopeika, 2004). The support of the state is domi-
3)lack of government's support for agriculture; nant for the establishment of appropriate infrastructure,

4) lack of information. such as education of population in ICT sphere.
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Methods

Analysis of situation in the country is basing on differ-
ent statistical data. The influence of ICT in agriculture has
been worked out basing on theoretical conclusions and
personal experience. Econometric, comparative stafistics
(variance analysis) and logical regression "Binary logistic"
are also applied in the research. Two software programs
"SPSS"and "Excel"were used.

With the analysis of data acquired in questioning, the
authors assess how the relative number of computers at
home, besides Infernet access, is influenced by students’
place of residence. In regression analysis, Binary logistic
method is applied in order to predict if an event will take
place or not, basing on different interpretation variables.
The model is created in a similar way as in linear regres-
sion but it differs from it as it applied in case of dichotomous
variables. Binary logistic factors are applied in order fo as-
sess probability that an event will take place, with every
independentvariable.

In total, 118 Latvia University of Agriculture first-year
students from the Faculties of Agriculture, Engineering, Ru-
ral engineering, Food technology and the Forest faculty
were questioned. The quantity of students is sufficient to
get a taste about the level of ICT application among stu-
dents.

Characterization of the situation

According to the latest research of the World Economic
Forum (WEF), Latvia takes the 56™ position in the world in
field of usage of connections of information technologies.
Latvia has faced the incline for 21 position in comparison
with last year’s range. The report about information tech-
nologies includes 104 world countries and it has already
been worked out for years in turn. WEF has used an index
consisting of three components for development of ICT rate.
The first component of index characterizes ICT environ-
ments - infrastructure, legal regulations, and market de-
velopment. The second component characterizes the abil-
ity of population to use technologies, including level of edu-
cation and knowledge. The third component characterizes
usage of technologies, including such indicators as the
number of Internet and mobile connection users. Among
these indicators Latvia has taken the highest — 55" — posi-
tion in the field of ICT environment. According to usage of
technologies, Latvia takes the 58" position among all coun-
tries included in the range, and the 61st position according
to readiness of technologies application.

The new European Union countries develop rapidly in
the field of e-administration it was recognized in the fifth
annual report of European Commission about development
of electronic administration. At the same time, the rest of
the new EU countries are positioned in the lower part of the
listin the field of e-administration, and the lowest develop-
ment indicates Latvia, where complete interactivity is pro-
vided only for about 5% of organizations.

As it was mentioned before, lack of information is a
serious problem in agriculture. More rapid infroduction of
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ICT usage, especially expansion of Internet network, could
reduce this problem, as the Internet is defined as mecha-
nism for transportation of information. The prevalence of
Internet in Latvia in comparison with the situation in other
European countries of course is relatively low. The authors
are hopeful that Latvian Internet services’ providers will not
lose their position in this competition and will catch up with
their northern neighbor Estonia, as well as with many other
western countries (Virtmanis, 2000).

As a serious problem of Latvia could be mentioned
availability of information which is recently more provided
by the Government. More often it is just formal, inconsider-
able, and contextually poor. The updating of it takes place
very slowly. The nominated demands, necessary for satis-
factory or useful information - information must be avail-
able, comprehensible, valid, and apropos. Critical assess-
ment of useful information shows that only small part of all
available information is useful. In order to provide compre-
hensible information, it should be delivered in language,
which is understandable for the target group and it should
be explained with understandable terms. In order to pro-
vide apropos information, it is necessary to use such infor-
mation providers that are simple and quick to update as
well as easy fo change. For valid information could be as-
sumed any official information that is broadcast or created
and codified by a competent state or independent organi-
zation. Latvian state and self-government institutions should
be aware of the conceptual, political and technical range of
problems related to information availability, in order to pro-
vide successful flow of information between the country
and ifs citizens.

In Latvia, the Internet is used by approximately 34% of
the population but the biggest part of these users live in
Riga orinits nearness (61%) or in the biggest cities (44%). In
the countryside, the Internet is used only by less than 11% of
the population. Approximately 100 thousand of permanent
connections are used for Internet access and 72% of them
are located in Riga. A serious obstacle for Infernet usage is
lack of availability of infrastructure. The second serious
obstacle is readiness and skills of rural population to use
modern technologies. According fo the authors’ opinion,
the development of these tasks is the state’s competence.

The project "e-Latvia 2005-2008" was announced in
the Session of State Secretaries on February 17 this year.
The target of this project is dynamic development and com-
petitiveness of Latvia State and its society in status of
economy that is based on knowledge Latvia will achieve
through six directions of development: e-Administration,
e-Education, e-Business and welfare, e-Health, use of
comma. There is specified in this project that in declara-
tions of Latvia’s government necessity to support the for-
mation of information society has always been empha-
sized. The text of the projects allows fo draw consequences
that those have been only declarations, as the project in-
cludes activities of programs and conceptions which have
not been implemented before.
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The project of the program does not hold out hope that
this program could be implemented, as several imperfec-
tions have already been observed: there are not defined
mutual priorities among the activities and terms of their
implementation in such a way that activities and precondi-
tions for achieving the aims are carried out first in order to
give prospect for real success. The aid thatis necessary for
accomplishing of e-Education activities is insufficient. The
project defines that in order to develop economy that is
based on knowledge in Latvia, it is necessary to have a
bigger number of students in technical and natural sci-
ences. However, the promotion of these sciences is the
only activity mentioned here. The project does not provide
any participation of Latvia in international cooperation pro-
grams connected with e-society topics. Further on, there
are not mentioned any government activities in the project
of this program that could motivate active participation of
self-government and private sector for achievement of e-
society targets. It is absolutely indeterminate how and in
what terms Internet broad-zone access will be provided
for the rural areas.

Results of research

ICT implementation could motivate the exchange of
information among enterprises, including agricultural en-
terprises, between enterprises and consumers and the state.
For all that ICT could provide more efficient activity for enter-
prise itself (Figure 1).

Itis necessary to provide rural population with perma-
nent and extensive possibilities of education in order to

Consumers- search for consumers
through Internet, incoming consumers
about the offer, electronic commerce, etc.

manage in the present economic conditions without previ-
ously mentioned knowledge in the field of ICT. One of the
ways is E-education possibility, which could allow country
dwellers to acquire necessary knowledge in pace and place
that are advantageous for them.

ICT development, including development in the coun-
tryside, could motivate the development of e-commerce,
which is a comparatively new branch. E-commerce is a
modern business methodology that is related fo necessity
of organizations, traders and consumers to reduce costs at
the same time improving the quality of the products, serv-
icing, and speed of supply. E-commerce relates to usage of
computer network as well in order o search and update
information that s necessary for taking decisions (Hartman,
2001). E-commerce is developing in Latvia, however it con-
siderably drops behind many other countries. Many po-
tential customers and marketers have wait-and-see atti-
tude against e-commerce, as there is lack of comprehen-
sive information and advice. The most rapid of the devel-
opment of e-commerce is in such branches where the end
product is digital (for example, entertainment or advertis-
ing). However, it mightinclude the sales of agricultural prod-
ucts as well. E-commerce processes include: the presen-
tation of electronic goods and services; accepting Online
orders and billing, issuing of automated cognition about
status of customer’s account; processing Online payments
and taxation. Furthermore, e-commerce as itself does not
ensure financial success for the enterprises, however it
opens wider possibilities and advantages: provides entre-

Enterprises - establishment of communication
among producers, suppliers, traders, using of
electronic banking services, accepting orders,
purchasing raw materials and technique,
information about price

Enterprise — more efficient and more rapid activity
inside the enterprise (accounting, planning, frame of

reference, settlement, payment of taxes), broader and
faster exchange of information

A

\ 4

State- legislation, country’s economical and political live issues,
information about EU processes, development of electronic services
[registration, taxes cognition, seftlement, and possibilities for
education, etc.)

Fig. 1. Information exchange (Made by authors).
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preneurs with faster communication, allows to offer their
products 24 hours a day, which favors amount of business
and reduces costs, saves time, but consumers may re-
ceive their goods faster and for lower price.

Internet banking is not a novelty any more either and
its services for several years are provided in a digital form
as well. The advantage of Internet banking is a possibility
24 hours a day of inquiring about the remainder of the
account, pay the bills as well as any payments, receive
report about your account, receive information about cur-
rency exchange rates, carry out currency exchange opera-
tions, find out the status of payment order, use any previ-
ously fulfilled payment order as a sample for filling in a
new document, access Internet bank from any point of the
globe wherever a computer with Internet connection is
available, specially create the samples of payment orders.
However, many agricultural enferprises do not have the
opportunity to use these services due to the lack of possi-
bility fo use modern technologies with Internet connection.

The second direction, where ICT finds expression as
resource of development, is education process, the aim of
which is creation of person’s self-confidence and employ-
ment potential (European Commission, 1998). The research
proves that at the moment there is insufficient training of
specialists in Latvia, and an engineer is often considered
more as an academician profession but not a practician
with skills of an entrepreneur. That is why questioning of
students of the Latvia University of Agriculture was carried
outin order fo find out ICT application, how to acquire infor-
mation about ICT application in their process of education.

After performing the questioning, it was found out that
51% of the respondents do not know where the Infernet is
available for them at LLU (Latvia University of Agriculture).
Only 36% of the students know that the Internetis available
in the reading-room. Altogether 3% of the students declared
that the Internet is available at their faculties, 2% at the
Faculty of Rural Engineers. The rest part uses the Internet
only at the Faculty of Information Technologies (mainly for
mathematics laboratory works and studies of information).

It must be noted that students’ questioning points to

the most successful application of modern technologies in
physics, often used in economics and ecology as well. Of
the total, 1% of the respondents claimed the application in
all subjects but it is unlikely that these answers are frue.
While answering these questions students definitely have
meant those subjects where they use the Internet them-
selves for receiving information. Only a few students claimed
the application of modern technologies in studies of tour-
ism, English and German languages, ethics, fimber stud-
ies, building graphics, and studies of food chemistry. On
the question how the Internet could be applied in the cho-
sen profession, 12% of the respondents replied that there
are various ways of application. However, three students
think that the Internet is not applied in their profession at all,
but 36% do not know how it could be applied. 32% of the
rest of students will use Internet for search of information,
16% — for electronic communication, 3% of students will
find out about the latest fechnologies, 5% will use modern
technologies for creating databases and reports, but 2% for
advertising purposes, 1% for data transmission, 0.5% for
writing, and 0.5% for creating a web site. The data acquired
in the research shows that the maijority of students do not
have comprehension about application of modern tech-
nologies in their chosen speciality.

With the purpose to assess how the place of residence
affects application of the computer in general and also
Internet at home, an assessed variable - Internet applica-
tion at home —was chosen. Different models were created
and, affer festing their significance, 7 independent variables
were selected.

Consequently,regions: Riga - R; Zemgale - Z; Latgale-
L; Vidzeme - V; Kurzeme - K.

Figure 2 reflects the division of respondents according
to regions where they live.

It is expected that the region’s effect on Internet appli-
cation is positive mainly in its centres, as well as in Riga, as
itis possible that Internet connection is available not only at
home.

The place of residence is located in: city — P; village -
C; individual farm -S.

not mentioned

Vidzeme
25%

Fig. 2. Distribution of respondents’ place of residence by regions in percent.
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contryside
22%

Fig. 3. Lifestyle of respondents’ place of residence.

It is expected that both cities and villages especially
cities will have a positive effect on Internet application.
Whereas, individual farms in the countryside will have a
negative effect as in the country there are still problems
with the creation and provision of a complete communica-
tion network in remote regional centres or bigger cities in
general.

Regression analysis

Let's check out the effect of the place of residence, i.e.
region’s, where the respondent lives, as well as if he lives
in rural area or in a city, on computer and Internet applica-
fion.

Applying regression analysis, the authors set the goal
to find out whether initially proposed predictions correspond
with real data, as well as how big is influence of interpreted
variables.

Applying Binary logistic analysis, where the depend-
entvariable is Internet application and interpreted variables
are place of residence of surveyed LLU students, i.e., re-
gion and lifestyle of the residential areq, the following re-
gression model was obtained:

1=1.033 +1.313R+0.725Z + 0.499L+ 0.832V + 0.464K +
+1.153P - 0.980C — 1.344S.

From the model’s table of variables it was observed
that all inferpreted variables are significant.

Let's assess the preciseness of the model’s prediction.

Table indicafes thatin 21 cases out of 33 (that is 21+12)
or in 64%, the model had correctly predicted that the stu-
dent does not apply the Internet, and in 83 cases out of 85
(thatis 83 — 2) orin 97.6%, the model had predicted that the
person uses the Internet. Consequently, the model is very
precise in predicting that the person uses the Internet but
not so precise in predicting the possibility of not using the
Internet.

The tofal preciseness of the model is 81.4%, whichis a
very good indicator.

Interpretation of Regression Model

Factors of the regression model indicate that places of
residence (except cities) have negative effect on Internet
application, but the region - positive.

The factors of regional effect in regression model are
significant. The factors are positive which indicates a posi-
tive effect of the region on Internet application. It can be
observed from the values of factors that, if a student lives in
Riga or Vidzeme, the probability that he/she uses the Infernet
is higher than in case he/she lives in Latgale or Kurzeme.
After assessing the effect of the place of residence, it is
evident that the effect is big enough, however the effect of a
village and individual farm is negative. Consequently, there
is a probability that Internet is used by more students who
live in regional centres or cities, less by students who live
in villages, but the least by residents of individual farms.

The Table of Classification of Internet users

Predicted
Observed Using of Infernet Pcec:f;rgc:%()e
no yes
Using of no 21 12 64.2
Internet yes 2 83 97.6
Overall 81.4
Percentage
(%)
Thecutvalueis 0.350.
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The negative factors are indicating of the negative effect on
Internet application.

Why is ICT introduction so important now in the edu-
cational process? It is determined by many factors. First of
allitis the global dimension of this process following out of
“The White Book" of European Commission, which deter-
mines that internationalisation of trade, global character of
technology and further on development ofinformation have
provided people with bigger opportunities to acquire infor-
mation and knowledge. However, at the same time, they
have created a remarkable and necessary reorganisation
in the demands of employment skills, and employment
models. The national dimension follows the national pro-
gram "Informatics" (1999), as well as the social economic
program “e-Latvia", where itis emphasised that orientation
of society and national economy to application of general
information and knowledge will create more possibilities
for Latvia’s development. The individual dimension of this
process follows out of “The White Book" of European Com-
mission, which declares that mobility, life long education,
application of new technological tools, flexible approach
for receiving knowledge to be the facts that determine the
necessity for searching of new methods that help to affirm
professional skills regardless of the fact if they have or have
not been acquired parallel to the theoretical qualification
(European Commission, 1998).

