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Daugavpils Universite doctaju un stu@joSo ziratniskas konferences notiek kops 1958. gada.
Konfereném ir starpdiscipliars raksturs un tag piedais gan stugjoSie, gan dogaji, gan ar
ievérojami ziratnieki no daidam pasaules valsh. Daugavpils Universites 55. starptautigk
zinatniskas konferencesgtijumu tematika bijdoti plaSa — eksaks, humaniras, izgitibas, nakslas
un socilo zinatpu jomas.

Zinatnisko rakstu Kijuma Daugavpils Universidites 55. starptautisks zinztniskas
konferences rakstu Kfjums // Proceedings of the 55International Scientific Conference of
Daugavpils Universityapkopoti 2013. gada 10.—12. apkonferen€ prezenttie materili.

The annual scientific conferences at Daugavpilsvehsity have been organized since 1958.
The themes of research presented at the conferenees all spheres of life. Due to the facts tinat t
conference was of interdisciplinary character dmat its participants were students and outstanding
scientists from different countries, the subjedts@entific investigations were very varied — het
domains of exact sciences, the humanities, eduxaib and social sciences.

The results of scientific investigations presentieding the conference are collected in the
collection of scientific articledProceedings of the 8% |nternational Scientific Conference of
Daugavpils University.
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Abstract

Preliminary research on ground beetles (ColeopteraCarabidae) as indicators of integrated pest manageent

in winter wheat

Ground beetles (Carabidae) as pest and weed dendr@lre important elements of integrated pest gemant (IPM).
This is preliminary research on ground beetlesxdgators of IPM in winter wheaf (iticum aestivurn In Latvia, similar
studies have not been performed yet. First restilssudy on effects of conventional and non-invessi tillage and three
different fore-crops to ground beetle activity dgnsn winter wheat are given.Activity density ofmsall sized ground
beetles is significantly higher in conventionailjet winter wheat fields than in non-inverse tillenes. Medium and big
sized ground beetles prefer non-inverse tilleddfebut difference of activity densities betweefiedéntly tilled fields
mostly is not significant. Winter wheat, spring waheand spring oilseed rap8réssica napusas fore-crops do not
significantly affect ground beetle activity densitywinter wheat fields. Effect of conventional amoin-inverse soil tillage
systems and different fore-crops to dominance titrac biodiversity and presence of different trapbroups of ground
beetle species should be analysed in further studie
Key words: Carabidae, conventional soil tillage proverse soil tillage, crop rotation, activity daty

Kopsavilkums

PriekSizpete par skrejvabolem (Coleoptera: Carabidae) la integrétas augu aizsardibas indikatoriem

ziemas kvieSu gumos

Skrejvaboles (Carabidae)a kkultiraugiem kaiilgo organismu un néj ierobezatjas ir nozmigi integgtas augu
aizsardibas (IAA) elementi. Bir priekSizgte par skrejvabotm ka IAA indikatoriem ziemas kviesuT¢iticum aestivur
sgjumos. &di petijumi lidz Sim Latvifi vél nav veikti. Rakst ir atspogloti pirmie rezulfti petijumam, K tradiciorsila un
minimala augsnes apule un tts dazdi priekSaugi ziemas kvieS@smos ietekr skrejvabdu dinamisko livumu. Maza
izméra skrejvabtu dinamiskais ibums ir utiski lielaks laukos ar tradiciati apstadatu augsni. Vidja un liela izngra
skrejvaboles dod priekSroku mindthapstiadatiem laukiem, téu dinamisko khivumu at&iribas starp dakli apstadatiem
laukiem liekkoties nav htiskas. Ziemas kviesi, vasaras kvieSi un vasarpsigaBrassica napuska priekSaugi ziemas
kvieSu sjumos skrejvablu dinamisko vumu hitiski neieteknd. Turpnikos [Etijumos ir nepiecieSams andlizka
tradiciorala un mininala augsnes apgile un daXdi priekSaugi ziemas kvieSwejamos ietekra skrejvabgu sugu
dominances struiitu, biologisko daudzveitbu un dadu trofisko grupu Kitbatni.
Atskgvardi: Carabidae, tradiciomla augsnes apside, mininala augsnes apside, laukaugu mag, dinamiskais
blivums.

Introduction
Integrated pest management (IPM) is system of gadly safe plant protection (Kapitsa
2012). This means that theagro-technical, genétjcghysical and biological pest control methods
take precedence over chemical plant protection oasticround beetles (Carabidae) serve as
biological pest and weed control mechanism in ckifié crops. In cereals, carnivorous and
omnivorous ground beetles can significantly deaealsundance of leaf beetles (Chrysomelidae),
aphids (Aphidodea) and slugs (Sunderland and Vickar1980; Sotherton et al. 1984; Sunderland et
13
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al. 1987; Winder et al. 1994; Wiltshire and Hugh&300; Lang 2003; Schmidt et al. 2003).
Herbivorous ground beetles act like weed contrsllarcrops. They feed on weed seeds and sprouts.
Studies show, that these beetles can reduce wesdydef 60-80% during vegetation season (Ward et
al. 2011). But directly after soil tillage, herbroas ground beetles and other seed predators censum
22-28% of weed seeds (Cromar et al. 1999).

Ground beetles reflect different husbandry acgsgitivhich are important elements of IPM in
agroecosystems. For example, ground beetles caraiadlifferent soil tillage, crop rotation schemes
and usage of pesticides and fertilizers. Groundlé®elso have potential to serve as keystone
indicators of pest abundance in crops (Holland baafff 2000; Rainio and Niemela 2003; Koivula
2011). So ground beetles can serve as indicatdRA\bf

In Latvia, studies on ground beetles living in @dyave been done infrequently. According to
A. Bukejs et al. (2009), mostly ground beetle faimdifferent crops had been analysed. Some studies
show ground beetle activity changes during twenty-fhours, but some other studies report how
insecticides affect ground beetles abundance asenddages within crop fielddlgautuc 1962;
[Muautuc andBunke 1962a, 1962b; Citis 1975). Effects of other farming activities tagnd beetles
had not been studied.

Objective of this paper is to show first resultse$earches on ground beetles as indicators of
IPM in winter wheat Triticum aestivurjiin Latvia. Effects of conventional and non-invesil tillage
and different crop rotation to ground beetle atfidiensity have been studied.

Material and Methods

Place of the field study was Latvia University ofjyifculture, Research and Study farm
‘Peterlauki’ (56°30'39.38” N; 2341’'30.15” E). Ground beetles had been collectedagitfall traps
in 12 sample plots (0.3 ha each): six sample platis conventionally tilled soil (inverse soil tilg)
and six sample plots with minimally tilled soil (minverse soil tillage). Correspondingly, main soil
treatments for sample plots were conventional g (0.22-0.23 m) with mouldboard plough and
shallow tillage (0.10-0.11 m) with disc harrow. Wanwheat, spring wheat and spring rapeaésica
napug had been used as the fore-crop in every four Eapipts. Sample plots were separated from
each other and near crop fields by 2.5 m wide estrigf land covered with weed vegetation.

Ten pitfall traps were placed in 30 m long corneeniransect in each sample plot. Transparent
plastic glasses (200 ml, opening diameter 65 mitgdfiwith 4-5% acetic acid and few drops of
detergent were used as pitfall traps for collectiidpeetles. Exposition of traps started in 17 Apri
2012 and ended in 26 June 2012. Traps were engpieny seven days.
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Identification keys of H. Freude et al. (1976) aadBarsSevskis (2003) were used for identificatidn o
ground beetle species. Check-List of Latvian bedflelnov 2004) had been used for nomenclature of
beetle taxa.

Activity density of ground beetles has been measasenumber of individuals per one trap in
seven days period (ind. trAfy days). Soil tillage and crop rotation effect to groubdetles is
assessed comparing mean activity density of bebdageen sample plots with differently tilled soil
and among sample plots with different crop rotatitinis studied how both agro-technical factors
affect ground beetle activity density in generall &ioow these factors affect activity density of dmal
sized and medium and big sized ground beetles atebarDivision of ground beetles into body size
groups have been done according to their body ter@tound beetle species with body length less
than 5 mm have been included in group of smalldsgreund beetles. The rest species were included
in group of medium and big sized ground beetleg. ded ground beetles suchGarabusspp. and
Pterostichus nigewere not analysed separately due to low activitysdg which was less than one
individual per trap during all periods of study.oc8nd beetle division into body size groups is stobwe
in table 1.

Table 1.Division of ground beetle taxa into body size group

Results

In early spring (17-24 April), activity density @ill ground beetles was significantly higher within
conventionally tilled winter wheat fields than imminverse tilled ones. But this difference almost

Small sized ground beetles (body
length< 5 mm)

Medium and big sized ground
beetles (body length > 5 mm)

Notiophilusspp.
Clivina fossor

Nebria brevicollis
Loricera pilicornis

Dyschirius politus Carabusspp.
Asaphidion pallipes Chlaenius nitidulus
Bembidionspp. Harpalusspp.

Trechus quadristriatus
Acupalpus meridianus
Demetrias monostigma
Microlestes maurus
Badister dorsiger

Stenolophus mixtus
Agonum sexpunctatum
Anchomenus dorsalis
Platynus assimilis
Poecilusspp.
Pterostichuspp.
Stomis pumicatus
Calathusspp.
Amaraspp.

equalled during further weeks (Figure 1).
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Figure 1 Mean activity density of all ground beetles in the conventionally tilled winter
wheat fields (o) and non-inverse tilled winter wheat fields (+). (Abbreviations: Apr —
April. Jun — June).

Activity density of small sized ground beetles wagher in conventionally tilled fields during all
study period. Especially higher activity densitysofiall sized beetles had been observed during early

spring and June (Figure 2).
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Figure 2. Mean activity density of small sized ground beetles in the conventionally
tilled winter wheat fields (o) and non-inverse tilled winter wheat fields ().
{Abbreviations: Apr — April, Jun — June).

On the other hand, medium and big sized grounddsepteferred non-inverse tilled fields, but mostly
there was no big difference of beetles’ activitysiey between differently tilled winter wheat fisld

(Figure 3).
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Figure 3. Mean activity density of medinm and big sized ground beetles in the
conventionally tilled winter wheat fields (o) and non-inverse tilled winter wheat fields
(=). (Abbreviations: Apr — April, Jun — June).

Winter wheat, spring wheat and spring oilseed rapdore-crops did not make significant

effect to activity density of all ground beetleswinter wheat fields. The exception was an early
16
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spring (17-24 April) when activity density of ali@nd beetles was significantly higher within field

)
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with spring wheat as fore-crop (Figure 4).
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Figure 4. Mean activity density of all ground beetles in winter wheat fields with
different fore-crops (o0 — winter wheat. « — spring wheat. m — spring oilseed rape).
(Abbreviations: Apr — April. Jun — June).

It was determined with activity density of smalkesii ground beetles (Figure 5), because

activity density of medium and big sized beetless wary low during this period of observation
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Figure 5. Mean activity densitv of small sized ground beetles in winter wheat fields
with different fore-crops (o — winter wheat, » — spring wheat, = — spring oilseed
rape). (Abbreviations: Apr — Apnl, Jun — June).
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Figure 6. Mean activity density of medium and big sized ground beetles in winter
wheat fields with different fore-crops (o — winter wheat. = — spring wheat. = —
spring oilseed rape). (Abbreviations: Apr — April, Jun — June).

Activity density of the small sized ground beetless significantly higher within fields with
spring wheat as fore-crop also during 29 May-05eJuut this obstacle did not make noticeable
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differences of all beetles’ activity density amatifferently fore-cropped winter wheat fields (Figur
4, Figure 5).
Discussion

Results of our study show, that in general conesatli and non-inverse soil tillage affect
ground beetle activity density almost similarly. clbrresponds with results of different studies on
effect of soil tillage to ground beetles in variaiggeals and rape (Belaoussoff et al. 2003; Masah e
2006; Twardowski 2006). But in our study, therestatistically significant difference of small sized
ground beetles activity density between differetitlgd winter wheat fields. As it is shown in Figu
2, activity density of small sized beetles mos$l0-30% higher in conventionally tilled fields thiza
minimally tilled ones. Intensive soil tillage pradgs patchiness of vegetation what makes easier to
notice prey for small sized ground beetles whiah s called visual hunters (Cole et al. 2005). Also
soil surface is looser within conventionally tillédlds. It is possible, that this is another reasdy
small sized ground beetles prefer conventiondllgdifields — if the soil was looser, than it issesa to
dig shelters.

In our study, medium and big sized ground beette$ep non-inverse tilled fields (Figure 3).
Difference of ground beetles activity densities tlyoss not significant between differently tilled
fields, but trend has been appeared. J. Hollandvaricduff (2000) and L. Cole et al. (2005) reporath
big sized ground beetles extinct from very inteakjtilled fields. Particularly it has been obseatve
root crops where soil loosening has been perforduethg vegetation season. In winter wheat, there is
not so big difference between conventional and ingarse soil tillage systems as it could be between
soil tillage in cereals and root crops. Thus astidensities of medium and big sized ground beetles
do not differ very much between differently tillednter wheat fields.

Winter wheat, spring wheat and spring oilseed rapdore-crops do not significantly affect
activity density of ground beetles in winter whet it is possible, that different fore-crops cause
differences in dominance structure, biodiversityl gmesence of different trophic groups of ground
beetle species. Also different solil tillage systeras affect these parameters, thus more studies in

these directions should be done in future.

Conclusions

1. Differences of conventional and non-inverse sdidde significantly affect small sized ground
beetles activity density in winter wheat fields. &hsized ground beetles prefer conventionally
tilled fields.
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2. Medium and big sized ground beetles prefer nonfsevélled winter wheat fields, but difference of
activity density of these beetles is not significhetween conventionally and non-inverse tilled
fields.

3. Winter wheat, spring wheat and spring oilseed rapefore-crops do not cause differences of
activity density of ground beetles in winter whgalds.

4. Effect of conventional and non-inverse soil tillagystems and different fore-crops to dominance
structure, biodiversity and presence of differeaphic groups of ground beetle species should be
analysed in further studies.
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BARIBAS LIDZEK LU IETEKME UZ LATVIJAS V INGLIEMEZU
(HELIX POMATIA ) DZIVSVARU, DZIVSVARA DINAMIKU
UN PROTEINA SATURU GALA

Daina Ikauniece, Aleksandrs JemBanovs

LLU Biotehnolazijas un veterisrmedianas ziatniskais institits "Sigra”, Institita iela 1, Sigulda,
Latvija

sigra@lis.lv

Abstract

Effect of food on live weight, dynamics of body wght and protein content in meat of Roman snailsHelix pomatia)
from Latvia

The aim of the study was determinations and comgatie crude protein content of Roman snalglix pomatig meat

and detects the weight change and the dynamicsseson cultivated snails and fed with differertsli Samples were

collected from snails an experimental breeding fémree times per season: in spring (May), summay)Y&nd autumn

(September). The crude protein amount establishesi equal both for wild snails and cultivated snhésing received

special diets (13.41%). The crude protein conteiédal mass of Roman Snails versus visceral nsasstiessentially

different (p>0.05). The results of this study hatewn that Roman snails live weight changes depenithe type of feed

fed. Latvia's wild and breeding snails are a goodrse of protein in the human diet. Biometricalccdditions were carried

out using the SPSS 17.0 software package.

Key WordsHelix pomatia, body weight, meat protein.

levads

Daudas Eiropas vals$ turpina pieaugt pieprgisms [Ec kvalitatvas vngliemezu KHelix
pomatia) ghas. Ziratniskap literatira ir atrodami gtijumi, kuros noteikts protea un aminosibju
saturs gliemezu @& (Ligaszewski et al. 2005; Miletic et al. 1991; Zgmiiene et al. 2006).
Neraugoties uz to, gdkzinoSi maz ir atspodota batbas 1dzelu ietekme uz gliemezu s
biokimisko sagivu. Latvija pedejos gados strauji afitas vingliemezu auds&Sana. Audgztaji savas
produkcijas realizciju galvenoldrt saista ar eksportuade] produkcijai ir pnosaka as kvalitites
kriteriji. LLU Biotehnologijas un veteriarmedianas ziatniskap institita ,Sigra” veic Etijumus par
Latvijas vingliemeZiem. Sim nakam ir izveidota ¥ngliemeZu ziatniskas izgetes novietneun tiek
veikta vngliemezu babas tdzeHu un gdas bikimiska sasiva izpete, k& ai gdas kvalitites
izvérteSana. Darbs veikts Zitniska institita ,Sigra” akredita biokimijas laboratorj.

Ir zinams, ka jebkura veida s kvalititi liela méra nosakads bidimiskais sadls. Ta ka viens
no galvenajiem das bikimiska sasiva maditajiem ir protans, sad petijuma noteiam atkirigu
bafibas tdzelu izédinaSanas ietekmi uz pratea daudzumumgliemezu gh.

Darba veikSanai izvifita hipotze: Mngliemeziem izdinatie batbas 1dzeli ietekne protana
daudzumu g, ka aff gliemezu dwsvaru un dwsvara dinamiku.

Darba mirkis: noteikt protena daudzumu iz@ginajuma novietnes gliemezu Ba iekEjos

0rganos un izertét dzivsvara dinamiku vienas sezonas daik
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Materi als un metodika

Izmeginajums veikts no 2011. gada maijada septembrim LLU Biotehnofgas un
veterirarmedianas ziatniska institita ,Sigra” vingliemezu ziatniskas izgetes novietd, kura tika
sadaita cetros izottos nodajumos (gru@as) - viera kontroles un fis iznmgginajuma grugs:

1. Kontroles grup, kuras gliemez&dinasara tika izmantoti tikai savMas augi §rstniedbas
pienene Taraxacum officinalg liela natre Urtica dioica), darza mkstpiene $onchus
oleraceus, lielais dadzis Arctium lappg, tiruma usne irsium arvensg baltaisabolins
(Trifolium repen$, parast mallepe (Tussilago farfarg, parast virza (Stellaria media u. c.;

2. A grupm, kura gliemezicdinati ar savvdas un drza augiem (sati, sarkano bieSu lapas,
kaposti, guki, burkanu laksti u.c.);

3. B grum, kura gliemeziedinati ar savvdas augiem un spetd papildbatbu (kvieSu milti,
rapsa rausi, sojas spraukumi);

4. C grum, kura gliemeziedinati ar savvdas augiem, kvieSu miltiem un kvieSu &ij.

Gliemeziedinati vienu reizi die@, vakaros, vienlaigi veicot at bafbas mitriraSanu.

Gdas bikimiska sasiva, tai ska@i protana, anakei paraugi tikanemti tis reizes sezan
pavasar (maija), vasai (julija) un rudemn (septemhd vienlaiagi no katra izraginajuma novietnes
nodaijuma un no Latvij savvda dzivojoSiem ungliemeziem. Gliemezi uz 24 stuimd tika ievietoti
ledusskap (+4°C), ar notiku, lai tiem iesitos anabioze. GliemeZi tika nogdiih metaniski sasitot
caulu, @c tam tika atdata gliemeza pda un iek§jie organi. Uzskatjam, ka ir svaigi noteikt
biokimiskos &ditajus af gliemezu iek§os orginos, jo ir valstis, kur lietoSanaiika ieklauj af ddu
no to iek§jiem organiem. DZAvsvara kontrolei kafir grup tika atlasti un sanumuati pa 30
gliemeziem, kuriem katram atsekigeguhri, ar nedlas interglu notei@m dzZvsvaru, izmantojot
elektroniskos svarus KERN 440 35A (d=0.01g).

Kopprot@na noteikSam izmantota Kjeldla metode (LVS ISO 937:1978). Datu statistisko
apstadi veiam izmantojot programmu SPSS 17.0. GliemeZu koppratdmepa un dzvsvara
atXiribu iz\erteéSanai izmant@m divu nesaistu paraugkopu T — testu.

Rezultati un diskusija

LLU Biotehnolgzijas un veteriarmedianas ziatniska institita ,Sigra” izneginajuma noviet@
veiktas gliemezu divsvara kontroles rezali sezonas laik atsevigam grumm pa néneSiem paaditi
1. atela. Petijjuma konstatts, ka ltiski (p<0.05) liehka koggja videja davmasa, satizinot ar cigm
izmeginajuma grugm ir ar spedlo papildbatbu eédinatiem gliemeziem (22.02dinija, 21.13g iilija
un 20.33g augus). Vislielakas davsvara atkiribas noerotas starp kontroles (ar sav&a augiem
¢dinatu) un B grupas gliemeziem (1&$). Ar specilo papildbatbu edinatiem gliemeziem dwsvars
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ir batiski lielaks (p<0.001). Btiski lielaks gliemeZzu vidjais davsvars (p=0.007),&kontroles grupas
gliemeziem, konstats ai C grupas (ar kvieSu miltiem un Kin &dinatiem) gliemeziem — par 2.87g
junija, par 1.00gilija un 0.73g augudt Gliemeziem, kuriem Edinati darza augi (A grupa), vigais
dzvsvars latiski neatgiras (p=0.06) no dxsvara kontroles gruap
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1. attls. Vingliemezu davsvars izneginajuma novietnes gliemeziem vasaras sezan

Analizgjot dzvsvaru starp atsewdm izmeginajuma gru@m, redzams, ka ar spald
papildbarbu &dinatu gliemezu dwsvars latiski lielaks, ka A grum (p=0.001) un C grup(p=0.009).
Turpret, saidzinot davsvaru A un C grugm, hitiskas atkiribas netika nadrotas (p>0.05).

Rumanija veiktajos ptijumos konstadts, ka izdinot gliemeziem Iuinu (Lupinus polyphyllius
Helix pomatiagliemeziem nogrots davsvara pieaugums par 24.66%, Wbétlix aspersatikai par
1.98%. Turkiit gadu veciem gliemeziem ngrotas laldkas adapicijas sgjas jauniem babas
IidzeKiem (Toader-Williams, Bentea 2010).

Prota@na saturs ingliemeziem izdinatajos batbas 1dzeKos pasdits 1. tabud

Saldzinot kopprotena saturu babas idzelos (sausf) gliemezu svara kontrolegikaima un
beigas, konstatjam, ka savvls augos tas paliek nem@s (22.19%), bet visosagjos barbas
IidzeKos paaugstias (p>0.05) — arza augiem par 3.46%, spalejai gliemezu papildb@ai par
1.11%, kvieSu miltiem tikai par 0.2%, bet kvieSujdh par0.61%. Dalga paraug kopproténa
paaugstiasSaras tendence svara kontroles lasigy raksturga visiem gliemezu bdras tdzeKiem.

1. tabulaKopproteina saturs daéados vingliemezu baibas idzeklos

Baribas 1dzeklis Kopprotena daudzums %

Svara kontrolesakuma Svara kontroles beig

Sausia Daliga paraug | Sausa | Daliga paraug

Savvdas augi 22.19 2.34 22.19 2.69
Darza augi 12.57 2.10 16.03 2.24
Specila papildbatba 16.59 14.82 17.17 15.28
KvieSu milti 12.84 11.30 13.04 11.39
KvieSu Klijas 15.10 13.00 15.71 13.42
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Otraj attla redzama izreginajuma gliemezu dixsvara dinamika sezonas gadunr specilo
bafbu &dinatiem gliemeziem (B grupa) diisvars visas sezonas gafuimvisaugsikais, saildzinot ar
kontroles un citu iz@ginajuma grupu gliemezu @zsvaru. S& grup 30 gliemeZu vidjais davsvars
maksimumu sasniedzanija 3. nedla (23.27g) unilija vidu - 6. nedla (22.80g). kdziga tendence
noverota ar gliemeziem, kuriem papildus pamatiei — savvis augiem dinati darza augi (A
grupa). Viszerakais davsvars (19.94g) B grupas gliemeziem &mis 9. nedla. Augusta pdejas
trijas ne@las gliemezu diwsvara pieaugums netika konstat

Raksturgi, ka kontroles grupgliemezu dwsvars visas sezonas laikija vismazkais, izemot
6.nedlu, kad tas sasniedza maksimumu — 20.23g.akaxickjais davsvars (19.989) Sajnedla bija
tikai ar kvieSu miltiem un klfm &dinato gliemezu grup. 7. nedla par kontroles grupu maks

dzivsvars (16.919) bija tikai aadza augientdinatiem gliemeziem.
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2. attls. Dzivsvara dinamika Helix pomatiagliemeziem vienas sezonas laik

Interesanta tendence reowta pirmaj svara kontroles néth. Visu iznEginajuma grupu
gliemeziem dwsvars pieaug, bet kontroles gaugpamazias. Tas liecina, kaalza augu un miltveida
bafbas 1dzeKu pievienoSana pamatilaai no akuma ir veicirajusi gliemezu vidja dzvsvara
pieaugumu. TreSajs\erSanas nefla dzavsvars nedaudz samazjiss tikai gliemeziem, kurédinati ar
kvieSu miltiem, turkit 4. nedla junija beigis davsvara samaz#$aris nowrota kontroles un vis
izmeginajuma grups, ko vagtu izskaidro ar Sajlaika nowroto augsto gaisa temperat, kas
savukirt ieverojami samazina gliemezu aktisfit un lidz ar to aruzemts barbas apjoms ir maks.
Jilija pirmaja nectla svars samazijas tikai B grupas gliemeziem. S#pja swrSanas negla
dzivsvars samazias visis grups, bet visstradkais svara zudums ir aralda augiemedinatiem

gliemeziem (A grupa). Augusta pirmapectla dzvsvars nedaudz pieauga kontroles, 2 af visas
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izmeginajuma gru@s. Turpnak lidz neEneSa beigm visas grups gliemezu dwsvag batiskas
izmaipas netika nogrotas.
Kopprot@na saturs Latvijas savis un iznmdginajuma novietnes gliemezu Baun iekgjos

organos redzams 3. ats.

kopproteins gala kopproteins iek3€&jos organos

B sawalas gliemezZi @ kontroles grupa B Agrupa

0 B grupa [ C grupa

3. attls. Kopproteina saturs (%) savvdas un izneéginajuma novietnes gliemezu gl un ieksjos
organos
Petijums pafida, ka kopprot@a saturs Latvijas savies un ar spegio spekbafibu edinatiem

gliemeziem (B grupa) bija viads(13.41%). Konstats, ka kopprotma daudzums savias un
atsevigu izmeginajuma grupu gliemeziem ¢@ un iekgjiem organiem statistiski btiskas neatdras
(p>0.05). Turprat Lygaszewski (2005) pada, ka kopprotma saturs savias popuicijas
vingliemezu gk ir batiski (p<0.05) augaks nek voljéros audzto molusku gk. Vel butiskakas 3s
atiribas (p<0.01) proiea imen konstagtas 2 — 3 gadus veciem salas gliemeziem. Lietuvas
zinatnieku @Etijumos (Zymantiene et al., 2006) koppfoge saturdHelix pomatiagda ir robezs no
11.51% =+ 0.03%itz 16.60% * 0.03%. Daziemieki (Adegoke et al., 2010) 3dtinajusi kopprotnu
Helix pomatiaun citu sugu gliemezu fa- 72.64% Achatina fulicd, 58.35% [Limicolaria sp un
15.44% Helix pomatid. Savulart citi zinatnieki (Fagbuaro et al., 2006) noteikusi, lkenicolaria spp.
gliemeZu g kopproténa saturs ir 18.66% * 0.57%, ethachatina marginatgliemeziem attiegi
20.56% + 0.05%.

Musu Etijuma statistiski litiskas atkiribas netika nadrotas ne tikai kopproitea daudzum starp
atsevikam izmgginajuma grupam, bet ar kopproténam savvhs un atsevidl izmeginajuma grupu
gliemeziem gk un iek€jos orginos.

Secirajumi

1. Gliemeziem, kuriem papildus pamatiei — savvias augiem idinata spedila papildbatba,

dzvsvars ir latiski (p<0.001) lieiks, ka kontroles grupas gliemeziem,;
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2. Vislielakais davsvars via izmeginajuma laikh konstatts gliemeziem, kuriem papildus
pamatbaibai tika iZdinata spedila vingliemezu papildbaba;

3. Dzivsvara sgrstibas, kuras narojam gliemeziem {nija un julija, visas gru@s izlidzinajas
augusta otrajnedla un palika nemaiigas idz izneginajuma beigm;

4. Specila spekbaiba neveicina kopproiea pieaugumu gliemezu lga kopproténa saturs Latvijas

savvdas un ar spedlo spekbafbu edinatiem gliemeziem bija vietds (13.41%).
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Abstract

Factors affecting early growth traits of sheep in latvia
Data obtained from 12182 performance records dufidg7 to 2010 were analysed to investigate nonigeffectors
contributing to early growth traits of sheep in\iat General Linear Model (GLM) procedure was agaplio analyse the
data using SAS software. The average birth weigbgning weight and pre-weaning daily gain were#001 kg, 22.0 +
0.05 kg and 231.9 + 0.57 g, respectively, whichenggnificantly affected by the sex and type ofthiyear and season of
birth, breed and age of dam (p<0.01). Coefficiaitdetermination (B and coefficients of variation (CV) were estimated
0.15 and 17.27 for birth weight, 0.25 and 22.04vieaning weight, 0.10 and 24.96 for pre-weanindydzain. The male
lambs were heavier than females (4.9 to 27.7%)samgle born lambs were heavier than lambs born fiamger litters
(15.4 to 18.6%) at birth, weaning and had higheryeaning daily gain.
Keywords: sheep, growth traits, non-genetic factors

Kopsavilkums

Faktori, kas ietekme aitu agrinas augSanas @ditajus Latvij a
Dati, kas ie@ti no 12182 produktivittes Bditajiem laika period no 2007.1dz 2010. gadam, tika anadty lai petitu
negeretisko faktoru ietekmi uz aitu ampajiem augSanadaditajiem Latvija. SAS programmatas daudzfaktoru dispersijas
anaizes linarais modelis (PROC GLM ) izmantots datu ar@anai. Vidjais dzimSanas svars, kitSanas svars un
dzvsvara pieaugums no dzimSanaiz latirSanai bija, attiei, 4.0 £ 0.01 kg, 22.0 + 0.05 kg un 231.9 + 0.5%g
butiski ietekngja dzimums, metiena lielums, dzim8anas gads unnsezkirne un nites atneSas vecums (p<0.01).
Determiricijas koeficienti (R) un varicijas koeficienti (CV) tika agkinati 0.15 un 17.27 dzim3anas svaram, 0.25 un
22.04 atBirSanas svaram, 0.10 un 24.96wdxara pieaugums no dzimSanaz lat&irSanai. MrieSu dzimumagri bija
smagki par sievieSu dzimumaiiem (4.9 tdz 27.7%) ungdri, kuri dzimusi K vieninieki bija smagki par jeriem, kuri
dzimuSi no lieikiem metieniem (15.4idz 18.6%) pc dzimSanas un &$Sanas svara,akafi tiem bija lieiks davsvara
pieaugums no dzimSanad2 at&irSanai.
Atslegas virdi: aitas, augSanas panes, ngeretiskie faktori

Introduction

The total sheep population in Latvia is 83632 hemuts Latvian dark-head sheep breed is the
main sheep breed with a population of 7238 (Agtial Data Centre 2013). In Latvia, sheep
breeding becomes a significant branch of agricejtbecause there are favorable conditions created
for raising sheep breeding and it is a complemgrdamponent of a mixed farming system.

The early growth traits of sheep are affected bnyetie and non-genetic factors. Study of these
factors is required to find the best model whickalies the biological processes that influenceethe
traits. Knowledge of these factors and their inficee on performance of sheep population is important
in formulation of management and selection decgion

The significant influences of environmental factorsbody weight at the various ages can be
explained in part by differences in years, male f@ndgale endocrine system, limited uterine space and
inadequate availability of nutrients during pregoygncompetition for milk between the twins,

maternal effects and maternal ability of dam iriedté#nt ages (Mohammadi et al. 2010, 2).
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Effects of the main environmental factors has lreported significantly in breeds like Baluchi
(Saghi et al. 2007), Dormer (Van Wyk et al. 1998pghani (Savar-Sofla et. al. 2011), Mengali
(Tarig et al. 2010), Thalli (Hussain 2006), Zandohammadi et al. 2010, 1, 2).

The objective of this study was to estimate thennfiactors influencing early growth traits in
the sheep population of Latvia.

Material and Methods

The data were obtained from the state agency ‘Afitical Data Centre’ which is responsible
for the data collecting and processing of the shieeprding results. The early growth traits studred
the present investigation were birth weight, 70-degyght or weaning weight and pre-weaning daily
gain. The data were collected from 12182 lambstémtan 64 herds (in average 190 lambs in one
herd). Basic statistical information of the datadigor each examined performance trait is given in
Table 1. Means of birth weight, weaning weight @ane-weaning daily gain were 4.0 kg, 22.0 kg and
231.9 g, respectively.

1. Table Basic statistical information about examined perfomance traits

Characters Birth weight, Weaning weight, Prt_e-wegning
kg kg daily gain, g
Number of records 12182 12182 12182
Mean 4.0 22.0 231.9
Standard deviation 0.79 5.90 62.94
Minimum 1.0 4.8 10.0
Maximum 8.9 524 516.0.
Coefficient of variation (% 19.75 26.82 27.14

The General Linear Model (GLM) procedure of SAS §/&003) was used to analyze the

data. The following fixed effect model was fittexlthe data:
Yikm =1 + (TOB*Sex) + (Year*Season)+ (Breed) + (Age) + &jm,

where:

Yijkim = individual observation of performance traits,

n = overall mean,

(TOB*Sex) = fixed effect of interaction between the birtheygnd sex of lamb,
(Year*Season) = fixed effect of interaction between the year aadson of birth,
(Breedy = fixed effect of breed group,

(Age) = fixed effect of lambing age of dam,

8jkim = random residual effect.
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The type of birth was divided into 3 classes. Maisall lambs were born as twins (67.9%),
23.3% were single-born lambs, but 8.8% of all lamiesre triplet and quad born lambs. The
percentage of sex ratio of early growth traits Wa&$% and 51.4%, respectively for male and female.

Data were collected from animals born in periodrfrd007 to 2010 and the year of the birth
was divided into the 3 classes® B0.8% in 2007 and 20087%232.9% in 2009 and'8 36.3% in 2010
birth year.

The month of the birth was divided into the 4 seas(t January, %" February, 3: March
and 4" from April to December), where 73.2% of all lantizn in the first three months of the year.

Breed group included 3 classes. The largest bremgbgs formed from sheep of Latvian dark-
head breed (94.9%) which is the main sheep breedaimia and Dorper, Estonian Darkheaded,
Suffolk, German Blackheaded breeds. These breeds bheen recently used like a sire breeds to
improve quality of lamb in Latvia and 1.3% of adinhbs belong to these breeds in this study. Other
breed groups are formed from sheep of Oxforddoweedbrwith 209 animals (1.7%) and German
Merino Local breed with 250 animals (2.1%).

The age of dam was divided into 4 classés1land 2 years old (28.5%)™"23 years old
(25.4%), & 4 years old (19.4%),"5 years old and older (26.7%).

The quality of model was determined by calculatimg determination coefficient R
Results

The means and standard errors of early growthsteai shown in Table 2. The significant
effects of the all factors except breed group wreerved on birth weight, weaning weight and pre-
weaning daily gain. Breed group had a significdfeat only on birth and weaning weights.

Differences in weights of all performance traitsedo sex of lamb were significant (p<0.01).
The results revealed that birth weight, weaninggivkeand pre-weaning daily gain of male lambs (4.1
+ 0.01 kg, 22.7 + 0.08 kg and 238.8 = 0.86 g, respely) were heavier than female (3.9 + 0.01 kg,
21.4 £ 0.07 kg and 225.4 + 0.74 q).

Similarly, single born lambs were significantly (p81) heavier at birth and weaning (4.4 +
0.01 kg and 24.7 + 0.11 kg, respectively) and shiblaiigher growth rate (257.9 + 1.22 g) than lambs
born from larger litters (3.9 = 0.01 kg and 3.6 .8Dkg for birth weight, 21.4 + 0.06 kg and 20.1 +
0.17 kg for weaning weight, 224+80.66 g and 218.2 £+ 1.80 g for pre-weaning dadlingrespectively
for twin and triplet & quad born lambs).

All weights and pre-weaning daily gain varied sfgaintly (p<0.01, p<0.05) among the years
and seasons of lambing. The mean value for birtlghweavas the highest in the year 2010 (4.1 + 0.01
kg), for weaning weight in years 2007 and 2008nothie £' class of birth year (25.8 + 0.09 kg), but
for pre-weaning daily gain in the year 2009 (2351006 g).
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The lambs born from April to December(4lass) have higher birth weight (4.1 + 0.01 kg),
weaning weight (23.3 + 0.10 kg) and showed highewth rate (240.3 1.15 g) than lambs born in
January (T class), February {2class) and March Bclass).

2. Table. Least squares means and the standard errors of egrbrowth traits of various groups

Fixed effect Birth weight, | Weaning weight, Prg-wegning
kg kg daily gain, g
Sex male| 4.1+0.01 22.7+0.08 238.8+ 0.86
female| 3.9°+0.01 21.4+0.07 225.4 +0.74
Birth single| 4.4+0.01 24.7% +0.11 257.8"% +1.22
type twin 3.9+0.01 21.4% +0.06 224.8"* + 0.66
triplet, quad| 3.6+ 0.02 20.¥* +0.17 218.%% +1.80
Birth 2007,2008 4.0*'+0.01 25.8"% + 0.09 228.3%+0.96
Vear 2009| 4.0%+0.01 20.24'+0.08 235.8'+ 1.06
2010 4.1%*+0.01 20.3+0.08 232.%+0.93
1% January] 4.0°"° +0.01 22.67%°+ 0.09 | 228.6"**+0.99
Birth 2"%: February] 4.0°"**2+0.02 | 20.8'%2+0.13 | 217.8"*2+1.27
seasor 3% March| 4.0°™+0.01 21.8%+0.11 238.6¢* +1.15
4™ April — December 4.1°""+0.01 | 23.3'*2+0.10| 240.8*+1.15
Breed LT+ 4.0 +0.01 22.6+0.05 231.3+0.58
OX| 4.4+0.05 20.7+0.40 233.0+4.78
group
VMV 5.2 + 0.05 27.2+0.37 259.1 + 4.56
1.| 3.9%%2+0.01| 22.2"%+0.10 229.7+1.08
Lambing 2. 4072 +001| 21.8™+0.11 232.8+1.09
age of dam 3. 4.1%*+0.02 22.2+012 | 236.1*'+1.27
4. 4.1%*+0.01 21.9"+0.10 230.7%+ 1.14

Within each factor, mean values with the same sapipt letters are significantly different at
p<0.01 {) or p<0.05 Y

LT+ (Latvian dark-head breed group); OX (Oxforddowreed); VMV (German Merino Local
breed)

Results also revealed that differences in birth wedning weights due to breed of lamb were
significant (p<0.01). The birth weight, weaning gleti and pre-weaning daily gain were higher for
German Merino Local (VMV) breed lambs (5.2 + 0.0§, R7.2 £+ 0.37 kg and 259.1 = 4.56 g,
respectively). The lowest birth weight and pre-wegrdaily gain were obtained for lambs of Latvian
dark-head breed group (4.0 + 0.01 kg and 231.358 @, respectively), but the weaning weight for
Oxforddown breed lambs (20.7 + 0.40 kg).

The lambs born from 4 years and older dams wereidreat birth (3 and 4 class: 4.1 kg),

from 1, 2 and 4 years old dams were heavier at inggt™ and & class: 22.2 kg) and from 4 years
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old dams showed higher growth raté® (8lass: 236.1 1.27 g). All differences were significant
(p<0.01, p<0.05).

The analysis of variance for the significance o¥iemmental factors influencing the early
growth traits is given in Table 3. The results tfdsed traits revealed that the birth weight, wegni
weight and pre-weaning daily gain varied signifitamue to birth type and sex of lamb born, year
and season of birth, breed and age of dam (p<Qa@il) that these environmental factors were
important sources of variation for studied traits.

3. TableSignificance level and F values of factors affectgnperformance traits

.| Birth weight, kg Weaning weight, kg| Pre-weaning daily gain
Source of variation df F values df F values df F values
Sex*TOB” 5 279.0* 5 209.8* 5 180.4*
YOB*SOB? 11 13.3* 11 257.2* 11 34.6*
Breed 2 250.2* 2 30.4* 2 18.8*
Age of dam 3 109.6* 3 38.4* 3 29.0*
Error| 12079 - 12053 - 12078 -
Cv | 17.27 - 22.04 - 24.96 -
R?| 0.5 - 0.25 - 0.10 -

* = Significant (p<0.01)
Dinteraction between the birth type and sex of lamb
2interaction between the year and season of birth

The highest coefficients of variation were obtairfed weaning weight (22.04%) and pre-
weaning daily gain (24.96%), which is an indicatmfrthe larger effect of studied factors on weaning
weight and pre-weaning daily gain than on the biéight.

Discussion

The estimates of mean values and standard errqgrarfdfrmance traits obtained in the present
study was in line with the findings of many reséars: Savar-Sofla et al. (2011), Tariq et al. (3010
Mohammadi et al. (2010, 1, 2), Hussain (2006), Weyk et al. (1993), Saghi et al. (2007) who
studied birth weight, yearling weight and pre-weandaily gain, Jorgensen et al. (1993), Akhtarlet a
(2001), Bahreini Behzadi et al. (2007) who studeth and weaning weights, Babar et al. (2003) who
studied only weaning weight and Thiruvenkadan ef28108) who studied only birth weight.

The analysis of data revealed that male lambs wigr@ficantly (p<0.01) heavier (4.9% and
5.7%, respectively for birth and weaning weights)l @rew 5.6% faster than females. The difference
between the two sexes increased with age of lamaaply because of increasing differences in the
endocrine system between males and females. Siynsangle born lambs were significantly (p<0.01)
heavier at birth and weaning and showed higher tjraate than lambs born from larger litters. The
differences of traits related to type of birth midge because of limited uterine space and competiti
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in milk suckling. The findings of the effect of sexd type of birth on body weights obtained in
present study are in agreement with that obseryekhtar et al. (2001), Babar et al. (2003), Hussai
(2006), Bahreini Behzadi et al. (2007), Saghi et(2007), Thiruvenkadan et al. (2008), Tariq et al.
(2010), Mohammadi et al. (2010, 1, 2), and SavdlaS. al. (2011).

The body weights and pre-weaning daily gain ofyegrbwth traits varied significantly among
the years and seasons of birth (p<0.01, p<0.0%nifBiant differences between years of birth on
lamb’s birth weight reflected the variability of veronmental conditions. Variation in birth weight
across years indicated that the feeding, manageamhtenvironmental conditions affect the ewes
during pregnancy (Hussain 2006). The ewes thoseetoed during September to November months
had lambing during January and February, favorableronmental conditions with good availability
of the fodder during the gestation period, whiclymihave been contributed to higher body weight at
birth (Thiruvenkadan et al. 2008). Number of woskeeported that body weights of lambs differed
significantly due to the year of birth (Saghi et2007; Bahreini Behzadi et al. 2007; Mohammadi et
al. 2010, 1, 2), year and season of the birth (Mark et al. 1993; Akhtar et al. 2001; Babar et al.
2003; Hussain 2006; Thiruvenkadan et al. 2008;dTetrial., 2010; Savar-Sofla et. al. 2011).

In this study, the breed of lamb was significantbarth and weaning weights (p<0.01). The
lambs born from older ewes were heavier and shdwgdter growth rate than lambs of younger ewes.
The differences in weights and pre-weaning daily dgetween lambs born (to first parity and to later
parity ewes) were significant (p<0.01). The sigraft effect of dam’s age could be due to difference
in maternal behavior, uterus space and milk prodaaif ewes in different ages. The results were the
same as some of other researchers, who reportedlah@ds age had significant effect on birth and
weaning weights (Jorgensen et al. 1993; Van Wy&l.e1993; Saghi et al. 2007; Mohammadi et al.
2010 (1, 2); Savar-Sofla et. al. 2011).

The analysis of variance for the birth weight ham®wn that birth weight of lambs varied
significantly due to sex and type of birth, yead @a®ason of birth, breed and age of dam (p<0.01).
Savar-Sofla et. al. (2011) analyzed performanca datMoghani sheep and reported that sex, type of
birth, year and season of birth and age of damsigificant effect on birth weight (p<0.01). Taeg
al. (2010) studied the effects of some environmdatiors on production traits in Mengali sheep and
it was observed that birth weight were significaratffected by sex, type of birth, year and seadon o
birth (p<0.05). Mokhtari and Rashidi (2010) repdrtbat sex, type of birth, the year and season of
birth had a significant effect on the birth weigtitKermani lamb. Significant effect (p<0.01) of sex
the year and season of birth on birth weight in Megcsheep was also reported by Thiruvenkadan et
al. (2008). Hussain (2006) studied factors affecbirth weight of Thalli sheep and reported thas it
significantly affected by sex, type of birth, yedibirth and age of dam (p<0.01).
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The analysis of variance for weaning weight indddathat the influence of sex and type of
birth, year and season of birth, breed and ageaof dn weaning weight was significant (p<0.01,
p<0.05). The findings of Savar-Sofla et al. (204f¢ in agreement of the present study. Significant
effect (p<0.01) of sex, type of birth, year andsseaof birth on weaning weight is reported by
Mokhtari and Rashidi (2010), Tariq et al. (2010) &abar et al. (2003). Hussain (2006) reported that
the weaning weight of Thalli sheep was affecteddy, year and season of birth, interaction between
season of birth and sex and interaction betweesoseat birth and type of birth (p<0.01).

The variation on pre-weaning daily gain due to aed type of birth, year and season of birth
and age of dam was significant (p<0.01, p<0.05)sddin (2006) reported that year and season of
birth, type of birth, interaction between seasorbiah into sex and season of birth into type otfbi
had a significant effect on the pre-weaning dagyngof Thalli sheep (p<0.01). The effect of sex of
lamb on pre-weaning daily gain was also signifiggst0.05). Mohammadi et al. (2010, 1, 2) reported
that the effect of birth year, birth type and darafge was significant (p<0.01) and also interaction
effect between birth year and birth type and inteoa effect between dam’s age and birth type was
significant (p<0.05) on pre-weaning daily gain @ndi lambs. Significant effect (p<0.01) of sex,ayp
of birth and dam’s age on pre-weaning daily gaiBatuchi sheep was reported by Saghi et al. (2007).
Savar-Sofla et. al. (2011) reported that sex, tfdarth, year and season of birth and dam’s agkaha
significant effect on pre-weaning daily gain in Magni sheep (p<0.01).

Conclusions

The results of the present study revealed thatbiltd weight, weaning weight and pre-
weaning daily gain of sheep population in Latviareviafluenced by various factors: sex and type of
birth of lamb, year and season of birth, breed aged of dam. Consequently, the effects of these
factors need to account for the estimate of the¢ Begar Unbiased Predicted (BLUP) value of sheep

and this information would be helpful in developiiagure breeding strategies.
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Abstract

Research of gene copy number variation (CNV) was fitarted on a large scale after sequencingeohtiman genome.
The frequency of CNVs in genomes is higher thatialty expected. Changes in gene copy number haea binked with
various diseases and are also correlated withrdiffes in gene expression. In 2011 our group efaresers published the
first report of CNV found in conifers — variation copy number oPinus sylvestrigthaumatin-like protein gene was
described. In this research the evaluation of gepy number was performed using a quantitative PgHFRCR) method
which is considered to be the golden standard anoften used to validate results obtained by o®RN detection
techniques. However, control samples with knownegeopy number are required to standardise the gfeGiRts, and
these are not available in pine. Therefore, wésetll other CNV detection methods in order to comfiur gPCR results.
Here we report the sequencing of megagametophytd BN CNV assessment. Obtained results provide idenable
evidence of existence of CNVs for analysed genes.

Key words: CNV, Pinus sylvestris, thaumatin-liketpm, pinosylvin synthase, megagametophyte

Kopsavilkums

Ar rezistenci saisttu genu kopiju skaita variaciju polimorfisma noteikSana, izmantojot dazdas metodes
Geénu kopiju skaita vaficiju (CNV) petijjumi liela meroga tika uzakti pec cilveka genoma sekvéganas. CNV
sastopania genomos ir liaka neki sakotrgji prognozts. Genu kopiju skaita izmaias var izraig dazdas slinibas un
korele ar izmaham genu ekspresfj. 2011. gad masu Etnieciska grupa publigja pirmo zihojumu par CNV skujkokos —
tika aprakstasPinus sylvestrisaumatnam idziga protana gna kopiju skaita vaditijas. Mirgtaja petijuma genu kopiju
skaita izrteSana tika veikta, izmantojot kvantiteds PCR (qPCR) metodi, kas tiek uzsiapar standarta metodi un bieZi
tiek izmantota, lai apstipriitu rezulitus, kas iegti ar citm CNV detek&Sanas metaain. Toner, lai standartizztu qPCR
rezulitus, nepiecie3ami kontroles pparaugi aazio ggnu kopiju skaitu unzli parasis priedes paraugi nav pieejami. S
iemesla pc mes izmantajm citas CNV detekSanas metodes, lai apstigtim misu gPCR rezuitus. Saj rakst mes
zinojam par megagameitf DNS sekve#sanu CNV noteikSanai. lafie rezulfiti sniedz ¥ra nemamus piédijumus par
petito genu CNV eksistenci.

Introduction

Gene copy number variations occur due to erroreamologous recombination events and
during nonhomologous repair (Hastings et al. 20@3ne copy number variation in the human
genome was initially reported in 1999 (Pollack kt1®99). In 2004, two reports about large-scale
subchromosomal gene copy number polymorphism imtinean genome were published (lafrate et al.
2004; Sebat et al. 2004). These studies indichigdldrge-scale variations in gene copy number were
common and occurred in many loci in the human genom

CNVs occur in many organisms, any two individuah@®es taken from nature, in any species,
will have dozens to hundreds of differences inrtheial number of functional genes (Schrider &
Hahn 2010). Correlation of gene copy number wehegexpression and protein expression levels can
influence the phenotype of an individual. Data simgwcorrelation between increased gene copy
number and gene expression have been publishedyldilet al. 2008; Orozco et al. 2009). However,

a study of cancer cells reported a low correlabetween gene copy number variation and protein
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pattern (Geiger et al. 2010), which indicates thexte dosage does not always have a direct effect on
expression levels of specific proteins. Still, @isvdemonstrated that when gene copy numbers of key
regulatory genes are increased, in this study -eg@mees and tumour suppressors, in many cases the
transcription of the corresponding protein increaas well (Geiger et al. 2010). It has also been
revealed that gene copy number variations can w@vied in human pathogenesis (Gonzalez et al.
2005; Aitman et al. 2006). Changes in the genoneetdde novocopy number mutations have been
linked with autism (Sebat et al. 2007) and schizepta (Cook & Sherer, 2008). However, most
common CNVs have an insignificant or no role instag disease (WTCCC 2010). As a result of
CNV events, gene number gains outnumber lossegestigg that many of them are favoured in
evolution and are therefore beneficial and that GN&&pecially gene duplication and exon shuffling,
can be a predominant mechanism driving gene andngerevolution (Zhang et al. 2009). Copy
number of the amylase gene in humans compared itopahzees is suggested to have been
evolutionarily favoured for human adaptation to ighkstarch diet, and a higher frequency of
increased copy number of the amylase gene is fauridiman populations with a high starch diet
(Perry et al. 2007).

