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1. DARBA VISPAREJS RAKSTUROJUMS

Teémas aktualitate

Cilveku skaita pieaugums uz Zemes un klimatanmainas nisdieris
apdraud pasaules sabidulr. Jau 1992. gadika piepemta Apvienoto Mciju
Organizcijas Visgrgja konvencija ,Par klimata ggmainam”. Valstis, kas
pievienojudis ANO konvencijai, tai skaitai Latvija, \Elas stimuét tadu
pagsikumu ievieSanu naciafa un starptautisk limen, kaslautu samazit
kopgjo izmeSu daudzumu. Lai samaatin siltumncas efektu izraisoSoagu
koncenticijas palielimSanos atmosfa, javeicina ogleka uzkaSaras
biomas.

Biomasas izmantoSana siltuma razoSanai tiek uitakadr videi lab&igu
un ekonomiski efekvu siltumapgdes risimjumu. Malka, koksnesk&lda un
kokapstides atliekas skaidu, granulu un brikeSu ¥gidSlaik ir nommigs
atjaunojamais kurd@mais. Pieaugot atjaunojamo dabas resursuinT&z
enegetika, vispirms siltumengiijas razoSal mairas af baltalk§a noZme
meza ekosismas. Arvien bieZk baltalksnis tiek uzskas par perspeftu
koku sugu biomasas iaganai siltuma engijas razoSanai.

Baltalkya audzSanai engjetiskas koksnes ieguvei, gdkinot ar ciim
koku su@m, tiek miretas vaiekas priekSrotbas. Baltalksnis sekigi
atjaunojas dabiskcda, to maz bg dzvnieki. Tas iratraudgs, iztuigs pret
meteorolgiskajiem apgikliem, slimbam un kaitkliem. Baltalk§a audzu
atjaunoSana un kopSana neprasa daudzeWu. Baltalksnis ir viegli
parstradajams malld un %elda, ta koksneatri zast. Nemot \era ieprieks
mingtas ipadbas, no baltalkga iedita Skelda itu izmantojama bioengijas
iegiSanai. Bionelija — tas ir stragiskais resurss, ko izmanto Kidto
vienoSaas protokola realiacijai fosila kurinama aizvietoSanai.

Petijuma merkis

Noskaidrot baltalk§a audZu kijas iedistanas virszemes biomasas un
audzu strultras kontekst

! Likums par Latvijas Republikas dali Kioto protokola elaggjajos mehanismdsieSsaiste:
Likumi.lv [skafits 10. finija 2008. g.]. Pieejams
http://www.likumi.lv/doc.php?id=167091&from=off.
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Pétnieciskie uzdevumi

1. Analizét nekopto baltalkga audzu dendrometriskoddritajus un audzu
razbu.

2. Izpetit baltalk$a audzu koku skaitak&slaukuma, kKijas un vainaga
struktiras izmaipu likumsakaibas.

3. lzstradat baltalk§ia bezlapotas virszemes biomasas noteikSanas metodik
un izanalizt baltalk$a audzu virszemes biomasas apjomus.

Zinatniska novitate

Pedgjie nozmigie Etijumi par baltalksni veikti vaiik nelé pirms 40 gadiem.
Tikai pedejos 5 gados atjaunojusies interese par 50 koku, gagunoskaidrap,
ka iepriek8ja laika period tas gtits visai fragmenti un nepiligi. Izstadata
promocijas darba novte saskaima $idos [Etjjumu aspektos:

- iegdati jauni un sugas izzitibas Tmeni papildinoSi dati par dabisko baltai&S
audzu augSanas gaitu unitmZzdaZda vecuma un boagu traudzs;

- veikts baltalkBa audzu parametru sd#ingjums ar augSanas gaitas tabul

- pamatojoties uz baltalkd gkstumbru rérijumu datiem, izstidata to
stumbru tilpuma noteikSanas emigka formula, kas izmantojama audzes
krajas apgkinaSanai jaunauds;

- iegita jauna nepastargita infornacija par koku skaita sadplmu
parastajs un dabiskaj caurngra pakipes;

- noskaidrotas daZas baltalievainaga parametru izmailikumsakaibas;

- izpetitas koku skaita, k&rslaukuma un kKijas sadajuma kumulaivo
frekvertu likumsakaibas daZda vecuma baltalk& audzs;

- izmantojot paraugkoku metodi, izatiitas bezlapotas baltalid virszemes
biomasas narteSanas enipiskas formulas dabiski mifirun absaiti saua
stavokli kokiem ar caur@ru lidz 26 cm;

- izstradatas emfriskas formulas baltalk® audZzu bezlapad virszemes
biomasas noteikSanai atks# no audzes vecuma, audzesgjidcaurnzra
un audzesk&rslaukuma.

Darba praktiska nozame

Baltalksnis valsts mezos 1988. gadiznema tikai 1.1 % no ar mezu
apkktas plaibas. Informacija par baltalkda platbam, audzu ekstemgas
izmantoSanasé&l, bijuSo kolhozu un sovhozu meZzos parasti nebifeatk un
netikanemta &ra. Situacija batiski izmairijusies @gc zemes reprivatizijas
un mezu nofik3anas bijuSoipasSnieku vai wiu mantinieku ipasuna.
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Baltalkya audzes Latvij 2006. gad aiznpéma 190.6 ikst.ha jeb 6.8 % no
meZu kopplabas. Audzu koga kraja ir 31.3 milj. mi. Pec platbas
baltalksnis starp @t koku sugm atrodas ceturtajvieta un veido noumigus
koksnes resursus, kad# Sim nav pieficigi no\erteti.

PieaugoSa kuritima deficita un & cenu pieauguma apktos baltalka
vieta un loma meZza ekodistas ir hatiski japarverte. Baltalk$a
saimnieciskais namigums izpauZas artaja apsikli, ka tas prsvaa
atjaunojas ar salki atvasm, kas samazina meza atjaunoSanas izmaksas.
Tatad ir nepiecieSama baltajg audzu padinata izpete no tautsaimnieciak
viedoKa Kurinama resursu nepietiekaimas apgiklos ar lauku regionos
ieverojami ir pieauguSas malkas cenas.etejami kurirama daudzumi tiek
paereti paSvaldbu ipasuma esoSas kurtuwes, kuras priet uz kuriramas
Skeldas izmantoSanu, atsakoties no tradias) daZda garuma malkas
sagatavoSanas. Kugimas &eldas sagatavoSanas praceBez stumbru
koksnes var izmantotiazaru biomasu, kuras apjomu noteikSana kubikmetros
paslaik nav iesgama. Tas namg, ka no praktisk viedoKa nepiecieSamas
vienkarSas metodes baltabhd biomasas apjomu igieSanai, izmantojot
vienkarSi iegistamus audzu dendrometriskos parametrus.

Promocijas darb ir izstradata baltalk§a virszemes biomasas
nowerteSanas metodika, kas ar emigku regresijas vieadojumu paidzibu
lauj nowrtet reali izmantojamu baltalkgu biomasu bezlapastvokli.

Var uzskait, ka promocijas darbanalka perspekwa ir tautsaimnieciska
noZme baltalkda audZu rabbas un biomasas apjomu Baesars.

Zinatniska darba aprobacija

Par promocijas darba saturu autorei ir 8 pulsijlas Latvijas Ziatnes
padomes alfajos ziratniskos izdevumos:
1. Miezite O., Dreimanis A. Investigations of Grey Aldédr{us incanalL.)
Moench) Biomass. InResearch for rural development 2006ternational
scientific conference proceedings, Jelgava, 17-28y M006 / Latvia
University of Agriculture. Jelgava: LLU, 2006, p22275.
2. Lazdipa D., Mieate O. Comparison of Willow and Speckled Alder Wood
for Biomass Application. In:The 5th International symposium "Wood
Structure and Properties '06Sliaé-Sielnica, Slovakia, September 3—6, 2006.
Technical University in Zvolen. Faculty of Wood &aces and Technology.
Sliag-Sielnica: Arbora Publishers, 2006, p.513.
3. Miezite O., Dreimanis A. Productivity of Grey Aldeflus incana(L.)
Moench.) Stands. InResearch for rural development 200iternational
scientific conference proceedings, Jelgava, 16-1@y M007 / Latvia
University of Agriculture. Jelgava: LLU, 2007, p4.7180.
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4. Miezite O., Dreimanis A. Peculiarities of renewal anghamsion of Grey
alder Alnus incanaL.) moench. stands in Latvia. Ih0-0sios Lietuvos jaugy
mokslininkg konferencijos ,,Mokslas — Lietuvos ateiti¥ilniuje 2007 m. kovo
29 d. / Vilniaus Gedimino Technikos Universitetagilnius: Technika, 2007.
(Aplinkos apsaugos inzZinerijos sekcijos medziagay5-251.

5. Daugaviete M., Miete O., Lazdia D., Liepq$ K., LazdinS A. Biofuel
from naturally reforested arable lands — resourae$nologies and costs. In:
Third International scientific conference "Rural \@topment 2007"
proceedings, 8 - 10 November 2007, Kaunas, LitrauaKiaunas: Akademija,
2007. Vol.3, book 2: Bioenergy in the Baltic SeagRe: economic
feasibility, conflicts and chances, p.271-276.

6. LiepinS K., Lazdh$ A., Lazdiha D., Daugaviete M., Miate O. Naturally
afforested agricultural lands in Latvia — asses¢n@havailable timber
resources and potential productivity. 141 - osios Lietuvos jauiy
mokslininlg konferencijos “Mokslas—Lietuvos ateitis” Vilniuje 2008,
Vilniaus Gedimino technikos universitetas. Vilniustechnika, 2008,
(Aplinkos apsaugos inzinerijos sekcijos medziaga)94 - 200.

7. Lazdin$S A., Lazdha D., Liepih$ K., Mieate O. Forest from Abandoned
Agricultural Lands — Resources and Management Qppities. In: The &
UEAA General Asssembly and the Associated WorksimopRenewable
Energy Resources, Production and Technplpgi€dgja, Latvia, 28-31 May
2008 / Ministry of Agriculture of the Republic oflvia, 2008, p. 130 — 136.
8. Miezite O., Dreimanis A. Grey alderAlpus incana (L.) Moench)
structure. In:Research for Ruval Developme2@08 international scientific
conference proceedings, Jelgava, Jelgava, 21 - 2§ RDO8 / Latvia
University of Agriculture. Jelgava: LLU, 2008. (Qfatvia University of
Agriculture is accepted and will be published a thternational Scientific
conterence proceedings 04.2-04/74).

Autore ir piedajusies 10 starptautiskeg un viegjas konferengs vai
semiraros un 7 noam refegjusi par promocijas darba saturu:
1. Miezite O., Dreimanis A.Presentation: “Investigations of Grey Alder
(Alnus incana(L.) Moench) Biomass”. InResearch for rural development
2006 Jelgava, 17-20 May 2006 / Latvia University ofrisglture.
2. lLazdia D., Miezte O. Posters: “Wood properties comparison of wildrom
plantations and alders from native stands”.The 5th International symposium
"Wood Structure and Properties '0&liat-Sielnica, Slovakia, September 3-6, 2006.
3. Miezite O. Presentation®@uromacca onbxu cepoit B Jlateuu”. In: Warsaw
Agricultural University 20 —th Scientifie Conferenaf Wood Technology Faculty
“Wood — material of the XXI-st century, Rogow, #48ovember, 2006.



4. Miezite O., Dreimanis A. Presentation: Productivity o Alder @Alnus
incana(L.) Moench) Stands”. IrResearch for rural development 200@lgava,
16-17 May 2007 / Latvia University of Agriculturgelgava: LLU, 2007.

5. Miezite O.PresentationPeculiarities of Renewal and Expansion of Grey
Alder Alnus incana(L.) Moench. Stands in Latvidn: 10-osios Lietuvos
jaunyjy mokslininlg konferencijos Vilniuje 2007 m. kovo 29 d. / Vilniaus
Gedimino Technikos Universitetas. -Vilnius: TechaiR007.

6. Lazdina D., Mieate O.Presentation;, Competitiveness of short rotation
energy crops on arable lands in Latvia”. Trhird International Scientific
Conference Ruval Developmenaunas 8-18 of November, 2007 /
Lithuanian University of Agriculture Akademija, Kaas region, Lithuania.

7. Miezite O. Presentation: Grey aldérfus incanagL.) Moench) structure.
In: Research for rural development 20@&Igava, 21-23 May 2008 / Latvia
University of Agriculture. Jelgava: LLU, 2008.

8. LazdinS A., Lazdpa D., LiepqiS K., Mieate O. Posters: Forest Biofuek
from Abandoned Agricultural Lands — Resources andna&fjement
Opportunities”. In: Vth UEAA General Assembly and the Associated
Workshop on,Renewable Energy Resources, Production and Tdebies
Riga”. Latvia 28 — 31 May 2008.

9. Miezite O. Refeits: ,Baltalk®ia audZu raba”’ (Productivity of grey alder
stands).LLU MeZa fakulttes konfererg/ MeZzzirgtne un prakse nozaresiaibai.
Jelgava: LLU MF, 2006, 15. —16. naart

10.Miezite O. Refedts: ,Baltalk®ga audzu biomasas noteikSanas metodika”
(Methods of estimatian of biomass of grey aldetl MeZa fakulates
konferené / Mezzimitne un prakse nozares @mtibai. Jelgava: LLU MF,
2008, 16.-17. mait

Promocijas darba struktira un apjoms

Promocijas darba 1. nodaapraksta baltalkga Alnus incana (L.)
Moench. biolg@ija, sugas izplabas specifika, atjauno&siun saimniecisk
noZme. Apkopota inforriicija par baltalk§a audZu resursiem Latgjjka ai
iepriekEjo petjjumu atzhas par baltalkfa augSanas gaitu, audZuikag un
baltalk§a audZu strukiru. Veikts baltalkda audzu rabas sablzinagjums ar
citam koku sugm. Saldzinatas baltalkda biomasas noteikSanas metodes
daZdas valsts. Otraji nodda raksturoti gtijjuma objekti, lauka un kam#o
darbu metodika. Tre&ajnodda izklastti petijama rezuliti par baltalkda
audZzu dendrometriskajiemaditajiem. Nekopto baltalkga audZu rabas
anaizei veikti audzu Kijas skaitlisko ertibu saidzimajumi ar P. Mirnieka
(1963) augSanas gaitas tal(turpnak AGT).



Izvertets baltalk§a audzu strukiras elementu va$anas raksturs dada
vecuma baltalkga audzs, izmantojot: koku skaita v@fanas raksturu; koku
skaita sada@umu parastais un dabiskas caurméra pakipes; kajas
sadaljumu caurmara palipes; koku skaita, Kerslaukuma un kijas
kumulaivas frekveru savstarpjas sakaibas baltalk§a audzs; koku
vainaga strukiras raksturojumu. Veikta baltalid audZzu biomasas apjomu
izverteSana ar izsfidato emprisko vieradojumu paidzibu. IzgEtiti baltalk$a
dabiski mitras un absati sausas koksnesibma raksturlielumi. Noskaidroti
izpetito baltalk§a audzu dabiski mis un absaiti sauds virszemes
biomasas apjomi. Baltalkd8 audZu strukiras un raibas iz\értéSana veikta ar
aprakstods statistikas, koretijas, regresijas un dispersijas anes
metodm. Ceturtag nodda apkopotas autores ajais, seciBjumi un
priekslikumi, kas gti, petot baltalk§a audzes.