The research that was performed before on ICT infe-
gration in education indicates that this process is develop-
ing in three directions in Latvia - ICT as master object
(knowledge about ICT), as modern teaching environment
(teaching aid that becomes an assistant of the teaching
staff, and application of ICT in the management of any
educational establishment in order to facilitate the work of
administration and save time. The application of ICT re-
quires at the same time both developing skills for working
with the tool (computer, using simple formal and commu-
nication programs) and skills for working with information
its identification, searching, selection, and assessment)

References
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(Malzubre, 2002). It is important to note that it creates the
basis for life-long education.

Conclusions

The introduction of ICT in agriculture could favour both
social and economic situation in Latvia rural areas. It could
favour the exchange of information, increase the quality of
production, and increase the work organisation in enter-
prises. The farmers would have wider possibilities for
searching new markets, find out and make themselves
familiar with agricultural novelties in Latvia, EU as well as
in the world in general. In order to put it in practice, it is
necessary to receive support from the country not only for
furthering the possibility to sell agricultural production and
giving financial support in a form of subsidies or financing
production or development programs, but also as a com-
plex of activities which could provide support for:

1)ICT and data transmission for creation of infrastruc-
ture in rural areas;

2) improvement of ICT skills of rural population.

As well it is necessary to define activities of the gov-
ernment, which could motivate self-government and pri-
vate sector for active participation in achieving purposes of
the e-society.

After assessing the effect of the place of residence, itis
evident that the effect is big enough, however effect of a
village and individual farm is negative. Consequently, there
is a probability that the Internet is used by more students
who live in regional centres or cities, less by students who
live invillages, but the least by residents of individual farms.

The Latvia University of Agriculture prepares specialists
mostly for rural needs. Therefore it is significant to prepare
such specialists who will be able to analyse the situation in
the future, assess possibilities and take the right decisions.
One of the ways to achieve this task is a more rapid ICT
introduction in the process of education. It was found out in
the research that there is much to be done in this sphere. The
research is in development state, and solutions how to solve
the problem will be offered in the next reports.
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Abstract

The research paper summarizes the results of the influencing factors of small and medium enterprises development: govern-
ment’s policy, access to short and long ferm financing with reasonable interest rate, investments, tax system, geographical environ-
ment, business environment and infrastructure, experience and knowledge. Most of all the small and medium enterprises develop-
ment is influenced by the investments but also other factors have very significant role.

Key words: small and medium enferprises, factors, development.

Introduction

The small and medium enterprises (SME) have the
most important position in the forming of economical situ-
afion in the state. They provide people with job, create com-
petition and serve as a source of innovation. The small and
medium enterprises are very important for providing of
market economy dynamics [2]. The SME are approximately
90% of all enterprises in Europe. Such rate is analogical in
the other countries. Also the SME sector has the important
role in the nafional economy of Latvia. Latvia had 45 014 eco-
nomically active SME in 2003, which is 99% of all economi-
cally active enterprises. They produce approximately 65%
of gross domestic product (GDP) and employ 70% of all
working population. Similarly as in other countries, Latvia
has considerable barriers and problems for the develop-
ment of SME, especially in countryside, that's why they need
special support. In the most of all countries with developed
market economy can be realized out some different enter-
prises for the development of SME. The successful devel-
opment of SME defines a lot of various factorsl4]. It was the
basic for the choice of the research theme.

The objective of the research - to analyse
the development of small and medium enterprises in Latvia
and to evaluate the impact of different factors on their de-
velopment in the regions of Latvia.

Such tasks are nominated for realization of the objec-
five:

1) to identify the influencing factors of small and me-
dium enterprises development;

2)to evaluate the impact of the influencing factors of
small and medium enterprises development on their growth.

Materials and methods

The Central Statistical Bureau data, information of the
commercial register of the Republic of Latvia, scientific pub-
lications that relate to previously formulate the solution of
objective and tasks and other informative materials are
used for the research.

Such scientific research methods — deduction, induc-
tion, analysis and synthesis, and statistic research meth-
ods (analysis of regression and correlation) — are used for
the solving of tasks.
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The composition of publication is formed according to
the research tasks.

Results

There are sfill few small and medium enterprises in
Latvia. In 2003, Latvia had 18 small and medium enter-
prises per 1000 population in comparison with European
countries — 40 to 60 small and medium enterprises per
1000 population.

According to the authors’ opinion, the development of
small and medium enterprises is influenced by various
factors, which are showed in Figure 1.

Figure 1 shows that one of the influencing factors of
small and medium enterprises development is govern-
ment’s policy. One of the tasks to achieve the develop-
ment of SME is to explore the factors of government and
other macro levels such as system of legislation, political
culture etfc., whose action promotes or disturbs the growth
of small and medium enterprises.

The basic regulation of SMS development in Latvia is
established by Direction No. 61 issued by the Cabinet of
Ministers of the Republic of Laivia “On the Basic State-
ments of Development Policy for Latvia Small
and Medium Enterprises”. Defined directions and
sub-directions of operations in basic regulation have been
directed toward the achieving of strategy objectives of
Latvia - facilitation of competitiveness and employment -
formulated in the Development plan (Single Programming
Document), and they comply with the defined priorities in
the National Development Plan - facilitation of economics
development and competition, as well as development of
human resources and employment [8].

The main regulation expect to realize policy based on
the best samples in the practice of the most developed
countries and on the directions of the small enterprises in
European charter taking into consideration the specific prob-
lems in Latvia [6;7;11;12].

Five main directions of operations are formulated in
the basic regulation [1; 12, 14].

Improvement of small and medium entrepreneurship
environment.

Promotion of financing access for small and medium
entrepreneurship development.



THE ANALYSIS OF INFLUENCING FACTORS OF REGISTERED SMALL
AND MEDIUM ENTERPRISES DEVELOPMENT IN LATVIA

Iva Rudusa, Kitija Kirila

Access to short and long

Tax system term financing with
reasonable interest rate
Investments
Government's Small and _ Business
policy medium 44— environment and
. infrastructure
enferprises
v\Share and risk
Experience and capital
knowledge
Geographical
environment

Source: Thefigure created by the authors

Fig. 1. The influencing factors of small and medium enterprises development.

e  Development of the initiative of human resources and
new entrepreneurship.

Facilitation of SME competitiveness in the market.

Promotion of SME development in territories with a

relatively low index of socio-economical development.

In order fo ensure the defined purposes in Basic regu-
lation of the SME development of Latvia, Development
Programme for the Small and Medium enter-
prises in Latvia (2004-2006) [9] has been elabo-
rated.

The obijective of the programme is to promote the for-
mulated purposes in Basic regulation of the SME develop-
ment policy forming favorable environment for entrepre-
neurship, derogating management difficulties, motivating
entrepreneurs’ initiative, derogating general risk, promot-
ing access to financing, improving the efficiency and serv-
ices of entrepreneurship development, at the same time
developing the competitiveness of enterprises in Latvia [5].

For the SME development, different institutions are
formed, for example, Rural development fund of Latvig,

Construction
Services 2%

16% \

Electricity, gas,
water
3%

Transport
10%

Hotels, catering

industry
9%

Source: calculations according o the Central Stafistical Bureau ofLatvia (3],

Regional development fund etfc. with the task to promote

the SME development.

The government should promote for the SME devel-
opment such measures as:

e  promote the SME access to market;

e improve the flow of information and to develop instru-
ments of risk management;

e investin public goods that improve the competitive-
ness of SME including infrastructure (information, com-
municafion, energy, transport, development of edu-
cation, and technology).

The second influencing factor is the Access to short
and long term financing with reasonable in-
terest rate. The SME crediting project (1999) for the fi-
nancing support SME has been elaborated in Latvia. Mori-
gage bank realizes it with success. The programme fore-
casts to help the enterprises with potential to develop butin
which financing commercial banks are not interested [10].

During 2000-2002, a state guarantee (LVL 10 million)
was assigned. The financing was used for outside financ-

Agriculture, Fishery, fish
foresiry farming
7%

2%

Manufacturing
0,

(]

Trade
29%

Fig. 2. Division of the small and medium enterprises by directions of operations.
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1%
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Fig. 3. The composition of investments by amount of sums in the small and medium enterprises into sectors.

ing from German development banks, European Council
development banks, and European Union. In 2002, in the
frame of the programme, the Mortgage bank assigned
loans — EUR 15.5 million (approximately LVL 9.7 million),
butin 2003 this amount of money was EUR 10 million.

From 17.01.2000 fill 31.12.2004, 1449 loans where al-
located to the SME (the total sum EUR 77.2 million). The aver-
age size of loans was EUR 53.3 thousand (VL 37.4 thou-
sand). The loan granting promoted 4129 new working places
in national economy of Latvia.

Figure 2 shows the density of grantees.

Figure 2 depicts that the largest density of grantees is
inthe frade sector (29%), but the smallest - in the construc-
tion and fishery sectors (only 2%).

In order fo facilitate the access of financing, especially
the guarantee of SME loans, in 2004 the loan guarantee
programme there has been started according to this Mort-
gage bank provides guarantee for every client of other com-
mercial banks in Latvia.

Investments is one of the factors that influences
favorable SME development. Figure 3 shows the composi-
tion of investments.

Figure 3 shows that the largest density of investments
is in the sectors of manufacturing (29% of total amount of
investments) and frade (26% of total amount of investments).

To verify is there any linear connection between non-
financial investments and the number of small and me-
dium enterprises the correlation analysis has been real-
ized and the correlation coefficient had been calculated
among number of the small and medium enterprises in
the regions of Latvia (Stafistical classification of regions has
used for calculations) and total in Latvia (see Table 1).

Table 1 shows that regions of Riga, Vidzeme and
Latgale have close positive correlation. It is indicative of
possible non-financial investments’impact on the number
of SME. The correlation coefficients in regions of Kurzeme
and Zemgale are lower and depicts that these regions have
an average close correlation between the number of SME
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and non-financial investments. Analysing correlation co-
efficient about the situation in Latvia it is visible that the
correlation coefficient is 0.949 and a very close positive
correlation exists between the number of SME and non-
financial investments.

Table 1
Correlation coefficient among the number of
small and medium enterprises and non-
financial investments in comparable prices in
million lats of 2003 in Latvia and its regions

Region Correlation Coefficient
Riga 0.986
Kurzeme 0.618
Zemgale 0.445
Latgale 0.846
Vidzeme 0.758
Latvia 0.949

Source: calculations according fo the Central Statisfical Bureau of Latvia (3).

As the correlation coefficient is high we decided to
research this interconnection in details using regression
analysis.

To define the existence of such inferconnection, there
the regression model has been analysed:

Yi=B0+Bi-Xi+ri, (1,
where

Y, — number of small and medium enterprises,

B,— parameters of regression model,

X — non-financial investments in comparable prices

in million LVL of 2003,

r,— casual mistake.

Figure 4 shows the evaluation of results of the above
described regression model.

The regression model (see Figure 4) demonstrates that
if non-financial investments increase by LVL 1 million the
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Fig. 4. Interconnection between the number of small and medium enterprises and non-financial
investments in comparable prices of 2003 in Latvia.

number of SME will increase by 13 enferprises on average.
The influence of factor is significant with probability 95%
(p-value = 0.001M15).

The determination coefficient R? = 0.89 points at pre-
ciseness of possible prognosis of the regression model
because 89% of actual data dispersion is explained by the
chosen model.

Tax policy or tax system also has a significant role
in the SME development. The reduced rate of taxes allows
to invest the largest part of profit in further growth of the
enterprise. Sophisticated legislation of taxes and interpre-

No data
123-293
294 - 426
427 - 652

653 —1019
1020 25216

Source: Thefigure created by the authors 13]

tation of legislafive acts is also one of the problems, as well
as the high requirements according fo the management of
accountancy. Not always a small enferprise can employ a
specialist hereby the accountancy in the enterprise is done
by its owner. Misinterpretation of laws causes a big impo-
sifion of a fine. To decrease the arising of such situations,
the specialists of the State Revenue Service offer fechnical
assistance in issues of accountancy and taxes.

According fo the authors’ research, the geographi-
cal environment also influences the SME development.
The geographical sector of SME function is rather small there-

Fig. 5. The number of the small and medium enterprises in cities and districts of Latvia.
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fore there is subordination from appropriate geographical  other hand the innovation centre try to offer them with serv-
environmental factors. Figure 5 shows it in details. ices and advisory help for specified sector.

Figure 5 shows that most of all enferprises are inthe  conclusions
region of Riga. Almost a half (45%) of all SME is in Riga and
district of Riga.

Such factors as business environment and in-
frastructure, and experience and knowledge
also influence the SME development. The lack of experi-
ence and knowledge among entrepreneurs dislocate the
SME development. Business management usually prefers
to intuition and personal experience. Leaders of enferprises
usually have no time to focus on the growth of the enter-
prise because of solving daily problems most of the time.
As well as such enterprises cannot invest great resources
to research market. The lack of knowledge about consum-
ers’ needs doesn't allow to react quickly and flexibly on
changes in the market and demand.

One of the possible solutions of this problem can be
the forming of enterprises clusters and net that promote
mutual collaboration between the small and medium en-

1. The small and medium enterprises have the most im-
portant role in the forming of economical situation in
the state. They provide people with new working places,
create competition and serve as source of innovation.

2. The development of the small and medium enterprises
is influenced by such factors.

2.1. Government's policy helps promote and support
the access to market of the SME.

2.2. Most of all the SME development is influenced by
investments. Possible non-financial investments also
have significant influence.

2.3. Access to short and long term financing with a
reasonable interest rate.

2.4. Business environment and infrastructure. Experi-
ence and knowledge. Lack of knowledge about con-
sumers’ needs doesn't allow reacting quickly and flex-

terprises and business infrastructure development in the ibly on changes in the market and demand.

regions of Latvia as well as forming processes of business 2.5. Geographical environment. Most of all enferprises
incubators and innovation centre — where the business are in the region of Riga. For developing of the SME in
incubators offer a chance to start the activity for the small remote regions of Latvia itis necessary to form the clus-
and medium enterprises with preferences at first, on the ters and net of enterprises.
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Abstract

The paper is dimed at the assessment of opportunities for the financing of innovative activities in Latgale region. The analysis is
based generally on the case of Rézekne. Firstly, the problem is defermined — Latgale is the weakest region in Latvia from economical
development point of view. Secondly, the overview of the financial resources for innovative activities is given. Finally, the author argues
his opinion on necessity to develop innovative business in order to improve the situation in Latgale. One of the mostimportant aspects
that hamper Latgale’s development s the lack of financial resources. The optimal schemes for the financing of innovative business are
offered.

