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UN ENERGETIKA
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TECHNOLOGIES AND
POWER INDUSTRY






ENERGETISKO SKELDU KRAVU TRANSPORTESANAS
SABLIVEJUMA KOEFICIENTU IETEKMEJOSO FAKTORU
IDENTIFIKACIJA UN ANALIZE
IDENTIFICATION AND ANALYSIS OF THE FACTORS INFLUENCING THE
COEFFICIENTS FOR THE COMPACTION OF ENERGY CHIPS LOADS

Ziedonis Miklasevics
Rézeknes augstskola, Atbrivosanas aleja 90, Rézekne, LV 4601
E-pasts: Z.Miklasevics@Ivm.lv, talr.26473397

Abstract. In Latvia the transportation of energy chips loads is carried out almost entirely by trucks.
Due to the lack of hard empirical data on the compaction of energy chips loads transported by road, the
currently used methodologies for the assessment of the volume of energy chips loads produce only rough
estimates.
In order to address this problem and fill the gap, this research paper offers:
- the methodology for the determination of the coefficients for the compaction of energy chips loads depending
on their transportation distance by trucks;
- the values of the coefficients for the compaction of energy chips loads for different transportation distances and
different kinds of trucks;
- the identification and analysis of the factors that influenced the values of energy chips loads compaction
coefficients.

Keywords: energy chips; coefficient.

levads

Koksnes energoresursu paterina ieverojamais pieaugums rada nepiecieSamibu nodroSinat
kokmaterialu tirgli vienotus energétisko Skeldu kvalitates un apjoma noteikSanas
pamatprincipus.

Energétisko $keldu razoSana un transporté$ana lidz paterétajam ir process, kuru veido:
cirSanas atliecku daudzuma planosanas [1; 2; 3], analiz§jot koksnes kraju cirsmas (skat.1.att.),
savakSanas un uzglabaSanas cirsmas, SkeldoSanas, iekrauSanas, transport€Sanas un
izkrauSanas darbu fazes.

I 10001 - 20000
I 20001<

1.att. Energétisko $keldu raZzo$anas apjomu plano$anas piemeérs, pamatojoties uz
koksnes krajas analizi cirsmas
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Lai objektivi novértétu sarazoto un piegadato Skeldu apjomu un kvalitati, janosaka skeldu
relativais mitrums, tilpumblivums, skuju, lapu piemaisijumu daudzums, Skeldu frakciju
raditaji, transporté$anas veids un parvadajuma attalums u.c. rezultatu ietekméjosie faktori [4].
Latvijas kokmaterialu tirgii energétisko Skeldu uzmerisana, nosakot kravas kraujmeéru, netiek
veikta minéto Skeldu kvalitati raksturojoSo parametru izpéte. Kraujmérs tiek aprékinats,
pielietojot formulu:

Vir=G XPxHXK, 1)
kur,
Vi — kraujmers (ber. m®);
G — transportetas kravas tilpnes garums (m),
P — transportétas kravas tilpnes platums (m);
H — uzmeéritais iekrauto Skeldu augstums (m);
K — skeldu transportésanas sablivéjuma koeficients atkariba no kravas parvadata attaluma:
- lidz 10 km — 1,00 (0%);
10 Iidz 50 km — 1,02 (2%);
511idz 100 km — 1,03 (3%);
101 1idz 200 km — 1,04 (4%);
virs 201 km — 1,05 (5%).
Kravas apjomu rezultatu talakiem parrékiniem tiek pielietoti Skandinavijas valstis aprobétie
parrékinu koeficienti (skat.1.tab.).

1.tabula
Energétisko Skeldu apjomu un kvalitati raksturojoSo mérvienibu parrékinu koeficienti

VKr Vv 1 tonna (_45-50% 1 MWh
relat. mitrums
Vir 0,36 0,3 0,75
V 2,8 0,8 2
1 tonna (45-50% 3,3 1,25 2,5
relat. mitrums)
1 MWh 1,3 0,5 0,4

Energétisko Skeldu kravas kraujméra un kravas tilpuma sakaribas tiek noteiktas péc formulas:
V =V, x 0,36 (2)

Kur,

V — kravas tilpums, cie§.m>;

Vi — kraujmers, ber.m3;

0,36- parrekinu koeficients.

Lidz $im Latvijas meza nozar¢ pielietotajai metodikai, kas paredz noteikt energétisko Skeldu

kravu apjomus péc kraujméra metodes, pielietojot transportéSanas sablivéjuma koeficientus,

nav zinatniska pamatojuma, jo praks€ pielietotas koeficientu vértibas ir ieglitas, pamatojoties

uz pétijumiem, kas veikti Skandinavijas valstis celulozes Skeldu uzmériSana, analizgjot

dzelzscela kravu parvadajumus. Latvija $is metodikas pielietosana energétisko Skeldu

uzmérisanai nav korekta, jo:

1) energgtisko skeldu parvadajumus veic ar autotransportu;

2) energgetisko Skeldu skeldu frakciju izméri un citi kvalitati raksturojoSie raditaji ir atSkirigi,

salidzinot ar celulozes skeldu parametriem.

Lai objektivi novértétu energétisko skeldu kravu apjomus un kvalitati raksturojoSos raditajus,

tika izvirziti uzdevumi:

1) izstradat metodiku Skeldu transporté$anas sablivéjuma koeficientu noteik$anai;

12



2)

3)

2.

noteikt Skeldu transportéSanas sablivéjuma koeficientu skaitliskas vértibas dazadu tipu
kravas autotransportam noteiktos kravu parvadajumu attalumos;

analizéjot energltisko Skeldu relativo mitrumu, Skeldu frakciju raditajus un
tilpumblivumu, veikt So faktoru korelaciju analizi.

Materiali un metodes
Energétisko $keldu kravu parvadajumu marSruti tika planoti un analizéti interaktivaja
karSu sistéma ,,JS Baltija.” (skat.l.att.) atkariba no cirsmu atraSanas vietas un piegades
vietas.

| anrad (EL 4

| Do 7 VILSIBNUeYy
§ Z = S o (R} £
Cirkale] _ \ L DAmfodze)y T § 5, ¢ -
e . ,'/Mordargg,;;\ ( A Rur
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¢ TS

‘ o ¥
| MezZezers Al
) \
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-0 Rifikule
Il Kurzemnieki
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2.att. Kontrolpunktu planosanas piemeérs Skeldu kravu transportésanas koeficienta
noteikSanai atkariba no kravas parvieto§anas attaluma

Tika izstradati kontrolpunkti, kuros veikti kravu kontroluzmeérijumi parvadajumiem ar tris
tipu Skeldu ved&ju transporta vienibam, t.sk. konteinervedgjiem, vilcgjiem ar piekabém un
puspiekabém.

Kravu kontroluzmérijumi tika veikti ik p&c noteikta intervala (skat.2.tab.).

2.tabula
Kontrolpunktu izvele kravu mérijjumu veikSanai
Robez;;’]rtfbas, Merijumi, km

0 - galapunkta | 0,5, 10, 25, 50, 75, 100, (galapunkta)

P&éc kravas uzkrauSanas, tika pemti Skeldu paraugi relativa blivuma, tilpumblivuma un
frakciju sastava noteikSanai [5; 6; 7; 8]. Krautuvé tika noveértéts Skeldu sastavs %
sadalfjuma péc koku sugam, noteikta Skeldotaja marka un ta tehniskie parametri
(Skeldotaja griez€jnazu skaits, izvirzijuma reguléjums), Skeldu ved€ju transporta tips un
kravas tilpnu ieksgjie gabaritizméri (skat.3.tab.). Laboratoriskas Skeldu paraugu analizes
tika veiktas saskana ar standartiem [8, 9, 10, 11, 12, 13].

Peéc laboratorisko paraugu sagatavosanas un identifikacijas uzmériSanas protokola,
nevienmériga Skeldu virsma krava tika izlidzinata vienmériga slani. Kravas
kontroluzmérijjumi 6 (seSos) kontrolpunktos tika veikti atbilsto§i uzmeriSanas shémai
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(skat.3.att.) noteiktos cela kontrolpunktos (skat.2.att.; 2.tab.) un protokol&ti talakai datu

analizel.
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3.att. Kontrolpunktu izvietojuma shéma kravas uzmérijumiem

Rezultati un to izvertéjums

. Energgtisko skeldu frakciju izméri ir atkarigi no Skeldotaja tipa, griez&jinstrumentu skaita
un regulgjuma, cirSanas atlieku koku sugu sastava un to proporcionala sadalijuma krava
(skat. 4., 5., 6.att.).

. Energgétisko skeldu tilpumblivums krautuvés pie koku sugu sastava E (20-50%); P (20-
60%); B (10-40%) konstatéts robezas no 265,8kg/m® 1idz 423,8kg/m>, relativais mitrums
robezas no 32,5% Iidz 60,1%.

. 40,23% no energétisko Skeldu tilpumblivuma izmainam izskaidro Skeldu relativais
mitrums.

. Tika noteikts Skeldu transporté€Sanas
parvietoSanas attaluma 70 km:

4.1. konteinervedgja piekabei— 1,12, automasinas puspickabei— 1,08, konteinervedéjam—
1,07, skeldojot cirSanas atliekas ar Skeldotaju JENZ HEM 360 Z cirsmas ar sugu
sastavu E (20-30%); P (40-60%); B (10-20%), iegustot Skeldu frakcijas (skat.5.att.);
pasizgazgja piekabei— 1,04, pasizgazgjam— 1,03, skeldojot cirSanas atliekas ar
Skeldotaju Brucks KLOCKNER cirsmas ar sugu sastavu E (30-50%); P (20-50%); B
(20-40%)), iegustot skeldu frakcijas (skat.6.att.).

89,78% Iidz 98,48% no Skeldu transportéSanas sablivé§juma koeficienta izmainam
izskaidro kravas parvietoSanas attalums.

14,64% no Skeldu tilpumblivuma izmainam izskaidro Skeldu frakciju izméri.

. Energgtisko $keldu siltumspgja ir atkariga no koku sugas un sortimenta relativa mitruma

[13].

sablivéjuma koeficients pie vidga kravas

4.2.

3.tabula
Skeldu Kravu transporté$anas sablivéjumu koeficienti
. Konteinera | Automasinas | Automasina - | Piekabe - | Automasina -
Distance . . - ve - . v - .
piekabe puspiekabe konteiners | pasSizgazejs | paSizgazejs
Lidz 10km 1,08 1,04 1,04 1,02 1,02
20-25km 1,10 1,07 1,06 1,03 1,03
45-50km 1,11 1,07 1,07 1,04 1,03
70-75km 1,12 1,08 1,07 1,04 1,03
95-100km 1,12 1,08 1,08 1,05 1,04
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Energétisko skeldu frakciju sadalijums (%)
35 4
20 29.53
21.89 26.13
25 —
20.54
20 —
O\O
15 —
10 —
5 0.80 1.11
0 T T T 1
63mm 45mm 16mm 8mm 3,15mm zem 3.15mm
Skeldu frakciju izmérs, mm

4.att. Uz Timberjack bazes uzstadita trumula tipa Skeldotaja Brucks KLOCKNER (divi
griez€jnazi, regul§jamais Skeldas garums 20mm) iegiito energétisko Skeldu frakciju izméri
cirsmas ar koku sugu sastavu: E (30-50%); P (20-50%0); B (20-40%b)

30.00
25.00
20.00

X 15.00
10.00
5.00
0.00

Energétisko $keldu frakciju sadalijums (%)

28.05
25.84
21.35 20.43
3.39 |
63mm 45mm 16mm 8mm 3,15mm zem 3.15mm

Skeldu frakciju izmérs, mm

5.att. Uz Timberjack bazes uzstadita trumula tipa Skeldotaja JENZ HEM 360 Z (desmit
griezéjnazi) iegiito energétisko Skeldu frakciju izméri cirsmas ar koku sugu sastavu:

E (20-30%); P (40-60%); B (10-20%)

35

Energétisko $keldu frakciju sadalijums (%)

30

ol . 1U

25

24.90

20

20.90

%

15

10

11.0U

9.40

2 70

63mm 45mm 16mm 8mm 3,15mm

Skeldu frakciju izméri, mm

zem 3.15mm

6.att. Skeldu frakciju laboratorisko analizu vidgjie rezultati SIA ,,NRG Baltic”
terminala perioda 05.-08.2008., Skeldojot ar trumula tipa Skeldotaju JENZ HEM

561 Z (desmit griez&jnazi)
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Skeldu tilpumblivuma un relativa mitruma korelacijas

diagramma
y = 166.27Ln(x) - 323.65

. R? = 0.4023

) 500

£

=l

2

]

£

3

=

3 100

2
E7) 0 T T T T T T

30 35 40 45 50 55 60 65

Skeldu relativais mitrums,%

7.att. Skeldu tilpumblivuma un relativa mitruma korelacijas diagramma

Skeldu transporté$anas sablivéjuma koeficienta un transporté$anas attaluma

111+ korelacijas diagramma
Piekabe kont.
1.10 = y =0.0141Ln(x) + 1.03
R? =0.9848
109 u Automasina puspiekabe
k / y =0.0135Ln(x) + 1.0255
1.08 R? =0.9924
- *
107 Automasina kontein.
> - y =0.0117Ln(x) + 1.0198
// / R =0.9877
1.06

1.05 ,/ / X Piekabe pasizg.
/ jﬂ/ y =0.0093Ln(x) + 1.0025
1.04 +—4 R =0.9002
1.03 / Automagina pasizg.
' x y =0.0045Ln(x) + 1.014
R =0.8978
1.02 a

1.01

Skeldu t

0 20 40 60 80 100 120

Transportésanas attalums, km

8.att. Skeldu kravu sablivésanas koeficientu un transportéSanas attaluma korelacijas

diagramma
Skeldu frakciju un tipumblivuma korelacijas diagramma
10.
S 0.0 . y = -3.8124Ln(x) + 29.718
IU’ f= o < 2 _
S g 9.0 . . R® = 0.1464
CNE ~e * ¢
n = £ 8.0 LA
=0 - ’“\ *
=] *
s 80 70 s —
= .
385060 :
28" .
5.0
N g
4.0 T T
200.0 300.0 400.0 500.0
Skeldu tilpumblivums, kg/m3

9.att. Skeldu vidéji sverto frakciju kravas izméru parametru un $keldu tilpumblivuma
korelacijas diagramma
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1.

. Dry forest Fresh Wet
Heating value, MJ/kg . )
chips forest chips bark Higher heating value
20 1 per dry mass
15
10 1 Lower heating value
per dry mass
5 4
Lojwer heating value
per total mass
T T T T T
20 40 60 80
Moisture content, %

10.att. Energétisko Skeldu siltumspé&jas un relativa mitruma sakaribu diagramma

Secinajumi
Izstradata metodika energétisko Skeldu kravu apjomu noteikSanai péc kraujmera metodes,
pielietojot transportéSanas sablivéjuma koeficientus, kuru skaitliskas vertibas izstradatas
atkariba no kravas parvadajuma attaluma un autotransporta tipa. Uzmérot péc kraujmeéra
metodes, netiek veikta energétisko skeldu kvalitati raksturojoso parametru analize, lai gan
kravu transportéSanas sablivéjuma koeficientu skaitliskas vértibas tie ictekme. Rezultata
aprekinatas kravas tilpuma iesp&jama novirze no faktiska tilpuma iesp&jama lidz 10%.
Energétisko skeldu frakciju noteik§ana nav korekti izmantot standarta [12] aprakstito
metodi, jo sortimenta ir mineralu piejaukums, kuru blivums ievérojami parsniedz koksnes
blivumu un rezultata — iegiitie rezultati nav precizi. Standarta pielietojums korekts ir tikai
no mineraliem brivo koksnes paraugu frakciju analizei, piem., celulozes Skeldam.
Precizu kravu mérijjumu rezultatu iegiiSanai, kas prezentétu skeldu daudzuma un kvalitati
raksturojoSos parametrus, javeic izlases kontrolmérisana, nosakot kravas svaru un $keldu
relativo mitrumu. P&c iegitajiem datiem, izmantojot sakaribas (skat.l.tab.), tiek
aprekinata siltumspgja. Kontrolmérijuma rezultatus jaattiecina uz turpmakajam
piegadatajam kravam lidz nakamajam kontrolmérijjumam.

Summary

Measurement methods based on the determination of dry weight, biomass composition and
moisture content of energy chips used in Scandinavian countries are too expensive for the
Latvian market because of the following reasons:

they require the procurement of highly expensive weight scaling equipment;

the measurement of moisture content is slow and burdensome and the accuracy of the
results are questionable;

there are considerable difficulties to carry out the conversion of dry weights to other
scaling units (loose volume, solid volume, effective heat volume).

Accordingly, it is of great practical importance to establish a simple, effective and
inexpensive methodology for measuring the volume of energy chip loads depending on their
transportation distance by trucks.

This research paper focuses on the quantitative and qualitative properties of energy chips.
Energy chips often consist of material from various tree species with different proportions of
wood, bark, foliage, twigs, needles, buds and even cones and different moisture content.
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As a result, there are great difficulties in determining the correct load volume, which is crucial
for:
- establishing the contract fees for cutting work, forest and long distance transport and

chipping;
- controlling the chip amounts that are transported.
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RISK ANALYSIS OF THE PILLAR STRENGTH IN THE ESTONIA
MINE
IGAUNIJAS RAKTUVJU STABU STIPRIBAS RISKA ANALIZE

Jyri-Rivaldo Pastarus®, Sergei Sabanov', Jekaterina Shestakova®, Oleg Nikitin
1- Department of Mining, Tallinn University of Technology
5 Ehitajate tee Str., Tallinn, 19086, Estonia
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2- Eesti Polevkivi Ltd., Department of Development
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Abstract. This paper deals with the risk analysis and assessment of the pillars strength problems in
the Estonia oil shale mine. Aim of this investigation was to determine the strength parameters and predict the
bearing capacity of the pillars in Estonia mine, mining block No. 3107

Methods were based on theoretical investigation and experimental data of in-situ conditions. It is given the
geological description of the mining block and determined the strength parameters, moisture content and
volume densityt of the oil shale and limestone layers.

Analysis showed that the used risk analysis method is applicable for Estonian oil shale mines. The results
of the risk analysis are of particular interest for practical purposes.

Keywords: mining block, pillars, event tree, probability, risk analysis.

Introduction

In Estonia the main mineral resource is a highly calorific oil shale. The deposit is located in a
densely populated and rich farming district. The commercially bed typically excavates by
underground and surface mining methods. Underground development of oil shale production
is obtained by room-and-pillar method with blasting. This method is cheap, highly productive
and easily mechanize, but the processes in overburden rocks and pillars have caused
unfavorable environmental side effects accompanied by significant subsidence of the ground
surface. This is causes a large number of technical, economical, ecological and juridical
problems.

The pillars strength is important parameter of mining block stability. For determination pillars
strength the experiments in Estonian oil shale mine was made. The strength parameters of in
situ conditions were done by Point Load test method. The aim of this investigation is to
determine the strength parameters and predict the bearing capacity of the pillars in Estonia
mine and to estimate probability of receiving adequate results by the risk analysis method.
Analysis of the experimental data showed that it is necessary to modifier the calculation
scheme of the pillar parameters.

Geological description and mining system

The commercially important oil shale bed is situated in the north-eastern part of Estonia. It
stretches from west to east for 200km, and from north to south for 30km. The oil shale bed
lays in the form of a flat bed having a small inclination in southern direction. It depth varies
from 5 to 150m.

The characteristics of the certain oil shale and limestone layers are quite different. The oil
shale seams occur among the limestone seams in the Kukruse Regional Stage of the Middle
Ordovician. The commercial oil shale bed and immediate roof consists of six oil shale layers
(A-F) and limestone (B/A, C/B, D/C, E/D). The main roof consists of carbonate rocks of
various thicknesses. The characteristics of various oil shale and limestone seams are quite
different. The strength of the rocks increases in the southward direction. The compressive
strength of oil shale is 20-40 MPa and that of limestone is 40-80 MPa. The volume density is
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1.5-1.8 Mg/m® and 2.2-2.6 Mg/m®, respectively. The calorific value of dry oil shale is about
7.5-18.8 MJ/kg depending on the seam and the location in the deposit

For underground mining the room-and-pillar mining system gives the extraction factor about
80%, and embedded at the depth of 40-70 m. The field of an oil shale mine is divided into
panels, which are subdivided into mining blocks, approximately 300-350 m in width and 600-
800 m in length each. A mining block usually consists of two semi-blocks. The height of the
room is 2.8 m or 3.8 m. The room is very stable when it is 6-10 m wide. However, in this case
the bolting must still support the immediate roof. The pillars in a mining block are arranged in
a singular grid. Actual mining practice has shown that pillars with a square cross-section (30-
40 m?) are best. A work cycle lasts for over a week [1].

Methods of the investigations
The experiment was made in southern part of Estonia mine, in mining block No. 3107, where
the geological conditions are not favorable. Investigation area is located near haulage and
collection drifts. Depth of excavation was 59 m from surface and room height is 3.8 m.
The aim of the tests was to determine the strength parameters of the different oil shale and
limestone layers by Point Load test. It is known that the strength parameters of rock depend
on moisture content and volume density. Consequently, it is determined these parameters for
different layers of in situ conditions.
The Point Load (digital rock strength index apparatus 45-D0550/E), also named Franklin
press, is used to obtain quick information concerning rock strength [2]. Point load
measurement represents one of the most widely used classification tests for rocks, both in the
field and in the laboratory. The test consists to compress up to failure a core or irregular block
of rock sample by the application of a point load by a couple of steel conical points of
standard size. The point load strength index is calculated using size and shape correction
factor. To calculating the average point load strength index, at least 10 point load tests are
required. Using the point load strength index it is calculated compressive strength of the
rocks. It was determined compressive strength for different layers of oil shale and limestone.
To calculate the strength of an inhomogeneous pillar there is used the formula (pillar
containing weak layers) based on experience results [3]:
Rl

T W
5 h

where R - compressive strength of inhomogeneous pillar, MPa;

R; and R; - strengths of the strongest and weakest pillar layers, respectively, MPa;

h, - thickness of the weakest pillar layer, m;

h - pillar height, m.

Moisture content and volume density of samples were determined in laboratory of rock
mechanics [3]. For this purpose were extracted the samples from pillar and delivered to
laboratory with special action of protection to save originality of samples. For the data
processing were used specialized Excel files made at Department of Mining, Tallinn
University of Technology.

R =

Results of investigation
Results of investigations are presented in Table and Figures 1, 2 and 3. Figure 1 showed that
limestone has higher compressive strength values (19.6 — 63.3 MPa) than oil shale one (4.4 —
19.6 MPa). Compressive strength of oil shale and limestone layers, received by point load test
differs from compressive strength received by data of earliest experiments in Estonia mine
[4]. 1t is caused by difference of excavation depth and geological conditions.
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Oil shale bed layer parameters

. Point Load test | Moisture .
Index Compressive stiength, Compressive content, V_olumetrlc ;
MPa [4] strength, MPa % weight, Mg/m
F 18 19.6 6.6 1.87
E 18 6.7 8.1 1.74
D/E 67 19.6 - -
D 29 4.4 - 1.92
C/D 82 63.3 4.2 2.66
C 26 9.5 12.7 1.44
B/C 75 48.8 5.0 2.03
B 40 9.0 8.5 1.39
A/B 65 27.6 4.9 2.48
A 32 - 12.0 1.85
* Compressive strength received by data of earliest experiments in Estonia mine.
1119.6
#4119.6
3 O e 63.3
=
148.8
= 2V .6
0 10 20 30 40 50 60 70

Index

Compressive strength, MPa

Fig. 1. Compressive strength by Point Load test

6 8

Moisture, %

10

Fig. 2. Moisture content of oil shale bed layers
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| 2.66

Index

|2.48

Volumetric weight, Mg/m®

Fig. 3. Volume density of oil shale bed layers

Investigation showed that moisture content and volume density of layers is different. Moisture
content (Figure 2) of oil shale layers varies from 8.1 to 12.7 % and limestone one from 4.2 to
5.0 %. The volume density (Figure 3) is 1.39-1.87 Mg/m® and 2.03-2.66 Mg/m?®, respectively.
Earlier experiments [4] confirm getting results.

Strength parameters of layers and consequently bearing capacity of the pillars depend on
geological features in this location, which demand supplementary investigations.

Risk analysis
By result of calculation using formula (1) the compressive strength of inhomogeneous pillar
make 11.6 MPa. This value quit differ from compressive strength using in instructions for
calculation the average values of start durability of oil-shale layer in Estonian deposit, which
make 16 MPa [5]. For inspection of test result accuracy the risk analysis method with event
tree calculation is used.

Correct form of sample
P=0.87
Sufficient quantity of tests P=0.92
P=0.95
P=0.08
P=0.08
P=1
Correct form of sample
P=0.04
Insufficient quantity of tests P=0.73
P=0.05 Incorrect form of sample
P=0.01
P=0.27

Fig. 4. Event tree
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Presented event tree shows probability of receiving adequate results under sufficient quantity
of tests and correct form of samples, which is 87 % (P = 0.87). In case under insufficient
quantity of tests with correct form of samples the probability makes 4 % (P = 0.04). This
result is based on Point Load test, where calculated compressive strength is different from
typical parameters based on instruction for calculation of pillars dimensions. Using the event
tree, it is possible define probability of receiving adequate results under different quantity of
test and various form of the samples and easy to estimate, how every next branch influences
on the final result, which could be successfully used in a practice.

Conclusions
For determination pillars strength the experiments in Estonian oil shale mine was made. The
strength parameters of in situ conditions were done by Point Load test method. The strength
parameters for the bearing capacity of the pillars in the Estonia mine were determined. By
analysis of experimental data the modification of the calculation scheme of pillar parameters
is suggested. Risk analysis method used to estimate probability of receiving adequate results
under different quantity of test and various forms of the samples.
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VASARAJU GRAUDAUGU SUGU PIVEMEROTTBA
SILTUMENERGIJAS RAZOSANAI
SUITABILITY OF SPRING CEREALS FOR PRODUCTION OF HEAT
ENERGY

Ina Belicka, Viktorija Miglane, Zaiga Jansone
Valsts Stendes graudaugu selekcijas institiits
Dizstende, Libagu pag., Talsu raj., LV 3258
Talr.: +371 632 91288, fakss: +371 632 91289, e-pasts: stende.selekcija@apollo.lv

Abstract. In future biomass are planned as main source as renewable energy. The grain and straw are
as one of the representatives of biomass. During 2007 - 2008 in the State Stende Cereal Breeding Institute the
investigations were carried out to define more accurately spring cereal-wheat, barley and oats for heat
production. In the field experiment were sown 4 - 6 varieties from each species. The yield, chemical composition,
the highest and lowest heating capacity of grain and straw were evaluated. The highest heating capacity for
grain was 15475 - 16994 and the lowest — 13828 - 15356 kJ kg™*; in straw — 15788 - 16840 and 14106 - 15230 kJ
kg™respectively. Accordingly to this value the cereal species arranged in the following order: oats, barley and
wheat. The varieties of cereal were differed in heating capacity depending on chemical composition. Significant
positive correlation was observed between grain heating capacity and fat (r = 0.993; rqq; = 0.684), and fiber
(r=0.838; ro o1 = 0.684), but significant negative correlation with starch (r = - 0.847; roo; = 0.684).

Keywords: spring cereals, chemical composition, heating capacity in grain and straw.

levads
Lidz ar ES valstu pievienosanos Kioto protokolam, kuras mérkis ir ierobezot vai pat pilnigi
atteikties no fosila kurinama, ir sapratigi jaizmanto neatjaunojamie energijas resursi,
jasamazina siltumnicas efektu izraisoSo izplides gazu daudzums un vienlaicigi japaplaSina
videi draudzigas energijas ieguve no atjaunojamiem energoresursiem [1]. Latvija Sobrid
koksnes produkti: malka, Skelda, granulas ir popularakais atjaunojamais kurinamais Latvija.
Tomeér arT koksnes resursu atjaunoSanas sp€jas ir ierobeZotas laika un telpa. Daudzas valstis
iesaka audz€t dazadus augus ka alternativu siltumenergijas ieguvei [2; 3; 4; 5]. Viens no
biomasu veidiem ir arT labibu graudi un salmi. Veértgjot graudus ka kurinamo, jaatzime to Joti
laba piemérotiba izmantoSanai automatiskas darbibas katlos. Graudi péc savam fizikali
mehaniskajam ipasibam ir dabiskas formas granula ar pietiekami lielu blivumu un cietu
apvalku, kas nodroSina to labu izturibu. Graudu automatiska padeve kurtuvés viegli
realiz€jama ar dazadiem transportieriem (pieméram, gliemeZtransportieriem). Tomer labibu
graudu un salmu izmanto$anu siltumenergijas ieguvei raksturo galvenas problémas
dedzinasanas procesa, un tas ir saistitas ar pelnu daudzumu, diimgazu sastavu un pelnu
kuSanas temperatiiru [6; 7; 8].
Siltumenergijas razos$anai buitu vajadzigi graudaugi ar augstu biomasas razu, labu degtspgju,
ar lielaku siltuma atdevi un mazaku pelnu saturu. Atrodot siltumenergijas razoSanai
piemé&rotakos graudaugus un ekonomiski pamatotaku audz&$anas tehnologiju, iesp&ams
nakotné€ biis saimniecibas, kas specializesies tiesi apkurei domato graudu audzeSanai.
Valsts Stendes graudaugu selekcijas institiita uzsakot petijumu, veélgjamies noskaidrot, kuras
no labibam ir piemé&rotakas siltumenergijas razoSanai, ka ari salidzinat vienas sugas robezas
dazadu skirnu siltuma atdevi un faktorus, kas to ietekmg.

Materiali un metodes

Lauku izm&ginajumi. Lai novértétu un salidzinatu dazadu graudaugu sugu un Skirnpu nozimi
siltumenergijas razosanai, lauku izméginajumi veikti ar vasaraju (2007-2008) labibam.
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No katras labibu sugas izvé€letas 4-6 skirnes ar dazadu kvalitates raksturojumu:

e mieczu Skirnes: Abava, Malva, Kristaps, IC 361 (kailgraudu);

e vasaras kviesu Skirnes: Uffo, Vinjett, Heta, Zebra, Fasan;

e auzu Skirnes: Arta, Laima, Hecht, Darta, Aragon, Wendela.

2007.g. izm&ginajums iekartots velénu glejota augsné ar vid&ju iekultivéSanas pakapi,
organiskas vielas saturs 24 g 100 g augsnes, P,0s - 128 mg kg?, K,0 - 98 mg kg™, augsnes
pH - 6.0. 2008. g. — augsne — velénu podzoléta, smil§mala, organiskas vielas saturs 22 g 100 g
augsnes, P,Os— 227 - 339 mg kg, K,O — 147 mg kg™, augsnes pH — 6.3 - 6.7.

[zmégindjumu uzskaites laucinu liclums — 5 m? (2007.g), 10 m? (2008.g), randomizéts laucinu
sakartojums. 2007.g. lietots méslojums NPK 17-10-14 (90:53:63), iestradats pirmssgjas
kultivacija, s€ja 24.aprili, nezalu apkaroSana veikta 25.maija, lietojot herbicidu maisjjumu
‘Banvels +Granstars’. Raza novakta 8.augusta.

2008.g. lietots meslojums NPK 16-16-16 — 350 kg ha™, iestradats pirmssgjas kultivacija
23.aprili, s€ja veikta 26.aprili, nezales apkarotas 26.maija, lietojot herbicidu ‘Mustangs’ 0,6 1
ha®. Raza novakta: vasaras mieZi un kviesi — 21.augusta, auzas — 26.augusta.

Kimisko analiZu metodes. C, H, O, S sastavs noteikts ar Macro Elemental Analyzer-vario
MACRO CHNS (Elementar Analysensysteme GmbH), mérijumu relativa standartnovirze,
rekinot uz 100 mg fenilanalina standartvielas: < 0,5%. Siltumspgja noteikta saskana ar ISO
1928. Augstakas siltumspgjas noteikSanai tika izmantots skabekla bumbas kalorimetrs ,,Parr
13417, bet zemaka siltumsp&ja noteikta aprékinu rezultata (Richardson J., Bjorheden.,
Hakkila P., Lowe A.T., Smith C.T. Bioenergy from sustainable forestry, Forestry Science
vol..71 Kluver Academic Publishers, Dordrecht, 2002., p.40). Hlora saturs noteikts péc
parauga sadedzinaSanas kalorimetriskaja bumba, analizei izmantojot bumbas skalojamos
tdenus. NoteikSana veikta titrametriski saskapa ar metodi, kas aprakstita ,British
PHARMOCOPEIA” (1998) NaCl noteikSanai (analiz€jamo paraugu apstrada ar AgNOs;
Skidumu un AgNOj parakumu attitré ar amonija rodanidu). Titré€Sanu veic potenciometriski,
izmantojot ,,Radiometer Analytical” firmas titratoru, TIM 900 ar sudraba indikatora elektrodu
un datorprogrammu Tim Talk 9.

Raditaji: koproteins (LVS 277:2000), kokskiedra (ISO 5498), tauki (ISO 6492), ciete (LVS
EN ISO 10520), N (LVS 277:2000), pelnvielas (LVS 276:2000) izteikti % absoliiti sausos
paraugos. Graudu raza noteikta pie 14% mitruma.

Rezultati un to izvertéjums
Vasaraju labibu graudu razas dati 2007. un 2008.gada paraditi 1.attela.
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Augstakas graudu razas iegiitas vasaras kvieSu skirn€m ‘Uffo’ un ‘Fasan’, bet butiski zemaka
ta bija Skirnei ‘Heta’ (y 0,05, 2007=1,03 tha'l ; Y005, 2008 =0,47 tha'l). No miezu skirném biitiski
augstakas razas iegutas Skirném ‘Kristaps’, ‘Malva’ un ‘Druvis’(y 0,05, 2007=0,81 tha™ 3 Y0,05,.2008
=0,43tha™), parspgjot ‘Abavu’ un kailgraudu liniju IC 363. Izméginajuma icklautas 5 auzu
skirnes savstarpeji butiski neatikiras (yo s, 2007 =0,34 t ha™; 0,05 2008 =0,65 t ha™), no tam ar
bitiski zemaku razu ir Skirne ‘Arta’. Salidzinot ar 2007.gadu, vasaras kvieSiem un mieziem
augstaks tas bija auzam.

Ar loti labu veldres izturibu var raksturot vasaras kvieSu skirnes (8,1-9,0 balles), ar labu —
miezus (7,35-8,20 balles), bet apmierinosu - auzas (6,84-7,45 balles). P&c tilpummasas
raditajiem labibas kartojas §ada seciba: v. kviesi, kailgraudu miezi, pléksSnpainie miezi, auzas.
Labibu kimiskais sastavs. Ka jebkura kurinamaja, ar1 graudos un salmos ka galvenas degosas
vielas ir ogleklis (C) un Gdenradis (H). DegSanas procesa piedalas ar1 skabeklis (O), sérs (S)
un dalgji arT slapeklis (N). IepriekSmingto elementu saturu kurinamaja izsaka % ka organisko
masu.

Oglekla (C) saturs vasaras kvieSu un miezu graudos (45,34-45,80%) ir zemaks neka salmos
(46,66-47,60%), bet auzam pret&ji: graudos vairak (46,55-47,80%) neka salmos (46,25-
47,08%). Nav bitiskas oglekla satura atsSkiribas vasaras kviesu un miezu graudos, bet tas par
1,21-2,46% ir augstaks auzu graudos. No vasaras kvieSiem ar augstaku C saturu graudos
izcelas Skirne ‘Heta’, mieziem — ‘Abava’, auzam — ‘Laima’ un ‘Darta’. ArT p&c oglekla satura
salmos ir atzim&jamas atSkiribas starp sugam un Skirném. Vasaras kvieSu salmiem raksturigs
augstaks oglekla saturs (vid. 47,54%), tiem seko miezi (vid. 46,94%) un auzas (vid. 46,71%)
(2.attels). Arf starp skirn€m ir atskiribas.
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2.att. Oglekla saturs vasaraju labibu graudos un salmos

Udenraza (H) saturs visam vasaraju labibu sugam ir par 0,58-1,8% augstaks graudos neka
salmos (5,52-5,72%). Vidgji H saturs auzu (6,33%) un miezu (6,25%) graudos ir augstaks
neka vasaras kvieSu (6,16%) graudos. P&éc S§1 elementa satura ir atSkiribas gan graudos, gan
salmos starp Skirném. Ar augstaku H saturu graudos var atzimét vasaras kvieSu Skirnes
‘Uffo’, ‘Heta’, miezu — ‘Malva’, savukart salmos: vasaras kvieSu Skirnes ‘Heta’, ‘Fasan’,
miezu - ’Malva’ un ‘Abava’, auzu - “Wendela’ un ‘Darta’ (3.attels).

Skabekla (O) saturs vasaras kvieSu graudos (45,72%) nedaudz parsniedz ta saturu salmos
(44,51%), tas pats attiecinams uz miezu skirni ‘Kristaps’ un auzu skirni ‘Arta’. Par§jam miezu
un auzu Skirném skabekla saturs salmos (43,23-45,80%) parsniedz ta saturu graudos (42,50-
45,66%) (4.attels).
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4 att. Skabekla saturs vasaraju labibu graudos un salmos

Séra un hlora saturs. Viena no problémam, kas saistitas ar graudu un salmu dedzinasanu ir
palielinats séra un hlora saturs, kas var izraisit dimvadu un citu metala konstrukciju koroziju.
Seéra saturam labibu graudos (0,23-0,32%) nav butiskas atSkiribas starp sugam. Sérs salmos ir
konstatéts vairak neka graudos visam parbauditajam mieZu Skirném, 2 vasaras kvieSu un 5

auzu Skirn€m (5.attels).
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5.att. Sera saturs vasaraju labibu graudos un salmos
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Starp Skirném ir atSkiribas. Palielinats séra daudzums kurinamaja sekmé séra dioksida izplidi
atmosfera. Hlora saturs vasaraju labibu graudos ir mazaks (0,04-0,11%) neka salmos (0,28-
0,81%). Miezu graudos Cl ir divas reizes vairak (0,12%) neka vasaras kviesu (0,06%) un auzu
graudos (0,05%). Hlora saturs auzu salmos (0,45-0,81%) un miezu salmos (0,45-0,81%)
ieveérojami parsniedz ta saturu vasaras kvieSu salmos (0,22-0,35%). Starp Skirn€m pastav
atSkiribas (6.attels).
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6.att. Hlora saturs vasaraju labibu graudos un salmos

Graudu un salmu kvalitate. Cietes, kopproteina un tauku saturs noteikts graudos, bet tauku un
kokskiedras saturs ar1 salmos (1.tabula). Visaugstakais cietes saturs graudos raksturigs vasaras
kvieSiem, tiem seko mieZi, bet viszemakais saturs atziméts auzam.

1.tabula
Labibu cietes, kopproteina, tauku un kokskiedras saturs (vidgji, 2007.-2008.9.)
Suga Ciete Kopproteins Tauki, % Kokskiedra, %
graudos, % | graudos, % | Graudos Salmos Graudos Salmos
Auzas 44,3-50,1 10,7 -14,3 4,5-7,9 0,9-1,3 8,0-12,5 | 42,8-44,4
Miezi 59,3-65,4 10,7-11,8 2,0-2,6 0,9-1,5 2,2-4,1 | 43,1-49,2
V. kviesi 64,8-68,5 11,5-15,8 2,0-2,6 0,9-1,2 2,1-2,4 | 40,7-46,8

No kvieSu skirn€m ar augstaku cietes saturu var izcelt ‘Uffo’ un ‘Fasan’ (abam 68,5%),
mieziem - kailgraudu miezu liija IC 363 (65,4%), bet auzam ‘Wendela’ (50,1%). Ar1 péc
kopproteina satura visaugstakie raditaji atzimeti kvieSiem, izceloties Skirnei ‘Heta’ (15,8%).
No labibam augstakais tauku saturs graudos raksturigs auzam. P&c §1 raditaja ir lielas
atskiribas starp auzu $kirném. Skirném ‘Wendela’ un ‘Hecht’ tauku saturs ir 1,62-1,78 reizes
mazaks neka tas ir Skirném ‘Laima’ (7,66%) un ‘Darta’ (7,96%). Péc tauku satura graudos
parbauditas miezu un kvieSu Skirnes ir lidzvertigas, un to saturs ir 2,2-3,96 reizes zemaks
neka auzam. Tauku saturs vasaraju labibu salmos nosaciti vienads starp sugam un ir robezas
no 0,9-1,5%. Kokskiedras saturs graudos starp labibu sugam ir atSkirigs, augstakais tas ir
auzam, seko miezi, tad kviesi un kailgraudu miezi.

Pelnu saturs graudos un salmos paradits 2.tabula. SalidzinoSi augstaks pelnu saturs gan
graudos, gan salmos ir auzam. Labibu graudu un salmu izmanto$anu siltumenergijas ieguvei
raksturo galvenas problémas dedzinasanas procesa. Salidzinajuma ar kokskaidu brikeSu un
granulu parametriem graudu un labibu salmu granulu parametri atpaliek: tiem ir pat lidz 10
reizém augstaks pelnu saturs, zema pelnu kusanas temperatiira, palielinats séra un hlora saturs
[9]. Neskatoties uz to, pasaulé graudi tiek izmantoti siltuma ieguvei nelielas jaudas siltuma
razotn€s (< 50 kW), pieméram, Zviedrija darbojas ap 5000 graudu kurinasanas katli [7].
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2.tabula
Labibu graudu un salmu pelnu saturs

Suga Pelnu saturs, %
Graudos Salmos
Auzas, vid., min-max 2,82 (2,70-3,00) 6,27 (5,89-6,64)
Miezi, vid., min-max 2,22 (2,00-2,35) 4,46 (3,87-5,28)
Vas. kviesi, vid., min-max 1,89 (1,78-2,01) 4,80 (4,44-5,12)

Labibu graudu un salmu siltumspg&jas. Miisu izmé&ginajumi paradija, ka no labibu sugam ar
augstaku gan zemako, gan augstako siltumspgju graudiem un salmiem izcelas auzas, tam seko
miezi un vasaras kviesi (7.attéls). Pec raditas siltumspgjas pastav atskiriba starp Skirn€m sugas
robezas. Augstaka un zemaka siltumspé&ja graudiem iegiita auzu Skirném ‘Laima’ (attiecigi
16981 un 15356 kJ kg™) un ‘Darta’ (16994 un 15353 kJ kg™), miezu - ‘Kristaps’ (16013 un
14378 kJ kg™) un ‘Malva’ (15942 un 14271 kJ kg™), vasaras kviesu - *Zebra’ (15731 un
14092 kJ kg') un ‘Heta’ (15646 un 13988 kJ kg™). Vasaras kvie$u un miezu salmu
siltumspgjas ir augstakas neka graudiem, bet auzam tas kopuma ir zemakas.

P&c augstakiem graudu un salmu siltumsp@ju raditajiem skirnes labibu sugu robezas atskiras.
Auzam augstaku salmu siltumspgju uzrada Skirnes ‘Arta’ un ‘Aragon’, mieziem — ‘Abava’,
kviesiem —Fasan’ un ‘Heta’ (7.att€ls).
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7.att. Vasaraju labibu $kirnpu graudu un salmu augstaka un zemaka siltumspgeja

Sakaribas starp graudu kvalitati un siltumsp&ju. Graudu degSanas ipaSibas ir lidzigas citam
biomasam, tacu ir arT noteiktas ipatnibas, kas janem veéra, izmantojot graudus dedzinaSanai
automatiskas darbibas katlos. Svariga nozime ir graudu un salmu kimiskajam sastavam, it
1pasi cietes, tauku un kokSkiedras saturam graudos (1.tabula). Novért€jot sakaribas starp
labibu graudu augstako siltumsp&ju un graudu kvalitati, konstat€jam, ka siltumspgjai pastav
bitiska pozitiva korelacija ar tauku (r = 0,993; 191 = 0,684) un kokskiedras (r = 0,838; rg01 =
0,684) saturu, bet negativa korelacija ar cietes (r = -0,847; rpo1 = 0,684) saturu (8.att€ls).
Auzas, kam raksturigs gan augstaks tauku, gan kokSkiedras, bet zemaks cietes saturs
(1.tabula), salidzinot ar citam graudaugu sugam, likumsakarigi uzrada augstaku siltumspé&ju.
Kopproteina saturam nav biitiskas ietekmes uz graudu siltumspé&ju, korelacija negativa un
zema (r = -0,284; rgo1 = 0,684). Tas nozimé&, ja pec §1 raditaja graudi neatbilst partikas vai
lopbaribas kriterijiem, tad tie biitu izmantojami apkurei. Analizgjot korelativas sakaribas starp
organisko vielu veidojosajiem elementiem un siltumsp&ju, redzam, ka pastav augstas
korelativas pozitivas saites ar oglekli (r = 0,909; g1 = 0,684) un Gidenradi (r = 0,652; 19,05 =
0,553), bet butiski negativa ar skabekli (r = -0,610; rogs = 0,553). Biitiski negativu ietekmi uz
graudu siltumspé&jam uzrada hlora saturs (r = -0,612; ro 05 =0,553). Pastavot augstai korelacijai
starp augstako un zemako siltumsp&ju (r = 0,998 ro01 = 0,684), iepriek§ minétas korelativas
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saistibas arT attiecinamas uz zemako siltumsp€ju. Izvéloties Skirnes siltumenergijas razosSanai,
ka kriteriji butu piemérojami augstaks tauku un kokskiedras, bet zemaks cietes saturs. Starp
visam labibu sugam var atrast siltumu raZoSanai atbilstoSas Skirnes.
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8.att. Korelativas sakaribas starp graudu augstakam siltumspéjam un kimisko sastavu

Pateiciba
Izsakam pateicibu Zemkopibas ministrijai par pétijuma finanséSanu.

Secinajumi

Vasaraju graudaugu graudu un salmu siltumspgjas ir atkarigas no sugas un sugas robezas - no
Skirnes. P&c augstakas un zemakas siltumspgjas graudaugu sugas sarindo $ada seciba: auzas,
mieZi, vasaras kvieSi. Sugas robezas var atrast Skirnes ar atSkirigam augstaku graudu un salmu
siltumsp&ju. Biitiska nozime ir labibu graudu un salmu kimiskajam sastavam, jo no ta ir
atkarigs iegiitais siltumenergijas daudzums no 1 kg patérétas biomasas. Augsts tauku un
kokskiedras, bet zems cietes saturs ir galvenie kritériji sugu un $kirnu izvélei siltumenergijas
raZoSanai.

Summary
In future biomass are planned as main source as renewable energy. The grain and straw are as
one of representatives of biomass. During 2007 - 2008 at the State Stende Cereal Breeding
Institute the investigations were carried out to define more accurately spring cereals — wheat,
barley and oats for heat production. In the field experiment were sown 4 to 6 varieties from
each species:
o Barley varieties: Abava, Malva, Kristaps, IC 361 (hulless).
e Wheat varieties: Uffo, Vinjett, Heta, Zebra, Fasan.
e Oat varieties: Arta, Laima, Hecht, Darta, Aragon, Wendela.
The organic components (C, H, O, S), starch, fiber, crude protein, Cl content, the highest and
the lowest heating capacity were determined.
During years of 2007 and 2008 the average grain yield of spring wheat was 5.04 t ha™, barley-
4.84 t ha', oats- 4.47 t ha™ (Fig. 1). Chemical composition of cereals grain and straw was
analyzed. Carbon content was higher in oats grain (46.55 - 47%) compared to wheat and
barley (45.34 - 45.80%). Contrary carbon content in straw was higher to wheat (average
47.54%), then barley (46.94%) and oats (46.71%) (Fig. 2). Hydrogen content was higher by
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0.58 - 1.8% in grain than in straw (5.52 - 5.72%) for all species (Fig. 3). There were
differences among varieties by content of these elements (C, H). In spring cereal grains
oxygen content was 42.50 - 46.72%, but in spring cereal straw was 43.23 - 45.80% (Fig. 4).
The one of problem in combustion of grain and straw is heightened content of sulphur (S) and
chlorine (CI), that promoting the corrosion of chimney. There are no significant differences in
S content in spring cereal grains. The higher S content was observed in straw for all barley
varieties and also for two wheat and five oats varieties (Fig. 5). Content of chlorine was less
in grain (0.04 - 0.11%) than in straw (0.28 — 0.81%). CI was two times more in barley grains
(0.12%) than in wheat (0.06%) and oats (0.05%) grain In barley and oats straw the chorine
content (0.45 - 0.81%) several times exceeded in wheat straw (0.22 - 0.35%) (Fig.6).

The quality of grains characterize with the starch, fiber, fat and crude protein, but straw
quality - fiber and fat content (Table 1). Starch content in cereals increased in the following
order: wheat (64.8 - 68.5%), barley (59.3 - 65.4%) and oats (44.3 - 50.1%). The highest crude
protein was for wheat, but fat content - for oats. Oat varieties had big differences in fat
content. Varieties ‘Wendela’ and "Hecht’ had 1.62 - 1.78 times less fat content compared to
varieties ‘Laima’ (7.66%) and ‘Darta’ (7.96%). Cereal species arranged in following order:
oats, barley, wheat by higher fiber content.

The ash content in oats grain was: 2.70 - 3.00%, in barley - 2.00 - 2.35%, in wheat — 1.78 -
2.01%. The ash content in oats straw was 5.89 - 6.64%, in barley — 3.87 - 5.28%, in wheat
4.44 - 5.12% (Table 2).

The highest and the lowest heating capacity of grain and straw were evaluated. The highest
heating capacity of grain was 15475 - 16994 and the lowest — 13828 - 15356 kJ kg™; for straw
— 15788 - 16840 and 14106 - 15230 kJ kg™ respectively. According to this value the cereal
species arranged in the following order: oats, barley and wheat (Fig. 7). The varieties of cereal
were differed in heating capacity depending on chemical composition. Significant positive
correlation was observed between grain heating capacity and fat (r = 0.993; ro0; = 0.684) and
fiber (r = 0.838; o0 = 0.684), but significant negative correlation with starch (r = - 0.847;
ro.o1= 0.684) (Fig.8). The results showed that there are possibilities in different cereal species
to find varieties characterized with high heating capacity.
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BIOMASS MIXTURES AND ITS HOMOGENEITY
BIOMASAS MAISIJUMI UN TO VIENDABIGUMS
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J. Cakstes bulv. 5, Jelgava, LV 3001, Latvia
E-mail: Aivars.Kakitis@llu.lv; Imants.Nulle@Ilu.lv

Abstract. Components of mixtures have to be in required proportion and homogeneous mixed to
provide good quality of briquettes or pellets. Analyzing the mixing processes several advantages for mixing
biomass with an in-flow or continuous mixer was discovered.

To provide better quality of in-flow mixing process an electrical charge can be applied to the particles using
corona discharge. When a sharply pointed electrode is raised to a high potential, the intense electrical field at
its tip ionizes the air in its immediate vicinity. To mix particles of different bulk materials, it is necessary to give
a negative electrical charge to one material, and a positive electrical charge to other material particles. The
electrical charge provides mixing on a small scale, and electrostatic forces drive the process towards a perfect
mixture.

In this article experiments of in-flow mixer equipped with electrodes of corona discharge is described. Three
different rotation frequencies (20, 35 and 50 rpm) of conveyer shaft and five different voltages (0, 5, 10, 15, 20
kV) of corona electrodes were used to evaluate impact on flow direction of balk material.

Abstract. Biomass mixtures, homogeneity, image analyze, electrostatic field.

Introduction
Peat can be used as additive for manufacturing of solid biofuel, because it improves density
and durability of stalk material briquettes (pellets). The burning performance of biomass fuel
if we use peat additive is improved also. If only wood chips or herbaceous biomass are
burned, the sulphur content is low and chlorides are formed [1]. The chlorides then tend to
condense on heat transfer surfaces of the steam boiler, slowing down the heat transfer and
causing the risk of high temperature corrosion. If the sulphur content of the fuel is increased,
e.g. by blending peat with chips or herbaceous biomass, sulphates are formed instead of
chlorides and high temperature corrosion is avoided. For these reason compositions with peat
for solid biofuel production is recommended.
Components of mixtures have to be in required proportion and homogeneous mixed to
provide good quality (density, durability, and burning properties) of briquettes or pellets.
Analyzing the mixing processes several advantages for mixing biomass with an in-flow or
continuous mixer was discovered. The machine costs of the in-flow mixing process are by
38 % lower than for the discontinuous mixing. The total operation costs for the briquetting
process using an in-flow mixer are approximately 6% less than using a cyclic mixer.
To provide better quality of in-flow mixing process an electrical charge can be applied to the
particles using corona discharge. When a sharply pointed electrode is raised to a high
potential, the intense electrical field at its tip ionizes [2] the air in its immediate vicinity. The
ions produced move away from the electrode along the electric field lines, and this corona
discharge can be used to “spray” ions (and, thus, charge) onto particles.
The uncharged particle will attract field lines. Free ions will begin to be captured by the
particle. The particle continues absorption until it has the same potential as the incoming ions.
Degree of charge absorbed depends on particle size, field strength, and time in charge area
(Fig.1 a).
When the particle has reached its saturation point of captured ions it develops its own electric
field. This new field will then cause lines of force to be pushed away from the particle. lons
can no longer reach the particle due to repulsion (Fig.1 b).
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Fig. 1. Particle in an electric field

The basic idea of this mixing device is a simple one. For example, to mix black particles with
white particles, give the black particles a negative electrical charge, the white particles a
positive electrical charge, and allow them to combine. Two processes will now take place
concurrently: groups of like particles will repel each other and tend to spread, while unlike
particles will attract each other. Once an unlike pair is combined it will remain combined as
long as the particles retain their individual charges.

Theoretically, if each particle were given the same charge and enough time was allowed,
every black particle would be combined with one white particle (assuming that blacks and
whites are being mixed in equal proportions), and the resulting pairs would be electrically
neutral. Since the particles under consideration in this case are biomass materials which are
electrical insulators, the combined pairs should not separate until the charges are depleted
(i.e., relaxed). The net result would be a perfect mixture. Of course, a real device will deviate
from such ideal behavior to some degree depending on the design of the device. The electrical
charge provides mixing on a small scale, and electrostatic forces drive the process towards a
perfect mixture.

Materials and methods
Estimation of the volumetric throughput of a rotor feeder of in-flow mixer was carried out in
experimental equipment (Fig.2). Experimental equipment consists of containers 1, rotor of
feeder 2 coated with a special rubber coating with knobs (highness of the knobs is 6mm),
conveyer 3 and two electrodes 4 and 5. Rotation frequency of rotor and conveyer was
changed by electromotor.

1 — container; 2 — rotor of feeder; 3 — conveyer; 4 — positive electrode; 5 — negative electrode

The frequency of conveyer shaft (J24 mm) was stated using AC tachogenerator. To process
impulses coming from tachogenerator PicoScope 3423 oscilloscope was used. The frequency
of rotor feeder (&35 mm) is 1.46 times lower than frequency of conveyer shaft.

33



For understanding corona discharge impact on flow direction following experiment was
carried out. Three different rotation frequencies (20, 35 and 50 rpm) of conveyer shaft and
five different voltages (0, 5, 10, 15, 20 kV) of corona electrodes were used to evaluate impact
on flow direction of bulk material. Beneath of a bulk material flow measuring box with 40
mm wide sections was placed (Fig.3). The weight of bulk material from every section was
stated. Distance between electrodes 30 mm. Every electrode consists of two parallel wires
charged with that same voltage. Distance between wires 27 mm.

W,
Fig. 3. Impact of corona discharge on flow directions
1 — rotor of feeder; 2 — conveyer; 3 — positive electrode; 4 — negative electrode; 6 — measuring box

To obtain parameters of in-flow mixer equipped with electrodes of corona discharge
experiments with sawdust and peat were carried out. Particle size of sawdust and peat was
less than 5 mm. The distribution of the particle size is shown in Fig.4 and Fig. 5. Moisture

content of bulk material was ~12%. Density of sawdust was ~108 kg m™ but for peat
~112 kg m>.
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Fig. 4. Distribution of particles size of sawdust
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Corona inception voltage CIV
Peek's law is a description of the conditions necessary for corona discharge between two
wires [3; 4]:

e, =m,g,orin (gj : (1)

r

where e, — the "visual critical corona voltage" or "corona inception voltage” (CIV), the
voltage required to initiate a visible corona discharge between the wires, kV;
m, — an irregularity factor to account for the condition of the wires. For smooth,
polished wires, m, = 1. For roughened, dirty or weathered wires, 0.98 to 0.93,
and for cables, 0.87 to 0.83;
r — the radius of the wires, cm;
S — the distance between the wires, cm;
0 — the air density factor.
It is calculated by the equation [4]:
3.92b

6= )
273+1
where b— pressure in centimeters of mercury;
t—  temperature in degrees Celsius.
At standard conditions for temperature and pressure (25°C and 76 cmHg) [4]:
3.92-76
= ©)
273+25
where g, — is the "visual critical™ potential gradient, and is calculated by the equation [4]:
0.301
=0,0|1+ 4
gv gO ( \/5_r j ( )

where go— is the "disruptive critical" potential gradient, about 30 kV cm™ for air.

Results and discussion
The specific throughput of rotor feeder doesn’t depend on frequency and at frequency from 10
to 60 rpm (conveyer shaft frequency) is 0.005 kg rev™* for both sawdust and peat.
The throughput of the rotor feeder is increasing linearly at rotation frequency from 10 to 60
rpm. The throughput of the sawdust and peat (< 5 mm) in this frequency range grows from
0.05 to 0.3 kg min ™.
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The calculated CIV (corona inception voltage) according equation (1) for discussed corona
electrodes construction is 15 kV. Obtained result (15 kV) match with experimentally noticed
voltage required to initiate a visible corona discharge between the wires.

In Fig.7 it is shown that the angle of mass flow through electrodes depends on voltage. If the
voltage is higher ion’s flow from the electrodes move the bulk material stream away from
positive electrode 3 (Fig.3). As we can see in Fig.8 the corona charge doesn’t have impact on
bulk material (sawdust) stream direction if voltage doesn’t exceed 5 kV. The center of bulk
material (sawdust) stream moves about 20% if the voltage increases from 0 to 15 kV.
Increasing voltage from 15 to 20 kV doesn’t move anymore the center of stream.
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Fig. 6. Throughput of the rotor feeder

8
Mass, %

Dista%(():e, cm
Fig.8. Displacement of flow centre in dependence on voltage
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Conclusions

1. The specific throughput of rotor feeder doesn’t depend on frequency and at frequency
from 10 to 60 rpm is 0.005 kg rev for both sawdust and peat.

2. The throughput of the rotor feeder is increasing linearly at rotation frequency from 10 to
60 rpm. The throughput of the sawdust and peat (< 5 mm) in this frequency range grows
from 0.05 to 0.3 kg min %,

3. The corona charge doesn’t have impact on bulk material stream direction if voltage
doesn’t exceed 5 kV

4. The center of bulk material (sawdust) stream moves about 20% if the voltage increases
from 0 to 15 kV.
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ENERGETISKO AUGU KONDICIONESANA BIOENERGIJAS
IEGUVEI
CONDITIONING OF ENERGY CROPS FOR BIOENERGY PRODUCTION
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J.Cakstes bulv. 5, Jelgava, Latvija, LV 3001
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Abstract. The main steps of rural policy to the development of renewable energy resources are energy
crop production. Latvia can provide for the use of approximately 0.36 million ha of the unused now agricultural
land for herbaceous energy crop growing. More than 230 million tones of peat are available for solid biofuel
production. Peat is recomended as additive because it improves density and burning properties of herbaceous
material solid biofuel. Herbaceous stalk material can be harvested in winter season with humidity less than 15%
and used for compacting without drying. The aim of experimental investigation is to determine conditioning
methods for solid biofuel production with minimum energy consumption. Common reed stalk material is used for
experiments, because it experimentally stated ultimate tensile strength is 256 + 27 N mm™. This value testifies
that common reeds are twice strongest material than cereal crop stalk materials and conditioning mechanization
equipment of common reeds would be useful for other energy crops.

Keywords: energy crops, conditioning, bioenergy production

levads
Eiropas Savienibas planos biomasas izmantoSana ir paredz€ta ka galvenais alternativas
energijas ieguves veids. “Biomasas ricibas plans” (SEC(2005)1573) paredz, ka biomasas
izmantoSana jadubulto no 4% energijas ieguvé (2005), sasniedzot vismaz 185 mtoe
2010.gada. Sads pieaugums tiek stimuléts Eiropas Savieniba, paredzot piemaksu 45 EUR par
hektaru, kura audze t.s. energétiskos augus. Biomasas kurinama razos$anas k&dé nozimiga ir
ne tikai pasSas energétisko augu biomasas ieguve, bet arl parveido$ana vajadziga forma ar
noteiktam Tpasibam — kondicion€$ana kurinama granulu un brikeSu izgatavoSanai. Cieta
biomasas kurinama razoS$anai Skandinavijas valstis ieteic ta saukto ,,miezabrali” (Phalaris
arundinacea). S1 daudzgadiga kultiira nodro§ina ikgadgju razibu 7-8 t ha™. Plaut iesaka
nokaltuSos stiebrus pavasari, kuru mitrums tad ir 10-15% un kuriem baribas vielu (N, P un K)
un citu mineralvielu saturs tad ir vismazakais. Latvija par energgtiskiem augiem iesaka ari
citas augu Skirnes, ieskaitot ezeru niedres, kuras izplatitas eitrofo ezeru piekrastes.
Energétisko augu novaksanai un kiposanai izmanto tradicionalas lauksaimniecibas masinas.
Ja paredz€ts izgatavot kurinamo pulvera, Skeldas, granulu vai brikeSu veida, tad ir
nepiecieSams veikt kondicionéSanas operacijas. Par kurinamo galvenokart iznak izmantot
auga stiebra dalu. Kondicion€Sanas operacijas ir stiebru placinasana, smalcinaSana un
granuléSana vai briketéSana. Projektgjot iekartas §tm kondicionéSanas operacijam, jazina
stiebru materialu mehaniskas ipasibas. KvieSu stiebru materiala robezizturiba stiepé ir
118,7+8,63 N mm2, bide (cirpe) — 8,47+0,56 N mm?, bet elastibas modulis — 13,1+1,34 GPa
un bides modulis — 0,643+0,043 GPa. Niedres ir izturigakais no minétajiem stiebru
materialiem. To robezizturiba stiepé ir 256127 N mm™ un atbilstosi augstakas ir ar pargjo
mehanisko parametru veértibas. Tapéc niedru stiebru materiala kondicioné€Sanai noteiktais
energijas patérin$ var tikt vertéts ka maksimalais visai energétisko augu stiebru materialu
grupai. SmalcinaSana nozimiga ir grieSanas metodes izvéle, paredzot, ka stiebru materials
sakotngji kompaktéts dazadas formas un izmeéra kipas. Agrakos petijumos jau noskaidrots, ka
racionali ir smalcinasana veikt grieSanu placinatiem stiebriem, jo energijas patérins atseviska
neplacinata niedres stiebra pargrieSanai ir par 0,42 J lielaks neka placinatam stiebram.
Savukart 6 cm gara ta paSa niedres stiebra placinasanas energija ir 0,2 J, kas ir mazak neka
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iepriek$ minéta starpiba energijas patérina grieSana. Iepriek$gja placinasana tatad ir ieteicama
pirms smalcinaSanas, ko nav griiti realiz€t ar padeves rulliem pasa smalcinataja, ievadot
energetisko augu masu pietickami plana slani.

Saja pétijuma salidzinatas dazadas grieSanas metodes, kuras iespéjams izmantot energgtisko
augu smalcinataju projektéSanai. SmalcinaSana lidz dalinu izméram, mazakam par 3 mm, ir
nepiecieSama kompaktéSanai. Darba ir salidzinatas stiebru materiala cirSanas un slidosas
grieSanas metodes péc eksperimentalos pétijumos noteikta Ipatnéja energijas patérina
grieSanai.

Materiali un metodes

Energétisko augu plass pielietojums energijas ieguvei Latvija v&l nav uzsakts, tacu
nepiecieSamiba bioenergijas izmanto3anai arvien pieaug. Saja pétfjuma par energétisko augu
izmantotas niedres (Phragmites Australis), kuru mehaniska robezizturiba jutami parsniedz
lauksaimnieciba audz€jamo stiebraugu izturibu. Eksperimentali iegtitds mehanisko 1pasibu
vertibas tapec ir drosak pielietojamas nepiecieSamo mehanizacijas Iidzeklu projektéSana cieta
kurinama razo$anai. Galvena hipotéze smalcinataju griezgjiekartu projektesanai ir tada, ka
energijas patérinu smalcinasana nosaka grieSanas panémiens un berzes speki, kuri maksimali
jasamazina. Tacu galigo izveli grieSanas veida noteikSana javeic eksperimentali péc Tpatngja
energijas patérina $aja operacija.

Ipatngjo grieSanas energijas patérinu uz laukuma vienibu Egq stiebru materialam nosaka:

= (1)

kur Escq — Ipatngjais energijas patérins uz laukuma vienibu, J m?

E. — patéréta grieSanas energija, J;

A — griesanas laukums, m%.

GrieSanas pétjjumiem izmantota materialu test€Sanas masina Zwick TC-FR2.5TN.D09 ar
speka izskirtsp&ju 0,4%, parvietojuma izskirtsp&ju 0,1 um un maksimala spéka vértibu 2,5 kN
(1.att.), kurai konstruéta speciala iekarta cirSanas grieSanas (bides deformacijas) petijumiem.
CirSanas grieSanas pétjjumos izmantoja divus nazus ar 20° un 90° asinajuma lepkiem (2.att.).

a)
1.att. Iekarta cirSanas grieSanas 2.att. Shema grieSanai ar cirSanu
pétijumiem a) griezéjiekarta; b) nazu forma

GrieSanu veica placinatiem niedru starpmezglu posmiem, turklat eksperiment&ja, ar1 saliekot
placinatos stiebrus vairakos slanos un pargriezot tos ar abu asindjumu naziem. CirSanas
grieSana patéréto energijas aprékinu nodroSina Zwick 2.5 programma, integréjot spiliekartas
(naza) vertikala parvietojuma spéka diagrammu.
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Lopbaribas gatavoSanai jau izsenis salmu griez€jos un stiebru materialu smalcinatajos
rekomendé pielietot slidoSo grieSanu, kad pieskir vienlaicigi kustibu paraléli un
perpendikulari naza asmens $kautnei attieciba pret sagriezamo materialu. So teoriju izstradajis
ieprieksgja gadsimta trisdesmitajos gados akademikis V. Gorjackins [1]. Taja ir aprakstits ar
salma slidosas grieSanas eksperiments. Eksperimentgjot ar salma slidoSo grieSanu, salmam
piespieda asmeni ar spéku N un parbidija salmu gar asmeni par attalumu s lidz salms tika
pargriezts. legitie rezultati doti 1.tabula (dati un mérvienibas parveidotas atbilstosi SI).

1.tabula
Salma parvietojums gar asmeni atkariba no piespieSanas spéka
N (N) 6 5 4 3 2 1
s-107 (m) 1,5 2 8 20 100 160

Atbilstosi Siem datiem iegtistam grafiku (3.att.), izmantojot Excel programmas iespgjas.

6
5
Z4 T y = 7,0626x03245
% R2= 0,138
I-""L_?':? *
)
1 .
0
0 50 100 150 200

Parvietojums s 1073, m

3.att. Asmens piespieSanas spéka un parvietojuma vertibas slidosa grieSana

Gorjackins pamatoti norada, ka, palielinot slidéSanas celu, ir iespgjams samazinat asmens

piespiesanas speku, kas ir seviski nozimigi, ja salmu griez&jam izmanto rokas piedzinu. Paliek

nenoskaidrots, vai, palielinot slidéSanas celu, liela méra nepalielinas energijas zudumi berzes

parvarésanai. Kop€jo darba paterinu A $ada slidosa grieSana var noteikt pec formulas:
A=N-d+f'-N-s, 2

kur: N — asmens piespieSanas speks, N;

d — neplacinata salma diametrs, m;

f’— reducétais berzes koeficients;

S — parvietojums gar asmeni, m.

Reducéta berzes koeficienta f”un slides darba patérina noteik$anai $ada slidosa grieSana tika

izstradata papildus iekarta (4.att.) materialu test€Sanas masinai Zwick TC-FR2.5TN.DOQO9.

GrieSanai, l1dzigi ka ieprieks, izmantoja placinatas niedres paraugus.
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4.att. Iekarta slidoSai grieSanai

Iekarta nazis (1) tiek stiprinats Zwick 2.5 kustigaja spiliekarta, bet vertikalais atbalsts (2)
parauga (3) stiprinaSanai ir ar kustibas iesp&ju perpendikulari naza asmenim. Paraugu (3)
nekustigi nostiprina ar plaksném (4) abas pus€s nazim pie vertikala atbalsta (2), kur§ spiez
paraugu pie asmens ar pastavigu spéku P. Eksperimentos maina sp€ka P veértibu ar atsvaru
palidzibu. Kustigas spiliekartas vertikalais slideéSanas parvietojums iestatits 0,1 m. Ta ka pie
mazam P veértibam paraugs netiek pargriezts, bet veidojas iegriezums, tad péc katra gajiena
tiek mérits iegriezuma dzilums, lai varétu aprékinat ipatnjo energijas patérinu uz griezuma
laukumu. GrieSana patéréto energiju berzes parvaréSanai nodros$ina Zwick 2.5 programma,
integréjot spiliekartas (naza) vertikala parvietojuma speka diagrammu. So vertikala
parvietojuma darba veértibu korigg, pieskaitot spéka P veikto darbu, ko atrod analitiski p&c
iegriezuma dziluma noteikSanas.

Rezultati un to izverteéjums
Placinatas niedres cirSanas grieSanas rezultati, griezot ar 90° un 20° asinajuma naziem,
paraditi atbilsto$i 5. un 6.attela.

1500 1 i
1000 400
z z
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E 8
& 500 + 5200+
0 - = 0 o i S S E S E S
0,0 02 04 0.6 0.8 1.0 0,0 0.2 0.4 06 0.8 1,0
Parvietojums, mm Parvietojums, mm
5.att. GrieSana ar 90° asinajuma nazi 6.att. GrieSana ar 20° asinajuma nazi

41



Seit redzama grieSanas speka izmaina atkariba no naza parvietojuma. Jaatzimé, ka, griezot ar
90° asinajuma nazi, grieSana notiek divas stiebra plaknés, tapéc grieSanas spéks vismaz
divreiz parsniedz maksimala spéka vertibu, griezot ar 20° asinajuma nazi. Attelotas spéka —
parvietojuma Iiknes (5. un 6.att.) iegiitas, griezot vienu atseviSku placinatu niedri.
SmalcinaSanas praksé stiebru materiali parasti ir biezakos slanos, tapéc eksperimentéja, ari
griezot vairakos slanos saliktus paraugus. Ipatngjais energijas patérins, griezot ar 90° un 20°
asinajuma naziem (7.att.), mainas atkariba no niedru skaita slani.
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7.att. Ipatn@jais energijas paterins$ cir§anas grieSana

Ja grieSana notiek viena placinatu niedru slani, tad ipatn&jais energijas patérins 90° un 20°
asindjuma naziem biitiski neatSkiras un neparsniedz 27 kJ m? Projektgjot stiebru materialu
smalcinatajus, tapéc ir ieteicama plana slana materiala smalcinasana ar 90° asinajuma naziem,
jo nazu asinaSana smalcinatajiem ekspluatacijas gaita ir darbietilpiga. Naziem ar 20°
asinagjuma lenki nodilums un noapalojums asmenim iestasies daudz atrak neka ar 90°
asinajuma lenki.

SlidoSas grieSanas eksperimenta, eksperiment€jot ar 10° asindjuma nazi, iegltas
vilces spéka un naZa parvietojuma pieraksti paraditi 8.attela.
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8.att. Naza vilces spéks slidosa grieSana

Liknu numeracija veikta atbilstosi parauga piespieSanas speékam pie naza asmens $adi: 1- 5 N;
2- 10 N; 3- 15 N; 4- 20 N; 5- 25 N; 6- 30 N. Naza vilces speks ir berzes speks, kas rodas,
asmeni parvietojot un grieZot materialu. Jaatzime, ka jau pie piespieSanas spéka asmenim 15
N berzes speks parsniedz piespieSanas speka vertibu. Parasta plaknes virsmu berzg:

F=f-N, 3
kur F — berzes spéks;
F — berzes koeficients;
N — reakcijas speks perpendikulari berzes virsmai.
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No eksperimentali iegiitajam likném redzams, ja piespieSanas spéks asmenim parsniedz 20 N,
tad reducgtais berzes koeficients atbilstosi 8.att€lam ir f>1. Plakanu virsmu slidé miezu
salmiem pret pul€tu t€rauda virsmu eksperimentali noteiktais berzes koeficients [2] mainas f =
0,16...0,3, to mitrumam mainoties no 10-46%. Ari térauda naza plakanas virsmas slidé pa
niedres virsmu vajadzetu but lidzigam berzes koeficienta f vertibam. Misu eksperimentos
notiek prizmatiskas (kilveidigas) virsmas slide, kura reducéta berzes koeficienta vertiba
pieaug nelineari atkariba no naza asinajuma lepka. Jo asinajuma lepkis mazaks, jo ta sauktais
reducétais berzes koeficients ir lielaks. Bides plakné darbojas art adh&zijas speks, kas mainas
atkariba no naza un griezama materiala saskares virsmas. lesp&jams tapéc sakuma posma
vilces speks pieaug lidz noteiktai vertibai un péc tam svarstas ap to. Vilces spéka svarstibas
izsauc arT naza asinajuma lenka izmainas pa ta garumu un nelielais virsmas rievojums, kas
rodas no slipripas graudiem asinasanas procesa . Jaatzimé ar1 placinatas niedres neviendabiga
struktira (9.att.) Sk&rsgriezuma. Niedru arpusg struktiira ir nedaudz cietaka neka iekSpusée, bet
to periferija atrodas ar1 iek$gjas ventilacijas kanalu tukSumi, kas ne tikai nodroSina to sp&ju
augt mitrajos, bet jitami sarezg1 §T materiala strukttiru.

9.att. Placinatas niedres Skérsgriezums

Summgéjot darbu, kas patéréts naza iespieSanai materiala un naZa slidinaSanai pa griezumu,
attiecinot to pret iegriezuma Sk&rsgriezumu, ir atrasts Escq — Tpatngjais energijas paterins uz
laukuma vienibu:

_N-b+F,-s

SCq b . I

kur N — asmens piespiesanas speks, N;
Fy— asmens vilces speks, N;
b,I — placinatas niedres iegriezuma dzilums un platums, m;
S — naza parvietojums slid€, m.
10.attela redzams, ka, mainot niedres parauga piespieSanas spéku nazim no
5uz 30 N, Tpatngjais energijas patérins slidoSaja grieSana izmainas no 653 uz1500 kJ m’.
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10.att. Ipatnéiais energiias patérins slidosaia grieSana

Salidzinot ar cirSanas grieSanu, Ipatn&jais energijas paterins slidosaja grieSana daudzreiz
lielaks. Sada atSkiriba saistita ar lielo darba pat€rinu berzes parvaréSanai. Atskiriba no

43



akademika GorjaCkina pétijumiem ir ari parauga stiprinajumam. Vina eksperimentos
visticamak paraugs tika stiprinats tikai no vienas puses, laujot griezumam atverties — atbilstosi
ta laika salmu griez€ju konstrukcijai, kur salmus Skipsnam padeva grieSanai un nogriezta dala
atdalijas nokritot. Miisu eksperimenta nostiprinatas abas niedru stiebra puses atbilstosi tam, ka
smalcina kipotu stiebru materialu, kur stiebri ir savstarp€ji saistiti. Jebkura gadijuma, taupot
energiju, berzes parvaré$anu stiebru materialu kondiciong$anas operacijas ir jacensas izslegt,
jo ta ir darba procesa zaudéta energija. CirSanas grieSana, kad japarvar materiala robezizturiba
bid€ un berzes speki grieSana nav iesaistiti, praktiski ir minimalais energijas paterin$
smalcinasana. Izmantojot slipo grieSanas papémienu, ir iesp&jams samazinat art maksimalo
grieSanas speka vertibu.

Secinajumi
Niedru robezizturiba stiepé ir 256427 N mm™, un atbilstosi augstakas ir ar1 paréjo mehanisko
parametru vertibas salidzinajuma ar Latvija izplatitajiem stiebru materialiem, tapéc niedru
stiebru materiala kondicion&$anai noteiktais energijas patérins var tikt vértéts ka maksimalais
visai energétisko augu stiebru materialu grupai.
Energétisko augu ieprieks€ja placinasana ir ieteicama pirms smalcinasanas, ko var realizét ar
padeves rulliem pasa smalcinataja, ievadot augu masu plana slani, jo neplacinata stiebru
pargrieSana patéréta energija parsniedz placinata stiebra grieSanas energiju par 0,42 J.
Savukart 6 cm gara niedru stiebra placinasanas energija ir tikai 0,2 J.
Ja grieSana cirSanas grieSana notiek viena placinatu niedru slani, tad ipatngjais energijas
patérins 90° un 20° asinajuma naziem butiski neatSkiras un neparsniedz 27 kJ m?, Projektgjot
stiebru materialu smalcinatajus ir ieteicama plana slana materiala smalcinaSana ar 90°
asindjuma naziem, jo nazu asinaSana smalcinatajiem ekspluatacijas gaitd ir darbietilpiga.
Naziem ar 20° asinajuma lenki nodilums un noapalojums asmenim iestajas atrak neka naziem
ar 90° asinajuma lenki.
Placinatu niedru slidoSaja grieSana, ja parauga piespieSanas speks asmenim parsniedz 20 N,
berzes koeficients f > 1.
Niedres parauga piespieSanas spéku nazim mainot no 5 uz 30 N, ipatn&jais energijas paterins
slidoSaja grieSana izmainas no 653 uz 1500 kJ m?,
CirSanas grieSana, kad japarvar materiala robezizturiba bidé un berzes speki grieSana nav
iesaistiti, praktiski ir minimalais energijas patérin$ smalcinasana. Izmantojot slipo grieSanas
panémienu, ir iesp&jams samazinat art maksimalo grieSanas speka vertibu.

Summary

Growing of herbaceous energy crops for solid biofuel production in rural area is more
preferable, because delayed harvesting in winter time let obtain biomass with humidity less
than 15% and content of nutrients (P, K) 50% less than in autumn season. Such material after
shredding can be used for compacting without drying for solid biofuel production.

The article presents investigation of reed biomass conditioning processes: flattening and
cutting. Necessity to reduce the size of common reeds (Phragmites australis) to particles
smaller than 3 mm for solid biofuel production is determined by compaction properties of
biomass. It was stated that unflattened reed stem cutting energy consumption is 2 times more
us flattened stem cutting energy, therefore flattened reed stems are recommended for
shredding.

Two methods of flattened reed cutting were investigated experimentally — slash cutting and
sliding cutting. Ultimate cutting stress for knife with cutting edge angle 20° is twice lower
than cutting stress for knife with cutting edge angle 90°. There are not sufficient difference
(2.4 kI m™) in the slash cutting energy consumption values for single flattened reed stalk layer
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cutting with knife edge angles 20° and 90°. Thin herbaceous biomass layer cutting is
recommended for shredder design.

For sliding cutting specific energy consumption is more sufficient - 653 — 1500 kJ m™.
Friction energy is the main wasted energy in sliding cutting. For friction coefficient value
knife angle and specimen fixation type play the main importance.

For flattened reed material shredder design slash cutting with inclined knife is recommended.
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Abstract: The transesterification of vegetable oil using various kinds of alcohols is a simple and
efficient renewable fuel synthesis technique. Products obtained by modifying natural triglycerides in
transesterification reaction substitute fossil fuels and mineral oils. Currently the most significant is the biodiesel,
a mixture of fatty acid methyl esters, which is obtained in a reaction with methanol, which in turn is obtained
from fossil raw materials. In biodiesel production it would be more appropriate to use alcohols which can be
obtained from renewable local raw materials. Ethanol rouses interest as a possible reagent, however, its
production locally is based on the use of grain and therefore competes with food production so it would
implicitly cause increase in food prices. Another raw material option is alcohols that can be obtained from
furfurole. Furfurole is obtained in dehydration process from pentose sugars which can be extracted from crop
straw, husk and other residues of agricultural production. From furfurole the tetrahydrofurfuryl alcohol
(THFA), a raw material for biodiesel, can be produced. By transesterifying rapeseed oil with THFA it would be
possible to obtain completely renewable biodiesel with properties very close to diesel [2-4]. With the purpose of
developing the synthesis of such fuel, in this work a three-stage synthesis of rapeseed oil tetrahydrofurfurylesters
(ROTHFE) in sulphuric acid presence has been performed, achieving product with purity over 98%. The most
important qualitative factors of ROTHFE have been determined - cold filter plugging point, cetane number,
water content, lodine value, phosphorus content, density, viscosity and oxidative stability.

Keywords: biodiesel, rape seed oil, tetrahydrofurfuryl alcohol.

Introduction

Biodiesel is currently one of the most popular renewable fuels and it has the following

advantages in comparison with diesel [1]:

1. Biodiesel is environmentally friendlier than fossil fuel since the CO, produced during the
operation of an internal combustion engine creates very little greenhouse effect, because
significant part of it has been consumed during the vegetation period of the plants;

2. Running diesel engines on biodiesel reduces most of the harmful emissions;

3. If the production and use of biodiesel is increased, the energy independency of the
countries lacking or having limited fossil energy sources increases as well;

4. The production of biodiesel provides for more balanced development of national
economy.

The transesterification of vegetable oil using various kinds of alcohols is a simple and

efficient renewable fuel synthesis technique. Products obtained by modifying natural

triglycerides in transesterification reaction substitute fossil fuels and mineral oils. Currently
the most significant is the biodiesel, a mixture of fatty acid methyl esters, which is obtained in

a reaction with methanol, which in turn is obtained from fossil raw materials. In biodiesel

production it would be more appropriate to use alcohols which can be obtained from

renewable local raw materials. Ethanole rouses interest as a possible reagent, however, its
production locally is based on the use of grain and therefore competes with food production
so it would implicitly cause increase in food prices. Another raw material option is alcohols
that can be obtained from furfurole. Furfurole is obtained in dehydration process from pentose
sugars which can be extracted from crop straw, husk and other residues of agricultural
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production. From furfurole the tetrahydrofurfuryl alcohol (THFA), a raw material for
biodiesel, can be produced. By transesterifying rapeseed oil with THFA it would be possible
to obtain completely renewable biodiesel with properties very close to diesel [2-4]. With the
purpose of developing the synthesis of such fuel, in this work a three-stage synthesis of
rapeseed oil tetrahydrofurfurylesters (ROTHFE) in sulphuric acid presence has been
performed, achieving product with purity over 98%. The most important qualitative factors of
ROTHFE have been determined - cold filter plugging point, cetane number, water content,
lodine value, phosphorus content, density, viscosity and oxidative stability.

Materials and methods
To obtain the biodiesel, a refined rapeseed oil produced by SIA “lecavnieks” was used. THFA
was purchased from Alfa Aesar GmbH & CO KG. Paramagnetic resonance (PMR) spectrums
were recorded with Varian 600MHz spectrometer, using CDClI3. as a solvent.
The three-stage technique for obtaining ROTHFE in sulphuric acid medium with content over
98% was developed on the basis of publication [3] and incorporates the following:
In Stage 1, 58g of THFA is gradually mixed with 4g of concentrated H,SO,4. 100g of oil is
heated in a round flask to 100°C, and then the THFA and sulphuric acid are added. Reaction
pulp is intensively mixed using a magnetic stirrer at 100°C for 3 hours, then it is poured into a
detachable funnel and after 24 hours, the remains of glycerin and sulphuric acid are separated.
After this stage, the product concentration reaches 85%, according to PMR analysis.
Stage 2 is carried out by the same technique as Stage 1. The biodiesel and oil solution layer
obtained in Stage 1 is transesterified with 15g of THFA, in which 1g of concentrated
sulphuric acid has been dissolved. After separation of glycerin, biodiesel layer is washed
using 11 15% sodium carbonate until pH is neutral, then it is washed with 300 ml of distilled
water. To accelerate separation, 200g of sodium chloride is added to the emulsion, and then it
is heated to 100°C. After separation of layers, the water is evaporated using rotation
evaporator. Biodiesel layer according to PMR contains approx. 95% ROTHFE.

b
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Fig. 1. ROTHFE PMR spectrum
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In Stage 3, reagent concentrations, conditions and product separation are the same as in Stage
2, but ROTHFE washing is carried out 3 more times with 500ml of water to maximally
separate the remains of acid and salts. After water is evaporated in vacuum, ROTHFE is
dissolved in % portion of petroleum ether and filtered through 0.8um filter, then petroleum
ether is evaporated and the outcome is 74g of product with ROTHFE concentration over 98%.
PMR spectrum of the product is provided in Figure 1 and qualitative factors in Table 1. PMR
ROTHFE signal attribution was performed as follows: THFA part: 1,9 and 1,6 (m and m, 3-
CHy); 1,9 and 1,8 (m and m, 4-CH); 3,86 and 3,77 (m, 5-CHy); 4,09 (m, 2CH); 4,14 and 3,97
(dd and dd, -CH,-O-C(O)-; fatty acid part: 1,0 — 0,8 (t, CHs group); 5,4 — 5,2 (m, -CH=CH-);
2,8 — 2,7 (m, =C-CH,-C=); 2,32 (t, )=7Hz, -C(0)-CH,-); 1,98 (m, -CH,-C=C-CH,-); 1,6 (m,
-C(0)-C-CH3-); 1,4 — 1,2 (m, the other CH; groups).

Results and discussion

The most important qualitative factors of ROTHFE determined in accordance with
requirements of European biodiesel standard EN 14124 are shown in Table 1. According to
the data in table, a conclusion can be drawn that ROTHFE cold filter plugging point, cetane
number, water content, lodine value and phosphorus content comply with the standard.
Surprising is the fact that the sulphur content in ROTHFE has increased remarkably. It can be
attributed to the sulphuric acid (transesterification catalyst) remains in the biodiesel which are
very hard to separate efficiently. The process of washing with water or Na,CO; solution is
labor-consuming and causes considerable product losses. ROTHFE also has increased density
and viscosity, which can be attributed to its molecular weight, since it is higher than that of
the corresponding rapeseed oil methyl and ethyl esters.

Table 1.
ROTHFE characteristics
Unit of
Parameter Value Method Standard
measurement
Cold filter plugging -7° EN 116 Depending on °Cc
point climatic zone
Cetane number 53,2 EN 1SO 5165 min 51
Sulphur content 80,5 EN 1SO 20846 max. 10 mg/kg
Water content 100 EN ISO 12937 max 500 mg/kg
Density at 15°C 0,937 EN ISO 3675 min 860, max 900 kg/m®
Viscosity at 40°C 12,19 EN ISO 3104 min 3,5, max 50 mm°/s
lodine value 91,1 EN 14111 max 130 g
iodine/100g
Phosphorus content 3 EN 14107 max 10 mg/kg
Oxidative stability at <0,2 EN 14112 min 6,0 h
110°C

Oxidative stability of ROTHFE proved to be very low (see Table 1). Figure 2 shows that the
curve representing ROTHFE oxidation process according to standard EN 14112 is very close
to that of tetrahydrofurfuryl acetate. Tetrahydrofurfuryl acetate and ROTHFE oxidize without
interruption, starting from the point of reference, and do not form the convexity typical to
rapeseed methyl esters (RME) at the end of induction. This implies that the low oxidation
stability of ROTHFE is due to the remains of tetrahydrofurfuryl alcohol and use of such esters
will require the use of efficient antioxidants.
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Fig. 2. ROTHFE, Oxidative stability curve of Tetrahydrofurfuryl acetate and RME

Conclusions
A three-stage process for ROTHFE synthesis in sulphuric acid presence including
multistage separation and purification of the reaction product with the following PMR
control has been developed, permitting to obtain product with purity over >98%.
ROTHFE cold filter plugging point, cetane number, water content, lodine value and
phosphorus content comply with biodiesel standard EN 14124,
In comparison with RME, ROTHFE has increased viscosity and density.
Oxidative stability of ROTHFE is low mostly due to tetrahydrofurfuryl fragment.
Using sulphuric acid as a transesterification catalyst, the product has increased sulphur
content which can be reduced by washing with water or Na,CO3 solvent, but achieving
very low sulphur content is a labor-consuming process which also reduces the final
amount of product.
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Abstract. The manufacturing of expanded polystyrene is a multi-stage process. In each stage the
number of technologic parameters is very high, they are intercorrelated and influence the quality of the end
product. The improper combination of parameter quantitative values causes defects — deterioration of
mechanical and heat insulation properties, product deformation and cracking.

The planning of experiments for parameter discrimination and afterwards optimization is not practicable due to
the high number of variables. That is why we used the cause and effect diagrams for the identification of the
most essential parameters. After analyzing the regulation of the technological process a cause and effect
diagram (the so-called”’fish-bone”’) was created for each stage.

Further on, after having analyzed the literature data and using the experience gained in the real manufacturing
process, the set of eventually most essential parameters was defined. Also the number of these parameters is
quite high, however it already gives a possibility to perform purposeful experiments and make an analysis of the
experimental results.

Keywords: cause and effect diagram, manufacturing, expanded polystyrene.

levads
Putu polistirola (PPS) izstradajumus plasi lieto dazadas jomas. Visbiezak tos lieto ka
iepakoSanas, siltumizolacijas materialu un materialu dazadas buvniecibas jomas [1]. Putu
polistirolam ka materialam ir labas konstruktivas ipasibas, pieméram, pietickama stipriba,
zema lidens absorbcija, dazads blivums, tidens un siltumpretestibas izturiba [2].
Putu polistirola izstradajumu izejvielas ir veidotas ka lodites (granulas) no pentanu saturoSa
termoplastiska polistirola. Pentans darbojas ka putoSanas agents. Putu polistirola granulas
karsgjot, parasti ar tvaiku, polistirols mikstinas, bet pentans taja pat laika veido tvaikus ar lielu
tilpumu, ka rezultata notiek polistirola ,,putoSanas” un veidojas slégto Siinu putuplasta
struktiira [3].
Putu polistirola razoSana ir vairaki posmi, kuri sakas ar priekSputoSanu. PriekSputoto putu
polistirolu ieglist, apstradajot putu polistirola granulas ar tvaiku vienu reizi, ja jaiegust
materials ar lielaku blivumu, un divas reizes, ja nepiecieSams mazak blivs (vieglaks)
materials. Atkariba no materiala blivuma un uzputota materiala apstrades ilguma var iegiit
priekSputotu materialu ar tilpummasu no 0,016 g/em® Iidz 0,56 g/em® [4]. Kad
priekSputoSanas procesa beigas tvaika padeve tiek partraukta, granulam atdziestot, tvaiks un
gaistoSais putoSanas agents (pentans) kondens€jas putu Stnveida struktara. Uzreiz péc
priekSputosSanas granulas nav elastigas — ja tas deforméjas, sférisku formu vairs nevar atgut.
Granulu tilpuma palielinaSanas un blivuma samazinaSanas ir atkariga no temperatiiras un
uzturéSanas laika priekSputotaja.
PriekSputoto granulu blivums ir pakape, lidz kurai tas var izplesties [5]. Ja blivums tiek
samazinats parak daudz, Siinu sieninas sabruks Iidzsvara truikuma del starp atmosferas
spiedienu arpus $tinas un daléju vakuumu Stnas iekSpusé. Tas izraisa palielinatu blivumu. To
sauc par sabrukSanas zonu, kura priek$putota putu polistirola blivums kliist nekontrol&jams.
Laiks minimala blivuma sasniegSanai un izpleSanas atrums atSkiras atkariba no materiala
veida un priekSputoSanas apstakliem, piem., izmantotas iekartas un tvaika kvalitates.
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Priek$putosSanas laika putu polistirola granulas saturo$ais putoSanas agents tiek aktivizéts un
dalgji zaudéts. PutoSanas agenta daudzuma zudums ir atkarigs no priekSputoto granulu
sasniegta blivuma un iekartas tipa. Uzputoto granulu zavésana un nobriedinaSana ar1 izraisa
nelielu putosanas agenta zudumu.