Promocijas darba apjoms ir 127 lappuses; irfoijenapkopota 26 tabig un
58 attlos; izmantoti 136 literatas avoti.

2. PETIJUMA MATERI ALS UN METODIKA

Promocijas darba gjuma veikSanai izmantotas galveaok Ilidz
30 gadiem vecas baltalid traudzes, kopum ierikojot 55 pagaidu
parauglaukumus (turpik PL) daZdos Latvijas rajonos. Matatfi p&tijjuma
veikSanai iegkti laika posm no 2005.1dz 2007. gadam. Promocijas darba
izstrades laile noskaidrojs, ka dai audzu vidjie augstumi prsniedz
1. boniites audzu augstumu a@égs robeziniju. S iemesla d ar
ekstrapaiSanas padlzibu noteikta 1. A baltalka boniites audZzu vigja
augstuma zeaka robeza. Audzes, kuru e augstumi bija lielki,
pieskaitti 1. A bonittei.

Empiriskais matetils 2 — 10 gadu vas audzs tika iedits, katd no &m
iertkojot 15 PL ar plabu 25 n, izvietojot tos pa nogabala diagdin visus
PL esoSos kokus izdastojot. Audzes augskmek apFkinaSanai via
caurneru intenala tika uzneriti 15 — 20 koku augstumi. 2006. gaebrikoti
30 PL, kat& no tiem noteikti koku augstumi 180 kokiem. Bal&atk audzes
no 11 fdz 30 gadu vecumamgfitas, izmantojot seSu koku uzskaites PL
metodi (Kramer un Aéa, 1982). Ka& audz ierikoti 30 seSu koku uzskaites
PL, kata no tiem caurréra nerjjumi veikti 180 kokiem. Uzskaites PL tika
izvietoti uz transektiem viewlos atilumos &c sistemitiska principa, lai
aptvertu visu audzes pibti. SeSu koku uzskaites PL metode pieshkait pie
aplveida uzskaites PL ar magu radiusu. Metodes idiba ir &, ka uzskaites



PL ietilpst tikai puse no sestuvaka koka. Tas tieknemts \ra, nosakot
Skerslaukumu, k&ju un koku skaitu PL.

Baltalkja virszemes biomasas apjomu &#gSanai tika nozgéeti
188 paraugkoki bezlapot stvokli. Uzneritie paraugkoki biomasas
noteikSanai sadai divas grug@s: ar caurréru lidz 3 cm un ar caurdgnu no
3.1 idz 26.0 cm. Atsevig tika noteikta stumbra un zaru masa dabiski anitr
un absaiti saug stvokli.

Dendrometrisko aditaju aprekinaSanai izmantoti uzemito audzu seSu
koku uzskaites PL metodes dati: katra uzskaitesadluss un plaba, koka
un audzesl&rslaukums, koku skaits undfa. Katram apreida uzskaites PL
baltalk§ia audzu rabas un strukiras raksturoSanai, izmantojot formulas
(2.1 — 2.6), amkinati sekojosi &ditaji:

1
R6=AG+E-D6, (2.1)
kur Rs— uzskaites PLadiuss /radius of the sample plot;
A— atalums no uzskaites PL viduspunkta (M4 sest koka

iek&jai periferijai / distance from the center of sample plot
(M) to internal periphery of the 6th tree;

Dg — uzskaites PL séskoka diametrs / diameter of th® Gee
in the sample plot;
L =0785(2-R,)*. (2.2)
kur Li—  uzskaites PL pldia, nf/ area of the sample plot?m
Rs — uzskaites Pladiuss, m / radius of the sample plot, m;
5
2
z D D2
g, =0.7854. =~ — +0.785. ——°>—, (2.3)
1000( 1000(¢- 2
kur g — koku &arslaukums i-taj uzskaites PL, AV basal area in a
certain (i) sample plot, fn
D;— koka caurrars, cm / diameter of the tree, cm;
D¢ — sest koka caurrars, cm / diameter of the 6th tree, cm;
G = % .1000Q 2.4)
i
kur Gi— audzes K&rslaukums pc i-ta uzskaites PL datiem, “nima ™/
basal area according to data from certain (i) sapipt, "iha™;
g- koku &&rslaukums uzskaites PL2itbasal area in the sample
plot, nf;
Li— uzskaites PL plada, nf / area of the sample plot?m
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N, - 85:10000 25

kur N; - koku skaits uz hedda [Ec i-ta uzskaites PL datiem, gabtia
number of trees per haccording to data from certain (i) sample
plot, stems per Ha

Li— i-i PL platba, nf / area of certain (i) sample plot?m
5
M, =DV, +05V,, (2.6)
kur M- koksnes Kija pic i-ta uzskaites PL datiem,ha™ / growing
stock according to data from certain (i) sampfog ntha™
Vi— i- koka stumbra tilpums, hhstem volume of a certain (i) tree’; m
Ve — 6-t koka stumbra tilpums, Hstem volume of the 6th tree®>m

Izmantojot seSu koku uzskaites PL t&gs datus par PLadiusu un
platbu, audzes I&rslaukumu un koku skaitu uz hakd, ar biometrijas
metodm (Paura, Arhipova, 2002; Arhipova, alBya, 2003) apxkinati
raksturojoSie statistiskiedtji.

Baltalkha audzu rabas un strukiras raksturoSanai jeida uzskaites
PL dendrometriskie dati izmantoti audz&srSlaukuma, kijas, audzes viga
koka &erslaukuma un audzes @d koka caurrdra (D,), vidéja koka
augstuma (g un tilpuma amfkinééanai'

ZG

G =-'=—-.10000. (2.7)
>
kur G-  audzes l;éérslaulzums, rhha™ / basal area, fina™;
G —  audzeskérslaukums pc i-ta uzskaites PL datiem,rha™ /
basal area according to data from certain (i) seupiok, nf ha;
Li— -t uzskaites PL plﬂﬁa i/ area of the certain (i) sample plot; m
Z M.
M =-1=—.10000. (2.8)
>L
i=1
kur M—  audzes kija, nt ha™ / growing stock, mha™;
M —  koksnes kja pic i-ta uzskaites PL datiem,*ha™ / growing
stock according to data from certain (i) samplé pibha™;
Li— i-ta uzskaites PL plada, ni/ area of the certain (i) sample plof, m
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_55-10000

N="—" (2.9)
2L
i=1
kur N-— koku skaits, gab. Hal number of trees per fia
Li— i-ta uzskaites PL pata, ni/ area of the certain (i) sample plof; m

55— koku skaits 6 koku uzskaites PL / numberedg in 6 tree
sample plot (Kramer un Ala, 1982).

Quig = s (2.10)
vid N ! '
kur giqs— audzes vidja koka &arslaukums, rh/ average basal area of
the single tree, fm
G- audzesi@rslaukums, mha' / basal area of the standf, na™;
N-— koku skaits, gab. Ha number of trees per fa
D, =1/M -100, (2.11)
0.785
kur Dy— audzes vidja koka caurrars, kas apgkinats no vidja

koka %kerslaukuma (gq), cm / average diameter of a tree,
calculated from g, cm;

Quid— audzes vigla koka &arslaukums, rh/ average basal area
of a single tree, fn

Stumbra tilpuma apkinaSanai izmantoti iztizinatie augstumi, kas iedi
no augstumknes regresijas viadojuma. Koka augstuma (y) @&kimaSanai
izmantots logaritmiskais regresijas vidojums (2.12), kam visbiek ir
augsika determincijas koeficienta (B vertiba un vislabk apromiks koka
caurngra un augstuma parametru angko izkliedi:

y =alLn(x)-b, (2.12)
kur x— koka caurmers, cm / diameter of the tree, cm;
a-— regresijas koeficients / coefficient of thgnession;
b- regresijas vietuojuma bivais loceklis / free member of the
regression.
Baltalk®ja stumbra tilpums ir apkinats, izmantojot prof. |. Liepas

izstradato emprisko formulu (Liepa, 1996).

AudZu razbas izerteSanai tika veikti audzu &jas skaitlisko ertibu
safdzinajumi ar P. Mirnieka (1963) AGT. Faktisko &jas datu anates
vajadZbam izmantots relavas kiajas gdziens, kas atbilst faktisk kopkajas
attieabai pret pilnas biabas galveis audzes Kiju attiedgaja bonitate AGT
un izteikts %. Baltalkga enegétiskas koksnes iz&rteSanai ir svagi izpetit

12



biomasas apjomu,apec Saji darta nav izdaita galvea un starpaudze.
Baltalk§a audzu dendrometriskoaditaju anaizé izmantota aprakstas
statistika (Arhipova un 8ina, 2003).

Audzes strukiras [EtiSanai izmantots 2 cm caugma pakipes solis. Koku
skaits caurrera pakipe izteikts % K caurngra pakipes koku skaita atti@iza
pret koo audzes koku skaitu. Kjasipatsvars caurdna pakipes noteikts
% no kogjas audzes kias.

Audzes dwes laiki koku sadajumam caurréra pakipes ir maings
raksturs, jo, koka caugram palielinoties tikai par daziem milimetriem, tas
ierindojas cii caurngra palkipe. Praks parasti pielieto koku skaita
sadaljumu parastas caurndra pakipes. Sim sad@umam pierit zinams
trakums, jo, pieaugot audzes vecumam, kokrigi resmkas caurndra
pakapes. Ta rezulita rodas giitibas, audzes savstgjipsalidzinot. Af viena
vecuma audis koki var sadaies at§iriga caurngra pakipju skaifi, kas
atkaffigs no koku diferer&Saras procesa, koku causm dabisks mainbas
rakstura, veikt@am vai izpalikusagjm kopSanas ciém. Koka caurraru var
izteikt ne tikai centimetros, betiaar koku redukcijas skaitliRedukcijas
skaifi aprkinati, koka caurrdru dalot ar audzes Wb caurngru
(Auyuun, 1960; 1977). Dotais sadaims rada iespju savstarpji salidzinat
audzes neatkagi no to vecuma un viga caurngra.

Katrai audzei noteiktask&rslaukuma, Kijas un koku skaita kumuiab
frekvertu \ertibas pa caursma palipem, skot ar audzes tiekajiem
kokiem. Ar kumuiitu grafisko attlu palidzibu noteikts koku skaitgpatsvars
atbilstoSai Berslaukuma un Kjas kumuitai no 10 — 50 % (2.1.att.).

—@— Kraja / Growing stok

— A — S@rslaukums / Basal area
-- -4 - - Koku skaits / A number of trees

100 B SBE A
- 80 ‘ }//z?y&

60 :
R )
40 -
E 3 /)
L -~
20 ¢ =

Kumulatas \ertibas, % /
Cumulative values, %

0 j:«&‘ T

8 16 32 48 69 80 85 87 90

Caurners, cm / Diameter, cm

2.1. att. Koku skaita, kerslaukuma un krajas kumulatas \ertibas 2005. —18. PL/
Figure 2.1. Cumulative values of a number of treedyasal area and growing stock,
2005, sample plot K18
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Baltalkyha vainaga garums noteikta ktarpba starp koka augstumu un
vainaga skuma augstumu. Vainaga rélatis garums izteikts procentos no
koka augstuma.

Lai raksturotu likumsakdras starp koku skaitu un vakéam faktorlam
pazmem, ir pielietota regresijas anaé (Arhipova un Blina, 2003). Btijjuma
tika parbaudts, vai nekoptadbaltalk§a audzes athilst Tjina teogtiskajam
sadaljumam ar H - kvadata testu (Liepa, 1974).

Dabiski mitras un abstti sausas baltalk®& bezlapats virszemes
biomasas iz&rteSanai izmantota regresijas afaé, ar kuras palzbu
raksturota biomasas izkliede afitar no anaize ieklautajiem argumentiem.
Lidz 3 cm resnu baltalk§ biomasas apkinaSanai grbaudti Sadi argumenti:
koka caurmars, koka caur@ra kvadats, koka caur@ra kvadata un
augstuma reizajums; savukrt par 3 cm resiku baltalk§iu biomasas
izverteSanai prbaudti sekojoSi argumenti: koka caugns, koka stumbra
tilpums, koka caurdra kvadats, koka caur@ra un augstuma reizjums,
koka %érslaukuma un augstuma reizjoms un koka cur@ra kvadata un
augstuma reiz@gums.

Baltalkja bezlapotas virszemes biomasas eldpiSanai parbaudts
parabolas vierdojums (2.13) un pales regresijas viadojums (2.14):

y=ax’ +bx+c (2.13)
kur x-— farbaudimais arguments / verified argument;
a, b - regresijas koeficienti / coefficients of tiegression;
c- btvais loceklis / a free member.
y=ax’, (2.14)
kur x— farbaudimais arguments / verified argument;
a, b— regresijas koeficienti / coefficient of tlegression.

Saji petijuma 122 kokiem koksnesiolims tika noteikts @ 1SO 3131 (1975)
standarta un koksnes mitrumsze fiEN 13183 — 1 (2002). Datu apsiei Etijuma,
kur izvertets baltalk§a koksnes Blums starp griezuma vigh un paraugkokiem,
izmantota viena vai divu faktoru dispersijas zealSakabas cieSuma iZvteSanai
starp koksnes Mumu daidos stumbra augstumos izmantota loigls anake.
Koksnes mitruma anaki pielietota aprakstaStatistika.

Baltalkja audzu bezlapad virszemes biomasas apjoma &)
izmantojot k& argumentu audzes vecumu, audzesjgid¢aurngru un audzes
Skerslaukumu, pielietots pakes regresijas viadojums (2.14).

Baltalkja un baltalkda audZu biomasas eSanai vieadojumu
butiskums p@rbaudts ar dispersijas anal, izmantojot SPSS programmu
(Arhipova un Bilina, 2003).
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3. REZULTATI

3.1. Baltalk&a audzu dendrometriskais raksturojums

Baltalksnis uzskains paratras augSanas un attbas koku sugu, kam,
saidzinajuma ar ciam koku sugm, visai agri iedfjas straujas
dendrometrisko parametru izmas. Koku skaits audg ir atkatgs no
dabiskis atjaunoSats procesa sekiguma, & rezultta izveidojas retkas un
biezikas audzes, kas ir at%irigs nodroSigjums ar augSanas resursiem.
Refis audzs koku vainagi saaflzas €lak nela biezis. Tas, protams, afigt
zinamu ietekmi uz dendrometriskajiermditajiem.

Baltalkga 55 audZzu dendrometriskadrtaju Pirsona pru korehcijas
rezuliti lauj spriest par koeficientu extibu, hiatiskumu un virzienu
(Liepa, 1974; Arhipova, Bina, 2006). Starp audzes batitun pargjiem
audzes dendrometriskajiermditajiem konstattas \ajas negavas korelawas

sakatbas (starp boriiti un videjo baltalk®a stumbra tilpumu (r = - 0.431,
p < 0.01), starp boriti un videjo audzes caurénu (r = - 0.283, p < 0.05) un
starp boniti un vidgjo koka augstumu (r = - 0.265, p < 0.05). Tas

izskaidrojams ar faktu, kagpjumu materils aptver plaSu vecuma inté@iu

ar visai atkirigiem audzes taksijas parametriem. Visus audzes parametrus
nekoptajs baltalk§a audzs ietekng koku skaits uz plabas viefbu, kas
ieverojami atgiras pat vienas boaies vienvecuma augg.