The research lead to the conclusion that finances for sustainable development of innovative business could be attracted through
the Latgale’s small enterprices (SMEs) cooperation with regional higher education institutions (Reézekne Higher Education Institution,
Daugavpils University), business support centres and Rézekne Special economical zone structures.

Key words: innovative business, regional development, financial basis, foreign direct investments, the EU Structural Funds.

Introduction Research Methods

Experience of the EU countries evidently shows that Following research methods were exploited within the
innovative business is the only way to sustainable eco-  analysis:
nomic development. Fast development of national 1. data analysis methods, including comparative
economy and growth of social welfare for Latvia, as a  analysis, calculations of structural and average values;
small country with open economy, is largely dependent 2. case studies on the carrying out of innovative
on its ability to produce and offer in the international mar-  projects in Latgale region;
ket competitive goods and services. In order to enhance 3. content analysis of Latvia’s legislative acts on re-

the overall level of Latvia’s economic competitiveness, it gional development.
is necessary to implement a targeted state innovation  Results

policy that should promote accelerated development of
new knowledge-based production sectors, as well as in-
crease the share of high value added products within the
traditional sectors.

The development experience of the world’s developed
economy countries evidently shows that these countries
have been creating economy open for innovation already
for several decades. For some countries, the globalisation
of economic processes and fast development of technolo-
gies create unique opportunities for fast development, for
other countries it creates certain threat for stagnation or
even decline. Ability fo generate new ideas and apply them
commercially is the main driving force ensuring economic
growth.

Welfare of Latvia is dependant on welfare of its re-
gions. Latgale is the problem region in Latvia and in the EU.
In order to improve the situation, it is vitally important to
start developing of innovative activities firstly in such de- :
pressive regions as Latgale. The author mentions twoma- ~ Was not successful and effective.
jor problems that hamper development of innovations: ~ Analysis the flows of foreign direct investment by re-
lower level of entrepreneurial activities in Latgale and lack ~ 9ions suggests that also there great disparities are taking
of financial resources within the region. place (see Table 2). Altogether 83% of total foreign direct

The objective of the paper is o deliver some solutions ~ investments are concentrated in the Riga region. On the
of the financial problems in order to ensure successful de- total, 93% of foreign directinvestments are concentrated in
velopment of innovative business. Of course, the financial  the Riga, Daugavpils and Ventspils regions. The amount of
problems can not be analysed apart from the entrepre-  foreign direct investments per 1 person in Riga region is
neurial activities’ problem. 2 times bigger than on average in Latvia, 56 times bigger

The Problem: Latgale — Economically Weakest Region
in Latvia

According to the Table 1 dataq, it is more than evident
that Latgale is sfill legging behind all the Latvia’s regions in
terms of economical development. The Table 1 data
presents best and worst results within six major indicators
of economical development. Latgale consequently
achieves the worst result within all six positions. The best
one is achieved by the Riga region. The indicator of differ-
ence between the worst and best results represents one of
the major problems in Latvia — great disparities in regional
development.

Latgale region is still lagging behind all the rest re-
gions despite the fact that five of its sub-regions (Balvi,
Kraslava, Ludza, Preili and Rézekne) were granted the sta-
tus of an assisted territory and many measures to promote
business were implemented there. It means that such policy
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Table 1
Territorial Disparity of Latvia’s Regions in 2002 (Economic..., 2003)
Indicator Numerical value Difference
Best Worst (times)
Gross Domestic Product (GDP) per Riga region Latgale region 26
capita in LVL (2001) 3064.0 1158.0 :
Registered unemployment rate, % Riga region Latgale region 35
(average in 2002) 52 18.1 '
Personal income tax per one resident, Riga region Latgale region 25
LVL 122.1 493 ‘
Non-financial investment per one Riga region Latgale region 37
resident, LVL 809.0 261 '
Economically active enterprises per 1000 Riga region Latgale region
. 3.0
residents 28.4 9.5
The weighted development index of Riga region Latgale region Difference is not
regions in 2002 2.106 -1.069 estimated in times

than in Rézekne region, and 128 times bigger than in Ludza
region (Liepina et.al.,2002).

Only about 1% of total direct investments are concen-
trated in Latgale is regional centre — Rézekne. This fact can
be explained by a lower level of entrepreneurial activities.
According to the author’s opinion, great role in facilitation of
business activities belongs o business support centres,
Technological centre, and Rézekne Higher Education Insti-
fution.

It is clear that innovative activities reguire not only fi-
nances, but first of all innovative capacity (ability to carry
out such activities). In this respect, the author has analysed
distribution of IT enterprises by regions.

Table 2 data represents great disparities in the number
of IT enterprises not only within Latvia’s regions, but also
within the Latgale region.

As for Latgale, it is evident that disparities on the one
hand between Latgale’s two biggest towns (Daugavpils and

Table 2

Distribution of IT Enterprises and Foreign Direct Investments by Latvia’s Regions (Information...;
Statistic..., 2003; Liepipa et.al.,2002)

Nu.mber of | Number of Iforeign direct Nu.mber of Number of IT| . Forgign
‘ reglstergd IT IT enfer- invest-ments . reglsTergd IT enfer-prises direct invest-
Region enterprises | prises per , peﬂ ' Region enterprises per 10 000 'mem.s per'l
(01.01.1991.- . 10 QOO inhabitant in (01.01.1991.- inhabitants inhabitant in
12.03.2004.) | inhabitants 2002, LVL 12.03.2004.) 2002, LVL
In facilitation
Kraslava 10 2.8 8.94 Aliiksne of business 30 1.5 6.27
Preili 18 4.4 40.35 Tukums 64 11.6 61.76
Dobele 19 4.8 28.73 Saldus 45 1.8 135.14
Ludza 21 6.2 0.64 Rézekne 97 12.0 14.56
Balvi 19 6.6 0.66 Daugavpils 193 12.5 401.64
Bauska 38 7.3 28.13 Liepaja 166 12.5 111.73
Talsi 39 8.0 170.45 Jelgava 133 12.9 37.09
Kuldiga 31 8.4 9.23 Ogre 105 16.7 29.76
Jekabpils 47 8.5 18.72 Ventspils 98 16.9 524.76
Aizkraukle 36 8.6 14.27 Limbazi 53 17.7 93.37
Gulbene 26 9.3 3.69 Casis 122 20.3 31.78
Valka 31 94 41.70 Valmiera 123 20.5 161.72
Madona 45 10.0 15.38 Riga 5242 55.8 822.17
Total 6851 29.4 399.96
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Rézekne) and on the other hand between the rest of dis-
tricts from another one are quite impressive. Two Latgale’s
districts — Krdslava and Preili — have the smallest number
of IT enterprises in Latvia.

Analysis of all Latvia’s regions shows that only Riga
region (Riga city, Riga district and Jormala) has achieved
the Latvia’s average level (29.4 [T enterprises per 10 000 inhab-
itants). This situation can be easily explained by the domi-
nant position of the Riga city (76.5% of IT enterprises are set
up namely in Riga, about 41% of Latvia’s population are
located in Riga, financial resources are concentrated mainly
in Riga).

Extra efforts should be taken in order fo change these
great disproportions in regional development. The fact that
Daugavpils and Rézekne represent 9™ and 10" best result
regarding the on number of IT enterprises per 10 000 in-
habitants gives exira evidences that Latgale has a potential
for development of innovative business. Furthermore, there
is located one of the biggest industrial enterprises — “REBIR”
in Rézekne. Latgale’s higher education institutions —
Rézekne Higher Education Institution and Daugavpils Uni-
versity - facilitate in economic development of Latgale and
strengthening its intellectual potential. One of the major
problems is the lack of financial resources.

Forms of Financing of Innovative Business

Before analysing optimal schemes for the financing of
innovative business in Latgale, it is important to the aware
of the full spectrum of financial resources.

As sources of financing of innovative activities can be the
enterprises, financial and industrial groups, small innovative
business, investment and innovative funds, local municipali-
ties, international programmes, private persons, etc. (see
Fig. 1). All of them participate in economic processes and pro-
mote development of innovative activities. In the developed
countries financing of innovative activities is carried out both
from state and from private finances (Financing. . .).

The sources of financing can be divided into two big
groups:

e sfate’s funds;

Assets from innovation, venture capital
and warrant Funds

(incl. foreign)

Banks loans

Investments

¢ own, borrowed or aftracted funds of business par
ticipants ( Molchanoval).

According to the choice of financing for a certain inno-
vative project, an enterprise should make a choice in or-
ganizational form of financing:

1) joint-stock financing:

e participation in the share capital;

e corporative financing.

2) state financing:

o credits from the budget on returnable basis;

o gratuitous assignments;

o target programmes;

e assets of banks and insurance companies owned

by the state;

e financing from the government borrowing (interna-
tional loans and internal bonds or loans);

3)financing of projects;

4)borrowing:

¢ bankloans;

o foreign loans;

e corporatfive investiments;

e leasing (Gobernik, 2000).

As the state’s funds are considered the assets
from the government budget, assets from national pro-
grammes or funds and municipal assets. In this case, fi-
nancing of innovative activities takes place according to
the objectives and priorities of the government policy on
innovations. These assets are aimed at the solution of the
problems on scientifically technological development and
atthe support of innovative small and medium enterprises
(Gobernik, 2000).

As assets of business participants are con-
sidered:

e own assets - profit, sinking fund (depreciation
charges), enterprise development funds, insurance
payments, non-tangible assets, free machineries
and turnover assets;

e aftracted assets — assets from stocks selling, differ-
ent charges, target payments, etc.;

State & municipal
finances

Enterprises’ and natural persons’ financg

Finances
from internationa
programmes and Funds

Fig. 1. Financial Sources of Innovative Business (Financing ..; Gobernik, 2000; Molchanova).
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e borrowed assets — state budget, banks’ loans and
commercial loans (Gobernik, 2000).

Financing of Innovative Business Through the Coop-
eration With Regional Universities and Business Support
Structures

Analysing the world practice, the author has come to
conclusion that the more developed is a country the bigger
responsibility for financing of innovative business belongs
to the private sector. The government’s main responsibility
is to ensure a favourable climate for investments into inno-
vative activities. On average in 15 EU countries, Research
and Development (R&D) expenditure compiled 0.68% of
GDP from government funds and 1.12% of GDP from private
funds in 2002 (in Finland respectively 1.00% and 2.35%; in
Sweden 0.87% and 3.07%). At the same time, in the 10 EU
new countries this indicator compiled averagely 0.45% of
GDP from government funds and 0.35% of GDP from pri-
vate funds in 2002 (in Latvia respectively 0.22% and 0.08%;
in Lithuania - 0.46% and 0.09%; in Estonia — 0.42% and
0.16%) (Statistics,2003).

Thus, it can be concluded that, unfortunately, at the
moment the innovative climate in Latvia is far from ideal.
Financing of innovative business from the government
budget is not sufficient. Support mechanisms for enter-
prises, which invest their assets into innovations, are
weak. On the other hand, enterprises do not have enough
awareness of a strong correlation between development
ofinnovations and growth of enterprises’ competitiveness.
Exploitation of other financial resources is not widely dis-
tributed.

Evaluating the opportunities for the financing of inno-
vative activities in Latgale, there are no illusions that local
innovative business can rely on a direct financial support
from the government. On the other hand, the Lastgale’s
businessmen can not afford self-financing (self-invest-
ments) of innovative business. In the author’s opinion, the
government should actively exploit the favourable taxation
mechanism in order to support innovative activities. Unfor-
tunately, the Latvia’s government has abolished 40% of
corporate income tax deduction for the IT enferprises, which
produce IT products.

Thus, at the moment, the most real opportunities in
order to develop innovative business in Latgale and to en-
sure its stable financial basis is participation in interna-
tional programmes through cooperation with regional uni-
versities (Reézekne Higher Education Institution and
Daugavpils University) and business support structures (En-
terprise Advisory Cenires, Rézekne Special Economic Zone,
newly established Rézekne Business Centre).

The author’s opinion can be explained generally in
two ways. Firstly, Latgale’s enterprises are not able to de-
liver highly qualitative projects in order fo attract finances
from the international programmes. This, inits turn, can be
explained by the enterprises’ small capacity and lack of
skills and experience in international cooperation. Secondly,
the regional universities have already presented them-
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selves as highly experienced partners while participating
in international programmes (for example, PHARE and the
EU Framework programme).

In the continuation of the paper, the possible schemes
of such cooperation will be overviewed.

Regional Universities as Facilitators of In-
novative Business in Latgale: the Case of
Rézekne Higher Education Institution

The Rézekne Higher Education Institution (RHEI) is a
regional institution located in the heart of Latgale region -
the most depressive from social and economic point of
view within the new Europe area. RHEI has a 10 years’ long
history. Today the institution takes a stable niche on the
higher education market in Latvia. During these 10 years,
the number of students has grown more than sevenfold
and now there are more than 4000 students. The main
objective of RHEl is to provide academic and higher profes-
sional education, and to develop culture, science and edu-
cation in Latgale and in the whole of Latvia. The institution
actively participates in different projects on regional, na-
tional and international level.

One of such projects is REG-ELIN-LAT - Establishing of
support network for promotion of innovative SMEs devel-
opment of Electronic and Information Technology branches
in the regions of Latvia.

The project was accepted by the European Commis-
sion and financed from the FP5 and Latvia's state budget.
The project was carried out in cooperation with national
partners ("LEBIC” — as coordinator, RHEI, Daugavpils Uni-
versity, Liepdja, Ventspils and Madona Enirepreneurship
Support Centres, Latvian Technological Centre) and inter-
national partners Business and Innovations Centre “Noord”
from Netherlands and Emilia Romagna Technologies De-
velopment Agency from ltaly). This project was carried out
in the result of cooperation among local businessmen, re-
gional universities and business support structures.

The project lasted for two years (2001 and 2002) and
its aim was the following: to create a professional support
network for SMEs of electronics and IT sector in Latvia's
regions in order fo promote the involvement of Latvian en-
terprises and research institutions in Community RTD ac-
tivities, new technology transfer and industrial collabora-
tion with European enterprises. The total amount of project's
costs is EUR 636 176. The amount acquired by RHEI is
equalled to EUR 32 657.

One of the most significant results of RHEI participa-
tion — setting up of “Spin-off Company” at RHEI. The specif-
ics of this spin-off is related to tourism entrepreneurship. It
implements the results of researches made by Tourism
and Hotel Entrepreneurship Chair of RHEI. This spin-off ex-
ploits the experience of such EU countries as Italy and Fin-
land [9,2].

