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1. Darba visparéjs raksturojums
1.1. Témas aktualitate

Sakoties Latvijas valstiskajai virzibai uz tirgus ekonomiku 20. gadsimta
beigas, ka arT turpinoties finierriipniecibas attistibai, bérzs kluva par loti pieprasitu
koku sugu. Nozimigs kluva ne vien iegiistamo kokmaterialu apjoms, bet arT to
kvalitate. Paraléli tam atklajas patiesiba, ka trikst zinaSanu gan par to, ka labak
atjaunot ar berzu nocirstds meza platibas, gan arT - ka be&rza jaunaudzes
strukturgjas un aug jaunaudzu vecuma. Trika arT priekSstata par to, kads
jaunaudzu sakotngjais biezums biitu jaizvélas, lai veidotos labas kvalitates b&rzu
audze — ar taisniem stumbriem, kas laika gaitd veiksmigi atzarojas. LidzSingjie
pétijumi, kas skar Sos jautdjumus, veikti parsvara Somija. Nebija zinams, vai visi
somu pétnieku secinajumi biitu attiecinami arf uz bérzu audzém Latvija. Taja pasa
laika bérzs jau pedgjos 50 gadus ir kluvis par otru sastopamako koku sugu Latvijas
mezos. Ari bérzu audzu vecumstruktiiras analize rada nopietnas bazas par to, vai
kokapstrades uzpémumiem, kas orient€jas uz berzu koksnes parstradi, neradisies
izejmateriala deficits tuvako gadu desmitu laika. Ped&jos gados jautajumi par
beérza audzeSanas problematiku ir izpelnijusies pastiprinatu Latvijas meZa nozares
zinatnieku ieveribu. Notiek sistematisks darbs pie karpaina bérza reproduktiva
materiala genétiskas kvalitates uzlabo$anas, veikta virkne pétijumu par bérza
mezaudzu ierikoSanu bijusajas lauksaimniecibas zemju platibas. Neskatoties uz to,
pétijumi par bérza audzu apsaimnieko$anas metodém, kuras virzitas uz
augstrazigu un kvalitativu mezaudzu izveido$anu, ir loti aktuali un ar augstu
saimniecisko nozimi.

1.2. Peétijuma merkis

Noskaidrot, kada ir augSanas apstaklu, regionalas lokalizacijas,
mistrojuma, audzes izcelsmes, Tpasuma formas un kopSanas rezima ietekme uz
dazada vecuma beérzu audzu augSanas gaitu, produktivitati un razibu augligajos
meza tipos.

1.3. Promocijas darba uzdevumi

1. Meérktiecigi izveidotu bérzu audzu razibas un attistibas izpéte;

2. Berza stumbru kvalitates analize bérzu audzgs Latvija;

3. Latvijas bérzu audzu struktiiras izvert&jums saistiba ar augSanas
apstakliem un audzu lokalizaciju.

1.4. Darba novitate, zinatniskda un praktiska nozimiba
Darba izmantots plass empiriskais materials — ilglaicigie LVMI Silava
parauglaukumi un apjomiga Mezu resursu monitoringa datu baze. Autors ir
piedalijies gan So parauglaukumu ierikoSana, gan datu ievaksana un apstrade.
Promocijas darba ietvaros izmantots plass un daudzveidigs empiriskais
materials, kas raksturo b&rzu audzes Latvija. Tie ir regulari parméritu pastavigo



parauglaukumu dati, un informacija no Meza resursu monitoringa pirmo cetru
gadu datu bazém, kas izmantotas $ados petijumos pirmoreiz.

Ka galvenais ieguvums no promocijas darba jaakcente ieteikumi
augstrazigu un kvalitativu bérza audzu izveidei, ka ari iesp&ja cértama vecuma
bérzu audzé aprékinat augstas kvalitates zagmaterialu iznakumu, zinot vien
galvenos audzes taksacijas raditajus.

1.5. Zindatniska darba aprobdcija
Zinatniskas publikacijas par darba t€mu:

1. Zalitis P., Zalitis T. (2002) Bérzu jaunaudzu kopSana. Mezzindatne,
12(45), 3.-16. Ipp.

2. Zalitis P., Spalte E., Zalitis T. (2003) Bérzu finierklu¢u apjoma un
kvalitates novert€jums atskirigos meza augSanas apstaklos. Mezzindatne, 13(46),
37.-60. Ipp.

3. Zalitis P., Libiete Z., Zalitis T. (2006) Mérktiecigi izveidoto kokaudzu
augSanas gaita un strukturé$anas. Mezzinatne, 16 (4), 9-29 Ipp.

4, Zalttis T., Zalitis P.. (2007) Growth of Young Stands of Silver Birch
(Betula pendula Roth.) Depending on Pre-Commercial Thinning Intensity. Baltic
Forestry, 13(1), p. 61-68

5. Zalitis T. (2008) Piemistrojuma ietekme uz razibas un stumbra
kvalitates raditajiem priedes, berza un egles audz€s Latvija. Meza resursu
monitoringa datu analize. LLU Raksti, 20 (315), p. 76-83

Konferences:

1. SNS Forest growth and yield network meeting; Bergena, Norvégija,
2005. gada 26.-28. septembris, stenda referats ar publicétu kopsavilkumu:
Zalitis T., Zalitis P.Growth of purposfully managed young silver birch stands in
Latvia.

2. Zinatniski praktiska konference ,Mezzinatne un prakse nozares
attistibai” Jelgava, 2006. gada 15. un 16. marts, referats: 7.Zalitis. Augstrazigu
bérza audzu izveidoSanas iespéjas Latvija.

3. Starptautiska mezsaimniecibas izstade ,,Silva Regina”, Brno, Cehija,
2006. gada 2.-6.aprilis, stenda referats: Zalitis T., Zalitis P Growth of purposfully
managed young silver birch stands in Latvia.

4. Starptautiska konference ,,Education and Development of the Forestry
Sector in Northwest Russia”, Sanktp&terburga, Krievija, 2006.gada 22.-26. maijs,
stenda referats: Zalitis T. Growth and Stem quality of young silver birch stands
in Latvia.

5. EFI 2006 Annual conference and scientific seminar , The Role of
Forestry in Integrated Environmental Assessments”; Niderlande, Kerkrade,
2006. gada 14.-16. septembris, stenda referats: Zalitis T., Libiete Z. Regional
productivity and quality differences of the main tree species in Latvia.



6. Latvijas Universitates 65.zinatniska konference, vides zinatnes
sekcija; Riga, 2007. gada 1. februaris, stenda referats: Libiete Z., Zalitis T.
Priedes, bérza un egles audzu raZibas regiondalas atskirtbas Latvija uz meZa
statistiskas informdcijas parauglaukumu bazes.

7. S.starptautiska jauno zinatnieku konference KiSineva, Moldova,
2007. gada 9. novembris, referats: Zalitis T. The impact of different thinning
intensities on the growth of young birch stands.

