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Daugiameté svidré (Lolium perenne L.) yra vienas vertingiausiy pasariniy zoli-
niy augaly, ta¢iau sunkiai pakencia $altas, permainingas Ziemas. Atsparumas $al-
¢iui yra sudétingas kiekybinis poZymis, tad atsakingy geny identifikavimas yra
nelengvas uzdavinys, nes paprastai atskiry geny indélis yra nedidelis ir sunkiai
aptinkamas. Sis darbas, atliktas per doktorantiros studijy laikotarpj, buvo skirtas
jvertinti daugiametés svidrés atsparumg $al¢iui ir nustatyti su $iuo poZymiu sieja-
mus genetinius Zymeklius. Taip pat buvo vertinta ir netiesioginiy daugiametés svi-
drés atsparumo $al¢iui metody pritaikymo galimybés. Darbe nagrinétas LpIRI1
geno, koduojancio priesuzsaliminj baltyma, polimorfizmas ir nustatyti funkciniai
zymekliai, siejami su I3steliy membrany stabilumu Zemose temperatiirose. Siame
darbe taikytas auksto nasumo metodas, skirtas jvertinti atsparumg $al¢iui popu-
liacijy lygmenyje, bei atlikti i$samas, didelés apimties tyrimai, kuriy metu buvo
jvertintas daugiametés svidrés populiacijy atsparumas $al¢iui. Be to, nustatyta,
kaip ploidiskumo lygis veikia daugiametés svidrés populiacijy atsparuma $alciui.
Jvertintos Europos laukiniy daugiametés svidrés populiacijy atsparumo $alciui sa-
sajos su augavieciy geografine padétimi. Sio mokslinio darbo metu viso genomo
asociacijy analizés metodas (angl. GWAS) pirma karta taikytas identifikuojant
daugiametés svidrés atsparumo $al¢iui genetinius zymeklius. Nustatyti astuoni
zymekliai, galimai susij¢ su $iuo augalo poZymiu. Identifikuotais Zymekliais pa-
zenklintose genominése sarankose aptikta geny, siejamy su atsparumu abioti-
niams veiksniams. Gauti darbo rezultatai papildo mokslo Zinias apie sudétingus
augaly atsparumo $alciui pozymius.

Perennial ryegrass (Lolium perenne L.) is a key species for temperate pasture agri-
culture, however, the winterkill can be severe, especially where harsh winters with
no snow cover occur. Freezing tolerance is a quantitative trait, therefore the elu-
cidation of the underlying genetic mechanisms is complicated. The main aim of
this research work was to evaluate freezing tolerance in perennial ryegrass as well
as to identify genes and genetic variants underlying this important trait. During
the research, a high-throughput screening method has been adopted for freezing
tolerance evaluation at the population level and the freezing tolerance was deter-
mined in a large panel of diverse perennial ryegrass populations. Also, the suit-
ability of indirect evaluation methods for freezing tolerance in perennial ryegrass
was considered during this study. Moreover, it was elucidated how the ploidy level
affects freezing tolerance in perennial ryegrass. Further, the LpIRII gene, which
encodes an antifreeze protein, was screened in a panel of individual genotypes
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and variable sites were identified within the gene. It was also determined how
the allelic variation in the LpIRII gene affects the cell membrane stability un-
der freezing conditions. The genome-wide association study (GWAS) approach
was applied for the first time to identify genetic markers for freezing tolerance in
perennial ryegrass populations. A pooled-GWAS for freezing tolerance was per-
formed by using of 1.2 million SNP markers obtained through GBS (Genotyping-
by-Sequencing). GWAS yielded eight markers with a highly expressed bias to gen-
ic regions and a number of genes with a known role in response to abiotic stresses
were identified on marker-tagged genomic scaffolds. The identified associations
provide new knowledge on this extremely complex trait in perennial plants.
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Disertacijos naujumas — nustatyta pagrindiniy Lietuvoje registruoty ir auginamy
javy veisliy grady maistiné verté, jvertinta juose tirpiyjy ir netirpiyjy arabinoksi-
lany kiekiai, i$analizuota ksilanaziy, beta gliukanaziy, celiulaziy ir mananooligo-
sacharidy jtaka TGRR koncentracijai aklosiose zarnose, Zarny histomorfometri-
niams rodikliams, kiausiniy omega 3, omega 6 riebaly ragsc¢iy koncentracijai, jy
santykiui, aterogeniskumo ir trombogeniskumo indeksams, MDA kitimui, kiau-
$iniy ir paukstienos juslinéms bei tekstarinéms savybéms.

Disertacinio darbo praktiné reik§mé - atlikta Lietuvoje auginamy javy gridy
veisliy i$pléstiné maistinés vertés analizé, nustatyti beta gliukany ir arabinoksi-
lany kiekiai, zarny chimuso klampumas, kuriy pagrindu bus galima optimaliai
sudaryti kombinuotyjy lesaly receptiras vistoms dedekléms ir vi§¢iukams broile-
riams. I$analizuotas NKP skaidan¢iy fermenty ir mananooligosacharidy poveikis
visty dedekliy ir vi§¢iuky broileriy produktyvumui, lesaly konversijai, kiausiniy ir
paukstienos kokybei bei nustatytos minétyjy priedy jterpimo normos.

Novelty of the doctoral thesis is the determination of nutritious value for main
cereal grain varieties registered and cultivated in Lithuania, determining concen-
trations of soluble and insoluble arabinoxylans in them; the effects of xylanases,
beta-glucanases, cellulases and mananooligosaccharides on SCFA concentration
in caecum, on hystomorphometric intestinal indices, on concentration of fat acids
omega 3 and omega 6 and their ratio indices of atherogenity and trombogenity,
MDA variation, sensory and textural characteristics of eggs and poultry meat were
analysed.

Practical significance of the doctoral thesis is valuable for a comprehensive
analysis of nutrients assessment in cereal grains varieties cultivated in Lithuania;
concentrations of beta-glucans and arabinoxylases, intestinal chymus viscosity
were determined which provides a basis to optimise making formulations of com-
pound feeds for laying hens and broilers. Impact of NSP degrading enzymes and
mananooligosaccharides on productivity, feed conversion, eggs and meat quality
of layer hens and broiler chickens was analysed, and standards for the mentioned
additives were defined.



iv

Kronika e Chronicle

IVAIRIU ALIEJU BEI ANTIOKSIDANTU ITAKA VISTY KIAUSINIU IR VISCIUKU

BROILERIU MESOS KOKYBEI

THE INFLUENCE OF DIFFERENT OILS AND ANTIOXIDANTS ON LAYING HENS EGGS
AND BROILERS CHICKEN MEAT QUALITY

Vilija Buckitiniené
Mokslo kryptis
Zootechnika (03A)

Mokslinis vadovas, tarybos pirmininkas:
prof. habil. dr. Romas Gruzauskas,
prof. dr. Elena Bartkiené

Disertacija parengta
LSMU Veterinarijos akademija

Disertacija apginta
LSMU Veterinarijos akademija

Gynimo data
2017 m. geguzés 19 d.

Disertaciniame darbe buvo istirta lesaly, papildyty jvairiais aliejais (saulégrazy,
rapsy ir liny sémeny) bei nataraliais ir sintetiniais antioksidantais, jtaka vis¢iuky
broileriy ir viSty dedekliy produktyvumui, produkcijos kokybei ir fiziologiniams
rodikliams. Visty lesalus papildzius jvairiais aliejais bei antioksidantais buvo i$-
samiai i$analizuota jy poveikis kiaudiniy ir paukstienos riebaly ragsciy profiliui,
lesaly priedy jtaka aterogeniskumo, trombogeniskumo, peroksidavimo, hipocho-
lesteremijos / hypercholesteremijos indeksams, pigmentiniy medziagy kiekiui,
tokoferoliy, seleno ir gelezies susikaupimui, malondialdehidy kiekiui, juslinéms
ir tekstirinéms savybéms $vieziuose bei ilgesnj laika sandéliuotuose kiausiniuose
ir paukstienoje. I$analizuotas minéty lesaly priedy transferacijos mechanizmas i$
lesaly j vis¢iuky broileriy mésg ir vi$ty dedekliy kiaudinius. Taip pat istirtas nau-
dojamy lesaly priedy poveikis paukscio fiziologinei buklei — trumpyjy grandiniy
riebaly ragé¢iy ir amoniakinio azoto koncentracija paukscio aklyjy zarny turinyje,
kraujo rodikliams - $arminés fosfotazés, bilirubino, gamaglutamintransferazés,
alaninaminotransferazés kiekiams.

In the thesis, the impact of compound feed enriched with different oils (sunflower,
rapeseed and flaxseed) and natural and synthetic antioxidants on broiler chickens
and laying hens was investigated.

The influence of feed additives on the fatty acid profile, atherogenic, throm-
bogenicity, peroxidation, hypocholesteremic/hypercholesteremic indices, content
of pigment substances, tocopherols, selenium and iron concentration, malon-
dialdehyde content, sensory and textual properties of eggs (fresh and stored for
a longer period of time) and poultry meat has been extensively analysed. Effects
of compound feed additives on the physiological status of broiler chickens and
laying hens, i.e. short-chain fatty acids and ammonia nitrogen concentration in
the caecum, were investigated. Blood parameters, i.e. alkaline phosphatase, biliru-
bin (total and direct), gamaglutamintransferase, alanine aminotransferase, were
also studied.
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netiné variacija priklauso nuo stresinio veiksnio pobudzio (pavasario $alnos,
vasaros sausros, UV-B spinduliuotés, $iltos Ziemos), tuopy rasiy ypatybiy ir pri-
sitaikymo prie jy kilmés arealy aplinkos salygy.