PriekSputota materiala stabiliz€Sana ir otrais putu polistirola izstradajumu raZzoSanas procesa
solis — $aja stadija tiek atgiita priekSputoto granulu elastiba, gaisam difund€jot $unas. Ir
japaiet zinamam laikam, lai tas iegiitu pietickamu mehanisko izturibu, tadél uzputota putu
polistirola granulas vairakas stundas tiek ,,nobriedinatas™ atvertas tvertn€s. Procesa sakuma
Stinu ieks€jais spiediens ir vél stipri mazaks par atmosféras spiedienu, tacu tas pakapeniski
palielinas, gaisam ap granulam difund@jot caur $tinu sienindm. Gaisa apjoms ir atkarigs
galvenokart no lodiSu izméra, blivuma un temperatiiras. Liela blivuma priekSputotas granulas
ir janobriedina, lidz tas ir zaud&jusas pietickamu daudzumu putoSanas agenta, kamér zema
blivuma priekSputotas granulas ir janobriedina 1saku laiku, bet ne tik ilgi, lai notiktu parak
liels pentana zudums. Abos gadijumos starpnobriedinasana samazina atliku$a mitruma
proporciju pietiekami, lai nodroS§inatu netraucétu parvietosanu apstrades laika. Ir labi, ja tidens
masas dala pirms veidoSanas ir 0,5-1,0%, jo tad tas samazina iesp&ju uzkrat elektrostatiskos
ladinus. Praksé visiem produktiem ir nepiecieSams, lai priekSputotas granulas veidotu péc
iesp&jas 1saka nobriedinaSanas perioda un lai tas daudz nemainitos pat pie garaka
nobriedinaSanas perioda. Pieméram, materialam ar blivumu diapazona 15-20 kg/m3
nobriedinasanas laiks parasti ir no 12-24 h [6].

TreSaja posma — izstradajumu veidoSanas laika — izmantojot tvaiku, priekSputotads putu
polistirola granulas veidné (blokforma, presforma) tiek uzputotas talak, Iidz tas sakust kopa,
veidojot veidnes formu.

1.att€ls uzskatami parada veidoSanas procesa periodus.

P, bar
o

A 4

> |
<

< > T,s

A
A 4
A
\ 4

| —a— Tvaika spiediena [kne ---»--- Putu spiediena likne |

1.att. Eksperimentali iegiitas putu polistirola spiedienu Iiknes

Aizverta veidne tiek piepildita ar priekSputotam granulam. P&c tam seko strauj$ spiediena
kritums (1. un 2.periods).Veidné esoSais gaiss un udens tvaiki tiek aizvaditi, veicinot
pievadita tvaika vienmérigu sadalijumu visa veidnes tilpuma. Tvaic€Sanas posma veidné
pievada tvaiku l1idz tiek sasniegts atmosféras spiediens (3.periods). Kad atmosferas spiediens
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ir sasniegts, tiek atvérti ventili, lai no veidnes izvaditu radusos kondensatu (4.periods). Tad
tiek palielinats tvaika spiediens (5.periods). Tvaiks, paaugstinot temperatiru veidnes iekSieng,
veicina uzputota materiala mikstinasanos un izpleSanos. Ta ka veidnes tilpums ir nemainigs,
granulam izplesoties, notiek to sakusana. Stabiliz€Sanas perioda (6.periods) tvaika spiediens
tieck saglabats uz 1su mirkli (3-10 sek.). Ta rezultata notiek produkta galigad sakusSana.
Atdzes€Sanas perioda tiek izvadits veidné atlikuSais kondensats (7.periods). Talak tiek atkal
pielietots vakuums (8.periods). Veidné atlikusais kondensats tiek izdalits. Saja cikla bloks
atdziest. Kad vakuums veidn€ sasniedz vertibu, kas ir tuvu 0,1 bar, process tiek apturéets.
Veidnes spiedienam sasniedzot atmosferas apstaklus, veidni atver un putu polistirola bloks
tiek iznemts ar izgriid€ja palidzibu.

Kopg€jais veidosanas cikls parasti ilgst 3-15 min (atkariba no bloku veidnes tipa un uzputoto
lodisu blivuma). No veidnes iznemta bloka temperatiira ir apméram 90-95°C un $iinas vél
aizvien ir zinams vakuums. Tade] ir janoveérS temperaturas ,,Soks”, (ta rezultata bloks var
sarauties). Svaigiem blokiem parasti lauj nostabilizties vismaz 24 h neSok€josa atmosfera
(telpas ar pec iesp€jas vienmerigu temperatiiru un gaisa mitrumu) [7].

Materiali un metodes

Putu polistirola izejvielu granulas ir loti dazada izméra no 0,3 Iidz 1,5 mm, ka ari ar dazadu
pentana saturu — 4-9%. Katrai granulu grupai un produkta izveidei ir nepiecieSams konkréts
parametru kopums, ka raditu kvalitativu un p&c nepiecieSamibas atbilstosu produktu.

No razoSanas procesa apraksta var secinat, ka ir loti daudzi putu polistirola izstradajumu
kvalitati ietekméjoSie faktori; lidz ar to ir nepiecieSams diskrimin€t butiskos un mazak
bitiskos parametrus. Sim noliikam tika izveidota putu polistirola razo$anas posmu célonu un
seku diagramma (2.att. priekSputo$anas un starpnobriedinasanas procesam, 3.att.- bloku
veidoSanas procesam).

NOBRIEDINASANA
IZEJVIELA ‘ Laiks - —YUzputoto granulu blivums
Pentana saturs __ _ Granulu diametri -« Temperatira
< Granulu blivums < Spiediens
\ /
/ / i
o . ; Uz bloku
Spiediens Temperatura Laiks B
" = - veidoSanu
Mitrums - LaIKS /« Spiediens
TVAIKS /< Temperatira
ZAVESANA

2.att. I1zejvielu granulu priekSputoSana un starpnobriedinasana
Izmantojot diagrammas datus, tika izv€l&ta butiskako parametru kopa un veikti eksperimenti.

Pieméram, tika noteikts nepiecieSamo putu polistirola lodiSu uzputoSanas laiks un
nepiecieSama tvaika temperatiiru dazadam granulam.
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IEKARTAS PARAMETR IEPILDISANA | VAKUUMESANA STABILIZACIJA:  ATDZESESANA
lzmeri - — Formas — Laiks - Spiediens
aizpildijjums
Tvaika - /« Pakojuma '« Paliekosais o Laiks ' Laiks
padeves vienmériba spiediens
izveide W p (vakuums) P, P,
/ / / -
Granulas no
putoéanas ' Blivums < Laiks < Gaisa mitrums
'« Diametrs ' Mitrums '« Temperatiras viendabiba
(caurvéjs)
/< Pentana saturs /< Temperatira ~ Sakuma /< Temperatira
temperatira
< Udens saturs /< Laiks
UZPUTOTAS GRANULAS TVAICESANA STABILIZACIJA TELPA

3.att. Bloku veido$ana

Rezultati un to izverteéjums

Ka redzams, procesu iespaidojoSie parametri ir stipri koreléti, vienas stadijas izejoSie
parametri bitiski iespaido sekojoSos procesus. Pieméram, izejmateriala (granulu) ipaSibas
ietekm@ visus talakos procesus. Tad€l pirmaja eksperimentu serija tika pétita izejmateriala
granulometrijas, blivuma un pentana satura ietekme uz iegiita materiala Tpasibam putoSanas
un starpnobriedinasanas stadija. Pargjo parametru ietekme $int stadija ir pakartota, to ietekme
ir mazak bitiska un tie ir japiemekle atbilstosi katram izejmaterialam.

Bloku veidosanas procesa butiskakie parametri, kurus iesp&jams operativi regulét, ir uzputoto
granulu 1pasibas (no iepriek$gjas stadijas), tvaic€Sanas laiks un tvaika temperatiira un bloku
stabilizacija. Bloku stabilizacijas procesa ir bitisks stabilizacijas laiks un spiediena rezims.
Sie parametri tiek pétiti talakajos eksperimentos.

Secinajumi
Célonu-seku diagramma ir parocigs instruments sarezgitu vairaku stadiju procesu analizei,
kas dod iesp&ju apriori analizét procesu ietekm&joSo parametru skaitu, to ietekmi uz gala
produkta kvalitati, diskriminét mazak bitiskos parametrus no ietekmigajiem un samazinat
sekojosSo eksperimentu skaitu.

Summary
The products of expanded polystyrene are widely used in different spheres. Most often they
are used as packing and heat insulation material as well as material in different building
spheres [1]. The expanded polystyrene as material has very good constructive properties, for
example, sufficient strength, low water absorption, variable density, and water and heat
resistance [2].
The raw material of expanded polystyrene products is shaped as beads (granules) from
pentanic thermoplastic polystyrene. Pentane is acting as a foaming agent. Heating the EPS
beads, usually with vapour, polystyrene softens but at the same time the pentane is making
vapour with high volume, as a result of which the “foaming” of polystyrene takes place and
the polystyrene structure of closed cells develops [3].
There are several stages in the manufacturing of expanded polystyrene, which begin with pre-
expansion. The pre — expanded polystyrene is produced by processing EPS granules with
vapour. Depending on material density and the length of processing of the foamed material, it
is possible to get pre-expanded material with density from 0,016 g/m3 to 0,56 g/cm® [4].
When at the end of pre — expansion process the vapour feeding is interrupted and the granules
are cooled, vapour and evaporable foaming agent (pentane) condense in the foam cell-shaped
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structure. The increase of granule volume and decrease of the density depend on the
temperature and aging time in the pre - expander.

The stabilizing of the pre-expanded material is the second step of the expanded polystyrene
manufacturing process — in this stage the elasticity of the pre-expanded granules is recovered
with air diffusing in the cells. A certain time has to pass until they get sufficient mechanical
strength, thus the granules of the foamed expanded polystyrene are “aged” in open containers
for several hours. The air amount depends on mainly the size, density and temperature of the
beads. High density pre-expanded granules have to be aged until they have lost sufficient
amount of the foaming agent, while low density beads have to be aged for a shorter time,
however not for long, so that the loss of pentane is too high. For example, for material with
density in range 15 — 20 kg/m?® the aging time is usually 12 — 24 hours [6].

In the third stage — during the product manufacturing using vapour the pre-expanded granules
are foamed further in a mould (block form, press mould) until they fuse together forming the
form of the mould. The total moulding cycle usually lasts from 3 — 15 minutes (depending on
block mould type and foamed bead density). The temperature of the block taken out of the
mould is approximately 90 — 95 °C and there is still certain vacuum in the cells. Thus, the
temperature “shock” has to be prevented (block could shrink in the result of it). Fresh blocks
are usually allowed to stabilize for at least 24 h in a non-shocking atmosphere (the room has
to have as steady temperature and air humidity as possible) [7].

From the manufacturing process description we could conclude that there are very many
factors defining the quality of expanded polystyrene; thus it is necessary to discriminate the
essential parameters and those of less importance. For this reason the cause and effect
diagram of expanded polystyrene manufacturing stages was developed (Fig. 2 for pre-
expansion and intermediate aging processes, Fig. 3 for block moulding process).

Using the diagram data we have chosen the set of the most essential parameters for us and
have performed experiments.

Time Density of expanded granule

RAW MATERIAL |

Pentane content  __ Diameters of ganule Temperature

Density of granule Pressure

—
-

Pressure Temperature To blO.Ck
moulding
Moisture Time Pressure
VAPOUR Temperature
DRYING

Fig. 2. Pre-expansion and intermediate aging processes

As it can be seen the parameters influencing the process are highly correlated, the outgoing
parameters of one stage essentially influence the following stages.

That is why in the first experimental series the influence of granulometry, density and pentane
content of the raw material on the properties of the produced material in foaming and
intermediate aging stages was studied. The influence of the rest parameters in this stage is
subordinate, their influence is less essential and they have to be defined suitable for each raw
material.
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Proportions Mouldin Time Pressure

Time Time

pressure
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—

Homogeneity of temperature
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preexpansion

Diameter Moisture

(draught)

Beginnin Temperature
temperature

Pentane content Temperature

Water content Time

EXPANDED GRANULE ‘ EVAPORATION ‘STABILIZATION IN ROOM‘

Fig. 3 Block moulding process

In the block moulding process the most essential parameters, which can be operatively
regulated, are the properties of the foamed granules (from the previous stage), vapourising
time and vapour temperature and block stabilizing. In the block stabilizing process the
stabilizing time and pressure regime are important. These parameters are being researched in
the further experiments.

Cause and effect diagram is a useful tool in an analysis of complicated multi-stage process
giving possibility to analyze apriori the number of process influencing parameters, their
influence on the quality of the end product, to discriminate the less essential parameters from
the important ones and decrease the number of further experiments.
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Abstract. There are shown the data on composition and technological properties of solid wastes with
high sulphur contents after coal mining and preparation (SCWHS) in Russia.
The natural processes causing the pollution of the environment due to contents of sulphur and some potentially
toxic elements in these wastes are considered. However these wastes may be promising as raw materials for
producing some saleable products. According to Russian regulation a payment for wastes storing depends on
so called their class of danger (CD). Methods for the CD determination for coal wastes are described.
Results of simulating of thermal treatment in different conditions of SCWHC are shown. Using these results
some processes of SCWHS utilization are proposed to produce some valuable products.
Some new criteria based on Russian regulations are worked out to determine an ecological danger of mine
waters of Russian enterprises and promising methods of mine waters cleaning and utilization.
There were conducted experimental investigations on the localization of ecologically dangerous products
forming due to interaction of SCWHS with waters flowing through SCWHS damps. Some carbonate rocks and
fly ashes were tried for this purpose. There were found that the localization is occurred due to forming of new
minerals along with a delaying of the oxidation of sulphides containing in SCWHS. Using these results grounds
of some methods are proposed to decrease concentrations of ecologically toxic elements ( Fe, Al, Ni, Cu, Cr,
Zn, As, Pd und oth.) till values considerably less than permitted ones in waters flowing through SCWHS damps.
New promising results of experiments on laboratory and industrial installations were got for using these
technologies with carbonate rocks for enterprises in central Russia.

Keywords: solid wastes with high sulfur, technological properties, utilization, thermal treatment,
localization of ecologically dangerous products.

Introduction

Coal wastes designated as SCWHS with relatively high contents of sulfur (S% > 1.5%,
mass.), in some cases organic substances (C% > 12%) and toxic trace elements are piled in
huge dumps at some enterprises after mining or preparing of sulfurous coals (S%> 1.5 - 2%),
for example in Russia (Moscow and oth. basins). One of the most serious environmental
problems associated with the surface disposal of sulfur-bearing wastes is the oxidation of the
inherent pyrite and the generation of acidity with solubilization of compounds of some
elements contained in wastes and toxic to the environment, e.g. the generation of hazardous
coal mine drainage and subsequent contamination of surface streams and underground
waters. Main reactions are the following:

FeS, + H,O + O, — FeS x + H,SO,4 + Fes (804 )3 + Fe SO, (1)
MS + 0, — MSO, @)
M - Co, Ni, Pb, Zn

H,O + E»S; + O, —» H3; EO3+ H,SO,4 + SO, (3)
E-As, Sb

MeCO3 + H,SO, — MSO, (4)

Me - Mn, Sr, Pb, Zn, Cr
There were conducted investigations on the localization of ecologically dangerous products
forming due to interaction of SCWHS with waters flowing through SCWHS damps. Some
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carbonate rocks and fly ashes were tried for this purpose. There were found that the
localization is occurred due to forming of new minerals along with a delaying of the oxidation
of sulphides containing in SCWHS. Using these results grounds of some methods are
proposed to decrease concentrations of ecologically toxic elements (Fe, Al, Ni, Cu, Cr, Zn,
As, Pd and oth.) till values considerably less than permitted ones in waters flowing through
SCWHS damps [1-5]. New promising results of experiments on laboratory and industrial
installations were got for using these technologies with carbonate rocks for enterprises in
central Russia.

Materials and methods
There were used samples picked at some dumps of the Moscow lignite basin where solid
wastes with S®t = 1.5 — 9% are stored drainage waters from them have pH = 3.1 — 3.8,
Besides and concentrations of some hazardous trace elements (Zn, As, Se, Cr and some
others) are sometimes more than permitted ones [1]. These wastes contain coal organic
substances (CY=12-28%), which may cause dangerous ecological consequences but is
favourable for their utilization.
According to experimental investigations conducted dangerous actions of SCWHS on the
environment may occur in a noticeable degree if their sulphur content is > 1.5 - 2%.
It have been found that these dangerous actions on the environment may be decreased till
acceptable levels while mixing SCWHS with substances, for example limestone or dolomite
neutralizing H,SO, [2,3]. This method have been tried on dumps of SCWHS situated in
Moscow lignite basin where have been accumulated nearly 100 min.t of SCWHS in dumps
and slurry ponds.
The experimental plot (64 square meters) was constructed at a distance of 20 meters from the
dump of Vasilevskaya mine situated in the most populated district. It was divided into four
equal parts which were separated from each other with waterproof partitions.
Each part contains SCWHS taken from the dump. Their average sulfur content was 3.5% and
A %=72.4 %. The limestone using for mixing was from the local enterprise. It was crushed
till <3 mm and contained near 95 % of CaCOj3. The external side of the plot is enclosed with
a wooden wall. The wastes are put on waterproof film that is sloping towards the centre. So
all waters from the each section are filtered and go to a special collector where they were
measured and taken for the analyses. Each part of the experimental plot contains different
amount of limestone added to the wastes: 0, 10 and 20% of limestone.
Analysis of chemical composition of water, filtrating through high-sulfur coal wastes with
different additions of limestone which contains in different parts of experimental plot,
allowed defining the main tendency of its alteration depending on time [4]. Approximately 36
charts were build which describe the considerable influence of limestone additions on
composition of filtrating water.
Methods of thermodynamics simulation, experiments on thermal treatments of initial samples
or their mixtures with CaCO3 along with chemical and X-ray analyses of got residues were
applied to find technologies of SCWHS utilization.

Results and their discussion

Some results of experimental investigations on chemical compositions of waters filtering
through initial SCWHS and their mixtures with CaCOg stored in above mentioned plot are
shown on the Table 1 and Fig.1-3.

The results of the experiment, confirmed the main suppositions and results of laboratory tests.
The important reduction of «acidity» of water along with concentrations of toxic elements in
them is observed. So the ecological safety of the dump storing SCWHS may be achieved with
this method.
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wastes without limestone additions

Table 1.

The comparison of some trace elements concentrations in waters filtered through coal

No Element Concentration,10 o/l Permitted concentration, 10° g/l
1 Al 60 000 500
2 \Y/ 275 200
3 Mn 1600 200
4 Co 2500 1000
5 Ni 2 500 200
6 Cu 1200 200
7 Zn 14 000 2 000
8 Cd 62 1
9 Hg 2,75 0,5
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Fig. 2. The change of quantity of Ni in filtrated trough the parts of experimental plot at

The utilization of such wastes with traditional methods isn’t possible practically due to high S
contents. Two different thermal methods were investigated to solve this problem:
the thermal processing of initial wastes with passing of S in gas phase, H,SO,4 producing

from sulphur oxides and obtaining some valuable products from solid residues after
thermal processing;

- mixing SCWHS with limestone, thermal processing of got mixtures with quantitative
passing of S in solid residues which may be used as binding materials.
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Authors have investigated both thermal methods with the method of thermodynamic
simulation [5] and experiments at bench and pilot installations.

The thermodynamic simulation was conducted for reduced and oxidizing atmosphere and
allowed to evaluate qualitatively contents of all products which formed in considered
heterogeneous systems in the equilibrium states. During this simulation all probable
transformations of the initial wastes and additives were taken into consideration.

According to the thermodynamic simulation the main components of the gaseous phase (at
the coefficient of air excess ( a) =1.2 ) over a temperature range 25-1400°C are (% by
volume): N (72-74%), CO, (14.3-14.75%) and H,O (8.6-8.9%). Thermal processing at
elevated temperatures, between 500 to 1400°C, increases slightly the oxygen content (from
2.4 to 3.39%). The concentration of sulfur dioxide is about 2.5 x 10 % up to 450°C and
increases with temperature to 0.8 x 107 at 500°C and to 1.7% at 700°C. However, as
temperature increases from 700 to 1400°C, SO, concentration increases very slowly up to its
maximum value of about 2%.

As temperature rises from 100 to 1100°C, there are in solid phases following compounds with
a concentration >10™ % kag/kg : SiO,, 3Al,03-2Si0,, Al;03.Si0,, Fe,03, and within a narrow
temperature range Aly(SO4)3 (up to 600°C), CaSiOz (>950°C), MgO (>850°C), FeO,Fe30,
(>850°C), FeSO,4 (up to 700°C) and Fey(SO4)s (up to 650°C). The concentration of iron-
bearing compounds during thermal treatment over the entire temperature range when a=1.2 is
shown on the Figure 4.

As seen from these data, when a reaction reaches equilibrium in a closed system, iron-bearing
compounds are a mixture of Fe,(SO,4) and Fe,O3 admixed with FeO, Fe;0, and FeSO,. At the
same time the content of iron sulfates decreases sharply at temperatures higher than 450 and
the content of iron oxides increases at temperatures higher than 600°C. It has to be mentioned
though that if thermal treatment is conducted in an "open" system, gaseous products are
removed continuously and substantial changes in composition of the end products may be
occurred. In this case the concentration of FeO or Fe3O,4 produced by reactions 5.6 and 9 may
be higher than that predicted for the equilibrium state.
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Fig. 4. Thermodynamic simulation of the composition of iron compounds during
thermal treatment of SCWHS at a0 =1.2

All amounts of sulfur are in gaseous phase as SO, nearly at temperatures > 900 C.

During thermal processing with a=0.6 it is expected a larger number of compounds
presenting in gaseous and condensed phases at concentration above 107%. Over a
temperature range 550-850°C the components of the gaseous phase are (by volume %): N,
(61.9-61.3%), H,0 (8.8 t0 9.2%); CO, (19.6 to 16.3%), CO (2.9 to 7.6%), H,S (1.43 to 1.6%),
H, (3.7 to 4.2%), SO,, SO3 (~ 0.0048%) and CH, (< 0.0026%). In the condensed phases some
carbon may be presented with its content sharply decreasing from 0.36 to 0.003 kg/kg, as
temperature increases from 550 to 850°C. The main components (with a concentration higher
than 0.01 kg/kg) are: SiO,, Al,O3, 3Al,03-2Si0,, Al,03:2Si0,, MgO, TiO,, CaSiO3; and at
temperatures higher than 650-700°C FeS, FeS,, CaS and Fe are formed. So S is distributed
between gaseous and solid phases.

The main iron bearing end products after thermal treatment at temperatures between 550-
850°C with o =0.6 are FeS, FeS,, FeO and Fe. When temperature increases FeS, decreases,
FeS increases, reaches its maximum at 750°C and then decreases and FeO and Fe increase
steadily. It is also seen that thermal processing in a reducing medium leads to the production
of solid iron-bearing components (e.g. pyrotine, magnetite and o—Fe) with ferromagnetic
properties.

So according to the thermodynamic simulation it is possible to realise SCWHS thermal
treatment (without any additives) producing ecologically safe and probably saleable solid
products and gaseous sulfur compounds (SO,, SO3) which can be extracted as H,SO4
quantitatively with method of the firm “Halder Topse” as it will be shown below [6].

Known assumptions used for the thermodynamic simulation of high-temperature processes do
not provide high accuracy for predicting phase changes. In order to confirm theoretical
conclusions, laboratory investigations regarding thermal processing of high-sulfur coal wastes
were carried out.

In order to determine the composition of reaction products the effect of the following
parameters was studied: temperature (600— 800°C), air excess coefficient, a: 0.1-1.4 and
duration (0.5-2 hours) while thermal processing of SCWHS. Experimental results for the
duration of 1h are seen in the Table 2. The data of experiments 7, 8 show the satisfactory

60



reproducibility of results. The experiments 4 and 16 were conducted to estimate a time factor
on the process.

The experimental results show that 90 % transition of sulfur compounds into the gaseous
phase can be achieved at temperature range 600-800°C with a between 0.5 and 1.4.

Table 2.
Effect of thermal processing conditions on sulfur removal
No Temperature, | Air excess coefficient Sulfur in solid residue Sulfur removal into
of experiment °C a % gas phase
Us, %
9 600 1.39 0.73 95.1
11 600 0.58 1.39 90.5
14 600 0.84 1.14 92.6
20 600 0.35 5.65 63.0
4 700* 0.62 0.75 95.5
5 700 0.14 4.54 62.8
6 700 1.46 0.82 94.7
7 700 0.58 1.15 925
8 700 0.58 1.18 92.2
16 700** 0.5 0.92 93.8
17 700 1.2 0.61 95.5
12 800 1.2 0.56 96.7
13 800 0.51 3.2 91.6
15 800 0.8 1.26 91.6

*Duration - 2h, **Duration - 0,5 h .

The extreme values of Us, (94-96%), were observed at 600°C (a = 1.39), 700°C (a = 0.62 and
1.2), and 800°C (o = 1.2).

The formation of sulfur gaseous compounds is ended after 0.5 h of thermal processing (exp. 4,
7, 8, 16) practically. The residual contents of sulfur in the final products do not exceed 1.0-
1.1%. The water paste of the treated waste have pH values close to neutral (pH = 6.5-6.9).
Mixing the obtained residues with weak-acid solutions (pH 2-3) does not cause any formation
of hydrogen sulfide or sulfur dioxide. Therefore the final product is considered as ecologically
safe and can be stored in dumps without causing any environmental impacts.

Thermal processing with a smaller air excess coefficient (o < 1) tends to diminish the amount
of gaseous sulfur compounds. For example, the value of Us drops to 62.8 % (700°C, a = 0.14)
or 63% (600°C, a = 0.35). Hence, in order to achieve high conversion degrees of sulfur
compounds into the gaseous phase (higher than 90 %), thermal processing should be carried
out within a temperature range of 600-800°C with a greater than 0.6. The final selection of
temperature and air excess coefficient depends on the intended use of the final solid residue.
When thermal processing is conducted with a ranging between 0.5 and 1.0, the gaseous phase
contains hydrogen sulfide and CO, the amount of which increases with decreasing the air
excess coefficient. For the removal of sulfur compounds from the gaseous phase, as stated
previously, hydrogen sulfide must be converted into a mixture of SO, and SO3; by burning
with o greater 1.0.

Volumes of SO, and SO;3 in gaseous products (Table 2) depend on sulfur and carbon contents
in initial wastes: they are increased with increasing of the former and diminishing of the latter.
The principal flow diagram of process of thermal processing of coal waste presented in Fig. 7.
The amount of limestone mixed with SCWHS provided following molar rates: CaCO3: S =
1,1-1,2 ; CaCOs : SiO, = 1,2-2. Temperatures of sintering 800-1000 C, and 0,5-1,5 hours.
Parameters of a real process to transform all amounts of sulfur to CaSO, may depend on
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kinetic factors. So experiments were conducted to obtain optimal parameters of this process
(Table 3).

Main results are shown on Figures 5, 6. All sulfur contained in SCWHS passes in solid
residues practically after thermal processing at optimal conditions. However there were
obtained in some experiments CaS, e.g. the compounds which forms H2S while those
residues storing and it is undesirable for their utilization. Amounts of CaS are decreased with
increasing of temperatures, durations of thermal processing, limestone amounts in initial
mixtures.

For example, CaS amounts is decreased considerably after thermal treatment at 8000C of
mixtures if limestone contents in them is increased from 20% till 40% or time of the thermal
processing is grown from 0.5 till 2 hours.

Table 3.
Conditions for thermal processing of mixtures of SMSW with different CaCO3 contents
Conditions of thermoprocessing Marking of samples after thermoprocessing
Temperature,’C Time, 30% 40% 50%
min CaCOs CaCOs CaCOs
30 Z4 Z5 Z6
800 60 Z7 Z8 Z9
120 Z10 Z11 Z12
30 Z13 Z14 Z15
900 60 Z16 Z17 Z18
120 Z19 Z20 Z21
30 222 223 224
1000 60 225 226 227
120 728 Z29 Z30

Solid residues obtained after the thermal processing at 900-1000°C (Figure 5.) contain
negligible CaS amounts. Calcium silicates (CaSiO4) are contained in solid residues after
thermal processing at 1000°C of SCWHS mixtures with 30-40% of limestone.

The quantitative oxidation of initial SCWHS to Fe,0O3 is observed after thermal processing at
1000°C during 1-2 hours and intermediary products are Fe,Si.y.

So compositions of solid residues estimated with the thermodynamic simulation and obtained
experimentally are nearly the same if the thermal processing is conducted during > 1hour at
temperatures > 800°C.
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Fig. 5. The influence of (mixture Z1, T = 1000 C) time on relative concentrations of Ca
compounds
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The increasing of carbon contents in initial SCWHS favor the thermal processing of
limestone mixtures. However the growth of sulfur contents in initial SSCW impairs
economical results of this process as CaSO, formed at temperatures 900-1000°C has not
binding properties and it is needed more quantities of limestone to obtain Ca ,SiO,4 having
binding properties. So SCWHS with S% > 2% and C% > 12% are promising as a raw for this
process probably.

sulfur-bearing coal wastes (S,">2.5%; C,">12%)

crushing

termal processing (t=600-700°C)
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. . steam
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Fig. 7. The principal stages of the processing of coal wastes with high kaolin contents
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The principal flow diagram of process of thermal processing of SSCW mixed with limestone
presented in Figure 8.

l
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Polymineral mixtures
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l Solid particles
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Fig. 8. The principal technological process for the thermal processing of SCWHS mixed
with limestone
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Conclusions

The following conclusions are based on the data of this report:

1.

Storing of solid sulfur-organic bearing wastes (S '; > 2.5%) in dumps is accompanied with
dangerous actions on the environment due to the sulfides and organic substances
oxidation. Two methods of thermal treatment of such wastes (SCWHS) are worked out to
utilize them.

Sulfur bearing coal wastes (SCWHS) may be used to produce sulfuric acid along with
some valuable products while sinterng in an oxidizing media at 650-750 ° C or sulfur may
be bound into the chemically stable substance (CaSO,) while sinterng in an oxidizing
media at 900-1000°C mixtures of SCWHS and limestone in appropriate proportions. Solid
residuals obtained by latter thermal processing are ecologically safe polymineral mixtures
and can be used as a raw for producing local building material.

Sulfuric acid (91-93%)obtained using the commercial technique applied in situ with the
thermal processing of SCWHS without additives may be applied to produce from solid
residues aluminum sulfate and raw for building materials (bricks, porous aggregates for
light concretes and other). The preliminary magnetic separation of above mentioned solid
residues may produce a magnetic fraction which is an iron concentrate (> 50% of Fe) and
a non-magnetic fraction which is a raw material for producing aluminum sulfate or an
additive (up to 10%) to cement clinker or (after being ground) to cement , raw for
obtaining above mentioned building materials.
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LUBANA EZERA NIEDRU RESURSU IZVERTESANA UN TO
IZMANTOSANAS ENERGIJAS IEGUVEI PAMATOJUMS
EVALUATION OF REED RECOURSES IN THE LUBANS LAKE AND
SUBSTANTIATION OF THEIR USE IN ENERGY PRODUCTION

Edgars Cubars, Gotfrids Noviks
R&zeknes augstskolas Inzenieru fakultate
Atbrivosanas aleja 76, Rézekne, Latvija
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Abstract. The paper presents the results of evaluation of reed resources in Latvia largest lake
Lubans and for comparison in the small lake Kovshu. The investigation proved that resources of reeds are
sufficient to replace from 2 to7 thousand tons of different fossil fuel. Measured reed physical properties-
carbon quality, ash content and structure, moisture content proved that reeds are profitable fuel for heat
energy production.

Keywords: fuel, renewable energy resources, reed, reed bad.

levads
Picaugos$ais pieprasijums péc energijas, ierobezotie fosila kurinama krajumi, ka ari vides
piesarnojums un globalas klimata parmainas p&dgjos gados pasaulé radijusi pastiprinatu
interesi par atjaunojamiem resursiem. Atbalsts atjaunojamo resursu izmantoSanai ir kluvis par
svarigu Eiropas Savienibas politikas sastavdalu.
Latvija atjaunojamie energoresursi aiznem vienu treSo dalu primaro energoresursu bilancg, un
divi visvairak izmantotie atjaunojamo energoresursu veidi ir koksne un hidroresursi. V&ja
energija un biogaze tiek izmantoti ievérojami mazaka apmeéra. Saules energiju Sobrid izmanto
tikai loti nelielos apjomos pilotprojektu veida [1].
Attieciba uz atjaunojamo resursu Ipatsvaru kop€ja primaro resursu bilancgé Latvijas
atjaunojamas energijas resursu izmantoSanas pamatnostadn@s izvirzits mérkis palielinat $o
patsvaru lidz 35% 2010.gada, un sasniegt 37% Iidz 2016.gadam [2].
Pedgja laika Latvija straujak attistas bezatkritumu tehnologijas, zagu skaidas tiek parstradatas
granulas, koksnes atlikumi $kelda utt., ir veikti zinatniskie p&tijumi $ini joma. Latvijas Valsts
Mezzinatnes institiits ,,Silava” veic pétijumus atraudzigo koku audz€Sanas un izmantoSanas
bioenergijas razoSanai joma [3]. Ir aprékinati potenciali izmantojamo energétika mezistrades
atlieku un kadras resursu daudzumi [4].
Tacu biomasas izmantoSana nenorobezojas ar kiidru un koksni, energiju var iegit arl no
citiem biomasas veidiem — salmiem, zales, un citiem augiem. Latvija ir dazi pilotprojekti, kas
saistas ar salmu dedzinasanu — Saulain€ un Grobigu pagasta, kur ka papildus kurinamais
katlos tiek dedzinatas niedres [8].
Saja darba tiek pétitas iespéjas siltuma energijas iegfiSanai no Lubana ezera augo$ajam
niedrém.
Niedres Eiropa ka izejmaterials tiek izmantotas jau sen. Laika posma no 1896.gada lidz
1944.gadam rumanu biologs Antipa public€jis daudzas atzinas un pétijumus par niedru
izmantoSanu celulozes iegtisanai. Tika uzbiivéta un sekmigi darbojas celulozes riipnica Braila
(Rumanija).
Lidztekus tika veikti niedru kultivacijas, izmatoSanas, iegiiSanas un parstrades pétijumi un
noteiktas optimalas niedru audzéSanas tehnologijas. Attistita arl dabiski augoSo niedru
izmanto$ana. Apkopojot petijumus par niedru ieguves ietekmi uz dzivo dabu Eiropa, var
secinat, ka to izmantoSana atstdj zinamas izmainas niedru audzeés — niedres kultivetajas
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teritorijas ir 1sakas un tievakas neka vietas, kur tas nav plautas. Lai niedru izmantoSana
neizraisttu izmainas niedru audz€s un apkartgja daba, nepiecieSams noteikt optimalos laika
intervalus starp niedru plausanas reizém. P&étijumi liecina, ka niedru plausana istermina (1-2
gadi) neizraisa izmainas biotopos [11].

Tacu niedru augsSanas apstakli un biotopi katra tidenstilpné ir atSkirigi. Tap&c ir nepiecieSami
katras konkrétas tidenstilpnes niedru masivu ipasibu pétijumi. Niedru ieguves procesa ari ir
svarigs to plauSanas laiks — plaujot niedres ziema no ledus, netiek nodarits kait€jums
biotopam [6]. Vienlaikus niedru racionala, pardomata plauSana var veicinat ezeru biologiska
lidzsvara saglabasanu.

Ta, analizgjot biologisko stavokli Lubana ezera, ir noskaidrots, ka biogénu koncentracija
tdenos, kas ieplust Lubana, ir lielakas par tam, kuras ir izpliistoSajos tidenos [9]. Ezera notiek
biogéno vielu akumulacija, kas ilgstosa laika perioda izraisa ezera eitrofikaciju. Niedru
plausana var sekmét biogénu aizvakSanu no ezera.

Niedru plausanai javeido speciala tehnika, kas bitu izturiga un tai pat laika viegla un
neslikstoSa. Svaigi plautas niedres aiznem lielu tilpumu, tapec tas vélams kompaktet jau
vienlaikus ar plauSanu, lai velak veidotu granulas. Tadgjadi iezim&jas vesels komplekss
savstarpgji saistito problému, kuru risinaSanu lietderigi veikt vienotas sist€mas ietvaros,
izmantojot sist€éminznierijas metodologiju.

Dotaja pétijuma So problému risindjums ir iesakts ar Lubana ezera niedru ka kurinama
izmantoSanas iesp&ju un resursu izvertésanu.

Péetijuma objekts

P&tijuma objekts ir dabiskas ezera niedres Phragmites australis. P&tijumam tika izvéleti divi
ezeri — vislielakais un niedru resursiem bagatakais Lubana ezers ar kop&jo platibu 8210 ha
[13] un salidzinajumam mazais 22 ha platiba ezers, kas atrodas specifiskajos R&zeknes
pilsétvides apstaklos — Kovsu ezers. Lidz ar to mérjjumu rezultati var biit interpretéti ka
robezlielumi.

Niedres ir daudzgadigs 120-250 cm augstuma graudzalu dzimtas lakstaugs. Saknenis —
loznajoss. Latvija niedres sastopamas loti biezi — visa valsti, parasti lielu monodominantu
audzu veida udenstilpnu un juras krasta, parmitros mezos, purvos, mitras plavas. Ar
loznajosajiem sakneniem (vegetativo dzinumu garums sasniedz 10-15 m) spgj strauji iepemt
jaunas platibas. Raksturiga (biezi monodomingjosa) suga augu sabiedribas niedrdjos un
aizaugoSos sekliidenos: Cl. Phragmitetea, All. Phragmition, ka arf citas $is klases savienibas

[5].

Materiali un metodes
Niedru resursi tika noteikti, izmantojot tieSas mériSanas un attalinatas uzmérisanas metodes.
Ar tieSo mérisanas metodi daba tika noteikts niedru resursu daudzums, ko var iegtt Lubana
un KovSu ezera no 1 ha niedru audzes. UzmeériSana un paraugu svérSana tika veikta 16
parauglaukumos Lubana ezera un 5 parauglaukumos Kovsu ezera, parauglaukumu platiba —
25 m°. Laukumi tiek izvéleti vietas, kas atbilst vid§jam aizauguma biezumam, kur$ tika
noteikts, apsekojot niedraju. Niedru kop@jie resursi Lubana ezera noteikti, izmantojot
attalinatas uzmérisanas metodi programma ARC GIS [10]. Eksperimentu dati apstradati
matematiski atbilsto$i normalajam sadalfjumam [12].
Niedru 1paSibu un krajas noteikSanai tika izmantoti 16 Lubana ezera izveidoto
parauglaukumu vid&jotie paraugi un vid€jotais paraugs no KovSu ezera. Paraugi savakti un
uzglabati ara zem nojumes dabas apstaklos 2 nedélas, papildus ZavéSana nav veikta.
Niedru mitrums noteikts ar standarta metodi, paraugus nosverot pirms un péc zavésanas. Zavesana
veikta zaveSanas skapi 5 miniites pie temperattiras 160£5°C, p&c tam paraugs tika atdzeséts 2 min
un novietots eksikatora uz 10 minttém [14].
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Niedru pelnainiba noteikta laboratorijas apstaklos ar atras parpelnosanas standarta metodi,
sasmalcinati paraugi ar masu 0,5 g tika ievietoti mufelkrasni pie temperatiiras 850+15°C,
izturéti tur 40 min. [15].

Oglek]a saturs analiz€jamajos niedru paraugos, koksn€ un kiidra tika noteikts ar oglekla/ séra
analizatoru ELTRA CS-2000, kas darbojas uz hromotografiskas analizes principiem [16].
Oglekla satura analizes tika veiktas vid€jotajiem niedru paraugiem no Lubana ezera un
vienam vid€jotajam paraugam no Kovsu ezera, ka arT salidzinasanai dazadiem koksnes un
ktdras paraugiem.

Smago metalu saturs pelnu izvilkuma noteikts ar induktivi saistitas plazmas optiskas emisijas
spektrometru Perkin Elmer Optima 2100 DV [17]. Izvilkums pagatavots péc attiecigas
metodikas: 400ml destiléta Gident ieberti 8 g pelnu. Glaze ar So maistjumu ievietota maisitaja
uz 40 min., péc tam udens Skidums atfiltréts, veikti filtrata 1paSibu mérfjjumi — pH,
elektrovaditsp&ja un smago metalu koncentracija.

Rezultati un to izvértejums
Eksperimentalie dati liecina, ka Lubana ezera var iegiit 7,8+2 t niedru no hektara aizauguma
platibas. Kovsu ezera resursi salidzinajuma ar Lubanu ir daudz mazaki — vidgji 1,6+0,4 t
biomasas no hektara aizauguma platibas.
Kopgja aizauguma platiba Lubana ezera tika noteikta, izmantojot ARC GIS programmatiru.
Kopgjie Lubana ezera pieejamie niedru resursi sastada 6921+1887 tonnas (a=0,05). Kopgja
niedru bloku platiba Lubana ezera ir 882 ha, tie izvietoti 429 niedru blokos (1.attgls).
Niedru resursi pa administrativajam teritorijam izvietoti nevienmérigi, vislielakas niedru
platibas un resursi atrodas OSupes pagasta administrativaja teritorija, bet vismazakie tie ir
Barkavas pagasta teritorija (1.tabula).

1.tabula
Lubana ezera niedru biomasas sadalijjums pa administrativajam teritorijam
Pagasts Niedru b{oku kopéja Niedru
platiba, ha masa, t (a=0,05)

Gaigalavas 31,5 247+ 67

Naglu 197,1 1547+ 422

Barkavas 8,89 70£19

Osupes 644,2 505741378

Pie kopgjiem resursiem netika pieskaititas niedru platibas, kas atrodas Naglu pagasta, dabas
liegumu un Natiira 2000 teritorijas.

Izmantojot niedru resursus energijas razoSana, no Lubana ezera niedrém var iegiit vidgji
35300 MWh siltuma energijas, ar ko attiecigi var aizvietot fosilo kurinamo.

Dazada veida fosilo resursu ietaupijums, izmantojot niedres ka energoresursu dots 2.tabula.

2.tabula
Fosilo kurinamo ietaupijums gada

Fosilais kurinamais, ko var aizstat | Fosila kurinamd ietaupijums,
ar niedrem t

Dabas gaze 3673,6

Mazuts 3067,2

Ogles 4375,3 - 7438,8 *

Dizeldegviela 2674,3

Slanekla ella 3036 — 4250,7

*- Daudzums svarstas atkariba no akmenoglu veida un siltumspgjas.
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Apziméjumi

Parauglaukumil
I:l dabas_liegumi
|:] pagasti
natura_2000

niedru bloks

0 65 130 260 Meters
1.att. Niedru bloki Lubana ezera

Niedru dabiskais mitrums sastada 8-12%. Izmantojot niedres ka kurinamo, nav nepiecieSsama
izejvielas ZaveéSana, mitrums atbilst granulu raZoSanas prasibam.

Oglekla saturs niedrés ir 41,9-43,8%. Nav atskiribas oglekla satura niedrés no dazadiem
ezeriem. Oglekla saturs nemainas atkariba no parauga nemsanas vietas. P&c oglekla satura
niedres ir [idzvertigs kurinamais koksnei un ktdrai (3.tabula).
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3.tabula
Oglekla saturs kurinamaja

Kurinamais Oglekla saturs ,%
Niedres 41,9-43,8
Apse (koksne) 42.4-42.7
Apse (miza) 42.3-43,0
Priede (koksne) 44.4-44.8
Priede (miza) 43,1-43 4
Kudra 37,3-46,9
Abele(koksne) 40,8-41,2
Abele (miza) 37,9-38,9
Bérzs(koksne) 41,7-42,6
Bérzs (miza) 49,0-50,6
Beérzs (tass) 57,2-58.2
Egle (koksne) 41,0-42,0
Egle (miza) 12,5446

Pelnainiba analiz€jamajos paraugos ir atskiriga. Niedrés, kas péc saviem izmériem ir lielakas
(Lubana ezers) un dod lielaku razu, pelnainiba sastada 5%. Tajas ir lielaks neorganisko vielu
saturs. Niedrém no KovSu ezera pelnainiba ir 1-2 %.

Niedru dedzinasana parastaja krasni1 bez papildaprikojuma un niedru ieprieksgjas
sagatavoSanas nenodroSina to pilnigu sadegSanu. Pelnu izp&te mikroskopa parada organiskas
paliekas (2.att€ls), kuras paziid pec pelnu karseéSanas 2 stundu laika mufelkrasni pie
temperattras 950°C.

2.att. Niedru pelni péc dedzinasanas parastaja krasni
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Dedzinot koksni Sajos apstaklos, organiskas sastavdalas sadeg daudz pilnigak. Tas nozimg, ka
siltuma energijas zudumu novér$anai dedzinaSanas procesa nepiecieSams optimizét gan
niedru biomasas sagatavoSanu dedzinasanai, gan ar1 kurtuvi.

Vienlaikus ar niedru pelnu izvilkuma sastava analizi tika veikti arT koksnes un papira pelnu
petijumi. Niedru pelnu izvilkumam raksturiga peléka nokrasa, bet papira un koksnes pelnu
izvilkumi péc filtréSanas bija dzidri, bezkrasaini. Niedru pelnu izvilkuma, salidzinot ar papira
un koksnes pelnu izvilkumiem, ir paaugstinats Sr, As, Ca, Fe, Mg, Mn, Sb, Zn saturs.
Vislielakas atskiribas vérojamas Mg satura — niedru pelnu izvilkuma tas sastada 23,3 mg/l,
kamér papira pelnu izvilkuma — 1,13mg/l un 0,015 mg/l koksnes pelnu izvilkuma. Ca saturs
niedru un koksnes pelnu izvilkuma ir Iidzigs — attiecigi 87,57 un 83,84 mg/l, bet papira
izvilkuma — tikai 4,24 mg/l. Augstais Ca un Mg saturs nosaka niedru un koksnes pelnu
bazisko vidi, koksnes pelnu izvilkuma pH ir 12, niedru izvilkumam — 10, bet papira
izvilkumam — tikai 8,4. Salidzinot ar koksni, niedrém ir samazinats Li saturs — ja koksng tas
sastada 10,89 mg/l, tad niedru pelnu izvilkuma — 0,081 mg/l. Mn saturs niedru pelnu
izvilkuma ir 3,55mg/l, kamér papira un koksnes izvilkumos — ap 0,03 mg/l. Pb saturs
visaugstakais ir koksnei — 0,76 mg/l, niedru izvilkuma — tikai 0,015 mg/l. Pargjo elementu
saturs papira, niedru un koksnes pelnu izvilkumos ir visai Iidzigs (4.tabula). Pelnu sastavs un
pH niedru izvilkumiem liecina par to, ka niedru pelni var tikt izmantoti lauksaimnieciba
augsnes skabuma noveérsanai.

4.tabula
Pelnu izvilkuma analizes rezultati
Raditajs Papira pelni Koksnes pelni Niedru pelni
Sr,mg/l 0,034 0,122 0,255
As,mg/I 2,171 0,869 2,429
Be,mg/I 0 0 0
Ca,mg/l 4,244 83,84 87,57
Cd,mg/I 0,012 0,002 0
Co,mg/I 0 0 0
Cr,mg/I 0,131 0 0,044
Cu,mg/I 0 0 0
Fe,mg/I 0,062 0,083 0,555
Li,mg/l 0,086 10,89 0,081
Mg,mg/l 1,133 0,015 23,31
Mn,mg/I 0,032 0,028 3,548
Mo,mg/I 0,084 0,417 0,068
Ni,mg/I 0 0,141 0
Pb,mg/I 0,102 0,761 0,015
Sh,mg/I 0,515 0,783 1,255
Se,mg/I 1,358 0,122 0,956
Ti,mg/l 0,001 0 0
TI,mg/l 0 4,649 0
Zn,mg/l 0 0,006 0,135
pH 8,4 12 10
Elektrovaditsp&ja, puS 600 7500 1220

Secinajumi
Darba gaita tika izdarfti §adi secinajumi:
1. Niedru kraja katra ezera ir atSkiriga, petamajos ezeros iesp&jams iegiit no 1,6+ 0,4 (Kovsu
ez.) Iidz pat 7,8 = 2 (Lubans) t niedru no hektara aizauguma platibas.
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2. Niedru resursi Lubana ezera ir izvietoti nevienmeérigi, lielakas niedru plantacijas atrodas
ezera 7 gala, ka arT ir izkaisitas gar R piekrasti — OSupes pagasta administrativaja
teritorija un veido 73% no kopgjiem resursiem.

Kopgjie Lubana ezera pieejamie niedru resursi sastada 6921 + 1886 t.

Kopgja niedru bloku platiba Lubana ezera ir 881 ha, tie izvietoti 429 niedru blokos.

Siltuma daudzums, ko var iegt tikai no Lubana ezera niedrém, ir ekvivalents 3673,6 t

dabasgazes vai 3067,2 t mazuta, vai 4375,3-7438,8 t akmenoglu atkariba no to veida un

kvalitates, vai ar1 2674,3 t dizeldegvielas.

6. Oglekla saturs abos ezeros augoSajam niedrém vidgji ir 41,9-43,8 %.

7. Oglekla saturs niedrés visos paraugos ir Iidzigs un nav atkarigs no augSanas vietas, bet
kiidrai ir v@rojamas krasas izmainas pat viena purva teritorija — 37,3-46,9% Aknistes
purva.

8. Niedru dabiskais mitrums ir 8-12%, kas ir labs raditajs, jo tas apmierina granulu

f— v =

Hw

o

9. Niedru degSana parastaja krasni nenodroSina pilnigu biomasas sadegSanu, iekartas un
kurinama sagatavosanas tehnologijas ir jaizstrada $ai konkrétajai biomasai.

10. Lubana ezera niedres dod lielaku biomasu, bet to pelnainiba art ir lielaka neka mazaja
Kovsu ezera augoSajam niedrém — attiecigi videji 5% Lubana un 1-2 % Kovsu ezera.

11. Niedru pelnu izvilkuma, salidzinot ar papira un koksnes pelnu izvilkumiem, ir
paaugstinats Sr, As, Ca, Fe, Mg, Mn, Sb, Zn saturs, izteiktas atSkiribas vérojamas Mg, Ca,
Mn, Se, Zn satura.

12. Niedru pelnu izvilkuma pH ir 10, papira pelnu izvilkumam pH=8,4, koksnes pelnu
izvilkumam pH=12.

Summary
Energetic in Latvia is based on EU energetic strategy, and this strategy determines that Latvia
must scale up alternative energy resources used in energy balance. It will increase
independence of energy import and less the political, environmental and economical risks,
which goes with fossil fuel using in energy supply.
One of the perspective local renewable energy resources in Latvia are reeds.
The paper presents the results of investigation of reed resources.
Research objects are reed resources in lakes Lubans and Kovshu and properties of reed
carbon quantity, ashes quantity, natural moisture of reed and contents of heavy metals in
water extract from ashes. Resources were measured by ARC GIS program, which uses aerial
photography. The reed resources of Lubans Lake is 6921 + 1887 tons and it take up 882
hectares of lake.
The energetic parameters of reed were compared with other fuel resources. Were calculated
amount of fossil resources which may be substituted with reed from Lubans Lake. The
investigation shows Reed of Lubans lake can replace 3673,6 tons natural gas, or 3067,2 tons
black fuel oil, 4375,3 — 7438,8 tons coal or 2674,3 tons diesel. That it is possible to use reed
resources to get heat power, and also it is profitable The samples of reeds from lakes Lubans
and Kovshu were compared. The quantity of reeds is different in each lake, investigation
shows, that it is possible to get from 1,6+ 0,4 ton of reed (Kovshu Lake) to 7,8 + 2 ton of reed
(Lubans lake) from hectare. Carbon quantity of reeds is the same in all places of lake and it is
no differences between lakes, it is between 41,9 and 43,8%. Natural moisture of reeds is 8-
12% that is optimal for burning. Ash content in the reeds is different- 5% in Lubans and
about 1-2% in Kovshu lakes. Ashes extract of reeds has larger Sr, As, Ca, Fe, Mg, Mn, Sb,
and Zn concentration than paper or wood ashes extract. The highest differences between
reeds and paper, wood ashes extracts are in Mg, Ca, Mn, Se, Zn quantity. There is a
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differences between pH in ashes extracts, pH in reed ashes extract is 10, pH in wood ashes
extract is 12, and pH in paper ashes extract is just 8,4.
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OGLUDENRAZU ATKRITUMU IVZMANTOSANAS EFEKTIVITATES
PAAUGSTINASANAS ASPEKTI
EFFICIENCY ASPECTS OF HYDROCARBONS WASTE UTILIZATION

Andris LinuZzs
AS ,Latvijas Kugnieciba”,
Elizabetes iela 1, Riga, LV 1807, Latvija
E-pasts: andris.linuzs@yahoo.com

Abstract. One of the fundamental difficulties of Latvia’s economical development is related to state’s
dependency from the import of fuel energy resources and weak use of the local resources: the main fuel of the
local boiler houses using fuel oil imported from CIS countries; local wood and peat used in heat production
constitutes no more than 25%. In the same time it is needed to take in account the new regulations of EU against
fuel oil having concentration more than 1% sulphur. These issues make country to search for new fuel materials
and approaches to raise effectiveness of local energy resources.

Keywords: hydrocarbons waste, utilization, composite fuel.

levads
Péc Latvijas Republikas neatkaribas atgiiSanas par vienu no svarigakajiem ekonomikas
attistibas aspektiem ir kluvusi valsts energétiska drosiba. Pasreizgjas energétiskas jaudas un
infrastruktiira pamata nodroSina valsts vajadzibas. Tome@r attistibas stabilitatei nakotne
nepiecieSams uzmanigi analiz&t iesp&jamos izaicinajumus.
Latvija Sodien ir atkariga no kurinama energgtisko resursu importa. Taja pasa laika vietgja
kurinama baze tiek izmantota vaji: koksne un kiidra, ko izmanto siltuma raZoSanai, kopgja
energijas bilancé aiznem ne vairak ka 25% [2].
Situaciju saasina ar tas, ka saskana ar ES direktivu Nr.1999/32/ ES valstis (tatad arT Latvija)
no 2004.gada 1.maija aizliegts ka kurinamo izmantot mazutu ar séra saturu virs 1mas.%. Lidz
Sim Latvija tika izmantots NVS valstis iepirktais mazuts ar séra saturu (atkariba no Skiras)
1,5-3,5%. Mazuts ar mazaku s€ra saturu ir par 25-30% dargaks. Sakara ar naftas parstrades
dziluma paaugstinaSanos importa apjoms no NVS valstim samazinas [2]. Tapéc aizvien
aktualaks klust uzdevums rast jaunajam eckologiskajam prasibam atbilstoSu kurinamo,
izmantojot viet€jos energoresursus.

Materiali un metodes

Ogludenrazu atkritumu utilizacijas aspektu izpéte notika, pamatojoties uz aktualo
nepiecieSamibu Latvijas Republikas energétikas tirgus sakartosanai, ko nosaka t.sk. Eiropas
Savienibas direktiva Nr.1999/32 par kurinama séra satura ierobezoSanu. Jautajuma izpétei tika
izmantoti Latvijas Republikas Ekonomikas ministrijas un Centralas statistikas parvaldes
apkopotie materiali. AtseviSku kompozito kurinamo veidu sastavu apraksts un analize tika
veikta  Novosibirskas ~ Valsts  tehniskas  universitates  Energgtikas  fakultates
Siltumelektrostaciju katedras Siltumenergétikas laboratorija.

Dazadu kurinamo sastavi tika atlasiti pec kludu logiskas analizes (KLA) metodes, kurinamo
materialu ekonomiskas efektivitates salidzinosai analizei tika pielietoti GAAP (Generally
Accepted Accounting Principles).

Rezultati un to izvertéjums
Rezerves
Latvija ped€jos gados saméra intensivi attistas kurinama razoSana no koksnes atkritumiem,
izveidota un strada kogeneracijas stacija Getlinos, par kurinamo izmantojot biogazi. Diemzé&l
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viens no perspektivakajiem vietgja kurinama izmantosSanas virzieniem — kiidras izmantoSana —
pasreiz ir atstata novarta.

Ka rada 1998.gada PHARE projekta ietvaros kopigi ar Irijas, Somijas un Zviedrijas
specialistiem veiktais p&tijums, riipnieciski izmantojamas kurinama kiidras rezerves Latvija
sastada 230,4 milj. t, to skaita 39,3 milj. t — izstradei gatavas iegulas. Apl&sts, ka, izmantojot
gada ap 0,4 milj. t, So krajumu pietiktu vairak neka 500 gadiem, bet, palielinot kiidras
izmantoSanas apjomu 2020.gada Iidz 0,73 milj. t — 300 gadiem. Pagaidam Sis potencials tiek
izmantots nepietickami. Daudzu kiidras ieguves uznémumu iekartas ir pardotas Igaunijas
uznémumiem, kiidras ieguve ir partraukta, ta vél vairak palielinot bezdarba problémas lauku
rajonos.

Acimredzams, ka So viet€jo energoresursu veidu var un vajag izmantot. V&l jo vairak tapec,
ka salidzinajuma ar mazutu un oglém, dedzinot kiidru pat Sim mérkim dalgji piemérotos katlu
agregatos, atmosfera nonak 5-10 reizes mazak séra dioksida un nesalidzinami mazak
kanceroggna benzapiréna izmesu [1].

Kiidras efektiva izmantoSana

Minéto jautajumu izverte§jums norada, ka perspektivakais vietgjo kurindma resursu

izmantoSanas attistibas cel$ ir kompozita kurinama (KK) razosana, kas ir racionali piemekl&tu

organisko un neorganisko ingredientu (sakotn&ja stavokli skidras, viskozplastiskas un cietas
vielas) konglomerats.

Mingétie ingredienti iedalami tris grupas:

1) skidrie, viskozplastiskie un cietplastiskie oglidenraza atkritumi: mazuta nogulas, naftas
dulkes, izmantotas ellas, skabie gudroni utt. — §is grupas ingredientiem piemit augsta
siltumspégja;

2) Skiedrainas un beramas vielas (kiidra, koksnes atkritumi, malti salmi), kas izpilda
organiskas degoSas pildvielas lomu — tas nodroSina pirmas grupas ingredientu absorbciju,
ta veicinot KK cieta kermena struktiiras veidoSanu un nodrosSinot noteiktu §1 kurinama
siltumspgjas dalu;

3) ingredienti, kas nodroSina sadegSanas procesu aktivgjoso vielu generaciju (pieméram,
brivos elektroniski ierosinatos idenraza un skabekla atomus) — aktivo atomu un molekulu
un smago piesatinato ogliidenrazu mijiedarbibas rezultata notiek oglidenraZa izejvielas
disociacija ar energijas izdaliSanos un augsti molekularu savienojumu radikalu
veidoSanos, kas aktivi piedalas degSanas procesa.

Kurinamajam sadegot, Sie savienojumi reagé ar séra, slapekla, fosfora, oglekla u.c. oksidiem,

ka rezultata veidojas salikti kompleksi savienojumi. Ta ka oksidi ir sasaistiti, to partapSana

gazveidigos sadegSanas produktos biitiski pazeminas, kas savukart paaugstina kurinama
atbilstibu vides prasibam un nodros§ina sanitaro normu ievéroSanu. Lidzigas tehnologijas tiek

aktivi izstradatas un plasi izmantotas daudzas valstis [1].

ST varianta realizacijas piemérs ir KK, kura razo$ana izmanto kiidru (~30%), jélnaftu (~10%)

un iideni (~30%). lesp&jama KK S§kidra varianta sagatavosSana ar noteku, ledus vai naftas

piesarnotu udenu utilizaciju, kas papildus lauj iegiit ekonomiju gan uz ekspluatacijas
izdevumu, gan uz kurinama kaloritates paaugstinaSanas rékina.

Péc dotas tehnologijas iegiitais kurinamais no energétiskas izmantosanas viedokla izcelas ar

ievérojami labakam Tpasibam neka katrs no sakotn&jiem komponentiem. Turklat tehnologija

lauj iegiit kompozitu materialu ar iepriekS definé€tam ipasibam p€c termovertibas, reakcijas

sp&jas un mineralas dalas sastava [4].

Kompozitais kurinamais var tikt razots gan cietu kiidroglu brikeSu, granulu, sféru (iesp&jams

veidot jebkura izmé&ra un formas cieta kompozita kurinama granulas), gan $kidra veida.
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gl,(idrais kompozitais kurinamais (gKK)
SKK ir oglu vai oglu atsiju adeni un kiidras hidrogéla suspensija ar dazu papildus
komponentu piedevu. Ta sadegSanas siltums atkariba no sakotn€jiem komponentiem svarstas
3-6 Gceal/t robezas. Pateicoties kidroglu sastava esoSajam koloidajam kiidras dalinam,
iesp&jams vienkarSot suspensijas razosanu — vairs nav nepiecieSams dalu oglu sasmalcinat loti
mazas dalinas (mazak neka 0,01 mm?®) un uzlabot uzliesmoganas procesu, jo koloidas kidras
dalinas uz izsmidzinato pilienu virsmam atrak un vieglak veido cieto kartu, bet iekSpusé
pilieni specigak notur tideni, kas ir nepiecieSsams efektivai degSanai.

1.tabula
SKK raksturlielumi
SKK komponenti un raksturlielumi Iekura SKK | Darba SKK SKK-1
Akmenogles, masas attieciba 0,50 0,65 0,30
Nafta, naftas atkritumi, masas attieciba 0,35 0,10 0,15
Kidras Zeleja, masas attieciba 0,15 0,15 0,55
Udens, masas Tpatsvars kiidras sastava 30% zelejas 0,10 30% zelejas
sastava sastava
Kaloritate, kcal/kg 6,20 5,00 4.00

2.tabula sniegta 1 Gcal siltuma izstrades izmaksas Latvija dazadiem kurinama veidiem, nemot
vera katlus lietderigas darbibas koeficientu vid€jos raditajus (atbilstoSi razotaju datiem).
Atsevisku energijas resursu (nafta, dabasgaze, ogles u.c.) izmaksam par pamatu ir pienemti
2009.gada I ceturk$na vidgjais tirgus cenu limenis, jaudas izdevumi — 7 kWh/t SKK un cieto
kurinamo putek]u sagatavo$anas sistémai — ir ietverti attiecigo SKK cena.

2.tabula
1 Gcal siltuma (kurinama sastavdala) izstrades vertiba Latvija
Kurindmi veids Geallt Katla Kurinama 1 Gcal cena,

efektivitate cena, USD/t usb
SKK-1 4,00 0,96 48 12,50
Tekura SKK 6,20 0,96 109 18,31
Darba SKK 5,00 0,96 80 16,67
Dabasgaze 11,55 0,93 300 27,93
Mazuts 9,70 0,90 370 42,38
Ogles 4,60 0,75 80 23,19
Koksnes granulas 4,30 0,82 82 23,26
Gabalktdra (mitrums 2,50 0,82 20 9,76
33%)
Nafta 9,70 0,82 440 55,32

SKK, tapat ka tidens un oglu emulsijas, p&c reologijas Ipasibam ir nestandarta $kidrums, bet
pec ekspluatacijas 1pasibam kurinamais, kas ienem starpstavokli starp mazutu un tdens un
oglu kurinamo (UOK) un ir paredz&ts mazuta katlumajam un TES apkures saimniecibam. Tas
ir letaks un ar zemaku séra saturu neka mazuts. Zemas temperatiras SKK ir zemaka
viskozitate neka mazutam, pirms parsikné$anas to nevajag uzsildit. SKK var bit pilnvértigs
mazuta aizvietotajs katlumajam. Janomaina tikai mazuta degli. No tidens un oglu kurinamiem
(pieméram, Ekovut) SKK atikiras ar augstaku kaloritati, lielaku noturibu un augstaku
reakcijas sp&ju. Tas vairak satur gaistoSo vielu, labak uzliesmo un atrak izdeg, turklat
praktiski nav abrazivs, jo svértas dalinas ir segtas ar strukturétu koloido plévi, kas kalpo par
sava veida smeérvielu.
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Cietais kompozitais kurinamais (CKK)
CKK ir konkuretsp&jiga alternativa oglém un paredz€ts izmantoSanai verdoSas kartas
kurtuves, kurtuvés ar kartu dedzinasanu un dzivojamo maju krasnis. Sis kurinama ieguves
tehnologijas pamata ir zemskiras un zemas reakcijas cieta kurinama briketésana, ka piedevu
izmantojot kiidras Zeleju. Var izmantot jebkuras sadaliSanas pakapes kiidru un dazadu marku
un Skiru pelnus, antracitu, akmenogles, briinogles, ieskaitot bezvertigus sabirzumus,
oglriipniecibas atsijas, oglu bagatinaSanas atkritumus un dulkes, ogles saturoSus iezus un péc
specialas apstrades tehniskas gumijas atkritumus.
CKK piemit augsti energgtiskic raksturlielumi — atkariba no izvirzitajam prasibam iegiito
brikesu sadegSanas siltums ir 17-25 GJ/t (analogisks oglu efektivitates ekvivalents ir aptuveni
29 GJ/t). Tas ir kompakti transport€jamas jebkuros attalumos.
Sim kurinamajam raksturiga augsta sadeganas pakape, kas iev@rojami paaugstina ta
izmantoSanas efektivitati un kurtuves lietderibas koeficientu. CKK briketes var efektivi
izmantot arT sadzives vajadzibam (krasns kurinasanai). ST tehnologija ir pilniba bezatkritumu
un ckologiski tira. P&d&jos gados ir izstradatas droSu un nedargu dispergatoru un
dezintergratoru konstrukcijas, kas lauj iegit smalkus pulverus no cietiem substratiem,
slip&jumus un razot dzili dispersas, homogénas suspensijas, tapec ir visi priekSnosacijumi KK
rupnieciskai ievieSanai. CKK izgatavosana nav energoietilpiga, nav vajadzigas metalietilpigas
konstrukcijas. lesp&ams izgatavot jebkura raZziguma CKK raZoSanas Iiniju, kas spgj
nodros$inat ar kurinamo ka vienu, ta ar1 veselu virkni katlumaju [3].

Secinajumi

Analizgjot jauno tehnologiju potencialu, nakas atzit, ka Latvija pastav laba iesp&ja izmantot

vietéjos energoresursus un nodro$inat katlumajas ar ekologijas prasibam atbilstoSaku un

kalorijam bagataku kurinamo neka mazuts un ogles. Ipasi izdevigi bitu organizét KK
razoSanu ostas, kur ne tikai parkrauj ogles, kiidru un naftu, bet arT nodarbojas ar oglu apstradi.

Lidz ar to varétu iegut 1&tas oglu atsijas, izmantot naftas atkritumus, notekiidenus, naftas

sarnus, solarellu, izmantotas ellas, ka ar1 atrisinat oglu un naftas atkritumu utilizacijas

problému. Turklat kompozito kurinamo ekonomiska efektivitate buis vel augstaka neka miisu
aprekinos, jo oglu un naftas atkritumu izmantoSana samazinas razota kurinama gala vertibu.

Jaunas tehnologijas un vietgjo energoresursu izmantoSana kompozito materialu razo$ana lauj:

e paaugstinat energétisko drosibu;

e palielinat energétisko resursu izmantoSanas efektivitati,

e uzlabot ckologiskos raditajus (likvidét puteklu rasanos transportéjot un parstradajot,
pazeminat slapekla oksidu, s€ra, ka ari cieto puteklu dalinu izmetes) kurinama
sadedzinasana;

e jegit energétisku kurinamo uz vietéjas izejvielas bazes rajonos, kur ir apgrutinata

tradicionala kurinama ieveSana;

paaugstinat mazas energgtikas iericu ekspluatacijas vispargjo kulttru;

izmantot oglu raZoSanas atkritumus, naftas sarnus, izmantotas ellas;

iegiit energétisku kurinamo ar ieprieks uzdotiem kvalitativiem raksturlielumiem;

iegtt divas reizes létaku energétisku kurinamo salidzinajuma ar tradicionalajiem;

ieglit energétisku kurinamo ar ieveérojami labakiem raksturlielumiem neka ta razoSana

izmantotajam izejvielam,;

e izveidot autonomas parvietojamas mini ripnicas ar mazu darba razigumu modulu
izpildjjuma ar iesp&ju palielinat to darba raZigumu patérétajam nepiecieSamajos apmeros;

e ar nelielu tehnologijas korekciju iegiit ekologiski tiru kurinamo no netiriem tideniem vai
apudenota mazuta;

e pazeminat energijas ieguves vertibu uz letaka energonesg€ja izmantosanas rékina.
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Summary

The potential of new technologies in Latvia allows to utilize the local energy resources by
developing the production of composite fuel and provide the boiler houses with fuel that with
greater conformity to ecologic requirements and more calories than black fuel oil and coal.
The most convenient place to organise the production of composite fuel would be the
reloading and storage terminals of the coal, peat and oil. That way it would be possible to
obtain cheap coal siftings, use oil refuse, sewage, oil slag, solar oil, waste oils, as well as
solve the utilisation problem of coal and oil waste.
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RESURSU TAUPOSAS UN VIDI SAUDZEJOSAS TEHNOLOGIJAS
MEKLEJUMI RAPSA AUDZESANA
SEEKING OF THE RESOURCE-SAVING AND ENVIRONMENT-SPARING
TECHNOLOGIES WITHIN RAPE GROWING

Lilija Borovko
LLU agentiras Zemkopibas zinatniskais instittits
Zemkopibas inst. 7, Skriveri, Aizkraukles raj., Latvija
E-pasts: borovko@inbox.Iv

Abstract. In order to obtain high, qualitative and economically profitable rape yield one needs
wholesome and integrated manure, with the aim to ensure the plants' needs for nutritive components and to
renovate the soil fertility as well. During 2005 - 2007 there was carried research on the increasing rates of
potassic mineral fertilizers K, - Kigo against the background of nitrogen fertilizers Ngo and Ngg+40. Using
nitrogen fertilizer 80-120 kg ha™ the obtained yield increase was remarkable indeed: 0.49-1.09 t ha™.
Increased potassium rate Kgg - Kigo €nsured the yield growth up to 0.17-0.42 t ha™ The highest oil content
48.22-48.89% was ensured by potassium rate Kigo. Optimal and economically grounded manure rate is
N120PsoKso kg ha™ with the yield level 2.50 t ha™ and the oil outcome 1086 kg ha™. In 2007 and 2008 there
was carried research on the rates of stick matter AVENTROL (0.7 and 1.0 | ha™), and its impact on rapeseed
yield and quality. In spring rape sowings the yield increase was 0.49-0.78 t ha™, but in winter rape sowings —
0.72-1.03 t ha™’. The seed humidity, at harvest time, was diminished by 2-6 %. The content of oil in seeds
incgeased by 0.52-1.49 %. The use of the preparation AVENTROL ensured the net income: 57,7 - 161,7 EUR
ha™.

Keywords: mineral fertilizers, oil yield, rape, seed yield, stick matter.

levads

Rapsa audz&$ana péc intensivam tehnologijam ir saistita ar mineralméslu un augu
aizsardzibas kimisko Iidzeklu plaSu izmantoSanu, kuru nepardomata un nesabalanséta
lietoSana var kaitét cilvéku veselibai un izraisit apkart€jas vides piesarnosanu. Eiropas
Savienibas Nitratu direktivas (EEC/91/676) un Labas lauksaimniecibas prakses (LLP)
nosacijumos tiek noradits, ka turpmak ir jasamazina saimnieciskas darbibas negativa ietekme
uz vidi un janover§ dabas pamatresursu neracionala izmantoSana. Tas savukart norada uz to,
ka ir nepiecieSams izstradat vidi saudzgjoSu rapSa audzeSanas tehnologiju, Tpasu uzmanibu
pieveérSot meésloSanas un augu aizsardzibas Iidzeklu pielietoSanas samazinasanai.
Rietumeiropa ir veikti petijumi par slapekla mineralméslu devu ietekmi uz rapSa razu un
kvalitati [1,2,3]. legiitie dati par kalija un slapekla mijiedarbibas ietekmi uz vasaras rapSa razu
un tas kvalitati ir pretrunigi [4,5,6,7]. Ped&os gados ari Latvija ir veikti pétijumi par
mineralméslu normu ietekmi uz vasaras rapSa razu un kvalitati [8].

Lauksaimniekiem triikst informacijas par Latvijai piemérotam resursus taupoSam rapSa
audzesanas tehnologijam, lai samazinatu negativu ietekmi uz vidi un vienlaikus nodro§inatu
ekonomiski un ekologiski pamatotu kvalitativu produkcijas iznakumu. Svariga rezerve rap$a
kopraZzas ieguvei ir ne tikai razas palielinasana, bet arl raZzas zudumu samazinasana
novaksanas laika. Svarigs uzdevums ir panakt, lai s€klas pirms laika neizbirtu no paksteniem
zemé€. Razas zaud€jumi var sastadit 20-30% un vairak atkariba no klimatiskajiem apstakliem
[9]. Misu meérkis bija izpétit dabiskas lipvielas Aventrol pielietoSanas iesp&jas pakstenu
aizsardzibai pret s€klu izbirSanu rapSa s€jumos.

Materiali un metodes
Rapsa audzesanas tehnologijas pilnveidoSanai Zemkopibas zinatniskaja instittta Skriveros
2005.-2007.gada veikti lauka izméginajumi, lai noskaidrotu slapekla un kalija méslojuma
devu ietekmi uz vasaras rap$a hibrida ‘Terra’ razibu un produkcijas kvalitati. [zm&ginajums
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iekartots velénu vaji podzoléta un vidgji iekultivéta malsmilts augsné. Augsnes reakcija
pHkci— 6,0-6,2, P,0s — 262-318 mg kg™, K,O — 157-163 mg kg™, Ca — 980-1320 mg kg™,
Mg — 144-168 mg kg'l, organiskas vielas — 2,7-3,5% un kopslapekla saturs — 0,12-0,17%.
Tika pétitas kalija mineralméslu piecaugosas normas Ko, Kgo, Kizo, Kigo uz diviem slapekla
méslojuma foniem Ngp Un Ngo+40, ka arT paaugstinata kalija norma (Kzgp) Ni12o fona. Fosfora
méslojuma norma visos variantos — 60 kg ha™* P,Os, Méslojums iestradats augsné pirms s&jas.
Slapeklis Ngo papildméslojuma dots rapsa 2-3 lapu fazé. Izméginajuma pielietoti
mineralmésli: amonija nitrats, vienkarSais superfosfats un kalija hlorids. Izmé&ginajums
iekartots rendomizé€ti 4 atkartojumos. Viena laucina uzskaites platiba — 22,5 m.
2007.-2008.gada veikti lauka izm&ginajumi, lai noskaidrotu preparata ‘Aventrol” ietekmi uz
ziemas rapSa hibrida ‘Banjo’ un vasaras rapsa hibrida ‘Terra’ s€klu razu un kvalitati. Tika
parbauditas divas devas — 0,7 un 1,0 | ha, salidzinot ar kontroli (bez apstrades). Preparatu
lietoja, kad lielakajai dalai augu pakstenu krasa saka mainities no tumsi zalas uz gaisi zalu (3
nedglas pirms razas novaksanas).
Seklu razas noteikSanai izmanto formulu:
_ a(lOO-B]_)
~ 100-B; (1)
kur
x — seklu raza pie standarta (8 %) mitruma, t ha™*;
a — seklu raza pie novaksanas, t ha'l;
B, — faktiskais mitrums, %;
B, — standarta mitrums, %.
Seklu kimiskas analizes nosaka péc $adam metodém:
e koptauki — ekstrahgjot ar $kidinataju BR-2;
e kopproteini — fotometriski.
Ellas iznakumu no hektara nosaka péc formulas:
A=YxKxZ, 2
kur
A — ellas iznakums, k% hat;
Y —seklu raza, kg ha™;
K — sausnas koeficients;
7. — tauku saturs, %.
Seklu razas datu matematiska apstradé izmantota vienfaktora dispersijas analizes metode ar
MS Excel ANOVA programmu [10].

Rezultati un diskusija
Kultiiraugu razas palielinaSanai tradicionali visa pasaulé 1pasu véribu pieverS baribas vielu
reZima reguléSanas jautajumiem pie minimala piesarnojuma riska limena, kas nepiecieSams
ilgtsp&jigas lauksaimniecibas normativu un tehnologiju izstradei.
Viens no svarigakajiem vasaras rap$a audzéSanas tehnologijas agrotehniskajiem parametriem
ir slapekla meslojuma devu noteikSana.
Izméginajuma veiktie pétijumi rada, ka slapekla méslojuma devas ietekmé rapsa attistibu.
Palielinot slapekla devu, palielinajas auga garums, picauga vegetativa masa, veidojas jauni
sanu zari, kuru ziedéSana un nevienmériga nogatavoSanas ietekméja vegetacijas periodu.
Slapekla méslojuma normas Ngg Uun Niz (Pgo fona) nodrosinaja biitisku rapsa séklu razas
pieaugumu — 0,49 un 1,09 t hat (RSp0s = 0,12 t ha'l) salidzinajuma ar kontroli (NoPoKjp).
Palielinot kalija normu no Kgp Iidz Kj60 (NgoPeo fona), iegiits razas pieaugums 0,66-0,91 t ha,
bet N150Peo fona — 1,23-1,33 t ha'l, saltdzinot ar kontroli (1.tabula).
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1.tabula
NPK méslojuma ietekme uz vasaras rapsa razu un tas kvalitati (2005-2007)

Seklu Razas . Razas Ellas Kop- Koptauki
Varianti raza, pieaugums, pkleaug;nlzs, iznakums, | proteins, Op(yau g

tha' tha g Ir\]IIODK g kg ha* % 0
1. NoPoKo 1,27 - - 551 21,20 47,18
2. NgoPsoKg 1,76 0,49 3,5 77 21,58 47,98
3. NgoPsoKso 1,93 0,66 3,0 855 21,12 48,13
4. NgoPeoK120 2,02 0,75 2,9 900 21,21 48,45
5. NgoPsoK160 2,18 0,91 3,0 981 21,28 48,89
6. N120PsoKo 2,36 1,09 6,1 1017 23,12 46,82
7. N120PeoKso 2,50 1,23 47 1086 22,58 47,23
8. N120PsoK120 2,59 1,32 4,4 1139 22,79 47,80
9. N120Pe0oK1s0 2,60 1,33 3,9 1153 22,89 48,22
10. N120PsoK2g0 2,58 1,31 3,4 1127 22,75 47,46
RS 0,05 0,12 134,02

Izméginajuma rezultati rada, ka kalija m&slojums bitiski palielindja vasaras rapSa séklu razu
un nodroginaja razas pieaugumu 0,17-0,42 t ha™. Vislielaka seklu raza — 2,60 t ha™ — un ellas
iznakums — 1153 kg hat — ieglts varianta Ni2oPso Kio. Optimala un ekonomiski pamatota ir
mélslojuma norma N120PgoKgo Kg hat pie razas Iimena 2,50 t ha™t un ellas iznakuma — 1086 kg
ha™.

Pielietojot NPK méslojumu, vasaras rapsa s€jumos koptauku saturs s€klas atkariba no
pielietotas méslojumu devas bija 47,98-48,89%, salidzinot ar kontroli — 47,18%. Uz slapekla
un fosfora fona NgoPsy un NixoPso augstaku koptauku saturu — 48,89% un 48,22% -
nodrosinaja Kjgp NOrma.

Slapekla un fosfora méslojuma NgoPgp ietekmée ellas iznakums palielinajas par 226 kg ha™, bet
N120Pgo — par 466 kg ha™, salidzinot ar kontroli. Kalija méslojums 80-160 kg ha™ NgoPg fona
nodroSinaja 78-204 kg ha ellas iznakuma piecaugumu, bet NizoPgo fona — 63-136 kg ha™.
Izmeginajuma rezultati rada, ka lielaka efektivitate kalija méslojumam bija zemaka slapekla
fona.

2.tabula
Preparata Aventrol pielietoSanas ietekme uz vasaras rapsa razu un tas kvalitati
(2007-2008)

Variant Prepardta | gop 1yzq | RoZas _ Ellas Kop- Koptauki,
arianti deva, t ha'l pieaugums, | iznakums, roTns. % y
| ha't tha kg hat | Prorems 7o 0
\Vasaras rapsis
Kontrole | Bez apstrades 2,43 - 992 22,64 44,38
Aventrol 0,7 2,92 0,49 1206 22,04 44,90
Aventrol 1,0 3,21 0,78 1384 21,21 45,87
RSggs 0,24
Ziemas rapsis
Kontrole | Bez apstrades 3,60 - 1740 14,96 52,53
Aventrol 0,7 4,32 0,72 2112 14,83 53,15
Aventrol 1,0 4,63 1,03 2277 14,46 53,46
RSogs5 0,21
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Izméginajuma iegutie rezultati rada, ka lipvielas Aventrol pielictoSana ar mérki aizsargat
pakstenus pret seklu izbirSanu bija loti efektiva. Visaugstaka seklu raza vasaras rapSa hibrida
‘Terra’ s&jumos — 3,21 t ha' — iegita, piclietojot 1,0 1 ha™ Aventrol devu. Seklu raZas
picaugums sastadija 0,78 t ha™ jeb 32,1%, kas ir bitiski, salidzinot ar kontroli (2.tabula).
Rapsa s€jumu apstrade, pielietojot 0,7 1 ha Aventrol, ari nodroSinaja bitisku razas
pieaugumu — 0,49 t ha™ jeb 20,2%, salidzinot ar kontroli. Seklu mitrums razas noviaksanas
laika samazinajas par 4-6%. Pie apstrades devas 0,7 1 ha™ sgklu mitrums bija 16%, pie devas
1,0 | ha! — 14,0%, kontroles varianta (bez apstrades) — 20 %.

Ziemas rap$a s€jumos s¢klu razas picaugums sastadija 0,72-1,03 t ha? atkariba no preparata
devas. Seklu mitrums razas novakSanas laika samazinajas par 2-4%. Preparata Aventrol
pielietoSana nodroSindja vasaras rapSa 1000 s€klu masas pieaugumu par 10% un ziemas rapSa
par 5-7%.

Lipvielas Aventrol pielietosana ietekmgja rapsa séklu kimisko sastavu. Kopproteina saturs
vasaras rapSa s€klas samazinajas par 0,6-1,43%, bet koptauku saturs palielinajas par 0,52-
1,49%. Ziemas rapSa s€klas kopproteina saturs samazinajas par 0,13-0,5%, bet koptauku
saturs palielindjas par 0,62-0,93%. Vislielakais el]las iznakums — 1384 un 2277 kg ha™ —
vasaras un ziemas rapsa séjumos iegits tur, kur apstrades deva bija 1,0 1 ha™.

Lauka izm@ginajumi rada, ka preparata Aventrol pielictoSana, lai samazinatu razas
zaud€jumus, ir ekonomiski efektiva (3.tabula).

3.tabula
Preparata Aventrol lietoSanas ekonomiska efektivitate rap$a s¢jumos
Prerapata Razas Bruto Izdevumi Neto Rentabilitate,
deva, pieaugums, pelna, uz 1 ha, ienémumi, %
| ha™ tha EUR EUR EUR
\asaras rapsis
0,7 0,49 1225 64,8 57,7 47,10
1,0 0,78 195,0 80,6 1144 58,67
Ziemas rapsis
0,7 0,72 180,0 83,0 97,0 53,89
1,0 1,03 257,5 95,8 161,7 62,80
Izmaksas:

- Aventrol - 23,0 EUR I';

- preparata izsmidzinaSana — 10,0 EUR ha’l;

- seklu kalte$ana - 9,0 EUR / t* %;

- seklu tirisana — 7,0 EUR tha™;

- séklu iepirkuma cena — 250,0 EUR t™.

Ekonomiskie aprékini rada, ka preparata Aventrol pielietosana vasaras rapsa s€jumos deva
jenemumus 57,7-114,4 EUR ha®, un ziemas rapsa sgjumos — 97,0-161,7 EUR ha™.
Vislaugstﬁké rentabilitate — 58,67-62,80% — iegita, pielietojot lipvielas Aventrol devu — 1,0 |
ha™.

Secinajumi
Slapekla méslojums 80-120 kg ha™ biitiski ietekm&ja vasaras rap$a séklu razu un nodroginaja
s€klu razas picaugumu 0,49-1,09 t ha. Kalija normas paaugstinaSana Kgp - Kigp nodrosinaja
razas pieaugumu 0,24-0,42 t ha™. Augstako koptauku saturu — 48,22-48,89% — nodroindja
K160 norma. Optimala un ekonomiski pamatota méslojuma norma ir N120PeoKgo kg ha pie
razas Iimena 2,50 t ha™* un e]las iznakuma 1086 kg ha™.
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Lipvielas Aventrol lictoSana séjumos rapSa nogatavosanas laika nodro§inaja razas picaugumu
0,49-1,03 t ha™ un deva tiro ienakumu 57,7-161,7 EUR ha™. Aventrol piclictosana pozitivi
ietekméja koptauku uzkrasanos seklas. Vislielako ellas iznakumu — 1384-2277 kg ha™ —
vasaras un ziemas rapsa sgjumos nodroginaja deva 1 1 ha™.

Summary
The field trials were aimed at both determining the role played by nitrogen and potassium
fertilizers in the increase of the spring oilseed rape seed yields and seed quality, and finding
optimal nitrogen and potassium nutrition for the purpose of use of oilseed rape biological
potential. Field trials was carried out on soddy - podzolic sandy clay pH- 6.0, organic matter
content 27 g kg™ (method of Turin), P,Os content (high) 262 mg kg™, K»O content (medium)
157 mg kg™ (DL method). Prior to sowing the spring oilseed rape “Terra™. The effect of
growing rates of potassium fertilizer (Ko; Kso; Ki20; K1) upon the yield and quality of spring
rape was tested at two nitrogen levels (Ngo and Ngo+40).
The results of 2005-2007 show that nitrogen and potassium fertilizers on background Pg
provided the seed yield 1,93 - 2,60 t ha™’. Introduction of nitrogen 80-120 kg ha™ resulted the
yield increase 0,49-1,09 t ha™. The increase of seed yields is significant in comparison with
the control (NoPoKo). On nitrogen and phosphorus background NgoPso, When increasing the
norms of potassium from Kgo to Ky there was obtained essential yield increase — 0,66-0,91 t
ha in comparison with control, but in comparison with the treatment NgoPsoKo the highest
yield increase — 0,42 t ha! was ensured by the K160 norm. On the background of Ni,0Pgo the
changes within the variants were not essential, but in comparison with control there was
obtained the yield increase - 1,23-1,33 t ha™.
Applying NK fertilizer within spring rape sowings the oil content within seed depending on
the applied fertilizer norm was 46,82-48,89 % and protein content — 21,12-23,12 %. On the
backgrounds of nitrogen and phosphorus NgoPso and Ni20Pgo higher oil content 48,89% and
48,22% was ensured by Kigo norm.
The results of three-year field trials show that the introduction of nitrogen and potassium
fertilizers at the rate from NgoKgo-160 t0 N120Ksgo-160 KQ ha' considerably increases the harvest
of spring oilseed rape. The better treatment was N120PeoK160, What ensured average yield - 2,60
t ha™! and yields of oil — 1153 kg ha™.
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REGIONALO APSTAKLU UN RAZOSANAS RESURSU
KONCENTRACIJAS IETEKME UZ RAPSA SEJUMU RAZIBU
THE IMPACT OF CONCENTRATION OF REGIONAL CONDITIONS AND
PRODUCTION RESOURCES ON THE SOWING PRODUCTIVITY

Lilija Borovko, Liga Ruza
LLU agentiras Zemkopibas zinatniskais instittits
Zemkopibas inst.7, Skriveri, Aizkraukles raj., Latvija
E-pasts: borovko@inbox.lv, liga@Ilatraps.Iv

Abstract. The implementation of long-termed Latvia’s development envisages the bio-fuel producing.
It has been stated: the bio-fuel producing must use, in the first place, the agricultural resources grown within
Latvia's territory. Among the main bio-fuel producing resources ranks rapeseed, and in Latvia developed
industrial rapeseed producing connected with the concentration of agricultural resources, and the regional
specialization. Especially actual is the research of the regional conditions and the impact of the concentration
of production resources on the productivity of rape sowings. Our research showed that the most important
rapeseed producers are the big enterprises concentrating the three fourths of the total rape sowings. One fifth
of the total rapeseed sowings take medium-make farms, nevertheless the specific weight of the total rapeseed
yield within this group is for one third lower than within the big enterprise group. Very few smaller farms grow
rape, and small-scale farms don't grow it at all. Rapeseed productivity remarkably differs form one region to
the other, and is determined not by natural factors (soil, climate etc.) alone, but, to a great extent, by the
resources (manure, plant protection means) used per one territory unit as well.

Keywords: oilseed rape, sowing area, productivity, production.

levads

Lidz ar augu ellas patérina pieaugumu partika un fosilo izejvielu resursu samazinaSanos,
pasaulé tieck meklétas iesp&jas kardinali palielinat saules energijas uzkrasanos augos un to
seéklas, lai jaunos bioenergijas resursus parstradatu degviela, siltuma energija un citos veidos.
Par vienu no tadam kultliram tiek atzits rapsis, kas ka augu ellas ieguves avots ir pieskaitams
pie atjaunojamo energoresursu izejvielam. Lidz ar to rapsis ir kluvis par otro lielako augu
ellas ieguves avotu pasaulé un visplasak audzeto ellas augu Eiropa. Par rapSa audzeSanas
pienemtaja Latvijas Republikas valdibas tautsaimniecibas attistibas programma. Tas ir ]oti
svarigs pieradijums tam, ka Latvijas Republikas neatkaribas atjaunoSanas laika rapSa
audzeSana bija Joti nopietna un tam bija stabila atzita vieta Latvijas ekonomika [1].

Latvija attistas rapSa s€klu riipnieciskd razoSana, kas saistita ar lauksaimniecibas resursu
koncentraciju un regionalo vai intraregionalo specializaciju. Masu darba mérkis bija izpé&tit
regionalo apstaklu un razoSanas resursu koncentracijas ietekmi uz rap$a séjumu razibu.

Materiali un metodes
Pétijuma uzdevumu risinasanai izmantoti Lauku saimniecibu uzskaites datu tikla (SUDAT)
un Centralas statistikas parvaldes (CSP) dati un specialas publikacijas [2,3,4,5]. Izmantota
dinamisko laikrindu analizes metode, indikatoru izkliedes aprékini, analizes un logisko
interpretaciju metodes.