The mission of the spin-off is the following: to deliver
new fourism products; to provide thorough information on
tourism possibilities in Latgale region in oral, printed and
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Fig. 2. Principles of the Spin-Off's Activities as the Result of Cooperation Among Businessmen, RHEI and
RSEZ [The Author’'s Modell.

digital form; to facilitate development of rural infrastructure
in Latgale; and to provide new practical skills for RHEI stu-
dents and local businessmen.

That innovative activities can be activated in a way of
setting up “Spin-off companies”. Now Latvia has a number
of the 2" level RTD institutions (Technological Centres and
Parks, Business Innovations Centres), which offer consul-
tations, seminars and infrastructure for small entferprises.
Latvia has almost no 1¢' level RTD institutions. Their mission
should be related fo the shift of scientific inventions and the
results of researches in their way towards new and effec-
tive technologies or products.

The principles of the spin-off's activities are explained
inFig. 2.

According to the model, RHEI Research and Develop-
ment Centre serves as the project coordination centre,
where the RHEI's academic staff on the basis of the busi-
nessmen’ ideas and proposals makes the research work,
assessing the ideas and elaborating highly qualitative
projects. RHEI submits the projects to the EU Framework
programme or to the EU Structural Funds. For the approved
projects from the Framework programme the programme’s
authority assigns the finances, and the institution can start
to carry out the project within the RHEI's spin-off.

Financing of the approved project from the Structural
Funds is more complicated. The Structural Funds do not
finance the projects in advance. It means that enterpreneur
can get the compensation of the project’s expenses only
when at least one of its stages will be finished. The busi-
nessman must be able to prove the project’s expenses
with the cheques. Thus the main problem, especially for
the SMEs, is related to the ensuring of finances for the initial
stages of innovative projects. According to the author’s opin-
ion, one of the solutions could be related to the approved
projects’ initial financing from the government guaranteed
loans through the state owned bank - “Hipotéku banka”.

This model is only the first stage in facilitation of inno-
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vation. Spin-off activity is aimed at the research work and at
the initial development of new technologies and new prod-
ucts, but not at the regular production. In continuation of
this paper the second stage will be analysed.

Rézekne Special Economic Zone as Facilitator
of Regular Innovative Business

The second stage is related to facilitation of regular
production as confinuation of successful projects realised
within the spin-off. According to the author’s opinion, suc-
cessful realisation of this stage demands activation of RSEZ
and setting out of the Industrial park as the RSEZ structure.

According to fig. 3, the SMEs could develop regular
production within RSEZ in two ways.

The first one is related to the implementation of SME’s
business a structural unit of a “cluster”. Under the “cluster”,
readers should understand such form of business, where
SMEs take the role of so-called satellites for the big enter-
prise. These SME offer wide range of services (incl. logis-
tics) or produce spare details for the production process
within the big enterprise.

As for RSEZ, there is one big industrial enterprise (SC
“REBIR”) in the economic zone. Of course, the major
prerequirement for the existence of such cluster is related
to compatibility of the SME’s profile with the nature of busi-
ness activities of “REBIR”.

Activities of the innovative SMEs in RSEZ give financial
benefits because of the following tax relief:

1. 80% corporate income tax deduction of the calcu-
lated tax amount,

2. 80% land and real estate fax deduction of the calcu-
lated tax amount;

3. on the special decision of the Rézekne town Coun-
cil, 20% land and real estate tax deduction of the calculated
tax amount could be given;

4. all the products and services exported from RSEZ
and imported to RSEZ are not liable to the customs duties,
excise tax and VAT (Law ...).
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Fig. 3. Development of Innovative SMEs in Rézekne Special Economic Zone [The Author’s Modell.

However, despite the tax relief initiatives, the level of
entrepreneurial activities is still very low. It can be sup-
posed that RSEZ should reach the next level in its develop-
ment — setting up of an industrial park. This is the second
possibility o develop regular production in RSEZ.

The industrial park is the territory with modern infra-
structure and business services in order to facilitate devel-
opment of different forms of business.

According fo the practice, the “bottle-neck” in RSEZ
development is inability of the local SMEs to start-up their
activities due to the lack of finances. They have no indus-
trial areas and modern fechnologies in order to implement
production process.

Atthe same time, there are large free industrial build-
ings that remain from the bankrupted big industrial enter-
prises in Rézekne. Setting up of the industrial park is aimed
at creation of modern infrastructure in order to carry out the
business.

The research suggests that RSEZ should activate the
earlier elaborated draft of the concept on setting up of RSEZ
Industrial Logistic Park (RSEZ ILP). According to the draft of
the concept, RSEZ ILP project has two phases.

Within the first phase the following activities were
planned:

1. research work and working up of the business plan;

2. purchasing of land and real estate;

3. creation of infrastructure;

4. landscaping of surroundings;

5. marketing (Draft,2003).

The total costs of the first phase make 135 000 LVL. The
sources of the finances could be the following: finances
from the Ministry of Economics for development of Latgale
Technological Centre (LVL 10000), RSEZ Business Support
Fund (LVL 25000) and the government finances (LVL 100000)
(Draft,2003).

The second phase is aimed at further development of
modern infrastructure and at setting up of business incu-
bator. This phase could be financed using finances of the
EU Structural Funds and programmes.
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Thus the SMEs’ innovative activities in RSEZ ILP could
be financially advantageous due to the following aspects:
tax relief, opportunity fo exploitindustrial areas for the lower
rent costs or free of charge, opportunity to use offices in the
business incubator for free, opportunity fo use consulta-
tions of business support structures in order to deliver quali-
tative business projects and to attract finances from the EU
Framework programme and Structural Funds.

As it was already mentioned, the main “bottle-neck”
for the SME's participation in the EU Structural Fund is inabil-
ity to aftract finances in advance. The author sees several
solutions fo the problem: initial stages of the SME’s project
(approved by the EU Structural Funds’ Authority) could be
financed by aftracting municipal finances, bank loans on
advantageous conditions delivered as a result of coopera-
tion between commercial banks and the government, and
the government programmes’ finances.

Also the SMEs should actively exploit the opportunity
to find business partners (incl. foreign) through the Latvia’s
branch of Innovations Relay Centre.

Another source of finances could be RSEZ Entrepre-
neurship Support Foundation. The total amount of the fi-
nancial support from the Foundation for the enterprises was
equalled to LVL 44470 in 2002 and to LVL 45000 in 2003.

Finalising the results of the research, a conclusion can
be drawn that successful development of innovative busi-
ness in Latgale could be ensured only as result of coopera-
tion among businessmen, municipalities, government,
business support structures, and regional universities. The
sustainable financial basis for innovative activities could
be ensured only by combining different sources of finances.

Conclusions

1. The objective of the paper is show some solutions
to financial problems in order to ensure successful devel-
opment of innovative business. Extra efforts should be taken
in order fo change the great disproportions in regional de-
velopment. One of the maijor problems is the lack of finan-
cial resources.
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2. Atthe moment, the most real opportunities in order
to develop innovative business in Latgale and to ensure its
stable financial basis is participation in international pro-
grammes through cooperation with regional universities
and business support structures.

3.The research suggests that innovative activities on the
universities” basis could be activated in a way of sefting up
spin-off companies. Their mission should be related to the
shift of scientific invenfions and a results of researches in their
way towards new and effective technologies or products.

4.Rézekne Special Economic Zone could facilitate
regular production carried out by SMEs. Thus, the SMEs
innovative activities in RSEZ could be financially advanta-
geous due fo the following aspects: tax relief, opportunity
to exploit industrial areas for lower rent costs or free of
charge, opportunity to use offices in the business incubator
for free, opportunity fo use consultations of business sup-
port structures in order to deliver qualitative business
projects and to attract finances from the EU Framework pro-
gramme and Structural Funds.
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Abstract

In the article there are used statistical data about Latvia rural private households of the years 2001 and 2003. The distribution of
natural households in Latvia countryside is investigated. The possibilities of the use of input-output models in the research of natural rural
household economy are investigated. Making use of private household ‘Galakrogs’ input-output tables for the years 1999, 2000, and
2001 published by A. Eglite, corresponding input-output models are compiled and their informative analysis is performed.

Key words: rural household, input-output fransactions table, duality, input coefficients.

Introduction

The article is devoted to the natural private house-
holds in Latvia countryside. Statisfical information that should
allow to judge about the distribution of natural households
in Latvia is analysed. According to the household budget
research terminology, the natural income is material ben-
efits that are acquired for personal consumption from an
agricultural household, other ways of self-procurement,
goods and services got from other households free of
charge, as well as from workplace or in a kind of social or
humanitarian aid, and so on (CSBL, 2000, p. 9). It is dis-
cussed in science about the existence of natural house-
hold if the household income and expenditure in kind con-
stitute more than 10% of the total income and expenditure
(Eglite, 2003, p. 103). In the article (Eglite, 2003) there are
drawn conclusions that it gives rise to speak about wide
distribution of natural household in Latvia countryside, but
it is little investigated in science. However, the available
statistical data do not allow stating how many rural house-
holds’income and expenditure in kind constitute more than
10% of total income and expenditure. To prove the distribu-
tion of natural households in Latvia countryside, it is neces-
sary o obtain more detailed statistical information.

In the paper, the possibilities of input-output model
construction in the economic research of natural rural
households are investigated. There are shown methods of
informative analysis of input-output models which are easy
applied in practice and the results of which are contently
interpretive. Making use of the information given in the
paper (Eglite, 2003) about private rural household
‘Galakrogs’, the input-output model of the rural household
is calculated, the informative analysis of the model is car-
ried out, and economic interpretations of the results are
given.

Methods

The methods of systematization and analysis of sta-
tistical information, economic-mathematical modelling
methods, and informative analysis methods of models are
used. Informative analysis method of models is based on
linear equation system pivot transformation and is reduced
on comparative statistics or sensitive analysis of economic
system.
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Results

The results are discussed in the textitems 1,2, 3, and 4.

1. Natural household in rural Latvia.

Let us mention some showings about Latvia agricul-
ture, as the source using agriculture census results of 2001
(CSBL, 2003) and the research about rural household struc-
ture in Latvia in 2003 (CSBL, 2004).

OnJune 1, 2001, 99.8% of total number of households
in Latvia was private sector households and 0.2% of house-
holds were owned by the state, local authorities, and so-
cial organizations (CSBL, 2003, p. 42).

OnJune 1, 2003, 99.9% of fotal number of households
in Latvia was private sector households and 0.1% of house-
holds were owned by the state, local authorities, social
and religious organizations (CSBL, 2004, p. 9).

As an economically active rural household could be
regarded the household which is producing agricultural
products irrespective of the amount produced and the way
of its utilization (CSBL, 2003, p.3 84).

To the private sector there are included farmers’ and
other households that belong to private persons 2 (CSBL,
2003, p. 386).

Agricultural census data of 2001 show that out of
140708 surveyed economically active households of the
private sector, the largest part (59.8%) did not produce ag-
ricultural products for sale and 11.8% of households sold
less than 10% of the produced agricultural products (CSBL,
2003, p. 79).

In the private sector, inhabitants’ households were
140138 (out of which 37618 were farmers’ households,
96525 were small holdings, and 5995 were private sub-
sidiary farms) which constituted 99.51% of all surveyed eco-
nomically active households. Altogether 59.9% of inhabit-
ants’ households did not produce agricultural products for
sale and 11.8% of households sold less than 10% of pro-
duced agricultural products (CSBL, 2003, p. 79).

The general data of the rural household structure sur-
vey in 2003 show that out of inspected 131316 economi-
cally active private sector households, 58.4% of house-
holds did not produce agricultural products for sale and
11.1% of households produced for sale less than 10% of
totally produced agricultural products (CSBL, 2004, p.19). In
the private sector, the number of inhabitants’ households
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was 130764 (out of which 33323 were farmers” households,
92397 were small holdings, and 5044 were private sub-
sidiary farms), which constitutes 99.51% of all surveyed
economically active households. In all, 58.5% of inhabit-
ants” households did not produce agricultural products for
sale, and 11.2% of households sold less than 10% of pro-
duced agricultural products (CSBL, 2003, p. 79).

From the data published by Latvia Central Board of
Statistics it follows that household income in kind in 1999
formed 20% of household tofal income in rural Latvia, butin
towns - 7.5% (CSBL, 2000, p. 30).

In 2003, the income in kind in rural households formed
16% of their income, but in towns only 3.7% (CSBL, 2004,
p. 83). Income in kind has tendency to decrease. In rural
households there are a comparatively high proportion of
expenses for food, which is largely connected with the con-
sumption of self-produced agricultural products. The pro-
portion of expenses in kind for food expenses in rural house-
holds in 2003 constituted 33%, at the same time for inhab-
itants of towns it was only 9.4% (CSBL, 2004, p.89).

2. Private rural household “Galakrogs”.

Let usinvestigate given in the paper (Eglite, 2003, p. 104)
private household ‘Galakrogs’ that is managing a farm in
the south of Kurzeme, its inter-branch balance tables of
elements in kind for the years 1999, 2000, 2001. ‘Galakrogs’
is a household of five persons: a farmer and his wife are
over 40, and their 3 children are youngsters that are still
studying. The household’s basic source of income is agri-
culturally available land of 30 hectares owned by the fam-
ily. On average, every year there are 6 dairy cows, young
stock (10 in number), 7 pigs, some hens, and geese. They
are selling milk and meat. From agricultural products for
sale they are growing potatoes in the area of 5 hectares.
For self consumption nature products acquired by picking
berries, gathering mushrooms, fishing and hunting are
used. The rest of monetary income makes up only social
transfers. In the doctorate paper (Eglite, 2003) ‘household
inter-branch balance table’ is discussed and with the help
of it, the model of balance for the analysis of private house-
hold elements in kind is constructed. The term ‘elements in
kind’ marks material wealth which is self-produced and
consumed, notinvolving monetary form. The research could

have been more informative if the inter-branch elements in
kind balance table had been compiled in natural or physical
measures and additionally the prices of elements in kind for
the adequate time period had been given. Unfortunately, the
balance table of elements in kind is given monetary expres-
sion, not stating the changes of the price vector.

During the survey period in the ‘Galakrogs” household,
the following four branches were active: crop cultivation
(garden), cattle breeding (cattle), foodstuff processing for
subsequent consumption (product processing), and re-
sources received from the forest, fishing or hunting (nature
products) (Eglite, 2003, p.111).