In addition to humans, gene copy number variatias heen studied in other species including
Daphnia pulex Daphnia pulicaria(Eagle & Crease 2012 aenorhabditis elegan@viaydan et al.
20010),Drosophila melanogastefSchmidt et al. 2010), zebrafish (Brown et al.120and others.
CNV has also been investigated in plant speciezean(&pringer et al. 2009; Swanson-Wagner et al.,
2010), arabidopsis (DeBolt 2010), rice (Yu et &@12), wheat (Saintenac et al. 2011; Diaz et al.
2012), wild barley (Zhang et al. 1990) and others.

In conifers, some gene families have been chaiaetgrdetermining the number of gene family
members (Preisig-Muller et al. 1999; Li & Asiegl#2004) but no gene copy number analysis have
been reported. Existence of gene families is afpob@ncient gene duplications. Our goal was to
detect gene copy number polymorphisms which hawairoed comparatively recently and have
produced an extra copy of a functional gene. Régeme started CNV analysis in tinus sylvestris
genome using real-time PCR, and CNV data on thantkéin-like protein TLP) gene have been
published (ipars et al. 2011). Correlation of elevafBld® gene copy number with a larger increase
of gene expression after inoculation witeterobasidion annosuwas also documented kiars
2011). CNV has also been detected for Breé2 and PsBBsgenes (§ipars 2011). The evaluation of
gene copy number was performed using gPCR methachvid considered to be the golden standard
and is often used validate results obtained byro@MV detection techniques. However, control
samples with known gene copy number are requiratitodardise the gPCR results, and these are not

available in pine. Therefore, we utilised other\Cletection methods in order to confirm our gPCR
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results. We chose sequencing of haploid megagaimg®®NA. In conifers, the megagametophyte
in seeds is haploid, and is derived from the maletissue. This enables direct determination of
haplotype by analysis of the megagametophyte DNAanifers. DNA was isolated from a single
megagametophyte and PCR was performed using gexdisgprimers. The PCR products were then
cloned into plasmids and a number of single comere sequenced. The amount of differing
sequences obtained from a single megagametophditaias the amount of copies of the sequenced
gene in a haploid genome.
Materials and methods

DNA was extracted from three pine megagametophwytesh were obtained from a single Scots
pine tree (local Db. No. M-1I-418), which was preusly determined to have three copies of the
PsBBsgene and two copies of ti&.P gene (determined by gPCR). DNA extraction wasqreréd
with the Thermo Scientific “Genomic DNA PurificatioKit” with a decreased reagent amount for
each isolation step. DNA concentration was deteeghioy spectrofluorimetry and 10 ng of DNA was
used in a PCR reaction with gene-specific primé&able 1). Obtained PCR products were checked
using agarose gel electrophoresis and molecularingowas performed using the InstaClone kit
(Fermentas) according to the manufacturers prot@&catoli colonies were grown on LB agar in Petri
dishes and after obtaining single-colony culturplgsmid DNA was isolated using a standard
Miniprep protocol. Plasmid DNA was used in PCR tigas with M13 primers or gene specific
primers to obtain the template for DNA sequencifay polymerase (Thermo Scientific) was used for
the initial amplification of megagametophyte DNAutbfor the rest of the experiments, the
proofreading HOT FIREP8I DNA Polymerase (Solis BioDyne) was used in PCRctieas.
Composition of PCR reactions (reaction volume @% 1x buffer B2, 1.5mM MgGJ, 0.192aM
forward and reverse primer, 0.16mM dNTPs (each)i§®ioDyne), 0.5 U HOT FIREPSI DNA
Polymerase, total amount of DNA was 10 ng per reacPCR cycling was performed according to
the manufacturers protocol and primer melting tenapees. Sequencing reactions were performed in
20 ol volume according to the manufacturers (Life Teadbgies) protocol.

Table 1. List of primers used.

Primer Target Primer sequence {563’) Predlcted length
name of amplicon
PsBBs_in_F| Intron of PsBBsgene (Acc. no. | GAATCACCGGTAACGAGCAT 695 bp
PsBBs_in_R X60753.1) GCACACATCGGGATTCTTCT

In combination with 980 bp (in
PsBBs R PsB_Bs_in__F intron and part_of GGCAAGGTCTTTCGCCATT C(_)mbination

- coding region oPsBBsgene is with

targeted. PsBBs in _F)
TLPv3-F Intron and part of coding region CTGCCTCGCCATTTGCA 867 bp
TLPV1-R of P. sylvestris TLRjene ACCACCAGGGCAGGTGAAG
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M13-F GTAAAACGACGGCCAGT Depending on
M13-R : insert size
Insert of plasmid pTZ57r/t | - A GGAAACAGCTATGAC (insert size +
154 bp).

DNA was isolated from three different seeds frora #ame mother tree so that the haploid
genome of single mother tree could be analysedulBe@ag polymerase was used as it generates
adenosine overhangs for T/A cloning but this polsase has a fairly high error rate, which could
introduce mutations in the PCR products. In latagas the proofreading enzyme mix from Solis
Biodyne was used in order to reduce the possihilftpolymerase induced amplification errors. A
summary of the workflow is presented in Figure 1.

Extraction of
——> megagametophyte
DNA

Cloning of PCR a Gene specific

products PCR
l Lb
Gene specific
PCR Electrophoresis,
\L band excision

and sequencing
Sequencing

Figure 1. Experiment workflow.
Results and discussion

Gene copy number variations for tResylvestris TLRjene (§ipars et al. 2011) and tHRsBBs
gene (Kipars 2011) have been previously reported. qPCRusad in those studies but, as reference
samples were not available, it is necessary tokctiexcredibility of these data using alternativé\C
detection methods. For analysis of &BBsgene copy number by sequencing, primers amplifying
the intron of this gene and partial coding sequemere developed. The intron region was chosen as
introns accumulate mutations at a higher frequetheyn coding sequences. Sequencing was also
performed using the reverse primer used also iIgPER experiment for determination of CNV to
demonstrate that the analysed intron region iy tinked with thePsBBsregion previously used in
gPCR. For analysis of thELP gene, primers amplifying a large part of the geneluding a small
intron, were used. The analysed sequencdd Bfoverlap with the gene region used in gPCR. Figure
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2 provides information about the location of prisyesed for megagametophyte sequencing and for
gPCR.

Megagametophyte DNA sequencing, 867 bp

{ |
TLP gene, — —

1 ] |
937 bp —é
Intron, nt 124 -261

gPCR CNV detection

Intron, nt 255 -821
[ ]

Melting curve analysis and sequencing 980 bp
l

[ !
PsBBs gene, [

|
1997 bp — . —

! gPCR CNV detection

Megagametophyte DNA sequencing, 695 bp

Figure 2. Location of primers used for CNV anahya&i$sBBsand TLP genes using sequencing

of megagametophyte DNA and gPCR.

Agarose gel electrophoresis results initially sisjee that there is more than one copy of the
PsBBsgene in the pine genome because several fragrmésimilar size were detected, indicating
that several PCR products are amplified with theeggpecific primers (Figure 3). These PCR
products, amplified from three different megagambtdes from a single mother tree, were then
ligated into thepTZ57R/Tplasmid (Thermo Scientific) which allows blue /itéhcolony screening,

carries the ampicillin resistance gene and has pitBer binding sites near the cloning site.

Figure 3. Agarose gel electrophoresis of PCR prisdaimplified with thd®sBBsgene primers. Lanes
1 and 11 contain DNA ladder “GeneRuler DNA Laddex’MThermo Scientific), lanes 3, 5, 7 and 9

contain amplicons from megagametophytes #1, #2né3egative control, respectively.
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DNA sequences obtained from both PCR products rafleicolony plasmid DNA and from
PCR products amplified directly from megagametophBNA showed that there are insertions /
deletions and SNPs in the intron region. SNPs \abs@ detected in the coding region but these dre ye
to be verified. Initially, DNA sequences obtainednh the shorter amplicons were aligned. BLAST
analysis against the NCBI database showed neaflf6lidentity of the obtained sequence with the
genomic DNA sequence &fSD2gene fromPinus massonianéGenBank acc. no. DQ647830.1). The
P. sylvestris PsBBgene has a 484 bp insertion in comparison to #wuence from the short
amplicons. Thé>. massonian®SD1gene (GenBank acc. no. DQ647829.1) likeReBBsgene from
P. sylvestrishas a 378 bp insertion compared to the shortiaompfrom megagametophyte DNA and
the PSD2 gene fromP. massonianaThe sequences of the gerfesBBs, PSDland PSD2 were
compared with each other. The sequences of thesggaBBs(from P. sylvestriy andPSD1(from P.
massonianpare very similar, while th®SD2gene has a large deletion (~ 740 bp) comparebeo t
PsBBsgene. The®SD1gene has deletions of ~ 80 bp in total compardest®Bs The PsBBsgene is
larger than both other genes (it extends 70 bppéurio the 5’ end and 173 bp at the 3’ end compared
to the 5 and 3’ end odPSDland PSD2genes). Further analysis will include comparisbmeading
frames and amino acid sequences of these protaims the identified possiblBSD1 and PSD2
homologues irP. sylvestrik

Analysis of DNA sequences from the larger amplicamplified from megagametophyte DNA
revealed that one of two sequences from megagamgt@l is more similar tB. massoniana PSD1
gene than t&®>sBBsgene (BLAST results indicate 93% identity and 4% syavhen compared to the
PSD1gene and 82% identity and 16% gaps when comparBdBB3. The largest differences are a
39 bp deletion, 5 bp deletion and a 21 bp longnraigt of DNA sequence highly different from
PsBBs These results indicate that there at least ttiféerent copies oPsBBsgene in the genome of
the analysed mother tree which are possibly hom@sgof PSD1 and PSD2 and most likely,
members of #sBBsgene family inP. sylvestrisas inP. massoniana

However, we have also identified sequences ofRtBBsgene which are highly similar to
each other, differing only by insertion / deletidififerences of 3 — 12 bp in the intron of this gene
(Figure 4). While the detected SNP differences hauee verified, currently, we have identified thre
differentPsBBsgene sequences from the three analysed megagamte®pihen th&SD1andPSD2

homologues are omitted.
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__rn'.'l €0 T BU 20 149 110 120 L0
» v15_T I TTCAGCGARTATGTA -GTTTTCA GITTCTTCATTCTGT TCTGGCOCGATTCATGAART CAATCATGTGATCGAAD
= 14T NTTCAGCGA - TATGTA-GTTT CA GTTICTICATTC TG T GACOGCOATTCATOAAT CARTCATOTOATCOAAD
» 2vE_A0D T TCAGCGA - TATGTAAGTTT  CAGTTTCAGTTTCTG T TTCTTCATTC TG T TCTGECGCGATTCATGAATAATCAATCATGTEATCGAAG
» 2v14_T00 T T CAGCGA - TATATA - ATTT CAGTTTCAGTITCIGTTICTICATIC TG TETOACOCOAT TCATOAATAATCAATCATATGATCOAAD
p:-.--LFEIl] NYTTCAGCGAATATGTAAGTTT - CA GTITTCTTCATTICTGT TCTGGCOGCGAT TCATGAAC CAATCATGTGATCHNAADG
= w13 700 T TCAGCGA - TATATAAGTTT  CAGTTTCAGT T TCAGT TTCTICATICTOT TCTORCOCOATTCATGARATAATCAATCATATRATCOAAG
» 27 _TOD NTTCAGESA  TATGTAAGTTT . CA GTTTCTTCATTCTRTTCTGECOGCGATTCATGAAT CAATCATGTGATCGAAG
» 310_T00 NTTCAGCGA - TAT AGTTT.CA GTITTCTTCATCGTTICTRCGCGA TCATAALD CAEATCATGTGATCGAMLG

name represents the megagametophyte number.

Melting curve analysis using real-time PCR was usaghalyse the insertions / deletions in the
PsBBssequence using the primers PsBBs_in_F and PsBBsgpected amplicon length 980 bp).
Results (Fig. 5) suggest that fragments differinglength can easily be distinguished using this
method thus indicating that more than one copyhef analysed gene is present in the analysed
genome but it has to be kept in mind that this metvould not detect SNP mutations because of the
large size of the amplicon, therefore it is possitdl underestimate copy number using this method.

However, this method could be utilised for scregron profiling of gene families if multiple members

from a gene family are amplified.
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Figure 5. Melting curve analysis of partRéBBsgene qPCR product. Numbers represent the

megagametophyte number.
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Gene specific PCR of tHe. sylvestrighaumatin-like protein genELP with megagametophyte
DNA as template amplified two distinct PCR produgisy. 6).

Figure 6. Lanes 1 and 6 contain DNA ladder “GeneRDNA Ladder Mix”, lanes 2 — 5 contain

amplicons from megagametophytes #1, #2, #3 andimegapntrol, respectively.

After band excision and DNA purification from agaeogels, forward sequences of the long
and short amplicon of megagametophyte #1 were mddai The forward sequence of the long
amplicon of megagametophyte #1 contains two delstiboth 17 bp compared to the sequence from
the short amplicon which, in turn, has a 52 bp tamtecompared to the sequence of long amplicon.
This indicates that at least two different copidstiee TLP gene are present in the mother tree.
Considering the possibility that these are diffenerembers of a gene family, both sequences were
aligned against the full sequence of hesylvestrisTLP gene (full length sequence of tResylvestris
TLP gene pending publication in the NCBI database)smugiences in the NCBI database.

The forward sequence of the short amplicon has RE¥tity and 1% gaps compared to the
P. sylvestris TLPgene and 97% identity and 1% gaps compared tomR&A sequence of the
thaumatin-like protein gene froRinus taedaThe high similarity betweehLP genes oP. sylvestris
andP. taedawas observed before in our laboratory, in factftilesequence oP. sylvestrisTLP gene
was clarified by use of primers designed usingrhtaedasequence.

The forward sequence of the long amplicon shows &Ritity and 5% gaps compared to the
P. taedathaumatin-like protein gene and 87% identity afd gaps compared to tie sylvestris TLP
gene sequence. The sequence of the long amplicoaice additional sequence compared to the
P. sylvestrisTLP gene and also compared to the mRNA sequenée @edathaumatin-like protein
gene. Alignment of these sequences against the Ni@@base did not identify better alignments to
other sequences. Currently, there is no evideratent have detected another member of a larger
gene family, but additional sequence and amino segience analysis have to be performed to clarify

this question.
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Analysis of sequences of haploid DNA revealed thes@nce of different copies of both the
PsBBsandTLP genes. We have considerable evidence that notoultyple copies of th®sBBsgene
exist in the Scots pine genome, but also Bs2Bsgene is a member of a larger gene family in Scots
pine. Existence of a pinosylvin synthase gene famwihs reported by Preisig-Mdiller et al. (1999).
These genes were grouped in five subclasses deyweaflithe size of their introns and four of these
genes were sequenced but only promoter sequentiessef genes are available in the NCBI database
thus the comparison of our sequences to these geasesot possible.

The number of sequences analysed (especially seegi@nth complete coverage from both 5’
and 3’ ends) is not large enough to draw clear lesians about the copy number of eBBsor TLP
genes in the analysed individuals. Sequencing ofjag@metophyte DNA proved to be too
cumbersome for practical use of gene copy numbeficaion in our laboratory, but it did provide
considerable evidence that different copies ofngleigene exist. Sequences of both analysed genes
overlap with the regions of these genes used inique gPCR analyses of CNV, however the
sequence quality and coverage will need to be imgatan order to confirm that the sequences
analysed in this experiment were also detectedPi@R) for CNV determination. Further analysis of
CNV in Scots pine will use next generation sequamdechnologies to provide additional data by
sequencing larger amplicon numbers or mRNA popanatof the analysed genes.
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Abstract

Protein composition of bovine milk is determined ggnetic variants but only after it varies withggaof lactation,
feeding, age, heath of the cow, and season ofdhe pelection for the LGB variant B in dairy cattiould be one of the
most important whey proteins variants in the miflo@mmals that has a significant composition teatery suitable for
cheese and butter processing. The aim of the stesgribed in this article is oriented to the idérdtion p — lactoglobulin
(LGB) gene polymorphism and to analysis of genotsfpecture in population of the dairy cattle in\iat and also to the
determinations of the effects of LGB genetic vaisaon milk production traits. In our research utfeel samples of the
blood and the sperma cells from 658 living induats of 8 different dairy cattle breeds in Latvémd representing
different ages were genotyped. The PCR producte digested with the restriction enzyidadll. Alleles A and B offf —
lactoglobulin were determined by Polymerase Cha@ad®on and Restriction Fragment Length Polymomph{PCR —
RFLP) analysis of several dairy cattle breeds itviaa The frequencies of LGB alleles A and B ar2Z001 and 0.7989. In
our research we found that LGB variant A increaseyiald of the milk but the LGB variant B statistlty significantly
upraise a percentage of the milk fat and also p¢age of the milk protein. This research is a niyviel Latvia, and the
study done in Laboratory of Molecular Genetic Reslaas of Faculty of Agriculture in Latvia Univensigriculture
(LUA) from 2011 till the end of 2012. The team bktresearch represent the Latvia Academy of Agricall and Forest
Sciences.

Key words: dairy cattles — lactoglobulin, milk productivity

Kopsavilkums

Govju beta-laktoglobulina (LGB) genetisko variantu ietekme uz piena produktivitati
Liellopu piena proteu sastvu ietekn® gergtiskie variant, but tikai §c tam, kad vas ar lak&ciju skaitu, &édinaSanu,
vecumu, govs vesdlas sivokli un gada sezonu.Govju selekcigep — laktoglobuling(LGB)
B varianta latu viens no svagakajiem slaucamo govju selekciggans pagmieniem, jo Sim LGB variantam ir noteicoSa
loma biezpiena, sierra un sviesta razas&atijuma nerkis ir orentts uz LGB @na polimorfisma noteikSanu un anétiz
genotipu struktru slaucamo govju popidija Latvija, tapat af analizt LGB gergtisko variant ietekmi un produktivites
pazmém. Masu [Etijuma izmantofim 658 liellopus no Latvij audztam 8 slaucamo govjukiném ar daZdu vecuma
grupu sadajumu. FKR produkti tika apsadati ar restrikcijas ermmu Hadll. LGB aléles determigtas, izmantojot
polimerazeskeédes reakciju ar restrikcijas fragmentu garumu potfiemu. LGB atlu A un B frekvences ir attigi
0.2011 un 0.7989.de petijuma datiem, seciim, ka LGB variants A paaugstina izslaukuma daudzumet LGB variants
B statistiski litiski paaugstina tauku daudzumu (%) uhgiena protea daudzumu (%). Sigfjums ir novitite Latvija,
kas veikts Latvijas Lauksaimnigmas universittes Lauksaimniabas fakulites Molekufiras gergtikas Etijumu
laboratorip laika posm no 20l1l.gada akuma idz 2012.gada beign. Fetnieku grupa reprezehnt Latvijas
Lauksaimnietbas un Meza Ztnu aka@miju.

Introduction
Milk is a complex fluid consisting of an enormougnmber of major and minor components.

Approximate concentrations of the milk compositgirowed Walstra et al. (2006) where we see that
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the major constituents of milk are water (87.1 ¥4gtose (4.6 %), milk fat (4.0 %), protein (3.3 %),
organic acids (0.17 %), miscellaneous (0.15 %) mamerals (0.7 %). About 80% of the total protein
amount consists of caseins, but the remaining 2@fféred as milk serum proteins or often called as
whey proteins (Walstra, Wouters, Geurts 2006). Whey protein fraction consists fflactoglobulin
(B-LG) anda-lactalbumin ¢—LA), in proportion 3:1. Compared to the caseinegwproteins have a
more organised secondary and tertiary structureaa@ccommonly globular proteins. They are more
heat sensitive at temperatures around 60 °C (de Kibrenbeek,Hontelez-Backx 1983; Paulsson,
Dejmek 1990). Also whey proteins are more hydrdgphidthan the caseins and most of them contain
high amount ofi — helical structure (Ng-Kwai-Hang 2002) which rsecof the main bonds’ type.

B-lactoglobulin $-LG) is a major whey protein in milk of cows, debison and buffalo, also
in some non- ruminants (pigs, horses, dogs, dodphimd whales) . Als@-lactoglobulin is not an
endogenous part in human milk (Fox at al. 1988gactoglobulin $-LG) is an extremely acid stable
protein which exists at the normal pH of bovinekmit is a single chain polypeptide of 162 amino
acid residues (Eenennaam at al. 1991) and existikras a dimer at room temperature and at pH 5 to
7 ( Marshal et al. 1988; Wang et al. 1998)lactoglobulin solubility depends on pH and ionic
strength, but it does not precipitate on acidifmabf milk (Walstra, Wouters, Geurts 2006).

Since the discovery of the milk protein moleculanetics variants of cattle, attempts have
made to correlate milk characteristics and milkdoiiion with the genotype of each type of milk
protein. Studies on milk protein genetic variabiltarted near fifty years ago by detecting bo\ine
lactoglobulin $-LG) main variants using paper electrophoresis (affenburg et al. 1955), and were
intensively developed during the following yearsscdvering high polymorphism, with important
differences among cattle species and breeds (Hagbli al. 1992; Formaggioni at al. 1999). This
opened the doors to extensive research aiming aiacterising genetic variants of the main milk
proteins. A recent revision of the milk protein remolature (Farrell Jr et al.; 2004: 1645) indicédtés
B-lactoglobulin variants within the cattle speciesyw well characterised (Martin et al. 2002: 434)t B
B-lactoglobulin occurs in three main genetic vagsait, B and C., whose associate each to a different
extent, i. e., A>B>C (Walstra, Wouters, Geurts 2006

Variants A and B also differ in conformational stép (Walstra, Wouters, Geurts 2006). The
effects of different3-lactoglobulin $-LG) alleles on the quantity and on the qualitycoiv’s milk
have been reported and the availability protocotdlie identification of most common alleles A and
B is of the highest interest of practical importarin breeding programs. The BB genotypepof
lactoglobulin $-LG) is associated with higher content of fat inkr(Ng Kwai — Hang et al. 1986;
Aleandri et al. 1990; Tsiaras et al. 2005), alsmtgin (Litwinczuk et al. 2006), casein (Robitaideal.
2002), true protein (Bobe et al. 1999) and eveal &xlids (Celik, 2003) due to the AA genotypelof
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lactoglobulin $-LG) (Ng Kwai — Hang et al. 2002; Robitaille et 2002; Molina et al. 2006) what is a
very desirable in the milk processing industrydazurd, cottage cheese and cheese making. The cows
whose have AA genotype @flactoglobulin $-LG) produces more milk content than cows with BB
genotype of-lactoglobulin $-LG), also cows with AA genotype have higher pnotgield than cows
with AB or BB genotypes.

The bovinep-lactoglobulin -LG) A variant differs from B variant by: Aspartatasp) — 64
(GAT) -> Glycine (Gly) (G3T) and Valine (Val) — 118 (GTC) -> Alanine (Ala) G&). These two
amino acids are substituted by Gly and Ala in theaBant (Ghashghaei, 2003: 98). The latter T -> C
substitution creates adadll restriction site,thus enabling an RFLP analysighep —lactoglobulin
locus (Medrano et al. 1990). All the variants canfave cysteine residues; four of them are invdlve
in forming intra — chain disulphide bridges. Thelbgical function could have a role in metabolisin o
phosphate in the mammary gland and the transparétofol and fatty acids in the gut (Hill et al.,
1997).B -lactoglobulin is the most allergenic of the ba/milk proteins for the human infant (Fox et
al., 1993) and it is absent in the milk of humad evdents (Hambling et al., 1992).

The aim of our present study was to identify mosgdient, A and B, allelic variation @
lactoglobulin $-LG) for the bigger cattle breed population in Liatherds, and to analyze the effects
of B — lactoglobulin  genetic variants on the milk gwotivity, were shown to be associated with
differences in milk protein yield and compositiddCR — based method for analysing cattle DNA
sequence polymorphisms such as PCR - RFLP (Polgmer@hain Reaction Fragment
LengthPolymorphism), have been proposed for gemagymilk protein loci in both sexes (cows and
bulls). Thus, molecular genetic markers could pday important role in the selection and in the
preselection of embrious prior to transfer, younfisto progeny tests, or heifers to rear whenehgr
a large ‘surplus’ of embryos, heifer or bull cal\{dartin et al.,2002).

This research is a novelty in Latvés it had never been done befdratvian Brown (LB) and
Latvian Blue (LZ) cattle breeds are two of the lLiatAnimal Genetic Resources, and this research
gave a good view of the effects [factoglobulin genetic variants on the milk prodvity also about
all of our dairy cattle breeds in Latvia.

Materials and Methods

Cows were chosen at random from each herd (PiclHB.blood was taken from the jugular
vein, and was collected in K3-EDTA coated steriasutainers, and stored at - 20 until used for
DNA extraction. Samples of sperma we got from thgulSa Station of Breeding and Atrtificial
Insemination (Sigulda CMAS). The research has liksre in the Laboratory of Molecular Genetic
Researches of Faculty of Agriculture of LUA (LatWaiversity of Agriculture) in Jelgava (Latvia).
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DNA was extracted using DNEasy Blood@Tissue Kit ckhihad extracted by QIAcube
(QlAgene, USA). A 247 bp fragment of th&B gene, covering SNP site 5261 of exon IV (BTA11),
was amplified using primer8LG forward5’- TGT GCT GGA CAC CGA CTA CAAAAAG -3
andBLG revers5’- GCT CCC GGT ATA TGA CCA CCC TCT - 3 from matdology ofMedrano
and Aguiler — Cordova (1990). The&sB alleles were identified using the PCR - RFLP (Payase
Chain Reaction and Restriction Fragment Length rRolphism) method. PCR test is simple, rapid
and effective for animals of any sex age, thus g&ng the inclusion of milk protein genotypes into
selection programs. The PCR reaction elaboratedldgrano and Aguiler — Cordova (Medrano et al.
1990) was modified. The amplification was carried m Applied Biosystems 2720 Thermal Cycler
with the following amplification condition®4 °C for 3 min (initial denaturation), then folle@ 35
cycles with denaturation at 94 °C for 30 sec, alingat 60 °C for 30 sec, and extension at 72 C fo
30 sec with a final extension of 72 °C for 10 nsamples of PCR products (85 were digested with
Hadll endonucleaseaccording to the manufacturer's recommendationgn{Entas). Restrictive
fragments were separated in 4 % agarose gel whidiEm bromide (10ul EtBr 100 mt* of 4 %
agarose gel). Electrophoresis was used for visatadis of the restricted DNA bands (60V, 150 min) in
0.5X TBE buffer. According to the polymorphism, 148d 99 bp fragments of digested PCR product
refer to allele A, and allele B specific polymorgim creates an additional digestion site for
endonucleaskladll in the middle of the fragment of 148 bp, tha®@ bp and 74 bp fragments result.
The heterozygous genotype has three bands aftegragloretic separation — 148, 99 and 74 bp.

The alleles’ frequencies were calculated by ushwe dppropriate diallele locus expressions,
where the allele’s B relative frequency was dedgghas p, and the relative frequency of C alleds -

g. We obtained the p and g expressions:
2D+H 2R+H

p=- @ and q= ),

where

D, H, R - the number of individuals with geno#g AA, AB and BB,;
N - total number of animals in the lgBes;

2N - total number of alleles in the asd.

Calculations were made by the Microsoft Office Hx2@07 standard package assistance, but
the computer program package TFPGA (Tools for Radjmui Genetic Analyses,Version 1.3) was used
as a population genetic basis of the accuracy sifintg (Miller 1997). The allele frequencies were
estimated by simple allele counting according te Hardy-Weinberg equilibriunfFalconer et al.
1996). Also with the computer program package TFRG#e calculated Nei‘'s Genetic Distances on

B-lactoglobulin gene of distribution alleles A andrBcows’ population of Latvia.
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Productivity data and indexeslilk recording results of cows and of bulls wergahbed from
the state agency ‘Agricultural data centre’ (LDQ)igh organize milk recording and is responsible for
the genetic evaluation of dairy cattle in Latvia.

Statistical Analysis. Data analysis was performethg the GLM procedure of the SAS
program package (SAS, 1998). The estimated leasireg means were compared using Scheffe’'s
multiple range test. The following statistical mb¢igeneral linear model) was used to analyze milk
production traits (milk yield, fat and protein ydelfat and protein content) of cows, where eaci tra

was analyzed separately:
Yik =p+G+YS + B + g,

where:

yiii = individual observation of milk production traits
n = overall mean,

Gi = fixed effect of-lactoglobulin genotype,

YS, = fixed effect of year — season of calving,

Bk = fixed effect of breed group;

e = randoma residual effect.

The B-lactoglobulin genotype included 3 classes: AA, ABd BB. Calving years were from
1993 to 2012, from 1994 to 2012 and from 1996 th220espectively for &, 2'* and 3 lactation
cows. Calving season included 2 classes: March ugust, September to February. Breed group
included 2 classes.

Given statistical model without fixed effect of yeaseason of calving also were used to test
the effect off-lactoglobulin genotypes on different breeding ealnodexes (selection, productivity,
health and conformation) of bulls, where each indas analyzed separately.

Results and discussion
For research had used dairy catle from 82 indilidia@&ry cattle herds whose owners breed

dairy cows around all regions of Latvia (Pic.1).
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Vidzeme

Curland

Latgale

13-28-83

6-42-160

2-3-342

4-9-19

Zemgale

Picture 1. Teritorial distribution of genotyped cows of LGB in the Latvia regions
Remark. The picture with the three sets of figures indidatespectively the district, the herd and the
number of animals analyzed in the region - (examiile Courland biomaterials obtained from 6
districts, 42 herds, and 160 animals).
Clarifying the influence of genetic forms regardioghe milk productivity features the data of

658 animals were able to use, including the daté8# cows (Table 1) and 74 bulls (Table 2). We
analyzed all the basic used bulls of Sigulda CMA aows from 82 herds selected on Latvia
territory (Pic. 1). We increased number of cowsfrd92 in 2011 till 584 in 2012, but bulls was able
to use 74 in 2012 for full research program. In 2% estimated 82 bulls for LGB polimorphism
(Smiltina et al. 2012).

Table 1.Estimated 8 local dairy cows breeds for the polymgrhism of g — lactoglobulin gene in

Latvia (2011-2012)

Breed Cows
Name Denomination Number of % of total number

Latvian Brown LB 294 50.3
Latvian Blue LZ 185 31.7

Holstein Black and White HM 50 8.6
Danish Red DS 38 6.5

Holstein Red and White HS 1.0
Swiss Brown OB 0.2

Dairy crossbreed XP 0.5

Cows of unknown origir XX 7 1.2
Kopa: 584 100

A record number (322 cows) of Latvian Brown breed the investigation of samples taken

from the LUA training farm of Vecauce in late 20However, for the study used only a fraction of
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these cows. But despite this, Latvian Brown bregdepresented in numerical superiority, and it

amounts to 294 LB cows or 50.3 % of the total nundieexaminated dairy cows. Also a native breed

of Latvian Blue (LZ) represents high numerical levi85 cows or 31.7 % of the total number of
examinated dairy cows.

There were used breeding value indexes from 34 Ibidistein breed (in the 1st breed group)
and 40 bulls of Red breed group (in the 2nd breedm (Table 2). The bulls used for this study have
passed national genetic evaluation in April 201thvhe average reliability of 95% for all traits.

Table 2.Grouping of tested bulls among the breeds and relatl groups of breeds
for B -lactoglobulin genetic polymorphism (2012)

Breed Group of Bulls
Name Code breed Number gf % of total number

Holstein Black and White HM 1 26 35.1
Holstein Red and White HS 1 8 10.8

In the £ breed group: 34 46.0
German Red (Angler AN 2 4 5.4
Danish Red DS 2 13 17.6
Swedish Red and White ZS 2 3 4.1
Latvian Brown LB 2 20 27.0

In the 2° breed group: 40 54.0

Total 74 100.0

Relationships reviews of the milk protein geneteriants and milk production of the 1st
lactation shows (Table 3) that milk yield in fidstctation is relatively high, milk yield have ineh
range of 5724 (Holstein Red and White) to 7844 Rgilfy crossbreed). Lowest fat content have for
Holstein Black and White breed of the first laatatidairy cows (3.91 %), but highest fat contenbr f

Holstein Red and White breed (4.65%). Lowest proteintent have for dairy crossbreed breed (3.25
%) and also fat content is low (4.16 %), but thizssbreed have a highest milk yield (7844 kg).
Latvian Blue (LZ) cattle breed that has retainetviza native Genetic Resources breed of the

first lactation dairy cows average milk yield is dest (3832 kg) but with medium protein content
(3.34 %), and medium fat content too (4.30 %).

Table 3.The productivity of the first lactation dairy cows (ranking by breeds)

Breed Production traits of the 1st standart lactation
Code Related| n | Milk yield, Fat Protein Fat Protein
group kg yield, kg | vyield, kg | content, %| content, %
HM 1 43 6914 267.5 230.8 3.91 3.36
HS 1 5 5724 263.2 202.1 4.65 3.55
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LB 2 279 5881 259.2 201.1 4.43 3.41
DS 2 35 6434 293.1 225.0 4.58 3.50
OB 2 1 6083 278.3 206.7 4.58 3.40
XP 2 1 7844 326.1 254.9 4.16 3.25
XX 2 7 6299 274.8 223.0 4.37 3.54
LZ 3 145 3832 164.5 127.8 4.30 3.34

Remark HM — Holstein Black and White, HS- Holstein RaadaWhite, LB — Latvian Brown, DS —
Danish Red, OB — Swiss Brown, XP — Dairy crossbréet— cows of unknown origin, LZ —Latvian
Blue.

In order to analyze the relationship between mitkgin genetic variants and milk productivity
traits, in the statistical model have used reldieeed groups for exclusion the effect of a \grie
(Table 3 and 4). Already these groups showed diffees in the productivity traits, and breeders
should consider the milk productivity impact assessts of protein genetic variants. This grouping
shows the differences between the productivitydrai 3 related groups, and that means that breeder
should take into account the effectELG genotypes when evaluate the productivity rasbétween
diferent breeds of dairy cows.

Table 4.The productivity of the first lactation dairy cows (ranking by related groups)

Related Production traits of the 1st standart lactation
roupof | n Milk yield, . Protein yield,| Fat content, Protein
gbregd k)é Fat yield, kg kg ’ % content, %
1 48 6790 267.1 227.8 3.99 3.38
2 323 5957 263.5 204.3 4.44 3.42
3 145 3832 164.5 127.8 4.30 3.34
Total 516 5438 236.0 185.0 4.36 3.40

Analyzing an effect op-LG genotypes on the productivity traits for thesffilactation dairy
cows (Table 5) we ascertain that heterozygous tseifave highter milk yield, but homozygous heifers
have higher fat content ( 4.26 %) and protein qun&.33 %) in milk.

Table 5.Effect of B-LG genotype on the productivity traits of the first lactation dairy cows

(X +S)
. B-LG genotype
Trait
AA AB BB
Milk yield, kg | 5575+ 342.7 5108+ 121.9 4798+ 112.5
Fat yield, kg| 194.8+ 14.82 199.4 5.27 200. % 4.87
Protein yield, kg 178.2+ 11.16 166.4 3.97 159.% 3.66
Fat Content’ 0, 367"‘11 0.149 4.01614 + 0.053 4.261’& + 0.049
Protein content, % 3.22+ 0.066 3.26+0.023 3.33+0.022
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a_ for the indicators with the same superscriptsehastatistically significant diference<0.01); “for
the indicators with the same superscripts haveatssstally significant diferencen€0.05); (BB>AA,
residual 0.59% unit<0.01).

The first lactation dairy cows of AB genotype havgher milk yield that the first lactation
dairy cows of BB genotype (AB>BB, difference307ke;0.05), but they lag behind in the milk fat
yield (BB>AB, difference 0.25%,0<0.05), and also lag behind in the milk protein giel
(BB>AB,difference 0.07%,0<0.01). The first lactation dairy cows witR-LG genotype BB
significantly outperforms the first lactation dacgws withp-LG genotype AA.

Table 6.The productivity of the second lactation dairy cowgranking by breeds)

Breed Production traits of the 2nd standart lactation
Code Related n Milk Fat yield, Protein Fat Protein
groups yield, kg kg yield, kg | content, %| content, %
HM 1 37 6858 270.9 229.5 3.99 3.37
HS 1 3 6523 286.3 226.6 4.41 3.48
LB 2 253 5824 257.6 199.0 4.44 3.41
DS 2 29 6398 293.4 225.2 4.61 3.52
OB 2 1 6083 278.3 206.7 4.58 3.40
XX 2 4 6510 293.8 228.5 4.53 3.52
LZ 3 127 3813 163.7 126.8 4.30 3.33

Relationships reviews of the milk protein genetariants and milk production of the second
lactation shows (Table 6 and 7) that the tendehltesisilar with first lactation. The highest asge
milk yield have for dairy cows of the 1st relatedgp ( Holstein Black and White — HM, and Holstein
Red and White — HS). Dairy cows of the 2nd relagedup (Table 7), particularly dairy cows of
Danish Red (DS) breed (Table 6) shows thatthey hawery high milk fat content (4.61 %), and also
a highest milk protein content (3.52 %).

Table 7.The productivity of the 2nd lactation dairy cows (ranking by related groups)

Group of _ Prod.uction traits.of t_he 2nd standart lactation _
breed n Milk yield, | Fatyield, | Protein yield, | Fat content,| Protein content,
kg kg kg % %
1 40 6833 272.0 229.3 4.02 3.38
2 287 5893 261.8 202.1 4.46 3.42
3 127 3813 163.7 126.8 4.30 3.33
Total 454 5394 235.2 183.4 4.37 3.39

Data analysis of the 2nd lactation productivity fooned results of 1st lactatiorB-LG
genotype BB have positive effect on milk fat cont@@B>AA, difference 0.620<0.01; BB>AB,
difference 0.22¢9<0.01), als@B-LG allele B have positive effect (AB>AA, differe@®.40,0<0.05).
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Table 8.Effect of B-LG genotypes on the productivity traits of 2nd stadard lactation (; + S)

. B-LG genotypes
Trait AR AB BB
Milk yield, kg | 5211+ 367.7 5003 132.4 474% 120.9
Fat yield, kgl 180.7+ 16.10 196.5 5.80 199.G: 5.30
Protein yield, kg 164.5+ 11.94 162.8 4.30 157.3- 3.93
Fat content, % 3.63''+0.156 | 4.0%'+0.056 4.28"%+ 0.051
Protein content, %  3.22+ 0.068 3.26+ 0.025 3.32+0.022

2_ for the indicators with the same superscriptetestatistically significant diference<0.01);” for
the indicators with the same superscripts havatastally significant diferencex€0.05).

Also study of 2nd lactation confirmed data of lattation about productivity where have
calculated the positive effect ¢f-LG genotype BB on milk protein content, as well iasdata of 2nd
lactation BB>AB (difference 0.06,=0.01) (Table 8).

Data analysis of the 3nd lactation productivity fooned results of 1st lactation and 2nd
lactation (Table 9 and 10). The highest averag& pidld still have for dairy cows of the 1st reldte
group ((Holstein Black and White — HM (6587 kg)datiolstein Red and White — HS (6523 kg)).

Table 9.The productivity indicators of the third lactation dairy cows (ranking by breeds)

Breed Production traits of the 3rd standart lactation

Code| group n _Milk _ Fat I?rotein Fat Protein
yield, kg yield, kg | vyield, kg | content, %| content, %
HM 1 20 6587 261.9 221.1 4.01 3.39
HS 1 3 6523 286.3 226.6 4.41 3.48
XX 2 1 6614 331.0 217.5 5.00 3.29
DS 2 18 6345 291.9 224.0 4.61 3.54
OB 2 1 6083 278.3 206.7 4.58 3.40
LB 2 169 5594 247.3 190.5 4.44 3.39
LZ 3 108 3850 166.0 127.5 4.32 3.32

The highest average milk yield still have for daggws of the 1st related group (Holstein
Black and White — HM , and Holstein Red and WhitdS). But between the related groups of dairy
cows 1, 2 and 3 observed decrease in the averdigegigid, respectively 6578kg >5674kg >3850 kg,
by the diference between the average milk yieldeath related group we obtain the diferences
respectively 904, 2728 un 1824 kg.
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Table 10.The productivity of the 3rd lactation dairy cows (ranking by related groups)

Production traits of the 3rd standart lactation
Group of - - .
the breed n Milk Fat Protein Fat content, Protein
yield, kg yield, kg yield, kg % content, %
1. 23 6578 265.1 221.8 4.06 3.40
2. 189 5674 252.2 193.9 4.46 3.41
3. 108 3850 166.0 127.5 4.32 3.32
Total 320 5123 224.0 173.5 4.38 3.38

Analysis of the data for the 3rd lactation produtyitraits confirmed the results of 1st and 2nd
lactations. Heterozygous genotype AB affect posiyiTable 11) milk yield (AB>BB, difference 382
kg, 0<0.5), and also protein yield (AB>BB, difference £.1 kg,a<0.5).

Table 11 Effect of B-LG genotypes on the productivity traits of the 3rdstandard lactation

(X £3)
Trait B-LG genotypes
AA AB BB

Milk yield, kg | 5484+ 387.7 | 4937+152.8 4558+ 132.0

Fat yield, kg 191.5+ 17.20 196.2 6.78 192.0- 5.86

Protein yield, kg 170.8+ 12.71 160.7+ 5.01 149.8+ 4.33
Fat content, % 3.7G'+0.168 | 4.04“+ 0.663 4.29% + 0.057

Protein content, % 3.14+ 0.077 3.25 0.030 3.2% 0.026

2_ for the indicators with the same superscriptgetestatistically significant diference<0.01);” for
the indicators with the same superscripts havatastally significant diferencex€0.05).

It can be considered that the presencp-b6 allele B promotes fat content in milk (BB>AA,
difference = 0.57%<0.01; BB>AB, difference = 0.23%<0.01).

Similar to this study, McLean, Graham and Ponzadl®84) reported that they found
significantly higher concentrations of fat and ¢asa milk of B-LG genotypes AB and BB than in

milk of B-LG genotype AA.

Table 12 Estimated 2 related groups of bulls of local breedfor the polymorphism
of p — lactoglobulin gene in Latvia (2011-2012)

Group of the breed
Genopypes
1. 2. Total
AA 7 2 9
B-LG AB 18 12 30 74
BB 9 26 35
Total 34 40 74 -
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Influence of the milk protein genetic variants be breeding value estimates of breeding bulls
have tested for 74 bulls. Milk recording resultsbolls (2012) were obtained from the state agency
‘Agricultural data centre’ (LDC) which organize ikirecording and is responsible for the genetic
evaluation of dairy cattle in Latvia.

Data analysis was performed by grouping bulls i gvoups of breeds, according to the
breeding value assessment methodology. In our stelyist related group of the breed joined 34
Holstein bulls, but in 2nd related group of thedat¢oined 40 bulls of Red breeds (Table 2). In €abl
12 have a fact that homozygous bull3dfG genotype AA have not a lot, Holstein breed bulls,
but in related group of Red breed population — @kulls.

Table 13 summarizes estimates of the related grolipeed effects on breeding value indexes
of bulls. We analyzed those bulls that were inctudie the genetic evaluation of 10 daughters’
indicators, and these daughters should be in ldsh&election, productivity, health and conformatio
indexes were not significantly affected by the tedlagroups of breeds, however, there was a tendency
that bulls from the related group of Red breedsshagher Selection, production and health indexes,
but bulls from the related group of Holstein brekdse higher conformation index.

Table 13Least square means of breeding value indexes fordhrelated breed groups of bulls

(X £ )
Index Group of breed
Holstein ( 1) Red (2)
Selection Index 100£ 5.5 104+ 9.4
Produktivity Index 99+ 7.2 104+ 11.5
Health Index| 97+124 100Gt 11.0
Conformation Index 112+ 2.7 105+ 4.2

Table 14 summarizes estimates of kG genotypic effects on breeding value indexes of
bulls Analyzing relationships betwe@rn.G genotypes AA, AB, BB and 4 breeding valuegres do
not show statistically significant diferences by fiLG genotypes, however, there was a tendency

that bull with AA genotype had higher selectiomguctivity and conformation index (Table 14).

Table 14 east square means of breeding value indexes fprLGgenotypes of bulls (>_< + 5)

B-LG genotipi
Index
AA AB BB
Selection Index 104+ 2.7 103+ 1.4 100t 1.4
Produktivity Index 105+ 3.3 103+ 1.8 100« 1.7
Health Index 98+ 4.0 90+ 2.2 99+ 2.1
Conformation Index 110+ 1.2 109+ 0.7 10&0.6
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In DNA samples (n = 658) of all local cattle bre¢le examination found that frequencies of
B - lactoglobulin alleles A and B are 0.2011and 8% 9Table 15). And to compare with our study in
year of 2011 we found that in the population cdud@le been a change and increased desireable allele
B frequency from 0.7610 to 0.7989, i.e. about +0D3f we view that so far these allele frequencies
are not selective controlled and the results ifiedtia gene drift, then the question remains, h@nev
which resulted in the allele B frequency prevalemndaich we found in the data.
Table 15.Comparison of frequencies of boving- lactoglobulin alleles in Latvian dairy cows’

population
Results
Frequences of Hardy - Wainberg
Alleles 2011 (n = 374) (Smiltina at al. 2012) 2012 (n =)658
A 0.2390 0.2011
B 0.7610 0.7989
Total 1.000 1.000

Keeping in view the importance of milk quality ihet economy of Latvia husbandry and to
study the genetic variability among dairy breedst study was designed to optimize a standard
molecular method at DNA level and to identify thecorrence of polymorphism @t lactoglobulin
locus in our breeds.The optimization and updatihthe molecular genetic methods needed for our
laboratory use and to introduce methods that ctneldused in the Molecular Genetics Research
Laboratory of LUA for a research and a resultingadeollection. An expierence of gene assisted
selection (GAS) in the breeding livestock of Lat¥iave not yet. Molecular genetics research in
animal production began only in recent years, wMblecular Genetics Research Laboratory’s
development. GAS could help analyze and implememt standards for dairy livestock breeding to
improve the productivity of cows, average milk gieprotein quantity, protein content of the total
amount and quality in dairy farming of Latvia.

Conclusions

1. In DNA samples (n = 658) of all local cattle bred¢kds examination found that frequencies of
B - lactoglobulin alleles A and B are 0.2011and 899

2. Frequency offf — lactoglobulin allele B is four times higher thahe frequency of
B - lactoglobulin allele A. The reason which caudiegl prevalence d§ — lactoglobulin allele
B is not known yet

3. Latvian brown dairy cattle breed is in genetic éftium, but with tendency to fixation state
B - lactoglobulinallele B.

4. Our research accept thfit — lactoglobulin have a statistically significanffeet on milk

productivity traits.
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5. B - lactoglobulin heterozygous genotype AB overcorhesiozygous genotype BB on milk
yield and protein yield, but homozygous genotype ®Brcomes - lactoglobulin genotypes
AA and AB on fat content and protein content irtkmi
6. P - lactoglobulin allele A increase milk yield apdotein yield, bu - lactoglobulin allele B
increase fat content and protein content in milk.
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Abstract

Effects of various physical factors on autofluoresnce of garden cresd EPIDIUM SATIVUM )
It is a well known fact that plant fluorescence etsations are used in wide range of research, famele in
environmental monitoring (Cerovic 1999), modelinge tcell-cell contacts and cell interactions witluoflescent
biologically active substances (Roshchina 2012wt ripening control (Betemps 2012). In plantlsahain fluorophore
is chlorophyll with fluorescence maximum at 675—680 (Agati 1998). Fluorescence intensity dependsiiyan plant
cells condition.
Influence of different physical factors on plani€fuorescence was studied. One group of plalts @eas exposed to blue
laser irradiation with wavelenght of 456 nm for §&conds with power of 0,5 mW/ér#56 nm, 60 s, 0,5 mW/cn Other
group of plants cells was grown on a growth mediunder direct current voltage.It was stated, thagadicurrent and laser
irradiation can shift peak of chlorophyll fluoresce. In recently irradiated samples, change in Eeekponential
function of photobleaching was observed. It is pithto continue research, irradiating samplesfégrdint wavelenghts,
intensities and exposure times.
Keywords: Autofluorescence, photobleaching, platit taser irradiation, garden cress.

levads

Fluorescence ir fizida paadiba, kad mateiis izstaro gaismu, kad pirms tam ir absjig
elektromagatisko starojumu. B pa@diba tiek plasi tiek izmantota vides monitoringu \eikai
(Cerovic 1999), diwo Sinu procesu izgtei ar ,fluorescento zonzu” palzibu (Roshchina 2012) alain
audu brieduma kontrolei (Betemps 2012). Molekulas, kamenit sgja fluoresét, sauc par
fluoroforiem. Ja #na fluoresé bez naksligu fluoroforu ievatbanas, tad padibu cEve par
autofluorescenci. Galvenais fluorofors augna$ ir hlorofils, kam atbilst fluorescences inteftss
maksimumi sarkanaj— tli sarkanaj gaismas spektra ta(Agati 1998). Augu &nam ir raksturgi
fluorescences maksimumiiaaili-zalaja spektra da, ko izstaro virkne dazlu organisko savienojumu
(Kapuayxos 2004).

FotoizbatSana ir parauga fluorescences intabtsi#t samazasaras laika, kas saista ar
neatgriezenisku izmai pafdiSanos fluoresgoSaps molekudis, kuru rezulita tas zaud spEju
fluoresé&t. FotoizbatSanas izpte un anake ir atradusi pielietojumu gan augudip(Vicente 2007),
gan medima (Lihatovs 2011).