Rezultati un diskusija
Statistisko datu (SUDAT un CSP) izpéte un analize rada, ka Latvija rapSa audze&Sanas
verienigumam ir tieSa un cieSa sakariba ar saimniecibu ekonomisko lielumu: rapsa sgjumu
platibas un to patsvars s€jumu kopplatiba konsekventi un strauji palielinas katra nakamaja
saimniecibu ekonomiska lieluma grupa, un lielajos uznpémumos rapsa s€jumu Tpatsvars jau
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tuvojas agrotehniskajam maksimumam. Nozimigakie rapSu s€klu razotaji ir lielie uznémumi,
tajos koncentr&jas tris ceturtdalas no rapsa s€jumu kopplatibas Latvija ar seklu koprazu 82%
no visu saimniecibu rapSa s€jumu koprazas. Lielakas rapSa s€jplatibas vid€ji viena
saimnieciba ir Zemgales 1 regiona (Bauskas, Jelgavas un Dobeles rajoni), kura ir ari
procentuali lielakais lielsaimniecibu Ipatsvars. Saja regiona gandriz visu lielumu saimniecibas
rapsa s€jplatibu Tpatsvars kopgja s€jumu struktiira ir salidzino$i augsts — 16,1-19,4%. Latgales
regiona, pieaugot saimniecibu lielumam, palielinas ari rapSu sgjplatibas vid&ji viena
saimnieciba, un Iidz ar to pieaug arl rapSu Ipatsvars sg¢jumu struktira. Kurzemé rapsa
audze€sanai pieversusas tikai dazas saimniecibas, jo regiona vid&jais rapSa s€jumu ipatsvars ir
mazs, bet tas biitiski palielinas lielajos, sp&cigajos lauksaimniecibas uznémumos [6].
Razibas analize dazados Latvijas regionos un apaksregionos liecina, ka augstakas razas tick
ieglitas Zemgales 1 apaksregiona un ar viszemakajam svarstibam starp dazada ekonomiska
lieluma saimniecibam (1.tab.).

1.tabula
Raps$a séjumu raziba dazada ekonomiska lieluma (ELV) saimniecibas Latvijas regionos

un SUDAT apakSregionos 2005.-2006.gada

Regioni Rapsa séklu raiba saimniecibu ELV grupas, t ha ™ Razibas izkliede
un ( augstakas
apaks- 16<40 40<100 100<250 >250 attieciba pret
regioni zemako), %
Gadi 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 2006
Pieriga 1 0,9 1,0 3,7 2,1 - - 4111 210,0
Pieriga 2 1,7 05 2,3 1,8 2,2 19 - 135,3 360,0
Vidzeme 1,7 11 2,1 1,0 1,8 2,1 - 123,5 210,0
Latgale 1,2 15 1,0 1,0 1,3 1,1 - 130,0 150,0
Kurzeme 19 12 2,6 1,0 1,7 1,6 - 152,9 |160,0
Zemgale 1 2,2 1,8 2,6 1,5 2,5 2,0 2,8 2,1 112,0 140,0
Zemgale 2 0,6 0,8 2,3 0,7 - - 383,3 1143

Avots: SUDAT LVAES dati un autores aprékini

Visos regionos 2005.gada saimniecibas ar 16<40 ELV rapsa s€klu raziba ir zemaka neka
nakamaja 40<100 ELV ekonomiska lieluma saimniecibu grupa. Saja saimniecibu grupa
razibas raditajs starp dazadiem regioniem daudzmaz izlidzinas, iznemot Latgales regionu,
kurd ir viszemakais razibas raditajs — tikai 1 t ha™. Nakamaja saimniecibu grupa, t.i., 100<250
ELV, razibas izkliede starp atseviskiem regioniem ievérojami pastiprinas. Ipatngjakais tas, ka
Saja saimniecibu grupa visos regionos raziba ir nedaudz zemaka, salidzinot ar ieprieksgjo
grupu, iznemot Latgales regionu, kura ir v€rojama neliela razas pieauguma tendence.
Jaatzimg, ka Pierigas un Zemgales 2 apaksSregionu saimniecibas ar vairak ka 100 ELV rapsis
praktiski netiek audzets, bet saimniecibas ar vairak ka 250 ELV rapsi praktiski neaudze
neviena regiona, iznemot Zemgali 1, kur iegiist ari visaugstakas razas — 2,8 t ha™. Sajas
grupas acimredzot saimniecibu lielakie ienakumi tiek iegiiti no citiem razoSanas veidiem.

2006.gads visos regionos kopuma bija ievérojami mazrazigs, ta¢u dazados regionos un
saimniecibu EVL grupas nav izteikti noteiktas sakaribas. Mazo saimniecibu grupa regionos,
kuros 2005.gada bija lielakas razas — virs 1,5 t ha™, vérojams bitisks razas samazinajums,
tacu regionos ar loti zemu razibas Iimeni (Pieriga 1, Latgal€, Zemgal€ 2) ar1 2006.gada iegiita
lidzvertiga vai pat nedaudz augstaka raza. 40<100 ELV grupa esoSas saimniecibas 2006.gada
izjuta vislielako razibas samazinajumu, salidzinot ar iepriek$€jo gadu. Var teikt, ka
saimniecibas ar augstakiem raZzibas raditdjiem relativi ir jutigakas pret nelabvéligiem
meteorologiskajiem apstakliem. Ka redzams no aprékiniem (1.tab.), milziga atSkiriba ir starp
regioniem, tomér svariga pazime ir ta, ka ST izkliede lielo saimniecibu grupa krasi samazinas.
Var secinat, ka rapSa audzéSana Zemgales 2 regiona (Jékabpils un Aizkraukles rajons) un
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Pieriga, ka arT Latgales regiona ekonomiski nav attaisnojusies. Tacu no divu gadu datiem
nevar pienemt stratégiskus 1émumus, tapéc talak analiz§jam razibas dinamiku katra
ekonomiska lieluma grupa (2.tab.).
2.tabula
Rapsa séklu razibas dinamika Latvijas regionos 2002.-2006.gadu perioda

Regioni 2004. | 2005. 2006. Vidéji 3 gados, Razibas izkliede, %

tha' | tha! | tha” tha™
(40<100 ELV) lauksaimniecibas uzp€mumu grupa
Vidzeme 1,7 2,1 1,0 1,6 210,0
Latgale 1,3 1,0 1,0 11 130,0
Kurzeme 1,7 2,6 1,0 1,7 260,0
Zemgale 1 2,3 2,6 15 2,1 173,3
Zemgale 2 2,1 2,3 0,7 1,7 328,6
Razibas izkliede starp 176.9 | 2600 2143 190.9 )

regioniem, %

(100<250 ELV) lauksaimniecibu uznp€mumu grupa

Vidzeme 1,7 1,8 2,1 1,9 123,5
Latgale - 1,3 11 1,2 118,1
Kurzeme 0,9 1,7 1,6 14 188,9
Zemgale 1 2,3 2,5 2,0 2,3 125,0

Razibas izkliede starp

regioniem, % 255,5 | 192,3 190,9 1917 -
s /0

Avots: autoru apreékini péc SUDAT datiem

Analizgjot tris gadu datus, ir redzams, ka rapSa s€klu razibas Itmenis ir loti atSkirigs

analiz€tajos regionos un §Ts atSkiribas nemazinas. Lielakajos (40<100 ELV) lauksaimniecibas

uznémumos Zemgales 1 regiona vidgja raza gandriz divreiz augstaka neka Latgalé. Loti

atSkirigs ir razu stabilitates limenis katra regiona. Vismazakas svarstibas ir Latgales regiona,

kur rapSa séklu raza vienadi zema visa analiz€jamaja perioda, bet stabili visaugstakas razas ir

Zemgales 1 regionos. Arkartigi nedroas, nestabilas rapsa seklu razas ir Zemgales 2 regiona.

Zemo un nestabilo razu c€loni var bt vairaki vai kads no Siem:

e zinasanu trikums saimniekam rapSa audzé$anas tehnologija un agrotehnika, ka ari
biologija;

e nepreciza rapSa audz&Sanas tehnologijas ievérosana;

e rapSa s€jumu izvietoSana tiem mazpiemerotas vai nepietickami iekultivétas augsnés.

Salidzinot séklu raZibas dinamiku (40<100 ELV) un (100<250 ELV) lauksaimniecibas

uznémumos, var formulét vairakas atskiribas starp lielakajam un lielajam saimniecibam:

e lielo saimniecibu grupa rapsa s€jumu razibas limena regionalas atSkiribas ir mazakas;

e Vidzemes lielajos lauksaimniecibas uzpémumos rapSa razas ir gan augstakas, gan
stabilakas, salidzinot ar §1 regiona ieprieks analiz&to grupu;

e nedaudz augstakas un stabilakas razas ir arT Latgales lielajos lauksaimniecibas
uznémumos;

e Kurzemes lielajos lauksaimniecibas uznémumos, iesp§jams, rapSa audz€Sana nav
prioritara un ekonomiski loti nozimiga, jo tajos rapsa razas ir zemakas;

e Zemgales 1 regiona lielsaimniecibas demonstré rapSa audzéSanas ekonomiskas
perspektivas, jo ta raziba te ir stabilaka un caurméra augstaka.

Rapsa seklu razibas ievérojamas atSkiribas starp atseviskiem regioniem bez dabas (augsnes,

klimatiskajiem u.c.) faktoriem liela méra ir atkariga no resursu (meslojuma, augu aizsardzibas

lidzeklu) izmantoSanas uz platibas vienibu. Tapéc ir interesanti salidzinat izmaksas starp

polariz&tajiem regioniem, ko izlieto augu mésloSanai un augu aizsardzibas lidzekliem dazada
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ekonomiska grup&juma saimniecibas. Ta Zemgales 1 regiona uz vienu saimniecibu grupa
100<250 ELV méslosanas lidzekliem tiek izteréts vairak neka 8 reizes lidzeklu, salidzinot ar
saimniecibu grup&jumu 16<40 ELV (3.tab.).

3.tabula
Rapsa atskirigo razibu iespéjami ietekmejosas specifiskas izmaksas polarizéetajos
regionos Latvija 2005.-2006.gada

Zemgale 1 Latgale
Raditaji Gadi Saimniecibu ELV grupas Saimniectbu ELV grupas
16<40 | 40<100 | 100<250 | >250 | 16<40 | 40<100 | 100<250

Maslojuma 2005 | 6441 | 17050 | 53774 | 207261 | 5471 17357 | 52364
izmaksas, Ls | 2006 | 7292 | 19868 | 44906 | 187263 | 4666 8968 57116
Meslojuma 2005 | 61,93 | 6508 | 80,26 | 9126 | 26,95 36,54 43,64
izmaksas
uz 1 ha, Ls 2006 | 60,56 | 8296 | 79,52 | 89,23 | 29,83 2254 | 4813
Augu 2005 | 3206 9346 | 30919 | 109334 | 1406 4255 7982
aizsardzibas
lidzek]u 2006 | 3430 | 11135 | 27329 | 93760 | 1535 3017 5434
izmaksas, Ls
Augu
aizsardzibas | 2005 | 30,83 | 3567 | 46,15 | 48,14 6,93 8,96 6,65
lidzeklu
Lzmaksas uzl | 2006 | 28,49 | 46,49 | 4840 | 44,67 9,81 7,58 4,58

a, Ls

Avots: SUDAT LVAES dati un autores aprékini

Lidzigs stavoklis ir ari Latgales regiona, kur kopgjais izlietoto lidzeklu daudzums ir tikai
nedaudz zemaks, tacu tendence ir atbilstoSa Zemgales 1 regionam, un starpiba starp mazako
un lielako ekonomiska grup&juma saimniecibu ir 9,6 reizes. Zinama méra tas ari ir saprotams,
jo iesp&jami atSkirigi saimniecibu lielumi. Vairak izteicoSs raditajs ir meslojuma izmaksas uz
1 ha izmantotas zemes. Starpiba starp dazadu ekonomisko grupu saimniecibam v€rojama ari
augu meésloSanai iztéréto lidzeklu pieauguma, palielinoties saimniecibas EVL grupai. Ta
Zemgales 1 regiona saimniecibu grupa ar 16<40 ELV tie sastada 61,93 Ls ha™, bet ar katru
nakamo grupu meéslosanas lidzeklu izmaksas uz 1 ha palielinas attiecigi par 5,23 un 13%.
Zinama méra tas ietekmé& ari razibas pieaugumu. Latgales regiona ir lidziga tendence —
pieaugums starp saimniecibu grupam ir 35 un 19%.

Laukaugu un it 1paSi rapSu audze€Sana meéslojums bez nepiecieSamajiem augu aizsardzibas
pasakumiem nevar nodroSinat normalas razas ieguvi. Zemgales 1 regiona, pieaugot
saimniecibu lielumam, strauji palielinas augu aizsardzibas lidzeklu pieaugums un tas
ievérojami apsteidz mésloSanai izlietoto Iidzeklu palielinajumu. Ta pieaugums starp mazako
(16<40 ELV) ekonomiska lieluma saimniecibu grupu un katru nakamo grupu ir attiecigi 2,9,
9,3, un 3,5 reizes, bet starp zemako un augstako saimniecibu ekonomiska lieluma grupg&jumu
ST starpiba sastada 34 reizes. Latgales regiona ari, palielinoties ekonomiska grup&uma
lielumam, pieaug augu aizsardzibai izlietoto Iidzeklu apjoms — attiecigi 3 un 5,7 reizes. Tacu
Sie pieauguma tempi ir zemaki, salidzinot ar Zemgales 1 regionu, un svarigakais ir tas, ka
bazes grupa (16<40 ELV) Latgales regiona ir 2,3 reizes mazaks lidzeklu izlietojums
salidzinot ar Zemgales 1 regionu, bet saimniecibu grup&juma 100<250 ELV S$7T starpiba
palielinas Iidz 3,8 reizém. Arl p€c augu aizsardzibas lidzek]u izmaksam uz 1 ha izmantotas
zemes Zemgales 1 regiona, palielinoties saimniecibas ELV grupai, pieaug ari augu
aizsardzibas lidzeklu patérinS — starpiba starp zemako un augstako ELV grupu sastada 1,5
reizes. Latgales regiona praktiski nav starpibas starp ELV grupam péc augu aizsardzibas
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lidzeklu izmaksam uz 1 ha, un tas ir no 6,65 lidz 8,96 Ls ha™. Latgales regiona augu
aizsardzibas lidzek]u izmaksas uz 1 ha dazadas ekonomiska lieluma grupas ir 16<40 ELV —
4,5 reizes, 40<100 — 4 reizes un 100<250 — 7 reizes zemakas, salidzinot ar attiecigo Zemgales
1 ekonomisko grupu.

Megslosanas un it Tpasi augu aizsardzibas Iidzeklu izmaksa uz platibas vienibu jau ir nopietns
raditajs salidzino$i zemajam rapsa s€klu razam Latgales regiona.

Secinajumi
Galvenie rapsa audzetaji un séklu razotaji ir lielie lauksaimniecibas uznémumi, kuru s€jumi
sastada trTs ceturtdalas no rapsSa s€jumu kopplatibas Latvija. Rapsa seklu razibas [imenis starp
regioniem un saimniecibu grupam loti atSkirigs. Liclajas saimniecibas (uzpémumos) raziba ir
divreiz augstaka neka mazajas un par tresdalu augstaka neka vidgjo saimniecibu grupa.
Augstakas razas iegiitas Zemgales 1 apakSregiona ar viszemakajam svarstibam starp dazada
ekonomiska lieluma saimniecibam. Vidgja Zemgales 1 regiona raza bija gandriz divreiz
augstaka neka Latgal€.
Rapsu séklu razas lieluma atSkiribas starp dazadiem regioniem ietekmé ne tikai atSkirigie
augS$nu un citi dabas faktori, bet ar liela méra pateréto mésloSanas un augu aizsardzibas
lidzeklu daudzums uz platibas vienibu.

Summary

Latvia has been developing industrial rapeseed production, and this is connected with
concentration of agricultural resources and regional or intra-regional specialization. The goal
of our work was to research the impact of regional conditions and concentration of production
resources upon the productiveness of rape sowings.

The analysis of productiveness, within various Latvian regions and sub-regions, proved that
rapeseed productivity level was different within the analysed regions and within various farm
groups. Large farm (enterprise) productivity was two times higher than small farm group
productivity, and one third higher than medium farm group productivity. The best yield was
obtained within Zemgale sub-region 1, and there were also observed the lowest fluctuations
between farms of different economic size. Rape cultivation within Zemgale 2 region
(Jekabpils and Aizkraukle districts) did not justify itself economically. The average yield
within largest (40 < 100 ELV) Zemgale 1 agriculture enterprises was nearly two times higher
than in Latgale. Every region had a very different level of yield stability. The lowest
fluctuations were observed within Latgale region where rapeseed yields were equally low
during all the analysed period while Zemgale 1 region had convincingly highest yields.
Extremely unreliable and unstable rapeseed yields were observed within Zemgale 2 region.
Different volumes of rapeseed yield within various regions were affected not only by different
soil and other natural factors, but, to a great extent, by amounts of the applied fertilizers and
the plant protection means per one acreage unit as well. Comparing the polarized regions, one
can see that costs spent on fertilization and protection of plants within various economical
group farms were characteristic to Zemgale 1 region as well; for instance, one farm, 100 <
250 ELV, spent on fertilization above 8 times more if compared to the farm group of 16 < 40
ELV. A similar situation was also within Latgale district while within Zemgale 1 region, the
difference between the lowest and the highest economic farm groups was above 9.6 times.
More eloquent factor was the fertilization costs per 1 ha of the used soil. The difference
between various economic group farms was observed also within the cost increase for
fertilization within large farm EVL group. Thus, within Zemgale 1 region farm group, 16 < 40
ELV, these costs made 61.93 Ls ha™, but within the next group fertilization costs per 1 ha
increased accordingly by 5, 23 and 13%. To a certain amount, this factor influenced also the
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yield increase. A similar tendency was characteristic to Latgale region — the increase between
farm groups was 35 and 19%.

While growing rape, fertilization without necessary plant protection activities cannot secure
normal obtaining of yield. Within Zemgale 1 region, smaller economic farm group, it
increased 3 to 4 times whereas between lower and higher farm economic groups the
difference made 34 times. The same within Latgale region: the larger was the economic
group, the higher were the costs spent on the plant protection means — accordingly 3 to 5.7
times. Nevertheless, the increase rates were lower if compared to Zemgale 1 region, but
within the farm group 100 < 250 ELV, this difference made even 3.8 times.
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NEREGULEJAMO FAKTORU IETEKME UZ ZIEMAS KVIESU
AUGSANU UN ATTISTIBU
THE IMPACT OF UNREGULATED FACTOR INFLUENCE ON WINTER
WHEAT GROWTH AND DEVELOPMENT

Gundega Dinaburga, Dainis Lapins$, Andris Bérzin$
Latvijas Lauksaimniecibas universitate, Augsnes un augu zinatnu institiits
Liela iela 2, Jelgava, Latvija, LV 3001
Tel.: +371 63005632, e-pasts: Gundega.Dinaburga@llu.lv

Abstract. The modern meaning of accurate crop cultivation is closely associated with the new
information technologies - geographic information and global positioning systems. Latvia has not published the
results of research on soil conditions and the impact of unregulated factors of production conditions on winter
wheat growth and yield. Analysis of results of studies aimed to clarify the difference of soil treatment facilities,
as the criteria for the treatment of soil using soil characterizing Non-plant growth and development factors.
Investigations were carried out in 2005 — 2007 on the production plantations of the Kurpnieki field, the Vecauce
Study and Research Farm of the Latvia University of Agriculture. The results, while on a previous year, research
on soil management measures to optimize the opportunities associated with global positioning systems, precision
field management implementation practice shows that in order to obtain objective indicators and to gain the
desired results, it was not enough for one season observation, since a large role in shaping the harvest is the
meteorological conditions during the growing period. Unregulated factors: organic matter content, Ap horizon
thickness, as well as the relative height above sea-level properties of materials research is the prerequisite for
geographic information system-based resource-saving cultivation technology field-crop cultivation.

Key words: cereals, factor analysis, precise crop cultivation, soil properties.

levads
Preciza laukkopiba (PL) ir saimnickoSanas veids, kas, pateicoties jaunako tehnologiju, masinu
un iekartu iesp&am, izmantojot GPS (globalas pozicionéSanas sistéma), lauj konstatét,
analiz€t un attiecigi reag€t uz augSnu kvalitativajam ipasibam. Misdienu izpratné PL
pamatojas uz plasu, vispusigu, precizu un savlaicigu informaciju pielietoSanu laukos, sakot ar
stratégijas noteikSanu, razoSanas tehnologiju un tehniska nodroSinajuma planosanu,
produkcijas razoSanu, p&capstradi, uzglabaSanu un beidzot ar tas realizaciju. Ta cieSi saistita
ar jauno informacijas tehnologiju — GIS (globalas informacijas sistémas) un GPS — attistibu
un izmantoSanu, planoSanas, razoSanas procesu un parvaldes optimalako modeléSanu,
saimnickoSanas ekonomiskam un ekologiskam novértéjumam, vienlaicigi nodro$inot $o
procesu datorizaciju [1; 2; 3; 4].
Laukkopiba raza veidojas daudzu faktoru mijiedarbiba, turklat atsevisku faktoru ietekmes
vienkar§a summeéSana ir visai rets gadijums. Vispirms mijiedarbibas efekta lielums mainas
atkariba no kultiraugu attistibas fazes, bet tapat to nosaka ar1 faktoru gradacijas. Palielinoties
atseviSku faktoru raksturojoSiem lielumiem, pieaug ari mijiedarbibas efekta absoliita vertiba
[5].
Latvija Iidz §im nebija p&tijumu rezultatu par regul&jamo un nereguléjamo faktoru komplekso,
ka art divu un vairak atseviSku faktoru mijiedarbibas ietekmi uz labibu attistibu un razu
raZoSanas apstaklos. Latvijas Lauksaimniecibas universitaté petijumi PL joma tika uzsakti
2004.gada, un iegitie rezultati ir jau dalgji atspoguloti gan Latvijas, gan arzemju izdevumos.
Petijumu meérkis bija noverteét neregulé§jamo faktoru ietekmi uz ziemas kvieSu attistibu un
razu, vienlaicigi izmantojot iegtitos rezultatus diferencéta augsnes apstrade atbilstosi nogabalu
IpaSibam.
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Materiali un metodes
Izméginajums iekartots SIA LLU MPS ,Vecauce”, Kurpnieku lauka no 2005.gada lidz
2007.gadam. Punktu koordinatu noteikSana izmantots pozicionétajs Garmin iQ 3600
(plaukstdators) ar AGROCOM datoru programmatiiras AgroMAP  Professional
nodroSinajumu, kas lauj noteikt punktus lauka apstaklos ar precizitati + 3 m, ka ari noteikt
lauka robezas. No plaukstdatora esosa informacija talak tiek ievadita datora, kura ieinstaléta
programma AgroMAP Professional, atlikti 47 punkti ziemas kvieSu (Triticum aestivum L.)
séjuma (50*50 m), kas piesaistiti geografiskam koordinatéem. PriekSaugs ir ziemas rapsis
(Brassica napus ssp. oleifera), 2006. un 2007.gada audz&ta ziemas kvieSu Skirne ‘Tarso’.
Kviesu lauka lietota vienada agrotehnika, GPS punktos ievérojot vienigas atSkiribas principu.
Relativais punktu augstums, m virs jiiras Itmena (apzimé&ts ar h), noteikts ar Magelan
eXplorist 600 un Ap — trida akumulacijas (mineralais) horizonts ar augsnes zondé$anu un
vienlaicigi izmé&rot Ap horizonta dzilumu, m. Karoglapas laukums noteikts, izmantojot
specializéto datorprogrammu WIinFOLIA. Izmé&ginajuma laika iepriek$ raksturotie parametri
meriti un nogemti rudent péc ziemas kvieSu sjas — labibu vienu lidz divu lapu faze, pavasari
ceroSanas fazes beigas.
Ar zondi nopemti augsnes paraugi organiskas vielas satura analizém, 0,20 m dziluma.
14.08.2006. gada paraugi nemti péc razas novakSanas katra GPS piesaistes punkta 3 vietas
vidgja parauga veidoSanai. Analizes veiktas VSIA ,,Agrokimisko pé&tfjumu centrs”, saturu
nosakot péc LR ZM standartiem - LV ST ZM 80 - 97. Raza noteikta ar graudaugu kombainu
CLASS LEXION 420 GPS. Kartogrammas veidotas, izmantojot specializéto datorprogrammu
AgroMAP. Datu matematiska apstrade veikta ar aprakstosas statistikas, korelacijas un
parcialas korelacijas analizes palidzibu.

Rezultati un to izvertéjums
Meteorologiskie apstakli 2006.gada raksturojas ar paaugstinatam vidéjam gaisa
temperatiram, it ipasi gada otraja pusg, bet 2007.gada — ar izteikti augstu nokrisnu daudzumu.
9.aprili registréts sniegs (1. un 2.att.).
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Meteorologisko datu veért&jums liecinaja, ka 2007.gada no aprila Iidz augustam bija raksturigs
mazaks nokri$nu daudzums neka 2006.gada tajos pat ménesos (2.att.). Abos eksperimenta
gados nokri$nu daudzums bija zem normas, t.i., ilggadigajiem vidgjiem raditajiem. Vidgja
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diennakts gaisa temperatira no aprila Iidz augustam bija augstaka neka ilggadiga vidgja.
Vislielakas atSkiribas gaisa diennakts vid€ja temperatiira salidzinajuma ar ilggadigajiem
2006.gada fiksets ar1 zemakais nokriSnu daudzums ziemas kvieSu razas veidosanas nosléguma
fazes - tikai 13 mm.
Datu apstrade veikta ranz€Sana un grup@sana pec punktu relativa augstuma metros virs jiiras
limena. Ziemas kvieSu graudu raza Kurpnieku lauka abos izméginajuma gados batiski lielaka
bija pie relativa punktu augstuma zem 100 m (3.att.).
250
200 il
7.50 - f

7.00 1

i f 26
é.50 550 4

6.00 ~ 552
350 + T
5.00 1
4.50 1
4.0

Rada tha

h= 100 m h= 100m b= 100 m ‘ h=100m

Eourprdeld 2007, 2. Elarpriekd 2006, g.

Purddn relafivais agstums, my, virs jlras Bmena

3.att. Ziemas kvieSu raza Kurpnieku lauka pa gadiem saistiba ar punktu relativo
augstumu, m virs jiras limena

Linearie korelaciju koeficienti liecingja, ka bitiski (P<0,05) pozitivi ziemas kvieSu razu
2007.g. ietekmé€ja karoglapas laukuma, ka art augsnes organiskas vielas satura atskiribas, bet
2006.g. bitiski (P<0,05) negativi punktu relativais augstums, m virs juras limena (4.att.).
Paaugstinats linearais sakaribu cieSums (P<0,1) ar ziemas kvieSu razu 2006.gada tika
konstatets ari Ap slana biezumam un karoglapas laukumam, bet 2007.gada — ar Ap slana
biezuma, ziemas kvieSu augu masas pavasari, ka arT organiskas vielas satura atSkiribam. No
neregulgjamo faktoru kopas visizteiktaka negativa ietekme uz ziemas kviesu razu 2006. un
2007.g. izméginajuma apstaklos bija punktu relativajam augstumam m virs jiras limena. Pie
kam 2007.gada r = -0,5516 ar P<0,05 (4.att.).

Attieciba uz citam faktorialajam pazimém izmé&ginajuma gados nebija bitiskas ietekmes.

Par pamatu nemot punktu dalijumu p€c relativa augstuma m virs jiiras Iimena, t.i., zem 100 m,
vidgjais organiskas vielas saturs bija 3,0 %, bet vietas virs 100 m — 2,4%. Savukart vidgjais
Ap horizonta biezums bija 0,38 m pie relativa augstuma gan zem, gan virs 100 m.

Ziemas kvieSu kop€jas augu masas un neregul§jamo faktoru korelativas sakaribas
eksperimenta gados bija atSkirigas. Kop€jo auga masu 2007.g. ietekm€ja organiskas vielas
saturs (P<0,05) un punktu relativais augstums, bet negativa nebitiska ietekme bija Ap
horizonta biezumam (5.att.). Savukart 2006.g. Ap horizonta biezuma atSkiribas pozitivi
ietekméja kop&jo auga masu, korelativa sakariba butiska (P<0,05) un punktu relativais
augstums, bet negativa ietekme bija organiskas vielas saturam.

Izmantojot specializéto datorprogrammu WinFOLIA, veica ziemas kviesu karoglapas analizi
un noskaidroja faktorialas pazimes, kuras ietekmé&ja ziemas kvieSu karoglapas attistibu —
vispirms tas pamatraditaju: laukumu, cm?. legiitie rezultati (6.att.) liecindja, ka abos
izméginajuma gados karoglapas laukumu pozitivi ietekméja neregul&jamo faktoru: organiskas
vielas satura (P<0,05) un Ap horizonta biezuma, bet negativi — punktu relativa augstuma
atskiribas.
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KLap.lauk., 04.07.07.(P<0.05) 1 0.4417
Ap.m _:l 0,3302
P KopAuMasa, 07.05.07. | — 0,3170
'21 oV, % | — 03117
g KopGaisMasa, 11.10.06. -0,0926 =
Z.kv. DigstSk., 11.10.06. -0.2398 E==——od
h,m -0.3177 |:
OV, %(P<0.05) | — 0.4060
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g Z Iv. DigstSk.. 20.10.05. -0,0205 O
Z.kv. AugMasa, 20.10.2005. 20,1571 ==
h,m (P<0.05) -0.5516 I ]
| | | | | | |

0.8 -0,6 -04 -02 0 02 04 00

4.att. Linearie korelaciju koeficienti ryx starp ziemas kvieSu razu (y) un
faktorialajam pazimém (x) 2006. un 2007.g.

o oV, % * r)|'go4? ‘M_» ) OV %% * |
RS i g . 04757
=4S = |
E o h,m | 02485 %g Ap,m [ o,2697
a2 a d & i
o' -O07 o
VRS Apm - h,m 00362 [
T 03669 - OV, % * ]
5.  Apm* | Ho - 0,5249
2] " +
= § 1 =5 Ap,m | | 02368
Fa h,m ] 0,0435 5 B s ]
=) - -4,
8*8' 7 h,m |
d OV, % O o178 , . .
-04 -0.2 o] 02 040w 06
-0.1 o] 0,1 02 0By 04
Apzimé&jumi: * - korelativa sakariba butiska (P<0,05) Apzim&jumi: * - korelativa sakariba butiska (P<0,05)

5.att. Ziemas kvieSu kopéjas auga masas  6.att. Ziemas kvieSu karoglapas laukuma
(Y) un nereguléjamo faktoru (x) sakaribas (y) un nereguléjamo faktoru (x) sakaribas

Datu ranZéSana un grupéSana péc organisko vielu satura un Ap horizonta biezuma lava
konstatét, ka ziemas kvieSu raza abos izméginajuma gados bija batiski augstaka pie
palielinata virs vidgja visa platiba organiskas vielas satura (7.att.). Analoga situacija bija
vérojama saistiba ar Ap horizonta biezumu (8.att.), turklat 2006.g. ziemas kvieSu raza gan pie
augstaka organiskas vielas satura, gan Ap horizonta biezuma bija biitiski augstaka neka
2007.9.

Karoglapas laukuma atskiribu veértgjums pie analoga organiskas vielas satura un Ap horizonta
biezuma dalfjuma (9.att.) liecinaja, ka lielaks ziemas kvieSu karoglapas laukums bija pie
augstaka organiskas vielas satura un biezaka Ap horizonta slani (10.att.). AtSkiribas pec
organiskas vielas satura un Ap dalijuma pa gadiem ir biitiskas.
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' KLapLauk.,18.07.2006. INIM#Eduk. , 04.07.2007.
9.att. Karoglapas laukuma at3kiribas 10.att. Karoglapas laukuma atSkiribas Ap
organiskas vielas satura dalijuma grupas horizonta biezuma dalijuma grupas

Ziemas kvieSu viena auga kop€jas masas atSkiribas ceroSanas fazes beigas un stiebroSanas
sakuma organiskas vielas satura atSkiribu ietekme bija nebiitiska (11.att.), bet bitiska bija
gadu meteorologisko apstaklu ietekmei. Butiska Ap horizonta biezuma dalijuma grupu
ietekme tika konstatéta tikai 2007.gada. (12.att.).
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org%nsko telugptura dalijugpa grupas ug,
augy analifu laiks

Ap horizonta biezuma dalfjuma grupas un augy
analifilailks

11.att. Ziemas kvieSu kop€ja auga masa 12 att. Ziemas kvieSu kop€ja auga masa
organiskas vielas satura dalljuma grupas Ap horizonta biezuma dalijuma grupas

Konstatéts, ka starp ziemas kvieSu razu, ka ari ziemas kvieSu attistibas raditajiem un
neregulgjamiem faktoriem (punktu relativo augstumu m virs jiiras Iimena; organiskas vielas
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saturam augsné, %, un Ap horizonta biezumam) pastav multikolinearas sakaribas. Lai izslegtu
vienas faktorialas pazimes ietekmi uz otru, izmantota parcialo linearo korelaciju koeficientu

aprekins un analize. No praktiska viedokla

raugoties, bija nepiecieSams noskaidrot

pasakumus, kas mikstinatu neizlidzinata relativa augstuma negativo ietekmi uz razu, kas bija
butiska 2006.g. ar pazeminatu nokrisnpu daudzumu (13.att.).

S KLap lauk., (P<0.1) [ 103028
S L, m (P<0.010.,3516 :

. KLap lauk., (P<0.05) _:LTMI ’
é h, m (P<0.10.3516 |:_

§ KLap lauk . 1zslédzot h.m (P<0.1) _4 0,2026
Lgl KLap lauk., izsledzot h.m (P<0.05) _ﬂﬂ

-0.8-0,6-0.4-0.2 0 02 0.4 0.6
Iy

13.att. Punktu relativa augstuma, m, un ziemas kvieSu karoglapas laukuma, cm?,

korelativo sakaribu raksturojums

ar ziemas kvieSu razu, t ha

Linearas un parcialas korelaciju analizes rezultati liecinaja, ka abos izmé&ginajuma gadoS
virsmas neizlidzinata relativa augstuma ietekme mazinas ar karoglapas laukuma palielinasanu
un nokri$piem bagataja 2007.g. ziemas kvieSu raZas parcialo linearo sakaribu cieSumi bija pat
butiski.
P&c razas novaksanas izveidoja razas kartogrammu, un histogramma att€lots razas sadalfjums.
Kurpnieku lauka 2007.g. ziemas kvie$u raza bija no 2,0-9,5 t ha™, vidgja raza — 5,53 t ha™
(14.att.).
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Savukart 2006.gada ziemas kvieSu graudu raza bij
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Izmé&ginajuma no neregul&jamiem faktoriem Ap horizonta biezums bija tas faktors, kuram par
augsnes apstrades diferenci bija butiska nozime, raugoties no ziemas kviesu razu lieluma, jo,
veicot aprékinus, tika konstatets, ka biezaka Ap horizonta slani bija augstaka ziemas kviesu
raza. Raugoties no saimniecibu Ipasnieku iesp&jam, piemérotakas augsnes pirmss€jas un ari
pamatapstrades dziluma diferencei ir Ap horizonta biezuma kartogrammas (15.att.). To var
pamatot ar izmaksam analizu izpildei un kartogrammu sastadiSanai. Augsnu organiskas vielas
satura un granulometriska sastava digitalajam kartogrammam ir nepiecieSamas specialas
analizes, kuras ir arT salidzinoSi dargas, bet Ap horizonta biezumu var noteikt pats zemes
1pasnieks. Izveidota kartogramma Jauj vietspecifiski samazinat pamatapstrades dzilumu, ja Ap
horizonta biezums ir lielaks par 0,36 m. Kurpnieku lauka tas sastada 60,1% no kopplatibas
(15.att.). Izméginajuma konstatéts, ka GPS punktos ar palielinatu Ap horizonta biezumu bija
ar1 paaugstinats organiskas vielas saturs.

Secinajumi

1. Ziemas kvieSu graudu raza abos izmé&ginajuma gados bitiski lielaka bija pie relativa
punktu augstuma zem 100 m un pie palielinata organiskas vielas satura augsné.

2. Butiski (P<0,05) pozitivi ziemas kviesu razu 2007.g. ietekmé&ja karoglapas laukums un
augsnes organiskas vielas saturs.

3. Paaugstinats linearais sakaribu cieSums (P<0,1) ar ziemas kvieSu razu 2006.gada tika
konstatéts Ap slana biezumam un karoglapas laukumam, bet 2007.gada Ap slana biezuma,
ziemas kvieSu augu masas pavasari, ka ari organiskas vielas saturam. No neregul&jamo
faktoru kopas visizteiktaka negativa ietekme uz ziemas kvieSu razu abos izméginajuma
gados bija punktu relativajam augstumam m virs jiras limena.

4. Par pamatu nemot punktu dalijumu pé&c relativa augstuma m virs jiiras Itmena, t.i., em 100
m, vid€jais organiskas vielas saturs bija 3,0%, bet vietas virs 100 m — 2,4%. Savukart
vid€jais Ap horizonta biezums bija 0,38 m pie relativa augstuma gan zem, gan virs 100 m.

5. lzmg&ginajuma gados karoglapas laukumu pozitivi ietekm&ja neregul&jamo faktoru:
organiskas vielas satura un Ap horizonta biezuma, bet negativi — punktu relativa augstuma
atskiribas.

6. Lielaks ziemas kvieSu karoglapas laukums bija pie augstaka organiskas vielas satura un
biezaka Ap horizonta slani.

7. Konstatéts, ka starp ziemas kvieSu razu, attistibas raditajiem un neregul&jamiem faktoriem
(punktu relativo augstumu m virs jliras limena; organiskas vielas saturu augsng, %, un Ap
horizonta biezumu) pastav multikolinearas sakaribas.

8. Izmé&ginajuma no nereguléjamiem faktoriem Ap horizonta biezums bija faktors, kuram
lémumu pienemsanas sistéma par augsnes apstrades diferenci bija biitiska nozime ziemas
kvieSu razas veido$ana. Konstatéts, ka biezaka Ap horizonta slani bija augstaka ziemas
kvieSu raza.

Pateiciba
Petijums veikts, pateicoties LLU projekta Nr. 05.1604.1 finans€jumam.

Summary
Latvia has not published the results of research on soil unregulated conditions and the impact
of factors of production conditions on winter wheat growth and yield. Analysis of results of
studies aimed to clarify the difference of soil treatment facilities, as the criteria for the
treatment of soil using soil characterizing growth and development factors. Unregulated
factors: organic matter content, Ap horizon thickness, as well as the relative height above sea-
level properties of materials research is the prerequisite for a geographic information system-
based resource-saving cultivation technology field-crop cultivation. Increased density linear
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relationship (P<0.1) with the winter wheat harvest in 2006 were found around the layer
thickness and flag leaf area in 2007 the Ap layer thickness, the winter wheat plant mass in
spring, as well as organic matter content. From unregulated factor sets the most negative
impact on the winter wheat harvest in both years was the pilot of the relative height in m
above sea level. On the basis of the point’s breakdown, in relative height in m above sea level,
if below 100 m, the average organic matter content was 3.0 %, but the sites above 100 m 2.4
%. In turn, the mean Ap horizon thickness was 0.38 m at the relative height of both below and
above 100 m. It is noted that the winter wheat harvest, development indicators, and
unregulated factor (of the relative height, m above sea level, organic matter content in soil,%
and Ap horizon thickness) there multicolinear relationships. In experiment of the unregulated
factors Ap horizon thickness was a factor to which the decision-making systems in the soil
difference processing were essential in the winter wheat crop development. Established that
the thicker Ap layer around the horizon were higher winter wheat harvest.
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ZIEMAJU GRAUDU KVALITATES RADITAJU PAAUGSTINASANAS
IESPEJAS BIOETANOLA IEGUVEI
POSSIBILITIES OF WINTER CROP GRAIN’S QUALITATIVE INDICES RISE
FOR BIOETHANOL PRODUCTION

Liena PoiSa’, Veneranda Stramkale'?, Aleksandrs Adamovis®
1- Latgales lauksaimniecibas zinatnes centrs
Kulturas laukums 1a, Vilani, Rézeknes rajons, LV 4650, Latvija
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Abstract. Bioethanol production is one of cereal’s using ways. COM 2003/30/EC: Directive on the
promotion of the use of biofuels or other renewable fuels for transport orders that proportion of biofuels in
2010 must be -5.75% but in 2020 — 10%. The object of research is to study the influence of winter crops
cultivation’s technology on quality of grain and suitability for bioethanol production. Field research was
organized in the Agricultural Science Centre of Latgale from 2005 to 2008. There were researched 5 fertilizer
rates and the influence of varieties on the grain yield and starch in the experiment for 3 years. Starch content,
yield and the result of bioethanol have changed depended on species of cereals, varieties, growing year and
fertilizer rate. It is recommended to use good quality grains with high starch content and low protein content
for bioethanol production.

Keywords: bioethanol, cereals, yield, starch.

levads
Misdienu cilvéces eksistence nav iedomajama bez energijas izmantoSanas visas
tautsaimniecibas nozar€s, un tas paterinS ar katru gadu palielinas. Pasaulé strada pie
energoefektivitates paaugstinasanas visos energétiska cikla posmos. Palielinas atjaunojamo
energoresursu, taja skaita bioenergijas, izmantosana, lai novérstu vai samazinatu neracionalu
dabas resursu patérésSanu [1].
Eiropas Savienibas direktiva 2003/30/EC ,,Par biodegvielu un citu atjaunojamo degvielu
izmantoSanas veicinaSanu transporta” nosaka, ka biodegvielu ievieSanas apjomi ir tie$a veida
saistiti ar naftas degvielas patérinu valsti. Palielinoties kop€jam naftas degvielu patérinam,
palielinas arT tirgl realiz€jamas biodegvielas apjoms. Biodegvielu likuma izvirzits mérkis:
veicinat biodegvielu apriti un nodro$inat, lai lidz 2010.gada 31.decembrim biodegviela
veidotu ne mazak ka 5,75%, bet 2020.gada — 10% no kopgja degvielas daudzuma [2].
Energijas iegiiSanai razo etanolu no cieti vai cukuru saturoSiem augiem, kuru Eiropa sauc par
bioetanolu, ko lieto sajauksanai ar benzinu [3]. Ar biobenzinu automasinas darbinaja Latvija
jau pirms kara. Degvielu no benzina un bioetanola dév€ja par latolu [4]. Latola izmantoSana
tira benzina vieta pirmskara Latvija ]ava ne tikai taupit dargo benzinu, bet ari veicinat
lauksaimniecisko razoSanu un kopg&jo ekonomisko efektivitati [5].
Biodegviela ir biodizelis, un bioetanols ir degviela, kas uzskatama par alternativo degvielu
fosilajai no naftas razotajai degvielai.
Latvija ir jaattista jauns graudaugu izmantoSanas virziens — bioetanola razoSana. Degvielai
izmantojamais bioectanols sastav no EtOH (etanols) + kogeneracijas vielas; (>99,.6%);
H»0<0,4%) [3; 6]. Bioetanola razo$anai piemérotas ir tas graudaugu sugas, kuram graudu
endospermas jeb kodola lielako dalu aiznpem cietes dalinas. Etanola razoSanai ir nelietderigi
izmantot augstas kvalitates partikas graudus, jo augstais lipekla saturs kvieSu graudos
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bioetanola ieguves procesa veido blivu vidi un trauc€ riugsSanas bakteriju darbibu. Lai
biodegvielas stratégija blitu veiksmiga, ir svarigs nodro§inajums ar augstvertigam izejvielam.
Pétijuma meérkis ir izvertét ziemaju audzeSanas tehnologiju un kvalitates piemé&rotibu
bioetanola razoSanai.

Materiali un metodes
Pétijums veikts SIA ,,Latgales lauksaimniecibas zinatnes centrs” RézeknesS rajona Vilanos
2005.-2008.gada.
P&tijuma objekti: ziemas kvieSu (Triticum L.), ziemas rudzu (Secale cereale L.), ziemas
tritikales (Triticosecale Wittmack.) Skirnes (1.tabula).

1.tabula
Petamas graudaugu Skirnes
Graudaugu suga Skirne Izveidotajvalsts
Ziemas kviesi Stava Zviedrija
Harnesk Zviedrija
Bjorke Zviedrija
SW Maxi Vacija
Ziemas rudzi Kaupo Latvija
Amilo Polija
Valdai Krievija
Walet Polija
Ziemas tritikales Lamberto Polija
Falmoro Zviedrija

Lauka izm&ginajums ierikots péc randomiz&to bloku metodes 4 atkartojumos. Laucina kopgja
platiba 2 m x 10 m =20 m?, uzskaites platiba 1,6 m x 10 m = 16 m Izolacija starp variantiem
0,4 m, starp atkartojumiem — 0,5 m, starp skirn€m — 2,5 m.

Lauks ir drenéts, reljefs izlidzinats, augsnes novértéjums 29-32 balles. Lauka izméginajums
ierikots velénu vaji podzoléta smilSmala augsné. Augsnes agrokimiskais raksturojums:
organiskas vielas saturs augsné 2,7 %, pH — 6,7, P,Os — 155 mg kg'1 augsnes, K,O — 92 mg
kg™ augsnes. Pamatméslojuma pielietoti kompleksie mineralmésli NPK 5-10-25 300 kg ha™
un papildméslojuma — amonija salpetris saskana ar metodiku katrai sugai (2.tabula).

2. tabula
Pielietotie slapekla méslojuma varianti (N tirviela, kg ha™)

Variants Ziemas kviesi Ziemas rudzi Ziemas tritikales
1, N 60 N 30 N 60

2. N 60+ N 30 N 60 N 90

3. N 90+ N 30 N 90 N 120

4. N 90+ N 60 N 60 + N 30 N 90 + N 30
5, N 90+N 60+ N 30 N 90 + N 30 N 90 + N 60
gggg“ma 2005., 2007., 2008. 2005., 2006., 2007. | 2005., 2007., 2008.

AS ,Rézeknes dzirnavnieks” laboratorija ar iekartu Infratec 1241 noteikta graudu kvalitate
(proteins, ciete). Datu matematiskai apstradei izmantota trisfaktoru dispersijas analize
ANOVA [7; 8], kur faktors A — izm&ginajuma gadi, B — skirnes, C — slapekla m&slojuma
varianti [7]. Kopgjo starpibu analize lietota mazaka biutiska robezstarpiba (RS 0,05), faktoru
Ipatsvars (nz) un FiSera kriterijs (F) [7; 9]. Tika veikta ar1 korelacijas (korelacijas koeficients
r) un regresijas (determinacijas koeficients R? regresijas koeficients bxy) analize starp
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proteina un cietes saturu (%) [7; 10]. Graudu raza noteikta, parrékinot uz standartmitrumu
14% [7; 10].

Lai noveértétu ziemaju izmantoSanas iesp€jas etanola razoSanai, tika aprékinata iesp&jama
etanola ieguve péc formulam: S x K : 100 = CI; CI x 180 (koef.) : 162 = CU; CU x 41,15 :
100 = E, kur S — graudu raza (parrékinata uz 12% mitrumu, t ha'l), K — ciete, %, CI cietes
raza, t ha™, CU — cukuri, t ha, E — etanols, t ha™ [7].

Latgales lauksaimniecibas zinatnes centra ir uzstadita Adcon meteostacija, kas savienota ar
datorprogrammu  ,,Dacom  Plant  Plus”.  Iekartas  sniedz  informaciju  par
agrometeorologiskajiem apstakliem tie$a izméginajuma tuvuma. Agrometeorologisko
apstaklu raksturojums paradits 1. un 2.attela.

19,0 P~
14,0
O() \
9,0
4,0 T T T T T 1
Aprilis Mejs Jinijs Jdijs Augusts  Septentris
Menesi/Month

| ——2005. —— 2006. —=—2007. —e—2008. —— Nggadigie videjic |

1.att. Gaisa temperatiira ziemaju vegetacijas perioda 2005.-2008.g.
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2.att. NokrisSnu daudzums ziemaju vegetacijas perioda 2005.-2008.9.

2005.gads. Sausais un vésais laiks aprila 3.dekadé aizkav€ja augu vegetaciju. Junija
meteorologiskie apstakli bija labveligi ziemaju augSanai un attistibai. ArT julija laika apstakli
sekméja normalu ziemaju nogatavosanos. Ziemas rudzi infic€jas ar melno graudu sporam, ka
rezultata varpas attistijas melnie graudi. Parmérigais mitruma daudzums graudu
nogatavosanas beigu perioda negativi ietekméeja graudu kvalitati.

2005./2006.gada ziemosanas perioda ziemaji parziemoja 0-90%. Maija palielinatais nokrisnu
daudzums labveligi ietekmé&ja augu augSanu un attistibu. Jiinija augsné v€rojams mitruma
deficits. Julija bija izteikts mitruma deficits, un augi nesp€ja uzpemt baribas vielas un
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papildus vél izjuta karstuma radito stresu. Mitruma deficita rezultata augu apaks€jas lapas
(tresdala no apaksas) pilnigi nodzeltgja.

2007.gads. Maija palielinatais nokriSnu daudzums labvéligi ietekméja augu attistibu un
augSanu. Junija nokri$nu daudzums bija 69% no normas. Augsné vérojams mitruma deficits.
Jalija nokriSnu daudzums divas reizes parsniedza normu. Ziemaju izméginajumos bija
verojama veldre. Pirms razas novakSanas graudi saka digt varpas, tapec iegtiti graudi ar zemu
kriSanas skaitli un zemu proteina saturu.

2008.gads. Aprili laika apstakli labvéligi ietekméja ziemaju vegetaciju. Junija vidéja gaisa
temperatiira bija tuvu normai. NokriSnpu daudzums puse no normas. Augsné veérojams
mitruma deficits, ko palielin3ja ar1 visu periodu pavadoSie spécigie v&ji. Ziemajiem stiebra
apaks¢jas lapas saka dzeltét. Jalija vidéja diennakts temperatiira atbilda vid€jiem
ilggadigajiem raditajiem. Nokri$nu daudzums 1. un 3.dekadg bija 40% no normas, bet otraja —
173%. Nokri$ni augusta sakuma bitiski neietekméja razas lielumu un kvalitati.

Rezultati un to izvertéjums
Lai nodrosinatu augstu etanola ieguvi no ziemaju graudaugiem, viens no galvenajiem
nosacijumiem ir pietiekami augstas razas iegiiSana un cietes satura paaugstinasana ar optimalu
méslojuma devu. Dazadie laika apstakli — gadi (faktors A), Skirnes (faktors B), slapekla
méslojuma devas (faktors C) un So faktoru mijiedarbiba AxB, AxC, BxC, AxBxC ar 95%
varbitibu tyi>toos — butiski ietekm&usi graudaugu razu un cietes saturu. Ziemas kvieSiem
[11] graudu raza bija robezas 8,48-10,78 t ha™ (RSo,05=0,03), ziemas rudziem — 5,35-7,73 t
ha (RSo054=0,02), ziemas tritikalei — 7,41-9,46 t ha™ (RSq,054=0,03).
Cietes saturs ziemas kvieSiem svarstijas 11,8% (RS0s4=0,07), ziemas rudziem — 1,16%
(RSp,0s4=0,11), ziemas tritikalei — 3,62% (RSp054=0,11) robezas.
Salidzinot ietekmes faktoru sadalfjumu visam trim sugam, konstatéts, ka raZai visaugstaka ir
gada (faktors A), tad Skirnes (B) un mésloSanas normu (C) ietekme: ziemas kvieSiem —
n2a=59,4%, n’8=7,0%, nas=5,7%; ziemas rudziem [7] — n’a=65,0%, n’c=14,7%,
n2ae=15,0%: ziemas tritikalei — 1?A=38,6%, 1°8=36,7%, 1°as=18,6%. letekmes faktoru
sadalfjums cietei: ziemas kvieSiem — n2A296,9%, ziemas rudziem — n2A242,O%, n25:4,2%,
N°a8=16,4%, N°ac=2,5%, N’8c=4,3%, N°aBc=8,7%, N nepeic faki=15,7%, ziemas tritikalei —
n2A=88,O%, nZBCZZ,l%, nzABc:3,6%. Kopuma jasecina, ka gada ietekmes faktors ir
visaugstakais, jo lauka apstaklos nav iesp&jami divi vienadi gadi [12]. Faktora C ietekme ir
paradita 3., 4., 5.tabula.
Vislielakais cietes saturs 64,83% kviesiem bija m&slojuma varianta N60 kg ha™ (3.tabula) un
etanola iznakums uz vienu tonnu graudu kvieSiem méslojuma varianta — N60 un N 60+30 kg
ha™ (289,16 kg un 288,32 kg).

3.tabula
MeésloSanas normu efektivitate ziemas kvieSiem
Meslojuma Etanola iequve. t Etanola ieguve
normas, Ciete, % Raza, t ha h _19 ' no 1t graudu,
1 a
kg ha kg
N60 64,83 8,54 2,47 289,16
N60+N30 64,62 9,12 2,63 288,32
N90+N30 64,48 9,51 2,73 287,04
N90+N60 64,18 10,00 2,86 285,98
N90+N60+N30 63,70 10,32 2,93 283,80
RS0,05c=0,09 RSo,osc:0,03
LSDO’()SC:0,0g LSDO’05C:0,03
n%c=0,6% n%c=25,7%

103



Latvija audz€tos rudzu graudus izmanto galvenokart etanola ieguvei un maizes cepSanai.
Viens no svarigakajiem raditajiem, izvertgjot rudzu skirnu piemérotibu etanola razoSanai, ir
cietes saturs graudos [7].

Lielakais cietes saturs rudziem 61,43% ir mésloanas variantda N60 kg ha™ (4.tabula), kas
nesakrit ar citu rezultatiem [7], kur ka labakais cietes un etanola ieguves variants tiek noradits
N90+Fungicidi.

Analiz€jot etanola ieguvi atkariba no mésloSanas varianta rudziem (4.tabula), konstatéjam, ka
vislielakais iznakums 1,95 t ha™ ir varianta N90+30 kg ha™, bet, parrékinot etanola iznakumu
uz vienu tonnu graudu, labakais méslosanas variants ir N60 kg ha™.

4.tabula
MeésloSanas normu efektivitate ziemas rudziem
Meslojuma _ . Etanola ieguve, t Etanola ieguve
normas, Ciete, % RaZa, t ha ha'l ' no 1 tgraudu,
kg ha™ a kg
N30 61,29 5,86 1,60 273,86
N60 61,43 6,13 1,68 274,49
N90 61,10 6,48 1,77 273,01
N60+30 61,16 6,77 1,85 273,28
N90+30 61,02 7,17 1,95 272,66
RS0,0SC:0,14 RSO,OSC:O;O3
LSD0105C:0,14 LSDO’05C:0,03
1°c=3,9% n’c=14,7%

Vislielakais cietes daudzums 68,58% tritikalei (5.tabula) ir mesloSanas varianta N60 kg ha‘l,
bet etanola iznakums uz vienu tonnu graudu — N90 kg ha™ (306,13 kg).

5. tabula
MeésloSanas normu efektivitate ziemas tritikalei
Meslojuma _ . Etanola ieguve, t Etanola ieguve
normas, Ciete, % RaZa, t ha ha't : no 1t graudu,
kg ha™ kg
N60 68,58 8,11 2,48 305,67
N90 68,55 8,40 2,57 306,13
N120 68,03 8,65 2,63 303,96
N90+N30 68,13 8,72 2,65 304,07
N90+N60 68,10 911 2,77 304,12
RS()105C:0,14 RSO’05CZO,O3
LSDyg 05c=0,14 LSDo,05c=0,03
n°c=1,8% n°c=5,5%

Salidzinot ziemas tritikali, kvieSus un rudzus, redzams, ka vislielakais spirta iznakums no

vienas tonnas graudu ir tritikalei, ko arT varétu ieteikt audzet etanola ieguvei, jo ta ir arT mazak

prasiga augsnes zina, aug gandriz visas augsnés. Tai ir paaugstinata sala izturiba (lielaka neka

kvieSiem). Tritikale ir izturiga pret daudzam slimibam [3].

P&tijuma rezultata ziemajiem konstatéta negativa sakariba starp proteinu un cieti:

e ziemas kvieSiem r = -0,47, ko att€lo sakaribu vienadojums y = -0,09x + 18,29; R?=0,22;

e ziemas rudziem r = -0,64, ko attélo sakaribu vienadojums y = -1,85x + 124,08; R?=0,42
(3.attels);

e ziemas tritikalei r = -0,45, ko att€lo sakaribu vienadojums y = -0,27x + 30,18; R2=O,20.
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3.att. Korelacija ziemas rudziem starp proteinu un cieti

Cietes daudzumam palielinoties par 1%, proteins samazinasies kvieSiem par 0,09%,
rudziem — par 1,85%, tritikalei — par 0,27%. Lineara korelacija starp proteinu un cieti ziemas
kvieSiem [10] un tritikalei ir vaja | r [<0,5, bet rudziem — vidgji ciesa 0,5<[r|<0,8. Bioetanola
razo$anai ieteicams izmantot labas kvalitates graudus ar augstu cietes saturu un zemu proteina
saturu.

Secinajumi
Dazadu gadu meteorologiskie apstakli, skirnes, méslojuma normas un $o faktoru mijiedarbiba
ar 95% varbutibu butiski ietekméjusi ziemaju graudaugu razu un cietes saturu graudos.
Rudziem vislielakais etanola iznakums 1,96 t ha™ bija méslojuma varianta N90+30 kg ha™,
bet, pa}rrélginot etanola iznakumu uz vienu tonnu graudu, labaka bija méslojuma norma N60
kg ha™.
Vislielakais cietes saturs 68,58% tritikalei un 64,83% kvieSiem bija m&slojuma varianta N60
kg ha™, bet etanola iznakums uz vienu tonnu graudu tritikalei méslojuma varianta N90 kg ha™
(306,13 kg), kviesiem — N60 un N 60+30 kg ha™ (attiecigi 289,16 kg un 288,32 kg).

Pateicibas
Nodibinajumam Vitolu fonds un LAB- AN par pieskirto stipendiju.

Summary

All industries of national economy use energy currently. Use of energy extends yearly. COM
2003/30/EC: Directive on the promotion of the use of biofuels or other renewable fuels for
transport tells that proportion of biofluels in 2010 must be -5.75% but in 2020 — 10%. For
getting bioethanol it must grow crops what contain starch or sugar. Biothanol is used for
mixing up with petrol and is named latol in Latvia. Biofuels (biodiesel and bioethanol) is
regarded as alternative fuel of petroleum product fuels. It must develop bioethanol production
- a new using form of cereals in Latvia.

Tests of winter wheat (Triticum L.), rye (Secale cereale L.), triticale (Triticosecale
Wittmack.) were organized on the fields of the Agritural Science Centre of Latgale. Field tests
were performed in years 2005-2008. The field tests design was random blocks repeated for 4
times. The total area for a block was 20 m™. The soil type was sod-podzolic sandy loam. The
content of organic substances in the soil was 2.7%, pH 6.7, phosphorus — 155 mg kg™ sail,
K,0 — 92 mg kg™ soil. The pre-plant was bare fallow. The assessment of graund is 29-32
points. The variants of research, varieties and years are showed in Tablel and Table 2. The
data processing methods are ANOVA (factor A — year, factor B — variety, factor C — fertilizer
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rates), correlation (protein, starch) and regression (protein, starch). The yield of grain is
determined by 14% humidity and there is calculated proportion of factor (n?) and
determination coefficient (R®) and correlation ratio (r). Starch and protein in grain are
determined by Infratec 1241 in stock company “R&zeknes Dzirnavnieks”. The result of
bioethanol was calculated by formula [7]. Meteorogical conditions were different from 2005
to 2008. 0-90% of cereals wintered in 2006. (Figure 1 and Figure 2).

The results are in Table 3, Table 4, Table 5. The year (A), the varieties (B), the fertilizer rates
(C) and the interaction of factors AxB, AxC, BxC, AxBxC vitaly influenced the yield of grain
and starch with 95% possibility. The highest amount of starch 64.83% (for wheat) is at
nitrogen’s fertilizer rate N60 (Table 3). The outcome of ethanol from 1t of rye grains — N60
and N60+30 (289.16 kg and 288.32 kg). The highest outcome of starch and ethanol for rye
also is at the fertilizer rate N60 (Table 4). The highest amount of starch for triticale 68.58% is
in the technological variant N60 but the outcome of ethanol from 1t grains is N90 (Tableb).
Triticale has got the highest outcome of ethanol from 1t of grains. Triticale is the most
suitable for bioethanol production. Triticale has low needs for soil. It is strong against many
diseases. Triticale is stronger against frost than wheat [3]. Negative connection between
protein and starches (Figure 3) is stated for rye, wheat and triticale. The highest influence on
yield is the year’s (Factor A) then the varieties’ (B) and fertilizer’s variants (C). It is
recommended to use good quality grains with high starch and low protein content for
bioethanol production.
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PAKSAUGU UN LABIBU MISTRU AGROFITOCENOZES
IZVEIDOSANA BIOLOGISKAS LAUKSAIMNIECIBAS APSTAKLOS
EFFICIENCY OF CULTIVATION OF CEREAL - PAPILIONACEOUS
MIXTURES IN ORGANIC FARMING CONDITIONS

Ludmila Agafonova, Aldis Jansons, Sarmite Rancane
LLU Zemkopibas zinatniskais institiits
Zemkopibas institlts 7, Skriveru pag., Latvija, LV 5125
Talr.: +371 5197529, e-pasts: ljucerna@inbox.lv

Abstract. Cultivation of cereal-papilionaceous grass crop mixtures allows for more substantial use of
soil fertility and higher harvests than in case of homogeneous sowings. In mixed sowings, legume crops do not
lodge; photosynthesis and nitrogenous fixation conditions are better; losses of harvest are lower. Our research
is directed to examination of interrelations between peas, spring wheat and spring barley, as well as to high
harvests, balanced in proteins and amino acids. Experiments were conducted in 2007-2008 in Skriveri, Latvia
at the Research Institute of Agriculture. In the issue of studies established that not only has legume component
increased cereals capacity, it has also improved its quality. Thus, conducted field experiments showed high
efficiency of use of mixed cereal- legume mixtures, which becomes apparent in higher levels of farming
productivity. The best indices in organic field conditions had mixtures of peas (20%), spring barley (40%) and
spring wheat (40%), where noted high harvest and high content of protein, balanced in amino acids. Therefore,
in planning cereal- legume agrophytocenosis, one should use three components: peas, spring barley and spring
wheat.

Keywords: amino acid, cereal- legume mixtures, organic farming.

levads
Latvija biologiskajas saimniecibas izaudz&ta graudaugu produkcija parsvara tiek izmantota ka
spekbariba tira veida. Sada bariba nav sabalanséta gan proteina, gan aminoskabju satura zina.
Rezultata rodas nepiecieSamiba dzivnieku baribai pievienot pirktas proteinu piedevas, kas
veicina lopbaribas sadardzinaSanos. Lopbaribas kvalitati var uzlabot, audzgjot labibu mistrus
ar pakSaugu komponentiem.
Paksaugu un labibu mistri lauj pilnigak izmantot zemes auglibu (dazadu augu saknu sist€émas
attistas dazados augsnes Iimenos), saules energiju (virszemes zala masa ir izvietota dazados
limenos), ka ar uzlabo augu apgadi ar slapekli, jo mistra esoSie pakSaugi ar guminbakteriju
palidzibu saista augsné atmosferas slapekli.
Mistru komponentiem jabtt ar vienadu augSanas laiku, un tie jaséj maisijuma tadas attiecibas,
lai s€jums stipri nesaveldrétos. Lai noskaidrotu zirgu un graudaugu maisijumu optimalas
attiecibas un zirpu ietekmi uz proteina limeni raza, tika ierikoti lauka izmé&ginajumi ar
jaunakajam skirném [1].
Lopbaribas razoSanai var izmantot ka divkomponentu maisijumus - zirgus ar mieziem vai
zirpus ar kvieSiem, ta triskomponentu maisjjumus, kuros tiek ieklauti gan miezi, gan kviesi,
gan ari zirpi. Zirnu ieklausana bariba nodrosSina labaku dzivnieku apgadi ar olbaltumvielam
un uzlabo aminoskabju sastavu lopbariba [2; 3].
Ka zinams, masu klimatiskajos apstaklos zirni stipri veldr&jas. ST iemesla d&|] nokrisniem
bagatos rudenos tirs§ja sétu zirnu novakSana ir apgriitinata, rodas lieli razas zudumi un
pasliktinas to kvalitate. Zirniem labibas noder ka balstaugi, tas uzlabo novakSanas apstaklus,
samazina slimibu un kaitéklu raditos bojajumus [3]. Piem&rotos augSanas apstaklos zirnu-
graudaugu mistrs dod lielaku koprazu, neka audzgjot labibu tirs¢ja.
P&tijuma merkis ir noskaidrot dazadu kultiiraugu - zirgu, vasaras miezu un vasaras kviesu -
attistibas Ipatnibas, audzg&jot tos maisijumos, noteikt to razibu un kvalitati ar noliku iegit péc
iesp€jas sabalansétaku, proteiniem un aminoskabém bagatu lopbaribu.
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Materiali un metodes
Lai veiktu p&tfjumus un noskaidrotu min&tos uzdevumus, LLU agenttra ZZI Skriveros 2007.-
2008.gada sertificéta biologiska lauka tika iekartoti lauka izméginajumi.
Augsne. Izméginajumi tika iekartoti malsmilts augsné ar vaji skabu reakciju pHgkcL 5,7.
Augsné bija vidgjs kustiga fosfora un kalija nodroginajums: P,0s 90 mg kg™, K,0 125 mg kg’
! kas ir atbilstodi raditaji zirpu, vasaras mieZu un vasaras kvie§u audzeSanas prasibam.
PriekSaugs - viengadiga airene.
P&tijumos izmantoja vasaras kviesu skirni ‘Vinjett’, miezus ‘Rasa’ un zirgus ‘Vitra’ dazados
maistjumos: 1) zirni 100% (Z); 2) vasaras miezi 50% + vasaras kviesi 50% (MK); 3) zirni
20% + vasaras miezi 80 % (ZM) ; 4) zirni 20% + vasaras kviesi 80 % (ZK); 5) zirni 20% +
vasaras miezi 40% + vasaras kvieSi 40% (ZMK). Maisjjumu attiecibas sastaditas $ada
optimalas izs&jas norma tirsgja (digstosu seklu skaits uz 1m?): zirpi - 120, mieZi - 400, vasaras
kviesi - 500.
Razas novakSana tika veikta ar tieSo kombain&Sanu, izmantojot kombainu ,,Sampo” ar
sekojoSu kimiska sastava noteikSanu. Aminoskabju sastavs (iznemot triptofanu) paraugos tika
noteikts, izmantojot hidrolizes metodi (AOAS Official Method 985.28.) [5]. Triptofans
noteikts, izmantojot spektrofotometrisko metodi péc parauga apstrades oksid€josa maisijuma
(HzSO4 un HNOg) [4]

Rezultati un to izvertéjums

P&c meteorologiskiem apstakliem 2007.-2008.gada vegetacijas periods atskiras no vid&jiem
ilggadigiem raditajiem. Abu gadu vasaras meneSos bija palielinats nokriSnu daudzums.
Lietainais laiks gan s€umu attistibu maz ietekm&ja, bet aizkav€ja graudu un zirpu
nogatavosanos, ta bija diezgan nevienmériga. PakSaugu - labibas mistros zirni nogatavojas par
4-7 dienam atrak neka zirni tirs€ja.

Apkopojot divu gadu rezultatus, visaugstaka graudu raza tika ievakta varianta ZMK un
varianta ZM, sastadot atbilstosi 3,60 un 3,25 t ha™ (attiecigi 129% un 117%). Viszemaka raza
bija pirmaja (Z) varianta, kur zirnus izs€ja tirs€ja un izpaudas veldres negativa ietekme, Seit
raza sastadija 2,78 t ha™ (l.tabula). RaZas novakSanas laika séjums tika vértéts ka stipri
saveldrgjies - 3 balles (pec 9 ballu skalas).

1.tabula
Kultiiraugu mistru razas raksturojums
(vidgjie 2007.- 2008.g.raditaji)
Varianti
Raditaji Z(kontrole) | MK | zZM | ZK | ZMK | RS
Graudi
Raza, tha' 2,53 2,95 3,25 3,13 3,60 0,31
t.sk. zirpi 2,53 - 1,46 1,42 1,31
%, no kontrole 100 106 117 114 129
Saturs sausna,%:
Kopproteins 25,19 11,96 12,56 12,41 16,23
Fosfors 0,51 0,56 0,58 0,53 0,57
Kalijs 0,95 0,31 0,46 0,48 0,54
Kalcijs 0,11 0,06 0,06 0,05 0,06
Magnijs 0,12 0,14 0,16 0,15 0,16
Salmi
Raza, tha™ | 3,11 | 373 | 394 | 410 | 417 | 0,36
Saturs sausna,%:
Kopproteins 8,13 2,63 5,62 5,37 6,12
Fosfors 0,16 0,24 0,28 0,14 0,32
Kalijs 0,78 1,1 1,19 0,8 0,98
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Graudu razas kimiskais sastavs ir dots 1l.tabula, kur visaugstakais kopproteina (25,19%) un
kalija (0,95%) Iimenis ir konstatéts Z varianta (zirni tirs€ja). Minétie raditaji zemaki bija MK
varianta, kur graudaugi s€ti bez zirnu komponenta, Sajos mistros kopproteina saturs bija
11,56%, kalija - 0,31%. Miisu izm&ginajumos konstatéts, ka zirni uzlabo lopbaribas kvalitati,
paaugstinot proteina saturu raza par 8-12%.

Kalijjam un magnijam ir svariga loma organisma sirds un asinsvadu sisteémas darbiba. Ja
zalbariba un skabbariba ir parbagati ar Siem elementiem (3% un vairak), tad pakSaugu -
labibas mistros K un Mg daudzums ir sabalanséts. Lopbariba loti svariga ir kalija attieciba
pret kalciju un magniju (Ca+Mg), kas nedrikst parsniegt 2,4 [3]. Masu izm&ginajumos $1
attieciba paksaugu - graudaugu mistros neparsniedza pielaujamo robezu, pieméram, varianta
ZMK ta bija 1,86.

Kalcijs un fosfors lopbariba kalpo ne tikai par mineralapmainas pamatelementiem, bet no
tiem ir atkariga ari proteina, oglekla un tauku apmaina. Fosfora saturs visos maisijumos bija
l1dzigs, nedaudz augstaks tika noverots ZM varianta - 0,58%. Kalcija daudzums kulttraugu
graudos bija robezas no 0,06 11dz 0,11%, augstakais raditajs tika konstatéts zirpiem tirs¢ja.
Kopuma varam secinat, ka, izmantojot pakSaugu labibu mistrus, ir iesp&jams dzivniekus
nodroSinat ar sabalansétaku lopbaribu - nemot véra razibu vasaras miezi kalpo ka lopbaribas
bagatinatajs ar fosforu, bet zirni - ar proteinu, kaliju un kalciju.

Pédgjos gados dazados pétijumos noskaidrots, ka majdzivniekiem un majputniem
nepiecieSams ne tikai sabalans€ts kop€jais proteins, bet ta sastava jabut ari atbilstoSam
aminoskabju daudzumam. Aminoskabes kalpo ka saites proteinu veidoSanai, un to kartibu
nosaka genétiskais kods [5].

Aminoskabes, kas nesintez€jas dzivnieku organisma (neaizvietojamas), dzivniekiem obligati
jasanem gatava veida ar baribu. Noskaidrots, ka ctikam paredz&taja lopbariba viena no
limit€joSam aminoskabém ir lizins, bet putnu bariba — metionins. Lizina trikums bariba
izraisa asinsrites trauc€jumus, hemoglobina samazinaSanos, ka art muskulu noplakSanu un
kaulu noardiSanos. Metionins ir svarigs organisma augSanas procesa un slapekla balansa.
Triptofans nepiecieSams nervu Stinu darbibas uzturéSanai un hemoglobina veidoSanai asinis
[6].

Kopuma nemot, aminoskabju iedarbiba uz organisma augSanu un attistibu ir loti sarezgita.
Kad bariba nav vai ir nepietickama daudzuma tas vai citas neaizvietojamas aminoskabes,
organisms nesp€] veiksmigi attistities. Tapéc ir loti svarigi pétit to daudzumu lopbaribai
audzg&tajos mistros.

Izméginajuma augstakais neaizvietojamo aminoskabju saturs tika konstatéts zirnu tirs§jas (Z)
varianta, kur tas bija 7,779 100g™. Zirni satur nozimigu dalu aizvietojamo un neaizvietojamo
aminoskabju un ar aminoskabes struktiiru ievérojami atSkiras no graudaugiem. Zirnus
izmanto ka lopbariba, ta ar partika. Izméginajuma vid&jais kopproteina saturs zirpiem bija
25,19%, ka sastava ietilpst arl neaizvietojamas aminoskabes: t.sk. lizins (1,36 ¢ 100g™),
metionins (0,20 g 100g™), leicins (1,34 g 100g™), triptofans (0,21 g 100g™), valins (0,52 g
100g™) un dalgji aizvietojama aminoskabe tirozins (0,48 ¢ 100g™). Zirnos ir pietiekams
daudzums arginina (1,74 g 100g™) un histidina (0,40 g 100g™) - §s aminoskabes organisms
var izmantot metionina un fenilalanina vieta. Tapec, pateicoties savam sabalans&tajam
sastavam, zirgu proteins var aizvietot cilvéka edienkarte dzivnieku izcelsmes proteinu.Un ari
lopbaribai ar zirniem ir daudz lielaka vértiba neka bez tiem. Jau 20% zirpu piejaukums
lopbaribai salidzinajuma ar variantu bez zirpiem paaugstinaja neaizvietojamo aminoskabju
saturu maisijuma ar mieziem no 3,23 lidz 6,00 g 100g™ (2.tabula).

Nemot veéra to, ka mieZos ir lielaks aminoskabju saturs neka citas graudaugu kultiiras, zirni un
miezi ir lielisks papildinajums viens otram. Ta lopbariba varianta ar 80% miezu un 20% zirnu
saturgja savstarp&ji sabalans€tu, augstu aminoskabju saturu. Variantos ZM un ZMK kop¢gjais
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aminoskabju saturs bija attiecigi 13,71 un 11,73 g lOOg'l, t.sk. lizins sastadija atbilstosi 0,96
un 0,66 g 100g™.
2.tabula
Aizvietojamo un neaizvietojamo aminoskabju daudzums kultiraugu mistros, ¢ 100g™
(vidgjie 2007.-2008.9g. dati)

Varianti
Aminoskabes Z ( kontrole) MK ZM ZK ZMK
Lizins 1,36 0,36 0,96 0,54 0,66
Metionins 0,20 0,18 0,17 0,16 0,20
Triptofans 0,21 0,17 0,15 0,18 0,19
Fenilalanins 0,90 0,46 0,74 0,60 0,64
Leicins 1,34 0,64 1,08 0,80 0,84
Izoleicins 0,46 0,22 0,46 0,28 0,30
Treonins 0,64 0,31 0,58 0,40 0,40
Valins 0,52 0,28 0,52 0,32 0,38
Histidins 0,40 0,17 0,28 0,22 0,22
Arginins 1,74 0,46 1,04 0,64 0,70
Asparginskabe 1,98 0,66 1,69 1,24 1,74
Glutaminskabe 3,17 2,99 2,97 3,14 3,00
Prolins 0,76 0,88 0,91 0,84 0,80
Glicins 0,40 0,25 0,33 0,26 0,28
Alanins 0,72 0,30 0,56 0,40 0,44
Tirozins 0,48 0,32 0,45 0,38 0,38
Serins 0,90 0,44 0,80 0,56 0,56
Kopa 16,18 9,07 13,71 10,97 11,73
t.sk.neaizvietojamas 7,77 3,23 6,00 4,15 4,53

Variantos ar kvieSiem aminoskabju kopgjais saturs bija mazaks, tomér triptofana saturs bija
augstaks neka variantos ar mieziem. Triptofana saturs ZM varianta bija 0,15 g 100g™, bet ZK
varianta - 0,19 g 100g™. Vismazakais aminoskabju saturs tika novérots variantos bez zirnu
komponenta, kur tas bija 9,07 g 100g™, t.sk. neaizvietojamas aminoskabes - 3,23 g 100g™.
Aizvietojamas aminoskabes sintez€jas dzivnieku organisma, bet to saturs lopbariba uzlabo tas
baribas vertibu. Misu izmégindgjuma kopsumma visaugstakais neaizvietojamo un
aizvietojamo aminoskabju daudzums bija zirpu ftirsgjas (Z) varianta - 16,18 g 100g™.
Ievérojami zemaks aminoskabju saturs bija graudaugu maisijuma bez zirpu klatbiitnes: MK -
tikai 9,07 g 100g™. Atkariba no atkirigo komponentu sastava mistros pargjos variantos
aminoskabju saturs bija robezas 10,97-13,71 g 100g™. Zirnu klatbiitne mistru raza ievérojami
paaugstina neaizvietojamo aminoskabju saturu par 47-80%.

Lauksaimnieciba salmus biezi izmanto ka lopbaribu, tapec ar1 salmu kimiskais sastavs ir Joti
svarigs. Miisu pétijumos kopproteina saturs salmos tiras labibas s€umos bija 2.63 %,
maisijumos ar zirpu komponentu - 5,37-6,12 %, bet tiros zirpu s€jumos 8,13 %. Kalija un
fosfora saturs ZMK varianta bija augsts un sastadija atbilstosi 0,98% un 0,32%. Tapec,
planojot graudaugu - pakSaugu maisjjumu agrofitocenozi, lietderigak izmantot tris
komponentus: vasaras kvieSus, vasaras miezus un zirnus. Ka piemeéru varétu izmantot misu
izm&ginajuma variantu ZMK: zirpi - 20%, vasaras miezi - 40%, vasaras kviesi - 40%.

Secinajumi
Piemérotos augSanas apstaklos zirpu - labibu mistri dod lielaku graudu koprazu, neka
audzgjot kultiiraugus tirséja. [zmégindjuma visaugstaka graudu kopraza - 3,67 t ha™ - iegiita
no triskomponentu mistra ZMK (zirni + vasaras miezi + vasaras kviesi).
Mistros zirni uzlabo lopbaribas kvalitati, paaugstinot proteina saturu raza par 8-12%.
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Zirnu klatbiitne mistru raza ievérojami (par 47-80%) paaugstina neaizvietojamo aminoskabju
saturu.

Projekt€jot agrofitocenozi, svarigi nemt véra, ka labibu komponents pakSaugu - graudaugu
mistros uzlabo s€jumu noturibu pret veldrésanos, savukart taurinziezu klatbtitne paaugstina
kulturaugu apgadi ar slapekli.

Izm&ginajumi apliecina, ka optimalakais augstu razu un kvalitativas lopbaribas ieguvei ir
triskomponentu paksaugu - graudaugu mistrs ar s$adam komponentu attiecibam: zirni - 20%,
vasaras miezi - 40% un vasaras kviesi - 40%.

Summary
After combining results of two years, the highest crop yield was harvested in PBW and PB
versions- 3.60 and 3.25 t ha™* respectively. The lowest yield (2.78 t ha™') was in the first (P)
version, where peas were sown by pure sowing (Table 1).
Chemical composition of grain crop is shown in Table 1, where the highest level of total
proteins (25.19%) and potassium (0.95%) is detected in version P. The mentioned factors
were lower in BW version (total proteins- 11.56%, potassium — 0.31%). We detected in our
tests that peas improve quality of feed by increasing amount of proteins in crop yield by 8-
12%.
K and Mg have important role in operation of body’s heart and vascular system. K proportion
to calcium and magnesium (Ca+Mg) is very important in feed, and cannot exceed 2.4. [6]. In
our tests this proportion in cereal-papilionaceous mixtures did not exceed permissible level,
e.g., in PBW version it was 1.86.
Calcium and phosphorus in feed not only serve as main elements of mineral exchange, but
protein, carbon and fat exchange is also dependent on them. Amount of phosphorus in all
mixtures was similar, slightly higher was observed in PB version — 0.58%. Amount of
calcium in cultivated plant grains was within the limits of 0.06 to 0.11%, the highest factor
was detected for peas in pure sowing.
The highest composition of non-replaceable amino acids in test was detected in version of
pure sowing of peas (P), where it was 7.77g per 100g. Peas contain significant part of
replaceable and non-replaceable amino acids, and are significantly different from cereals by
structure of amino acid. Thus, thanks to its balanced composition, pea protein can replace
protein of animal origin in people menu. Even 20% admixture of peas in feed, compared to
version without peas, increased amount of non-replaceable amino acids in mixture with barley
from 3.23 to 6.00g per 100g (Table 2).
Barley has more amino acids than other cereal cultures. Thus, version with 80% barley and
20% peas contained mutually balanced high amount of amino acids. Versions with wheat had
lower total amount of amino acids, but amount of tryptophane was higher than in versions
with barley. The highest amount of non-replaceable and replaceable amino acids in our test
generally was in version P — 16.18g per 100g. Significantly lower amount of amino acids was
in mixture of cereals without presence of peas. Presence of peas in mixtures crop vyield
significantly increases amount of non-replaceable amino acids by 47-80%.
Amount of total proteins in straw in BW sowing was 2.63%, in mixtures with pea component
—5.37-6.12%, and in peas in pure sowing — 8.13%.
In projecting agrophytocenosis, it is important to take into account the fact that crop
component in cereal-papilionaceous mixtures improve resistance of sowing against lodging,
in turn, presence of papilionaceous plants improves nitrogen supply to cultivated plants.
Tests confirm that optimal for high crop yields and quality feed is three-component cereal-
papilionaceous mixture with the following component proportions: 20% peas, 40% spring
barley and 40% spring wheat.
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DAZADU BARIBAS LIDZEKLU PECIETEKME UZ KAZU PIENA
PRODUKTIVITATI BIOLOGISKAJA LAUKSAIMNIECIBA
POSTIMPACT OF DIFFERENT FEEDSTUFFS ON GOAT MILK
PRODUCTIVITY IN ORGANIC FARMING

Jazeps SpriiZs, Elita Selegovska
LLU LF Agrobiotehnologijas institits
Liela iela 2, Jelgava, LV 3001; e-pasts: elita.selegovska@llu.lv

Abstract. Goats fed on high-quality and valuable forage provides the production of high quality milk
and dairy products. In organic farming improper and poor feeding during lactation period reduce milk yield
and quality of products. The goal of our research was to ascertain the post impact of different feedstuffs (oat
meal, wheat bran, sunflower cake, rapeseed cake) on goat milk productivity and quality indices. The trial was
carried out in farm “Berzi”, Talsi district in autumn period for 60 days totally; it is, after including of these
feedstuffs in feed ration. Sunflower meal fed in summer period increased in autumn period the content of goat
milk fat by 6.7%, as well as by 7.5% increased protein content and decreased sugar content in milk by 0.5%
compare to control. Rapeseed meal fed in summer resulted in increased milk fat by 5.1 % and decreased
protein and sugar content in goat milk by 2.1 % and 1.6 % respectively in autumn period compare to control.
The essential post impact (p<0.05) on milk protein shown wheat bran which increased protein content in goat
milk by 19.5% compare to control.

Keywords: Feedstuffs, goat milk, milk quality.

levads

Biologiskaja lauksaimnieciba sakara ar dazadu baribas lidzeklu iz€dinasanas ierobezojumiem
nakas saskarties ar tddam problémam ka samazinata dzivnieku produktivitate un piena
kvalitate. Ir zinams, ka vislielaka ietekme uz kazu piena razoSanas kvantitati un kvalitati ir
baribas vielu nodrosinajumam [1]. Biologiskas lopkopibas, tai skaita kazkopibas, produkcijas
ieguvei tiek izmantoti tikai biologiski audz&ti un ar biologiski audz&tu baribu &dinati
lauksaimniecibas dzivnieki, €dinaSana izmantojot tikai atlautas lopbaribas piedevas un baribas
konservantus [2]. Pé&c LR MK noteikumiem un Eiropas Savienibas direktivas Nr. 2092/91
noteikts, ka zalédajdzivniekiem, tai skaita kazam, lidz 2008.gadam bija atlauts iepirkt no
konvencionaliem uznémumiem lidz 5% lopbaribu un baribas piedevas, rékinot no gada
baribas devas sausnas. Edinasana ir nozimigakais faktors, jo tai ir tieSa ietekme gan uz kazas
produktivitati, gan veselibu. Viena no galvenajam baribas vielam kazu &dinasana ir
kopproteins un sagremojamais proteins. Pienem, ka vid&ji kazai uz katru baribas vienibu biitu
jabut 85 Iidz 100 g sagremojama proteina [4; 6], bet péc ASV zinatnieku pé€tijumiem paredz
apméram 130 lidz 150 g sagremojama proteina, kur baribas vielu vajadzibu rékina péc
nepiecieSamibas gan uzturéSanai, gan dzivmasas pieaugumam, gan griisnibai, gan piena
razoSanai [3]. Ja proteinbaribu nav iesp&jams iegiit saimnieciba, ir atlauts iepirkt lopbaribu no
citiem biologiskas razo$anas uzpémumiem vai noteikta daudzuma konvencionalo baribu [2].
Misu pétijuma mérkis bija noskaidrot, ka dazadas pilnvértigas baribas intensivaja laktacijas
faze ietekme€ja kazu produktivitati un piena kvalitati laktacijas nosléguma faze.

Materiali un metodes
P&tijumu veicam Talsu rajona zemnieku saimnieciba “Bérzi” rudens perioda no 1.oktobra lidz
30.novembrim, t.i., 60 dienas. Vasaras perioda intensivas laktacijas laikd no 1.jiinija lidz
30.oktobrim 4 grupu kazas sanéma dazadas pilnvertigas baribas: auzu miltus, kvieSu klijas,
saulgriezu rausus un raps$a rausus (1.tabula), bet, sakot ar 1.oktobri, visu grupu kazas sanéma
vienadu baribu, kur ka pilnvertiga bariba tika izmantoti griku milti (2.tabula).
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1.tabula

_____

Grupas D;zvmeku - Baribas deva
skaits grupa

1. kontroles 6 Ganibu zale — 6 kg, siens — 1 kg, auzu milti — 1 kg (PB)

2. izméginajuma 6 PB (ganibu zale + siens) + 0,7 kg auzu milti + 0,3 kg
kviesu kliju granulas

3. izm&ginajuma 6 PB (ganibu zale + siens) + 0,8 kg auzu milti + 0,2 kg
saulgriezu rausi

4. izmgéginajuma 6 PB (ganibu zale + siens) + 0,8 kg auzu milti + 0,2 kg
rapSa rausi

Sakot ar 1l.oktobri, visu grupu kazas diena sapnéma 3 kg skabsiena, 0,5 kg siena, 1,0 kg
lopbaribas biesu un 0,1 kg griku miltus (2.tab.).

2.tabula
Kazu dienas baribas deva izméginajuma perioda
e . Daudzums, | Baribas | Sagremojamais | Ca, P,  |Karotins,
Baribas Iidzekli . -
’ kg vien. proteins, g g g mg
Skabsiens 3,0 1,05 108 9,5 5,3 60
Siens 0,5 0,25 24 3,3 2,2 20
Lopbaribas bietes 1,0 0,12 8 0,2 0,3 -
Griki 0,1 0,14 20 0,5 1,2 -
Kopa X 1,56 160 13,5 9,0 80
Péc normas X 1,60 160 13,1 9,3 45
+ vai - X -0,04 + 0,04 +0,4 -0,3 + 35

Visu grupu katra kaza izméginajuma laika sanéma 15 g varamas sals.

Izmeginajuma laika katras kazas izslaukums nosverts (izmérits) ar precizitati lidz + 0,1 kg.
Piena tauku, olbaltumvielu, laktozes saturu un somatisko $tinu daudzumu noteica péc dienas
vid&ja parauga vienu reizi menesi ar aparata Milko Scan 133 palidzibu.

Rezultati un to izverteéjums
Vislielakie izslaukumi vasaras perioda tika sasniegti no ceturtas izméginajuma kazu grupas,
Kur baribas sastava tika izmantoti rap$a rausi. Izslaukums uz 1 kazu vidgji bija 3,12 kg diena,
t.1., par 12,64% vairak salidzinajuma ar kontroles grupu (p<0,05) [5]. Tadu pasu tendenci
noverojam ari &dinasanas pécietekmes pétijjuma rudens perioda, kad ari labakie izslaukumi
bija ceturtas grupas kazam, parsp&jot kontroles grupas kazas par 12,7% (3.tab.).

3.tabula
Izslaukumi izméginajuma laika, kg
N Izmégindajuma grupas
Radnaji Lkontr. | Z2.izmegin. | 3.izmegin. | 4.izmegin.

Izslaukums no visas kazu grupas 423 376 451,8 477
(60 dienas)
No 1 kazas izméginajuma laika 70,5 63,0 75,3 79,5
Izslaukums diena 1,18+0,11 1,05+0,11 1,26+0,12 | 1,33+0,11%*
% salidzinajuma ar kontroles grupu 100,0 88,9 106,8 112,7

*p <0,05
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Salidzinosi augsti izslaukumi saglabajas arT tre$as izméginajuma grupas kazam, kuras ieprieks
baribas deva bija sap@musas saulespuku rauSus, parspgjot kontroles grupas kazas piena
izslaukuma daudzuma par 6,8%.

Savukart no otra izméginajuma kazu grupas, kura ¢etrus ménesus baribas deva sanéma kvieSu
Kliju granulas, vasaras perioda izslaukumi bija par 4,33% lielaki neka kontroles grupa. Tomér
S§ts grupas dzivnieki uzradija vissliktako p&cdarbibu (ietekmi) talakos divos menesos,
samazinot piena izslaukumu par 11,1% salidzinajuma ar kontroles grupu.

Kazu piena kimiskais sastavs paradits 4.tabula.