8. Starptautiska konference ,,Zinatne lauku attistibai”, 2008.gada
21. maijs, referats: T.Zalitis. The analyzis of silver birch stands in state and
private forests in Latvia.

1.6. Promocijas darba struktiira un apjoms

Promocijas darba struktiira ir pakartota darba uzdevumiem. Pirmaja
nodala analizgta literatlira un ieprieks veiktie pétijumi saistiba ar promocijas darba
temu. Otras nodalas trijas apakSnodalas atbilstos$i darba uzdevumiem raksturoti
pétijumu objekti, datu ievakSanas un matematiskas apstrades metodes. Tresas
nodalas Cetras apaksnodalas atbilstosi izvirzitajiem pétnieciskajiem uzdevumiem
izklastiti ieguitie rezultati un no tiem izrietoSie secinajumi. Darbu noslédz
kopsavilkums, nozimigakie secinajumi un priekslikumi.

Promocijas darba apjoms ir 89 lappuses; informacija apkopota 14 tabulas
un 25 attélos, izmantoti 75 literatiiras avoti. Darba nosléguma formuléti
7 secinajumi.

2. Petijjuma materials un metodika
2.1. Merktiecigi izveidotu berzu audZu atfistibas izpéte

Dala promocijas darba izmantoto datu iegiiti, analiz&jot sastava kopSanas
cirSu ietekmi augligajos meza tipos (Vr, As, Ap). Gulbenes, Ogres un Jumpravas
meznieciba 1991. gada ierikoti 17 pastavigie parauglaukumi 8, 11 un 18 gadus
vecas berzu tiraudz€s ar vidgjo augstumu attiecigi 3.0 m, 9.2 m un 10.4 m.
Sakotngjais koku skaits bija 30 400 gab. ha, 10 400 gab. ha™ un 13 000 gab. ha™,
kas, izcertot tievakos kokus, kopSanas cirteés samazinats Iidz 1000 gab. ha'!,
1500 gab. ha', 2000 gab. ha™ un 3000 gab. ha”. Kokaudzes atkartoti parméritas
1993., 1997., 1999., 2002. un 2006. gada, novértgjot to galvenos taksacijas
raditajus — audzes vid€jo caurméru, audzes vid€jo augstumu, stumbra bezzaru
dalas garumu.

2.2. Bérza stumbru kvalitates noveérteéjums bérzu audzés Latvija

Informacija, kas izmantota, lai novertetu bérza audzu stumbru kvalitati
Latvija pa regioniem, iegiita, ievacot izejmaterialu Tslaicigos parauglaukumos
Latvijas mezos - 23 cirsmas Zemgales un Vidusdaugavas meZzsaimniecibu
16 Valsts mezniecibas. lkviena cirsma p&c nejausibas principa izmantoti
20 nozaggeti berzu stumbri un visiem 460 kokiem izmérits stumbra caurmérs 1.3 m



atstatuma no nozaggjuma, ka ari stumbra garums un paaugstinatas kvalitates
(elitaro) finierklucu patsvars no stumbra tilpuma ka audzes kvalitates raditajs.

Divas paraugkopas: 13 cirsmas (260 stumbri) sausienu meZos un
10 cirsmas (200 stumbri) nosusinatajos mezos ievaktais materials nodroSina
iesp&ju salidzinat bérza stumbra parametrus — tilpumu, raukumu, ka ari atzagu
apjomu. Katram stumbram izmerits caurmérs divos stateniskos virzienos: 0.0 m;
05m; 1.0m; 1.5m; 2.0 m; 2.5 m; 3.0 m; 5.0 m; 7.0 m; 9.0 m; 11.0 m; 13.0 m;
15.0 m; 17.0m; 19.0 m atstatumos no nozaggjuma vietas, kamér stumbra mazakais
caurm@rs ar mizu d > 22 cm. Veicot talakus aprekinus, meklets raditajs, kas
raksturotu vertigaka bérzu zagbalka sortimenta - finierklu¢a - iznakumu $ajas
audz8s. Aprekinu rezultati izmantoti vertigdko b&rzu sortimentu iznakuma
prognozei Meza resursu monitoringa parauglaukumos.

Atseviski analizétas c€rtama vecuma audzes (vecums 70 gadi un vairak)
no Mezu resursu monitoringa pirmo cetru gadu datu bazém. Ta ka datu baze saja
vecuma grupa nebija pietickams datu apjoms, lai datus analizétu paraugkopas
atseviski pa sausienu un parjiem meziem, analize veikta tikai pa pasuma formam
un regioniem — Rietumlatvija un Austrumlatvija. Véra nemta bérzu kraja
attiecigajas audz€s atkariba no citu sugu piemistrojuma gradacijas klases, ka ar1
elitaro finierklucu iznakums, kura aprékinasanas metodika izriet no ieprieksgjiem
petijumiem un aprakstita turpmak.

2.3. Latvijas bérzu audZu struktiiras savdabibas

Tresa pétnieciska uzdevuma realizacijai veikts bérzu tiraudzu taksacijas
raditaju aprekins, datus atlasot no Latvijas meZu resursu monitoringa ietvaros
ierikoto un uzmeérito parauglaukumu datu bazes.

Latvijas meza resursu monitoringa projekts ir uzsakts 2004. gada, viena
uzmerjjumu karta ilgst 5 gadus, kuru laika Latvija tiek parklata ar vienadmalu
trijstiru tiklu, to malas garums 4 km.

Kritériji, pec kuriem atlasitas b&rzu audzes no Latvijas mezu resursu
monitoringa datu bazes, ir sekojosi:

o valdosa suga — atlasitas audzes, kuras bérza lidzdaliba audzes I stava ir
vismaz 5 sastava vienibas no krajas; par bérzu tiraudzi uzskatita mezaudze, ja tas
sastava ir berzs ar vismaz astonam sastava vienibam no I stava krajas;

e zemes kategorija, uz kuras izveidojusies bérzu audze — mezs, mezs uz
lauksaimniecibas zemém vai aizaugusi lauksaimniecibas zeme, lai biitu iesp&jams
giit priekSstatu par audzém, kuras izveidojusas uz pamestam lauksaimniecibas
zZemeém,;

e mezaudzei jaaiznem vismaz 4/5 no parauglaukuma platibas, lai no
talakas datu apstrades neizslégtu tadas mezaudzes, kuras robezojas ar meza
infrastruktiiras objektiem, pieméram, meza gravjiem vai celiem;

e meza tips — lai izsleégtu iespgjamo  pikaina  berza
(Betula pubescens Ehr.) piemistrojumu audze, atlasitas audzes tados meza tipos,
kuros augSanas apstakli ir karpainajam b&rzam (Betula pendula Roth.)
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piemérotakie — damaksnis, veris, gar$a, Saurlapju arenis un kadrenis, platlapju
arenis un kiidrenis.