The first aim of present paper is, based on interna-
tional methodology of input-output table compilation and
interpretation, what is discussed in the fundamental book
(Cuctema HaumoHarnbHbIX cyeToB 1993,1998) ‘Galakrogs’
inter-branch balance table of products in kind structure will
be changed, to specify the notion of added value, purchased
products will be looked upon as analogues of import. The
results of our input-output transactions table compilation by
internatfional metodology are presented as Tables 1, 2, 3.

How could household ‘Galakrogs’ be estimated ac-
cording to agricultural census data of 2001?

By the share of agricultural products output for sale. In
2001, ‘Galakrogs’ sold 72% of processed agricultural prod-
ucts. According fo agricultural census of 2001, rural house-
holds that sold 51-75% of processed products were only
5.3% out of all households (CSBL, 2003, p. 79).

By the sources of farm income. In 2001, the main in-
come of private sector inhabitants” households from agri-
culture was in 39625 rural households or 28.3% of all pri-
vate households (CSBL, 2003, p. 371).

By the total area of agricultural land. From 30 to
49.9 hectares land area each in 2001 was cultivated by
5455 rural households or 3.9% of the fotal number of house-
holds (CSBL, 2003, p. 92).

By the number of persons employed in agriculture. In
2001 there were 133007 households in Latvia where only
the household owners and their family members were
people were employed, were 56633 or 42.6% of the tofal
number (CSBL, 2003, p.355).

The second aim of present article is o work out meth-

Table 1

Inter-branch Balance of the “Galakrogs” Househould, Year 1999

Garden| Cattle PrOqu Nature products Own " Sold |Given away | Final product | Total
processing consumpfion

Garden 20 | 100 69 0 180 450 30 660 849
Cattle 60 | 483 0 0 380 1694 100 2174 2717
Product 0o | o 0 0 270 0| 40 310|310
processing
Nature products 0 1 41 0 23 0 0 23 65
Value added 634 1935 171 -55
Bought 135 | 198 29 120
Total 849 | 2717 310 65 853 2144 170 3167 3941
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Table 2
Inter-branch Balance of the “Galakrogs” Househould, Year 2000

Garden| Cattle [Product processing|Nature products consct)J\;vnr;)ﬁon Sold |Given away | Final product | Total
Garden 18 | 120 35 0 180 480 20 680 853
Cattle 25 | 520 0 0 350 1352 0 1702 2247
Product
processing 0 0 0 0 390 0 0 390 390
Nature products 0 0 20 0 18 0 0 18 38
Value added 730 |1438 321 -22
Bought 80 | 169 14 60
Total 853 |2247 390 38 938 1832 20 2790 3528

Table 3
Inter-branch Balance of the “Galakrogs” Househould, Year 2001

Garden| Cattle [Product processing|Nature products cons?mlwr;ﬁion Sold |Given away | Final product | Total
Garden 50 | 300 85 0 200 575 35 810 1245
Cattle 75 | 650 0 0 420 2356 0 2776 3501
E:gfgsc;ng 0| o0 0 0 445 0 0 445 | 445
Nature products 0 0 30 0 15 0 0 15 45
\Value added 990 | 23N 303 -35
Bought 130 | 240 27 80
Total 1245 | 3501 445 45 1080 2931 35 4046  |5236

odology of informative analysis of a natural rural house-
hold input-output model, and by analysing the information
about ‘Galakrogs’ household, get the conception about
Latvia rural natural household productivity and profitability.

3. Theoretical basis of input-output analysis.

Input-output table is the aggregate of statistical infor-
mation which in widespread way shows the coherence of
manufacturing, consumption, accumulation and redisri-
bution of goods and services within the national economy
branches. Making use of input-output tables, input-output
models are constructed.

As stated by Richard Stone (Stone, 1959), there exist
almost unlimited possibilities of the use of input-output
models. With the help of input-output models, manufactur-
ing, capital investments, energetic, structure of demand,
export proportions, necessary import, employment, prices
and costs, and structure of added value are analysed and
forecasted. The analysis of economy sensitivity is of spe-
cialimportance.

The national economy structure is called the aggre-
gate of sustainable, stable connections between the man-
aging subjects, which ensures the entirety, i.e. ensures
perseverance of the peculiarities of the researched object
in the case of different inner and outer changes.

Development of input-output model is based on sev-
eral assumptions.

The first assumption is about national economy struc-
ture. Within the household it is possible to define n pure
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branches and statistical observations allow making up
balance for the processed products in each branch and its
utilization during the account period:

X, +X,+...+X +y=X;ie{l,2,...,n}
where

x. =the amount of processed product in branch-i,

x,; = the utilization of pure branch-i product in the

branch-j,

y, = the final product amount of branch-i.

There are used marks: complete processing vector
X=(xx,...x ) final productY = (y,y, ...y I".

The second assumpfion is postulate of linearity. The
use of resources is proportional to the amount of produced
goods, therefore the direct usage ratio a, is economically
valid, which shows how much products of branch-i are
used by branch-j to produce one unit of the product.

The direct usage ratio or technological ratio nxn ma-
trix A=(q, ) is used. Often matrix A is spoken about as fech-
nology.

The assumptions give the possibility with the help of
data from input-output table fo constructinput-output model:
X = AX=Y.

The usage of outer resources is put down as follows:
import m = MX, labour application | = LX.

According to the definition (AyH3emc, 1993, p. 240),
technology is called productive if there is such a vector of
complete output which gives positive final product in each
branch.
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Knowing the product prices, there is compiled input-
output dual balance which is interpreted as balance of

prices and added value: p—(p,q, +p,q, + ... +p Q)=
v;ie{l,2, ...,n}
Inventing the price vector P=(p, p, ... p, I', input-

output dual model in the form of matrix is written down as
P-AP=V.

According to the definition (AyH3emc, 1993, p. 242),
technology is called profitable if there is such price vector
which ensures positive added value in each branch.

Input-output proves in theory that technology is pro-
ductive then and only then if it is profitable.

The notion of added value is one of most important
basic notions of economy. Added value is value which is
created during the process of manufacturing (Peterson,
1991, p.157). It cannot be expressed in physical measure-
ment units. Added value is balancing indicator in the input-
output table. Gross added value is the value of manufac-
tured product minus infermediate consumption value. Net
added value is the value of manufactured product minus
intermediate consumption value minus utilization of fixed
capital.

Gross added value is the measurement of the amount
of manufactured products which does include double cal-
culation. From the products’ value is reduced the value of
these goods and services that are used as manufacturing
resources. Manufacturing process can be characterised
by the vector Q of the amount of used and manufactured
products and services, the components of which, adequate
to utilization, are negative, but the components, adequate
to manufactured products, are positive. Then gross added
value is expressed as scalar multiplication of vector Q and
price vector P: gross added value =P - Q.

The interest is arisen by the research that is connected
with measurements of gross added value in some other
time period prices or some other country’s prices. That or
other manufacturing process which is profitable in one pric-
ing system may not be profitable in other pricing system.

The basic principal issues in the research of economy
systems are balance or statics and comparative statics.
Input-output model equivalent changes are used in the
research of comparative statics of economy system.

If technology is productive and profitable then using
matrix I-A inverse matrix (A-I}", input-output model and
the dual model are possible to change into equivalent forms:

[Y=01-AX m=MX |=X}>[X=1-A"Y,
m=M(-A"Y, I=LI-A"Y].

[V=(-AMP]e[P=(1-AT)V].

Algebra proves that ((I-A)1) = (I-AT) .

Matrix I-A inverse matrix (| — A) ' is easy fo interpret
informatively. It is called the complete utilization ratio ma-
trix and is widely used in comparative statics of economy
systems.

4. ‘Galakrogs’ input-output models, direct and com-
plete utilization ratio matrixes and their interpretation.
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Making use of data from Tables 1, 2, and 3, input-
output models are constructed; direct and complete ufili-
zation rafio matrixes are calculated and inferpreted.

In the model there are featuring four producing
branches: crop cultivation, cattle breeding, foodstuff
processing for subsequent consumptfion (product process-
ing), and resources received from the forest, fishing or hun-
ing (nature products).

Marked variables (all quantities measured in lats):

X, —quantity of produced output in crop cultivation,

X, —quantity of produced output in cattle breeding,

X, —quantity of produced outputin foodstuff processing,

X, —quantity of produced output in nature products,

y, — quantity of produced final output in crop cultivation,

y, — quantity of produced final outputin cattle breeding,

y, — quantity of produced final output in foodstuff
processing,

y, —quantity of produced final outputin nature products,

v, — added value for crop cultivation output unit,

v, —added value for cattle breeding output unit,

v, —added value for foodstuff processing output unit,

v, —added value for nature products output unit,

m, — money spent on purchases for crop cultivation
output unit,

m, — money spent on purchases for cattle breeding
output unit,

m, —money spent on purchases for foodstuff process-
ing output unit,

m, — money spent on purchases for nature products
output unit,

m - total amount of money spent on purchases in four
producing branches.

There are used vector designations:

X =[x, X,, X,, X,) —complete output, Y =1y, y,, V., y,) -
final product,

V=1\W,v, v, v,)-added value, P = [p, p,. P, P,) =
product price,

M = (m, m,, m,, m,) — vector of direct utilization of
purchase,

A = (a,) —direct utilization ratio (4x4) - matrix.

In these designations, the initial direct and dual mod-

els are written down in Tables 4, 5, and 6. The form of
writing down linear system tables and methods of infor-
mation analysis is offered in the book (AyH3emc, 1993).

Example of interpretation of Table 4.

1. Direct model. With initial direct output X = (849, 2717,
310, 65) the final productis Y = (660, 2174, 310, 23), m = 482.
Using the direct system, it is possible to state how the
changes of the complete output quantities influence the
final product and the extent of purchase.

For example, if the complete output of garden is in-
creased by 1, then AY = (0.9764,-0.0707, 0, 0), Am = 0.1590.
The adequate final productis Y + AY= (661, 2173.9, 310, 23),
m + Am = 482.2.

If the complete output of garden is increased by 10%,
i.e. by 84.9 lats, then AY = (82.5, -6, 0, 0), Am =13.5. The
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Year 1999. Direct model X-AX= Y, m=MX and dval model P - AP - M =

Table 4
v

of household “Galakrogs”

X Xo X3 Xa
Vi 0.9764 -0.0368 -0.2226 0 P
vo | -0.0707 | 0.8222 0 0 D2
Y3 0 0 | 0 Ps
Va 0 -0.0004 | 01323 1 Ds
m 0.1590 0.0729 0.0935 1.8462 -1
Vi Vo V3 Vg

adequate final product is Y + AY = (742.9, 2168, 310, 23),
total expenses for purchases are m+Am = 495.5. So the
final product of the garden increases by 12.6%, the final
product of cattle breeding decreases by 0.3%, the final prod-
uct of foodstuff processing and nature product does not
change. The money for purchases fotally increases by 2.8%.

2. Dual model. With initial price vector P=11,1,1, 1), the
added valueisV =1(0.7468, 0.7122,0.5516,-0.8462). Using
the dual system, it is possible to state how the changes in
price vector influences added value. For example, if the
price of the output from the garden increases by 10%, then
AV = (0.0976, -0.0037, -0.0223, 0) and the new added
valueis V + AV = (0.8444, 0.7085, 0.5294, -0.8462).

Example of interpretation of Table 5.

1. Direct model. With initial complete output X = (1245,
3501, 445, 45), the final productis Y = (810, 2776, 44,15), m
= 477. The direct model shows how the changes of com-
plete output influence the quantities of the final products
and purchases.

For example, if the complete output of the garden prod-
ucts is increased by 10%, the adequate final product is
Y + AY=(929.5,2768.5, 445, 15), the total sum of money for
purchases is m + Am = 490.

So the final product from the garden increases by
14.75%, final product from cattle breeding decreases by
0.27%, the final product of foodstuff processing and nature
products does not change. The extent of total purchases
increases by 2.73%.

2. Dual model. With the initial price vector P=11,1,1, 1),
added value is V = (0.86, 0.64, 0.82, -0.58). Dual system
shows how the changes of price vector influence the added
value.

For example, if the price of the product from the gar-
den increases by 10 %, the new added value is V + AV =
(0.95,0.63, 0.81,-0.58).

Example of interpretation of Table 7.

1. Direct model. With the initial final product Y= (660,
2174, 310, 23), the complete output is X = (849, 2717, 310,

Table 5
Year 2000. Household ‘Galakrogs’ direct model X - AX = ¥, m = MX
and dual model isP-A"P-M =V
X X2 X3 X4
Vi 0.9789 -0.0534 -0.0897 0 P
Yo -0.0293 0.7686 0 0 [}
Ys 0 0 1 0 Ps
Ya 0 0 -0.05128 1 P4
m 0.0938 0.0752 0.0359 1.5789 -1
U Vo V3 Vy
Table 6

Year 2001. Household ‘Galakrogs’ direct model X - AX = Y, m = MX
and dval modelisP-A"P-M =V

Xy X2 X3 X4
Vi 0.9598 -0.0857 -0.1910 0 P
Vo | -0.0602 | 08143 0 0 D2
ys |0 0 ] 0 [ ps
Va 0 0 20,0674 1 D4
m 0.1044 0.0686 0.0607 1.7778 -1
| Vo V3 Vg
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Table 7

Year 1999. Household ‘Galakrogs’ direct model X = (1 = A" Y m =M (I - A)" Y
and dual model is P = [(I - A)'T"V + [(I - A" M7

Yi Y2 Y3 Ya
X1 1.0275 0.0460 0.2287 0 Vi
X; 0.0883 1.2202 0.0197 0 \%3
X3 0 0 1 0 V3
X4 0.000033 0.0004 0.1323 1 V4
m 0.1699 0.0971 0.3755 1.8462 1
P1 b2 Ps3 P4

65), m = 482. Using the direct system, itis possible to state
how the changes of the final product influence the com-
plete output and the expenses of purchased product.

For example, if we wish the final product from the gar-
dentoincrease by 10%, i.e. by 66 lats, the complete output
should increase by AX = (67.8, 5.8, 0, 0), purchase tofal
quantity should increase by Am = 11.2. So the adequate
complete output is X + AX = (916.8, 2722.8, 310, 65), pur-
chase total quantity is m + Am = 493.2.

2. Dual model. With the initial added value vector V =
(0.7468, 0.7122, 0.5516, -0.8462), prices are P =1, 1,1,1).
Using the dual model, itis possible fo state how the changes
of added value vector influence prices.

For example, the added value of the product from the
garden to increase by 10%, the changes in prices should
be as follows: AP = (0.08, 0, 0.02, 0). The new prices then
areP+DP=(1.08,1,1.02,1).