4.tabula
Kazu piena kimiskais sastavs, %

Grupa Tauki k% pret | Olbaltum- | % pret Laktoze % pret

ontroli vielas kontroli kontroli
1.kontroles 4,48+0,26 100,0 3,89+0,14 100,0 4,37+0,08 100,0
2.izméginajuma | 4,67+0,24 104,2 4,65+0,48 119,5* 4,28+0,18 97,9
3.izméginajuma | 4,78+0,30 106,7 4,18+0,28 107,5 4,35+0,07 99,5
4.izméginajuma | 4,71+0,21 105,1 3,81+0,14 97,9 4,30+0,05 98,4

*p < 0,05

P&tijuma pirmaja posma vasara otras izméginajuma grupas kazu piena, kuras ka piedevu
sanéma kviesu kliju granulas, salidzinajuma ar kontroli tauku saturs palielinajas par 0,71%,
olbaltumvielu — par 0,38% un laktozes — par 0,05%, kas norada, ka kviesu kliju granulas
kombinacija ar auzu miltiem ir pilnvértiga baribas piedeva, kura ievérojami uzlabo kazu piena
kimisko sastavu, ka ar1 barotajvertibu. Ari turpmakajos divos méneSos §is grupas kazam
verojams lielaks piena tauku daudzums (par 4,2% vairak neka kontroles grupai), ka ar1 butiski
augstaks (p<0,05) piena olbaltumvielu saturs (par 19,5% salidzinajuma ar kontroles grupu).
Intensivas laktacijas laika tre$as izméginajuma grupas (saulgriezu rausi) kazu piena
salidzinajuma ar kontroles grupu samazinajas tauku saturs par 1,6%, bet palielinajas
olbaltumvielu saturs par 3,9%, kas norada, ka ar1 saulgriezu rausi ir pilnvertiga baribas
piedeva biologiskaja lauksaimnieciba. Turpmakajos divos ménesos kazu piena paaugstindjas
tauku daudzums par 6,7%, olbaltumvielu daudzums par 7,5% un samazinajas laktozes
daudzumu par 0,5%.
Ceturtas izméginajuma grupas kazu piena, kuras Cetrus ménesus baribas deva sanéma rapsSa
rauSus, salidzinajuma ar kontroli palielinajas tauku saturs par 3,2%, bet samazinajas
olbaltumvielu saturs par 1,1% un laktozes saturs par 1,7%. Savukart divos rudens ménesos
piena paaugstingjas tauku saturu par 5,1%, bet samazinajas olbaltumvielu un laktozes
daudzums — attiecigi par 2,1 un 1,6% salidzinajuma ar kontroli.
Somatisko $tinu daudzums atbilst Latvijas vietgjo kazu piena pienemtajam normam (5.tab.).
5.tabula

_____

Grupa Somatisko Sinu skaits, tiikst. % pret kontroli
1.kontroles 584+138 100,0
2.izméginajuma 639+118 109,4
3.izméginajuma 392+81 67,1*
4.izm&ginajuma 465+98 79,6

*p<0,05

Vismazak somatisko $iinu bija tre$as un ceturtas izméginajumu grupas kazu piena, kuras
Cetrus ménesSus baribas deva sané€ma attiecigi saulgriezu un rapSa rausus. Talaka So baribas
devu péciedarbiba samazinaja somatisko $tinu daudzumu piena attiecigi par 32,9 (p<0,05) un
20,4 procentiem.
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Vismazak baribas vienibu un sagremojama proteina 1 kg piena razoSanai patérja ceturtas
izm€ginajuma grupas kazas attiecigi par 11,4 un 9,1 procentu mazak salidzinajuma ar
kontroli.

Labi rezultati tika sasniegti arT treSaja izméginajuma grupa, kur baribas deva Cetrus ménesus
bija ieklauti saulgriezu rausi, arm1 nakamajos divos méneSos 1 kg piena razoSanai baribas
vienibu pat€rin$ samazinajas par 6,1% un sagremojama proteina — par 6,6% attieciba pret
kontroli.

6.tabula
Baribas vienibu un sagremojama proteina paterins 1 kg piena raZzoSanai
e . Diennakts Baribas vienibas SagremOJ_amals
Izmegindjuma grupa izslaukums, kg proteins
’ kg % g %
1. kontroles 1,18 1,32 100,0 136 100,0
2. izméginajuma 1,05 1,49 112,9 152 111,8
3. izméginajuma 1,26 1,24 93,9 127 93,4
4. izméginajuma 1,33 1,17 88,6 120 90,9
Secinajumi

P&tot kazu baribas devu pecdarbibu, ka labakas izradijas divas kazu baribas devas:

1) ganibu zale — 6 kg, siens — 1,0 kg, auzu milti — 0,8 kg un 0,2 kg rapsa rausu. ST baribas
deva palielinaja piena izslaukumu par 12,7% un tauku saturu par 5,1% un samazinaja 1 kg
piena razoSanu par 11,4% baribas vienibu un 9,1% sagremojama proteina daudzumu
salidzinajuma ar kontroles grupu;

2) ganibu zale — 6 kg, siens — 1,0 kg, auzu milti — 0,8 kg un saulgriezu rausi — 0,2 kg. S1
baribas deva palielindgja piena izslaukumu par 6,8%, tauku saturu — par 6,7%,
olbaltumvielu saturu — par 7,5% un 1 kg piena raZo$anai samazinaja baribas vienibu
patérinu par 6,1% un sagremojama proteina daudzumu — par 6,6% salidzinajuma ar
kontroles grupu;

3) ja nav iesp&jams iegadaties biologiski sertificétu rapsa vai saulgriezu rauSu lopbaribu,
biologiskaja kazkopibas saimnieciba v€lams papildus izédinat kvieSu klijas, kas
ievérojami palielina piena proteina saturu gan kliju iz€dinasanas laika, gan laktacijas
nosléguma faze, kad klijas vairs netiek izédinatas.

Summary
Production of organic animal products requires breeding of animals under organic regime
feeding forage obtained with organic methods and using only permitted additives and
preservatives. According to regulations laid down by the Cabinet of Ministers of the Republic
of Latvia as regards turnover and certification order on organic farming products in
conformity with EU regulation No 2092/91 as prescribed in this arrangements, in case organic
feed is not available, up to 5 % conventional feed (till 2008) should be included in goat diets
including mineral feed, vitamins of natural origin, ferments, microorganisms and other
additives provided that they are no genetically modified organisms as permitted by Food and
Veterinary Medicinal service. Goats fed on high-quality and valuable forage provides the
production of high quality milk and dairy products. In organic farming improper and poor
feeding during lactation period reduces milk yield and quality of products. The goal of our
research was to ascertain the post impact of different feedstuffs (oat meal, wheat bran,
sunflower cake, rapeseed cake) on goat milk productivity and quality indices. The trial was
carried out in farm “Beérzi”, Talsi district in autumn period for 60 days totally; it is, after
including of these feedstuffs in feed ration. In autumn period all goats were fed by hay,
haulage, fodder beats and buckwheat. Sunflower meal fed in summer period increased in
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autumn period the content of goat milk fat by 6.7%, as well as by 7.5% increased protein
content and decreased sugar content in milk by 0.5% compare to control. Rapeseed meal fed
in summer resulted in increased milk fat by 5.1 % and decreased protein and sugar content in
goat milk by 2.1 % and 1.6 % respectively in autumn period compare to control. The essential
post impact (p<0.05) on milk protein shown wheat bran which increased protein content in
goat milk by 19.5% compare to control. We suggest include in goat feed ration organically
produced sunflower or raps cake, and also whet bran for improving goat milk productivity
and quality of milk.
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LIGNOSILICIJA IESTRADE REIZE AR SEJU UN TA IETEKME UZ

GRIKU PRODUKTIVITATI BIOLOGISKAJA LAUKSAIMNIECIBA

INTRODUCTION OF LIGNOSILICON IN SOIL SIMULTANEQOUSLY WITH

SEEDS AND ITS INFLUENCE ON PRODUCTIVITY OF BUCKWHEAT IN
ORGANIC FARMING

G.Lebedeva®, G.Teliseva’, L. Tiltina®, S. Rancane’

1- LV Koksnes kimijas instittts, Dz&rbenes 27, Riga, LV 1006, Latvija
Talr.: +(371)67555916, fax: +(371)67550635, e-pasts: ligno@edi.lv
2- LLU agentura Zemkopibas zinatniskais institiits
Zemkopibas inst. 7, Skriveri-1, Aizkraukles raj., LV 5125, Latvija
Talr.: +(371)65197524, fax: +(371)65197954, e-pasts: tilivija@inbox.Iv

Abstract. Lignosilicon (LSi) is biologically active product synthesized in the Latvian State Institute of
Wood Chemistry on the basis of wood fuel bioethanol production waste — hydrolysis lignin.
On the background of rather low dosages of LSi (40-120 kg/ha) introduced in soil simultaneously with seeds of
cereals by mixing them in the box of sowing machine, plant root system developed faster and it’s volume
increased significantly, plant development accelerated and the terms of corresponding stages shortened, the
crop increased and it’s targeted quality went up, soil agrochemical characteristics improved as well. Due to
productivity of cereals was directly connected with root system volume and it’s physiological activity,
investigation of LSi effect on the agricultural plants with poorly root system as buckwheat was undertaken.
The data obtained of proetein yield, content of aminoacids and dynamics of plant development have shown that
lignosilicon has a good prospects for buckwheat cultivation in conditions of organic farming due to it’s ability to
provide increase in crop and enhance it’s nutrition value.

Keywords: buckwheat, lignosilicon, organic farming, root system.

levads
Lignosilicijs (LSi) ir Koksnes kimijas institlita iegiits biologiski aktivs preparats, kas sintez&ts
no koksnes hidrolizes lignina, un ta izm&ginajumu rezultati pieradijusi $1 savienojuma
perspektivu izmantoSanai biologiskaja lauksaimnieciba graudaugu (auzu, miezu, rudzu) un
sarkana dbolina audzesana. Iestradajot reizé ar s&ju nelielas LSi devas (40-120 kg ha™), bija
noveérojama saknu sist€émas straujaka attistiba agras auga attistibas stadijas (30-50 dienas péc
s€jas), tas bija veicinajis produktivitati un pozitivi ietekmgjis gan iegiitas razas kvalitati, gan
augsnes agrokimiskos raditajus.
Auzu, kvieSu un citu graudaugu produktivitate ir cieSi saistita ar saknu sistémas apjoma un tas
fiziologiskas aktivitates pieaugumu. Tapéc radas interese parbaudit LSi ietekmi, audzgjot
kultiiraugus ar vaji attistitu saknu sist€ému, ka, piemé&ram, grikus.
Griku riekstini ir vertigs, di€tisks produkts, kas satur mineralsalus (dzelzs, fosfora, kalcija un
vara), organiskas skabes (citronskabi, skabenskabi, abolskabi) un vitaminus (rutinu, folijskabi,
tiaminu, riboflavinu un niacinu). Riekstinos ir 2-4% tauku, 10-17% kokskiedras, 70-85%
cietes un 10-18% aminoskabes. Griku olbaltumvielas ir biologiski augstvértigakas neka
graudos sastopamas, tas lidzvertigas sausa piena un olas esosajam. Griku di€tisko vertibu
izskaidro ar tris neaizvietojamo aminoskabju — triptofana, lizina un metionina — labvéligo
savstarpgjo attiecibu.
Griku rugaines atliekas salidzinajuma ar graudaugu atlieckam ir vairak slapekla, fosfora, kas
sekmé augsnes auglibu. Griku sénalas un salmi satur 32-40% kalija oksida, tapéc agrak tos
izmantoja ka kalija m&slojumu.
Griku ‘Aiva’ sgjplatibas Latvija salidzinajuma ar citu vasaraju graudaugu platibam ir pavisam
nelielas — apméram 1% no vasaraju kopplatibas.
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Materiali un metodes

Siliciju saturosais preparats ir sintez&ts no koksnes lignocelulozes kompleksa. Izm&ginajumos

pielietotais preparats ir lignosilicijs ar 5% silicija saturu (turpmak teksta saukts LSi).

Kontroles varianta lignosilicija preparats netika izmantots.

Izmé&ginajumu norises vietu raksturojums:

1. Biologiska zemnieku saimnieciba ‘Kelméni’ atrodas Gulbenes rajona Rankas pagasta.
Izméginajumi veikti 2006. un 2007.gada 10 ha platiba griku séklaudzéSanas s€éjumos,
parbaudot &etru LSi devu (8 kg ha™, 17 kg ha™, 20 kg ha™ un 1kg+200 g azotobakterina
ha?) ietekmi uz griku ‘Anita Belorusskaja’ riekstipu razas veidoSanos un tas kimisko
sastavu.

Proteina noteikSanas metode: ISO 5983. Aminoskabju daudzums griku paraugos noteikts,
izmantojot automatisko aminoskabju analizatoru AAA 339 (Microtechna Praha) — AOAC
Official Method 985 28.

2. LLU agentiras Zemkopibas zinatniskais institlits atrodas Aizkraukles rajona Skriveru
pagasta. Izméginajumi ar griku Skirni ‘Aiva’ veikti 2008.gada vegetacijas sezona.
Augsnes raksturojums: velénu podzoléta augsne, granulom. sastavs — SMjp, pHkcl 5,63,
org. viela — 3,45, nodro$inajums ar kaliju un fosforu — labs / |. labs. Variantu skaits 3 —
kontrole, LSi 10 kg ha, LSi 20 kg ha™. Atkartojumu skaits — 3, uzskaites platiba — 45 m?.
Veikti augu parametru mérijjumi 35 (viens ménesis) un 70 (divi ménesi) dienas péc sgjas,
izrokot no katra varianta 20 augus un nosakot katram augam — auga garumu, 1.posma
garumu, 1.posma resnumu, mezglu, zaru un ziedkopu skaitu, ka ar1 analizeti pirms griku
kulSanas ievaktie 40 augi no katra varianta, nosakot katram augam — auga garumu, mezglu
skaitu, zaru skaitu, riekstinu kop&jo masu, 1000 riekstinu masu un salmu masu. 1.posma
garums un resnums mérits, izmantojot Electronic Digital Caliper ar precizitati 107
Izmeginajumi ierikoti, izmantojot izmé&ginajumu s&masinu Hege, griki nokulti ar
izméginajumu kombainu Wintersteiger. Griku izsgjas norma — 70 kg ha™, griku sgklas
materials pirms s€jas sajaukts ar LSi atbilstoSi devai. Augu saknu sistéma tika testeta ar
kalibrétu skeneri STD-1600", izmantojot programmu Win Rhizo 2002C.

Meteorologisko apstaklu raksturojums 2008.gada
2008.gada vegetacijas sezona kopuma bija grikiem un citam lauksaimniecibas kultiram
labveliga. Junija sakuma Skriveros bija bezlietus periods, kura laika augsné veidojas mitruma

apstaklos. Tie izdzivoja, pateicoties pievelSanai uzreiz péc s€jas, ieguvam labas razas, un tas
bija lidzvertigas izméginajumos nokultajam.

Julija un augusta lietus mijas ar saulainam un siltam dienam. Julija I un II dekade, ka ar1
augusta III dekade bija nokriSniem bagata, ta, pieméram, 21.augusta Skriveros nolija 42 mm.
Griku augsanai un ziedu apputeksné$anai meteorologiskie apstakli bija loti labvéligi.

Grikus nokiilam oktobra sakuma un ieguvam labu un kvalitativu razu. Ar LSi méslotie
varianti bija saveldrgjusies.

Rezultati un to izvertéjums
2006. un 2007.gada LSi izm&ginajumi griku ‘Anita Belorusskaja’ s€klaudzeésanas s€jumos
norisindjas biologiskaja zemnieku saimnieciba ‘Kelméni’ un tika iegiti razas, ka art riekstinu
kimisko analizu dati.
Sejumu kopgja platiba, kura tika pétitas dazadas LSi devas, bija 10 ha. Izm&ginajumos
konstat€jam, ka LSi fona bija vérojama straujaka augu augSana un attistiba, seviski izteikta
atSkiriba salidzinajuma ar kontroli bija vérojama pumpuroSanas un ziedéSanas sakuma faze.

119



Pie LSi devas 20 kg ha™ griku riekstinu raza salidzinajuma ar kontroli picauga no 0,53 t ha™
lidz 1,3 t ha™. LSi variantos lielaka bija arl novaktd kopproteina raza, un kopgjais
aminoskabju saturs palielinajas vid&ji par 22%, un par 50% salidzinajuma ar kontroli, pieauga
tadu aminoskabju saturs ka metionins, izoleicins un histidins.
1.tabula
Aminoskabju daudzums griku paraugos, g/ 100 g

Aminoskabe Kontrole LSi Piea”g”nkls salidzindjuma ar
ontroli, %
Asparaginskabe 1,27 15 18
Treonins 0,31 0,34 0
Serins 0,36 0,39 0
Glutaminskabe 1,76 1,96 11
Prolins 0,28 0,32 14
Glicins 0,30 0,39 30
Alanins 0,36 0,44 22
Valins 0,26 0,33 27
Metionins 0,12 0,20 67
Izoleicins 0,22 0,33 50
Leicins 0,44 0,52 18
Tirozins 0,24 0,35 46
Fenilalanins 0,30 0,41 37
Histidins 0,20 0,30 50
Lizins 0,40 0,52 30
Arginins 0,69 0,90 30
Aminoskabju kopéja 7,51 9,19 22,4
summa

2006.gada proteina saturs LSi méslojuma ietekmé griku riekstinu sausna pieauga no 12,6%
lidz 14,5% (pieaugums par 15%), bet 2007.gada — no 11,0% lidz 12,5% (pieaugums 14%).
Salidzinot makro- un mikroelementu sastavu griku riekstinu sausna, netika konstatétas
bitiskas atSkiribas starp variantiem, var minét vienigi, ka LSi ietekmé pieauga silicija un
dzelzs saturs.

Razo8anas izméginajuma iegitie pozitivie rezultati 2006. un 2007.gada deva stimulu turpinat
lignosilicija ietekmes uz grikiem izpétes darbu.

2008.gada veicam detalizétakus petjumus ar grikiem ‘Aiva’ Zemkopibas zinatniskaja
institita Skriveros, un iegitie dati liecina, ka LSi (10-20 kg ha™) pozitivi iedarbojas uz augu
attistibu jau 30-35 dienas péc s€jas. Salidzinajuma ar kontroli ménesi pec s€jas butiski lielaks
LSi variantos bija augu garums, 1.posma resnums, mezglu skaits, zaru un ziedkopu skaits.
2.tabula redzams, ka ménesi péc s€jas griki realiz€jusi lielako dalu no savas augSanas un
razibas raditaju veidoSanas programmas — 1.posma resnums un zaru skaits ir sasniegts gandriz
optimals, tas turpmaka ménesa laika pieauga vien par 5-6%, auga garums un mezglu skaits
ménesa laika bija 68% no divu ménesu vegetacijas perioda sasniegta. Strauji otra ménesa
laika turpinaja pieaugt vienigi ziedkopu skaits.

Visos raditdjos pie LSi devas 10 un 20 kg ha™ augu mérfjumu rezultati bitiski parsniedza
kontroles varianta augu parametrus, kas parada lignosilicija stimul&joso iedarbibu uz griku
augSanu. Ja ménesi peéc s€jas nebija izteikti redzama kada no LSi variantu prieksrocibam, tad
divu ménesu perioda nozimigaku ietekmi uz augu augSanu nodroSinaja deva 20 kg ha™.

Griku saknu sisteéma, I1idzigi ka auga virszemes dala, sasniedza savu gandriz maksimalo
attistibu, sakoties zied€Sanai jeb meénesi péc s€jas, ko parada saknu sist€mas skeneSanas
rezultati (3.tabula). LSi variantos iegltie saknu sistému raksturojoSie parametri 1,5-2 reizes
parsniedza kontroli, kas ir biitiska starpiba.
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2.tabula

Griku ‘Aiva’ 1 auga parametri dazadu LSi devu ietekmé 2008.gada
Varianti Auga L. posma Mezglu skaits Zaru skaits Zledk_opu

garums, cm | resnums, mm skaits
30.07.2008.
K 72,43 5,09 7,00 2,15 4,45
LgSi 10 kg ha* 73,35 5,89 7,90 3,10 5,95
LgSi 20 kg ha™ 71,13 5,64 7,15 3,00 5,20
RSo.05 2,98 0,37 0,45 0,64 0,91
03.09.2008.
K 93,80 5,31 9,10 2,65 11,45
LgSi 10 kg ha” 96,30 5,92 9,75 2,70 15,20
LgSi 20 kg ha* 104,00 5,95 10,05 2,80 16,30
RSo.05 5,68 0,38 0,88 0,57 2,89

3.tabula

Dazadu LSi devu ietekme uz griku ‘Aiva’ saknu sistémas aug$anu vienu un divus

ménesus péc séjas 2008.gada

LSi Saknu kopéjais garums, | Sakpu siste'mgzs tilpums, Sansaknisu skaits, gab.
. cm cm
Variants deva, — _ _ _ — —

kg ha’* péc péc 2 péc péc 2 péc peéc 2

ménesa ménesiem ménesa ménesiem meénesa menesiem
Kontrole 0 450,75 592,94 0,33 0,45 4933 7107
LSi 10 756,54 760,69 0,64 0,75 8990 9200
LSi 20 765,00 786,77 0,73 0,76 9090 9250

LSi pozitiva ietekme uz saknu sist€mas veidoSanos bija noverojama jau lauka apstak]os —
izrokot augus no variantiem ar LSi izmantoSanu, bija redzams, ka saknu kamols ir liels un
kupls, kamé&r kontroles varianta saknu sistéma bija neliela ar atseviskiem garakiem saknu

atzariem.

'

z sakn

"

B AN, ;
u sistémas augsanu

salidzinajums ar kontroles variantu ménesi péc séjas augu
ziedesanas sakuma faze, 2008.gada
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Augu pirmo divu méneSu augSanas dati lika domat, ka variantos ar LSi izmantoSanu ari
riekstinu pilngatavibas laika butu jaredz atSkiriba salidzinajuma ar nemésloto variantu. Griku
vélais s€jas termin$ neradija papildus risku pilnvértigas razas iegiiSanai, jo meteorologiskie
apstakli un augu strauja attistiba pirmo divu ménesSu laika bija labs priekSnosacijums griku
riekstinu razas nobrieSanai. To apstiprinaja ar1 pirms griku kulSanas ievakto augu analizu dati
(2.att.).
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2.att. Viena auga riekstinu un salmu razas pieaugums LSi ietekmé griku ‘Aiva’
séjuma 2008.gada, g

Lignosilicija iestrade reiz€ ar séf'u biitiski ietekm@ja no viena auga iegiito riekstinu un salmu
razu — gan LSi deva 10 kg ha™, gan deva 20 kg ha® veicindja ievérojamu un matematiski
pieraditu griku raZzas pieaugumu. Salidzinajuma ar kontroli par 27% lielaku riekstinu razu
vargja iegiit, izmantojot LSi devu 20 kg ha™ .

To pieradija ar ar izm&ginajumu kombainu iegiitas realas razas uzskaite (3.att.), kad vargja
noverot iepriekS 1 auga razas analiz€s konstateto biitisko razas pieaugumu, ko nodrosinaja
abu pétamo lignosilicija devu iestrade reize ar s&ju.
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3.att. Griku ‘Aiva’ LSi izméginajuma ar kombainu iegiita raza 2008.gada, t ha™
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Secinajumi
Lignosilicija iestrades rezultata griku riekstinu sausna par 22% pieaug aminoskabju kopgjais
daudzums, it seviski metionina, izoleicina un histidina, ka ar1 palielinas tadu mikroelementu
saturs ka dzelzs un silicijs.
Lignosilicija izmantoSana griku augSanas stimulé€Sanai dod labus rezultatus jau 35 dienas péc
s€jas, kad salidzinajuma ar kontroli butiski pieaug augu garums, 1.posma resnums, mezglu,
zaru un ziedkopu skaits.
LSi deva 20 kg ha™ visa vegetacijas perioda atstdj bitiskaku ietekmi uz augu augSanu un
riekstinu razas veidosanos grikiem ‘Aiva’ neka LSi deva 10 kg ha, tapéc to var rekomendét
ka optimalu izmantoSanai griku sgjumos. Kopgjais riekstinu razas pieaugums, izmantojot
devu 20 kg ha, ir 27% salidzinajuma ar variantu bez LSi izmanto$anas.
[zm&ginajumus nepiecieSams turpinat, lai padzilinati pétitu lignosilicija un griku ietekmi uz
augsnes agrokimisko raditaju izmainam, sevisSki uz kalija bilanci augsné, ka ar1 griku ‘Aiva’
razas elementu ktmiska sastava izmainas LSi ietekmg.

Summary
Lignosilicon (LSi) is biologically active product synthesized in the Latvian State Institute of
Wood Chemistry on the basis of wood fuel bioethanol production waste — hydrolysis lignin.
On the background of rather low dosages of LSi (40-120 kg/ha) introduced in soil
simultaneously with seeds of cereals by mixing them in the box of sowing machine, plant root
system developed faster and it’s volume increased significantly, plant development
accelerated and the terms of corresponding stages shortened, the crop increased and it’s
targeted quality went up, soil agrochemical characteristics improved as well. Due to
productivity of cereals was directly connected with root system volume and it’s physiological
activity, investigation of LSi effect on the agricultural plants with poorly root system as
buckwheat was undertaken.
In 2006-2007 years the field (10ha) trials were realized in conditions of organic farm
Kelmeni, Gulbene district with buckwheat Anita Belorusskaja. On the background of LSi
(20kg/ha) buckwheat nuts crop increased almost twice (from 0,53 t*ha™ till 1,3 t*ha™) in
comparison with control. Total protein yield and content of aminoacids increased by 22% in
average in comparison with control, whereas content of such aminoacids as methionine,
isoleucine and histidine increased by 50%.
In 2008 trials with Aiva buckwheat carried out on microfields of Research Institute of
Agriculture in Skriveri confirmed the positive effect of low dosage of LSi (10-20 kg*ha™) on
the plants development already 30-35 days after sowing: in comparison with control the
height of stem was significantly higher, the diameter of the first stem segment was bigger,
there were more flowers and root system volume increased. Already at early stages of
vegetation the increase in nuts yield (up to 20%) was observed.
The data obtained have shown that lignosilicon has a good prospects for buckwheat
cultivation in conditions of organic farming due to it’s ability to provide increase in crop and
enhance it’s nutrition value.
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SLAPEKLA MESLOJUMA IZMANTOSANAS EFEKTIVITATE
GALVINKAPOSTIEM
EFFICIENCY OF NITROGEN FERTILIZER APPLICATION ON WHITE
CABBAGE

Marija Malceva', Mara Vikmane', Veneranda Stramkale*®, Aldis Stramkalis**

1- Latvijas Universitates Biologijas fakultate
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Abstract. Nitrogen is considered to be harvest-limiting element. Almost all investigations showed that
under optimal nitrogen fertilizer harvest increases despite different and contrastive environmental conditions.
There is a lack of research about changes of plant photosynthetic action under nitrogen fertilizer influence.
During field and laboratory experiments changes of head cabbage (‘Ancoma F,’ variety) photosynthesis -
related parameters under different nitrogen supply (50, 120, 190, 190 + 40 and 190 + 50 + 40 N kg ha™) were
observed. Results of field and laboratory experiments showed that optimal nitrogen fertilizer doses are 190 and
190 + 40 N kg ha™. The conlusion is that chlorophyll content (in SPAD readings and mgdm?) and
fluorescence parameters (F,/F, F.,/Fo,, RC/ABS and PIl) can be used as early indicator for forseeing nitrogen
fertilizer efficiency for head cabbage. Fluorescence parameters give precise view of nitrogen fertilizer role in
plant physiological processes and nitrogen effect on plant growth and development.

Keywords: cabbage, chlorophyll, fluorescence parameters, harvest, nitrogen fertilizer.

levads
Hlorofila daudzums augu lapas un fluorescences raditaji dod nozimigu informaciju ne tikai
par fotosintézes norisi, bet arT par auga fiziologisko stavokli, kas savukart atkarigs no auga
genétiskajam, augSanas un attistibas Ipatnibam. P&c fotosintézi raksturojoSiem raditajiem var
spriest par auga apgadi ar slapekli un citiem mineralelementiem, ka ar1 auga reakciju uz vides
apstakliem [1]. Nelabvéligo faktoru iedarbiba augiem izsauc vairakas specifiskas atbildes
reakcijas un noved augu stresa stavokli. Stresori var ietekmét visus metabolisma procesus, to
skaita arT fotosintézi, kas augiem ir galvenais energijas avots [2; 3]. Fotosintézes aparats un
pasi fotosistema II ir Joti jutigi pret dazadu stresoru iedarbibu [4; 5; 6]. Peétijumu rezultati
liecina, ka hlorofila a fluorescence izmainas, palielinoties mineralelementu daudzumam
augsné un augos [7]. Sakara ar to fotosint€zes procesa norises monitorings ir nozimigs auga
fiziologiska stavokla noteiksana [2; 3].
Slapekla saturs lapas pozitivi koreleé ar fotosintézes kvalitati, jo fotosint€z€ piedalas N-
saturoSie proteini [7]. Augu raZu ieveérojami ietekmé slapekla méslojums. Literattira noradits
par optimalo slapekla meslojuma devu noteikSanu galvipkapostiem. Eksperimentali
konstatéts, ka optimals slapekla méslojums butiski palielina razu, neskatoties uz atskirigiem
un kontrast€josiem vides apstakliem [8; 9]. Literatiira tritkkst petijjumu par augu fotosintetiskas
darbibas izmainam slapekla méslojuma ietekmé.
Petijuma merkis bija analizét dazadu slapekla méslojuma devu ietekmi uz fotosintézi
raksturojoSiem raditajiem galvinkapostos.

Materiali un metodes
Pétijums veikts LU Biologijas fakultates Augu fiziologijas katedra un Latgales
Lauksaimniecibas zinatnes centra 2007. un 2008.gada. Laboratorijas un lauka izm&ginajumos
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dazadu slapekla méslojuma devu ictekmes uz fotosintézi raksturojoSiem raditajiem
noteikSanai izmantoja galvinkapostu skirni ‘Ancoma F;’.

Galvinkapostus laboratorijas un lauka izméginajumos audzgja atSkirigos slapekla méslojuma
apstaklos. Augus mésloja ar komplekso mineralméslojumu pamatmé&slojuma N50, 120, 190
kg ha’, papildmeslojuma lietoja amonija nitratu N50 un 40 kg ha™ atkariba no izmégindjuma
varianta.

Lauka izmé&ginajumus iekartoja péc randomiz&to bloku metodes Cetros atkartojumos. Laucina
kop@ja platiba 2,1 m x 10 m =21 m® Uzskaites platiba — 15 m®. Izoléci%'a starp variantiem 0,7
m, starp atkartojumiem — 0,5 m. Izm&ginajuma kopgja platiba — 480 m*. Izméginajuma lauka
tridaina podzoléta glejaugsne. Augsnes agrokimiskais raksturojums abos izmé&ginajuma
gados butiski neat$kiras: organisko vielu saturs augsné — 3,0-3,5%; pH 6,4-7,0; fosfora,
kalcija, kalcija, magnija un dzelzs nodroSinajums — augsts; vara, molibdéna — augsts; slapekla,
s€ra, kalija, mangana, cinka bora — optimals. PriekSaugs — vasaras kviesi. [zméginajuma lauks
drenéts, reljefs izlidzinats, augsnes novertgjums — 48 balles. Pamatméslojumu iestradaja dienu
pirms kapostu izstadiSanas uz lauka (17.maija abos izméginajuma gados). Papildmé&slojumu
iestradaja maija beigas un julija sakuma saskana ar metodiku.

Laboratorijas izmé&ginajumos augus audz&a 1 1 tilpuma vegetacijas traukos Cetros
atkartojumos. Substrats — kiidras maisijums Kano, kura slapeklis — 180 mg I"*, fosfors — 245
mg I*, kalijs — 400 mg I, pH — 5,5-7,0. Au%us audzgja + 20 °C temperatiira 16 h fotoperioda,
fotonu pliismas intensitate — 150 pmol s™ m™.

Abos izméginajuma gados péc kapostu izstadiSanas uz lauka meteorologiskos apstaklos
butiskas atSkiribas nenovéroja. Gaisa temperatiira visos vegetacijas méneSos bija normas
robezas un krasas novirzes no iepriek$§¢jo gadu vid€jiem temperatiiras raditajiem nekonstatgja.
Nokrisnu daudzuma zina 2007.gada vegetacijas ménesi bija bagataki neka vidgji ieprieksgjie
gadi, bet 2008.gada novéroja mitruma deficitu, ko palielinaja ar1 spécigie v&ji.

Hlorofila daudzuma noteik$anai izmantoja hlorofilmetru Minolta SPAD 502 wun
spektrofotometru Ultraspec 3100 pro.

Fluorescences mériSanu veica ar Handy PEA iekartu. Pamatojoties uz atsaucém literatiira, var
apgalvot, ka Handy PEA metode tiek plasi pielietota hlorofila a fluorescences mérisanai gan
laboratorijas, gan lauka apstaklos [10; 5]. Ar augu efektivitates analizétajiem var izmerit
dazadus parametrus, kas raksturo fluorescences intensitati, fotosinté€zes norisi un fotosist€mas
IT stavokli [11].

Rezultati un diskusija
Laboratorijas izm&ginajumos konstat€ja, ka galvigpkapostu lapas hlorofila daudzums pieaug
ontogenézg, neskatoties uz pamata un papildméslojuma piegadi. Lielaks hlorofila saturs
konstatets Nigo+40 varianta augu lapas (1.attels).
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1.att. Videjais hlorofila daudzums galvinkapostu lapas atkariba no slapekla méslojuma,
nosakot ar Minolta SPAD-502 hlorofilmetru
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Jasecina, ka slapekla papildméslojuma piegade augiem sekmé hlorofila daudzuma
palielinasanos, tomér, paaugstinot papildméslojuma devu, var panakt pretgjo efektu.

Pedgjo gadu peétijumos konstateta korelacija starp hlorofila daudzumu SPAD vienibas un
absoliito hlorofila saturu lapas [12; 13].

Eksperimenta starp noteiktam SPAD vienibam un absoliito hlorofila daudzumu pastav lineara
korelacija (2.attels). Respektivi, lineari pieaugot SPAD vienibam, proporcionali lapas pieaug
ar1 hlorofila daudzums mg'dm'z. Punktu izkliede ap korelacijas likni raksturo korelacijas
cieumu. Mazakai punktu izkliedei atbilst cieddka korelacija starp rezultativo (mgdm™) un
faktorialo pazimi (SPAD).
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2.att. Korelacija starp absoluito hlorofila saturu un SPAD vienibam kapostu lapas
acetona ekstrakta

Korelacijas liknes galos ir lielaka punktu izkliede, kas liecina, ka korelacija nav ciesa.
Iespgjams, ka pétijuma izmantots parak mazs paraugu un ari atkartojumu skaits, lai varétu
sekmigi novertét punktu izkliedi ap asi un tad€jadi noteikSanas precizitati. Lai spriestu par
precizitates atkaribu no hlorofila daudzuma, javeic papildus meérijjumi ar lielaku paraugu
skaitu. Tomér korelacijas raditaju R = 0,931 var uzskatit par apmierinosu.

Fluorescences mérijjumu analizes rezultata noveéroja Cetru parametru izmainas. P&c literattiras
datiem, RC/ABS parada fotosistemu reakciju centru hlorofila un antenu hlorofila attiecibu, un
§1 parametra izmaigas liecina par izmainam fotosintétiskaja aparata. Labvéligos augSanas
apstaklos fotosistemas ir liela reakciju centru aktivitate. Reakcijas centrus veido fotokimiski
aktivas molekulas, bet antenu pigmentu molekulas saista gaismas kvantus [14]. Antenu
pigmentu skaita palielinasanas norada uz fotosist€ému darbibas trauc€jumiem, t.i., fotokimiski
neaktivo hlorofila molekulu daudzuma pieaugumu.

Salidzinot RC/ABS eksperimenta variantu augiem (3.attéls), vislielaka parametra vértiba ir
N19o Varianta augiem, bet Nso un kontroles varianta augiem — vismazaka. Var spriest par to, ka
Nso un kontroles varianta augiem ir straujakas izmainas fotosintetiskaja aparata salidzinajuma
ar N1gp un pargjo variantu augiem. Ar1 Njyo varianta augiem RC/ABS ir lielaks neka kontroles
varianta augiem. Kontroles un Nsp varianta augu parametra nelielas atskiribas (0,94 un 0,96
attiecigi) liecina par kontroles varianta augu pielagotibu stresa apstakliem jau attistibas
sakuma. Nemot veéra slapekla devu pievades efektivitati, var secinat, ka lielaku
pamatméslojuma devu ietekm& augiem palielinas fotosistému reakciju centru (fotokimiski
aktivo hlorofila molekulu) skaits. Dodot slapekli papildméslojuma, novéro fotokimiski aktivo
hlorofila molekulu skaita samazinasanos kapostu lapu mezofila $tinu hloroplastu fotosistémas,
par ko liecina RC/ABS parametra samazinas$anas tendence Nigp+40 UN Nigo+50+40 Variantu
augiem, salidzinot ar N1gg variantu.
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3.att. RC/ABS izmainas galvinkapostu lapas atkariba no slapekla méslojuma, nosakot ar
Handy PEA

Eksperimenta, palielinot antenu pigmentu skaitu, augs mé&gina panakt fotosintézes
efektivitates saglabasanos stresa apstaklos, kurus izsauc mineralas baroSanas reZima izmainas,
pievadot slapekli papildmeslojuma.

FW/Fo ir lielums, péc kura var secinat par fotosistémas II aktivitati, respektivi, jo lielaks ir
FJ/F, raditajs, jo aktivaka ir fotosist€ma II. Parametra samazinasanas norada uz izmainam
fotosistemas II elektronu donoru pusé [15].

Vislielaka F,/F, vértiba ir augiem, kas sanémusi slapekli virsmé&slojuma: Nigo+40 — 6,34,
N19o+50+40 Varianta augiem §is parametrs ir nedaudz mazaks — 6,14, bet kontroles varianta
augiem ir salidzino$i augsts F./F, — 6,31 (4.att€ls). Jaatzim&, ka Nigp Varianta augiem F,/F,
raditaja vertiba ir vismazaka. Salidzinajuma ar RC/ABS parametra vertibam, kur tieSi Nigo
varianta augiem ir visaugstakais raditajs, F\/F, §1 varianta augiem ir manami mazaks.
Iespgjams, neskatoties uz lielu reakciju centru skaitu, tie nedarbojas efektivi un fotosisteémas
I pastav traucg€jumi. Veérojama tendence, ka, palielinot pamatméslojumu, kapostu lapu
mezofila §tinu hloroplastos samazinas fotosistémas II aktivitate, par ko liecina F\/F, vértibu
samazinasanas, bet papildméslojums sekmé fotosistemas II aktivitati (Nigg+40 UN N1go+50+40
varianti).
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4.att. F\/F, izmainas galvinkapostu lapas atkariba no slapekla méslojuma, nosakot ar
Handy PEA

Viens no bitiskakajiem parametriem, kas tika ieglits ar Handy PEA metodi, ir PI
(Performance Index). PI raksturo auga vitalitates stavokli, apvienojot vairakus fiziologiskus

raditajus, kas veicina fotosintézes norisi. Parametrs apvieno tadus raditajus ka aktivo reakciju
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centru blivumu, uznemtas energijas parvietoSanas efektivitati uz elektronu transporta keédém
un elektronu transporta energijas plismas atrumu [10]. Tapéc ka slapekla piegade uzlabo
fotosistemas II reakciju centru daudzumu, elektronu transporta atruma raditajus [16] un
slapekla deficits samazina fotosintézes kédes reakciju atrumu [17], p&c PI lieluma izmainam
var secinat par slapekla piegades efektivitati.

PI raditajam (5.attels) saglabajas tada pati tendence ka fotosistemu reakciju centru un antenu
hlorofila molekulu attiecibas raditajam. Lidzigi ka péc RC/ABS raditaja mérijjumiem,
vislabakais stavoklis konstatets Njgp varianta augiem. Var secinat, ka Nigp ir optimala slapekla
deva kapostiem. Interesanti, ka kontroles varianta augiem (nemésloti augi) ir nedaudz lielaka
vitalitate neka Nsp varianta augiem. Iesp&jams, ka nemeésloti augi augsanai izmanto visus
iesp€jamos rezerves avotus vitalitates uzturéSanai, bet Nso varianta augi teré energiju nevis
fotosintezei, bet saknu sisteémas attistibai, lai sekmétu slapekla uznemsanu.
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S.att. PI izmainas galvinkapostu lapas atkariba no slapekla meslojuma, nosakot ar

Handy PEA

Tapec, ka Fy/Fy, lielumu uzskata par ,,stresa raditaju”, ta izmainas visada zina sp&j noradit uz
dazadu méslojuma devu piegades negativo/pozitivo ietekmi uz augiem. P&tjjumos ar
skujkokiem ir novérots, ka ar slapekli méslotu koku skujas F,/Fy, palielinas [7], ka p&tjjumu
objektu izmantojot spinatus, novérots, ka slapekla deficits samazina F\/Fp, raditaja veértibas
[18].
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6.att. F\/Fn, izmainas galvinkapostu lapas atkariba no slapekla méslojuma, nosakot ar
Handy PEA
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Eksperimenta palielinot slapekla piegades devu galvinkapostiem, palielinas F,/Fy, parametra
vertibas (6.attels). So tendenci novéro Nsp, Niso, Nigo un Nigorgo varianta augu lapas.
N190+50+40 Varianta augiem ir nedaudz zemaks F,/F, raditajs neka Nigo+40 Un pat Nigo Varianta
augiem, bet atSkiribas ir kladu robeZas. Interesanti, ka kontroles varianta augiem F,/Fp, ir
vismazakais. lespgjams, to var izskaidrot ar faktu, ka neméslotie augi veiksmigi pielagojas
slapekla deficitam. Citu autoru pétijumos konstatéts, ka slapekla deficits izsauc fotosint€zes
iznakuma samazinasanos [19]. No eksperimenta rezultatiem var secinat, ka ne tikai slapekla
deficits, bet ar1 slapekla parbagatiba galvinkapostiem izsauc negativas fotosintézes norises
izmainas. Tomér japiemin, ka dazos agrak veiktos citu autoru pétjjumos netika konstateta
slapekla deficita ietekme uz fotosistémas II kvantu iznakumu [16].

Lauka izméginajumu galvinkapostu raza paradita 7.att€la.
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7.att. Galvinkapostu raza atkariba no slapekla méslojuma

Ta ka meteorologiskie apstakli abos izméginajuma gados butiski neat$kiras un pozitivi
ietekméja kapostu augSanu un attistibu, péc galvinu razas (iznemot Nsg variantu) nav biitisku
atskiribu starp 2007. un 2008.gada rezultatiem . No izm&ginajuma variantu lauciniem iegiita
kapostu galvinu raza par 6,7-44,3% parsniedz Nsp varianta razu. No darba iegutajiem
rezultatiem var secinat, ka Nigp Un Nigo+s0 ir optimalas slapekla devas galvinkapostiem,
respektivi, N 190 kg'ha'l pamatméslojuma un N40 kg'ha'1 papildméslojuma. N1z, Nigp Un
Nigo+s50+40 Variantu razas apjomi ir aptuveni vienadi. Jaatzim€, ka 2008.gada Nigo+s0+40
varianta augiem raza ir vislielaka — ta par 44,3% parsniedz Nsp varianta augu razu.
Pamatojoties uz 2008.gada rezultatiem, jasecina, ka slapekla meslojums sekmé galvinkapostu
raZas pieaugumu.

Secinajumi

Slapekla méslojuma (N50, 120, 190, 190+40 un N190+50+40 kg ha™) ietekm& 2007.-
2008.gada lauka izméginajumos galvinkapostu (Skirne ‘Ancoma F;’) raza palielinas par 6,7-
44,3%, un izmainas fotosintézi raksturojos$i raditaji augu lapas. Slapekla pamatmeslojuma un
papildméslojuma ietekmé& palielinas hlorofila saturs SPAD vienibas kapostu lapas.
Vislielakais hlorofila daudzums ir galvinkapostu lapas, kas mésloti ar N190 kg ha™ un
N190+40 kg ha™. Pastav tieSa korelacija starp absoliito hlorofila daudzumu un SPAD
vienibam ar korelacijas raditaju R%=0,931.

Fluorescences RC/ABS raditajs kapostu lapas piecaug slapekla méslojuma ietekmé, kas
norada, ka slapekla méslojums sekmé& kapostu lapu mezofila hloroplastu fotosistemu
fotoktmiski aktivo hlorofila molekulu skaita palielinasanos attieciba pret antenu hlorofila
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molekulam. Vislielakais RC/ABS ir Nigp Un Nigo+40 varianta augu lapas. Slapekla méslojuma
letekmé izmainas fotosistémas II aktivitate, par ko liecina F,/F, raditaja izmainas. P&c
fluorescences PI parametra izmainam, var spriest, ka vislielaka vitalitate ir Nigo un Nigg + 40
variantu augiem. Slapekla trikums (kontroles un Nsq varianti) un parbagatiba (N1g0+40) izsauc
negativas fotosintézes norises izmainas, par ko liecina fluorescences F./Fn raditajs. F./Fn
samazinasanos galvinkapostiem vert€jams ka stresa raditajs.

Hlorofila saturu (SPAD vienibas un mg'dm'z) un fluorescences raditajus (Fu/Fm, Fu/Fo,
RC/ABS un PI) var izmantot ka agrinu indikatoru, lai paredz€tu slapekla méslojuma
efektivitati galvinkapostiem. Fluorescences raditaji dod precizaku priekSstatu par slapekla
méslojuma ietekmi.

Summary
Efficiency of photosynthesis influences plant harvest, and chlorophyll amounts in plant leaves
can characterize plant physiological statement and photosynthetic action. Improvement of
photosynthesis efficiency can be achieved by using nitrogen fertilizer.
The aim of the work was to investigate changes of head cabbage (‘Ancoma F;’ variety)
photosynthesis - related parameters under different nitrogen supply (50, 120, 190, 190 + 40
and 190 + 50 + 40 N kg ha™).
Comparing results of field and laboratory experiments were discovered positive linear
correlation between cabbage harvest and photosynthesis — related parameters. Nitrogen
fertilizer influences chlorophyll amount in leaves, photosynthesis - related parameters and
cabbage growth. Optimal nitrogen fertilizer doses are 190 and 190 + 40 N kg ha™.
The conclusion was made that chlorophyll content (in SPAD readings and mgdm™) and
fluorescence parameters (F./Fm, Fv/Fo, RC/ABS and PI) can be used as early indicator for
forseeing nitrogen fertilizer efficiency for head cabbage.
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Annotation. Flax cultures give dual-purpose production — flax fibre and seeds. Flax varieties adapted
to local climate conditions have breeded but up to now the profound research of its quality was not carried out.
In our investigation we analysed flax varieties of Latvia selection for seed yield and quality in comparison with
standard varieties ‘Vega 2’ and ‘Lirina’. In Latgale Agricultural Scientific Centre 10 Latvian flax varieties are
cultivated and seed yield, 1000-seed weight, seed oil content (extracted by hot pressing method) and fatty acid
content in flax seed oil (detected with gas chromatography method) have evaluated. Seed yields of fibre flax
Latvian varieties are significantly higher in comparison with standard variety ‘Vega’. All analysed seed samples
have high oil content (27- 47%) and there is high percentage of polyunsaturated fatty acids in oil (linoleic acid
10,6-16,9%, linolenic acid 54,7-62,1%). There is little difference in 1000-seed weight, content of oil in seeds,
percentage of linoleic, linolenic, oleic, palmitic and stearic acid in oil between fibre flax and oil seed flax
varieties. The difference between the varieties is more influential. Flaxes seeds from Latvian varieties are in high
quality and can be used for food, medical and technical purposes.

Key words: Flax, seed yields, 1000-seed weight, oil content and fatty acids.

levads

Latvija ir linu audz€Sanai piemérotakais talakais ziemelu regions Eiropa. Latvijas
lauksaimnieciba lini jau no seniem laikiem ien€musi nozimigu vietu. Pirms Otra pasaules kara
visa Latvijas teritorija linu audzéS$anai izmantotas platibas sasniedza 60 000 lidz 70 000 ha.
Latvija bija viena no lielakajam linu produkcijas eksportétajvalstim. Sakot no 1945.gada,
mainoties politiskai un saimnieciskai situacijai, linu s€jumu platibas regulari samazinajas un
1995.gada linus valsti audz&ja tikai 1400 ha platiba [1], neskatoties uz to, ka lini ir
perspektiva kultiira Latvija [2].

Linu audz&S$anai ir stratégiska nozime, jo no tiem ieglst izejvielas dazadam tautsaimniecibas
nozarém. Viena no senakajam un galvenajam linu izejvielam ir Skiedra, ko izmanto
tekstilriipnieciba, bet misdienas liniem ir liela nozime ar1 ka izejvielu avotam partikas,
medicinas preparatu, celtniecibas materialu un citas razoSanas nozarés. Linu s€klas ir bagatas
ar lipidiem (33-45%), olbaltumvielam (18-33%), Skiedrvielam (28-35%), mineralelementiem
(~4%), vitaminiem [3; 4; 6]. Linu s€klu proteins tiek uzskatits par labako augu izcelsmes
olbaltumvielu. IpaSi augstvertiga ir linu séklu ella, kas satur vitaminus, neaizvietojamas
aminoskabes, taukskabes un citas vielas. Viena no vértigakajam linu ellas sastavdalam ir
nepiesatinatas taukskabes, t.s. a-linolénskabe (omega—3 taukskabe) un linolskabe (omega—6
taukskabe) [3; 4; 6; 5]. Linu seéklam ir liela nozime ne tikai cilvéka partikas vajadzibam, bet
ar1 lopbariba. Pieméram, linu s€klu izbarosana ciikam var uzlabot galas kvalitati [7] un linu
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seklas esoso ellu de€] ta ir augstvertiga baribas piedeva ar citu majdzivnieku, tai skaita vistu,
baros$anai [§].

Linu razas palielinaSana bitiska nozime ir mérktiecigai selekcijai, bet, lai konstatétu labakos
un optimalos apstaklus to audz€Sanai, paral€li ir jabiit arT petijumiem par agroekologiskiem
apstakliem un to ietekmi uz konkrétu Skirpu augSanu un attistibu. Pasaul€ un arT Latvija tiek
veikti petijumi, piemeram, par agrotehnisko pasakumu ietekmi uz linu augSanu [9], linu sgjas
dazada laika izveli [10] vai arT atseviS$ku kimisko elementu un biologiski aktivo vielu ietekmi
uz linu razu un Skiedras veidoSanos [11; 12; 13; 14].

No linu ellas razoto produktu izmantoSana ir nozares iesp&ju rezerve, kas pagaidam Latvija
tiek maz izmantota, bet var kliit nozimiga, pieaugot linu audzé$anas apjomiem nakotng. Linu
audzesana ir perspektiva, jo no tiem iegiitie produkti ir pilnigi izmantojami [15]. Linu Skiedra
85-90% apmera tiek eksporteta un ir konkurétsp&jiga ES tirgl. Latvija audz€ galvenokart
Skiedras linus, bet uzsakta arT ellas linu audzéSana. Vérojama tendence pakapeniski ellas linu
s€jumu platibam palielinaties.

Latgales lauksaimniecibas zinatnes centra kop$ 1992.gada notiek Latvija selekcionéto (1923.-
1940.g.) linu skirpu, kas repatrietas no dazadu valstu génu bankam, izpete. Uzsakta ar1
Skiedras un ellas linu selekcija un iegiito hibridu un liniju noveértéSana. Lidz Sim nav veikti
péttjumi par linu s€klu kvalitati, Ipasi par linu ellas saturu un sastavu.

Materials un metodes
Pétijums veikts SIA ,Latgales Lauksaimniecibas zinatnes centrs” 2007. un 2008.gada. ST
darba ietvaros analizétas 10 Latvijas linu Skirnes un linijas. Izm&ginajumos ka standarts
ieklauta arT Lietuva selekcionéta Skiedras linu Skirne ‘Vega 2’ un Vacija selekcionéta ellas
linu Skirne ‘Lirina’.
Lauka izmé&ginajumus iekartoja péc randomizéto bloku metodes trijos atkartojumos. Katru
paraugu izsgja 1 m? platiba. Izolaciju platums: starp slejam — 1 m, starp lauciniem — 30 cm,
slejas gala izolacija — 30 cm. Izmé&ginajumu lauka tridaina podzoléta glejaugsne. Augsnes
agroktmiskais raksturojums abos izméginajuma gados bitiski neat$kiras: organisko vielu
saturs augsné ir 3,0-3,5%, pH — 6,4-7,0, fosfora nodroSinajums P,05 — 130-145 mg kg™
augsnes, kalija K,O — 118-124 mg kg™ augsnes. Prickaugs — vasaras kviesi. Izméginajuma
lauks ir drenéts, reljefs izlidzinats, augsnes novértéjums — 48 balles. Pavasari péc pirmas
augsnes kultivacijas iestradaja komplekso mineralméslojumu NPK 6-26-30, deva 300 kg ha™.
Seklas sgja ar rokam, izs€jot Skiedras liniem 170 un el]las liniem 90 digstoSas s€klas uz tekoSo
metru. Attalums starp rindam — 10 cm, s€Sanas dzilums — 2-3 cm. Linu attistibas “eglites”
fazé virsméslojuma izs€ja amonija nitratu: Skiedras liniem slapekla deva — 15 g m? (N
tirvield), ellas liniem — 30 ¢ m’2 (N tirviela).
Latgales Lauksaimniecibas zinatnes centra ir uzstadita Adcon meteostacija, kas savienota ar
datorprogrammu Dacom Plant Plus. Iekartas sniedz informaciju par agrometeorologiskajiem
apstakliem tie$a izméginajumu tuvuma.
Meteorologiskie apstakli 2007. un 2008.gada vegetacijas periodos bija atskirigi un dazadi
ietekméja linu augSanu un attistibu. 2007.gada maija treSaja dekade bija palielinats nokrisSnu
daudzums, gaisa temperatiira par 7°C parsniedza normu. Tas labvéligi ietekmé&ja seklu
digSanu un augu augSanu. Jinija videja diennakts temperatiira bija par 1,7°C augstaka par
normu, bet nokriSnu daudzums — tikai 69% no normas un augsné bija v€rojams mitruma
deficits. Linu ziedéSanas laika, junija beigas un julija sakuma, bija silts un mitrs laiks, kas
pozitivi ietekméja augu augSanu un attistibu. Augusta menesi vid€ja gaisa temperatiira par
2,5°C parsniedza ieprieks€jo gadu vid€jos raditajus, bet nokrisni bija 76,3% no normas. Laika
apstakli labveligi ietekmé&ja linu razas nogatavoSanos. 2008.gada maija sausais un vé&jainais
laiks veicinaja augsnes izzuSanu un aizkavEja linu s€klu digSanu. Lini sadiga loti
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tuvu normai. NokriSnu daudzums — puse no normas. Augsné bija vérojams mitruma deficits,
ko vel palielinaja sp&cigais vejs. Lielais sausums nelabveligi ietekmé&ja augu augSanu un
attistibu. Jalija vidéja diennakts temperatiira atbilda vid&jiem ilggadigiem raditajiem, bet
nokri$gu daudzums 1. un 3.dekadé bija 40% no normas. Sausuma dg] jilija sakuma linu
ziedeSanas periods bija 1saks. Julija otraja dekade nokriSnpu daudzums bija par 73% lielaks
neka norma. Augusta pirmaja dekadé gaisa videja diennakts temperatiira bija tuvu normai, bet
otraja dekadé par 3,7°C parsniedza normu. Nokrisnu daudzums augusta pirmaja dekadé bija
86% no normas, bet otraja — 1,46 reizes parsniedza normu. Meteorologiskie apstakli pozitivi
ietekméja linu nogatavosanos.

Razas novaksana. Paraugus novaca ar rokam agras dzeltengatavibas faze. Augus sasg€ja kilt
un atstaja uz lauka 5-8 dienas. Kad lini bija sausi, tos atpoguloja ar iekartu Eddi, péc tam
pogalas izberza caur sietu. S€klas tirfja ar paraugu tiritaju MLN, nosvéra un aprékinaja seklu
razu un 1000 seéklu masu.

Linu seklas noteica kopgjo ellas daudzumu un taukskabju saturu LU Kimijas fakultate
profesora Dr.chem. P.Meksa vadiba. Ellas daudzumu noteica ar karsto metodi, ekstrahgjot
Soksleta aparata [16], taukskabju noteikSanai linu s€klu e]lu ieguva ar auksto metodi,
izspiezot mehaniska spiede. Taukskabju saturu metilesteru forma noteica ar kombinéto gazu
hromatografijas - masspektrometrijas metodi, izmantojot iekartu GCMS-QP 2010
(SUIMADZU), kura jonizacija veikta ar 70 eV energiju, bet jonu atdaliSana panakta ar
kvadrupolu tipa analizatoru. Taukskabju metilesteru atdaliSanai izmantota kapilara kolonna
DB-5MS (30 mx0,25 mm), kas analizes laika sildita no 60°C Iidz 280°C ar atrumu
10°C min™. Paraugi iztvaicéti 280°C plasmas dalfjuma (1:50) inzektora. Par nesgjgazi
izmantots sevisSki tirs He (99,999%), un ta plismas atrums cauri kolonnai tika uzturéts
nemainigs — 1,0 ml min™. Taukskabju sastava noteik$anai izmantota iek§gjas normalizacijas
metode [17; 18].

Rezultati un to izverteéjums
Lai gan meteorologiskie apstakli 2007. un 2008.gada bija atSkirigi un dazadi ietekmgja linu
augSanu un attistibu, tomér séklu nogatavoSanas perioda abos izméginajuma gados laika
apstakli pozitivi ietekmgja s€klu veidoSanos. legiitas kvalitativas s€klas, tas ir spidigas un
gludas. Lauka izm&ginajumu s€klu razas rezultati apkopoti 1.attéla.
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Analizgjot Skiedras linu séklu razu, jasecina, ka no Latvijas linu Skirn€m ieguti butiski seéklu
razas pieaugumi, salidzinot ar standartu ‘Vega 2’. Lielakais linu s€klu razas pieaugums abos
izméginajuma gados ir $kiedras linu Skirném ‘Blue di Riga’ — 77,4-79,2%, ‘OSupes 30’ —
72,6-73,2%’, ‘Riga LIN 748/8° — 50,8-59,5%, ‘Priekulu 665° — 46,0-47,4%. Ellas linu linijam
ir mazaka s€klu raza. Abos izméginajuma gados ta sastada 67,0-86,7% no standarta $kirnes
‘Lirina’ s€klu razas. Savstarpgji salidzinot Latvijas Skiedras un ellas linus p&c séklu razas
2007. un 2008.gada, jasecina, ka no skiedras liniem iegiita lielaka s€klu raza neka no ellas
liniem.

Izméginajuma iegitie linu séklu razas rezultati nesakrit ar citu autoru konstatéto, ka ellas
liniem ir salidzinosi lielaka s€klu raza neka Skiedras liniem [19]. lesp&jams, ka lielais sausums
2008.gada seklu digSanas perioda atstaja salidzinosi lielaku negativu ietekmi uz ellas neka
Skiedras linu augSanu un attistibu vegetacijas sakuma. Arf literatiira ir norades, ka ellas lini un
Skiedras lini dazadi reagé uz vides izmainam [19; 6].

Viens no séklu razas kvalitates raditajiem ir 1000 s€klu masa. Rupjakas linu s€klas parasti ir
pilnigak izveidojusas, tade] to digtsp&ja un kvalitate ir labaka [19; 1; 6].

Pétijuma péc 1000 seklu masas nav viennozimigi izteiktas atskiribas starp 2007. un 2008.gada
izméginajumu rezultatiem, ka arT Latvijas liniem un standarta $kirném (2.attgls).
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2.att. 2007. un 2008.gada linu 1000 séklu masa

Vislielaka 1000 s€klu masa 2007.gada ir Latvijas ellas liniem ‘E37-22/2” (7,3 g) un Skiedras
liniem ‘Riga LIN 748/82” (7,0 g), bet 2008.gada — ellas linu standarta Skirnei ‘Lirina’ (7,6 g)
un Skiedras liniem ‘Riga LIN 748/82° (7,3 g). Videja lielaka 1000 seéklu masa abos
izméginajuma gados ir Skiedras liniem ‘Riga LIN 748/82” (7,2 g), ellas liniem ‘Lirina’ (7,1 Q)
un ‘E37-22/2° (6,8 g), ka ari skiedras liniem ‘Blue di Riga’ (6,4 g). Citi autori [19; 1] ir
konstatgjusi, ka 1000 seklu masa Skiedras liniem ir 4-7 g, bet ellas liniem ta ir lielaka — 6-12
g. [zméginajumos $adas atSkiribas nenovérojam: Skiedras linu 1000 séklu masa ir 4,7-7,3 g,
ellas linu — 5,8-7,6 g. Tikai ‘S 13/5-7/3-93” 1000 séklu masa 2007.gada izm&ginajumos ir
4,7 g, pargjam izmeéginajumos pétitajam linu $kirném un Iinijam ta nav mazaka par 5 g. Tas
liecina par linu s€klu kvalitati un piemé&rotibu mainigiem agroekologiskajiem apstakliem.

Linu s€klu ella ir gaisi briina ar dzeltenigu nokrasu, raksturigu smarzu un garSu. Tas saturs
linu se€klas ir 27-47% no s€éklu masas (3.attels). P&c ellas daudzuma s€klas nav viennozimigi
izteiktas atSkiribas starp Latvijas liniem un standarta skirné€m, ka ar1 Skiedras un ellas liniem.
Lielakais ellas daudzums ir Latvijas Skiedras linu ‘Blue di Riga’ s€klas — 46-47%, bet
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mazakais — Skiedras linu ‘Vega 2’ (27,0-28,3%) un ellas linu ‘E37-22/2" (27,3-28,3%), ‘E37-
22/17 (28,3-29,4%) seklas. Ellas saturs ir vairak atkarigs no linu skirnes.

Vega 2
Osupes 30 1
Priekulu 665 _,:,
Riga LIN 748/82 [=
Blue di Riga 1
S 13/5-7/3-93 |
T 11/11-13/3-1-94 |
L 11/11-11-97 |

$kirne / cultivar

Liina e
E37-9/2 |
E37-22/1 |

02007
[0 2008

0.00 10.00 20.00 30.00 40.00 50.00 60.00
%

3.att. 2007. un 2008. gada razas ellas saturs linu séklas

Ellas linu standarta Skirnes ‘Lirina’ s€klas ir 44,5% ellas. P&c literatiiras datiem, linu Skirnes
‘Lirina’ seklas ella ir 44-45% [1], kas ir gandriz identisks lielums izm&ginajuma iegiitajam
rezultatam un netiesi liecina, ka vides apstakli izm&ginajuma gados ir bijusi labvéligi linu
s€klu attistibai.

Linu s€klu ella atSkiras no citam augu ellam, jo ta satur daudz polinepiesatinato taukskabju
(Iidz 73%): linolskabe (w-6) — 11-18%, linolénskabe (®-3) — 36-60% ka ari mononepie-
satinato taukskabi oleinskabi 10-18% [3; 2; 4; 6; 5]. Nepiesatinatas taukskabes ir
neaizstajamas taukskabes, kas nerodas cilvéka organisma un ir jauznem ar uzturu. Augsts
linolénskabes un ar1 linolskabes saturs linu séklu e]la veicina tas atru oksidéSanos. Lai
noverstu linu ellas kvalitates pazeminasanos, farmacija linu s€klu ellu fas€ kapsulas [2; 4].

Ir noteikts nepiesatinato taukskabju: linolskabes (C18:2), linolénskabes (C18:3), oleinskabes
(C18:1) un piesatinato taukskabju: palmitinskabes (C16:0), stearinskabes (C18:0) saturs linu
seklu ella (4., 5.attels).

Linolskabe (w-6 taukskabe) linu seklu ella ir no 10,6% (‘E37-9/2°) Iidz 16,9%
(‘L 11/11-11-97°). P&c linolskabes daudzuma nav izteiktas atSkiribas starp ellas un Skiedras
liniem. Latvijas Skiedras lini péc linolskabes daudzuma pat nedaudz parsniedz ellas linu
standarta Skirni ‘Lirina’ (4.att€ls). Izm&ginajuma izmantoto linu séklu ella ir augsts
linolénskabes (w-3 taukskabe) daudzums — 54,7-62,1%. Latvija selekcion&tie Skiedras lini
(izpemot ‘L 11/11-11-97°) péc linolénskabes daudzuma ieverojami parsniedz Skiedras linu
standarta Skirni ‘Vega 2°, bet ‘OSupes 30’ un ‘Priekulu 665’ — pat ellas linu standarta Skirni
‘Lirina’. Ari visas analiz&tas Latvijas ellas linu s€klas ir ar lielu linolénskabes saturu (59,7-
61,3%). P&c mononepiesatinatas taukskabes oletnskabes satura linu séklu ella starp skirném ir
verojamas atSkiribas, tas nav raksturigas Skiedras un ellas liniem. Vislielakais oleinskabes
saturs konstatéts Skiedras liniem ‘S 13/5-7/3-93” un ellas liniem ‘E37-9/2 (22,4% un 21,6%),
bet vismazakais (18,5%) — Skirnei ‘Lirina’.

Kopgjais nepiesatinato taukskabju daudzums linu s€klu ella ir no 89,4% Ilidz 93,2%, tas
Skiedras liniem neatSkiras no ellas liniem. Atskiribas taukskabju sastava vairak atkarigas no
linu Skirnes. Visvairak nepiesatinato taukskabju ir Latvijas linu s€klas: ‘OSupes 30’ — 93,2%,
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‘E37-22/1° — 74,0%, ‘T 11/11-13/3-1-94* — 92,6%, ‘E37-22/1" — 92,5% un ‘Priekulu 665 —
92.,2%, bet vismazak — ‘Riga LIN 748/82’, ‘L 11/11-11-97" un S 13/5-7/3-93" s¢klas.

Vega 2 _:15.8:|:| .54./ : s ] 1&5 9 %
OSupes 30 [T11.97F 62.1 1979
Priekulu 665 {71157 619 g "t
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:g: Blue di Riga ::11.('1 ) b:0.1 200
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g T11/11-133-1-94 [F12.97 60.6 9T )
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4.att. Nepiesatinato taukskabju daudzums linu séklu ella (2007.gada raza)
C18:1 — oleinskabe; C18:2 — linolskabe; C18:3 — linolénskabe
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S5.att. Piesatinato taukskabju daudzums linu séklu e]la (2007.gada raza)
C16:0 — palmitinskabe; C18:0 — stearinskabe

Ar1 péc piesatinato taukskabju daudzuma linu se€klu e]la starp Skirném ir vérojamas atSkiribas,
bet tas nav raksturigas Skiedras vai ellas liniem, ka arT Latvija selekciontajam un standarta
Skirném (5.att€ls). Palmitinskabes daudzums linu ella ir no 4% (‘S 13/5-7/3-93”) lidz 6,4%
(‘Riga LIN 748/82°), stearinskabes — no 2,3% (‘Blue di Riga’) 1idz 4,4% (‘Vega 2°).

Liniem ar mazu linolénskabes saturu (<55%) ‘L.11/11-11-97” un ‘Vega 2’ pieaug linolskabes,
oleinskabes, palmitinskabes un stearinskabe saturs (4., 5.attels). Citu autoru darbos ir norades,
ka, samazinoties linolénskabes un pieaugot oleinskabes, palmitinskabes un stearinskabes
saturam e]la, samazinas ellas oksidéjamiba un picaug stabilitate [3]. Var prognozgt, ka $o linu
séklu e]la varétu bt stabilaka par paréjam. Stabilaka varétu bt ar linu liniju ‘S 13/5-7/3-93°

138



un ‘L11/11-11-97° seklu ella, jo tas sastava ir vismazakais polinepiesatinato taukskabju
saturs.

Vislielakais polinepiesatinato taukskabju linolskabes un linolénskabes saturs (73,5-74,0%) ir
Latvija selekcionéto linu ‘Osupes 30°, ‘T11/11-13/3-1-94°, ‘Priekulu 665’ un ‘E37-9/2” seklu
ella, kam var&tu but augsta mediciniska vertiba.

Secinajumi
Latvijas repatricto Skiedras linu Skirnpu séklu raza ir par 46,0-79,2%, Latgales
Lauksaimniecibas zinatnes centra selekcionéto Skiedras linu liniju — par 2,3-31,0% lielaka
neka Skiedras linu standarta Skirnei ‘Vega 2’. Lielakais séklu razas pieaugums iegiits no
Skirném ‘Blue di Riga’ — 77,4-79,2%, ‘Osupes 30’ — 72,6-73,2%’, ‘Riga LIN 748/8” — 50,8-
59,5%, ‘Priekulu 665 — 46,0-47,4%. Latvijas ellas linu s€klu raza ir 67,0-86,7% no ellas linu
standarta §kirnes ‘Lirina’ razas. Skiedras linu 1000 séklu masa ir 4,7-7,3 g, ellas linu — 5,8-7,6
g). Lielaka 1000 seklu masa ir Skiedras liniem ‘Riga LIN 748/82 (7,2 g), ellas liniem ‘Lirina’
(7,1 g) un ‘E37-22/2’ (6,8 g), ka arT skiedras liniem ‘Blue di Riga’ (6,4 g).
Ellas saturs Latvijas linu s€klas ir 27,3-46,7% no seéklu masas. Latvija selekcion&to linu seklu
ella ir liels polinepiesatinato taukskabju (linolskabe — 10,6-16,9%, linolénskabe — 54,7-
62,1%) daudzums. Visvairak nepiesatinato taukskabju ir linu: ‘OSupes 30 — 93,2%, ‘E37-
22/1° = 74,0%, ‘T 11/11-13/3-1-94° — 92,6%, ‘E37-22/1° — 92,5% un ‘Priekulu 665° —92,2%
seklu ella.
Péc 1000 seklu masas, ellas satura linu seklas un taukskabju — linolskabes, linolénskabes,
oleinskabes, palmitinskabes un stearinskabes daudzuma linu seklu ella Skiedras lini maz
atSkiras no ellas liniem, atSkiribas vairak atkarigas no Skirnes. Ella, iegiita no Latvija
selekciongtu linu seklam, ir kvalitativa un izmantojama partika, medicina un tautsaimnieciba.

Summary

Flax is a significant agricultural object giving double production — flax fibre and seeds. Flax
seeds are rich in lipids, proteins, fibre, microelements and vitamins. Flax seed oil is an extra
quality source of unsaturated fatty acids. Flax varieties adapted to local climate conditions
have been bred but up to now profound research of their seed quality was not carried out. In
our investigation we analysed seed yield and quality of flax varieties bred before in Latvia
and repatriated again and fibre flax and oil flax varieties bred in Latgale Agricultural
Scientific Centre for seed yield and quality in comparison with standard varieties ‘Vega 2’
(fibre flax) and ‘Lirina’(oil flax). In Latgale Agricultural Scientific Centre 10 Latvian flax
varieties are cultivated and their seed yield, 1000-seed weight, seed oil content (extracted by
hot pressing method) and fatty acid content in flax seed oil (detected with gas
chromatography method) have been evaluated.

The field tests were carried out in the Latgale Scientific Agricultural Centre in Eastern Latvia,
but the laboratory analysis in the Faculty of Chemistry at the University of Latvia. Field tests
were performed in years 2007-2008. The field tests design was random blocks repeated for 3
times. The total area for a block was 1 m™. The soil type was humus podzolic gley. The
content of organic substances in the soil was 3.0-3,5%, pH 6.4-7.0, phosphorus — 130-145 mg
kg™ soil, K,O — 118-124 mg kg™ soil. The pre-plant was wheat. The yield of seeds and 1000-
seed weight of flax seeds was determined in field tests. In the laboratory seed oil content
(extracted by hot pressing method) and fatty acid content in flax seed oil (detected with gas
chromatography-masspectrometry method) have been evaluated.

Seed yields of fibre flax Latvian varieties are significantly higher in comparison with standard
variety ‘Vega’. All analysed seed samples have high oil content (27- 47%) and there is high
percentage of polyunsaturated fatty acids in oil (linoleic acid 10,6-16,9%, linolenic acid 54,7-
62,1%). There is little difference in 1000-seed weight, content of oil in seeds, percentage of
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linoleic, linolenic, oleic, palmitic and stearic acid in oil between fibre flax and oil seed flax
varieties. the difference between the varieties is more influential.

Flaxes seeds from Latvian varieties are in high quality and can be used for food, medical and
technical purposes.
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GRIKU NOZIME AUGU MAINA UN NEZALU IEROBEZOSANAS
IESPEJAS ILGGADIGOS PETIJUMOS
THE BUCKWHEAT ROLE IN CROP ROTATION AND WEED CONTROL IN
THIS SOWINGS IN LONG TERM TRIAL

Andris Lejins, Biruta Lejina
LLU Agentiiras Zemkopibas zinatniskais institits
Skriveri, Aizkraukles rajons, Latvija, LV 5125
Tel. +371 65197531,+ 371 26046292 e-pasts: andrislejins@inbox.lv

Abstract. Buckwheat research has been carried out within the long-term crop rotation stationary
that was established in 1969 as a part of the Research institute of Agriculture. Buckwheat proportion within
the partcular crop rotations went up to 22%. The highest buckwheat yields were obtained from the buckwheat
variants that where cultivated after winter rye, and within the buckwheat monoculture experimental plots. A
considerable yield decrease was observed when cultivating buckwheat after potatoes. Weeds in the buckwheat
sowing were effectively brought under control by the herbicide Butisane 400 (1.5 | ha™), applied immediately
after sowing and Betanal AM 2.5 | ha™ after seedling in 2-3 leaves stage.

Keywords: crop rotation, monoculture, buckwheat, weediness, weed control, herbicides

levads

P&dgjos gados griku s€jumu platibas Latvija svarstas no 4500-6000 ha. Notiekot saimniecibu
specializacijai, it seviSki graudaugu audz€Sanas saimniecibas, griki iegiist arvien lielaku
nozimi ka fitosanitara kultiira graudaugu maina, kas atveselo graudaugu sgjumus un dod
iesp&ju samazinat augu slimibu izplatibu dabiska cela, Iidz ar to samazinot vajadzibu péc
fungicidu lietoSanas. Tapéc grikus janoverte ka priekSaugi citam kultiiram, ka ar1 skaidrojama
to nozime pasSiem grikiem. Palielinoties griku s€jumu platibam, arvien lielaka kltst vajadziba
apkarot nezales kimiskiem Iidzekliem, seviski tur, kur tos v€las s€t jaunapgiitas aizlaistas
Zemges.

Materiali un metodes

Pétijumi veikti LLU Agentiiras Zemkopibas zinatniskaja institita ilggadiga augseku
stacionara izmeginajuma un pavadosos herbicidu efektivitates salidzinasanas izmgginajumos.
Augsnes raksturojums ir $ads: pH 5,4-6,3, organiskas vielas saturs — 19-22 g kg™, viegli
uznemamais P — 21-23 mg kg™ un K — 87-99 mg kg augsnes. Péc granulometriska sastava
augsne vertejama ka malsmilts. Petijumos ar grikiem izmantotas Skirnes ’Anita Beloruskaja’
un ‘Aiva’. Izméginajumu metode augsekam — neizversts pilnfaktorials randomizétu laucinu
izvietojums, kur griku ipatsvars sniedzas Iidz 33%, herbicidu efektivitates petijumos —
divfaktorialie skalditie laucini, atkartojumu skaits — 4. M&slojums — pavasari p&c pirmas
rudens arumu kultivacijas — N3,PsoK7s. Katra laucina raza novakta ar kombainu Sampo 500,
nosveérta un pielidzinata pie 14% mitruma. Variantu razu starpibas izvertétas matematiski ar
dispersijas analizi. Nezalu uzskaite veikta katra varianta 100 vietas, nosakot katras nezalu
sugas sastopamibas % un parrékinot to uz katras sugas skaitu vienu m? (Rasin§ A.,
Taurina M.,1982).

Iegiitie rezultati
legttie rezultati ilggadiga augseku stacionara liecina, ka grikus sekmigi var audzget atkartoti
(1.tabula). Tos var s€t arl péc ziemas rudziem. Pilnigi jaatsakas tos sét péc kartupeliem, jo
razas samazindjums ir biitisks visus izmégindjuma gadus. So razas samazinajumu var
izskaidrot ar to, ka kartupeliem un grikiem ir paaugstinatas prasibas péc kalija m&slojuma un
kartupeli ka priekSaugs tos pastiprinati izce] no augsnes.
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1.tabula
Dazu priekSaugu ietekme uz griku riekstinu razu ilggadiga augseku stacionara
Skriveros (1997-2007)

Prieksaugi Razat ha +/- %
Ziema rudzi 1,43 -0,04 97
Kartupeli 1,20 -0,27 82
Griki monokultiira 1,47 100
Y 0,05 0,21

Par griku labvéligo ietekmi uz vasaras kvieSu razu liecina 2.tabulas dati, kur redzams bitisks
vasaras kviesu razas pieaugums péc grikiem un tas ievérojami parsniedz taurinzieZzu pozitivo
efektu.

2.tabula

Dau priek§augu ietekme uz vasaras kvieSu razu t ha™ Skriveru augseku stacionira

Prieksaugi Raza t ha +/- %
Griki 4,80 + 1,67 153
Abolins vai lupina 4,00 + 0,87 128
Vasaras kvie$i atkartota 3,13 100
audzesana
Y 0,05 0,38 tha™

Viens no griku pozitivas ietekmes iemesliem ir saknu puves Gaeumannomyces graminis
izplatibas un intensitates samazinaSanas vasaras kviesu s€jumos, kur tie s€ti pec grikiem
(3.tabula).

3.tabula
Augseku ietekme uz saknpu puvju Gaeumannomyces graminis izplatibu un vasaras kviesu
razu t ha™
Saknu puvju Slimibas
. _ . - Vas.
Graudaugu o izplatiba intensitate - .
_ _ | PriekSaugi kviesu
ipatsvars augseka Gaeumannomyces Gaeumanno- g 1
. . razat ha
graminis ( %) myces graminis %
100 % Vas. kviesi 100 64 3,0
83 %, t.sk. griki | Griki 82 29 3,46
33 %
Yoo 026

Nezalu daudzums griku s€jumos var bitiski ietekmét razu, apgrutinat raZzas novakSanu un
kulmasas tiriSanu. Iepriek$&jo gadu ekspedicionalie petijumi Austrumlatvija paradija, ka griku
s€jumos nezalu ir daudz un nezalainiba veértéjama ka augsta, jo kopgjais vid€jais nezalu skaits
uz m= svarstas ap 100. Nezalu sugu skaits laukos parasti svarstas no 15 1idz 27, no kuram
butisku kaitgjumu nodara 6-10 sugas. No Ismiiza nezalém visvairak sastopamas dazadas
Chenopodium sugas, kuras pastiprinati paradas talit péc griku noziedéSanas, kad dalgji
samazinas griku lapu no€nojums. Tapat daudz ir dazadas Polygonum sugas,
Tripleurospermum inodorum, Raphanus raphanistrum, Galium aparine u.c. No
daudzgadigam nezalém nospiedosa vairakuma ir Elytrigia repens, kas vislielako kait&jumu
var nodarit vegetacijas sakuma, ies€jot grikus slikti sastradata augsné. Jaatzimé, ka labos
augSanas apstaklos griki pavasari var pat paraugt lauka esoSos varpatu un rada maldigu
priekSstatu par tas sekmigu nomaksanu. Patiesiba ta nav iznikusi un péc griku noziedéSanas
vai kad tie sakrit veldré, samazinas griku aplapojums un varpata atkal paradas s€jumu
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virspus€ un kalpo ka piesarpojums kultiram. Lai skaidrotu loznu varpatas apkaroSanas
iespejas griku sgjumos, tika izmantoti herbicidi 4Zils un Zelleks super 1,0 | ha™. Sie preparati
domati graudzalu nezalu — loznu varpatas, mauru skarenes — Poa annua u.c. apkaroSanai un
tos izmanto, kad loznu varpata sasniegusi 10-15 cm garumu. Parbaudes rezultatus skatiet 4.
un 5. tabula. Neskatoties uz to, ka Zelleks un Azils ir loti efektivi, tomér daudz 1étak un ne
sliktak loznu varpatas apkaroSanu var veikt ar glifosata preparatiem pirms griku sgjas

(6.tabula).

4.tabula
Griku raza, lietojot dazadu loi?u varpatas apkaroSanas herbicidus
. Raza t ha
Variants Yield t ha % +
Kontrole- bez herbicidu 2,38 100
lietoSanas
Azils 1 1ha™ 2,85 119,8 +0,47
Zelleks super 1 1 ha™ 3,03 127,1 +0,65
Y 005 0,23
5.tabula
LoZnu varpatas zala un gaissausa masa, lietojot loZnu varpatas apkaroSanas herbicidus
Green matter of Elytrigia Dry matter of Elytrigia
repens repens
gm?= % Efficieny | gm™? % Efficieny
% %
Kontrole- bez herbic. lietos. 446 100 239,0 | 100
Azils 100 1 1 ha™ 12,5* 2,8 97,2 5,75 2,4 97,6
Zelleks super 1 1 ha™*- 0,8* 0,18 99,8 0,25 0,1 99,9
6.tabula
Dazadu augsnes pirmsséjas apstrades variantu salidzinajums
e Pirms griku séjas tris 2 nedelas pirms sejas
Radiaji rei kultivéts izsmidzindt;l ragndaps I] 51 ha't
Razatha™ 1,68 1,99
% 100 118
Ismiiza nezalu skaits 101 68
Daudzgadigo nezalu skaits - 21 10
t.sk. loZznu varpata 13 2
Nezales kopa 122 78

Otra visvairak sastopama daudzgadiga nezale ir Artemisia vulgaris, kura rada apgritinajumu
razas novakSanas un kulmasas zavéSanas laika. Nezalu ierobezoSanai sekmigi var izmanot
griku audzeSanas Ipatnibu, ka tos varam s€t v€lu — maija beigas, jinija pirmajas dienas. Lai
izmantotu So laiku, tika iekartoti divfaktoriali izm&ginajumi, kur salidzinaja divus pirmssgjas
un 8 pécséjas nezalu apkaroSanas variantus ar herbicidu lietosanu (7.tabula).
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7.tabula
Griku riekstinu raza dazados herbicidu lietoSanas variantos

2 nedélas pirms séjas Pirms séjas tris reiz
izsmidzinats raundaps kultivets
Nr Varianti L5 I ha
Raza, o 1000 Raza, % 1000
tha 0 riekstipu | tha™ riekstinu
masa masa
1. | Kontrole — péc s&jas bez 1,80 | 100 | 23,99 1,47 | 100 | 24,08
herbicidiem
2. | Raundupsi,5 I ha™ 2-3 dienas 2,11 | 117 | 24,06 1,77 | 120 | 24,06

pirms sadigSanas
3. | Butizans 400 1,5 1 ha™ talit p&c 1,97 | 109 | 24,09 1,72 | 117 | 23,96

s€jas

4. | Butizans 400 2,0 1 ha™ talit péc 1,94 | 108 | 24,18 1,63 | 110 | 23,92
s€jas

5. | Piramins Turbo 1,5 | ha™ talit 195 | 108 | 24,31 1,68 | 114 | 24,58
péc s€jas

6. | Piramins Turbo 2,01 ha talit 1,86 | 103 23,48 1,61 | 109 23,62
péc s€jas

7. | Betanals AM 2,5 1 ha™ pec 2,17 | 120 24,06 1,87 | 127 23,96

sadigSanas 2-3 lapu faze
8. | Betanals AM 2,5 1 ha™ 7 dienas 2,10 | 116 | 24,14 1,69 | 115 | 23,84
péc pirmas smidzinasanas
vo00s=0,113 tha

8.tabula
Videjais nezalu skaits grikos daZados herbicidu lietoSanas variantos péc to séjas

Nezdles Herbicidu apstrades varianti
1 2 3 4 5 6 7 8
Ismiiza nezalu skaits 127 106 36 34 93 88 88 79
Daudzgadigo nezalu skaits 20 17 13 9 18 16 11 14
Nezales pavisam kopa 147 123 49 43 112 | 104 | 99 93
% 100 84 33 29 76 71 67 63

Roundupa lietoSana pirms griku s€jas nodroSina nezalu skaita samazinajumu gandriz uz pusi
un ticamu razas pieaugumu par 18% (8.tabula). Jaatzimé, ka nezalu iznicinasanai, lietojot
vairakkartigu kultivaciju, daudzas nezales, tai skaita Ismiiza, bieZi tiek tikai noliektas un péc
kultivacijas lietaina laika var atri iesaknoties, turpreti, lietojot glifosatu preparatus, apstradatas
nezales neataug un aiziet boja. Vertéjot preparatus, jasecina, ka Butizana 400 variantos,
nezalu ir par treSdalu 11dz pusei mazak neka Piramina torbo variantos. Nav biitiskas starpibas
nezalu skaitd starp Butizana un Piramina 1,5 un 2,0 1/ ha devam. Butizans labak ierobeZo
dazadas Galeopsis un Chenopodium sugas, kuras razas novaksanas laika rada problémas
novaksana, priekstiritaja noslogojuma un zavésana, bet Betandls AM labak iznicina parastas
pérkones — Raphanus raphanistrum. Salidzinot Betanala AM un Butizana 400 lietoSanas
tehnologiskas prioritates, tad priekSroka dodama Butizanam 400, jo ta lietoSanu mazak
ietekmé laika apstakli un ir garaks optimalais smidzinaSanas laiks. Turpreti Betanalu AM
nevar smidzinat lietus laika un optimala 2-3 lapu faze grikiem ir Joti Tsa.

Nav biitiskas starpibas nezalu skaita variantos starp Betanala AM smidzinasanas reizu skaitu.
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Secinajumi
1. Griki un kartupeli ir savstarp&ji nesaderigas kultiiras un nav audzgjamas viena augseka vai
augmaina.
2. Vislielako griku razu iegist, tos audzgjot atkartoti vai p&c ziemas rudziem. Biitisks griku
razas samazinajums ir tur, kur tie s€ti péc kartupeliem.
3. Griku sgjumos nezalu ierobezosanai peéc s€jas sekmigi izmatojami herbicidi Butizans 400
tiilit pec s€jas un Betanals AM griku 2-3lapu faze.

Pateiciba
Izsakam pateicibu firmam ,,KEMIRA GROW HOW”, ,BASF”, , Aventis Crop Science” par
atbalstu izm&ginajumu ieriko$ana un doto iesp&ju parbaudit vinu preparatus.

Summary
During the past few years area of buckwheat sowings in Latvia varies from 4500 to 6000 ha.
As the farms, especially crop planter farms, try to specialize their branch of cultivation, the
buckwheat becomes more and more significant as a phytosanitary culture in the crop rotation.
It rehabilitates crop sowings and gives an opportunity to decrease distribution of plant
diseases in a natural way, reducing necessity of fungicide usage. Therefore buckwheat should
be valued as a foreplant for other cultures, and significance of foreplants should be clarified
also in regard to the buckwheat. As the area of buckwheat sowings expand, it becomes more
necessary to carry out weed control with chemicals, especially in newly cultivated lands.
Researches have been carried out in LAU Agency Research Institute of Agriculture in the
long-term crop rotation stationary and during the associated comparative trials of herbicide
efficiency. Characterization of soil: pH 5.4 - 6.3, contents of organic substance - 19-22 g kg,
easy absorbable P - 21-23 mg kg™ and K - 87-99 mg kg™ of soil. Granulometric composition
of soil can be evaluated as sandy loam. In researches there have been used buckwheat sorts
’Anita Beloruskaja’ and ’Aiva’. Method of crop rotation researches — unexpanded fully
factorial disposition of randomized plots with buckwheat proportion in the crop rotation - up
to 33%. Method of herbicide efficiency research — bi-factorial split plots with 4 repetitions.
Fertilizer N3,PsoK7s treatment carried out in spring, after the first cultivation of autumn
plough. Yield of each plot has been harvested with combine Sampo 500, afterwards weighed
and equated to humidity level 14%. Differences between yields of several variants have been
rated mathematically with dispersion analysis. Weed count has been done for each variant in
100 spots, defining distribution of each weed species in % and then converted into quantity
per m? (Rasins A., Taurina M., 1982).
From results obtained in the long-term stationary trial we see that buckwheat can be
successfully grown repeatedly in the same place (table Nr.1). Winter rye is also a good
foreplant for buckwheat. One should avoid sowing buckwheat right after potatoes, as it gives
a remarkable decreasement of yield throughout all the years of trial. This decreasement of
yield can be explained with the fact, that both - buckwheat and potatoes require lots of
potassium fertilizer and subsequently potatoes as buckwheat foreplant intensively take out
potassium from the soil.
In table Nr.2 we can see the favourable influence that buckwheat has towards spring wheat.
There is a remarkable increasement of yield in spring wheat sowings after buckwheat, the
yield is even higher than we have observed in spring wheat sowings after papilionaceous
plants. One of the reasons of good influence that buckwheat as a foreplant gives to spring
wheat sowings is decreasement of distribution and intensity of basal rot Gaeumannomyces
graminis (table Nr.3).
Weed quantity in buckwheat sowings can essentially influence yield, obstruct harvesting and
drying. Expedition researches of the past years in Eastern Latvia show high level of

145


res:////ld1062.dll/type=1_word=papilionaceous%20plants
res:////ld1062.dll/type=1_word=papilionaceous%20plants

weediness in buckwheat sowings, total average quantity of weeds per square meter is
approximately 100. Quantity of weed species usually varies from 15 to 27, from which more
harmful are 6 — 10 species. From the annual weeds more common are different kinds of
Chenopodium which particulary appear right after cease of buckwheat blossoming when the
shading of buckwheat leaves reduces. There are also various kinds of Polygonum,
Tripleurospermum inodorum, Raphanus raphanistrum, Galium aparine and others.

From perennial weeds the mostly widespread is Elytrigia repens which may cause the biggest
harm at the beginning of vegetation, if buckwheat is sowed in a poorly cultivated soil. Must
admit that in favourable growing conditions in spring buckwheat can even overgrow the
couch-grass and bring out a delusion of successful suppression of couch-grass. In fact it isn't
withered away, but after cease of buckwheat blossoming or lodging the buckwheat leafage
reduces and couch-grass appears above sowings again and serves as a contamination for the
following cultures. Treatment of herbicides Agil 100 and Zellex Super 1,0 L per ha' was
done to explicate possibilities of couch-grass control in buckwheat sowings. These chemicals
are provided for grass weed control, such as couch-grass, annual meadow-grass - Poa annua
and others, and the treatment is done when couch-grass is about 10-15 cm high. Results of the
trial are displayed in tables Nr.4 and 5. Herbicides Agil and Zellex Super are very effective,
however much cheaper and not a bit worse couch-grass control can be done with glyphosate
preparations before buckwheat sowing (table Nr.6).

Second most widespread perennial weed is ir Artemisia vulgaris which causes difficulties by
the yield harvesting and crop drying. For weed control we can take the advantage of
buckwheat sowing factor — late sowing, end of May or even first days of June. To use this
time we arranged a bifactorial trial where we compared two pre-sowing and 8 after sowing
variants of weed control with herbicide treatment (table Nr.7).