Lai veiktu darba uzdevuma izpildei nepieciesamos aprékinus, uzmaniba
pievérsta sekojoSiem audZu taksacijas raditajiem:
audzes vidgjais caurmérs D, cm;
audzes vidgjais augstums H, m;
audzes vecums, gadi;
koku skaits uz ha N, gab. ha';
audzes kraja M, m ha;

e tekogais pieaugums, m’ ha™ gada;

e audzes sastavs.

Atlasot informaciju no Meza resursu monitoringa datu bazes péc
augstakminétas metodes, talakos aprékinos iesp&jams izmantot datus no 1051
parauglaukuma, kas reprezenté bérzu audzes visas Latvijas teritorija. Papildus
analizétas 148 audzes, kas izveidojusas laika gaita, aizaugot lauksaimniecibas
zemeém.

Pazimju atbilstiba normalajam sadalfjumam parbaudita ar Kolmogorova-
Smirnova testu, gadijjumos, kad sadalfjums atbilst normalajam, datu talakai
analizei izmantots t-tests neatkarigu izlaSu salidzinaSanai un vienfaktora
dispersijas analize (ANOVA). Gadijumos, kad datu sadalijums neatbilst
normalajam, izmantots Manna-Vitneja U tests un Kruskala-Valisa tests, kas ir
alternativas neparametriskas metodes t-testam un vienfaktora dispersijas analizei.

3. Rezultati un diskusija
3.1. Merktiecigi izveidotu berzu audZu atfistiba

Lai biitu iespgams veikt berzu audzu struktiras izpéti, analizeta
vairakkartéjos parmérjjumos iegiita informacija par audzu taksacijas raditaju
izmainam laika 17 parauglaukumos, kas iertkoti 1991. gada. Papildus izmantota
informacija, kas iegiita no 34 parauglaukumu datiem, kas ierikoti v&lak —
1999. gada. Art Sie parauglaukumi jau parmeériti 2002. un 2006. gada. Visos
parauglaukumos (kopa 51) veikti taksacijas raditaju uzmerjjumi — noteikts koku
skaits 1 cm caurméra pakapes, audzes vidgjais caurmérs, augstums un vainaga
sakuma augstums, aprékinats audzes Skérslaukums un kraja, ka ar7 viena koka
tilpums. Parmérjjumu laika izvertéta audzes strukturéSanas — vai veidojas
starpaudze. Gadijumos, ja tada veidojusies, ir noteikti taksacijas raditaji ari
starpaudzei.

Valdaudzes koku skaita samazinasanas tikai dalgji saistita ar audzes
augstuma palielinaSanos, un merktiecigi veidotas audzes skaita izmainas krasi
atskiras no Pagaidu augSanas gaitas tabulas (Sarma 1948) uzraditajam sakaribam.
Dati liecina, ka 3.0 m augsta jaunaudze atstajot 1500 kocinus, 15 gados audzes
vidgjais augstums palielinajies par aptuveni 10 m, sasniedzot 13 m augstumu, pie
tam visi kocini ir saglabajusies un starpaudze pagaidam neveidojas. AugSanas
gaitas tabulas noradits, ka pilnas biezibas audz&s ar $adu augstumu starpibu
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kocinu skaits sariik par vairakiem tukstoSiem. ArT Sajos objektos, ja pie sakotngja
augstuma Hy=3.0 m jaunaudzg aug, piem., 10 tikst. kocinu uz 1 ha, 15 gados
valdaudzes kocinu skaits samazinas (atmirst vai pariet starpaudzg€) par
7500 gab. ha™.

Beérzu skaita samazinaSanos AN valdaudzé izsakot matematiska
vienadojuma veida, iegiist:

AN =H,+ 0.946 N, - 1984, kur (1)

R*=0.99 un AN izmainas par 76% ietekmé sakotngjais kocinu skaits Ny
un par 23% - valdaudzes augstums H,.

No §1 vienadojuma var izskaitlot, kads kocinu skaits Ny atstajams, lai visi
saglabatie koki razotu koksni vismaz turpmakos 15 gadus (tik ilgs ir pastavigo
noverojumu periods).

AN =0, ja Hy=3.0 m un Ny =1913 , t.i. = 2000 gab. ha™; un,

jaHy=10.0 m un N, =1483 , t.i. ~ 1500 gab. ha".

Tatad eksperimenta rezultati liecina, ka biezu bérzu jaunaudzu
izretina$ana uzreiz lidz 2.0 tikst. gab. ha" saistita ar minimalu, tatad pilnd méra
pielaujamu risku. Atkartoti parméritajos parauglaukumos, kur pédg€jos gados
veiktas intensivas sastava kopsanas cirtes, neviena audze nav ievérojami cietusi no
sniega bojajumiem. Visos parauglaukumos ar kopuma 5 tikst. atstatajiem
kociniem sniegs nolauzis tikai 6 kocinus — Gulbenes mezniecibas objektos 5,
Jekabpils virsmezniecibas Leimanu meznieciba - 1. Pie tam nav novérotas
butiskas atSkirtbas starp jaunaudz&m sausienu augSanas apstak]os un pargjam
pétijuma analizétajam bérzu jaunaudzém. ST iemesla dél péfijuma rezultatus
reprezentgjosie grafiki nav zZiméti atseviski pa augSanas apstakliem, bet vienoti.
ArT mérktiecigi izretinatas bérzu audzes vizualais noveért€jums liecina, ka ta ir
vitala, produktiva un ar auggtuﬂstumbru k\{_a_tlitﬁti (3.1. _a@téls).
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3.1. att. Merktiecigi izretinata beérzu audze Gulbenes rajona
Fig.3.1. Purposfully thinned birch stand in Gulbene district



Analizgjot ieprieksgja audzu taksacijas raditaju D un H izmainas laika,
var secinat, ka vislielakie vidgja kriiSaugstuma caurméra un augstuma pieaugumi
sasniegti tajos parauglaukumos, kuros sakotn€jais koku skaits samazinats
viskrasak. Slaiduma koeficientu HD™ izmainas novérojumu perioda ir nebiitiskas,
lidz ar to noradot, ka nenorisinas koku stumbru izstidz€Sana. Pretgjs secinajums
izdarams parauglaukumos ar lielu atstato kocinu skaitu nekoptajas audzes.