Starp audzes vecumu uargjiem audzes takigijas @ditajiem vairuna
gadjumu pasiv cieSa koreicija. Konstagta cieSa poziva koreficija starp
audzes vecumu un citiem takfjas @ditajiem: ar audzes vio augstumu
(r = 0.936, p < 0.01), vijo caurngru (r = 0.929, p < 0.01), vigb stumbra
tilpumu (r = 0.839, p < 0.01), audzesjlar(r = 0.815, p < 0.01).

Korelacijas anakze bez papildus grafisk analzes nedod skaidru
priekSstatu par salkdmas raksturu, jo vairums audzes taljgs aditaju nav
lineari atkafgi no audzes vecuma.

Petito audzu vidjais caurndrs un augstums maz variidz 10 gadiem
vecajis audzs. Jau 15 gadu vecdmaudzes vigja caurntra varESanas
amplitida ie\erojami pieaug, @ sasniedz 6 cm inteflu, un fida saglafjas
Iidz 30 gadu vecumam. Avidéjam audzes augstumam id#igs varéSanas
raksturs, kas 12 — 15 gadu vec@usasniedz 5 — 6 m. Tas vairairgadjumu
athilst P. Mirnieka (1950) konstatajam, ka 25 gadu vecdnaudzu vidjie
augstumi ielaujas 6 m interla.

Pieaugot audzes vecumam, koku skaits sarmafm = - 0.737, p < 0.01)
audzes paSizretiSaras proces (Tkauenko, 1955; Skudra, Dreimanis, 1993;
Benos, 1983). Neskatoties, ka kofelja ir vidgji cieSa un ltiska, sakabu
labak apromikg pakapes regresijas (2.14) vigshojums (p = 0.000 & = 0.05,
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R? = 0.760). Vaiak koku par 10000 gab. Har tikai lidz 10 gadu veca$
audzs. Atsevigas 11 — 20 gadu vas audzs koku skaits sasniedz
5150 — 6200 gab. Ha

Vidgji cieSa pozilva koreficija konstadta starp audzes vecumu un
Skerslaukumu (r = 0.672, p < 0.01). Audzésrslaukums ir atkags no koku
skaita un to caurdma. Audzes Kerslaukuma atkabu no audzes vecuma
ieverojami lakik un statistiski ticami apromiks palkipes vieadojums
(p = 0.000 <o = 0.05; R = 0.812), lai ganitlZiga vecuma aud@s \erojama
loti plasa Eérslaukuma skaitlisko artibu varéSana. Vieadvecuma auds
dazdu audzu Eerslaukums at§ras 1.9 — 3.8 reizes. VisliMdas atgiribas
kontattas 12 — 16 un 28 — 30 gadus vasagudzs. Atirigais koku skaits
audzs ieteknd audzu Eerslaukuma skaitliskoartibu.

Petitajas baltalk§a audzs izfidzinatas audzu kijas (y) atkaiba no
audzes vecuma (x) vaik@&slaukuma (x) apraksta p@des regresijas
vienadojums y = a% ta izmanto$anas intefis dots 3.1. tabal

3.1. tabula/ Table 3.1
Pakapes regresijas ¥ = axX’) koeficienti sakaiibai starp audzes vecumu vai
Skerslaukmu un kr aju /
Coefficients of power regression equations/(= ax) for calculaion of growing
stock from stand basal are or age

Boni- b Formulas izmantoSan
tate / b R? vertiba / R |nt?r;]ﬁls/ d
Site a S p— ange 0 the stand ages
index value applicable for the use of
the formula
Arguments audzes vecums (x) / Stand age argumen (x A, gadi
1. A 0.7239 1.7772 0.933 25.11 0.000p <30
1. 1.4354 1.5279 0.963 10.8 0.0000D <30
2. 0.8939 1.7094 0.7171 13.9 0.0000 5<30
3. 1.0370 1.5657 0.708 6.4 0.0022 9<28
IArguments audzes Eerslaukums (x) / Basal area arguments(x) G, nt hat
1. A 1.5205 1.4868 0.968 22.8 0.0000 0.8<42.3
1. 1.5111 1.4851 0.987 17.0 0.0001 2.9<42.4
2. 2.6506 1.2955 0.988 8.4 0.0000 1.8<42.7
3. 1.3652 1.5244 0.927 10.p 0.006D §57.1

ApZImgumi: X — arguments; A — audzes vecums, gados;,aBdzes igrslaukums, mha’; a — regresijas
vieradojuma bivie loceklis; b — regresias visojuma koeficients;R - determiicijas  koeficients,
s— regresijas standdila, p - ticarfbasimenis

Key: x — argument; A— stand age, years; G — basalof the stand,ha’; a — a free member of the regression
equation; b — coefficient of the regression equiad— coefficient of determination, s standard error of the
regression, p-value — plausibility level
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Audzu kajas raksturoSanai atkhi no audzes vecuma &gmatie
regresijas viefidojuma koeficienti (3.1. tab.) ir statistiski ApDAQI
(p = 0.0000 - 0.0022 « = 0.05, B = 0.708 — 0.963). Ciaka sakaiba
konstagta starp audzegk&slaukumu un Kju (p = 0.0000 - 0.006 & = 0.01,

=0.927 — 0.988).

Aprekinata izlidzinata kraja atkatba no audzes k&rslaukuma liecina, ka
realas kmjas 1. A un 1. borites audzs praktiski ir vieadas, bet
2. un 3. bonittes audzs zenakas. Tas izskaidrojams ar to, ka faktiskie augstumi
1. A un 1. bonittes audzs pie vieada %érslaukuma neatfras, bet zemku
bonitiu audzs ir mazki.

Regresijas vieidojumu statistisk anaize apliecina, ka faktigk baltalkga
audzu kiijas daZdu bonitiSu audzs hitiski neatgiras (p = 0.4787 = = 0.05,

=0.707 - 0.968). Datu anz¢ skaidri paida, ka Sadrvecuma interala audzes
kraja var atgirties pat vaiikas reizes, kas nav satistar audzes boatt.
Galvenais atdribu iemesls ir audzesk&slaukums, kas atkas no koku
caurngra un koku skaita uz piags vieiibu.

Nekopto baltalk§a audzu Kija vecum no 11 idz 30 gadiem (3.1. att.)
butiski neat§iras daZdas audzu borites (p = 0.0649 >u = 0.05).

AudZzu kigja 1. bonistes 11 — 15 gadu veaajaudzs ir par 19 % zeaka
neka 2. bonittes, jo 2. boniite ietilpst audzes ar lielu koku skaitu, kas
kopuns veido ierojamu &erslaukumu un Igju.

| m1A o1 o2 |
ay "o ] 203

© 250

< o 196 225306
og " 200

© o 150-

% o 100

T 8 4l

I O ‘

16 ... 20 21..25 26...30

Audzes vecums, gados / Stand age, yaers

3.1. att. Daadu bonitasSu baltalk&pa audZu kajas /
Figure 3.1. The growing stock of grey alder standsf different site indexes

Lai isa laika izaudztu audzes ar lielu koksnesaju, kas izmantojama
kurinamas %eldas iegSanai, baltalkga audzs 14 — 17 gadu vecudm
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nepiecie$ami vaik neki 3000 koku uz ha.#®u audZu izveidoSanas i€fs
japarbauda papildusatijumos.

Baltalk$a audzu relaa kraja 1. A un 1. bonittes audgs tikai 5 no 24 jeb
21 % gagjumu parsniedz pilnas bigkas audzu lgju. Pargjas So boniSu audzs
relatvas k@jas \Ertibas atrodas intefla starp 43 un 78 %. Reieds kijas
vértibas 2. un 3. bonites audzs, vieradas vai lieikas par 100 %, sastopamas
33 % audZu (3.2. att.). Sekidielas kmjas farsvas sastopamas 10 — 17 gadus
vecajis audzs, kuas hipottiski ir bijis liels @kotrgjais koku skaits un nav
noticis inten&/s koku atmirS8anas process. Tas saskan ar méZkajpmamo
apgalvojumu, ka koku skaita sama&&aris mazk intengvi notiek zeniku
bonitiSu audzs.
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1.A 1. 2. 3.

Relatva audzes kija, % /
Relative growing stock, ¢
o

Bonitate / Audzes vecums, gados / Site index / StandysgE's

3.2. att. BalltalkSpa audzu relatvas krajas /
Figure 3.2. Relative growing stock of grey alder ands

Relatvie augstumi?s audZzu (66 %) frsniedz 100 %. Tas nomé, ka
realajas baltalkfa audzs vidcejie augstumi ir lieiki neka AGT. Visas
1. A bonitites audzs relaivie augstumi ir liedki nelka 1. bonifites &ditaji
AGT, kas apliecina 1. A bontes izdalSanas pamafiitu. Lidz 10 gadiem
veco audzu vigjie augstumi iegrojami atpaliek no AGT.

Realas baltalk§a audzes tikai 24 % gadmu atbilst pilnas biabas
kritérijiem (relatvais %e&rslaukums 100 % un vak). Audzes bietba 7 un
vairak konstatta 56 % audzu, sazinot ar P. Mirnieka (1963) AGT. Mazas
biezbas audzes rakstgas visu boniiSu baltalkéa jaunaudzs.

Petito audzu koku skaita sdkinajums ar AGT liecina, kas tasalajas
audzs ir ieverojami mazks, kas izsauc relst erslaukuma un kijas
samaziasanos.

Petito baltalk$ia audzu kijas victja pieaugumavértibas (3.2. tab.)ddiski
neatgiras dazdu boniiSu audzs (p = 0.461 > = 0.05), & af no meZza tipa
(p =0.763 >0 = 0.05).
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3.2. tabula / Table 3.2.
Kr ajas vidgjais pieaugums baltalk$iu audzes /
Average increment of growing stock of grey alder sinds

Krajas vidgjais pieugums, rhha® gadi / AudZu vecuma
Bonitates / Average increment of growing intenvals gados /
Site index X vid £ &X minimalais maksiralais R;;gs g;tehse
1.A 7.4+1.42 0.8 19.1 230
1. 6.4 £0.66 2.0 11.3 340
2. 7.2+£0.69 1.0 16.2 530
3. 55+1.37 1.9 8.3 228

ApZIMgiumi: X vig + Sg( — vidgjais pieaugums * standafikla, n? ha' gadi

Key: Xyig * SX — average increment + standard errot hat*

Vislielakais kajas vicEjais pieaugums konstis 1. A boniftes baltalkda
garSas auds un 1. boniites era audzs, kuiis kijas vickjais pieaugums
parsniedz 15 rh ha' gadi. Literatira atrodams, ka visproduldikas audzes
veidojas uz rila augsam (Johanson, 1999), kas rakggas batalkga girSai.

Analizgjot visas ptitas baltalka audzes, viszeikais kgajas victjais
pieaugums konsis slapjaj vert, kura veidojas 2. un 3. boaies audzesSajs
audzs 16 — 28 gadu vecuirkrajas vidsjais pieaugums ir 4.6 frha' gad.
Literatira mingts, ka slapjaj veri izaug mazragas audzes, jo augsnes Virsi
veido koku un ogdju jelkadras €inis, zem kura atrodams €jd bagati
podzottas nalsmilts vai nala skyi (Zalitis, 2006).

3.2. Baltalk§ya audZu struktiras izpete

Baltalk®a audZu koku skaita vadijas koeficienta &rtibas hitiski neatgiras
dazdu bonigSu (p = 0.736 > = 0.05), meza tipu (p = 0.618 = 0.05) un
vecumklaSu auds (p = 0.796 >a = 0.05), nav konstta af batiska
mijiedartiba starp audzes baatitun meza tipu (p = 0.558 & = 0.05), k& af
starp vecumklasi un meza tipu (p = 0.85¢>0.05), R =0.646.

Vidgjais koku skaita vaitijas koeficients vairumgadjumu dazdu boniSu
audzs vark no 33 1dz 39 % (3.3. tab.)atminimalas \ertibas atrodas intefila no
5 lidz 20 %, maksialas no 681dz 139 %.
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3.3. tabula / Table 3.3.

BaltalkSpa audzu koku skaita varacijas koeficienta \ertibas /
Coefficient of variability of a number of trees ingrey alder stands

Bonitate / Variacijas koeficientaaditajs / Value of coefficient of variability
Site index vidgjais / average miniatais / min. maksirais / max.
1A 35+7.2 9 89
1. 35+8.9 5 139
2. 33+6.5 7 125
3. 39+10.3 20 68

Dazdos baltalka meZa tipos viglais varicijas koeficients mais no
21 lidz 68 %: @1 — 30 + 6.3 %, ¥Sa — 33 £ 7.3 %, slapjveri — 22 + 4.7 %,
slapjaji gar&a — 23 + 9.9 % un platlapjarert — 40 + 25.0 %. Ves audzes
cirSanas laiks ir naaigs faktors, kas ietelkinjauras audzes koku skaitu ua t
variacijas koeficientu. Literata nomdits (Mangalis, 2004), ka, lai paktu viennerigu
un sggcigu atvasu veidosanos, baltalksriipat ka citas lapu koku sugagcgrt velu
ruden vai ziena, kad baibas vielas no koka virszemegadaarvietojudis uz sakem.

Koku skaits dadu bonigSu audzs hitiski at&kiras (p = 0.001 <a = 0.05).
Baltalk3a koku skaits (y) atkda no audzes vecuma (x) ddia boniiSu audzs ir
raksturojams ar pages regresijas viedojumu (2.14).

3.4. tabula / Table 3.4.

Sakaribas(y = a)f’) raksturojosie lielumi starp audzes vecumu un koku leitu /
Values characterizing correlation(y = a>f’) between the age of the
stand and the number of trees

Formulas

Boni- > p- izmantoSanas
tate a b R . vertiba intenals, audzu
vecums gados

1. A 40646 -1.0523 0.967 3882 0.00Q0 <20

1. 47139 -1.0217 0.896 2428 0.0000 <&

2. 77038 -1.1007 0.691 1762 0.0000 <30

3 370118 -1.5106 0.684 1604 0.0029 <3

Apzmgumi: N — koku skaits augizgab. hg a un b - — regresjas ielojuma kivie locelfi, R - determiacias

koeficients, s- regresijas standdfiéla, F un t—testa fakiigzrtibas, p-ertiba —ticarioasimenis
Key: N—Number of trees in the stand, stems e aad b — free members of the regression equBiiercoefficient of
determination,.s- standard error, F and t— actual values eftheivalue — plausibility level

Dazdu boniiSu baltalka audzs koku skaita noteikSanai izmantojamie
pakapes regresijas viadojuma koeficienti (3.4. tab.) ir statistiski ApAQi
1. A 1., 2. bonittei p = 0.0000 <« = 0.01 un 3. boriitei p= 0.029 <. =0.05).
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Apsekotajs mezaudss (veakas par 10 gadiem) koku skaita sajimhs
parastajs caurndra pakipes ar s¢a intenalu 2 cm ne visos gadmos atbilst
normalajam sadajumam, lai gan grafiski faktiskais un tetiskais sad@ums
atkiras nedaudz. Koku skaita saglahs caurrdra pakipes 16 — 30 gadus
veas audzs vairuna gadjumu neatbilst noralajam sadajJumam. Apgkinata
Hi - kvadata (%) vertiba ir liekka par tecttisko (p < 0.05). Vecumno 20 1dz
30 gadiem ®&rojama koku skaita sadmlma kreia asimetrija. No 111dlz
15 gadiem vets audzs 89 % no visiem kokiem ietilpsetras (4 — 10 cm)
caurngra palipes, no 161dz 20 gadiem — 89 % koku ietilpst noiézl 12 cm
caurngra pakipes. No 21 1idz 25 gadiem veés audzs 76 % koku atrodas
cetras (10 — 16 cm) caurdra palapes. Lidzgs koku skaita sadfims
konstatts af 26 — 30 gadu vas audzs, kuas 79 % koku ietilpst pias
(10 — 18 cm) caurana palkipes.