Darbo tikslas - istirti tuopy hibridy ekogenetinj plasti$kumg, geneting va-
riacijg ir prisitaikymg dabartinémis Lietuvos gamtinémis salygomis ties tuo-
py arealo Europoje $iaurine riba, taip pat modeliuojamomis prognozuojamos
klimato kaitos ir su ja susijusiy stresoriy poveikio salygomis hibridy ir klony
genetiniame lygmenyje.

Tyrimy uZdaviniai. I8tirti tuopy hibridy ypatybes, plastiskumg ir
adaptaciniy poZzymiy genetine variacijg skirtingomis gamtinémis salygomis
bandomuosiuose Zeldiniuose; istirti tuopy hibridy, klony ekogenetinj plastisku-
ma ir adaptacijos galimybes esant $alny poveikiui, jvertinti, kokia jtaka tai daro
jy augimo ritmui; nustatyti tuopy hibridy ir klony jautruma vasaros sausroms
(kaip stresinio augimg limituojancio veiksnio poveikj) ekologinémis salygomis
pagal rasiy kilmeés vietg; istirti skirtingy tuopy hibridy ir klony jautruma
padidintai UV-B spinduliuotei bei ry$j su klony bendruoju jautrumu / plastis-
kumu; nustatyti skirtingy tuopy hibridy ir klony ekogenetinj atsaka bei adapta-
cijos galimybes i$vengiant $ilty Ziemy keliamy augimo ritmo trikdzZiy; jvertinti
kompleksinés selekcijos ir rajonavimo galimybes bei genetine nauda.

Tyrimai atskleidé, kad kloniniy bandomujy Zeldiniy plotuose Lietuvos gam-
tinémis salygomis didelis produktyvumas ir adaptabilumas btdingas 70 % tirty
hibridiniy drebuliy klony ir tik 20 % tirty hibridiniy tuopy klony. Stipriai i$-
reiks$ta genotipo ir aplinkos saveika (G x E) rodo skirtinga klony ekogenetinj
plastiskuma ir specifines ekologines preferencijas. Pagal kompleksg poZymiy at-
rinkta po 20 pranasiausiy klony, jie priskirti trims atskiriems kilmés rajonams,
gauta reik§minga genetiné nauda pagal svarbiausius selekcinius tikinius ir adap-
tacinius poZymius.

The ecogenetic response, ecogenetic plasticity and genotypic variation of differ-
ent hybrids of poplars and aspens (Populus L.) depend on the type of stressors
(spring frosts, summer drought, increased UV-B radiation, warm winters) and
peculiarities of the cross-bred species as well as environmental conditions on
the site of their origin. The aim of the study is to estimate the genotypic varia-
tion of adaptive traits and their ecogenetic plasticity and adaptability of Populus
hybrids under Lithuanian environmental conditions at the northern margins of
the natural distribution of poplars in Europe and under simulated conditions of
the expected climate change.

Objectives: to investigate the performance and plasticity of Populus hybrids
in different natural conditions of clonal trials and genotypic characteristics of
adaptive traits; to investigate the ecogenetic plasticity and adaptability of Popu-
lus hybrids and clones under impact of spring frost in relation to the growth
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rhythm; to determine the sensitivity of Populus hybrids and clones to summer
drought as a growth-limiting stress factor in the context of ecological conditions
on the sites of species origin; to investigate the sensitivity of different Populus
hybrids and clones to increased UV-B radiation and its relation to the over-
all sensitivity/plasticity of the clones; to identify the ecogenetic response and
adaptability of different Populus hybrids and clones to avoid growth rhythm
disturbances caused by warm winters.

In clonal trials under Lithuanian natural conditions, high productivity and
adaptability were characteristic of 70% of the tested hybrid aspen clones and
only of 20% of the tested hybrid poplar clones. A strongly expressed genotype—
environment interaction (G x E) showed different ecogenetic plasticity and
specific ecological preferences of the clones. Clonal selection of 20% intensity
according to a complex of breeding indices and zoning the best clones for three
different provenance regions generate a significant genetic gain.
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Darbo tyrimy tikslas — nustatyti daigy pasaknio puviniy ir pavasarinio pelésio
sukeéléjy rading sudétj zieminiuose ir vasariniuose migliniuose javuose, atskiry
Microdochium spp. ir Fusarium spp. rasiy i$plitima ir pasiskirstyma skirtinguo-
se augaluose, $iy ligy daroma Zalg bei kontrolés priemoniy efektyvumg. Atliktais
tyrimais prapléstos Zinios apie Lietuvoje identifikuotas Microdochium nivale ir
M. majus rusis vasariniy javy séklose ir daigy pasaknyje, jvardijant patogenus
kaip reik$mingus pasaknio puviniy sukeéléjus vasariniuose kvie¢iuose, mieZiuose,
kvietrugiuose ir avizose kartu su F. graminearum, F.avenaceum ir F. culmo-
rum. Masy tyrimy rezultatai papildé Zinias apie platesnj M. nivale ir M. majus,
kaip pa$aknio puviniy sukéléjy, pazeidZziamy zieminiy javy spektra. M. nivale
nustatytas ne tik zieminiy kvie¢iy ir rugiy, bet ir Zieminiy mieziy bei Zieminiy
kvietrugiy apatinéje stiebo dalyje. M. majus, be Zieminiy rugiy, nustatytas Zie-
miniuose kvie¢iuose, mieziuose ir kvietrugiuose. gPGR metodu patvirtinta, kad
pavasarinj pelésj zieminiuose kviec¢iuose, mieZiuose, kvietrugiuose ir rugiuose
sukelia ne tik M. nivale, bet ir iki $iol Lietuvoje pavasarinio pelésio sukéléju nej-
vardyta M. majus rasis. Daigy tarpsniu vasarinés avizos ir Zieminiai mieZiai pasi-
zyméjo didesniu atsparumu pasaknio puviniams, o vasariniai ir zieminiai kvieciai,
vasariniai mieziai, zieminiai rugiai ir kvietrugiai buvo smarkiai paZeisti pasaknio
puviniy. Vidutiniais duomenimis, dél pavasarinio pelésio tikétinas iki 0,5 t ha™
zieminiy kvie¢iy derliaus sumazéjimas, o palankiais ligai plisti metais grady der-
liaus nuostoliai gali buti didesni nei 1,0 t ha™'.

The main aim of the study was to identify species of phytopathogenic fungi causing
seedling blight and snow mold in spring and winter cereal crops, to evaluate inci-
dence of Microdochium spp. and Fusarium spp. in different host plants, to assess
damage caused by the seedling blight and snow mold and to evaluate effectiveness
of disease control methods. The results of this research contributed to the under-
standing of seedling blight and snow mold incidence and importance of these
diseases by identifying Microdochium nivale and M. majus as important causa-
tive agents of seedling blight in spring wheat, barley, triticale and oats in complex
with Fusarium graminearum, F. avenaceum and F. culmorum. M. nivale and
M. majus were also identified as root rot pathogens in winter cereals. M. nivale
was identified in winter wheat and rye, also in winter barley and winter triticale
plants. M. majus was newly identified in winter wheat, barley and triticale. Our
results, obtained using qPCR, confirm that snow mold is caused by both M. nivale
and M. majus phytopathogens in Lithuania as opposed to previous studies stat-
ing that M. nivale is the only species causing snow mold disease. Spring oats and
winter barley were more resistant to seedling blight, whereas spring and winter
wheat, spring barley, winter rye and triticale were severely damaged by this disease.
The results of this research suggest that snow mold can result in average 0.5 t ha™
yield reductions in winter wheat. If the weather conditions are favourable for dis-
ease spread, winter wheat yield losses can reach more than 1 t ha™'.
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Lietuvoje néra atlikta i$samiy tyrimy apie silosuoty pasary ir jy zaliavy higieni-
n¢ kokybe, nepageidaujamy mikroorganizmy, i§ jy ir mikroskopiniy gryby bei jy
antriniy metabolity, paplitimg juose, taip pat pasaruose nustatyty mikotoksiny
koncentracijy poveikj galvijy sveikatingumui in vivo ir in vitro. Tokie tyrimai at-
likti pirmg kartg. Siame darbe nustatytos mikotoksiny koncentracijos kukurtizy
zaliavos ir siloso méginiuose skirtingais laikotarpiais po sudéjimo. Kukuriizai su-
rinkti tkiuose, esanciuose jvairiuose Lietuvos regionuose. Apzvelgti mikroskopi-
niy gryby antriniy metabolity paplitimo skirtumai j ritinius susuktame daugia-
meciy Zoliy silose. Nustatyta, kaip taikant skirtingas silosavimo technologijas kito
silosuoty pasary higieniné kokybé ir mikotoksiny koncentracijos silosuotame pa-
$are (nuo jy zaliavos iki skirtingy laikotarpiy po sudéjimo). Tai ypac aktualu verti-
nant pasary i$ ekologiniy akiy kokybe ir saugg. Nustacius, kuriais laikotarpiais po
siloso sudéjimo labiausiai pakinta higieniné jo kokybé, ypa¢ mikotoksiny koncen-
tracija, galima apsaugoti silosa nuo mikotoksiny patekimo j gyvino organizma ar
naudojant atitinkamas detoksikuojanéias priemones bent sumazinti jy neigiama
poveikj. Sie tyrimai leidZia ne tik suprasti mikotoksiny patekimo kelius j gyvulio
organizmg, o per produkcija ir j Zmogaus mitybos grandine, bet ir jvertinti rizikos
mastg gyvuliy ir Zmoniy sveikatai. Masy atlikty tyrimy rezultatai gali prisideéti
prie taip reikalingy tyrimy visumos nustatant leistinas maksimalias mikotoksiny
koncentracijas pasaruose.