No iepriek$mingta var secinat, ka nereti parmérigi tiek akcentéta HD™
attieciba ka noturibu regulgjoss raditajs. Sekojot prieksrakstiem, augligajos meza
tipos, kur HD™ attieciba vienmér ir lielaka par 1.0, bérzu audzét vispar nebiitu
iespgjams. Tacu pétijuma objektos vitalo berzu audzu, ar vidgjo augstumu
5m<H <20 m, HD" modala vértiba ir 1.5 (3.2. attéls).
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3.2. att. Beérza valdaudzes vidéja augstuma un vidéja caurmera attieciba HD'
ka H funkcija sniega un véja nebojatas audzes
Fig.3.2. The correlation between average slenderness ratio HD™
and stand height H

HD™ palielinatu attiecibu ka pastiprinata riska indikatoru vienas audzes
ietvaros noliedz art §Ts attiecibas raditaji pa Krafta klaseém: augstakiem kokiem
(I-II Krafta klase) ar garakiem vainagiem HD™ attieciba ir mazaka neka
starpaudzes vai III Krafta klases kokiem. Intensivi izretinatajas jaunaudzgs, lidz
1500 gab. ha' pie Hy =3.0 m, kur kocinu socialais stavoklis - Krafta klase - v&l
nav fiks€jama, iezimgjas strikti negativa korelacija starp kocina slaiduma raditaju
hd™ un caurméru vai augstumu (3.3.attéls). Ja arT hd™ attieciba noraditu uz kocinu
apdraudétibu no snieglauzes, tad visvairak apdraudétic biuitu apaksgjie, audze
mazvertigakie starpaudzes un III Krafta klases koki. Tatad snieglauze darbotos
kops$anas cirtes reZima.
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3.3. att. Bérzu stumbru slaiduma koeficienta hd™ un caurmera, ka ari
augstuma sakaribas pirms 15 gadiem izretinata jaunaudzeé Gulbenes
meZnieciba
Fig.3.3. The correlation between slenderness ratio hd™', diameter and height
in the stand thinned 15 years ago

Sniega noliekti vai nolauzti berzi saméra biezi redzami pat no lielcela.
Noliektas bérzu biogrupas ziema nereti vérojamas ari meZa ieksiené. Sajos
gadijumos izSkiroSais faktors ir gaismasprasigo b&rzu atraSanas meza sienas
tuvuma. Tiecoties péc gaismas, b&rza stumbrs izliecas vai nu uz cela, vai klajuma
pusi, ka rezultata viegli paklaujas jau nelielam sniega svaram vainaga. Petjjuma
dati liecina, ka agra pavasari vai vasaras pirmaja pus€ ari visai intensivi izkoptas
jaunaudzgs atstatie kocini veido slaidus stumbrus un simetriskus vainagus, kas
veicina kocinu labu saglabasanos arT turpmakajas ziemas. Literatiira gan rodama
informacija, ka no sniegliecem un snieglauzém visvairak cie$ vidgja vecuma
audzes, tacu $aja vecuma grupa mingtais jautajums promocijas darba nav pétits.

Ne mazak nozimigs raditdjs ir stumbru kvalitate, ko 1999. gada
izveidotajas jaunaudzes vislabak ilustré bezzaraina stumbra garuma izmainas
sakariba ar audzes augstuma izmainu (3.4. attels).
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3.4, att. Sakariba starp audZu augstumu starpibu (AH) un audZu bezzaru
stumbra garuma starpibu (AH,) ¢etros gados (2002-2006)
Fig.3.4. The correlatoin between the height diference of the stand (AH) and
the difference of the length of the branchless part of the stem (AH,)
in 4 year period (2002-2006)

Iespgjams secinat, ka, piecaugot audzes vidéjam augstumam, btiski
palielinas arT atzarojusies stumbra dala. Tadel, lai iegiitu augstakas kvalitates
stumbrus, biitu vélams veicinat audzes augstuma un caurméra pieaugumu jau
jaunaudzes.

Vainaga garuma, atzarota stumbra garuma un krajas diferences izmainas
saistiba ar kopsanas cirt€ atstato kocinu skaitu analiz&tas atseviski divas atskirigas
paraugkopas: 1) 3m>Hy>6m un2)9m>Hy> 12 m.

Pirmaja paraugkopa, pie 1500 gab. ha” < N, < 5000 gab. ha™', vainagu
garums negativi korelé ar atstato kocinu skaitu: r= -0.98. Kocigu skaitam
palielinoties par 1.0 tiikst. gab. ha”, vainagu vidgjais garums samazinajies par
0.9 m. Otraja paraugkopa, pie 9m >H,> 12 m, audzes izretinaSana lidz
1000 gab. ha’ < Ny < 4500 gab. ha' vairs butiski neietekmé koku vainaga
garumu: r= -0.13; ka pie No=4500 gab. ha”, ta ari pie Ny=1000 gab. ha™
valdaudzes vidgjais vainagu garums ir 5.4 metri.

Mazak cieSa sakariba ir starp atstato kocinu skaitu Ny un bezzaru stumbra
dalas garumu: r= +0.82; vidgji - N, pieaugot par 1.0 tikst.gab.ha™', bezzaru
stumbra dalas garums palielinas tikai par 0.1 m. Ipa§i atzimgjams, ka pie
No =1500 gab. ha' bezzaru stumbra garums vidgji ir 8.0 m, bet pie
Ny =5000 gab.ha™ — 8.3 m.

Tas apstiprina svarigu atzinu, ka viens no b&rza stumbru atzaroSanas
iemesliem ir genétiski nosacita ipaSiba, bet jaunaudzes biezums to ietekmé visai
maz.

12



Veikto pétijjumu rezultati $aja aspekta sakrit ar P. Maikes (1952)
secindjumu, ka nepastav cieSa sakariba starp koku skaitu audz€ un stumbra
bezzaru dalas garumu. Neapstiprinas pienémums, ka stumbri labak atzarojas
biezakas bérzu audzgs.

Ar1 2002. un 2006. gada uzmérito parauglaukumu dati liecina par to, ka
nepastav biutiska regionala atSkiriba starp bezzaru stumbra dalas garumu
Austrumlatvija un Rietumlatvija (3.5. att€ls). Tas velreiz norada uz to, ka stumbru
atzaroSanas, visticamak, saistita ar atseviSsku populaciju at$kirigam gené&tiskam
Ipatnibam regiona ietvaros.
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3.5. att. Augstuma un vainaga sakuma augstuma (bezzaru stumbra dalas
garuma) salidzinajums pastavigajos parauglaukumos Rietumlatvija un
Austrumlatvija
Fig.3.5. The comparison of the height and the length of the branchless part in
2002 and 2006 in Western (on the left) and Eastern part (on the rigth) of
Latvia

Noversot kocinu savstarpgjo konkurenci un jaunaudzes diferencéSanos
valdaudz&€ un starpaudzgé, panakams straujS koksnes razibas pieaugums
(3.6. attels., A). Laika perioda no 1994. lidz 2002. gadam valdaudzes krajas
diference AV loti ciesi korel€ ar sakotngjo kocinu skaitu Ny: r=-0.99. Tas nozimg,
ka, valdaudzes koku skaitam samazinoties par 1.0 tiikst.gab. ha” (robezds no
5.0 tikst. gab. ha' Iidz 1.5 tikst.gab. ha'), krdjas diference palielinds par
1.5 m® ha! gada. Novérojumu laika pie Ny =5000 gab. ha” krajas diference AV
bijusi 4.68 m® ha! gada, bet pie Ny=1500 gab. ha AV =9.93 m® ha™' gada. Biezas
jaunaudzgs iezim&jas mezkopiba maz analizéta paradiba, kad vairakus gadus
valdaudzes kraja nepalielinas — cik kubikmetru pieaug, tikpat kubikmetru pariet
starpaudzg.
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3.6. att.. Valdaudzes krajas izmainas 1 gada (AV)
Fig.3.6. The difference of the standing volume in 1 year (AV)