Evaluating preparations we can draw a conclusion that in Butisane 400 variants there are for
one third up to one half less weeds than in variants of Pyramine turbo. There is no disparity of
weed quantity between Butisane and Pyramine 1.5 and 2.0 L/ ha doses. Different kinds of
Galeopsis and Chenopodium which cause problems by harvesting and drying, can be more
successfully controlled with Butisane. Though Betanal AM fights better with jointed
charlocks - Raphanus raphanistrum. If we compare technological priorities of Betanal AM
and Butisane 400 treatment, the preference should go to Butisane 400, because it is more
resistant to weather conditions during spraying and the optimal spraying period is longer.
Whereas Betanal AM cannot be sprayed when it is raining and the optimal 2-3 leaf phase for
buckwheat is very short. There is no vital disparity of weed quantity in different variants with
various numbers of Betanal AM spraying times.
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SPECIES COMPOSITION AND ECOLOGICAL STRUCTURE OF
CARABID’S ASSEMBLY IN A FODDER’S MIXTURE FIELD IN
NORTH POLAND
KARABIDU KOPUMA SUGU SASTAVS UN STRUKTURA ZIEMELPOLIJAS
JAUKTAJAS LOPKOPIBAS PLAVAS

Oleg Aleksandrowicz, Brygida Pakula, Ewelina Grabiec
Zaktad Zoologii. Akademia Pomorska, ul. Arciszewskiego 22 b, 76-200 Stupsk
e-mail:oleg.aleksandrowicz@apsl.edu.pl

Abstract. It June-September of 2007 the qualitative and quantitative composition of carabids were
investigated in annual fodder’s mixture field in vicinity of Bukowina village in Pomeranian province (N Poland,
UTM XA83, 17°50°E and 54°25°N). It was trapping 509 specimen belonged to 23 species. The studied carabid
assembly had very specific species composition and ecological structure. Was observed 7 dominant species:
Calathus fuscipes, Harpalus griseus, Harpalus rufipes, Harpalus calceatus, Poecilus lepidus, Broscus
cephalotes and Harpalus froelichii (more than 5% specimen). This assembly is characterized by low species
richness, polydomination, high value Shannon and Pielou indexes, and not typical high seasonal activity of
“autumn breeders” in first half of June. Possible reasons of such phenomena are soil condition (dry sand soil)
and extreme warm winter 2006/2007.

Keywords: Carabidae, ground beetles assembly, sandy soil, crop field.

Introduction
Carabids traditionally are object of attention of practical entomologists, their value as
predators of depredators of crops is widely known. Recently carabids are used as
bioindicators at an assessment of various man impacts — from application of pesticides before
urbanization processes (Luff 1996, Holland 2002).
In Poland the peak of interest to field carabids has fallen to 60-70 years of the XX-th century
(Kabacik 1962, Kabacik-Wasylik 1970, Honczarenko 1964, Gorny 1971). Researches of last
years have especially practical character and concern, mainly species richness and assembly’s
structure in winter rape fields (Patosz 1996, 1997; Gabrys, et al. 1999) and, seldom, a winter
wheat (Jaworska 2001, Huruk 2002, 2008, Grabarkiewicz 2003, Jaworska, Wiagcek 2006).
Feature of the Polish farm-production is the abundance of small-scale enterprises, with small
arable lands, within 5-10 hectares, and the area of a concrete field can compound only 1-2
hectares. In such conditions modern technologies on fields are used seldom.
Revealing of a species composition, frame of the population and seasonal dynamics of
activity of carabids in the field of grain mixture in a small peasant farm during all season of
vegetation was the purpose of our researches.

Place and methods
In 2007 ground beetles were intensively sampled from fodder’s mixture field in the North of
Pomeranian province (N Poland), nearby in Bukowina village (UTM XAS83, 17°50’E and
54°25°N).
The village Bukowina is situated in South Baltic Lakeland, at mesoregion of Kaszubian
Lakeland.
Studies were carried out on farmland with fodder’s mixture: oat 50%, barley 25% and wheat
25%. The field’s area was 0, 96 h. Field was on wavy basis and its area was 0, 96 h.
The field in the form of a irregular trapeze, from the North is limited by a rye field, from the
West — a field of grain mixed, from the East with mixed forest and from the South — with the
road (Fig. 1). Soil represents the field complex N 7 — weakest, for rye only. This light soil was
originated from loose sands.
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Ammonium nitrate was used as fertilizer, and the Chwastox as herbicide. The lupine was a
preceding crop.

Ground beetles were collected in pitfall traps exposed in the field for two-week-long periods
from 28 May to 10 September of 2007. Each trap was constructed from one 500 ml plastic
cup (92 mm diameter) placed into the ground so the lip of the cup was at or slightly below the
ground surface. Approximately 50 ml of 25% ethylene glycol was then added as a
preservative. Each of traps has been designated by individual number. Beetles from each trap
were fixed separately. In total 1080 trap-days are fulfilled. Activity density level was counting
as number of specimen per trap per day.

Statistical processing was spent with use of a package of applied statistical programs
"Statistica 8.0".

At an estimation of structure of domination Renkonen’s scale is used (Renkonen 1938).
According to which are allocated dominant (more than 5%), subdominant (3-5%), recedent
(1-3%) and subrecedent (less than 1%) species.

For an estimation of structure of assembly were used: a Shannon’s index of variety, Pielou
index of evenness (ITecenko 1982).

The ecological characteristics of the species have been excerpted from the following
publications: Larsson (1939), Lindroth (1945), Thiele (1977), Koch (1989). The following
classifications are used: by habitat (open-area species, forest and open-area species), by
trophic group (predators, hemizoophagous, phytophagous), by humidity preferences
(hygrophilous, mesohygrophilous, mesophilous, mesoxerophilous, and xerophilous) and by
development type (autumn and spring breeders).

\

Wheat+oat

Barber's -
g Mixed forest

DOO0000000

Road

Fig. 1. Location of trapping research area and neighbouring fields

Results
Number of specimens and activity
In total, 509 ground beetles from 23 species and 8 genera were collected (Tab. 1). Activity
density was 0.47+0.06 individuals per trap per day. The most species richness were registered
in genera Harpalus (8 species) and Calathus (4 species).
Structure of dominance
A group of dominants included 7 species: Calathus fuscipes, Harpalus griseus, Harpalus
rufipes, Harpalus calceatus, Poecilus lepidus, Broscus cephalotes and Harpalus froelichii. A
group of subdominants consisted of Harpalus smaragdinus and Amara fulva. Recedent was
represented by Calathus ambiguus. The other 13 species were classified as subrecedent species.
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Diversity indexes reached accordingly: Shannon H* = 2.38; Pielou index of evenness’ e=0.76

(Tab. 1).

Species composition and domination in carabid assembly on crop field

Species | Domination, %
Dominant
Calathus fuscipes (Goeze,1777) 17.49
Harpalus griseus (Duftschmid,1812) 15.13
Harpalus rufipes (Degeer,1774) 14.73
Harpalus calceatus (Duftschmid,1812) 13.95
Poecilus lepidus (Leske,1785) 9.82
Broscus cephalotes (Linnaeus,1758) 8.06
Harpalus froelichi Sturm,1818 6.09
Subdominant
Harpalus smaragdinus (Duftschmid,1812) 3.54
Amara fulva (Degeer,1774) 3.14
Recedent
Calathus ambiguus (Paykull,1790) 1.96
Subrecedent
Amara consularis (Duftschmid,1812) 0.59
Amara equestris (Duftschmid,1812) 0.59
Calathus cinctus Motschulsky, 1850 0.20
Calathus erratus (Sahlberg,1827) 0.20
Carabus cancellatus Illiger,1798 0.39
Carabus convexus Fabricius,1775 0.39
Dolichus halensis (Schaller,1783) 0.98
Harpalus affinis (Schrank,1781) 0.20
Harpalus distinguendus (Duftschmid,1812) 0.20
Harpalus tardus (Panzer,1797) 0.98
Poecilus cupreus (Linnaeus,1758) 0.39
Poecilus versicolor (Sturm,1824) 0.59
Pterostichus niger (Schaller,1783) 0.39
Total individuals 509
Total species 23
Mean activity density, specimen/per trap/per day 0.47
Standard deviation of mean activity density 0.06
Shannon diversity index H’y, 2.38
Pielou index of evenness’ e 0.76

Ecological characteristics
All dominating species are widespread in Palearctic on arable field and meadow. The
dominant group was open-area species (20 species and 98.83% of specimen). Species of forest and
open-area (Carabus convexus, Carabus cancellatus, Pterostichus niger) were represented by single
individuals (1.17%) (Tab. 2).
Breakdown by trophic type revealed a dominance of predators (Broscus, Calathus, Dolichus,
Poecilus etc.) in terms of species (12) and a quantitative dominance of hemizoopgagous (Harpalus
spp., Amara equestris) in terms of individuals (41.46%). Share of predators specimen was very
closely: 40.86%. Phytophagous species (Harpalus calceatus, Amara fulva, A. consularis)
consisted 17.68 of assembly.
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Table 2.
Participation of the ecological elements in carabid assembly

Ecological characteristic | Number of species | % of specimen
Habitat group

Open-area 20 98.83
Forest and open-area 3 1.17
Trophic group

Predator 12 40.86
Hemizoophagous 8 41.46
Phytophagous 3 17.68
Humidity preferences group

Mesophilous 7 34.96
Mesoxerophilous 7 4,52
Xerophilous 9 60.52
Development type

Autumn breeders 17 97.84
Spring breeders 6 2.16

In terms of humidity preferences, xerophilous species prevailed both with regard to the number of
species and individuals (9 species, and 60.52% of specimen). Mesophilous species were in second
position: 7 species, 34.96% of individuals.

Finally, classification with respect to developmental type showed a predominance of autumn
breeders in quality (17 species) and quantity (97.84% specimen) aspects.

Seasonal dynamic of activity density

It is revealed two not appreciable peaks of activity density (Fig. 2). The first period of mass
activity was noted in the end of July, and the second — in second half of August. High level
activity in June was registered to all dominant species. Activity of carabids was in high whole
summer. In the middle of September only observed decrease of activity density.

This two peaks of activity had been almost entirely generated by dominants: Calathus
fuscipes, Harpalus rufipes, Harpalus calceatus, and Harpalus froelichii (Fig. 2). Second
group of dominants had one appreciable peak only: Broscus cephalotes — in the first half of
June; Poecilus lepidus — in beginning of August; and Harpalus griseus in the beginning of
September (Fig. 2).

Discussion

Species richness of the assembly was typical to such kind community in light soil in Middle
Europe. For annual crop species number was not more 30 (Thiele 1977, Luff 2002). Similar
value of species richness, within 25-35 species are known for fields of grain crops in central
Poland (Kabacik 1962, Jaworska 2001, Jaworska i Wiagcek 2006, Huruk 2007).

For a long time it is known, that the species richness depend on type and mechanical
composition of soil (Heydemann 1955). The specific composition and low species richness
are characteristic to sandy soils (Thiele 1977, Andersen 2000). Such species as Carabus
convexus, Poecilus versicolor, Poecilus lepidus, Harpalus tardus, Harpalus distinguendus,
Harpalus griseus, Broscus cephalotes, Calathus erratus) are selected by Heydemann (1955)
to qualitative indicators of winter grain and root crop fields on sandy soils. According to
Andersen (2000) the carabid’s fauna sandy soils of the Western Europe is generated by
species from sandy coast of fresh water body and sea coasts. It is possible to species with
westpalearctic areals, whereas euro-siberian elements such Harpalus calceatus, H.
froelichii, Harpalus smaragdinus, H. distinguendus, Calathus ambiguous, Dolichus
halensis have got into Middle Europe from the East, from forest-steppe and steppe zones
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where are numerous in grain crops (Bacunsesa 1971, Anekcanaposud 1996, KonecHukos,

Cymapokos 1993).
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Fig. 2. Seasonal dynamic of activity density in carabid’s assembly at fodder’s mixture
field in 2007

Studying assembly had domination structure is not usual for a corn field community.
Harpalus rufipes and Poecilus lepidus only were known as dominant in cornfields, and
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Broscus cephalotes for root crop fields on sandy soil in West and Middle Europe (Thiele
1977). Calathus fuscipes is known as dominant in meadow assembly (Tietze 1973, Thiele
1977, Anexcangposuu 1996). Harpalus griseus was known as dominant in potatoes in
Central Belarus (Aleksandrowicz 2002). Such dominants as Harpalus calceatus and H.
froelichii and subdominants Harpalus smaragdinus and Amara fulva were observed as
dominants in East European fields in forest-steppe (BacuibeBa 1971) and steppe zone
(Konecuukos, Cymapokos 1993).

One more assembly special feature was polydomination: established 7 dominant species. This
polydomination and high evenness (Pielou index e=0.76) were the reasons of high level of
Shannon diversity index. The value of Shannon index (H’=2.38) close to that, received for
grain fields of Belarus: 2.49- 2.79 in different soil type (Anexcanaposuu, 1979). However
value of Shannon indexes for grain fields of Belarus are resulted by results of long-term
researches.

The value of activity density is very differing in Europe cornfield assembly (Huruk 2007).
According this author, average level activity density evaluate from 05 to 2.0
specimen/trap/day. We established low activity density (0.47+0.06 specimen/trap/day), that
close to bottom known border.

In trophic structure the predators and hemizoophagous prevail: 87 % of species and 82.32 %
of caught individuals. Domination of predators on Middle Europe fields has universal
character (Thiele 1977; Anekcanaposuu 1996).

Prevalence xerophilous and mesoxerophilous species is prominent feature of carabid
assemblies on sandy soils (Andersen 2000).We established domination represent of this
humidity groups in qualitative (16 species from 23) and quantitative (65.04% all specimen)
aspects.

Domination of autumn breeders on sandy soil is well known (Thiele 1977), but has not been
established anywhere such overwhelming prevalence: 97.84 %.

Figure 2 shows the seasonal dynamic of active density of dominant species. All of them
(except Poecilus lepidus) known as autumn breeders with larval overwintering stadium
(Larsson 1939). Extremely warm winter 2006/2007 was a possible reason of overwintering of
numerous imagines too. To Broscus cephalotes, and Harpalus rufipes, H. griseus, H.
calceatus and H. froelichii observed not typical peaks of activity in first half of June.

Conclusion
Thus, it is possible to conclude, that studied carabid assembly of fodder’s mixture field on
sandy soil had very specific species composition and ecological structure. This assembly is
characterized by low species richness, polydomination, high value Shannon and Pielou
indexes, not typical high seasonal activity of “autumn breeders” in first half of June. Possible
reasons of such phenomena are soil condition (dry sand soil) and extreme warm winter
2006/2007.
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BJIUSTHUE YCJIOBUM OKPYKAIOIIEN CPEbI U TEHOTHUIIA HA
YPOXAM U KAYUECTBO CEMSIH JIbHA MACJIMYHOI'O
INFLUENCE OF ENVIRONMENTAL CONDITIONS AND GENOTYPE ON
THE LINSEED YIELD AND SEED QUALITY

JILBHPA pr311eBeHel, 3odusn HHKacheHel, Aynpone MankeBuuene’
1- Yourckas onbITHas cranums JIM3,
VYuure, LT-38294, [TaneBexckwuii paiioH, Jlutsa; e-mail: upyte@upyte.lzi.lt
2- Uucturyt 3emnenenus JINTBbI
ain. Uacrutyro 1, LT-58344, Axkanems, Kenaitusiickuii paiion, Jlutsa; e-mail: audre@Izi.It

Abstract. The weakness of knowledge about linseed varieties and its growing features depending on
genotype prevent linseed growing and seed marketing in Lithuania. The linseed varieties in Lithuania didn’t
achieve yield promised in the variety description. The aim of our investigations was to establish the influence
of linseed genotype on the plant productivity, agrotechnical and biological characteristic and seed quality.
Nine linseed varieties: Helmi, Szafir, Symphonia, Blue Chip, Lirina, Olinette, Lu-5, Gold Merchant and
Flanders were tested in year 2008. As the result of our investigations, the linseed variety Symphonia, with
best productivity is recommended to grow and multiple in Lithuania.

Key words: Linum usitatissimum L., linseed, variety, seed quality.

Berymiienue
[Tnomaayu moceBoB JIbHA-AOJIIYHIIA B MHUpPE COCTaBISIOT NMPUMEpPHO 3,5 MIH ra, a JibHa
MaclIMyHOro — Oosee 7 MJIH ra MNpeuMYIIECTBEHHO OH BbIpamuBaerca B WMunuum, CIIA,
Kanane, Aprentune, Poccun. Ypoxaii ceMsiH jbHa MaciuyHoro kojiebaercs or 1,9 o 2,5t ¢
1 ra (OKuserun, ['uu30ypr, 2000; FAOSTAT Database Results, 2008).
Jlen npuHAIIEKUT K CEMENUCTBY JIBHOBBIX — Linaceae. B 3T0 ceMelcTBO BXOAAT 22 poxa, U3
KOTOPBIX JIJIsl MPAKTHYECKUX TIeIel ucnonb3yercst omud — Linum. Pox Bkirouaer cBbimie 200
BUIOB. YeNOoBEK MCHOIb3YeT JIMIIb HECKOIBKO BHJOB, MMEIOIIMX I[BETHI TOy00ii, po30BOii,
Oenoif, a MHOrJga Jake KpacHOM okpacku. HekoTopble BHIBI KyJIbTUBHPYETCS B KauecTBE
JIEKOPaTUBHBIX pacTeHuil. OCHOBHOE XO34MCTBEHHOE 3HAUYEHUE HMEET KYJIBTYPHBIH JIEH
(Linum usitatissimum L.). HauOomnbiliee XO03SHCTBEHHOEC 3HAYCHHE HMMEET EBPa3HMATCKUil
MIOJIBUJ] U €0 TPYIIIBL: JOJITYHEL, KyAPSAI U MEXEYMOK.
Jlen-nonryHel MCHOIB3YIOT JUISl MOJIy4YEHHUs! BOJIOKHA, @ CEMeHa — JJIsl BOCIIPOM3BO/CTBA, KaK
MOCAJOYHBIA MaTepuall, U A NOodydeHHs Macia. JIeH-Kyapsi, KyJbTUBUPYETCsS Ha CEMEHA,
MpOM3pACTaET B IOKHBIX O0Jiee 3acyluIuBhIX paiioHax. O umeet B 20 pa3 GoJibllie CEMEHHBIX
KOpoOOUEeK, YeM JIeH-I0ATYHel. BoiokHO B cTebnsaX NbHA-KyApsiia rpydoe, oJpeBecHeBIIee,
HEMPUTOHOE IS TepepabOTKH B TEKCTUIIHHON MPOMBIIIJIEHHOCTH. JIeH-MeXeyMOK 3aHUMAaeT
POMEXYTOYHOE TIOJIOKEHHE MEXIY JIbHOM-IOJNTYHIIOM M KyapsimoMm. OH umeer Oojee
JUIMHHBIA 1 MEHee BEeTBSIUICS cTe0esb, MHOTO CEMSIH, U €r0 BOJIOKHO YaCTO MCIOJIB3YIOT JIJIs
NPOM3BOJCTBA TIpYyObIX TKaHEH, Makiu W KpydyeHblXx wuzfenuil. Kyapsm u  Mexeymok
00BEeTUHSIOT O0IIMM Ha3BaHueM MaciuuHbli JieH (OKuserun, 'urzoypr, 2000).
Jlen MacnUuHBIN LIEHHAs CENbCKOXO3SIMCTBEHHAs KYJIbTypa, KOTOPYIO IIUPOKO HUCIIOJIB3YIOT B
MPOMBIIUIEHHOCTU. VI3 HEro MoTy4aroT TEXHUYECKOE Maciio U JICIIEBbI paCTUTENbHBIN 00K
JUIsl ")KUBOTHOBOZCTBA. B ceMeHnax sibHa conepxkutcs 10 48% Macia, KOTOpOe UCIOIb3yeTCsl B
BUJE TEXHUYECKOTO ChIpbs Ui psAa OTpacield MIPOMBILIUIEHHOCTH: JIAKOKPACOYHOH,
MBIJIOBapEHHOM, KOXKEBEHHO-00YBHOM U Jip. B mocienHue roasl BO BceM MUpPE BO3pOC UHTEpEC
K HCIOJBb30BAHMIO JIBHAHOTO Macjia B MUILYy B CBS3M C €ro JedyeOHBIMH CBOMCTBaMH,
0OYCIIOBJICHHBIMH BBICOKUM COJICp)KaHWeM JMHOIeHOBoW kucioTel (Illmaap u ap. 1999;
Jankauskiene, 2003).
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OyHnaMeHTaNbHBIC WCCICIOBAHUS KOPEISIMA YPOXKAWHOCTH M KavyecTBa CEMSH JIbHA
MOKa3aJIM, YTO MOCEB KPYIMHBIMH CEMEHAMH 3HAYUTEJIbHO MOBBIIIACT ypoxkaii JibHa (Harper,
Obeid, 1967; ApsymanoBa, 1978). Jlis moceBa HaaO MCIOJIB30BaTh CEMEHA KOHIUIMOHHBIC,
BBICOKHX PEIPOIYKIINI, OTKAINOPOBAHHBIC IO pa3Mepy U YACIbHON Macce. DTO 3HAYUTEILHO
YMEHBIIIAET BEPOSTHOCTh 3aHOCAa OOJIE3HEH C CEMCHHBIM MAaTEpUaJioOM U  IOBBIIIACT
YCTOWYMBOCTh BCXOA0B K 3aboneBanusM (Gruzdeviené, 2006). B JlutBe pa3pabaThiBayiach
TEXHOJIOTHSI BO3JICNIBIBAHUS MAcIMYHOro JibHA. Kak moka3aiu ucciaeqoBaHUs, MAaCIUYHbIC
JIbHBI UIMEIOT KOPOTKHUI MEPHO/I BCXObI-IIBETCHUE, HO CO3PEBAHUE CEMSH YacTO 3aTArMBACTCS,
ocobenno npu nebaaronpustoi moroae (Mikelionis, Endriukaitis 2000).

MacnuuHblii JIeH — OHOJIETHEE, O0JIee TEIIONI0MBOE U MEHEe TpeOOoBaTeIbHOE K BJare, 4eM
JICH-JIOJITYHEII, pacTeHue. I3PPEKTUBHbIC MEIUKO-OMOJIOTUIECKUE CBOMCTBA JIbHSIHBIX CEMSH
U Macjia U3 HUX PE3KO CTUMYIHMPOBAIM PA3BUTHE 3TOW KYJIBTYpPbl B MHpPE, YBEIUYHIH €€
UCIIOJIb30BaHUE B XJICOONEKAPHOM, KOHAMTEPCKOW, MaprapuHOBOH MpPOMBINUICHHOCTH. He
TOJILKO BO3POCIJIO MCIIOJIb30BAaHUE CEMSIH JIbHA M JKMbIXa JUISI KOPMa CEIbCKOXO035HCTBEHHBIX
JKUBOTHBIX, ITHIBI U PHIOBI, UAYIINX B IHILY YEJIOBEKY, CEMSH M Macjia B KOCMETUKE, HO U
MOSIBUJIMCh HOBBIC HampaBjieHUs 3()(HEKTUBHOTO HETECKCTUIBHOTO UCIIONIBb30BAHHS MTPOTYKIHH
nabHA. BOJIOKHA Kak MacIMYHOTO, TaK M BOJIOKHHUCTBIX OTXOJIOB JOJITYHIIOBOTO JILHOB CTaJIH
UCIIOJIb30BaTh ISl  ApPMHUPOBAHUS  KOMIIO3UIIMOHHBIX ~MAaTEpUAliOB, HKCIIOJIb3YEMbIX B
ABTOMOOWIILHOM, aBUAIIMOHHOM, CYJIOCTPOUTEILHOW M JPYTrHUX OTPACISAX MPOMBIIUICHHOCTH;
JUIsI IPOU3BOJICTBA PA3IMUHbIX COPTOB OyMaru (B TOM YMCII€ AIUPOCHON U OAHKHOTHOM); /17151
MPOM3BOJICTBA HETKAHBIX MAaTEPUAIIOB, UCIIOJIb3YEMbIX B KA4YeCTBE I'€OTCKCTWIIS (HArpuMmep,
Opyd MPOKJIAIKE JOPOr M KAaHAJIOB), arpOTEKCTHJIS, JUIS TEIUIO- M 3BYKOU3OJIMH, Kak
NAKOBOYHBIA ~ Marepuasl. JIpeBecmHa crebneit  (kKocTpa) WAET Ha  MPOU3BOJCTBO
TETUIOU30JIAIIMOHHBIX, MEOCIbHBIX W CTPOUTEIILHBIX ILIMT, TOIUIMBA W COpOeHTOB. Takum
00pa3oM, MOSIBUIIOCH TIOJTHOE KOMIUIEKCHOE MCIIOJIb30BaHHE BCEX AJIEMEHTOB PACTCHUS JIbHA,
ero cemsiH u ctedist (OKusetun, ['uu30ypr, 2000).

HecMoTpst Ha TO, UTO 3HAYEHUE ITON KYJIbTYPhI BO BCEM MUpPE OTPOMHO, B JIUTBE MOCEBHI JIbHA
MaciIUYHOro cokparratorcs. CokpalleHe TOCEBOB OTYACTH OOBACHIETCS YXY/IIICHUEM
HYKOHOMHUYECKHX YCIIOBHI B CEIbCKOM XO3SICTBE, PE3KUM CITaJIOM 3aKYIOYHBIX IICH Ha CEMEHA
JIbHA ¥ TIOBBIIICHUEM II€H Ha U3JICPKKH MPOU3BOACTBA U T.A. OTHON M3 MPUYHUH COKpAIICHHS
NoJIeH JIbHA MAacIMYHOTO B JIUTBE SIBISIOTCS HU3KUE YPOXKaW CEMSIH M HEJOCTaTOK 3HAHUU O
BBICOKOITPOAYKTHBHBIX COPTaX, aJalTHPOBAHHBIX K YCIOBUAM Halled Pecryonuku.

B nmanHo#i pabore Oblla MOCTaBICHA 3ajjadya MCCIICOBATh BIMSHUE YCIOBHH OKpPYKAIOIICH
Cpe/ibl ¥ TCHOTHITA Ha KAaYeCTBO CEMSHHOTO MaTepHaa JibHa MaCIIMIHOTO.

Marepuaj 4 MeTOAbI
Ha Ynutckoi onbsiTHOM cTaHiuu JInToBckoro nHcturyra 3emiienenust B 2008 1. mpoBoauics
OTBIT C IIENIbI0 M3YYUTh BIHSHHE YCIOBUN OKPYXKAIOMICH CpPEeAbl U TEHOTHIA HAa KadyeCTBO
CeMsIH JbHa MaciuuHoro. MccmemnoBanu copra jpHa Macauunoro: Helmi, Szafir, Symphonia,
Blue Chip, Lirina, Olinette, Lu-5, Gold Merchant u Flanders.
ATpOTEXHHKA B OIBITe OOBIYHAS 110 TPEOOBAHUSAM TEXHOJOTHICCKUX YCIOBHH BBIPAIIBAHUS
apHa MaciuuHoro B Cpenneit uactu JIuteer (Mikelionis, Endriukaitis 2000).
[IpenmecTBeHUK JIbHA — O3WMasi PO’K, MOYBA — JEPHOBO IMOJ30JIMCTAs CYyNeCh, KHCIOTHOCTh
pH — 7,5. IIpu mocTmkeHnr MOYBON (U3UYECKON CIETOCTH MPOBOAWIAC KYIbTHBAIMS Ha
rryouny 8-10 cm, a 3aTem — npeanoceBHas KyabTuBarus Ha 4-5 cM. Cioco6 ceBa — OOBIYHBIN
psaakoBoii ¢ mMexnaypsaabsimu 10 cMm. I'myOuna 3anenku cemsH — 3-4 cm. Hopma BbiceBa
CeMSH — 8§ MJIH.IIT./Ta BCX0XkUX ceMsiH (50-60 kr/ra B 3aBUCUMOCTH OT KayecTBa IOCEBHOTO
MaTepHaia Kaxaoro copra).
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[ToceBbl JIbHA MacIMYHOTO YOMpAlUCh pa3liesbHBIM criocoboMm. B ¢aze mosHol cnenoctu
TEepeOWIN JIeH PyYHBIM CHOCOOOM, BSI3aJM B CHONBI M CYIIWIM B IOJIC. 3aT€M B IOJIEBOU
71a00paTOPUM CHOIIBI MOJIOTHUIM MoJoTuiikord MJI-60.

AHanu3bl CEMSH MPOBOJWINCH B JJAOOPATOPUSIX YTUTCKOW ONBITHOM cTaHUUU U JINTOBCKOIrO
MHCTUTYTA 3€MJIEJENINS COTIIACHO COOTBETCTBYIOIIUM METOINYECKUM YKA3aHUSIM.
Cratuctuyeckas oOpabOTKa M CTATHCTUYECKUN aHAIN3 JAHHBIX IMPOBOAUICS C MOMOIIBIO

porpaMMbl ctaTcTudeckoil oopabotku mapopmarmu ANOVA (Tarakanovas, Raudonius,
2003).

Pe3yabTaThl M 00CyKI1€HHE
Jlen macnuuHBIN B HameM onbiTe ObUT TTocestH 5 Mast, 2008 1. Bexoasl B3omu yepes 10 qHE.
Merteoponorunyeckue ycioBus B 2008 romy ObUIM yIOBJIETBOPUTEIbHBIE /ISl BbIPAIMBAHUS
JbHA MAacIU4HOro. B Hauane Bereranuu (B KOHIE Masl U B MEPBOI MOJIOBUHE HIOHS) MOroja
ObLTa HEONMAroMpHUsATHAS — HEXBATAJIO BJAard, HO B HIOJIE TPOILIN OOWIBHBIE Ocaaku. [lorom
JIOCTaTOYHAs BIAXHOCTh IOYBBI M YMEpPEHHas TeMIlepaTrypa BO3[AyXa CIIOCOOCTBOBAIIU
ONTUMAbHOMY POCTY U Pa3BUTHIO JIbHA MACIIMYHOTO.
B konme Bereranuu OOWJIbHBIE OCAAKM W JKapKas M[Oroja MOTJU CIIOCOOCTBOBATH
NPOSIBJIICHUIO TPUOHBIX OOJNe3HEH Ha CTEeONIAX M 3apaKeHHIO ceMsH. B aBrycre Ha GOKOBBIX
BETKaX METEIKH HEKOTOphIX mo3aHecmenbix coproB (Lirina, Blue Chip, Gold Merchant)
MOSIBUJIMCH HOBBIC OYTOHBI M IIBETKH, XOTS OOJIBIIMHCTBO KOPOOOUEK Ha TJIABHOM CTEOJIC YKe
JIOCTUTJIN CHEIOCTH.
[Toroaueie yciaoBusi BO Bpemsi yOOPKH JIbHA MACIMYHOTO OBUIN YIOBIETBOPHUTEIIbHBIC.
buomerpuueckue AaHHble (BbICOTA PACTEHH, AJIMHA METENKH, YUCIO KOPOOOYEK) pa3HBIX
COPTOB JIbHA MACIMYHOTO PA3INYAIHCh.
JnuHa cTebas U METENKH B JTAHHOE BPEMS SIBISIFOTCS OYEHb BAXKHBIMH TMOKA3aTeISIMH IS
TEXHOJIOTHH MEXaHU3UPOBAHHU YOOPKHU JIbHA MACIWYHOTO. YOOpKa BEIETCs MOCie MOJHOTO
CO3PEBaHMS CEMSH B JKEITOW WIM B MONHOW cnenocT. JleH Maciuuueiii B JIutBe 0OBIYHO
yOMparT 3epHOBBIMH KOMOAaWHaMM, CKAIIMBAIOT METEJIKH, OCTABJISII BBICOKYIO IIETHHY,
MOTOMY JKeNaTelbHO, YTOOBI JIeH ObUI paBHBIM, HEBBICOKMM M HMMEN KOMIAKTUYECKYIO
metenky. [lpm mpumeHeHMM pa3zenabHOro crnoco0a YOOpPKM JIbHA, JIEH YOUparoT Kak
JONTYHEI[ — TepeOsT, a BBHICOXIIbIE oOManaynBaroT. Torjga Ha IMojie OCTaeTcs He IIEeTHHA, a
paccTiaeHHbIe CTe0IH JIbHA.
OOBIYHO OCTaIOIIMECS TIOCTIE OTACNIEHUS CEMSH OCTAaTKU CTEONEl CKUTATUCH U 3allaXHBAINCh,
CTAHOBSICh YaCTUYHBIM ynoOpeHueM. CTedelnb JIbHa MacIMYyHOTO, TAK)Ke KaK U JICH-JIOJITYHEI],
COJICPKUT B JIYOSTHOM YacTH CTeOnst TyOsHOE IEJUTI003HOE BOJOKHO. DTO BOJOKHO JI0
MOCJIETHETO BPEMEHHU B MUPE MPOMBIIIIEHHO IHPOKO HE UCIOJIb30BAIOCH.
Ceifuac BOMPOCOM HCIIOIB30BAHUSI COJIOMBI MACIHUYHBIX JILHOB JIOCTATOYHO HIUPOKO
3aHUMAIOTCSI BO MHOTHMX CTpaHaX. BOJOKHO MaciMuYHBIX JIbHOB HAIpaBiseTcs IS
MPOM3BOJICTBA MYJBIBI M OymMarn M3 Hee, a Tak)Ke MPOU3BOJACTBA HETKAHBIX MaTEpPHAJIOB
pPa3HOr0 HAa3HAYEHHS M apMUPOBAHUS KOHCTPYKIMOHHBIX MOJUMEPHBIX MAaTEpPHANOB IS
aBTOMOOWJIbHOM, aBHAlIMOHHOM U IPYTUX OTpaciieid MPOMBIIITIEHHOCTH. [l 3Tux e 1enei
UCTIOJIB3YIOTCS  BOJIOKHUCTBIE OTXOJbI MepepabOTKH JOJryHIOBBIX JbHOB (JKuBeTuH,
['ua36ypr, 2000; Rennebaum et al., 2002; Dimmock et al., 2005). Takum oOpazomM, MOKHO
MoJIaraTh, 4YTO U3 COJIOMKH MACITUYHBIX COPTOB JIbHA MOCJE OTACICHUS CEMSH 11e1eco00pa3Ho
MoJTyJath JIyoooOpa3Hoe KyjaelbHOe BOJOKHO. B JIuTBe OTXOABI JhHA MACIMYHOTO ITOKa
CKUTAIOT WM 3alIaXUBAIOT.
Cambie Hu3kue cTebnn Obun y bHA coptoB Olinette (42,1 cm), Flanders (46,7 cm) u Szafir
(48,1 cm). Bricokue credmm (61,2 cm) Beipociu y nbHa coptoB Gold Merchant u Lu 5.
Camyro kopoTkyro MeTenky (10,6 cm) umen nien copra Olinette.
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BonbIuM 4uciIoM MPOAYKTHBHBIX KOpoOouek oTinyminch copra Lirina, Gold Merchant u
Flanders. Hago 3aMeTHTh, YTO B OMBITE COIIUTHIBAIIN JIUII TPOAYKTHBHBIE KOPOOOUKH — TE, B
KOTOPBIX co3penu cemeHna. Ha wmerenke copra Blue Chip mbr comuramu okono 17,5
KOpoOoUeK, HO TOIBKO 9,9 n3 HUX OBUIM MPOIYKTUBHEIE, ITO YUCIIO cocTaBisieT 56,6 %.

Copt Blue Chip ouenp mo3aHecnenblid, TOTOMY OOJIBIIOE YHUCIO KOPOOOUEK HE CO3PEO 0
yoopku. Copra Lirina, Flanders u Gold Merchant toxxe co3penu mo3aHee (JyiMHA BereTaiuu
3TUX CcOpTOB 96-93 nHsA) dyem napyrue copra. KopoTKMM BereTarmoOHHBIM IEPHOJIOM
OTJIMYUIIACH copTa JibHa MaciuaHoro Helmi, Symphonia u Szafir (88 nueit).

Tabnuya 1.
Buomerpuyeckne 1aHHbIE PA3HBIX COPTOB JibHA Macau4yHoro, Ynure, 2008 r.

buomempuueckue oannvie
Bosicoma Yucno npooykmueHnwvix
Copm . Jnuna memenxu Cm
pacmenuii Cm Kopobouex eo.
Helmi 55,7* 14,4 9,8
Blue Chip 56,8* 13,3 9,9
Lirina 54,8 17,6* 12,8
Symphonia 50,8* 14,6 7,4
Flanders 46,7* 12,6 11,6
Szafir 48,1* 12,0 7,5
Gold Merchant 61,2* 17,6* 12,5
Lub 61,2* 13,7 7,9
Olinette 42,1* 10,6* 7,7
Cpednue doannvie onvima 53,0 14,0 9,6
LSDgs 2,04 2,43 3,75

* maHHBIE JOCTOBEpHBIC ipU 95 % BepoATHOCTH

[To craTucTHYECKUM JAaHHBIM, B OJIAarONpPUATHBIE TOJbI YpOXKail CEMsIH pa3HbIX COPTOB JIbHA
macmianoro B JlutBe mocruraer 1,9-23 T ra”’ (Lazauskas S., 2004). VccrnemoBaHus
nposeneHHble B Kanazne u CIIIA noka3bIBaloT, YTO ypoxail ceMsiH sipOBOI'0 MacIMYHOTO JIbHA
2,0-2,5 Tra™ (Duke, 1983).

B nHamewm ombiTe pesynbTaThl YpOKaWHOCTH COPTOB MAacCIMYHOTO JbHAa OBUTM XOpOLIHE —
nosty4eHo ot 1,5 1o 2,5 T ra”! cemsn (Tabm. 2).

Tabnuya 2.
Ypo:xkaii 1 KauecTBO CeMsIH Pa3HBIX COPTOB JbHA Macau4Horo, Ynute, 2008 r.
Copm Ypoorcaii . Bec 1000 Cemana nvna
CeMAH, m 2a CeMAH, 2 Baasicnocmo % Yucmoma %
Helmi 15 5,28 9,7 92,3
Blue Chip 1,8 7,74 11,7 80,2
Lirina 2,0 6,60 10,9 94,7
Symphonia 2,5 7,48 9,5 95,8
Flanders 2,0 5,65 9,8 86,6
Szafir 2,1 7,55 9,8 84,9
Gold Merchant 1,9 6,48 10,8 92,4
Lu5 18 6,82 10,8 95,2
Olinette 15 6,94 10,4 94,0
Cpennue naHHble 1,9 6,73 10,4 90,7
OIIbITa
Ros 0,53 1,235 X X

Hamm wuccnegoBaHusi, NpOBEAEHHbIE HA YNUTCKOW ONBITHOW CTaHUMH, IOKA3aJIM, YTO
BJIQYKHOCTh CEMSIH — OYCHBb BaXKHBIM (PaKTOP, KOTOPHIA MOMKET MOBJIMATh Ha KOJUYECTBO H
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BUOBOM COCTaB MHKPOMHUIICTOB, obOurarommx Ha cemenax (Gruzdeviené et al., 2005).
@UTOCAaHUTAPHBIE HCCIIEI0BAaHUS CEMSIHHOIO MaTepuaia MOoKa3bIBaloT, uyTo 15-39 % cemsan
3apakeHbl MUKPOMHUIIETAMH, KOTOPbIE MOTYT OBITh HE TOJILKO BO30yIUTENIIMU O0Jie3HEH, HO U
npu3BouTh ToKcUHBI (Gruzdeviené, Mankeviciené, 2007).

Camble BBICOKHE OKa3aTeNu MO JaHHBIM YPOXXafHOCTU U KauyecTBa CEMSH B HAIllEM OIbITE
nokazas copt Symphonia. Ypoxait ceMsiH 3TOro copra JOCTHT 2,5 T ¢ OJHOIO T'eKTapa, Bec
1000 cemsn — 7,48 T.

Cemena copra Symphonia ObLTH YHCThIC, HE3aCOPEHHBIE MEXaHMUECKUMH YacTSIMU CTeOJICH 1
Kopobouek JbHa. Mcxons W3 TOro, 4To COpT OBLI paHHECHENbId, U 10 yOOpKH ypoxas
0oJbIIast YacTh CEMSIH B KOPOOOUKAX JIOCTHIJIA TIOJHOW CHEIOCTH, MAIO OBLIO HECO3PEBIIUX
CeMsIH, TO M BIaXXHOCTh ceMsH copta Symphonia (9,5 %) Oblia camas HU3Kas, CpaBHHB C
JIPYTHUMH COPTaMHU.

JlaHHbBIE OMBITA CBUACTEIBCTBYIOT O TOM, YTO COPT MAaCIHYHOrO JibHa Symphonia otiudno
aIaNTHPOBAIICA K YCJIOBUSAM Hamied PecrmyOmukum. DTOT COPT MOXKHO PEKOMEHIOBATH IS
BbIpalMBaHus B X03aKicTBaX JINTBBI.

BroiBoabI

1. T'eHOoTHMI MacIMYHOTO JbHA CHIIBHO BIIMSUI HA YPOXKAMHOCTh U OMOMETPHUECKUE TaHHBIE
COPTOB MAcCJIM4YHOTO JIbHA.

2. Camble Hu3KHe creOsnn Obutn y jbHa coproB Szafir, Olinette u Flanders, a cambie
BbIcOKHE — y coptoB Gold Merchant u Lu 5.

3. bonbimuM 4mCIOM MPOIYKTUBHBIX KOpoOOYeK oTmyminck copta Lirina, Gold Merchant
u Flanders.

4. YpoxxallHOCTb COPTOB MacJIMYHOIO JIbHa HAa M3y4aeMbIX cOpTax BapbupoBana oT 1,5 1o
25T ra’ cemsH.

5. Ha kayecTBO CeMsIH BIMSHWE OKAa3aJld W TOTOJIHBIC YCIOBHS, W T€HOTHUI MAaCIUYHOTO
JbHA, 0COOEHHO PaHECTENOCTb.

6. KopoTkum BeretanioHHbIM MeproioM (88 mHeil) ommumiuck copra Helmi, Symphonia u
Szafir.

7. Jlyummue mokasaTenu Mo JaHHBIM ypoxaiiHoctu (2,5 T ra'l) 1 KadecTBa CEMsSH B HalleM
OmBITEe MOKa3zan copt Symphonia. DTOT cOpPT HE TONBKO BBHICOKOIPOAYKTHBHBIH, HO U
paHHECHeNbIi, TOTOMY IPUTOAHBIN JJIs BhIpalllMBaHus B Haiell PeciyOnuke.
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EVALUATION OF THE LATVIAN FLAX GENETIC RESOURCES AND
PERSPECTIVE OF THEIR UTILISATION
LATVIJAS LINU GENETISKO RESURSU NOVERTESANA UN TO
IZMANTOSANAS PERSPEKTIVA
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Abstract: Flax (Linum usitatissimum L.) is one of the oldest fibre and oil crop in Europe, including
Latvia. In the middle of the last century growing areas of this crop was reduced dramatically. Nowadays flax
attracted a great interest again as a fibre and oil processor, as well as a crop for diversification of
agriculture and, in the same time, as a crop for producing high quality fibre for industry, high quantity oil
for biofuel and high quality oil for feeding, food, and pharmacy (source of a-linolenic acid, linoleic acid and
vitamins). We evaluated all available flax accessions of the Latvian origin and number of their hybrid lines.
Agronomically important qualitative and quantitative traits, such as total plant height, technical plant height,
number of seed vessels, logging resistance, vegetation period, yield of straws and seeds, 1000 seeds weight,
bast fibre, number of seeds in a seed vessel, oil content and rust resistance gene L alleles L2 and L9 were
recorded. Results of the field trials of two last years were summarized. Local accessions are useful as a
source for breeding to adaptation of flax varieties to the local Latvian conditions. With use of molecular
methods flax rust resistance allele L2 and L9 were found in eleven accessions.

Keywords: fibre, flax, oil content, rust resistance.

Introduction
Flax (Linum usitatissimum L.) belongs to the family Linaceae and is divided in two groups:
oil-seed flax grown for production of oil, and fibre flax. Flax seeds, which contain up to 40%
of oil, are the very riche source of polyunsaturated fatty acids (about 14% of linoleic acid and
more then 60% of a-linolenic acid), vitamins, proteins, muciloginous substances and
antioxidants, such as lignans, a-tocopherol [1]. This is the reason of flax oil use in medicine
and modern pharmacology. Linseeds are used as well as source of industrial oil in the
production of paints, varnishes, inks and linoleum. In they turn, fibre flax can be used in
textile industry, as engineering and building material, energy resource.
Last years in Latvia flax sowing areas decreased for different reasons from more than 2000 ha
in 2005 to the less than 600 ha in 2008 [2]. However, future of flax growing in Latvia is
dependent from the development of new ideas in agriculture sector. Effectiveness of flax
production is based on two essential elements: modern comprehensive technologies for the
crop growing and harvesting, and close links between the production of raw materials and
industrial processing to prepare a product for wider marketing. Important part of whole
process is the new plant genotypes with favourable set of quantitative and qualitative traits.
Flax breeding in Latvia started in 1923. After World War I, flax growing was not considered
as an important task for the region, and, therefore, the flax area in the country was gradually
reduced. In 1970, flax breeding in Latvia was cancelled [3]. Fibre flax breeding was started in
Latvia again since 1992 [4], oil flax growing and breeding has started there in 1993 [3].
Presently, no local flax varieties suitable for the Latvian weather conditions are registred for
commercial growing. The drawback of the best foreign varieties is too long vegetation period.
Therefore, repatriation and investigation of the Latvian flax genetic resources become a very
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actual task [3]. For the In Latvian flax breeding program important task is to obtain high
yielding, middle early varieties, with good resistance to logging and to flax diseases,
especially to leaf rust.

Flax resistance to microscopic fungi Melampsora lini, causal agent of rust, is one of the
important characters, which determine breeding material quality. Flax rust occurs worldwide
and can cause severe losses in seed yields and fibre quality. There are at least 34 genes
conferring resistance to rust, splited in seven groups, namely K, L, M, N, P, D, and Q [5-8].
Several molecular markers can be used to test presence of particular allele in flax accessions.
The aim of this study was evolution of Latvian flax genetic resources for identification among
them useful accessions for both fiber and oil breeding in Latvia. Determination of rust
resistance gene alleles in Latvian breeding material was done for the first time.

Material and Methods
Old accessions of the Latvian origion repatriated from the N. I. Vavilov Institute of Plant
Industry (Russia), the Flax Research Institute (Russia) and the Institute of Plant Genetics and
Crop Plant Research (Germany) and best flax breeding lines of the Agriculture Science
Centre of Latgale (Latvia) were evaluated in field experiments (random block design, two
replications) and in laboratory experiments in 2007-2008. Accessions were compared with the
standard fibre flax variety ‘Vega 2’ and standard oil flax variety ‘Lirina’.
Agriculturally important traits, such as flax total plant height, technical plant height, number
of seed vessels, logging resistance, vegetation period, yield of straws and seeds, 1000 seeds
weight, bast fibre, number of seeds in a seed vessel, as well as oil content, were determined.
The oil content in seeds was measured by the Soxhlet extraction: 10 g seeds were milled and
the oil was extracted by hexane during two hours, extraction was repeated two times.
Genomic DNA was extracted from fresh leaves according to the procedure described by
Fermentas Genomik DNA Purufication Kit (Fetmentas). Amplification of segments of the
flax L locus was performed in a thermal cycler. The 50 puL reaction volume contained 1 x
PCR buffer (10 mM Tris—HCI at pH 8.5, 50 mM KCI, 1.5 mM MgCIl2, and 0.01% Tween-
20), 250 uM of each dNTP, 25 ng of each primer, approximately 10-25 ng of genomic DNA,
and 1 unit of Tag DNA polymerase (Fermentas). Following an initial 3 min denaturation step
(93 °C), the reaction mixtures were subjected to 30 cycles of 1 min at 93 °C, 30 s at 55 °C,
and 2 min at 72 °C. The last cycle was followed by an extension polymerization of 10 min at
72 °C.
Endonuclease digestions of PCR were performed using enzymes obtained from Fermentas
fallowing the recommendations of the manufacturer. PCR products were digested with Mbol
and the DNA restriction fragments were resolved on polyacrylamide gel. Polyacrylamide gel
electrophoresis was carried out in TBE buffer, on 10% polyacrylamide (39:1 polyacrylamide-
bisacrylamide) gels at 100 V for 5 hours.

Results and Discussion

Some evaluated local accessions were better in several agriculturally important traits in
comparison with the standard varieties. All accessions showed good logging resistance,
vegetation period of accessions of the Latvian origin ranged from 66 till 90 days and were
shorter or the same as for standards ‘Vega 2’ and ‘Lirina’ (87-90 days).

Flax seed yield (Fig.1) differed among years and accessions. All accessions of the Latvian
origin had higher or not less seed yield than standard variety ‘Lirina’. High seed yield in both
years had old Latvian local accessions ‘Blue di Riga’, ‘Riga Freis’, ‘Rigar B’. Those
accessions had also high seed yield in previous years (2004-2006) [9]. Among breeding lines
rather high seed yield have two fibre flax lines: L19-6/5-97 and T11-13/3-1-94.
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1000 seeds weight did not differed significantly among two years of experiment but differed
7848/82’.
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Fig. 2. 1000 seeds weight of flax accession of the Latvian origin in 2007-2008

Oil content in seeds differed significantly among accessions (Fig. 3): it ranged 16.4-45.8%.
Oil content for the local accession ‘Blue di Riga’ (45.8%) was similar to standard variety

‘Lirina’ (44.9%). Among breeding lines high oil content exhibited lines L19

T11-13/3-1
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Fig. 3. Oil content in seeds of flax accessions of the Latvian origin

The most important traits for the fibre flax breeding are the plant technical height and bast
fibre [4]. High technical height and good bast fibre content in both years showed breeding

lines (Table 1).

Table 1.
Average technical height and bast fibre of flax accessions of the Latvian origin in
2007-2008

Varieties and Technical plant height (cm) Bast fibre (%)

breeding lines 2007 2008 2007 2008
ST Vega 2 66,7+2,1 483+ 19 25,1 £0,8 28,3+0,7
Altgauzen 12*80 50,5+0,9 56,5+ 3,5 11,5+0,6 28,5 +0,6
N32 482 +28 49,1 +0,9 20,7+ 1,4 28,3+ 0.6
K47-17/11-1-95 71,8 +£2,2 56,3 +£1,6 25,3 +0,6 31,8+ 1,0
L11-11/10-97 64,9 +2,5 52,0+1,8 22,5+1,0 31,3+0,7
L19-6/15-97 59,7+ 1,8 55,1+1,6 22,8+0,9 29,6 £0,7
L2-14/6-97 58,8 +3,9 472+273 19,8 £0,3 29,8 £0,2
$32/4-8-93 59,9+23 46,7+ 1,3 249 +04 26,9+ 0,6
$53/8-3-93 62,1 +2,0 57,9+2.4 27,8+0,4 32,5+ 1,0
T11-13/3-1-94 62,5+5,2 50,8 +4,7 22,613 34,0+0,2
T11-6/2-15-94 59,5+3,0 52,3+2,5 234+0,2 32,7+0,3
T31-40-94 65,9+3,9 56,5+1,5 245+ 1,4 27,8+0,9
T36-26/4-8-94 69,7+4,3 58,3+0,9 26,1 +0,7 31,9+0,4

Higher technical height than standard ‘Vega 2’ in both years had lines K47-7/11-1-95, and
T36-26/4-8-94. The line T36-26/4-8-94 had also high technical height in previous years [9].
As the best fibre flax breeding lines are suggested T36-26/4-8-94 and T31-40-94, they had
high technical height and bast fibre content both in 2007 and 2008. This accession also has a
mid-early maturity period. Useful as breeding material is also the line S53/8-3-93, although in
2007 it had lower technical height than standard but in the same time the line had high bast
fibre content and mid early maturity period.
Results of detection allele in the L loci are presented in the Table 2.
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Table 2.
Leaf rust resistance alleles in the accessions of the Latvian origin

Varieties and hibrid lines Allele
Altgauzen 16*90 L9
Blue di Riga L2;
L 19-6/15-97 L2
N 116 L9
N 2 L9
N 32 L2; L9
Riga Freis L9
Rigaer 6/5 L9
Rigaer LIN 780/81 L2
Rigar B L9
Vietgjais 3 L2
Vietgjais 4 L9
Vietgjais 6 L2

Flax rust resistance allele L2 and L9 were determinated in eleven accessions (Table 2). Seven
local accessions have allele L9 and five accessions - L2. Diversity within accession in
resistance gene alleles (some plants have L2 and some L9 allele) was found for N 32. In
literature as more effective is noted resistance allele L2 [5]. Accessions ‘Blue di Riga’,
‘Rigaer LIN 780/81’ and ‘Vietg&jais 6’ are not only useful as source for high seed yield and oil
content breeding, but are also a donor of rust resistance alleles. Breeding line L19-6/15-97
with L2 resistance allele, have good seed yield, oil content and, at the same time, good
technical height and bast fibre and could be useful for both seed and fibre producing.

Conclusions

The best oil flax accessions of the Latvian origin are ‘Blue di Riga’, ‘Rigaer LIN 7848/82’
and ‘Rigar B’ according all three criteria (seed yield, 1000 seeds weight, oil content). All of
them have one of the resistance L allele. Those accessions we recommend as excellent source
material for oil flax breeding.

Three of breeding lines (T36-26/4-8-94, K47-17/11-1-95, S53/8-3-93) had stable higher
technical plant height and percentage of bast fibre than standard variety ‘Vega 2’ and are
recommended as source for new fibre flax varieties. The breeding line L19-6/15-97 could be
used for both — seed and fibre flax breeding.
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Abstract. We have carried out restoring of some Latvian alfalfa genetic resources from seeds of
accessions that did not germinate in soil at all. Two of them were repatriated from the N. Vavilov All-Russian
Institute of Plant Industry (multiplied more than 40 years ago) and three from the Research Institute of
Agriculture (Latvia) (multiplied 15-20 years ago). For germination of old seeds we used early elaborated in
vitro culture conditions. Germination rate ranged 2-60%, depending from the genotype and seeds storage
conditions. Plantlets with well developed roots and 2-3 leaves were planted in the substrate in small pots and
grown in a greenhouse about a month, then replanted in the soil in field conditions and grown till the
maturity. Restored accessions are available now for evaluation and involving in the alfalfa breeding
programs.
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Introduction

Alfalfa is a perennial legume widely grown throughout the world as forage for cattle. Most
often it is harvested as hay but can be processed into silage, grazed, or fed as a green crop.
One of the most important characteristics of alfalfa is high nutritional quality as the animal
feed [1]. Alfalfa contains 15 to 22% crude protein as well it can serve as an excellent source
of vitamins (A, B, C, E and K) and minerals (calcium, phosphorus, copper, potassium)
therefore it is also used for human consumption and as a nutritional supplement [2]. When
grown in areas where it is well adapted, alfalfa is among the highest yielding forage plants.
Alfalfa nitrogen-fixing abilities make it valuable for use in crop rotations, by increasing the
productivity of crops grown after it. M. sativa is a perspective crop for organic farming but
locally adapted varieties are needed for this purpose.

Currently, only one alfalfa variety bred in Latvia (‘Skriveru’) is registered for cultivation in
Latvia [3; 4]. In Latvian conditions foreign varieties give low seed yield. Using local alfalfa
genetic resources is important for the breeding new varieties for the Latvian agroecological
conditions. Our goal was to restore old Latvian alfalfa genetic recourses by elaborating an in
vitro method for germination of alfalfa seeds that did not germinate in soil at all.

Materials and methods

In the experiment were used 5 alfalfa accessions of the Latvian origin. Because those
accessions were not multiplied for the long time all available seeds have lost germinating
ability in the soil. Two accessions were repatriated from the N. Vavilov All-Russian Institute
of Plant Industry (VIR), three were kept in the Latvian Research Institute of Agriculture
(RIA) (Table 1).

Accessions repatriated from the VIR had only 1.5 g seeds per accession and it is not enough
to test different germination methods. Therefore experiment was divided in two parts. In the
first step accessions from the RIA were used to determine the best seeds pretreatment and
cultivation conditions. In the second step seeds of accessions from the VIR were germinated
using the best method worked out in the first part.
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Table 1.
Alfalfa accessions selected for germination in vitro

. Year of Age of seeds involving Source
Accession hame - . . X
reproduction in the experiment collection
Local-k-31068 1964 44 VIR
Local k-31069 1964 44 VIR
Mentu kalna 1989 19 RIA
Lucerna Nr. 2 1993 15 RIA
MeZotnes 1994 14 RIA

In the first experiment part seeds pretreatment with 0.07% KMnO, solution or 0.1% KMnO,
solution were performed both for 40 or 60 minutes [5]. Then they were sterilized by 50%
solution of the commercial bleach “Belizna” for 20 minutes. Seeds after each pretreatment
method were placed in Petri dishes on three different media:

1. Murashige and Skoog (MS) basal media [6].

2. MS basal media supplemented with 10 mg/l AgNO:s.

3. MS basal media supplemented with 1 g/l activated carbon.

Seeds were cultivated at 20-26 °C in day (16 h)/night conditions during 3—4 weeks.

Plantlets with good developed roots and 3-4 leafs were planted in the soil in plastic pods.
Roots before planting in soil were flush with water. For better acclimatization pods with
plantlets were covered by plastic film and cultivated in a greenhouse. After acclimatization
the plastic film was removed and plants were grown for 2-3 months. Good developed plants
were planted in field conditions for seed production.

Results and Discussion
Used seeds were phenotypicaly diverse, they varied both in shape and color, as well within
and between accessions. There were visible signs of aging: seed coat color had been changed
from yellow/orange brown to dark, red brown and seeds were flatter.
Seed germination started after 5-10 days of cultivation in vitro and continued for about four
weeks. MS medium supplementation nor by AgNO3 nor by activated carbon did not influence
significantly germination rate. In addition, many plantlets obtained on the MS media
supplemented with AgNO3 were soft, without roots and/or leaves and with tendency to calli
formation. Plantlets that show tendency to form calli are not useful for restoration of
particular genotype because of possible somoclonal variation. Therefore we choose MS basal
medium without supplement as the best suited media for the rest of experiment.
The total percent of germinated seeds on MS basal media significantly differed among
accessions and depend of pretreatment method (Fig. 1).
The highest germination rate for MeZotnes and Mentu kalna was observed if as pretreatment
0.1% KMnQ, solution for 40 minutes was used. In they turn, accession Lucerna Nr. 2 had
highest germination rate if pretreatment with 0.07% KMnO, for 60 minutes were applied but
in this case part of seeds were contaminated. Therefore, for the seed germination of aged
accessions from the VIR pretreatment with highest concentration of KMnO,4 (0.1%) for 60
minutes on the MS basal medium without supplement were used.
Germination rate for both Local k-31068 and Local k-31069 was 61%. Seeds age of both
accessions was 44 years, nevertheless germination rate for these lines was significantly higher
than for seeds with age 14-20 years. It could be explained by different storage conditions:
MezZotnes, Mentu kalna, Lucerna Nr. 2 were kept in the Research Institute of Agriculture in
unstable room temperature and humidity, while seeds of the VIR collection were also
preserved in room temperature but in more stable conditions.
From all used accessions 20-220 fertile plants were obtained.
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Fig. 1. Old alfalfa seeds germination on MS basal media depending of the pretreatment
method

Conclusions
By using optimal pretreatment and cultivation media it is possible to obtain plants from seeds
non-germinating in soil. The total percent of germinated seeds differed among accessions and
did not correlate with age of seeds but with genotype and storage conditions. By recovering

old alfalfa accessions of the Latvian origin we have obtained useful material for further
investigations and breeding.
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ABELU UN ZALAJA KONKURENCE AUGLU DARZA
COMPETITION BETWEEN APPLE-TREES AND GRASS IN THE ORCHARD
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Abstract. The objective of the research was to study the possible competition between roots of
apple-trees and grass under the influence of applied moisture regulation methods. No analogical research
has been performed in Latvia so far. The investigation was done on the base of an existing trial planted in
1997 with cultivar "Melba at 1.5 x 4 m planting distances. Three different treatments of soil moisture
management were compared: control, sawdust mulch and fertigation. Inter-row strips were covered by grass
vegetation (Lolium perenne and Poa pratensis, in proportion 1:3). The horizontal and vertical spacing of the
main root mass was determined, as well as the distance and depth of the spread of grass roots from the inter-
row strip into the tree strip. The results of the research show that mulching and fertigation have significant
influence on the horizontal and vertical root spacing of grass grown in the inter-row strip, which can be an
evidence of competition between apple-trees and grass for water and nutrients.

Keywords: fertigation, mulch, root distribution, soil moisture.

levads
Auglu darzi ir gan Latvijas ainavas neatnpemama sastavdala, gan ari nozimiga saimnieciskas
darbibas nozare. Pe€dgjas desmitgades ta ir ievérojami moderniz&jusies un komercializ&jusies
un jauna kvalitateé ieklavusies auglu tirgl, piedavajot labas kvalitates viet€jas izcelsmes
auglus. Lidz pagajusa gadsimta beigam Latvija abeles audzgja uz séklaudzu jeb liela auguma
potcelmiem. Tacu kops 1998.gada lidz ar valsts atbalstu komercdarzu ierikosanai tradicionala
abelu audzeSana ir radikali mainijusies. Strauji palielinas auglu darzu platibas, kur abeles tiek
audzetas uz maza un vid€ja auguma jeb klona potcelmiem. Lidz 2008.gadam Latvija iestaditi
ap 1000 ha $adu abelu komercdarzu.
Pedgjos gados periodiska nokriSnu deficita d€] auglkopji arvien biezak pielieto dazadas
augsnes mitruma reguléSanas tehnologijas: mul¢é apdobes, ka ari ieriko dazadas
apuidenosSanas sist€émas. Ja auglu darzos uz liela auguma potcelmiem tradicionali rindstarpas
uzturgja melno papuvi, tad modernos komercialajos auglu darzos starprindas audzeé zalaju.
Lidz ar to darza ekosisttma ir ieviestas jaunas populacijas, kas izmaina augu savstarpgjas
biocenotiskas attiecibas.
ST pétijuma mérkis ir noteikt abelu un zalaja saknu iesp&amo konkurenci attieciba uz tideni
un baribas vielam, pielietoto mitruma regulésanas panémienu ietekmé.
Dzivu organismu, ar1 augu starpa, kuri apdzivo vienu ekosistemu, vienmer pastav konkurence
[1]. Auglu koku un to starprindas esoSo daudzgadigo zalu izcelsme ir atSkiriga. To dabiskie
dzives areali ir dazadi, tapéc $§Tm sugam biologiski ir izveidojusies atSkiriga izdzivoSanas
stratégija. Musu darzos augo$o auglu koku sugu izcelsme ir mezu ekosist€ma. Parasti meza
augsnés ir pietickams mitruma saturs, tas satur daudz organisko vielu, tapéc Sadi
priek$noteikumi ir stimulgjosi labai koku augsanai [2; 3]. Savukart zalaugi, Tpasi stiebrzales,
cClusas no stepei lidzigas ekosistémas. Zalaugi ir piemérojusies augsném ar relativi zemu
mitruma saturu un pieticigaki augsnes auglibas zina. Tapéc zalaja saknes ir Tpasi agresivas un
ievérojami konkurétsp&jigakas [4]. Cilveks salicis Sos divus dabiski atskirigo ekosistemu
parstavjus vienuviet, tapec starp koku un zalaugu savienibu vienmer pastavés konkurence, kur
vairuma gadijumu virsroku giis agresivakie parstaviji — zalaugi [3]. Konkur&josas vegetacijas
klatblitne kokam bitiski ierobezo fidens un baribas vielu resursu pieejamibu augsné [2].
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Vairaki autori pétljumos ir méginajusi kompensét zalaja saknu konkurenci ar augstakam
tdens un méslojuma pievadiSanas normam, tomér S$ie pasakumi nav devusi gaiditos
rezultatus. Sadi rikojoties visbiezak tick veicinata pastiprinata zalaja augana, tadu efekts
attieciba uz auglu kokiem ir nebutisks [1].

Tomér musdienu modernie auglu darzi nav iedomajami bez zalaja auglu darza rindstarpas.
Zalajs auglu darza veic svarigas funkcijas. Zalajs, tapat ka mulca, labveligi ietekmeé augsné
notiekoSos procesus, galvenokart biologiskos. Bitiska ictekme ir ari uz fizikaliem un
kimiskiem procesiem augsné, ka rezultata mainas augsnes ipasibas [5]. Zalaja loma ir biitiska
velénosanas (trida akumulacijas un stabilizacijas) procesa, jo tas notiek tikai zem
daudzgadigiem augiem, 1pasi zalaugiem. Zalajam ir nozimiga loma agronomiski labvéligas
augsnes struktiiras veidoSana, tadgjadi veicinot augsnes aeraciju, ka ar1 iidens infiltraciju. Ja
zalaja izmanto taurinziezus (visbiezak balto abolinu — Trifolium repens), tad notiek
simbiotiska atmosferas slapekla fiksacija, ka rezultata augsné palielinas §1 biologiski svariga
elementa krajumi augiem izmantojama veida. Zalaji attistita, sazarota un dzili ejosa saknu
sistéma, ka ari atmirusas virszemes dalas augsné palielina organisko vielu krajumus, kas
nodrosina labu vidi mikroorganismu darbibai un aktivi iesaistas baribas elementu aprites
procesos [6]. Turklat noplauta zale ir labs mul¢&jamais materials, kas samazina tdens
iztvaikoSanu no augsnes, augsnes garozas veidosanos, stimul€ tidens infiltraciju, uztur augsné
vienmérigaku temperatiiras rezimu [2]. Rindstarpas audzgjot zalaju, augliem novérots ari
daudz intensivaks krasojums [7].

Agronomija par nezalém sauc visu augus, kas aug nevélama vieta. Tatad ari zalaju, ja tas
parsniedzis sev atvelétas robezas, var uzskatit par nezali. Nezales tiecas ienemt arvien jaunas
platibas, uznemt augsné pieejamo tdeni un baribas vielas. Tas, vai zalaja saknu konkurence
nopietni iedarbosies uz koku, ir atkarigs no vairakiem faktoriem: no zalaugu sugas, auglu
koku vecuma, potcelma, zalaja saknu attaluma no koka sakném u.c. faktoriem [8].

Vairaki zinatnieki [8; 9; 10] jau pagajusa gadsimta sakuma pieradijusi, ka nekontroléta zalaja
augSana negativi ietekm€é gan auglu koku augSanu, gan razas kvantitati un kvalitati. Auglu
kokiem, 1pasi uz maza auguma potcelma, ir seklak izvietota saknu sistéma, neka uz
seklaudziem potetiem, saknes tiem koncentr&jas tuvak augsnes virs€jam slanim, tapéc
konkurence ar zalaugiem tiem ir ipas$i aktuala [6]. L.Davsons [10] eksperimentali pétijis zalaja
un kirSu saknu konkurenci. Vig$ secindjis, ka 1pasi lielu konkurenci zalaja saknes rada sausos
gados, kad verojams nokriSnu deficits. Pétnieks konstat€jis, ka nekontroléta zalaja (nezalu)
augSana sausos gados izraisijusi 1/3 auglu koku bojaeju [11].

Lai koki un zalajs varétu sadzivot viena ekosistema — auglu darza, konkurences mazinasanai
ap auglu kokiem tiek atstatas no zalaja brivas joslas — apdobes. Pé&c ilggadigo pétijumu
rezultatiem vairaki pétnieki [12; 13] apdobju joslu ierikoSanu konkurences mazinasanai
atzinu$i par labako risinajumu. P&c pétijuma rezultatiem vini secinajusi, ka optimala apdobes
josla auglu darzos ir 0,5 m katra virziena no koka stumbra rindas virziena abelém uz maza
auguma potcelmiem.

Pétijuma objekti un metodes
Petijums veikts Latvijas Valsts Auglkopibas institiita Dobele, 2007.gada. Tas veikts
1997.gada pavasari stadita abelu darza. Konkrétais pétijums veikts abelu Skirnei ‘Melba" jau
eso$aja izmeginajuma [16]. Analizétie faktori, kas var€tu ietekmét zalaja un auglu koku
konkurences apstaklus — ar diviem mitruma reguléSanas panémieniem apdobgés (zagu skaidu
mulca, pilienveida apiideno$ana) un kontroli tris atkartojumos. Abelém izmantots maza
auguma potcelms B.9, stadiSanas attalumi bija 1,5 x 4 m. Rindstarpas s€tajam zalajam
izmantots maisTjums no ganibu airenes (Lolium perenne L.), plavu skarenes (Poa pratensis
L.) attieciba 1 : 3. Apdobe (stadijumu josla) kontroles un pilienveida aptidenoSanas variantos
1 m platuma vegetacijas perioda tika uzturéta melnaja papuve. Mulcas varianta apdobi sedza
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10-20 cm biezs mulcas slanis, ko ik péc 3 gadiem divas reizes atjaunoja. Rindstarpas joslas
platums 3 m. Tajas regulari (5-6 reizes sezona) tiek plauta zale, kura s@ta, iekartojot
izméginajumu. Abelu vainags veidots, izmantojot slaidas varpstas vainaga formas elementus.
Augsne pétijuma vieta: reliktkarbonatiska brinaugsne (nosaukums atbilstosi Latvijas augsnu
klasifikatoram, 2009) [Haplic Luvisol (Hypereutric) - nosaukums atbilsto$i Pasaules aug$nu
klasifikatoram, 2006], kas mijas ar Lesivéto brunaugsni (Cutanic Luvisol), kas péc
agrokimiskam ipasibam ir tuvas. Granulometriskais sastavs — smags un vidéjs smil§mals (sM3
un sM,). Sis augsnes pieder pie automorfo augsnu klases [14]. Augsnes agrokimiskie raditaji:
organisko vielu saturs — 2,5 g kg™ augsnes (pec Tjurina metodes), augsnes apmainas skabums
pH KCI 6,5 (potenciometriski), au%iem izmantojamais P,0s — 300 mg kg™ un K,0O — 190 mg
kg™, apmainas magnijs 162 mg kg™ (péc Egnera — Rima jeb DL metodes).

Saknu izvietojuma pétiSanai pamata tika izv€l€ta augsnes griezuma jeb profila metode. Kaut
ar1 saknes tika skaititas plakné un saknu masa netika noteikta sverot, vairakos pétijumos
konstatéta ciesa pec abam metodeém iegiito rezultatu korelacija, tapéc turpmak Saja darba ir
lietots termins — saknu masa [15]. Abelem saknes tika skaititas, dalot tas 5 grupas (péc
Skérsgriezuma diametra). Sim pétfjumam izmantots uzsiico$o saknu (<2 mm diametrd)
daudzums. Katra augsnes profila tika identificétas ari zalaja saknes, kas ieaugusas abelu saknu
aiznemtaja platiba apdobes josla no zalaja malas. Zalaja saknes netika skaititas. Izmantojot
Sos rezultatus, tika noteikts ari laukums augsnes profila zem apdobes joslas, kura atrodas
galvena uzsiicoSo saknu masa, ka arT aprékinata laukuma dala (%), kada zalaja saknes
konkurg ar abelu sakném

Pétijuma rezultati analiz&ti, izmantojot dispersijas analizi, ka arT aprakstoSo statistiku
(Descriptic statistic). Divu paraugkopu datu salidzinasanai izmantots FiSera kritérijs. Lietota
datorprogramma — MS Excel.

Rezultati un to izvertéjums

Abelu saknu izvietojums augsné zem apdobes joslas

Pétijuma rezultati liecina, ka zem apdobes joslas augsné atrodas lielaka dala uzsiicoSo
(diametra Iidz 2 mm) saknu (1.att.). Zem apdobes joslas kontroles varianta atradas puse no
kopgja saknu daudzuma. Turklat datu izkliede kontroles varianta bija loti liela (Sx = 11,3), kas
liecina par nevienmérigu mitruma saturu augsné $aja varianta. Ap 70% no kopgjas uzsiicoso
saknu masas zem apdobes joslas izvietojuSas mulcas varianta, tomeér starp abiem variantiem
bitiskas atskiribas nav konstatétas (p = 0,07).
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1.att. Zem apdobes joslas izvietojusos abelu saknu masas ipatsvars

AptidenoSanas varianta zem apdobes joslas izvietojuSas ap 85% no galvenas saknu masas,
turklat tas bija butiski vairak (p = 0,008) neka kontroles un mulc¢as variantos.
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Zem apdobes joslas koncentréjuSos biitiski lielako saknu masu varianta ar pilienveida
aptudenoSanu varétu izskaidrot ar to, ka samitrindjuma zona bija butiski augstaks augsnes
mitrums, kas veido sava veida konteinera efektu [16]. Tas saskan arT ar citu valstu zinatnieku
[17; 18; 19] pétijumiem, kuros konstatéts, ka, izmantojot pilienveida aptidenosanu, galvena
uzsiicoSo saknu masa koncentr&jas tuvu pilinatajcaurulém un samitrinajuma zona.

Zalaja saknu horizontalais izvietojums

Pétijuma rezultati parada, ka, pielietojot atSkirigus mitruma regul€Sanas panémienus apdobeés,
atSkirigs bija arT zalaja saknu iestiepSanas attalums apdob@ no zalaja un apdobes robezas
(2.att.).
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30 40
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2.att. Zalaja saknu iestiepSanas attalums (horizontali) apdobes josla

Kontroles varianta saknes horizontala virziena iestiepas aptuveni 9 cm talu apdobg, kamer
varianta ar mulcu gandriz 3 reizes talak, bet pilienveida apiidenoSanas varianta pat 5 reizes
talak neka kontroles varianta, turklat starpiba ir biitiska, uz ko norada FiSera kriterijs (Frat. >
Firit)-

Péc peétijuma iegitajiem datiem ar 95% ticamibu var apgalvot, ka mitruma reguléSanas
panémiena izvele butiski ietekm@ja zalaja saknu augSanu horizontala virziena apdobé no
zalaja malas.

P&tijuma rezultati atbilst literatira apskatitajiem [4; 8; 9; 10], ka zalaja saknes ir agresivas un
tiecas koncentréties augsnes vietas ar optimaliem apstakliem (Saja pétijjuma — ar mitruma
nodro$inajumu).

Zalaja saknu vertikalais izvietojums

Kontroles varianta zalaja saknes apdobé sniedzas 2 reizes dzilak (pat 1idz 40 cm dzilumam)
neka variantos ar mitruma reguléSanu (mul¢a un pilienveida aptidenoSana). Mulcas un
apudenoSanas varianta zalaja saknes apdobes mala iestiepas videji 15 cm dziluma (3.attels).
Mulcas un pilienveida apiidenosanas variantos zalaja saknu dzilums apdobés biutiski
neatsSkiras (Frake. < Fkrit)-

Bitiska atSkiriba kontroles varianta varétu biit saistita ar mainigajiem mitruma apstakliem, ka
ar1 zinamu mitruma deficitu. Mul€as un pilienveida aptidenoSanas variantos mitruma rezims,
1pasi augsnes virsgja slani, ir optimalaks un nav tik dinamisks ka kontroles varianta [19; 20],
tapec ne tikai abelu saknes, bet ar1 zalaja saknes koncentréjusas sekla augsnes slani. Péc
zinatnieka Atkinsona [6] pEtjjumiem, saknes normali aug pietickama mitruma apstak]os, tapec
mitruma mekl&umos saknes iestiepjas ar1 dzilakos augsnes slanos.
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Abelu un zalaja saknu konkurences laukums

Vairaki zinatnieki [8; 9; 10], petot zalaja vai nezalu saknu mijiedarbibu ar kultiiraugu sakném,
konstat&jusi, ka zalajs rindstarpa kultiiraugiem ir véra nemams konkurents baribas elementu
un tdens apgades zina.

P&c 4.att. vizualizétajiem pétijjuma datiem redzams, ka starp variantiem konstatétas butiskas
atSkiribas (p=0,00). Kontroles varianta zalaja saknes iespiedusas 15% no abelu galvenas
saknu masas aiznemta laukuma apdobes josla. Tas nozimé, ka zalaja saknes konkur&ja ar
abelu sakném 15% abelu saknu aiznemtaja platiba zem apdobes joslas.

Mulcas varianta abelu saknu un zalaja saknu konkurences laukums sastadija 34% no abelu
saknu aiznemtas platibas, bet pilienveida apiidenoSanas varianta sasniedza 52%. Tas nozimg,
ka puse no abelu saknu aiznemta laukuma apdobes josla iespiedusas zalaja saknes, kas var
radit véra nemamu konkurenci abelém péc tidens un baribas vielam.

Kaontrole Mulfa Apddenosana

4.att. Zalaja saknu aizpemta laukuma ipatsvars no galvenas abelu saknu masas
aiznemta laukuma apdobes josla

Lielas un biutiskas atSkiribas variantu starpa varétu izskaidrot ar to, ka mulCas un
apiidenosanas variantos apdobes josla ir daudz labaki apstakli saknu augSanai, optimalaks
mitruma rezims neka zem zalaja [6]. Ne tikai koka saknes meklé augsné mitrumu un baribas
vielas, bet arT zalaja saknes, tapec augSanai labvéligakajas augsnes vietas koncentrgjas gan
koku, gan zalaja saknes [7]. Ipasi mitruma ietekme uz zalaja saknu iespie$anos apdobé varétu
biit aktuala sausos gados, kad zem mulcas un apiidenoSanas variantd mitruma saturs ir butiski
lielaks [10].
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Secinajumi
Auglu darza pielietotie mitruma reguléSanas panémieni — apdobju mul¢&Sana un pilienveida
apudenosana — biitiski ietekme gan abelu, gan arT zalaja saknu izvietojumu.
Zem apdobes joslas kontroles varianta atrodas aptuveni puse abelu uzsiicoSo saknu (<2 mm
Skérsgriezuma), mulc€jot apdobes vai pielietojot pilienveida aptidenoSanu, abelu saknu
izvietojums zem apdobes joslas ir attiecigi 73% un 85% no uzsiico$o saknu masas.
Horizontala virziena zalaja saknes mulcas lietoSanas ietekmé apdobes josla iespiedusas 4
reizes, bet pilienveida apiidenosanas varianta 5 reizes talak neka kontroles varianta.
Kontrole zalaja saknes iesniegusas 2 reizes dzilak augsné neka mulCas un apiidenoSanas
variantos.
Kontroles varianta abelu un zaldja saknpu konkurences laukums apdobes josla ir 15%,
mulc€jot apdobes — 34%, bet, pielietojot pilienveida apiidenosanu — pat 52%, kas var€tu biit
véra nemama konkurence.

Summary
Since 1998 when government support started for the establishing of commercial orchards,
traditional apple growing in Latvia has radically changed. Today apple-trees are grown on
dwarf and semi dwarf rootstocks, using moisture regulation — mulching of the tree strips and
various irrigation systems. Instead of bare fallow, grass is grown in the inter-row strips. With
that, new plant populations are introduced into the orchard ecosystem, which change the
biocenotic interrelations of the plants.
The aim of the research was to study the possible competition between apple-trees and lawn
grass.
The research was done at the Latvia State Institute of Fruit-Growing, Dobele, in 2007 on the
basis of an orchard established in 1997, for cultivar ‘Melba’ on rootstock B.9 (planting
distances 1.5 x 4 m), which was provided with two soil moisture regulation treatments in tree
strips (sawdust mulch, drip irrigation) and control, in three replications. For the lawn sown in
the inter-row strips grass mixture were used consisting of Lolium perenne and Poa pratensis
in proportion 1 : 3. The tree strip (1 m wide) in the control and drip irrigation treatments
during the growth season was maintained free from grass. In the mulching treatment it was
covered with 10 — 20 cm layer of sawdust mulch which was renewed each three years. The
inter-row strips were 3 m wide. The grass which was sown in these strips at the orchard
planting was mown regularly (5 — 6 times during the season). The apple-trees were trained as
slender spindle. In the place of trial the soil was sandy loam (sM3 and sM5) Haplic Luvisol
(Hypereutric), interspaced with sandy loam Cutanic Luvisol, which both have similar
agrochemical properties. These soils belong to the class of automorphic soils [14]. The
amount of organic matter was 2.5 g kg™ (determined by the method of Tiyrin). The reaction
pH KCI 6.5 (determined in 1 M KCI suspension). Available P,0s — 300 mg kg™ un K,0 —
190 mg kg, MgO — 162 mg kg™ (analysed by the method Egner — Reem (DL method)).
The results of the research showed that the applied soil moisture regulation treatments —
mulching of tree strips and drip irrigation - influenced the root spacing both of apple-trees
and grass significantly. Under the tree strip kept free of grass about half of the absorbing tree
roots (<2 mm in cross-section) were found, while with mulching and drip irrigation the
proportion of apple-tree roots under the tree strip was 73% and 85% of the mass of absorbing
roots, respectively. The grass roots in the mulching treatment spread into the tree strip 4 times
farther in the horizontal direction than in the control treatment, but with drip irrigation - 5
times farther than in control. Vertically (into depth) the grass roots in the control treatment
spread 2 times deeper than with mulching or irrigation. In the control treatment the
competition area of apple-tree and grass roots was 15%, with mulching — 34%, but with drip
irrigation — even 52% of the total area occupied by apple-tree roots.
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BENIKO AND BIALOBREZSKIE - INDUSTRIAL HEMP VARIETIES

IN LITHUANIA
BENIKO UN BIALOBREZSKIE — RUPNIECISKO KANEPJU SKIRNES
LIETUVA

Zofija Jankauskiené, Elvyra Gruzdeviené
Upyté Research Station of the Lithuanian Institute of Agriculture
Linininky 3, Upyté, Panevézys district, LT-38 294, Lithuania
Ph: +(370) 45 555413, fax: +(370) 45 555573, e-mail: soja@upyte.lzi.lt

Abstract. The biometrical indices of two hemp (Cannabis sativa L.) varieties of Polish origin —
Beniko and Bialobrezskie — sown at different rates (40; 55 and 70 kg ha™) have been investigated at the
Upyté Research Station of LIA in 2006. The data from 2006 led to draw conclusion that plants of industrial
hemp varieties of Beniko and Bialobrzeskie could be successfully grown in Lithuania. Hemp produced
enough high amount of green (up till 42.95 t ha™) and dry (up till 15.27 t ha™) biomass. Plants of Beniko
were more productive than plants of Bialobrzeskie. The tendencies of higher green and dry biomass were
noticed in the plots of lower density. Seed rate had significant influence on crop density. Seed rate (crop
density) had significant effect on crop weediness.

Keywords: Cannabis sativa L., fibre, hemp, seed rate, varieties.

Introduction
The hemp plant (Cannabis sativa L.) is one of the oldest and most versatile plants known to
man. Hemp has been cultivated over a period of many centuries in almost every European
country. It once represented a significant raw material source for the production of rope,
canvas, textiles, paper, and oil products. Until the XVIII century, field- and water-retted
mechanically processed hemp fibres, along with flax, nettle, and wool, where the raw
materials of the European textile industry. Because of its more coarse and honhomogeneous
fibre bundles, hemp was primary used in the production of outer garments and work clothes.
Flax and nettle were used for finer fabrics, and wool for warmer closing [1].
By the end of World War I, hemp was being forgotten once again. The economical cotton
imports returned to assert their presence in garment industry. Additionally, marked advances
were made with synthetic fibres, which especially took over in the technical textile sector [1].
In Western Europe interest in hemp plant and its abundance of possible uses has increased
rapidly at the end of XX and beginning of XXI century. The demand for renewable raw
materials is increasing. Many new products processed from strong fibres such as hemp and
flax appear all over the world. Many companies produce non-woven products like mats for
insulation and automobile composites based mainly on flax but increasingly also on hemp
fibres. The advantages are evident, the fibres can reinforce plastics, substitute mineral fibres,
be recycled, they are eco-friendly and can be grown ecologically and there is no waste
disposal problem. A new break through is now a reality: a new fibre mat made from flax and
hemp by means of a new air-forming technique with low production costs is competitive to
e.g. mineral wool and glass wool [2]. Hemp fibre could be used for geotextile purposes,
seeds — for oil and feeding [3]. The essential oils could be obtained from the panicles of hemp
for cosmetics, food products as well as for special products due it repellentic action [4].
In many countries the cultivation of hemp lays under the ban. Because hemp varieties with
low THC (Tetrahydrocannabinol) content have been bread, many of them are allowed to grow
in the countries of EC. The EC common catalogue of varieties of agricultural plant species in
2008 contains the list of 46 industrial hemp varieties [5].
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It is very difficult to decide which variety from the EC list could be the best to grow in
Lithuania.

E.P.M. de Meijer reported that from tested 16 hemp accessions, Beniko and Bialobrezskie
were the earliest ripening. The most fibrous were Beniko (32.7 %), Uniko-B (28.8-30.8 %),
Kompolti (28.0-29.1 %), Bialobrzeskie (29.1-29.5 %) [6].

Some of the industrial hemp varieties included into the EC common catalogue of varieties of
agricultural plant species is successfully grown in America. In Canada the following
industrial hemp varieties have been evaluated for fibre and grain production in Ontario:
Fedora 19, Felina 34, Fedrina 74, Secuieni 1, Irene, Uniko B, Kompolti, Finola (FIN 314) and
Anka. Uniko B and Kompolti continued to perform for highest stalk and fibre yields across
Ontario [7].

In Poland hemp varieties of Polish origin Beniko and Bialobrezskie were investigated in
1986-1988. Plants of Bialobrzeskie showed higher seed (550 kg ha™) and stalk (10 000 kg ha
Yyield, but the plants of Beniko had higher fibre yield (total fibre yield 2890 kg ha™, long
fibre yield 2670 kg ha™) [8]. Investigation in 2000-2001 provided with information that from
14 tested hemp varieties (Beniko, Bialobrezskie, Juso 11, Silesia, Novosadka, Ferimon 12,
Felina 34, Futura 77, Kompolti, Fedora 17, Fedora 19, Tibolaj, F x T, Hei Bei) in Poland
plants of Beniko and Bialobrezskie had the highest total fibre content (28.5 and 26.9 %,
respectively) while the highest stalk yield was obtained from plants of Hei Bei (18.9 t ha™)
and Kompolti (18.0 t ha™) [9].

Hemp production ranges depending on seed rate (crop density). Bocsa and Karus [10] report
that optimal sowing density for hemp grown for pulp production is 40-60 kg ha™ while for
textile application (only for fibre) — 70-80 kg ha™. Grabowska and Koziara report that the
increase of seed rate caused the decrease of the plant length and diameter. The sowing density
of 320-960 seeds per 1 m? showed no significant effect on yield in none of tested locations.
However, increasing it to 1280 seeds per 1 m? caused statistically proven decrease of stalk
yield [11].

The hypothesis of our investigations — hemp sowing at different rates will effect on crop
density, productivity, and other biometrical indices; different hemp varieties will show
different yield potential.

Materials and methods
The aim of the investigation was to evaluate the influence of hemp variety and sowing rate on
hemp (Cannabis sativa L.) productivity, and to discuss which variety would be more suitable
to grow in Lithuania.
The investigation was conducted on a Eutri-Endohypogleyic Cambisol [12]. The content of
available P,Os in the soil plough layer was 275 mg kg™, content of K,O — 175 mg kg™
(determined in A-L extraction), pHgc level — 7.3 (potentiometrically), humus content — 2.31
% (by Thyurin method). In the field rotation hemp followed winter wheat.
Bi-factorial trial was carried out at the Upyté Research Station of LIA in 2006: Factor A —
variety (Al — Beniko; A2 — Bialobrzeskie); Factor B — sowing rate (B1 — 40 kg ha™*; B2 — 55
kg ha'; B3 — 70 kg ha). Both of selected varieties are of Polish origin. Varieties were
selected following facts, that Poland is the nearest country where hemp breeding is carried
out, and the pedoclimatical conditions of Poland could be considered to be most similar to
those of Lithuania (in general hemp breeding is carried out in southern countries of EC,
therefore those varieties are more adapted to southern pedoclimatical conditions).
Hemp was sown by sowing-machine SLN-1.6 at the middle of May in the plots of 10 m?,
triplicate, harvested in the middle of October by trimmer. The biometrical indices of hemp
plants — crop density, weediness, height and stalk diameter in the middle of the stalk at
harvesting time, amount of green and dry over ground mass, and fibre content were evaluated.
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One part of hemp stalk samples (0.5 kg per plot) was water-retted (temperature 37 ° C) for 5
days, other part (0.5 kg per plot) was dew-retted on the grassland; then dry straw was
scuthched by tool SMT-200. For calculation and statistical evaluation the statistical software
developed in the Lithuanian Institute of Agriculture was used [13].
Thermal and irrigation conditions during the growing season could be described by one of the
most informative agrometeorological indicators — G. Selianinov’s hydrothermal coefficient
[14]:

HTK = =P (1)

0.1t

where: Xp — total precipitation (mm) sum during the given period, the temperature of which is
above 10 C;
¥t — total sum of active temperatures ('C) of the same period.
If HTK>1.6 — excessive irrigation, HTK=1...1.5 — optimal irrigation, HTK=0.9...0.8 — weak
drought, HTK=07...0.6 — moderate drought, HTK=05...0.4 — strong drought, HTK<0.4 — very
strong drought.
According to the data presented in Figure 1, it would be fair to say that just after sowing (12"
of May) it was enough wet for hemp seed germination. Dry weather was in June and July, but
hemp plants didn’t suffer from it. The abundant precipitation in August and September
allowed hemp plants to thrive, but led to long vegetation period, long flowering period, late
seed ripening. Hemp was harvested only in the middle of October.
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Fig. 1. Hydrothermal coefficient (Upyté, 2006)

Results and discussion
The beginning of hemp seed germination was noticed on 21% of May, e.i., on 9" day after
sowing. Few days later the crop was fully emerged, the seedlings had first pair of true leaves.
Visually any differences between seedlings of different varieties haven’t been noticed. On the
29" of May plants had already the second pair of true leaves, and differences between plots
sown at different seed rate have been noticed. On 8" of June plats were already 13-16 cm in
height; on 23" of June — 60-80 cm, on 7" of July — above 1 m (some plants reached even 1.5-
1.7 m height). One week later hemp plants’ height was already about 1.8-2 m. On the 25" of
July hemp started flowering. After heavy precipitation some hemp plants at the plot side have
lodged. At the beginning of September hemp was still flowering, the seeds were milky, still
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immature. Some maturated hemp seeds were found on the 5™ of October. It was noticed, that
some birds are attacking hemp crop and picking hemp seed from growing plants. At hemp
harvesting time (16™ of October) approximately all seeds in hemp plots have been eaten.
Hemp was harvested by trimmer, leaving the stubble of 3-5 cm. Hemp in 2006 was growing
about 22 weeks (157 days).
Before harvesting hemp crop density and weediness have been evaluated. Significant
differences in crop density were noticed for Beniko and Bialobrzeskie (Table 1), and this
could be the result of different weight of 1000 seed (Beniko — 15.56 g; Bialobrzeskie — 14.65
g). As it was expected, seed rate also had significant influence on crop density — the highest
crop density (in average 236 units m™) was obtained sowing 70 kg ha™, the lowest (in average
100 units m™) — sowing 40 kg ha™.

Table 1.

The influence of variety and seed rate on hemp crop density (units m™) before
harvesting (Upyté, 2006)

Mean for

Variety Seed rate (Factor B)

(Factor A) 40 kg ha* 55 kg ha™ 70 kg ha* factor A
Beniko 94 131 197 141
Bialobrzeskie 106 148 274 176
Mean for factor B 100 140 236

LSDys (variety) =10.3 LSDys (seed rate) = 14.6  LSDys (variety x seed rate) = 23. 0

Seed rate (crop density) had significant effect on crop weediness (Table 2). The amount of
weeds in hemp crop at harvesting was quite low — only 1-6 plants m?. More weeds were
found at thin crop. The main part of weeds found at hemp harvesting time consisted of white

goosefoots (Chenopodium album L.).
Table 2.

The influence of variety and seed rate on hemp crop weediness (units m™) before
harvesting (Upyté, 2006)

Variety Seed rate (Factor B) Mean for
(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 6.0 0 1.3 2.4
Bialobrzeskie 4.7 2.7 1.3 2.9
Mean for factor B 5.3 1.3 1.3
LSDys (variety) =1.38  LSDys (seed rate) = 1.96  LSDs (variety x seed rate) = 3.09

In 2006 hemp produced enough high amount of green over ground (stalks, leaves and
panicles) mass (up till 42.95 t ha™) (Table 3). Plants of Beniko were more productive than
plants of Bialobrzeskie (significant differences). Seed rate didn’t show significant influence
on the yield of green over ground mass — only tendencies of higher green biomass were
noticed in the plots of lower density (differences not significant).