As was mentioned, so far Lithuania lacks investigations about the hygienic quality
of silages and raw materials, i.e. about the concentrations of microorganisms, in-
cluding fungi and secondary metabolites, in them. The in vitro and in vivo data
about the impact of mycotoxins on animal health are also lacking. The present
study is the first of this kind in Lithuania. Concentrations of mycotoxins in
the samples of maize and silage at different fermentation stages collected from
farms in different Lithuanian regions were determined. The present paper con-
tains a survey of the distribution differences of the secondary metabolites of mi-
crofungi in the round bales of perennial grass silage in the farms applying different
farming systems. The changes of the hygienic quality of silages and concentrations
of mycotoxins in the raw material and at different fermentation stages applying
different ensiling technologies were determined. The study is especially relevant
for evaluation of the quality and safety of fodder from ecological farms because
few works in this field of research have been carried out. Knowing at what stage of
fermentation the greatest changes of silage quality (mycotoxin concentrations in
particular) occur, it would be possible to avoid their getting into the animal organ-
ism or at least to reduce the negative impact of mycotoxins using appropriate de-
toxification measures. The present study shows the ways of mycotoxins getting not
only into the animal organism but also into the human organism through the food
chain what helps to evaluate the seriousness of the health risks. The obtained re-
sults will fill some gaps of the data necessary for establishment of the maximal
concentration limits of mycotoxins in fodder.
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Jungtiniy Tauty maisto ir Zemés tkio organizacijos (FAO) teigimu ir moksliniy
tyrimy duomenimis, gradiniy augaly ir jy produkty maistiné verté kinta, o poky-
¢iai siejami su didéjanciu produkcijos uzterStumu mikotoksinais. Séjamojo grikio
(Fagopyrum esculentum Moench) gridai ir i$ jy pagaminti produktai nepakan-
kamai i$tyrinéti, taciau pasaulinéje sveiko maisto produkty rinkoje vertinami kaip
dietinis didelés maistinés vertés produktas, nes juose gausu antioksidacinémis ir
antigrybinémis savybémis pasizyminciy junginiy. Sio tyrimo tikslas buvo nusta-
tyti s¢jamojo grikio grady ir jy produkty uZterstuma mikotoksinais, jvertinti fe-
noliniy junginiy kiekj ir sudétj, antioksidacinj ir antigrybinj aktyvuma bei poveikj
mikotoksinams. Nustatyta, kad fenoliniy junginiy kiekio reik$émingi skirtumai ir
grady uZzterStumas aflatoksinu B1 priklausé nuo grikiy brendimo metu vyravusiy
meteorologiniy salygy, o grikiy auginimo sistemos tur¢jo jtakos griidy antioksi-
daciniam aktyvumui. Fusarium graminearum ir E culmorum gryby augimui
didesnis neigiamas poveikis buvo i$ grikiy luksty paruosty ekstrakty, palyginti su
paruostais i§ griidy, o fenoliniy junginiy misiniai £ graminearum micelio augi-
ma stabdé efektyviau, palyginti su jy vienkomponenciais junginiais. Reik§mingas
neigiamas fenoliniy junginiy koreliacinis rysys nustatytas su trichoteceny grupés
mikotoksinais. Grikiy kruopy ruosimo technologijos turi jtakos fenoliniy junginiy
sudéciai, kiekiui ir uzterStumui mikotoksinais: $altuoju badu paruostos kruopos
pasizyméjo gausesne fenoliniy junginiy sudétimi ir didesniu jy kiekiu, palyginti su
apdorotomis karstais garais, tadiau jose nenustatyta mikotoksiny. Saltuoju biidu
paruostos kruopos ir jy lukitai buvo uztersti aflatoksinu B1. Sio tyrimo duomenys
papildo agronomijos mokslg naujomis Ziniomis, suteikia vartotojams naudingos
informacijos, o gamintojams padés pasirinkti saugesnes kruopy ir produkty i$ gri-
kiy luksty gamybos technologijas.

United Nation’s Food and Agriculture Organisation (FAO) and comprehensive re-
search evidence have indicated that the nutritional value of cereal crops and their
products is changing, which results in an increasingly higher contamination of
agricultural produce with mycotoxins. Although buckwheat (Fagopyrum escu-
lentum Moench) grain and its products are highly valued in the global healthy
food market and characterised by antioxidant and antifungal properties, few stud-
ies have addressed the issue of mycotoxin contamination in them. The current
study was aimed to quantify mycotoxin content in buckwheat (Fagopyrum es-
culentum Moench) grain and grain products, to estimate phenolic compounds
and their antioxidant activity as well as their capacity to affect the mycotoxin
content. Research has evidenced that significant differences in the contents of
phenolic compounds in buckwheat grain and its contamination with aflatoxin
B1 depended on the prevailing weather conditions during the buckwheat grain
maturity stage. Buckwheat production systems (organic and sustainable) had an
impact on the antioxidant activity of buckwheat grain. Hull extracts had a great-
er effect on the mycelial growth of Fusarium graminearum and F. culmorum
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monocultures than grain extracts, and mixtures of phenolic compounds more
efficiently inhibited the mycelial growth of F graminearum fungi as compared
to the monocompound solutions of phenolics. The study established a significant
negative effect of phenolic compounds on the content of mycotoxins belonging to
the group of trichothecenes. Technological processing of groats exerts influence on
the composition and content of phenolic compounds and mycotoxin contamina-
tion: cold-treated groats exhibited a richer composition and content of phenolics
compared with the ones treated with hot steam; however, hot steam-treated groats
were found to be negative for mycotoxins. Cold-treated groats and hulls were
found positive for aflatoxin BI contamination. The findings obtained in the study
should make an important contribution to the field of agronomy by providing new
scientific knowledge and useful information for health-conscious consumers and
should facilitate manufacturers’ choice of safer technologies for the production of
groats and hull-derived products.
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Disertacijoje nagrinéjamas paprastosios pusies (Pinus Sylvestris L.) DNR poli-
morfizmas medyne, t. y. paprastosios pusies populiacijy genetinés jvairovés pa-
siskirstymo désningumai medyne ir antropogeninés veiklos poveikis jy genetinei
jvairovei. Siais tyrimais buvo siekta atsakyti, kiek ir kokio dydZio bei formos gimi-
ningy medziy grupiy vyrauja medynuose, kokig jtaka turi medyno atkarimo me-
todas biisimo medyno genetinei jvairovei, kokia jtaka medyny genetinei jvairovei
daro ugdymo kirtimai.

Tyrimui naudoti 12-to auksto polimorfiSkumo, genetinés skiriamosios gebos
ir patikimumo mikrosatelitinés DNR Zymekliai kaip vienas tiksliausiy Zinomy
metody individy tévystés ir giminystés nustatymo tyrimuose.

Atlikti tyrimai atskleidé, kad natiralios kilmés paprastosios pusies medynuose
vyrauja 2—4 giminingy medziy grupés, kurios i$sidéste misriai ir nesudaro erdvis-
kai testiniy grupiy. Pusyny atkarimo metodas neturi reik$mingos jtakos medy-
ny alelininés jvairovés rodikliams, taciau nataraliu Zélimu atkurti pusynai turi
didesne jvaisg (inbrydingg) ir mazesnj stebimg heterozigoti$kumg nei nataralios
ir dirbtinés kilmés medynai. Erdvinis genetiniy grupiy i$sidéstymas po atvejiniy
kirtimy atkurtame medyne yra neatsitiktinis, formuojasi erdviskai testinés grupés.
Retinimy jtakos genetinei jvairovei retrospektyvaus modeliavimo tyrimas atsklei-
dé, kad paprastosios pusies medynuose ugdomieji kirtimai, eliminuojant medzius
pagal skersmenj, neturi reik§mingo poveikio medyny heterozigotiskumui ir bend-
ry aleliy jvairovei, taciau sukelia reik§mingg rety aleliy praradima. Jy praradimas
ugdant pusynus yra daug mazesnis, jei ugdymo intensyvumas nevirsija 30 %.

This thesis addresses the problem of how forest management may affect the ge-
netic diversity and structure of Scots pine stands. We raise questions as what is
the spatial genetic structure in natural stands of Scots pine? How do establishment
method and thinning regimes affect this genetic structure and genetic diversity?
This problem is poorly investigated for Scots pine and is important because it is
the main forest tree species in Europe.

The main aim of the study was to assess the effect of the main forest man-
agement operations on the genetic diversity and structure in Scots pine stands.
The objectives were based on DNA markers to assess: (1) the small scale spatial
genetic structure in mature natural stands of Scots pine, (2) the effect of the most
common establishment methods of Scots pine stands on the genetic diversity and
genetic structure, and (3) the effects of common tending treatments on the genetic
structure and genetic diversity in Scots pine stands.

For DNA analysis we used 12 high polymorphism microsatellite markers.