Analizgjot 44 par 10 gadiem vakas audzes, konsttd, ka 16 auds
pirmag vai pirmaps divas mazkajas caurndra palipes audzes lja ir mazka
par 1 %. Kajas sadajumam caurréra palapes reti sastopamsagveidigs
sadafjums. Kijas ipatsvars caurna pakipe ar liekko kraju vare 17 — 62 %
intenala. Lielakas maksiralas kiajas \ertibas caurrgra palape vairak raksturgas
jaurekam audzm.

Krajas ipatsvars no audzes I&ps kmjas trias centiilajas caurmra
pakapes vark plad diapazoa no 25 fdz 100 %. Tikai 6 no 44 augmn triju
centélo caurngra pakipju kraja ir mazika par 50 % no audzes k&g@s kiajas.
Lielaks kmjas ipatsvars cendfajas caurméra pakipes ir audzZs ar mazu
caurngra pakipju skaitu. Paav vidgji cieSa negava koreficija starp
caurngra pakipju skaitu un kijas ipatsvara sadglimu trijas centilajas
caurngra pakipes (p = 0.0000 < = 0.05, B = 0.5). Neskatoties uz daxh
statistiski ticaram krajas sadajuma likumsakabam caurmdra pakipes,
jaatzst, ka kajas sadaJumu ietekng virkne citu faktoru, kurus gnieabas
proced nav iespjams fik€t. Bez tam daadi faktori savstargii
mijiedarbojas, ko atkt ne vienmar ir iesgEjams

Baltalkyha audzes atrodapatrgja sitlacija, jo tas lidz Sim ir koptas tikai
iznemuma gagumos. KopSanas cirSuakuma &l audzs ir liels tievo koku
skaits, kam atbilst neliela koksnesajlar Fetjuma uzdevums bija izt
likumsakatbas starp koku skaitu, k&slaukumu un audzes #Fu. S
uzdevuma atrisiBanai tika izmantoti So parametru kuatulgrafiskie agli.
Petijjuma ietvaros analétas koku skaita,k&rslaukuma un kjas kumulaivo
frekvertu \ertibas 6 — 30 gadus vaxaudzs. Jauakas audzs &erslaukuma
un krjas \ertibas ir nietgas, praktiskm vajadzbam nerktiecigi ir vadties
pec koku skaita, ko var noteikt uzskaites PL.
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Koku skaita kumulavas frekvences (y) atkda no km@jas un
Skerslaukuma kumulatajam frekveném raksturo ofis pakipes parabolas
vienadojums (2.13) un grafiskais albjums, kur a un b — regresijas
vienadojuma koeficienti un ¢ - brais loceklis dots 3.3. ath.

Koku skaita kumulato frekvergu vidckjo vertibu at&iribas dazdu bonifiSu
audzs nejrsniedz 1.5 %, kam nav praktiskas imogs (p = 0.999 = = 0.05).
Nav konstattas koku skaita kumuleb fekvergu at%kirtbas |1l 1dz
VI vecumklases (vecumklases int@s/5 gadi) audss (p = 0.903 = = 0.05), lai
gan Il vecumklas kumulatvas frekvences ir par 8 — 11 % auysts nek citas
vecumklass. Tas izskaidrojams ar lielu tievo kofpatsvaru 6 — 10 gadu veas
audzs, kuas notiek interiva koku diferengSaras. Atkiribas starp ejam
vecumklasm ir nelielas. Audzes Vighis caurnars hitiski neieteknd kumulatvo
frekvertu vertibas (p =0.989 & = 0.05).

Kumulatu izvertéSana paida, ka kijas kumulaivas frekvences caurgma
pakapes ir ar viszerako Vertibu, nedaudz augitas fis ir &eérslaukuma un
ieverojami lielakas koku skaita kumulsajam frekveném. Tam ir
likumsakatgs pamats, jo audzes tievo kolg&rslaukumi un stumbru tilpumi
ir nelieli, un nepiecieSams ienojams koku skaits, lai sasniegtidk noteiktu
krajas kumulatvas frekvencesartibu. Tas vaik izteikts audas ar lielu koku
skaitu mazajs caurndra pakipes.

\ # Kraja / Growing stock A Serslaukums / Basal area |
©y =-0.0097%+ 1.7009x + 8.82  y = -0.0074% + 1.5684x + 6.48
s O R? = 0.9998 R? = 0.9999
E_3° 80
= =)
ES 23 604
288s
s £ & s 40
8288 20
n 0w e 0
2722
o 3 0 10 20 30 40 50 60

Krajas vai &erslaukuma kumulata frekvence, % /
Cumulative freqvency of the growing stock or thedlarea, %

3.3. att. Koku skaita kumulativo frekvenéu sakarnba ar Skerslaukuma un krajas
kumulativajam frekvencem /
Figure 3.3. Correlation of cumulative frequencies bthe number of trees with
cumulative frequencies of the growing stock

Literafira var atrast daudz infodnijas par koku skaita faktisko vai rélat
sadajumu caurréra pakipes, kas atkags no koku sugas, audzes vecuma un
izpilditajam kopSanas ciin. Meza takacija kumubtas izmanto, lai grafiski
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noteiktu @rtamo paraugkoku caudms kajas apékinaSanai (Sarma, 1948;
Anyunn, 1960, 1977). Darba izattes lail literafira netika atrasta inforacija par
koku skaita, EKerslaukuma un lgas kumulavo frekverfu savstargjam
likumsakatbam. Tatad iespjams, ka 3aj petijuma iegata informacija ir originala
un izmantojama i&ctamo koku apjoma @hoSanai pc skaita, Kerslaukuma un
krajas.

Koku vainagu forma un izéni ir Joti daudzveithi. Tie ir atkafgi no koku sugas
geretiskagmipadbam, vecuma, augSanas ajiem, \gja ietekmes un bajumiem
(OtBepk, 1974). Baltalk§a audZu vainaga \dghis relalvais garums ittiski atkiras
daAdu vecumklaSu audz (p = 0.0000 <o = 0.05). Vigs vecumklads mazajs
caurngra palgpes tas ir 1.4 — 2.1 reizasaks neki audzes ligkaja caurngra
palkape. Vecuna no 1 idz 5 gadiem baltalk® audzu vainaga \dghis garums ir
61 + 3.1 %, vaticijas koeficienta &tiba — 4 %0Otras vecumklases auglkz vickjais
vainaga garums samazinidz 44 * 4.9 %. Vainaga \igis garums samazs
[idz ar audzes vecuma paliganos. Pieks un seds vecumklases auglzvainaga
vidgjais garums negesniedz 30 — 31 %.Vecumklases robég vainaga garuma
variacijas koeficienta &rtibu intendls ir 13 — 20 %, (p < 0.05). Augkg, kugs koku
ir lidz 5000 gab. ha audzes viga koka reldvais vainaga garums ir rotaszno
27 — 43 %. Starp koka cauima () un vidjo relatvo vainaga garumu (y) dadi
vecumklaSu audZs pasiv cieSas korelatas sakabas, kuras raksturo
logaritmiskais regresijas (2.12) viglojums (3.5. tab.).

3.5. tabula / Table 3.5.
Relativo vainaga garumu raksturojoSie
logaritmiska (y = aLnx + b vienadojuma regresijas koeficienti /
Coefficients of logarithmic equation of regressiorfy = aL.nx + b characterizing
the relative length of the crown

Vecumklases . Caurngra
. ~ p- vertiba | intenals, cm/
intenvls, gados / A b R / | .
Age group years p-value| Diameter
interval, cm
6—-10 12.6420 24.235 0.88 0.000d 1-6
11-15 13.4130 7.662 0.94 0.000( 4-14
16 — 20 4.8390 25.072 0.64 0.000(¢ 4-22
21-25 10.7140 0.912 0.94 0.000( 8-24
26 — 30 16.8570 -14.903 0.95 0.000( 8-24
ApZimgjumi: a un b - — regresijas visljuma bivie loceKi, R? - determiacijas koeficients,

p-\ertiba — ticartbas imenis
Key: a and b — free members of the regression iequa® — coefficient of the determination,
p — value — plausibility level
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Literatira mingts, ka relatvais vainaga garums, uni@aurngrs ietekng
vainaga tilpumu, lapu asimjbSo virsmu un razois organisks masas
apjomus (Kramer, 1988).

No promocijas darba gjumiem izriet, ka baltalkg|a audzu vainagu
daudzveitba ir atkatga no audzes vecuma un koku skaitaa. téfec
I. Belova Genos, 1983) baltalksnis g gaismas pralsas atrodas ceturfaj
vieta aiz larpaira un pikaina tgrza un apses. Tas izskaidro ralaisos un
skrajos baltalkga vainagus.

3.3. Baltalk&a un baltalksna audzu bezlapais virszemes
biomasas apjomu izeérteSanas metodes

Baltalka biomasas noteikSanas metodikas adstr nocirsti 188 koki ar
caurngru 1.3 m augstumn0.2 — 26.0 cm. Visa paraugkopa s#dallivas ddas:
koki ar caurraru fidz 3 cm un koki ar caurru lielaku par 3 cm. Kogias
empriskas formulas izsfide visam caurdmu diapazonam nav iegpma,
izmantojot SPSS piaslatos emfiriskos vieadojumus, jo rarjjumu novirzes no
[iknes neatspoduirealo sitLaciju.

Pirmo paraugkopu veido 52 baltajgSparaugkoki ar causru lidz 3 cm un
koka augstumu no 1.35d¢z 7.0 m. Uzrarito koku dendrometriskoadiitaju
minimala un maksirala vertiba: caurrsram 0.2 — 3.0 cm, koka augstumam
1.35 — 7.0 m, koka stumbra tilpumam 0.00001 —2¥80n, koka stumbra
biomasai 0.045 — 2.5 kg, zaru biomasai 0.003 930Kg, koka bezlapas
virszemes biomasai 0.06 — 2.58 kg un attisshuas koksnes masai 0.03 — 1.16 kg.

Baltalka stumbra tilpums (y)idz 3 cm resnajiem kokiem atia& no
caurngra (x) apekinams [Ec parabolas vigidojuma y = 0.0004% 0.0003x +
+0.00009, (R=0.99, p < 0.05). Deterniidijas koeficients uzda cie$u sakau
starp koka caurgnu un stumbra tilpumu.

Dabiski mitras zaru masapatsvars koka k@ virszemes biomasvarie
plags robeis no 1.61dz 32.5 % (vaficijas koeficients — 45 %). Zaru masas
ipatsvara vigja vertiba ir 15.3 + 0.97 %.

Petjuma dabiski mitras un abgdl sausas baltalkg@ biomasas (y)
apekinaSanai atkaba no daZdiem argumentiem (x) apbaudts parabolas
regresijas (2.13) viadojums (3.6. tab.). Par argumentu (§rijaudti Sadi
mairigie lielumi: koka caurg@rs (D), koka caur@ra kvadats (D), koka
caurntra kvadata un augstuma reizijums (OH). Baltalk§a virszemes
biomasas noteikSanai #drkartas parabolas viadojums paida augstu sakdmas
cieSumu (R = 0.97 — 0.99, p < 0.01), s#tingjuma ar taisnes, pakes un
logaritmisko regresijas viadojumu. Somu zitnieki baltalk§a stumbra
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biomasas noteikSanai izmanto aetrkartas parabolas viadojumu, kué par

argumentu izmantots koka ca@mm Noskaidrots, ka starp magajiem

lielumiem veidojas cie$a sailaa (R = 0.97, p < 0.01). Formulas pielietoSanas

intervals ir kokiem ar caurgru 0.8 — 6.3 cm (Muukkonen, Makipaa, 2006).
Dabiski mitras un abstli sausas baltalk& virszemes biomasas

noteikSanas dis pakipes parabolas vigjuma regresijas koeficienti, neatigir

no argumenta veida, ir statistiski mozgi (p = 0.0000 - 0.003 &= 0.01).

3.6. tabula/ Table 3.6.
Dabiski mitr as un absoiiti sausas baltalk3na virszemes biomasas apkinaSanas
parabolas(y = ax +bx +c) vienadojuma regresijas koeficientu &rtibas /
Coefficients of parabolic regression equatiofy = axé+bx +c) characterizing naturally
wet and dry above-ground biomass of grey alder

x| a_ | b | ¢ | R | skg
Dabiski mitrai / For naturally wet

D 0.3427 - 0.3063 0.1636) 0.984 0.057%
D? 0.0089 0.1689 0.0469 0.986 0.0538
D’H - 0.0002 0.0529 0.0847 0.984 0.0578
Absoliti sausai / For absolutely dry |
D 0.1529 - 0.1408 0.0845 0.968 0.0318
D? 0.0043 0.0715 0.0318 0.979 0.0296
D’H - 0.0001 0.0025 0.0485, 0.973 0.0333

Apzimgjumi: x — arguments: D — koka cautrs; D’ — koka augstums; 3Bl - koka caurréra
kvadita reizirijums ar koka augstumu; a un b — regresijasadejuma koeficienti; ¢ - hivais
loceklis, R - determincijas koeficients,,s- regresijas standattida

Key: x — argument: D — the diameter of a tree; Height of the tree; B square of a tree
diameter; BH. - multiplication of the square of a diameter ane treight of a tree; a and
b — coefficients of the regression equation; c fre® member of the regression equation,
R? — coefficient of the determination, s standard error of the regression

Otro paraugkopu veido 136 baltajk&r caurnéru 3 — 26 cm, koka augstumu
535 — 22.2 m, koka stumbra tipumu 0.0032 - 0.5260 stumbra masu
2.1 — 19.6 kg, zaru masu 0.05 — 101.0 kg, dabiskarkoka biomasu 2.4 —
—490.0 kg un absaii sausas koksnes masu 1.1 — 236.6 kg. Batialkiumbra
tilpums (y) no 3.1 cmidlz 26 cm resnajiem kokiem atik@ no caurrara (x)
aprkinams [xc logaritmisk regresijas viesdojuma (Liepa, 1996).

No kopsjas bezlapats virszemes biomasas paraugkoku (ca&usm
no 3.1 idz 26.0 cm) zaru masa &jdir 21 + 2.1 %, varicijas koeficients
32 %. Zarupatsvara aidribas starp paraugkokiem ir intat¥ 4 — 32 %.