Augstuma pieauguma kulminacijas laika (15-20 gadu vecuma) iezimgjas
statistiski bitiska (r = +0.65 pie o5 = 0.58) sakariba starp sakotn&jo koku skaitu
un augstuma pieaugumu. Tas tomér nenozimé, ka biezakas audzgs valdaudzes
koki aug straujak neka retakas audzes. Saja laika valdaudzes koku skaits biezakas
audz@s strauji samazinas un, audzei nemitigi strukturgjoties valdaudzé un
starpaudzg, valdaudzes koku vidgjais augstums palielinas galvenokart mehaniski.
1991. gada atstato koku lielaks skaits neblit neveicina valdaudzes koku
pastiprinatu augSanu augstuma. Ari Latvijas mezu resursu monitoringa dati
apliecina So sakaribu ar nelielu cieSumu r=0.39.

Ieprieck§ mingto valdaudzes parametru Iidziba vecakas audzes
(9 m < Hy< 12 m) ar atskirfgu kopsanas cirtes intensitati liecina, ka kopSanas
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cirtes intensitate (ko raksturo atstato koku skaits robezas 1000-4500 gab. ha™)
neietekmé arT valdaudzes krajas diferenci. Atstato koku skaitam palielinoties par
1000 gab. ha', krajas diference izmainds (samazinas) tikai vid&ji par
0.5 m’ ha™' gada (3.6.attels, B).

Lémums par kopSanas cirtes lietderibu pienemams saistiba ar
ienakumiem, kadus var iegiit, pardodot kopSanas cirte iegiito produkciju. Tas
nozimé, ka audzes, piec 9 m> Hy >12 m, iepriek§ iezZim&to t.s. “nakotnes koku”
(aptuveni 500 gab. ha™) atbrivosana no tuvuma esoiem zemaka ranga kokiem var
nedot cer&tos rezultatus, t.i., “nakotnes koku” reakcija bis neliela un nekompenses
kopSanas cirté ieguldito energiju. Neizretinata audzé neizbégami saksies
konkurence starp kokiem par dzives telpu.

Analiz€jot MeZa resursu monitoringa datus par bérzu audzu augSanas
gaitu, apstiprinas jau ieprieks izteiktais apgalvojums par retu bérzu jaunaudzu
veidoSanas nepiecieSamibu. Jaunaudzés ar sakotngjo koku skaitu Ilidz 2000
kokiem uz hektara stumbru koksnes tekoSais pieaugums pozitivi korele ar péc
kopsanas atstato kocinu skaitu, bet biezakas jaunaudz€s novérojama $1 raditaja
stagnacija.

A1l salidzinot viena koka tilpuma diferenci cetru gadu perioda,
novérojama sakariba, ka lielaks §T1 raditaja pieaugums konstat€jams retakas
jaunaudzgs. Var uzskatit, ka optimalu krajas tekoSo pieaugumu un viena koka
tilpuma pieaugumu var panakt, sakotngji audzi izretinot Iidz 1500 kokiem uz
hektara, kas sakrit ar iepriek$ giitajam atzinam.

Tadgjadi pieejamie dati akcenté agrino sastava kopsanas cirSu izskiroso
nozimi augstrazigu bérzu kokaudzu veido$ana. Sie rezultati pilnigi saskan ar
iepriek§ gan Latvija, gan arvalstis izdaritajam atzinam, ka 30-50 gadu vecuma
bérzu audzes atstata dala vairs uz kopSanu pozitivi nereagé (Taypuns 1969),
savukart kop3ana 9-13 gadus vecd audzé lidz 1000 gab. ha” nodrogina turpmak
visaugstako krajas pieaugumu (Simard et al. 2004). Agra un intensiva kopSana ar1
nodrosina specigu vainagu attistibu palikusajiem kokiem
(Zerbe, 1996); zinams, ka bérzu audzes dziva vainaga proporcijai jabiit vismaz
50% no koka augstuma (Cameron 1996).

Ne tik viennozimigi secinajumi izdarami, analiz€jot no Meza resursu
monitoringa datu bazes atlasitos datus par ar bérzu aizaugusam lauksaimniecibas
zemju platibam. Audz&s ar biezumu lidz 2000 koki uz hektara koku skaits
neietekmé vid€jo caurméru, tomér veicina kocinu izstidz&Sanu garuma.
Parsniedzot 2000 koku uz hektara robezu, sakas audzes taksacijas raditaju
stagnacija, kas gan nav tik strauja ka ieprieks apskatitajas mezaudzgs ilglaicigajos
parauglaukumos. Visticamak atskiribas starp novérojumiem varétu izskaidrot ar
MezZa resursu monitoringa parauglaukumu ierikosanas Tpatnibam, proti, pastavigo
parauglaukumu dati reprezenté novéroto parametru dinamiku laika, turprett Meza
resursu monitoringa uzmérito parauglaukumu dati ir statiski.

Petjjuma parbaudita citu sugu piemistrojuma ietekme uz bérzu audzu
razibu jaunaudZzu un c€rtama vecuma. Petljuma gaita analizeti dati no Meza
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resursu monitoringa pirmo Cetru gadu datu bazém. Atlasitas 20-40 gadus vecas
bérzu audzes atseviski pa ipasuma formam, veikta bérzu tekosa pieauguma analize
atkariba no citu sugu piemistrojuma audzg. Ta ka nepastav bitiskas atskiribas
starp raditajiem valsts un privatajos mezos, talaka analize veikta, apvienojot abas
paraugkopas. Dazadu koku sugu piemistrojuma ietekmes uz bérzu krajas tekoso
pieaugumu korelacijas koeficienti apkopoti 3.1. tabula.