The study of the spatial genetic structure of Scots pine showed that there are
2 to 4 discrete genetic groups in naturally-born stands of Scots pine and these
groups are intermixed with each other and do not form spatial groups. The study
on the genetic consequences of the three most common establishment methods of
Scots pine stands based on large sample sizes and a large set of polymorphic DNA
markers showed that the establishment method had a little effect on the allelic
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diversity, however, the progeny after the natural regeneration (seed tree method)
possessed markedly higher inbreeding and lower heterozygosity than the planted
and naturally born stands. The spatial genetic structure of Scots pine stands after
the seed tree regeneration method may not be random and there could be a risk
for development of spatial genetic groups of trees. The retrospective modelling of
the loss of genetic diversity indicates that for stands of Scots pine such as those
investigated in our study diameter-based tending in young stands and thinning
in mature stands have a minor effect on heterozygosity, expected inbreeding or
the common allelic diversity but causes a significant loss of rare alleles.
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Mokslinio darbo tikslas — nustatyti ir iSanalizuoti veiksnius, darancius jtaka
gluosniy energetiniy plantacijy plétrai Lietuvoje. Nustatytas gluosniy produkty-
vumas Lietuvos komerciniuose objektuose. Pasidlyta gluosniy energetiniy plan-
tacijy antZeminés biomasés nustatymo metodika, kuri sudaro galimybe progno-
zuoti gluosniy biomasés produkcija prie$ kirtima. Tyrimo rezultatai parodé, kad
gluosniy prieaugis Lietuvoje svyruoja gana stipriai (nuo 2 iki 3 tony sausos ma-
sés i§ 1 hektaro smélio dirvozemiuose, nuo 5 iki 9 tony - netrestuose priemolio
dirvozemiuose ir nuo 7 iki 10 tony — komunaliniu dumbliu trestuose priemolio
dirvozemiuose) ir priklauso nuo augaly amziaus, dirvozemio, treSimo, gluosniy
auginimo rotacijos. Nustatytas gluosniy auginimo Lietuvoje ekonominis efekty-
vumas parodé, kad panaudojant dabarting Europos Sajungos paramg investicijos
j gluosniy auginima atsipirkty 9-ais metais, vidiné grazos norma sudaryty 16 %, o
22-jy mety veiklos grynoji dabartiné verté siekty 1 800 Eur/ha. Apskaiciuota, kad
gluosniy plantacijy veisimo sagnaudos bty 25 % visy sanaudy, priezitros sanau-
dos - 13 %, derliaus nuémimo - 31 %, transportavimo — 25 % ir kitos sagnaudos
sudaryty 6 % bendroje sanaudy struktiroje. Rezultatai rodo, kad gluosniy augini-
mo projektas ekonominiu pozidriu yra perspektyvus ir be subsidijy.

Atlikta gluosniy energetiniy plantacijy augintojy apklausa atskleidé, kad
gluosniy auginimo veiklai Lietuvoje labiausiai trukdo ekonominiai veiksniai:
stambiy energija prekiaujanéiy jmoniy konkurencija, didelés biokuro surinkimo
iSlaidos, derliaus nuémimo technikos trikumas, maza biokuro supirkimo kaina.
Politiniai veiksniai dél jsipareigojimy Europos Sgjungai $iuo metu daro teigiama
jtaka gluosniy plantacijy plétrai. Pagrjsta, kad dabar labiausiai skatinantis gluos-
niy plétros veiksnys Lietuvoje yra ES parama.

Gauti tyrimo rezultatai suteikia galimybe paaiskinti politinius sprendimus dél
gluosniy energetiniy plantacijy auginimo plétros Lietuvoje, taip pat praktinés in-
formacijos tikininkams.

Raktazodziai: biomasé, energetinés plantacijos, gluosniai, produktyvumas,
ekonominis efektyvumas, veiksniai, plétra

The aim of the scientific research was to determine and analyse the factors that
influence the development of willow energy plantations in Lithuania. The produc-
tivity of willow growing in the commercial plantations in Lithuania was estimated.
The methodology for above-ground willow biomass determination was suggested.
This methodology allows predicting the production of willow biomass before
the harvesting. It was found that willow annual increment varied in a wide range
(from 2 to 3 tons dry mass per hectare in sandy soils, from 5 to 9 tons in unfer-
tilized loam soils, and from 7 to 10 tons in loam soils fertilized by utility sludge)
and it depends on the rotation willow cultivation, age of the plants, soil parameters
and fertilization. The economic efficiency of willow growing was determined. It
was estimated that under the use of the current European Union support the in-
vestments in willow cultivation could pay off on the 9th year. The internal rate
of return would be 16% and the net present value of 22 years would amount to
1800 EUR/ha. It was calculated that willow establishment costs would account for
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25% of total costs, maintenance costs for 3%, harvesting costs for 31%, transporta-
tion costs for 25% and other costs would come to 6% in the overall cost structure.
It was established that the cultivation of willows may be economically effective
even without additional subsidies.

The survey of willow farmers revealed that this activity is mostly prevented by
economic factors: low purchase price of biofuel, high cost of biofuel aggregation,
lack of harvesting techniques and competition of major energy-producing com-
panies. Due to the commitment to the European Union (EU subsidies) the politi-
cal factors are currently promoting willow growing in Lithuania. It is stated that
EU support is the most stimulating factor for the development of willows energy
plantations in Lithuania now.

The results of this study provided the basis for making political decisions on
the promotion of willow growing in Lithuania and also it provided practical infor-
mation for the farmers.

Keywords: biomass, energy plantations, willow, productivity, economic effi-
ciency, factors, development
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Daznas ir netikslingas antihelmintiky naudojimas, netinkamy doziy parinki-
mas ir nuolatinis gydymas tais paciais antihelmintikais lémé atsparumg $iems
medikamentams. Antihelmintinio atsparumo lygis Europoje sparciai didéja ir
progresuoja j daugybinj atsparuma, tai apsunkina aviy virskinamojo trakto ne-
matody kontrole. Per pastaruosius 5-10 mety avininkysté Lietuvoje ypa¢ pro-
gresavo. Dauguma tkininky $alyje naudoja antihelmintikus, kovodami su aviy
virskinamojo trakto nematodais (71,8 %), ir avis dazniausiai dehelmintizuoja du
kartus per metus (62,7 %). Nustatytas aviy vir§kinamojo trakto nematody anti-
helmintinis atsparumas ivermektinui — 61,9 %, levamizoliui — 33,4 % ir benzi-
midazolams - nuo 70,6 iki 100 %. Siekiant jsitikinti, kad dazniausiai naudojami
antihelmintikai Lietuvos aviy akiuose yra veiksmingi, rekomenduojama atlikti
antihelmintinio atsparumo tyrimus.

The intensive and incorrect use of anthelmintics, under-dosing and treatments
with the same anthelmintics led to the development of anthelmintic resistance.
The occurrence of resistance in Europe is increasing and it progresses to multidrug
resistance, which makes the control of gastrointestinal nematodes in sheep very
difficult. In Lithuania, sheep farming has been in progress for the last 5-10 years.
A high number of sheep farmers in Lithuania use anthelmintics against gastro-
intestinal nematodes (71.8%) and majority of them treat sheep twice per year
(62.7%). The performed study showed that sheep gastrointestinal nematodes have
anthelmintic resistance to ivermectin 61.9%, to levamisole 33.4% and to benzi-
midazoles from 70.6% to 100%, respectively. Based on the obtained results and
to be sure that anthelmintics have a high efficiency, it is recommended to check
the sheep farms in Lithuania on anthelmintic resistance status.



Xvi

Kronika e Chronicle
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Disertacijos mokslinis ir praktinis naujumas yra fermentuoty pasary Zaliavy for-
mulés (-iy) galvijams sukirimas ir gamybos technologijos (-y) schemy sumode-
liavimas taikant didelj kiekj baltymy turinéiy augaly (lubiny ir sojy sékly), grady
ir krakmolo gamybos $alutiniy produkty fermentacija antimikrobinémis savybe-
mis pasizyminciomis pieno ragsties bakterijomis (PRB). Nustatyta, kad fermenta-
cija atrinktomis PRB apdorojant lubiny ir sojy séklas leidzia tikétis gauti saugius,
didesnés biologinés vertés produktus, o efektyvesné, palyginti su savaimine, yra
kietafazé fermentacija atrinktomis PRB. Bulviy sultys gali bati taikomos kaip al-
ternatyvus substratas gausinant P. acidilactici BaltBioO1, o sukurtas produktas
gali baiti rekomenduojamas naujagimiy verseliy sveikatingumo rodikliams page-
rinti. P. acidilactici BaltBioO1 ir P. pentosaceus BaltBio02 fermentuotos pasary
zaliavos, sukurtos kietafaziu budu konvertuojant $alutinius grady gamybos pro-
duktus, gali bati rekomenduojamos karvéms $erti, siekiant padidinti koreguoto
pieno kiekj ir sumazinti laktobacily didZiojo prieskrandzio turinyje.