Sinu izpete fluorescenci parasti izmanto, lai amksligu fluorescento lasvielu paidzbu,
noteiktu specifisku molekulu atraganvietas. BXjjuma nerkis ir izpetit kressaitu (Lepidium sativum
autofluorescenci un noteikt likumsaaas, kas padt starp fluorescencegppaidbam un argjiem

faktoriem, kuru ietekmei augi ir tikusi petati. Sidu likumsakaibu atkiSana un an@e sniegs
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dzilaku priekSstatu par sar@iu molekufiro savienojumu fluorescenci Was Sinas, ka af parargjo
apstik]u ietekmi uz augu fiziolgiju kopumna.
Materi ali un metodes

Izptes objekts ir kressal (Lepidium sativumn Darba gait tika petits, ka kressaitu
fluorescencegpadbas izmaias ar¢jo fizikalo iedarbbu un augSanas apklu izmahu ieteknt.
Petijums sagtv no divam ddam. Pirmaj dda tika petits, ka kressaltu fluorescenci ietekimislaiaga
apstaroSana ar koherentu, f@uktu starojumu. Otrajeksperimenta da tika petita caur augu
barotni ptistoSasibzstavas iedariba uz augu fluorescenci.
Pirmap eksperimenta da paraugu sagatavoSanadartiba bija &da. Kressaltu barotnes tika
izgatavotas no traukiem, kuros ievietotasipmpalvetes, kas ir s&neétas ar minetiadeni, kura jonu
sasivs dots 1. tabal
1. tabula. Mineralidens paraugkimiskais sagws.

Jona nosaukums Na| K* Mg" ca’ Cr SQ” | HCOy
Koncentacija (mg/l) 5,7 1 19 92 11 20 340

Traucihos tika iestas kressatu <klas. Rirak atra mitruma iztvaikoSana tika nénsta,
parklajot trauchus ar pinu pkvi. Kressaiti 6 dienas tika audt istabas temperata, uz palodzes,
pec vajadzbas pievienojotideni (1. attls). Paraugi tikaslaiagi apstaroti ar nefok@gu, koherentu
starojumu. Apstaro3anas ilgums t = 60 s, intétesiP = 0,5 mW/cf vilnpa garumsh = 456 nm.

Paraugi tika apstaroti no augsas, vattikirziera.

1. attels. Kressaitu paraugi pirms apstaroSanas.
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Otraja eksperimenta datika sagatavoti 3 paraugi. Kontrolparaugsiages ar DCO. Paraugam DC1,
pie barotnes tika piesita viena 1,5 V baterija. Paraugam DC2, pie basotil@ piesigtas divas,
virkng sastgtas 1,5 V baterijas, kas kbdod 3 V lielu spriegumu (2. ats).

1,5V 1.5Y

+ - + -
il 11

Bavotne ar
kressalatu sekldm

2. attels. DC2 parauga 8&pjuma shma.
Barotne piesigta pie didm virkne sastgtam
1,5V baterigm.

Multimetra uzadita barotnes elektrigkpretesiba ir vierada ar 40 K. Pec Oma likuma | =
U/R, tika apekinats, ka paraugyDC1 plisto& strava ir Ipci = 3,75uA, un DC2 paraug plasto&
strava ir vierada ar bc2 = 7,5pA. Pec piestgSanas pie stvas, visi tfs paraugi tika apkti ar plevi,
nowersot m@rak atru mitruma iztvaikoSanu. Paraugi tika novietoti palodzes vien virziera, lai
noverstu zemes magtiska lauka ra@tas eksperimentalidas. $dos apstklos kressatu sklas tika
audztas 6 dienas.

Visu merjjumu veikSanai tika izmantots konfakis lazerskewjoSais mikroskops Leica TCS
SP5, kas atrodas G. Liberta Inavas mikroskopijas cendr

Paraugi tika sagatavoti apsianai mikroskofy veicot sekojoSu proceadu: kressdita lapa
ar pincetes un skalfgepaldzbu tika nogriezta un ievietota starp diviem priek$stiklipiem. Lapa ir
janostiprina bez lagumiem, \erpumiem vai cdm nevajadiam deformacijam.

Pec priekSmetstikha ievietoSanas mikroskaptika defirets petamais parauga apgabals, kura
mekkSanas metodesitiba ir sekojoSa. Vispirms, ar optiskaismas mikroskopa pdbibu paraugs
tiek novietots redzes laakun fokalaja plakre. Pec tam, konfoklais mikroskops tiek frslegts uz
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lazerskegjoSo reZmu. lerosinod lazera intensitte ir minimala, & ka ir nepiecieSamsidz
minimumam samazit lazera ratos parauga bajumus pirms rarijumu veikSanas. lerosin®s
starojuma Jipa garumsh = 458 nm. Sigila detektora ieejas kals tiek uzsidits uz vinpa garumu
intenalu 670 - 690 nm, kas atbilst hlorofila fluorescemoeaksimumam. aka nowerota fluorescence
dotap gadjuma ir vaja, sigrala ieejas kaifila jatiba (smart gain)tiek iestaita uz maksiralo vertibu —
1200 vierdbam. Visos veiktajos eksperimentos, argoAaetam pievata jauda iestata uz 35%.
Palielirsjums (zoom)ir uzstdits uz 10x, apeiitas (pinhole) diametrs - 90,19um. leskdzot ,Live”
reZzmu, tiek mekdts lapas gnis, kur ir nogrojama visspcigaka fluorescences intenste. Ar &diem
uzstdijumiem, apskaima parauga apgabala izm ir 155 x 155 x 9,681um. Ar doto metodi ir
iesEjamsatri un efeklivi atrast lapas parefthas audu 8hi, kur atrodas hloroplasti un ir visliia
hlorofila koncenticija.

Kad \lama parauga vieta ir atrasta, notiekarglegSaras uz ngrijumu veikSanas
konfiguraciju. Visiem paraugiem tika eriti 2 parametri - autofluorescences spekirs un zbgitSana,
pec kuriem paraugi tika salzinati.

Veicot autofluorescences spektruerijumus, konfolla mikroskopa konfiguacija tika
iestatta &di. Fluorescences ierog$anai tika izmantotssakais pieejamais Wa garums. 458 nm
lazers tika iestats uz 60% intengiti. SkereSana veikta Xy koordiratu telm, t.i. iz\eletais parauga
slanis tiek vaiikkartigi skerets, katd skertSanas rei parbidot sigrala ieejas kafilu uz citu pozciju
uz vilna garumui koordiratu ass. Sigila ieejas kafila jutiba — 900 vietbas, platums — 10 nm.
Skeresanas diapazons — no 470 ndzl788 nmA sda garums — 3 nm. Paliefijums — 10x, apeftas
diametrs — 90,1m.

FotoizbatSanas ftisanai tika pielietota sasdaka sistmas iestajumu konfigugcija. Saji
gadjuma, skergSana tika veikta xyt koorditu telga. Laika intengls starp diviem r&rijumiem At —
1,315 s. Kopjais skerSanas laika garums — 5 min 1s 135 ms. lerosint&aess ar Vina garumuh =
458 nm, uzsidits uz 60% starojuma interdit Sigrala ieejas kafls noreguéts uz hlorofila
fluorescenci, gaismasIya garumu diapazons no 670 nidzl 690 nm. Sigila ieejas kafla jutiba
iestatta uz 900 vietbam. lerosinoSais starojums nav Bgpaukts, bet puioSs. Pulscijas periods —
1,315 sekundes.

Rezultati un diskusija

Fluorescences izfei kressdtu lapas tika iz\Eléts zedau parenimas sinis, jo Saj audu
slant ir vislielaka hlorofila koncenticija. FotoizbatSana tika rérita vilpu garumu diapaz@nno 670
lidz 690 nm, kas atbilst hlorofila fluorescences nmaksnam. Veicot fluorescences spektra
merijumus, galveas probéEmas sagdaja nerapaita izkirSanas sgjas ttikums gaismas ina garumu

diapazoa (minimalais sda garums — 3 nm). DoprobkEma tika noersta, aproksirgjot rezultu datu
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magvus, hlorofila fluorescences maksimumam atbilsto$@jna garumu interala, ar kvadatiskas
regresijas metodi. Aprokshuijas rezulita tika iediti fluorescencesiknes aprakstosi viadojumi,
kuru visgariga forma ir y = ak+bx+c. No iegitajiem vieradojumiem tika izteiktas fluorescencékyu
maksimumu atrasans vietas.

3. attla redzama ibizstavas ietekme uz kresaé hlorofila fluorescences maksimuma
atraSams vietu. Sa& un turpmakajos grafikos fluorescences inteatdt dota patvidgas nervieribas.
Kontrolparauga DCO fluorescencagnes maksimumaéevtiba ir 680,47 nm. idzstavas ietekm
audztie paraugi DC1 un DC2 uaata fluorescences maksimumi ir Adbuz1so vinu pusi, attietgi to
vertibas ir 680 nm un 679,86 nm. Pie vienas 1,5 V hasepiestgtais paraugs DC1 wta 0,47 nm
nolidi uziso vinu pusi, bet pie 3 V sprieguma piggtiais paraugs DC2 wada 0,62 nm naioli.

Kressal atu fluorescences maksimuma izmai na lidzstr avas ietekm @

1,0000002 4 ‘

1 —r —-

0,9999998 VL/‘/\ / \\
0,9999996 /
\ -e-DCO0
0,9999994 ~#-DC1
DC2
0,9999992 / \
0,999999 1 L \

0,9999988 -

Fluorescences intensit ate (a.u.)

0,9999986

679 679,5 680 680,5 681 681,5

Vilna garums (nm)

3. attels. Kressaitu autofluorescences grafika maksimuma idebatkaiba no parauga barotnei
pieliktas stavas (DCO — QuA, DC1 - 3,75uA, DC2 - 7,5uA).

4. at€la paadita koherenta starojuma ietekme uz kresgaFluorescences maksimuma
izmainam. Ar koherentudzera starojumu, kuraia garums. = 456 nm apstarotajam paraugam, tika
nowerota 0,37 nm liela hlorofila fluorescences maksinauiina garuma nable garo MVinu virziera.
Kontrolparauga un apstaioparauga maksimumi atrodas attggqie 680,19 nm un 680,57 nmiri

garuma.
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Kressal atu fluorescences maksimuma nob  Tde apstaroSanas ietekm &
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4. attels. Kressaitu fluorescences spektra maksimumi apstarotam apst@otam paraugam.

Fluorescences maksimuma mdd liecina par struktalam izmapam fluores¢joSap
molekuk — hlorofila. Eksperimer#t ar lidzstavu ir janem \era, ka stivas ietekme uz hlorofilu ir
netieSa, jo stiva nepiist tieSi cauri lapm, bet caur barotni, pa nikas pretesbas céu.

Safkdzinot autofluorescences fotoizbsdnas ikni mazk ka pirms stundas apstafiob
kressaitu laggm un neapstarain lapm, tika nowrota grafika fizuma punktu vietas, kur nomas
fotoizbakSanas eksponentes, mdd laika (5. atEls). Kontrolparaugam eksponensu nomaanotiek
pec 60 sekun@mn, bet apstarotajam paraugam ec @00 sekunegm. Merjjumos, kas ar apstaroto
paraugu tika veikti 8ak (1 dienu pc apstaroSanas)ads efekts vairs netika konsits. Ta ka
fotoizbakSanas ikne vispriga gadjuma ir apraksima ar dubulto eksponenti, var setjnka

fotoizbakSana notiek vaidkas fazes, pie kam apstaroSana izmaina@auflidzsvara givokili.

Fotoizbal @Sanas |Tknes izmai pa isu laiku (<1h) p @c apstaroSanas
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5. attels. Ar koherentu starojumu apstarotas kresaalapas un kontrolparauga fotoizésdnasiknu

saidzinajums. Apskaimais spektra inteds (670 — 690 nm)
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Neliela stava (1-2pA), kas tiek laista caur augsni, pastiprina auggSaau (Diprose 1984), bet
starojums UV-zilaj spektra dia destrukivi ietekne augu &inas un tas notiekoSos fotosiBtes
procesus (Kovacs 2002). Lalhiga argja ietekme (idzstiva caur augsni) izraisa hlorofila
fluorescences maksimuma ndbuz iso vinu pusi, bet negata argja ietekme (apstaroSana) nda
fluorescences maksimumu uz gardnui pusi. Par apskamno fluorescences maksimumu 680 nm
apgaba ir atbildiga fotosistma Il (Pedros 2008). dieras visbiezk izmanto& metode neinvagai
augu izgtei ir fotoizbakSanasiknu anaize (Muller 2001). Fluorescences spektra izmanetinisms
nav skaidrs, bet turpinotepjumus, tiek cegts izstadat jaunu metodi, kasgs izmanam hlorofila
fluoresceng laus noteikt augu vesbhs sivokli. Ta ka augi ir arkartigi saregitas biol@iskas
sisemas, @tijjumu veikSana un rezdtu anaize ir apgitinata. Turpnikajos [Etijjumos nepiecieSams
preazi defirgt, kados audos tiek veikti emjumi — fluorescence var &fties atkatba no @, vai
merfjums tiek veikts pie lapasita (ve@kas $inas), vai lapas gala (jaunamas). Rezuditu kvalitate ir
uzlabojama, pilnveidojot eksperimenta metodikiyem \era pec iesgjas vaidku argjo faktoru
ietekme — augu piagjotibu gaismas vai tumsas Teiam, augsnes sasti, temperatru, augu vecumu
un sugu.

Secirajumi
Kressaitiem augot baro® caur kuru pist hdzstava, hlorofila molekuds notiek
struktuilas izmanas, kas izraisa tam atbilsiouorescences maksimuma fndbuziso vinu pusi.
Apstarojot kressatu lapas ar koherentu, nefokiis starojumu =456 nm, P=0,5 m\W/cfn
t=60 s), hlorofila strukira pamdas izmanpas, par ko liecina tam atbilsto$luorescences spektra
maksimuma naiole uz garo \iu pusi.
Apstarotajiem paraugiem fotoizldahnasiknes eksponentesZums tika nogrots par 40 s
vélak neka kontrolparaug.
Pateiabas
Izsalkam pateigbu Daugavpils Univerdites G. Liberta Inovatas mikroskopijas centra darbiniekiem

par sniegtam konsulicijam darba izstides proces
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JAUNI CIK AZU (AUCHENORRHYNCHA) SUGU KONSTAT EJUMI

LATVIJAS FAUN A

Andris Ziemelis
University of Latvia, Raja buharis 19, Rga, Latvia, LV-1586
andris_ziemelis@inbox.lv

Abstract

During period from the year 2010 to the year 20dl2yven new hopper species for Latvian fauna wasdpiiatvian
hopper species list now consists of 344 specieppEiospecies that was foundiphrophora major, Arboridia parvula,
Balclutha rhenana, Calamotettix taeniatus, Cicaalddisiocarpae, Edwardsiana ishidai, Kelisia confukgbos rufescens,
Limotettix atricapillus, Pentastiridius leporinukgutettix oculatus.

Atskgas virdi: Aphrophora major, Arboridia parvula, Balclutha rhema, Calamotettix taeniatus, Cicadella lasiocarpae,
Edwardsiana ishidai, Kelisia confusa, Kybos rufes;d imotettix atricapillus, Pentastiridius lepotis, Igutettix oculatus.

levads
PaSreiz vietgais Latvijas cikZzu (Auchenorrhyncha) sugu saraksts nopeétdidalaja 1970.

gadi, ko sastdija Dzidra Velce un Lidija Danka. Sagugu sarakstapkopotas visagilaika Latvijas
teritorija kadreiz konstattas cikazu sugas, dazas sugas ir pat no haltvaikiem Bemue, Jlanka 1970:
15-66). Sodermans ar kglem 2009. gasl apkopoja Ziemkeiropas cikzu sugu sarakstu, kur
apkopots ar Latvijas cikizu sugu saraksts ar 333 8oy (Soderman et al. 2009: 35-36). Latvijas
cikazu sugu saraksts iragtjauno un japziras cikaZzu sugu aizsardlzas statuss, i@got un
taksonomiski nosakot ciku faunastiskos datus, jo ades k taksonomisku grupu var izmantot
bioindikacija.

Sap rakst tiek apkopoti publigtie materili, ka af nepubliéti Andra Zieméa cikazu
faunistiskie dati Latvijas teritofij kops Sodermana et al. (2009) sugu saraksta.

Cercopidae Leach, 1815
Aphrophora majoi(Uhler 1896)

Aphrophora majorpasreiz konstata tikai ApSuciema K&ainap zalu puna 30/07/2010,
16/07/2011 un 26-27/07/2012. Apda purva ziempl ddas meZza-purva ekotonu uz kokaugiem un
lakstaugiem. Bsuga ir polifigs, imago barojas &@alix spp. unBetulaspp., nimfas ar divd]lapjiem
lakstaugiem (Nickel, Remane 2002: 38). Suga sastapayalvenokrt purvu-meza ekotan
konstagjamais indivdu skaits ir zems, reta suga (Nickel 2003: 77).méeiropa ta ir konstatta
Lietuva (Soderman et al. 2009: 41).

Cicadellidae Latreille, 1825
Arboridia parvula(Boheman 1845)

Konstatta uz kokaugiemsSalix rosmarinifolia, Salix aurita, Salix x multinervis Quercus
robur 26/08-02/09/2012.7Ssuga ir otiis pakipes oligofigs un barojas ar Rosaceae (Nickel, Remane
2002: 47). $suga sastopama meza ekotonos,asiitdz slapjis vietis uz Rosacea®¢tentillaincana

Filipendula ulmaria, Rubusidaeus u.c.), zemks popuicijas bivums sastopams iamuz citiem

69



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

kokaugiem Quercus Prunuspadusu.c.) (Nickel 2003: 161). Zien@irom ta ir konstaéta Somig,
Norvégija, Danija, Zviedrija (Soderman et al. 2009: 47).
BalclutharhenanaW. Wagner, 1939

Viens Balclutha rhenanaindivids konstaits uz Alnus incana 26/08/2012. Konstats, ka $
suga ir pirmas pakipes monafgs un barojas @halarisarundinaceaNickel, Remane 2002:48). Suga
sastopama slagg eitrofis vietis, parasti pie tekoSaidens, graudi#és (Nickel 2003: 168).
Ziemdeiropa ta ir konstatta Somif, Danija, Zviedrija (Soderman et al. 2009: 54).
Calamotettixaeniatus(Horvath, 1911)

Calamotettixtaeniatus konstatta zlu purvos: ApSuciema puiy Platenes puiy Engures
ezera pur¥, Kirbas purd, Vitinu plavas, Siteres pur# un daudzskaittyi Je&Eu puna 16.-17/07/2011,
ka af 26.-27/07/2012 (ApSuciema pa)v S suga ir pirnis pakipes mondfgs un barojas ar
Phragmitesaustralis (Nickel, Remane 2002:54). Sastopama sglzaplistogs saldidens vieds, reti
konstagjama, iespjams, ka to ir sarefti ievakt (Nickel 2003: 226). Zienleirop ta ir konstatta
Somia (Soderman et al. 2009: 56).

CicadellalasiocarpaeOssiannilsson, 1981

Cicadella lasiocarpaekonstatta zlu purvos: Platenes putyDabas parka Engures ezers,
puna un Jeéu puna 16.-17/07/2011. Ssuga ir otis pakipes mondfgs, barojas aCarexnigra un
citiem Carexspp. (Nickel, Remane 2002:42). Sastopama galh&anslapps lidz mitas mezotrofisks
vietas (slapjie 2l3ji, palienu plavas, zemie purvi,agoejas purvi), parasti uz gliem. Sastopams augsts
popukcijas bivums, kop ar Cicadella viridis (Nickel, 2003). Ziemkeiropa ta ir konstagta Zviedrip,
Somiga un Nonggija (Soderman et al. 2009: 43).

Edwardsianashidai (Matsumura 1932)

Edwardsianaishidai konstagta uz Ulmus glabra 30/08/2012. B suga ir otis pakipes
monofgs un barojas adlmus spp. (Nickel, Remane 2002: 54). Sastopama ekotpigseza, pie
cdiem, parkos, no atseviskiem kokiem. SaimniekaugUlimus minor, U. glabra U. laevis un,
iesEjams, Corylus avellana (Nickel 2003: 132). Zienjeirop ta ir konsatta Danija, Somip,
Zviedrija, Nonggija (Soderman et al. 2009: 48).

KybosrufescendMelichar, 1896

Kybosrufescenkonsatta uzSalix cinereg Salix x multinervisAlnus incanaSalix viminalis
Acer negundo26/08-02/09/ 2012. Noteikts, k& Suga noSalix spp statistiski latiski indicg hibridu
Salix x multinervis S suga ir pirmas pakipes monafgs, barojas aBalix purpurea(Nickel, Remane
2002: 43). Sastopama pie tekoSiadeiem (u@Em un avotiem) (Nickel 2003: 118). Ziele@opa ta ir
konstagta Danija, Zviedrija un Somij (Soderman et al. 2009: 48).

Limotettixatricapillus (Boheman 1845)
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Limotettix atricapillus divi individi konstasti Platenes kikainaj zalu puna 17/07/2011.
suga ir pirmas pakipes mondfgs, barojas amRhynchosporaalba (Nickel, Remane 2002: 53).
Sastopama galvenak parejas un augstajos purvos (Nickel 2003: 200). Ziema: ta ir konstagta
lgaunig, Lietuva, Somip, Zviedrija, Norvegija (Soderman et al. 2009: 52).
Igutettixoculatus(Lindberg 1929)

Igutettix oculatusdaudzskaithi konstagta visa Latvijas teritorip galvenokirt uz Syringaspp.
(Stalazs 2013:60-60)1Suga ir otiis pakipes mondafgs, barojas a®yringaspp. (Soderman 2007: 98).
Suga var rad vidgji lielus kaittjumus Syringaspp. kiimiem Cayrkun u ap. 2012:53). Ziemeiropa
ta ir konstatta Somig un Igaunig (Soderman et al. 2009: 52).

Delphacidae Leach, 1815
Kelisia confusaLinnavuori, 1957

Kelisia confusa konstatta uz Molinia caerulea ApSuciema kkainap zalu puna 26-
27/07/2012. Ssuga ir otis pakipes mondafgs, barojas aCarex spp. (Nickel, Remane 2002:33).
Sastopama galvenat eitrofas vieis uz augstiem gliem (Nickel 2003: 34). Zienjeirop ta ir
konstagta Zviedrig, Somip un Lietuna (Soderman u.c. 2009: 37).

Cixiidae Spinola, 1839
Pentastiridiudeporinus(Linnaeus 1761)

Pentastiridius leporinus ir konstatta Engures ezera purv03/07/2011 un 30/07/2011,
Apcuciema k#ainap zalu puna 03/07/2011, abos purvos 16/07/2012,ai Apcuciema k¢kainap
zalu puna 26-27/07/2012. Konstats, ka lieiks popuicijas bivums sastopamsljja sakuma. S suga
ir pirmas pakipes mondafgs un barojas aPhragmites australis (Nickel, Remane 2002: 32).
Sastopama slajg viets, sezoali applisto&is — aJu purvos. Imago sastopami WRhragmites
australis bet ar uz Scirpus Carex un Eriophorum (Nickel 2003: 28). Zienleiropa ta ir konstatta
Lietuva, lgaunif, Somip, Zviedrija un Danija (Soderman et al. 2009: 37).
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Abstract

The plants pigments™ concentrations describe imapbiinformation about plant physiological conditihrat depends on
genetically, growing and developing conditions. Thke of inhibitor of oxidative electron transpa@mtimycin A on the
functional activity of the photosynthetic apparatinsl under heat stress (40°C) was examined in vgeealings Triticum
aestivumL.). We determined the concentration of photosgtithpigments (chlorophyht, b and carotenoids) in etiolated
wheat seedlings exposed to heat stress (40°C)ratttkipresence of classic respiratory inhibitoiraptin A (1 mg/l).
Heat stress created by transferring wheat seedlgngaing at 26°C to higher temperature (40°C). Thsults of
experiment show that the heat stress leads to eealsx of pigments. When wheat seedlings were @aesf to a
thermostat with an optimum temperature (26°C) thecentration of pigment recovered.

Key words: Triticum aestivum L, chlorophyll a, adphyll b, carotenoids, antimycin A, heat stress.

Introduction

Various adverse environmental factors such as arghlow temperature, salinity, high light
intensity and others inhibit photosynthetic proesssf plants. Changes in atmospheric temperature
are often very sudden, and plants cannot adjustdse severe variations and are damaged beyond
recovery (Mavi, Tupper 2004). If the plants longpege to high temperature, their growth and yield
reduces. Heat stress adversely affects variousfueditions, but photosynthesis well known to be
particularly sensitive to heat stress (Haldimanralet2005). At high temperatures (35°C) rate of
photosynthesis reduces (Kreslavski et al. 2007).

The influence of high temperatures was investigatatifferent groups of plants. J. Feirabend
(2977) and M. Almeselmani (2006) showed that higmgerature in rye and in wheat leads to
decrease in chlorophyll content.

To ensure the normal functioning of plant organissnsecessary to obtain detailed data about
the stability and efficiency of the photosynthetigparatus of plants, their ability to adapt to sdre
conditions.

The main effects of high temperature on photosysitheause changes in the physicochemical
properties of the thylakoid membrane and orgaropatif the photosynthetic apparatus. The research
of pigment apparatus on the content of pigmentsofcphyll a, b and carotenoids) considered not
only the sensitivity of the different forms of chdphyll to different adverse factors, but also asse
the degree of conservation the photosystems.

It is known, that protection against oxidative dgmaf the photosynthetic apparatus in the

complex antenna and the reaction centre might kerakeprocesses that cause an increase in the
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probability of nonradioactive energy dissipation adtive pigments of the FS IlI, called non-
photochemical quenching of tieehilaratedstates of chlorophyllcumos 2006).

There are various mitochondrial systems involvedhe protection of plants under stress
conditions. One of them is the antimycin-insensitNADH dehydrogenase, localized in the external
mitochondrial membrane, which transfers electromough cytochromec to complex IV and
insensitive to antimycin A (AA)Ryoun u ap. 2003; Grabelnych 2005).

Specific inhibitors are used to study the sequermma$ mechanisms of phosphorylation
reactions in the respiratory chain of plants.

AA is a potent electron transport chain (ETC) intaib in chloroplasts and also a potent
inhibitor of the cytochromédocl complex in mitochondria (Joét et al. 2001). It Wits the flow of
electrons through complex Il of the ETC by bloakithe passage of electrons from cytochrdnte
cytochromec. AA is often used in plant cells to study resprgtinhibition’s effects in cellular
processes (Saradadevi et al. 1992).

A ferredoxin-quinone reductase (FQR) is putative distwr between ferredoxin and
plastoquinone in the ferredoxin-dependent cyclectbn transport around PSI, which is sensitive to
AA (Endo et al. 1997). AA, FQR's inhibitor, indieathat AA inhibits not only the FQR-mediated
cyclic flow, but also the NOH-dependent flow (Enetaal. 1998).

The thylakoids supported two parallel paths of icycklectron transport that were
distinguishable by differences in AA sensitivitgtgration characteristics, and substrate spedgificit
(Scheller 1996). Two independent cyclic electronhpays exist around PSI, one pathway being
sensitive to AA and the other insensitive to AA ahwng the plastidial NDH complex (Joét et al.
2001).

Disruption of the cytochrome pathway leads to aliéive oxidase (AOX) induction in many
organisms. For example, addition of AA, a compotivad blocks electron transport downstream of the
ubiquinone pool causes the induction of AOX (Edetlal. 2006).

It is known, that the formation of reactive oxyggrecies (ROS) in plant cells increases under
influence of extreme temperature (Larkindale et2@04). Excess amounts of accumulation of ROS
may reduce chloroplast enzymes, contribute to &tracdamage of the thylakoid membranes, may
also inhibit protein synthesis reaction centre 8fiIlD1 and other photosynthetic proteins (Kreslavsk
et al. 2007). ROS also reduce the content and dtie of the major photosynthetic pigments
(Garifzyanov et al. 2011).

The aim of this investigation was to identify contations changes of pigments (chlorophyll
a, b and carotenoids) without and with AA presence um@at stress (exposure time of 24 hours at 40

°C) and after decreasing temperature back to op{2ea"C).
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Material and methods

The object of research was the first leaf and quilepof etiolated wheat seedlingsriticum
aestivumL.) varieties ,Harmonija’. Wheat seedlings weralsed for 24h in the darkness at 26°C on
the water filter paper in plastic cuvette. Aftermeation, equally germinated seedlings in analagic
plastic cuvettes were placed in water (control)d am AA (1mg/l). The control samples of wheat
seedlings were grown in an aqueous medium in thermbstat 26 + 1 °C. Wheat seedlings (isOH
and in AA) were grown six days under the optimundg after that, under heat stress (40°C, 24 hours).
After high temperature exposure, all wheat seedlimegurned to the optimal conditions of 26 °C. The
first leaves were used as a model of the developrggn, but coleoptiles - as a model of senescent
organ.

Coleoptiles and leaves (200 mg) were homogeniz&D# acetone (1miyith the addition of
MgCQO; (0.259), the concentration of pigments determinesthg a spectrophotometeCdry 50 Scan
UV / VIS Variafi at wavelengths 663 and 646 nm (chlorophylls) & @ nm (carotenoids). The
determination of pigments concentrations were cotatlusing formulad @spuienko 2003):

Ca=12,21D663 — 2,81D646;
Cb =20,13D646 — 5,03D663;
Ckar = 1000D470 — 3,27Ca — 100Ch
229
Ca, Cb, Ckar — pigment concentration (mg/l)
D663, D646, D470 — optical density
To determine the reliability of the results of sagdwas used the method of variation statistics.

Results and discussion
Changes of pigments concentration’s under the enfte of heat stress, and in the presence of
antimycin A in wheat seedlings.

High temperature affects the photosynthetic fumgiof plants by its effect on the rate of
chemical reactions and on structural organizatideat stress causes significant changes in the
metabolism of plant cells. Plants growth reducatahigh temperature (Pastenes et al. 1996).

We investigated the effect of high temperaturetmninitial stages of the synthesis of plastid
and possible role of antimycin-sensitive pathwaysprotection against stress. The data on the
chlorophyll a concentration is shown in (Fig. 1), chlorophpll- in (Fig. 2) and carotenoids - in
(Fig. 3).

The data on concentration’s changes of chloroghyhlorophyllb, carotenoids, as well as the
influence of AA presented respectively in (Fig. (Big. 2) and (Fig. 3). ChlorophyH is a special

form of chlorophyll, used for oxygenic photosyntise#\s can be seen in (Fig. 1), the concentratfon o
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chlorophyll a abruptly decreased by 43% under high temperatud2®C in the developing organs
(first leaves) and in the senescent organs (cdlespty 48%. However, the presence of chemical
inhibitor of the cytochrome pathway AA (1mg/l) &tig time leads to the opposite result: the
concentration of chlorophyl has not decreased, but increased by 19% in thel&aves and in
coleoptiles by 54% compared with the control (Fiy. Our results specify that during heat stress
antimycin-insensitive electron transport aroundIR&s activated, in which AA acts as a protective
factor.

The changes in the concentrations of chlorophydire shown in (Fig. 2). According to the
obtained results, we suggest that chloropbylivhich is part of the light-harvesting complex,swa
more resistant to heat stress than chloropiyivhich is part of both, the peripheral antenna giem
and the reaction centre of PS | and PS Il. Resi@seribe that the influence of high temperature als
reduces the concentration of chlorophpllin the first etiolated leaves by 9% and in etietht
coleoptiles by 44%; this is due to the processeshtfrophyll degradation. Exposure of six day old
seedlings of wheat at 40°C, led to a breach optgment apparatus. In other studies demonstrated th
same results - decrease in chlorophylls due tohimt stress in wheat, this is associated with
accelerated degradation of chlorophyll under higmgerature (Almeselmani et al. 2006). With
temperature increasing, the activity of enzymeg théiate protein degradation increases as well
(Bondarenko 2011). However, the presence of AAdases the concentration of chloropliylh the
developing organs and the senescent organs. Thenatation of green pigments in leaves of a plant,
which grown in darkness, usually occurs due tormmeiase in their concentration, in decline in the
number of plastids and increase their sizes (Giegbaret al. 2013).

Carotenoids are effective antioxidants for shamtatstress. N. Gambarova suggests that in 14
day old wheat seedlings (variety "Sharq") afteharsterm stress (15 minute) exposure concentration
of carotenoidgncreased by 49%, which may indicate their paréitgn in regulatory or signalling
processes (Gambarova 2009). According to our thata, stress conversely reduced the concentration
of carotenoids by 44% in six dayd seedlings at long exposure of 24 hours in itisé leaves (Fig. 3).

In coleoptiles at these stages of development, gtacesses of aging and decay. As can be seen from
our data (Fig. 3), AA significantly affects proteet processes in the plant cell. Under the AA
influence, concentration of pigments has not demeéabut increased content of green pigments
(especially chlorophyid).
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Fig. 1. The concentration of chlorophya in coleoptiles and first leaves after exposureedtlstres
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Fig. 2. The concentration of chlorophyb in coleoptiles and first leaves after exgre of heat stress
and in the presence of antimycin A as a cytochrpatbway inhibitol

76



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

4,5

The concentration of carotenoids (mg/l)

2,5
2 =
=T 1 ‘
1 43
0,5
0 T T T - T T T
first leaf first leaf first leaf, coleoptile coleoptile coleoptile,
(26°C)  (40°C) AA (40°C)  (26°C) (40°C)  AA (40°C)
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Changes of pigments concentratiduring reparatiorafter heat stress and in the presenc
antimycin A in wheat seedlings.

In order to investigate the reparation ability ddgtids after heat stress and the role of
sensitive pathway in this process, wheat seedliegeweturned to the optimal conditions (26 °C).
possibilities of reparations pigments shown (Fig-i4. 5, Fig. 6). As can be seen (Fig. 4.) chlorop
a concentration recovered completely in the develpmirgans, but in coleoptiles decreased by &
Perhaps, due to this fact, the coleoptile is seg#sargan and by this time photosynthetic proce
hawe stopped. However, the presence of AA signifigaimtreases chloroplast's reparations eve
an aging organ (coleoptile), the concentrationndbophyllaincreases by 46%

Reparation of chlorophyb is shown in (Fig. 5)The tendency of decreas of chlorophyllb
preserved, this pigment recovered in the developiggns and in coleoptiles by 44%, compared
the control samples (Fig. Shsignifican changes irchlorophyll concentratic can be explained by
thickening of cytoplasmand reduce the total water contenin the leave during hyperthermia
(Gambarova 2009)As appeardrom the data presented in (Fig. 5), when the whsssdling:
transferred back to the initial conditions in thregence of respiratory inhibitor AA, which interts
the electron transport chain in mitochondria and gtasts can be seen that the concentratic
chlorophyllb decreased by 10% in the first leaves of etiolasstibngs, but in coleoptiles increas
by 6% compared with the contr

Carotenoid concenttian in the first leaves decreased by 7%, but iheaatiles - not
synthesized (Fig. 6). The inhibitor of oxidativeeakon transport AA significantly enhances 1
process increases the concentration of carotenoids by 2#%e first leaves. Perhaythis is due to

changes alternative oxidase in gene expressioasponse on A/
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Conclusions

We studied the changes of the concentratior pigments formation (chlorophya, b and
carotenoids) inthe developing (first leaves) and senescent (ctilesp organs of etiolated whe
seedlings under the influence of heat stress,dleeaf AA in this process and the ability of regara
of pigments.

After 24 h of the heat stress, the concentratiochlorophylla, chlorophyllb and carotenoids
differed in etiolated seedlings. A decrease in tl@centration of photosynthetic pigments a
exposure to high temperature may be indicativexalaiive stress. The decrease of concentratiol
chlorophyll a, b and carotenoids leads to damage of PSIl completeipo and degradation
chlorophyll.

However, during the day when the wheat seedlinge weansferred to the optimal conditic
(26°C) the concentration of pigment recovel

It can be assumed, ah the hig-temperature exposure disturbs the balance betwese
processes of renewal and degradation of pigmertscansequently increases the destruction o
pigments.

After 24 h in the presence of AA under heat striesseased synthesis of chlphyll a,
chlorophyll b and carotenoids in the first leaves and in coléegtithis is due to the existence
antimycininsensitive cyclic flow recovery plastoquinone ¢élens coming from the acceptor side F
When wheat seedlings returned to the opl conditions inhibitor of respiration significant
increased the synthesis of chlorophyll and caratsnn the first leaves and coleoptiles of wh
seedlings. It is possible that under the influeat&A, occurs the synthesis of alternative oxids
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which reduces reactive oxygen species caused bgsstso the concentration of pigments does not
reduce, but increases.
Acknowledgment

This work has been supported by the European Seaiad within the Project “Support for the
implementation of doctoral studies at Daugavpils ivgrsity” Agreement  Nr.
2009/0140/1DP/1.1.2.1.2/09/IPIA/VIAA/015.

Bibliography

Almeselmani M., Deshmukh P.S., Sairam R. K., Kudtmwd. R., Singh T. P. 2006. Protective role of
antioxidant enzymes under high temperature stRdast Science 171, p. 382-388.

Bondarenko O. Yu., Shevchenko V. V., Kornyeyev i. Y011. Thermal dissipation and electron
transport as factors affecting photoinactivatiorpbbtosystem Il. Physiology and biochemistry of the
cult. plantsT. 43,Ne 3, p. 267 — 275.

Ederli L., Morettini R., Borgogni A., Wasternack,QMiersch O., Reale L., Ferranti F., Tosti N.,
Pasqualini S. 2006. Interaction between nitric exghd ethylene in the induction of alternative
oxidase in ozone-treated tobacco plants. Plantilbgy, Vol. 142, p. 595 — 608.

Endo T., Mi H., Shikanai T., Asada K. 1997. Donatiaf electrons to plastoquinone by NAD(P)H
dehydrogenase and by ferredoxin-quinone reductasspinach chloroplasts. Plant Cell Physiol.
38(11), p. 1272 — 1277.

Endo T., Shikanai T., Sato F., Asada K. 1998. NABl(lehydrogenase-dependent, antimycin A —
sensitive electron donation to plastoquinone inatab chloroplasts. Plant Cell Physiol. 39(11), p.
1226 — 1231.

Feirabend J. Capacity for chlorophyll synthesibaat bleached. Planta 135 (1977) 83—88
Gambarova N. G. Rapid reconstructions in the wdrghmtosynthetic apparatus in different types of
wheat with the thermal shock. VestiNk 2. p. 28 — 34.

Garifzyanov A. R., Zhukov N. N., lvanishchev V. 2011. Formation and physiological reactions of
oxygen active forms in plants cells. p 1-21.

Grabelnych O. I. 2005. The energetic functions lahpmitochondria under stress. Journal of Stress
Physiology & Biochemistry, Vol. 1 No. 1, pp. 37 4.5

Grebenkina T.M., Nesterov V.N., Bogdanova E.S.,sBakv S.V., Rozentsvet O.A. The seasonal
dynamic of the morphometric parameters and membrglhyeerolipids of plantago media
(Plantaginaceag 2013.T. 22,Ne 1. —C. 24-38.

Haldimann P., Feller U. 2005. Growth at moderategvated temperature alters the physiological
response of the photosynthetic apparatus to hesdssin peaRisum sativuni.) leaves. Plant, Cell
and Environment 28, p. 302 — 317.

Joét T., Cournac L., Horvath E. M., Medgyesy P.Jti®fe G. 2001. Increased sensitivity of
photosynthesis to Antimycin A induced by inactieatiof the chloroplastidhB Gene. Evidence for a
participation of the NADH-Dehydrogenase complexctelic electron flow around photosystem 1.
Plant Physiology, Vol.125, pp.1919-1929.

Kreslavski V. D., Carpentier R., Klimov V. V., Mue N., Allakhverdiev S. I. (2007) Molecular
mechanisms of stress resistance of photosynthpparatus. Biol. membr., Vol. 2&e 3, p. 195 —
217.

Larkindale J., Huang B. 2004. Thermotolerance antioddant systems irAgrostis stolonifera
involvement of salicylic acid, abscisic acid, calo, hydrogen peroxide, and ethylene. Journal of
Plant Physiology. 161, p. 405 — 413.

Mavi H. S., Tupper G. J. 2004. Agrometeorologynpiples and applications of climate studies in
agriculture. The Haworth Press. p. 50.

80



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Pastenes C., Horton P. 1996. Effect of high tentperaon photosynthesis in Beans. Plant Physiol.
112. p. 1245 — 1251.

Saradadevi K., Raghavendra A. 1992. Dark respmgiiotects photosynthesis against photoinhibition
in mesophyll protoplasts of PeRigum sativum Plant Physiol. 99, pp. 1232 — 1237.

Scheller H. V. (1996)ln vitro cyclic electron transport in barley thylakoidsldo¥s two independent
pathways. Plant Physiol. 110. p. 187 — 194.

I'aBpunienko B. ®@., Xwuranmoa T. B. 2003. Bonpmoit mpaktukym 1o ¢orocuHTedy. MockBa
“Axanemus’ c. 256

OcumnoB B. A. 2006. 3aBucumMocTh (IyOpeCIIEHTHBIX MapaMeTpPOB MHKPOBOIOPOCEH OT (hakTopoB
Cpenbl, BKIIoYasi aHTPOIIOT€HHBIE 3arpsi3HeHus. ABropedepar. ¢. 1 — 22.

Pyoun A. b., Kpennenera T. E. 2003. Perynsnus mepBHYHBIX MPOIECCOB (OTOCHHTE3A. Y CHEXH
Ouosornueckou xumuu, T. 43,¢. 225 — 266.

81



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

KEMERI NATIONAL PARK BEETLE FAUNA

Jana Prokopcika, Raimonds Cibulskis
Daugavpils University, Vieibas street 13, Daugavpils, Latvia
sweety_y@inbox.lv, raimonds.cibulskis@biology.lv

Abstract

There has not been made special study of beetha fizmthe territory oKemeri NP until now. A few data could been found
in literature of a small number of identified beeipecies ifiKemeri NP. In process of our research there was/sedl
literature data, processed entomological collestias well as conducted field studies using stalizizd field research
methods. Work has resulted in a list 6émeri NP beetle fauna species which includes 34@&isp, representing 40
families of beetles. The most numbeKiameri NP of beetle species represents speci8taphylinidagamily, Carabidae
family ,Scarabaeidaéamily, Coccinellidaefamily andChrysomelidadamily.

The study identified 16 little knowBtaphylinidaespecies that occur only in Latvia from 2 to 5 feelfemeri NP is the
only place the Latvia where 9 of theSmphylinidaespecies could been found.

Two in Latvia and Europe especially protected sgeoif beetle ©smoderma eremitéScopoli, 1763), anGraphoderus
bilineatus(De Geer, 1774) were found during the researdiemeri NP. Both species are included in Council &ive
92/43/EEC Annex Il and IV. According to the CabinétMinisters regulations micro-reserves have terbmade to ensure
the protection of these species. Thirteen (13)atécted species are included in the Latvian Red Babk. Eight (8) of
perceived beetle species classified as naturastfdvabitat of the species from the 5 habitat sfistsavhose existence is
contingent on a specified habitat as well as 3cauir, which is relatively high demands on thenlgzenvironment, but not
so high as a habitat specialist species.

Key words: Coleopteragemeri National Park

Introduction

The research was started in 200Qemeri National Park is a special national protectezh
that was established to protect the rare speciefod and fauna and natural habitats. There is
identified 3,100 species of insects in territoryKameri NP. There has not been made special study of
beetle fauna in the territory gfemeri NP until now. Some data could been foundrfdividual sites
which are parts of the current territoryloémeri National Park.
This is the first research of the beetle fauna mada\P. During the study for the first time literature
were compiled andKemeri National Park beetle species list was creatbdch includes the
publication from year 1872 to the present day dwedauthor processed material also.
Material and methods

Following standardize field research methods weezldor collection of materials (BarSevskis
1993).
1) The visual inspection of bio-site. Many beeth@se not a disguised way of life therefore they can

be easily collected for by visually examining aiggyr of habitats.

. visual inspection of soil and litter

. inspection of plants and their parts

. inspection of dead trees and wood debris
. visual inspection of the watershed habitat

2) The visual inspection of daylight hiding placese8ips of beetles that are active at night, the
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day in hiding places. Beetles were collected umdeks, fallen tree trunks and other easily accéssib
places.

3) The survey of beetle sites. Beetles were alsodelteduring the time of their dormant life — in
fall, winter and spring, when they have fallen dannand are found in their hibernation areas. Bsetl
used tree barks and dead trees and stumps, decagod) and bark crack the base of the trunk and
place under the rocks, litter and soil as theiehilation places.

4) The inspection of specific residence

. inspection of excrement

. inspection of dead animal

. inspection of mushrooms

. inspection of tree juice running

2) Collection with the entomological net. Beetles whegvested on plants using entomological

net and "mowning" on the grass and bushes (Fi®ddgtles in flight also collected using the net.

Fig. 1. Entomological reticle and ekshausters (8hGt Prokopika)

3) Bait display. The method is used for coprophiliecrophilic and sometimes micetophilic
beetle species collection. As bait can be usedtinek excrement and found animal carcasses. It is
recommended for the bait to be attached to a gofiete film which is covered with tree bark. Thss i
used for preventing coprophilic beetles to enter #swoil and necrophilic beetles to bury animal
carcasses, as well as preventing birds and anea#lsg the deployed bait.

4) Soil screening. Method was used to obtain beetids avhidden lifestyle in the soil and litter.
First step was harvesting coarse materials (ledlades of grass, twigs, etc.) by sifting the sath a
sieve. All collected samples were sieved later anoee. Found specimens were collected.

5) Window traps. Most of the bugs found were flyingants for whose collecting was used a

window trap (Fig.2.). The window trap used in tiigsdy was self-made.
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Fig. 2. Window trap (Photo: J.Prokoke)
6) Soil (Barber) trap. Plastic cups with a diamete6 @i were used for soil traps(Fig.3.). To
avoid cups filling up of water and branch, the gésswere covered with bark (Fig.4.).

Fig. 3. Soil (Barber) trap(Photo: J.Prokia) Fig. 4. Solil (Barber) trap (Photo: J.Prokibga)

Generally, nearly 2,000 specimens of beetles wereegsed. Forty families and 340 species
were found in species list.
Results and discussion

In this research were summarized 53 scientificipabbns, as well as analysed the collection

and author's harvested material.
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Summarizing the results of a research, the colliectaterial and collection of data, as well as
the literature, results were that there were foBdh@ beetle species, representing 40 families didsee
in the territory ofikemeri National Park. This is the first study durwlgich all scientific literature on
the territory of th&Kemeri National Park beetle species was summarb&:titerature sources were
analysed containing published information about Bé€tle species from 38 beetle families occurring
in the surveyed. (Fig.6.). The collection of unpsibd material oi{emeri NP previously collected
beetle species in the territorylgeémeri NP was examined for the first time. A compleeémeri NP

beetle fauna species list was drawn up for thetiirse.

m Dytigcidae Leach. 1813

Number of beetle o ,

st B Carabidae Latreille, 1802
families and
spectes Kemeri ® Silphidae Latreille, 1807
NP area

B Staphylinidae Latreille, 1802
m Scarabaeidae Latreille. 1802
® Buprestidae Leach, 1815
mElateridae Leach, 1815

® Cantharidae Imhoff, 1856

(1815)
® Cocemnellidae Latreille, 1807

B Cerambycidae Latreille, 1802
B Clhrysomelidae Latreille, 1802
Curculionidae Latreille, 1802

Pargjas dzimtas

Fig.6. The number of beetle families and speciesPK&Nea previously published in literature.
The other families: 27 families which have représdn in reasearches by one to four species (the
number of species is shown in bracke@Gyrinidae (1) Hydrophilidae (1) Ptiliidae (1) Leiodidae(3)
Scydmaenidag1l) Lucanidae (3) , Trogidae (1) Dascillidae (1) Byrrhidae (1) Dryopidae (1)
Eucnemidae(2) Lycidae (2), Dermestidae(4) Trogossitidae (1) Cleridae (1) Melyridae (1) ,
Sphindidae(1) Nitidulidae (1) Corylophidae(1) Melandryidae(1), Tenebrionidag2), Meloidae (2)
Salpingidag(2) Anthicidae(1) Megalopodidagl), Attelabidae(1) .
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Author of the research used popular standardizgdd fesearch methods - soil traps, window
traps, entomological net, etc. while collecting thaterial. Approximately 1,000 beetle specimens
were collected. The soil trap was the richest ietleespecimens. It explains the majority of Carabid
and Staphylinidae species in specified families @énedchart, as well as the minority of other spgcie
of families (Fig.7.).

Sugu skaits

m Dytiscidae Leach, 1815

1111 B Carabidae Latreille, 1802
= Silphidae Latreille, 1807
B Staphylinidae Latreille, 1802
B Scarabaeidae Latreille, 1802
= Elateridae Leach, 1815
E Nitidulidae Latreille, 1802
B Phloeostichidae Reitter, 1911

Coccinellidae Latreille, 1807

B Tenebrionidae Latreille, 1802
= Anthicidae Lacordaire, 1825
Cerambycidae Latreille, 1802

Curculionidae Latreille, 1802

Fig.7. The number of beetle families and specidsrintory ofKemeri NP from processed material.

Eighty beetles families and two beetle speciesasanknown to this park, were found KNP
thanks to this research. Major kind of species vexauated after the results. The most often found
species of Carabidae familgychrus caraboided.innaeus (1758)Pterostichus aethiopgPanzer,
1797) Pterostichus niger(Schaller, 1783)Pterostichus melanariudlliger, 1798 Pterostichus
anthracinusPanzer 1795Calathus errata(Sahlberg, 1827)0Oxyselaphus obscurugierbst, 1784).
The most often found species of Staphylinidae famibrusilla canaliculata (Fabricius, 1787)
Lathrobium brunnipegFabricius, 17925taphylinus erythropterusinnaeus, 1758. The most often
found species of Scarabaeidae fam#iyioplotrupes Stercorariuflinnaeus, 1758Jrichius fasciatus
(Linnaeus, 1758)Thanasimus formicariugLinnaeus, 1758). The most often found species of
Coccinellidae family: Coccinula quatuordecimpunctata(Linnaeus, 1758) andCoccinella
septempunctatéinnaeus, 1758. The most often found specieshofsomelidae familyChrysolina
pollita (Linnaeus, 1758) an@onioctena viminaligLinnaeus, 1758).
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Unfamiliar and rare species

16 little-known species of short-wing families wehat are presented from 2 to 5 localities in
Latvia. Little-known speciestschnosoma bergroth{Hellen, 1925),Dinard dentata(Gravenhorst,
1806)Atheta (Philhygra) gyllenhalifThomson, 1856Atheta (Coprothassa) melanar{dannerheim,
1830) Atheta (Rhagocneme) subsinugtrichson, 1839 Atheta (Dimetrota) laevan@Mulsant &
Rey, 1852), Thamiaraea cinnamomedGravenhorst, 1802)Falagria caesa (Erichson, 1837)
Anomognathus cuspidatugrichson, 1839PDxytelus fulvipe€richson, 183%tene gallicug-auvel,
1872 , Stene sylvesteErichson, 183%tene canaliculatussyllenhal, 1827Stene cauteg&richson,
18390chthephilum fracticornéPaykull, 1800)Xantholinus gallicugoiffait, in 1956.
Protected and other valuable beetle species

1. Aromia moschat&innaeus, 1758
Location:Kemeri, Sloka (Spuris, Stiprais 1982).

2. Carabus clathratusinnaeus, 1758
Location:Kemeru NP Kemeru NP dabas aizsatdas pins).

3. Carabus convexuBabricius, 1775
Location:Kemeru NP Kemeru NP dabas aizsardas pins).

4, Chalcophora mariandLinnaeus, 1758)
LocationKemeri, stargKemeriem un Anticiemu (Stiprais 1988).