Example of interpretation of Table 9.

1. Direct model. With the initial final product Y= (810,

2776, 44,15), complete outputis X = (1245, 3501, 445, 45),
m = 477. The direct model shows how the changes of the
final product influence the complete output and expenses
of purchased products.

For example, if the product from the garden is in-
creased by 10%, the adequate complete outputis X + AX =
(1330, 3507.3, 445, 45), expenses of purchased products
are m + Am = 486.3. So the complete output of garden
products should be increased by 6.82%, output of cattle
breeding by 0.18%, the complete output of foodstuff process-
ing and nature products remains unchanged. Total ex-
penses for purchases should be increased by 1.95%.

If, for exampile, the final product of cattle breeding is in-
creased by 10%, the adequate complete output should be X +
AX = (1275.6, 3844.2, 445, 45), expenses for the purchased
products are m + Am = 503.7. So the complete output of the
garden products should be increased by 2.46%, products of
caftle breeding by 9.80%, the complete output for foodstuff
processing and nature products remains unchanged.

Year 2000. Household ‘Galakrogs’ direct model X = (1 - A)J" Y m = M (I - A)" Y
and dual model P = [(I - ATV + [(I - A" M7

bal Yo
X 1.0237 0.071
Xo 0.0390 1.3038
X3 0 0
X4 0 0
m 0.0989 0.1047
P1 )

Table 8
Y3 Ya
0.0919 0 \
0.0035 0 Vs
1 0 v3
0.0513 1 Vs
0.1257 1.5789 1
P3 P4
Table 9

Year 2001. Household ‘Galakrogs’ direct model X = (1 - A)J" Y m = M (I - A)"' Y
and dual model P = [(I - A"V + [(I - A" M7

hal Y2
X 1.0488 0.1104
Xo 0.0776 1.2362
X3 0 0
X4 0 0
m 0.1148 0.0963
P1 P2

Y3 Ya
0.2003 0 Vi
0.0148 0 Vy
1 0 v3
0.0674 1 Va
0.2025 1.7778 1
Ps Pa

161



llze Balode

INPUT-OUTPUT ANALYSIS OF RURAL PRIVATE HOUSEHOLDS

2. Dual model. With the initial added value vector V =
(0.7952, 0.6601, 0.6809, -0.7778), pricesare P=(1,1,1,1).
Using the dual model itis possible to state how the changes
of the added value vector influence the value of prices. For
example, the added value of the garden products fo in-
crease by 10 %, the new price should be P + AP = (1.0834,
1.0088, 1.0159, 1).

Conclusions and suggestions

Input-output model could be successfully used in the
research of the private natural rural households. In the given
article, the methodology of input-output informative analy-
sis is investigated and in the kind of examples direct and
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Abstract

Some public goods can only be produced jointly with private goods. This paper focuses on the biological diversity that could be
produced on semi-natural pastures through the assistance of grazing animals. The question that is being investigated is what shapes
the total and marginal cost functions for biological diversity production on semi-natural pastures have if private goods are already
being produced using livestock at farms near the pastures. The empirical analysis shows that a quadratic function describes the costs
well and that the production is characterized by increasing marginal costs.

Key words: biodiversity, cost function, semi-natural pastures, public goods, multifunctionality.

Introduction

In recent years, the traditional view of agriculture as
a producer of only the traditional goods food and fibers
has been challenged by a view where it is recognized
that it also supplies non-market goods and services. The
goods may for example take the form of an attractive coun-
tryside with a high level of biological diversity. Since these
goods typically take the form of public goods and fre-
quently are highly valued by the population (Drake, 1987,
1992; Hasund, 1998; Hagerhdll, 1999; Hokby and
Séderqvist, 2001), policy measures may be necessary if
an optimal supply of the goods, from a welfare econom-
ics perspective, is desired.

Even though high support levels for agricultural prod-
ucts, which is common among the OECD countries, theo-
retically could be justified through the production of land-
scape amenities, the current support systems could
hardly claim that they fulfill that function: usually only a
small fraction of the total support is directed towards
what reasonably could be considered landscape public
goods. The lions share tends to be income support or
related to the production of private goods (OECD, 1998).
Furthermore, Brunstad et al (1999, 1995) finds that it is
highly unlikely that the current levels of support in the
more generous countries could be defended on public
goods arguments. Despite the fact the current levels of
support may be hard to justify from a welfare economics
perspective, there is a fairly widespread consensus that
agriculture produces non-market goods and that coun-
tries are entitled to correct market failures, so called non-
trade concerns, through decupled support systems (WTO,
1994; OECD, 2000b).

Ifitis deemed desirable to establish policies that pro-
mote the biological diversity on pastures efficiently, it is
important to know the costs of biodiversity production. The
purpose of this paper is to estimate the costs of production
for biological diversity on Swedish semi-natural pastures.
The paper improves the knowledge of biodiversity produc-
tion costs on semi-natural pastures insofar as it provides a
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link between the costs of managing pastures and the bio-
logical diversity that is the result of that management. Al-
though important, other public goods of the pastures, such
as recreation, that could be deemed important are not in-
cluded in this paper. The only pasture service that is con-
sidered is the biological diversity produced.

This paper consists of four parts. Section two presents
background information regarding the characteristics of
Swedish semi-natural pastures and the design of the policy
measures currently in place. Section three is the main sec-
tion of this paper. It begins with a description of the various
factors that influence costs and then presents a model de-
scribing the biodiversity production cost minimization prob-
lem. Subsequently the data is described and the empiricall
analysis performed. Finally, conclusions are drawn and the
paper is summarized.

In the last few years, researchers have increasingly
started fo focus on problems where public goods are pro-
duced jointly with agricultural public goods. The concept
has come to be known as multifunctionality and this paper
is involved in the same problem since it implicitly assumes
that production of private goods takes place jointly with the
production of biodiversity. OECD (2001) and Romstad et al.
(2000) both discuss multifunctionality broadly, although the
former has a more thorough treatment of joint production
as such whereas the lafter focuses on criteria for policy
measures and evaluation of policy strategies. Romstad et
al. also discusses the complications involved if farmers are
not pure profit maximizers and analyzes direct indicator
and index payments for public goods. Boisvert (2001)
analyzes policy design for multifunctionality at the farm level
using a model where two agricultural outputs are produced
jointly with one positive and one negative externality. One
important conclusion is that technically joint public and pri-
vate goods are also economically joint, regardless of the
source of jointness. Other studies that have expanded the
knowledge regarding policy measures for agricultural pub-
lic goods are for example Vatn et al (2002), Vatn (2002),
Peterson et al. (2002), Lankoski (2003), Lankoski and
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Ollikainen (2003a), Paarlberg et al. (2002), Peterson et al.
(1999), Hediger and Lehman (2003), Wétzold and Drechler
(2002), and Guyomard & Levert (2001).

Biodiversity, semi-natural pastures and
existing policies

The focus of this study is on semi-natural pastures.
These are essentially old grasslands that ideally have not
been exposed to any kind of yield improving measures
such as ferfilizers, pesticides or sowing. The only agricul-
tural interferences that normally have taken place are fenc-
ing, grazing, mowing and clearing of bushes and trees.
Many semi-natural pastures have a very long history of
management, although the intensity in grazing and man-
agement tend to have varied over time. The result of this
process is a fype of land that often is characterized by nitro-
gen scarcity. Because of this characteristic, and the stress
and disturbances caused by confinuous grazing of the land,
the semi-natural pastures are frequently rich in biological
diversity (Grime, 1977,1979). Densities of forty vascular plant
species per square meter may appear (Ekstam et al., 1988)
and the semi-natural pasture is the home of many of the
endangered red-listed species in Sweden (Matzon, 1996).

To promote the biological diversity on the semi-natu-
ral grazing lands, it is necessary to use the land in a way
that suits the species that inhibit it. Most obviously, man-
agement and grazing has fo continue on the land. If graz-
ing were to cease, the semi-natural pastures would even-
tually be transformed into forests with a different form of
biological diversity. Furthermore, grazing and management
can be performed in various ways depending on how well
the quality of land is to be upheld. Important may for exam-
ple be to keep the grass sward low through grazing in
order fo preserve the living space for demanding species
that otherwise loose out to frivial grass types (Swedish Board
of Agriculture, 1994). It should be noted though that if main-
tenance ceases, biodiversity might increase over a period
as the height of the grass sward develops. One main rea-
son is the species that previously have not been able to
develop, due fo the intense grazing, now have a chance to
prosper while the more demanding species sfill remain for
some fime. A higher grass sward may be positive for e.g.
bumblebees.

Due to changing agricultural practices, a majority of
the Swedish semi-natural pastures have vanished. The
acreage has been reduced by sixty percent over the fifty
years prior to 1994 and substantial parts of the remaining
areas have diminished in environmental quality (Carlsen,
2001). As mentioned above, a fundamental condition for
maintaining pastures with a high biological diversity is a
sufficient supply of grazing animals on the lands. Several
factors defermine to what extent the farmers utilize the pas-
tures for grazing animals. Those factors include, among
others, meat prices, the yield of pasture feeds, demand for
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necessary fencing, the size of the pastures and the dis-
tance between them and the farming centre. Since the
number of hectares devoted to semi-natural pastures has
continuously decreased during a longer period, it is evi-
dent that the farmers have turned fo other, more economi-
cally beneficial, production forms.

Among the Environmental Quality Objectives devel-
oped by the Swedish government (Government Bill 1997/
98:145), the goal of A Varied Agricultural Landscape is the
one that has the strongest relevance for pastures. In order
to attain the goals, the Environmental and Rural Develop-
ment Plan for Sweden (Ministry of Agriculture, Food and
Fisheries 2000), which follows the Council Regulation (EC)
No. 1257 /1999, has been developed. The aim of the poli-
cies are not explicitly related o the production of biodiversity
but rather to keeping the pastures from being abandoned
and subsequently transformed info forests. One explicit goal
is thatin the year 2010, at the latest, all pastures and mead-
ows should be managed in such a way that their values
are maintained. Sill, one of the underlying arguments for
the policies is the importance of pastures for biological di-
versity so one could argue that an implicit goal is to help
the production of biological diversity. There is one basic
payment of 1000 SEK/ha that farmers could apply for if
they are holders of pastures. The basic compensation is
paid for measures that conserve and enhance the natural
and cultural heritage values of grazing lands. The farmers
must therefore manage the land annually in accordance
with certain stipulated conditions. There are also additional
payments of 1400 SEK/ha that the farmers could be granted
if their pastures are deemed to be of high biological or
cultural heritage value. After application, the Country Ad-
ministrative Board tests the compensation individually. In
addition, there exist payments for complementary meas-
ures such as haymaking utilizing scythe and special meas-
ures for restoration of pastures where the environmental
values have been damaged (Ministry of Agriculture, Food
and Fisheries 2000).

Estimating production costs for biological
diversity

Description of factors influencing costs

It should be emphasized that in the following it is not
the total costs of production a farmer faces when produc-
ing biodiversity that will be investigated. Rather, the addi-
tional cost involved in the production of biodiversity if ani-
mals are already kept at the farm is investigated. For exam-
ple, consider a farmer that has a stock of animals and cur-
rently produces in some way that maximizes profit. Initially,
the farmer does not utilize grazing on the semi-natural
pastures (due to the assumed higher costs involved with
that form of production). If the farmer were to switch the
production form to grazing on the semi-natural pastures,
whatwould be the additional costs for that form of produc-
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tion? This implies that factors such as winter fodder, sta-
bles, and most other capital/labour costs and general ex-
penses are not included. Costs that are included are the
additional labour and capital costs for transportation of ani-
mals, fencing maintenance, etc. To get a more accurate
measure of the additional costs, one could deduct the costs
that the farmer avoids when practices are changed, mainly
costs related to grazing on fields and concentrated fodder.
However, since there is a lack of data regarding the farm-
ers’ alternative situations, those costs are disregarded.

A useful delimitation between factors that affect the
total cost of biodiversity production on semi-natural graz-
ing lands may be between quantity and quality of man-
aged land. Regarding the quantity of land, there are some
obvious costs related to the maintenance. The land has to
be fenced irrespectively of how many animals there actu-
ally are on the land. Bushes and small trees may need to
be cleared and fallen branches removed. There also have
to be some animals on the land in order to keep the grass
from growing too high. These animals need to be moved
between the pasture and farm centre as well as looked
after on a regular basis. They also have to have access to
fresh water even if there is no natural source of water. Ac-
cess fo shelter is further essential for the animals’ wellbe-
ing as well as required by Swedish law. Disregarding the
costs of fencing, all costs could vary with the intensity of
management, leading to differing levels of environmental
quality of the land. One may for example improve the qual-
ity of the pasture by increasing the number of animals on
the land. Another measure could be to increase the length
of time per season the animals are stationed on the land.
Taking such actions will increase the costs due to addi-
tional need for e.g. watering and transportation.

Costs can consequently be of substantially different
magnitudes depending on the structure, size and natural
barriers of the area. If a pasture is adjacent to a lake, there
is a natural source of water and costs for watering will
decrease. There will further be less need for fencing and
those costs will decrease. The only cost that could be con-
sidered completely fixed is the cost for fencing, although it
varies depending on the type of animals used on the pas-
ture. The others are either semi-fixed and could be affected
by certain investments or they are completely variable and
directly related to the intensity of management.

Since there are some fixed costs in the production and
all variable factors are assumed to have a fixed unit price
associated with them there will over some range be in-
creasing returns fo scale in the production of biological
diversity. That s the case both for the quantitative and quali-
tative aspects. Regarding the quantity of production, in-
creasing the size of a maintained pasture increases the
perimeter less relative fo the increase in area and there
will be less fence per area unit. However, once the maxi-
mum upper limit of a pasture is being approached, fencing
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will usually start to take less optimal shapes from a cost
structural point of view. Making the fences fit the edges of
the pasture perfectly is likely to increase costs as more
fence per area unit will be necessary. As for the minimum
requirement of animals on the pasture, it is reasonable to
assume that the incremental cost of transporting and car-
ing for an additional animal will be relatively low. Eventu-
ally though, increasing the number of animals further will
lead fo anincreasing cost structure. For the quality aspects,
increasing supply of animals over a certain limit may ne-
cessitate construction of a new shelter or making it neces-
sary to travel the distance between the farm centre and the
pasture more frequently. A high density of animals on a
pasture may further lead to less fodder per animal and
hamper growth, thus increasing costs. As for the manage-
ment of the areq, it is reasonable to assume the basic man-
agement will have low costs relative to the results. How-
ever, if management becomes more intense as a more
perfect, from a biological point of view, situation is strived
for disproportionately more time will be required for a given
level of results. Consequently, costs increase.