3.1. tabula / Table 3.1.
Korelacijas koeficienti daZadu sugu piemistrojuma ietekmei uz bérzu krajas
tekoSo pieaugumu (20-40 gadus vecas audzes)
Correlation coefficients of the influence of admixture of different tree species
on annual increment (in 20-40 years old stands)

N.pk./ Piemistrojuma suga/ Korelacijas koeficients r /
Number Admixture tree species Correlation coefficient r

1 Priede / Pine -0.35

2 Egle / Spruce -0.22

3 Apse / Aspen -0.16

4 Melnalksnis / Black alder -0.08

5 Baltalksnis / Grey alder -0.07

6 Citas sugas / Other species -0.18

No tabulas redzams, ka citu sugu piemistrojums ietekmé berzu tekoSo
pieaugumu negativi. Visciesaka ietekme ir priedes piemistrojumam, vismazaka —
melnalk§pa un baltalkSna piemistrojumam. Lidz ar to iespgams izdarit
secinajumu, ka, veidojot bérzu jaunaudzes, ieteicams maksimali izvairities no
skuju koku sugu piemistrojuma klatbiitnes audzg, jo tas samazina b&rzu tekoSo
pieaugumu. Tas sakrit ar citu LVMI ,,Silava” p&tnieku ieprieks gilitajam atzinam,
ka lielaks audzes tekoSais pieaugums panakams, veidojot tiraudzes.

Lai izpétitu ce€rtama vecuma b€rzu audzu taksacijas raditajus, no
»Latvijas meZu resursu monitoringa” datu bazes atlasitas audzes, kuras bérzs
sastada vismaz 5 sastava vienibas. Par cértamu uzskatita audze, kura valdo$as
sugas vecums parsniedz 70 gadus. Parbaudot datu sadalijumu, secinats, ka, lidzigi
ka ieprieks, nepastav biitiskas pirma stava krajas atskiribas starp privatajiem un
valsts meziem. L1dz ar to piemistrojuma ietekmes analize veikta, apvienojot abas
ieprieks izdalitas paraugkopas. Piemistrojuma ietekmes korelacijas koeficienti
apkopoti 3.2. tabula.
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3.2. tabula / Table 3.2.
Dazadu koku sugu ietekmes uz audzes kopkraju korelacijas koeficienti
(60-80 gadus vecas audzes)
Correlation coefficients of the influence of admixture of different tree species
on standing volume (in 60-80 years old stands)

N.pk./ Piemistrojuma suga / Korelacijas koeficients r /
Number Admixture tree species Correlation coefficient r
1 Priede / Pine 0.29
2 Egle / Spruce 0.30
3 Apse / Aspen 0.35
4 Melnalksnis / Black alder 0.37
5 Citas sugas / Other tree species 0.32

Tabula redzamas vertibas parada, ka jebkadas sugas piemistrojums
c€rtama vecuma b&rzu audzg palielina audzes kraju. Pastav uzskats, ka saulmilu
koku sugam piemistrojums samazina audzes I stava kopkraju. Acimredzot, pastav
atSkiribas starp saulmilu skuju koku un saulmilu lapu koku ,,uzvedibu” cértama
vecuma.

3.2. Bérza stumbru kvalitate berzu audzés Latvija

Tirgus attiecibas nosaka, ka par kvalitativaku uzskatams tads koksnes
kubikmetrs, par kuru pirc€js gatavs maksat vairak. Tadel par bérzu audzu
kvalitates indikatoru pienemts uzskatit augstvertigo bérzu finierklucu iznakumu,
kuram piemit sekojoSas morfologiskas Tpasibas:

e Dbezzarainums;
plaisu un rétu neesamiba;
minimalais caurmérs tievgall bez mizas 20 cm, ar mizu — 22 cm;
minimalais garums 2 metri;
raukums Iidz 1%,;
ovalums kluca vidi lidz 2cm.

Ieprieksgjos pétijumos 38 audzes tika detali izmériti 760 bérzu stumbri
Tpasi vertigo finierklucu apjoma noteikSanai un, datus analiz€jot, samekl&ts
veiksmigs risinajums, lai péc kokaudzes taksacijas elementiem apzinatu ikvienas
bérza audzes kvalitati. Regresijas vienadojums

KV%=0.59D + 0.89H — 13.8 2)

pie 18 cm<D <34 cmun 17 m <H<28 m
tika izmantots, lai apzinatu labako un art sliktako b&rza populaciju lokalizaciju
Latvija. Bérza audzu kvalitates raditajs Latvijas mezos svarstas plasas robezas
8 < KV% < 45% un elitaro finierklucu apjoms vidgji ir 27.7% no bérza audzu
kopkrégjas.
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Pielietojot aprakstito elitaro finierklu¢u iznakuma aprékinasanas
algoritmu, veikta MeZa resursu monitoringa datu analize, nemot v&ra gan
regionus, gan ipaSuma formas. Datu matematiska apstrade parada, ka pastav
butiskas bérza audzu kvalitates atSkiribas starp Austrumlatviju un Rietumlatviju
(p=0.034), turpreti p=0.41 norada, ka nav butisku atskiribu starp audzu kvalitates
raditajiem valsts un privatajos mezos. Lidz ar to nav pamatota talaka So raditaju
analize valsts un privatajos mezos atseviski.

Vidgjais elitaro finierklucu iznakums atbilstoSi MeZa resursu monitoringa
meérjumiem valst ir 33%+0.8, vertibas svarstas 20 1idz 43 procentu robezas. Ta
ka asimetrija un ekscess ir negativi, var secinat, ka raditaja KV% vertibas atrodas
normalsadalijuma labaja pus€ — tatad ir plaSi parstavetas vertibas, kas lielakas par
vidgjo. Visi aprékinatie rezultati ieklaujas to rezultatu robezas, kas iegiiti 38
cirsmas, detali uzmérot 760 bérzu stumbrus. Rietumlatvija finierklucu iznakums ir
ievérojami mazaks, ka atkartoti apstiprina t€zi, ka sliktakas kvalitates bérzi
atrodami Kurzemé.

Turpmakajos pétjjumos ievaktais materials nodrosina iesp&ju salidzinat
bérza stumbra parametrus divas paraugkopas: 13 cirsmas (260 stumbri) sausienu
mezos un 10 cirsmas (200 stumbri) pargjos (parmitrajos un meliorétajos) mezos.
Sausienu mezos izmérito stumbru caurmeérs krusaugstuma D; ; = 34.7 cm, pargjos
mezos D;; = 32.9 cm; starpiba 1.8 cm uzskatama ka biometriski bitiska:
trke = 3.6 > toos = 1.96. Lidziga atzina glistama ar par b&rzu augstumu: pargjos
mezos b&rzi ir butiski zemaki neka sausienu mezos; tp = 3.8 >tges = 1.96.
Augstums ka izmérito koku caurméra funkcija aprakstams ar taisnes vienadojumu
(3.7. att€ls A un B). ArT vienada resnuma be&rzi sausienu mezos ir augstaki neka
pargjos mezos. Atrisinot vienadojumu, pieméram, pie D;; = 30 cm, iegiistams, ka
sausienu mezos H=27.0 m un pargjos mezos H=25.9 m.