Dazdu koku sugu biomasas noteikSanaispa# tiek pielietoti regresijas
vienadojumi ar vienu argumentu (y = BxKapmanosa, 1976; Gradeckas un
Malinauskas, 2005). dégja laika regresijas vieddojumos iekauj divus vai
pat vaifikus maifigos. Satto ( 1970) nadla, ka tagauj pregzak noteikt koka
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biomasu (Kpmanosa, 1976). lgauni baltalk§ia virszemes biomasas
aprkinaSanai plariciju audZs pielietots paikpes regresijas viadojums, k
argumentu izmantojot koka caukra un augstuma reiZijums un koka
caurngra kvadata un koka augstuma reizjomu (Uri, 2001). Maifga
lieluma koka caurg@ra kvadata un koka augstuma reizjopma izmantoSana
nedod labBkus rezulitus biomasas noteikSanai, iainagjuma ar koka
caurneru, jo sakaiba ir mazk cieSa. Nedaudz cigé& sakaiba veidojas ar
koka caurrara kvadatu, kas sakt ar Krievija iegatajiem secifjumiem
(Yconbues, 1985). Tas nami, ka koka caurgra kvadata un koka augstuma
reizinajums ir mazk informatvs biomasas noteik3amela stumbra caurgrs
(Muxkumue, 1988). Somu zitnieki baltalk§a stumbra biomasas noteikSanai
izmanto pakpes vieadojumu y = a% kur par argumentu izmantots ca@ra
kvadita un koka augstuma reigjams (Muukkonen, Méakipaa, 2006)agec
par argumentu — koka caugra kvadata un koka augstuma reiZjomu
iepriekS migtie autori atsaucas d&di. Dotap pétijjuma arguments koka
caurngra kvadita un koka augstuma reizjoms ir pietiekoSi informavs
biomasas noteikSanjo pasiv cieSa koreicija (3.7. tab.).

Saji petijuma dabiski mitras un absati sausas baltalk§& biomasas (y)
aprkinaSanai atkaba no daZdiem argumentiem (x) aobaudts pakipes
regresijas viefdojums. Par argumentu izmantotid§ mairigie lielumi
(3.7. tab.): koka cauréns (D); koka caur@ra kvadits (D?); koka caurrara
un augstuma reizijums (DH); koka caur@ra kvadata un koka augstuma
reizinjums (O?H); koka &erslaukuma un augstuma reizgjoms GH);
stumbra tilpums (V). Baltalkf& bezlapdts virszemes biomasas akinasanai
parbaudtie argumenti, spriezot ép determiacijas koeficientu ®rtibam
(R>=0.98 — 0.99, p < 0.05), testiski ir vienlidz labi izmantojami agkinu
veikSanai, ja koku caur@rs ir intenala no 3.1 — 26 cm. Dabiski mitru un
absoliti sausu baltalkgu biomasas noteikSanai izmantojamie Fpeds
regresijas viefdojumi un koeficienti (3.7. tab.), neatkgir no argumenta
veida, ir litiski (p = 0.0000 <o = 0.01). Tie ir izmantojami koka bezlapst
virszemes biomasas @Rinasanai.
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3.7. tabula / Table 3.7.
Dabiski mitr as un absoiiti sausas baltalkSpa bezlapofis virszemes biomasas
pakapes regresijagly = ax”) vienadojuma koeficientu vertibas /
Coefficients of power regression equatiofy = ax”) characterizing
naturally wet and dry above-ground biomass of the gy alder

X | A | b | R | s.(kg)
Dabiski mitrai / For naturally wet
D 0.1336 2.5476 0.979 0.224
V 1044.4000 1.0376 0.984 0.194
D? 0.1369 1.2672 0.979 0.224
DH 0.0212 1.5917 0.983 0.212
GH 0.0526 0.9852 0.982 0.204
DH 0.0415 0.9852 0.982 0.195
Absoliiti sausai / For absolutely dry
D 0.0700 2.5059 0.988 0.167
V 479.4600 1.0235 0.987 0.174
D? 0.0700 1.2530 0.988 0.167
DH 0.0114 1.5667 0.987 0.175
GH 0.0297 0.9596 0.987 0.175
D°H 0.0224 0.9676 0.987 0.175

ApZimgumi: x —arguments: D — koka cauins) V — koka tilpums; B- koka caungra kvadits; DH- koka
caurngra un augstuma reizioms; GH- koka l&rslaukuma un koka augstuma reigims; DH— koka
caumngra un augstuma reizjoms; H. - koka caurrra kvadita reizigjums ar koka augstumu; a —
regresijas vieitlojuma bivais loceklis; b — regresijas koeficients-Betermiaicijas koeficients;,s- regresijas
standartiida

Key: : x — argument: D — diameter of the tree; Volume of the tree; D- square of the tree diameter;
DH-multiplication of the diameter and height of tteef H. - multiplication of the square of diameter and the
height of tree; a — a free member of the regressjoation; b — coefficient of the regressich:-Roefficient of
the determinationys- structural unit of the regression

Viens no svagakajiem biomasas apjomu iete&josiem faktoriem ir koksnes
biivums. Tas ir atkdgs no koksnes mitruma pgdes: palielinoties koksnes
mitrumam, palielias ai koksnes hlyums un ot&di (Lipin$ un Liepa, 2007).
Koksnes izmantoSana kuianai ir cieSi saiga ar & mitrumu. Relavais
mitrums pafida adens daudzumapatsvaru tikko cirat koksre. Petijjuma
noskaidrots, kaatvidgja vertiba ir 53.5 + 0.32 %, pames standartnovirze
2.5 % un vaiicijas koeficients 4.7 %, (p < 0.05). Koksnes fgfamitruma
svarstibas starp koksnes paraugiem koressat interdla 39.7 — 58.3 %.

Dabiski mitras baltalkga koksnes vigjais bivums no katra stumbra
etros dados augstumos iZgstam ripam ir 795 = 5.2 kg i, paames
standartnovirze 58.7 kg T varicijas koeficients 7.4 % (p < 0.05). \&d
koksnes hivuma swrstibas 122 paraugkokiem atrodas in#fvwno 670 idz
918 kg . M. Draudia un L. B&era (1979) monogfij a nomdits, ka alkia
koksnes hivuma svrstibu diapazons svaigi cirstai koksnei ir no 686zl
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1000 kg rit. Dabiski mitras koksneswbims da#dos atilumos no stumbra
resgda at&iras hitiski (p = 0.000 <a = 0.05), k& af starp atsevi@ koku
koksnes ivumu pasiv bitiskas atgiribas (p = 0.000 & = 0.05).

Absoliti sausas baltalk koksnes vigjais blivums ir 447 + 3.2 kg M,
paZmes standartnovirze 35.6 kg®mn variicijas koeficients 8 % (p < 0.05).
Petijuma 122 paraugkoku koksnestlma atgiribas ir ie¥rojamas un
atrodas intersla 388 — 506 kg m. Literafira nomdits, ka alkda absaiti
sausas koksnesiblima swrstibas starp kokiem ir 432 — 574 kg®mntervah
(Vanins, 1950) un 420 — 630 kg i(Draudip$ un Béeris, 1979). Midto
autoru darbos abgdl sausas koksnes thuma at&iribam tiek uzaditas
augsiikas \rtibas. datzmg, ka darla nav noadita alk§u suga.

Petito baltalk$ia audzu vecums variintenvala no 2 idz 40 gadiem
(3.8. tab.). Baltalkga audzu biomasas apjomsitiski atkiras no audzes
vecuma (p = 0.022 & = 0.05).

3.8. tabula/ Table 3.8.
BaltalkSpa audZu virszemes biomasas apjoms bezlapattavoklt /
Above-ground biomass without leaves of grey aldetands

<1 ;1
Vecums gados /|  DMVB S; tha'/ ASVB* S_, tha'/
Age in years NWAB # S, t hat ADAB + S_, t ha'
1-5 95+251 43+1.10
6—10 40.0 + 16.09 18.0 +8.12
11-15 136.0 + 17.88 63.7 +8.37
16 — 20 150.0+ 18.08 70.9 + 8.68
21-25 194.0+ 16.81 89.8+6.74
26 - 30 223.0 + 21.04 104.4 +9.81

Apzimgjumi: DMVB — babiski mitra virszemes biomasa; ASVRbsaiti saug virszemes biomasa
Key: NWAB — naturally wet above-ground biomass; ABAabsolutely dry above-ground biomass

Dabiski mitas un absaiti saugs baltalk§a audzu bezlapag virszemes
biomasas apjomi t Ha(3.4. att.) nosaimi pec pakipes regresijas viédojuma,
kur ka arguments izmantots audzes vecums.

Vienadojuma regresijas koeficienti ir statistiski nomi (p = 0.000 —
- 0.0110 <« = 0.05) un izmantojami baltalkd audZu bezlapas virszemes
biomasas apkinaSanai (3.4. att.).
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3.4. att. Sakariba starp audzes vecumu un baltalkfa bezlapots virszemes biomasia

— 1. A bonitates aud#s; b — 1. boniites aud#s; c - 2. bonifites audZs un d-3.
bonitates audzs /
Figure 3.4. Correlation between the age of the std and above-ground biomass of grey
alder: a— 1. A site index stands; b — 1st site ied stands; ¢ - 2nd site index stands and
d—3rd site index stands

29



Bezlapotas virszemes biomasasekip@Sanai baltalkga audzs ar pakpes
regresijas viadojumu par argumentienagpaudti audzes vidjais caurmars un
audzeslgrslaukumg3.5. att.). Izmantojotkargumentu audzes &d caurngru,
var seciat, ka biomasas apjomiatiski neat&iras daidu bonifiSu audzs
(p = 0.601 >a = 0.05), bet biomasas apjomatibki ietekn& audzes vigjais
caurngrs (p = 0.0000 « = 0.01). Pielietojot kargumentu audzeg&slaukumu,
var seciat, ka biomasas apjomiutiski neat&iras daidu bonitSu audzs
(p = 0.548 >0 = 0.05), bet biomasas apjomu Edtonketa audz batiski ietekne
audzes k&rslaukums  (p = 0.0000 & = 0.01). legrojami ciedka sakaba
konstata starp audzes&slaukumu (x) un audzes biomasas (y) apjomu't ha
(R* = 0.972 un R= 0.973,a < 0.05). Audzesl&rslaukums vienlaigi sed
apvieno 1 izmaiu atkatbu no audzes vecumsag &l koku caurmira un skaita
ietekmi.

[ © DMVB/NWAB A ASVB/ADAB | [ ©DMVB/NWAB A ASVB/ADAB |
y = 4.7103k4758 y = 2.2215%47% y = 2.222%%% y = 1.0484%%7"
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3. 5. att. Sakaiba starp: a - audzes vidjo caurmeru;
b — audzes Eerslaukumu un baltalk3na bezlapotas virszemes biomasu /
Figure 3.5. Correlation between: a — average diamet at breast height; b — basal
area of the stand and above-ground biomass witholgaves of grey alder

Dabiski mitru un absati sausu baltalkgi biomasas noteikSanai izmantojamie
pakapes regresijas koeficienti (3.5. att) neatiiano argumenta veida, irtiski
(p =0.0000 < = 0.01) un izmantojami koka virszemes biomasagmasanai.

Pienemot, ka baltalkga audzes ir izmantojamas ertiskas keldas iegSanai,
ASVB parrekinata &elda (3.9. tab.). Ts gada apjomige baltalk§a audzu 15 gadu
vecuma saniegSanas samagimo 25.5 iz 21.3 ber.hha® (3.9. tab.). Tas
noZme, ka maksimumu saniedz 15 gadu vezuwfidgjie Seldas gada apjomep
15— 17 gadu vecuma sashiegSanas safisaziji par 17.6 %.
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3.9. tabula / Table 3.9.
BaltalkSpa audZu eneggtiskas koksnes apjomi /
A stock of biofuel in the grey alder stands

S

Q ho) c u— Q

< = | & |3 B ¢ > |5 838%E
P s | 8 =z |2 g 8 8122249
S = |2 =8 8. 2.8 | -8 18322
S I 8¢ |22 523 8 (5= S 2
> < | o> | 9E E¢g.| S5 |EE 2§
) a < o g3 2 0O | <. Eog >
=% < | E8 | <& |ER .EcBE| 8¢ |ESBe
5a N o Es | Sn8IERY o {E g
o9 B T E i) o8 c=<c ol ES |E®SE®
o> s o = T Q Teg5— 559 =2 (28¢5
> 5 PG o 9 S8 wll8o| g |ToERQ
0n S - Pae] : 2 w>m’f<@£%5 -l Qo | o2
RN o ] c - T & 2d| = |eEET
N % S ® T g SgEEgE o0l =8 [=EEqg
=i 7 2 | 02 |98 ;2EQ| B¢ 8582
IS < |6 | WG | v REEE32| 5% |SLcE
1-5 4.3 26 5.2 18.1 3.6 34
6-10 18.9 113 11.3 79.4 7.9 74
11-15| 63.7 382 255 267.5 17.8 167
16-20 | 70.9 425 21.3 297.8 14.9 139
21-25| 89.8 539 21.6 377.2 151 141
26-30| 104.4| 626 20.9 438.5 14.6 137

ApzZimgjumi: * viena tonna absoti sausas biomasas (sausnas) — 5.6 — 6.7 ber.m
Key: * one ton of absolutely dry above-ground biesa dry mass — 5.6 - 6.7 loose.m3

MeZa produkcijas engitiskas koksnes eksporta cena 2007 a§@dr eldu —
9.34 Ls ber.m. Rec baltalk§a audzu 15 gadu sasnieg3anagjieidensmumi gad
par eneggtisko koksni (§eldu) samaziis no 167 uz 139 Ls Ha

Secirajumi un ieteikumi praksei

Secirajumi

1. Pieaugo# kurinama defiata apsiklos baltalksnis &tgjams K atraudZga
koku suga, kasisa laika period spgj product ieverojamu koksnes
daudzumu biongijas iediSanai. & izpete divdesmit pirra gadsimta
sakuma ieguvusi ie@rojamu aktualti.

2. Petitajas 2 idz 40 gadus vas baltalkga audzs izlidzimatas kiajas dazdu
bonitiSu audzs atkaitba no vecuma vail&rslaukuma apromiks pakipes
regresijas y = awvieradojums. s daidu bonisdu audzs hitiski neatiras.

2 Meza nozares produktiréja tirdzniedba [tieSsaiste]: Zemkapas ministrija [skats 10. finija
2008. g.]. Pieejams http://www.zm.gov.lv/?sadak8:2
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10.

Rafgako audZu Mijas varé diapazon 170 — 410 rh ha'. Lielas kajas
170 — 237 rhha’ veido gan audzes ar lielu koku skaitu (5500 — @0 hd),
gan iegrojami retikas, kutis koku skaits néesniedz 2200 gab. fia
Baltalk%a krajas vickjais pieaugums iiski neatgiras dazdu boniiSu
audzs. Rc 20 gadu vecuma ¥as vickjais pieaugums samazs

Starp audzes vecumu un koku skaitu visu Wb8nitaudzs pasiv
statistiski ticama paipes regresija y = 8x

Baltalkja audzs koki visbieZk gruggjas 11 — 15 dabiskag caurmdra
palapes. Krajas ipatsvars trijs centilajas pakipes varg diapazoa no
25 lidz 100 %. Jautkas audzs ir lielaks dabisko caurara pakipju skaits
nelka vidgji vecas vai pieauguss audzs. Dabisko caurara pakipju skaits
nav atkaigs no audzes boaies. Viera treSdd audZu koku skaita
sadaijums atbilst Tiirina sadajumam, neatbilsba vaigk raksturga fdz
15 gadiem vecas audzs.