Table 3.
The influence of variety and seed rate on hemp green biomass yield (kg ha™)
(Upyte, 2006)

Variety Seed rate (Factor B) Mean for

(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 42 952 39 857 39810 40 873
Bialobrzeskie 34 286 34 810 33 095 34 064

Mean for factor B 38 619 37 333 36 452

LSDgs (variety) =1 511.0 LSDgs (seed rate) = 2 136.8 LSDys (variety x seed rate) = 3 378.6
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According to the data of hemp green biomass and amount of crop moisture content at
harvesting (it was about 63.6-66.9 %), the yield of dry hemp biomass was calculated. Plants
of Beniko showed higher productivity than that of Bialobrzeskie (significant differences)
(Table 4). The tendencies of higher dry biomass were noticed in plots of lower density
(differences not significant).

Table 4.
The influence of variety and seed rate on hemp dry biomass yield (kg ha™)
(Upyté, 2006)
Variety Seed rate (Factor B) Mean for
(Factor A) 40 kg ha* 55 kg ha™ 70 kg ha* factor A
Beniko 15 267 14 542 13 888 14 566
Bialobrzeskie 12 070 12 113 10 948 11710
Mean for factor B 13 668 13 327 12418
LSDys (variety) =971.6 LSDys (seed rate) =1 374.1 LSDys (variety x seed rate) = 2 172, 6

The stalks of Beniko plants ware by 7 cm taller than that of Bialobrzeskie (Table 5). We
should remind that total plant height would be taller by approximately 5 cm, when taking into
account the length of stubble left on the field. Significant differences in plant height were
found in the plots of different crop density — plants were taller (even by 20 cm) in thin crop
and lower — in thick crop. The same results were described by Grabowska, Koziara [11].

Table 5.
The influence of variety and seed rate on hemp plant height (m) at harvesting
(Upyte, 2006)

Variety Seed rate (Factor B) Mean for

(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 2.29 2.18 2.13 2.20
Bialobrzeskie 2.28 2.10 2.02 2.13

Mean for factor B 2.28 2.14 2.08

LSDys (variety) =0.050 LSDgs (seed rate) = 0.071  LSDgs (variety x seed rate) = 0.112

Technical hemp stalk length was measured from the foot part of stalk up till first left leaves
and panicles. Tendencies of longer technical stalk part in Beniko plants could be observed
(Table 6). Also tendencies of longer technical stalk part could be noticed in thin crop (except
crop of Beniko).

Table 6.
The influence of variety and seed rate on technical hemp plant height (m) at harvesting
(Upyte, 2006)

Variety Seed rate (Factor B) Mean for

(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 1.76 1.81 1.78 1.79
Bialobrzeskie 1.87 1.76 1.68 1.77

Mean for factor B 1.82 1.79 1.73

LSDgs (variety) =0.050 LSDys (seed rate) = 0.071  LSDgs (variety x seed rate) = 0.112

The stalk diameter of Beniko plants was higher then that of Bialobrzeskie (Table 7).
Significant differences in stalk diameter were found when sowing 40 kg ha™ and when
compared to that of sowing rates of 55 kg ha™ and 70 kg ha™. But we didn’t find any
significant differences in diameter when sowing 55 kg ha™ and 70 kg ha™.
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Table 7.

The influence of variety and seed rate on hemp stalk diameter (cm) at harvesting

(Upyte, 2006)
Variety Seed rate (Factor B) Mean for
(Factor A) 40 kg ha* 55 kg ha™ 70 kg ha™* factor A
Beniko 0.68 0.63 0.59 0.63
Bialobrzeskie 0.66 0.56 0.54 0.59
Mean for factor B 0.67 0.59 0.57 -
LSDys (variety) =0.031  LSDgs (seed rate) = 0.044  LSDgs (variety x seed rate) = 0.07

The fibre content in hemp stalks was found to be different after stalk dew-retting and water-
retting (Tables 8 and 9). Any significant differences in fibre content weren’t found in 2006.
We can see tendencies that Bialobrzeskie plants had slightly higher content of dew-retted

fibre; higher dew-retted fibre content was obtained in thin crop (Table 8).

Table 8.

The influence of variety and seed rate on hemp fibre content (%) in stalks after dew-
retting (Upyté, 2006)

Variety Seed rate (Factor B) Mean for
(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 12.3 12.0 13.3 12.6
Bialobrzeskie 12.7 11.7 15.0 13.1
Mean for factor B 125 11.8 14.2 -
LSDys (variety) =1.033 LSDgs (seed rate) = 1.460  LSDys (variety X seed rate) = 2.30

Beniko plants had slightly higher content of water-retted fibre; established water-retted fibre
content was very similar in all plots of different crop density (Table 9).

Table 9.

The influence of variety and seed rate on hemp fibre content (%) in stalks after water-
retting (Upyte, 2006)

Variety Seed rate (Factor B) Mean for
(Factor A) 40 kg ha™ 55 kg ha™ 70 kg ha™ factor A
Beniko 20.3 19.7 19.7 19.9
Bialobrzeskie 18.0 18.3 19.0 18.4
Mean for factor B 19.2 19.0 19.3 -
LSDys (variety) = 1.246  LSDs (seed rate) = 1.762  LSDgs (variety x seed rate) = 2.78

Conclusions

1. The trial carried out in 2006 led to draw conclusion that plants of industrial hemp varieties

of Polish origin — Beniko and Bialobrzeskie — could be successfully grown in Lithuania.
2. 1n 2006 hemp produced enough high amount of green (up till 42.95 t ha™) and dry (up till
15.27 t ha™) over ground mass. Plants of Beniko were more productive than plants of
Bialobrzeskie. The tendencies of higher green and dry biomass were noticed in the plots
of lower density.
Neither of two investigated factors showed significant influence on fibre content in 2006.
Seed rate had significant influence on crop density.
Seed rate (crop density) had significant effect on crop weediness.
The stalks of Beniko plants ware by 7 cm taller than that of Bialobrzeskie. Significant
differences in plant height were found in the plots of different crop density — plants were
taller (even by 20 cm) in thin crop and lower — in thick crop.
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7.

The diameter of hemp stalks was lesser when sowing 55 kg ha™ and 70 kg ha™ then that
when sowing 40 kg ha™*. But we didn’t find any significant differences in diameter when
sowing 55 kg ha™* and 70 kg ha™.
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Abstract. Brownfields (contaminated or degraded territories) significantly pollutes environment, form
derelict landscapes and affects people’s security and health. Formation of these sites depends on many factors
such as bad industrial practise and economy, inadequate legislation, wastewater and waste management etc.
Inventory and evaluation of these sites in Latvia is carried out according to Regulations issued by the Latvia
Cabinet of Ministers.

The sites are characterised with parameters which differs from accepted in the other European countries. For
example, primary classification indicator in Latvia is a degree of ground and soil pollution in these fields and
as a secondary factor — presence of destroyed and abandoned buildings.

The paper presents the results of investigation the situation on brownfields in Latvia, especially in Rezekne city,
analyses the reasons of their formation and develops recommendations for intensification revitalization process
of brownfields.

Keywords: brownfields, contaminated territories, ground and soil pollution

Introduction

Brownfields are urban areas which form as a result of many uncontrollable human actions
especially during the economy restructuring periods. Brownfields are areas of land and the
property therein, within established urban areas, which have ceased their original use, or have
become seriously underused. Such areas often bear considerable environmental damage,
dilapidated production buildings (see Fig. 1) and disused plants. For a variety of reasons,
brownfields constitute a larger portion of urban land in postsoviet countries [1]. Brownfields
have an extremely detrimental economic influence on their physical and biological
surroundings. The complexities and costs, related to the renovation and re-use/regeneration of
these territories, discourage private capital from active economic intervention.

Fig. 1. Former peat factory in Struzani
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Brownfields usually require public finance to help remove the barriers to redevelopment, and
thus initiate the reuse/regeneration process.

The brownfields problem has emerged, since the 1970’s, to a prominent place on the political
agenda of developed countries and is now strongly linked to the more general agenda of
sustainable urban development [2].

In Latvia instead term “brownfields” is used term “degraded territories” and it means
intensive contaminated territories at first.

According to Latvian legislation brownfields in this interpretation are:

- Dumps of the industrial waste;

- Dumps of household waste;

- The gas stations and oil storage bases;

- Storages of hazardous chemicals and pesticides;

- Forage complexes, piggeries, poultry and cattle farms;

- Former Soviet Union army bases.

In Latvia there is not mining industry objects, therefore the scale of degraded territories is
significantly smaller than it is in countries where mining industry is well developed. It means
that so called contiguous brownfields in Latvia are associated with the production of building
materials, including building construction, and partially or fully excavated but not reclaimed
quarries (sand, gravel, limestone, clay, dolomite).

The formation and existence of brownfields is the one of the consequences of human
activities that leaves the negative impact not only on environment, but also have the direct
influence to humans. The formation of these territories rapidly developed in the 20™ century
and still continues. The main reason for that is the unjustified economical development that
demands not only use but often overuse nature resources in order to achieve maximum profits
instantly [3]. It is noticeable in all countries, especially in countries experienced changes of a
political system. After collapse of Soviet system during 1990-ties in Latvia number of
industrial enterprises were closed that resulted in vast formation of polluted/degraded
territories.

Materials and methods
The object of the research was brownfields in Latvia.
Investigation included charachteristics of brownfields in historical and nowadays aspects.
The methods involved analyse of large scale documents, cartographic materials and databasis
regarding to background and development of brownfields, state official rules and regulations
and foreign experience in managing degraded territories.
There were used site surveys and visual evaluation of brownfields in Rezekne city also.
The selection of methods ensuring adequate, transparent and comparable information on the
genesis of brownfields, the existing situation, problems and forecast changes in the European
context, the experience of learning the Latvian case studies provide opportunities of
brownfields in research to integrate different approaches and to find appropriate specifics of
Latvia brownfields renewal proposals.

Results and discussion

20 years ago problem of the brownfields in Latvia was not supposed for priority and there
were not enough financial resources for the revitalization. During this time was created
contaminated and potentially contaminated areas register. However, included information is
incomplete in many cases. Revitalization was executed only partly.

In Latvia are not large localities in which industry prevails, for example, metal working,
therefore it does not form large brownfield territories. In Latvia, also in Riga, already are not
complete unutilized abandoned territories.
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The causes of brownfields existence are very different. In the Eastern Europe states main
reasons of the brownfields existence is population’s decrease, economy recession, and
dropping land market costs. In the same queue in Latvia the main reasons of brownfields
subsistence are populations decrease and vacant territories.

Latvian Environmental Agency registered 3527 damaged territories; among them 238 were
classified as contaminated sites, 2620 - as potentially contaminated sites. It is necessary to
continue clarification of contaminated areas [4].

Distribution of the brownfields in Latvia districts is shown in fig. 2. The largest number of the
brownfields is storages of oil products and dumps. Prevailing brownfields are situated in
Latvia districts, but brownfields are in 6 largest Latvia cities also - Riga, Jurmala, Liepaja,
Daugavpils, Rezekne and Jelgava.
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Fig. 2. Brownfields in Latvia districts

The most of brownfields in Latvia are in the inhabited area - the Riga region and especially
Riga (see fig. 3). There is the large number of contaminated ground areas and degraded
landscape.

The most problematic there are brownfields with a high contamination. In many cases the
producer of contaminations at the moment is not accessible. Producers of wastes ordinary are
enterprises and structures, which in nowadays do not exist and are not also direct proprietor
too.
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The places, which are evident as most polluted in Latvia territory, are [5]:

- The Incukalns sulphuric acid petroleum ponds. Contaminants: oils, asphaltens, sulphate
acids and sulphiric acid. Place is former sand quarry. Polluted area is approximately 130 ha.
The filtration of the contaminants will reach Gauja river approximately in 25-30 years. From
this reason it is necessary hasty to abolish a contamination source and to diminish a
contamination level in all polluted area.

- The dump of the liquid hazardous wastes in Olaine. The dump contains 2500 m* liquid and
4000 m* solid waste. The main polluting substances are piridin, buthanol, izopropilalcohol,
chlorides and ammonium.
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: Fig. 3 Brownfields of Riga region

- The Karosta in Liepaja. Already in 1992 the HELCOM acknowledged the Karosta in
Liepaja as one of the most polluted place in the Baltic Sea region and included it in the Baltic
Sea Act program in 2000. The Karosta in Liepaja 50 years was a military area. In this time the
Soviet Union military forces have created and abandoned serious ecological problems. A
canal ground is covered by 0.1 to 2 meters thick layer of polluted sludge with heavy metals,
hydrocarbons, oil products and other chemical substances. Concentration of the pollutants in a
channel is 10 - 100 times larger than in Riga and Ventspils ports. Canal length from a port
gate to the barrier is 3200 m, it joins a sea with the former part of the military territory and sea
military harbour. The canal area is 780000 m? The volume of the polluted soil is
approximately 600000 m®. The canal ecosystem, especially river fauna and flora, is nearly
obliterated.

- The liquid hazardous wastes dump ,,Space” in Jelgava. The liquid and toxic wastes were
deposited to this place from a savage of leather factory, factories of agriculture technical
equipment and other. Now these wastes together with silts are situated in 4 ponds. Territory is
polluted with chlorides, sulphates, organic acids and ammonium. In the 1987 ponds of sands
were broken and large amount of the liquid waste deluged forest and the vast territory was
polluted.

- Former air-port territory Rumbula (fig. 4). There was refueling base of the military aviation
from 1954 to 1978. The leak of aviation fuel in the environment was approximately 1000
tons. The aerodrome is situated 20 km from the Daugava river outfall in Baltic Sea. The total
polluted area is 100 800 m In the soil the concentration of oil products are within the limits
from 1000 mg/kg (reserve of the military aviation fuel depositary) to 23 000 mg/kg (fuel of
the military aviation allocation point).
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In 1997 the computer model of the polluted territory to investigate hydrogeology processes
was created and in collaboration with the Denmark EPA project in 1998 were executed
researches of the most effective technologies for territory purification.

- The Jaunmilgravis and Sarkandaugava contaminated territories. They are conglomerate of
the enterprises, from which the most contaminated are an oil terminal territory and enterprise
of oil territory. Contamination with oil products started in 1970s and now the level of oil
products is 1.37 m. Qil products consist mainly from derv with a small petrol admixture, in a
few places with a kerosene admixture.

In the Republic of Latvia particular status (not polluted, potentially polluted or polluted) is
acquired to territory according to the Regulation of the Cabinet of Ministers No. 483 “On
Ascertaining and Registration of Polluted and Potentially Polluted Sites” [6]. A territory is
assessed by answering questions and summarizing score (see fig. 5). Given below is the
example of evaluation of railway station Rezekne Il (there is not polluted territories in
Rezekne region, but 25 territories are recognized as potentially polluted such as heating boiler
houses, hardware production plants, oil terminals, transport territories, wastewater collection
and processing sites, distribution centres of solid, liquid and gas fuel, wood-processing plants
as well as concrete production plants.

Rezekne brownfields may be divided into 4 specific groups (fig. 6): the deserted built-up
areas (8) industrial areas (7), military-contaminated areas (3) historical buildings in
catastrophic conditions (2). Arrangement of the brownfield states in Rezekne is uneven - most
of them (by area) are located in the north area behind the railway. Many sites are located in
the historic center of Latgale Street, and around the recreational object — the Kovshu Lake. As
a specific type of brownfields can be mentioned the railway, what effects the landscape
degradation and divides the city into 2 sectors [7].

Majority of Rezekne brownfields are not included into potentially contaminated territory
register - it means that for revitalization projects there is week legal motivation to plan
activities — and so rehabilitation process may be continuous and complicated.
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1st step: Assessment of duration of polluting activity 2nd step: Area of polluted territory 3rd step: Hazardotcj)?);éjctistances used in the
Operational duration of object, years Points Area, m? Points Classification of hazardous substances” Points
3 2 3 Substances used and stored in object are
<10 <2500 m not hazardous 2
10-30 6 —> 2500-5 000 3 —3>{ Substances used and stored in object are 3
hazardous
30-50 8 5 000-10 000 4 Substances used and stored in object are 10
>50 10 >10 000 5 highly hazardous
Unknown 5 Unknown 3
5th step: Site inspection and residents surveys 4th step: Storage of substances and waste
Observations and information Points Storage of hazardous chemicals and Points
- : — . waste in the object
There are equipment or technical facilities that can promote spread of pollution (such as 3 - - T .
drainage channels, boring wells, equipment placed horizontally in soil) in the territory Stored in territory in big quantities 2
There is no hard surface in the territory or it is extensively damaged 3 ( Stored in territory in insignificant 3
There is visually noticeable pollution in water bodies or water flows in the territory or its 10 quantities
surroundings Not stored in territory, brought in for 10
There is visually noticeable soil pollution 10 production in small quantities
There is defective equipment in the terrifory (e.g. storage containers for waste or chemical 10
substances, technological equipment is old and faulty)
There is specific smell 5
There is noticeable impact of pollution on vegetation 5
Residents have provided important and credible information about health iSSues or 10
environmental problems in this territory
Other important observations not mentioned above 5

Hazard

presented by object is
determined summarizing

points from tables 1. - 5. If

final score is ?30, object is not
hazardous, if >30 it is
hazardous. Score of
assessment is 47 that mean that
the object can be considered as
hazardous. If the object is
recognized as hazardous in
order to determine if territory
is potentially polluted,
environmental susceptibility
are evaluated using following
parameters:

10th step: Distance of the site location to surface

water objects

Distance to surface water objects

There are such objects in the territory

Distance to such objects is less than 100

m
Distance to such objects is between 100-

300 m

Distance to such objects is between 300-

500 m

Distance o such objects is more than

500 m

There 1s no surface waters in a

surroundings

Next stage of
the assessment is to
determine environmental
susceptibility to pollution. It
is established by summarizing
points from five tables shown
above. Total score is 23
meaning that the territory is
partially protected against
pollution (Table 11). Total
assessment of the territory is
finalized by integration of
both results, 23+47=70
(Table 12).

11yh step: Determination of environmental susceptibility

6th step: Zoning of the object location 7th step: Utilization of the surrounding territory
- - . Objects in the surroundings of polluted .
Description of the territory Points or potentially polluted territory” Points
S 8 Kindergarten, playground or school,
Residential area hospital 0901; 0902; 0903 3
Agricultural land 10 Residential area 0601; 0602; 701; 0702; 3
0703
Territories of industrial plants and -
- 2 Allotments or agricultural Tand 0101
storage, ports and traffic roads . . ’ 4
Green belts, nature territories and 6 0102; 0105; 0603
greened areas Sport and recreation areas 0301; 0910 2
Sport and recreational complexes, 7
municipal buildings Protected nature territory 0908 4
Territories not utilized for urban or ;
residential needs, reserve territories 6 (I)Dsrégkmg water extraction sites 0301; 15
8th step: Soil type in
9th step: Level of underground waters in the territory the territory
Points - Soil type Points
Level of underground waters Points
5 Clay 2
p <lm 5
Gravel 10
1-5m 4 47
8 Sand 9
510 m 3 an
2 >10m 2 Peat 4
1
Unknown 2 Loam 6
0 Sandy loam 7

Environmental susceptibility

Points in total

12th step: General assessment of potentially polluted

site

Low environmental susceptibility - territory
is protected (or persistent) against pollution

Less than 20

Assessment of the territory

Points in total

—>

2.category - site is potentially polluted

More than 50

Average environmental susceptibility - the
territory is partially protected against

3.category - site Is not potentially
polluted

Less than 50

pollution, pollution may spread under 20:50
certain circumstances, etc.
High environmental susceptibility - More than 30

territory is not protected against pollution

Fig. 5. Example of evaluation of railway station “Rezekne 11”

190




""‘ plant ,Rebir"

sing

,, Military-contaminated N
. zone —former 2 Soviet [& 2 ST ik
Union depots s 4" | Synagogue and
i AN e outbuilding in 2 10
' ; catastrophic condifi
"7 Railway station Razekne | = 1 = " Y ‘ o CanMcn
"\ - littered unspruce area 3 Lt AL
L X ) @
Abandoned buildings in
catastrophic condition

fl
> Gl SN

Fig. 6. Brownfields in Rezekne city

Conclusions

The reasons of brownfields existence in Latvia are:

A socio - economic factors - the lack of resources, which prevents to renew the historical
buildings;

Administrative impediments — for example, cultural heritage’s protection prevents free
deal with the historical built — up area, a personal intentions are in conflict with
requirements, the speculative interests contributes to the historical degradation of the
building;

Municipal resources/capacity: a large part of buildings in the center are without
elementary engineering infrastructure (no drainage and heating system);

Indetermination in the city Development strategy, including the production areas for
development.
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Revitalization process of brownfields needs to be considered in the context of the following

factors:

e Cities economic development, the rate of change - under favourable conditions a number
of brownfields are restored with the private sector resources;

e Tourist industries development - increasing number of tourists demands to ensure
appropriate infrastructure and an attractive urban environment;

e Society segregation in population groups, degraded living environment as a physical
manifestation of social problems;

e Districts area development (strict building control in greenfields areas to strengthen the
interest of brownfields);

e European Union policy and revitalization potential support for sustainable urban
development and brownfield revitalization.

To assure brownfields revitalization, it is needed [8]:

1. To fulfill detailed measure the situation, which involves:

- Gathering information about existing brownfields (geological and hydrological
circumstances, topography, the site's existing and planned usage, building intensity and
other physical, economic and social indicators that characterize these areas);

- Feasibilities of new brownfields forming and determination the causes of their
existence;

- Possible scenarios and models of brownfields evolution.
2. To create publicly accessible database of brownfields. The database may be used to check
the situation and strategies for implementing the results of the assessment.
Priority determination of brownfields revitalization [3]:
The municipality must define a priority of brownfields restoration in accordance with the city
development, limiting the area of extensive usage. As a potential priorities are: the functional
diversification of industrial areas, the new potential town centres development, challenges in a
new territory planning.
Companies, land holders and cities politicians' information and awareness forming of
brownfields:
Brownfields revitalization is a complicated and expensive process. Local municipal priorities
and actions need to have public acceptance. The process need to be transparent for public
discussion. The strategy is to provide a proposal for connecting the public program of
brownfields regeneration.
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DO HEAVY METALS AFFECT ON DEHYDRATION RATE OF
BRASSICA NAPUS, TRITICUM SPP., ZEA MAYS AND HORDEUM
VULGARE?

VAI SMAG/E METALI [ETEKME BRASSICA NAPUS, TRITICUM SPP.,
ZEA MAYS UN HORDEUM VULGARE DEHIDRACIJAS PAKAPI?
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Abstract. Dependence of dehydration rate of Brassica napus, Triticum spp., Zea mays and Hordeum
vulgare from heavy metal concentrations in plants after its growth in contaminated media has been studied in
the laboratory and results are summarized in this paper. We found water loss reduction in all plant species
germinated in sewage sludge (somewhere soil) after 18 day in comparison with control samples, presented by
garden compost. Moreover, water loss was reduced significantly in root part of the plants. At the same time
water loss was increased in Brassica napus, Triticum spp. and Hordeum vulgare germinated in sewage sludge
after 30 day in comparison with control samples that could have been caused by metals interactions with
plants’ metabolic processes within the cells.

Keywords: water loss (dehydration rate), heavy metals, sewage sludge, Brassica napus, Triticum
spp., Zea mays, Hordeum vulgare, germination.

Introduction

Heavy metals are important environmental pollutants and many of them are toxic even at
very low concentrations (Cd, Hg, Pb, Cr, Zn, Ni, As). The remediation efforts represent a
substantial financial burden for industry, government and taxpayers. Anthropogenic metal
inputs include spoil from metal mining operations, fallout from refinery emissions, waste
disposal, electroplating, combustion of fossil fuels, and agricultural application of pesticides
and biosolids [5]. Traditional remediation efforts (e.g. excavation, burial and contaminant
isolation) are not feasible for large-scale impacts and therefore alternative remediation
strategies are necessary when vast areas of land have been contaminated. Hyperaccumulator
plants concentrate trace metals in their harvestable biomass, thereby offering a sustainable
treatment option for metal-contaminated sites.

To study capability of phytoremediation we chose two objects, where metal-contaminated
sites are presented. They are Wastewater Treatment Plant Sindos, Thessaloniki, Greece,
where contamination of site is caused by sewage sludge storage, and area neighboring with
Agios Dimitrios coal power plant of Thessaloniki, Greece. In the phytoexperiment Brassica
napus (Brassicaceae family), Triticum spp., Zea mays and Hordeum vulgare (Poaceae
family) were used. Brassica napus is among the best accumulators of heavy metals,
especially Ni and Zn. Triticum spp., Zea mays and Hordeum vulgare was chosen as the most
productive biomass accumulators [3]. During the research the main focus was made on
controlling of the dependence between water loss of the plants and its heavy metal content.
Do heavy metals affect on dehydration rate of chosen plants? Can we predict the metal
concentrations in the plants only with knowledge about its water loss, without metals
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measurements? Which are the limits of phytotoxicity of different plant species? These are the
questions, which we were asked on and which we tried to clarify in present paper.

Materials and Methods
Preparation of the experiment
Three substrates were used in this study: soil, sewage sludge and garden compost. Soil
samples from a depth of 5-10 cm from the soil surface were collected on cultivated area, 200-
300 meters away from the Agios Dimitrios coal power plant of Thessaloniki, Greece (it is
located in the Kozani-Ptolemaida-Amynteon lignite basin in West Macedonia among with
three other lignite power plants producing about 70 % of the total electric energy in Greece).
Dewatered with filter-presses sewage sludge was taken at Wastewater Treatment Plant in
Sindos (treatment of domestic wastewaters only). Garden compost was used for the control
samples. In the experiment Brassica napus, Triticum spp., Zea mays and Hordeum vulgare
were grown in pots with soil, sewage sludge and garden compost during 30 day-period. Ten
seeds of each plant species were sown directly onto the substrate on the pots. Plants were
watered as often as they needed. After 18-day and 30-day period of cultivation, the shoots
and roots were collected, left to be dry in room temperature until constant weight (water loss
measurements), after dried in an oven at 65 °C and further crushed and digested with set of
acids with the aim to determine heavy metal concentrations.
Analytical methods for sample pretreatment
The wet digestion of organic matrix sampled (plants, sludge, soil, compost) by use of
concentrated HNO3; and HCLO4+HF+HCI as the most common procedure was used for
sample pretreatment [4].
An accurately weighted portion of each plant, sludge or compost sample (0.2g dry weight)
was placed in teflon beaker. About 20ml of concentrated HNO3; was added to each beaker
and the mixture covered with a cup was left at room temperature on 24 hours. Then it was
heated to near dryness on a sand bath, subsequently dissolved in 20ml 1+1 HNO3 and heated
on a sand bath during 30min exactly. The residue was diluted to 200ml with d-distilled water
(beakers were washed with d-distilled water twice).
Soil samples were pretreated using the same procedure, however in that case at the beginning
HCIO,4 and concentrated HF were used and during the second heating on a sand bath (30
min) 1+1 HCI was used.
These final solutions were analyzed for heavy metal concentrations.
Determination of metals by Atomic Absorption Spectrometry
The determination of Cd, Cu, Ni, Pb, Zn, Cr was carried out by atomic absorption
spectrometry, with flame and graphite furnace modes. A Perkin Elmer 503 Atomic
Absorption Spectrometer was used coupled with a THGA-800 graphite furnace controller.
The concentrations are given in milligrams per kilogram dry weight.

Results and Discussion

Plants distribute metals internally in many different ways. They may localize selected metals
mostly in roots and stems, or they may accumulate and store other metals in nontoxic form
for later distribution and use. A mechanism of tolerance or accumulation in some plants
apparently involves binding potentially toxic metals at cell walls of roots and leaves, away
from sensitive sites within the cells or storing them in a vacuolar compartment.

In present research studying water loss of the plants and checking metal concentrations with
AAS we tried without microscope technique to determine, where plants perhaps may localize
metals.

In nature, the rate of evaporation from wet plants as Brassica napus, Zea mays, etc. surface
depends on a few factors: the temperature at the plants surface; the atmospheric humidity,
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both at the plants surface and in the air; and wind speed. In the present study observing the
impact of heavy metals on the water status of plants we kept the above-mentioned factors
constant.

18 day of germination. Water loss was significantly reduced in Zea mays germinated on as
soil (in shoots) well as sludge (in shoots) (Fig.1). At the same time in Zea mays in root parts
germinated on the same media water loss was increased significantly. We considered
compost as conditionally clean substrate, i.e. free of heavy metals (significant
concentrations), and from the graph it is shown that water loss in Zea germinated on compost
is intensive.
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80 4 —=&— Soil/root
R Sludge/shoot
70 A Sludge/root
b= 60 4 —x— Compost/shoot
2 —e— Compost/root
= 50
B
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20 A
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0 T
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Hours

Fig.1. Water loss in Zea mays germinated in contaminated media after 18 d
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Fig.2. Water loss in Triticum spp. germinated in contaminated media after 18 d

Water loss from the plants is not a simple physical process, but is guided by the energy
budget, which is necessary for running different physiological processes and also for
conversion of water into water vapor.
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Fig.3. Water loss in Brassica napus germinated in sewage sludge after 18 d

However, it was pointed out that a change in a single component of the energy exchange
system changes the entire balance of the energy balance with water vapors. [2]. Therefore,
the hypothesis tested in the present project was that heavy metal uptake affects water loss
from selected plants.

The direct interaction of metals with cellular components can initiate a variety of metabolic
responses. Some metals can pass through the plasma membrane of the plants cells (Zn),
while others are obstructed by it (Pb, Cu) [2]. Thus, it is apparently that reduced water loss in
Zea mays, germinated on sewage sludge and soil, was caused by the fact that heavy metals as
Pb and Cu did not pass inside of the cells, were localized extracellularly and therefore helped
in retention of water from the plant. At the same time we observed intensive water loss in
Zea mays, germinated in control pots with the compost.

Similar situation we observed with Triticum spp. (18 day of germination) and Brassica napus
(18 day of germination): diminished water loss must be due to high concentration of metals
around the cells in comparison with control samples (compost).
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Fig.4. Water loss in Zea mays germinated in contaminated media after 30 d
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Fig.5. Water loss in Triticum spp. germinated in sludge after 30 d
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Fig.6. Water loss in Hordeum vulgare germinated in sewage sludge after 30 d

Interaction of Cu with SH group leads to oxidative destruction of membrane lipids [2]. Thus,
this infers that, due to the toxic effect of Cu, normal metabolic activities like
photophosphorylation were decreased and membrane lipids were destroyed and this must be
the reason for faster water loss in Triticum spp., germinated on sewage sludge after 30 day,
where we found higher Cu concentration in comparison with the control (Fig.7).

Water loss in Hordeum vulgare, germinated in sludge on 30" day was not differed
significantly from the control, because concentrations of heavy metals were not too high and
were not differed in plants, germinated in sludge and compost (Table 1).

Table 1.
Metals content in Hordeum vulgare after 30 d., mg/kg
Sample Cd |Cu [Ni |Pb |Zn |Cr
Hordeum_Sludge 0 29 |0 |3 58 |4
Hordeum_Compost | 0 29 |42 |2 42 |25

197



120
Sewage Sludge (Ukraine)
100 - 0O Sewage Sludge (Greece)
B Compost (control)
—~ 80 A
D
4 —
>
£
—~ 60 A
>
9/ shoot shoot
(@) —
40 g
20 i

Brassica n. root root Hordeum v.

Medicago s. .
Zea mays Triticum spp.

Fig.7. Concentration of Cu in plants tissue in comparison with a control sample

Conclusion

From the results, both water loss graphs and the analyses of heavy metal concentrations with
AAS we may conclude that metal accumulation affects water potentials of the Brassica
napus, Zea mays, Triticum spp. and Hordeum vulgare. It is inferred that heavy metals
extracellularly localized help in retention of water in all selected plants, but once they enter
the cell, they interfere with metabolic processes and accelerate water loss. In plants contained
high Pb concentration (Zea mays, Triticum spp.) water loss was reduced in comparison with
control plants, indicating that its plasma membrane acts as a barrier for Pb uptake.
Measurement of water loss of the plants during phytoremediation could be useful for
forecasting of real heavy metal concentration in the plants, in case of impossibility of metal
measurements application (for instance, with ASS).
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VIDES PROBLEMU RISINAJUMA STAVOKLIS LATGALES
UZNEMUMOS
THE SITUATION ON SOLVING ENVIRONMENTAL PROBLEMS IN THE
LATGALE ENTERPRISES
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Institute, Atbrivosanas aleja 76, LV 4601, Latvia
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Abstract. ,, Business is the only mechanism on the planet today powerful enough to produce the
changes necessary to reverse global environmental and social degradation” (Paul Hawken).
This idea characterizes the substance of the paper exactly. The paper presents results of 24 different
enterprises survey in the Latvia eastern region Latgale on their present-day situation in the field of
environment protection, awareness of their responsibility and their planned innovation activities in the
implementation pollution prevention technologies.

Keywords: pollution prevention, green technologies , sustainable business.

levads
Statistika rada, ka petijumu apjoms vides aizsardzibas problému joma pasaul@ strauji picaug.
Veérojama vides aizsardzibas tehnikas un tehnologiju attistiba, tiek izstradati cilvéka darbibu
vides joma reglamentgjoSie lokalie un pasaules meroga dokumenti un normativie akti,
parakstitas starptautiskas vienoSanas un ligumi. Tas nozimé, ka vides aizsardzibas procesu
istenoSanas potencialas iesp&jas ir lielas. Vienlaikus var konstatét, ka realie panakumi
cilvekam labvéligas apkartgjas vides saglabasanas joma nav efektivi [1; 2].
Pozitivi sasniegumi ir iesp&jami tikai tad, ja zinatnisko petijjumu rezultati tiek ieviesti prakse.
Globalas industrialas sisteémas jaudas izaugsmes apstaklos noteico$a loma ir visu §is sist€émas
elementu — uzpémumu, firmu un kompaniju — darbibas ietekmes uz vidi preciza apzinasana,
inovativa vides problému risinasana. So noteikumu neizpilde klast par galveno bremz&joso
faktoru progresam vides aizsardzibas joma un Iidz ar to cilvéces ilgtsp&jigas attistibas
principu TstenoSana [3]. Tapéc vides aizsardzibas prakses, vides vadibas uzpnémumos
izvertéSanas, vides tehnologiju izmantoSanas progresa izpéte un attiecigo rekomendaciju
izstrade inovativas darbibas intensifikacijai kltst par svarigu pétijumu lauku [4].
Jau 1996.gada V.N.Bhats [5], nemot par pamatu informaciju par ASV firmu darbibas
rezultatiem, attieciba pret apkart€jo vidi izstradaja indikatorus un tiem atbilstoSus kritérijus,
kurus pieméroja firmu un kompaniju darbibas analizei vides vadiba un vides tehnologiju
praksé, klasific€jot tas tris grupas — sarkanas, dzeltenas un zalas. Zalas kompanijas parstav
augstako savas atbildibas apzinasanas par vides stavokli pakapi. Tam raksturiga problému
noversanas preventiva strate€gija, ilgtermina planoSana, efektiva resursu izmantoSana,
piesarnojumu novérSana to veidoSanas vieta, personala sistematiska muzizglitiba vides
jautajumos, jaunu tehnologiju nepartraukta integrésana u.c.
NepiecieSamiba uznemties savu atbildibu par apkart€jo vidi ne tikai normativo dokumentu
ietvaros ir jauns izaicinajums biznesam [6].
1998.-1999.gada tika realiz€ts pirmais starptautiskais Eiropas valstu (Vacijas, Somijas,
Zviedrijas) projekts ,,Darbibas vides sektora novértésana Eiropa (FEESE)”. ST projekta gaita
tikai Vacija aptaujai tika paklautas100 kompanijas [7].
Tas rezultatu analize deva skaidru priekSstatu par vides aizsardzibas problému risinaSanas
stavokli uznémumos [8].
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Latvija tada veida analizes Iidz $im netika veiktas. 2008.gada Rézeknes Augstskolas Latgales
ilgtsp&jigas attistibas pétnieciskais institlits iesaka p&tijumu IZM finanséta projekta ,,Vides
aizsardzibas un vides tehnologiju attistibas dinamikas izp&te Latgales uznémumos” ietvaros.

Materiali un metodes

Uznémumu aktivitasu vides aizsardzibas un vides tehnologijas attistibas joma analizei tika

izstradata anketa, kura uzskaitits pilns komplekss jautdjumu saistito ar uzpémuma darbibu

razoSanas sfeéra, vides aizsardzibas problému risinasana un to perspektivas attistibas planiem

vides prakses joma. Anketas pamata likti galvenie uzn€mumu atbilstibas ITmeni raksturojosie

principi, izstradatie masu iepriek$&jos petijumos [9; 10].

Anketa ieklauj $adus informacijas blokus:

1) uznémuma visparigs raksturojums;

2) uzpémuma tehnologiska aprikojuma veidi un stavoklis, resursu (energijas un tdens)
patérins;

3) cieto un 8kidro atkritumu veidoSanas avoti (izejvielu ieguves, transporta, piegades un
razoSanas tehnologiskaja procesa, gatavas produkcijas sagatavosanas darbiba u.c.);

4) piesarnojumu veidoSanas avoti, gaisa un ddens attiriSanas no piesarnojumiem
izmantojamas tehnologijas;

5) teritorijas degradacijas procesi, kurus izraisa uzpémuma darbiba (karjeri, buivbedres,
zemes darbi, izgaztuves, grunts kimiskais piesarnojums u.c.);

6) uzpnémuma vides aizsardzibas pasakumu un vides tehnologiju ievieSanas aktivitasu
pasnovertgjums;

7) uznémuma perspektivie plani vides vadiba un vides aizsardzibas tehnologiju
pilnveidosanas joma.

Aptaujai tika paklauti Latgalei raksturigo dazadu tautsaimniecibas nozaru 24 uzpe€mumi.

Darbibas jomu procentualais sadalijums starp uznpémumiem bija izveidots daudzmaz atbilstosi

tagad€jam tautsaimniecibas stavoklim Latvija: kokapstrade un ar to saistitas jomas — 58,3%,

partikas un lauksaimniecibas produkcijas razoSana — 16,6%, pakalpojumu sniegSana — 8,3%,

celtniecibas materialu ieguve un celu buive — 8,3%, StiSanas pakalpojumu sniegSana — 4,2%,

metalapstrade — 4,2%.

Kokapstrades uzpémumu vid&ja jauda ir 141 605 mg/gadﬁ, partikas produkcijas razoSanas

uznémumos — 12,5 t/dnn.

Darbinieku skaits analiz€jamos uzgp€mumos svarstas no 2 Iidz 350. Kokapstrades uznémumos

ir vidgji 82 darbinieki, partikas un lauksaimniecibas produkcijas razoSanas uznémumos — 60,

celtniecibas — 18.

Rezultati
Energija
Izmantojamo energoresursu veidi un to sadalijums dazados uzpémumu tehnologiskajos
procesos apkopoti 1.attéla.
Galvenie energiju patérgjosie procesi ir tvaika un karsta tidens razoSanas sisteémas, elektrisko
mehanismu un agregatu, gaisa ventilacijas un kondicioné€Sanas iekartu darbinaSana (86%).
Tvaika un karsta fidens razoSanas sisteémas tiek izmantots galvenokart bioenergetiskais resurss
(53%) — koksne dazados variantos (malka, skelda, zagskaidas, miza).
Gazi un elektribu tvaika un karsta Gidens razoSanai izmanto 20% uzpémumu, t.sk. 7%
uznémumu izmanto elektribu.
Apkurei un siltinasanai tiek izmantota arT malka un skaidas.
Pargjo agregatu un sist€ému (refrizeratori, tiriSanas un mazgaSanas agregati, dzin&ji utt.)
darbinasanai tiek pielietota elektroenergija.
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4% 4% B Tvaika un karsta tdens
7 sistémas

O Elektriskas sistémas
B Gaisa ventilacijas un

kondicioné$anas sistémas

O Refrizeratori, ledusskapji
25%

B TinSanas un mazgasanas
sistémas

@ Apkure

1.att. Energétiskas sistémas analizéjamajos uzpémumos

Udens
Udens analiz&jamajos uznémumos galvenokart tiek izmantots tvaika un karsta tdens
razoSanai (34%) un paligoperacijas (tiriSana, mazgasana) (42%) (2.attels).

3%
6% ° B Tvaika un karsta Gdens

razoSana
O Tehnologija ka izejviela

B Komunalam vajadzibam
0O Razo$anas vajadzibam

B Paligoperacijas (tiri$ana,
mazgasana)
B Dzeramais Gdens

O Kokmaterialu zavésanas
process

3% O Zagbalku laistisana

vasaras perioda

2.att. Udens izmanto$anas mérki

Tehnologiskais aprikojums

Tehnologiskais aprikojums, ta stavoklis un darbibas reZimi uzpémuma ir viens no
noteicoSajiem resursu patérina un piesarnojuma veidosanas faktoriem.

Tehnologiskaja procesa ieklauto iekartu novecojuma pakapi raksturo to iegades gads.
Vecakas iekartas iegadatas 1971.gada, jaunakas — 2008.gada. Ta kokapstrades un mezistrades
uzpeémumos iekartu skaits, kuras iegadatas Iidz 2000.gadam, sastada 47%, no tam 68% iekartu
ir vecakas par 10 gadiem (3.att€ls).
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3.att. Tehnologisko iekartu vecuma sadalijjums koksnes un meZizstrades nozaru
uzneémumos

Partikas un lauksaimniecibas nozar€s lidz 2000.gadam iegadatas iekartas sastada 57%, no tam
63% strada 10 un vairak gadus (4.attels).
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4 att. Tehnologisko iekartu vecuma sadalijums partikas un lauksaimniecibas nozaru
uznemumos

Pargjas nozarés Sie skaitli attiecigi ir 32,2 un 46 % (5.attels).
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5.att. Tehnologisko iekartu vecuma sadalijums paréjas nozarées
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Cietie un Skidrie atkritumi

Kokapstrades uznémumos cietie atkritumi sastav galvenokart no koksnes palieckam — mizas,
zariem, skaidam. No kopg€ja izejvielu apjoma tie sastada 20% un vairak.

Otra cieto atkritumu grupa raksturiga visam riipnicam: nolietotas riepas, tara, ellas filtri,
blivgruzi, pelni, metallizni, plastmasa, papirs, lampas, neskiroti sadzives atkritumi. No
Skidrajiem atkritumiem tiek uzskaititas atstradatas ellas, emulsijas, degvielas paliekas.
Analize rada, ka vairakos gadijumos (55%, no tiem 30% — iepriek$ saSkirojot atkritumus,
25% — neskirojot) uznémumi izmanto atkritumu apsaimniekosanas firmu pakalpojumus. Tie
parsvara (62,5% gadijumu) ir kokapstrades un mezistrades nozares uznémumi.

14% uzp@mumu atkritumu utilizaciju veic, tos sadedzinot, no tiem 67% — kokapstrades
uznémumi.

Atkritumu parstradasanu un to recikl€Sanu pielieto 14% uzp€mumu (to skaita 83%
kokapstrades uznémumi, 17% celu biives un uzturé$anas uzpémumi).

Atkritumu pardosanu citiem uzp€mumiem praktizé tikai viens partikas produktu razoSanas
nozares uzpeémums.

Kopgjais gadijumu skaits, kad uzn€mumos tada vai citada veida atkritumi tiek izmantoti ka
tehnogenais resurss, ir 60%.

Atkritumu apsaimniekoSanas veidi un to procentualais sadalijums pa uzpémumiem paraditi
6.attela.

6.att. Atkritumu apsaimniekoSanas pakape un veids

Gaisa un iidenu piesarpojums

Gaisa un tdens piesarnojuma veids ir atkarigs no uznémumu darbibas jomas.

Piesarnojumu avotu analize rada, ka lielakais gaisa un tidenu piesarnojums (44% gadijumos)
rodas razos$anas tehnologiskaja procesa, 28,6% — no transporta operacijam, 11% — izejvielas
ieguves un parstrades procesa, 5,7% — no apkures un komunalas saimniecibas, 2,9% — no
iepakoSanas procesa (7.att€ls).
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7.att. Gaisa un iidens piesarnojuma avoti

Anketu dati liecina, ka uznpémumi pamata iztiek ar lokalam obligatam ventilacijas ietaisém
(41% gadijumos) darba zona (8.att€ls). 22% uznémumu realizé gaisa attiriSanu piesarnojuma
veidosanas avotos. Pilnigu gaisa attirisanu to izplides atmosféra zona izmanto 11% (pamata
kokapstrades) uzpémumu. 19% uzpe€mumos vispar netiek veikta gaisa attiriSana.

11%

B Nav nekadas

O Ir ventilacija darba zona
22%

B Daléja attinSana

O AttiriSana galvenajos piesarmojuma
awotos

B AttinSana visa uznémuma

8.att. Gaisa attiriSanas veidi
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Udens apsaimnieko$ana uznémumos parsvara ir notektidenu novadisana centralajas attirisanas
ietais€s (39%). 15% uznémumos notekiidenu attiriSana vispar nenotiek (9.att€ls). 19%
uznémumu realiz€ noslégtas fidens apgades sist€émas.

B Nav nekadas

O Notekadeni tiek novadtti uz
centralam attiriSanas iekartam

B Notiek daléja attiriSana
uznémuma
15%

O Notiek pilniga attiriSana
uznémuma

B Tiek izmantota atgriezeniska
(noslégta) Gdens apgades
shéma

9.att. Udens apsaimnieko$ana un attiriSana

Teritorijas degradacija
Degradgto teritoriju apzinasanas visparigais mérkis ir vides ilgtspejigas attistibas veicinasana:
degrad@to teritoriju atjauno$ana un vides regeneracijas procesu sekmésana.

Teritorijas
degradacijas veidi

Apalkoku un Grunts un augsnes
gatavas produkcijas kimiskais

nokrauSanas piesarnojums 4.5 %
laukumi 4.5 % uzn- uzn-0s

0s
Biavbedre, ierakumi Karjeri — 14% uzn-
4.5 % uzn-0s 0s

Augsnes virskartas
nonemsana 4.5 %
uzn-0s

10.att. Teritorijas degradacijas veidi

P&étijuma rezultati rada, ka 27,5% uzn€mumos teritorijas ir mehaniski degrad&tas un ieklayj
karjerus, biivbedres, ierakumus, augsnes virskartas iznicinaSanu un tikai 4,5% ir grunts
kimiskais piesarnojums (10.att€ls).

Anketg€Sanas rezultati liecina, ka 75% uznémumu neveic nekadu degrad€to teritoriju
atjaunosanu (11.attels).
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11.att. Piesarnoto un degradgéto teritoriju atjaunoSana
13% uznpémumu veic regularus teritoriju degradacijas procesu ierobezosanas pasakumus.
Viens uznémums jau projekta stadija ir ieplanojis degradétas teritorijas rekultivaciju-
tdenskratuves izveidosanu p&c karjera darbibas izbeigSanas.
Uznemumu ietekmes uz vidi paSnovertejums

Uz uzdoto jautajumu novertét ietekmes uz vidi pakapi 10 ballu sisttma lielaka dala
uzpémumu atzimé&ja vismazakas balles no 1 Iidz 4 (turklat 50% gadijumos ta ir minimala

ietekme uz vidi; skat. 12.attelu).
"|||||||||||||||||I||||uu.....,
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12.att. Uzpémumu ietekmes uz vidi pa§noveértejuma rezultati
1- koksnes un mezistrades uznémumi; 2- partikas un lauksaimniecibas nozares
uznpémumi;3- parejas nozares

Anketesanas dati rada, ka 62% uznémumu vért€ savu ietekmi uz vidi ka mazu, 38% — ka
vidgju. Neviens no uznémumiem nenorada, ka darbibas ietekme ir liela vai loti liela.

Anketa uzn€mumiem bija piedavats novertét pasakumus, ko vini veic, lai samazinatu ietekmi
uz vidi. 42% uzpémumu uzskata, ka veiktie pasakumi vides stavokla saglabaSanai ir ar vidgju
efektivitati, 38% — ka veiktie pasakumi ir efektivi, un 20% uzp@mumu uzskata, ka nav
nekadas nepiecieSamibas organiz€t pasakamus vides aizsardzibas joma. Neviens no
uznémumiem nenoverte savus pasakumus vides aizsardzibas joma ka loti efektivus.

Vides parvaldiba uznemumos

Aptaujas rezultati rada, ka 44% uznémumos vides aizsardzibas specialista pienakumi tiek
uzdoti izpildei kadam citas kvalifikacijas darbiniekam ka papildus epizodisks uzdevums. 28%
gadfjumos aizsardzibas jautajumu risinasana neietilpst neviena uzp@muma darbinieka
pienakumos (13.attels).
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13.att. Darbinieki, kuru pienakumos ir uzdots risinat vides aizsardzibas jautajumus

24% uzn@mumu personala sastava ietilpst darbinieks, kurs ir specializgjies vides aizsardzibas
jautajumos. Ir viens uzp@mums, kura darbiniekam, kur§ veic vides aizsardzibas jautajumu
risinaSanu, tas ari ir vienigais un galvenais pienakums.

Neskatoties uz to, ka vides aizsardzibas specialistu uzpémumos ir loti maz, tie lielakoties
neplano ar1 turpmak ieklaut Statu saraksta vides inzenierus.

Neviena no aptaujatajiem uznémumiem nedarbojas vides aizsardzibas vai vides tehnologiju
grupas, nodalas, laboratorijas.

No aptaujatiem uzpe€mumiem 42% plano dal§ji uzlabot tehnologisko aprikojumu, lai
samazinatu slodzi uz apkart&jo vidi un razotu ekologiski drosu produkciju (14. att€ls).

@ Netiek
4% 4%
0

O Tikai dalgji

@ Liela méra

0O Piln1gi atjaunot

@ Pariet uz citas
produkcijas razoSanu, kas
mazak ietekmé vidi

@ Nav nepiecieSams

14 att. Plani uzlabot/pilnveidot/nomainit tehnologisko aprikojumu slodzes uz vidi
samazinasanai un ekologiski drosas produkcijas ieguvei

38% uzn€mumu vispar neplano veikt uzlabojumus sava darbiba, pamatojot ar to, ka vinu
tehnologiskais aprikojums ir saméra jauns un efektivs. 8% uznémumu doma liela méra
planveidigi modernizét vai pat nomainit aprikojumu, lai uzlabotu tehnologisko procesu un
samazinatu ietekmi uz vidi.
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15.att. Jomas, kuras vajadzétu sagatavot vides inZenierus

Atbildot uz jautajumu par jomam, kuras vajadz&tu gatavot vides inZenierus (15.att€ls),
uznémumi atzim& visas anketa uzskaititas, bet parsvara tieck mingti specialisti vides
tehnologija, piesarnojuma kontrol€, vides monitoringa, gaisa attiri§ana, atkritumu parstradg,
energétika. Biezi tick minétas ari tadas jomas ka cieto atkritumu apsaimnieko$ana, piesarnotas
teritorijas atjaunoSana un rekultivacija.

Tika izvertéts arm uznémumu informétibas limenis vides aizsardzibas un vides tehnologiju
joma (16.attels).

Redzams, ka 14% uzpémumu ir apmierinati ar iespgjam iegiit vajadzigo informaciju. Uz
jautajumu par nepiecieSamibu iegiit iesp&u regulari sanemt informaciju par interes€josam
jomam vides aizsardziba un vides tehnologija visbiezak minéta atbilde bija, ka tiem ir
viduvéja interese (54%). Lielu interesi izradija 25% uzn€mumu, bet 24% atzina, ka viniem ir
maza interese par aktuadlo informaciju vides joma. Lidz ar to 52% uzpémumu nevargja
formul@t vides aizsardzibas problémas, kuras varétu palidzet atrisinat Reézeknes Augstskolas
zinatniskais kolektivs.
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16.att. Informacijas pieejamiba par intereséjoSiem vides aizsardzibas un vides
tehnologijas jautajumiem

Rezultatu izvertejums
legito datu analize dod iesp&ju izveértet vides problému risinajuma stavokli Latvijas
kopuzpe€mumos.
Neskatoties uz relativi mazo uzpémumu izlasi, to var uzskatit par daléjo faktorialo analizi,
kuras rezultati ar noteikto varbiitibu var biit visparinati arT uz pargjiem uzpémumiem arpus
analiz€jamas grupas.
Galvenais secinajums ir tas, ka praktiski visu aptaujato uzn@mumu darbiba tiek ieklauti vides
aizsardzibas, tehnologiju pilnveidosanas, resursu racionalas izmantoSanas uzdevumi, bet $o
problému risindjuma Itmenis ir dazads.
Uzpémumi kontrolé cieto un Skidro atkritumu veidoSanas apjomus visos savas darbibas
etapos — izejvielu ieguves un parstrades procesos, pasa razoSanas tehnologiskaja procesa,
transporta operacijas, iepakosana. Uzneémumi dokumenté atkritumu daudzumu un veidus — to
riciba ir attieciga datu baze par sava uznémuma atkritumiem. Nenoteiktie atkritumu daudzumi
paradas tikai neskiroto sadzives atkritumu, dazos gadijumos — iepakojuma jomas.
Kas attiecas uz vides un gaisa piesarnojumu, tad Seit uzpémumi nevar dod konkrétu
piesarnojoso vielu izmeSu daudzumu tadas organizacijas ka izejvielu ieguves un piegades
process, ka ari transporta operacijas. Situaciju ar piesarnojumiem tehnologiskaja procesa
kontrole 68% uznémumu. Ka pamatojums tam tiek uzskatits tas, ka uznp€muma piesarnojums
ir niecigs un nenemams Vera.
Gaisa attiriSana no piesarnojumiem nenotiek vispar vai tikai dal&ji 26% uzpémumu. To var
izskaidrot ar uznémumu darbibu jomam. Tomér arT ne visos kokapstrades uznémumos ir
ieviestas gaisa attiriSanas tehnologijas, bet iesaistito aptauja zemnieku saimniecibu dala
sastada tikai 17%.
Udens attiriSanas joma stavoklis apméram tads pats — 29% uznémumu vispar neattira ideni
vai attiriSana notiek tikai dal&ji. Pozitivi vert€jams tas fakts, ka 19% uznémumos (galvenokart
kokapstrad€) vismaz dalgji ir ieviesta tidens atkartota izmantoSana — noslégtas tidens apgades
sistémas elementi.
Atkritumu apsaimnieko$ana parsvara ir to deponéSana, atkritumu SkiroSana uz vietas un to
nogadasana talakai apsaimniekoSanai — 58% uznémumu. Meérktiecigu atkritumu nodoSanu un
pardoSanu citiem praktizé 29% uzpeémumi. Atkritumu parstradasanu uz vietas un to utilizaciju
ka kurinamo (galvenokart kokapstrades nozar€) pielieto 42% uzpémumu. Skaitli liecina, ka
situdcija ar atkritumu apsaimniekosanu ir labaka neka gaisa un udens piesarnojuma
likvidésanas procesos. letekmes uz vidi analize péc pasnovért§juma datiem liek secinat, ka
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lielaka dala uznémumu novérté savas darbibas ietekmi uz vidi ka augstaku par vid€jo. Ka
uznémums gandriz pilnigi neietekmé apkartgjo vidi, uzskata 67% respondentu.

AT attieciba pret tehnologisko iekartu darbibu uznémumu viedoklis ir iezim&jies visai skaidri,
pieméram, energijas izmanto$anas ietekmes limeni uz vidi 49% uzpémumu vérté ka loti
mazu. Partikas un lauksaimniecibas nozares uzpémumos tehnologiju ietekmi uz vidi ka loti
mazu veért€ 57% uznémumu, Pargjas nozar€s, iznemot kokapstradi, skaitlis ir gandriz tads
pats — 59%. Vienlaikus $ajos uznémumos tiek darbinatas iekartas, kuru vecums parsniedz 10
gadus — attiecigi 49% un 19%. Kokapstrades uznémumos agregatu skaits, kuru vecums
sastada 10 un vairak gadus, ir 37% un ietekmi uz vidi vért€ ka loti zemu 27% uznpémumu.

So datu salidzinajums rada, ka korelacijas starp iekartu vecumu un to ietekmi uz vidi nav.
Realajos apstaklos tada situacija ir maz iesp&jama. Nemot par pamatu, ka kokapstrades
uznémumu skaitli ir tuvaki realam stavoklim, var secinat, ka partikas un lauksaimniecibas
nozares uzpémumi parak optimistiski verté savas tehnologijas ietekmi uz vidi.

Kas attiecas uz energgtisko iekartu izmantoSanu, dati liecina, ka uznémumi maz vai vispar
nepiever§ uzmanibu iespgjam attistit un paplasinat atjaunojamo energoresursu izmantoSanu.
No atjaunojamajiem energoresursiem ripnieciba izmanto tikai koksni un kokapstrades
paliekas. Pat eksperimentu limenT netiek izmantoti tadi neizsmelamie resursi ka v&ja, saules,
geotermala energija.

Ar1 degrad@to teritoriju atjaunoSana verojama uzpe€mumu pasivitate. 75% uzpémumu nav
teritorijas izmantoSanas pasakumu. Tas nozimé&, ka uzp€émumiem nav skaidra prieksstata par
teritorijas degradacijas procesiem, to nozimi dabas aizsardziba un to atjaunoSanas
pasakumiem. Teritoriju uzturéSanu kartiba praktiz€ 13% uznémumu un tikai vienam derigo
izraktenu ieguves uzp@mumam ir izstradats konkreti degrad@tas teritorijas rekultivacijas
perspektivais plans.

Loti nopietns jautajums ir par uzp€mumu talakas darbibas materialo, informativo un
profesionalo nodroSinajumu.

Jautajumu grupa, kas skar informativo nodroSingjumu, uz jautdjumu par uzpémumiem
pieejamo informaciju vides aizsardzibas joma 41% atbild€ja, ka nav nekadas vai ir dalgja.
Lietderigi salidzinat Sos datus ar analogisko variantu Vacija [8].Vacija 100 uzpémumu aptauja
paradija daudz lielaku neapmierinato ar inform&tibu uznéméeju procentu — 58%. Attiecigi
pietickami vai pilniba pieejami Latvija — 59%, Vacija — 42%; nepietiekami — attiecigi 8%
Latvija un 21% Vacija.

Skait]u atskiriba klust izskaidrojama, nemot véra citas atbildes, pirmam kartam — darbinieku
ieinteresétiba vides jautajumos. Ta nepiecieSamibu iegiit informaciju nosauc tikai 25%
aptaujato Latvijas uznémumu un 76 % Vacijas uzpgémumu.

Atbilde uz jautajumu par tehnologiski planotajam izmainam ari ir raksturiga. Ja Vacija 39%
firmu ir ieplanojusi attistit tehnologijas vides joma un tikai 7% neplano, tad Latvija gandriz
tiesi pret&ji — 42% uznémumu neplano un uzskata par lieku to darit.

Uznémumu darbibu vides vadibas joma raksturo $adi dati: Vacija — 87% firmu ir Stata
darbinieki, kuri nodarbojas ar vides vadibas jautajumiem, Latvija 28% uzn&€mumu vispar nav
tadu darbinieku, kuri izpilditu pat atseviSkus uzdevumus vides joma, un 44% — ka epizodisks
darbinieka pienakums.

Aptaujato uznémumu vidi ar vides aizsardzibas jautajumiem nodarbojas kopuma tikai 6
specialisti vides zinatné. Nekur nav specialistu grupu vai laboratoriju. Vienlaikus uzgpémumi
neplano turpmak papildinat savus Status ar specialistiem vides aizsardzibas joma. 44%
uznémumu Latvija atbildgja, ka Sis jautajums tiks risinats atkariba no apstakliem (tas nozimé,
ka vidus termina plana nav), 56% — ka vispar neplano.

Vacija uz tadu pasu jautajumu 88% firmu atbildgja, ka plano tuvakajos gados pienemt vides
aizsardzibas specialistus Stata (no 1 lidz pat 20).
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Daudz lielako ieinteres€tibu aptaujatie Latvijas uzpémumi izradija vides specialistu
sagatavoSanas joma. 30% atbildés figuré 17 no 21 (vai 87%) uzskaititajam vides inZenieru
specializacijas jomam. Turklat specialistos vides tehnologiju joma ir icintereséti 54%
uzpémumu;  gaisa  attiriSanas,  energoefektivitates  paaugstinasanas,  atkritumu
apsaimniekoSanas, parstrades un piesarpojumu kontroles laukos — 46% uzpe€mumu.
Salidzinajumam Vacija vides tehnologijas — 31%, vides aizsardziba — 33% un vides tiesibas —
16%. Turklat 53% firmu nosauca vides tehnologijas ka vienu no svarigakajam 7 vides
problémam uzpemumos.

No Siem datiem var secinat, ka Latvija nepiecieSams gatavot plaSa profila vides inZenierus,
kuru zinasanu un sp&ju joma ir ieklautas lielaka dala no uzskaititajam specializacijam.

Secinajumi

1. Vides aizsardzibas problémas nav sveSas neviena no apsekotajiem uznémumiem, tomer to
risinaSanas virzieni un [Tmenis un Joti atskirigi.

2. Var konstatét, ka uzpémumi vides aizsardziba galveno darbibu veic cieto un Skidro
atkritumu uzskait€ un apsaimniekosana.

3. Daudz mazaka uzmaniba tiek pieversta vides attiriSanai procesiem. Gaisa un tdens
attirisana, ka arT pasakumos to piesarnojuma novérSanai nepiecieSama daudz aktivaka
darbiba.

4. Energoresursu izmantoSana vérojama pierasta tradicionala pieeja. Siltumenergijas ieguvei
netiek piesaistiti viet€jie atjaunojamie bioenergoresursi un neizsmelamie — saules, vgja,
geotermalas energijas — resursi.

5. Uzpémumi maz kontroleé un izveérteé savu tehnologiju un iekartu ka piesarpojumu
veidoSanas avotu lomu. Lidz ar to ir nopietni pazeminats tehnologiju, iekartu un
uzpémuma kopa ietekmes uz vidi [imenis, neskatoties uz lielo novecojuso iekartu skaitu
uznémuma, vaji attistitajiem gaisa un uUdens piesarnojuma noverSanas un attiriSanas
darbiem.

6. Nemot véra paSnovertg§jumu, klist skaidrs, ka ar1 savas turpmakas attistibas planus
uzne€mumi nesaista ar vides aizsardzibas pasakumu pilnveidoSanu.

7. Neskatoties uz to, ka lielakaja dala uzn€mumu nav vides specialistu un to darbu periodiski
izpilda citi darbinieki, tie arT turpmak neplano ieklaut sava $tata vides specialistus.

8. Vienlaikus uznémgji ir ieintereséti vides specialistu sagatavoSana un uzskaita ka
prioritaras gandriz visas profilgjosas vides inzenieru jomas.

9. Latvijas apstaklos katras Sauras specialitates vides inZenieri objektivi nebiis masveidigi
pieprasiti. Lidz ar to ir skaidrs, ka augstskolas jagatavo plasa profila vides inzenierus, kuru
studiju programma ir ieklauti visi vides inzenierzinatnu aspekti.

10. Raksturigs ir tas, ka uznémumi atzim& griittbas informacijas ieguvé vides aizsardzibas
joma un vienlaikus neizsaka nepiecieSamibu tas ieguve. Viena rinda ar Siem faktiem stav
atzina, ka uzp€mumiem nav zinamas problémas, kuras varétu risinat Re&zeknes
Augstskolas specialisti vides zinatn€ un tehnologiju parneses kontaktpunkts.

11. NepiecieSama nopietna aktivitaSu parkartoSana vides izglitibas un inZenieru sagatavoSanas
joma — vispirms vérsta uz kontaktiem ar uznémumiem, to problému izprasanu, darbinieku
apmacibu, palidzibu vides sakartoSana, uznémumu informétibas par vides problemam
paaugstinaSanu, vides inZenieru piesaistes sava darba nepiecieSamibas izprasanu.

Summary
Global industrial growth dramatically increases destructive influence on environment. In spite
of large amount of researches in the environment protection, there is not practical
achievement — global environmental problems remain to be actual, pollution of nature lasts.
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The only possible way to eliminate these processes is introduction of new modern green

technologies — ecotechnologies in the production and as a result — to prevent environment

pollution and degradation at the without spreading in the outer space.

It must challenge enterprises to enlarge attention on environment problems significantly, to

realize the level of their environmental awareness and to work out exact strategies and

problems in the environmental design of their technologies.

In order to draw up recommendations in the implementation newest results of environmental

researches in the practice elements to appraise the present day attitude to environmental

problems in the enterprises and companies. In the 90™ of past century in the USA and Europe

started programs aimed to clear up situation in factories in the environmental issues.

In the USA as a result of such survey were worked out 20 parameters, characterizing

enterprises according to their attitude to environmental problems. Enterprises and companies

were divided into three groups — red, yellow and green. The last ones had the best results and

strategies in pollution and environment degradation prevention in Europe. At the same time in

Europe was carried out international study program “Fostering Employment in the

Environmental Sector in Europe”, involving Finland, Germany and Sweden, were analyzed

the current state of affairs in relation to the environmental sector in Europe, paying special

attention to environmental technology. As a result were worked out structural

recommendations for environmental organizations and Chambers of Commerce and

suggestions to providers of training and to companies.

Such researches were not accomplished in Latvia. In 2008 Rezekne Higher Education

Institution started to implement project “The research of environmental protection and

environmental technology development dynamics in the Latgale enterprises” financed by

Latvia ministry of Education and Science.

Elaborated questionnaire survey included wide range of questions for enterprises classified

into 7 groups:

1. General information about enterprise;

2. Technology, kinds and state of equipment, usage of resources;

3. The sources of solid and fluid wastes (output row materials, transportation, production and
other technological processes);

4. Kinds of air and water pollutants, air and water purification and treatment.

5. The territory degradation process and their revitalization activities;

6. Self — evaluation of activities by enterprises in the environmental protection and
environmental technologies.

7. Prospective plans in technology development approaching to ecotechnologies.

24 enterprises from Latgale and partly other Latvia regions were interviewed — wood

working factories, food industry, metal — working and other enterprises most typical for

Latvia economy.

Survey established that environmental protection problems are not unknown for enterprises,

but the level and ways of their solution are very different.

The managing of solid and liquid wastes has in most enterprises. At the same time less

attention is drawn to polluted water and air treatment. The treatment of wastes includes such

operations as depositing into dumps, sorting and recycling (58%), utilizing as fuel for local

water heating (42%). 26 — 29% enterprises do not use (or less, only partly) water purification,

but 19% enterprises established water reuse circulating technologies.

The enterprises have not projects to implement alternative and renewable energy sources such

as solar, wind, geothermal an others in their technologies.

Enterprises have not sufficient number of modern equipment (sometimes only 50%) and do

not control the impact on the environment of obsolete machines.
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Self — assessment of enterprises impact on the environment is very optimistical — 57-59%
enterprises evaluate their impact on environment as very low .That do not correlate with real
situation. 57-59% enterprises evaluate their impact on environment as very low.

Very important are results which report about enterprises attitude to future management on
environmental issues. Comparison with analogue survey in Germany is very impressive. For
example, necessity to obtain new information about environmental issues in the Germany is
76%, in Latvia — 25%. In the Germany 87% enterprises have plans to engage from 1 to 20
environmental engineers. In Latvia only 44% enterprises consider to employ environmental
engineers.

At the same time Latvian enterprises show interest in preparing specialists in the
environmental in the 17 different branches of engineering at least. It plans to employ them
when economic situation will became favourable.

It means that Higher education institution in Latvia must to develop study programs in the
environmental engineering with attitude to prepare wide profile specialists necessary for
Latvia economy.

Pateiciba
Autoru kolektivs pateicas Rézeknes Augstskolas Latgales ilgtsp@jigas attistibas p&tnieciska
institita darbiniekiem — Lietiskas ekologijas un resursu laboratorijas vaditajai Rasmai
Deksnei, vado$ajam pétnieckam Ziedonim Miklasevicam un vides aizsardzibas magistra
studiju programmas 2008.g. absolventiem par aktivu darbibu materialu vaksana.
Darbs izpildits uz LR IZM 2008.g. finans€juma RA zinatniskajai attistibai bazes.
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NHTEJ/UVIEKTYAJIBHASA AHAJIMTUYECKAS
I'EOMH®OPMAIMOHHASA CUCTEMA «1IAHHBIE HAYK O 3EMJIE
11O TEPPUTOPUU POCCHUN»

INTELLECTUAL ANALYTICAL GEOINFORMATION SYSTEM “EARTH
SCIENCE DATA FOR THE TERRITORY OF RUSSIA™

Anexcanap bepesko, Anaroauii CosnoBbeB, Poman Kpacnonepos, Asiena PoiOknna
VYupexnenue Poccuiickoii akagemun Hayk ['eodpusnuecknii nentp PAH (I'Ll PAH)
yi1. Monogexnas, 3, Mocksa, 119296, Poccus
tei.: +(7)4959300546, daxc: +(7)4959300506, e-mail: a.berezko@gcras.ru

Abstract. The present study is aimed at the integration of data on geography, geology, geophysics,
geoecology and other Earth sciences in the comprehensive problem-oriented geoinformation system (GIS)
including the intellectual superstructure for geoinformation analysis.

At the present time GIS provide only limited opportunities for general analysis of geodata handled. At the
same time, among the scientific community, dealing with the Earth sciences data, the requirement of more
profound and comprehensive data analyzing and processing is constantly growing. The theory and methods
of artificial intellect (Al) must become not only an integral, but the main core of a modern GIS.

The methods of fuzzy mathematics correlate with a fuzzy character of geophysical data. The Al methods,
developed by the authors, and presently applied to volcanic activity monitoring, search and interpretation of
anomalies in geophysical fields, solving environmental, geodynamic and other problems, turned out to be a
success.

Keywords: geoinformation system, artificial intellect, Earth sciences, metadata, data layer,
database.

BBenenue

Texnonorust reorpaduueckoit nHbopmarmonnoii cucremsl (I'MIC) mpenocraBisieT HOBBIN,
COOTBETCTBYIOIIUN COBPEMEHHOCTH, 3()(PEKTUBHBIN, yIOOHBIN U OBICTPBIN MOAX0 K padoTe ¢
HIMPOYANIINM CIIEKTPOM JaHHBIX.

Onnako, OCHOBHBIE 3a7aud TreomH(GOpMaTHKHU, 00pabOoTKa W aHamu3 OONBIIMX O0O0HEMOB
reo(pU3NYECKUX JaHHBIX, B YACTHOCTH, UX MHTEPIPETALUs U COBMECTHBIM aHAIN3, TPeOYIOT
BbICOKOM KBanuukauuu cnenuanucra. Ho BBUAY OrpoMHBIX OOBEMOB MOAJIEKAIIUX
00paboTKe NaHHBIX Ja)K€ BBICOKOKJIACCHBIM CIEUATMCT Ha MPAKTUKE HE BCErJa MOXKET
CIPaBUTHCS C 3TUMHU 3afadaMu. [Ipu 3ToM pabora sKcrepTa peaKko MOKET OBITh CBEIEHA K
HEKOTOPOMY aHAJIMTHYECKOMY IIpoleccy, NojjaroueMycs (opMalbHOMY OINHMCAHUIO Ha
A3bIKE KJIACCUYECKOW MaTeMaTuku. TemM He MeHee, 3Ta JeSTeNbHOCTb IOAJAeTCs
QITOPUTMU3ALUHN, YTO MO3BOJSAET CYIIECTBEHHO YMEHBIIUTh CYOBEKTHBHU3M OSKCIEPTHOU
olleHKH. Tak BO3HHMKAaeT HEOOXOAMMOCTh CO3JAaHUSI AJITOPUTMOB, OPHEHTHPOBAHHBIX Ha
MOJICIUPOBAHUE JIEATENILHOCTH CIELMAIUCTa-dKcrepra B TOM WM HHOW  obiactu
(ceficMosiOTUH, TPaBUMETPUU, MarHUTOMETPUHU, T€OJIOTUH, PA3BEIOYHON reodus3nKe U T.1I.).
AJNTOPUTMBI TAKOTO POJIa MO3UITUOHUPYIOTCS KaK METO/Ibl HCKYCCTBEHHOTO HHTemekTa (UN).
DyHIaMEeHTaTbHOM HaydHOH MpoOsieMoil, Ha pelleHne KOTOPOH HAaIpaBlIEeHO HCCIel0BaHUeE,
sBnsiercs paspabotka u pasutue TexHoiormu [MC u wmeromoB UMW g co3panus
MHTETPUPOBAHHON MHTEIIEKTYyaIbHON reOMH()OPMALIMOHHON CpeJibl 10 HayKaM O 3emJie JUIs
HOJJIEP)KKHM UCCIIE0BaHUI MPUPOAHBIX ornacHocTe u puckos. [locpencTBoM 0000mIeHNs 1
MOJIHOIIEHHOTO aHanu3a Treorpaduyeckd MpHUBS3aHHOM HMHQPOpPMAIMK, OCHOBAHHBIX Ha
COBpEMEHHBIX moaxoaax M cpexncrBax, ['MMC mo3BojiseTr aBTOMAaTHU3UPOBATH MPOLEAYPY
aHaJIM3a U NPOTHO3a C 1LIEJIbI0 0OOCHOBAHHOTO MPHUHATHS ONTHUMAJIbHBIX PELICHUH MyTeMm
UCTIOJIb30BaHUSI COOTBETCTBYIOIIUM 00pa3oM «HACTPOEHHBIX» MeTo10B MU.
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[Tpunoxenus u panpHeimee pasputue aaroputmoB MU B cpene 'NC, pa3pabareiBacMbie B
UCCIJIEIOBAaHUM, U CO3JaHHE COOTBETCTBYIOIIEr0 MHTEUIeKTyanbHoro cinos ['MC, sBustorcs
[NPUHUUIINATIBLHO HOBBIMH. HOBBIM SBIS€TCS M KOHEYHBIA MPOAYKT MCCIECIOBAHUSA -
unremiektyansHas ['MC nmo nmaykam o 3emuie ania tepputopud Poccum, He umeromas B
HacToslee BpeMs aHajioros [1].

MarepuaJjbl 1 MEeTOAbI
Hdns  co3manuss  QyHmamenta  reomH(GOPMAIMOHHON  CHUCTEMBI B HCCIEIOBAaHUU
HCIIOJIb30BAJIOCh CEMEUCTBO MPOrPAMMHBIX MPOJYKTOB HOBOro mokosieHuss ArcGIS 9,
pa3pabortannoro komnanueit Environmental Systems Research Institute (ESRI, CILIA).
Hns madopmarnmonnoro odecrieuenust [ UC «/lannbie Hayk o 3emute o Tepputopun Poccum»
ObUTM HCIOJB30BAHBl HMHTEPHET-PECYPCHl PANTMYHBIX HAYYHBIX OpraHU3alMi, BKIIIOYAs
Mupossie nieHTpsl Aanubix (ML). ['eodusnueckuii nentp Poccuiickoii akagemun Hayk (I'L]
PAH), umeromuii B cBoeM coctaBe MIIJ] mo ¢usuke TtBepmoit 3emum (MIJ] DT3) u
conmHeuyHo-3eMHOM uzuke (ML C3®d), Brnageer OOMIMPHBIMU apXHBaMH JaHHBIX I10
CEHCMOJIOTUH, TPAaBUMETPUU, TEOMAarHETU3MY, T'€OTEPMHUKE, COBPEMEHHBIM JIBIDKCHHSIM,
MOPCKOH Treosioruu u reopusuke, Tonorpaduu u 1.1.
Kaprorpadpuueckyto ocuoBy ['MC «Jlanubie Hayk o 3emiie 1o Ttepputopuu Poccum»
coctaBistoT 1udposbie Tomorpadguueckne kapthl Mmacmrabda 1:1 000 000, oxBaThiBaroIue
BCIO TeppuToputo Poccuiickoit @enepanuu.
B cBs3u ¢ Tem, uTOo He Bce coOpaHHBIE JNaHHBIE ObuIU QopMaTOB, cOBMECTUMBIX ¢ ArcGIS,
BO3HHUKJIA HEOOXOJMMOCTh WX KOHBepTalMH B TpeOyeMmbiid ¢opmar. [laHHas 3amada ObLia
peiieHa ¢ nomoinsio Moayis Data Interoperability nns ArcGIS Desktop, nmpeaocTapisitoiiero
BO3MOXKHOCTh KOHBepTamuu jgaHHbIX cBeime 70 ¢opmaroB apyrux ['MC B dopmarsr,
coBMectumble ¢ ArcGIS.
Opnum u3 KkmodeBblX ATanoB pazpadbotku ['MC «/lanHble Hayk o 3emiie MO TEPPUTOPUHU
Poccum» sBnsieTcs COCTaBIEHHME METAJAHHBIX, ONUCHIBAIOIIMX TEMATUYECKUE CJIOH.
OcCHOBHOE Ha3HaUEHUE COCTABISEMBIX METaJaHHbIX - AaTh OOIIYI0 HH(OPMAIIHIO O CIIOE, €TOo
Ha3HAYeHUW U cojepkaHuu. Jlng pemieHus 5Tod 3amaum Obuta paspaboTaHa eAWHAS
yHUQUIIMpOBaHHAs (popMa, B COOTBETCTBHH C KOTOPOU BBINOJIHAETCS ONUCAHHUE BCEX CIIOEB U
JOTIONTHUTENIFHBIX JTaHHBIX. B cooTBeTcTBUU ¢ 3TOW OpMOM ISl KaXJIOTO CJIOS BHE
3aBUCHUMOCTH OT JIaHHBIX, COJIEPKAINXCS B HEM, CO3/IaeTcsl OJIuH (haiiia MeTasaHHbIX. Dailyibl
METaJJaHHbIX MPEJICTaBIIsAI0T cO00M mpocThie TekcToBbIe dailnbl B popmare XML (eXtensible
Markup Language).
Bce meTtanaHHble xpaHsSTca B OTHelbHOU (haiioBoit 6a3e maHHBIX. OHHM pacnpenencHbl Mo
KaTaJloraM B COOTBETCTBHM C TEMAaTUYECKUMH KaTErOpUsIMU. BbUIM BBIJIEIEHBI CIAEAYIOIINE
KaTerOpHH TaHHBIX:
buoreorpadus - ['eorpadust opranu3mos;
buoreorpadus - I'eorpadus pacTUTeIbHOTO MOKPOBA;
Beunas mep3sinora;
I'eones3us u kaprorpadus - Penved;
['eones3us u kaprorpadus - Tonorpaduyeckas KapTa;
I'eomorns;
I'upponorus;
['moGanpHbIe HABUTAIIMOHHBIE CTYTHUKOBEIE CUCTEMBI,
Kanmar;
Hacenenue;
ITone3nble HCKOIIAEMEIC;
[Tonutuueckas reorpadus;
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e [louBoBenenue;

e [IpOMBIIIIICHHOCTD;

e (CeIbCKOE XO035ICTBO;

e Tpaucnopr;

e Dxosorus - Jlerpananus 3eMenbHBIX PECYPCOB.

Ha pucynke 1 npuBeneH npumep uHTEpdeiica MoIb30BaTEIBCKOTO JOCTYIAa K METaJaHHBIM
Ha BeO-noprane ' MC «Poccusi».

r H C HUHTeaaexkryaasHasgs THC s
/F~poccHH "TaHHBbIE HAYK 0 3eMJe e
/’_\—/— no reppuropuu Poccuun" Excaali
21 Hosfps, 2008
> BRARAYN PEETERa Eg;’sdlﬂ?KTyaanaﬂ FNC "JaHHbBle Hayk O 3eMAe No TeppUTOpPUMK

b ONMCaHME AaHHBIX

r Eepence Kateropwm neft:
P Tonorpaueckan Kapta - KBapTane (nonmroH) -
5 MeTanaHHEIR i —— HazBaHue: TonorpadMUeckan KapTa - KeapTankl (NonHron)
opranusmos Aata Brecenun _ oqn.
B CacTemy: ;
Bnoreorpadns - Feorpadus Npoekyua: Teorpaguueckan
[PRIETIEOERITID TEEEOLG Tun pauHein:  BertopHei (nonuron)
Beunan MepsnoTa Macurab/ 1:1 000 000
pazpewenue:
Teopesns v kaprorpadus - Nokpuisaemas G
Py Tenpuropaar | FocoHicRan Geacpauna
Feopesua ¥ KapTorpadua - Herounnk Ay "TOCTHCLEHTR"
Tonorpaduueckan kapra AaHHBI:
P— Luppoeas Tonorpabiseckan kapta Focewiickof Deqepauin nacwraba 1:1 000
Feonorus : oo0
Nepuoa, cbopa .
Fuaponorss Aanmen 19&0-2000
TnoBanbHbIe HABHIAUMOHHbIE Kparkoe B RSHHON CNOE CONERXHTCA MHBODHELHMA O KEAPTENAX & HACEMEHHEIX NYVHKTEX,
CNYTHHKOBLIE CUCTEMBI onMcaHue:
Nons arprByTrBHOH TabRrube
Knumat B B
= | Hazganue aicatte
[#] Noae: WOOD_VEGETATION 0BJ =
T = NOMENCLATURA Honenknarypa
R BT WOGD_VEGETATION_0BI ?:mlvl'ehzonwmsymmem ApPEEECHOH PECTHTENEHACTH, B0 3MOdKHEIE
1 Peakoro Huskopocnoro neca [ XapaKTEPHETHKM OrHECTORKOCTH KBApTANOB H CTROBHHH. BO3MOKHbIE
2 BripyEnennoro neca 3HaYEHMS. ..
3 Eypenona NAME CoficTEeHHOE HazEaHue ofvekTa
4 Topencra n cyxocTofinoro neca  CODE_GEYECT CobiNka Ha Ko 0fLeKTa ANA NoANKCH
5 Peakoro neca STATE CocTonnne 06texTa, BO3MOXHEIE SHAUEHHA. ..
6 Peakoii nopocni neca T Hanuume X/A CTaHWAK, NEACTHK NOPTA B HACENEHHOM MYHKTE.
7 KpHBonecos = BO3MONHBIE 3HAUEHUS. ..
8 Lpesocros WAME_2 Bropoe (HeadnunansHos, nectHos) HazesHne oftekra
@ 2008 <L PAH»

@ 2008 <L PAH:

Puc. 1. Marepdeiic pasnena «Meranannbie» Ha Bed-nopraje 'UC «Poccus».
Mertanannble cios1 «KBapransp» u3 kareropuu «Tonorpaguyeckas kapray»

TakuM 00pa3oM, MOIB30BATENb, HMES JOCTYI TOJIEKO K 0a3e METaJaHHBIX, MOXKET IOTYIHTh
nopoOHoe npeactapieHue o HanonHenuu ['MIC, kayecTBe U eTalu3aiy MPeaoCTaBIsIeMbIX
JaHHBIX. VI3y4uB MeTa/TaHHbIE, ITOJIH30BATEIb JCNIAeT BBIBOJ] O IIEJIECOOO0PA3HOCTH TOTYICHHS
JOCTyMa K TEM WM WHBIM HH(QOPMAIIMOHHBIM closiM. JlocTynm K MeTaJaHHBIM SIBIISETCS
cB0OOHBIM U HeorpanndeHHbIM (http://www.gcras.ru/GISR).

Bce reomannble pa3meIiarTcs Ha OTIEIHHOM CEpBEpe C CHCTEMOI pe3epBHOTO XpaHEHHS.
Hcnonms3yroTes 1Ba MEXaHW3Ma XpaHEHUs JTAHHBIX

e ArcSDE st xpaneHus u goctymna k reoganasiM Ha 6aze CYB/] Microsoft SQL Server;

e ®dailoBoe XpaHEHUE JaHHBIX.

Mexanu3m ¢ailioBOro XpaHeHUs MPUMEHHUM TSI CJISAYIOIINX BUOB TaHHBIX:

e (Cou reoJaHHBIX;

o ®aiinel, copepxanire nHGOpMaIHo 00 0hOPMIICHHH CIIOEB T€OJJaHHBIX U JICTCHY;

e MeTanaHHbIe, OMMUCHIBAIOIINE CIIOU T€OJaHHBIX.

B oboux cnydasx obecriedeH peXuM YIAlleHHOTO JOCTyMa K JaHHBIM uepe3 HHTepHeT.
[TepeyeHs NPUITOKESHHUH, TPEAOCTABISIONINX YAAICHHBIM JOCTYN K XPAHWIWNY JaHHBIX,
MIPUBENICH HIKE:

e ArcGIS Desktop (ArcCatalog, Arcinfo, ArcEditor, ArcView);

e ArcGIS Server;

e Be6-nmpunoxenus, pazpadorannsie Ha 6a3e moayseit ArcObjects;

e Beo6-0pay3ep.
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Bce cnou nannbix coOpanbl B oguH ['MC-mpoekt, B KOTOpoM co3laH u odopmiieH
COOTBETCTBEHHO CBOJ YCJIOBHBIX 3HAKOB. PaboTa 1o CO3aHUI0 MHTEPAKTHBHON KapTHI JUIS €€
nanpHelmeil nyonukanuu B MHTepHeT mpoBoaumiachk jokanbHO B cpene ArcGIS Desktop.
[Tpumep opopmienus cioeB nanubix B ArcGIS Desktop npuBenen Ha pucynke 2.

=
@
B
B
B
E
s
#
&

Puc. 2. Ilpumep opopmiaeHns Tonorpagu4ecKoil KapTbl

CpenctBa ArcGIS Server 9.2 Standard Edition mo3BosisifoT CTpOUTh MHAMBHUIYyalbHbIE BEO-
npuiIoXKeHns: Ha 0a3e co3maHHbIX B cpere ArcGIS Desktop MHTEpakTHBHBIX KapT IJIsl MX
nanpHelei myonukanuu B IHTEpHeT.

Beb-nipunoxkenue ObLIO co3maHo Ha 0aze Turardopmbl Java ¢ MCMOJIb30BAHUEM TEXHOJOTHI
JavaServer Pages (JSP) u JavaScript. B kadecTBe OCHOBHBIX OHMOJIHOTEK KJIAacCOB,
MO3BOJIAIOIIMX B3auUMOJeicTBOBaTh C¢ cepBepoM ArcGIS u mnpemocTaBisIFOIIMX TONHBIN
uHCTpyMeHTapuil cucteMbl ArcGIS ams paGoThl ¢ reoJaHHBIMU, HMCIOJNBH30BAIUCH KIACCHI
ArcObjects. Ilpu momoiu HUX BO3MOXHa pa3padOTKa HHAWBUIYaJbHBIX MPHUIOKEHUN C
T00BIM HAOOpPOM (DYHKITHH, KOTOpBIMU 00agaeT cucrema ArcGIS.

VY aaneHHbI AOCTYN K MHTEPAKTHUBHOW paboTe ¢ JaHHBIMH OPTaHM30BaH Ha BeO-mopTale, B
3allMIIEHHOM TMapojeM paszaene. I[Ipumepsl Busyanum3anuu JaHHBIX U paboOThl €
WHTEPAKTUBHON KapToi Ha BeO-MopTaie MpUBEACHBI Ha PUCYHKE 3.
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Jlexo-BEpCUA MOZYNA BUSYANSSWWH : CIOW TOMOMpadUuecKodt oCHOBM

© 2 MROMMEnenHIe, COnbc
© 2 Mpamust

& 7 Mpodne anemerTe cogept
2 Heneamnse A0por

© 2008 U PANS

Puc. 3. Tlpumepsl yaa1eHHOH HHTEPAKTUBHOM PadoThI CO CJI0SIMHU IaHHBIX KATErOpUM
«I'eonesust u kaprorpadus - Tonorpadguyeckas kapra» (71 cioi) Ha Bed-nopTajie

Pe3yabTaThl M 00cy:KI€HUE

Baxneitmeir ocoOeHHOCThIO co3maBaemorr [MC  sBasieTcss ee  MHTEIUICKTyallbHAst
cocrasisiromas. Kommuieke anroputmoB MM, mo3Bosisonmii 01HOBPEMEHHO 00pabaThiBaTh
pasnuuHble coBOKynHOCTH ciioeB 'IC, nenaeT pazpabaTbiBaeMyto CUCTEMY YHUKAIBHOM.
W3BecTHO, 4TO MaccUBBI IUGPPOBBIX Te0PU3MUECKUX IaHHBIX O CBOMCTBAX M COCTOSIHUU
re0JIOTHYECKON Cpeibl XapaKTepu3yITcss OOJBIION 3alIyMIEHHOCTBIO U, BOOOIIE, T€0JI0ro-
reopusznyeckoil MHGOpPMAIMK HM3HAYAJIBHO TMPHUCYIl pPACIUIBIBYATHIM, NPUONMKEHHBIH U
HEIOJIHO3a/IaHHBIA XapaKTep, Ype3BbIYaiiHO BaXkKHA B HEN POJIb IKCIIEPTOB.

Heuerkass noruka sBnsieTcs (GopMalbHBIM alapaToM, CHOCOOHBIM HauOojee aJeKBaTHO
y4ecTh HE TOJbKO MHEHHMsI SKCIIEpTOB, HO M HEYETKOCTh JAHHBIX. VIMEHHO OHa CIyXHUT
TeXHU4YecKoi ocHoBoM coznanHoro B I'll PAH u anpoOupoBaHHOrO mojaxoja K aHAIU3Y
reosioro-reopusnuecknx gaHHbIX Mertogamu MU [2]. DTOT MOIX0I HMCIONB3YET IMOIBITKY
MOJICIUPOBAHMS JUCKPETHBIX aHAJIOrOoB (YHAAMEHTAIBHBIX TOHATHH MaTeMaTHYeCKOro
aHaJIM3a TAKUX, KaK Ipelesd, HENPEpbIBHOCTh, INIAJKOCTh, CBSI3HOCTH M MOHOTOHHOCTB,
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9KCTPEMYM, Meperud, BBITYKIOCTh U T.[., U MO3TOMY 00O3HaueH TepMUHOM “‘/IucKpeTHbII

MaremaTuueckuii ananms” (JIMA).

®opmanu3oBaHHOM OcHOBOM JIMA ciyxar HedeTkas MareMarhka M HedeTKas JIOTHKa,

oO0JaarolMe  BBIPA3UTEIbHBIMM  BO3MOXKHOCTSIMU  JUISI  [E€pEBOJAa  YEJIOBEUECKHUX

MPEJICTaBICHUN U pacCyXIeHU Ha (POPMATEHO-KOMITBIOTEPHBIH A3BIK.

JAMA mpencraBisieT co00i COBOKYIMHOCTh aNTOPUTMOB, UMEHOIIUX €IUHYI0 (HOpPMAaIbHYIO

OCHOBY W HOCSIIIIUX YHUBEpCAIbHBIN Xapaktep. JIMA BkitouaeT B ceos:

1. CoBOKYHmHOCTH QJITOPUTMOB, CYHIECTBEHHO PACIIMPSAIONIYI0 BO3MOKHOCTH KJIACCUYECKOTO
KJIACTEpHOTO0 aHaju3a M MO3BOJIAIOIIME B MHOTOMEPHBIX MAacCHBaX HCKaTh IUIOTHBIE
penepHble y4acTKM, B YAaCTHOCTH, pa3JIOMbl, JUHEHHBIE U KOJIBLIEBBIE CTPYKTYPhI
(anmroput™msl “Poxpen”, “Kpucramn”, “Mononut”);

2. AnpoOupoBaHHBIH TMOAXOJ K TMOUCKY aHoManuii Ha QoHe myma (amroputMel DRAS,
FLARS. FCARS u np.).

Ha pucynke 4 npencrasiena cxema nojxojia k nocrpoennto JIMA.