The scientific and practical novelty of the thesis is concentrated on the sustainable
higher value and safer feed production from proteinaceous plants (lupine and soy
seeds), cereal and starch production by-products by using fermentation with anti-
microbial properties showing lactic acid bacteria (LAB). It was concluded that by
using fermentation for lupine and soy seeds treatment, safer and higher biological
value products could be obtained, and more effective is the solid state fermenta-
tion (SSF) with selected LAB as compared with the spontaneous one. Potato juice
could be used like an alternative substrate for Pediococcus acidilactici BaltBio01
cultivation, and the developed product could be recommended for improving
the health parameters of newborn calves. P. acidilactici BaltBio01 and P. pentosa-
ceus BaltBio02 supplements could be recommended for cows feeding to increase
fat-corrected milk production and to reduce lactobacilli count in the rumen fluid.
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Disertacijoje i§skyréme du paprastosios pusies medziy-vilky morfotipus.
Naudojant aplinkos ir palikuoniy analizés, dendrochronologijos ir genetikos
metodus buvo nustatyti paprastosios pusies medziy-vilky augimo ypatumai. Tai
leido jvertinti genetinius ir ekologinius skirtumus tarp medziy-vilky ir kity augi-
mo klasiy medziy bei tarp dviejy medziy-vilky morfotipy. Tyrimai atskleidé, kad
abu medziy-vilky morfotipai genetiskai skyrési nuo eiliniy paprastosios pusies
medziy, tai nulémeé statistiskai patikimus skirtumus tarp medziy-vilky ir eiliniy
medZiy jtakos dirvoZemio derlingumui ir mezoreljefui. Lyginant medziy-vilky ir
eiliniy medziy vidutinius metinius radialiuosius prieaugius paaiskéjo, kad grei-
tesnis medziy-vilky augimas yra iki 35 mety. Jautrumas aplinkos veiksniams itin
priklausé nuo medziy-vilky morfotipo. Antrojo morfotipo medziai-vilkai buvo
jautresni krituliy kiekiui, o eiliniai medziai ir pirmojo morfotipo medziai-vil-
kai — oro temperatirai. Palikuoniy analizé atskleidé, kad jau nuo pirmyjy augimo
mety medziy-vilky palikuonys turéjo ilgesnius Soninius tglius ir didesnj $oniniy
ugliy kiekj, o eiliniy medziy palikuonys suformavo didesnj auks¢io prieaug;.

In this thesis we approved the existence of two wolf trees’ morphological types in
Scots pine (Pinus sylvestris L.). With the use of environmental and progeny analy-
sis, dendrochronology and genetic methods we assessed the wolf trees in Scots
pine from several points of view. This allowed us to find out the differences both
between the regular trees and wolf trees and between the two wolf trees’ morpho-
logical types. Both morphological types were genetically different from the regular
Scots pine trees, what resulted in significant differences between the two wolf tree
morphological types and the regular trees in their responses to soil fertility and
mezorelief. Comparing the annual increments of wolf trees and regular trees, we
could observe faster growth of the wolf trees up to the age of 35 years. Sensitivity
to the climatic factors strongly depended on the wolf tree morphological type.
The second morphological type exhibited a stronger response to precipitation,
while the control trees and the first wolf tree morphological type had stronger
responses to temperature. The progeny analysis showed that as early as the first
year of growth, the wolf tree progenies had longer branches and a higher branch
number, while the progenies of the regular trees had bigger height increment.
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Séjomainoje rapsai svarbis ir kaip dirvos derlinguma didinantys augalai, ypac eko-
loginiuose Gkiuose. Viena i§ priezasc¢iy, kodél ekologiniuose tkiuose rapsy plotai
ne tik nedidéja, bet ir mazéja, yra piktzoliy, ligy ir kenkéjy kontrolés problema,
taip pat mazas sékly derlingumas.

Gauti tyrimy rezultatai teikia naujy Ziniy agronomijos mokslui apie inovaty-
viy necheminiy piktzoliy kontrolés priemoniy jtaka ekologiskai auginamy vasa-
riniy rapsy agrocenozei. Nustatyti désningumai, kad rapsy tarpueiliy purenimas,
drégnasis vandens garas ir nataralus stelbimas, derinami su biologiniais prepara-
tais, daro jtaka ne tik piktzolétumui, bet, priklausomai nuo meteorologiniy salygy,
augaly vystymuisi, dirvozemio derlingumui, netiesiogiai veikia kenkéjy, ligy pliti-
mg ir dirvoZemio savybes.

Oilseed rape is important in crop rotation as it improves soil fertility. One of
the reasons why the production area of oilseed rape in organic farms is decreasing
is the problem of weed, disease and pest control and low seed productivity.

The results obtained in this study provide the agronomy science with new
knowledge about the effects of innovative non-chemical weed control methods
on the agrocenosis of organically grown spring oilseed rape. The regularities es-
tablished in this study suggest that inter-row loosening, water steam and natu-
ral self-regulation in combination with biopreparations exert effect not only on
weed incidence, but also indirectly, depending on the meteorological conditions,
affect plant development, soil fertility, incidence of pests and diseases as well as
soil properties.
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Nespecifiné imuniné sistema yra labai svarbi siekiant i§vengti mastito. Nataraliy
antimikrobiniy veiksniy aktyvavimas gali sumazinti antibiotiky kiekj ir pasiekti
terapijos efektyvumo. Antimikrobinj pieno aktyvuma lemia jo sudétyje esantys
imunoglobulinai ir neimuniniai proteinai. Kaip daugiafunkcinis baltymas, turintis
antimikrobiniy savybiy, laktoferinas yra vienas svarbiausiy apsauginiy veiksniy,
kuris vaidina svarby vaidmenj mastito prevencijai ankstyvoje infekcijos stadijo-
je. Specifiniams apsaugos komponentams priskiriami imunoglobulinai dalyvauja
formuojantis humoraliniam imunitetui. Be minéty pieno antimikrobiniy baltymy,
alfa-laktalbuminai, beta-laktoglobulinai, galvijy serumo albuminas taip pat saugo
teSmenj ir pasizymi prieSuzdegiminiu, bakteriostatiniu, antivirusiniu, antioksida-
ciniu poveikiu. Lietuvoje iki $iol netirta, ar te§mens sveikumas, laktacijy skai¢ius
ir tarpsnis, sezonas bei kiti veiksniai turi jtakos nattraliy antimikrobiniy baltymy
kiekiui hol$teinizuoty Lietuvos juodmargiy veislés karviy piene.

The non-specific immune system is very important in mastitis prevention.
Activation of natural antimicrobial factors can reduce the amount of antibiotics,
and maintain high effectiveness of treatment. Antimicrobial activity in milk is de-
termined from the immunoglobulins and non-immune proteins. Lactoferrin has
been well recognized as multifunctional protein and one of the most important
protective factors, which plays an important role in the prevention of mastitis in-
fection at an early stage. Immunoglobulins link various parts of the cellular and
humoral immune system. In addition to the mentioned antimicrobial proteins
of milk, alpha-lactalbumin, beta-lactoglobulin and bovine serum albumin are
also involved in the udder protection mechanism and anti-inflammatory, bac-
teriostatic, antiviral and antioxidant activity. So far, in Lithuania investigations
of the dynamics of natural antimicrobial proteins in the milk of the Lithuanian
Black-and-White crossbreed with Holstein dairy cows in relation with the udder
health, lactation stage and number and the season have not been carried out.
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Remigijus Skirkus

Mokslo kryptis
Mechanikos inZinerija (09T)

Mokslinis vadovas, tarybos pirmininkas:
prof. dr. Vytenis Jankauskas,
prof. dr. Vytautas Ostasevicius

Disertacija parengta
Aleksandro Stulginskio universitetas

Disertacija apginta
Aleksandro Stulginskio universitetas

Gynimo data
2017 m. rugpjucio 29 d.

Disertacijoje iSanalizuotos Zemés dirbimo masiny daliy darbo salygos, daliy ilga-
amziskumo didinimo metodai, gamybai naudojamos medziagos ir technologijos.
Darbe i$analizuoti Zemés dirbimo masiny darbo daliy skaitinio vertinimo meto-
dai, jy galimybés, modeliavimo rezultaty realumas.

Programinio paketo Abaqus pagrindu sukurtas baigtiniy elementy modelis
trinties poros ,,dirvos dirbimo elementas — priemolio dirva“ kontaktinéms jégoms
dirvos dirbimo elemente ir jtempimams dirvoje bei suminei pasipriesinimo jégai
skai¢iuoti. Nustatyta, kad antgalio geometriniai parametrai turi jtakos judéjimo
pasipriesinimui dirvoje, jos sluoksniy suardymui bei kontaktiniy jégy koncentra-
cijoms dirvoje ir antgalio briaunose bei pavirsiuose, kas lemia netolygy antgalio
dilima.

Sukurti rankinio elektrolankinio apvirinimo elektrodai dangoms su skirtingos
koncentracijos ir gridétumo volframo karbido gradeliais anglingo ir nertidijancio
plieny matricose apvirinti. Laboratoriniais tyrimais bei gamybiniais bandymais
istirta $iais elektrodais apvirinty dangy volframo karbidy griadeliy koncentracijos
ir matmeny jtaka (anglingo ir neradijancio plieny matricose) apvirinty sluoksniy
struktarai, kietumui ir tribologinéms charakteristikoms. Tyrimams pagaminti su-
kurty elektrody sudéties ,,receptai“ gali bati naudojami gamintojy, dirban¢iy su
$iomis apvirinimo medziagomis.

The dissertation analysed the working conditions of tillage machine parts, parts
longevity increase methods, materials and technology used for the produc-
tion. The work analysed the methods for numerical evaluation of tillage machines
working parts, their possibilities, the reality of modelling results.

Based on the software package Abaqus, a finite element model was created for
calculations of the contact forces of friction pairs “soil tillage element — loam soil”
on a soil tillage element, soil stress and the total force of resistance to movement.
It was determined that tip geometric parameters affect the movement resistance
in soil, destruction of layers and the contact forces concentrations in soil, tip edges
and surfaces, which leads to uneven wear of the tip.