Audzes strukiras anake iegiata orginala informacija par sakabam starp
koku skaita, Kerslaukuma un lajas kumulatvajam frekveném.
Skerslaukuma kumulavo frekveréu Vertibas par 3 — 5 %apsniedz kiijas
kumultas atbilstoSos lielumus. Koku skaita kumivat frekvergu
vertibas ir ie¥rojami lielakas. Koku skaita kumulato frekvergu vertibas
nav atkafgas no audzes boaiies, vigja caurngra un vecumklases.
Vainaga relavais garums iitiski neatgiras daZdu bonigSu audzs. Audzes
vidgja caurngra ietekmi uz vigjo relatvo vainaga garumu dadu vecumklasu
audzs raksturo logaritmiskais vietiojums y = -10.78Ln(x) + 61.784.
Dabiski mitras baltalkg koksnes blums pieaug virzienno stumbra resgm
uz galotni,  vidgja vertiba 795 + 5.2 kg M varieSanas amptida no 670itiz
918 kg nT. Absoliti sausas koksnes @dis bivums ir 447 + 3.2 kg
variedanas amptida no 3881itlz 506 kg rii. Vidgjais relalvais baltalksa
koksnes mitrums ir 53.5 + 0.32 %, paes vaticijas koeficients 4.7 %.
Pamatojoties uz 188 baltalies paraugkoku datiem, ieteikti bezlagot
virszemes biomasas @RinasSanas regresijas vigtojumi dabiski mita
un absaiti saua st@vokli. Lidz 3 cm resnu, bezlapotu baltajks
virszemes biomasas @gmaSanai dabiski mitr stivokli ir izmantojams
regresijas vierdojumu y = 0.3427%- 0.3063x + 0.1636, absiil sausas
biomasas apkinasanai y = 0.1529x 0.1408x + 0.0845. No 3dz 26 cm
resnu baltalk$u virszemes biomasas aginasanai dabiski mitr stavokit
ir izmantojams regresijas vigtojums y = 0.1357¢°"" absoiiti sausas
biomasas - y = 0.07%%*°

Baltalk$a audZu bezlapag virszemes dabiski mitbiomasa aggkinama, k
argumentu izmantojotk&rslaukumu, pc pakipes regresijas viadojuma
y = 2.222.%x%% absoiiti saug biomasa — y = 0.10484%°" Biomasas
apjomi hutiski neat&iras daZdu boniiSu audzs.
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11. Dabiski mit&is biomasas vigais pieaugums, ligks par 10 t hg ir audzs ar
koku skaitu 5500 — 6600 gab. han vicsjo audzes caurenu 8 — 10 cm.
Vairumam audzu ikga&ghis dabiski mitras biomasas pieaugums ir rabeib
4 lidz 10 t hd. Aud#s ar vidjo caurngru, mazku par 6 cm, biomasas
vidgjais pieaugums némniedz 6 t ha

leteikumi praksei

1. Baltalkya audzu biomasas progmrSanai ir izmantojami promocijas
darka empriski iegatie regresijas vierdojumi.

2. Visizdevigak baltalk$ia biomasu izstidat enepgtiskas koksnes razoSanai
15 — 17 gadu vecudn pirms kajas vickja pieauguma samazsaras.
Pasreizja tirgus siticija, noc&rtot baltalk$ia audzes l&ldas iegSanai
15 gadu vecum vidgjie gada i@emumi ir 167 Ls h#.

3. Lai 1sa laika iegutu lielu koksnes Kiju, kas izmantojama kurimas
Skeldas iegSanai, koku skaitam baltaljd audzs 14 — 17 gadu vecuim
japarsniedz 3000 gab. Ha

4. Turprmikajos eksperimentos aparbauda lielas bigbas baltalkga
eneggtiskas koksnes plaatiju iertkoSanas lietdegums.

5. Baltalkga audzu kopSanas mddeizstiide izmantojamas atrasst koku
skaita, Eerslaukuma un HKjas kumulaivo frekverfu savstargjas
likumsakatbas.
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1.GENERAL OVERVIEW OF THE WORK

Actuality of the theme

Increasing human population and climate changefaaters endangering
nowadays further existence of the society. Alreanly1992 the United
Nations Organization accepted convention “On claneltange”. Countries,
that accepted this convention, including Latvianti@ stimulate introduction
of measures leading to reduction of total emissiais national and
international level. It is necessary to supportusstration of carbon in
biomass to reduce emissions of greenhouse gasésatiétn of biomass for
heat production is known as an environmentally safie economically
beneficial solution, because of smaller amountreeghouse gas emissions.
Firewood, chips and wood processing residues imodutbgs, sawdust and
wood pellets are significant renewable fuels.

The increasing share of natural renewable sourneenergy sector,
especially in heat production, simultaneously clesripe importance of grey
alder in forest ecosystem. More and more often @legr is marked as a
prospective species for biomass production forggnpurposes.

There are several advantages of grey alder fornbigg production if
compare to other tree species. Grey alder regasesatcessfully naturally, it
does not suffers significantly from animals. Grdgea is a fast growing
species, it is resistant to climatic fluctuationdijseases and pests.
Regeneration and maintenance of grey alder standddtively cheap. Grey
alder can be easily utilized for production of fismd and wood chips, wood
of grey alder fastly dries up. Taking in accourgsth advantages, it would be
reasonable to use wood chips produced from gregraldr bioenergy
production. Bioenergy - it is a strategic resoureich is dealt with in Kyoto
protocol to replace fossil fuel. Emptying of fosmsources is increasing the
economical significance of the grey alder.

Research target

Evaluation of the harvestable stock of above-grauindhass of grey alder
stands in relation to the structure of stands.
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Research tasks

Evaluation of dendrometric indicators, growing msg and productivity
of grey alder stands;

Investigation of conformities of variations in stabasal area, growing
stock and crown structure of grey alder;

Elaboration and evaluation of methods for the ediiom of aboveground
biomass without leaves for grey alders stands.

Scientific innovation

The recent significant researches on grey aldee waplemented 40 years

ago. Interest about this tree species revived duling the late 5 years, when it
was established that the earlier researches witer iacomplete. Innovation of
this research work covered the following issues:

obtained new data about the developing procesgmutlictivity of natural
grey alder stands representing different age grangsite indexes;
implemented comparison of grey alder stands' ditltietlve growing rate tables;
elaborated empirical equation for calculation oftter volume according to
measurement data of small timbers of grey aldeiclwban be used to
calculate growing stock in young stands;

obtained fresh information about distribution afiamber of trees in normal
and natural diameter classes;

found certain conformities of changes of grey atdewns;

investigated conformities of cumulative frequenciasdistribution of a
number of trees, basal area and growing stoclei @der stands;

using the sample plot method, elaborated empinietimns for calculation of
above-ground grey alder biomass without leavestrfees with diameter
below 26 cm;

elaborated empiric equations for estimation of abground grey alder
biomass without leaves depending on the standaageage diameter and
basal area of the sand.

Practical value of the work

In 1988 grey alder covered only 1.1 % of statedtwelnformation about

grey alder stands on thre lands belonging to forcofiective farms usually
was outdated because of the extensive use and atasken into account.
This situation significantly changed after privation, when lands returned to
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the former owners and their legatees. In 2006 gieler stands covered
190.6 thousands ha or 6.8 % of the total foresi.arbe total growing stock
of grey alder stands is 31.3 million*mAccording to the area grey alder in
Latvia is in the fourth place if compare to othexet species and it represents
significant resources, which were underestimate now.

In the situation of increasing deficiency and thiee of fuel, the role of
grey alder in the forest ecosystem should be reated. The economical
value of grey alder expresses it self in its apitit regenerate mainly with
root shots, which leads to reduction of forest negation costs. Thus it is
necessary to investigate in detail the economictdrgial of grey alder.

The lack of fuel resources led to significant irage of fuel costs even in
rural areas. Significant amount of fuel is utilized district heating plants
belonging to the rural municipalities, which areitshing to wood chips,
instead of standard length wood-logs. Timber wosdvall as branches can
be utilized to produce wood chips, but it is coroated to estimate the
volume of branches. This means, that from practigasons it'is necessary to
develop simple methods for estimation of the grédembiomass, using
simple and easily obtainable dendrometric indicatdrthe stand.

Methodology of the estimation of above-ground gedgler biomass,
applicable to estimate harvestable biomass of gtdgr without leaves, is
elaborated within the scope of this study.

It can be assumed, that further economical proseof this work lays in
estimation of productivity and biomass of growinrgy alder stands.

Structure and scope of the doctoral thesis

The first chapter of the thesis contains infornmatabout biology and
distribution of Alnus incana(L.) Moench. as well as about regeneration and
economical importance of this species. There isimnsarized information
about grey alder resources in Latvia, as well aspélation of findings of the
earlier researches about growing, productivity atdicture of grey alder
stands. There is also a comparison of productioftgrey alder with other
tree species and methods used in different cogntdeestimate biomass of
grey alder. The second chapter contains informatibaut pilot plots and
methodology of the experimental work. The third miea deals with the
results of the researches about dendrometric itaficaf grey alder stands.
The comparison of the growing stock of the stanitk tables of growing rate
(further in the text AGT) elaborated by P.uMieks (1963) was done to
estimate productivity of unmanaged grey alder stand
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Characteristics of variation of different structuetements of grey alder
stands of different ages has been done using: aeaistics of variations of a
number of trees; distribution of trees in normad avatural diameter classes;
distribution of growing stock in different diametelasses; relationships of
cumulative frequencies of the number of trees, lbas@ and growing stock;
characteristics of structure of the trees crown.

Estimation of biomass of grey alder stands has bleee using equations
elaborated within the scope of this study. Chareties of density of
naturally wet and dry grey alder wood has beenuatall. The amount of
naturally wet and dry above-ground biomass of thdied grey alder stands
has been estimated. Structure and productivityrey glder stands have been
evaluated using the methods of descriptive stesisgorrelation, regression
and dispersion analysis.

The fourth chapter contains summary of findings tbe author,
conclusions and propositions, which were obtaimethé course of studies of
grey alder stands.

The thesis contains 127 pages; information is sumzed into 26 tables
and 58 charts, 136 sources of information have bised.

2. MATERIALS AND METHODS

Generally pure grey alder stands of up to 30 ye&esge are used in this
study, 55 temporary sample plots (further the it L) in total in different
Latvian districts. Materials for the studies weodlected in period from 2005 to
2007. It was found during the elaboration of thibssis, that the average height
of trees in some of the stands overreach growiockghe upper limit marked
for the first (1) site index. Due to this findinthe lower limit for a 1 A site
index had been estimated using extrapolation methbd stands, where the
average height was bigger, were added to to theifeAndex.

Experimental data from 2 - 10 year old stands heghbobtained from
15 PL (25 reach) located diagonally across the forest commeant. Diameter
at breast height (diameter) of all the trees inRhe was measured. The height
of 15 - 20 trees representing the whole rangeeaf heights was measured to
calculate height curve. Trirty PLs had been esthbti in 2006, where height
had been measured for 180 trees. Grey alder stdrids- 30 year age had been
studied using the method of six trees PL (Krameilta, 1982). Trirty six
tree PLs had been established in each of the stahése diameter of 180 trees
had been measured. The sample plots were locapedatiel was covering all
the area of the stand. The six Free sample pletscamd sample plots with
variable diameter. The essence this method isdbethat only half of the
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sixth Free has been tahen into account. His usesloulation of the basal
aree, growing stock and the number of trees grégradtand in each round
sample PL using equations (2.1 — 2.6).

188 trees had been cut down to estimate the abaweid biomass
without foliage. All of those trees were dividedtantwo groups: with
diameter below 3 cm and diameter from 3.1 to 260Maturally wet and dry
mass of stems and branches were estimated separatel

Information obtained using the six tree PL methad been used to calculate
dendrometric data of the stands: radius and areadf PL, stand basal area of
the tree and the stand, number of trees and grogiogk. The following
indicators had been calculated to characterizprt@uctivity and structure of the
grey alder stand in each round sample PL usingiegag2.1 — 2.6).

Statistical indicators had been calculated usignietric methods (Paura,
Arhipova, 2002; Arhipova, 8ina, 2003) utilizing measurement data obtained
in the six tree sample PLs, including radius arehaf sample PL, basal area
of the stand and number of trees per ha.

To characterize the productivity and structure oéygalder stands,
dendromethric data obtained in round sample PLshlegeh used to calculate
basal area of the stand, growing stock, basal diameter ([3), height (H)
and stem volume of the average tree (2.7 — 2.11).

Equalized height data obtained from the regressgpration of the height
curve had been used to calculate the volume ofstieen. Logarithmic
regression equation (2.12) had been used to ctdctite tree height (y)
because it usually has the highest value of thdficeat of determination
(R? and it approximates in the best way the variatibempiric values of the
tree height and diameter (2.12).

Stem volume of the grey alder had been calculatethguempiric
equations elaborated by Prof. I. Liepa (Liepa, 1996

Growing stock of the stands had been compared gritving rate tables
by P. Mirnieks (1963). The term relative growing stock Hsekn used to
characterize actual standing volume, which corredpoto the relation
between actual growing stock and a growing stockhefmain stand of full
density stands of a certain site index expresse@boinlt is important to
estimate the whole biomass of grey alder stan@valiate energetic value of
the grey alder stands, therefore the main standardsoorly growing trees
are not it separated. Descriptive statistics (Askigo un Bilina, 2003) had
been used in analysis of dendrometric charactesistigrey alder stands.

A 2 cm step in diameter is used to study the strecof the stand. The
number of trees in a certain diameter class had bepressed in % as a ratio
between the number of trees in a diameter classhentbtal number of trees.
A proportion of the growing stock in different diater classes is expressed
in % of the total growing stock.
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The distribution of the diameter classes changeisglthe lifetime of the
stand, because the increment of even a few milirsetan move a tree to
another diameter class. The distribution of a nemmiif trees in different
diameter classes is commonly used in practice. @istribution has one
disadvantage, because during the growth of thedsta@es move to bigger
diameter classes. As a result it is complicate¢dmpare different stands.
Trees in different stands of a certain age can iswiltlited in different
number of diameter classes, depending on the fronprecess of
differentiation of trees, natural variability ofagneters of trees, implemented
or not performed thinning operations. The diamefdarees can be expressed
not only in cm, but also as a number of the reductif tree. The numbers of
the reduction can be calculated by dividing therditer of a tree and an
average diameter of trees in the standyffm, 1960; 1977). This distribution
gives an opportunity to compare stands irrespeativérom their age and
average diameter.

Distribution of values of cumulative frequenciestbé stand basal area,
growing stock and a number of trees into diamelesses estimated for each
stand, has been started from the thinnest tregeistand.

Cumulative fervencies of a number of trees in cahdo the values of
cumulative fervencies of the basal area and growingk in the range between
10 and 50 % are estimated by graphical cumulatpeession (Figure 2.1).

The length of the crown of grey alder had beenredd as a difference
between the tree height and the starting poinhefcrown. Relative length of
the crown has been expressed in percentage frotreth&eight.

A regression analysis is used to characterize ¢laianships between a
number of trees and several factorial indicatorshi@®va un Blina, 2003). It
was verified during the study usipg— chi-squared test that unthinned grey alder
stands corresponds to theoretical distributioncekted by Tijrin (Liepa, 1974).

Regression analysis had been used to estimatealhatuet and absolutely
dry above-ground grey alder biomass without folismyed to characterize
variations of biomass depending on the argumerad irsthe analysis. These
arguments had been evaluated for the trees withatié less than 3 cm: diameter
of the tree, square of diameter of the tree, produimultiplication of square of
diameter of the tree and the height of the treéfdoutrees with diameter more
than 3 cm the following arguments were evaluatendter of the tree, volume
of the stem, square of the diameter of the treepthduct of multiplication of
diameter of the tree and the height of the treedumt of multiplication of basal
area of the tree and height of the tree and tbduot of multiplication of the
square of a diameter of the tree and the heighiedfee.