5. Cicindela maritimaDejean, 1822
Location:Kemeri ( Sedlitz 1891).

6. Dendrophagus crenaty®aykull, 1799)
Apstradatais matedils: Engures noyKemeru NP, 057°01'24”Z, 023°20’32”A, 05.V. 2010, eks.,
Aig. Soldans leg.

7. Dorcus parallelopipedugLinnaeus, 1758)
Location: Valguma ezers (Telnov et. al. 2005).

8. Emus hirtugLinnaeus, 1758)
Location:Kemeri, Raganu purvs ( Stiprais 1979, Telnov 1996).

9. Graphoderus bilineatu@De Geer, 1774)
Location: Kajiera ezers, Lielaisifelis (Kalnins 2006).

10. Meloe proscarabaeusinnaeus, 1758
Location: Anthciems (Stiprais 1988).

11.  Meloe violaceudlarsham, 1802
Location: Anthciems (Stiprais 1988).
12. Osmoderma eremita (Scopoli, 1763)
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Location:Kemeri (Stenbergs 1988).
13.  Peltis grossdLinnaeus, 1758)
Location:Kemeri, Kacéu kalni (Cirttis 1996).
Apstradatais matefils: Kemeru NPKemeri, 05. V. 2010., 1 eks., AakligS leg.
14.  Platycerus caraboide@.innaeus, 1758)
Location: Anthciems (Stiprais 1988).
15.  Saperda perforatdPallas, 1773)
Location:Kemeri (Spuris, Stiprais 1982).
16.  Stenocorus meridiany&innaeus, 1758)
Location:Kemeru NP Kemeru NP dabas aizsaroas péns).
17.  Velleius dilatatugFabricius, 1787)
Location:Kemeri (Lackschewitz&Mikutowicz 1939, BarSevskis 399
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VIDES ZIN ATNES / ENVIRONMENTAL SCIENCES

THE MOST EFFECTIVE DETECTION METHOD FOR BRASSICA
POD MIDGE DASINEURA BRASSICAEEMERGENCE IN WINTER
OILSEED RAPE IN LATVIA

llze Apenite
Latvian Plant Protection Research Centre, Ltd,kdbru iela 14a, Riga, Latvia
ilze.apenite@laapc.lv

Abstract

Research oDasineura brassica&Vin. emergence and establishment of the most effecttergiination method in winter
oilseed rape plantations was carried out in LAU Tf®eterlauki” in Jelgava area (in southern Zemgalegr the
vegetation seasons of 2009 and 2010. Three detstiotinmethods foD. brassicaepopulation were tested in winter
oilseed rape- entomological net cuts, yellow giaps (25 x 10 cm) by ,KOOPERT” HORIVERand Moerike water-
traps.

After two years of research, it was established tthe beginning oD. brassicaeemergence is not affected by the sum of
accumulated effective temperatures (AET), but ke plant development stage (BBCH). Entomological mét method
cannot be used fd. brassicaaletection in winter oilseed rape plantations itvlaaas no individuals were captured in the
trial area using this method. The most effectivebrassicaeattraction method was the Moerike water-trapshasuse of
this method resulted in capturing the largest nunabedult individuals (339 individuals out of tbtaf 433 individuals).
The most effective method for detection the begignf D. brassicaeemergence in Latvia was the yellow glue traps
(from rosette until bud forming stage: BBCH 25-50)t starting from bud development until pod ripenstage (BBCH
51-79) the Moerike water-traps were more effective.

Key words: brassica pod midge, yellow glue trapegkike water-traps, detection method.

Kopsavilkums

Petijumi par Dasineura brassica®Vinn. efekivako konstatSanas un noteikS8anas metodi ziemas ragj&ans tika veikti
2009. un 2010. gada gefacijas periodos LLU MPSPeterlauki” Jelgavas novadZemgales dienvidu ¢&. D. brassicae
popukcijas konstdicijai ziemas rapSagmma tika parbaudtas tis metodes — akSana ar entomogisko tklinu,
pievilinaSana ar firmas ,KOOPERT” HORIVERdzelteam imes lamam (25 x 10 c¢cm) un Moerik@denskeramiem
slazdiem.

Pec divu gadu ptijumiem tika konstats, kaD. brassicaeizlidoSanas #&kumu nosaka augu #tibas stadija (BBCH),
nevis akivo temperatru summa (ATS). Bvumi ar entomolgisko tklinu, D. brassicaenoteikSanai ziemas rapsgsnos
Latvija nav efekdvi, jo neviensipatnis, izngginajumu lauk, izmantojot So metodi netika konstist Daudz efekvaka D.
brassicaepievilinaSanas metode bija igkSana ar Moerik&eramiem slazdiem, izmantojot So metodi tika piegts liels
pieaugusapatu skaits (339pati no kopsumra 433 pieviliratiemipatiem). Period no rozetesitlz pumpuru veidoSas
stadijai (BBCH 25-50p. brassicaevislakak pievilinat izmantojot dzelteds imes lamatas, bet no ziedpumpurasagiaris
Iidz pakstepu veidoSans stadijai (BBCH 51-79) izmantojot Moerikeramos slazdus.

Introduction

Expansion of oilseed rape plantations leads tceas® in cultivation costs, and so, to obtain
the highest yields possible, factors delaying ghoautd development must be eliminated. One of the
problems affecting every farmer is pests in thee@tl rape. One of these pestOasineura brassicae
Winn. (Diptera, Cecidomyiidag which decreases yield by 30-60%.

D. brassicae damages newly formed pods in both, winter and semmoilseed rape
plantations. Both adults and larvae are destructive

Worldwide various attraction methods are used togeizeD. brassicaepresence in order to

determine its emergence and population dynamicsevery particular oilseed rape plantation
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(Murihead, Thomson 1991; Powell et al. 1996; Daffialton 1997; Sautwood, Hendersen 2000;
Almijli 2007):

1. entomological net cuts. This method is suitable determining proportions of pest species in
oilseed rape;

2. yellow glue traps, which are the first ones to Imdrdbuted in winter oilseed rape plantations in
spring. This method allows to determine flying daslifimago), as well as immature stages, larvae and
pupae (Alford 1979);

3. Moerike water-traps, which in oilseed rape are usedttract insects from botlGoleopteraand
Diptera, orders (Axelsen 1992; Ulber 1995; Walczak et14£198). To attractD. brassicaemore
effectively, oilseed rape seed extract with higicgkinate level is added to water (Erichsen, Daebel
1987);

4. suction traps are used to determine the beginnin@.obrassicaeemergence as well as its
population density in oilseed rape. In the Unitadg€lom and Germany periodicity &f. brassicae
daily emergences examined using field Johnson — Taylor suctiap {Alford, 1979);

5. D. brassicaeand its parasitoid®mphale clypodalis, Platygaster subulifarnaiee attracted using
light traps(Murchie et al. 1997);

6. Malaise traps are used to determihebrassicaepopulation density and phenological changes in
various oilseed rape plantations. Equipped witlpecsl clock mechanism this trap can also reduce
D. brassicagpopulation volume in oilseed rape plantations (@hig et al. 2001).

Up to now the most effective determination methodD. brassicaein Latvia had not been
established. Therefore, three method<fobrassicaeemergence determination in winter oilseed rape
plantations were tested over the vegetation seaso2809 and 2010ntomological net cuts, yellow
glue traps and yellow Moerike water traps.

Material and Methods

Research obasineura brassicaemergence in winter oilseed rape plantations wagedaout
in LLU MPS ,Peterlauki” in Jelgava area (in southern Zemgale)rdkie vegetation seasons of 2009
and 2010. Winter oilseed rape variety ‘ADDER’ wased for the trial. The trial was laid out in
randomised blocks with 6 replicates. The area afingle trial field was 50f Three detection
methods foD. brassicagpopulation were tested in winter oilseed rape:

1. yellow glue traps (25 x 10 cm) by ,KOOPERT” HORIVERwhich were placed in plantations
at the height of plants and at an angle df ZBaps were inspected in every five days;

2. Moerike water-traps (210 mm @ and 90 mm deep), lwkvere placed in plantations at the
height of plants. Water traps were filled with litfes of water;
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3. Sweeping of insect nets, where every sample (i&pbic) was obtained with the help of 200
insect net sweeps (25 sweeps per every plot) ceupper storey of the winter oilseed rape stand.
Pest assessment was carried out once in evergdiys

Sum of accumulated effective temperatures (AET) e@hsulated using the given formula:

AET =X(t,-10°C)

where - the average daily temperature above %C1@Soroka, Supranovics eds. 2005).

The obtained results were analyzed with the necg$seel of significance (P=0.05).
Result and Discusion

Over the vegetation seasons of 2009 and 2010 th&t eiffective Dasineura brassicae
attraction method was determined in winter oilsesgze plantations. The trial resulted in collectain
433 adult individuals, out of which the highest popidatdensity (339 individuals) was obtained in
the trial area over the vegetation season of 208Bl¢ 1, 2).

Table 1.D. brassicagpopulation density in winter oilseed rape plantadiover the vegetation season
of 2009

Growth stage, Yellow Moerike Entomol.
Dates BBCH AET glue traps % water-traps % net cuts
25.04. 39 71 3 4.7 0 0.0 0
01.05. 44 105 9 14.0 0 0.0 0
05.05. 51 165 0 0.0 0 0.0 0
10.05. 57 176 21 32.8 119 43.3 0
15.05. 60 219 0 0.0 127 46.2 0
20.05. 67 270 14 21.9 0 0.0 0
25.05. 69 360 14 21.9 11 4.0 0
01.06. 70 396 0 0.0 7 2.5 0
05.06. 71 439 0 0.0 0 0.0 0
10.06. 72 510 3 4.7 11 4.0 0
15.06. 74 549 0 0 0 0 0
20.06. 77 634 0 0 0 0 0
Total 64 18.8 275 81.1 0

339 adultD. brassicaeindividuals were collected in winter oilseed rggantations over the
vegetation season of 2009, out of which 64 indialdwr 18.8% were collected using the yellow glue
traps, while 275 individuals or 81.1% were collectsing the Moerike water-traps. Whereas over the
vegetation season of 2009 no individuals were ctdtkusing entomological net cuts (Table 1).

Over the vegetation season of 2009 the first thréiwiduals in winter oilseed rape plantations
were attracted using yellow glue traps (25.04.)emkhe oilseed rape was at stem elongation stage
BBCH 39 and AET had reachedCl

MassiveD. brassicaeemergence began at the end of the first decadeagf (¥0.05.), when
oilseed rape had reached inflorescence emergeage BBCH 57 and AET was 17®). 21 adult
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individuals or 32.8% out of total were attracteéthgghe yellow glue traps, while the Moerike water-
traps attracted 119 individuals or 43.3% out adltot

With continuous elevation of average temperatunespopulation density dD. brassicaen
winter oilseed rape increased as well. The follgnaigsessment at mid May (15.05.) when AET had
reached 21% revealed that the Moerike water-traps containeihddviduals or 2.9% more than
during the previous assessment, while no ddulirassicaandividuals were found on the yellow glue
traps and entomological net cuts. Most of the fdabrassicadandividuals - 11 or 4.0% out of total-
were collected in winter oilseed rape plantatiosiag the Moerike water-traps while oilseed rape was
at the pod development stage BBCH 72 (10.06.) A being 516C.

Analysis of the results obtained from winter oildeape plantations over the vegetation season
of 2009 established that entomological net cutshateapplicable in winter oilseed rape for captgrin
D. brassicaeas this species is a small-in-size (1 — 1.5 mm) begrof Diptera order, which makes it
difficult to capture it using this method. Cuts wanade between 11:00 and 14:00 o’clock when the
wind speed is greater than in the mornings andiegserand when insects might have more suitable
flying conditions. Two methods were effective f@. brassicae detection, which functioned
differently at various plant development stagesntrosette until bud forming stage (BBCH 25-50)
the beginning oD. brassicaeemergence was most effectively determined usiag/élow glue traps,
while from bud development until pod ripening std§8CH 51-79) the Moerike water-traps were
more effective.

Over the vegetation season of 2010 all tiPedrassicaedetermination methods were used in
winter oilseed rape plantations yielding a total 92 adult individuals out of which none were
collected using the entomological net cut methaaijern30 individuals or 31.9% were captured using
the yellow glue traps and 64 individuals or 60.0%revcollected using the Moerike water-traps
(Table 2).

Table 2.D. brassicagpopulation density in winter oilseed rape plantadiover the vegetation season
of 2010

Growth Yeloww Moerike Entomol.
Dates stage, BBCH AET glue traps % water-traps % net cuts
15.04. 30 75 0 0.0 0 0.0 0
20.04. 32 106 0 0.0 1 15 0
25.04. 35 150 0 0.0 0 0.0 0
01.05. 39 250 0 0.0 0 0.0 0
05.05. 43 148 0 0.0 0 0.0 0
10.05. 49 173 0 0.0 18 28.1 0
15.05. 55 575 4 13.3 6 9.4 0
20.05. 59 657 3 10.0 4 6.3 0
25.05. 65 477 3 10.0 3 4.7 0
01.06. 68 390 5 16.6 8 12.5 0
05.06. 73 575 1 3.3 0 0.0 0
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10.06. 75 461 8 26.6 4 6.3 0
15.06. 78 468 6 20.0 20 31.3 0
20.06. 80 475 0 0.0 0 0.0 0

Total 30 31.9 64 60.0 0

In 2010 the first imago in winter oilseed rape \a#tsacted using the yellow glue traps (20.04)
when the oilseed rape was at the stem developrtege $8BCH 32) and AET had reached AD6No
clear and massive emergenceDofbrassicaeas seen in 2009 was observed in 2010 as the worgdit
were not favourable for pest population emergence.

The highest population density was determined wheroilseed rape was at the inflorescence
emergence stage (BBCH 49 and AET was°CJ3which was at the end of the first decade of May
(10.05.). This matched the situation seen ovewdgetation season of 200Bhe highest population
density (18 individuals or 28.1% out of total) wdetermined using the yellow water-traps. The final
individuals were determined in the middle of thew® decade of June (15.06.), when the winter
oilseed rape was at the pod development stage (BB&hd AET was 468).

Overall it can be concluded that over the vegetaieason of 2010 the most effective
brassicae attraction method was the yellow water-traps, whabtained the highest population
density. Hence, after two years of research, itlmamoncluded that the most effectiDe brassicae
attraction method in Latvia is the Moerike watexpis as also previously seen in Germany.

In Germany this method detection the fiB3t brassicaeindividuals when the plants had
reached the pod development stage (BBCH 75), whaefinal individual was detection at the pod
senescence stage (BBCH 97). Whereas in Latviseg®arch with the Moerike water-traps determined
the first individuals when the plants were at tloavering stage (BBCH 57 - 10.05.09.).

In our trial noD. brassicaendividuals were captured in winter oilseed rapentations using
the entomological net cuts. This might be explaibgdhe relatively low humidity and precipitation
during May and June of 200D. brassicagossibly remained closer to the topsoil where tnaility
might have been higher. However, German researclaenging out trials using entomological net cuts
over the same period of daytime from 11:00 untit3030’clock collected a total of 67 adult
individuals (Aljmli 2007). Using this method therdt emergence was determined when the plants
were at the flowering stage (BBCH 64), and wherd8ltaindividuals were collected, while the last
emergence was determined when the plants were goith ripening stage (BBCH 81), and when one
adult individual was captured. For the researahedoy German scientists the emergence maximum
was reached when plants were at pod developmege §BBCH 75), and 458 adult individuals were
collected using the Moerike water-traps, while emdtngical net cuts captured 33 adult individuals
(Aljmli 2007).
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Comparing results from both researches it can becladed that the most effectivie.
brassicaeattraction methodh both trials was the use of Moerike water-tragss this method lead to
capturing the largest number of adult individualg of total. For the research performed in Latvia
those were 339 out of 433, but for research by AjB007) those were 458 individuals from 1264.

Conclusions

1. The beginning oD. brassicaeemergence is not affected by the sum of accunuikffective
temperatures (AET), but by the plant developmeages{BBCH) instead.

2. Entomological net cut method cannot be usedfdbrassicaedetection in winter oilseed rape
plantations in Latvia as no individuals were cagtlin the trial area.

3. The most effective D. brassicae attraction method was the Moerike
water- traps as the use of this method resultedpturing the largest number of adult individu&39
individuals out of total 433 individuals).

4, The most effective method for detection the begigrof D. brassicaeemergence in Latvia
was the yellow glue traps (from rosette until bodhiing stage: BBCH 25-50), but starting from bud
development until pod ripening stage (BBCH 51-1@) Moerike water-traps were more effective.
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LATVIJ A KULTIV ETIE K LAVU (ACERL.) GINTS TAKSONI

Aiva Bojare, Gunta Evarte-Bundere, Rteris Evarts-Bunders
Naciortlais botniskais drzs, Miera iela 1, Salaspils, Latvija; Daugavpilsikérsigte, Vienbas iela
13, Daugavpils, Latvija
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Abstract

Taxa of genusAcer L. cultivated in Latvia.
The aim of the current work is a critical studigsgenusAcer in Latvia, taking into account, that detailed $sdof this
genus in Latvia previously was not carried out. iBgirthe studies, a detailed inventory of the bigg#endrological
plantations and collections in Latvia was carrieitl &or the moment, the published previous invgntesults of the parks
and greeneries are known for the period from 1972000, and do not reflect the real situation. Qiwree, when different
foreign-origin planting materials were used in palgreeneries widely, status of the property fomynadendrologically
valuable territories was changed. Due to the diffeclimatic and anthropogenic factors, taxononneity of the trees
and shrubs, including maple, has changed in battiibns - positive and negative. Therefore, thgula monitoring of
taxonomical diversity of the arboreal plants ises=ary.
During the current research, 119 dendrological dbjevere inventoried and at least 490 herbariumerizds$ was
collected. The results summarize the data abouA@@r genus taxa cultivated in Latvia: 24 species, 3@spacies, 3
varieties, one form and five hybrids.
Scientific nomenclature of each taxon was specifiesbrphological features and peculiarities of disttion were
described. The distribution maps for all most comrtaxa were created, where the changes from theopieinventories
to nowadays were reflected. For some rare taxdavatdd in Latvia, Latvian epithet is given for thiest time, created on

the basis of the most commonly used names in for@éndrological literature.
Key WordsAcer, systematic, distribution, Latvia.

levads

Klavu (Acer L.) gints ir liela un daudzveida koku un kiimu gints, kas savMa izplafita
Ziemdu puslodes rgrera klimata josé un nedaudz ieiet Dienvidijas tropiskaj josla. Pasaw klavas
iedala 16 sekcig, no kuim 8 iedala 19&ijas. Sekcijas ungsijas ko apvieno 230 taksonus — 124
sugas, 95 pasugas, 8 vaiies un vienu formu. Latvdjsavvda sastopama tikai vienddvu suga —
parasi klava @Acer platanoided..), kura izplaita visa teritorija gar upju krastiem, gras, dazdos
mezu tipos kopar citm platlapju koku sugm, bet fraudzes neveido.

Pirmie citzemju kavu taksonu introdukcijas @ginajumi dokumengti ar 19.gs. a&kumu, kad
izversusies intensa parku veidoSana. KopsS introdukcijakiema, Latvij, uz So bidi, kopuna tiek
kultiveti vairak ka 100 Kavu taksoni. Liglkas Kavu gints taksonu kolekcija Latj atrodas
Nacioralaja botaniskap darza (turpnmak NBD) Salaspil un Kalsnavas arbé&tuma Madonas novad
Sugim bagiti stadijumi ir Rucavas muizas kalnRucavas novag Laidu ,Jaunbgdikos” Kuldigas
novadi un Ledurgas dendrolgskaja parlka Krimuldas novaal. Bet liekkaja dda parku un apatijumu
tiek audzta tikai neliela di no plas klavu sortimenta kbta.

Petijuma lailka tika apkopota pieejainzinatniska literatira, apsekoti 119 dendrg@iskie
objekti, izveidotas izplabas kartes un i@kts bag@tigs herlarija materéls.

Lidz Sim Latvia nav veikti Ravu gints detalizti p&tjjumi. Darba markis ir veikt Latvijas
lielako dendrolgisko stdijumu un kolekciju reinventariziju, jo Sobtd publictie Latvijas lauku
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parku un apatijumu inventariaciju materéli par periodu no 1972.-2000.gadam neatspogealo
situaciju. Laika gaii, mainotiesipaSumu statusamalan dazdu klimatisko un antrop@go faktoru
ietekn®, koku un koimu, tai ska#é klavu, taksonu daudzvealth ir mainjusies gan poZa, gan
negaiva virziera. Daudziem parkiem un apsijumiem nomakot privata apsaimniekoSan veikti
nerdomati stadijumu kopSanas palsumi, ka rezul&ta iznicinati vertigi krimveidgie taksoni.
Materi als un metodika

Acer L. gints sisteratikas noskaidroSanai anaidta ziratniska literafira par kavu izplatbu
pasaut un Latvip. Darba ietvaros tika i@kts bagtigs herlarija materals (490 lapas), &af analizts
Naciorala botaniska darza herlarijs (HBA (488 lapas)), DU Sistedtiskas biolgzijas instifita herlarijs
(DAU (340 lapas)) un LU (RIG) Biolgijas fakul@tes herbrijs. levaktais herfarijs glatajas DU
Sistenatiskas biolazijas instifita. Kartogéfiska materila veidoSanai izmantoti persgie Etijumi un
NBD Dendrofloras nodas zirtnieku publi&tie Latvijas dendrofloras inventadidju materéli.

Latvija augoSo lavu taksonu iedglms sekciis un srijas veidots pc Gelderena sasfitas
taksonomisks sttmas (Gelderen 1994).

Klavu taksonu latviskie nosaukumi Aditi, par pamatu izmantojot Akachiskag terminu
datulaze AkadTernlietotos epitetus, kas apstipitnLatvijas terminolgijas komisia. Taksoniem, kas
nav mireti Sap datulaze, izmantoti dendrolgiskaja literatira biezak lietotie nosaukumi. Sugu
latviskie nosaukumi fikacijas funkcip lietoti vienskaita forma un sastv no diviem vardiem — sugas
epiteta ungints nosaukumagGints latviskais nosaukums fiksijas funkcip lietots vienskaia forma,
izmantojot tipisles sugas latvisko nosaukumu. Laivkultira reti sastopamiem l&vu taksoniem,
kuriem lidz Sim nav doti latviskie epiteti, darizveidoti jauni epiteti.

Latinisko nosaukumu autoruisaijumi citeti saskaa ar starptautiski pigemtagm noldem
darka Authors of Plant Namg®8rummit, Powell 1992).

Darla netiek apskatas Latvip kultivétas Kavu kirnes.

Klavu taksonu izplaba Latvip atspogilota izplatbas kars, ja taksons konsts piecos un
vairak punktos. Veidojot izplabas kartes, par pamaiemts bainisko kvadatu ftikls, kur viena
kvadata laukums dab ir 71 knf (7,6 x 9,3 km) Tabaka, KusBuns, Ilmorauexkc 1977). Tkla
pamatimenis balgts uz PSRS Aizsardlzas ministrijasienealStaba topogifiskas kartes geog#fisko
koordiratu sisema 3m kareém balsita uz Krasovska 1940. gada elipho un Pulkovas 1942.gada
atskaites meridnu) karsSu lapu sadgimu neroga 1:25000 (Krampis 2006).

lzveidotaps karts punkti ataméeti trijas krasas: ® - publiétajos matetilos noadits un
joprojam esoss takson® - jauns takson€Qin - pibjs matedlos nodits, bet vairs neesods
taksons. Sugm, ku@am zimmas mazk par pie@am atrad@m, izplaiba skaidrota tekst iekawas

noradot bofiniska kvad@ta numuru.
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Rezultati
SECTION PARVIFLORA KOIDZ.

SERIES CAUDATA PAX

Acer caudatumsubsp.ukurunduense(Trautv. et Mey.) Murray — Ukurundu kava
Izplatiba Latvig: Naciorilais botiniskais drzs (15/28); Mazsalacas “Vecniju (2/34); Laidu

»~Jaunbediki” (16/8), Rucavas muizas kalns (24/3)

Acer spicatumLam. — varpaira klava
Izplaiba Latvip: Laidu ,Jaunbgdiki” (16/8); Talsu dendrolg@iskais parks (11/14); Nacialais

botaniskais drzs (15/28).
SECTION PALMATA PAX

SERIES PALMATA PAX

Acer circinatumPursh — vinkoku KHava

Izplatiba Latviga: skat 1.att.

Acer japonicumThunb. — Jajanas Rava
Izplatiba Latvig: Naciorilais botiniskais drzs (15/28); Mazsalacas “Vecniju (2/34); Laidu

»~Jaunbediki” (16/8); Rucavas muizas kalns (24/3); Kalsnawdmgtums (17/41).

a
o

6 L it

é ] a4 I !
9 - hal” N %
10 ERE

1 - [T

12 a. u ]J+
i ]
14 - L
15 : g
16 p|

17 }Lr’

18 1

15 B
20

21 ‘

22
;: Pawy N | :
25 4
26 rl.,z T

28 [
N NEEERESS

A

Ll LITT 11 T
P I % O 8 5 O O

1. atels. Acer circinatumPursh izplatiba
Figure 1. Distribution oAcer circinatumPursh.

Acer palmatumThunb. ex Murray subsp.palmatum- vedeka Kava
Izplatiba Latvig: Naciorilais botiniskais drzs (15/28); Kurrales ,Sauleskalni” (14/9); Rucavas

muizas kalns (24/3); Kalsnavas ar&tams (17/41).
Acer palmatumsubsp.amoenum(Carriere) Hara — patkana klava
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Izplatiba Latvig: Naciortlais botiniskais drzs (15/28); Rucavas muizas kalns (24/3)

Acer pseudosieboldianurtPax) Kom. subsp.pseudosieboldianurmm nasta Zibolda Hava
Izplaiba Latvig: Lacupes dendirijs (13/20); Gaidba Mekela dendrolgiskie sadijumi (15/27);
Nacioralais botiniskais drzs (15/28); Kalsnavas arlaums (17/41).

Acer shirasawanunKoidz. var. shirasawanum- Sirasavanal&va

Izplatiba Latvig: Rucavas muizas kalns (24/3); Kalsnavas athars (17/41).

Acer shirasawanunvar. tenuifolium Koidz. — smalklapu lava
Izplatiba Latvia: Naciorilais botiniskais drzs (15/28)

Acer sieboldianumMiq. — Zibolda Kava
Izplatiba Latvia: Naciorilais botiniskais drzs (15/28)
SERIES SINENSIA POJARK.

Acer campbelliisubsp.flabellatum (Rehd.) Murray — vedeKlapu Havu

Izplatiba Latvia: Rucavas muizas kalns (24/3)
SECTION MACRANTHA PAX

Acer crataegifoliumSiebold et Zucc -~ vilkabdlapu Kava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28)

Acer davidiisubsp.grosseri(Pax) de Jong- Grosera kava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28)

Acer pectinatumsubsp.laxiflorum (Pax) Murray — skrajziedu kava

Izplatiba Latvig: Kalsnavas arbétums (17/41).

Acer pectinatumsubsp.maximowiczii(Pax) Murray — Maksimovéa Kava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28)

Acer pensylvanicuni. (1753) — PensibBnijas Hava
Izplatiba Latvia: Naciorilais botiniskais drzs (15/28); Kurrales ,Sauleskalni” (14/9)

Acer rufinerve Siebold et Zucc~ ruddzslu Kava
Izplatiba Latvig: Laidu ,Jaunbgdiki” (16/8); LU Botaniskais drzs (14/26)

Acer tegmentosunMaxim. (1857) — zémizas Rava

Izplatiba Latviga: skat. 2.att.

Acer tschonoskiMaxim. subsp.tschonoskii— Conoska kava

Izplatiba Latvig: Rucavas muizas kalns (24/3)

Acer tschonoskisubsp.koreanumMurray — Korejas kava
Izplaiba Latvip: Lacupes dendirijs (13/20); Nacioalais botniskais drzs (15/28); Kalsnavas
arbogtums (17/41).
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SECTION GLABRA PAX
SERIES GLABRA PAX

Acer glabrumTorr. subsp glabrum — kail klava, klinSkalnu lava
Izplatiba Latvia: Nacioralais botiniskais drzs (15/28); Kalshavas arlabums (17/41); Skwveru

dendarijs (18/34).
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2. atels. Acer tegmentosunMaxim. izplatiba

Figure 2. Distribution oAcer tegmentosudaxim.

Acer glabrumsubsp.douglasii(Hook.) Wesm.(1890) — Duglasalkva
Izplatiba Latvia: Naciorglais botniskais drzs (15/28)
Acer glabrumsubsp.torreyi (Greene) Smiley— Toreja kava

Izplatiba Latvia: Rucavas muizas kalns (24/3)
SERIES ARGUTA (REHD.) REHD.

Acer argutumMaxim. — ag klava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28)

Acer barbinerveMaxim. — kardaira klava

Izplatiba Latvia: skat. 3.att.
Acer stachyophyllunsubsp.betulifolium (Maxim.) de Jong— kerzlapu Kava

Izplatiba Latvia: Kalsnavas arbétums (17/41).
SECTION NEGUNDO (BOEHM.) MAXIM.

SERIES NEGUNDO

Acer negundoL. (1753)subsp. negundc- oSlapu kava

Izplatiba Latvig: Latvija biezi sastopama, inveva suga.
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3. attls. Acer barbinerveMaxim. Izplatba Latvia
Figure 3. Distribution oAcer barbinerveMaxim.

Acer negundosubsp.californicum (Torr. et Gray) Wesm. — Kalifornijas Kava

Izplatiba Latvia: Naciorglais botiniskais drzs (15/28).

Acer negundosubsp.interius (Britton) A. et D.Loeve

Izplatiba Latvia: Naciorglais botiniskais drzs (15/28).
SERIES CISSIFOLIA (Koidz.) Momot. (1962)

Acer cissifolium(Siebold et Zucc.) K.Koch— mezinu Kava
Izplatiba Latvia: Naciorglais botniskais drzs (15/28); Kalsnavas artaums (17/41).

Acer henryiPax (1889) — Henrija lava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28); Kalsnavas arlabums (17/41).

SECTION ACER
SERIES ACER

Acer heldreichiisubsp.trautvetteri(Medw.) Murray — TrautEtera Kava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28); Kalsnavas arlabums (17/41).

Acer pseudoplatanuk. — kalnu kava

Izplatiba Latvig: skat. 4.att.
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4. attls. Acer pseudoplatanus. izplatiba
Figure 4. Distribution oAcer pseudoplatanus.

Acer velutinumBoiss.— samtaia klava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28).
SERIES MONSPESSULANA POJARK.

Acer hyrcanumFisch. et Mey.subsp.hyrcanum— Balkanu, Hirkanas lava

Izplatiba Latvia: Naciorglais botiniskais drzs (15/28).
Acer monspessulanurh. subsp.monspessulanum- Monpelg klava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28); Rucavas muizas kalns (24/3)

Acer opalusMill. subsp.opalus- irbegplapu Hava
Izplatiba Latvig: Naciorglais botiniskais drzs (15/28); Rucavas muizas kalns (24/3)

Acer opalussubsp. obtusatum (Willd.) Gams- strupdaivu lkava

Izplatiba Latvia: Naciorglais botiniskais drzs (15/28).
SERIES SACCHARODENDRON (RAFINESQUE) MURRAY

Acer saccharumMarshall — cukura kava

Izplafiba Latvig: skat. 5.att.
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5. attls. Acer saccharumMarshall izplatiba
Figure 5. Distribution oAcer saccharunMarshall
SECTION TRIFOLIATA PAX

SERIES GRISEA POJARK. (1933)

Acer griseum(Franch.) Pax(1902) — kaBlmizas Kava
Izplatiba Latvig: Rucavas muizas kalns (24/3).

Acer maximowiczianunMiq. — Maksimovéa Kava
Izplatiba Latvia: Naciorilais bofiniskais drzs (15/28); Rucavas muizas kalns (24/3).

Acer triflorum Kom. (1901) — trejziedu lava
Izplatiba Latvig: Naciorilais botiniskais drzs (15/28); Kalsnavas artabums (17/41).

SERIES MANDSHURICA POJARK.

Acer mandshuricumMaxim. — MandZirijas Kava
Izplatiba Latvia: Nacioralais botiniskais drzs (15/28); Laidu ,Jaunbdiki” (16/8); Kalsnavas

arbogtums (17/41).
SECTION LITHOCARPA PAX

SERIES MACROPHYLLA POJARK. EX MOMOT.
Acer macrophyllumPursh (1814) — liellapu lava

Izplatiba Latvig: Naciorilais botiniskais drzs (15/28); LU bainiskais drzs (14/26)
SECTION PLATANOIDEA PAX

Acer campestré.. (1753) — lauku lava

Izplatiba Latvipa: skat. 6.att.
Acer campestré.. f. suberosum(Dumort.) Cin. — kokaina lauku Kava

Izplatiba Latviga: skat. 7.att.
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Acer cappadocicuntled. subsp.cappadocicum- Kapaddijas Kava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28)

Acer cappadocicunsubsp.divergeng(Pax) Murray (1978)
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28)

Acer cappadocicunsubsp.lobelii (Ten.) Murray (1982) — Loba Kava
Izplatiba Latvia: Naciorilais botiniskais drzs (15/28);Adazi, centra apatijumi (13/28).

Acer miyabeiMaxim. subsp.miyabei—Miabeja Rava
Izplatiba Latvia: Nacioralais botiniskais drzs (15/28); Kalsnavas arlabums (17/41).

Acer monoMaxim. subsp.mono— gklapaira klava

Izplafiba Latvig: skat. 8.att.
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6. attls. Acer campestré.. izplatiba
Figure 6. Distribution oAcer campestreé.
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7. atels. Acer campestré.. f. suberosum(Dumort.) Cin. izplatiba
Figure 7. Distribution oAcer campestré. f. suberosunfDumort.) Cin.
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Acer monovar. mayrii (Schwer.) Nakai— Maira ava
Izplatiba Latvia: Naciorglais botiniskais drzs (15/28); Ozolmuiza (6/34).

Acer platanoided.. (1753) — parastklava

Izplatiba Latvig: vieniga savvda augod klavu suga.
SECTION GINNALA NAKAI

Acer tataricumL. subsp tataricum — Tatrijas Kava

Izplatiba Latvipa: skat. 9.att.
Acer tataricumsubsp ginnala (Maxim.) Wesm. — krastu kava

Izplatiba Latvia: skat. 10.att.
Acer tataricumsubsp.semenoviilRegel et Herder) Murray (1982) — Semjonoval&va

Izplatiba Latvia: Naciorglais botiniskais drzs (15/28); Kalsnavas arlabums (17/41).
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8. at€ls. Acer monoMaxim. subsp.monoizplatiba
Figure 8. Distribution oAcer mondViaxim. subspmono
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9. at€ls. Acer tataricumL. subsp tataricumizplatiba
Figure 9. Distribution oAcer tataricum L. subsp. tataricum
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10. at€ls. Acer tataricumsubsp ginnala (Maxim.) Wesm. izplatiba
Figure 10. Distribution oAcer tataricumsubsp ginnala(Maxim.) Wesm.
SECTION RUBRA PAX

Acer rubrum L. (1753) — sarkanklava

Izplatiba Latvia: skat. 11.att.
Acer saccharinumL. — sudrablava

Izplatiba Latvig: skat. 12.att.

Starpsugu hildi
Acer x bornmuelleri Borbas (A. monspessulanumA. campestre} Bornmellera lava

Izplatiba Latvig: Naciorilais botiniskais drzs (15/28).
Acer x coriaceumBosc et TauscHA. monspessulanumA. opalussubspobtusatum—adaira klava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28).
Acer x freemaniiMurray (A. rubrumx A. saccharinum— Fimana kava
Izplatiba Latvig: Naciortlais botiniskais drzs (15/28); Rucavas muizas kalns (24/3)

Acer x zoeschens®ax (A. campestre A. cappadocicursubsplobelii) — ZoSeneralava

Izplatiba Latvia: Naciorilais botiniskais drzs (15/28).

Acer tataricumsubspginnala x A. tataricum subsp.tataricum

Izplatiba Latvija: skat. 13. att.
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11. at€ls. Acer rubrumL. izplatiba
Figure 11. Distribution oAcer rubrumL.
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12. at€ls. Acer saccharinumL. izplatiba
Figure 12. Distribution oAcer saccharinunt.
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13. attls. Acer tataricumsubspginnala x A. tataricum subsp.tataricum izplatiba
Figure 13. Distribution oAcer tataricumsubspginnalax A. tataricumsubsptataricum
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Diskusija

Analizgjot datus par lavu taksonu sastopabu Latvija laika period no 1972.-2000.gadam
(Bice, u.c 2006 b,c, 2007 d; Bice, u.c. 2005 c,deBu.c. 2005 b; Bice, u.c. 2006 a, 2007 a; Bice,
2004 b, 2007 b,c; Bice, u.c. 2003; Bice, u.c. 2@98Bice, u.c. 2005 a; Cinovskis, u.c. 1988 a,b;
Cinovskis, u.c. 1986 a, 1988 c,d, 1989 a-d, 199M4rtis-Bunders, u.c. 2008]unosckrc 1983) un
paSreizjo situaciju, tika konstatts, ka lielu, itisku izmanu taksonu daudzveioh nav. Procentali
taksonu skaita gh, Latvija visvairak ir parstavéti Kinas taksoni (Sobt 30%, agik 25%) un Jajnas
taksoni (23% un 21%), kuriapsvag ir reti sastopami un, kuru ziemaies ir saldzinoSi zema. Bieak
tiek kultiveti Ziemdamerikas taksoni (23% un 23%) un Eiropas taksorflolin 21%), kuri vak ir
piemreroti masu klimatiskajiem apskliem. Rdéjo desmit gadu laik Latvija vairak pieversta
uzmanba jaunuKinas un Jagnas taksonu un to kultivu introdukcijai, ko var skaidrot ar Sajos
regionos augosSo taksonu lielo daudzibidun to izcilagm dekoratvajam ipagbam.

Analizgjot datus par atsewem taksoniem, iitiskas negavas izmapas \Erojamas
krimveidigo taksonu izplaba. Piengram, A. tataricum subsp.ginnala un A. tataricum subsp
tataricum sastopaiitra, kopS iepriek$o inventarizciju perioda, ir sarukusi attiegi par 49 un 40%,
ko var skaidrot ar n@pdomatiem veco parku un &fjlumu kopSanas palsumiem, kuros biezi vien
netiek pieaiciati dendrolg@ijas spedilisti. Vairaku taksonu izplabu ir ietekngjusi klimatiskie
apstikli un to zem ziemcielba. A. pseudosieboldianursastopaiia samazifjusies par 58%A.
spicatumpar 62%A. saccharinunpar 29% urA. rubrumpar 23%.

Secirajumi

Reinventarizjot 119 dendrolgiskos objektus, kopuan apzirati 63 Kavu taksoni no 11
sekcipm: 24 sugas, 30 pasuga, 3 vates$, 1 forma un 5 hiii.

Visbiezak tiek kultiveti Ziemdamerikas taksoni A. negundosubsp.negundo kura tiek
uzskaits par invawu taksonu vig Latvijas teritorij, A. saccharinumkonstagta 40 objektos)A.
rubrum (10) un Eiropas taksoni A. pseudoplatanué0), A. campestr€36) unA. tataricumsubsp.
tataricum(35). NoKinas taksoniem biék tiek audzta tikai A. tataricumsubspginnala (29). Rirgjie
konstattie taksoni sastopami reti (5-9 objektos) \i reti (1-4 objektos).

Atseviku taksonu sastopaha vérojamas negatas izmanas:A. tataricumsubsptataricum—
Sobiid konstatta 36 apsekotajos objektos (@lgre5), A. tataricum subsp.ginnala — 29 (56), A.
spicatum- 3 (8),A. pseudosieboldianum4 (12) unA. saccharinum- 42 (59).
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THE ROLE OF INDUCED RESISTANCE AND TLP PROTEIN IN
THE DEVELOPMENT OF DEFENCE MECHANISMS TO
LOPHODERMIUM SPP.IN PINUS SYLVESTRISL. SEEDLINGS

llze Gaile, Dainis Rugis
Genetic Resource Center, Latvian State Forest Raséestitute "Silava”, Rigas 111, Salaspils, Latvi
ilze.gaile@silava.lv

Abstract
The role of induced resistance and TLP protein inlie development of defence mechanisms tephodermium sppin
Pinus sylvestrid.. seedlings
Scots pine is one of the most important economsoueces in Latvia, due to its productivity and highod quality.
Needle cast (caused hpphodermiunspp.) is a significant disease in nurseries angbimg forest plantations, which may
become a more frequent and severe problem in theefudue to climatic changes and forest regenergti@actices.
Induced resistance is an increased expressiontafai@efense mechanisms in plants against repeajsuosure to adverse
factors, which can be activated by abiotic andibifétctors or pathogens. The aim of this work waslétermine the role
of induced resistance as a defense mechanism agaseditosunin Pinus sylvestrisPrevious results from our laboratory
indicate that theP. sylvestrisTLP protein has an antimicrobial activity. Analygi samples of 100 different treated
seedlings, we found that MJ treatmenPofylvestrisseedlings increased the expression level ofttiegene. Also MJ in
high concentration was deadly for young seedliiffe Leagene can be used as marker for changes in genessiqgn in
response to stress conditions.
Key words:Pinus sylvestris, induced resistance, methyl jagteyiTLP, gene expression.

Kopsavilkums

Inducetas rezistences un TLP protma loma parasts priedesPinus sylvestrid.. stadu izturibas veidoSaa pret

Lophodermium spp

Parast priede ir viens no svagakajiem niuisu valsts ekonomiskajiem resursiem savas prodtittei un labs koksnes
kvalitates @&]. Skujbire (ko izraisaLophodermiumspp.) ir kokaudatavas un jaunos &tijumos nommiga infekcijas
slimiba, kuras infekciju un ietekmiakotre var pastipriat sagaidmas klimata izmajas un tendences meza atjaunasan
Inducsta rezistence ir palielidtas auga dabas aizsardiba pret otrreigju nelabliga faktora iedartbu. To aktié abiotiski
vai biotiski faktori, ki afn auga patogni. Darba narkis bija izfEtit inductas rezistencesakaizsardzas mehnisma lomu
parasis priedesPinus sylvestrigezistences veidoSarpret L. seditiosum lepriek$jos eksperimentos konsté, kaP.
sylvestrisTLP proténam pierit antimikrobalasipa3bas. Analizjot 100 da#di apstadatu s&du paraugus, tika konstid,
ka P. sylvestrissadu apstide ar MJ palielinal LP géna ekpresiju. Stliem MJ lieks koncenticijas bija ravejoss. Lea
gens var tikt izmantots&kmaiieris, lai konstaitu genu ekspresiju stresa apleos.
Atskgas virdi: Pinus sylvestris, indéta rezistence, metil jasmats, TLP, gnu ekspresija.

Introduction

Needle cast (caused Hyophodermium spp can affect pine trees of all ages, but is a
significant disease in forest nurseries and youiagtations because it can be fatal to yodigus
sylvestrisseedlings. Development of needle cast is favoseddrm and rainy conditions in autumn
and mild winters. In forest plantations, serioumége from needle cast is rare, but this might cang
in future, because of changes in climatic condgiand a tendency to reduce seedling age and glantin
density in order to reduce forest regenerationsc@stnsons et al. 2008). Use of fungicides in feriss
forbidden, therefore research on novel, environalgnfriendly means of disease control is necessary

Because plants cannot spatially escape from rieaguabiotic and biotic stresses, they need to
be able to respond and adapt to them. Inducedassesis an increased expression of natural defense
mechanisms in plants against repeated exposuredvterse factors. One of the most important
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inducible defense mechanisms is biosynthesis dfgggnesis — related (PR) proteins. Members of the
PR — 5 groups are called thaumatin — like prot€lid$’s) and have been shown to have an antifungal
activity against broad spectrum of fungal pathog@agaraj et al. 2004). Many PR — 5 proteins are
induced in plants as a response to infection blgquans, osmotic stress (Singh et al. 1987), traatme
with abscisic acid (Singh et al. 1989), ethyleneig¥a et al. 1994), salicylic acid, methyl jasmonate
(Reymond, Farmer 1998) and wounding (Neale et98l0O}L

Previous results from our laboratory have showat TP gene expression increasesRHn
sylvestris after inoculation with Heterobasidion annosurmand that the TLP protein has an
antimicrobial activity (unpublished data). The adfmthis work was to determine the role of induced
resistance as a defense mechanism adairsgtditosumn Pinus sylvestrisTherefore the present study
was undertaken to investigate induction of resitarsing the plant hormone methyl jasmonate and to
detect changes in expression of Thd® gene in Scots pine seedlings.
Materials and methods
Seedlings

P. sylvestrisseedlings (1 year old) were obtained from the iaat\State Forests department
“Seeds and Plants” of Jaunkalsnava, Latvia. Phoimgpevas set as follows: 10 h light and 14 h dark.
In the first experiment, each tray (10 seedlinga}y weated with 5 ml of 10 mM, 50mM or 100mM
methyl jasmonate (MJ) dissolved in 0,1% Tween 8d.cdntrol for solvent effect, a set of seedlings
were sprayed with 5 ml of 0,1 % Tween 80; contsmution contained only distilled water. In the
second experiment, each tray (10 seedlings) wasettevith control, 5 mM, 10mM or 30mM methyl
jasmonate (MJ) solution. Each seedling receivechd,bf treatment solution applied with a handheld
sprayer. The MJ solution contained (v/v) 0,1% Tw&6ndetergent; control solution contained only
distilled water or water and 0,1% Tween 80. In bexperiments the seedlings treated with MJ were
kept in plastic bags for 24 h after treatment tovalthe volatilization of the excess MJ before lgein
placed in the same growth room as the controlsdNsewere taken prior to and 2 - 3 weeks after
treatment.
Isolation of RNA

RNA was isolated from 2 - 3 fresh needles usimgaaified protocol from the Genomic DNA
Purification Kit (Thermo Scientific, Lithuania) folwed by several purifications with DNase |
(Thermo Scientific, Lithuania). Removal of DNA wegntrolled using a standard PCR protocol with
genomic primers and visualization of PCR products agarose gels. RNA concentration was
measured with the Qubit system (Invitrogen) usina@-iT RNA BR Assay Kit (Invitrogen, USA).
cDNA was synthesized using TagMan Reverse TrangmmipReagents (Applied Biosystems),
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following the manufacturer’s protocol. The syntlzesi cONA was analyzed using quantitative real-
time PCR in order to estimate the expression lef/éle TLP gene and other stress activated genes.
Stress markers

Stress initiation was confirmed by detection gbression of genes whose expression has been
shown to respond to a wide range of stress comditemd whose sequence information was available
for P. sylvestris PCR reactions were performed using primers a#sstrgene?5CS2 (Delta-1-
pyrroline-5-carboxylate synthase 2) ahea (Late embryogenesis abundant protei@APDH
(Glyceraldehyde-3-phosphate dehydrogenase) waasusentrol (Voronova et al. 2011).
Sequences of the primers used for stress initiamalyses and real — time PCR

Gene Primer Sequence Tm
P5CS2 | PSCS2-F 5-TGATCCCAAGAGGTCAGCA -3 56°C
P5CS2-R | 5-GAATCCTGCTTGTGCTTATTCC-3' |58C
Lea Lea-F 5- TCCGCAGAGGTTACAGACATCG-3' | 62C
Lea-R 5- CTATTTGCGCTCAGGAGTCGAA-3’ | 60°C
GAPDH | GAPDH-F | 5-ACGGTTTTGGTCGAATTG-3 51°C
GAPDH-R | 5-CCCCACGAGCTCGATATCAT-3 59°C
THN THN-F 5- CAGTGCCCACAGGCATACAG -3 | 61C
THN-R 5’- CCACCAGGGCAGGTGAAG - 3 60°C

PCR mixture contained 4mM Mg£10,2mM (each) dNTPs, 0,6 U dfag DNA polymerase, 1uM
(each) primer. After 5 min at 86, PCR was performed for 40 cycles as follows: 30 85C, 35 s at
47 - 55C, and 1 min 30 s at 2.
Real — time PCR for determination of gene expressio

The Maxima SYBR Green/Rox gPCR kit (Fermentas) usedd to perform real — time PCR.
Reaction setup per sample was as follows (reaettunme 20 ul): 10 pl of master mix (2x), 0.4 uM
of each primer and 40 ng of cDNA was used as a @fplate. PCR reactions were performed using
primers THN-F and THN-R, as well as the endogermrgrol primers GAPDH-F and GAPDH-R
(Skipars et al. 2011). The following PCR program wasdi 95 C for 10 min., 40 cycles of 9& for
15 sec, 60C for 40 sec, 72C for 30 sec. The dissociation step for meltingveuanalysis was
performed at 95C for 15 s, 60C for 1 min, 95C for 15 sec.
Results and discussion

Members of the thaumatin like protein (TLP) geamily have the ability to respond to biotic
and abiotic stresses. In this research, real tiGR Was used to compaid.P gene expression in
seedlings before and after MJ treatment. MJ has begorted to induce anatomical and chemical
changes in many conifer species, such as the fammat traumatic resin ducts in the xylem and the
increasing synthesis of phenolic, mono- and diteegeand alkaloid compounds (Martin et al. 2002;
Hudgins et al. 20Q4Heijari et al. 2005; Moreira et al. 2009). MJ treant has also been reported to
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induce expression of the TLP proteinRmus moticolaPiggott N. et al. 2004) and application of MJ
suppresses pathogen growth. The exogenous apphicztiMJ can also influence other plant functions
such as vegetative growth, ontogenetic developraedtphotosynthetic rate. The present study was
undertaken to investigate wheth€LP gene expression was increased in the inducedtaprses
mediated pathway following exogenous application Md. In our study, both MJ treatments
significantly affected seedling growth. During teidy period, 100% of the 30mM MJ, 50mM MJ
and 100mM MJ treated seedlings died. These resnticate that these doses of MJ applied
exogenously on seedlings were too high, which redwseedlings growth and showed a phytotoxic
effect, such as needle browning. The phytotoxioftyJ in high concentrations has been previously
reported by Heijari J. et al. (2005) and Moreiraaket(2009). For instance, J. Heijari with colleagu
observed that 56% of 2 year did sylvestrisseedlings treated with a 100mM MJ died over agoeoif

3.5 months.