Different areas will have different costs depending on
their respective characteristics. Even though there are in-
creasing refurns to scale over some range in the manage-
ment of each pasture, there will be increasing marginal
costs when the number of managed pastures increases.
As less optimal areas are being used for meat and
biodiversity production, the marginal costs increase. That
is, when additional hectares are ufilized, the costs increase.
This is valid both for the quantitative and qualitative as-
pects of production. Initially, only pastures that have cost
efficient shapes would be used but when production is
increased, pastures with more cumbersome shapes will
have to be utilized. Regarding the qualitative aspects, man-
agers could initially focus on pastures that give a high re-
turn relative to the effort performed while subsequently less
optimal areas will have to be used.

The model

In the following, it is assumed that each pasture,
45i=1,2,...,n, a farmer manages could be used either as
grazing land, resulting in the production of biological diver-
sity, or could be abandoned and slowly transformed into
forests with a drastic shift in public good production. It is
also assumed that the abandoned land has no values and
no costs associated with it. This is a reasonable assump-
tion since new forest plantations normally are not profit-
able in Sweden due fo the long time it takes between plan-
tation and harvest.

Another assumption used in the analysis is that the
farmer’s goal is to maximize the return from his land hold-
ings. This implies that for any level of production he will
optimize his production structure to minimize the costs of
production per unit of income. The farmers are in a short
run situation as their choices are constrained by the shape
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and size of the landholdings. Since not all inputs are freely
variable, the farmers optimize all other factors given the
pastures.

Consider the case where a farmer has access o a
pasture where the size is denoted A} .Ifthe farmer chooses
to produce nothing on the pasture, no costs are invoked.
Thatis, there are no opportunity costs of letting the land lay
idle. This assumption essentially implies that the land has
no alternative, profitable uses. Alternatively, the farmer could
opt for production of biological diversity on the pasture. If
that option is chosen, the farmer has costs related to the
number of grazing animals utilized, i.e. livestock, denoted
L', and costs related to the size of the pasture. The per unit
cost of animals is denoted w, and the per unit cost of pas-
ture management is denoted w,

The production of biodiversity, B/, is a function of
pasture size and grazing pressure, G, on the pas-
ture, Bi=Bi(A},G). Grazing pressure is the ratio of livestock
to areq, G=1'/ 4;,. When the number of grazing animals in-
creases on any given pasture, grazing pressure increases
and along with it the biological diversity. The biological di-
versity increases only up to a certain limit though where
after it decreases due fo too high grazing infensity. The
conditions B';>0 and B!, ;<0 ensure this relation.

The task for the farmer that produces biological diver-
sity on pastures is to minimize costs subject to the con-
straints of available land, available livestock, maximum
grazing pressure and the given biological diversity pro-
duction function. A general annual total cost function for the
production of biodiversity could be written as a function of
the variables as C'{4p.wp.L' .y ,B' ,H" | where His a fixed
cost component. Note that the cost function for the produc-
tion of biodiversity is specific for each pasture as the condi-
tions differ between locations. An objective function for the
farmers’ production of biodiversity can thus be written as:

. i1 4 i 7l i
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Forming the Lagrangian and minimizing the objective
function subject to the constraints give us the first order
conditions (disregarding the complementary slackness
conditions):
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Interpreting how the values of the multipliers be-
have is somewhat complicated as they interact with each
other. It would be possible to set up the conceivable sce-
narios and analyze the multipliers thoroughly but because
of space constraints it will be disregarded here. The inter-
pretation of the multipliers that are relevant is fairly straight-
forward though. A, is the constraint related to area and itis
the shadow price of pastures. If none of the other con-
straints binds itis equal to the difference between the opti-
mal costs of a given level of biodiversity production and the
suboptimal costs for that level of production when the pas-
ture size is restricted. Likewise, Ais the constraint related to
livestock and it is the shadow livestock. If none of the other
consiraints binds it is equal to the difference between the
optimal costs of a given level of biodiversity production and
the suboptimal costs for that level of production when the
amount of livestock is restricted.

The cost functions for two standard production func-
tions, one Cobb-Douglas and one Linear, have been de-
rived.

Cobb-Douglas production function:

1 cd _a
- d m—MB | ¢ d =B | ¢
—-B e 4
e M[C—d Wl—ﬂsJ : [C—d W1—/13J (®)
Linear production function:
2
B+d B+d
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where Z=

Data retrieval and description of study
areas

The costs of producing biodiversity are the additional
costs that are the result of keeping animals on pastures
rather than utilizing the alternative most profitable meth-
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ods. In order to estimate an annual cost function for the
production of biological diversity on semi-natural pastures,
datais needed for the costs of production and the resulting
biological diversity on the pastures. Data on the biological
diversity on a set of pastures is available, as described
below. That is, data is available for the variable B. Due to
data limitations it has however not been possible to gather
the specific costs for each pasture. Rather, the costs have
been calculated using the data that is available. These cal-
culations rely on an essential assumption: it is assumed
that a specific level of grazing pressure is upheld on all
well maintained pastures. Therefore, the amount of live-
stock, L, is directly related to the size of the pastures, A, for
which data exists and it is not necessary to investigate the
actual number of animals on the pastures. Likewise, data
for the unit prices of livestock and management, w,and w,
are not used independently as it is difficult to separate the
management costs from the livestock costs. However, im-
plicitly the unit prices are parts of the cost calculations. The
costs are calculated using per hour prices of labor and
machinery as well as approximated costs for consumable
supplies. These costs are assumed directly related to the
size and perimeter of the areas. Another part of the unit
prices is the cost of working capital. These costs are also
directly related to area and perimeter as they are a specific
fraction of the costs.

The data source has been produced by the EU pro-
gram AEMBAC of the 5™ Framework Contract Ref: QLRT-
1999-3166 for the purpose of developing a framework for
local agri-environmental programs for biodiversity and land-
scape conservation. The attributes of fields and objects have
been measured using a combination of GIS-data, air-photo
interpretation and field surveys. The pastures have then
been measured according to area and perimeter and sev-
eral characteristics of the land, e.g. quality of cultivation
and percent of land covered with bushes and trees, have
been identified through computer inspection of the photo-
graphs and field surveys. The characteristics of the fields
have then been used to calculate several different indica-
tors out of which one is an indicator for biodiversity quality.

Data is available for two different regions, Selaén and
Vetlanda. Geographically, they are located in the southern
part of Sweden; Seladn at the level of Stockholm and
Vetlanda south thereof. Following the division of Sweden
into eight production areas, Selad is situated in the plain
districts in Svealand whereas Vetlanda is in the forest dis-
tricts of Gétaland. Seladn belongs to the administrative re-
gion of Sédermanland County whereas Vetlanda belongs
to the Jonkoping County.

Seladn is an island in the Lake Mdlaren and it is the
largest island of Swedish lakes. The total land area is
9100 hectares and it is connected to the mainland via a
bridge. The agricultural and agri-environmental situation
ofthe island is representative of the plain districts in central
Sweden.
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The Vetlanda study area consists of the parishes
Alseda and Skede that are situated in the municipality of
Vetlanda. The total area of the Vetlanda study area is
7710 hectares. In many important aspects the area is typi-
cal of the agricultural production area forest districts of
Gotaland. As such, it represents a region that is rich in semi-
natural pastures and traditional landscapes.

Description of variables

Below is a description of the different variables that
are used in the stafistics and regressions. For more thor-
ough information about the construction of the biological
diversity indicator, see Nilsson (2005).

Annual tofal cost (C ) - calculated total, additional
costs of keeping animals on a pasture with the infention of
having a sufficiently high grazing pressure rather than han-
dling the animals with the most profitable alternative pro-
duction methods. The total costs are not measured at the
farm level but calculated. The calculation methods used for
the calculation of the additional costs for production of graz-
ing lands have been founded on the contents of the report
of Kumm (1995). In addition fo the factors mentioned below,
other assumptions (e.g. regarding the lands productivity of
fodder) are implicitly assumed. Important to notice is that
the calculation reflects a specific level of grazing pressure
and general pasture maintenance. Since a specific grazing
pressure is assumed, the amount if livestock (L /) used on
the pastures does not have to be measured. Rather, it is
assumed to correlate with the area ( 43), which is meas-
ured in square meters.

The perimeter of the pasture influences costs since
small pastures need more fence per hectare than large
pastures do. Itis the actual perimeter of the pasture meas-
ured in meters, i.e. itis not corrected for possible adjacency
to water or other pastures. Fences are assumed to be in
place and it is not necessary to replace them if they are
maintained properly. Maintenance is however costly. To
maintain the quality of fences, one hour of labor / year for
every hundred meter of fence has fo be deployed for main-
tenance. Equipment such as tools and tractor usage for the
maintenance is utilized in the same proportion. The cost of
consumable supplies is assumed to be 50 SEK per
100 metfers of fence. The sum of these costs is about 220
SEK per 100 meters of fence and year.

The cost of interest on working capital is assumed to
be 8 per cent, which corresponds to the average inflation
adjusted return of the Swedish stock market between 1919
and 1990. The average working capital is the sum of the
incremental costs multiplied by a certain percentage,
which in the case of grazing is 30%. The percent measure
is related to the length of time of the year the capital is
utilized. For further information on the assumptions laying
the foundation for this part of the calculations, see Kumm
(1995).

Labor time is needed to maintain the grazing lands,
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bushes need to be cleared etc. Furthermore, the ani-
mals need to be moved between the pastures and the
farm. The basic time needed for this work is one hour
per hectare and year. The time use of equipment needed
is equal to the time worked. The price of labor is set to
120 SEK / hour and the cost of machinery and equipment
is setto 50 SEK / hour.

The resulting incremental costs calculations are the
following and the sum of them gives the total incremental
costs of production of grazing lands:

Labor costs: L=w*a + p/100 + )
Machinery/tools: M = c*(a + p/100 + f)
Fence: F=m*p/100
Working capital: W=(+M +F*0.3*
Total costs: TC=L+M+F+W
where: w = wage rate = 120 SEK / hour

¢ = rental rate machinery /

tools = 50 SEK / hour

a = area size in number of hectares

p = perimeterin m

r=0.08

f = fixed minimum time needed per

parcel = 0.5 hours

m = cost of materials = 50 SEK /100 m

fence

Biodiversity (B') — a measure of the biological diversity

produced in the pastures. Itis a quantitative measure of the
biological diversity at a pasture as it incorporates the two
relevant factors into one measure: the area, 45, is multi-
plied by an indicator for the biodiversity quality at the pas-
ture. The indicator for biodiversity quality is constructed by
adding two sub-indicator values for vascular plant species
and bushes diversity. The value of the sub-indicator main-
tenance, which is equal to three representing the general
quality of semi-natural pastures, is also added creating a
range of 3 fo 5.25. The purpose of the sub-indicator vas-
cular plant species is to indicate the values and functions
concerning maintenance of vascular plant populations /
genetic resources. It measures how many established
populations of indicator species, as listed in Nilsson
(2005), are present at the object. The sub-indicator re-
ceives values between 0 and 2 depending on the number
of populations. The data has been gathered through field
surveys. The other sub-indicator of bushes diversity is a
general reflection of biological diversity but also of some
invertebrate values. The values attributed fo it are low: if
there are at least six different species on the object, the
indicator takes the value 0.25, otherwise it gets the value
zero. The bushes being surveyed are presented in Nilsson
(2005).

Empirical analysis

The data set consists of 122 observations of pastures
that are well maintained, out of which Selaé has 45 and
Vetlanda 77. However, not all variables have been surveyed
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on all pastures, i.e. variables that are sub-indicators for the
biological diversity indicator. If one would remove those
pastures that have not been completely surveyed for all
variables, the set would fall to 30 out of which 25 belong to
Selad and 5 to Vetlanda. Since the positive effect of gaining
a larger sample has not been considered sufficiently posi-
tive to outweigh the negative effect of including not com-
plefely surveyed observations, the regressions are run on
the smaller sample. One remaining problem regarding the
data concerns the level of grazing intensity: the assumed
intensity in the fotal cost calculations may not correspond
perfectly fo the infensity level of well maintained in the data
set.

To estimate the cost function for production of biologi-
cal diversity on semi-natural pastures, four econometric
models are specified according to the following:

1.C(bio)y=a+ f-bio+¢

2.1og C(bio) = a + B -log(bio) + &
3.C(bio) = a + 3 -bio+ B, -bio” +&
4.C(bio) = o+ B -bio+ 3, -bio” + B, -bio’> + ¢

where, as previously stated, “C”is the annual total
cost measured in SEK for production of biological diversity
and “bio”is the quantitative measure for biological diver-
sity. Test statistics indicate heteroscedasticity and therefore
the coefficients displayed are estimates that are corrected
for heteroscedasticity through White's heteroskedastic-con-
sistent covariance matrix estimation procedure.

Two models, the logarithmic and cubic, present poor
results. The logarithmic has a relatively low R-square value
while the cubic has poor p-values. Model 1 and Model 3
both have very high R-square values, implying that the de-
pendent variable is well explained by the independent vari-
able biodiversity. The quadratic term has a positive effect on
the results insofar as itincreases not only the R-square value
but also the adjusted R-square value. Consequently, the
quadratic model describes the relation between the inde-
pendent and dependent variables better than the linear
model. The only disadvantage with Model 3 is the p-value of
0.061but considering the strength of the coefficient of deter-
minafion and the better correspondence to theory, Model 3
is considered fo be the model that most reasonably describes
the cost function for production of biological diversity on Swed-
ish semi-natural pastures. The chosen total and marginal
cost functions thus take the following forms:

C = 630.91+0.023785 - Bio +0.92927- 107" - Bio?
MC =0.023785 + 0.185854 - 107% - Bio
The marginal costs can be related fo the possible rev-

enue from the current support system. If it is assumed that
the only purpose of the system is to promote biological di-
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versity and that the policy makers value one hectare that
produces 30000 units of biodiversity (i.e. a well-maintained
pasture lacking all the indicator species) to 2400 SEK, each
unitis worth 0.08 SEK. Alternatively, assume the policy mak-
ers value 30000 units of biodiversity fo only 1000 SEK, then
each unitis worth 0.0333 SEK. In the first case, a typical farmer
would be willing to supply 302500 units of biodiversity, in the
second - 51400 units (assuming that no constraints bind).
This implies that farmers, in the case of the high (low) pay-
ment, would produce biodiversity on between 5.75 (0.98)
and 30.25 (5.14) hectares depending on the level of biologi-
cal diversity quality produced on the pastures.