Parabolic equation (2.13) and power regressiontaqué2.14) had been
used to estimate above-ground grey alder biomass.

39



The density of wood had been estimated for 122 temg I1SO 3131 (1975)
standard method and the moisture of wood — usind 183 — 1 (2002) standard
method. Analysis of variance (ANOVA) is used totireate variations of wood
density in different places of the stand and betveaenple trees (at 1.3 m height, of
Y., % and ¥ of the tree height). Descriptive s$igiss utilized for the moisture
analysis.

Power regression equation (2.14) with stand agerage diameter and
basal area as arguments had been used to analyze-gitound grey alder
biomass without foliage.

The significance of the equations elaborated fergstimation of biomass
of grey alder and grey alder stands had been edrifising analysis of
variance functions of the SPSS program packagegéva un Bilina, 2003).

3. RESULTS

3.1. Dendrometric evalution of grey alder stands

Grey alder can be characterized as a fast growidglaveloping tree species,
and in contrast to other tree species significaahges of dendrometric indicators
occur rather early for this species. The numberegfs in stands depends on the
success of the natural regeneration process,ingsiritdenser or sparser stands,
which differ in terms of availability of growing seurces. The crowns close up in
a shorter time period in sparser stands than isedestands. This, of course,
affects dendromethrical indicators of trees.

Results of Pearson’s coefficient of correlatiordehdrometric indicators of
55 grey alder stands allow to consider the vaigajficance and direction of the
coefficients (Liepa, 1974; Arhipovaalta, 2006). Insignificant negative correlation
found between the site index of the stand and ateadrometrical indicators:
between the site index and the average volume ef giey alder stem
(r = -0.431, p < 0.01), between the site index tnedaverage diameter in the
stand (r = - 0.283, p < 0.05) and between thersiex and the average height of a
tree (r = - 0.265, p < 0.05). These issues carxpkiaed by the fact, that the
research material covers wide range of ages afrthealder stands with different
inventory indicators. All of the indicators in utiated grey alder stands are
affected by a number of trees per area unit, wiiiérs significantly even within
stands representing the same site index and age.

There is usually a significant correlation betwdbe stand age and other
inventory indicators. Within the scope of this stadpositive correlation was found
between the stand age and other inventory indicatith the average height of trees
(r = 0.936, p < 0.01), the average diameter (r929).p < 0.01), the average stem
volume of trees (r =0.839, p < 0.01) and the grgstock (r = 0.815, p <0.01).
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Correlation analysis without additional graphicablgsis does not provide
clear vision of the nature of the relationshipgdose in most cases the inventory
indicators of the stand are not in a linear depecyl&om the stand age.

The average diameter and height vary insignifigaintlthe studied stands
of an age less than 10 years. When the stands f&agrears of age, the
amplitude of variations of diameters significaritigreases, reaching the range
of 6 cm and persists until the stand reaches 8y age. The average height
also has similar characteristic of variation anaches 5 - 6 m at the age of
12 - 15. In most cases it corresponds to the fagslof P. Mirnieks (1950), that
at the age of 25 the average height in the stariesvia 6 m range.

When the stands become older, the nhumber of teesdpwn (r = - 0.737,
p < 0.01) as a result of natural thinnifigduenko, 1955; Skudra, Dreimanis, 1993;
benos, 1983). Despite moderate to strong correlatiois thlationship can be
explained better using power regression equatid#)dp = 0.000 <o = 0.05,
R? = 0.760). More than 10000 trees pet* had been found only in the stands,
which are younger than 10. The number of tree$es=6150 — 6200 stems pet*ha
only in a few 11 — 20 year old stands.

Moderate positive correlation was found betweersthad age and the stand
basal area (r = 0.672, p < 0.01). The basal arpands on the number and
diameter of trees. The power regression equatignogipnates relationship of
the basal area and the stand age much better (p0GO G< o = 0.05;
R?= 0.812), although a very wide range of variatiohthe basal area is found in
stands representing similar age groups. The besmlofthe same age stands can
differ 1.9 — 3.8 times. The most significant diffieces are found in 12 — 16 and
28 — 30 year old stands. A different number ofstiieethe stand affects the value
of the basal area.

A power regression equation y ="a@pproximates relationship between the
growing stock (y) and the stand age (x) or theltzsa (x), a range of application
of this equation is shown in Table 3.1.

Coefficients (Table 3.1) of the regression equatibaracterizing relationship
between the growing stock and the stand age atestistdly significant
(p = 0.0000 - 0.0022 &= 0.05, R= 0.708 — 0.963). A more significant correlatien i
found between the stand basal area and the grestacl (p = 0.0000 - 0.006 <
<a=0.01, B=0.927 - 0.988).

The calculated regualized growing stock depending tle basal area
demonstrates, that the actual growing stock irstiweds representing site indexes
1 A and 1 is nearly even, but in the stands reptieggsite indexes 2 and 3 it is
smaller. This can be explained by the fact, thaittual height of the trees in the
stands representing site indexes 1 A and 1 aréasiifnihe stand basal area does
not differ, but in the stands representing podteriisdexes they are shorter.

The statistical analysis of the regression equatid@monstrates, that the
actual growing stock of grey alder stands doeddiifar significantly in stands
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representing different site indexes (p = 0.4787=0.05, B= 0.707 - 0.968).
Data analysis clearly shows, that even in a rathelow age range the growing
stock may differ several times and it is not relaie the site index. The most
important reason for this difference is the basabhawhich depends on the
diameter and the number of trees per area unit.

The growing stock of the unthinned 11 to 30 yeat gley alder stands
(Figure 3.1) does not depend significantly on thee sndex of stand
(p=0.0649 >0 =0.05).

The growing stock in 11 - 15 years old standsasgmting site index 1 is by
19 % lower than in stands representing site indekeZause the site index
2 includes stands with relatively high number e, which together generates
significant basal area and growing stock.

At least 3000 trees per ha are necessary at thef dge- 17 years to grow the
grey alder stands with a high growing stock, irharisperiod of time which can
be utilized for wood chip production. The possilgi for the formation of such
stands should evaluated in separate studies.

A relative growing stock of grey alder stands repnging site indexes 1 A and
1 only in 5 of 24 or 21 % cases exceeds the grosifagk in the stands fully
stocked stands. In the other stands representing #ite indexes, relative values of
the growing stock ranges between 43 and 78 %.valbes of the relative growing
stock higher than 100 % found in 33 % cases irdstagpresenting site indexes
2 and 3 (Figure 3.2). Extra high growing stockharacteristic of 10 - 17 year old
stands with hypothetically large initial number tafes, which did not decrease
significantly during the development of the stamtlis corresponds to the well
known forestry statement, that an intense redudfiorumber of trees is less typical
for stands representing poorer site indef&s4yenko, 1955;benos, 1983; Skudra,
Dreimanis, 1993).

Relative heights u’ceed 100 %2%h(66 %) of the studied stands. It means, that
the heights in real stands are higher than irtables of growing rate. Relative
heights were higher in stands representing sitexifidA than in the tables of
growing rate covering site index 1, which appra¥resvalidity of the formation of
separate site index 1 A. The average height ofréies in stands that are younger
than 10 years is far behind values in the tablgsafing rate.

The real grey alder stands meet criteria of futlycked stands (relative
basal area 100 % or more) only in 24 % cases. Tdm glensity coefficient
7 and more is found in 56 % cases, if compareatiles of growing rate by A.
Mirnieks (1963). Small density is characteristic ofigg stands representing
all site indexes that are common to grey alder.

The comparison of the number of trees in the studfends and tables of
growing rate demonstrates that it is considerabss lin real stands, which
causes reduction of the stand basal area anddiungrstock.
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The average values of increment of the growingkstocthe studied stands
(Table 3.2) do not differ significantly in the stigrrepresenting different site indexes
(p = 0.461 >0 = 0.05) as well as in different forest types (@763 >a. = 0.05).

The highest increment of the growing stock founthmAegopodiosatand
representing site index 1 A and in tgalidosastand representing site index 1,
where the average yearly increment was more than*1&. It is remarked in
literature, that the most productive grey aldemdsagrow on clay soils
(Johanson, 1999), which are characteristiOfcalidosaforest type.

The smallest average yearly increment found inghidy is in Myrtilloso-
polytrichosa stands representing site indexes 2 and 3. Theageeyearly
increment in these stands at the age of 16 - 28 y&4.6 M ha™. It is remarked
in literature, that the stands represenfihgtilloso-polytrichosaforest type are
characteristic of low productivity, because thpardayer of soil usually consists
of fresh woody and berry bush peat, that cover&rairpodzolic sandy loam or
clay layers which characterizes moderate fer{iifglitis, 2006).

3.2. Evaluation of the structure of grey alder stads

The coefficient of variability of a number of treeles not differ
significantly in stands representing different sitdexes (p = 0.736 &= 0.05),
forest types (p = 0.618 & = 0.05) and age classes (p = 0.79%6 = 0.05), no
significant relationship is found also between $ite index and forest type
(p = 0558 >a = 0.05), as well as between the age class andtfoype
(p=0.857 >.=0.05), R=0.646.

The coefficient of variability of on average numbef trees in stands
representing different site indexes ranges of 33téo (Table 3.3), the minimal
values vary in range of 5 to 20 %, the maximal eslufrom 68 to 139 %.

The coefficient of variability in different forestpes varies from 21 to 68 %: in
Oxalidosa— 30 + 6.3 %, iegopodiosa- 33 + 7.3 %, iMyrtilloso-polytrichosa-
22 £ 4.7 %, irDryopteriosa— 23 + 9.9 % and iMercurialiosa mel— 40 + 25.0 %.
The harvesting time of an old stand is an imporfaator affecting a number
of trees and the variability of this indicator letnew stand. It is remarked in
literature (Mangalis, 2004) that it is recommendedharvest grey alder as
well as other deciduous tree species in late automminter, when nutrients
have already moved to the underground parts oftitbes, to secure the
formation of even and vigorous coverage of vegetathoots.

The number of trees significantly differs in stamdpresenting different
site indexes (p = 0.001c<= 0.05). The power regression equation charaeteriz
relationship of the number of grey alder treesdgyl the stand age (x) in
stands representing different site indexes (2.14).
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The coefficients (Table 3.4) of the power regressemuation used to
determine the number of trees in stands reperagedifferent site indexes are
statistically significant (for site index 1 A, 1é& p = 0.0000 « = 0.01 and for
site index 3 p = 0.029= 0.05).

A distribution of a number of trees in the diamatiaxsses using 2 cm step
not always corresponds to normal distribution ie #valuated stands (older
than 10 years), although the curves of theoretical actual distribution do
not differ significantly.

A distribution of a number of trees in the diametixsses in 16 - 30 years
old stands in most cases corresponds to the nodisatibution. The
calculated chi-squareg?j value is higher than the theoretical one (p $)0.0
A significant asymmetry of the distribution of teeis observed in grey alder
stands at the age of 20 - 30 years.

Eighty nine % of trees in 11 - 15 years old stdfitdsnto four (4 - 10 cm)
diameter classes, 89 % of trees in 16 - 20 yearstddds fits into four
(6 - 12 cm) diameter classes, but in 21 - 25 yelirstands 76 % of trees fits
into four (10 - 16 cm) diameter classes. Similatrdiution of number of trees
is found also in 26 - 30 years old stands, wheréo/®f trees fits into five
(10 - 18 cm) diameter classes.

Evaluation of 44 stands, that are younger thaneHdsy within the scope of
this study demonstrates, that growing stock is lsmtdan 1 % in two smaller
diameter classes in 16 of the evaluated stands:liawdistribution of the
growing stock in different diameter classes isra ghenomenon. A share of the
growing stock in diameter classes representindidjteest values of the growing
stock varies between 17 and 62 %. The higher valfilse maximal growing
stock are more characteristic for younger stands.

A share of the growing stock in three central di@melasses varies in wide
range — from 25 to 100 %. A share of the growirgglstin the three central
diameter classes is less than 50 % of a total ggwitock ont in 6 of
44 evaluated stands. A higher share of the grostinck in the central diameter
classes is characteristic for stands with smallenber of the diameter classes.
There is a close negative correlation between abaumf the diameter classes
and a distribution of the growing stock in th@ee central diameter classes
(p = 0.0000 <o = 0.05, B = 0.5). In spite of some statistically significant
regularities of the distribution of the growing cfan different diameter classes,
this distribution is affected by different factosshich cannot be fixed in the
research process. Moreover, the interaction ofewifft factors sometimes
cannot be easily determined.

The stands of grey alder are in a special situabecause until now they
were managed only in a few exceptional cases. ®tleetlack of thinning there
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is a significant number of small diameter trees,ictvhcontributes to
insignificant share of the growing stock. The ta$khis study was to evaluate
the relationships between the number of treesdstasal area and growing
stock. Cumulated graphical curves of these parametere used to solve this
problem. Cumulated values of frequencies of the bemof trees, stand basal
area and growing stock in 6 - 30 year old stand® wealuated within the scope
of this study. The values of stand basal area amdliigg stock are insignificant
in younger stands, for practical needs it is recemmed to use a number of
trees, which can be estimated using the sampler@dtod.

Square parabolic regression and the graphical o@\&) can be used to
charcgterize relationships of cumulative frequesiciea number of trees (y) and
cumulative frequencies of the growing stock anadstaasal area, where a and
b — coefficients of the regression equation anédree member (Figure 3.3).

The variations of cumulative frequencies of theueal of a number of
trees in stands representing different site indaxedess than 1.5 % and they
do not have practical meaning (p = 0.998=0.05). No significant differences
found between cumulative frequencies of valueshefrtumber of trees in the
age classes from Il to VI (interval between agssela 5 years) (p = 0.903.= 0.05),
although the cumulative frequences in the age tlasare by 8 — 11 % higher
than in other age classes. This can be explain&dsiginificant share of the small
diameter trees in 6 - 10 years old stands, in winitdnse diferentiation of trees
takes place. The average diameter of the stand doesffect values of
cumulative frequences significantly (p = 0.988 = 0.05).

Evaluation of the cumulatas approve, that cumwdafirequencies of the
growing stock in diameter classes have the smallakies, a bit higher
cumulative frequencies are characteristic for thgabarea and much higher —
for the number of trees. This phenomenon has regtédement, because the
basal area and volume of stems of the thinnest ttie small and a significant
number of measurements is necessary to obtain vallies of the cumulative
frequencies of the growing stock. This phenomesomare characteristic for
stands with large number of trees in small diameltesses.