He4éTkne cpaBHeHUA Ha
MNoNnoXuTenbHbIX YNcnax

BnnsocTb B KOHEYHbIX
MEeTPUYECKUX MPOCTPAaHCTBAX

Mpenen B KOHEYHbIX
MEeTPUYECKUX MPOCTPAHCTBAX

— —

¥ ¥ ¥
MnoTHocTL napkue MOHOTOHHbIE HeuéTkasa noruka
‘ Kak mepa BpeMeHHble paabl. BpeMeHHble UTreomMeTpuUs Ha
npeneanocTM PaBHoBecue paabl BpeMeHHbIX
I l I | pagax:
B,,,Ae,,e,me nAOTHBIX MporHosupoBaHue 3KcTpemMyMbl EeoMeTPHecKue
noFMHBH@ETS BpeMeHHbIX P 0B. Ha BpeMeHHbIX Mepbl
Kpuctann. MoHoaut npoi‘“‘“ papax
[ K,,acnpusalqm (" AHOManuu Ha Bbinyknble
PoaeH BpeMeHHbIX BpeMeHHble
papax. psabl
1 \ DRAS.FLARS. FCARS )
Momck AMHEHBIX
CTPYKTYP
TpaccuposaHue

Puc. 4. Cxema IMA

Tpu BepxHHX OJOKa CXeMbl OTHOCATCA K (opManbHbIM ocHOBaM JIMA u 3aBepiiarorcs
onpezieiecHueM KOHEYHOIro Iipeneia. BBeleHHoe ompeneseHne KOHEYHOIro Ipejaena
CUMTAETCs, €CTECTBEHHO, TOJIBKO OJHMM M3 BO3MOXKHBIX. KOHCTpYKIMS IUIOTHOCTH Ha €ro
OCHOBE J]a€T BO3MOXKHOCTh BBECTH HOBYIO MHTEPIIPETALIMIO MOHATHI CrylleHus, Kjiacrepa u
Tpacchl B MHOTIOMEPHBIX JHUCKPETHBIX MpocTpaHcTBax. Ha MX mnouck u HaleneHa
MIpEICTaBJICHHAS HA CXEMe ClieBa niepBas cepus anroputMoB [IMA: “Kpucramn”, “Mononut”,
“Ponen”, “TpaccupoBaHue’.

OcranpHbie BeTBU cxeMbl JIMA oTHOcATCS K KOHEYHbIM BpeMeHHBbIM psiaam (KBP) u
00pa3yioT Bropyto cepuio anroputmos (“PaBnoBecue”, “IIpornos”, DRAS, FLARS, FCARS,
QITOPUTMBI TOMCKAa HEYETKMX MOHOTOHHOCTEH, HKCTpPEMYMOB, MOpP(OIOrHyeckuil aHanu3s
KBP: anroputm “T'eomerpuueckue Mepst”) [3].
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Anroputmsl 3toro 6ioka DRAS (Difference Recognition Algorithm for Signals) u FLARS
(Fuzzy Logic Algorithm for Recognition of Signals), passuBatorcs B anroputm FCARS (Fuzzy
Comparison Algorithm for Recognition of Signals). B cBoro ouepess, mocaeIHui MOCTYKIIT
ocnoBoit st anroputMa FCARSr, opueHTHpoBaHHOr0 Ha 00pabOTKY BPEMEHHBIX PAIOB B
PEKHUME PEATILHOTO BPEMEHU.

Takum obpazom, IMA sBsieTCs €AMHOM OCHOBOM OOJIBIION CepUM aIrOPUTMOB, HMEIOIINX
JIOCTaTOYHO YHUBEpCaIbHbIM Xxapakrep. [IMA nMeeT BaKHbIE I'€0JIOr0-reopu3nuecKue u
reoJUHAMUYECKHE IPUIIOKEHUS: U3yUYEHUE aHOMAJIMN Ha CEMCMUUYECKUX, T€03JIEKTPUUECKUX,
TCOMAarHUTHBIX, U TPaBUTALMOHHBIX 3aIMCSIX; MOMCK MATHUTHBIX AHOMAJIMN; MOHHMTOPHUHI
BYJIKQHOB [4]; aHaIM3 BPEMEHHBIX PSI0B CAMOM Pa3IuYHOM MPUPOJIBIL.

3akio4eHue

Pa3zpaOaTbiBaemast B HactosimieM uccienoBanuu ['MC sBnsiercs yHUKaabHOHM B CBSA3M C
HAJIMYMEM B HEW JaHHBIX pa3IMYHOM TEMaTHKH (TeoyioTus, reousmka, T€0IKOJIOTHSA,
9KOHOMHYECKasi reorpadus, JUCTAaHIMOHHOE 30HAMPOBAHHME 3eMJIM W3 KOcMOca U 1p.), H
WHTEIPUPOBAHHBIX B Hel MeTonoB MH, 4ro mo3Bosiser pemarbs MHAPOKUN CIEKTp 3a4ad B
o0nacti Hayk o 3emje M JeJIaeT BO3MOXXHBIM INPUHHUMATh YIPABICHYECKHX DELICHUH B
Pa3IUYHbBIX 00JACTSIX HAYYHOU U MIPAKTUYECKOH J1EATEIbHOCTH.

Tak, oH umeer OoJblLIIOE 3HAUEHHE B I€OJIOTHH, HAYMHAS C MPAKTUYECKUX BOIPOCOB BbIOOpa
YYacCTKOB JJIsl pa3MEIlEeHHs 0cO000 OTBETCTBEHHBIX 00BEKTOB (ADC, MIOTHMHBI, XpaHUIMILA
PAO wu T.1.) [5], korna ans obecnieueHHs] MX SKOJIOTMYECKO Oe30macHOCTH HeoOXoauma
Ha/ie)KHAass MHPOpManuss 00 AaKTHUBHBIX TEKTOHHYECKUX HAPYIIEHHSX, CTAOWIBHOCTH
TEKTOHMYECKOIO PEKUMa, CEHCMUYHOCTH, CTPOCHUM BEPXHEM 4acTH 36MHOM KOpHI U T.X., U
KOHYasi TEOPETHUUECKUMHU MCCIEA0BAHUSMU TIIYOMHHBIX CTPYKTYPHBIX HEOAHOPOJHOCTEH B
BEPXHEHN YaCTHU 3€MHOM KOPBI.
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Abstract. The survey has been comprised in historical sequence. It has been attempted to group
literature sources in a way that we consider to be the most relevant in the publication. Analysis of literature
led to the following conclusions: during the last years most important and most advanced ways in
investigations of Latvian clay surface characteristics have been found: Value determination of clay specific
surface; Clay’s porous structure investigation; Cation exchange capacity determination; Characteristics of
organoclays; Catalytic characteristics of Latvian clays; Practical usage of clays in waste water treatment;
Usage of clays in adulterants elimination from vegetable oils; Clays as catalysts in of organic compound
reactions; New type of sorbent from rapeseed oil treatment waste. Experimental measurements supplement
data base about surface characteristics of Latvian clay samples.

Keywords: adsorption, specific surface, porous structure, ion exchange, isotherm, clay.

On the subject of accomplishment of material science at present particular attention is
attracted by properties of such materials, which are in high dispersed position. Porous solids —
sorbents and catalysts have intensively been investigated. Currently its role in decreasing of
contamination of environment, weathering of construction materials and cultural monuments
protection are realized.

Knowledge about properties of new high dispersed systems is deficient, because of emerging
more new materials as well new opportunities for using well-known materials in
unconventional industries.

Its investigation demarcates usage boundaries and navigates towards deepened penetration
about connections between structure and specific operation properties.

Imposition of unconventional local natural clay minerals is theoretically motivated and live
high dispersed system analysis from thermodynamic aspect.

In consecution of geological processes complicated chemical and physically chemical
processes take place, in which results ensure widely distributed high dispersed aqueous
rocks — clays.

They have high reserve of free surface energy which is potentially available.

It is unpretentious to do this by using clays as the sorbents: adsorption on clays occurs
spontaneously. Until now this does not count much to keep a close watch.

Fonts of literature about sorption properties of Latvian clays are grouped in four parts: first
articles; experimental measurements of the surface characteristics (specific surface area, pore
structure, determination of ion exchange capacity); field of usage (water pollution, air
purification, rapeseed oil bleaching); dr. habil. theses, latest works.
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The survey has been conducted in historical sequence. It has been attempted to group
literature sources in a way that we consider being the most relevant in the publication.

The first articles about surface characteristics of Latvian clays have been shown in 1950s of
the last century in works of professor J. Eiduks. First scientific work about sorption of organic
stains as methylene blue, fuchsine and other on the samples of Latvian clays [1] has been
published in 1951. Researches of pigment sorption were continued in a work of A.Vaivads
and A.Upite, aimed onto determination of mineralogical contents of clay samples [2]. In
1973, professor J. Eiduks suggested research was published, and methanol gas sorption on
Latvian clay samples has been measured for the first time [3]. It has been found that if the
treatment temperature of samples increases, but value of specific surface area decreases.

More detailed results were analyzed in an article [4].

In the Soviet times, no great attention was paid to the sorption characteristics of Latvian clays.
Only in 1991, research reports began to appear about Latvian clays surface characteristics.
Systematic research has been made by A. Ruplis with collaborators. Docent of Latvian
University, Rolands Bumans, also was involved in these works. Hexane and carbon
tetrachloride vapor sorption isotherms were measured for aluminum oxide and aluminum
hydroxide samples in order to determine their specific surface and pore structure parameters
[5].

Specific surface of samples is one of the most significant parameters of disperse systems.
There were numerous methods developed for detecting the specific surface; however
nowadays the most widely used is the one based on analyzing gas or vapor physical
adsorption [6, 7].

At first, experimentally measure adsorption isotherm of the analyzed sample. Using BET or
Longmire equation, calculate amount of the adsorbed substance (sorbate) in a monomolecular
layer a, (mol/g). This internationally acknowledged BET method is used in various works for
determination of specific surface of Latvian clay samples [3; 4; 8-10].

Sorption processes depend on pores of the samples. The most significant parameters of pores
are total pore volume and pore volume distribution per radiuses or diameters [5]. These are
determined by measuring adsorption-desorption isotherms. Various pore distribution
calculation methods are based on Kelvin capillary condensation equation. Maximum of pore
distribution curve demonstrates most frequently occurring pore radius (effective pore radius).
Total pore volume is obtained by measuring adsorption of saturated vapor. In these
conditions, adsorption isotherms of clay samples asymptotically approach ordinate axis, thus,
total pore volume is detected by measuring amount of adsorption in pressure which is smaller
than pressure of saturated vapors [11]. Usually, a pressure is chosen which lays within the
relative equilibrium pressure interval between 0.90 and 0.98 [4; 12].

In numerous works [6;13-16], changing sorption parameters by thermal treatment or modified
by mineral acids [17-20] is investigated. It was found that after a thermal treatment, specific
surface and total pore volume of Latvian clays is descending [21; 22]. After modification with
acids, specific surface and pore volume of samples is changing depending on acid
concentration: increasing concentration, specific surface also increases, reaches its maximum
and then descends. Changing of pore volume amount has the same nature [8; 23]. It was
realized that acidic treatment of Latvian clay samples results in sorbents of energetically
homogenous surface. These sorbents are used in gases and gases — liquids chromatography
practices. In scientific work [24] attention is focused on sorption of humic substances on clays
from Latvia deposits.

The results of works were summarized in A. Ruplis habil. doctor’s work in 1998 [25].
Determination of cation exchange capacity must be specially accentuated. This characteristic
is significant in analyzing different unacceptable (toxic, radioactive) adulterant migration in
over ground and ground-waters in normal or catastrophe created situations, it will open up the
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new opportunities for scientific motivated usage of sorbents for waste water treatment [26]
and other.

Capacity amount of clay ion exchange plays a great role in various processes, however, for
Latvia the most important are those related to soil fertility and environment pollution
problems. Numerous methods were developed ion capacity determination of sorbents. In the
middle of nineties, lots of attention was focused onto cation exchange capacity determination
of Latvian clay samples by using organic pigments (methylene green, methyl violet).

lon exchange capacity of Latvian clays is an important parameter of processes in which clays
are used as sorbents at water solutions. It is determined and described in various scientific
works [27-30].

In a bulletin [28], attention is focused onto method of measuring adsorption of methylene
blue. It was found that amount of adsorption changes during shaking of clays and liquid (from
2 to 48 hours) depending of sample characteristics. At samples treated with mineral acids,
adsorption of methylene green decreases in proportion with acid concentration.

It was found that, p — nitro aniline is not adsorbed on Latvian clays from water solutions. It
adsorbs weakly on the samples, whose surface is partially covered with rapeseed oil coking
products [27]. In scientific work [26], opportunities of using natural and thermally treated
clay samples (from 200 to 800 °C) from Suntazi, Laza, Veldze and Kuprava deposits for
cleaning wastewater are researched. The highest adsorption ability is characteristic for clays
from Kuprava deposit, and it’s explained by its mineralogical properties and small amount of
additions. It’s said that the active component in the clay composition is hydro muscovite.
Chrystallic chemical structure of clays decomposes in — 500-600 °C temperature [26], and its
destruction is accompanied by reducing adsorption ability. Clays from Veldze deposit, both
natural and at 600 °C thermally treated, show good sorption abilities by cleaning wastewaters
at “Reagents” and “Grindeks” companies. Meanwhile, clays from Kuprava are successfully
used in cleaning technological wastewaters in VValmiera glass fiber production plant from non-
ionogenous surface active substances, oil products, formaldehyde. [31] talks about cleaning of
wastewaters containing phenol and formaldehydes using Latvian clays In the same time, it
was discovered that Latvian clays may be used as catalysts in organic synthesis [32-34].

It was found that Latvian Quaternary (Priekules and Nicgales) and Devonian (Kupravas) clay
samples can be used as effective catalysts in organic synthesis reactions, where final product
Is anticancer agent (1,4-butanediol dehydration reaction) [34].

Searching for new catalyst carriers is vital for improving of synthesis of several very
important medicals [35] and further development of catalysis theory which is closely related
to research of adsorption-desorption mechanism and issues of sorbent modifications [36].
Cation exchange in clay minerals depending of length of sulphuric acid treatment is
researched in work [37]. It was stated that treating clay with 25% sulphuric acid for 1 hour is
effective and improves its adsorption capabilities [37]. In article [38], it is informed about
adsorption of lead ions from water solution at clay plates, but [39] — about lead ions
adsorption from water solutions at scorched clay pellets. In article [40] are shown sorption
properties of Kuprava clays — illits. [41] informs about using Latvian clays in air cleaning.
Academician E.Gudriniece with collaborators signified the idea about the rapeseed oil
purification on Latvian clay samples [42; 43]. Discoloring, or bleaching is one of the
refinement stages of vegetable oil. As a result, plant pigments like chlorophylls, carotinoids,
etc are bound on sorbent’s surface, also improving taste of the oil. Non-activated and
thermally treated clay samples slightly improved number of rapeseed oil color, however, such
oil does not correspond with nutrition oil standards. [44]. A. Ruplis and his scientific
collaborators clarified, that samples of Latvian clays treated with mineral acids are useful for
rapeseed oil bleaching [10; 44-46]. During process of bleaching, by-products appear. They are
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clays that contain 30-40% of rapeseed oil. By thermal treatment, a valuable product is
obtained and it can be re-used in environmental protection [47; 48].

Obtained material finely adsorbs organic solvents from vapor phase, functioning as active
coal. Materials produced from rapeseed oil bleaching by-products have good sorption
parameters. This new type of sorbents are made of Latvian clay originated alum silicate
matrix and rapeseed oil coking (250, 400 un 600 °C) products. Specific surface of studied
samples is about 100 m? /g. They adsorb methanol and benzyl vapors at room temperature and
demonstrate high thermal resistance [47]. Work [49] informs about obtaining silica gel-like
sorbents from clays not containing carbonates.

At the end of 90-ies academician J. Freimanis developed his investigations about Latvian
organoclays [50-52].

These are clays, whose metal ions are substituted by tetraalkilamonuim ions. They have
higher interaction with oils and oily materials and they are capable to perform as powerful
environmental cleaners, for example, against leakage of mineral oils [50; 53]. Also, these
clays keep high turgescence ability and are widely used as thickeners for turning various oils
into ointments, etc. [54]. Carbon tetrachloride and n-hexane vapor sorption increases in
organoclays at the highest interval of equilibrium pressure. It can be considered that
organoclays may colligate oleofilic molecules (petroleum, oils) from water/oils emulsions and
water solutions [55]. Information about sorption of carbon tetrachloride vapors confirm the
ability of organic cations to fix structure of plane parallel pores [56].

Analysis of literature led to the following conclusions: during the last years most important
and most advanced ways in investigations of Latvian clay surface characteristics have been
found:

1) Determination of value of clay specific surface.

2) Investigation of clay porous structure.

3) Determination of cation exchange capacity.

4) Characteristics of organoclays.

5) Catalytic characteristics of Latvian clays.

6) Practical usage of clays in waste water treatment.

7) Usage of clays in treatment of vegetable and other oils from adulterants.

Experimental measurements supplement data base about surface characteristics of Latvian
clay samples. Experimental usage of clays: understanding adulterants distribution in natural
conditions (soil, over ground and ground-water); waste water treatment, catalytic
characteristics, treatment of vegetable and industrial oils, synthesis of new sorbents including
organoclays).

Nevertheless, in comparison with clay samples investigation in other countries contribution of
Latvian scientists is small and measurements about colloid chemical characteristics are at the
beginning, in spite of indigenous clays significance in management of different processes of
environmental protection, as well as in their usage in new and nontraditional branches.
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Abstract. This paper describes situation of brownfields in Lithuania. The brownfields analysis was
made according to the main aspects influencing brownfields redevelopment process the most. This paper
presents the existing legislation system relative to brownfields and economic possibilities; the cleaning methods
and most popular technologies in Lithuania.
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Introduction

The value of brownfields redevelopment as a potential for reduction of urban sprawl has
become one of the priorities in many countries during the last decade. (“Brownfields are
abandoned, idled or underused industrial and commercial facilities where expansion or
redevelopment is complicated by real or perceived environmental contaminations ”. (US EPA,
1996). “Brownfields are sites that have been affected by the former uses of the site and
surrounding land; are derelict and underused; may have real or perceived contamination
problems; are mainly in developed urban areas; and require intervention to bring them back
to beneficial use”. (CABERNET*, 2005)). It is clear that restoration and redevelopment of
brownfields can provide a range of economic, social and environmental benefits, including
restoration of environmental quality and improvement of quality of life citizens, elimination
of health threats, provision of land for housing or commercial purposes, creation of
employment opportunities, expansion of the tax base for all levels of government, and
reduction in the pressure on urban centres to expand into greenfields. Such strategies that
reduce clean-up costs, decrease time frames and improve environment quality are mostly
accepted of community that makes brownfields redevelopment process sustainable. [1]

The process of brownfields redevelopment is often long, difficult, and sometimes
complicated. It is ongoing issue for governments, communities, and consultants around the
world. There are four main spheres such as law, economy, environment, and engineering that
influence brownfields redevelopment (1 fig.).

<
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Fig. 1. L3E approach to brownfields assessment

So it is necessary to use a systematic approach in order to reach the most efficient of
brownfields site redevelopment because this process routinely involves a lot of activities, and
different methods, also all mentioned spheres are closely relative to each other.
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Systematic approach in this paper is named L3E approach (L- law, 3E- economy,
environment, and engineering). Therefore, aiming to reach the most efficient of brownfields
redevelopment, all these spheres must be looked trough carefully.

L3E approach

Legal approach. Brownfields redevelopment depends on the policy cycle, which includes
identifying a problem, formulating and implementing a programme, examining the intended
and unintended effects of implementation and continuing with/modifying or abandoning the
programme. The state policy effects on formation of brownfields legal framework. Good
working legal system is the key of successful brownfields redevelopment.

There is no special regulation on brownfields in Lithuania. Regulation is doing through the
environmental and spatial planning system legislations (2 fig.). The environmental legislation
is divided in two groups- contaminated territories (soil and water) and construction and
demolition waste. Demolition process and waste management are areas related to brownfields
redevelopment, but some fields of construction regulation are very close to the regulation of
buildings surveillance.

BROWNFIELD
Environmental Spatial planning
Legislation Legislation
Contaminated Derelict
territories Buildings
- Demolition Construction &
Soil Water Process Demolition Waste

| Surface | | Groundwater |

Fig. 2. The system of brownfields legislation in Lithuania

The economic damage to the environment and contaminated sites in Lithuania are provided
for the Law on Environment Protection. Persons and users of natural resource in business
activities, must take all necessary measures to avoid harm to the environment, human health
and property interests, and the damage that was done in their activities, must be eliminated
and the environment must be restored if it possible, prior to the initial state, the former
damage to the environment, and to compensate all losses. [2]

The field of contaminated territories is controlled by regulations of the Law on Land; the Law
on the Underground; Law on Environmental Monitoring; Guideline of Eco-geological
Research and some else. There are some more legislations and guidelines of soil pollution
assessment and cleaning, also establishing a dangerous threshold values set up by Ministries
of Environmental and Health. Some of them are LAND 9-2002 (Soil and groundwater
contamination by oil pollution treatment and limitation requirements); HN 60:2004
(Lithuanian hygiene norm ‘Dangerous chemicals maximum concentration in the soil’); HN
97:2000 (Lithuanian hygiene norm ‘Pesticides and the concentration of the value of the
environment’). The National Sustainable Development Strategy provides a comprehensive
assessment of soil processes, defines important tasks and measures of implementation
regulated by the Strategic Plan of the Environment Ministry in Lithuania.

The main legal act establishing the requirements for the quality of water intended for human
consumption is the Lithuanian hygiene norm on the Quality of Drinking Water and on the
Programmed Monitoring of the Quality of Drinking Water (transposes the requirements of
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Directive 98/83/EC). The requirements of the Directive on bathing waters (76/160/EEC) were
transposed into the Lithuanian hygiene norm in 2000.

The practice of recording the use of water resources and monitoring the state of the
environment is regulated by the State Monitoring Programme, Regulations for the State
Environmental Laboratory Control, Procedure for Recording Pollutant Emissions into the
Environment, Procedure for Initial Recording and Monitoring of the Use of Water Resources
and Pollutants Emitted with Effluents.

There is one more a very important environment aspect according to assessment of
brownfields redevelopment. It is construction and demolition waste. There are a lot of
legislations and guidelines of construction and demolition waste: the law on Waste treatment;
the Introduction of waste treatment; the law on Construction; Technical regulations of
construction; Planning documents and some more. The main idea- waste treatment must be
done accordance to the waste management hierarchy.

Spatial planning is regulated by the law on Territorial Planning, the law on Construction, the
law on Environmental Impact Assessment. The law on Territorial Planning regulates
territorial planning and the relation between the individuals, the legal entities and the public
authorities involved in this process.

The regulations mentioned above and also a large number of policy plans, strategies and
regulations directly or indirectly effect on brownfields redevelopment. On the one hand they
may complicate decision making about brownfields redevelopment, but on the other hand
they may provide opportunities for integrated problem solving. The existence of specific
regulatory incentives would make brownfields redevelopment more efficient, but nowadays
there are no specific regulatory incentives in Lithuania.

Economical approach. Looking at the financial issue in a broader perspective, collective
benefits such as environmental benefits, improved neighbourhoods, preserved workspace,
preservation of greenfields and lessening public health impacts are all important issues and
one of the main reasons for developing brownfield areas from the public point of view.
Redeveloping brownfield sites may also generate benefits for other private sector parties such
as increased property values (commercial and residential) and/or increased value of
neighbouring brownfields sites. At the same time brownfields redevelopment has a cost
saving effect for third parties in terms of more efficient use of existing infrastructure,
transportation, and other public services. Finances on brownfields areas thus should be
considered in a broader prospective. Key issues on finance and marketing of brownfields
redevelopment are the development of better ways of Public Private Partnership and new
forms of financial engineering. A condition to meet thereby is a change towards a more
positive image of brownfields. This requires a concentrated strategy and the support of public
(European) funding. [1]

All the damage made to environment must be recovered according to “Polluter pay” principle
in Lithuania. Therefore, the owners or polluters must remedy contaminated sites and
developed derelict buildings using their funds. But there is a lot of historical contamination
and ownerless abandoned buildings in Lithuania, so county and municipal administrations are
responsible for the liquidation of construction and contamination cleaning. However, the
government annually gives about 2 million Lt since 2006, because the municipalities and
counties are not able to finance for the clean-up mechanism. Currently, the program of
derelict buildings liquidation is framed using structural funds of EU and also public funds.
Environmental approach. Brownfields have an effect on environmental media as air, soil
and water, and also waste as well as the consideration of natural assets. There is a challenging
need to generate multidisciplinary integrated approaches, in order to achieve well balanced
regeneration schemes to improve quality of life in urban areas. To prevent negative impacts
on the surrounding areas, even without regeneration, these sites require management and
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monitoring, leading into societal costs. Contamination of soil and groundwater is just one of
the many environmental problems which have to be dealt with in brownfields redevelopment.
Lithuanian Geological Survey under the Ministry of Environment (lith. LGT) has done the
inventory of contaminated points in the 21 municipalities from the beginning of 2000 years
till the end of 2007. About 40 percent of territory was inventoried during this time in the
country. The 6071 potential pollution points are registered to the database of the information
system of contamination from the total data of the questionnaires that are 6719, in which 1252
are the number of the declarations. About 570 of the declaration were received from
municipal authorities and 680 ones from legal and natural persons. The number of given data
represent only about 1 /5 (could be) potential pollution sites in the territory of Lithuania. [3]
The eco-geological investigations were not done but the risk of contamination to the
geological environment (surface water and groundwater also soil) was preliminary assessed in
this inventory time. National inventories of contaminated lands are typically established for
earlier sectorial databases of military facilities, municipal landfills and oil spills of petrol
stations, mining sites, radioactive contaminations, chemical plants and storages (pesticide,
fertilizer). Occasionally, inventories are based on the register of polluting sources (i.e.
industrial facilities). Inventory databases are managed by the central agency, but in Lithuania,
local governments are obliged to register contaminated sites on their administrative territory.
The most contaminated sites are with petroleum hydrocarbons in Lithuania compeering with
other polluted areas. There are more than 650 petrol stations in the country, and 250 of them
are old ones. The total amount of contaminated area there exceeds 3-5 min. m% Total area of
oil business objects in Lithuania makes up 600-700 ha, but contaminated groundwater below
it occupies 52-62 mlIn. m?. Former Soviet Union objects make a single pollution source. The
indirect data show that such objects occupy about 3 min. m?. [5]

Pollution level:

® -low

o - medinm

: 3' 5 ® _high_

[R=—G

in Lithuania [5]

According to Lithuanian specific conditions the main purpose of the limitation of subsurface
contamination first of all is linked with groundwater protection especially because of
Lithuania exclusively uses only groundwater for drinking water resources. Usually the
principal task is the stopping of spreading of contaminant in aquifers and the main condition
for remediation of the territories with high and very high contamination levels is the removal
of free phase petroleum products.

231



The fundamental principle of ‘environment friendly’ use and/or dismantling/demolition of
derelict buildings and infrastructures are based on successful disposal of materials, water and
energy. This is a similar hierarchy to the one applied to waste management, i.e. minimize,
reuse, recover, recycle, dispose. Retention of buildings and infrastructure can include all
elements of the hierarchy, but is predominantly focused on minimization of non-renewable
resource consumption during the dismantling/demolition process and on the reuse of non-
renewable resources that have already been consumed.

The priorities of management and inventory of derelict buildings in Lithuania are set in every
year. According to country and municipal administrations reports, the 5421 buildings that do
not have owners (or whose owners are unknown). For the construction of 2220 planned to
take court action for the recognition mechanism, 363 objects in 2007 already recognized
mechanism. Most of the buildings are abandoned; derelict or semi destroyed and the condition
are very crash. Some of them are former of piggeries, cow-houses, droppings, mechanical
workshops and various stores. Such buildings deface landscape, may pose a threat to the
environment, human health or even life. Most of the derelict buildings are in rural areas.
Public administration made the lists of derelict buildings which has no owner (or whose
owners are unknown) as well as organized the recognition mechanism procedures by initiative
of the National Territorial (Spatial) Planning and Construction Inspectorate under the
Ministry of the Environment. According to the lists (mentioned above) of 2007, 19 such
objects (Pagégiai municipality - 5, Skuodas district - 5, Siauliai district -7 and Raseiniali
district - 2) were demolished and cleaned their territory, using state budget funds.
Engineering approach. Brownfields redevelopment processes usually deal with buildings
demolition (according to hierarchy of waste management: minimize - reuse - recover —
recycle - dispose) and territories cleaning (if the territories are contaminated). There are some
different ways of demolition, but mostly all of them leave a lot of waste. The main methods of
demolition are manual (pneumatic hammer), machine (percussive breaker, hydraulic crusher,
wrecking ball), mechanical (machinery), wire saw cutting, drilling, thermal lance, water jet,
cutting and lifting machinery. The choice of demolition method depends on the project
conditions, site constraints, sensitivity of the neighbourhood and availability of equipment.
Some of demolition methods are applicable for most sites, particularly for those situated in
busy urban areas. Other mechanical methods applied from the outside of the building may be
suitable for projects that have sufficient clear spaces.

There are some buildings demolition companies in Lithuania, but almost all of them are in the
biggest cities of country (Vilnius, Kaunas, Klaipéda, Siauliai, Panevézys) as well as the
recycling companies of construction and demolition waste, i.e. in the regions where the
biggest amount of them (more than 90 %) are produced. Sorting of waste and separate
delivery to recycling companies is the main condition to recycle construction and demolition
waste, to produce good quality secondary material. It is important to separate waste in
demolition process, in selective demolition. According to the data of waste accounting 580
thousand tones of construction and demolition waste were produced in 2003, and it
considered almost 12% of the total amount of waste. But this number has increased about
70% at last years. The reasons are very different. First of all, waste accounting system became
more correct and modern, the requirements of landfills became stricter, also construction
processes became more intensive and some else. The amount of recycling construction and
demolition waste increased in the country as well. [4]

But almost always one of the main procedures in demolition process is cleaning of territories.
Remediation of contaminated soil is normally a difficult and expensive operation. It is
however often of high priority and is thus undertaken in spite of costs. Soil contamination is
very often responsible for groundwater contamination and can, therefore, create even more
challenging problems to solve. Remediation technologies are very many and varied but can be
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categorized into these methods: In situ and Ex situ. Ex situ methods involve excavation of
impacted soil and subsequent treatment at the surface, and In situ methods seek to treat the
contamination without removing the soil. Well-chosen method and technique of contaminant
elimination is the key of brownfields redevelopment efficiency.

The clean-up process of contaminated soil in Lithuania was begun fifteen years ago. The
cleaning of contaminated soil surface began the company of microbiological technologies
‘Biocentras’ but the cleaning of deeper layers of soil began the hydrogeological company
‘Grota’ that is probably the one in the country who has the biggest experience using the site
remediation in situ methodology. The company has two main cleaning technologies (see
below 4 and 5 fig.):

e EXsitu — bioremediation using bacteria and some plants;

e Insitu — pump and treat; vacuum extraction; bioremediation using bacteria.
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Fig. 4. ‘Pump and treat’ (in situ) method scheme [5]

The technology of ‘pump and treat’ is the traditional method of groundwater remediation. It is
a costly method because it requires pumping water for years and sometimes decades to reach
acceptable contaminant concentration levels, due to contaminant mass transfer limitations.
Another technology is soil vacuum (vapor) extraction. It removes contaminants from the
unsaturated soil zone by pulling a vacuum.
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Fig. 5. Vacuum extraction (in situ) system [5]

Nowadays the biological methods of soil cleaning technology in situ are very popular. These
methods have some advantages - excavating and transporting the soil is needless, that makes
process complicate on the much built sites, especially problematic is the installation of
specific platforms. In the process of technology choosing it is necessary to pay attention to
many factors such as soil structure of granules, type of contamination, distance till stationary
bioremediation platforms, development peculiarity of contaminated territories, possibilities of
techniques protection also economic and some other factories. The best decision of process
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choosing is based on the best available techniques. But first of all, it is necessary to improve
prevention process and do the best in order to escape emergency petroleum and other
pollutions spilling in to the soil.

Discussion

This paper has tried to develop a systematic approach to analyses of brownfields
redevelopment process in Lithuania from legal, financial, environmental and engineering
points of view. Brownfields has not a separate field in the policy of the country. The problems
of brownfields are usually solved according to contaminated territories or derelict buildings
points of view. But not always such method of solving problems is more efficiency.
There are necessary improvements in all spheres mentioned in the part of L3E approaches,
aiming more efficiency of brownfields redevelopment. Some of them:
e to provide legal incentives/regulations to encourage brownfields development and

discourage greenfields development;
e to reduce financial barriers and provide incentives.
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Abstract. This paper addresses common problems like poor reusability, closed vendor proprietary
framework, limited customizability which are associated with use of traditional Geographic Information
Systems (GIS) and proposes architecture of new generation GIS. The architecture described in this paper is
based on Service Oriented Architecture and open standards. It consists of Geographic Information Service
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The new generation GIS allows achieving high level of reusability both on GIS logic and orchestration layer.
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Introduction

During the last decade popularity of Geographic Information Systems (GIS) has significantly
increased. These systems play an important role in many organizations and are an integral
part of their information system. GIS are used in asset and service management, property
management, cadastral management, sales and marketing, location based services, emergency
services and wherever information has a spatial attribute. As evaluated by Bossler roughly
80% of business data can be geo-referenced [Bossler]. The rapid rise of GIS during past years
has been affected by many factors. One of them is evolution of supporting technologies like
Global Positioning System (GPS), Radio-frequency identification (RFID) and wireless
networks during the last decade. Certainly development of modern systems like Google Maps,
Microsoft Live Maps, Yahoo Maps and ViaMichelin has also played an important role. These
systems have made GIS accessible to a wider audience by orienting towards internet, using
intuitive, user-friendly interface and relatively simple Application Programmable Interfaces
(API). Another important factor is potential of GIS in making business processes more
efficient and autonomous. We can consider GIS as a spatial component of business decision
making [Pick].

Despite wider usage of GIS there are still many problems related with them. The vast majority
of GIS available at the moment are all-in-one suites that may contain many unnecessary
features at the same time lacking some important ones. These systems have vendor
proprietary, closed and isolated frameworks with poor reusability [Zhong]. Organizations are
forced to use multiple GIS applications simultaneously, because desired functionality can’t be
found in a single product [Douglas]. Usually these systems need to be integrated with each
other as well as with other enterprise applications to increase their efficiency and usability.
Such integration is very complex due to the heterogeneous nature and architecture of
traditional GIS. It also requires serious GIS background, because most of the traditional
systems are designed for GIS professionals [Zhong]. If company isn’t satisfied with a
concrete part of the GIS or their requirements have changed over time, most likely they will
have to replace the whole GIS solution and repeat the sophisticated integration process once
more. Most of the traditional GIS are tied to concrete data formats. If there is a need for data
from various sources with different formats, data conversion could become an issue. Situation
has slightly improved by evolution of Geographic Markup Language (GML) [Lake], which
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allows storing data in XML format, however it is not yet fully accepted industry standard
[Pick] and has a number of issues [Chang-Tien]. Traditional GIS architecture also leads to
delays in data update since product databases often don’t have a direct connection to the data
source. Implementation of GIS in most cases could be referred as vendor driven rather than
problem oriented. Companies focus more on available GIS solutions than business problems.
To overcome the issues mentioned above the architecture of GIS must be revised. It should be
based on principles of Service Oriented Architecture (SOA) and open standards. This paper
defines characteristics of such GIS and gives a brief description of its architecture. Vision of
new generation enterprise GIS is presented in Section two. Common architecture is described
in Section three, more detailed architecture is given in Section four, Section five concludes.

Vision of new generation enterprise GIS

GIS are used to solve certain problems or to optimize processes like automatic routing. Every
company has its unique requirements and finding a suitable GIS might be problematic. In the
optimistic scenario there is a GIS that meets those requirements, however it has some
functionality that company doesn’t need, but has to purchase as part of the entire solution. If
requirements are more specific, it could be impossible to find an appropriate GIS. In such a
case a company is forced to purchase multiple heterogeneous suites with overlapping
functionality and integrate them. There is no doubt that it is impossible to produce a GIS for
every possible combination of requirements. However, it is possible to divide GIS
functionality in multiple standardized Geigrpachic Information Services (GlServices) that can
be used to compose a GIS according to the unique requirements of each company.
Organizations don’t need to adapt their business processes to inefficient all-in-one GIS suites.
On the contrary — they must be able to compose GIS from multiple GlServices in such way
that it would contain all the necessary functionality. If requirements of the company would
change, there won’t be any necessity to replace the entire solution. It would be enough to add
or remove certain parts of the GlService orchestration. Cases when users are not satisfied with
a certain part of the system can be solved the same way — by replacing the inadequate
component with more appropriate. Use of SOA leads to high level of reusability,
customizability and efficiency. Standards like GML and platform independent technologies
substantially reduce complexity of GIS integration with other systems. GIS composition of
multiple standardized GlISservices will also encourage smaller IT companies and individuals
to develop services, which is hardly possible in case of massive GIS suites [Zhong]. The
interface used to compose service oriented GIS contains multiple levels of abstraction. It
provides customizability options for both professionals and less experienced users.
Professionals are able to manually alter the GlService logic and orchestration, while non-
professional users rely on predefined GIS logic and its automatic conversion to executable
business process. This promotes wider usage of GIS and emergence of new spatially enabled
services.

Architecture of new generation enterprise GIS

The architecture of new generation enterprise GIS was designed considering the
disadvantages of traditional GIS and tendencies in enterprise application design. Components
of proposed architecture are shown in Figure 1.

The two main roles of proposed architecture are Geographic Information Service Consumer
(GIS-C) and Geographic Information Service Provider (GIS-P). GIS-C represents a potential
GIS user who requires certain GIS functionality. It could be a group of enterprise GIS users,
an individual GIS user as well as an enterprise application. GIS-P hosts GlServices or data
that is requested by GIS-C (GIS-C and GIS-P in detail are reviewed in Section 4). Interactions
between these two parties can become very sophisticated.
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Normally GIS-C is unaware of the specific GIS-P that suites its needs. In fact multiple GIS-P
could be considered as appropriate however their quality of service (QoS) might vary
(different network capacity, response time, processing time). There also could be major
incompatibilities between GIS-P and GIS-C varying from utilization of different messaging
systems to diversity in geographic data storage formats or coordination systems. If the
functionality requested by GIS-C is not provided by a single GlService, certain level of
GIService orchestration is needed. To make the interaction process between GIS-C and GIS-P
less cumbersome, Geographic Information Service Mediation Infrastructure (GIS-MI) is
required. At the center of the GIS-MI is GlService functional adapter (GIS-FA). GIS-FA is
responsible for multiple GIService orchestration and interaction with user, retrieval of QoS
information from QoS Data Management System and service discovery using public or
private metadata. To promote reusability in defining certain GIS related processes, use of the
Geographic Information Service Logic Repository (GIS-LR) is proposed. Entire GIS-MI in
greater detail is discussed in Section 4.

Elaboration of new generation enterprise GIS architecture

This section elaborates the proposed architecture in more detail. System, described in this
paper, can be adapted for enterprise users by placing centralized GIS-FA on an enterprise
server and sharing required functionality as services to individual GIS-FA used locally by
enterprise users. In this case GIS-FA located on the enterprise server acts as GIS-C and GIS-P
simultaneously (as shown in Fig. 1). Corporate users or individual users that require specific
functionality can compose their own GIS using locally installed GIS-FA. It is also possible to
configure GIS to work completely without user interaction as a part of another system or
business process. The flexibility of proposed solution is achieved by dividing GIS-FA in
multiple modular layers. The modules and layers of GIS-FA are shown in Figure 2.

The top-most layer is called the Presentation Layer. It is used to support interactions between
users/administrators and GIS-FA. Customizability and extensibility of this layer is achieved
by dividing it in unlimited number of modules.
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For example if GIS is used as a part of a business process and there is no need to show results
on a map, use of a map visualization module is unnecessary. Swapping one map visualization
module with another would allow using GIS in multiple environments like handheld and
personal computers. Another important part of the Presentation Layer is GIS-FA
configuration interface, which allows adapting GIS-FA to specific requirements by adding,
removing or reconfiguring specific modules. There are two configuration interfaces — simple
and advanced. Simple configuration interface is intended to be used by nonprofessional users.
This interface is less complex however it allows limited customizability of GIS-FA adapter.
The advanced configuration interface is intended for GIS/IT professionals and fully employs
potential of GIS-FA customizability.

The second layer allows publishing composite GlServices created in GIS-FA to public or
private GlIService Metadata Repositories. Requests from remote GIS-C are also received in
this layer and sent further to GIService orchestrations in the Orchestration Layer and other
GIS-P connected by the Communication Layer.

The third layer is called the GIS Logic Layer. The purpose of this layer is to store GIS logic
which is not bound to specific service implementations. It allows defining GIS specific
processes like vehicle routing. GIS logic can be expressed using specially adapted Business
Process Modeling Notation (BPMN), UML Activity Diagrams, UML extension for business
process modeling by Eriksson-Penker or other suitable business process modeling languages.
Most of modeling tools allow exporting the model to XML files, which can then be stored in
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public or private GIS-LR. GIS logic can be created and stored locally, published to GIS-LR or
retrieved from GIS-LR. This approach leads to higher level of reusability and wider range of
available predefined GIS processes that are independent from specific service
implementations.

GIS logic models are transformed to executable business processes in the GIS Orchestration
Layer. There are several languages suitable for describing service orchestrations like Web
Services Choreography Description Language (WSCDL), XML Process Definition Language
(XPDL) and Business Process Execution Language (BPEL). Challenges of translation
between BPMN and BPEL are reviewed by Ouyang et al [Ouyang]. Use of BPEL in SOA
based GIS has been discussed in papers by Ma et al [Ma] and Fleuren [Fleuren]. Service
orchestration that corresponds to specific GIS logic model is created by joining services with
the highest Quality of Service (QoS) value. QoS of each service available is estimated in the
GIS-QoS Evaluation Module. GlServices are evaluated based on parameters like response
time, price, availability, reputation, data quality timelines, data quality accuracy, data quality
completeness [Buccafurri]. Total QoS of each orchestration is equal to QoS sum of contained
services. Certain QoS values for GlServices and entire orchestration are stored in the QoS
Repository and can be retrieved during QoS evaluation process. A GIS logic model with the
best possible orchestration is selected and executed in the GIS Orchestration Layer.
Evaluation criterions of services and orchestrations as well as entire GIS orchestration can be
altered by advanced GIS-FA configuration interface. In the case of an orchestration failure,
information about the error is sent to QoS repositories reducing the QoS value of concrete
orchestration and failed service. All appropriate GIS logic models and their orchestrations are
reviewed once more; the best of them is selected for execution. Such an approach allows
composite GIS to fix itself in the case of an error — for example failure of certain service.

To find all services that belong to certain category or comply with specific requirements the
GlService Discovery layer is used. Service discovery can be implemented using various
technologies therefore this layer can be composed of multiple modules and can easily be
extended. The most mature web service discovery technology is Universal Description,
Discovery and Integration (UDDI). Use of ontology-based Geographic Information Service
discovery is discussed by Klien et al [Klien]. Another candidate is the Catalog Service
presented by the leading open GIS standardization organisation Open Geospatial Consortium
(OGC) [Nogueras]. Use of decentralized peer to peer based service discovery is also worth
considering [Sioutas].

The lowest layer is responsible for secure and reliable communication between GIS-P and
GIS-FA on client side. The main messaging technology employed by the Communication
Layer is Web Services. However, thanks to its modular nature it can be extended to support
other technologies like Java Message Service.

Services provided by GIS-P are based on open standards. Spatial data exchanged between
GIS-P and GIS-C is expressed in OGC GML. GML is relatively immature language and
issues like ineffective storage, parsing, querying and visualization can arise [Chang-Tien].
However, at the moment it is the most suitable language for spatial data exchange using SOA
based GIS solution. OGC provides other standards like Web Feature Service, Web Map
Service, Web Feature Service, Web Processing Service which can be used to categorize
services provided by GIS-P. GlService interoperability issues like multiple data formats,
different coordinate systems and accuracy can be solved using specific transformation
services hosted on GIS-P.
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Conclusion

The architecture proposed in this work suits wide user audience (individual and enterprise,
professional and less experienced users). The reusability level of new generation enterprise
GIS is high both on service and business logic level. Following modern enterprise application
development tendencies, presented architecture is based on open standards and service
oriented architecture. Use of multiple layers and modules gives virtually unlimited
customizability potentialities. Nevertheless, implementation of proposed architecture brings
several challenges. Technical infrastructure including service search protocols, messaging
system and interaction protocols needs to be discussed. QoS evaluation mechanisms have to
be adapted for geographic information based service estimation. The most suitable business
process modeling, business process execution languages need to be adjusted for GIS needs,
transformation mechanisms between them must be analyzed. To provide GlService discovery
and modeling capabilities, categorization of GlServices based on open standards should be
reviewed.
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VARIATION OF ACCUMULATING ASSOCIATIONS IN TOPSOIL OF
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Abstract. The aim of research was to analyse and explain the variation of accumulating associations
of 13 chemical elements Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn in topsoil of the oldest part of
Vilnius. These elements characterise soil quality and are included in the check list of hygienic norm HN 60-
2004 of Lithuania. According to adjusted accumulating associations ordinary and unusual associations have
been distinguished and distribution of the types or unusual associations has been analysed. They are often near
present or former industrial sites, railway or streets with intensive traffic.

Keywords: accumulating associations, heavy metals, unusual associations, urban centre topsoil.

Introduction
Heavy metals and other potentially hazardous chemical elements are usual objects of
investigation in different environmental components, especially in urban territories, which are
characterised by multiple sources of these contaminants. As a rule, urban topsoil is the main
sampling media to reveal anthropogenic geochemical anomalies. On one hand, this is because
it is able to accumulate contaminants and they are better revealed [1], on the other hand, this
is because urban topsoil is related to different routes of heavy metal exposure [2].
Topsoil geochemical mapping in Vilnius in the XX™ century was done several times: 1985
1988 (scale 1: 50000-75000), 1991-1993 (scale 1:25000-50000), 1995-1999 (central
districts, scale 1:10000) [3]. Mapping was continued in XXI* century: sampling of peripheral
districts was in 2002 (scale 1:100000) [4, 5, 6] and central districts in 2006 [7]. Comparison
of topsoil quality in four urban land use groups of four Lithuanian towns revealed the highest
contamination level in Vilnius, especially in its industrial-infrastructural zones [4].
Trace element contents in topsoil depend on many factors, both natural and anthropogenic.
Basing on 2006 sampling in 4 central districts of Vilnius, it has been determined that 3 main
groups of urban land-use — infrastructural-industrial, residential or public-residential and
recreational — mostly differ in topsoil contamination and that in residential and public-
residential sites the main variability is related to the time-span of urbanisation [7].
Topsoil from urban centres, which are usually characterised by longer time span of
urbanisation, are especially important for investigation. Chen et al. noticed higher
contamination of soil in urban parks in the densely populated historic center districts and
explain this by the highest road density and long duration of traffic pollution [8].
Geochemical mapping in different Lithuanian towns including Vilnius also confirmed higher
topsoil contamination in their central parts [4]. Besides, in central districts of Vilnius the
absolute growth of topsoil total contamination index from 1985 to 2002 was higher than in
peripheral [5]. However, contamination level of various central districts of Vilnius also
differs: older Senamiestis and Naujamiestis are much more contaminated than younger
Zvérynas, Snipiskés, Antakalnis and Zirmiinai [3].
For interpretation of the reasons of topsoil contamination trace element associations are very
useful. Both accumulating and paragenetic associations of different industrial enterprises were
analysed in detail in Panevézys [9] basing on sampling results in 1995 [10], also in industrial
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part of Zirmiinai district in Vilnius [11]. However, presently most of the enterprises in urban
territories are rather related to trade and marketing, so traffic actually is the main factor
responsible for topsoil pollution. With the help of statistical methods the following main
traffic and road construction related and soil accumulated elements have been distinguished
near the highway Vilnius-Kaunas: Pb, Zn, Cu, Sn, Mo and Sr [12]. Most of them (Pb, Zn, Cu,
Sn) are related to non-ferrous metals. Therefore in different land-use sites of the four younger
central districts of Vilnius the generalised additive contamination index calculated according
to concentration coefficients of Ag, Cu, Pb, Sn, Zn is higher than analogous index calculated
according to concentration coefficients of Mo, Ni, Cr, Co, V [7]. Increase of Naujamiestis
topsoil contamination in 1997 compared to 1992 was also mainly to the same group of
elements [13]. However, topsoil in the old central districts of Vilnius can still contain the
contaminants from the former industrial enterprises, which were especially abundant in
Naujamiestis [12], to lower extent also in Senamiestis [3] and which were quite close to
residential districts. Therefore it might be supposed that topsoil contamination in these
districts is caused not only by traffic, but also by present or former industry. Analysis of
accumulating associations can help to interprete the main reasons of topsoil contamination.
Therefore the aim of this research was to analyse and explain the variation of accumulating
associations of 13 chemical elements Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn in
topsoil of the oldest part of Vilnius — Senamiestis and Naujamiestis districts. These elements
characterise soil quality and potential risk to human health and environment and are included
in the check list of hygienic norm HN 60-2004 of Lithuania, which is based on their real total
contents [14].

Methods

Sampling was done in 2006 in the oldest part of Vilnius, on the left bank of the Neris River.
The methodology of sampling was aimed at reducing the number of samples and making
them more composite to characterise each sampling site in general. In total, there were 59
sampling sites, 30 of them in Senamiestis district and 29 — in Naujamiestis district (Fig. 1).
They were from 3 land-use groups. Each bulk sample of about 8-10 kg was gathered by
zigzag crossing the site area and collecting 20-25 similar mass increments from the upper soil
layer (0-10 cm).

Before further treatment sampled material was homogenised and composite sample reduced
to about 1 kg. Total contents of Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn were
determined in fraction <l mm by optical atomic emission spectrophotometry by
spectrophotometer DFS13.

In each site the concentration coefficients Ky were calculated by dividing the element contents
by the same background values, which were used for 4 younger central districts [7]. They are
given in parentheses in mg/kg: Ag(0.08), B(26.1), Ba(400), Co(4.8), Cr(32.9), Cu(8.8),
Mn(578), Mo(0.71), Ni(12.3), Pb(16), Sn(2.07), V(29.7), Zn(30.9). After this the values of
topsoil additive contamination index Zy were calculated according to above-mentioned 13
elements as well as their maximum coefficient of danger K, and general evaluation of soil
quality in each site was obtained basing on Lithuanian hygienic norm [14] by choosing more
dangerous of two categories: either according to Zg, or according to K. To interprete the
reasons of contamination, point accumulating associations [9] were determined, which
included elements with K, >2 listed in descending order of K values. To avoid some influence
of the background variation on the territory on these associations, they were adjusted
according to the intervals of accumulation of elements by separating them by dashes into
groups. The following Ky intervals indicating the level of accumulation were used: 2-4 — low
(L), 4-8 — medium (M), 8-16 — high (H) and >16 — extremely high (E). To analyse lateral
variation of adjusted accumulating associations AAA, their types were distinguished taking
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into account the following principles: 1) the elements in AAA, 2) the element with maximum
Kk, 3) the interval, to which the element with maximum Ky belongs, i.e. level of association.
The regularities of the distribution of AAA types were analysed in three main urban land-use
groups and two districts of the study area.
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Fig.1. Topsoil sampling sites, their land-use and general contamination category
Notes. Land-use code of site and number of sites in parentheses: | (10) — industrial-infrastructural, i. e. near
present or former industrial enterprise, railway or main traffic road, E (39) — residential or public-residential (E*
— includes educational institution, E** — includes health care institution), R (10) — recreational. Industrial
enterprises (in circles): D — drill plant, G — former grinding machine plant, R — former radio engineering works,
T — former turning lathe plant, L — locomotive depot, E1, E2 — former electrical engineering works, F — fur plant.
Sites from Naujamiestis are indicated by N and number and from Senamiestis — by S and number.

Results and discussion

Allowable category according to K, is in 48.3% sites of Naujamiestis and 30.5% sites of
Senamiestis. The percentages of this category according to Zg in Naujamiestis and
Senamiestis are lower: 6.7% and 17.2%, respectively. General category of soil quality is
predetermined by Z4. Naujamiestis is characterised even by extremely dangerously
contaminated sites. The percentages of sites with dangerous and medium dangerous
contamination in this district are also higher than respective percentages in Senamiestis
district. Unlike younger districts, medium dangerous or dangerous contamination level is not
only near the present or former industrial sites, railway or streets with intensive traffic, but
also in public-residential and even recreational sites (Fig. 1). Median value of additive
contamination index Zy4 calculated according to above-mentioned elements belongs to the
dangerous category.

The accumulating association of the whole study area is the following:
Zn(9.42)>Ag(9.17)>Cu(5.15)>Pb(4.69)>Sn(3.77)>Mo(1.73)>Ni(1.35)>Co(1.34)>V(1.31).
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It indicates much higher input to Z4 of elements related to non-ferrous metals (Zn, Cu, Pb, Sn,
Ag) compared to respective input of elements related to ferrous metals (Mo, Ni, Cr, V, Co).
Therefore the elements related to non-ferrous metals are usual members of AAA. According
to percentage of sites, where the elements belong to AAA, they can be arranged in the
following sequence: Ag(100%)> Zn(98.3%)> PDb(96.6%)> Cu, Sn(91.5%)> Mo(37.3)>
Ni(6.8%)> Cr(5.1%)> V(5.1%)> Co(3.4%)> Ba(1.7%). It is obvious that Ag and Zn are the
most widely spread contaminants. This is in agreement with investigations in Russia, which
have shown that these two elements are the first indicators of the beginning of urbanisation
[15].

The value of Z4 greatly depends on the value of maximum Kj: according to the data of the
study area the correlation coefficient between them equals to 0.98 and is significant at
p<0.001. The linear relationship between these two indices is especially obvious, when
maximum Ky > 16. It can be presumed that in comparison with other elements Ag and Zn
have often the highest accumulation level. The results confirm this: in 42.4% of sites Ag has
maximum Ky and in 42.4% of sites — Zn. Other elements are characterised by maximum K
only in rare cases: Mo — in 6.8% of sites, Pb — in 5.1%, Sn and Cu — in 1.7%. So in urban
territories AAA with the highest accumulation of Ag or Zn are quite usual. The highest
percentage of sites with maximum Ky of Ag is in recreational sites, of Zn — in public
residential and residential sites and of other elements — in industrial-infrastructural sites (Fig.
2). Silver and zinc are usual atmospheric contaminants, most probably associated with
different incineration processes. They are widely spread on the whole urban territory and even
beyond it. The sites of their high accumulation largely depend on the content of organic
matter in soil, especially of Ag, which has high coefficient of uptake by plants. This explains
why the highest percentage of sites with maximum Ky of Ag is in recreational territories. In
other land-use sites Ag might be related to de-icing salts. Some investigators suppose that Ag
has domestic sources [16]. The highest percentage of sites with maximum Ky of Zn in public-
residential or residential territories can be explained by intensive traffic and corrosion of roofs
of the buildings.

70 M Industrial -infrastructural sites
60 60.0 O Public-residential and residential sites
51.3 . .

50 | ORecreational sites

400 455 40.0
40 ' .

30.0
301 20.0
20 1 103 10.0
10 +
O T T
Ag Zn Other elements

Fig. 2. Percentage of sites with maximum accumulation level of different elements in
various land-use sites

To reveal the influence of specific contamination sources, mainly AAAs with maximum K of
other elements should be analysed. The number of sites, where this is observed, is low.
However, part of AAAs with maximum Ky of Ag or Zn includes not only elements related to
non-ferrous metals, but also other elements. Such AAAs are also rare and usually more
multielement. Two above-mentioned groups can be named unusual associations (U). AAAS
only with elements related to non-ferrous metals and with the highest Ky of Ag or Zn can be
named ordinary associations (O). Taking into account also the level of association, i.e.
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interval of maximum Ky, 8 groups of AAA can be formally distinguished, 7 of them are found
in the study area (Table 1.).
Table 1.
Number of sites from different districts or land-use zones belonging to various groups of
adjusted accumulating associations

District Land-use
. Residential Total
Group Naujamiestis | Senamiestis | . Industrial- or public- Recreational | number
infrastructural ! .
residential
E-O 2 9 0 11 0 11
H-O 4 7 1 8 2 11
M-O 7 2 1 4 7
L-O 1 2 0 2 1 3
E-U 11 1 6 5 1 12
H-U 10 3 1 10 2 13
M-U 2 0 0 2 0 2

Note. Ordinary associations of different level: E-O — extremely high, H-O — high, M-O — medium, L-O — low.
Unusual associations of different level: E-O — extremely high, H-O — high, M-O — medium.

There is 54.2% of ordinary and 45.8% of unusual associations in the study area. Ordinary
associations are more abundant in Senamiestis, while unusual — in Naujamiestis, which has
been more industrialised [3]. When the level of association is M, associations are usually
ordinary, when it is L, only ordinary. This is because ordinary associations can include
maximum 5 elements (Ag, Zn, Pb, Sn and Cu). When the level of association is H or E, there
are slightly more sites with unusual associations than with ordinary (Table 1). This is in
accordance with the fact that more multielement pollution results in higher contamination of
topsoil [9]. When the level of association is E, the main part of unusual associations is
observed in industrial-infrastructural sites, meanwhile of ordinary associations — in residential
or public-residential sites. This regularity indicates that extremely dangerously contaminated
sites, where topsoil has been polluted by industrial activity, can often be traced according
unusual associations. When the level of association is H or M, the main part of unusual
associations is in residential or public-residential districts, though in the first case some of
them can be found even in recreational sites. These land-use zones can be affected by industry
or infrastructural objects. Unusual associations can be subdivided into simple or complex
types (Table 2). There are four simple types distinguished taking into account more rare
members of AAAs, which belong to 3 different groups: N — related to non-ferrous metals (Pb,
Cu, Sn), F — related to ferrous metals (Mo, Ni, Cr, V, Co) and C — related to carbonates (Ba).
Associations with maximum Ky of elements from N group are attributed to type N1 and with
maximum Ky of elements from F group — to type F1. As Ba has nowhere maximum Ky, the
respective type is absent. However, type C2, which is characterised by Ba having not
maximum Ky, is present in site N11, where maximum permitted concentration (MPC) of Ba is
exceeded (Table 2). Type F2, which is characterised by elements from group F having not
maximum Ky, is also found on the study area. Meanwhile elements from group N with not
maximum Ky are quite usual in AAA, they are in ordinary AAA. There are also 2 mixed types
of unusual AAA: F1-F2 and N1-F2. Types of unusual associations characterise the influence
of specific urban pollution sources (Fig. 3). Type F1-F2 is found in the closest neighbourhood
to the drill plant (sites N21, N22, N24), type F1 — in residential site N23 at some distance
from this plant, while type F2 — at greater distances. All these types are characterised by
accumulation of Mo. Though part of Mo can be from traffic (e.g. probably in site NO6), the
fact that F2 type is almost absent in Senamiestis (except S19), but is widely spread in
Naujamiestis confirms great influence of the drill plant on the latter district.
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Table 2.
Unusual accumulating associations and their types

. Max Adjusted accumulatin Rarer members | Exceed
Site | Ly, | MA association (AAA) Type of AAA mpc | 24 |©
N21 | | 250 E | Mo----ZnCrAgCuVPb-CoNiSn | F1-F2 | Mo+Cr,V,Co,Ni | MoCr 282 | 4
N22 | | 147 E | Mo---Zn-CuCrAgPbV-SnNiCo | F1-F2 | Mo+Cr,V,Ni,Co | MoZnCr | 189 | 4
N24 | | 140 | H | MoZn-CuAgPb-SnNi F1-F2 Mo+Ni MozZn | 4243
N23 | E |103 | H | Mo-ZnAgPbCu-Sn Fi1 Mo Mo 3513
N27 | | 173 | E | Zn-CuAgPb-Sn-MoCr F2 Mo,Cr ZnPb 46.1 | 3
NO2 | | 184 | E | AgZn-SnPb-CuMo- F2 Mo SnZnPb | 60.0 | 3
NO3 | | 16.0 | E | Ag-Zn-SnCuPb-Mo F2 Mo ZnSn 504 | 3
N14 | R | 311 | E | Ag-CuZn-PbSn-Mo F2 Mo AgSnPb | 634 | 3
NO4 | E* | 196 | E | Zn-Ag-MoCuPb-Sn F2 Mo Zn 48.0 | 3
N17 | E* | 325 | E | Zn---AgPb-MoSnCuNi F2 MoNi Zn 52.1 | 3
NO1 | E* | 39.1 | E | Ag--Zn-SnCuPb-Mo F2 Mo AgSnZn | 69.0 | 3
N19 | E* | 104 | H | AgZn-MoPb-CuSn F2 Mo Zn 338 |3
N18 | E | 10.1 H | ZnAg-Pb-MoCuSnV F2 Mo,V Zn 321 |3
N26 | E | 128 | H | ZnAg-CuMoPb-Sn F2 Mo Zn 404 | 3
N12 | E | 128 | H | ZnAg-PbCuSn-Mo F2 Mo ZnPbSn | 452 |3
NO6 | E | 139 | H | ZnAg-Cu-PbMoSn F2 Mo Zn 350 |3
N16 | E | 105 | H | Zn-Ag-PbCuMoSn F2 Mo Zn 240 | 2
S19 | E* | 159 | H | Ag--ZnMoSnPb F2 Mo 249 | 2
N13 | R 8.7 H | Ag-Zn-CuMoSn F2 Mo 224 | 2
N20 | E 4.8 M | AgPbMoZn-CuSn F2 Mo 185 | 2
N25 | E 51 M | Zn-AgPbCuMoSn F2 Mo 158 |1
N28 | | 241 | E | Sn-AgCuZn-Pb-Mo N1-F2 Sn+Mo SnPb 645 | 3
N30 | R 8.1 H | Cu-ZnAgSnPb- N1 Cu SnPb 36.4 | 3
S04 | E | 571 | E | Pb--CuAg-Sn-Zn N1 Pb PbCu 85.7 | 3
S21 | E* | 141 | H | PbZn-AgCuSn- N1 Pb PbSn 396 |3
S05 | E | 11.7 | H | Pb-ZnAgCu-Sn N1 Pb Pb 271 |2
N11| E | 212 | E | ZnAg-CuPb-SnBa C2 Ba ZnBa 535 |3

Notes: L — land-use code, (explanation is in Fig. 1), LA — level of association, MPC — maximum permitted
concentration given in HN 60-2004 [14], G — general category of topsoil contamination according to HN 60-
2004 [14]: 1 — allowable, 2 — medium dangerous, 3 — dangerous, 4 — extremely dangerous.

In 4 sites of F1-F2 or F1 types near the plant, MPC of Mo is exceeded, in two of them also of
Cr. Earlier research has shown their extremely high accumulation on the territory of the drill
plant (median Ky of Mo is 497 and of Cr is 46.2), they are followed by Co, Cu (median K
21.2 and 18.3, respectively, and V, Ni (median Ky in the interval 8-16) [12]. In most sites with
F2 type associations only Mo adds to AAA, its level of accumulation is usually low or
medium. In site N18 V adds to Mo in association, while in site N17 — Ni. As their K are low
(only slightly exceed 2), their origin can be from thermoelectric power station, which is to
south-west (the prevailing winds are also from this direction). Ni and V are specific elements
of this type of pollution [9]. Association of site N28 near locomotive depot belongs to type
N1-F2, as it is characterised by the highest Ky of Sn due to metal processing, while Mo has
low accumulation. In this site the origin of Mo can be both from the plant of drills and from
locomotive depot. Earlier research has shown that median Ky values of Mo and Sn on its
territory are elevated —2.9 and 2.4 [12]. Type F2 site N27, which is characterised by Mo and
Cr in AAA, can be influenced not only by the drill plant, but also by the railway pollution. In
site NO3 there might be some remnants of Mo pollution from the former turning lathe plant,
which is now demolished. The content of Mo on its former was high: median K¢ was 11.4
[12]. Type N1 is found in site N30, where Cu has maximum Ky. The reason is that the site is
near trolleybus ring. Earlier research has shown that trolley-bus parking places are
characterised by elevated Cu content in topsoil [7] and that it is specific element of trolleybus
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traffic pollution [17]. Type N1 with the highest accumulation of Pb is found in sites S04, S05
and S21. Topsoil contamination in the first two sites seems to originate mainly from the
railway pollution, meanwhile in the last one — from intensive motor transport.
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Fig. 3. Variation of the level of ordlnary and unusual associations and different types of

unusual associations
Note. Each unusual association is indicated by its type and more rare members of adjusted accumulating
association. The dashed line indicates probable influence zone of the drill plant.

Conclusions

Topsoil quality in old urban centres mainly depends on the additive index Z4 of contamination
by Ag, B, Ba, Co, Cr, Cu, Mn, Mo, Ni, Pb, Sn, V, Zn and is related to accumulating
associations, especially to the level of association, i.e. maximum concentration coefficient Ky
of elements in it. Maximum Ky is significantly positively correlated with Z4. Urban topsoil,
especially in the old centres of towns is usually characterised by higher contamination by
elements related to non-ferrous metals, i.e. Ag, Zn, Pb, Cu, Sn, compared to other elements.
Accumulating associations including only these five elements with the highest K of Zn or Ag
are ordinary. Unusual associations are either characterised by the highest Ky of other above-
mentioned elements or include wider spectrum of elements, mainly Mo, Ni, Cr, V, Co, which
are related to ferrous metals, or Ba, which is related to carbonates. When the level of
association is extremely high, i.e. the highest Ky exceeds 16, the main part of unusual
associations is observed in industrial-infrastructural sites, meanwhile of ordinary
associations — in residential or public-residential sites. Extremely dangerously or dangerously
contaminated sites, where topsoil has been polluted by industrial activity, can often be traced
according to unusual associations.
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Abstract. Metals deposition in peat can aid to evaluate impact of atmospheric or wastewaters
pollution and thus can be a good indicator of recent and historical changes in the pollution loading. For peat
using in agriculture, industrial, heat production etc. knowledge of peat metals content is important.
Experimental determination of metals in peat is very long and expensive work. Using experimental data the
mathematical model for calculation of concentrations of metals in different points for different layers is
developed. The values of the metals (Ca, Mg, Fe, Sr, Cu, Zn, Mn, Pb, Cr, Ni, Se, Co, Cd, V, Mo)
concentrations in different layers in peat taken from Knavu peat bog from four sites are determined using
inductively coupled plasma optical emission spectrometer.

Mathematical model for calculation of concentrations of metal has been described in the paper. As an
example, mathematical models for calculation of Pb concentrations have been analyzed.

Keywords: peat bog, metals, 3-D boundary-value problem, finite-difference method.

Introduction

Natural peat, because of its high content of humin, humic acid and fulvic acid, generally binds
metal ions strongly. Because of its high complication capacity, high cation’s exchange
capacity, natural moor and peat grounds have become extended sinks for metal ions
transported by aquatic migration and originating from atmospheric deposition [1, 2]. The
survey of the scientific literature focused on the subject “peat and metals™ reveals that very
many referring articles have already dealt with this theme: the investigation of depth profiles
of metals in peat as historical trends in pollutant deposition [3, 4, 5, 6, 7, 8], metals in moss
[9, 10, 11], soils [12] and sediments [13], mainly as a result of atmospheric depositions,
reflect the impact of human growth on the accumulation of toxic metals on the global
ecosystem. Other type of peat and metals studies focuses on peat use to capture dissolved
metals from aquatic solution [14, 15, 16, 17, 18, 19]. It means that knowledge about metals’
concentration in peat is very important. Since experimental determination of metals in peat is
very long and expensive work that one can use experimental data the mathematical model for
calculation of concentration of metals in different points for different layers (peat blocks) is
developed.

The mathematical model is based on averaging methods along the vertical z coordinate. This
method applies to mathematical simulation of the mass transfer process in multilayered
underground systems [20, 21] where it was necessary to solve the 3-D boundary-value
problems for elliptic type partial differential equations of second order. The considered
method allows reducing the 3-D problem to a system of 2-D problems.

Materials and methods
Site location. Peat sample has been carried out in Knavu peat bog in East Latvia, Rezekne
district. Total area of Knavu bog is 1240.6 ha, industrial outputs are 881.7 ha and maximum
depth of peat is 5.55 m. Peat layer forms hummock and hollow peat. The sampling sites in
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peat bog have been chosen in natural not drained part of bog. There are four peat sampling
sites in Knavu bog.

Sampling. The peat samples (34 cm long monoliths) were put in polyethylene film to
preserve nature moisture, brought to the laboratory. The first slice (+3 to 0 cm) is
corresponded to the living plant material on the bog surface. For survey of the metal
concentration in the peat in the studied bog in four peat bores were sampled using a peat
sampler (& = 8 cm). Excess surface vegetation was removed in situ to facilitate penetration of
the peat surface. Samples of peat were taken to a depth of 374 cm.

Peat sample preparation and analysis of metals. Study has been carried out using air dry
peat from peat bog. Analysis has been performed using A class vessels, calibrated measuring
instruments and equipment. Analytical quality reagents have been used without further
purification. All chemicals used in this study were of high purity. For preparation of solutions
high purity deionized water has been used throughout. Glass and quartz vessels utilized in the
study have been pre-cleaned by treating with K,Cr,O; and concentrated sulfurous acid mix.
All peat samples have been analyzed in triplicate.

Metals were determined after acid digestion [22]. Peat samples were digested heating 1.5 g of
peat with 15 mL conc. HNOj3 at 95 °C for 2 hours. Samples were filtered through filter which
previously has been washed with 0.5% conc. HNO3 solution, and then the filtrate was diluted
to the volume of 65 mL with deionized water. Metal (Ca, Mg, Fe, Mn, Zn, Cu, Cd, Pb, Co,
Cr, Ni, Mo, V, Se, Sr) concentrations were measured by Inductively coupled plasma optical
emission spectrometer OPTIMA 2100 DV ICP/OES from PerkinElmer.

A mathematical model. The process of diffusion we will consider in 3-D parallelepiped
Q={(x,y,2):0<x<1,0<y<L,0<z<Z}

The domain Q consists of multilayer medium. We will consider the stationary 3-D problem
of the linear diffusion theory for multilayered piece-wise homogenous materials of N layers
in the form

Q={(x,y,z):xe(0,1),ye(OL),ze(z,.7)i=1L N

where H, =z, —z,, is the height of layer Q,, z, =0, z, =Z . We will find the distribution
of concentrations ¢, =c;(x, y,z) in every layer Q. at the point (x,y,z)eQ, by solving the
following partial differential equation (PDE):

D,0°c; / ox* + D, 0°c; 1 8y* + D,0°c; 1 0z° + f,(x,y,2)=0, (1)
where D,, D,, D,, are constant diffusions coefficients, c; =c; (x,y,z) - the concentrations
functions in every layer, f,(x,y,z) - the fixed sours function. The values c, and the flux
functions D,oc,/oz must be continued on the contact lines between the

layersz=2z,i=1N —1:

G|z =ci..|z . D,oc 102)z; =Dy, 06,/ dz)z;, i=1,N -1 2)
where i=1, N —-1.

We assume that the layered material is bounded above and below with the plane surfaces
z, =0,z =2 with fixed boundary conditions in following form:

D,,éc,(x,y,0)/8z =0, ¢, (x,y,Z)=C,(x,y), - the boundary conditions of the second type (3)
¢, (%, y,0)=C,(x,y), cy(x y,Z)=C,(x,y), - the boundary conditions of the first type (4)

where C,(x,y), C,(x,y) are given concentration-functions.

We have two forms of fixed boundary conditions in the x, y directions:

1) the periodical conditions by x =0, x =1 in the form

i+1
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¢,(0,y,2)=c(l,y,2), ac,(0,y,z)/ x = &c, (1, y, 2)/ ox, (5)
2) the symetrical conditionsby y=0,y =1L

ac,(x,0,2)/ éy = éc,(x, L, z)/ 6y = 0. (6)
For solving the problem (1)-(6) we will consider conservative averaging (AV) and finite
difference (FD) methods. These procedures allow to reduce the 3-D problem to some 2D
boundary value problem for the system of partial differential equations with circular matrix in
the x - directions.
The AV-method with quadratic splines.
The equation of (1) are averaged along the heights H. of layers Q. and quadratic integral

splines along z coordinate in following form one used [21]
G (X, Y, Z) = Ci (X’ Y)"' m; (X, y)(z - zi )"‘ € (X, Y)Gi ((Z - zi )2 / Hi2 _1/12) (7)
where G, =H, /D, z, =(z_, +2)/2, m,,e,,C, are the unknown coefficients of the spline-

function, C, =H,* ’ ¢,(x,y,z)dz are the average values of c,,i=1 N .

i-1

After averaging the system (1) along every layer Q, , we obtain
D,0°C, /ox* + D,0°C, /oy* + 2H e, + F(x,y) =0, (8)

where F. = H*[" f.(x,y,z)dz are the average values of f,,i=1 N .

From (2),(7) follows
6C; +3H,m; +eG, =6C, —3H,,m;, +e
D, m; + € = D(i+l)zmi+1 -6

i+l

G.
=1 N -1 9)

i+1
iz’ i

Excluding m,, from (9) and then decreasing i and excluding m, ; we obtain for determined

i+1
e/ following system of N — 2 algebraic equations

26i—l(3i—l(Gi + Gi+1)+ ei ((GI + 3G’i—l )(GI + Gi+1)+ (GI + 3G’H—l )(GI + Gi—l))+
+ Zei+1Gi+1(Gi +G,,)=6(C,,, -C, )(Gi +G,,)-6(C,-C, )(Gi +G,.,)

where i =2,N -1./

From boundary conditions (3), (4) we can obtain 2 algebraic equations for i =1,i=N:
at first from (3) and (7) we have

D,m —-e =0 Cy+myH,/2+¢,G,/6=C,, or from (4)
C,—-mH,/2+¢G,/6=C, and then from (2.4) for i =1 and i =N from (9) we obtain
3m,D,, (G, +G,)+¢,(G, +3G,)+2e,G, =6(C, -C,)

3my, DNZ(GN + GN—l)_ ex (GN + 3GN—1)_ 2y Gy, = 6(CN - CN—l)'

Therefore, excluding m;, m, we obtain

e, (4G, +6G, )+ 2e,G, =6(C, —C,)

(ZGN + 4GN—1)eN + 2eN—lGN—l = _6(CN - CN—l)+ 6(Ca - CN )(1+ GN—l /GN )' (11)
from (4) we obtain

(2G,, +4G, ), +2¢,G, =6(C, —C,)-6(C, —C, 1+ G, /G,).

We can rewrite the system of algebraic equations (10),(11) in the form i=1 N

Aei—l(A +B +1)ei +Be. =3 (Ci+1 _Ci)_ b.(Ci _Ci—l) (12)
where A =G /(Gi +Gi—1)1 B =G, /(Gi +Gi+l)’ a = 3/(Gi +Gi+1)' bi = 3/(Gi—l +Gi)'

e =b=0,A=10Gy,=0 C,=C,, G =0/

(10)

i+1
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N
We can seek the solution of system (12) in the form [22]:¢; = > (-1)*"' 8,,(C,., -C, ), (13)

k=1
where the unknown variables S, do not depend on C, and these we can determine from

monotonous finite-difference scheme by factorization method (Thomas algorithm) for tri-
diagonal matrix [23]. Therefore, from (7) we obtain the systems of N partial differential
equations (PDE), where the boundary conditions for C, are determined from (5)-(6) in the

X,y -directions for averaged values

C (0’ y) =G (I’ Y)’ oG, (0’ y)/ax =G, (I1 y)/@x, (14)
aC,(x,0)/ 6y = éC,(x,L)/ 6y =0. (15)

In the case N = 2 (two layers) we have from (2.2) the following system of two PDE
D,,0°Cy(x, y)/ x* + D,,0°C,(x, y)/ 6y® + 2H e, (x, y)+ F, =0

{DZXc’izC2 (x,y)/ 82 + D,,0°C, (%, y)/ y* + 2H;"e,(x, y)+ F, =0’

where concentration of metals of the first layer c,(x,y,z) and the second layer c,(x,y,z)

under the formula (7) according to system (16) is calculated:
¢, (% y,2)=C,(x, y)+m(x,y\z—H,/2)+e/x, y)Gl((z —H, /2) IH? —1/12) ze(0,H,]
Cz(X: Y Z): CZ(X, Y)+ mz(x’ y)(z - (2H1 + Hz)/z)"'

e,(x, y)G,((z - (2H, + H,)/2F IHZ -1/12) € [H,, 2]

ml(x’ y) = el(x’ y)/ D,,, m, (X1 y) = (Zel(x1 y)+ €, (X' y))/ D,,,
or for the boundary condition (4) we have

m,(x, y)=&,(x, y)/(3Dy, )+ 2(C, (%, y) = Cy(x, y))/ Hy,

m,(x, y)=—&,(x, y)/(3D,, )+ 2(C, (x, y) - C, (x, y))/ H,.

If N =1 (one layer), then from boundary conditions (3) follows e, =1.5(C, —C,)/G,, but
from (4) follows e, =3(C, —-C, +C, —C,)/G,.

The FD — method for two layers.

We consider an uniform grid (N, x (N, +1)):

o, ={x.y,) % =ih,y, =(j-Dh,, i=1N,, j=LN, +1, N,h, =1, N h =L}

Subscripts (i, j) refer to x, y indices, the mesh spacing in the x;, y; directions are h, andh, .
For two layers we can the PDEs (2.10) rewritten in following vector form:

D,o°C/ox* +D,0°Cloy? —AC+F =0 17)
where D,, D, are the 2-nd order diagonal matrices with elements D,,,D,, and D, , D,, .

A is matrix of second order with elements H,,H,, G,,G, and C,F are the 2-nd order
vectors-columns with elements C,,C, [23].

The equation (17) for vector function C in the uniform grid (xi, yj) is replaced by vector
difference equations of second order approximation in 3 - point stencil
AA,W, , -CC,W,; +BB;W,;, +F; =0 (18)
where W, are vectors -column W; ~ (CLJ.,Cz,j,...,CNx,j)T , F; are vectors-column with
elements (Fl'j, Fojren FNx,j)T' i=2,N,, AA,CC, BB, =AA, are the block- matrices of
second order with the elements of the circular symmetric matrix with

(16)

j+1
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N, = M in the following form (the circular matrix A can be written down with the first rows
in the form A= [am' TP WY ]):
[Dly /h§,0,...,0] 0 cc, cc,
i~ 2 | CCj = '
0 [D2y /hy ooﬂ Lc3 ccj

where the circular matrices cc,, cc,, cc,,cc, are
1) for boundary condition (3)
cc, = [2(D,, /h? + Dy, /h?)+12/(H,d,), - D,, /h2,0,....0,— D, / hZ],
cc, =[-18/(H,d,)0,...,0], cc, =[-18/(H,d,)0,...,0],
cc, = [2(D,, /hZ + D,, /h?)+12(3+k)/(H,d, ), — D,, /h2,0,...,0,— D, /h?],
2) for boundary condition (4)
cc, = [2(D,, /hZ + Dy, /h?)+ 12+ 3k )/(H,d, ), - D,, /hZ,0,... 0,— D, /h?],
cc, =[-9/(H,d,)0,...,0], cc, =[-9/(H,d,)0,...,0],
cc, =[2(D,, /h? + D, Ih?)+12(3+Kk)/(H,d, ), — D,, /h?0,...,0,— D,, / hZ].
The vectors —column W; from (18) is calculated on Thomas algorithm [23] in the matrix form
using program MATLAB.

Results and Discussion
Average concentrations of the elements in the peat sections of the studied Knavu bog are
shown in Fig. 1-3. The profile of concentration changes elements at first can influence their
biogenic recycling and low mobility of these elements considering also the changes of the
water table [24]. Changes of concentrations of studied elements in all studied points in Knavu
bog have similar character: higher concentrations at upper layer are decreasing of the element
concentration starting from a depth 50 cm — 100 cm.

C wves Mg/Kg
000 5000 100,00 150,00 20000 250,00 300,00 350,00 400,00 450,00
0 . . o x . . . e
/ » &
50 = =
f » s
100 5 «
c ?/' . ;
2 150 i —
£ > s
A& 200 0\1a 7 Yo
250 o4
q/\A::;____
300 e
350 L 4
[ —=-F —e—Mg --—-a--Ca |

Fig. 1. Fe, Mg, Ca concentrations (mg/kg) in peat core from Knavu bog

For several elements (Fe, Sr, Zn, Mn, Ca, Mg) their concentrations again are increasing from
a depth starting from 2 — 3 m most probably due to supply with ground waters. Trends of
changes of concentrations of evidently anthropogenic elements (Pb, Cr, Cd and others) follow
a similar trend at both sites: concentrations within the bulk of the peat section are stable, but
then steeply are increasing towards the surface of the bog, again slightly decreasing at
approximately 10 — 20 cm below the surface.

253



C me, mg/kg
0,00 1,00 2,00 3,00 4,00 5,00 6,00 7,00 8,00

Ia)

e Sl
100 ; ,J"A> "‘/->
o lrsil o
‘ el
>
!

Depth, cm

200 A'A(

250 1
*

300 —
o)

350

[ ——pPp  ——-a--cu —-e--Ni ——cr |

Fig. 2. Pb, Cu, Ni, Cr concentrations (mg/kg) in peat core from Knavu bog
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Fig. 3. Sr, Mn, Zn concentrations (mg/kg) in peat core from Knavu bog

For mathematical model experimental date has been used — concentrations of Pb in four sites
in Knavu peat bog in depth from 0 cm till 340 cm.

Numerical results
We consider the metal concentration in the 2 layered peat block - with following measure:
L=I=1Im,Z=H,+H,=25m, H, =1m, H, =1.5m.
At the top of the earth (z=2Z) the concentration cmg/kg of metals are given in following
(x,y) points: ¢(0.1,0.2)=0.6, ¢(0.1,0.8)=0.5, ¢(0.9,0.2)=0.4, ¢(0.9,0.8)=0.7.
This date are smoothing by 2D interpolation with MATLAB operator, using the spline
function. We use following diffusion coefficients in the layers:

D, =10°, D,, =5-10", D, =107, D,, =10, D,, =10°, D,, =10"°.

In the Fig.4 is the graphics of metal concentration ¢ depending of vertical coordinate z by
x=1/2,y=L/2 and in other points. In the Fig. 5-8 we can see the distribution of
concentration ¢ inthe (x,y) plane by z=H,, z=Z and the averaged values C,,C,.
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In the Fig. 9 and 10 are the distribution of ¢ in the (z,y) and (z,x) plane by x=1/2
andy=L/2.

Levels of C by x=1/2, MaxCx=0.6333, MinCx=0.0400

Levels of C by y=L/2, MaxCy=0.5500, MinCy=0.0400
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Conclusions

The biggest concentrations of heavy metals are at the top layers of peat. Concentrations of
trace elements are low. Metals concentration in peat profiles confirms with respect to the
possibility of using metals concentration as indicator of the region and global environmental
pollution. Data of metal concentration in peat bogs in different levels have been got not only
by chemical analysis but using mathematical model as well. On practical analysis based
mathematical model functionate. Modeling and practical data are very similar it means that
model have practical application in real determination of metal concentrations.

The 3D diffusion problem in N layered domain described by a boundary value problem of the
system of PDEs with piece-wise constant diffusion coefficients are approximate on the
boundary value problem of a system of N PDEs.

The problem of metal concentration in the 2 layered peat block as an example of this
algorithm is considered.
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Abstract. Lipids constitute one of the major types of organic matter found in municipal wastewater.
Many manufacturing, food processing and industrial facilities dispose of liquid waste into sewer lines. Liquid
waste often contains fats, oils and grease and other organic contaminants which, over time, lead to clogs in
pipes. The treatment of this problem is to clean pipes with caustic drain cleaners, mechanically rout the pipes
or to replace the pipes completely. The second problem was the utilization of solid waste. JSC “Biocentras”
suggest a very effective and innovative complex technology. Firstly, lipids from wastewater and from drain
pipes surfaces are removing mechanically. Remained lipids and solid wastes were treated with a composition
of active microorganisms. The novel composition is nonpoisonous, no corrosive, no caustic and ecologically
advantageous. The invented technology ensures maximum results at the lowest cost in the shortest period of
time.

Keywords: bacterial composition, biodegradation, greases, mathematical model, optimization.

Introduction

Sustainable technologies promote the development of green techniques and products in order
to live in clean and healthy environment. New effective waste recycling and recovery
technologies are introduced. Our goal is to develop an effective and affordable complex-
technology for recovery of fatty pollutants from meat, fish and oil processing enterprises. At
the same time, it will reduce the quantity of biodegradable waste disposed in landfills.

Lipids (characterized as oils, greases, fats and fatty acids) are one of the most important
components of natural foods and many synthetic compounds and emulsions. Further, lipids
constitute one of the major types of organic matter found in municipal wastewater [1]. The
amount of lipid-rich wastewater increases every year due to urbanization and the development
of factories. The incidence of grease in different businesses is quite considerable. These
applies, for example, in slaughterhouses, sausage and meet product factories, restaurants, and
fish processing plants, industrial undertakings in which oils and fats are processed and barrel-
washing plants [2; 3]. Suspended lipids can be readily removed from wastewater by physical
methods. Nevertheless, chemically and/or physically stabilized lipid/water emulsions should
be managed in an appropriate manner. This is necessary because lipids that pass through
physic-chemical treatment processes contribute to the levels of biological oxygen demand
(BOD) and chemical oxygen demand (COD) in the effluents [4; 5; 6].

Many manufacturing, food processing and industrial facilities dispose of liquid waste into
sewer lines. Liquid waste often contains grease and other organic contaminants which, over
time, lead to clogs in pipes. The treatment of this problem is to clean pipes with caustic drain
cleaners, mechanically rout the pipes or to replace the pipes completely. Even when grease-
traps are included in a drainage system, the grease traps can form a permanent, solid grease
layer over the top of the water which requires “pump-out” of the grease-trap [3; 7]. In other
situations, liquid waste is disposed into septic tanks and drain-fields. High concentrations of
FOG in the waste water can lead to grease build-up on rocks in the drain-field which

258



eventually form a seal over the rocks preventing water flowing into the drain-field. The
treatment of this problem requires out the drain-field and replacing it with new materials [7].
Industrial and household fatty waste can be divided into two categories — "yellow" and
"brown" fat. The first category fatty waste can be used for the secondary processing of animal
feed additives, production of soaps, oils, cosmetics and skin care products. This type of waste
can be composted either. The second type of fat is collected in fat catchers or generated as
waste in other industrial processes, collected from pipes by mechanical. This fat is not
recycled and must be handled according to the existing waste management requirements.
Biodegradable organic waste of this origin can be incinerated, decayed or composted [8].
Thus biological treatment processes are commonly used to remove emulsified lipids from
waste water and drain pipes. All biological methods could be grouped in two major classes:
aerobic and anaerobic processes. During anaerobic treatment, fats are hydrolyzed to glycerol
and long-chain fatty acids (LCFA) followed by subsequent B-oxidation [9; 10; 11]. Fat
hydrolysis is not the rate-limiting step of treatment; however, millimolar concentrations of
long-chain fatty acids are capable of inhibiting the growth of numerous microorganisms.
Consequently, the occurrence of LCFA presents a serious problem for anaerobic cleanup
systems [10; 12]. During aerobic treatment grease are converting into harmless solids, CO,
and H,O. Moreover, LCFA are degraded by sequential removal of two-carbon atoms via the
B-oxidation pathway, resulting in release of a fatty acid shorter by two carbons and acetyl-
CoA, which is then subsequently oxidized to carbon dioxide by the tricarboxylic acid cycle
[13].

JSC “Biocentras” suggest a very effective and innovative lipid-rich wastewater and pipelines
clogged by lipids cleaning and composting of wastes rich in grease complex technology.
Firstly, lipids from wastewater and from drain pipes surfaces are removing mechanically, and
remaining lipids are treated with a culture of active microorganisms Enterobacter aerogenes
E13 (a stem degrading lipids), Arthrobacter sp. N3 (the stem degrading aliphatic compounds)
and Bacillus coagulans S1 (the stem degrading complex peptide linkage). Item, this mixture
of microorganisms could be using in grease traps and septic tanks, so it’s able to avoid
repeated cleaning of theirs. Air pollution by compounds, emitting unpleasant odors is reduced
by using microorganisms. Furthermore, microorganisms compose a lively biofilm and protect
the clogging of drainpipe.

Concentrated fatty waste obtained by mechanical removal, are composted in specially
equipped places. These wastes are neutralized using active cultures of these microorganisms.
Previous research has shown that this bacterial compositions created by JSC “Biocentras"
breakdown effectively the fat in the water and soil and can therefore be applied to speed up
composting. Developed technology is attractive for cleaner production/pollution prevention
approach, as well as meets strict environmental and hygiene requirements.

The aim of experiments was to optimize complex grease wastes utilization complex
technology, i.e. to set main optimal technological parameters of lipid-rich wastewater,
drainpipes, contaminated by grease, cleaning and composting process.

Materials and methods

Cultivation of bacterial composition of Enterobacter aerogenes E13, Arthrobacter sp. N3 and
Bacillus coagulans S1 was carried out in flasks. The 750 mL Erlenmeyer flasks containing
70 mL of complex nutrient medium were incubated at 30 °C in a rotary shaker Innova 43
(New Brunswick Scientific Co.) at 200 rpm for 16 h. All 3 cultures of microorganisms were
used in the same amount.

As model fatty substrate were set the most common by composition of fatty acids fats in
wastes such as porky fat, beefy suet and sunflower oil in the same amount by weight. All
experiments were divided into three major groups, i.e. the selection of optimal parameters of
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wastewater and pipelines biological treatments, and the determination of optimal parameters
of composting process.

To set optimal biological wastewater treatment technological parameters of lipid-rich
wastewater cleaning, 4 series of factorial experiments with 16 parallel tests in each were done.
Factorial plans of experiments near to D-optimal experimental designs were used, invoking a
methodology of reaction surface. The 750 mL Erlenmeyer flasks containing 200 mL of
experimental solution were incubated at 30 °C in a rotary shaker Innova 43 (New Brunswick
Scientific Co.) at 200 rpm for 48 and 72 h. Main technological parameters of cleaning
process, were vary: pH (6-9), concentration of bacterial mixture (2-7 %) and concentration of
fats (1-6 g/L).