Conclusions

In this paper it has been attempted to estimate cost
functions for the production of biological diversity on Swed-
ish semi-natural pastures. It has been shown that a quad-

ratic cost function is an accurate description of the biological
diversity production costs on Swedish semi-natural pastures.
The results are particularly interesting for two reasons. Firstly,
although it has been attempted previously to estimate the
costs of maintaining livestock on semi-natural pastures, those
costs have not been related fo the actual biological diversity
production. Secondly, now when the costs of production have
been estimated, there is a foundation for continued research
regarding efficient policy measures for landscape public
goods. A reasonable next step would be fo relate the results
to transaction costs and value estimates. Important to keep
in mind though is that the results rest on a crucial assump-
tion: the agents are assumed to have access fo grazing ani-
mals. If that was not the case and investments in e.g. barns
and fences would have to take place, costs would be of
substantially different magnitudes.
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Abstract

Agricultural development based on the laws of market economy enhances a change in the point of view on land as real property
and search for optimal variants of its possible usage. As a large part of all agricultural land has been drained, efficient functioning of
water regime regulation means is one of the essential factors determining the possibilities of land use as well as its value. Land areas
where land reclamation structures are in good condition and do not need to be repaired or reconstructed will always be of higher
demand under the conditions of market economy. Present prices of agricultural land do not show the value of land reclamation systems.
Therefore a complex land assessment is needed in respect of the present condition of land reclamation structures, its age and

probabilities of failures.

Key words: agricultural land market, mass valuation, land reclamation, land price.

Introduction

After the Baltic States have joined the EU, the new
enlarged market space has created new responsibilities
and improvements of real property management system.
The Lincoln Institute has developed courses on the value-
based land and real property taxation for countries
transitioning fo market economies in Central and Eastern
Europe and the Baltic’s (Malme, 2004). The Baltic countries
of Esfonia, Latvia and Lithuania have been in the forefront of
implementing value-based taxes on land (Malme and
Youngman, 2001). Estonia was the first of these new inde-
pendent states to recognize the benefits of land taxation
and to introduce a value-based land tax in 1993, followed
by Latvia in 1998. Lithuania has been a leader in integrating
and unifying real property cadastral, registration and valu-
afion systems. An automated central database of real prop-
erty information was developed in the State Enterprise Cen-
tre of Registers.

Legal base for land assessment in Estonia is the Land
Valuation Act. Three land assessments have been per-
formedin 1993, 1996 and 2001. Last assessment was mainly
based on the information collected in the Sales register. At
the beginning of 2002, land price and productivity zones
were created and edited directly in the digital format
(www.maaamet.ee). The sales comparison method, capi-
talized earnings method, cost method and combinations
thereof are used in valuations.

In Latvia, the land cadastral value assessment proce-
dure consists of primary assessment of the land cadastral
value (followed by the registration of a land unit with the
State) and updating of the land cadastral value in case of
amendments (www.vzd.gov.lv). The land cadastral value
is influenced by the data about the area of the land unit and
qualitative valuation of land (in points) and correction coef-
ficient due fo its infrastructure, engineering and technical
objects and networks.

Present appraisal system of land in Lithuania is based
on the methodology of Lithuanian Land Appraisal made in
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1989 (Juodis and Pakutinskas, 1989). Bonitet points are con-
sidered as an integrated index of soil quality, relief, water
regime in the soil of agricultural land areas and certain
other natural factors. The correction coefficients are ap-
plied to appraisal bonitet points of soil considering geo-
graphical, local and other conditions of the vicinity. Appraisal
of agriculturalland plots is carried out by the method based
on land usage income value (Lietuvos ..., 1996). The back-
ground of this method is the calculation of profit when the
land is used as a business object, i.e. when it is rented or
used for agricultural activity.

As it is noted in joint annual reviews of real estate
markets, the growth of economy has stimulated land mar-
ket in all Baltic States (Review..., 2003). Compared with
2001, the average price for arable land in Estonia has in-
creased by 36% and was EUR 297 in 2003. The highest
average price for one hectare of arable land was in the
surroundings of Tallinn — EUR 453. This was not due to
better soil fertility, rather to the proximity of the capital city.
The average prices of most fertile soils in Central-Estonian
counties were between 315 and 380 EUR ha. In West-
Estonia with poorer soils the average price was between
180-270 EUR ha™'. The counties of South-Estonia had the
same price level, but soil fertility there is befter compared
with West—Estonia. The price of arable land depends first of
all on the quality of soil, the size of the parcel and the level
of agricultural development of the region. In traditional ag-
ricultural regions (Central-Estonia) the prices have increased
more than 20%.

The average market price for agricultural land in
Latvia’s rural districts stayed within the limits of 1770 EUR ha
(Latgale) up to 430 EUR ha (Vidzeme). The highest price for
agricultural land (875 EUR ha'') was registered in the Riga
region. It shows that the activity of the land market in Latvia
was nearly two times more intensive than in Estonia. In
2003, the average increment in prices for agricultural land
in the state as a whole, as compared with the previous
year, was 23%, but in the Riga region — 60%. The general
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level of socio-economic development within a certain fer-
ritory makes a significant effect on the market prices of
land.

The land market activity indices in Lithuania were re-
lated not only to the economic and social development in
the country, but also to the land restitution and privatisation.
Until the 15 of January 2004, land ownership rights were
restored to 87.52% ofland area. Legal registrafion was made
to more than 3.2 million ha of land, from which agricultural
land areas make up 2.57 million ha. In 2003, 3.96 million
ha of land (60.6% of total area of Lithuania) were used for
agricultural activity. Although the restoration of land owner-
ship rights has not been finished yet, the land market is
already functioning. On the average about 2600 sale and
rentfransactions of private and state land were concluded.
Having compared with the previous year, the average price
increased by 22% to 129%. Average prices for land in rural
area amounted to 264-424 EUR ha™'. The highest average
prices were recorded close to Vilnius city — they increased
by 87% and amounted to 8723 EUR ha™'. Land market in
Klaipéda district was rather active - there the average price
increased by 125% and amounted to 2682 EUR ha
(Bagdonavicius and Mikdta, 2004).

It must be noted that in the year 2003, it was the prox-
imity of the EU accession that activated the real property
market in all the Baltic States, especially in the agricultural
sector, contributing to a small but potentially growing price
rise. Forecasting the development for the nearest future,
analysers still appreciate the economic growth potential of
the Baltic market zone. The land market development ten-
dencies will remain unchanged, and the demand for land
will continue to rise.

Accumulation and distribution of property market data
and mass valuation of the property is a part of real property
management system. Land appraisal methodology pre-
pared in 1993 and still valid does not correspond to the
developed market principles and the value of land plots
contradicts to the market values (Tumelionis and
Bagdonavicius, 2004). In certain cases the land value, cal-
culated basing on this methodology, differs from market
values even several times. According to Pakutinskas (2000),
agricultural land productivity points relatively express the
productivity of agricultural land plots and evaluate the
agrochemical properties of soils. However, there is a wide
range of subjective factors increasing the value of land (e.g.
irrigation/drainage systems, infrastructure) or reducing it
(e.g. fragmentation of land plots due to the changing of
land owners, intrusion of another land plots, changes in
land purpose). This implies thatin fact the land assessment
system requires new appraisal methods. The shortcom-
ings of land appraisal methodology might be eliminated
having implemented a new mass valuation system of the
real property that has been applied in countries of the Euro-
pean Union for about 20 years.

Land Evaluation and Area Review (LEAR) System for
Agriculture, developed by Ontario Ministry of Agriculture
and Food (OMAF), notwithstanding the soil capability rat-
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ing, involves lands reviewing against several factors, which
could either enhance agricultural potential (e.g. capital in-
vestmentin farm infrastructure, irrigation systems, tile drain-
age, etc.) or diminish its long-term capability for food pro-
duction (e.g. property fragmentation, infrusion of non-farm
uses, etc.) (Ministry..., 2003). The rating of water resource
availability factor takes a significant place in the Land Evalu-
afion and Site Assessment (LESA) model, which is gener-
ally used for rating the relative value of agricultural land
resources in California (Wright et al., 1983). Water regime
reliability is based on the effects on agricultural production.
The factor had fo include an interrelation with cost too. In
defining the lands that are associated with agriculture, the
following aspects should be included: tillable lands, pas-
ture, drainage ditches, and woodlots (less than 2.5 hec-
tares). Thus the specification of land appraisal models is to
be done having estimated the interrelations of different fac-
tors affecting the market prices. In Lithuania such study has
been performed by the National Land Management Insti-
tute since 1996. The data about different factors that affect
the value of agricultural land market is being collected
based on a common methodology and stored in a data
bank (Tumelionis, 1997).

The benefits of file drainage for crop productivity, farm
efficiency, and even for reducing environmental impacts
have been studied and are generally known for farmers
(Vander Veen, 2001). In Lithuania, the surplus of precipita-
tion causes waterlogged soils therefore land reclamation
practices such as subsurface drainage and soil ameliora-
tion have been very successful in increasing soil produc-
tivity. Consequently, the draining condition of agricultural
land must correspond to its market price. The objective of
investigations carried out by Water Management Institute
of the Lithuanian University of Agriculture is to analyse the
changes in the value of agricultural land in respect of the
changes in the condition of land reclamation systems, and
to give motivation for the new criteria of drained land evalu-
ation.

Materials and methods

The studies are based on the methods of the analysis,
statistical investigation and comparison of information of
different literature resources and legal acts. The analysis of
the market of agricultural land has been done using the
data of the State Enterprise Centre of Registers as well as
the information specified in advertisements by land own-
ers about land plots for sale. The peculiarities of agricul-
tural land are analysed basing on the data of Statistics De-
partment and Institute of Agrarian Economy.

Land reclamation condition of drained land areas is
estimated according to the methodology of the evaluation
of drainage systems reliability and economic efficiency of
their performance, as well as basing on index system cre-
ated af the Water Management Institute of the Lithuanian
University of Agriculture. The basis of the data is the infor-
mation collected in Land Reclamation Services of Agricul-
tural Departments of different districts.
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Results

Mass Valuation of Land in Lithvania

The Law of the Republic of Lithuania on the Principles
of Property and Business Valuation sets forth the following
definition of mass valuation approach: “Mass property valu-
ation is the way of property valuation, when value is esti-
mated not for an individual property, but value margins, are
estimated, including the value of property being valued,
employing the analysis of information collected about the
property being valued” (Lietuvos. .., 1999).

Since 1997, the Centre of Registers has been collabo-
rating with the Lincoln Institute of Land Policy, which pro-
vides support in the area of developing the real property
mass valuation system for taxation. The goals were to in-
troduce data analysis and mass valuation technologies into
practice and prepare property mass valuation methods,
corresponding fo Lithuanian conditions. Lithuania initiated
the development of computer-based real property data
10 years ago. As for August 2002, more than 1 million land
parcels were registered (Sabaliauskas and Aleksiene,
2002). Analysis of the selected data permits monitoring of
changes in the land market, statistical analysis, and utiliza-
tion of computer-assisted mass appraisal techniques.

The pilot project of property mass valuation was im-
plemented in 2002. The main objective of the project was
to carry out mass valuation of all real property (land and
buildings). The base value of land depended on its produc-
tivity point and was adjusted by coefficients based on vari-
ous factors including closeness to city or seftlement, evalu-
ation of the parcel in terms of urban-ecological conditions,
availability of engineering facilities, etc. (Aleksiene and
Bagdonavicius, 2003). It was determined that the greatest
effect on market prices is that of land transaction time and
place. Therefore the mass valuation model was created on
the basis of the mathematical expression of the
dependences of those factors and prices. After elimination
ofthe disputed transactions, a specification of the land valu-
afion model is worked out, i.e. factors and characteristics
affecting market prices as well as their relationship shall
be determined. The impact of ime factor on the transaction
prices is being analysed in this phase. Having estimated
the influence of the time factor, the adjustment of prices is
done. Theimpact of the location factor results in land value
zones, the boundaries thereof are defined, analysing the
distribution of sales prices in the areq, considering the pur-
pose of land and types of the land use, the development of
communications, street (road) network, satisfaction of so-
cial needs and other infrastructure elements, prestige of
the site. Evaluation of the impact of the location factor ends
in land value mapping.

When evaluating the land reclamation condition of
agricultural land plots, the percentage of land area con-
taining non-functioning or inefficiently functioning drain-
age systems in the total drained land area was defermined.
The coefficient was changing within the range of 0.9 to
1.04 depending on the percentage of waterlogged area: if
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a land plot is drained effectively, the market value is in-
creased (i.e. multiplied by 1.04); if moisture surplus is more
than 30% of the area, market value is reduced (i.e. multi-
plied by 0.9). The main shortcoming of this method is that
the land reclamation condition of drained land plots is es-
timated only in respect of the functioning or non-function-
ing of drainage systems, not considering other factors af-
fecting the value of land (Saulys and Bastiené, 2003).

The second land valuation has been performed on
the basis of market as for 1 July 2003, taking into a more
precise and accurate consideration not only the most im-
portant factor to the real property value — location factor —
but also other factors having influence on the value. During
the second land valuation more land market data was avail-
able, therefore it was possible to estimate the influence of
swamps, non-cultivated and derelict land on the value of
land parcels Bagdonavi¢ius and Ramanauskas, 2004). Due
to the introduced additional indices, re-calculated average
market prices of land plots in certain areas differ from sev-
eral units fo several tens percents.

Nevertheless, it is fo be mentioned that mass valua-
tion system of land is not yet complete. Many important
factors of land market, such as the possibility of land plot to
be used for recreation as well as the installation of com-
munication systems have not been evaluated sufficiently
enough. Land reclamation condition of land plots has also
been estimated insufficiently. This has become particularly
urgent after the new Land Reclamation Law was approved
in 2004 and the property status of certain land reclamation
structures changed.

As the value of agricultural land depends on income
obtained from the land, the price should be determined by
the income index. According to D. B. Wissel (2002), ap-
praisers are using the Uniform Standards of Professional
Appraisal Practice. Non-producing land is appraised using
the market approach of sales of similar properties. Produc-
ing natural resource properties are valued via the income
approach on the basis of their annual production, minus
allowable expenses. As soon as the new Land Reclama-
tion Law is approved, a certain part of the expenses on
repair and maintenance works of land reclamation struc-
tures will have to be covered by land owners. Asitis speci-
fied in the regulations of state financial support for owners
of drained land areas for the construction, reconstruction,
repair and maintenance works of land reclamation struc-
tures, the share of private funds should make up no less
than 15% of all expenses for repair and maintenance works.
Repair works of drainage col