Manual arc welding electrodes were created for coatings with different con-
centrations and grain size of tungsten carbide in carbonaceous and stainless steel
matrices. The influence of arc welded coatings with a varying particle concen-
tration and size of tungsten carbide (carbonaceous and stainless steel matrix) on
the structure of the layers, hardness and wear resistance was evaluated by labo-
ratory and industrial testing. The “recipes” of electrode composition created for
the welded material research can be used by manufacturers of welded materials.
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Disertacijoje nagrinéjamas mechanizmo veikimo principy ekstrapoliavimas j
vietos veiklos grupés partnerystés organizacinj procesa ir partnerystés organi-
zacinio mechanizmo savybiy raiska vietos veiklos grupés praktikoje. Pagrindinis
démesys skiriamas kaimisky vietoviy plétros procesy ypatumams, suinteresuotie-
siems, partnerystés proceso elementams ir sary$iams tarp jy, partnerystés veikly
sinchronizacijos lygiui bei partnerystés organizaciniy mechanizmy formavimuisi.
Disertacijoje daroma prielaida, kad vietos veiklos grupéje vykdomi partnerystés
procesai funkcionuoja kaip organizacinis mechanizmas, kuris savo sandara ir vei-
kimo principu atkartoja mechanikos moksle identifikuojamas mechanizmo bazi-
nes savybes. Disertacijos tyrimo objektas — partnerystés organizacinis mechaniz-
mas. Disertacijos tyrimo tikslas — teori$kai apibrézti partnerystés organizacinio
mechanizmo fenomeng ir empiriskai i8tirti partnerystés organizacinj mechaniz-
ma vietos veiklos grupéje.

Pirmoji disertacijos dalis skirta mechanizmo sampratos ir jo sudarymo prin-
cipy analizei mechanistinéje perspektyvoje, organizacinio mechanizmo ir jo po-
zymiy tyrimui bei atskleidimui vadyboje, taip pat kaimisky vietoviy plétros kon-
cepcijy, partnerystés, pilietinio dalyvavimo bei suinteresuotyjy teorijos analizei
siekiant identifikuoti partnerystés organizacinio mechanizmo savybes ir sudary-
mo principus vietos veiklos grupéje.

Antroji disertacijos dalis skirta partnerystés organizacinio mechanizmo tyri-
mo metodikai. Pirmasis tyrimo etapas skirtas mechanizmo teoriniam modeliavi-
mui ir kokybiniam tyrimui, kurio metu atliktas zvalgomasis tyrimas, grindziamas
disertacijoje identifikuota mechanizmo teorine apibréztimi. Antrasis tyrimo eta-
pas apémé empirine tyrimo verifikacija, naudojami kiekybiniai tyrimo metodai.
Istirta partnerystés organizacinio mechanizmo vidiné sankloda ir partnerystés
organizacinio mechanizmo konstrukto apréptis bei sudaryta partnerystés organi-
zacinio mechanizmo tipologija.

Treciojoje disertacijos dalyje pristatomi atlikto empirinio tyrimo rezultatai:
parengtas partnerystés organizacinio mechanizmo instrumentas patikrintas Lie-
tuvos kaimo vietos veiklos grupése; sudaryta desimt partnerystés organizacinio
mechanizmo tipy, kurie leidZia identifikuoti vietos veiklos grupés nario jsitrauki-
ma j partnerystés procesa bei jo atliekamas funkcijas, nustatytas partneriy sinch-
roninio veikimo principas.

Disertacija baigiama i$vadomis. [$tyrus partnerystés organizacinj mechanizmg
nustatyta, kad jis gali bati traktuojamas ne vien kaip organizacijos veikimo forma,
bet ir kaip jos organizaciné struktiira, lemianti vietos veiklos grupés esminius
veiklos partnerystéje principus: veikly loginis nuoseklumas, pasidalijimas atsa-
komybe ir vaidmenimis, kiekvieno sudétinio elemento funkciné paskirtis, sarysiai
tarp jy ir t. t. Teoriniu ir empiriniu tyrimais patvirtinta, kad viena esminiy partne-
rystés organizacinio mechanizmo savybiy yra jo saviorganizacija, o partnerystés
organizacinis mechanizmas sudaromas remiantis neoendogeniniu principu.

Bendra darbo apimtis — 171 puslapis. Pateikti 28 paveikslai, 45 lentelés, 2 prie-
dai. Literataros sarase yra 339 $altiniai.
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In this dissertation the extrapolation of mechanism functioning principles to
the organisational process of a local action group partnership and characteristics
which are inherent to it in the practices of the local action group is examined.
The main focus in the dissertation is given to analysis of the special features of
rural area development processes, stakeholders, physical elements of the partner-
ship process, their interconnections, the level of synchronisation of partnership
activities and the formation of partnership organisation mechanisms in local ac-
tion groups. The assumption in the dissertation is made that partnership processes
being carried out in a local action group function as an organisational mechanism
that reiterates, by its composition and functioning principle, the basic properties
of the mechanism identified in the science of mechanics. The object of the disser-
tation is the partnership organisational mechanism. The objective of the disserta-
tion is to define the phenomenon of the partnership organisational mechanism
theoretically and to research the partnership organisational mechanism in a local
action group empirically.

The first part of the dissertation is devoted to the analysis of the mechanism
conception and its formation principles from the mechanistical point of view,
the research and disclosure of the organisational mechanism and its attributes in
management. It also analyses the rural area development concepts and partner-
ship and stakeholder theory seeking to identify the attributes of the partnership
organisational mechanism and its formation principles in a local action group.

The second part of the dissertation is devoted to the research methodology of
the partnership mechanism. In the first stage devoted to the theoretical modelling
and qualitative research of the mechanism, a pilot study was carried out. The sec-
ond stage of the research encompassed the empirical verification of the research
using quantitative research methods. Thus, the internal set-up and the construct
scope of the partnership organisational mechanism were explored as well as its
typology.

The third part of the dissertation presents the results of the empirical research
carried out: the prepared instrument of the partnership organisational mecha-
nism was verified in local action groups of rural Lithuania; the distinguished ten
types of the partnership organisational mechanism allow identifying the involve-
ment level of a member of a local action group in the partnership process and
the functions performed by them, the principle of partners’ synchronous func-
tioning was identified.

The dissertation is concluded: during the research, it was noticed that the part-
nership organisational mechanism can be approached as a form of organisational
functioning and simultaneously as its organisational structure of sorts, which de-
termines, in the case of a local action group, the key principles of functioning in
a partnership: logical consistency of activities, sharing of responsibility and roles,
functional purpose of each integral element and interconnections between them,
etc. The theoretical and empirical studies confirm that self-organisation is yet an-
other key attribute of the partnership organisational mechanism while the organi-
zational mechanism of the partnership is organized on the basis of the neoendog-
enous principle.

The paper comprises 171 pages. There are 28 figures, 45 tables and 2 annexes.
The list of references is 339 entries.
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Zemés dirbimas turi didele jtakg agroekosistemoms. Supratimas apie dirvozemio
ekosistemos struktirg ir funkcijas taikant jvairaus intensyvumo Zemés dirbimo
sistemas ar s¢jg j nejdirbta dirva yra esminé salyga visoms ateities akininkavimo
sistemoms. Labai svarbu isaiskinti ne tik trumpalaikj, bet ir ilgalaikj Zemés dirbi-
mo poveikj dirvozemio ekosistemai Zemiau ir auksciau dirvos pavirsiaus.

Lietuvos dirvozemio ir klimatinémis salygomis atlikti jvairaus intensyvumo
zemés dirbimo tyrimai teikia tik fragmentiniy Ziniy. Pirma karta taikant ilgalaikes
kompleksines priemones sekliai pasotintame, giliau karbonatingame gléjiniame
palvazemyje (pagal WRB 2014 klasifikacija — Epieutric Endocalcaric Endogleyic
Planosol (Endoclayic, Aric, Drainic, Humic, Episiltic) ilgalaikiai agroekosistemy
tvarumo pokyciai jvertinti sistemiskai. I$siaiSkinta, kad nuolatinis $iaudy pasklei-
dimas bei pavirsinis purenimas su zaligja trasa ar be jos ir tiesioginé séja j nejdirb-
tg dirvg efektyviai didina organinés anglies sankaupas dirvozemyje, yra efektyvi
dirvozemio derlingumo atkirimo ir didinimo priemoné, leidZianti sumazinti nei-
giamg akininkavimo poveikj klimato kaitai.

Soil tillage has long-term impacts on the agroecosystems. Understanding the struc-
ture and functions of the soil ecosystem, when applying soil tillage systems of dif-
ferent intensity or direct drilling, is an essential condition for any future farming
system. It is very important to ascertain not only the short-term but also the long-
term effects of soil tillage on the ecosystem below and above the soil surface.

Research on soil tillage of various intensities done under Lithuania’s soil and
climate conditions has provided only fragmentary knowledge. This is the first
study, conducted on Epieutric Endocalcaric Endogleyic Planosol (Endoclayic, Aric,
Drainic, Humic, Episiltic) (according to WRB 2014), to undertake a systematic as-
sessment of long-term changes in the sustainability of agroecosystems as influ-
enced by long-term complex measures. In this study, it was ascertained that regu-
lar spreading of straw and shallow loosening of soil with or without green manure
and direct drilling increase organic carbon stocks in the soil, are efficient means
for soil fertility restoration and increasing, enable minimisation of the negative
impacts of farming on the climate change.
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Zemés iikio veiklai naudojama zemé - tai ypatingas gamtos i$teklius, be kurio
zmonija negaléty egzistuoti ir i§simaitinti. Zemés tikio gamybai tinkamy zemiy
i$saugojimas yra pasaulinio masto nadienos problema, todél butina numatyti
racionaly Zemés naudojima, kuris uztikrinty ne tik maisto ir vandens istekliy
tiekima, bet ir laiduoty dirvozemiy nasumo didéjima ir jo tvary naudojima atei-
tyje.