To confirm changes in gene expression under stresslitions, PCR primers for stress
activated genes were used as control markers. Tusekeeping gene glyceraldehyde — 3 —
phosphatase dehydrogenaseAPDH was used as a control for cDNA synthesis and slow
amplification in all seedlings before and afteratreents. Late embryogenesis abundant proteins
(LEA) are proteins in animals and plants that prbteher proteins from aggregation, desiccation or
osmotic stresses associated with low temperatiea.gene primers amplified fragments in treated
plants and showed no amplification in the seedlibgire treatment. Many plants synthesize and
accumulate proline in response to osmotic stregsegponding to an increase of Delta-1-pyrroline-5-
carboxylate synthasePHCS2 gene expression. PCR amplification fragments VRA&CS2 gene
primers were observed in cDNA from some treatedlgsegs as well as some control plants.

Gene expression analyses were performed for 1@lsapairs before and after treatment in
each treatment group with higher and lower MJ cotraéion. Non - treated plants were used as a
control. For real - time PCR experiments we uSdd® gene specific primers and the housekeeping
gene glyceraldehyde — 3 — phosphatase dehydrogdSEDH) as a reference because it is
presumed to be expressed in all cells of an orgardt a constant level. Samples from the first
experiment, which were collected 2 weeks post mmeat, showed varying results. There were
differences inTLP gene expression between samples before MJ treaiiifgn2. A). This could be
explained by differing copy numbers of theP gene in theéP. sylvestrigenome (§ipars et al. 2011)
or possibly some stress on the seedlings priordatrhent. There were also differences in gene
expression after treatment. We observed thaltliegene expression was higher in visually healthy
seedlings compared to seedlings with chlorotic emddneedles, which indicates a decrease in gene
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expression due to cell death. As seedlings treaidd 50mM and 100mM MJ died, in the second
experiment seedlings were treated with lower dosédéJ.

After treatment with lower dosages of MJ, samplese collected 2 and 3 weeks after
treatment. No significant differences in gene egpi@n were observed in the controls and Tween 80
treated seedlings in both experiments. It has lveported that treatment &ficea sitchensisvith
Tween 20 resulted in a weak increase both of respenoids accumulation and terpenoid synthase
gene expression (Miller et al. 2005). Expressioele of theTLP gene in most of the seedlings treated
with 5 mM MJ were similar, however expression leveiffered in a few individuals, which could be
due to the differing genetic background of theizedl plant material. The expression of e gene
in 10 and 30 mM MJ treated seedlings after two wekskcreased almost two-fold compared to
expression in the same seedlings before treatrhr@ntZ. B). Three weeks after treatment, expression
level of theTLP gene decreased in approximately half of the sasnflhis could be explained by
wounding stress (needles were harvested from tbdlings three times and this could affect gene
expression). Other studies have reported that egjame of TLP genes was rapidly induced in wheat
Triticum aestivunafter 3 — 72h) in response to abiotic and bistiesses (Ray et al. 2003, Deihimi et
al. 2013). In one year ol®inus monticolaseedlings, both wounding and MJ treatments induced
expression of the TLP protein after 2 days (Piggo#il. 2004). In this study, the expression lewtls
the TLP gene were determined after 2-3 weeks, deroto investigate the long-term induction of
defence responses in pine seedlings. Defense respomay act via different pathways and response
dynamics against a diverse range of pathogens @stdolants.

Conclusion

1. TLP gene expression increases in one yeaPokllvestrisseedlings after MJ treatmenid.P gene
expression was higher 2 weeks after MJ applicdtian before treatment.

2. High concentrations of MJ were deadly for yosegdlings. Expression level of th&P gene in
needles was lower in plants treated with highercbldcentrations.

3. TheLeagene can be used as marker to confirm transangitichanges after stress initiation.

We conclude that the exogenous application of MP.tsylvestrisseedlings can elicit plant
defence responses by activating gene expressiothefuesearch is needed to verify the obtained
results of MJ application andLP gene expression in clonal material to eliminate #ifect of
differing genetic background, and to investigatpression of other defense related genes which are

involved in induced resistance h sylvestrisseedlings.
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Fig. 1. Agarose gel electrophoresis of amplificatiproducts of the stress markkeea gene in
seedlings before and after treatment with MJ. (N: cegative control).
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Fig.2. Results of expression analyses of th® gene (A — first experiment, B — second experiment)
In the sample names, the first symbol indicatespsaitype (k = controls, TW = Tween 80 or 10; 30;
50; 100 = samples treated with indicated MJ comaéinh), second — sample number and symbol after
comma indicates treatment stage (0O — before tredfrBe- two weeks after treatment).
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IZSTRADATO KUDRAS PURVU IZMANTOéANA
AMERIKAS LIELOGU DZ ERVEl}EU AUDZESANAI LATVIJ A -
MINER ALAS BAROSANAS ASPEKTI

Andis Karlsons, Anita Osvalde, Jolanta Pormale, Vihis Nollendorfs
Latvijas Universiites Biolgijas institits, Miera iela 3, Salaspils, Latvija
andis.karlsons@email.lubi.edu.lv

Abstract

American cranberry cultivation in extracted bogs inLatvia: aspects of mineral nutrition
The after-use of excavated high bogs is an impbeaalogical and economical issue in Latvia. Sdilentesearches are
necessary to choose the best way for renovatiopeaflands after peat cutting. Despite the comnlectikivation of
American cranberry {accinium macrocarpgnin extracted raised bogs in Latvia was startedndulast 15 years
knowledge concerning the fertilization systems ofnberries planted on bare sphagnum peat is stibmplete.
Investigations were done 1) to evaluate the nutr@varacteristic of cutover peatlands and theitasility for berry
production; 2) to find out the actual status andnmntandencies in mineral nutrition of American drarries in Latvia
during 2001-2010. Peat samples from 30 cutover bods65 different cranberry producing sites esshielil on extracted
high bogs were collected over a two time perio@12-2005 and 2006—2010 and analyzed on plant alaitetrients (N,
P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B). Our studyealed that although cut-over peatlands in Laav&aharsh growing
medium for most of cultivated plants this specifigrient-poor and acid growing environment provitles agrochemical
possibilities for commercial cultivation of Americaranberry. Serious imbalance in American cranbproviding with
essential mineral nutrients was found in produgitamtings of Latvia during 2001-2010. DeficiencydfP, S, Fe, Mn,
Zn, Cu, Mo, and B were stated in the majority ainpées. Positive tendencies in nutrient status ahlserry peat were
found from 2001-2005 to 2006-2010. Mean concemnatincreased for P, K, Ca, Mg, Fe, Mn, Cu, B, and bezonore
corresponding to soil standards. Lack of serioustyeased nutrient concentrations in peat samplely 3% of indices in
high levels) indicated that cranberry fertilizatipractices in Latvia are likely not detrimentaltte environment. The
present investigation suggests that environmentailse cranberry fertilization in plantings estabéd on cutover
peatlands is a site specific decision and shoulddsed on precise analytical basis to meet comaidacgets and prevent
bog contamination.
Key words: extracted raised bogs, recultivatioratpgnalysis, American cranberries, nutrients

levads

Purvi Latvia aiznem aptuveni 11 % no valsts teritorijasiidfas ieguve un eksports ir
nozZimiga nozare valsts ekonoraikkopgjie kadras kajumi Latvija vertejami ap 1,5 miljardiem tonnu.
Sobid aptuveni 70 000 ha Latgipso3o purvu tiek p#kuti daidas intensittes izstidei. Kopuna 17
000 ha purvi Sobd jau ir izstadati un daudzi no tiem pamesti (Snore 2004; Pakdiadnina 2005).
Tadgjadi to rekultivacijai ir batiska ekolgiska, kK af potencila ekonomiska name. Sekrigu
izstradato purvu atkrtotu izmantoSanu svigi balsit uz ziratniskiem un agrotehnogiskiem
petijumiem. Sajs platbas, lai noerstu atkhito kidras lauku degradiju vispirms atjaunojama
vegetacija. Ka liecina idzSirgja pieredze, tad vaikas kultiraugu sugas ir piefnotas audgSanai
Sados izstadatos purvos (Bussieres et al. 2008; Bellemare ét(19).Nemot \era mereno klimatu un
pietiekamoudens pieejafbu, viena no piegrotakajam augu sugm augSanai @baj purva vidc
Latvija ir Amerikas lielogu darvene. $da jaunas lauksaimnigias razo$anas nozaressitha sev
apvieno pc bickimiska sasiva \ertigas, ipasSi veseafas (vitarini, antioksidanti, minatvielas,
Skiedrviela) ogu produkcijas razoSanu, ar ekonomigklevigumu un tradiciofias purvu ainavas un
biologiskas daudzveitbas saglaisanu (Leahy et al. 2002; Neto 2007). Pasdulpina pieaugt
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piepragums [Ec dzrvenu produkcijas, ko liakas audztajvalstis (ASV un Kaada) nesp
nodroSirat galvenoldrt pienerotu platbu trikuma &]. Lai af Latvija Amerikas lielogu darvenu
audzSana skta vien gdejo 20 gadu laik, jau Sobrd Latvija ir tred lielaka razotjvalsts fEc
stadijumu kopapjoma (vaik ka 100ha) (Abolins 2009). ASV pirmiegpjumi par dZrvenu mineélo
baroSanos ir &ti jau pagjusa gadsimta 30 — tajos gado%dd ar to ir uzkita liela pieredze un
zinaSanas $Sajjoma, kas atspodojas nozares atfiba un augstajs ogu rais. Bet § pieredze un
ieteikumi nav tieSi frnemami un pierojami Latvijas apskliem, jo ASV dzrvenes audz
tridvielam bagitas zemiens, kur ir atgirigi augSanas agdli, saidzinot ar augstajiem purviema,T
piemeram, ASV lielogu dzrvenu sadijumos vaieku mikroelementu dabiskaisienis ir tik augsts, ka
reti sastopams to defis augsa un augos (Roper, Combs 1992). Sawtikatvija augstajos purvos ir
zems babas elementu saturs un maza katjonu apasaikapacite, kas veicinu vieglu to
izskaloSanos. idz ar to vaiiku elementujpasi B, S un Cu konceatijas kidra ne tikai @c ziemas
perioda, bet ampec ilgstosa lietus vari kritiski zemas (Nollendorfs 1998).

Petijums veikts, lai noskaidrotu augu dazas elementu saturu iz&datajos Kidras purvos un to
piemerotibu Amerikas lielogu di#venu audzSanai, & af konstatt mineidlas baroSafs
nodroSirajumu esoSajos Amerikas lielogudlvenu stdijumos period no 2001-2010 gadam.

Materi ali un metodes

levakti 30 kidras paraugi no izgilatiem kidras purviem un 65 paraugi no ddiem
Amerikas lielogu dervenu stdijumiem. Kidras paraugi ieakti 15 — 20 cm dfuma, augu saku
zora, izmantojot augsnes zondi. Katparaugviet nemti 5-8 Kidras paraugi, kuri & rapigas
sajaukSanas veidoja vienu §jd paraugu. Kdras paraugi iZ&éti + 35°C temperatra lidz
gaissausam ®toklim un siti caur 2 mm sietu. Augiem absdl nepiecieSamie baras elementi (N,
P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Mo, B) noteikti HCI izvilkuma (attiedba 1:5, Kidra:ekstrgents).
Baribas elementu: Ca, Mg, Fe, Cu, Zn, un Mn saturs ikistazmantojot atomu absorbcijas
spektrometru Perkin Elmer AAnalyst 700; N, P, Mon&eikts kolorimetriski, S turbidimetriski, bet
K ar liesmas fotometru Jenway PFP 7 (Lokhande et28l10). Augsnes pH noteikts 1M KCI
izvilkuma, nemot augsni unk3dinataju attiegba 1 : 2,5 izmantojot pH metru Sartorius PB-20, bet
kopeja salu koncenticija ar konduktometru Hanna EC 215 deésdifidens izvilkuma. Analizes veiktas
Latvijas Universiites Biolgijas institita Augu mineélas baroSafis laboratorg. Bafibas elementu
nodroSiajuma iz\erteéSana izsetdato kudras purvu &dra un Amerikas lielogu d&rvenu stdijumos
veikta izmantojot Nollendorfa (1998) izatiitos standartus.

Rezultati un diskusija
Lai raksturotu minealas baroSafis apsiklus izstidatajos Kidras purvos, subata noteikti 12

bafibas elementu saturi, augsnes pH un EC (Tab. 1.).
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1. tabula. Mineralelementu saturs izgmlato purvu Kidra, 2001-2010.

Mineralelementu koncenitijas (mg- L) 1M HCl izvilkuma

Optimali nepiecieSamais bdras

Izstradatie kudras purvi Raijos!e elementu saturs lielogu &xerem
stadijumi )
. substata
TestSanas
raditajs  Diapozons Vidji £ SE Vidgji £ SE Zems Optirals Augsts
N 12 -50 30.08x1.79a 21.58+1.19b 60-80 80-120 120-140
P 1-49 19.12+2.18a 42.3745.17b 50-60 60-100 100-120
K 7-71 22.90+3.51a 64.32+3.94b 50-60 60-100 100-120
50 - 455 199.65+21.18a  601.68+79.03b 400-500 5@m10 1000-
Ca 1500
Mg 45-131 72.79+6.05a 160.55+17.35b 80-120 120-200200-300
S 20-11 4.98+0.46a 13.62+2.04b 40-50 50-80 80-100
Fe 10 - 120 43.13+4.96a 69.71+5.30b 80-100 100-200 -3
Mn 0.05-6.0 1.26+0.24a 3.22+0.75b 2-4 4-8 8-10
Zn 0.3-3.1 1.10£0.15a 1.87+0.12b 2-4 4-8 8-10
Cu <0.1-6.5 0.63%0.33a 2.29+0.35b 4-6 6-10 10 -
Mo <0.01-0.11 0.03+0.004a 0.03+0.003a 0.04-0.10 -0.26 0.25-0.40
B <0.1-0.5 0.10+0.03a 0.34+0.03b 0.8-1.0 1.0-1.5 5-210
pHi  2.37-3.65 2.81+0.06a 3.15+0.06b 4.0-4.5 45-50 .0-55
EC, mS/cm 0.09-0.60 0.26+0.04a 0.28+0.01a 0.6-0.8 0.8-1.2 .2-115

Yertibas rind ar vieradu burtu nav btiski atkirigas (t-Tests, P = 0.05)
% Nollendorfs (1998)
Kopuma analiftie substita paraugi raksturojas ar izteikti zam batbas elementu

koncenticijam un]oti zemu kidras pH. Visaugska koncenticiju izkliede konstata Mn, Cu, un P,
bet zenika N, B, un S. letie rezultti liecina parloti zemu nodroS&umu ar makroelementiem:
fosforu un Kliju (19.12 mg-[* un 22.90 mg-L), ka aff slpekli (30.08 mg-L}). Tadgjadi petjjums
apstiprina, ka izsidatie kudras purvi Latvig raksturgi ar loti specifisku vidi un nav pie@noti
vairuma kultiraugu augSanai. Amerikas lieloguédznes ir purfju augs, kas piednojies augSanai
vidé ar skibu augsnes reakciju un zemuibas elementu nodro&jomu (Eck 1990; DeMoranville
1997), tomr jaatZame, ka sabalargda minefla baroSaas dZrverem ka ikvienam kultiraugam, ir
butiski svafga augstas un kvaliigas razas iagara. Fetjjuma konstagtas batbas elementu
koncenticijas vairuma gadjumu neatbilst arAmerikas lielogu darvenu minimalajam pragbam (Tab.
1.). Tadgjadi sekmgai dZrvenu audzSanai izstidatajos Kidras purvosipaSa uzmaba ppievers
adek\atai mésloSanas ugipSoSanas si@mas izveidei.

Minerala nodrosSiajuma raksturoSanai dados Amerikas lielogu dzvenu sadijumos noteikti
12 barbas elementu konceatijas, augsnes pH un EC (Tab. 2.).
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2. tabula. Mineralelementu saturstkira kultivétajos Amerikas lielogu dzvenu stdijumos Latvif,

2001-2010.
Mineralelementu koncericijas (mgeL!) 1M HCl izvilkuma
TestSanas 2001-2005 (n=30) 2006-2010 (n=35)
raditajs Diapozons Vidji + SE Diapozons Vigji + SE
N 12 - 42 21.21+1.30a 12-75 21.87+1.90a
P 1-135 20.47+5.68a 16 - 185 59.89+6.86b
K 23 -107 59.50+5.19a 13-130 68.17+5.73a
Ca 210- 775 354.79+25.54a 338 - 4625 799.20+182.31
Mg 4.5-100 105.84+7.58a 72 -1075 204.31+28.72b
S 3-85 16.10+£3.95a 4-58 11.64+1.87a
Fe 16 -135 53.71+6.00a 34 - 265 82.51+7.64b
Mn 0.3-55 1.43+0.22a 0.6 -44.0 4.64+1.30b
Zn 0.45-3.77 1.74+0.17a 0.18 - 4.50 1.97+0.18a
Cu 0.10-5.0 1.40+0.31a <0.10 - 12.00 3.00+0.56b
Mo <0.010-0.13 0.03+0.005a 0.01 -0.06 0.03+(002
B <0.1-0,8 0.28+0.04a <0.1-0.9 0.39+0.04b
pH/kc) 2.58 - 3.65 2.98+0.05a 2.72-5.08 3.28+0.09b
EC, mS/cm 0.20 - 0.37 0.27+0.01a 0.12-0.53 0.22£0

Yertibas rind ar vieradu burtu nav btiski atkirigas (t-Tests, P = 0.05)

legitie substita anaizu dati liecina par izteikti zemu nodro&jimmu ar N (no 12 mg-t Iidz
75 mg-L") ka aff nepietiekaram S koncenticijam. Kopuna K un Mg koncenticijas raksturojamas
ka pietiekamas. Narojamas latiskas P un Ca konceatiju atkirtibas no nepietiekaam, attieggi,
20,5 mg-[* un 354,8 mg- X 2001. — 2005. idiz optinalam 59,9 mg-[* un 799,2 mg-L, periodi no
2005. — 2010. gadam.

Konstatts hitisks visu mikroelementu, izmot Mn (2001-2005), ikums. Sadzinot [gtitos
laika periodus, uzlabojusies dpig ar Fe, Cu un B: no 53,7 mg-L1,4 mg-L* un 0,3 mg-[* (2001-
2005) tdz 82,5 mg-L}, 3,0 mg-L* un 0,4 mg-L* (2005-2010), attiegi. Tonmer jaatame, ka abos
gadjumos mikroelementu nodrogijnms saglafjas nepietiekamlimen. Izstiadatajos kKidras purvos
ierikoto Amerikas lielogu davenu stdijumu substta konstagts mrmeérigi zems pH k af zema
kopeja uden &istoSo 8lu koncenticija.

Veiktaja petjuma kopuna konstatta augsta atsews elementu konceritijas izkliede
analiztajos paraugosakai izteikts batbas elementu disbalanss.iArena EC \ertiba koret ar
nepietiekamo makroelementu konceéniju substita. Vairuma analiZto substita paraugu konstés
nepietiekams nodrosijums ar N, P, S, Fe, Mn, Zn, Cu, Mo un B. Tesnmo\€rojamas pozivas
tendences P, Ca, Mg, Fe, Mn, Zn, Cu un Badpgaidzinot abus §tijumu periodus 2001-2005 un
2005-2010.Nemot \&ra, ka Latvig Amerikas lielogu darvenu stdijumi parsvaé ierikoti augstajos
sainu purvos, kuri rakstigi ar zemu minaétemenetu nodroSijumu, zemu katjonu apmgs

kapacititi un augstu izskalosas risku,ipasa uzmaba ppieVers adekitai N, P un S nodroSisanai.
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Ka norada Nollendorfs (1983) augsto purviadka organisks vielas nardiSaris un N atbivoSana
noris daudz dnak ka mine@laugsies. Jatame, ka nepietiekams N nodrodjoms konstaits af
dzervenu lapms (Osvalde, Karlsons 2010). iAZiemdamerila N defiats ir viena no izplatakaja
probemam dzrvenpu stdijumos (Caruso, Ramsdell 1995). dzenes audiot mine@laugsie tiek
pielietots elemeitais €rs augsnes pashkinasanai, 3peéc ASV un Kanda sera trikums nav izteikta
paidiba (Eck 1990; Roper, Combs 1992). Sawtikatvija konstagtas Joti zenas ra koncenticijas
izstradatajos purvos (vidji 4,98 mg-LY) ka af elemendra sira nepielietodana, sakaar jau & zemo
substita pH, novedusi pieiitiska €ra defigta vairunmi anali£to paraugu no kultigto dzrvenu
plan&cijam (vairak ka 90% paraugos konstdd sra defiats). A pétijums par dzrveau lapukimisko
sasiivu apstiprina zemu S nodrodjomu (Osvalde, Karlsons 2010). Fosfora pie@fmraugiem lie
mera tiek saistta ar Fe nodrosi#jumu substita. Nemot \era, ka augsto ®u purvu kidra Fe
koncentacijas ir relaivi zemas, P ir pdluts pastipriitiem izskaloSa@is zudumiem. adgjadi maz
nodefga un videi nelakaliga ir P n@sloSana rudannakamajai vegeticijas sezonai. Daudzu
biologiskie unkimiskie procesi, tai skaitmineflelementu pieejamba augiem ir atk@pa no subsita
pH (Marschner 1995). Izteikti zenpH \ertiba izstidatajos Kidras purvos (vigji pHkci 2,81) la an
dzervenu stdijumos (vicgji pHkc 2,98) un zems Ca nodrogjoms var izraig Ca defigtu augu
sakres. Probtmas no®rSanai Latvii sekmgi tiek lietota sidijumu gipSoSana pirms d@evenpu
stadiSanas, ad¢jadi nodroSinot papildus Ca avotuitiski nepalielinot augsnes pHakias notiek
izmantojot Kidu no kdkoSanasitizeKiem (kdkakmens vai dolofta milti).

Kultivétajas dZrvenu platbas konstattas hitiski augsikas vidjas P, K, Ca, Mg, S, Fe un Mn
koncentacijas la izstradatajos kidras purvos (tab. 1.). Tamtikai P, Ca un Mg vigias koncenticijas
stadijumos frsniedz maksimos saturus izsidato purvu Kidra. Jaatame, ka tikai 3% testo raditaju
raksturojami K paaugstiati, tadgjadi jasecina, ka dvenu audzSana Latvy ir videi saudma un
razu limi€ bafibas elementu nepietiek@ma nevis to irmerigi augstas konceririjas.

Secirajumi

1. Retijuma konstatts, ka izstidatajos kidras purvos Latvij mineilelementu koncenicijas
nesasniedz miniati nepiecieSamoimeni Amerikas lielogu dzvenu audzSanai. Rdgjadi atbilstoSa
mesloSana urgipSoSana ir titisks priekSnosapms augstas un kvalitaas razas ieguvei.

2. Kadras anakes uziida kiatisku mineglelementu disbalansu Amerikas lielogiedznu sadijumos
laika period no 2001 — 2010. gadam. Konstatnepietiekams nodrogjmms ar N, P, S, Fe, Mn, Zn,
Cu, Mo un B.

3. Konstaktas poziivas tendences P, Ca, Mg, Fe, Mn, Zn, Cu un Bidipgaidzinot divus ptijumu
periodus 2001-2005 un 2005 -2010.
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4. Kultivetajas dZrvenu platbas konstaitas hitiski augsikas victjas P, K, Ca, Mg, S, Fe un Mn

koncentécijas la izstradatajos kKidras purvos.

Bibliogr afija

Abolins M., Sausserde R., Liepniece M., Sterne D0X Cranberry and blueberry production in
Latvia. Latvian Journal of Agronomy Vol. 12, pp 3-1

Bellemare M., Lapointe L., Chiasson G., Daigle J.Rochefort L., 2009. Conditions favouring
survival of cloudberry Rubus chamaemorushizomes planted in cutover peatland. Mires apdtP
Vol. 5, pp 1-8.

Bussieres, J., Boudreau, S., Clément-Mathieu, @nsPreau, B., Rochefort, L., 2008. Growing black
chokeberry Aronia melanocarppin cutover peatlands. HortScience Vol. 43, pp439.

Caruso F.L., Ramsdell D.C., 1995. Compendium oklbury and cranberry diseases. American
Phytopathological Society Press, St. Paul, MN, pp 8

DeMoranville C.J., 1997. Cranberry nutrition andtifeers. In: Sandler H.A. (eds.). Cranberry
Production: a Guide for Massachusetts. Univ. of EdMensions, pp 81-85.

Eck P., 1990. The American cranberry. Rutgers UsitiePress, New Brunswick, pp 420.

Leahy M., Speroni J., Starr M., 2002. Latest depelent in cranberry health research.
Pharmmceutical Biology Vol. 40, pp 50-54.

Lokhande R.S., Singare P.U., Andhale M.L., Achai®a Nair A.G.C., Reddy A.V.R. 2010.
Determination of macro, micro nutrient and tracenent concentrations in Indian medicinal plants
using instrumental neutron activation analysis atdmic absorption spectroscopy techniques.
International Journal of Food Safety Vol. 3-1, (#-34.

Marschner H., 1995. Mineral nutrition in highermis. Academic Press, London, pp 889.

Neto C. C., 2007. Cranberry and blueberry: Eviddocerotective effects against cancer and vascular
diseases. Molecular Nutrition & Food Research Bal.pp 652-664.

Nollendorfs V. 1998. Augu baroS@ imena noteikSana lielogu deerem, DzrvepaudZtaju
gadagimata '98. Latvijas d@venu audztaju asocicija, 53.-57. Ipp.

Osvalde A., Karlsons A., 2010. Evaluation of thetidunt Status of American Cranberry in Latvia
during 2001-2007. Acta Horticulturae Vol. 868, [f82218.

Pakalne M., Kalnina L. 2005. Mire ecosystems invlat In: Steiner, G.M. (eds.). Moore — von
Sibirien bis Feuerland / Mires — from Siberia teffa del Fuego, pp 147-174.

Roper T.R., Combs S.M., 1992. Nutrient status o$&¥nsin cranberries. Cranberries: The National
Cranberry Magazine Vol. 15, pp 11-15.

Snore A., 2004. Peat in Latvia. Latvian Nationah@aittee of the IPS, Riga, pp 64.

Homnennopd B. @., 1983.Topd kak nuraTenHuii cyocTpaT [uisd TEINIMYHUAX KYITyp. 3uHaTHe, Pura

123



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

PALIE NU ZALAJU SEKUNDARA SUKCESIJA MELNALKS NU
AUGU SABIEDRIBAS KISEZERA PIEKRASTE

Laura Lo¢mele
Latvijas Univrrsitite Biologijas fakuléte, Kronvalda bulsris 4, Rga, Latvija
locmele.laura.91@gmail.com

Abstract

Secondary succession of alluvial grasslands to blaalder plant communities on the coast of the lak&iSezers

(Latvia)

In recent years wide territories of open landscapassform into woodlands due to changes of lar Lrsfloodplain of
the LakeKiSezers wet and semi-wet grasslands turn into k&dde communities, thus completely changing stmectf
lakeshore vegetation. The aim of the research idesxribe these changes in meadow vegetation wteuof the lake
KiSezers.
The field sampling was carried out during vegetaieason of 2011 and 2012 in the Nature Reserveigsws, located on
the coast of the Laki§iSezers. Four black alder patches of different age welected. Within each patch sample plot (15m
x 10m) was located, divided into 6 small plots (8rBm). Tree age, vitality, spatial structure, plapécies composition
and cover (%) was characterized. For data anatletesnded correspondence analysis was applied.
Results show that there is a difference in spati@ age structure between various alder patchebatiges from young
(about 5 years old trees) and very dense standdder (about 20 years old) and much more sparsignabods.
Proportions of dead trees varied from 25% to 38, B%e proportion of dead treesas thehighestin middle-age tree
stand, due to strong competition among black alders
The ordination of plots and species shows, thaetatipn structure becomes more complex and floridiversity gets
higher with the growth of alderwood age. There @s® differences in vertical vegetation structitrehanges from two
layer structure in youngest alder patch to fivelohest one. Results of this research suggest thgears old alderwood is
reached typical conditions.
Keywords:Alnus glutinosa, alluvial meadow, secondary sudoesspatial vegetation structure.

IevadSMﬁsdierﬁs, mainoties zemes lietojuma veidam, arvienakaatklata tipa ainavas, veidojas
aizaugot ar krmiem un kokiem. Ar Jaunciema dabas lieguma teritnjoverojams &ds process.
KiSezera palieh esofs eitrofis lakstaugu audzes unérani mitas davas strauji aizaug ar
melnalk$iem, hitiski izmainot palienes ¥@facijas strukiiru un visas teritorijas k@ ainavu.

Ka jau zirams, zlaji ir biotopi, kuros domid daudzgatyi lakstaugi un kuru pasteSanu
gandiz vienntr nosaka to padtiga apsaimniekoSana (gaéana vai [auSana) (Rsina 2008).
Partraucot apsaimniekoSanualzos ik domiret konkugtspejigakie lakstaugi, pieram, ilgstosi
neapsaimniekojot, miis gavas zauél sakotnéjo sugu daudzveitbu un p@rvérSas par vienlaidus
parasis vgriezesFilipendula ulmariatiraudZm (Kabucis 2001). Biezi aizaugotlzjiem, sskuma
veidojas nitrofilo augs#u augijs (Risina 2010).

Laika gaiti zalajos ievieSas darlas kiimu un koku sugas, mitkajas un augigakajas viets
tas ir melnalksnis (Ellenberg 1988), kas ir dogoga koku suga Latvg slapjos aughos un vidji
augiigos augSanas apklos. Ta ka Latvija trukst @Etijjumu par sekuritas sukcesijas procesa norisi
Sadas teritorigs, § pétijuma nerkis bija aprakst KiSezera piekrastes gefacijas izmahas un is

ieteknEjosSos faktorus melnalks audzu veidoSas proces.
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Materi ali un metodes

/ 3\ Parauglaukumu (1.-4.)

izvietojums Kisezera piekraste

Petijums veikts KiSezera

dienvidaustrumu krast Ezera krastos
izveidotaipaSi aizsargjama dabas teritorija
"Jaunciema dabas liegums”, kas gasto 3
atsevigam teritoriam. Par ptijjuma teritoriju

tika izveleta ezera austrumu krastesod

) \:._/ dabas lieguma vidustly kas stiepjas gar
\\ \ ezera piekrasti no Jaunciema Kerslinijas
N \ lidz SuZu pussalai.
e

Lauka darbi veikti 2011. un 2012.

gada vegefacijas sezoa Ka petijuma

teritorija tika iz\&léta ezera palienes josla,

kura norisiras atkhta tipa lakstaugu biotopu

aizaugSana ar melnatkém. Parauglaukumu

1.attéls. PEtljuma teritorijas atrasanas vieta.
Figure 1. Location of the research teritory.

ierikoSanai mekitas homognas kokaudzes,
kur domirgjosa koku suga bija melnalksnisalEkai izpstei izvelétas 4 dazdu vecumu kokaudzes.

Lai veiktu pEtijjumu, Etamaj teritorija KiSezera austrumu krasttika iefikoti cetri
10 m x 15 m lieli parauglaukumi. Tie ikoti ezera teras perpendikuri krasta inijai, vietas, kur
domirgjosa koku suga bija melnalksnis (1&#). Talak tekst saukti ar parauglaukumiem.
Parauglaukumu dienvidaustrumirst kooridiratas dotas 1. tabal Petijuma laika parauglaukumi tika

sadaiti 6 mazkos parauglaukumos (5 m x 5 m) Tuginteksti- mazie parauglaukumi.

1tabula.
Paraugaulinmmikoordingtas
Table 1.

Plot coordinates

Parauglaukuma | Dienvidaustrumu stiira koordinitas
TIUTINES (EPS5G:25884 - ETRS89 / TM Baltic03)
E 00511514 N 06320455

E 005115390 N 06320396

E 00511605 N 06320313

E 00511640 N 06320247

h Las b bt

Katra parauglaukum uzskaitti un stema atZzméti visi koki. Katram stumbram ar 1,3 metru
augstum bidmeru iznmerits diametrs. Atsevidem kokiem noteikts koku vecums, kasak izmantoti,
lai iegatu vieradojumu, @c kura koku vecumu vatu noteikt visiem kokiem. Turpak petijjuma koki

sadaiti vecuma klass: 1. vecuma klase- koki no idt¥ 5 gadiem, 2. vecuma klase noiézl| 10
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gadiem, 3. vecuma klase no 1dz 15 gadiem, 4. klase no Iiid2 20 gadiem. Vizili novertéta koku
vitalitate.

Vegetacijas apraksfana tika veikta nosakot visus vagkal augu un ®u taksonus un to
segumu. Vgetacijas datu andtei veiktas ordiacijas, izmantojot netieSo gardienta anes metodi
(DCA). Analize veikta programmPC - ORD 5.

NiveleSara izmantotageometrislis imehoSanas veidgrhefoSana no vidus (Bis 1958), kas
veikta, izmantojot nivelieri H-3 un 3 metrus gafménosSanas latu. Katrparauglaukum izrakta
augsnes profila bedre.e® augsnes profila noteikts augsnes apakstips (Mikad 2008). Katram
profila shnim noteikta piedéba attietgajam augsnesgertctiskajam horizontam, horizonta
granulometriskais sasts un pH, izmantojot indikatokfdumu. Augsnes bedre ar aptuvenajiem
parametriem 1 m x 2 m x 1,2 m rakta parauglaukuita v
Rezultati un diskusija

1. Kokaudzu novietojums petijma teritorij a un abiotiskie faktori taj as

Petita kokaudze stiepjas Sauraptuveni 15 metru platjosla gar KiSezera krastu. Koku
izplaibu arpus %s joslas traue talak iekSzemd nepiengrotas augsnegpasbas un neatbilstoSais
mitruma refms (McVean 1956, Harrington 1987} &ii ezera piekrastesods biivas niedru audzes
(Griffiths 1984). Par apstiprijumu niedru negatajai ietekmei viet, kur parauglaukum esod
kokaudze robezag ar niediju un &lak niedija, netika konstats neviens melnalksnis.

Gandiz visas pEtitajas melnalkfu audzs mezoreljefs vagja aptuveni vieada amplitude,
sakot no 0,181dz 0,5 metriem virsiyas imepa. Tikai 1.parauglaukuinesod audze atrodas nedaudz
augsik, tap reljefa augstums vaja no 0,48 idz 0,69 metriem virstdfas imepa. Pirmaj
parauglaukur at&iriba no @réjam audzm reljefs bija daudz viendadaks, tap netika konstatas
straujas augstumu astibas. Vislielikas reljefa swrstibas nogrojamas 4. parauglaukung2. atels).

Pirmajos trs parauglaukumos konsteds Kidrairas aluvialas augsnes, bet 4. parauglaukium
zenmd purva tidaini kidraird augsne. ®las augsBs af visbieZk sastopami pali@s esosie
melnalksaji (Prieditis 1997). Parauglaukumos visos aug$rofilu sknos konstattais augsnes pH
bija robeas no 4,5 idz 6,5, kas gantr atbilst melnalkgu augSanai optiadlajam pH 5-7
(Griffiths 1984). Attlinoties no ezeragkers palienas joslagsiet kapu paugut, kas nekad neappt
vai aff applist tikai pati sefis kipas piekje (2. atéls). Sadas neappisto$as un smil3ainas teritorijas
nav piengrotas melnalksu atistibai (Mc Vean 1956).

Vidgji augstikie adens imeni no 1990. idz 2012. gadam néxoti decembr, janvari un febrdarri,
bet zenakie apil1, maija un junija (3. atels). Vidgji visa periodi tris [Etitie parauglaukumi (2. - 4.) ir
ilgsto&ik apphidusi aptuventetrus gada gnesus. Pirmais parauglaukums gadaala@ikticanak tiek
appludirats tikai atsevigas dienas (2., 3. ats).
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Parauglaukuma robezas

_____ Kokaudzes robezas

2.atels. Mezoreljefs parauglaukumos.

1.- pirmais parauglaukums, 2.- otrais parauglaukindreSais parauglaukums, 4.- ceturtais parakgias.
Figure 2. Mezorelief in research plot.

1.- first plot, 2.- second plot, 3.- third plot; forth plot

3.atels. Udens imepa s\arstibas pa ranesSiem.
Figure 3. Fluctuation in ground water level by mitun
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2. Kokaudzes raksturojums

Petjuma laika apraksta kokaudzes vecuma strakd cetram kokaudzm. Pirmaj
parauglaukum vislielakais koku skaits nayrots pirmaj vecuma klag videjais kokaudzes vecums ir
5,34 gadi (7. atts). Otraj un treSa parauglaukum domirgjosa koku vecuma klase bija atr
Visveakie koki sastopami ceturtaj parauglaukum Vidgjais audzes vecums ir 14,19 gadi
(4. atkls).Aplukojot izveidotis kokaudzu telpisls struktiras, redzams, ka 1. parauglaulaukoki
izkartojuSies vienrarigi un bivi. Otraj un treSaj parauglaukurm verojama koku grugsaris, lka af
redzams, ka audze palikusi skig. Savukrt 4. parauglaukum kokaudze irloti skraja un ir
vérojamasg|oti izteiktas koku agrexgijas (6. ails). Kokaudzu strukiras ggtijuma teritorip ir marami
at&irigas. Sarindojot as sethba no pirma uz ceturto parauglaukumu, i€gms izsekot ibizi
melnalk§u audzes veidoSas procesam. Pirm@ajparauglaukum kura konstagti visjaurakie koki
(domirgjo% vecuma grupa no Idz 5 gadiem), audze irfoh, koki taji izvietojuSies vienrerigi. Sada
kokaudzes struiita rakstuiga jauram kokaudzm, sekundras sukcesijasakuma stadijs (Ellenberg
1998). \klak audzei kistot veakai, palielirais konkurence starp kokaugiem, unad&oku atmirst.
Sada  procesa rezala  kokaudz ~ pamdas  atdrumi  un &  klast  skrajika
(Angelstam & Kuuluvalnen 2004). Kokaugzkur domirgjosa vecuma grupa ir no edz 10 gadiem
(4. atels), nowrojama koku paSizreta$arss. Par iegrojamo koku atmirSanu paSizretfaras
rezulita norada ar lielais nokaltuSo kokdpatsvars parauglaukumos (nokaltusi aptuveni 50 8@ vi
koku) (5. attls). Visskrajika audze konstata 4. parauglaukumy Sap audZ jau ir notikusi
padizretiadaris. S iemesla d] audz noverojamas izteiktas koku agragjas (6. atls).

3. Vegetacijas raksturojums

Kopa visos parauglaukumos konstias 41 augu sugas un l1lana taksoni. Vislielkais
taksonu skaits sastopams 4. paraugladgkuf@dl taksons). Vismakais, tas savukt ir
1. parauglaukum (9 taksoni). Pirmajos 8 parauglaukumos skaidri redzama vienas vaiakair
zemsedzes lakstaugu sugu dominance. Agfiet. parauglaukum Filipendula ulmaria, Carex
cespitosaZ2. parauglaukumFilipendula ulmaria, Galium palustrebet 3. parauglaukuimowerojama
liela Phragmies australislominance.

Petitaja teritorija vegetacija strukfira varEja no vienndriga, bet sagra skrajas augsto
lakstaugu augja 1. parauglaukumlidz kompleksai dadu davibas formu prstavétai daudzgtvainai
vegetacijas strukiirai 4. parauglaukum(2. tabula). Ceturtajparauglaukurm esod audze pc visiem
parametriemloti lidzinas tipiskai Carici elongatae- Alnetum (typicunaugu sabiedbai. Konstaito
sugu ir krietni vaiik (43 uz 15 ), krimu stivs sedz 16 % zemsedzes, lakstaugi 72,3 %, imetss
16,7 %. (Priettis, 1999, 2. tabula). Savait 2. un 3.parauglaukuirzemsedzes yetacija saldzinosi

bija loti skraja attieflgi 28% un 15,2% (2. tabula). Sajos parauglaukunibsmazs zemsedzes
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vegetacijas segums vatu bat tadel, jo audzes veidoSas laika taja strauji maias gaismas apali,

kas traué lakstaugu vgetacijas attstibu (Ellenberg 1988).
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4. attls. Koku skaits sadglims pa vecuma klam 5. atels. NokaltuSo un vesgjo koku procentilais

parauglaukumos. sadafjums vecuma kla&s parauglaukumos.
1.-pirmais parauglaukums, 2.-prauglaukums 1.-pirmais parauglaukums, 2.-prauglaukums
3.-treSais parauglaukums, 4.-parauglaukums 3.-treSais parauglaukums, 4.-parauglaukums
Figure 4. The number of trees by age class in tRigure 5. Dead and healthy trees precentage of age
plot. class in the plot.
1.first plot, 2.-second plot, 3.-third plot,4.-tbrplot ~ 1.-first plot, 2.-second plot, 3.-third plot, 4. o
plot
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Krasas at§iribas ir \erojamas ne tikai getacijas strukiira, bet ar floristiskap daudzveitba,
par ko liecina Senona daudzvibids indeksaartibas. Ceturtajparauglaukumta ir vairak neka divas
reizes lieika (2,87) nek, piengram, 1. parauglaukuan(1,22). $das atgiribas veeticijas strukiira
un kozja floras bagtiba, visdiizak ir skaidrojamas ar to, ka audzes atrodagirags sekundras
sukcesijas stadis.

Lai labak varetu saprast &das sugas vaik saisttas ar konlkdtajiem parauglaukumiem nadi
galvenie gradienti nosaka sugu sastdazdos parauglaukumou, tika veikta mazo parauglaukumu
sugu ordiacija, izmantojot netieSu gradientu aizaDCA.

Apskatot ordiacijas 1.asi, kuras Eigeresiba ir 0,58, no kreis uz labo pusi, redzams, ka t
norada uz kokaudzes vecuma pieaugumu. CGigdjd redzama atseWs mazo parauglaukumu
grupeSarss. Visizteikak ordiracijas labad pus nodaks mazie parauglaukmui no M4.idz M4.6.,
kuros ir visliebkais vicjais vecums. Ar veako kokaudzi saistas vaiekas sugas, kas raksigas tieSi
melnalk$u staigajiem, piengram, Solanum dulcamra, Thelyperis palustris, Calla p#igs
Calliergonella cuspidatain citas (7. atts) (Ikauniece 2010).

2 tabula.
Da#3 du dzivibas formm (stTvu) kop&Sjais segunms paranglavkammos.

Table 2.

Different forms ofhfe (storv) total coverage ofthe plots.

arauglauknums 1. 2. 3. 4.
Parime
Eriimu segums (%) 0.8 16,0
Lakstaugu segums (%) 352 28 15,2 T2.3
Sinu segums (%) 12.5 6.3 16,7

Ordinacijas kreisagg pug nodaimi mazie parauglaukumi no M1.1.- M1.6. Ar pirmo
parauglaukumu saisas fidas sugasaCarex nigra, Carex acutiformi&’. at€ls), kas savuirt vairak
atbilst augsto @iSu vesefacijai, nevis melnalksu staigiajiem (Rasina 2010).

Otro no tred parauglaukuma ir gti nodait, jo tajos koku vidjie vecumi ir]oti lidzgi, bet at
Sajos parauglaukumos rwgjamas augu sugu sash atkiribas (7. atils). Otrajp parauglaukum
konstattas fidas sugas & Calystegia sepium, Lythrum salicaria, Phalaroidesuralinacea
(15. pielikums), kas ietilpst Eiropas Saviesms aizsargajain biotopa”Eitrofas augsto lakstaugu
audzes” raksturojoSo sugu sarakglkauniece 2010)Nemot &ra So faktu, va¥tu donat, ka 3§
kokaudze ir veidojusies aizaugot tieSi Sim augskstaugu biotopam.

Tatad, npemot \era visus iepriekS apralkisbs apserumus, var secit, ka parauglaukumos
konstagtas sugu un vgefacijas strukiiru atkiribas tiedm ir saisitas ar kokaudzes vecumug & ar

apkart esoSo un ieprieks pastjuso biotopu.
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7. attgls. Mazo parauglaukumu un sugu ordindcija.

Ordindciid ar daiddam figurdm parddits, kurd no vecuma grupdm (.- 1 {ide 5 gadi; 2.- 6

ficlz 10 gadi; .- 11 ltdz 15 gadi; 4.- 16 itdz 20 gadi) letilpst katra maza parauglaulkcuma videiais
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Figure

7. Ordination of small plot and species.

I ordination with different figures are shown, inwhich age class ¢f.- I to 5 vears; 2.- 6 to

IO vears; .- 11 to f3vears; 4.- 16 to 20 years) the average tree age of small plots are. Plot

number is so comstructed that the first number indicates the number af the plot. but the other has

a small plot digit number.

Aegopoda- Aegopodium podagraria, Amelspic- Amelanchier spicata, Calacane- Calamagrosiis canescens,
Calipalu- Calla palusiris, Calysepi- Calysiegia sepium, Careacur- Carex acutiformis, Carecesp- Carex cespilosa,
Careelar- Carex elata, Careelon- Carex elongaia, Carenigr- Carex nigra, Carepseu- Carex pseudocyperis,
Careripa Carex riparia, Cicuvire- Cicuta virosa, Comapaly- Comarum palustre, Dryocart- Dyyvopteris
carthusiona, Equiprai-Equisetum pratense, Filiulma-Filipendula wimaria, Franalnu- Frangula alnus, Galipalu-
Galium palusire, Humuwlupu- Humwlus lupulus, Fispsen- Iris preudocorus. Lycoeuro- Lycopus europaens,
Lysivalg- Lysimachia vulgaris, Lythsali- Lythrum salicaria, Peucpalu- Peucedanum palusire, Phalarun-
Phalaroides arundinacea, Phraausi- Phragmites ausiralis, Ribenigr- Ribes nigrum, Rubuidae- Rubus idaeus,
Seirsylv- Scirpus sylvaticus, Scuwigale- Scwrellaria galericulata, Siumlati- Sium Iatifolivm, Soladulc- Solamums
dulcamara, Sorbaucu- Sorbus aucuparia, Spirpolv- Spirodela polvrhiza, Thalflav- Thalicirum flavum, Fhelpalu-
Thelpieris palusiris, Tiphiari- Tipha latifelia. Urtidioi- Urtica dicica. Fielpalu- Viola palustris, Bracruta-
Brachitecivwm rutabulum, Bryusp- Bryum sp., Calicusp- Caliergonella cuspidata. Callcord- Calliergon cordifolium,
Climdend- Climacium dendroides, Fisstaxi- Fissidens taxifolius, Homarric- Homalia irichomanoides, Hypreupr-
Hyprnum cupressjforme. Plagaspl- Plagiochila asplenioides, Flagelli- Plagiommniwm ellipticum, Plagundu-
Plagiomnim undulatum, Raducomp- Radula complanaia. Scorscor- Scorpidium scorpioides.

Secirajumi
1.

blakus esdss blivas niedru audzes.

Melnalk&u izplaibu KiSezera piekrastierobezo augSanai nepiératas augsnegpasbas

132

un



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

2. Melnalk&u audzu aistibas ga#i verojamas kokaudzes telpisk struktiras izmapas -
paSizretiasaras, ka af izmainas kopur visa vegetacijas strukiira- kramu stiva un vaiiku lakstaugu
stavu veidosaas.

3. Melnalksraju sukcesijasakuma stadijs zemsedzverojama dazu lakstaugu sug@hfagmites
australis, Filipendula ulmaria, Carex cespitQs&teikta dominance, kas netiek roota tilakajas
attistibas stadijs.

4, Melnalk%u staig@jam rakstuigais sugu sa®is un veefacijas strukiira nowrojama jau
aptuveni 20 gadus vas kokaudzs.

5. Konstattais Senona daudzvelmhs indekss, kura augkt \ertiba noida uz liefiku floristisko
daudzveitbu, veakajos melnalksijos (20 gadi) ir divas reizes l#ds neld jaurakajas petitajas
kokaudzs (lidz 10 gadi).
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Abstract

Baseline study of biodiversity in Environmental Impact Assessment (EIA) in Latvia
The Environmental Impact Assessment (EIA) is andrtgnt tool for minimizing adverse effects from jeai-related
activities on the environment in general and biedsity in particular. It is necessary to carry autaseline study as part of
the scoping stage of EIA. Such studies should @elihe collation of existing and the collectionngfv data from field
surveys. There should be a balance between theatith of existing secondary information and coetthg new
fieldwork.
EIA in Latvia is performed for more than 10 yearbe aims of the research is to find out how a lasedtudy is being
carried out in Latvia and assess the quality ofectéd data, based on which are forecasting thenpat impacts of the
project.
There have been investigated 55 EIA reports, wiiehe conducted for past twelve years. The studyvshbat use of
existing data prevails in baseline study. In caglesre field studies were carried out, the most comstudy fields were
flora and habitats, and bird species. The mostifsignt imperfection of a baseline study is thahaoof the analyzed
environmental impact assessments, including thoadenfor the distant future projects, contained das¢ of possible
changes in current state for the period prior ®glanned implementation of the project.
Key Words: Environmental Impact Assessment, bicgltyebaseline study, Latvia

levads

letekmes uz vidi naartegjumam (IVN) ir bitiska loma projekta sagaithas negawas ietekmes
maziraSara gan uz vides avokli kopuni, gan atsevid uz biolggisko daudzveitbu (Mehdi et al.
2005). Termins “biolgiska daudzveitba” gan S& petijjuma, gan ietekmes uz vidi nédejuma vispar
tiek lietots nevisa klasiskaj izpratre — sugu daudzveilda un sugu skaits, bet gafit k

> 1pas$i aizsargjamas dabas teritorijds

> 1ipasi aizsargjamie biotopf;

> 1ipa$i aizsargjamas suga$

> ipaSi aizsargjamam su@m noamigi biotopi, to strukiiras vai ainavas elementi;
> dzvnieku migacijas koridori.