There are lots of information in literature abouwtual and relative
distribution of a number of trees in the diametasses, which depend on the
tree species, stand age and implemented thinn@gswlatas of the forest
inventory are used to graphically estimate diansetefr sample trees for
calculations of the growing stock (Sarma, 1948yuun, 1960, 1977). Within
the scope of this study no remarks were found i@ literature about
relationships of values of cumulative frequencidéstte number of trees,
basal area and growing stock. Thus it is possihig,the information obtained
in this study is original and can be used in thaping of thinning according
to the number of trees, basal area un growing stock
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The shape and size of the crowns are very diffefEmty depend on the
genetical features of the species, age, growingditons, impact and damages
of the wind Dteepk, 1974). The relative length of grey alder crowdifers
significantly in stands representing different atgsses (p = 0.0000c<= 0.05).
The crowns are 1.4 - 2.1 times shorter in smalinditer classes of the stands of
all age classes if compare to large diameter dagse average length of the
crown is 61 £ 3.1 % in the 1 - 5 year old grey ald&ands, coefficient of
variability — 4 %. The length of the crown in thecend age class decreases to
44 + 4.9 % of the tree height. The average lenf§jthe crown decreases when
the stands grow older. The average length of thercin the stands representing
the fifth and the sixth age classes doesnot suBfias81 %. A range of variations
of the value of the coefficient of variability withone age class is 13 - 20 %,
(p < 0.05). In the stands, where the number of isefess than 5000 stems pet,ha
the length of the crown of average tree variehiinrange of 27 to 43 %. There
are close correlative relationships, which can Waracterized by using
logarithmic equation (2.12) between the diameteaheftree (x) and the average
length of the crown (y) in stands representingedifiit age classes (Table 3.5.).

It is stated in literature, that the relative ldngf the crown, as well as the
diameter affect the volume of the crown, assimilatthe surface of leaves
and amount of produced biomass (Kramer, 1988).

The results of the thesis demonstrate, that thiabitty of the crowns of grey
alder depends on the age of the stand and numbeeesft Accordingly to I.
Belovs Genor, 1983) the grey alder is located in the fourttcglafterBetula
pendula Betula pubescerendPopulus tremulan relation to the requirements of
light. This explains, why grey alders have reldjiwhort and sparse crowns.

3.3. Methods of estimation of above-ground biomasathout
leaves of grey alder and grey alder stands

One hundred and eighty eight trees with DBH 0.8.0Zm were harvested
to elaborate the methodology for the estimatiothef biomass of grey alder.
The sampled population had been divided into tveugs: trees with diameter
less than 3 cm and trees with diameter more tham.3The elaboration of a
common empiric equation for the whole range of diters is not possible
using empiric equations proposed by SPSS prograoause a deviation of the
measurement data from a curve doesnot represenastiiial situation.

The first population consists of 52 grey aldergredth a diameter less than
3 cm and the height of the trees from 1.35 to 7.0'lhe minimal and maximal
values of the dendromethric indicators are: fordiaeneter 0.2 — 3.0 cm, for the
tree height 1.35 — 7.0 m, for the stem volume MA000.00278 f for the stem
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biomass 0.045 — 2.5 kg, for the branch biomass30-00.193 kg, for the total
above-ground biomass of a tree without foliage G-08.58 kg and for the
absolutely dry above-ground biomass of a tree-0.036 kg.

The volume of the stems of grey alder (y) with di@meter less than 3 cm in
relation to the diameter (x) can be calculatedgusarabolic equation y=0.0004x
-0.0003x+0.00009, (R= 0.99, p < 0.05). The coefficient of determinatghows
significant correlation between diameter and volofitbe tree.

The share of biomass of naturally wet branchedhéntotal above-ground
biomass varies in wide range, from 1.6 to 32.5 ééfficient of variability — 45 %).
The average share of branches is 15.3 £ 0.97 %.

Parabolic regression equation (2.13) with diffel@guments (x) is verified in
this study to calculate naturally wet and absojutiely biomass (y) of grey alder
(Table 3.6). These indicators are verified as asqisn(x): diameter of the tree (D),
square of the diameter {Dproduct of multiplication of the square of tHardeter
and the height of the tree 48). Significant correlation if compare to lineardan
logarithmic regression equations of the above-gidoiomass demonstrates the
second rank square parabolic equatioh £R0.97 — 0.99, p < 0.01). Finnish
scientists use second rank parabolic equation ththdiameter of the tree as an
argument to estimate the grey alder biomass. #stablished, that there is
significant correlation between the variable$ £R0.97, p < 0.01). The diameter
range for the use of this formula is 0.8 — 6.3 btaukkonen, Makipaa, 2006).

The regression coefficients of the second ranlbplicsequation used to estimate
naturally wet and absolutely dry grey alder biomass statistically significant
irrespective of the arguments used in the calonlgti = 0.0000 - 0.003@= 0.01).

The second population consists of 136 trees witlameter from 3 to 26 cm,
the height of the trees 5.35 — 22.2 m, the volufitheostem 0.0032 - 0.5200°m
the mass of the stem 2.1 — 419.6 kg, the masdifrtinches 0.05 — 101.0 kg, the
naturally wet biomass of the tree 2.4 — 490.0 ldythe absolutely dry biomass of
the tree 1.1 — 236.6 kg. Logarithmic regressioratigu can be used to calculate
the volume of grey alder stem B (y) with the disandtom 3.1 to 26 cm in
relation to the diameter (x) (Liepa, 1996).

The mass of branches of sample trees (the diafneter3.1 to 26.0 cm) in
average is 21 * 2.1 % of the above-ground biomaitisowt foliage, the
coefficient of variability 32 %. A share of the hches ranges between sample
trees from 4 to 32 %.

In most cases regression equations with one argufpenaxX) are used to
estimate biomass of different tree speciespftenosa, 1976; Gradeckas and
Malinauskas, 2005). Two or even more variablesisegl in regression equations
in recent studies. Satto (1970) remarks, thatapggoach allows to estimate the
wood biomass more preciselydffranosa, 1976). A power regression equation
with the product of multiplication of the heightcarthe diameter and the square
of diameter and the height of tree as argumentsised in Estonia to estimate
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grey alder biomass (Uri, 2001). The use the of grbdf multiplication of square
of the diameter and the height of a tree as ablar@oes not provide better results
in comparison to the diameter of the tree and theelation is less significant. A
bit higher correlation may be obtained if squarehaf diameter is used as an
argument, which corresponds to the results obtam&uissia Ycosbries, 1985).
This means, that the product of multiplicatiorsqfiare of the diameter and the
height of the tree is less informative than thenditer of the tree in terms of the
estimation of the biomasM@xume, 1988). Finnish researchers use power
regression equation y ="awith the product of the multiplication of squarfetite
diameter and the height of the tree as an argutnesgtimate the biomass of the
stem of grey alder (Muukkonen, Méakip&a, 2006). Beeaof these reasons the
authors mentioned above refer differently to the tlse product of multiplication
of square of the diameter and the height of the a®an argument. Within the
scope of this study the product of multiplicatidrsquare of the diameter and the
height of the tree as an argument is informativeugh, because a high
correlation is found (Table 3.7).

The power regression equation with different arguéx) is verified in this
study to estimate naturally wet and absolutely ghgy alder biomass (y). The
verified arguments are (Table 3.7): the diametetheftree (D); square of the
diameter of the tree @ the product of multiplication of the diameterdatie
height of tree (DH); the product of multiplicatiaf square of the diameter and
the height of tree (f); the product of multiplication of the basal asesd the
height of the tree (GH); the volume of the tree. (8lgnificant value of the
coefficient of determination fR= 0.98 — 0.99, p < 0.05) demonstrates, that all of
the verified arguments can be used to estimatecafpound grey alder biomass
without foliage, if the diameter of the trees raagetween 3.1 and 26 cm. The
power regression equations and the coefficientbl€Ta.7), that are used to
determine the naturally wet and absolutely dry gieler biomass are significant
independently from an argument (p = 0.000@ < 0.01). They can be used to
estimate above-ground biomass without foliage.

One of the most important factors affecting a stotlkiomass is wood
density. It depends on moisture of the naturally weod: higher moisture of
the wood leads to increased density and vice grganS un Liepa, 2007).
The utilization of the wood in the heating sectclosely related to different
issues of the wood moisture. Relative moisture shiine amount of water in
the wood directly after harvesting. It is estinthi@ this study, that the
average relative moisture of the wood is 53.5 #2208 with the standard
deviation 2.5 % and the coefficient of variabili.7 % (p < 0.05).
Fluctuations of the relative moisture found betw88rv and 58.3 %.

The average density of the wood samples taken foam places of each
sample tree is 795 * 5.2 kg*mith the standard deviation 58.7 kg*rand the
coefficient of variability 7.4 % (p < 0.05). Theudtuations of the density of
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122 trees are found between 670 and 918 KY inis remarked in the
monographes of M. Draug and L. Bgeris (1979), that the range of variations
of density of the fresh grey alder wood is from &8Q000 kg rii. The density of
the fresh naturally wet wood significantly depewdsthe sampling place — the
distance from the butt-end (p = 0.000. = 0.05), as well as significant variations
found in the wood density of different trees (p.800 <a = 0.05).

The density of absolutely dry grey alder wood iF 443.2 kg n with the
standard deviation 35.6 kghand the coefficient of variability 8 % (p < 0.05).
A variation between the wood density of the 122darirees is significant and
ranges between 388 and 506 kg. i is remarked in literature that the range of
variations of density of grey alder wood is 43274 &g m® (Vanins, 1950) and
420 — 630 kg M (Draudp$ and Bgeris, 1979). In the studies of the authors
mentioned above there are found more significamat@ns of the wood density.
It should be mentioned, that grey alder specieaatreemarked in these works.

The age of the studied grey alder stands varies &do 40 years (Table 3.8.)
The biomass stock in grey alder stands depend§csgtly on the age of the stand
(p=0.022 <. = 0.05).

The amount of naturally wet and absolutely dry abground biomass
without foliage in grey alder stands can be es#uohatsing power regression
equation, where the age of the stand is an arguffRanire 3.4).

Coefficients of the regression equation are siedily significant
(p = 0.000 — 0.0110 & = 0.05) and can be used to calculate above-ground
biomass without foliage in grey alder stands (Feg8u4.).

The average diameter and basal area are verifiedrgasments in the
calculations of above-ground biomass in grey aktands(Figure 3.5). If
average diameter is used as an argument, it ceortofuded that the amount of
biomass does not differ in the stands representiifigrent site indexes
(p = 0.601 >a = 0.05), but the average basal area of the staadsignificant
impact on the amount of biomass (p = 0.00@0=<0.01). Even more significant
correlation is found between the basal area (X)temdamount of biomass (y) in
t ha® in the standR? = 0.9629 and R= 0.9633 < 0.01). The basal area of the
stand combines dependency of changes in the bistadsfrom the age of the
stand, as well as the impact of the number andetemof trees.

The coefficients of the power regression (Figurd.)3used to estimate
naturally wet and dry grey alder biomass are st (p = 0.0000 « = 0.01)
inrespective of the argument used in the calculatod can be used to
calculate above-ground biomass of the trees.

Assuming that grey alder stands can be utilizedwiood chip production,
ADAB has been recalculated to wood chips (Table).3The amount of wood
chips decreases from 25.5 to 21.3 loo3ehatl (Table 3.9.), when grey alder
stands reache 15 years of age. This means, thamdakenum of productivity
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corresponds to 15 years age. The average amoumbad chips reduces by
17.6 % after the stands reache 15 - 17 years of age

An average export price of forest bioenergy praglimt2007 was 9.34 Ls

loose.n in calculation to wood chips. After grey aldemsts reache 15 years of
age the average income from selling wood chipscessifiom 167 to 139 Ls ha

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1.

Due to growing demand of fuel grey alder shouldebeluated as a fast
growing tree species, which can produce signifigcanbunt of biomass for
bioenergy production in a short period of times&®ch of grey alder has
achieved significant topicality at the beginningluf twenty first century.

The growing stock in the studied 20 - 40 year o&y @lder stands representing
different site indexes can be approximated byusivey power regression
equation y = & The growing stock does not differ significantly stands
representing different site indexes. Growing stafake most productive stands
varies between 170 and 418 ma". High growing stock is characteristic, both
of stands with large number of trees (5500 - 666@sthd) and stands with
relatively small number of trees (up to 2200 ttesS.

Annual increment of grey alder does not differ gigantly in stands with
different site index. After grey alder reaches 2@rg of age, the average
yearly increment reduces.

There is a statistically significant power regressbetween the age of the
stand and the number of trees in stands repregesikisite indexes y = 8x
Trees in grey alder stands are usually groupingilin 15 natural diameter
classes. The growing stock in three main diamdgeses varies from 25 to
100 %. Number of the natural diameter classeggebin younger stands than
in older or overgrown stands. The number of remiesl diameter classes is
not relevant to the site index. The distributiomafumber of trees corresponds
to the Tjurin distribution in one third of the evated stands, nonconformity is
more characteristic of the stands which are youinger 15 years of age.

The evaluation of the stand structure providesraginal information about
the relationship between the cumulative frequenafethe number of trees,
stand basal area and growing stock. The valudgafumulative frequencies
of the basal area exceed by 3 — 5 % the relevamtilative frequencies of the
growing stock. The cumulative frequencies of a nembf trees are

3Meza nozares produktireja tirdzniegba [Internet resource]: Ministry of Agriculture [vied in
10.06.2008 ]. Available at http://www.zm.gov.\@esla=289.
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significantly higher and they are not subjectedhe site index, average
diameter and age class.

7. The average relative length of the crown does iffetr gignificantly in stands
representing different site indexes. The effeano@iverage diameter on relative
length of the crown in stands representing diffesge groups is characterized by
a logarithmic equation y = -10.78Ln(x) + 61.784.

8. A density of naturally wet wood of grey alder irases in the direction to the
top of the tree, the average density is 795 + §.8ik the amplitude of
variations is 670 - 918 kg ™ The average density of absolutely dry wood is
447 + 3.2 kg i, the amplitude of variations is 388 - 506 kg.mn average
relative moisture of wood of grey alder is 53.5.320%, the coefficient of
variability of this property is 4.7 %.

9. On the basis of measurement data of 188 treegegnession equations are
recommended to estimate naturally wet and dry abaend grey alder biomass
without foliage. A regression equation y=0.342TX3063x +0.1636, is
recommended to estimate naturally wet above-grgueydalder biomass without
foliage for trees with diameter less than 3 cm, andegression equation
y = 0.1529%- 0.1408x + 0.0845, is recommended for the estimati absolutely
dry biomass. It is recommended to use regressiaatieq y = 0.1357¢°", to
estimate the naturally wet grey alder above-grdnimahass of trees with diameter
from 3 to 26 cm and to estimate absolutely dry bEsn- y = 0.07x%°

10. The naturally wet grey alder above-ground biomagisowt foliage can be
estimated using basal area as an argument in ther pegression equation
y = 2.222:%%32 the absolutely dry biomass — using power regessi
equation y = 0.10484*X%" The amount of biomass does not differ
significantly in stands representing different sitgexes.

11. The annual increment of naturally wet grey aldesvabground biomass is
higher by 10 t Hain stands with a number of trees 5500 - 6600 pérahd
an average diameter of trees in the stand 8 - 10rbmannual increment of
naturally wet grey alder above-ground biomass istroases varies between
4 and 10 t ha An average increment of the above-ground biorisaksss
than 6 t hd in stands with average diameter less than 6 cm.

Recommendations

1. Regression equations evaluated in this work candeel to estimate the
biomass of grey alder stands.

2. Harvesting of grey alder stands for bioenergy ésrtiost beneficial at the age
of 15 - 17 years age, before reduction of annuakement. In the current
market situation harvesting of grey alder stanthatage of 15 years will
result in 167 Ls hayearly income.

3. The number of trees at the age of 14 - 17 yearddshe at least 3000 per ha
to obtain a big growing stock in a possible sherigal of time.
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4. It is necessary to evaluate the potential of higinsity grey alder

plantations for bioenergy production.
5. The correlations of cumulative frequencies of a benof trees, the stand

basal area and growing stock can be used in th®rmrlton of grey alder
forest management models.
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