Lietuvoje traksta kompleksiniy ilgalaikiy moksliniy tyrimy, skirty nustatyti,
kaip tausojancios zemdirbystés sistemos veikia skirtingos granuliometrinés su-
déties dirvozemiy hidrofizikines, fiziko-chemines savybes, CO, emisija, Zemés
tkio augaly Sakny i$sivystymga ir augaly derlinguma.

Atlikty tyrimy tikslas buvo nustatyti kontrastingo Zemés dirbimo-tresi-
mo-augaliniy liekany panaudojimo jtakg skirtingos granuliometrinés sudéties
dirvozemiy armens ir poarmenio savybéms ilgalaikiy lauko eksperimenty agro-
ekosisitemose ir jy jtaka agroekocenozéms.

Tyrimais nustatyta, kad augaliniy liekany palikimas lauke gerina dirvoze-
mio pory pasiskirstyma, didindamas agronomiskai vertingy mezopory kiekj ir
augalams prieinamo vandens kiekj armens sluoksnyje, taip pat lemia didesne
CO, emisijg, nei augalines liekanas pasalinus i$ lauko. Tiesioginés séjos taikymas
sudaro sglygas didesniam SOC, N, , K ir mezoporoms bei augalams prieinamo
vandens kiekiui vir§utiniame 0-10 cm armens sluoksnyje, efektyviau didina
CO, emisijg ir Sakny ilgj, nei taikant tradicinj Zemés dirbimg. TreSimas mine-
ralinémis NPK trgsomis didina SOC ir N _kiekj dirvozemyje bei CO, emisijos
intensyvumg ir yra esminis veiksnys, didinantis Zemés tkio augaly derlinguma.

The land used for agricultural activities is a special natural resource without
which humanity could not exist and feed itself. Conservation of land, best suited
for agricultural production, is a global problem today. Therefore, already now,
it is vital to envisage rational land use, which would secure not only food and
water supply but also would warrant an increase in soil productivity and its
sustainable use in the future.

In Lithuania, there is a paucity of complex, long-term research designed to
determine how sustainable agricultural systems affect hydrophysical, physico-
chemical properties, CO, efflux, root development and productivity of agricul-
tural crops in the soils differing in texture.

This study set out to determine the effects of contrasting soil tillage—fer-
tilization—plant residue management on differently-textured soils’ topsoil and
subsoil properties in the agroecosystems of long-term experiments and their
impact on agroecocenoses.

The research findings suggest that leaving plant residues on the soil im-
proves soil pore-size distribution by increasing the amount of agronomically
valuable mesopores and plant-available water content in the ploughlayer and
determines higher CO, efflux compared with residue removal from the soil.
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The application of direct drilling determines higher SOC, N and K content in
the 0-10 cm topsoil layer and higher contents of mesopores and plant-available
water in the topsoil layer as well as increases CO, efflux intensity and root length
compared with the conventional tillage. Mineral NPK fertilization increases SOC
and N concentration in the soil and CO, efflux intensity and is an underlying

factor enhancing the productivity of agricultural crops compared with unferti-
lized treatments.
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Sudétingi dirvozemio organinés medziagos skaidymo procesai dar néra visiskai
istirti, nes pasaulinéje literataroje skirtingai interpretuojama dirvozemio or-
ganinés medziagos kaita. Ta¢iau pripazjstama, kad tai yra dirvozemio kokybés
indikatorius ir biosferos ekologinés pusiausvyros bei stabilumo rodiklis, turin-
tis jtakos Zemés klimato kaitai. Dirvozemio organinés medziagos yra svarbios
anglies ciklui, lemia jo fizikines savybes ir atsparuma erozijai. Tai vercia ies-
koti racionaliy dirvozemio naudojimo budy, skatinanc¢iy organinés medzia-
gos kaupimgsi dirvoZemyje. Vienas svarbiausias dirvozemio kokybés rodiklis
yra bendrosios mikroorganizmy biomasés akumuliacija armens sluoksnyje.
Dirvozemio mikroorganizmy veikla lemia ekosistemos stabilumg, medziagy
apytaka, dirvozemio derlinguma. Mikroorganizmai dirvoZemyje atlieka esmi-
ne medziagy transformacijos funkcija ir palaiko jo derlinguma. Tyrimy tikslas
buvo jvertinti dirvoZzemio organinés anglies kaupimosi désningumus dél ilga-
laikio agropriemoniy naudojimo ir nustatyti bioindikatoriy, intensyviai daly-
vaujanciy nepasotinto balk§vazemio mineralizacijos procese, geneting jvairove.
Disertaciniame darbe i$samiai i$nagrinéti augaliniy liekany skaidymosi proceso
désningumai ir organinés anglies kaupimosi dirvozemyje galimybés taikant
skirtingas agrotechnines priemones. vertinta dirvozemio mikroorganizmy,
dalyvaujanciy analizuotuose procesuose, bendrijy struktiros dinamika
naudojant klasikinius metodus ir pirma kartg identifikuota dirvozemio
bakterijy bendrijy struktira pasitelkus antros kartos metagenomineg analize,
kuri moreninio priemolio nepasotintajame balk$vazemyje leis tiksliai i§skirti
bioindikatorinius mikroorganizmus.

The complex degradation processes of soil organic matter have not yet been
thoroughly investigated, because various authors have differing interpretations
of changes that take place in soil organic matter. However, it is universally ac-
knowledged to be a soil quality indicator as well as an indicator of the ecological
balance and stability of the biosphere, which has an impact on Earth’s climate
change. Organic materials found in the soil are important for the carbon cy-
cle and determine its physical properties, its resistance to erosion. This leads to
the rational use of soils, which encourages the accumulation of organic matter
in soil. One of the most important indicators of soil quality is the accumula-
tion of common micro-organisms biomass in the arable soil layer. The activity
of soil microorganisms determines ecosystem’s stability, metabolism, and soil
fertility. Microorganisms in the soil carry out essential transformations of sub-
stances and maintain their fertility. The purpose of the research was to evaluate
the regularity of soil organic carbon accumulation under the use of long-term
tillage and to determine the genetic diversity of bioindicators actively involved
in the process of mineralization in Dystric Glossic Retisol. During the disserta-
tion work, the regularities of plant degradation processes and the possibility
of organic carbon accumulation in soil were studied in detail, using different
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agrotechnical measures. The structure dynamics of soil microorganisms in-
volved in the analysed processes was evaluated using classical methods and
the structure of soil bacterial communities for the first time was identified through
the next generation sequencing, which allowed us to precisely identify bioindica-
tors in moraine loam.
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Kelminis puvinys ekonominiu pozidriu yra didziausig Zalg darantis grybinis
pakenkimas viso $iaurinio Zemés pusrutulio eglynuose. Vertinama, kad vien
Europoje patiriami ekonominiai nuostoliai dél Heterobasidion annosum s. I.
infekcijos kiekvienais metais siekia 800 mln. eury (cit. pagal Asiegbu et al.,
2005). Puvinio diagnozavimo tikslumas garsinés tomografijos metodais, ypa¢
pirminése pazeidimo stadijose, dél nattralaus medienos tankio kintamumo
stiebe néra aukstas. Puvinio diagnozavimo tikslumas garsinés tomografijos me-
todais gali bati padidintas impulsinés garso bangos sklidimo grei¢io matricoms
interpretuoti taikant stochastinés analizés metodus.

Disertacijos tikslas - istirti nedestrukciniy tyrimo metody galimybes
jvertinant kelminio puvinio paplitimg eglynuose ir augantiy eglés medziy stie-
buose bei nustatyti eglés apvaliosios medienos sortimentinés struktaros poky-
¢ius, nulemtus puvinio. Darbo tikslui jgyvendinti buvo iskelti uzdaviniai: istirti
kelminio puvinio diagnozavimo egliy stiebuose garsiniu tomografu ARBOTOM
3D patikimumg ir tikslumg, puvinio i$plitimg N¢, Nd, Lc, Ld augaviediy jvairaus
kirtimy amziaus eglynuose, puvinio i§plitimo désningumus stiebuose, kieto-
jo puvinio stadijos medienos fizikines savybes paZeistuose stiebuose, jvertin-
ti valstybiniame misky sektoriuje prarandamas pajamas dél kelminio puvinio
daromos zalos eglynams. Nustatyta, kad kietajj puvinj turin¢iy medziy iden-
tifikavimo tikslumas, interpretuojant garsinés tomografijos rezultatus dvinariu
stochastiniu normaliuoju Copula tankio funkcijos modeliu, siekia 52 %, visy
medziy — 77 %. Kelminis puvinys vidutiniskai 3,5 procentiniais vienetais daz-
niau aptinkamas kultarinés kilmés medynuose, palyginti su savaiminés kilmés
medynais, puvinys keicia egliy stieby forma, skirtumas tarp puvinio pazeisty ir
sveiky medziy stieby yra esminis (p < 0,05). Didziausias sveiky ir pazeisty stieby
skersmens skirtumas isilgai stiebo yra 0,4-0,6 m santykiniame stiebo aukstyje,
tokio pacio aukscio ir skersmens 1,3 m aukstyje medziy, turinéiy kelminj puvi-
nj, stieby taris vidutini$kai 8 % mazesnis uz sveiky medziy tarj. Tirtuose egly-
nuose kelminis puvinys vidutiniskai yra pakiles iki ketvirtadalio stiebo auk$cio
(£26 %, p = 0,95), pazeidzia 5,1 % jo tirio, turi jtakos 51,2 % stiebo apvaliosios
medienos sortimenty kokybei, brandaus, puvinio paZeisto medzio stiebo verté
vidutinigkai sumazéja 42 %. Vidutinis brandus medynas dél kelminio puvinio
netenka 10,9 % vertés. Dél puvinio per metus nuostoliai siekia 0,2 mln. Eur ir
toks negaunamy pajamy kasmetinis didéjimo tempas yra tikétinas maziausiai
dar dvidesimt mety.