Uzskaittie dZvas dabas aspekti ir tie, attibg uz kuriem IVN procestiek \ertéta projekta
iesEjama ietekme, un tie tiek izmantoti fapar kri€rijiem lemuma par projekta akcesanu
pienemsan. Pientram, IVN laika tiek analizts, vai pinotais projekts tieSi vai netieSi neskadi
ipaSi aizsargiamu dabas teritoriju, vaiaklu ipasSi aizsargjamu biotopu vaipasi aizsargiamas sugas

atradni. Bpat tiek pie@rsta uzmatbaipasi aizsargjamam sugm noZmigam biotopu strukiram vai

! Likuma ,Paripasi aizsargiamam dabas teritorjm” izpratre.

2 Atbilstosi MK noteikumiem Nr. 421 (05.12.2000.) gi¢ikumi paripasi aizsargiamo biotopu veidu sarakstu”.

3 Atbilstosi MK noteikumiem Nr. 396 (14.11.2000.) ghéikumi paripasi aizsargjamo sugu un ierobeZoti izmantojamo
ipasi aizsargjamo sugu sarakstu”.
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ainavas elementiem, kuri paSi par sevi nav aizgarg, pientriem ve@m mezaudam ar daudz
kritalam, atsevigiem lieliem kokiem klaj aina\a, davnieku miggcijai batiskiem ainavas elementiem
— alepm, augjamudenstéu krastos u.tml.

Esod stavokla nowrtejums ir nozmiga IVN procesa posma saalda (Safont et al. 2012). Ir
nepiecieSami kvalitati esod stivokla dati, lai @gc iesgjas pretzi prognoztu iesgjamo ietekmi
(Soderman 2009Nepietiekams esastivokla noErtejums var novest pie augsta ietekmes prognozes
nenoteikibas Imepa. T&u jaizvairas af no nevajadiga datu apjoma, jo esoStvokla noErtejums,
veicot lauka ptijjumus, ir dirgs un laikietilpgs (Ganeshkumar et al. 2010).

Esos stivokla noertgjums IVN proced sakas ar Vvisprigu prathbu esod stivokla
nowertejumam iekauSanu IVN darba uzdevamprogrammi). Tad, IVN zhojuma sagatavoSanas
laika, jaanaliZ esoSais vides @®toklis attieGba uz biolgiisko daudzveitbu, ki an jaidentifice
paredzars izmanas pirms projektastenoSanas. Progrigat projekta iespamo ietekmi, esosais
stavoklis vai paredza@s izmapas pirms projektaistenoSanasaigmanto par atskaites punktu
(Geneletti et al. 2003).

Petijluma nerkis ir noskaidrot, k esod stavokla nowerteéjums tiek veikts Latvij — vai tiek
ievakta pietiekama un kvalitata informacija par esoso siigiju, uz kuras balstoties, veikt projekta
iesgEjamas ietekmes prognozi.

Materi als un metodes

Petijuma tika analizti 55 pedejo divpadsmit gadu laikveikti ietekmes uz vidi nartejumi, t.sk.
septhi ietekmes uz Eiropas nomes aizsargamo dabas teritoriju (NATURA 2000) nérgejumi
(skat. 1. pielikumu). Anatei atlati tie projekti, kuros progn@ama kaut minirala ietekme uz
biologisko daudzveitbu un attietgi ai veikts eso$ stivokla nowrtegjums. Rtijuma ieklautajos
nowertejumos tika analigti sekojoSi aspekti:

> izmantotie esoSo datu avoti;

> lauka gtijumu veikSanas biezums;

> viem IVN iesaistto ekspertu (jomu) skaits;

> lauka @tijumu sastvs,

> faunas inventaricijas sasivs;

> informacija par iespjamam eso§ stavokla izmaham pirms projekta realicijas.
Rezultati un diskusija

letekmes uz vidi nartejuma biologiskas daudzveitbas esas stivokla nowrteSanas S ir
(Mehdi et al. 2005):

> projekta ietekratas teritorijas esoSo biokiskas daudzveitbas datu atlase un ares;

> lauka @tijuma metozu iz&le;
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> piengrotu ekspertu atlase laukatjumiem;
> biotopu inventarizcija;

> floras un faunas inventaéeija;

> batisku ekol@isko procesu identifikcija;

> datu kartogifiska atspogloSana,

> foto kataloga izveide.

Jau esoSo biofiskas daudzveitbas datu atlase un afmd projekta potendli ietekmetaja
teritorija ir tikusi veikta visos gtjjuma ieklautajos IVN.
lesgejamie esoSo datu atlases un @red avoti ir bijusi:

> dati paripasSi aizsargiamam dabas teritoriim IADT) un mikroliegumiem;

> dati par putniem namigam vieim (PNV), biolgiski vértigiem zlajiem (BVZ), dabiskiem
meza biotopiem (DMB) u.c. bioggski vertigam teritorijam;

> dazda veida kartogfiskie materili, mezaudzu gini;

> nowerojumu datu bzes, pierdram, porils dabasdati.lv;

> Citi ieprieks veikti publi€ti un nepubli¢ti petijumi;

> citi iepriekS @tamaja teritorija veikti IVN;

> eksperta atzinums par bigiskas daudzveitbas esoSo ®tokli, neveicot lauka gfjumus.

Visos getijuma ieklautajos IVN K esoSo datu avots ir izmantota infaaija par tudkajam
ipaSi aizsargamam dabas teritordjm, tafu ne vienmdr ir izmantota teritoriju dabas aizsatdas
planos sniegt informacija — dabas aizsartbas péni izmantoti 76 % gagumu no @tjuma
ieklautajiem IVN projektiem (1. ats).

Santra maz — tikai 36 % gapimu nowrtejuma ir sniegta informcija par ciim tuvuna
esosSam biologiski vertigam teritoriam (putniem nounigam vietam, biolagiski vertigiem Zlajiem,
dabiskiem meZa biotopiem u.c.) (1&k}). So tendenci vatu skaidrot ar apakli, ka ieprieks miitas
teritorijas nav forrali aizsargjamas likuma “PaipaSi aizsargjamam dabas teritodm” izpratre,
tapec to “svars” starp ¢jiem kritérijiem, pec kuriem noerté projekta ietekmes diskumu, ir
mazks. Tongr, npemot \&ra So teritoriju poten@lo noZmi aplkartnes biolgiskas daudzveitbas
saglalasars, to vagtu uzskait par vienu no esa@s situacijas noertgjuma tiikumiem.

Dazada veida kartogffiskie materili, t.sk. mezaudzu phi, noerojumu datu Bzes un citu
petijumu laika iegati dati af sangra biezi ir tikusSi izmantoti K esoSo datu avoti — attigt 40, 44 un
24 % ga@iumu (1. atgls), turpretimloti reti — tikai 4 % gagumu ka esoSo datu avots ir izmantoti citi
taja pad teritorija veikti ietekmes uz vidi nartejumi. lesggjams, $ datu avota zeaipatsvara iemesls
ir objekivs — @tijuma ieklauto projektu ietek@tas teritorijas nef@rklajas, &pec citi IVN nav
izmantojami k& esoSo datu avotsctaSis aspektsatijuma netika atsevi§ analizts.
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Diezgan biezi — 44 % ggdmu, ka esoSo datu avots ir ticis izmantots eksperta atag) t.i.

esosSo datu atlasi un arml (bez lauka ptijumiem) ir veicis atsevi§ pieaicirats attie@gas jomas

eksperts.

100 %o
76 %
o , 449 44 9%
36 % 40 %
24 %
-
T T T T T — T
IADT Dabas Biologisla  Kartografija Datu bazes  Citipetjunn  Citi [IVN Elsperta
aizsardzibas  veértigas atznums

plani teritorijas

Datu avots

1. at€ls. Datu par biolgiskas daudzveitbas esoSo &tokli avoti

Situacija, kad esosSo datu kvariié vai kvaliaite nav pietiekama, lai uz to pamata proghoz

projekta saga&mo ietekmi, nepiecieSams veikt lauk&tiumus. letekmes uz vidi néxgjuma

vajadZbam veiktam lauka gfjumam vajadztu sasivéet no $idiem etapiem (Mehdi et al. 2005):

>

>

>

>

>

>

>

konkretajai situicijai pienerotas lauka gtijumu metodikas izside;
atbilstoSas kvalifikcijas un jomu ekspertu atlase;

biotopu inventarizcija un karéSana;

aizsargjamo augu sugu inventadiaja;

aizsargjamo davnieku sugu inventarizija,;

visu ievakto datu kartogtfiska atspogloSana;

foto kataloga izveide.

Petijjuma ieklautajos nosrtejumos tika analigti sekojoSi lauka §fjumu aspekti:

\Y

vai IVN zinojuma ir sniegta informcija par lauka gtijumu metodiku;
lauka @tijjumos iesaigto ekspertu (ftito organismu grupu) skaits;
vai ir tikusi veikta biotopu inventarizija;

vai ir tikusi veikta visas gitas teritorijas biotopu kagfana;

vai ir tikusi veikta aizsai@amo augu sugu inventafidja;

vai ir tikusi veikta aizsai@jamo davnieku sugu inventarizija;

kadas aizsargjamo davnieku grupas ir §itas;

vai ieditie dati ir atspogioti kartogafiski;

vai zinojumam ir pievienots foto katalogs.
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Petijuma ieklauto IVN projektu anate pafidija, ka ne vien@r zinojumos ir sniegta inforacija par
lauka gtijumu metodm — 16 % gaglumu $das infornacijas nav. Lai gan parasti IVN ietvaros
veiktajos lauka gtijumos tiek izmantotas standarta lauka darbu metodesr predza metodikas
atspogloSandauj no\ertet tas pientgrotibu Etijjuma nerkim un attie@gi an ievakto datu kvaligti.

Viena IVN ietvaros iesaib lauka @tijjumu ekspertu (§ito organismu grupu) skaits @gtas
robe4s no 1-4 (ja vieh projeka ir tikuSi iesaisiti vairaki vienas jomas eksperti, piénam, divi
ornitologi, tad § petijjuma ietvaros tas uzsket par vienu ekspertu) (2.&#). Visos gtijuma
ieklautajos IVN, kuros tika veikti laukaefgjumi, bija iesaigts biotopu un floras eksperts. Tajos IVN
projektos, kur lauka gifjumos tika iesaisti divi eksperti, gande visos gaigumos tas bija biotopu
ekspertu un eksperts-ornitologsar§os gadjumos Siem ekspertiem &l pievienohs eksperts-
hidrobiologs, siksimu eksperts, abinieku uapulu eksperts vai eksperts-entomologadiSekspertu
atlasi var uzskat par pamatotu, jo biezi vienefamaj teritorija sastopamie biotopi nosakai ar
aizsargjamo divnieku sugu Wtbatni (Geneletti 2003.). Ar ornitofauna tiek uzskas labu
biologiskas daudzveitbas indikatoru (HMSO 1996).

42 %

1 2 3 4
Ekspertu skaits viena IVIN

2. attls. Viena ietekmes uz vidi néséjuma ietvaros veiktajos lauk&tjumos iesaisto ekspertu
(petito organismu grupu) skaits
No tiem IVN, kuru ietvaros tika veikti laukaefjumi, visos gagumos tie sagwgja no floras
inventarizcijas, pretzak — aizsargamo augu sugu konst&anas ptamaj teritorija, un gandiz
viennmer (96 % gatjumu) tika veikta ar biotopu inventarizcija (3. atéls). Faunas izgie ir veikta
67 % no anarc ieklautajiem projektiem (3. @ls); visbieZk dati iewakti attieaba uz teritorip

sastopamam putnu sugm (4. atels).
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100
96 %
71 %
I I I 0
T

Biotopu Biotopu Floras Faunag Datu Fotokatalogs
mventarizacija kartesana mventarizacija inventarizacija  kartografiska
(platibas) atspogulo§ana

3. attls. letekmes uz vidi n@vtéjumu ietvaros veikto laukagfjumu sastvs

I . B
8¢
4

Putm Siksparni Abmekiun rﬂpllll Bezmugurkaulek: Lielo zid#aju

migracija

4. attls. Retito dZzvnieku grupupatsvars ietekmes uz vidi nétgjumu ietvaros veiktajos lauka
pEtijumos

Lauka @tijjumu izmatoSana esass sitlicijas noertejuma, to detaliacijas pakipe, k& ai pétito
organismu grupu skaits t@e$veida nenoada uz esas s@vokla nowrtgjuma kvaliiti. Sie
raksturlielumi varloti variet atkaiba no projekta, kuram tiek veikts ietekmes uz vidvérejums,
veida un maroga, kK ai vel batiskak — atkatba no pknotas darbibas teritorijas. Praksbiezi vien
ietekmes uz vidi nartéjuma darba uzdevuin(programm) ir ieklautas idzigas pragas esas
stavokla nowertgjlumam gan attiaba uz paredzto darbbu vies, kas atrodagpasi aizsargjamu dabas
teritoriju tuvung, gan urlanas teritorigs. Lidz ar to attietgi var varkt afn nepiecieSamais iegdjdms
eso04s situicijas nowertejuma — no tikai esoso (jau ieprieks o) datu anakes 1dz pat apjorrgiem
lauka @tijjumiem potendili ietekmetaja teritorija.

Tacu, ka jau mirets iepriekS, esaSvides sivokla nowrtegjumam attietha uz biolggisko

daudzveitbu nav japrobezojas ar si#ugijas nowrtegjumu IVN zipojuma sagatavoSanas laik_ oti
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biezi projekta, kuram tiek veikts ietekmes uz vidiertejums, phnotais realiZcijas laiks ir tudka,
t.i. dazi gadi, vaidlaka rakotne — desmit vai pat vak gadu. Bpec IVN proces ir butiski identificét
vai prognozt paredzars esod stvokla izmapas pirms projektaistenoSanas. alaka nakotné
planotajiem projektiem ifipaSi kitiski, prognozjot projekta iespjamo ietekmi, par atskaites punktu
izmantot nevis esoSo siitiju, bet gan paredza®m izmanas esosaj stvokli pirms projekta
istenoSanas. Pigmam, kida projekta realirijas rezulita paredzama ietekme uz tuvaresosupasi
aizsargjamu dabas teritoriju un sagarda ietekme prognca#a, balstoties tikai uz esb$tavokla
nowertejumu konkgtaja teritorija, nepemot \&ra Sis teritorijas dabas aizsaitas pina paredztos
teritorijas apsaimniekoSanas plsmus. Tdu, ja apsaimniekoSanas plsmi ir planoti ar nerki
ieviest ladas ltiskas izmajas esosaj sitlacija, tad fidas paSas dtiskas izmaias var skart ar
ietekmes prognozi. apat. ietekmes prognoze var &®jami mainties, piendram, attietha uz sugm,
kuru popuidciju lielumam esoSajsituacija ir butiski izteikta augSupejoSa vai lejupejosa tendence
sugas, kuras eso8agituacija nav apdraugtas, paradam var Kat vel pirms projekta realiacijas, vai
arn otradi. Analizgjot petijuma ieklautos IVN, redzams, ka visos gjainos ir veikts esasstivokla
nowertejums, t&u nevie@ no tiem nav identifitas vai progncdas iespjamas esosd stivokla
izmaipas laika perio@l pirms phnotas projekta realizijas. Sis faktors uzskahs par hitisku eso#
stavokla noertgjuma tiikumu veiktajos ietekmes uz vidi nén€jumos.

Secirajumi

EsoSo biolgiskas daudzveitbas datu atlase un armd projekta potengli ietekmétaja
teritorija ir tikusi veikta visos @tijjuma ieklautajos IVN, tau galvenokrt ir tikusi analizta
informacija par projekta skart@n vai tuvuna esosam formali (likuma “Par ipaSi aizsargamam
dabas teritorim” izpratre) aizsargjamam dabas teritoram.

Petijuma ieklauto IVN projektu anate pa#dija, ka 16 % gagumu zipojumos nav sniegta
informacija par lauka ptijumu metodm. Sajos galimos nav iesfjams noertet metozu pierdrotibu
petijjuma nerkim un ievakto datu kvaliti

Viena IVN ietvaros iesaib lauka @tijjumu ekspertu (§ito organismu grupu) skaits @gtas
robe4s no 1-4Nemot \&ra biotopu veidu un ornitofaunas noa biologiskas daudzveitbas sivokla
raksturoSaim kopund, augu sugu un biotopu eksperta,dd ekspertu-ornitologu iesaiSana lieikaja
dda IVN uzskatma par adelkdtas sagai@inas ietekmes progné%anas veicinoSu faktoru.
Butiskakais esos stivokla nowertéjuma tiikums ir tas, ka nevi@mo anaizé ieklautajiem ietekmes uz
vidi nowertgjumiem, t.sk. tajos, kuri veiktiatakas rikotnes projektiem, nav identifitas vai

prognoztas iespjamas esos stivokla izmahnas laika periog@l pirms phnotas projekta realiacijas.
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1. pielikums. Rtijuma analiZtie ietekmes uz vidi n@vtejumi

Nr. Projekta nosaukums’ P%belgsa&_p as
atums
1. | Vgja elektrostaciju tivnieaba Ventspils novad(SIA E.S.Green”). 28.02.2013.
5 ngrgaim tutlsma kompleksa izveide/rekonstrukcija un jaived 26.02.2013.
Ainazu pagast
3 Tilta par Daugavu un piebraucamo lae bivnieaba un cu 01.02.2013.

rekonstrukcija &abpil.

Autocda A9 Rga (Skulte)-Liepja posma no km 0,0 (krustojums |ar
4. | A5 Rigas apvedds (Salaspils-Bate) lidz km 38,2 (krustojums ar 23.11.2012.
P98 (Tug&i)-Tukums) rekonstrukcija (VAS ,Latvijas ValstsIc®.

Smilts-grants un smilts ieguve atradnPope IV-Rinda” (AS

SR . - 26.09.2012.
Latvijas Valsts mezi”).

6 Dolonita ieguve karjer ,Akmensdicinas” defgo izraktau atrad@ 10.02.2012

" | Jlecava” (VAS ,Latvijas autockl uztugtajs”). T '

7. Kallgakrrlens leguve digo izrakteu atrade ,Kumas” (SIA 30.12.2011.
~,cemex”).

8. Smilts ieguve dego izraktewu atradg ,ApSeni” (1.Z.). 21.12.2011.
Elektro@rvades iklu savienojuma “Kurzemes loks” 2.posma esaéol6 12 2011
110 kV elektroprvadesiniju rekonstrukcija posmDundaga — Tume. T '
Jaunas publigis lietoSanas dzelzizelinijas livnieaba Rgas pilsta

10. (VAS “Latvijas Dzelzcé¢s”). 08.11.2011.

11. Mln_e.ralmeslu.mr!’«ausanas un uzglakanas termilis (SIA “Riga 30.05.2011.
fertilizer terminal”).

12. Autocda AlO Rga — Ventspils posma Priedaine kemeri 13.05.2011.
rekonstrukcija.

13. | Rigas ostas pieejas kda rekonstrukcija (Rjas bivostas prvalde). 21.04.2011.

* Atbilstosi Vides grraudabas valsts biroja Bjslag publictajai informcijai.
® Vides pirraudbas valsts biroja atzinuma par ietekmes uz vidergjuma nosiguma ziojumu izdo$anas datums.
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PabeigSanas

Nr. Projekta nosaukums’ d 5
atums

14. Vgja ) elektrqitacuu parka i#oSana Liepjas pilstas teritorij 07.03.2011.
(SIA "Rapsaoil”).
Automazistrales posm no autocka A5 (Rigas apvedds, Salaspils

15. | Balte) un A10 (Rga - Ventspils) krustojumadz Daugavgvas ielai| 17.01.2011.
- Rigas Ziem#& transporta koridora 3.un 4.posnmiavhieaba.
Elektro@rvades iklu savienojuma “Kurzemes loks” 1.posma

16. | Grobipas apakSstacija — Ventspils — Dundaga @&sefektropgrvades| 17.01.2011.
Itnijas rekonstrukcija (AS “Latvenergo”).
Sapropéa ieguve Ludzas rajona Isnaudas pagast

L. (SIA “EHT Engineering”). DR OTD.
Autocda A5 Rgas apvedds Salaspils — Bate posma ng

18. | 11,6.kilometra (A7 Rya — Bauska — Lietuvas robeza (Gral®)) [idz 28.09.2010.
34,6.kilometram (A9 Rya (Skulte) — Liema) rekonstrukcija.

10. R/ollg’r)mtu ieguve zemegpasumos “Jaundutkas” un “Auril (SIA 30.06.2010.
Automgsistrales hivnieaba posm no Daugavgras ielas 1dz

20. | Gustava Zemgala gatvei (Vairoga ielaigRs Ziem@ transporta 18.06.2010.
koridora 2.posms.

21. | Autocéa E22 posma “Kranciema karjers -a\&l aplis” kivnieaba. 18.06.2010.

2 Polormt_a |egu_y9; dago izrakteau atrade “Locukrosti” (SIA 26.03.2010.
Dolomits-Latvija”).

23. | Kudras ieguves lauku paplad$ana (SIA “Kidras enetija”). 26.02.2010.
Kadras ieguves lauku papladana atradn,Lielsalas purvs”

24. (SIA “Pindstrup Latvia”). eXORR0ID.

25. | Dolomtu ieguve dago izraktau atrad@ “Dutkas”. 23.11.20009.

26. | Autocéa E67 posma A4 (Saulkalne) — Bauskacg) hivnieaba. 06.11.20009.

27. | Briezu drza paplasiasana (SIA ,Plintas”) 01.10.2009.
Rigas dzelzda tikla, staciju un savienojoso sliezuweeekonstrukcija

28. | Rigas Bivostas apkalposSanai, stacijas “Boljat rekonstrukcija urf  10.09.2009.
stacijas “Boldeija — 2” izveide (VAS “Latvijas Dzelzgs).
Cukkopibas  kompleksa izveide Brunavas pagast(SIA

29. “TUNK ONI"). 13.05.20009.

30 Ir!frfflstrukﬁras afistba Krievu sal ostas aktividSu p@rcelSanai ng 24.03.2009.
pilsétas centra.
Derigo izrakteu atradnes paplagiana smilts — grants ieguvei

3L. Dundagas pagas(SIA “TALCE"). 05.03.2009.

32 At{tocd,s A2 Rga - Sigulda — I_gaunuas robeza (Veclaicene) POSM&y5 51 2009,
In¢ukalns — Rdzene rekonstrukcija.

33. | Atpatas kompleksailvnieaba Skaistas pagasSIA ,Buve Intex”). 11.09.2008.

34 Autocds A_\'8 Rga - Jelgava -Lietuvas robeza (Meitene) 19.08.2008.
rekonstrukcija.

35 Automagstraleg _(I?rfylbas |_elas (_:lub!lera)ulsmledba no autoda A2 30.07.2008.
ievada Rgas pilsta I1dz Vairoga ielai.

36. | Davojamo naju kompleksa bvniedaba (SIA ,KiSezera ciems”). 25.07.2008.
Baltezera rietumu apvedeehivnieaba un valsts galv@nautocéa

37. | Al Riga (Baltezers) - Igaunijas robeza (Ainazi) poskaazi - Lilaste] 16.07.2008.

(no 6.3 kmidz 21.05 km) rekonstrukcija.
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PabeigSanas

Nr. Projekta nosaukums’ d 5
atums

GipSakmens ieguvgipSakmens atra@ri‘’Zvejnieki”

38. (SIA “ Saint - Gobain celtnigbas produkti”). 25.04.2008.

39 Auto_cels A2 Rga - S_llgulda - lgaunijas robeza posmgd® apvedds 23.08.2007.
- Senite rekonstrukcija.
Smilts-grants un smilts ieguvadas rajona Garkalnes novad

40. (AS “A.C.B.) 23.07.2007.

41. | Ravinu hidroelektrostacijas rezerves gdjas) pargaznes livnieaba. 14.05.2007.

42. | Autocéa A4 Rgas apvedda (Baltezers — Saulkalne) rekonstrukcija. 12.03720

43 Lc::ltgale_s autoda posma Rwipas-&kabpils (&kabpils apvedda) 08.02.2007.
buvnieaba.

44, Autocd,av V1222 Nca-Otaki-Grobina rekonstrukcija (Liefas 30.11.2006.
apvedcE).

45 Autocda A7 Rga - Bauska - Lietuvas robeza (Gratet posma nad 03.10.2006

" 110,5. km1idz 24,0. km apvedi® (Kekavas apvedt®) hivnieaba. T '

46. | Latgaledtrsatiksmes autot@ posms Koknese }&¥inas. 31.01.2006.

47. | Mersraga ostas Ziermemols. 08.12.2004.

48. | Minealméslu noliktavu izveide Bitazos (SIA “Alpha Osta”). 06.04.2004.

49 $2féa8§1) produktu noliktavastbnieaba Kundzhasaf (SIA “MAN- 14.11.2003.

50. | AutocéS Ludza — Terehova. 02.09.2003.
Naftas  produktu termita  bivnieaba  Rnazos  (A/S

51. “NAFTIMPEKS). 22.08.2003.

52. | Daugavask&rsojums (tilts vai tunelis) 1ga. 16.01.2003.

53. | Slokas notaldenu atfriSanas iekrtu bavniedaba. 16.11.2002.

54. | Latgales autot® posms P32-Koknese. 10.12.2001,

55. | Autocéa Al jaunais trases posms Lilaste-Skulte. 07.11.20
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IEGUVUMU UN ZAUD EJUMU ANAL IZES PIELIETOJUMS
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Abstract

Application of cost — benefit analysis for the esthation of environmental economic value of the natwr park

“Daugavas loki”

In recent decades there is the understanding aodrakrest about the role of economic aspectgdamstbn making related
to nature protection. Environmental economic vatuatpplies to such protected territory as the mapark "Daugavas
loki". It is important to estimate its contributido the wellbeing of society and the benefits, liseathe nature park
,Daugavas loki” is significant protected area wétkcellence natural formations, habitat diversity.
The aim is to estimate public willingness to paytfte nature park "Daugavas loki" natural and caltheritage, tourism
services and recreation.
The survey by application of contingent valuatioathod was carried out in order to estimate publiingness to pay.
The collected data was analyzed using mathematiwhbtatistical methods.
The optimal amount of money that people are williagpay regardless of the various socioeconomimfads from 1 to 3
Ls. The highest public willingness to pay is forerand endangered flora and fauna protection (Ps}Ibut the lowest
public willingness to pay is for the cultural anatural monuments in the nature park (2.14 Ls).
Obtained results indicate that the average pubililmgness to pay for rare and endangered flora fanda, cultural and
natural monuments protection, tourism servicesrantkation in average is 2.30 Ls.
The society is able to estimate the environmerdallg and services recognizing not only the useevlli also non — use
value.
Key words: nature park "Daugavas loki", benefitssts, contingent valuation method, environmentahemic valuation,
willingness to pay

levads

Misdierss, kad sabiedba visu \erte naudi, ka ai pieaugot vides ekonomikas fioei dabas
aizsarda, ir svaigi nowertet ipasi aizsargjamo dabas teritoriju n@mi. Latvija, atkiriba no cigm
pasaules valsn, netiek veiktasatlu ipaSi aizsargjamu dabas teritoriju & dabas parks ,Daugavas
loki” ekonomiska nowerteSana, apec ir nepiecieSams veiktadu anaizi. Dabas parkam ,Daugavas
loki” ir svarigi veikt vides ekonomisko néxeSanu, jo tas ir units un bagts ar dabas un
kultarvesturisiam vertibam, ka af ipaSi nozmiga § anaize hitu, ja dabas parka vigtka tiek planots,
izveidotu nacioalo parku.

Nozimiga vides ekonomigks nowrteSanas metode ir izmaksu — ieguvumu gl kuras
galvenais uzdevums ir néntet izmaksas un ieguvumus naudas izteiksAr tas paldzibu var noteikt
dabas parka ,Daugavas loki” izveides un eksistemnegsldjumu sabiedbas labkijiba. Viena no
metodm, lai noteiktu dabas parka ieguvumus, ir kontingero\Ertesanas metode i $netode balas
uz aptauju, kur tiek vaiats par cineku gatavbu makat par vides presm vai pakalpojumiem jeb
labumiem, kas iegglajami tikai hipo€tiskag tirgi.

Merkis: nowertét sabiedibas gatatbu makat par dabas parka ,Daugavas loki” dabas un
kultarvesturiskam vertibam, tirisma pakalpojumiem un atfu.
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Materi ali un metodes

Tika veikta infornacijas iediSana un literatras anake, kuras laik tika izskaitas 46 gimatas
un ziratniskas publikacijas angu un latvieSu valad 4 interneta resursi.

Lai nowertetu sabiedibas gatatbu makat par dabas parka ,Daugavas lok&rttbam, petijjuma
tika izmantota kontingenta nenéSanas metode, kura ir viena no izpikiajam izmaksu — ieguvumu
anaizes metoam. S metode tika izglcta ka pienerotaka vides ekonomisis nowrteSanas metode
dabas parkam ,Daugavas loki”, ja tiek uzskata par vienu no daudzsold@jam meto@m, lai
nowertétu visa veida ekonomiskos ieguvumug, &i ir viena no popurakajam meto@m, kas tiek
visplagik izmantota vides labumu nengsSara (Sattout et al. 2007; Wilson et al. 2010; Birdirad
2013). Kontingenta navteSanas metode pasaulagad tiek plaSi pielietotaérhumu pi@memsSan
(Hanley et al. 2001). So metodi pielieto, lai Bdgtu mezu sagla$anas &rtibu, piengram, Libija,
Brazlija, Kina (Sattout et al. 2007; Adams et al. 2008; Tao €2@12). To izmanto grlai nowertstu
sabiedibas gatatbu makat par apdraugto sugu aizsardbu, piengram, Austélija (Tisdell et al.,
2004), vides uzlabojumiem, pi€nam, jiras vides uzlabojumiem Zviedrij(Ostberg et al. 2012),
noertejot tarisma un rekrécijas resursus (Birdir et al. 2013) u.c.

Kontingenta nogrteSanas metode sastno vaiikiem sdiem. Pirmaj sol tiek izveidots
hipotetiskais tirgus un izsidata aptaujas anketaa knformacijas ieguves veids no respondentiem.
Aptaujas anketasakumdda ieklauta infornacija par \értejamo objektu, par hipétiska tirgus
darlabas principiem, aprakstot makanas meinismu, kas Sai gadma bija ziedojumi, un ielaujot
gan attlus, gan daius paskaidrojumus (Leibenaths un Badura 2005)aujas anketa sas€ja no
cetam ddam: iepaistinaSanas ar sificiju jeb pamatinforricijas ddas, jaudjumiem par vihu
gatadbu makat, socklekonomiska rakstura jagjtmiem, k& ai padis beigis respondentam tiek
vaicats, vai jaulijumi sagidaja gritibas. Respondentiem tika jatg vai un Edas naudas summasyvi
butu gatavi maka par reto un aizsafigamo augu un dgnieku, kultirvésturisko un dabas pieminiek
aizsardmu, lai saemtu tirisma pakalpojumus un atiy sakopi un ainaviski pieviloya vieta.
Sabiedibas gatalba makat tika noskaidrota, pieaajot vairakus atbilzu variantuss 1 Ls, 1 -3 Ls, 3
— 5 Ls, > 5 Ls un tika dotaialesjgja atazmet citu variantu. Respondentiem tika amicats par viu
izglitibas Tmeni, vecumu, nodarbosanos,akmmiem.

Nakamahp sol tiek noteikts iedwotaju loks, kura viedoklis irgizpeta. Vislietdergak ir npemt
véra plagiku iedavotaju loku. Aptaujas var notikt dadi: persomgi, pa telefonu, elektroniski. Kautiar
tiek uzskatts, ka persoiga aptauja ir labka, jaurakie petijumi liecina, ka rezuitti, kas iegditi no
aptauim internei neatg&iras no rezulitiem, kas iegti no persorgam aptauym (Lindhjem and
Navrud 2011). AnkeSana, kas tika veikta 2012. gadmija, 2013. gad no janvra lidz maijam,
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notika gan persagi, gan internet, skarot iedwotajus no daZzdam apdzvotam vieam Latvija.
Kopuma tika ieditas 630 aizpilttas anketas.

Tad tika apgkinata sabiedba gatatba makat vidéjas \ertibas. Rezulitu anaize tika
izmantotas 593 anketas. No amask tikai izstgtas 37 anketas, jad bija nekorekti vai neuzmam
aizpilditas, bija ,protestu izsakoSiengjumi”, krasi atkirigie aptaujas rezailti. Gatavba makst ir
uzskatta par atkago maingo lielumu no virknes neatkigio maingo, piengram, vecuma, ieaBkumu
[imena (Leibenaths un Badura 2005).a Tka sabiedibas gatalba makst ir atkafga no
socilekonomiskiem faktoriem (i@kumiem, dzimuma, vecuma, giena), tika veidotas sabiabas
gatavbas makat persomgo \ertejumu liknes atkaba no Siem faktoriem.

Nakamaj soli notiek ar izlases palzibu iegito rezulfitu attieciraSana jeb interpatija uz
visiem iedzvotajiem — vickjo vertibu reizinot ar kogo iedzvotaju skaitu (Leibenaths un Badura
2005). Tika veikta rezuitu interpokcija, izmantojot Microsoft Excel un matatiskas un statistisis
datu apstides metodes.

Rezultati

Lielaka dda no respondentiem dabas parku ,Daugavas loki” apmekEjusi (72 %).
Respondenti, kuri ir apmedjusi vai pino apmekdt dabas parku, i2zda liekku gatavbu maksat (89
%) nelkda respondenti, kuri nav apmekisSi vai nepino to dait (81 %). Sabiedbas gatatbu makat
par kKadam noteikim vides preém vai pakalpojumiem ietekénvinu zinaSanas par tiem. Ciéku
gatavbu makéat ietekn€ af tas, vai vii apmekéjusi konkito vietu un apzias s \ertibu, vides
preces un pakalpojumus, Kogiediva.

Lielaka dda no respondentiem (92 %) uzskata, ka ir igvaveikt dabas aizsartdrmas
pasikumus, lai nodroSitu visas sabiedlbas kopjo labumu. Par savu pamatojumunivimingja
dazdus iemeslus, pietram, saglaiiSanas nepiecieSabu rakamapm paaudzm, kas ir saglaisanas
vértiba, uzsverot, ka daba ir eksistences pamats unvskas. Tondr vini atzimeja, ka viss jdara
sapatigi, sabalangot dabas aizsar@au ar ekonomisko a#itibu. Ne visi respondenti, kas &z So
paskumu nepiecieSathu, ir pasi gatavi maks par dabas parka ,Daugavas lokigritbam. 83 %
respondentu ir gatavi maksziedojumu veid, lai nodroSiatu reto un aizsaéggmo augu un dgznieku
sugu aizsardbu, saemtu tirisma pakalpojumus un atfy sakopd un ainaviski pieviltya vieta.

Lai dabas patk ,Daugavas loki” nodroSiatu reto un aizsafgamo augu un denieku
aizsardmu, visvaiek respondentu (41 %) ir gatavi maksl — 3 Ls. Mazks skaits respondentu
atzimgja, ka ir gatavi makis < 1 Ls (22 %) un 3 — 5 Ls (20 %). Tikai 8 % ir gataedot > 5 Ls Sim
merkim, bet 9 % migja citus variantus. Vigla gatavba makst par reto un aizsafigamo augu un
dzivnieku aizsardibu dabas pa#k,Daugavas loki” ir 2,41 Ls (skat.1.tabulu) (1). 50 no visiem
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respondentiem ir gatavi ma#s2,13 Ls, bet visbigk sastopam naudas summa, ko céki batu
gatavi par to malks, ir 1,94 Ls.

Lai dabas park ,Daugavas loki” nodroSitu kultirvesturisko un dabas pieminek
aizsardzbu, visvaigk (37 %) respondentu ir gatavi makgd — 3 Ls, 32 % aptaitp gatavi maka < 1
Ls. Mazks skaits respondentu ir gatavi mak8 — 5 Ls (16 %) un > 5 Ls (8 %). Sadnk7 %
respondentu mija citus variantus. Respondenti par kolesturisko un dabas pieminiekaizsardibu
dabas parkvidgji gatavi makat 2,14 Ls (skat.1.tabulu) (2). 50 % no visiem resjemtiem ir gatavi
maksit 1,76 Ls, bet visbigk respondenti par kuitvesturisko un dabas pieminiekaizsardibu dabas
parka batu gatavi makat 1,34 Ls.

Lai smemtu tirisma pakalpojumus un atiy dabas patk,Daugavas loki”, visvaik (37 %)
respondentuiiiu gatavi maka 1 — 3 Ls. Mazks skaits respondentu ir gatavi matks 1 Ls (25 %) un
3 -5 Ls (20 %). Vismakais skaits respondentu (8 %) par fauobgatavi makat > 5 Ls, savuirt 10
% respondentu méja citus variantus. Pafiisma pakalpojumiem un atfu respondenti vigi gatavi
maksgt 2,37 Ls (skat.1.tabulu) (3). 50 % naxem gatavi maka 2,06 Ls, bet visbiek cilveki par to
butu gatavi makat 1,79 Ls.

Lai atpistos ainavisk vieta un ditu esétisko baudumu dabas pagk ,Daugavas loki”,
visvairak (37 %) respondentu ir gatavi makd — 3 Ls, 28 % aptaitp gatavi makd < 1 Ls. Mazks
skaits respondentu ir gatavi mak8 — 5 Ls (17 %) un > 5 Ls (9 %). Citus variantusija 9 %
aptaujito. Videja sabiedibas gatalba makst par atpitu ainavisk vieta dabas park,Daugavas loki”
ir 2,28 Ls (skat.1.tabulu) (4). 50 % no visiem @spentiem ir gatavi maks 1,94 Ls par atftu
ainavisk vieta, bet visbie#k cilveki par to ir gatavi maks 1,61 Ls.

Sabiedibas vidja gatavba makst par reto un aizsaigamo augu un dgnieku aizsardibu,
kultarvesturisko un dabas piemingekaizsardibu, firisma pakalpojumiem un atju ainavisk vieta
dabas park,Daugavas loki” ir vigji 2,30 Ls.

Lai vieglak batu saprast likumsakdras, visas apdzotas vietas Latvi tika apvienotas gt
pieciem Latvijas @inoSanas ggoniem: Rgas (47,2 %), Latgales (26,3 %), Vidzemes (6,3 %),
Zemgales (9,4 %) un Kurzemes (10,8 %). Visvikgbawa starf ir saidzinat respondentus no
Latgales un Ryas pinoSanas g@oniem, jo no tiem aca visliekkais respondentu skaits. Respondenti
gan no Rgas, gan no LatgalesaplbSanas rggona vislabp#tak makitu par reto un aizsaigamo augu
un davnieku aizsardibu, jo liekkas summas (1 — 3 Ls, 3 — 5 Ls, > 5 Ls) ir gatavi sataittieagi 80
% un 68 % respondentu. GafgRs (47 %), gan Latgales (38 %jmpdSanas ggona iedzvotaji par
dabas parka ,Daugavas lokignibam labpat makstu videji 1 — 3 Ls. 3 — 5 Ls gantr vieniidzgi ir
gatavi makst gan Rgas (18 %), gan Latgales (20 %pmmSanas @onu iedavotaji, bet > 5 Ls
labpiatak makgitu Rigas (9 %) nekLatgales (5 %) ahoSanas fgona respondenti.

147



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Respondentu, kuri gatavi makgar dabas parka ,Daugavas lokgrttbam, ierakumu imena
procentdlais sadajums ir &ids: < 120 Ls (25 %), 180 — 310 Ls (24 %), 120 — 18F22 %), 310 —
430 Ls (14 %), > 430 Ls (15 %). Vislikia videja gatavba makst — 2,91 Ls — ir respondentiem ar
vislielakajiem ierakumiem (> 430 Ls). Otra lieka vidgja gatavba (2,47 Ls) mala ir respondentiem
ar ieraskumu kmeni 120 — 180 Ls, bet vismika videja gatadba makst (2,21 Ls) ir respondentiem ar
ienakumu meni < 120 Ls.

Visi respondenti tika sadéil ¢cetras vecuma grugs: 14 — 20 gadiem (42 %), 21 — 31 gadam (41
%), 32 — 49 gadiem (12 %), > 50 gadiem (5 %). Shthas vidja gatatba makst par dabas parka
,Daugavas loki” ¥rtibam dazdas vecuma grugs ir atkiriga. Visliekka vid¢ja sabiedibas gataiba
makdit ir vecuma grup > 50 Ls, kur respondenti gatavi makyidgji 2,76 Ls. Mazka vidgja
sabiedibas gataiba makst ir vecuma grupir 21 — 31 gadam (2,29 Ls).

Sabiedibas gatatbu makat [oti ieteknt socklekonomiski faktori, padot ai sabiedibas
attieksmi pret vidi unas \ertibam. Ta ir graiti paredzama, jo ciku viedoRi un faktori ir maingi.

Viena no iespjam datus interpat ir vidgjo vertibu reizirat ar visu iedavotaju skaitu (ISG11,
2012), ada veida vid¢ja sabiedibas gatalba makat, tiks attieciata uz visiem Latvijas iedzotajiem,
nosakot dabas parka ,Daugavas loki” ieguvumus gtbu (skat.1.tabulu).

1.tabula. Kopjie dabas parka ieguvumi (Ls), kas &gpnati reizinot visu Latvijas valsts ie@izotaju

skaitu ar vi@jo gatavbu makat par katru no apskadjam dabas parka ,Daugavas loki&ribam

Kopgjie  dabas  parka
Vidgja gatavba makst (Ls) | ieguvumi (Ls) jeb ®rtiba
1 2,41 4 920 648,83
2 2,14 4 369 372,82
3 2,37 4 838 978,31
4 2,28 4 655 219,64
Kopa 18 784 219,60

Kopgjie dabas parka ,Daugavas loki” ieguvumi, reizinadéjo gatavbu makat par katru
dabas parkadrtibu ar visu Latvijas iedzotaju skaitu, saik 18 miljoni Ls.
2. tabula. Kopja dabas parka ,Daugavas loki” ieguvumi (Ls), reizimisu Latvijas iedwotaju skaitu
ar respondentu vigb gatavbu makat par vigm mirctajam dabas parkagvtibam

Vidgja gatavba makst | ledavotaju skaits 2012| Kopgja dabas parkadvtiba
(Ls) gadi Latvija (ISG11, 2012) | jeb ieguvumi (LS)

2,30 2041763 4 696 054,9
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Kopgjie dabas parka ,Daugavas loki” ieguvumi jebrtiba, kas apmkinata pec videjas
sabiedibas gatalbas maka par dabas parka ,Daugavas loki” dabas untkuésturisiam vertibam
un pakalpojumiem, to reizinot ar visu i@dataju skaitu, ir 4,6 miljoni Ls (skat. 2. tabulu).

Kopuna aptaujas anketa bija saprotama, joakalai ddai respondentu jagjumi nesagdaja
grutibas. Tondr iesgjams to vajaddu preciZt un uzlabot, lai izvaitos no &, ka cilvekiem nav
izprotami jaufjumi, ir gratibas atbildt. Batu japreciZ jaujumi par sabiedbas gatatbu makat.
Nav af skaidrs, K respondentiikotos rala situacija, nevis hipogtiska. lesgjams, viu gatawba
maksit par dabas parkestibam un pakalpojumiemits mazka vai citos gagumos — liefika.
Secirajumi

1. Cilveku gatavbu makat ietekne vinu attieksme pret dabas, vides aizstdzvipu zinaSanas
par vides pream un pakalpojumiem, ko piaéda dabas parks,akaf tas, vai vii ir apmekEjusi
vai taiss apmekdt konkieto vietu.

2. Vislielaka sabiedibas gatalba makst ir par reto un aizsaigamo augu un dgnieku
aizsardibu dabas pai (2,41 Ls). Vismazka sabiedibas gatalba makst ir par
kultarvesturisko un dabas pieminiekaizsardibu dabas paek(2,14 Ls).

3. Visoptimalaka naudas summa, ko ciki gatavi makst neatkaigi no vipu ierakumiem,
vecuma un dzimuma, ir 1 — 3 Ls.

4. Vairumam ciheku gritibas nesaglaja jaugjumi par viou gatavbu makat par dabas parka
.Daugavas loki” dabas un kulvesturiskim vertibam, tarisma pakalpojumiem un atju.
Tomer turpnik, izmantojot kontingenta neéxtéSanas metodi, lai izvaios no neskaidlbam
jautagjumos, ir nepiecieSams pilnveidot aptauju, vei@fda veida uzlabojumus.

5. Kopuma sabiediba sg@ nowertét vides preces un pakalpojumus, apzinoties ne tikai
izmantoSanasavtibu, bet arneizmantoSanasitibu.

6. Dabas parka ,Daugavas loki” kgjee ieguvumi par katru noavtibam ir 18 miljoni Ls. Tongr
pec visu mireto dabas parka evtibu vidgjas gatawas makat interpokcijas uz visiem
iedZvotajiem, dabas parka ieguvumi ir n#&z— 4,6 miljoni Ls.

7. Lai spEtu pec iesjas patiedk nowertet dabas parka ,Daugavas lokignibu jeb ieguvumus ir

nepiecieSams izmantotiantas vides ekonomigk norteSanas metodes.
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Abstract

To reach the long-term goals of Energy PoliticsLafvia, as EU member country, it is solved to use potential of
cogeneration with common heating load about 300 MivtLatvian big cities and 100 MWth in other Latmicities until
2016, as well as to stimulate the development oP @Hnts using renewable sources of energy (RES) [1

One of the most important advantages of CHP is ssipility of usage of different local energy resms for energy
producing. Latvia has a characteristic centraligeder supply system, which means inhabited areas $afficiently high
heat loads to accommodate installation of an efficicogeneration facility. Sustainable Energy ComityuModel [2]
adopted for Latvian circumstances allows to analzéypes of energy resources and other factoesxafmined region, to
work out the plan of region’s energy developmeiatlilshort-term (2-3 years) and long-term (till 2)28hd management
of its realization.

SEB model applying includes deep examination ofllgenewable energy sources, especially the asabfshiomass
receiving potential and biomass production possjbilWhile units of woodchips production are sietin all Latvian
territory with quite regular intervals and goodtsys of roads can provide the delivery of wood tioedll Latvian regions,
biomass is a fuel which needs to be used posslbbecto the place of its producing. Potential afntass production
depends on fertility of the earth, which considéralaries in different regions, therefore costsbaimass receiving are
different as well.

Costs of fuel component (gas produced of biomassgssary for establishment of CHP plant can begydated as).:

where: Ipm =15 - Is

Is— total costs of CHP plant (including producingoadgas);

It — costs of plant technological equipment.

lym includes the full volume of agricultural works ¢g@ag and harvesting, amortization of agriculturaahinery, etc.)
The lower is the fertility of earth, the bigger aref earth is necessary for cultivation of biom#&assts of earth processing
can be accepted equal in different regions, thangfact in less fertile regions these costs carhigher, because of
processing problems resulting with higher consuomptif fuel and more expenses on machinery amadizat
There is observed practical example of calculatibhiomass costs for CHP plant. The costs of bienmaeducing make
the big part of the total costs of fuel for CHPntland price of produced energy [3]. In the exantpée were calculated
the costs of biomass producing in fertile regiod @&mregion with 50% less fertile earth. The castdiomass in less
fertile region are 42% higher in comparison witlstsoof biomass cultivated in fertile earth.
Accepting that there is no big difference betwelkosen technologies of CHP plants (from the poirgfti€iency), choice
of fuel can change because of difference of biormasts. The research demonstrates the meaningjiohes factor while
estimating possibilities of biomass usage in CHintsl.
Keywords: CHP using RES, Sustainable Energy Contgnomudel.

Kopsavilkums
Lai istenotu Latvijas, K ES valsts, Enggtikas Politikas ilgtspjigus n&rkus, ir pimemts Emums izmantot kgenekcijas
potencilu, lai sasniegtu kago siltuma slodzi 300 MW Latvijas ligs pilstas un 100 MW prgjas Latvijas pilstas lidz
2016. Gadam,%an stimukt kogene&cijas atistibu, izmantojot atjaunojamus eggas resursus (AER) [1].
Viena no galvenajn kogenetcijas priekSrotham ir iesggja izmantot daddus vietjus energoresursus efgas razosanai.
Latvijai ir rakstuiga centralizta siltumap@des sistma, kas noung, ka apdzotiem rajoniem ir pietiekoSi augstie siltuma
paerini, lai vartu instakt jauras efekivas k@enekcijas iekartas. Adapits Latvijas apgkliem llgtsiEjigas Eneggtikas
Attistibas modelig2] lauj analizt petama regiona visus energoresursu tipus un citus faktoras,zistadatu resiona
energoaistibas piinu (garislaiagu (2-3 gadiem), gan ilgtgpgu (idz 2020. gadam)) ua tealicijas vadbu.
Regiona enegétikas ilgtsggjigas afistbas metodolgija paredz padiinatu viegjo AER izpeti, it ipasi biomasas ieguves
potencila un biomasas razoSanas @apanaizi. Ja §eldas raZotnes ir diezgan vieengi izplafitas pa visu Latvijas
teritoriju, un labs c tikls lauj piegdat Skeldu visos rgionos, tad biomasas raZzoSanas po&igiesgjas ir atkargas no
lauksaimniecisks zemes autbas, kas stipri atiras daZdos rajonos, undz ar to atfiras ar biomasas ieguves izmaksas.
Kogeneéicijas elektrostacijas iedartaanai kuriama komponenta (no biomasas saraZotizes) izmaksas (lbm) var
aprkinat ka:

lom = Iy - lst
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kur:

Iy - kopzja stacijas, ieskaitot biages razotnes, izmaks

It — Stacijas un biazes raZotnes tehngijas izmaksas.

Inm ietver pilnu laukkopbas darbu apjomuéSana un razas nakSana, lauku apgiies tehnikas amoracija u. c.).
Ir izskafts kogenekcijas iekartas biomasas izmaksu kalacijas praktiskais piedrs. Biomasas izmaam ir noamiga
loma kagienegcijas stacijas kuri@ma izmak@as un sarazas enegijas cerl [3]. Pientra veikta izmaksu kalkakija
biomasai saraZotai adgi regiona un biomasai saraZotai giona, kur augsnes r@ia ir par 50% zeaka. lzmaksas
biomasai, saraZotaigmna ar zemako augsnes ribu, ir par 42 % ligkas saldzinot ar saraZoto atiga regiona.
Pienemot, ka k@enefcijas staciju tehnogijas maz aftiras (iz\elas visefekivakas), tonér de] biomasas izmaksu
atkirtbas var maitties kuririma izvele. Raksa pamdita regionala faktora nozme, now¥rtéjot biomasas pielietoSanas
iesfEjas kazenekcijas stacis.
Atslegvardi: AER izmantoSana kenericija, llgtspegjigas Enegetikas Atisttbas modelis.