Sausienu mezos/

50.0 In forests on dry mineral soils
40.0

£ 300 | xidgmio:

<= 200 oA Ty =0.1952x +21.13
10.0 R2=10.1297
0.0 - w w ‘ ‘

20.0 30.0 40.0 50.0 60.0

di3,cm
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3.7. attels. Izmérito bérzu caurméra un augstuma sakaribas sausienu
meZos (A) un paréjos meZos (B)
Fig. 3.7. The correlations between diameter and height of the measured stems
in forests on dry mineral soils (A) and in other forests (B)

Stumbra formas atskiribu analize uzsakta, izvertgjot apaksgja 0.5 m gara
klu¢a parametrus. Sausienu mezos Dy = 48.2 cm, pargjos mezos Dy= 45.5 cm.
Merjjumu  sadalfjums ir diezgan simetrisks un  sausiepu = meZos
30.2 cm < Dy < 73.0 cm, bet pargjos mezos 26.6 cm < D, < 63.0 cm; pargjos
mezos celma griezumi ir butiski mazaki: te, = 5.13 > ty 95 = 1.96. Ka sausienu, ta
pargjos mezos kluca vidgjais caurmers 0.5 m atstatuma no celma griezuma ir
apméram 10 cm mazaks par caurméru celma griezuma.

Biometriski analiz€jot izméritos bérza celma caurmerus, secinams, ka,
izstradajot finierrfipniecibai derigus sortimentus, ar 99% ticamibu, t.i.,
2.6 standartnovirzu intervala,  jar€kinas, ka sausienu mezos
34.3 cm < Dy< 62.1 cm un pargjos mezos 30.3 cm <Dy < 60.7 cm. Dati apliecina,
ka cirsmas visai nedaudz (varbiitiba mazaka par 1%) ir sastopami bérzi, kuru
stumbrs celma augstuma ir resnaks par 62 cm; p&tijjuma apsekotajos objektos tikai
3 stumbri no 460 bija resnaki par 62 cm.

Pastav uzskats, ka pirmajam apak$§jam pusmetru garajam klucim
lietderigi pieverst pastiprinatu uzmanibu ta liela raukuma un arT prava tilpuma
sakara. ST klu¢a forma ir visai dazada: ir sastopami ka gandriz cilindriski
nogriezni, kur caurméru starpiba dy-dys ir paris milimetru, ta arT nogriezni, kur
caurmeru starpiba ir 27 cm. Pirma 0.5 m gara klu¢a raukums, kaut ar1 vaji, tomer
butiski korel€ ar stumbra caurméru kriisaugstuma un bérza augstumu: sausienu
mezos §1 korelacija ir rg = -0.58 un r, = -0.37, par&jos mezos rq = -0.32 un r,=-0.37
pie 1995 = 0.13. Pielidzinot raukuma (dy-dys, cm) saistibu ar stumbra caurméru
krasaugstuma (d,; cm) un koka augstumu (h, m), iespgjams iegiit linearus
regresijas vienadojumus:
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1) sausienu mezos dy-dys = 30.95 — 0.387d,3 — 0.269h, un multiplas
korelacijas koeficients R=0.60 pie n=260, ar d, 5 svarstibam izskaidrojami 33% no
raukuma svarstibam; ar h svarstibam — tikai 3%;

2) pargjos mezos dy-dys = 25.93 — 0.158d, 3 — 0.413h, kur R=0.40 pie
n=200, un ar d, ; svarstibam izskaidrojami tikai 10%, bet ar & svarstibam — tikai
6% no raukuma svarstibam.

Tas norada, ka:

e apaksgja kluca raukums lielaks ir tievakiem un zemakiem kokiem,
tadgjadi velreiz apstiprinot lietderibu veidot audzes ar resnakiem kokiem, jo to
stumbri ir cilindriskaki Iidz pasai apaksai neka tievako koku stumbri;

e pirma kluca raukums ir saméra zema ticamibas Itmeni aprékinams
raditajs, regresija izmantojot stumbra caurméru kriiSaugstuma un augstumu. Vel
vajaka lineara sakariba (R=0.42 pie n=23) iezimgjas ari starp audzes apaksgja
kluca aritmétisko vidgjo raukuma raditadju (Do-Dys) un audzes taksacijas
elementiem — bérzu audzes vid€jo caurméru D un vidgjo augstumu H.

Pirma klu¢a raukuma raksturoSanai lietderigak izmantot varbitibas
raditaju: visticamak, ka pirma klu¢a raukums ir 10.0 cm uz 0.5 m, tacu 5 kluciem
no 100 raukums var btit mazaks par 1.0 cm vai lielaks par 18.0 cm.

Pie vidgjiem stumbra caurméra un augstuma raditajiem sausienu mezos
D=35 cm un H=28 m, apaksgja pusmetru gara klu¢a tilpums ir 0.074 m’ vai 6.2%
no visa stumbra tilpuma. Pargjos mezos, kur D=33 cm un H=27 m, apaksgja kluca
tilpums ir 0.066 m’ vai 6.3% no visa stumbra tilpuma. Taja pat laika apakigjais
pusmetru garais klucis sastada 20% no Cetrus metrus gara apaksgja kluca kopgja
tilpuma.

Sie raditaji uzskatami ka papildus informacija, apsverot resgala
nozagesanas lietderibu pirms kluca lobianas finiera riipnica.

Pieejamie dati par bérzu stumbru formu sausienu un pargjos mezos paver
iespgju kalkulét stumbra sagarumosanas lietderigako rezimu. Tika izveleti tris
varianti: 1) 1.5 m gar§ stumbra lejasgala klucis; 2) 2.5 m gar§ stumbra lejasgala
klucis; 3) 1.5+2.5 m garu stumbra lejasgala kluCu kombinacija Iidz 4.0 m
atstatumam no celma griezuma. MerTjumos iegiitie dati analiz€ti divos aspektos:
1) statistika un 2) korelativas sakaribas un tas aprakstoSie regresijas vienadojumi.
Japiebilst, ka min&tas kombinacijas izvéletas, jo ir visplasak izmantotas
finierrlpnieciba atbilstosi akciju sabiedribas ,Latvijas Finieris” specialistu
atzinam.

Apaksgjais klucis 0.0-1.5 m

Vispirms jaatzimé, ka bérzu stumbri sausienu mezos ir bitiski (95%
ticamibas IimenT) resnaki un augstaki neka pargjos mezos. Tapat bitiski lielaki
sausienu mezos ir: 1.5 m gara klu¢a vidgjais tilpums (0.179 un 0.158 m’), no &
kluga izveidojamais cilindra tilpums (0.123 un 0.107 m®) un atzagu apjoms (0.056
un 0.051 m3); ka nejausas vert€jamas raukuma d(-d, s atskiribas (14.4 un 13.8 cm),
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ka ar atzagu relativa apjoma (procentos no kluca tilpuma) atSkiribas: 32.4% un
32.9%.