Increasing impact of fungi infection and wind damage in Norwegian spruce
stands is more than evident. The root and butt rot caused by Heterobasidion
annosum (Fr.) Bref. is one of the most destructive diseases, spread in spruce
stands in the northern temperate regions of the world, particularly in Europe.
Economic losses attributable to Heterobasidion infections in Europe are esti-
mated at 800 million euros annually (Asiegbu et al., 2005). The aim of the study
is to investigate the possibility of the use of nondestructive methods for as-
sessing root and butt rot incidence and determine changes in the commercial
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structure of infected spruce trees and stands. Assessment accuracy of the inci-
dence of root and butt rot in stems of spruce trees by using sound tomography
could be improved by using stochastic methods for interpretation of sound ve-
locity matrices of stress waves. The objectives of the study are: to assess the scale
of root and butt rot incidence in Norwegian spruce stands of Lithuania caused
by fungi Heterobasidon annosum s. I. (Fr.) Bref., investigate the accuracy and
reliability of the sound tomography device ARBOTOM 3D for detecting decays
in standing trees and propose tools for its improvement, investigate the influ-
ence of root and butt rot on the stem shape of the infected spruce trees, inves-
tigate the inner shapes of decay in the stems of spruce trees infected by root
and butt rot, evaluate changes of the round wood assortments structure and
economic losses of spruce stands caused by root and butt rot.

The results of the study are: the accuracy of detection of the decayed trees
by interpreting stress wave propagation velocities with bivariate normal copula
probability density functions was 52%, the overal accuracy of tree designation
to healthy or decayed ones was 77.2%. The insidence of root and butt rot was
significantly correlated to the stand origin. Naturaly regenerated stands were
more resistant to invasions of Heterobasidion annosum fungi. Butt and root
rot incidence was by up to 9% less intensive than that in planted stands. The big-
gest differences between taper curves of the healthy and decayed trees were
observed in the middle part of the stem (p = 0.05). It leads to a decrease of
the stem wood volume up to 8%, the mean economic value of the decayed ma-
ture spruce trees decreases by 42%, the value of the model mature spruce stand
decreases by 10.9% due to incidence of root and butt rot, the annual rate at
which the state forest sector of Lithuania looses revenue due to root and butt rot
has been increasing by 0.2 mln. euros per year on average during the last decade.
This trend is highly predictable for furher 20 years.
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Lietuvoje topinambai paplite gana placiai, visose augalo dalyse nustatyta daug
vertingy medziagy. Tai paskatino tirti $ias vietines ekologines augalines zalia-
vas. Lietuvoje pramoné dar labai mazai gamina produkty i§ topinamby. Néra
ir veisliy jvairovés, kol kas placiau Zinoma tik ‘Sauliai’ Bendradarbiaujant su
Liublino gyvybés moksly universiteto mokslininkais pradéta tirti jy i$vesty
veisliy Albik’ ir ‘Rubik’ perspektyvos Lietuvos sglygomis.

Pirmg karta buvo nustatyti ekologiniy topinamby cheminés sudéties ki-
timo désningumai organogenezés etapuose per ontogenezés cikly. Jvertintas
optimaliausias vegetacijos metu zaliavos derliaus nuémimo laikotarpis. Zaliava
dél antioksidaciniy junginiy kiekio turéty sulaukti i$skirtinio kity sriciy
mokslininky démesio. Mokslinis darbas siejamas su tvaresniu biologiniy istek-
liy naudojimu, dirvozemio agrocheminiy ir fizikiniy savybiy gerinimu.

In Lithuania, Jerusalem artichokes are already quite widespread, various valu-
able materials are found in different parts of the plant. It has motivated inves-
tigation of these local vegetable raw materials. In Lithuania, the industry still
produces very few products from Jerusalem artichokes. There is no varietal di-
versity as well — only ‘Sauliai’ is more widely known so far. Collaboration with
the scientists from the University of Life Sciences in Lublin enabled us to start
studying their derived species of Jerusalem artichokes (‘Albik’ and ‘Rubik’) when
being grown in Lithuanian conditions.

The regularities of chemical composition variations in the stages of organo-
genesis along the ontogenesis cycle were determined for the first time. The opti-
mum period for harvesting raw materials during their vegetation was estimated.
Due to the amount of antioxidant compounds, these raw materials should re-
ceive a special attention from the researchers in other fields of science.
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Darbo tikslas — nustatyti aplinkos kokybés poky¢iy jtaka bioindikatoriaus — pa-
prastosios eglés — produktyvumui Kurzeméje (Latvija). Pirmg kartg dendroin-
dikaciniais metodais jvertinta ilgalaikiy neigiamy aplinkos veiksniy (1989-
2008) kompleksiné jtaka Kurzemeés eglyny produktyvumui regioniniu aspektu.
Atsizvelgta j oro tarSos $altinius, teritorijos ortografinj pobudj, vyraujanéiy véjy
kryptj ir medyny taksacinius rodiklius. Reakcijos j poveikj vertinimo kriteri-
jus — paprastosios eglés radialiojo prieaugio kitimo désningumai ir dinamika.
Tyrimo bareliai buvo i$skirti 2008-2009 metais. Siekiant reprezentuoti visg
Kurzemés regiong buvo isrinktos dvi transektos su 15 tyrimo bareliy (400 m?)
kiekvienoje i$ jy. Kiekvieno barelio vieta parinkta taip, kad juose buty bent po
20 tiriamy pirmo ardo medziy be matomy pazaidy. Jvertinta koreliacija tarp
papildomo prieaugio ir medziy lajy defoliacijos. I§ gauty duomeny sukurtas
Kurzemeés aplinkos kokybés kompleksinés jtakos eglyny produktyvumui mo-
delis. Atsizvelgiant j kompleksinj aplinkos jtakos poveikj per pastaruosius dvi-
desimt mety, KurZemes eglynus galima skirstyti j tris grupes: medynai, kuriems
badingas pozityvios jtakos trendas (medynai su kumuliatyviuoju papildomu
prieaugiu); medynai, kuriems badingas ry$kus neigiamos jtakos trendas; me-
dynai, veikiami foninés jtakos. Paskutiniame de$imtmetyje stebimas padidéjes
neigiamas aplinkos poveikis medynams. Ekonominiai nuostoliai, atsirade dél
prarastos medienos, vidutini$kai yra 198 EUR ha™! per metus. Rekomenduojama
Kurzemés misko ekosistemose testi aplinkos jtakos tyrimus, didinti tyrimo ba-
reliy skaiciy ir plésti jy teritorinj i$déstyma, atlikti detalesnj abiotiniy veiksniy
jtakos misky augimui vertinimg siejant jj su globaliais aplinkos poky¢iais.
Darbo praktiné reik§mé: parengta ir aprobuota aplinkos jtakos eglyny pro-
duktyvumui ekonominio vertinimo metodika; i$vados gali bati panaudotos
Kurzemés eglyny bei kity medyny dél oro tar$os ir klimato jvykusiems poky-
¢iams nustatyti naudojant ICP Forest stebésenos duomenis; darbe aprobuota
metoda galima taikyti eglyny ir kity medziy rasiy medyny, auganciy prie tar$os
$altiniy, nuostoliams prognozuoti.

The aim of the study was to establish the impact of environmental changes on
a bioindicator - Norway spruce productivity in Kurzeme (Latvia). In Kurzeme
all of the environmental impact effects can be found, moreover, they have char-
acteristics of territorial and temporal fluctuations. Previous researches in this
field in Kurzeme have fragmental features - they include impact evaluation of
separate factors in separate stands. The research of the thesis is related to creation
of a continuous bioindicator stand network and complex environmental impact
evaluation in the territory of Kurzeme in the period 1989-2008. The analysis of
environmental impact on forest ecosystems has theoretical (ecological aspects)
and practical (forestry and economical evaluation) characteristics. These prob-
lems affect many countries. By solving these common problems, the conclusions
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obtained about the environmental impacts and biodiversity changes in Kurzeme
have an informative meaning in the interpretation of European forest ecosystem
conditions. Sample plots were created in the period of 2008 summer—autumn and
the 2009 spring. To represent all Kurzeme region — two transects were chosen with
15 sample plots on each of them. The area of each sample plot is 400 m? (20 x 20 m)
with a condition that there are at least 20 bioindicator sample trees in it (overstory
trees with no visual damage signs). The centres of the sample plots were selected
so that they would represent a larger variety of stand densities. The total impact of
environmental factors was evaluated in two categories: the first category is those
impact parts that can be explained with common parameters for all sample plot
stands. The impact of these parameters was expressed with a multiple linear re-
gression model. The spruce stands of Kurzeme that are included in the research
can be divided into three groups due to the total impact characteristics of environ-
mental factors in the last 20 years: stands with a positive impact trend (cumulative
additional volume increment); stands with a pronounced negative impact trend;
stands with a background trend. In the last decade the negative environmental
impact intensification has been observed. The economic losses that result from
the wood losses estimate EUR 198 ha™! per year on average. Environmental impact
on the spruce growth rate in Kurzeme is negative and causes economic losses. It
is recommended to continue extended research of the environmental impact on
forest stands in Kurzeme by adding a number of sample plots and improving their
territorial disposition, to perform an extended evaluation of the abiotic factor im-
pact on the forest stand growth rate in relation to global environmental changes.