Introduction

The main goal of Latvian energy policy is securmlegically save and independent ene
supply.

As a European country, Latvia has increase the renewable energy part in total en
consumption to 42 % in 2020. At the moment, thenprly energy resources of Latvia are distribt
as follows from the figure 1.To reach the I-term goals of Energy Politics of Latvia, as EU men
county, it is solved to use the potential of cogenerativith common heating load about 300 MV
in Latvian big cities and 100 MWth in other Latviaities until 2016, as well as to stimulate

development of CHP plants using renewable sourcesargy (RIS)/

Elektroenergijas
o ke
o

= Elektroenergiias
E'i::_’;“:;’:;‘“ imports no Krlevijas
2,4%
(EE-1,9%,LT-0,5%)
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importfrom EU-27,

0,6%

E Ci!
importfrom Russjz

Naftas produkt:

Naftas produktu
imports no ES-27
16,3%
(LT-14,5% EE-0,6%, PL-0,6% 0.2%,
SE-0,1%

imports no paréjzs pasaulds
0,1%, DE-0,1%, othej0,2%)

2,8%
(ND - 2,6%, USA-0,2%)
N

PasnodrosSinajums
0Oil product
importfrom EUJT. 35,9%

__Oolu ' Self-sufficiency
imports no ES-7 -
0,1%
b 7
Coal
import from EU- ‘
v/

{BY - 6.7%, RU-4,7%,
KZ-0,4% other-0,1%)
Oil products
import from CIS™

Figure 1. Primary energy resources in Le

One of the most important advantages of CHP issgipiity of usage of different local ener
resources for energy producing. Latvia has a cheniatic centralized power supply system, wt
means inhbited areas have sufficiently high heat loadscmmmodate installation of an efficie
cogeneration facility.
The presented study is a part of experiment of tgpphe Sustainable Energy Community Model
Latvian circumstances from the point of elopment of CHP. The main goal of the experimeno
choose the most appropriate (economically and tealy effective) technologies and renewa

source of energy for newly developed CHP plantdifierent Latvian regions. The research obsel
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below shows the importance of regional factor whattimating possibilities of vegetative biomass
usage in CHP plants.
Applying a Sustainable Energy Community model for @velopment of CHP

Sustainable Energy Community Model adopted fovileat circumstances allows to analyze all
types of energy resources and other factors of gainregion, to work out the plan of region’s
energy development (both short-term (2-3 years) land term (till 2020)) and management of its
realization.

Applying the Sustainable Energy Community modeldified for Latvian circumstances
allows new technologies and techniques to be aretitested in real environment.
The process of region energy development planmiclgdes:

- forming the total vision of region (local energgoeirces, economy, demography, etc)

- defining of motive power in a region

defining of base line of development

working out the scenarios of development

- formulating the strategy

- formulating the plan of actions

- monitoring and estimating the progress

- adapting the new information for the planning pssce
Using the modified SEC model, it is possible to @lep CHP technologies in different Latvian
regions, using local renewable energy sources.
Influence of a regional factor: the method of calclation

Usage of renewable energy resources is ratherdegtloped in Latvia. In heating of private
houses firewood successfully competes with fossl.fBoiler houses in the centralized heat supply
system often are transferred to use of firewoopeeislly in regions where natural gas is inaccéssib
However wood is seldom used as a fuel for CHP plarecause CHP technologies, where the direct
burning of wood is applied, have lawratio (the ratio between produced electric andntia¢ energy).
Therefore the idea of biogas production for CHmfgddecomes popular — biogas can be used in such
CHP technologies with high ratio like gas turbine or internal combustion em®gi
SEB model applying includes deep examination céllaenewable energy sources, especially

the analysis of biomass receiving potential andmiss production possibility. While units of
woodchips production are situated in all Latviamitery with quite regular intervals and good syste
of roads can provide the delivery of wood fuel lid_atvian regions, biomass is a fuel which neeals t
be used possibly closer to the place of its praducPotential of biomass production depends on
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fertility of the earth, which considerably varies different regions, therefore costs of biomass
receiving are different as well.
The cost of fuel componentbiogas received from biomass) of CHP plant is:
lom =I5~ Ist,
where:
Is- - full costs of CHP plant (LVL);
lst — costs of CHP plant technology (LVL).
Cost of production of biomass includes all agrierdt works necessary for biomass producing,
amortization of agricultural machinery, etc.
Costs of biomass productiorhas a big role in CHP plant fuel costs and finalip forming a price of
produced energy, which influences on choice of &mel technology for CHP plant.
Cost of biomass production can be expressed as:
ibm = Lbm * 1 ap/ Q ,where:

ipm- cost of biomass unit production (LVL/MWh/a);

Lom- Square of soil necessary for producing of biomamss(ha);

lap- costs of agricultural works (LVL/ha);

Q - volume of the received energy (MWh/a).
The value 4, is considered equal for highly fertile and lesHtilie soil, though in reality it can be
influenced by different circumstances of soil pissiag.

The lower is the fertility of soil, the larger iset area necessary for producing of biomass unit,
the higher is the price of biomass. Importanceaof fertility and crop capacity can be shown on a

practical example - the project designed for Zemgegjion.
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Figure 2. | — additional square, if soil fertility 15 % less than n; Il — reduction of square 0¥l
higher capacitive crop is used.
Variant No| Capacity of Square of | Fertility of soil| Capacity of
CHP plant, earth, ha crop
kW
1 1000 580 n m+10%
2 1000 707 n M
3 1000 1090 n-15% M

Table 1. The difference of earth square for prodgcf the same amount of biomass, when fertility of
soil is 15% less or the capacity of crop is 10%ertban medium.
Analysis of possibility of use of biomass for CHPIants in different regions of Latvia

There is observed practical example of calculabbibiomass costs for CHP plant(the data

used for calculation were provided by Latvian Statearian Economy Institute).

Table 2. Number of districts with certain fertiliéy spoil in Latvian regions

155

Number of districts with certain fertility (weigldeaverage qualitative
Spoil fertility, assessment, points/ha) in Latvian regions
points Zemgale Kurzeme Vidzeme Latgale Riga regjon
> 60 9
50-59 17
40-49 32 45 21 10 31
30-39 32 46 78 103 41
20-29 2 4 15 10 2
<20 1 2
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Fertility of spoil is estimated in points accorditag normative fertility (1 point for 70 kg of
rye).Maximal spoil fertility is in Zemgale region64 points.
In 90% of Latgale region spoil fertility is low 0339 points.

The costs of biomass producing make the big patthetotal costs of fuel for CHP plant and
price of produced energy. In the example there wateulated the costs of biomass producing in
fertile region and in region with 50% less fergarth.

Table 3. Calculation of biomass costs for CHP ptanpractical example

Power of | Produced Cost of biomass Cost of
Square, . .
Soil fertility, | CHP plant,| energy, ha | LV [ LVL/M | competing fossil
60 0.8 2400 550 55 22.9 40-45
30 0.8 2400 825 83 34.6 40-45 *

* Natural gas (01.07.2012. data)

When developing the long-term energy developmendehaspecial attention was paid to the
assessment of fertility of the soil. As it is séem the table, the costs of biomass in less &rggion
are 42% higher in comparison with costs of bionw@ggvated in fertile soil, while the differencerca
be much more considerable because of distinctianghé conditions of receiving a biomass in
different Latvian regions. Accepting that approxieip identical (most highly effective) technologies
are chosen for new CHP plants, the calculated mid@omass can significantly affect a choice of
fuel.

There is developed a model (on Excel base) foutatiog the biomass costs in every concrete
case and concrete region.

Algorithm of estimation of biomass usage in CHP plats

The process of working out the long-term energyettjgment model includes both deep
examination of soil quality and animal husbandrgdurctivity in a region, and developing of the real
plan (long-term (for a period till 10 years) or gherm (for 2-3 years)). Plan of action is the inos
important result of the observed methodology, wiiabvides estimation of biomass possible usage as
a fuel.

In difference from the wood fuel, which logisticadamarket are well known, the market of
biogas is still a little studied, especially therk& of its production raw material - biomass. Upon

transition to the % generation RES, the demand for the livestock waiténcrease.
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Basic information:
1) square of earth; 2) fertility of spoil;
3) capacity of crop

\4
Received biomass

|

Y

Biomass
market

A

CHP plant N
» Biogas market
Thermal Electric energy
End user Electric energy
marke

Figure 3. Algorithm of estimation of biomass usage
Conclusions

Sustainable Energy Community methodology modified Eatvian circumstances can be
applied in process of development of cogeneratiolmatvia (putting emphasis on usage of RES). For
choosing the most appropriate technologies ands fieel newly developed CHP plants in different
Latvian regions there was worked out the SEC maotkela part of a SEC model there was developed
the algorithm of estimation of usage of biomasgshasone of the main Latvian local RES.

The costs of biomass producing make the considerédit of the total costs of fuel for CHP
plant and finally strongly influences the price gbduced energy. While estimating possibilities of
vegitative biomass usage as a fuel, special atiestiould be paid to the assessment of fertilitghef
soil (regional factor). Because of possible biget#nce (up to 40%) of vegetative biomass costs in

more and less fertile regions there can be chogwnr tuel than biomass.
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Abstract

The secondary metabolites of bryophytes as envirorental stress markers
Biomonitoring is the use of biological responsesassess changes in the environment, generally ekadge to
anthropogenic causes. Bryophytes or mosses haverbeegnized as the effective type of organismdbifomonitoring of
air quality based on their numerous physiologicatl anatomical features, widespread occurrence andehcy to
accumulate and retain pollutants. In this papewésinvestigated how different pollutants affect mieal content of
bryophytes more specific total amount of phenolaosl antioxidant activity. The aim of the projesttd evaluate
pollutant influence on bryophytes and their secopdaetabolites. This research provides informatiorbryophytes, use
of mosses as bioindicators, physiological, anatah@od ecological advantages of bryophytes us@&imdnitoring.
Key words: bryophytes, biomonitoring, use of brydptas biomarkers, biomonitoring

levads

Briofiti ir butiska mezu un purvu ekosistu veidojoSa sa®tdaa it ipasSi Zieméeiropa.
Briofitu nodaijuma ietilpst lapu gnas Musci), kas atrodamas jebkumezu ekosigma, aknu snas
(Hepatecia) kas bieik sastopamas mits viets, ka afi ragvacelites @Anthocerotae)kas Latvij
sastopamagoti reti un paslaik ir atrastas tikai dazas sudgasofiti aug apsiklos, kur iespjama
fotosinEze, imemot fidus ekstremus apsiklius la, pientram, &lsezeri un karstie avoti. Augu
taksonomij tie atrodas starplgem un paparém un augu evakijas sltma ir noazmigs posms starp
udensaugiem un augkhjiem augiem. Briafi tiek uzskaiti par sefkajiem sauszemes augiem
(Asakawa et al. 2013; Chun-Feng 2009). So augaisiedugu skaits ir saitt ar tehnolgiju un
metoZu afisibu sugu noteikSanaialan starptautisku briolgijas asodiciju sadaribu (Godfrey 2010).
Lai gan tradicioali briofiti tiek uzskaiti par maza izrera augiem, to@r to izmers ekvatoram
pietuviratajos rgionostden augosajiem var sasniegt pat 2 metrus (Glime 2007).

Briofiti tiek iedaiti pie zenakajiem augiem un togijumiem kidz Sim pie@rsta maza &1iba
(Glime 2007). Misdieras tiek fgtita briofitu sistematika un ekolgija, aktlals petijumu virziens ir ar
briofitu biologiskas un farmakolgiskas ipasbas. Daudzi §tijumi ir saisiti ar briofitu izmantoSanu
piesirnojoso vielu bioindilicija (Szczepaniak et al. 2003; Ares et al. 201Z)nuSizmantoSana
biomonitoring ir aktuals jaugjums gan Latvijas, gan starptautiskiéroga. Latvija ir veikti petijjumi,
kuros novrtets smago metu daudzums viejo mezu snas (Nikodemus et al. 2004).

Saidzimajuma ar augsikajiem augiem briafiem ir vienkirSaka uzhlive un tie viedlk
pakaujas vides rathm stresam, jo lapas biezi vien sedz tikai vigima$Shnis. Ir pamats uzskat ka
no apkirtjas vides ietekrem briofitus aizsarg dazdi adapicijas melanismi un piedrnojoSas vielas
rada bigimiskas izmajas brioftos (Glime 2007). Augskajos augos toksisko vielu un stresa faktoru
iedarhba, k& ai citi stresa faktori, rada polifenola daudzumajradtkalas aktivitites izmanas, kas
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Iidz ar to kalpo par pi@siojuma biomakieriem. Briofitu sasiva ir atrasti polifenoli, kas daji varétu
noteikt to antiradiklo aktivitati, kas pa&ida augu s§ju cinities ar bivajiem radikliem, kas negati
ietekn® Sanu darfibu. Nemot \era iepriekS migtas briofitu izcilas piekgoSamas sggjas un iztuibu pret
dazdiem vides faktoriem (sausums, karstums, aukstumms)vides piespojumu, tie biezi tiek
izmantoti & bioindikatori, piendram, atmosifras piedrpojuma noteikSanai.

Sinu ka bioindikatoru pielietoSanas ali#daimi mekEjami Skandiavijas valsts 20.gs. 60. gadu
sakuma. (Gjengedal 1990). Kops 20. gs. 60. gadu dmidPleurozium schreberun Hylocomium
splendensir sinu sugas, kuras visbig tiek izmantotas biomonitoriagregionala, nacioala un
starptautiskaimena atmosfras piedrnpojuma @tijjumos to plass izplatbas @] (Chakrabortty and
Paratkar 2006).

Sunaugoscimiskie elementi var nogulsties tis veidos: no ggveida fizes, no aerosoliem un
puteHiem vai no tidens Eiduma (Makholm and Mladenoff 2005). Galveadkpiesarnojuma
akumukcija dinas notiek pawva cda — daadu fizikalkimisku procesu, pieénam, jonu apmais
rezuléita, ka af, ddinam nogulsgjoties uz &nu virsmas (Anii¢ et al. 2009). Vides unaeaugu
savstarpjais lidzsvars ir visai sarg#s, jo ir atkafrgs no vaisikiem faktoriem. idzsvaru ietekmtadi
fizikalkimiskie procesi k elementu izskalosas un izgiSana, katjonu apmg, anjonu kompleksu
veidoSafAs un biolgiskie procesi, pieRram, fenotipa adaptijas sgjas, fiziolggiska aktivitate,
augSanas tips uatrums (Boquete et al. 2011). Nevientromi tiek \erteta nokrigiu ietekme uz
elementu akumactiju siunas, jo lietusadens var nomazg sinas, ieskalojot elementus augsmai
skidinat sinaugu audos absatios elementus,aticjadi atvieglojot to ugemsSanu (Steinnes, 1995).
Vides piearnojuma ietekmi ir iesgjams nowertet an pec briofitu sekundro metabatu daudzuma
izmaipam dinas (Feng and Xiang 2009).

Sekundrie metabati ir kimiski savienojumi, kas atspolgu briofitu un vides savstagm
mijiedarlabu abiotisku vai biotisku faktoru dakdas rezulita (Feng and Xiang 2009).

Darba ngrkis bija veikt biomonitoringa ptijumos izmantats sugasPleurozium schreberi
sekundro metabatu reakcijas izpti dazadu piedrnojoSo vielu iedartbas rezuflita apstklos. Darba
ietvaros tika veikta briafu izplatbas un uztivesipa3bu izete, briofitu ka biomonitoringa mateila
priekSrogbu anaize un brioftu kimiska sasiva anaize.

Materi ali un metodes

Petijluma izmantos suga ir Pleurozium schreberikas plasi sastopama Zieleieopa. Ta
sastopama skuju koku un lapu koku meZdasak purvos un zlajos. Pleurozium schreberplaso
izplatibu nosaka tas, ka suga aug nabgidaugs®@, uz koku pamatnes, truposSas koksnes un gi@str
pH diapozons ir 3,3 — 7,2 (Strazdiu.c. 2011)Pleurozium schrebereti sastopams izteikti Keainas
vai baziskas augses (Godfrey 2010). Lai nodro&itu sinu paraugus bez p&sojuma un citu sugu
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piemaigjumiem, Etijuma izmantotais 8nu materils ievakts me# netlu no Saulkrastiem (575'99”
N 25°05’25” E) 2012. gada rudens sezon
Paraugu apstide

levaktie paraugi tika izvietoti plastmasas Ktest (8 x 6¢cm) un auds laboratorijas apaklos
(1. at€ls).

1.atels.

Lai eksperimenta laikk nowertetu briofitu sekundro metabdtu izmahas piedrmojuma
darlibas rezultta, sinu paraugi tika apsgtdati ar piegrnojo&m vielam: ar Cd*, F€* un PB* jonus
saturoSiemi@dumiem 6 daddas koncenticijas (0,1 mg/l; 0,5 mg/l; 1,0 mg/l; 1,5 mg/l 2,%fun 5,0
mg/l) un KO, saturoSu §idumu 6 daZdas koncenticijas (0,1%,; 0,5%; 1,0%; 1,5%; 2,0%; 2,5%)
divos atkirtojumos.

Papildus tika sagatavoti 4 kontrolparaugi, kutiikeeapstadati ar piearnojosam vielam. Rec
apstades ar piegnojosam vielam sinas tika auddas 5 dienas, katru dienu laiss ar kiina adeni,
pec § laika tika nmemti pirmie paraugi un novietoti glaganai saletava pie -20C. Ot:a paraugu
serija tika nmemta 10 dienas gp paraugu apstdes ar piesnojosam vielam. Lidz paraugu
nopemsSanai tie katru dienu tika latstar krana adeni. Rc paraugu ngemsSanas tie tika izgéti
Zavskap un glafati saldstava pie -20°C.

Ekstraktu pagatavoSanai konstanta masa paraugatsSké@dta un sausaisigu paraugs tika
sasmalciats dzirnavhas (Aurum), aizskivejama traula tika ies\erti (anaitiskie svari,Kern ALJ220
— 4, A = 0,1 mg) 0,3g izweto Pleurozium schrebersinu un prlietas ar 30 ml 80% etanola
(Jaunpagasts Pl)s Sadi talakam anaizem tika sagatavoti visiisu paraugi. Bc aplieSanas ar 80%
etanolu paraugi 20 min tika apstiti ar ulstraskau (Cole-Parme}, pie 150 apgriezieniem kitt24
st, (PSU-200), tad aiktoti 10 mirites apsadati ar ultraskau (Cole-Parmey, filtréti un gatavie
ekstrakti uzglafiti ledusskappie +4C.

Kopeja polifenolu daudzuma noteikSana

1 ml 80% snu etanola ekstraktu ievietoja nedtana megere, pec tam tika pievienots 5 ml

Folin-Ciocalteu Aldrich) regsents (10%). Bc 5 miritém pievienoti 4 ml atrija karborata (Enola)
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(7,5%), negene aizskivéta un sakrata. Maigjums tugts 2 h tums vieta istabas temperaa.
Absorbcija tika narita cilindriskaf kivete (10 ml) uz spektrofotometraHach-Lange DR 28Q0pie
725 nm. Absorbcija katram bridéi ekstraktam fik&ta vismaz 3 paralos nerijumos. Kalibacijas
Itknes standartam izmantots gallais&s Aldrich) Skidums. Kalibacijas ikng tiek izteikts galluskbes

daudzums uz 100 g sausnes (st

3,000 -

43001 y = 0,0302x - 0,3052

R? = 0,9998

2,000 -

1,500

Absorbcija

1,000
0,500

0,000 - . .
25 45 65 BS
Galluskabe, mg/l

2.attls. Kalibracijas likne.

Antiradikalas aktivitates anaizes

Antiradikalas aktiviates noteikSanai tika izmantots difenilpikrilhidri@ziradilala &idums
(DFPH). Izmantotais rggnts DFPH ir notdgs un stabils livais radikilis un tiek plasi pielietots
dabiskas izcelsmes antioksidanpadbu EtiSars. Petijumos tas tiek izmantots kopsS 1969. gada
(Tirzitis u.c. 2010). $iduma pagatavo3anai izmanto 4 mg DFRYd(ch), ko iz&idina 100 ml
mérkolba 96% etanal (Jaunpagasts PlusBkiduma absorbciju, kas nekist grsniegt 1, rara 1 cm
kvarca kivet pie 517 nm. kiduma pagatavo3anai tiek izmantota 10 ml amsjama megene.
Sakotrgji nosaka kontroles absorbciju {A megere ievieto 3,6 ml sagatavwDFPH &iduma un tam
pievieno 0,3 ml 80% etanolu, un nosaka absorbaégunpteiks vilpu garuma. Lai analétu paraugus,
megere ielej 3,6 ml DFPH Kiduma un pievieno 0,3 ml sagatavakstrakta, rdgeni nostdz un
kartigi sakrata, pc 15 miritem mera absorbciju (4). Antiradikala aktivitate tiek izteikta procentos,
izsakot, cik liela de no radikla ir izreagjusi ar ekstraktu. To nosakagpformulas:

Ao - Ap
ARA = ——x 100%
Ao

Metalu daudzuma noteikSana

No sald@dtavas tika imemti sagatavotie britthi paraugi, rarkolba tika iesrts 0,1 g bricftu
parauga, kas apliets ar 5 ml 65%pslKskabes Enola) un 2 ml 30%idenpraza peroksla Stanlal).
Maisijums 12 stundas tika ttts istabas tempefat un Ec tam karsts uz sildvirsmas Kiosar)

+106°C, lidz sagatavatmaigjuma tilpums ietvaiets idz ~ 3 ml. Maig§ums tika atdzegs, filtréts un
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at&aidits ar destétu adeni idz 10 ml. Meilu koncenticija tika noteikta izmantojot atomabsorbcijas
spektrometru PerkinElmer Analyst 200ar liesmas atomiziju un elektrotermisku (GFAAS)
atomizciju (Eaton u.c. 2005). Pagdilkatram brioftu paraugam tika veikti 2 tukSo paraugerjumi.

Lai nowrtétu metlu akumulciju sinas, sinu ekstraktos tika noteikta tmetla daudzums, ar
kuru konkgtais ekstrakts bija apatfats. Visu tis mefilu daudzums tika noteikts tikai kontroles
paraugos.

Rezultati un diskusija
Lai nowertetu briofitu sEju pretoties oksidagam un citu faktoru rathm stresam, tika
apkopoti polifenolu un antiradikas aktivitites anaku rezuliti.

1. tabula Absorbcija un polifenolu daudzunts ekstrakt atkatba no Cu?* jonu &iduma
koncentécijas (Liga Pakalna)

N | 14.11. 19.11.

Cu™, mg/l (14.11) Polifenoli, g/! Polifenoli, g/!
0,10 24,64 22,81
0,50 24,90 23,34
1,00 27,62 25,66
1,50 29,37 27,62
2,50 38,51 31,03
5,00 31,42 23,54

Rezulfiti uzrada polifenolu daudzuma (g/l) palieianos idz noteiktai Cu™* jonu saturoda
&iduma koncenacijai (1. tabula). Ssakatba liecina par auga dabiskaj aizsargsgiam, kas izstda
polifenolus 1dz koncenticijai, kura tiek parsniegta maksidia aizsargsgju kapaciiite un augs
atmirst. lidziga tendence aojama Pb** jonus saturo$ok¥dumu anakes (2. tabula), kas umiija
koncentaciju, lidz kurai augs palielina izatlato polifenolu daudzumu un atmirst, kad tiekgniegta
maksindla piegirnojo&s vielas koncendcija. Ari Fe* jonus saturo$uk¥dumu ekstrakti uzda &du
paSu tendenci (3. tabula) — bitof aizsargs§jas ir ierobezotas, un &agksperimerit maksinila
piesirnojosSo vielu koncendicija, pret kuru 8naugi spj cinities, ir 2,5 mg/l. Anakes tika veiktas
paraugiem, kas memti 5 un 10 dienasép apsmidziaSanas ar pi@spojosam vielam. Visas reiz£s
augsiks polifenolu saturs konst$ 14.11. ngemto paraugu ekstraktos, kas liecina par auga
aizsargspu samaziasanos, pieaugot laikamg@kura sinas apsmidzitas ar pieanojo&m vielam

2. tabula Absorbcija un polifenolu daudzuntsis ekstrakt atkaiba no Pb** jonu &iduma
koncentécijas (Liga Pakalna)

PEmg .14.11'. '19.11..
Polifenaoli, g/l Polifenoli, g/l
0,10 25,93 23,54
0,50 28,11 24,21
1,00 29,60 26,26
1,50 33,18 28,41
2,50 35,86 33,97
5,00 33,15 28,54
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3. tabula Absorbcija un polifenolu daudzuntsis ekstrakt atkatba no Fe** jonu &iduma
koncentécijas (Liga Pakalna)

411, 1911,

Fe’* mg/l Polifenoli, g/l Polifenoli, g/l
0,10 29,47 25.83
0.50 31.23 30.76
1,00 32.45 32.25
1,50 33,34 32,95
2.50 35.73 34.11
5.00 29,77 27.55

4. tabula Absorbcija un polifenolu daudzunias ekstrakt atkatba no Fe** jonu
skiduma koncenticijas (Liga Pakalna)

14.11. 19.11.
H,0,, % Polifenali, g/l Palifenoli, g/l

0,10 24,74 24,04
0,50 25,46 25,30
1,00 25,86 25,56
1,50 27,12 27,05
2,00 29,54 29,34
2,50 30,00 29,74

Ar H,0O, apsmidziato pirmo paraugugsijas ekstrakti uzdija pieaugoSu polifenolu daudzumu
(g/l) proporcionli H,O, koncentécijas pieaugumam (4. tabula). Tas liecina pajusginities ar
oksidatvo stresu. Lai gan polifenolu daudzums ir ganddentisks abos paraugur@msanas laikos
(attieagi 5 un 10 dienas g apsmidziaSanas), 19.11. memtie paraugi uzZda nedaudz maku
polifenolu saturu, jo ilgka laika piesirnojoso vielu stresa klbiatne nowjina organismu.

5. tabula Antiradikla aktivitate dinu ekstraktos, kas apadati ar me&lu jonus
saturoSajiemiddumiem

Cu " konc. mg/l PB" konc. mgl/l Fe’, mgll
koncentécija, mg/l Cu Cu Pb Pb Fe Fe
14.11. | 19.11. 14.11. 19.11. 14.11. 19.11.
ARA, %

0,10 13,00 7,09 19,64 12,54 8,10 7,80
0,50 12,43 6,83 18,99 13,89 13,76 11,61
1,00 12,21 9,41 17,98 15,30 13,10 12,80
1,50 14,99 11,00 20,31 16,01 15,3 13,76
2,50 15,87 14,78 19,89 18,21 20,583 18,21
5,00 9,72 2,02 10,80 9,53 11,54 10,05

Antiradikalajai aktivitatei (ARA, %) ir tendence palielities proporcioali piesarnojo&s
vielas koncenticijai (5. tabula). Ar meliem apsmidziatajiem paraugiem antiradika aktivitate
pieaug idz 2,5 mg/l koncenicijai un tad samaziis — tas noung, ka augs ir izs@lis savas
aizsargspjas un atmirst. Salzinot paraugus, kas memti 5 vai 10 dienas ¢p apstides ar
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piesirpojosm vielam, lielaku antiradiklo aktivitati uzradija paraugi, kas n@mti 5 dienas &
apstades ar kaigaam vielam.

Ar H,O, apstidatajos ekstraktos antiradilé aktivitate pieaug, palielinotiesidenraza
peroksda koncenficijai. Lidzigu tendenci uada abu 8nu $riju paraugi, kas apgtdati ar H,0,. St
sakartba liecina par organismaniSanos ar pi@spojo&m vielam un to, ka nav sasniegta makaifn
piesirnojosas vielas koncenicija, kuru organisma dabigk aizsargsfjas nespj parvaret.

Metalu daudzuma andu rezuliti uzrada pieaugosu mau daudzumu, palielinoties nad
jonu koncenticijai kidumg, ar kuru tika apsidati sinu paraugi. Lielks me&lu daudzums — laika
metlu akumukicija nowerota ekstraktos, kuru brithi materils nmemts 10 dienaséo apstides ar
piesirpojosam vielam. Saidzinot ar tukSajiem paraugiem, visaugist metilu daudzumu uadija ar
dzelzs jonu saturoSk®lumu apstdatie ekstrakti (10 reizes laka akumudcija nelka Pb un 2 reizes
labaka akumuicija neki Cu). Kontroles paraugos dorgja Fe daudzums, tad sekoja Cu un Pb. S
sakarba skaidrojama ar smago mletklatbitni sinu dabiska& augSanas vid Smagie meati siinas
galvenolart nolast ar nokrigiem.

Visi ar piearpojosam vielam apstidatie ekstrakti 10 dienasép apsmidziaSanas uzdija
zeniku polifenolu daudzumu, nek5 dienas pc apsmidziaSanas, kas liecina par organisma
novajinaSanos piesnojoso vielu kiitbatne

Briofiti uzskaimi par perspektiem vides pieanojuma biomdgieriem, jo gan matu jonu
(Fe*, PEF*, CU") gan oksidtaju (H,0,) iedaribas rezulita palielias polifenolu un antiradito
aktivitati nosakoso vielu daudzums, vienlaikus pieaugatiskijai akumuito metilu koncentécijai.
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CARNIKAVAS GAREZERU MAKROF ITU VEGETACIJAS
RAKSTUROJUMS UN TO EKOLO GISKA STAVOKLA
NOVERTEJUMS

Lauma Vizule
Latvijas Universiite, Geog#fijas un Zemes zitnu fakuliéte, Alberta iela 10, Ra
Latvijavizule.lauma@inbox.lv

Abstract

According to the Water Framework Directive 2000MD/all water bodies in Latvia must achieve at legstd water
ecological quality status until 2015. The aim of tiesearch “Characterization of macrophyte vegetadind ecological
quality assessment of the Garezeri lakes” is tones¢ ecological quality of the Garezeri lakes lsing macrophytes as
biological indicators. Together in Garezeri Lakesrevrecognized 36 macrophyte taxa. Species withelsigoccurrence in
all lakes wereNuphar lutea, Phragmites australi€arex acuta, Comarium palustreythrum salicaria.Only in Dienvidu
Garezers Lake was identified two protected and species Lobelia dortmannaand Isoétes lacustrisin the Garezeri
lakes helophytes dominate in amount of speciestatad occurrence. Highest number of species aral taacrophyte
occurrence was estimated in the most shallow deptie (O — 1 m). Highest biological diversity isZiemdu Garezers
Lake, where is the highest Shannon index (H' = 8)&d the lowest Simpson’s index D = 0,135) vallgsironmental
factors with most significant influence on macrogghyegetation are total phosphorus, pH and alkgliritcological
quality of Dienvidu and Vigjais Garezers Lake is good; but ecological qualftgiemdu Garezers Lake is moderate. The
most appropriate methods for ecological qualitynestion are British Lake Macrophyte Nutrient IndgMNI), for Latvia
adapted Estonian method and percentage cover abpiades.

Atslegas virdi: makrofiti, sugu sasivs un sastopaiiba, sugu daudzveigias indeksi, vides faktori, ekgiska kvalitate
levads

Saskaa ar Eiropas Parlamenta un Padomésdens struktrdirekfivu” 2000/60/EC idz
2015.gadam visos Eiropas Savleas dabvalstu adensobjektos irasasniedz vismaz labsdegu
ekolagiskais sivoklis. Galvenais pamatsidenu ekolgiska stavokla nowrtéjumam ir Gdegpu
biologiska kvalitate. Makrofti ir vieni no adegpu biologiskas kvalitites elementiem, kurus, veicot to
sugu sa@va un sastopaibas nowrteSanu, paredz lietot gan direkd 2000/60/EC, gan Latvijas
normaitvie akti. Ta&u, lai iegitu pilnigaku ezeru ekol@iskas kvaliites noeértejumu, kads tiek prags
atbilstosi direkivai 2000/60/EC, ir titiski makroftu datus skait kopa ar vides faktorus raksturojoSiem
raditajiem (Dudley et al. 2008).

Kaut af tadegpu aizsardiba ir viena no galven@n prioritatem af Latvijas vides aizsardzaas
politika, Latvija nepastv noteikta metodika, & anali£t makroftu datus ezerosadg] Sis parametrs
tiek vertets tikai uges. Par Latvijas ezeriem kopanr saidzinoSi maz makrafu petijjumu. Rdgjais
ezeru monitorings, karieklauts ar makroftu nowrtéjums, tika veikts 2004.gad Petamie ezeri
atbilst Latvip 1paSi aizsargiamam salddens biotopam — semidistrofiem ezeriem (Dienvidue@ai
Sis biotops prklajas ar citu aizsaigamu biotopu - rikstidens ezeriem ar ezerelsoétesun/vai
lobgliju Lobelia un krasteu Littorella audzm), tatu to ekolgiska kvalitate netiek kontrdita.
Ziemdu un Vidcja Garezex makroftu sugu sagva noteikSana nav tikusi veikta vispbet Dienvidu

Garezez pedgjie petijjumi tika veikti 2001.gaal
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Petijluma nerkis ir nowertét Carnikavas Garezeru ekgleko kvaliati ka indikatororganismus,
izmantojot makratus.
Materi als un metodes

Dienvidu, Vicgjais un Ziem&u Garezers atrodasidgds diras ica Vidzemesijrmalk. Garezeri,
kas veido triju ezeru virkni, ir visizteiksigakie jomu ezeri Latvy. AtbilstoSi ekolgiskajam tipam tie
ir loti sekli binudens ezeri ar zeniidens cigbu.

Makrofitu petijumi Garezeros tika veikti 2012.gada augud¥lakrofitu nowertéSanai tika
izmantota transektu metode, kuras pamattransektu veidoSana perpendidulezera krastam, tas
sakas no ezera krasta un sniedZiaz Imaksinilajam dzlumam, ku# ir sastopami makraif. Katra
transekta ietvaros té$ dziuma zoas (0 — 1 m, 1 — 2 m, >2) tiek noteiks makrofsugu sasvs un
sastoparia 5 ballu skal (Melzer, 1999)Nemot \&ra ezeru plabas, Dienvidu un Viga Garezeix
tika veidots 21 transekts, bet Zielm&arezexr — 11 transekti.

Papildus makrafu petijumiem tika veikta ar makroftus ietekndjoSo tdens vides faktoru
noteikSana. Lauka gjumu gaifi tika noteikta idens caurredzaitma, elektrovadsgeja, pH un
skabea daudzums, bet veicdfimiskas anaizes laboratorlj - tdens kopja cietiba, késairiba,
kopgjais shpeka daudzums un kajais fosfora daudzums.

Lai nowrtetu makroftu sugu daudzveidu Garezeros, tika izmantoti sugu daudzisad
indeksi - Sennona indekss (H"), Simpsona indekgs itiaksinalas daudzveitbas indekss (jhy un
izlidzinatibas koeficients (e).

Ekologiska kvalitate tika nowrteta, izmantojotetras dazdas makratu no\erteSanas metodes.
Ecological State Macrophyte index (ESNH)Polija izmantog metode ezeru kvadites noerteSars.

H x Z x ex E
Hmax P

ESMltiek apgkinats pec Sadas formulas:

ESMI=1- exp{—

, kur
P — ezera plata
N — fitolitorales platba
Z — kolonizcijas indekss
H- Sennona indekss

Hmax— maksimalas daudzveitbas indekss

=- , kur
izobh.25

N — fitolitorales platba
izob. 2,5 platba no ezera krastanljas idz 2,5 m izobtai
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Lake Macrophyte Nutrient Index (LMNIy makroftu nowrtéSanas metode Lielbiiija.
Indekss balas uz katram taksonam nepiecieSamalize elementu daudzumiuMNI tiek apgkinats
balstoties tikai uz sugu sast, ka vidgja vertiba no viam sugu trofiskam Vertibam, kuam indeksi ir
pieejami (Bertrin et al., 2012) &P tam tiek apgkinats iesgjamaisLMNI, izmantojot formulu:

kopéja cietiba

LMNI = 0.9333 x (log ) +5.4937,

videéjais dzilums

kur kopeja tdens ciaba tiek izteikta mg*ekv/l un ezera @jdis dziums ir izteikts metros.
Ecological Quality Ratio (EQR)eb ekolgiskas kvalitites koeficients tiek apkinats, pec

formulas

LMNI-10
EQR = ———— ,
Teorétiskais LMNI-10

kur 10 ir teogtiski iesggjamais maksiralais (slikiakais) LMNI.

Ilgaunijas ezeru kvalites novrteSanas metodein Latvijai pielzgota lgaunijas metoder
kombirgtas metodes - transektu metode ir apvienota ditditales kareSanu. Papildus izveidotajiem
transektiem tiek veikta makifi nowrteSana, apsekojot ezeru pa perimetru. Dienvidu Gereze
papildus transektiem makifof nowertgjums tika veikts 16 punktos, bet \&§d un Zieméu Garezex —

11 punktos. Sajmetod tiek nowrteta makroftu ekolgsisko grupu sastopaima atbilstosi 1.tabulai un
2.tabulai, pc kuras tiek iegts ezera raksturojums atbilstoSi vienai no fredvalitates klagm.
1.tabula.Kvalit ates kriteriji atbilstoSi lgaunijas metodei mikstadens ezeriem (LCB3)(Bertrin et
al. 2012)

Parametrs/Klase Augsta Laba Vidgja | Slikta | Loti slikta
Nozimigakie sastopamie Iso, Bry Iso, Bry, El, Pot, - -
taksoni Char Char

Izoetidu sastopaniba 4 3-4 2 1 0
Elodeidu sastopaniba 0 1 2 3 -

*Iso — izoeldi: Isoétes, LobeliaBry — briofiti; El — Elodeg Pot —PotamogetonChar — harafi
2.tabula.Makrof Ttu novert eSanas kriteriji loti sekliem briantidens ezeriem ar zemuidens cietbu
(Latvijas Vides Aizsardbas Fonds, 2009)

Biologiskas kvalitates Ekologiskas kvalitates klases
elementu parametri

Augsta Laba |Videja| Slikta | Loti slikta
Raksturigie taksoni Iso, Char, Bry| El, Pot, Nup - -
Indikatorsugas Sphagnum, Untricularia,

Nuphar lutea

Virsidens augu sastopaiba 0-1 2 3 4 5
Izoetidu un harofitu 4-5 2-3 1 0 0
sastopaniba
Elodeidu sastopaniba 0-1 2 3 4 5
Peldlapu augu sastoparia 0-1 2 3 4 5
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Ezeru ekolgiska kvalitate tika nowrtéta af pec kimiskajiem parametriem — kaja slapeka un
kopgja fosfora daudzuma.

Sakarbas starp makrti cenozi raksturojoSiem parametriem, vides faktarun ekolgisko
kvalitati tika nowertétas, apgkinot Pirsona koreicijas koeficientu 1), pie hitiskuma Imegiem p <
0,05 un p < 0,01. Sugu ordrija tika veikta izmantojot programmu PC — ORD, rdettto
korespondences afmzl (DCA). Kastveida diagrammu sagatavoSanai tikenamtota statistikas
programma R.

Rezultati un diskusija
1.Makrofitu vegetacijas raksturojums

Kopuna ezeros tika konstéti 36 augsiko adensaugu taksoni. Augkais makroftu taksonu
skaits — 27, tika konstts Dienvidu Garezér Sugas ar visaug#o sastopafibu pEtamajos ezeros ir
dzeltera Iepe Nuphar lutea parast niedrePhragmites australisslaidais dislis Carex acutapurva
varnkaja Comarum palustreun \itolu VejmietinS Lythrum salicaria 1. at€la ir redzama biedk

konsta&to makroftu taksonu sastopaba [Etamajos ezeros.
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I.artels. Dienvidu, Vidéja un Ziemelu Garezera vishiezik konstat&to makrofitu taksonn
sastopamiba

Dienvidu Garezerir sastopama thstiidens ezeriem rakstiga vesetacija, tap tika konstagtas
oligotrofa ezerau — lokeliju kompleksa sugas Dortma lokelija Lobelia dortmannaun gludsporu
ezerendsoétes lacustriskas ir Latvifi reti sastopamas un aizsgjggnas sugas.

Gan pgc sugu skaita, gan makrtaf kogejas sastopafbas visos Garezeros dorgjosais ir
helofitu augijs. Augstikais sugu skaits un makraf kogEja sastopaniba norota sekikaja, tas ir, O -
1 m, dzluma zoa.

Vislielakais maksinalais makroftu sastopafivas dZjums ir Dienvidu Garezeytas ir, 3,15 m.

Savukirt vismazkais maksiralais makroftu sastopaiivas dziums tika konstats Zieméu Garezex
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— 2,10 m (2. a#ls). Garezeros visdizk sastoparmmakroftu grupa ir nimfedi, kurus @arstav N.luteg
kas vienga ezeros ir sastopama 2 - 4 mldma zo@a. Vismazkais maksimlais sastopambas ir
dzilums ir harattiem/izoetdiem, jo tiem ir prabas pret augstadens caurredzaimu (Pedersen et al.
2006).

3,50
325

3,00 Y g
275
2,50
225
200
1,75
1,50 +—
1,25
1,00
0,75
0,50
025 -
0,00 -

g
<

|

B
2

<

o—

:

i
P

| »e>

Makrofli
Heloph

Maksimilaissastopamibas dzilums, m

Er

; LR ) = LS )
-l = =
c = = =

Dienvidu Garezers Vidéjais Garezers Ziemelu Garezers

Heloph

e
=
By

Tzo; Char
Tzo; Char
Malrafii
Tzo; Char

2 antéls. Makrofitu maksimalais sastopamibas dzilums Garezeros (Malrofiti — makrofiti
kopumi, Heloph — helofit, Mypmh — nimfeidi E] — elodeidi, Iz0/Char — izoetidi’harofit)

Carnikavas Garezeri ir morfometriski eitrofi urzaigosi, jo ir izcelsmes @ jauni ezeri.
Tomeér ezeru aizaugums ir zems - Dienvidu Gargzer8%, Videja Garezex - 9%, bet Ziemgl
Garezex - 14%, jo biognie elementi ezeros atrodas kompleksu ae@t humnvielam, tadeél
ierobezoi bafbas vielu pieejamba hidrobiontiem nodroSina pazertin produktiviites imeni ezeros
(Girvan and Foy 2006).

Garezeros, atbilstosi Sennona daudzbeisl indeksiem, sugu daudzvibid var raksturot &
vidgju. Saldzinot fEtamos ezeros, visaugkh biologiska daudzveitba ir sastopama Zieme
Garezei, tajg Sennona indekss (H' = 0,913), maksias daudzveitbas indekss (fy = 0,941) un
izlidzinatibas koeficients (e = 0,970) @da visaug$ikas \ertibas, bet Simpsona indekss (D = 0,135) —
viszentkas \ertibas (3.atls).
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3 artéls. Dienvidu, 'Vidéjii un Ziemelu Garezera sugun daudzveidibas
indeksu vértibas (H'- Sennona indekss, D — Simpsona indekss, Huay —
maksimalds dandzveidibas indekss, e — izlidzinatibas koeficients)
2. Vides faktoru ietekme uz makroftu cenozi
Udens caurredzaiiba un krasainiba Garezeros ietekénmaksinilo dzilumu, kKida makrofti ir
sastopamiUdens caurredzditnu Garezeros vistiskak ietekne tidens kisairiba, jo gaismas apii
Sados, humusvialn bagtos, ezeros idiski atkiras no dzidiidens ezeriem. Humusvielas samazina
gaismas iespiesas efektiviati, gluzi tapat, Kk palielimitas hlorofila koncenicijas eitrofikacijas
gadjuma (Kirk 1994). Tade] Ziemdu Garezet, kura ir saidzinoSi auggika udens kasairiba, ir
zenikais maksimalais makroftu sastopaiias dziums.
Kopeja fosfora daudzumsietekn® sugu skaitu, daudzvaltlh un aizaugumu Garezeros.

Mingtie raditaji pieaug 1dz ar fosfora koncertcijas palielimSanos (4. — 6. &ts).

K w=6049x+ 5,416 i

14 FE==1.1/6

10 g o
A 8 23 d-fﬁ
i - Som—
L :

2

1] : T 1
r=0420 002 004 006 0,08
n= 33 a=0.03 Kopéjais fosfors, mg/l

4 attéls. Sakariba starp kopéja fosfora daudzumu un sugn skaitu
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3.amnéls. Sakariba starp kopégja fosfora daudzumu un Sennona
daudzveidibas indelksu
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d.aréls. Sakariba starp aizaugumu un kopéja fosfora daudzumu

Kopeja slapela daudzumsuzrada kutisku ietekmi tikai uz ezeru aizauguma pak Toner
kopgja fosfora ietekme (r = 0,789) uz aizaugumuiitiskaka neki kopgja slapela, kas skaidrojams ar
to, ka fosfors ir limigjoSais elements Garezerosi mCA anaizes rezultti uzrada koggja slapekla un
kopeja fosfora saigbu ar ezera aizaugumuaKedzam 7. un 8. &th, aizaugums palielis lidz ar
biogeno elementu pieaugumudel Dienvidu Garezer, kura ir saidzinoSi zerakas biogno elementu

koncentacijas, ir zenaka ezera aizauguma pgie.
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7. atréls. Transektu ordinacija, izmantojot netie$as gradientu analizes
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8.attéls. Transektu ordindcija, izmantojot netiesas
gradientu analizes metodi (DCA). Attélots aizangums
procentos (no 6% hdz 18%)

pH uzrada negatu korekciju ar aizauguma paki (9. atels).
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9 gtréls. Sakariba starp pH un aizaugumu

Ziemdu Garezet, kura ir zenikas pH \ertibas, ir augaks aizaugums nékDienvidu un
Vidgja Garezei. pH ietekme uz aizauguma pak ir netieSa, kas skaidrojama ar pH ietekmi uz
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kimisko vielu, tai skait aizauguma palpi kontrokjoSo biogno elementu, i&dibu un biolgisko
pieejambu makroftiem unadens organismiem (Heegard et al. 2001).

Udens ciefbai, tapat ki kopsja fosfora daudzumam, irikiska ietekme uz makriti sugu
skaitu (10.attls), sugu daudzveidu (11. als) un aizauguma paki. Garezeros maka tdens
elektrovaditspeja, kas raksturo kagpo izskiduSo vielu saturdidert, nosaka augatu sugu skaitu un
sugu daudzveibu. Toner & situacija ir pretrura ar citiem @tijjumiem, kuri noiida preg¢ju tadens
cietibas ietekmi. CieSa saisd pastv starpudens cigbu un sugm bagitakas makoftu grupas —
elodadu pasiveSanu, to skaits un daudzvibd strauji pieaugdiz ariidens cigbas pieaugumu (Sand-
Jensen & Vestergaard 2000). Garezeros @fiadsastopambu ierobezo augstidens késainba un
zena udens caurredzaima, #deél wdens cigbas pieaugums nenosaka sugu daudzvasd

palielinaSanos.
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10 artéls. Sakariba starp elektrovaditsp&ju un sugu skaitu
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11 anéls. Sakariba starp elektrovaditsp&ju un Sennona
daudzveidibas indeksu

Grunts tipamir batiska ietekme uz makrati sugu skaitu (12. @&ts) un aizauguma pagi
(13.attls). Lielakais aizaugums Garezerogpat ka sugu skaits, n@vojams, ja grunts irddraina, bet
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mazkais aizaugums — ja grunts ir smilSaina. Tas sk@dns ar to, ka smilts un smalka
granulometrisk sasiiva nogulumi ir vismaak piengrotais grunts tips makrabl atistbai (Odum
1966). SmilSainas gruntis ir hbas vieim nabadigas, (Sand - Jensen 1989), sawtulkadrainai
gruntij raksturgs augsts organisko vielu daudzums (Stevenson ]1R8d)veicina makru atistibu
(Feldmann 2012).

12

10

Sugu skaits

] 1 ]
1 2 3
Grunts

12 grtéls. Makrofitu sugu skaits Garezeros atkariba no
grunts sastava (1= smilfaina grunts, 2 = dinaina grunts, 3 =

kiidraina grunts)
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13 aqnéls. Aizaguma pakipe Garezeros atkaribi no
grunts sastava (1= smilsaina grunts, 2 = dinaina grunts, 3 =
kadraina grunts)

Sugu saavu un sastoparhu, atbilstoSi DCA anges rezulitiem, Garezeros ietekimpH,
kopgja fosfora koncenticija, kogja slapeka koncenticija, adens kiisainba uniadens caurredzaima

(14. attls). Savukrt grunts tips unadens cigba neuzida hitisku saisbu ar sugu sastu un

sastopanbu Garezeros.
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14 quéls. Sugu un transektu ordinicija, izmantojot netie$is gradientu analizes metodi (DCA)

3. Ekologiska kvalit ate
Tiek uzskats, ka sugu badjiba ir vienkirSakais ezera &tvokla no\ertetajs (Bertrin et al.

2012), adg] tie ir visbieZzk izmantotie parametri bioindikijas (Etijjumos (Del Pozo et al. 2010).

Tomeér sugu daudzveitbas indeksi nav piegnoti indikatori ekol@iskas kvaliates noertegjuma, jo

augsika sugu daudzveida ir nogrojama pie augskas biogno elementu koncenirijas, kas

savukirt liecina par zermku ekolgisko kvaliati. Ari Pirsona koredcijas koeficienti ne visos

gadjumos uzida hitisku saisibu starp sugu daudzvem un ekolgiskas kvaliites klagm

Garezeros (3. tabula).