For optimization of drainpipe, contaminated by grease, cleaning parameters four series of
factorial experiments with 16 parallel tests in each were done. Near to D-optimal factorial
plans of experiments were implemented in 750 mL Erlenmeyer flasks, placed in rotary shaker
KS501 digital (Kika Labortechnik). Fatty substrate (2.0 g) was overspread on wall of plastic
pipe, which interior area was 45.22 cm?. Fragments of pipes, clogged by lipids, were dipped
in flasks, containing washing solution. Washing solutions were prepared using deionized
water, and different hardness of water was got by using corresponding amounts of MgSQO,
and CaCl,. The temperature was maintained at 24 °C and main technological parameters, of
cleaning process, were changed: pH (6.5-10.5), concentration of bacterial composition
(2-7 %) and the hardness of water (0-3 mmol/L). The term of washing process was 1 and
3 days.

In all experiments the same mineral medium was used, prepared from water wherein salts
(NH;NO3 and KH,PQ,), containing N, P, K elements, were dissolved in amount of 3 % of fat
concentration. The pH of mineral medium was controlled by using 1 mol/l sodium hydroxide
solution and 1 mol/l hydrochloric acid solution.

The fat content, humidity, pH and content of live microorganisms were assessed in compost
mixtures during the composting optimization process. The composting process proceeded in
16 compost boxes with the natural ventilation, close to D-optimal (B3) factorial experimental
design. The manipulated factors were: X; — percentage of fat mixture (5-20 %), X, — cell
concentration of bacterial composition (10" — 10° CFU/g); X3 — percentage of peat (5-15 %).
For the measurement of the pH, the suspension of 1 mol/L potassium chloride solution in the
ratio 1:2.5 (inoLab 720, Germany) was prepared [14]. Fats were biodegraded by bacterial
composition. Reaction surface methodology based on factor experimental was used for
optimization of technological parameters of fatty waste composting [15; 16].

In the end of experiments the amount of not-digested lipids was measured and the percentage
of not-digested lipids was calculated. The amount of lipids was measured by method
described Alef and Nannipieri [17] with some modification. The amount of digested lipids
was given as a percentage of initial amounts of lipids in the wastewater, drainpipe or compost.
The cell concentration, defined as colonies forming units per gram (CFU/g), was determined
by plating diluted samples of lipids on nutrient agar (Oxoid) plates and incubating at 30 °C for
24 h [18].

Process optimization technique
A new complex technology for grease wastes utilization was created (Fig.1.). During
optimization procedure the optimal technological parameters of wastewater and drainpipe
cleaning were determined and optimal composition of composting mixture was set. There
were optimized technological processes of cleaning wastewater and drainpipes contaminated
by grease parameters and composting process optimization was to determine the composition
of composting mixture.
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Fig.1. Complex technological for grease wastes utilization diagram

For all procedures optimization the response surface methodology was used [16, 18, 19],
which includes design of factorial experiments, development of models for the response
surface estimation and model-based search of optimum point.

Statistical models for approximation the desired response surfaces are developed using data of
factorial experiments that were carried out according to close to D-optimal experimental
designs B, [15; 20]. Statistical test for model adequacy proved that the second order

polynomial models were suitable for prediction the desired responses:
Y=ag+ ) ax + ) % + ), D axx,, (1)
i=1 i=1 i=1 j=i+l
where Y is predicted response (grease degradation/removal efficiency), x. are independent
variables (technological parameters subjected to optimization), a, are the model parameters,

nis a number of independent variables [15].
The model (1) parameters are identified using the least squares method [15].
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Using the identified model (1) the point x" =[x ... x;]Tis calculated, at which the

predicted response takes maximum value.
If the maximum point lies on the boundary of experimental design area, a normalized gradient
vector at this point is calculated:

grad Y (x*):L(X) : ()

VY ()],
VY(x):FY(X) ‘ aY(x)]

X, OX
The gradient vector (2) determines the search direction of the optimum point outside the
experimental design area. Along the calculated direction, the expected location of optimum
point is predicted and the new cycle of factorial experiment and response surface estimation
around the predicted point is performed [16; 18]. If the calculated maximum point lies inside
the experimental design area, this point is an optimum point and the test experiment is carried
out at that point.
Calculations related to the statistical model identification and the response surface analyses
are performed using Matlab/Simulink tools.

n

Results and Discussion
Optimization of main technological parameters of lipid-rich wastewater cleaning
Oxidative biological processes in aqueous environments are limited by the low solubility of
oxygen in water. However, lipids have detrimental effects on oxygen transfer. They reduce
the rates at which oxygen is transferred to biofilms, thereby depriving the microorganisms of
oxygen. This effect results in reduced microbial activity [6]. Also the presence of lipids in
wastewater is related to occurrences of troublesome foam. JSC “Biocentras” suggest the
modern biological treatment technology, according that the composition of microorganisms is
placed in bioreactor filled of lipid-rich wastewater. To reduce the foaming problems the
discontinuous aeration is used.
To use this technology in industry, it is necessary to set optimal technological parameters,
such as pH, concentration of grease and amount of bacterial composition.
The response surface (amount of degraded grease depending on the technological parameters:
grease concentration, amount of bacterial composition and pH) predicted by statistical model
at the final stage of optimization procedure is presented by the isoresponse contour plots in
Fig. 2.
The following optimal values of technological parameters are determined: concentration of
grease — 4.5-6.0 g/L, amount of bacterial composition — 5.5-6.0 %, pH — 8-9. By realization
the process at the optimal conditions, about 30 % of grease has been degraded in 2 days and
about 60 % in 3 days. At the initial technological conditions: concentration of grease —
3.5 g/L, amount of bacterial composition — 4.5 %, pH — 7 (centre point of experimental design
plan), from which the optimization procedure started amounts of degraded grease totaled
25 % and 45 %, respectively.
Due to optimization, the grease degradation (splitting) rate increased by 20-30 %.
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Optimization of main technological parameters of sewage pipelines, contaminated by
grease

To effectively use the developed technology in industry, it is necessary to optimize main
technological parameters, such as pH and the amount of bacterial composition estimating both
economically and in opinion of efficiency of grease biodegradation.

The response surface (amount of degraded grease depending on the technological parameters:
hardness of water, amount of bacterial composition and pH) predicted by statistical model at
the final stage of optimization procedure is presented by the isoresponse contour plots in
Fig.3.
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The following optimal values of technological parameters were determined: hardness of
water — 0.0 mmol/L, amount of bacterial composition — 5.5-6.0 %, pH — 9. At the optimal
technological conditions, about 24 % of grease has been degraded in 1 day and about 40 % in
3 days.

Due to the use of tap water, whose total hardness reaches 3.5-4.0 mmol/L, for realization of
biodegradation process, the grease degradation rate decreased by 15-20 % compared to rate at
optimal conditions. It is advisable to equip water softening systems in factories. Using the tap
water in compare with deionized water, the same efficiency of drainpipe cleaning is enriching
over longer period of time.

Optimization of main technological parameters of composting process

A visible reduction in the quantity of microorganisms in composting boxes, where the initial
concentration of the mixture of fat was 12.5 % and 20 % was observed after 2 weeks.
Microorganisms require a long adaptation period because fat is heavily degradable substrate.
After the adaptation period lipolytic activity arises and fat degradation as well. The maximum
fall in pH was detected in the same compost boxes.

The mathematical model for approximation the response surface (dependence of the fat
degradation rate on the composition of composting mixture) was developed using data of the
factorial experiment. The second-order multiple polynomial model demonstrates an adequate
approximation of the response surface over the investigated region of the factor variations:

Y =a, +a,X +ayX, +agXs + a4x12 + a5x§ + a6x32 +a; X Xy +agX X3 +8gXyXg (3)
where Y is predicted response (percentage of degraded fat), x; is percentage of fat mixture, %,
X2 is cell concentration of bacterial composition, CFU/g, X3 is percentage of peat, %, a; are the
model parameters. The model parameters are identified using the least squares method and the
statistical test for model adequacy [16] proved that the model (3) was suitable for prediction
the fat degradation rate.

The calculated sectional views of the percentage of degraded fat after two weeks of

composting in the vicinity of the predicted maximum percentage point are presented by
isolines in Fig.4.
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Fig.4. Dependence of the degraded fat percentage (after 2 weeks) on the technological
parameters: percentage of fat, inoculate cell concentration of bacterial composition and
the percentage of peat in the vicinity of maximum degraded fat percentage point.
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The response surface based analysis has shown that the maximum rate of fat degradation
(over 73 % within 2 weeks) was observed at the following technological conditions: the fat
content — 5.0 %, cell concentration in bacterial compositions — 10° CFU/g, peat content —
9.5 %. The character of the response surface shows that the percentage degradation rate of fat
increases with decreasing the initial fat concentration: by decreasing the initial concentration
from 20 % to 5 % the percentage degradation rate rose over 3 times.

However, in economic terms it is reasonable to treat the compost with higher initial
percentage of fat, at which the higher degradation rate over a longer period of time can be
achieved in terms of absolute units. At the initial fat concentration 20 % in 6 weeks about
70 % of total fat was degraded.

Conclusions
Developed complex greases wastes treatment technology was optimized. Firstly, lipids from
wastewater and from drain pipes surfaces remove mechanically. Remaining lipids were
treated with the composition of active microorganisms. Solid phase was composted using the
composition grease oxidizing microorganisms.
The application of selected bacterium Enterobacter aerogenes E13, Arthrobacter sp. N3 and
Bacillus coagulans S1 in lipid-rich wastewater and in solid wastes composting treatment is
very perspective process. The novel composition is nonpoisonous, no corrosive, no caustic
and ecologically advantageous. By substantially reducing big amounts of grease which cause
clogging of drainpipes, sewage pipelines was effective in deodorizing sewage/composting
mixtures and eliminates clogging.
The optimal parameters for biological wastewater treatment were set: concentration of
grease — 4.5-6.0 g/L, amount of bacterial composition — 5.5-6.0 %, pH — 8-9. In optimal
conditions, the grease degradation process runs 20-30 % faster.
The optimal parameters for biological cleaning of E)ipelines clogged with grease were set:
Ph — 8, amount of bacterial composition — 1.25 L/m“ and harness of water — 0.0 mmol/L. At
the medium hard water the rate of biodegradation process is 15-20 % less, it is recommended
to equip the equipment for softening of water.
The optimal experimental composting mixture composition was determined: the initial fat
content — 5 %, the concentration of bacterial composition’s cells — 10° CFU/g, the quantity of
structural materials — 9.5 %. Fat degradation rate slows down 3 times if the initial fat
concentration increases from 5 % to 20 %.
The invented technology ensures maximum results at the lowest cost in the shortest period of
time.
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BIOLOGICAL SURFACE ACTIVE COMPOUNDS APPLICATION
POSSIBILITIES AND SELECTION OF STRAIN WITH EMULSIFYING

ACTIVITY
BIOLOGISKO VIRSMAS AKTIVO SAVIENOJUMU IZMANTOSANAS
IESPEJAS
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Abstract. The biological oil- polluted soil treatment method is used widely; however it is not
effective enough because the microorganism’s metabolism is affected by seasonal temperature fluctuation.
Besides, soil remediation processes are very slow because of low solubility of oil and oil products in water.
Biological surface active compounds show promising results in oil-polluted soil bioremediation. Three
hydrocarbons degrading microorganisms strains, showing high emulsification activity were selected.

Keywords: surface active compounds, biosurfactants, bioremediation

Introduction

There is a public demand for environmental practices that reduce pollution and a growing
demand for restoration of contaminated sites. A variety of chemical, physical and biological
methods are used for oil- polluted soil remediation. The biological oil- polluted soil treatment
method is used widely because it is cheap and relatively effective. However, it is not always
easy to achieve desired results because microorganisms are dependent on seasonal
temperature fluctuation [1], big oil concentration in oil- polluted soil [2] and on
bioavailability of pollutants. The spontaneous soil remediation processes are very slow
because of low solubility of oil and oil products in water [3, 4].

Surface active compounds (SAC’s) are widely used wetting agents that lower the surface
tension of a liquid, allowing easier spreading, and lower the interfacial tension between two
liquids. Surfactants are organic molecules that usually consist of a hydrophobic and
hydrophilic part. The hydrophilic part makes surfactant soluble in water, while the
hydrophobic part makes them tend to concentrate at interfaces. The presence of surfactant
molecules at air- water interface results in a reduction of the surface tension of aqueous
solutions and leads to the stabilization of foams. Another characteristic of surfactants is the
formation o micelles, small agregates of surfactant molecules. Depending on the nature of the
hydrophilic group, four types of surfactants can be distinguished: anionic, cationic,
zwiterionic and non-ionic surfactants. Surfactants can be produced chemically (synthetic
surfactants) and biologically (biosurfactants). The most common hydrophobic parts of
synthetic surfactants are parafins, olefins, alkylbenzenes, alkylphenols and alkohols; the
hydrophilic goup is usually a sulphate, sulphonate or a carbxylate group (anionic surfactants),
a quaternary ammonium group (cationic surfactants), polyoxelene, sucrose or polypeptide
group (non-ionic). The major classes of biosurfactants include glycolipids, phospholipids,
fatty acids, lipopeptides/ lipoproteins, and biopolymeric biosurfactants. Surfactants are
produced on large scale and have numerous applications, e.g., as additives in cleaning agents,
food, cosmetics, in mining and road construction, detergents, fabric softeners, emulsifiers,
paints, adhesives, inks, foaming agents, soil bioremediation etc. Some applications of
biological surface active compounds are shown in Table 1.
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Table 1.

Biosurfactant uses and effects [5]

Use

Effect of surfactant

Metals
Concentration of ores
Cutting and forming

Wetting and foaming, collectors and frothers
Wetting, emulsification, lubrication and corrosion inhibition
in rolling oils, cutting oils, lubricants, etc.

Casting Mold release additives
Rust and scale removal In pickling and electrolytic cleaning
Plating Wetting and foaming in electrolytic plating
Paper

Pulp treatment
Paper machine
Calender

Deresinification, washing
Defoaming, color leveling and dispersing
Wetting and leveling, coating and coloring

Paint and protective coatings
Pigment preparation
Latex paints

Dispersing and wetting of pigment during grinding
Emulsification, dispersion of pigment, stabilize latex, retard
sedimentation and pigment separation, rheology

Waxes and polishes

Emulsify waxes, stabilize emulsions, antistat

Petroleum production/products
Drilling fluids

Emulsify oil, disperse solids, modify rheological properties of
drilling fluids for oil and gas wells

Worker of producing wells
Producing wells
Secondary recovery
Refined products

Emulsify and disperse sludge and sediment in cleanout of wells
De-emulsify crude petroleum, inhibit corrosion of equipment
In flooding operations, preferential wetting

Detergent sludge dispersant and corrosion inhibitor in fuel oils
crank-case oils and turbine oils

Textiles
Preparation of fibers

Dyeing and printing

Finishing of textiles

Detergent and emulsifier in raw wool scoring; dispersant in viscose rayon
spin bath; lubricant and antistat in spinning of hydrophobic filaments
Wetting, penetration, solubilization, emulsification, dye leveling,
detergency and dispersion

Wetting and emulsification in finishing formulations, softening, lubricating
and antistatic additives to finishes

Agriculture
Phosphate fertilizers
Spray application

Prevent caking during storage

Wetting, dispersing, suspending of powdered pesticides and
emulsification of pesticide solutions; promote wetting, spreading and
penetration of toxicant

Building and construction
Paving
Concrete

Improve bond of asphalt to gravel and sand
Promote air entertainment

Elastomers and plastics
Emulsion polymerization
Foamed polymers
Latex adhesive
Plastic articles
Plastic coating and laminating

Solubilization, emulsification of monomers
Introduction of air, control of cell size
Promote wetting, improve bond strength
Antistatic agents

Wetting agents

Food and beverages
Food processing plants
Fruits and vegetables
Bakery and ice cream S
Crystallization of sugar
Cooking fat and oils

For cleaning sanitizing

Improve removal of pesticides, and in wax coating
olubilize flavor oils, control consistency, retard staling
Improve washing, reduce processing time

Prevent spattering due to super heat and water

Industrial cleaning
Janitorial supplies

Detergents and sanitizers

Descaling Wetting agents and corrosion inhibitors in acid cleaning of
boiler tubes and heat exchangers.

Soft goods Detergents for laundry and dry cleaning

Leather

Skins Detergent and emulsifier in degreasing

Tanning Promote wetting and penetration

Hides Emulsifiers in fat liquoring

Dyeing Promote wetting and penetration
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Surface active compounds improve the bioavailability of highly hydrophobic pollutants. They
reduce surface tension and therefore improve the solubility of oil and oil products in water
and availability for the microorganisms. It is frequently observed that the rate of removal of
compounds from soil is very low even though the compounds are biodegradable.
Biodegradation of hydrophobic compounds may take place only in the aqueous phase. The
rate at which a particular organic compound dissolves in water is critical to its
biodegradability, as this governs the rate of transfer to the organism. The application of
surfactants to release hydrophobic pollutants, with the objective of increasing their
bioavailability and biodegradability, has mixed results [6]. In particular, surfactants vary
greatly in their toxicity to humans and ecotoxicity, and their resistance to biodegradation may
lead to the secondary pollution. This is one of the major barriers to the development of the
technique. For soil remediation systems, another technology inhibiting observation is that the
addition of surfactants to soil can form highly viscous emulsions that are difficult to remove.
Large quantities of surfactants are also required [7] and in a soil system, large quantities of
aqueous chemicals can ruin soil permeability. Many synthetic surfactants inhibit PAH-
degrading microorganisms [7]. Introduction of a surfactant in the environment will always
lead to contamination with this surfactant and is, therefore, of little use when the compound
itself gives rise to environmental concern. Consequently, the toxicity of the surfactant and its
potential degradation products is one of the most important criteria for the selection of
surfactant in soil clean-up. Because of the use of the surfactants on large scale in detergents,
the toxicity of these compounds has been tested relatively well. The toxic effect of surfactants
on bacteria can be explained by two main factors: disruption of cellular membranes by
interaction with lipid components and reactions of surfactant molecules with protein essential
to the functioning of the cell.

Surfactants biodegradability is a factor that can have negative and positive effects in the use
of surfactants for bioremediation. Negative effects can be caused by: depletion of minerals
and oxygen; toxicity of surfactant intermediates, which are often more toxic than the parent
compounds; or preferential degradation. Moreover, the degradation of the surfactant will
reduce any bioavailability enhancing effects. The most obvious positive effect of surfactant
degradation is the removal of the surfactant from the polluted site. Furthermore, the presence
of a degradable surfactant may enhance the uptake rate of hydrocarbons. Another positive
effect is that a degradable surfactant might be used as a primary substrate when the pollutant
is degraded co-metabolically. Biologically produced surfactants accur naturally in soil, and
the use of these surfactants in bioremediation processes may be more acceptable from a social
point of view. In comparison with sunthetic surfactants, a lower toxicity can be expected from
most biosurfactants, although some biosurfactants can be as toxic as synthetic ones. The
biological oil- polluted soil washing by biological surfactants is used more and more widely
in situ and ex situ soil remediation. Biosurfactants may offer several advantages over
synthetic surfactants; they are very effective surfactants, having about a 10 to 40 fold- lower
critical micelle concentration than synthetic surfactants. Their production by microbes is
widespread: in the last decade at least 13 new glycolipid producers and 13 new lipopeptide
producers have been reported [7]. Biological surface active compounds are produced by a
wide variety of microorganisms: Pseudomonas sp., Rhodococcus sp., Acinetobacter sp.,
Azotobacter vinelandii [8]. The low molecular mass biosurfactants are generally glycolipids
or lipopeptides, the high molecular mass biosurfactants are polysaccharides, proteins,
lipopolysaccharides, lipoproteins or complex of these biosurfactants [9]. Various
biosurfactants, produced by different microorganisms are listed in Table 2.
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Table 2.
Various biosurfactants produced by microorganisms [5]

Microorganism Type of surfactant

Torulopsis bombicola Glycolipid (sophorose lipid)
Pseudomonas aeruginosa Glycolipid (rhamnose lipid)
Bacillus licheniformis Lipoprotein (?)

Bacillus subtilis Lipoprotein (surfactin)
Pseudomonas sp. DMS 2847 Glycolipid (rhamnose lipid)
Arthrobacter paraffineus Sucrose and fructose glycolipids
Arthrobacter Glycolipid

Pseudomonas flurescens Rhamnose lipid

Pseudmonas sp. MUB Rhamnose lipid

Torulopsis petrophilum Glycolipid and/or protein
Candida tropicalis Polysaccharide-fatty acid complex
Corynebacterium lepus Corynomycolic acids
Acinetobacter sp. HO1-N Fatty acids, mono-and diglycerides
Acinetobacter calcoaceticus Lipoheteropolysaccharide

Rag-1 (Emulsan)

Acinetobacter calcoaceticus Whole cells (lipopeptide)

2CAC

Candida lipolytica »liposan« (mostly carbohydrate)
Candida petrophilum Peptidolipid

Nocardia erythropolis Neutral lipids

Rhodococcus eryithropolis Trehalose dimycolates
Corynebacterium salvonicum Neutral lipid

SFC

Corynebacterium Polysaccharide-protein complex

Hydrocarboclastus

The individual rhamnolipids are able to lower the surface tension of water from 72 mN m™ to
25-30 mN m™ at concentrations of 10-200 mg I™*. After initial testing, rhamnolipids seem to
have potential applications in combating marine oil pollution, removing oil from sand and in
combating zoosporic phytopathogens [9].

The aim of this study is selection of microorganisms, producing biosurfactants, showing best
results in emulsifying hydrophobic compounds.

Materials and methods
Microorganisms. Forty two strains of hydrocarbon degrading microorganisms were used for
the investigation. The microorganisms were isolated from the petroleum hydrocarbon polluted
environment and are maintained in the cultures collection of JSC Biocentras.
Media and cultivation conditions. Nutrient broth (Oxoid, United Kingdom) was used for
preparation of the innoculum. The cultures were grown in the broth for 16-18 h at 30 °C in a
rotary shaker (Innova 43, New Brunswick Scientific Co. Inc, USA) at 200 rpm. The
submerged cultures were used as innoculum at the 2 % (v/v) level. For emulsification studies,
microbial strains were cultivated in medium with following compositinion (g/l): NH4NO3-
2.2, KCI- 0.1, KH,PO,4- 0.5, K;HPO,4- 0.1, CaCl,- 0.01, MgSO4-7H,0- 0.5, FeSO,4-7H,0-
0.05, Yeast extract — 0.1 and n-tridecane- 20.0. The final pH of medium was 7.2. Cultivations
were performed in 750 Erlenmeyer flasks containing 100ml medium at 30 °C in the rotary
shaker at 200rpm for 48 h.
Emulsification measurement. Emulsification activity was measured by adding 5 ml n-
hexane to 5 ml of 10 % suspension of culture liquid in 0.1 M Na,CO3 and hand shaking for
30s. The mixture was kept still 1 h prior to measurement. The emulsification activity was
calculated by dividing the measured height of the emulsion layer by the total height and
multiplying by 100.
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Results and discussion
The results are shown in Table 3. It is clearly seen three strains showing high emulsification
activity: 21, Gr2 and N3 (68.2, 52.2 and 49.5 %, respectively) (Table 3.). The highest activity
towards n- tridecane has strain 21 (68.2 %). These strains are selected to the future soil
bioremediation technology using biological surface active compounds.

Table 3.
Emulsification activity of culture liquid from hydrocarbon degrading microorganisms
i Emulsification . Emulsification
Strain . Strain o
activity, % activity, %
Cl 27.3 23 20.0
KM 18.7 NJ5 22.0
SM 22.4 NJ9 39.4
M1 25.6 S10 0.0
M2 20.4 S20 0.0.
Maz1l 0.0 NJ12 20.1
L2 0.0. S3 10.7
J1 12.0 S7 10.0
98 10.0 D1 0.0
V1 0.0 NJ1 0.0
N1 19.3 NJ11 9.7
Svl 0.0 NJ13 0.0
Gr2 52.2 NJ2 0.0
Gr5 0.0 NJ15 12.3
K3 15.0 I1sp13 19.2
E2 0.0 Isp71 22.9
T 14.7 Isp91 20.7
21 68.2 KI1 21.0
PP 29.9 Isp51 24.5
P2 255 Isp52 22.0
N3 49.5 Z2 18.5
Conclusions

e SAC’s are applied widely in different areas, such as textile, food, inks, environment
cleanup etc. Biological surfactants are more advantageous in comparison with synthetic
because of lower toxicity and thus can be applied more widely.

e The method for selection of microorganisms having emulsification activity was selected
and applied.

e Three strains, having high emulsification activity were selected from 42 hydrocarbons
degrading microorganisms strains: 21, Gr2 and N3. The highest emulsification activity
has strain 21- 68.2 %.
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Abstract. Paper presents the results of air pollution analyses during last 8 years in Rezekne city.
There is carried out a research of atmospheric dust particles, found correlations between concentrations of
different air pollutants. Is given overview about air quality measurements in other countries, pointed out air
ionization importance on air quality evaluation. The aim of the research — to ground the extension of air
quality monitoring indicators including parameters of the air ionisation and to work out an action program
to improve an air quality in working areas and recreating zones.

Keywords: air pollution, air quality indicators, air ionization, air monitoring.

levads
Gaisa kvalitate ir viens no noteicosajiem faktoriem cilveéka pilnvértigas dzives apstaklu
nodro$inasanai. Vienlaikus gaisa vide ir visvairak paklauta piesarnojumam, bet nepartraukta
gaisa masu parvietosanas ka lokalaja, ta globalaja m&roga izsauc piesarnojuma izplatiSanos pa
plaSam teritorijam, piesarnojoso vielu koncentracijas izmainas ka laika, ta telpa. Lidz ar to
gaisa piesarnojuma meérjjumi, to pilniba un regularitate kliist par svarigako jebkuru
monitoringa sistému sastavdalu.
Gaisa monitoringa punktu tikls paSreiz parklaj praktiski visu zemeslodi, bet méramo
parametru veidi un to tehniskais nodroSinajums ir loti atSkirigi. Tas daZzkart nedod iesp&ju
veikt datu salidzinasanu, to integralo interpretaciju un lidz ar to gaisa kvalitates izmainu
prognoZzu izstradi. P&c bitibas piesarnojuma izplatiSanas gaisa prognozes ir pat svarigakas par
laika prognozeém.
Neskatoties uz mérijumu daudzveidibu paslaik ir daudzmaz stabiliz€jies méramo komponensu
skaits.
Pilnas gaisa monitoringa shémas realizacijas gaita tick meritas 13 parametru grupas:
amonjaks, oglekla dioksids, oglekla oksids, ogliidenrazi, s€riidenradis un kopgjais sers,
slapekla oksidi, ozons, suspendéto cieto dalipnu PM10 un PM2,5 koncentracija, policikliskie
aromatiskie ogludenrazi, séra dioksids, kop€jais suspend€to dalinu daudzums, gaistoSie
organiskie savienojumi un v&ja atrums un virziens [1].
Liels izméramo parametru skaits neapSaubami dod plasaku un dzilaku informaciju par gaisa
stavokli, bet, par noz&lu, apgritina $o datu salidzinasanu dazados regionos, to interpretaciju
attieciba pret kop€jo gaisa kvalitates raksturojumu.
Saja sakara tiek veidoti integralie gaisa kvalitates indeksi.
Tadam nolukam Kanada [2] ir izstradats gaisa kvalitates indekss, kuru aprékina, nemot par
pamatu tikai 5 galvenos piesarnotajus: oglekla oksids CO, puteklu dalinas PM2,5, slapekla
dioksids NOy, 0zons O3 un séra dioksids SO,. Izm@rot Sos parametrus attiecigaja punkta, tick
aprékinati vienoti indeksi katram parametram péc 100 ballu sist€émas. Attieciga mérjjumu
punkta gaisa kvalitates indekss atbilst maksimalajam no Siem 5 parametriem piesarnojumam.
Latvijas lielakajas pilsétas ar1 ir izveidotas gaisa kvalitates monitoringa stacijas. R€zekné tada
stacija darbojas kop$ 2001.gada ar iesp&ju mérit SO,, NO,, O3, PM10, PM2,5, benzolu un
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toluolu. Diemzgl gandriz nepartraukti, sakot ar 2001.g., tika méritas tikai SO,, NO,, un O3
koncentracija gaisa.

Gaisa kvalitates jédziens nevar norobeZzoties tikai ar vielu koncentraciju gaisa. Ideali tirs gaiss
ir tikpat nederigs cilvéka organismam ka destiléts Gdens. Gaiss ir vide, kura var koncentréties
ne tikai dazadas vielas, bet arT energétiskie lauki, turklat to izcelsme var bt dazada. Tie var
bt elektromagnétiskie vai elektrostatiskie lauki, kuru avots atrodas arpus analiz€jama gaisa
tilpuma un nav saistits tiesi ar gaisu. Ir arT lauki, kas saistiti ar gaisa jonizaciju, kad pirmam
kartam skabekla molekulas jonizgjoties iegiist pozitivo vai negativo ladinu.

Lidzigi ka piesarnojosas vielas, arT energétiskie lauki var radit spécigu ietekmi uz cilvéku un
dzivo dabu. P&tot energétisko lauku Iimeni un ta izmainas gaisa vidg€, ir iesp&jams ieglt
informaciju par gaisa kvalitati un tas izmainam. Starp energétiskajiem laukiem un gaisa
mehanisko un kimisko piesarnojumu pastav zinamas kopsakaribas.

Pozitivo un negativo gaisa jonu — aerojonu — koncentracija piezemes atmosfera ir atkariga no
daudziem energétiskiem un kimiskiem, dabigiem un antropog€niem iedarbibas faktoriem.
Svarigi ir tas, ka aerojoni ne tikai ietekm& apkart€jo vidi, bet tie nonak savstarpgja
mijiedarbiba ar citiem kimiskiem piesarnojosiem komponentiem gaisa.

Gaisa jonizacija ir pozitivo un negativo aerojonu veidoSanas gaisa dabiskas vai maksligas,
antropogénas iedarbibas rezultata. Ka dabiskie jonizacijas energijas avoti var bit zemes
garozas radioaktivais fons, kosmiskais starojums, tidens pilienu berze (hidroaerojonizacija),
gaisa masu kustibas berze, magnétiskas vétras, atklata liesma, nokaitéti kermeni u.c. [3].
Aerojonus iedala p&c ladina zimes un jonizé€to molekulu izm@riem. Mazie joni pieder pie
vienas grupas, tiem ir vienada molekulas uzbtve un viens elementarais ladins, savukart vidéja
izméra un lielie joni veidojas, apvienojoties mazajiem joniem, ka ar1 tiem fiks€joties uz gaisa
suspendétajam dalinam un aerosoliem.

Aerojonu iedalfjums, ka arT to kustigums atkariba no masas atspogulots 1.tabula.

1.tabula
Aerojonu ipasibas zemes virsmas tuvuma [4]
Mazie joni Videjie joni Lielie joni
Radiuss r (cm) 6:10° (1-5)10" 10°-10”
Elementarladins q +1 +1 lidz + 10
Kustigums (cm/V*s) | 1,5 10" - 10 10“- 10"
Dzives ilgums 30 - 300 sek. | mintite - stunda | diena - ned€la
Koncentracija cm® 100-1000 | (1-10)-10° (1-100)-10°

Aerojonu koncentracija gaisa var mainities loti liela diapazona. Francijas Vidusjuras piekrasté
skaidra laika veiktie mérijumi uzrada 200 000 lidz 400 000 negativo aerojonu uz 1 cm® gaisa,
savukart Parizes metro ir tikai 3 Iidz 4 negativie aerojoni uz 1 cm?® gaisa [4].
Aerojonu ietekme uz apkart§jo vidi ir atkariga ka no jonizacijas pakapes, ta arm no jonu
polaritates. Jonu polaritati parasti raksturo ar unipolaritates koeficientu K, kas ir pozitivo jonu
koncentracijas attieciba pret negativo jonu koncentraciju lem® gaisa:
+
K="

n

Kad atmosferas gaisa sastava esoSas gazu molekulas tiek uzladetas negativi, pirmam kartam
negativi uzladgjas skabekla molekulas. Turpreti oglekla dioksida molekulas uzladgjas
pozitivi.

Daudzkartigie pétijumi pierada, ka kopuma cilvéka veselibu labvéligi iespaido negativie
aerojoni, bet pozitivie — nelabvéligi [5; 6; 7]. Negativie skabekla joni, uznemti organisma caur
elpceliem, nekav€joties nem dalibu skabekla parciala spiediena organisma veidosana, lidz ar
to ietekm&jot dzivibas procesus visa organisma. Paaugstinot skabekla parcialo spiedienu
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asinis, paaugstinas ari organisma sp&ja izvadit CO,. Negativo aerojonu inhalacija ietekmé
sirdsdarbibu [4], palidz arstét elposanas organu slimibas, kalpo ka dabiskais antidepresants
utt. [5].

Vienlaikus paliek daudzi neizpétiti jautajumi, saistiti ar aerojonu veidoSanas apstakliem un to
ietekmi uz aerojonu koncentraciju un veidiem, to mijiedarbibu ar gaisa suspendétam cietam
dalinam un gazém u.c.

Nemot veéra ieprieks teikto, klust skaidrs, ka aerojonu pétijumi ir svarigs solis gaisa kvalitates
uzlaboSana nepartrauktas industrialas slodzes uz gaisu palielinasanas apstaklos.

Petijuma mérkis ir izanalizét datus par gaisa kvalitates izmainam Re&zekn€, izpétit gaisa
puteklainibas limenus, aerojonu koncentraciju izmaigu dinamiku Rézeknes pilséta un izstradat
priek§likumus gaisa monitoringa sistémas pilnveidosanai. Saja darba tiek izklastiti pirmie
pétijuma rezultati.

Péetijumu objekti un metodes
P&tijuma objekts — Rezeknes pils€tas gaisa piesarnojuma limenis un ta izmainas laika.
Lai spriestu par gaisa kvalitates ITmeni un ta izmainam R&zeknes pilseta, tika apkopoti visi
pieejamie dati, kas iegiiti gaisa kvalitates monitoringa stacija 8 gadu garuma.
Papildus tika veikta puteklu sastava kvalitativa analize. Puteklu paraugu savakSanas vietas
izveletas, balstoties uz ieprieks veikto Reézeknes Augstskolas gaisa kvalitates rajon&Sanu
pilséta péc lihenoindikacijas metodes. Tika izv€letas 2 vietas salidzinosi tira pils€tas vide ar
labiem gaisa kvalitates raditajiem un 3 vietas, kur sagaidama lielaka piesarnojoSo vielu
klatbiitne (1.attels).
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1.att. Puteklu paraugu nemsanas punktu izvietojums Rézeknes pilséta

1.paraugu nemsanas punkts — Vilakas iela — atrodas pie R€zeknes pils€tas robezas. Tai blakus
ir An¢upanu mezs un nav intensivas apbiives.
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2.paraugu nemsanas punkts — privatmaju dzivojamais rajons iepretim Miera ielas kapiem — ir
kluss. Taja nav intensivas satiksmes.

3.paraugu nemsSanas punkts — AtbrivoSanas alejas un Latgales ielas krustojums — ir pats
dzivakais krustojums Rézeknes pilséta. Satiksmes intensitate ir augsta. Ritos un vakaros $aja
krustojuma medz veidoties sastrégumi. Automasinu rinda centra virziena var sasniegt
vairakus desmitus transporta vienibu.

4.paraugu nemsanas punkts — Dzelzcela stacijas Rézekne-2 apkartne tiek uzskatita par vienu
no piesarnotakajam ne tikai gaisa, bet arT augsnes un tidenu zina. Stacija norit aktiva pasazieru
un precu vilcienu kustiba. Gar staciju ir izvietota viena no nozimigakajam pils€tas ielam —
Stacijas iela. Sis teritorijas puteklu sastava sagaidams saméra augsts auto un sliezu transporta
raditais piesarnojums.

5.paraugu nemsanas punkts — R&ézeknes galas kombinata apkartne Iidz Sim nav uzskatita par
pasi piesarnotu, tomer te biezi ir jitama specifiska smaka.

Paraugi tika iegtti, savacot sakrajusos puteklus no riipigi notiritas stikla plaksnes, kas tika
atstata uz noteiktu laiku iesp€ami tuvu nepiecieSamajai puteklu paraugu ievakSanas vietai.
Paraugi tika paklauti analizei zem mikroskopa. Stikla plaksnes atrasanas ilgums konkréta
vieta bija izvélets tads, lai savakto puteklu daudzums bitu pietickams meérfjjumiem un
reprezentativs. Sis laiks atkariba no vietas bija 2-8 stundas. Puteklu paraugi tika savakti
2007.gada oktobr1 — novembrT diennakts laika no 13.00 lidz 17.00.

Putek]u paraugu analize tika veikta ar digitalo gaismas mikroskopu ,,BMBA300” R&zeknes
Augstskolas Lietiskas ekologijas un dabas resursu laboratorija. Ta okularu palielinajums ir
10x. Tika iegtti un ar datorprogrammu apstradati puteklu att€li ar 40x, 100x un 400x
palielinajumu.

Lai izvert€tu aerojonu Itmeni un to izmainu dinamiku, tika veikti arT vieglo aerojonu
koncentracijas meérjjumi dazadas Rézeknes pilsétas vietas. Tika izmantots portativais aerojonu
skaititajs ,,Candup-3m” ar minimalo izskirtsp&ju 10 joni uz cm®. Paraléli pozitivo un negativo
aerojonu koncentracijai tika noteikta ar1 temperatiira, relativais gaisa mitrums, atmosferas
spiediens, v€ja atrums un virziens. Meérjjumi tika veikti 1 nedé€las laika katru dienu plkst. 8.00
un 17.00. Viena no ned€las dienam tika veikti mérijjumi katru stundu no plkst. 8.00 un 17.00
ar mérki sekot I1idzi jonu koncentracijas un pargjo meéramo parametru izmainam darba dienas
garuma. Katra meériSanas reiz€ tika aprékinatas vid€jas pozitivo un negativo jonu
koncentracijas no 10 m&rijumiem.

Rezultati un to izvertéjums

Apkopojot Reézeknes pilsetas gaisa monitoringa stacijas mérjjumu rezultatus laika posma no
2001.g. lidz 2008.g. [8; 9] diagramma, redzams, ka septinu gadu garuma piesarnojuma
limenis ir bijis diezgan stabils. Nosakamo vielu koncentracija ar retiem iznémumiem ir bijusi
pielaujamas koncentracijas robezas. Gandriz nepartraukti meérijjumi ir pieejami tikai par SOp,
NO; un Os. Praktiski visu piesarnotaju koncentracijai ir verojamas cikliskas svarstibas
atkariba no gadalaika. Ozona koncentracijas maksimumi novérojami marta — aprili. Ziemas
ménesos pieaug art SO, un NO, koncentracija, bet 2008.gada tas vairs neizpauzas tik izteikti.
Sis koncentracijas svarstibas izskaidrojamas galvenokart ar izmeSiem apkures sezona.
Pavasara méneSos ir noveérojams ari puteklainibas (PM 10) pieaugums, kas izskaidrojams
galvenokart ar pilsétas ielas no ziemas palikuSajam izbértajam smiltim, kuras v&ja iedarbiba
tiek paceltas piezemes atmosfera (2.attels).

SO, vidgja koncentracija 8 gadu laika ir 7,46 mkg/ m?. 2007. gada augusta ir registréta ménesa
minimala koncentracija — 2,1 mkg/m®. Ta maksimali pielaujama diennakts vidgja
koncentracija (Rd) 125 mkg/m3 un maksimali pielaujama stundas koncentracija (Rh) 470
mkg/m3 8 gadu laika nekad nav parsniegtas. Lielaka diennakts vid€ja koncentracija 51
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mkg/m? sasniegta 2002.gada janvari, bet liclaka stundas koncentracija 176 mkg/m® 2001.g.
marta.
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2.att. Gaisa kvalitates monitoringa datu apkopojums Rézekné 2001.-2008.9.

NO, vidgja koncentracija 8 gadu laika ir 20,65 mkg/m®. Minimald ménesa koncentracija 11
mkg/m? ir bijusi 2005.g. novembri un decembr, bet maksimala 51 mkg/m® ta pasa gada
februart. NO, tiek norméta tikai maksimali pielaujama stundas koncentracija (Rh) 290
mkg/m®. Ta nav sasniegta ne reizi, bet 2005.g. februarT tika sasniegta Rh 223 mkg/m®, kas
parsniedz iedzivotaju inform&Sanas raditaju veselibas aizsard21bai

O3 vide 3]a koncentracija 8 gadu laika ir 54,97 mkg/m Minimala ménesa koncentracija 31,5
mkg/m? ir bijusi 2007.g. augusta, bet maks1ma1a 82 ir registréta 2001.g. marta. Maksimala
stundas videja koncentracija 124 mkg/m registréta 2003.g. marta, taéu ta ne reizi nav
sasniegusi iedzivotaju informesanas raditaju veselibas aizsardzibai 180 mkg/m°.

Veiktie puteklu kvalitativa sastava pétijumi paradija, ka Vilakas iela pie AnCupanu meza
puteklu sastava dominé smilSu graudini ar vid€jiem vai salidzinosi lieliem izmériem, ka ari
putekli, kas veidojuSies no celmala augoSo augu dalam. Ka putek]u izcelsmes avots $aja vieta
var biit neasfalteéta Vilakas iela. PuSot A vai DA v€jam, ir iesp&jama ari piesarnojuma parnese
no pilsétas industriala Ziemelu rajona, it seviski no Ziemelu rajona katlumajas (R&zeknes
TEC). SmilSu graudinu ekvivalentais diametrs ir 99,8+135 un vairak mkm, augu palieku —
270 mkm un vairak. Nedaudz ir sastopama ar1 smalkaka puteklu frakcija ar d = 1015 mkm
(3.attéls). Sajos putek]u paraugos praktiski nemaz nav samanami kvépi, kas liecina, ka gaiss ir
tirs no oglidenrazu nepilnigas sadegSanas produktiem. Paraugu nemsSanas laiks sakrit ar laiku,
kad Rézeknes pils€tas Ziemelu rajona vel nebija uzsakta apkures sezona.

3. att Putekli Vllakas iela pie Ancupaniem un Miera iela simtkartiga palielinajuma
Otra sakotngji par salidzinosi tiru uzskatitaja paraugu nemsanas vieta — Miera iela iepretim
kapiem — tipiski ievérojami mazaku smil$u graudinu (aptuveni 40 mkm) sajaukums ar ne visai

lieliem kvépiem, kas tomér nereti ir lielaki par smilSu graudiniem (aptuveni 70 mkm).
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Kri$jana Barona icla, kas ir viena no Rézeknes magistralajam iclam, atrodas aptuveni 300m
attaluma no parauga nemsanas vietas, turklat uz to laiku satiksme $aja iela bija apturéta
remontdarbu veikSanas dél. Lielakais gaisa piesarnotajs S$aja rajona varétu bit privatmaju
skursteni. SmilSu un kvépu savstarp&jas attiecibas ir lidzigas (50/50). Praktiski nevar pamanit
augu u.c. izcelsmes putek]us. Salidzinosi lielo kvépu saturu var izskaidrot ar to, ka laika, kad
Ré&zeknes pilséta vel nebija pieslégta centrala apkure, privatmajas jau darbojas krasnu apkure,
kuras tiek sadedzinata ne vien malka, bet arm akmenogles. Salidzinosi daudz ir arT smalko
dalinu ar izm&riem 120 mkm.

Latgales ielas un Atbrivosanas alejas krustojuma puteklu sastavs ir Joti daudzveidigs. Taja
doming smil$u graudini ar ekvivalento diametru 50+60 mkm un Tpatngjas, iegareni izliektas
formas kvépi ar garumu 130+150 mkm un platumu 35+40 mkm, tatad ekvivalento diametru
82,5+95 mkm. Ir sastopami arT cita veida kvepi, kuri ir apalaki un izm&ru zina lidzinas smilSu
graudiniem. Tas liek domat, ka Sie kvépi nak no dazadiem avotiem. Kopgjais kvépu
daudzums var€tu biit aptuveni vienads ar smilSu graudinu daudzumu. Neliela daudzuma ir
sastopami arT no augu paliekam veidojuSies putekli un citas nenosakamas dalinas, kuram
varétu but tehniska izcelsme. Domajams, ka lielaka dala kvépu un melnas krasas dalinu
izcelsme ir no autotransporta izpliides gaze€m un, loti iesp€jams, atmosféra ar v€ju tiek
paceltas arT riepu dilSanas procesa radusas smalkas gumijas paliekas (4.att€ls).
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4. att. Putekli AtbrivoSanas alejas un Latgales ielas krustojuma mtkz'lrtigﬁ un pie
dzelzcela stacijas Rézekne-2 ¢etrsimtkartiga palielinajuma

v

Visdaudzveidigakie izméru zina ir putekli, kas ievakti dzelzcela stacijas Rézekne-2 rajona.
Sajos puteklu paraugos doming loti plasa izméru spektra un formas kvépu dalinas. To izméri
var variét no daziem mikrometriem lidz daziem simtiem mikrometru. SmilSu komponente ir
saméra vienveidiga ar ekvivalento diametru 80+100 mkm. Nedaudz ir sastopamas augu
izcelsmes paliekas un isti nenoskaidrojamas izcelsmes putekli. Domajams, ka lielais kvépu
saturs puteklos izskaidrojams ar dzelzcela transporta darbibu, ka arT ar Stacijas ielu, kas kalpo
ka smaga transporta apvedcels (4.att€ls).

Autostavvieta pie Rézeknes Galas kombinata saskana ar lihenoindikacijas datiem atrodas
vidgji stipri piesarnota teritorija. Kombinata apkartn€ biezi ir jiitama specifiska smaka, kas
nak no razoSanas cehiem un lopkautuves. Kombinats atrodas divu nozimigu ielu —
Dzelzcelnieku un Rigas — krustojuma, uz kuram vérojama salidzinosi liela kravas automobilu,
kas apbrauc pilsétas centru, un autobusu, kuri dodas uz autoostu, pliisma. Galas kombinats
atrodas netalu no dzelzcela. Pisot D, DR v&jiem, $aja teritorija iesp§jama piesarnojuma
nokluve no pilsétas centralas katlumajas. Puteklu paraugu nemsanas laiks sakrita ar apstakli,
kad dazadu iemeslu d€] Rézeknes centrala katlumaja par kurinamo uz laiku tika izmantots
mazuts. Bija redzams, ka nos€dusos puteklu krasa mainas atkariba no kurinama izmantoSanas:
laika, kad centralaja katlumaja kurinaja mazutu, puteklu paraugu krasa kluva krietni tumsaka.
Tas pierada katlumajas izmesu ietekmi uz $o rajonu. Sajos paraugos sastopamas smil§u un

278



kvépu dalinas aptuveni vienadas proporcijas ar Joti mainigiem izmé&riem, turklat ir konstatetas
citas komponentes — saméra daudz organisku palieku, domajams, no galas kombinata
ventilacijas sist€mas — adas pleksnites, apmatojuma dalas, ar1 augu izcelsmes paliekas.

Ka redzams, puteklu sastavs dazadas pilsétas teritorijas ir pietiekami atSkirigs un raksturo
konkréto pilsétas daJu piesarnojosos avotus. Aptuvenais vizuali noteiktais puteklu sastavs
procentos no dalinu skaita ar tipiskiem izmériem visas paraugu nemsanas vietas apkopots
2.tabula.

2.tabula
Puteklu dalinu procentualais sastavs

Parauga nemsanas Smilsu . Organiskas Citas dalinas,
?)unkts graudini, % Kvepi, 7 paﬁekas, % %
1. 90 0 10 0
2. 50 50 0 0
3. 49 49 1 1
4, 55 40 3 2
5. 40 40 5 15

Svarigs ir ne tikai kopgjas situacijas visparigs apraksts, bet arT katra konkréta piesarnotaja
tendencu analize un piesarnotaju koncentracijas korelacija sava starpa. Ta ka R&zekné
puteklainibas merijjumi ir veikti neilgu laika posmu, lai noskaidrotu tas korelaciju ar citiem
parametriem, tika izmantoti LVGMA gaisa monitoringa dati Rigad nov@rojuma punktos
Brivibas un Valdemara iela. P&tot dazadu piesarnotaju koncentracijas korelaciju, redzams, ka
starp tiem pastav zinamas sakaribas. Visnozimigaka talakai analizei ir visu parametru
korelacija ar puteklainibu (PM10 dalinam), jo, pateicoties joniz€Sanai, gaisu iesp&jams attirit
no putekliem un Iidz ar to ar1 no citiem piesarnotajiem, kuri uz tiem adsorb&jusSies. 3.tabula ir
apkopoti katras piesarnojosas vielas korelacijas koeficienti ar PM10 5 gadu laika Valdemara
iela [10].

3.tabula
Parametru korelacija ar PM10 Valdemara iela
Parametrs | 2003.g. | 2004.g. | 2005.g. | 2006.g. | 2007.g. | 2003. — 2007.9.
NO, 0,82 0,63 0,84 0,51 0,79 0,46
Ozons -0,16 | -0,25 | 0,02 0,60 | -0,52 - 0,02
Benzols 0,89 0,15 -0,70 0,28 -0,11 0,24
CO 0,38 0,51 0,48 0,40 0,86 0,36

Visspécigaka korelacija ilgaka laika posma puteklainibai pastav ar NOj, tacu ar CO un
benzolu ta ir vajaka. Tomér, apskatot korelacijas koeficientu pa atseviskiem gadiem, redzams,
ka var pastavét art loti speciga korelacija, pieméram, NO, un PM10 2005.gada ta bijusi pat
0,84. Tacu ilgaka laika posma korelacijas izmainas sava starpa ievérojami kompensgjas.
PMI10 korelacija ar ozonu parsvara ir negativa. Palielinoties PM 10 un citu piesarpotaju
koncentracijai, ozona koncentracija samazinas.

Aerojonu pétijumu rezultata noteikts, ka to koncentracija darba dienas griezuma ir stipri
mainiga. Unipolaritates koeficients vairakas reizes diena maina savu veértibu. Plkst. 8.00 tas ir
4,63, bet plkst. 15.00 ta vertiba ir 0,65, kas liecina par negativo jonu parsvaru. Gaisa
temperatira darba dienas laika pieauga no -1°C lidz +6°C, bet relativais gaisa mitrums
samazinajas no 77% lidz 34%. Domajams, ka vairak par visiem pieminétajiem faktoriem
aerojonu koncentraciju objekta pie Hanzas Maiznicas ir ietekmgjis v€ja atrums un virziens.
Ap plkst. 14.00 vg&ja virziens bija mainijies no ZR ar atrumu 2m/s uz R, un ap plkst. 15.00 tas
kluva brazmainaks un sasniedza 4m/s. Acimredzot gaisa jonu migraciju spécigi ietekmée gaisa
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masu parvietoSanas. Aerojonu koncentracijas straujas izmainas dienas laika liecina, ka

turpmak ir nepiecieSami detaliz€ti pe€tjumi par to ietekmé&joSiem faktoriem un
likumsakaribam.
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5.att. Aerojonu koncentracijas, unipolaritates koeficienta, temperatiiras un relativa
gaisa mitruma izmainas darba dienas laika Rézekne pie Hanzas Maiznicas

Lai So uzdevumu sekmigi realiz€tu, ir lietderigi paplasinat monitoringa stacija mé&ramo
parametru klastu, pirmam kartam nodrosSinot ozona, benzola, toluola un puteklainibas (PM10
un PM2,5) regularus merjjumus. Eso$as stacijas darbs japapildina ar CO un CO,
meéraparatiiru, jo tas ir galvenas sadegSanas procesus raksturojoSas gazes. Tada veida ir
iesp&jams labak kontrolet un novertét satiksmes intensitates radito piesarnojumu, ka art visu
ar dedzinaSanas procesiem saistitds saimnieciskas darbibas radito gaisa piesarnojumu.
Monitoringa stacija ir jaieklauj arT gaisa jonizacijas merijjumi, kas ietver vieglo pozitivo un
negativo aerojonu koncentracijas meérijumus, no kuriem iesp&jams aprékinat kop&jo aerojonu
koncentraciju un unipolaritates koeficientu. Vieglo aerojonu koncentracija gaisa ir parametrs,
kuru ietekmé loti daudzi faktori, un tas ir laika stipri mainigs, tom&r tam ir liela ietekme uz
iedzivotaju labsajiitu un veselibu. Izmainas aerojonu koncentracija vai sastava var kalpot ka
indikators piesarnojuma draudiem, kura c€lonis vél nav identificéts.

Viena monitoringa stacija nespgj registrét gaisa kvalitates izmainas dazados pilsétas rajonos.
Ir iesp€jama piesarnojuma parnese starp dazadiem pils€tas rajoniem, ka ari situacija, kad
butisks piesarnojums netiek registréts. Izveidot specialu monitoringa staciju tiklu, kas aptver
visu pilsétu, butu efektivs solis gaisa kvalitates kontroles uzlaboSana, tacu tas prasa lielus
kapitalieguldijumus. Pasaules pieredze rada, ka daudz lietderigak ir izveidot ar nepiecieSamo
aparatiiru aprikotu mobilu monitoringa staciju. Ta Kanada, ASV un citas valstis tiek
ekspluatétas mobilas gaisa monitoringa laboratorijas — automasinas, speciali aprikotas ar
aparatiiru 12 kimisko piesarpotaju koncentracijas mérijumiem, ka ari meteorologisko datu
ieguvei (6.attels, 4.tabula).

Ieklauta aprikojuma GPS sistéma fiksé mérfjumu vietas koordinates. Sada laboratorija ir
spEjiga 1sa laika apkalpot lielas teritorijas un iegiit datus gaisa stavokla noteikSanai un ta
izmainu dinamikas izverté€Sanai visa teritorija tada limeni, ko nekadi nevar realizét ar
Stacionarajam iekartam. Latvijas apstaklos viena §ada laboratorija biitu sp€jiga nepartraukti
dot atjaunotu informaciju par lielu (ja ne visu) Latvijas teritorijas dalu.

Paveikta analize liecina, ka Latvijas apstakliem atbilsto$a gaisa monitoringa laboratorija
jaieklauj $adu parametru mérijumi.

Gaisa mitrums, temperatiira, v€ja atrums un virziens ir visparigi meteorologiskie faktori, kas
parasti tiek registréti paraléli visiem gaisa piesarpojuma mérijjumiem. Informacija par v&ja
virzienu un atrumu ir nepiecieSama, lai biitu iesp&jams prognozet piesarnojuma izplatiSanos
vai citu gaisa kvalitates parametru izmainas.
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6.att. Luizianas Stata ASV izveidota gaisa kvélitﬁtes monitorihga rmobilﬁ siacija
»MAML” [11]

. —

4.tabula
Mobilaja gaisa monitoringa stacija nosakamie parametri
NO, aerojonu koncentracija
SO, elektrostatiskie lauki
O3 radioaktivais fons
CO relativais gaisa mitrums
CO, temperatiira
benzols (CsHe) v€ja virziens un atrums
puteklainiba (PM10, PM2,5)

Secinajumi
Cilveka veselibai nepiecieSsams ne tikai tirs gaiss bez piesarnojosam vielam, bet arT ar
vieglajiem aerojoniem bagats gaiss — ideali 3000-5000 negativo jonu uz cm® un 1500-3000
pozitivo jonu uz em® (sanitara norma Krievijas Federacija attiecigi ir 600 un 400 jonu uz Cm3).
Vieglo aerojonu koncentracija pilsétas vidé un dzivoklos biezi nesasniedz pat sanitaro normu.
Gaisa jonizacija ne tikai uzlabo cilvéka paSsajiitu un veselibu, bet veicina ar1 gaisa attiriSanu
no smalkajiem putekliem un ta dezinfekciju.
Puteklu paraugu analize no dazadam Re&zeknes pils€tas vietam apstiprina agrak veikto gaisa
kvalitates noveértgjumu ar lihenoindikacijas metodi — pilsétas dalas ar vismazako kérpju
apaugumu konstatéts ar1 vislielakais kvépu saturs puteklos. No puteklu paraugu analizes
izriet, ka vistirakais gaiss ir rajona pie Ancupanu meza, bet Latgales iela un pie dzelzcela
stacijas ,,R€zekne-2” ievaktie putekli ir ar vislielako kv€pu saturu.
Gaisa piesarnojums Rézeknes pilséta 8 gadu laika ir bijis pielaujamo koncentraciju normas
robezas, tam nav 1pasas tendences samazinaties, tom&r ir izteiktas sezonalas svarstibas,
piem&ram, ozona koncentracijas maksimums nove€rojams marta — aprili. Ziemas ménesos
pieaug ari SO, un NO; koncentracija. 8 gadu laika koncentracijas videjas vertibas ir 7,46
mkg/m?® (SO,), 20,65 mkg/m® (NO,) un 54,97 (O3).
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Jonu koncentracija gaisa ir atkariga no daudziem gaisa stavokla parametriem, taja skaita
energétiskajiem, tapec aerojonu koncentracijas lielumu var uzskatit par gaisa energétiska
stavokla kompleksu raksturotaju.

Gaisa kvalitates monitoringa stacijas dazadas Latvijas pilsétas tiek veikti atsevisku gaisa
piesarnotaju koncentracijas meérfjumi, tacu paraleéli praktiski netiek kontroléti gaisa
energgtiskie parametri. Tajas biitu jaieklauj arT gaisa jonizacijas méraparati.

Pilnveértigai gaisa kvalitates noveérté€Sanai un kontrolei ir jaizveido mobila gaisa monitoringa
laboratorija, kura ieklauj art vieglo aerojonu koncentracijas mériekartu.

Summary
The quality of air is the most important factor for human beings healthy life.
It demands continuous observation of air composition and it’s changes in time and space.
Nowadays air monitoring stations are spreaded over the whole world.
Complete air quality analyse includes about 13 groups of parameters — carbon monoxide and
dioxid, nitric oxides, ammonia, hydrogen sulphide, sulphar dioxide, hydrocarbons, volatile
organic compounds, aromatic hydrocarbons, ozone, suspended particles PM10 and PM2,5,
and meteorological data.
In Latvia the largest cities have monitoring stations, but except Riga there is mainly only one
station in city and these stations do not measure all characteristics of air. So it is in Rezekne.
The data of air monitoring in Rezekne show that regular measurements during last 8 years
were performed only for SO,, NO,, Oz;. Average air pollution level was approximately
changeless. During all this period the concentration of SO, was about 7,46 mkg/m®, NO; —
20,65 mkg/m®, O3 — 54,97 mkg/m* More considerable changes were between seasons (SO, —
from 2,1 —to 176 mkg/m®, NO,. 11-223 mkg/m?®, Os. 31,5-124 mkg/m®).
Only from year 2007 started measurings of benzol, toluol and suspended solid particles’
(PM10 and PM2,5) concentration.
On purpose to obtain information about composition of dust particles in Rezekne were chosen
5 observation points in the city streets with different pollution level from different pollution
sources. The particles were studied in microscope and visually determinate their composition
and size.
Were established that dust contains particles 80-100 mkm in size and consists mainly of sand
and dross in different proportions.
It is important that the air quality is not depended from pollution with matter substances only.
Must be considered that air is saturated with different energetic fields — some of them are
external, some —internal, depended on state of air molecules — their ionization level.
It is proved that air ionization substantially influences human health as well as other living
organisms in nature
At the same time the measurements of air ionization is not widespread.
To realize the situation about Rezekne city air ionization were carried out measurements of
positive and negative aeroions concentration in different parts of Rezekne. The results showed
significient changes of ionization during daytime. For example — the unipolarity coefficient
varies in the diapason 0,65-4,63.
It means that cosidering the importance of ionization for human health must be recommended
to complement standard measured data at the monitoring stations with air ionization
parameters (concentration of anjons, cations and between them — light, middle and heavy
ions).
The world experience shows that most appropriated for large scale measurements of air
parameters in many points of city or region almost simultaneously with the less difference in
measures time it is better to employ mobile air monitoring laboratories. In the Latvia such 3-
4 laboratories would be able to provide necessary daily information about all country.
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The mobile laboratory must include equipment to determine NO,, SO,, O3, CO, CO,, benzol,
dust particles, concentration of aeroions, radioactivity, electrostatical fields and
meteorological data: moisture, temperature, wind velocity and direction at least.
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DEGRADATION OF KERATIN CONTAINING WASTES BY
BACTERIA WITH KERATINOLYTIC ACTIVITY
KERATINU SATUROSO ATKRITUMU DEGRADESANA AR BAKTERIJU

Veslava Matikevi¢iené, Danuté Masiliiniené, Saulius Grigiskis
JSC “Biocentras”, Graié¢itino g. 10, 02241 Vilnius, Lithuania
ph.: +(370-5) 266 13 13, fax: +(370-5) 260 24 54, e-mail: biocentras@biocentras.|t

Abstract. The aim of this study was to select keratin-degrading bacteria from JSC ‘“Biocentras”
collection and poultry processing plant wastewater, and to study their ability to degrade chicken feathers.
Isolated from poultry processing plant wastewater bacteria was grown in basal media with feathers meal and
showed high keratinolytic activity and protein content throughout the cultivation time. Bacterial strains B.
licheniformis 511, B. subtilis 11, B. subtilis 717, and B. subtilis 103 suggested strongly of bacteria that produces
keratinolytic activity in the cell free culture supernatants. The obtained results showed that maximum activity of
keratinase is a function of cultivation time by the bacteria tested. B. subtilis 103 reached to its maximum level of
keratinase production (152 U/mL) after 24 hrs, when over bacteria (148-242 U/mL) after 48 hrs. The good
ability of selected bacteria to degrade feathers was detected. The best biodegradation of feathers was obtained
using B. subtilis I-1. Over bacillus good degraded feathers as well.

Keywords: Feather, feather degrading bacterium, keratins, keratinolytic activity, poultry wastes.

Introduction

Keratins are the most abundant proteins in epithelial cells of vertebrates and represent the
major constituents of skin and its appendages such as nail, hair, feather, and wool. The protein
chains are packed tightly either in a-helix (o-keratins) or in B-sheet (B-keratins) structures,
which fold into final 3-dimensional form [1; 2; 3]. Keratins are grouped into hard keratins
(feather, hair, hoof and nail) and soft keratins (skin and callus) according to sulphur content
[4]. These proteins belonging to the scleropeptides group are compounds that are extremely
resistant to the action of physical, chemical and biological agents. One of the main
characteristics of keratins is that they have high mechanical stability and resistance to
proteolytic degradation, which depends on the disulfide and hydrogen bonds, salt linkages and
other crosslinkings [5; 6]. Therefore, keratinous material is water insoluble and extremely
resistant to degradation by common proteolytic enzymes such as trypsin, papain and pepsin
[4; 6; 7].

The leather and fur plants as well as slaughterhouses throw away considerable amounts of
materials containing keratin; such as wool, bristle, horns, feathers, hoof, etc. Until recent
years, these materials along with other animal wastes were treated at high temperatures and
then milled in order to produce the so called “animal flour” and used as “protein supplement”
into the feed mixtures of domestic animals. However, it was established that this flour is the
carrier of the enigmatic cause (Called prion) of some related disease (mad cow, swine fever,
bovine spongiform encephalopathy, Creutzfeldt-Jacob disease, etc.) [8; 9].

Wold-wide poultry processing plants produce millions of tons of feathers as a waste product
annually, which consists of approximately 90% keratin. Feathers represent 5-7% of the total
weight of mature chickens. These feathers constitute a sizable waste disposal problem.
Several different approaches have been used for disposing of feather waste, including land
filling, burning, natural gas production and treatment for animal feed [8; 10; 11]. Most feather
waste is land filled or burned which involves expense and can cause contamination of air, soil
and water [10; 11]. Feathers hydrolysed by mechanical or chemical treatment can be
converted to feedstuffs, fertilizers, glues and foils or used for the production of amino acids
and peptides [5]. An alternative to decrease this pollution is the utilisation of feather
constitutes that can use as animal feed, preventing accumulation in the environment and the
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development of some types of pathogens. Traditional ways to degrade feathers such as alkali
hydrolysis and steam pressure cooking may not only destroy the amino acids (methionine,
lysine, histidine) but also consume large amounts of energy [12; 13]. Utilizing poultry
feathers as a fermentation substrate in conjunction with keratin-degrading microorganism or
enzymatic biodegradation may be a better alternative to improve nutritional value of poultry
feathers and reduce environmental waste.

A group of proteolytic enzymes which are able to hydrolyze insoluble keratins more
efficiently than other proteases are called keratinases produced by some microorganisms [7;
12]. Keratinase properties depend upon its producers. It is usually a serine protease [7; 13].
Occasionally, it has been found to be a serine protease with a cysteine protease [13; 14] and a
metallo protease [13; 15]. Keratinolytic enzymes have important utilities in biotechnological
processes involving keratin-containing wastes from poultry and leather industries, through the
development of non-polluting processes. After hydrolysis, the feathers can be converted to
feedstuffs, fertilizers, glues, films and as the source of rare amino acids, such as serine,
cysteine and proline [4; 12; 16].

Many keratinases from species of Bacillus [5; 6; 11; 12; 13; 17], fungi [1; 18; 19] and
Actinomycetes [2; 7] has been reported and some of them were purified and characterized.
The aim of this study was to select keratin-degrading bacteria from JSC “Biocentras”
collection and poultry processing plant wastewater, and to study their possibility to degrade
chicken feathers.

Materials and methods
Organisms. Bacterial strains (Bacillus licheniformis 511, Bacillus subtilis I-1, Bacillus
subtilis 717, and Bacillus subtilis 103) screened for extracellular keratinolytic activity were
obtained from JSC “Biocentras” collection. Also microorganism from poultry processing
plant wastewater from JSC “Vilniaus paukstynas” showing keratinolytic activity was isolated.
Microorganism isolation. Water sample was collected from a local poultry industry. The
sample were flooded in saline solution 0.9 %, suspension up to 10 were made and used to
streak milk agar plates (5 g/L peptone, 3 g/L yeast extract, 100 mL/L sterile non-fat milk, and
12 g/L agar) which were incubated at 30 °C for 24 hrs for primary screening of proteolytic
activity. Strains that produced clearing zones in this medium were selected.
Growth conditions. Two mediums (pH 7.4) used for keratinase production contained the
following constituents (g/L): NaCl 0.5, KH,PO, 0.7, K;HPO, 1.4, MgSO, 0.1 and feather
meal 10 (Medium 1) or soy flour 10 (Medium 2). Cultivation was performed using 500 mL
Erlenmeyer flasks containing 100 mL medium for 24 hrs at 37°C with constant shaking at
200 r/min. As inocula, 4% (v/v) bacteria grew in Oxoid Nutrient broth for 20 hrs. Culture
supernatants obtained after centrifugation at 8000xg for 20 min were used for further study.
Keratinolytic activity. Keratin azure (Sigma-Aldrich, USA) was used as the substrate. The
5 mg keratin azure was suspended in 1 mL 50 mmol/L Tris-HCI buffer (pH 8.0). The reaction
mixture contained 1 mL keratin azure suspension and 1 mL appropriately diluted enzyme.
The reactions were carried out at 50°C with constant agitation of 200 r/min for 1 hr. After
incubation, the reactions were stopped by adding 2 mL 0.4 mol/L trichloracetic acid (TCA)
and followed by filtration to remove the substrate. The filtrate was spectrophotometrically
measured for release of the azo dye at 595 nm. One unit (U) of keratinase activity was defined
as the amount of enzyme causing 0.01 increases in absorbance between sample and control at
595 after one hour under the conditions given. The result was taken as an average of three
replicates.
Protein determination. Protein concentration was determined by Lowry et al. [20],
methodology. Bovine serum albumin was used as a standard.
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Degradation of keratin wastes. The capacity of degradation of keratin substrates was tested
on medium containing 0.5 g/L NaCl, 0.3 g/L K;HPO,, 0.4 g/L KH,PO, and 10 g/L of raw
feathers. Degradation of substrate was visually inspected.

Results and discussion

Ten isolates selected from poultry processing plant wastewater were able to grow on medium
containing feather meal as sole carbon and nitrogen source. After being incubated for 24 hrs, a
plate containing milk and agar showed the growth of several colonies. The strains produced
clearing zones in milk agar plates characterize by proteolytic activity. Only four strains
designated as kb1, kb2, kb3, kb4 were characterized by proteolytic activity (Fig. 1). Selected
microorganisms weren’t identified and it will be done in further study. The largest clearing
zone was observed for isolate kb1. This strain was selected and used for keratinolytic activity
assay.

Fig.1. Production of clearing zones in milk agar plates by keratinolytic bacteria

Keratinolytic activity of selected bacteria: Bacillus licheniformis 511, Bacillus subtilis 1-1,
Bacillus subtilis 717, Bacillus subtilis 103 and kb1 was monitored during grow in Medium 1
after 24, 48 and 72 hours.
Table 1.
Keratinase production is a function of cultivation time by different bacteria species on
feather meal

Growth time, h

24 48 72
Bacteria Protein | Keratinase | Protein | Keratinase | Protein | Keratinase
content, | activity, | content, activity, content, activity,
mg/mL U/mL mg/mL U/mL mg/mL U/mL
B. licheniformis 511 1.13 102 1.32 242 1.17 86
B. subtilis I-1 0.85 96 1.05 198 1.23 76
B. subtilis 717 0.98 89 1.15 180 1.16 70
B. subtilis 103 0.69 152 0.82 136 1.05 38
kbl 1.28 112 1.63 146 1.41 138

All bacteria were grown in basal medium with feather meal as a sole source of carbon,
nitrogen and sulphur at 37 °C, pH 7.4. All microorganisms showed good growth and protein
synthesis with a varying level of keratinolytic activity (Table 1) on feather meal. The high
activity was demonstrated by the most of the bacillus after 24 hrs of cultivation on feather
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meal. The highest activity of keratinase was observed after 48 hrs after cultivation on feather
meal, except B. subtilis 103, which maximum Keratinolytic activity was reached after 24 hrs.
After 72 hrs keratinolytic activity was strongly decreased by all species of bacillus. Especially
B. subtilis 103 showed the lowest keratinolytic activity after 72 hrs and the lowest protein
content during cultivation on feather meal. Only the strain kbl isolated from poultry
processing plant wastewater showed high keratinolytic activity and protein content throughout
the cultivation time.
Strains B. licheniformis 511 and B. subtilis 1-1 were cultivated in Medium 2, where the source
of carbon, nitrogen and sulphur was soy flour, and the keratinolytic activity was monitored
during cultivation (after 48 and 72 hrs). The obtained results are presented in Table 2. Soy
flour as an inducer displayed relatively contradictory results. B. subtilis I-1, using soy flour as
substrate in basal medium, showed the higher keratinolytic activity as compare with feather
meal, while B. licheniformis 511 showed the extremely lower keratinolytic activity.

Table 2.

Effect of soy flour in the basal medium on the synthesis of keratinolytic enzymes
Growth time, h

48 72
Bacteria Protein | Keratinase | Protein | Keratinase
content, | activity, | content, | activity,
mg/mL U/mL mg/mL U/mL

B. licheniformis 511 1.14 82 0.49 58
B. subtilis I-1 1.14 216 1.17 118

The selected and isolated cultures suggested strongly of bacteria that produces keratinolytic
activity in the cell free culture supernatants. Demonstration of keratinase enzymes on
keratinous substrate as the sole source of carbon and nitrogen by Bacillus species was also
evidenced by other works [5; 6; 8; 10; 12; 15]. In the present study, the all strains of bacillus
seem to be promising for keratinase production. However, the maximum activity as obtained
here is a function of cultivation time by the bacteria tested. Even all strains of selected
bacteria produced maximum amount of enzyme under varied cultivation times. B. subtilis 103
reached to its maximum level of keratinase production after 24 hrs, when over bacteria after
48 hrs. The karatinase activity was reduced drastically after 72 hrs in all bacillus species, but
in kb1 strain — fractionally. Hence, further studies on the optimization of factors affecting
enzyme production by individual bacterium will reveal their real potential as the enzyme
producer.

The good ability of selected bacteria to degrade feathers was detected using the cell free
culture supernatants (Fig. 2). The visual studies showed the evident degradation of feathers.
The best biodegradation of feathers was obtained using B. subtilis I-1. The strain B. subtilis I-
1 grew well and completely degraded feathers in the medium after 72 hrs. Over bacillus good
degraded feathers as well, but not all feathers in the medium were digested through. Feathers
contains mostly B-keratin and as was described in other works, Bacillus species mostly
produces B-keratins degrading keratinases [5; 6; 13]. Solubilization of native poultry feathers
by the cell free culture supernatants showed the biotechnological potential involving keratin
hydrolysis in the processing poultry waste industries.

This work, however, further elucidated that for the evaluation of biotechnological application
of the keratinolytic protease from selected bacteria requires more detailed understanding of
the factors that enable this enzyme for complete degradation of native keratinous substrates.
Therefore, additional researches will be done for the purification and characterization of
keratinase, studying the kinetics of enzyme, testing for the range of substrates, effect of
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inhibitors, enhancing the activity of keratinase, submerged state fermentation and large scale
production of keratinase, immobilization of keratinase.

il B
Fig.2. Feather treatment with the bacteria at 37 °C for 72 hrs: A — control, B — B.
licheniformis 511, C — B. subtilis I-1, D — B. subtilis 717, E — B. subtilis 103

Conclusions
A feather-degrading bacterium was isolated from poultry processing plant wastewater. This
bacterium was grown in basal media with feathers meal as its primary source of carbon,
nitrogen, sulphur and energy. This strain showed high keratinolytic activity and protein
content throughout the cultivation time
Bacterial strains (Bacillus licheniformis 511, Bacillus subtilis 11, Bacillus subtilis 717, and
Bacillus subtilis 103), obtained from JSC “Biocentras” collection, were screened for
extracellular keratinolytic activity. The selected cultures suggested strongly of bacteria that
produces keratinolytic activity in the cell free culture supernatants. The maximum activity as
obtained here is a function of cultivation time by the bacteria tested. B. subtilis 103 reached to
its maximum level of keratinase production (152 U/mL) after 24 hrs, when over bacteria
(148-242 U/mL) after 48 hrs.
The good ability of selected bacteria to degrade feathers was detected. The best
biodegradation of feathers was obtained using B. subtilis I-1. Over bacillus good degraded
feathers as well.
Selected bacteria strains have biotechnological potential for degradation and utilization of
feather keratin.
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e-mail: biocentras@biocentras.|t

Rézeknes Augstskolas Inzenieru fakultate
Atbrivosanas aleja 76, Reézekne, Latvija
Talr. +371 28342580, +371 64625264,
e-pasts: gitaedgars@inbox.lv

Latvijas Lauksaimniecibas universitate
Augsnes un augu zinatnu instittts

Liela iela 2, Jelgava, Latvija, LV 3001

Tel.: +371 63005632, e-pasts: Gundega.Dinaburga@llu.lv

Moscow State Mining University

6, Leninsky pr., Moscow, 119991, Russia

Ph: +(495)2373278

Rigas Tehniska universitate

Azenes 14/24, Riga, LV 1048, Latvija

Talr. +371 67089211

Department of Civil Engineering

Avristotle University of Thessaloniki

Gr-54006 Thessaloniki, Macedonia, GREECE

Tel.: +30 2310 995682, Fax: +30 2310 995681,
E-mail: iganouli@civil.auth.gr

Zaktad Zoologii, Akademia Pomorska

ul. Arciszewskiego 22 b, 76-200 Stupsk
e-mail:oleg.aleksandrowicz@apsl.edu.pl

Institute of Biology, University of Latvia

Miera Street 3, Salaspils, Latvia, LV 2169

e-mail: dace@email.lubi.edu.lv

Agriculture Science Centre of Latgale

Kulturas sqg. 1, Vilani, Rezekne distr., Latvia, LV 4650
JSC “Biocentras”

Graiditno 10, LT 02241, Vilnius, Lithuania

ph: +(370-5) 266 13 13, fax: + (370-5) 260 24 54
e-mail: biocentras@biocentras.|t

Upyté Research Station of the Lithuanian Institute of
Agriculture

Linininky 3, Upyté, Panevézys district, LT-38 294,
Lithuania; Ph: +(370) 45 555413, fax: +(370) 45 555573
e-mail: soja@upyte.lzi.lt

Vilnius University

M.K. Ciurlionio 21, LT-03101, Vilnius, Lithuania
Upyté Research Station of the Lithuanian Institute of
Agriculture

Linininky 3, Upyté, Panevézys district, LT-38 294,
Lithuania; Ph: +(370) 45 555413, fax: +(370) 45 555573
e-mail: soja@upyte.lzi.lt

Research Institute of Agriculture

Latvia University of Agriculture

Skriveri, Latvia, LV 5125

Valsts Stendes graudaugu selekcijas institiits
Dizstende, Libagu pag., Talsu raj., LV 3258

Talr.: +371 632 91288, fakss: +371 632 91289
e-pasts: stende.selekcija@apollo.lv
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Jansons Aldis

Kakitis Aivars

Kalis Harijs

Kampare Ruta

Kampars Janis

Kampars Valdis

Kangro llmars

Karkin§ Aldis

Kolodinska
Bratestam Agnese
Komlajeva Lubova

Krasnoperov Roman

Kronbergs Eriks

Lakevics Vitalijs

Lapin§ Dainis

Lejina Biruta

LLU Zemkopibas zinatniskais instittts

Zemkopibas instittts 7, Skriveru pag., Latvija, LV 5125
Talr.: +371 5197529, e-pasts: ljucerna@inbox.lv
Institute of Mechanics, Faculty of Engineering,

Latvia University of Agriculture

J. Cakstes bulv. 5, Jelgava, LV 3001, Latvia

E-mail: Aivars.Kakitis@llu.lv

Institute of Mathematics Latvian Academy of Sciences
University of Latvia

Akademijas laukums 1, LV 1524 Riga, Latvia

e-mail: kalis@lanet.lv

Riga Technical University, Institute of Applied Chemistry
Azenes St 14/24, LV 1048, Riga, Latvia

Ph: +(371)67089224; fax: + (371)67615765

e-mail: ruta.kampare@gmail.com

Riga Technical University

Institute of Information Technology

Meza St 1/3, Room 417, Riga, Latvia

Ph: +(371) 67494592, fax: +(371) 67089513

e-mail: janis.kampars@rtu.lv

Riga Technical University, Institute of Applied Chemistry
Azenes St 14/24, LV 1048, Riga, Latvia

Ph: +(371)67089224; fax: + (371)67615765, e-mail:
kampars@ktf.rtu.lv

Rezeknes Augstskola, Faculty of Engineering
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167, e-mail: ilmars.kangro@ru.lv
Latvijas Lauksaimniecibas universitate

Augsnes un augu zinatnu institiits

Liela iela 2, Jelgava, LV 3001, e-pasts:
aldis.karklins@llu.lv

Institute of Biology, University of Latvia

Miera Street 3, Salaspils, Latvia, LV 2169

Latgales Lauksaimniecibas zinatnes centrs

Kultiiras laukums 1a, Vilani, R€zeknes rajons, LV 4650
Talr.: +371 64628140, e-pasts: strzin@apollo.lv
VupexneHue Poccuiickoi akaJeMUH HayK
I'eodmsmueckuii ieatp PAH ('Ll PAH)

yi1. MonogexHsasi, 3, Mocksa, 119296, Poccust

ten.: +(7)4959300546, dakc: +(7)4959300506

Latvijas Lauksaimniecibas universitates Tehniska
fakultate Mehanikas institiits

J.Cakstes bulv. 5, Jelgava, Latvija, LV 3001

E-pasts: Eriks.Kronbergs@Ilu.lv

Riga Technical University, RBIAC

Address: 3/3 Pulka street, Riga, LV 1045, Latvia

Phone :(+371) 67089275e-mail : lakevich@gmail.com
Latvijas Lauksaimniecibas universitate

Augsnes un augu zinatnu institits

Liela iela 2, Jelgava, Latvija, LV 3001

Tel.: +371 63005632, e-pasts: Gundega.Dinaburga@llu.lv
LLU Agentiiras Zemkopibas zinatniskais institits
Skriveri, Aizkraukles rajons, Latvija, LV 5125

Tel. +371 65197531,+ 371 26046292
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Lejin$ Andris

LemeSenoka Natalija

Levisauskas D.

LinuZs Andris

Lita Lapina

Lebedeva Galina

Malins Kristaps

Majceva Marija
Mankeviciené
Audroné

Masiliiiniené Danuté

Matikeviciené

Veslava

Matisovs lvars

Medne Olita

Miglane Viktorija

MiklaSevics Ziedonis

LLU Agentiiras Zemkopibas zinatniskais institaits
Skriveri, Aizkraukles rajons, Latvija, LV 5125

Tel. +371 65197531,+ 371 26046292 e-pasts:
andrislejins@inbox.lv

Rezeknes Augstskola, Faculty of Engineering
Latgale Sustainable Development Research Institute
Department of Nature and Engineering sciences
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167, e-mail: natalija@ru.lv
Kaunas University of Technology

Process Control Department

Studenty 50, 51368 Kaunas, Lithuania

AS ,Latvijas Kugnieciba”,

Elizabetes iela 1, Riga, LV 1807, Latvija

e-pasts: andris.linuzs@yahoo.com

Institute of Biology, University of Latvia

Miera Street 3, Salaspils, Latvia, LV 2169

e-mail: lita@email.lubi.edu.lv

LV Koksnes kimijas institiits

Dzgrbenes 27, Riga, LV 1006, Latvija

Talr.: +(371)67555916, fax: +(371)67550635
e-pasts: ligno@edi.lv

Riga Technical University, Institute of Applied Chemistry
Azenes St 14/24, LV 1048, Riga, Latvia

Ph: +(371)67089258; fax: + (371)67615765, e-mail:
kristaps@ktf.rtu.lv

Latvijas Universitates Biologijas fakultate
Kronvalda bulvaris 4, Riga, LV 1586;

Talr.: +371 67034864

WuctutyT 3emnenenus JINTBbI

an. Uucturyro 1, LT-58344, Axanems, Kenaiinsiickuii
paiion, JIutea; e-mail: audre@Izi.lt

JSC “Biocentras”

Graiéitno g. 10, 02241 Vilnius, Lithuania.

Ph: +(370) 5 266 13 13, fax: +(370) 5 260 24 54
e-mail: biocentras@biocentras.lt

JSC “Biocentras”

Graicitno g. 10, 02241 Vilnius, Lithuania.

Ph: +(370) 5 266 13 13, fax: +(370) 5 260 24 54
e-mail: biocentras@biocentras.|t

Rezeknes Augstskola, Faculty of Engineering
Latgale Sustainable Development Research Institute
Department of Nature and Engineering sciences
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167, e-mail: Ivars.Matisovs@ru.lv
Rigas Tehniska universitate

Azenes 14/24, Riga, LV 1048, Latvija

Talr. +371 67089211, e-pasts: omedne@gmail.com
Valsts Stendes graudaugu selekcijas institiits
Dizstende, Libagu pag., Talsu raj., LV 3258

Talr.: +371 632 91288, fakss: +371 632 91289
e-pasts: stende.selekcija@apollo.lv

R&zeknes augstskola

Atbrivosanas aleja 90, Rézekne, LV 4601

E-pasts: Z.Miklasevics@Ivm.lv, talr.26473397
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Mikelsone Andra

Nikitin Oleg

Noviks Gotfiids

Nulle Imants

Pakuta Brygida

Pastarus Jyri-Rivaldo

Pelss Juris

Poisa Liena

Rancane Sarmite

Rashal Isaak

Ribkina Alona

Ruplis Augusts

Rusakova Tatjana

RuZa Liga

Sabanov Sergei

Sawidis T.

Institute of Biology, University of Latvia

Miera Street 3, Salaspils, Latvia, LV 2169

Eesti Polevkivi Ltd., Department of Development

10 Jaama Str., Johvi, 41533, Estonia

e-mail: oleg.nikitin@ep.ee

Rezeknes Augstskola, Faculty of Engineering
Latgale Sustainable Development Research Institute,
Department of Nature and Engineering sciences
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167; e-mail: novik@ru.lv
Institute of Mechanics, Faculty of Engineering
Latvia University of Agriculture

J. Cakstes bulv. 5, Jelgava, LV 3001, Latvia

E-mail: Imants.Nulle@llu.lv

Zaktad Zoologii. Akademia Pomorska

ul. Arciszewskiego 22 b, 76-200 Stupsk

Department of Mining

Tallinn University of Technology

5 Ehitajate tee Str., Tallinn, 19086, Estonia

E-mail: pastarus@cc.ttu.ee

Latvian Institute of Organic Synthesis

21 Aizkraukles street, Riga, LV 1006, Latvia.

Phone: (+371) 2911-2851, e-mail: jura@osi.lv
Latgales lauksaimniecibas zinatnes centrs

Kultiiras laukums 1a, Vilani, R€zeknes raj., LV 4650,
Latvija; e-pasts: lienapoisa@inbox.lv, strzin@apollo.lv
LLU Zemkopibas zinatniskais institats

Zemkopibas institiits 7, Skriveru pag., Latvija, LV 5125
Talr.: +(371)65197524, fax: +(371)65197954
Institute of Biology, University of Latvia

Miera Street 3, Salaspils, Latvia, LV 2169

e-mail; izaks@email.lubi.edu.lv

Vupexnenue Poccuiickoi akajeMUH HayK
I'eopmmueckwuii nieatp PAH ('Ll PAH)

yin. MonoaexHnast, 3, Mocksa, 119296, Poccust

Ten.: +(7)4959300546, pakc: +(7)4959300506

Riga Technical University

Distance Education Study Centre

12 Azenes street, Riga, LV 1048, Latvia

Phone: (+371) 2933 4332, e-mail: auruplis@Iatnet.lv
Riga Technical University

Institute of Applied Chemistry

Azenes St 14/24, LV 1048, Riga, Latvia

Ph: +(371)29596654; fax: + (371)67615765, e-mail:
tavinja@inbox.lv

LLU agentiras Zemkopibas zinatniskais institiits
Zemkopibas inst.7, Skriveri, Aizkraukles raj., Latvija
E-pasts: liga@latraps.lv

Department of Mining, Tallinn University of Technology
5 Ehitajate tee Str., Tallinn, 19086, Estonia

E-mail: sergei.sabanov@ttu.ee

Department of Botany,

Avristotle University of Thessaloniki Gr-54006
Thessaloniki, Macedonia, Greece; tel.: +30 2310 998294,
fax: +30 2310 998389; e-mail: sawidis@bio.auth.gr
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Selecka Mara
Shestakova
Jekaterina

Shpirt Mikhail
Skromulis Andris
Solovjov Anatolij
Spriigs Jazeps

Stalais Arturs

Stramkale Veneranda

Stramkalis Aldis

Suchkova Nataliia

Surikova Valentina

Selegovska Elita

Smits Mareks

TarasSkevicius
Ricardas

Latvijas Universitates Biologijas fakultate
Kronvalda bulvaris 4, Riga, LV 1010
Talr.: +371 67034864, +371 29364133

Department of Mining, Tallinn University of Technology

5 Ehitajate tee Str., Tallinn, 19086, Estonia

E-mail: katja.shestakova@gmail.com

Fossil Fuel Institute

29.Leninsky pr., Moscow, 117910, Russia

Ph: +(495)955-45-96, e-mail: shpirt@mail.ru
Reézeknes Augstskola

Atbrivosanas aleja 90, Reézekne, LV 4601

e-pasts: andris.skromulis@filter.lv

VYupexnenue Poccuiickoil akaeMuu HayK
I'eodmsmuecknii neatp PAH ('Ll PAH)

yi. MonoaexHnast, 3, Mocksa, 119296, Poccust
Tei.: +(7)4959300546, dakc: +(7)4959300506
LLU LF Agrobiotehnologijas institiits

Liela iela 2, Jelgava, LV 3001

Latvijas Universitates Biologijas fakultate
Kronvalda bulvaris 4, Riga, LV 1010

Talr.: +371 67034864

Latgales Lauksaimniecibas zinatnes centrs

Kultiiras laukums 1a, Vilani, Ré€zeknes raj., LV 4650,
Latvija; e-pasts: strzin@apollo.lv

Rezeknes Augstskola, Latgales ilgspgjigas attistibas
pétnieciskais institiits

Atbrivosanas aleja 76, Reézekne, LV 4601

Talr. 646 25145; e-pasts: dabkat@ru.lv

Latgales Lauksaimniecibas zinatnes centrs

Kulturas laukums 1a, Vilani, Reézeknes raj., LV 4650,
Latvija; e-pasts: strzin@apollo.lv

Reézeknes Augstskola, Latgales ilgsp€jigas attistibas
pétnieciskais instittts

Atbrivosanas aleja 76, Reézekne, LV 4601

Talr. 646 25145; e-pasts: dabkat@ru.lv

Department of Environmental Engineering and

Management, National Academy of Municipal Economy

Kharkiv, 61002, Revolutsii Str.12, Ukraine

Tel.: +30 2310 995682, Fax: +30 2310 995681, Email:

Suchkova_Natasha@ukr.net

Latvijas Valsts Auglkopibas institits

Graudu iela 1, Dobele, LV 3701; e-pasts:
valentina.surikova@Ivai.lv

LLU LF Agrobiotehnologijas institits

Liela iela 2, Jelgava, LV 3001

e-pasts: elita.selegovska@llu.lv

Latvijas Lauksaimniecibas universitates Tehniska
fakultate Mehanikas institiits

J.Cakstes bulv. 5, Jelgava, Latvija, LV 3001
E-pasts: Mareks.Smits@Ilu.lv

Institute of Geology and Geography, T. Sevéenkos 13,
Vilnius, LT-03223, Lithuania

Ph: +(370)2104708, fax: +(370)2104695

e-mail: taraskevicius@geo.lt
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Teirumnieka Erika

Teirumnieks
Edmunds

TeliSeva Galina

Tiltina Lvija

Velykiené Daiva

Vikmane Mara

Zilberscmidt Mikhail

Zinkuté Rimanté

Rezeknes Augstskola, Faculty of Engineering
Latgale Sustainable Development Research Institute,
Department of Nature and Engineering sciences
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167

e-mail: Erika.Teirumnieka@ru.lv

Rezeknes Augstskola, Faculty of Engineering
Latgale Sustainable Development Research Institute,
Department of Nature and Engineering sciences
Atbrivosanas aleja 76, LV 4601, Latvia

Phone/fax: +371 64625167; e-mail: edmunds@ru.lv
LV Koksnes kimijas institiits

Dzerbenes 27, Riga, LV 1006, Latvija

Talr.: +(371)67555916, fax: +(371)67550635
e-pasts: ligno@edi.lv

LLU Zemkopibas zinatniskais institiits

Zemkopibas inst. 7, Skriveri-1, Aizkraukles raj., LV 5125,
Latvija; talr.: +(371)65197524, fax: +(371)65197954,

e-pasts: tilivija@inbox.lv

Kaunas University of Technology, Department for
Environmental Engineering Faculty of Chemical
Technology

Radvilény pl. 19-C504, LT-50254 Kaunas, Lithuania
Ph: +(370)37300183, fax: +(370)37300152,

e-mail: daiva.velykiene@stud.ktu.lt

Latvijas Universitates Biologijas fakultate
Kronvalda bulvaris 4, Riga, LV 1586

Talr.: +371 67034864; e-pasts: mara.vikmane@Iu.lv
Moscow State Mining University

6, Leninsky pr., Moscow, 119991, Russia

Ph: +(495)2373278, e-mail: zilberchmidt@msmu.eu.org

Institute of Geology and Geography

T. Sevéenkos 13, Vilnius, LT-03223, Lithuania
Ph: +(370)2104708, fax: +(370)2104695,
e-mail: zinkute@geo. It
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