3.tabula Korelacija starp ekologiskas kvalitates rezulatiem, biogeno elementu daudzumu,
aizauguma pakipi un sugu daudzveidbu®

Sugu sk. H' A, % ESMI LMNI | LV metode] EE metodekop P | Kop_N
Sugu sk. 1
H’ 0.954** 1.000

A % 0.344* 0.285* | 1.000

ESMI 0.339* | 0.380**| 0.760**| 1.000

LMNI 0.126 0.152 | 0.643** | 0.855* | 1.000
LV metode | 0.389** | 0.393** | 0.805** | 0.973* | 0.749 1.000
EE metode| -0.066 -0.032 | 0.389** | 0.577** | 0.914 0.415 1.000

Kop_P 0.420** | 0.419** | 0.789** | 0.937* | 0.649 0.990* 0.284 1.000

Kop_N 0.197 0.219 | 0.714** | 0.926** | 0.986* 0.847 0.835 0.765 | 1.000

® * Korelacija bitiska, jaa = 0,05; ** Korekcija bitiska, jao = 0,01; n=53;n=3

Sasinajumi

Sugu sk. — sugu skaits; H- Sennona daudaieslindekss; A — aizaugums, P&/ metode- ekolagziska kvalitate atbilstosi
Latvija pielagotajai Igaunijas metodeEE metode- ekolgiska kvalitate atbilstoSi Igaunijas ezeru kvatiés noeérteSanas
metodei; Kop_N — kogais shpeklis, mg/l; Kop_P — kagais fosfors, mg/l
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Garezeros tikai 4 sugas adiju izteiktu saisbu ar biogno elementu konceratriju (15. atéls)
un ir uzskadmas par pietiekami labiem indikatoriem eitraftkas norteSara, tas ir uzpistais grslis
Carex rostrata, sfagni Sphagnum sppdiza tdenszle Glyceria maximaun parast mazkpe

Hydrocharis morsus — ranae
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13.arréls. Transektu ordinacija, izmantojot netie$as gradientu analizes metodi
(DCA). AttElota sugu sastopamiba

Starp pielietoto ezeru ek@iskas kvaliites noertejuma metozu rezudtiem pasiv at¥kiribas
(4.tabula), kas ir skaidrojams ar lat¥gam pieefim. Visatgirigakos rezulitus uzida Igaunij
pielietot pieeja, &de] Sis metodes rezultus vagtu uzskatt par neatbilstoSiemggamo ezeru kvalites
novertéjuma. Igaunijas metodes rezitit uzskaimi palda, ka nav iespams farnemt kadas valsts
ezeru nowerteSanas metodige makroftiem, neaprogot to atbilstoSi vietjiem apsikliem.

4. tabula.Ekologiskas kvalitates noert ejuma salidzinajums

Igaunijas | Latvijai piel agota Kopgjais | Kopgjais
metode Igaunijas metode ESMI LMNI slapeklis fosfors

Dienvidu
Garezers | VIDEJA LABA LABA LABA LABA AUGSTA
Vidgjais
Garezers | SLIKTA LABA LABA LABA LABA AUGSTA
Ziemelu
Garezers | SLIKTA VID EJA LABA | VIDEJA | VIDEJA | VIDEJA

lzvertejot iegatos rezulitus, var secift, kaLMNI un Latvijai piefigota Igaunijas metodetbu
uzskaimas par pierrotakajam makroftu nowkrteSanai pgtamajos ezeros, jo t@g tiek iekauti vismaz
divi ezeru ekolgisko tipu raksturojoSie parametri ufistuzada kimiskajiem parametriem atbilstoSu
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ezeru ekolgisko kvaliati. Latvijas metode ir vieiga, kas ir pieigotaloti sekliem biinadens ezeriem

ar zemuuadens ciagbu. No ezeru ekofgsko tipu raksturojoSiem parametriebMNI aprkina tiek

ieklautatidens cigba un ezera viglais dziums,ESMI - tikai ezeru diums, bet lgaunijas metdd

tikai adens ciaba. LMNI un Latvijas metode uzda ar batisku koreficiju ar biogno elementu

daudzumu ptamajos ezeros. Ar kajo fosforu vishitiskako saistbu uzéda Latvijas metode, savark

ar koggjo slapekli —LMNI (3.tabula). & ka eitrofikacija ir galvenais ekolgiskas kvalitates gradients,

Sis metodes iditu uzskaimas par atbilstagajam. Ari kvantitatvs raditajs - ezera aizauguma de

var tikt izmantots ezera ek@iskas kvaliates noerteSars, jo uziada itisku saisibu gan ar biogno

elementu daudzumu, gan ar ekoskas kvalitites noertejuma rezulitiem.

Secirajumi

1.

Carnikavas Garezeros kopaiin sastopami 36 augdio adensaugu taksoni. Dongjosas sugas
ezeros iMN.luteg P.australis C.acutg C.palustreun L.salicaria Sugu daudzveidla Carnikavas
Garezeros raksturojama kidgja.

Carnikavas Garezeros Midens makrati domirgé gan @c sugu skaita, gan makrf koggjas
sastoparibas. Augsikais sugu skaits un makraf kogsja sastopaniba novrojama sekikaja
(0—- 1 m) dduma zoa. legrimuso makrafu daudzveitba ir zema, to izpl#hu Garezeros
limiteé augsi adens kasainba.

Dienvidu Garezer ir sastopama tkstidens ezeriem raksfiga vezetacija. Tap ir sastopamas
oligotrofa ezerau — loleliju kompleksa sugas Dortma lokelija Lobelia dortmannaun
gludsporu ezerensoétes lacustris

Carnikavas Garezeri ir morfometriski eitrofi, beeeu aizaugums ir zems - Dienvidu Gar@zer
8%, Videja Garezex 9%, bet Ziemki Garezexr 14%, jo biognie elementi ezeros atrodas
kompleksu veid ar huninvielam.

Batiskaka ietekme uz makr@tu cenozi Garezeros ir kgjam fosforam, kas ir lim§oSais
elements, pH undens cigbai. Tie ietekrd makroftu sugu skaitu, daudzvei un aizauguma
pakapi. Kopgja slapela koncenticija ietekn® aizaugumu, grunts sasts — sugu skaitu un
aizaugumu, betidens caurredzaima un kisairtba — maksiralo dzilumu, kada makrofti ir
sastopami.

Ekologiska kvalitate Dienvidu un Vidja Garezei ir laba, bet Ziemiet Garezexr — vidkja.
Petamajiem ezeriem piednotas ekolgiskas kvalitites noértgjuma metodes iLMNI, Latvijai
pielagota Igaunijas ezeru kvalites noertcSanas metode un ezera aizaugumsk\antitaivs
parametrs.

Sugu daudzveibas indeksi nav piegnoti indikatori ekolgiskas kvaliates noertejuma, jo
augsika sugu daudzveida ir noerojama pie augskas biogno elementu konceritijas.
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Garezeros tikai 4 taksoni azifju izteiktu saisbu ar biogno elementu konceniiju un ir
uzskaimas par pietiekami labiem indikatoriem eitrafijas nowrtéSars, tas ir C.rostrata,

Sphagnum sps.maximaun H.morsus — ranae
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Abstract

In geological and environmental studies the pelsiite particles are rarely used because it is diffito collect the
samples, the methods for the assessments arecoftsidered to be subjective.

The study was conducted by collecting modern alimvsamples in the small rivers in the Northern péttatvia. Pebbles
(16-32mm fraction) were measured with digital mdtedefine the dimensions and characteristic promus. Visually
were assessed the roundness of the pebbles aasnbkk shapes of the pebbles and their symmetpepies. The shape
indicators were defined for samples as a wholesapdirately for the carbonate pebbles what allowesl/aluate the role
of these widespread rocks in the samples.

Additionally the impacts of subjectivity were evatad by making repeatedly the visual assessmeiksibderms of
determination of the roundness of the pebbles hadndicators of the symmetry, as well as by chagkhe accuracy for
the measurements of pebbles sizes.

The detailed evaluation of the gained data of tiuelys allowed the development of a complex methoglpléor the
assessment of the pebbles shapes, including eiealuat subjectivity impact, which can be used natlyo for
sedimentological studies but also in geoarchaeolelygre the studies about shapes and their intepadson have a
significant importance in research of the prehistdrcultures.

Key Words: river alluvium, pebbles fraction, shaparacteristics and calculated values

Kopsavilkums

Olu formas nowert ésanas metodes un informativiite
Olu izmeru drupasgeologiskajos un vides giijumos tiek izmantotas reti, jo to paraugi ifigrievacami, noerteSanas
metodes biezi tiek uzsk&ds par subjekiam.
Petijums veikts ZiemBatvijas mazajs ugEs, ievacot nusdienu aivija paraugus. @em (16-32mm frakcija) ar digitu
merierici tika noteikti raksturojoSie izéni un to proporcijas, vizili tika nowertéts du virsmas noagajums, K af oju
formas un to simetrijagpadbas. Formu raksturojoSieaditaji tika noteikti paraugiem kopuinun atsevigi tikai
karboratiska sagtva diem, kagjava nortet So izplatto iezu gu noZmi kopgja izlass.
Subjektiviites ietekme tika atsekisverteta, vaitkkartigi veicot vizulo nowerteSanu gan attieéba uz du noapéotibu, gan
simetrijas &ditaju noteikSanu, & ar parbaudot ¢u izmeru merijumu precizisti.
Petijuma guto sakaibu detaliZts iz\ertejumslava izstadat kompleksu metodikula formas nogrtéSanai,nemot \Era an
subjektiviites ietekmi, kas var tikt plasSi izmantota ne tilkgdimentolgiskos [ Etijjumos, bet argeoarheolgija, kur
formas @tijjumiem un to savstagiem saldzinagjumiem ir ie\erojama nomme arheol@isko kultiru petjumos.
Atslegas virdi: masdienu advij, o/u frakcija, formas &ditaji un aprekinatie lielumi

Introduction

In geological and environmental studies pebbles pirticles are rarely used, because it is
difficult to collect samples, the evaluation methddr many decades has not improved and often they
are regarded as subjective. At the same time thétaoal data that would confirm the impact of
subjectivity in most of these publications is ndtaehed (eg, Lewis, McConchie 1994, Potter,
Pettijohn 1977), but in more modern studies (eg Drium Niculita and Condorachi 2011) these issues
are not observed. It would not be right to denyjesttivity in macroscopic evaluations and analytical
studies; however it would be reasonable to lodksamportance and impact more detailed. This could
permit to reduce the effects of subjectivity, aslvas to improve the research methodology which in
modern geological studies are not high appreciéliéehberger 1991) and it is assumed that the

informativity of pebble size debris is rather ligdt (Yang 1996). The aim of the study is to improve
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the methods of macroscopic evaluation and exameentin respect to their subjectivity and
informativity aspects.
Materials and methods

The study was conducted by collecting 9 samples fsmall rivers modern alluvium pebbles
fraction (16-32 mm) in northern part of Latvia. Bagample was at least 100 pieces large and one of
them was chosen to contain 850 pebbles to evalhateffects of sample size in connection to results
of macroscopic assessments of the study. By ukiagréench method approximately 0.02 wolume
samples were collected in randomly selected sitethe rivers straight stage. Samples were quarted
gaining parts (at least 100 pebbles) which werthéuranalyzed in detalil.

Each sample was divided into Krumbein roundnessseks (Krumbein 1938). The grouped
pebbles, dimensionally arranged in order that keagid width axes would be parallel to surface, were
perpendicularly photo documented from height of-180 cm with the camera Sony Cyber-shot DSC-
H90. The distribution of each sample was carriedatdeast 3 times in order to assess the impact of
subjectivity. To examine the unambiguity of thetulgition the initiation of process started with
random removing of about 10% of pebbles from thigimal sample. From the remaining pebbles
were formed the distribution in Krumbein roundneksses, which was reviewed from the first class
to tenth and vice versa, changing the layout ifessary. Subsequently were added the separated
pebbles to ensure that the original distributioesioot change statistically, which would require to
review the procedure in case of doubt.

The obtained photographs were used for assessmpabbles symmetry properties. For each
pebble in length-width plane, which correspondsharacteristic pebble shapes projections according
Krumbein visual assessments (Krumbein 1941), weteatled the symmetry indicators - reflection
axis or centre of rotation (Gruenbaum, Shephard71980 assess the symmetry detection
unambiguity, the procedure was repeated.

Additionally the pebbles symmetry was linked to lples roundness by measurements of
symmetry accuracy against symmetry indicators ugingmputer program Flip Test (Hardaker, Dunn
2005), which allow to evaluate the bilateral synmpeThe rotation symmetry suitable to pebbles
corresponds to dihedral rotation symmetry grougclvin addition to rotation symmetry includes also
the reflection (bilateral) symmetry, where the tata centre is located in the point of intersectain
reflection axes. Therefore, the computer prograrmauisable for pebble measurements regarding to
accuracy of symmetry. Only in rare cases (for shamgresponding to the cyclic rotation symmetry
group C2, which includes rotational symmetry, buat mhe reflection symmetry) for symmetry
measurements is needed the additional specific en@gcessing to make images applicable for

analysis in program Flip Test. The total picturd divided separating each pebble. The obtained

181



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

images got processed to ensure the proper siagsége in program (100x100 to 400x400 pix.) and
the contrasting dark appearance of pebble shapelight background. In subsequent measurements
the impact of subjectivity of detection of reflemtiaxis can be reduced, because in program there ar
auto-rotation option as well as manual option tatethe shape by desired angle, allowing to fired t
result of highest symmetry accuracy basing on akigh indicates the highest symmetry.

To facilitate the determination of symmetry indmat was developed a methodology which
provides to align the shapes of pebbles to theampiate geometric shapes - triangle, rectangle and
circle with certain symmetry properties, which respvely correspond to one of the symmetry groups
(if the shape of pebble is symmetric), and if n¢tor example, scalene triangle or quadrangle) then

the notional symmetry axis can be defined (Fig. 1).

D |k | K |
PN |
| EE

H L

# rotation centre == reflection axis —— notional reflection axis

Figure 1. Typical positions of symmetry indicatéws several detected pebble shapes of studied
samples
Separately were detected the characteristics diomnsof pebbles and corresponding

proportions according to Cingg (Cingg 1935). Withdmital meter MARCAL 16 EWR IP67
REFERENCE was made the pebbles length, width amghhéimensions measurements with an
accuracy of 0.01 mm, which by using a computer mmgMarCom were online entered in MS Excel
database. Each pebble in every sample was re-neela3tf times in order to assess the subjectivity of
the determination of measurement axis and thedgection. To make the selection of measurement
axes unambiguous was developed a methodology tas¢dbon a pebble shape alignment to
corresponding geometric shapes and symmetry prepgiffig. 1). According to the methodology
firstly was determined the length axis, which, adawy to the characteristic pebble geometric shape,
is comparable to the symmetry axis (coincides wfitor perpendicular to it), but for asymmetric
pebbles shapes — it is parallel or goes to sindil@ction relative to the notional symmetry axigen

the greatest width perpendicular to the length svas detected. To determine it explicitly as well

helps the assessment of appropriate geometric siFegspendicularly to defined length and width
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plane were determined the axis of height. The plainkigh was found rotating the pebble around
width axis by 90 degrees. Also height axis was et according to corresponding shape of
respective projection. From the resulting measurgntata were calculated Zingg coefficients,
allowing to group pebbles by Zingg proportions.

The characteristic features of shapes were detedriior the samples in total and separately
for pebbles of carbonate composition which wereasspd using 10% hydrochloric acid after
distribution of pebbles in Krumbain roundness @asd hat allowed to evaluate significance of these
wide spread rocks in total sample.

The date resulting from macroscopic assessmentsraasurements was organized in MS
Excel database where each pebble was individuakaéd following information — records about
roundness class according Krumbein, correspondingreetry group according symmetry indicators,
symmetry accuracy against symmetry indicator, atarstic dimensions measurements (length,
width, height), Zingg coefficients and corresporgdding proportions, mark of the rock composition
(carbonate or magmatic and metamorphic origin)

Results and discussion

The obtained data indicates that the level of pebilindness is linked to symmetry properties
and corresponding geometric shapes (Fig. 2). Ineto¢l-3) and particularly in medium (4-5)
roundness classes after Krumbein the dominanthar@ebbles with bilateral symmetry properties. In
higher roundness classes (7-9) the shapes of EebhiEnges forming pebbles with characteristic
rotation symmetry replacing pebbles with bilatesginmetry properties. In the lower and medium
roundness classes relatively rarely are preseatpabbles which belong to dihedral symmetry groups
D3 and D4, respectively, with shapes correspontbrniggular triangle and square. Simultaneously in
the higher roundness classes such shapes arearacgristic — they are replaced with shapes of the

circle and ellipse.

@ 140
o 120 —Bilateral
5 100 symmetr
o y
%5 80
o 60 =2
'g 40 reflection
=) axes
2 20
0 =3
13579 reflection
Krumbein classes axes

Figure 2.Characteristic symmetry properties in Krumbein dngss classes
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Thus, in each of the roundness classes the shdpasbbles have characteristic symmetry
properties and corresponding geometric shapes.alloiws to note that the assessments of symmetry
and shape are usable to evaluate the pebble rossdamed can help to avoid from potential
subjectivity making the distribution in Krambeireundness classes. Although the subjectivity impact

is small (in range within 10%) and occurs withie tine class up or down (Fig. 3).

30
3 25
2 20 |
s T T m Differences after 3
© 15 assessments regarding
2 i i symmetry
% 10 » Differences after 3
z 5 . . assessments regarding
* I I T b . roundness
0 .
123456 7 8 910
Krumbein classes

Figure 3.Distribution of pebbles after repeatedly dividimgkrumbein classes

The exception is broken pebbles that create diffgre in the distribution regarding to the low
roundness classes. However, considering the symmeiperties characteristic to the roundness level
and typical shapes, can be restored the origirsdesiof pebble and explicitly defined the membership
to a particular roundness class after Krumbein.

The study shows that the detection of symmetrycetdis is relatively less vulnerable to the
impact of subjectivity, especially regarding to lnég roundness classes (6-9), where determination of

symmetry properties is unambiguous.
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Vil 7 2
10 - <
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12345678 910
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Figure 4.The evaluation of symmetry accuracy measuremersumbein roundness classes.
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The results of FlipTest indicate that the accuraicthe symmetry against symmetry axis tends
to increase as higher is the level of roundnesgebeer, if in low and middle roundness classes the
accuracy measurements show a very wide range atsethen in the high roundness classes they are
close regarding to mutual comparisons (Fig. 4).sThnding also confirms that symmetry is
characteristic feature of roundness.

Separately were evaluated the subjectivity impgcekxamining the accuracy of pebble size
measurements. This is an important factor for ektva of various coefficients for further evaluatio
of shape, such as the grouping after Zingg propastior assessing the characteristic proportions of

2

=0,61803...
pebbles in range from one to coefficient of Goldatio 1++/5 . This is an important

indicator in geoarchaeological researches in rédpestudies of prehistoric archaeological cultures
assessing how essentially the shapes of Stoneddigdre closer to Golden ratio then pebble shapes
evolved in nature. Considering the wide applicatieach coefficient requires certain accuracy of

measurements.
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Figure 5. Differences of characteristic dimensicgasurements in connection with Zing coefficient.
For example, Zingg ratio 2/3 = 0.67 requires thednef measurement accuracy of 0.6 mm,
thereby defining the range of instruments which wsable. Whereas the study included assessments
of Zingg proportions, the subjectivity impact osuéis which are basing on dimension measurements
accuracy was analyzed (Fig. 5). Cumulatively diter measurements the differences in accordance to
membership of a particular Zingg class had abo 25 pebbles, within 3-9% in each class.

Detection of length axis is comparatively more digabut for the detection of width and height axes
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would be required additional parameters, such sméation of symmetry axes, in order to improve

possibilities of unambiguous detection.
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Figure 6.Distribution of pebbles in Krumbein classes divigdgter composition.

The petrographic composition of pebbles, partidyléine amount of carbonate pebbles in
assessed sample, has a rather significant imp#ee toumulative results regarding pebbles roundness
However the obtained data indicates that in thisssethere are no need to develop a specific
methodology — it is sufficiently universal, but theeasurements of pebbles with different origin in
such studies have to be assessed and recordedtsgpar
Conclusions

In the study the impact of subjectivity were sepaya evaluated by repeatedly made
macroscopic evaluations, both in terms of pebblmdoess and the detection of symmetry indicators,
as well as checking the accuracy of pebble sizesarements. The obtained results clearly indicate
that the subjectivity in pebble size debris shegsmegsments is exaggerated and regarding to ewaluati
of dimensions the impact occur in range within 10&garding to roundness assessments differences
do not exceed one class after Krumbein, but Zimgggrtions may vary up to 10% of each class.

Indirectly, the study suggests that the reseacleaperience and skills to detect directions of
pebbles measurement axes are important.

The previous examined measurements and assesdmagrtsubjectivity within certain range,
but the evaluation of symmetry properties has &amtly higher certainty.

The research results indicate that for studied lgsbimethodically appropriate should be
initially determine the symmetry elements, but oatier measure the characteristic dimensions of the
axes and calculate a different proportions andfimberits. This approach allows significantly reduce
the subjectivity, as well as increase the researfdrmativity with additional new indicators which

can be supplemented by traditional assessmente ahapes.
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Abstract

Ogre region 13-18 year old adolescent’s lifestyleutual correlation with physiological parameters
The aim of this research was to determine how adel&’s lifestyle affects their physiological parters in Ogre region.
331 students from Ogres Valgfisnnazija and SuntaZu vidusskola participated in theaesh. From the data it was found
that if an adolescent, age 13 - 18, would use alcahleast once a week, he would smoke. A studendd smoke if his
average grade was lower, however smoking can alserlgrades. Also a higher average grade would radaigher 1Q
for a student. If the student has a high 1Q, he'tamoke or do sports. If he participates in spdnts will use alcohol. If
he does not smoke, he will eat unhealthy food. @hhg food increases subcutaneous fat.
It was found that an average grade for femalesgiseln, however it decreases the older the femaiefdsr males it does
not change by age. The number of smokers significanctreases the older the student. In the oldergroups every other
female smokes. The number of students using alciolcotases the older they get, and there are gignif differences
between genders, because 57 % - 93 % females ac®hlbut only 45 % - 75 % males use alcohol. @erage at least
12 % of adolescents between all age groups usédlled least once a week, but this number incregst®e oldest age
group, where 44 % females and 33 % males use dlooke a week.
Keywords: alcohol, smoking, socialization, 1Q, djay.

levads

Dzivesveids un ieradumi neapsanot atssj iespaidu uz cileka fiziologiskajiem parametriem,
piemeram, snikéSana ilgtermja atstij negaivu iespaidu uz ciltka piata sggjam (Glass et al. 2006:
122), bet nikanha ietekns islaidgi uzlabojas cilgka informacijas apstides un édmuma pi@aemsanas
laiks, ka af 1Q raditaji (Stough et al. 1994: 383), sawrk alkohola lietoSana pusaudzu gados var
izraigt smadzeu bogjumus, K ail ieteknet maciSanos un intelekalo attistibu (Zeigler et al. 2005:
30), ta&u tas ietekme uz galvas smadmedarbibu Zniem un meiteém ir at¥kiriga, jo alkohola
lietoSana negatak ieteknt zenus. (Caldwell et al. 2005: 197 - 198). Sportojpbréistiem uzlabojas
plausu funkcionaliti raksturojoSie parametri (De, Tripathi 1988: 62).

Latvija ir atklati SokgjoSi dati par skanu alkohola lietoSanas un 8kdSanas biezumu
(Trapencieris u.c. 2012: 483de] masu Etita hipotze ir aktdla.

lzvirzita hipotze - alkohola, nevesghs partikas lietoSanai, sekéSanai ir negava ietekme uz
jauniesu fiziolgiskajiem parametriem, savark nodarboSais ar sportu, vako un deju nodarfibu

apmekéSanai ir poziva ietekme.
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Metodika

Par Ogres novada pusaudzu paraugkopw&lddv Ogres Valstsgimnazijas un Suntazu
vidusskolas 8. — 12. klases skul Kopunt ieklauts 331 pusaudzis, to skalt70 meitenes un 161
zens vecum no 13 idz 18 gadiem. &ijuma dati iegti 2012. gada oktolbun novembr.

Katram skotnam noteikts dxesveids un fiziolgiskie parametri. Dwesveida noteikSanai
izmantota aptauja (1. ak), ku@ skokns nofdija vai vinS sntke, cik biezi lieto alkoholu, vai
apmeké sporta, dejas un dzigghnas nodarbas, vai ikdiea lieto nevesefu partiku un noteikta kda
ir vidgja s\erta atZme. Ka afi noteikti fiziologiskie parametri: intelektlas sgjas — 1Q, kermena
garums un svargermepa masas indekss j&Ml, izelpasatrums, plausu tilpums, plaukstaskp un

aptaukojums uz rokas.

. . Videja sverta atzime | Izelpas atrums, .
V phutsms L F piauksnis KE Garums, m Svars, kg 1Q ieeriekSéji gada po'min Aptaukojums, mm
Vai tu apmekle Vai tu apmekle kori, v a} tul}kdler}at_lll:r(:
Vai tu Vai tu lieto kadas sporta ansambli, vokalas Vai tu apmeklé n::;;fﬁlﬁg }::lgiln;fi
Vecums Dzimums smeke? alkoholu un cik nodarbibas nodarbibas, varbat kadas deju ('d E— Liias
i biezi? (neieskaitot sporta pat nodarbibas? dze_rll.eul__. ?Jnelr“.‘l"aé
stundas)? plasaminstrumentu? zeueﬁl.t tl)l S
13/14/15116/ | _. . . . R 1.ned./2.men/1.mén - R R -
SN virietis/sieviete Ja/Ne R e e Ja/Ne Ja/Ne Ja/Ne Ja/Ne
17/18/19/20 /svetkos/nelietoju

1. at€ls. Retijuma izmantotais protokols vienangjuma iesaisitajam indiidam (jaunietim).

Lai noteiktu skatnu intelektdlas sggjas, izmantots IQ tests ar 15 jajumiem, kuru katrs
skokns pildja tieSsaist http://www.quickigtest.net/latvianKermea garums noteikts ararenti (£1
cm), svars akermena svariem (x1 kg)Kermema masas indeksa noteikSanai, izmantota stanélartiz
matenatiska sakaba (Nihiser et al. 2007: 652). Izelpasums noteikts ar vitalogfu Vitalograph
Cat. No. 43000 Gmgerierices merapjoms 1 — 800 I/min (10 I/min). PlauSu tilpumeteaikts ar
spirometru Riester spirotest merierices ngrapjoms 0 — 7000 fn( +100 nd). Vitolografam un
spirometram izmantoti vienrapg lietojami plastmasas iemusi. Plaukstagkspnoteikts aBaseline
hidrolisko rokas dinamometru, americes ngrapjoms 0 — 90 kg, (2 kg). Aptaukojums noteikts
apaksdelma cenilias ddasadas sinim, izmantojot idmeru (1 mm).

legutie rezul@iti ievadti Microsoft Office programmu kop MS Excel 2010 kur veiktas
standartnovirzes un \gh aritmeétiska lieluma anakes, Kk ai veidotas histogrammas. Ind@i
tratkuma ], datu statistik pa vecuma grigm 13 gadgie pusaudZzi apvienoti viengrup@ ar 14
gadgajiem jaunieSiem. lagas tabulas ekspdatias un impogtas PCord 5 programna, kur veikta
daudzfaktoru anse — DCA (detrendta korespondentanaks) ordiacija, un impordtas R
programm, kur veikta visprinato linearo modéu jeb GLM @eneral linear modgl anaize

daudzfaktoru savstagjai korehcijas noteik3anai, Sapiro testSh@piro test paraugkopas atbiitas
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noteikSanai noralajam jeb binonalajam sadajumam, Vilkoksona testsWilcoxon jeb Mann-
Whitney tegtdivu paraugkopu atfriguma noteikSanai.
Rezultati
Paraugkopas andke

Veicot detrendto korespondentarizes ordiciju jaunieSu fiziolgiskajiem parametriem:
intelektwalas sggjas - 1Q,kermaya garums un svarkermena masas indekss jé(KMlI, izelpasatrums,
plausu tilpums, plaukstas &s un apaukojums uz rokas, konsttd, ka jaunieSi ec fiziologisko
parametru kopumailiski neatgiras fec vecuma grugm, tatu at¥kiras pgec dzimuma (2. agls)., lidz
ar to tlakai statistiskai datu anaki var sadzinat individus no da@iem vecumiem un veanaliZt
dzimumus atsevig.

Grupas

A 13gm
13gz
v 1l4g m
l4gz
’ 15gm
15gz
. legm
légz
. 17g m
17gz
9|< 18g m
18gz

¥ 19g m

Axis 2

Axis 1

2. attls. Detrendta korespondentarizes ordifcija jauniesu fiziolgisko parametru kopumam
ordimcijas rezulata ietekngjoSiem faktoriem (n = 331

Veicot DCA ordiraciju dzivesveidam, konstats, ka jaunieSi § dzZvesveida btiski
nenodalds pec vecuma vai dzimuma,¢u nowerota tendence, ka s un alkoholu vismaz vienu rei
nedla veic vea@kas grupas jaunieSi, tulat meitenes. S@keSanas un alkohola lietoSanas ietel
savstarpji korelg, jo lidzgi ietekne dzivesveida ordificijas rezulitu (3. atels), lidz ar to #lakai
statistiskai datu aralei var sadzinat individus no da@iem vecumiem un dzimumie
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I Grupas

. A 13gm
v 13gz
v l4gm

l4gz

.‘ ’15gm

v i alko.sve ¥ 15z

i "'J alko.1Tme @ 6em

)K légz
g
. 17g m

17gz

}K 18g m
18g:

% 19 m

Axis 2

Axis 1

3. atéls. Detrendta korespondentarizes ordiacija jaunieSu dwesveidam ar ordacijas rezulita
ieteknmejoSiem faktoriem (n = 331).

Statistika pa vecuma grupm un dzimumier

Vidgji pa vecuma grugm neldatiski augsiks 1Q ir Zniem (vickji paraugkoja 113,68),
savulart meitertm tas ir nedaudz zeaks (112,34), nodrots, ka ar vecumu IQ liari palielinas
(4. at€ls).

. Veitenes Zéni ——Linear (Meitenes) =——Linear (Z&ni)

130 ¥=1.6792x+108.64--
R*= 0.5574

125
120
115
110
105
100

95

90

Intelektualais raditajs (1Q)

14 15 16 17 18

4. attls. Ogres novada skwlu intelektalais raditajs (IQ) pa dzimumiem un vecuma gam ar
standartnovirgm (n = 331).

Savulart vidgja swerta atzime pa vecuma gram ir augsika meiteem (vidgji paraugkop
7,10), t&u ta lineari samazids pa vecuma griam, zZniem pa vecuma gram ir nemaifga (victji
paraugkop — 6,64) (5. atls).
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m— Meitenes Zéni Linear (Meitenes) Linear (Z&ni)

8.5 -

y =-0.0909x+ 7.3791
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o
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5. atEls. Ogres novada skalu vickja s\erta atazme pa dzimumiem un vecuma gam ar
standartnovirgm (n = 331).

Smekejuso skaits pa vecuma giam batiski lineari pieaug meitegm no 12- 53 % un Zniem
no 15 - 33 %, vigjais paraugkopir identisks 22 % kalrdzimuna sneke vecuna no 13 - 18 gadiem.
Meitenes latiski vairak sntké vecakaja vecuma grup— katra otk (53 %) (6. asls).

. Meitenes Zeni

Linear (Meitenes) Linear (Zeni)
60%

50% -
A0%
30%
20% -

10% +---

0% -

6. attls. Ogres novada sikejuso skoenu procents pa dzimumiem un vecuma am (n = 331).

Alkohola nelietoSana pa vecuma gam lineari batiski samazias, ir noerojama ltiska
atXiriba starp dzimumiem, meitenes rak nelieto alkoholu (43 7 %), savuart zéni vairak nelieto
alkoholu (55 - 25 %) (7. ais).

mmm Meitenes Zéni —— Linear (Meitenes)

Linear (Zéni)

60% -

50% -

40% +---

30%

20% [ g

10% - @ .0803x+ ORA839  T—.

0% -

14 15 16 17 18
Gadi

7. at€ls. Ogres novada alkohola nelietojoSo énu procents pa dzimumiem un vecuma am
(n = 331).
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Maz ir skoknu, kas alkoholu lieto vienu reizi un divas reizaéned vai alkoholu nelieto,
visbieZik alkohols tiek lietots sitkos vai lietots vismaz vienu reizi réla. Vidgji pa vecuma grugm
alkoholu vismaz vienu reizi net lieto 12 % jaunieSu, ¢a bitiski lietojoSo skaits pieaug vakaja
vecuma grup, kura lieto 44 % meitou un 33 % 2nu (8. atgls).

mmm Meitenes Zéni —— Linear (Meitenes) =——Linear (Zéni)

45% -
40%
35%
30% -
25% -
20%
15%
10%
5%
0% -

14 15 16 17 18

8. attls. Ogres novada alkohola, vismaz, reizi¢la lietojoSo skatnu procents pa dzimumiem
vecuma grupm (n=331).

Noverots, ka ar sportu vaak nodarbojas ani un ar dziedSanu un dam vairak nodarbojas
meitenes, pa vecuma g#mp nav latiskas atBiribas, kaut ir tendence aktiatém ar vecumu
samaziaties. Nevesefju partiku vairak lieto meitenes — vigl pa vecuma gruiam 86 % un 2ni 67 %,
nav nowrotas hitiskas atgiribas starp vecuma gram.

Ogres novada pusaudkermeya masas indekss pa vecuma gmpun dzimumiem atiski
nemains, vicji KMl ir ~ 21.

Konstatts, ka izelpaatrums, rokas seks, kermepa garums un svarsitiski augsiks ir Zniem
un tas pieaug pa abu dzimumu vecumaam, aptaukojums augsts ir meiteiem.

GLM analize
Ogres novada skehu vicn pie 90 % ticartbas vigjo S\erto atami pozitvi ietekne

nesntkésSana, bet pie 95 % ticabas viEja ataAme zenka ir zniem.

Pie 99 % ticanbas skaina 1Q poziivi ieteknE vidéja s\erta atame, pie 95 % ticaibas —
vecums un nesportoSana, pet 90 % ticaribas 1Q pozilvi ieteknt izelpasatrums.

Pie 99,9 % ticadas smkeSanu poziwvi ieteknt alkohola lietoSana vismaz vienu reizi €la,
bet pie 90 % ticambas — nevesrjas fartikas nelietoSana. Negat snekéSanu pie 99,9 % ticeibas
ietekn® vidgja swerta atazme, pie 95 % to necivi ietekne alkohola nelietoSana, bet pie 90
ticambas — 1Q (9. a#ts).

Ja skotns nesporto, tad yam 99 % ticanba, ka ir augaks 1Q, 95 %- nelieto alkoholu, 99 %
- nedejo, 95 % - ir lieks aptaukojums, ¢u, ja sporto, tad 99,9 % - \dd s\erta atzme ir augstka
99,9 % un lieto nevesgu partiku 90 %.

193



DAUGAVPILS UNIVERSITATES 55. STARPTAUTISKAS ZINATNISKAS KONFERENCES PROCEEDINGS OF
MATERIALIT THE 55" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Zeni 95 % ticarbas mazk apmeké dziediSanas nodarbas un ja skéhs nedzied, tad 90 %
ka af nedejo un 90 %, ka plaukstaglepir mazks.

Ar dejoSanu pie 99,9 % ticabbas mazk nodarbojas skehi, kas nenodarbojas ar sportu, pie
95 % ticaribas — skaini, kas nedzied, bet pie 90 % ticdnas ar dejoSanu m@kznodarbojas ani.

Neveselgas partikas lietoSanu pie 95 % ticabas pozilvi ietekne aptaukojums, pie 90 %
ticamibas — plausu tilpums. Ne@ét nevesealgas prtikas lietoSanu pie 95 % ticabas ietekra
nesntkéSana, bet pie 90 % ticabas - nesportoSana.

Pie 99,9 % ticafbas izelpagtrumu pozitvi ietekne skokna vicEja s\erta atzame un 1Q, svars,
plaukstas sgks, plausu tilpums, alkohola lietoSana divas reiréses, ka afi pie 99,9 % ticanbas
izelpas atrums liekks ir Zniem. Pie 99 % ticarthas izelpasatrumu pozitvi ietekne alkohola
nelietoSana, bet pie 95 % ticdras — alkohola lietoSana &kos. Negawi pie 99,9 % ticartbas

izelpasatrumu ieteknd aptaukojums, bet pie 95 % ticaras —KMI.

Lii

Eztimate Std. Error =z wvalue Pri{>lz])
(Intercept 8.1e2e+00 2.420e+01 0.378 0.70455
Ltzime 1.026e+00 2.169e-01 4. 131 2 2300 ek
Vecums -1.7078-01 1.322e-01 -31.282 0.18s51
Dz imuams 2.,8685e-01 5.263e-01 0.512 O.608B56
10 3.830e-02 2.007e-02 1.508 0.05641
Alkohol=lxNed —2.425e4+00 &.376e-01 347 1 i
AlkoholsZxmen =1.118e+00 7.8 ] ~1.. 432 0 ]
AlkcholsNelieto 1.6681e+00 7.2 4] 2281 0.02355 *
Alkohnl=z=svetkos 3.081e-01 5.8 0 0.545 O.585B0
Sportada y P 01 8.8 ] 0.0316 0.898723
SportcsHe 01 3.9 1] 1.160 0.24622
Dziedazanale 1 Se-01. 4.2 ] 0.31% '0.75313
DejasNe - Ge-1. 40 1] -1.405 O0.1s8017
Neveseliga.partikaNe —8.403e-01 4.& ] -1.808 0.070&62 .
Garums —8.613e+00 1.3 0 ~-0.687 0.49185
Svars 1.055e~-01 1.8 0 0.558 0.57e5l
Izelpa —-6.478e-04 2Z.183e-03 -0.297 0.76B67
Plau=u —-1.142e-01 2.265e-01 -0.50 0,.81406
F.plaukstai 3.802e-02 2.457e-02 1.547 0.12183
—-§.464e-02 6.093e-02 -1.0681 0O.288a&8
-3.07€e-01 .5.874e-01 -0.542 0.58773
Mz HA ML A

Signif. codes: 0O ®===% 0,001 €=-€ 0.0 -€ 0,05 .9 0,1 © € 1

9.attls. GLM anaizes rezultta pientrs — snekéSanas ietek@josie faktori (Kolonu apingjumi: | —
regresijas lielums un virziens, Il — standéita, 11l — z \Ertiba, 1V — p \értiba: ticaniba >95%, ja
p<0.05).
Diskusija
Lynn (2008: 361) apgalvo, ka wfitajas valsts 1Q ir augsiks, to ietekmd ekonomisk
atistiba. Starp sieviétn un vrieSiem nav btiskas atBiribas, tdu atkiriba pastv Iidz 14 gadu

vecumam (Raven 1939: 30 - 33). Nosts, ka sievigdn augsiks IQ ir nowrots atistitajas valsts,
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tacu atfstibas valss nedaudz augits IQ ir af virieSiem (Lynn 2008: 361). B4 konstatjam, ka
zeniem ir nelitiski augsiks 1Q. Lynn, Irwing, (2004: 492 - 495) un Irwingyhn (2005: 516 - 518)
petijumos konstats, ka 1Q ar vecumu paaugstsun Sis nogrojums konstats af misu [Etjuma (4.
attels), visticanak tas ir izskaidrojams ar smadizeatistibu Saj vecuma posmvai afl ar macisaras
procesa ietekmi uz 1Q.

Savukirt vidgja s\erta atazme augsika ir meiteem (5. atéls), tau tas ar vecumu samazs)
jo visticanak ar laiku meitenes skar ar vien tikh socila slodze, piereram, uz srékéSana (Grogan et
al. 2008: 15), kas visticatk maina jaunieSa @\es prioriites. Savuirt augsi atame ir
izskaidrojama arar to, ka meitenes skar h&h socila slodze un uz to vecumu meitem ir svaigak
iegat augsikas atzmes, idgjadi sevi apliecinot veaku, skolofiju un vienaudzu vid. Zeniem vidctja
s\eta atZme ar vecumu netiski mairas (5. atéls), tas vagtu bat skaidrojams ar to, ka uZmem
neiedarbojas ne pomra (atZmes celSais) ne negava (atimes pazem#jums) socila slodze,
piemeram, ir noskaidrots, kagmi ir vairak izturigi pret sodilu slodzi uz srakéSanu (Mercken et al.
2010: 79; Hoving et al. 2007: 488)¢taietekme s hitiska no draugu loka (Simons-Morton et al.
2001: 103).

Ogres novadl skokni vecuni no 13 - 18 gadiem stké ~ 22 %, tdu vedakaja vecuma grup
18 gadi, sraké 53 % meitenes un 33 % (6. atEls). Saidzinot niisu rezulitus ar Zhang et al.
(2000: 421) veikto §ijumu Kinas skadls, var konstat, ka laika dinamik snekéSana ir kuvusi
izplatitaka, jo Zhang et al. (2000: 416) konsjaf ka 10 % meitgu 18 gadu vecumsneke ikdiema un
87,7 % nekad, kaén zeni ikdiena snekeja 11,6 % un nekad 29,5 %. Protamsjsm datus nav
objekivi salidzinat ar Kinu 2000. gaal jasaidzina ar Latvijas esoSoasbkli. Tomer miasu datus ir
grati salidzinat ar SIA ,Sociol@isko fEtijumu instifits” veikto un Slinibu profilakses un kontroles
centra pastito petijumu (Trapencieris u.c. 2012: 13), jo lat¥gas ir @titas vecuma grupas un
statistikas metodes, t@mvar apgalvot, ka Ogres novada swja atkiras no kopjas situicijas
Latvija, piengram, smdkejuso skaits Ogr ir zensks, ta&u tas kritiski pieaug ve&aja vecumu grup,
kura netiek ielauta Latvijas ptijuma. Japiemin, ka kopura snekgjuso jaunieSu skaits vecuma pasm
no 14 - 15 ntiski palielingjies edejo 16 gadu laik no ~ 23 % uz ~ 36 %, tikén citas Eiropas valss$
ir krities lidz ~ 21 % (Trapencieris u.c. 2012:18).

Sakdzinot nusu ieditos rezulitus (7. attls) par alkohola lietoSanu ar Latvijagtjumu,
secirats, ka neskatoties uz to, ka Ogres naviadiels procents jaunieSu, kas lieto alkoholunto tas
ir zemeks neld Latvijas Etijuma (Trapencieris u.c., 2012: 48), pieram, Ogg 15 - 16 gati
jauniesi, kas nelieto alkoholu ir ~ 28 % (7 &kst}, tatu Latvija tie ir tikai 8 %, k aif Ogre ~ 10 % 16
gadgie jauniedi (8. a#ts), kas lieto alkoholu vismaz reizi riéa un valst — 40%. $s atkiribas ir
skaidrojamas ar to, ka valst€tjuma nav reprezegjosSi dati par Latvijas sificiju kopung, jo
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safdzinot ntisu rezulitus ar Nderlandes jaunieSiem segis, ka niisu ieditie rezultti ir lTdzgaki, jo
Niderlan@ 15 % jaunieSu lieto alkoholu vismaz vienu reizd@e un 42,5 % ir adi jaunieSi, kas
alkoholu nelieto visiir (Koning et al. 2010: 95). Werlandes gtnieki afi konstagjusi, ka, jo zeraks ir
izglitibas Tmenis, jo liedks ir alkohola lietojoSo procentsa laf alkoholu vaigk lieto virieSi un zni
(Koning et al. 2010: 96). Meitenes a&aja grum bieZik lieto alkoholu, jo visticarmk vinam Safi
vecuni ir lielaks sociilais spiediens uz alkohola lietoSaridzigi ka tas ir ar srékéSanu (Grogan et al.
2008: 309-313), un kopuimmeitenes mak nelieto alkoholu, jo wias ir sodili ietekngjamakas par
zéniem (Mercken et al. 2010: 79; Hoving et al. 20038).

Cilvékam ar vecumu, pusaudzu vecynoitiski pieaug plausu tilpums, izelpagums, svars
un garums, & afi Sie parametri ir augsti virieSiem (Valtneris 2004: 251). Konstttis vickjais
kermena masas indekss ir normas raisefHsu et al. 2006: 26).

Patrick et al. (1999: 759 - 762) noskaidroja, kanjaSi pulchu apmekdjumus un sporta
nodarhbas apmekl, jo, pientram, meitenesdlas iegdit jaunus draugus, ureai, lai iegitu socélu
pieredzi, k& an jaunieSi apmekl pulcinus un sporta nodaitias, jo ir iespja komuni&t ne tikai ar
vienaudziem, bet amar veakiem un jausikiem skoEniem. Interesanti, ka meitenes apgalvoja, ka uz
vinam ir spiediens no draugu puses par gk vinas apmekd noteiktu pulcnu.

No ieditajiem GLM rezuliitiem konstaitas &das statistiski fitiskas sakabas: ka pusaudzis
vecuni no 13 1dz 18 gadiem, lietojot alkoholu vismaz vienu reigeckla, snekes, savukrt ja nelietos
alkoholu, tad nesakes. Skoéns sngkes, ja viham ir zenaka videja s\erta atzme, tatu snekeSana var
af izraigt pazemiatu atami. Savukrt videja s\erta atZme paaugstina 1Q. Ja ir auglst 1Q, tad
skokns nenodarbosies ar sportu un nggs. Ja skans nodarbosies ar sportu, tad lietos alkoholu. Ja
nesntkés, tad lietos nevedgu partiku. Nevesabas prtikas lietoSana paaugsim zenmadas
aptaukojumu.

Alkohola lietoSanai un s&kéSanai ir litiska ietekme pusaudza sociaBaris proces un
draugu iegu¥ (Maxwell 2002: 268), tau af veaku uzvedba, diavesveids ir noteicoSais vakims
lietos alkoholu vai sgkés (Yu 2003: 261). Alkohola lietoSanai ir kil noZme socializSaras
procega (Maxwell 2002: 267), iesgpams, fipec masu [Etijuma statistiski ltiska ir sakaba starp
biezu alkohola lietoSanu un sk&Sanu, un savuikt, ja pusaudzis nelieto alkoholu visptad ar
nesntkées (Anderson et al. 2011: 976), jo Sis indw nav sodis un Idz ar to tas izvais no alkohola
lietoSanas un sékeSanas. K af ja starp diviem draugiem viens intti ir socils un otrs ir SoCicfis,
tad socilais Kus par nesoélu (Heliste cit. gc Allen et al. 2012: 338).

SnekesSana htiski samazina 1Q un 1Quiski pozitvi korek ar izgitibas TImeni (Pesta et al.
2012: 111 - 112), @su @Etijuma snekeSana netiesi ietekinlQ, jo sntkeéSana ietekm vidgjo s\erto
atzami, kas paaugstina IQ, visticakir kads cits sodils faktors, kas maina attiiga beérna prioriates
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dzve, pientram, pusaudzim svagak ir pavadt laiku vienaudzu lok neka nopietrik pieersties
macibu procesam skal Ja skains pieersas micibu procesam skalun pierSas mcibam, tad vis,
visticanik, laika tikuma dl, neapmeld sporta nodaflbas un nesakés, jo neelésies socializties.
Tau, ja nodarbosies ar sportu, tad atseéeb sodila, vienaudzu grup kur bis socializSaris process
un attieggais indivds lietos vismaz alkoholu, un paties ir no\erots, ka skals procentali sportisti
vairak lieto alkoholu un tas var izraissmagas komplicijas un pat avi (Matthew et al. 2006: 140 -
142).

Draugu loks ietekm partikas iz\eli, jo pusaudzis nevesgu partiku vairak lieto skoh vai
vienaudzu Kitbutne (Feunekes 1996: 166), un tas aua uz to, ka nevesghs partikas lietoSanai ir
ietekme uz socialeSariis procesu. Sis fakts izskaidrogpkc jaunietis, kas nestkes vaimk lietos
nevesalgu prtiku, jo tas kompertss So socilu darlibu. BieZza nevesmjas prtikas lietoSana
paaugstin&ermera masas indeksu (Kubik et al. 2005: 1111 - 11514y tezulitu anaize tas netika
konstatts, bet konstéts, ka paaugstina zahas aptaukojumu @uoredzot tas nav tik liels, laitkbiski
mairitos individa svars.

No ieditajiem rezulitiem var secift un ieteikt, ka ir nepiecieSama valsisiéna vesabas
macibu un sodilo zinatpu programma jaunieSiem vecamo ~ 11 gadiem, lai inforéu jaunieSus par

alkohola lietoSanas un skéSanas nami socializSaras proces, izskaidrojot & sekas.
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PLANOS PARKL AJUMOS
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Abstract

Encapsulation of iron oxide nanoparticles into thinfilms by dip-coating method
Nanocomposite thin film present interesting magnetiechanical, electronic and optical properties ¢ their size-
dependent phenomena. One of the problem of contempmagnetic applications, such as magnetic réogrds that
these require a precise control of the fabricapoocess, in order to create a homogeneous micobsteuwith isolated
magnetic entities. The sol-gel process is as efiicin preparing magnetic nanoparticles dispensetifierent matrices and
to produce thin films with accurate control oveeithmorphology and purity. Superparamagnetic irgid® nanoparticles
are proving to be a class of novel probes usefuhfeitro andin vivo cellular and molecular imaging. Superparamagnetic
iron oxide nanoparticles present unique propertiest can be applied in targeted delivery of theuéipeagents,
development of immunochromatographic tests, hypentia, and conversion of a pro-drug to its actiwerf. Iron oxide
magnetic nanoparticles in size ~ 100 nm were sgithd through the co-precipitation of?Fand F&" aqueous salt
solutions by passing Ar gas. Nanocomposite thimdilof SiQ/FeO, have been prepared with sol-gel dip coating
technique. Prepared films formed crack free surfaith good dispersion of high spherical particlemni oxide in silica
substrate, Rvalues 1.5 — 2.7 nm.
Key Words: iron oxide, encapsulation, dip-coatingnopatrticles

levads

Dzelzs ok®di dals eksist vairakas formas — magnéts (FeO,), meheriis (y-FeO3) un hemats
(0-Fe03). Skaldres centéts kubisks sikbela pakojums magrigd lauj elektroniem firvietoties starp
dzelzs joniem, kuri izvietojuSies tetraedriskosaktaedriskos tukSumosidejadi piegkirot molekulai
pusmeiliskas ipa3bas, kas ir degas biomedima, pateicoties dau augstam magtiskam
jutigumam, magnetizijas pieatinajumam un zemam toksiskumam (Bumb 2008, Gupta 2005).

Jaunakos [Etijumos superparamagfiskas dzelzs okisla nanodinas pieidija sevi ki nodergas
in vitro un in vivo Sinveida- un molekdrveida- atélveidoSala. Superparamagtiskajiem dzelzs
oksdiem pienit unikalas ipadbas, kuras var izmantot terapeitisigenta piegdei organism,
lokalizetaja termoterapij, zalu parvérSanai to akvaja forma, biologisko &idrumu detoksikcijai u.c.
Turklat superparamagtiskas ddinas nesaglab neladu magmtismu [Ec argja magretiska lauka
nopemsanas (Teja 2009). Vairums no dzelzgdksodergam ipagbam ir atkargas no nanomatatu
sinttzes metodes, kas &p iz&iroSo lomu dénu izmeru un formas noteikSan izkliede pec
izmeriem, virmaskimija un &de] an materéla pielietojuna. Turklat, materila sagatavoSanas metode
nosaka strukiras defektu paipi un piemaigumus strukiira, ka af to izkartojumu. Viena no
misdienu maggtisko ipasbu pielietoSanas probham ir ta, ka tas prasa preau razoSanas procesa