Analizgjot iegtito datu sakaribas, glistamas norades par lietderigakajiem

regresijas vienadojumiem, kas izmantojami viena vai otra v€lama parametra
aprékinasanai. Korelaciju matrica apstiprina jau it ka paSsaprotamu atzinu, ka
analizéta kluéa raukumu (dy-d;s) galvenokart nosaka apaksgjas (dy-dos)
pusmetrigas dalas raukums (r=0.89). Biitiskas sakaribas iezZimgjas starp finierkluca
svarigiem parametriem (kluca tilpums, atzagu apjoms, m’, atzagu procents) un
stumbra caurméru krisaugstuma. Starp kluca faktisko tilpumu (tris pusmetrigo
sekciju summa) un stumbra caurméru kriSaugstuma pastav gandriz funkcionala
sakariba (r=0.97 sausienu mezos un r=0.95 pargjos). Saméra liela izkliede
vérojama atzagu absoliita apjoma (m’) un relativa (%) apjoma sakaribas ar
stumbra caurméru krisaugstuma. Izveidojot multiplos regresijas vienadojumus,
kuros lidztekus stumbra caurméram ieklauts ari stumbra augstums, modela
ticamiba nedaudz paaugstinas.
Visticamak, t.i., pie vidéjiem stumbra caurméra un augstuma raditajiem D=35 cm
un H=27 m, sausienu mezos klugi ir maznozimigi — tikai par 0.006 m’ - tilpigaki
neka pargjos mezos. Tas nozimé, ka augSanas apstak]i var ietekmé&t koku
augstumu un caurmeru, tau neietekmé tilpumu finierklu¢iem, kas nozagéti no
vienada caurméra un garuma kokiem.

Pie vidgjam vértibam D=35 cm un H= 27 m atzagu apjoms sausienu
mezos ir 0.057 m®; pargjos mezos — 0.056 m’, kas apliecina, ka, visticamak,
augSanas apstaklu ietekme ir nebitiska. Tievakiem un zemakiem kokiem
(d=30 cm; h=26 m) sausienu mezos iegitiem klu¢iem atzagos ir 0.051 m’ un
par&jos mezos — 0.046 m’. Resnakiem un augstakiem kokiem (d=40 cm; h=29 m)
apaksgjais klucis nedaudz cilindriskaks ir sausienu meZos: atzagu apjoms attiecigi
ir 0.063 m’ un 0.065 m’.

Pie D=35 c¢cm un H= 27 m atzagu relativais apjoms sausienu mezos ir
32.6%, pargjos mezos 32.2%. Tas nozimg, ka atzages, visticamak, aiziet viena
tresdala no apaksgja kluca tilpuma, neatkarigi no ta, kados apstaklos audzis koks.

Apaksgjais klucis 0.0-2.5 m:

Finierklu¢u parametru statistikas aspekta jaatzime, ka visiem 460
izmeritajiem kokiem 2.5 m atstatuma no celma griezuma caurmérs ir lielaks par
22 cm, un tapéc visi koki morfologiski pieméroti $ada garuma finierkluéu ieguvei.
Nedaudz lielaks raukums (dy-d,s) ir sausienu mezos augoSiem berziem, tacu
starpiba nav uzskatama par statistiski batisku: tg = 1.79<ty 05 = 1.96.

Tapat statistiski neatSkiras atzagu apjoms procentos no kluca tilpuma;
sausienu un pargjos meZzos tas ir praktiski vienads un visai lidzigs (33%) 0.0-1.5 m
garo finierkluCu atzagu procentam. Turpreti sausienu meZos butiski lielaks ir
vidgja kluéa tilpums (0.266 un 0.234 m’), iegistamais cilindrs (0.182 un
0.157 m®), ka arf atzagu apjoms kubikmetros (0.084 un 0.077 m’).
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Izvertejot savstarpgjas sakaribas raksturojoso materialu, jaatzime, ka
klua faktiska tilpuma un atzagu apjoma m’ aprékiniem noderigi izmantot
izstradatos atbilstoSos regresijas vienadojumus, tacu, atSkiriba no 1.5 m gara
kluga, atzagu relativo daudzumu javerte tikai ka varbatigu raditaju, jo tas visai vaji
korele ar stumbra caurméru kriiSaugstuma un koka garumu: sausienu mezos
r= -0.35 un —0.24, pargjos mezos r= -0.16 un —0.15. Lidzigi ka ieprieks, abas
paraugkopas saglabajas cieSa sakariba starp kriiSaugstuma caurméru un kluca
tilpumu, kas lauj izmantot Sos raditajus aprékinos.

Pie jau ieprieks izmantotajiem vid&jiem raditajiem D=35 cm un H=27 m
sausienu mezos bluka tilpums ir 0.259 m’; pargjos mezos — 0.264 m’. Tapat ki pie
1.5 m gara bluka starpiba 0.005 m’ vértejama ka mazsvariga, tadu ta atspogulo
tendenci, ka sausienu meZos bérza stumbri 2.5 m atstatuma no celma griezuma var
biit nedaudz rauktaki neka par€jos mezos. Ka minéts ieprieks, pie S$adiem vidgjiem
dun h raditajiem 1.5 m garais klucis nedaudz tilpigaks ir sausienu meZzos.

Pie D=35 cm un H=27 m atzagu apjoms sausienu meZos ir 0.0867 m’
ikvienam klucim, bet pargjos mezos — 0.0827 m’. Tas apliecina, ka pie $adiem
stumbra parametriem sausienu meZos cirstiem kokiem atzagi sastada 33%, bet
pargjos mezos — 31% no kluca tilpuma. Saméra augsta empiriska vienadojumu
biometriska ticamiba lauj izmantot vienadojumus ari citu situaciju izvertésanai,
ieverojot ieprieks fiks€to d un A svarstibu pielaujamo amplitidu.

Divu klucu (0.0-1.5 plus 1.5-4.0 m) kombinacija

No miisu analiz&tajiem kokiem sausienu mezos tris un pargjos mezos divi
koki vairs neieklaujas izlasg, jo 4 m augstuma to caurmeérs ir mazaks par 22 cm.

Statistika apliecina, ka augstak par 1.5 m virs celma griezuma lidz 4.0 m
atstatumam be@rza stumbra forma ir tuva cilindram — raukums 2.5 m garam klucim
ir tikai nedaudz virs 3 cm, un tas sausienu mezos bitiski neatSkiras no raukuma
pargjos mezos. 1.5-4.0 m kluca faktiskais tilpums sausienu mezos ir bitiski lielaks
neka par&jos mezos (vidgji 0.212 un 0.179 m?), kas izskaidrojams ar to, ka resni
kluci sausienu mezos ir biezak sastopami neka pargjos mezos.

Atzagu apjoms (m’) 2.5 m garam klucim virs 1.5 m augstuma virs celma
griezuma ir vairak neka uz pusi mazaks neka tikpat garam klucim tiesi virs celma
— atzagu apjoms sausienu mezos ir 0.039 m® (2.5 m garam apaksgjam klucim —
0.084 m’); pargjos mezos — 0.036 un 0.077 m’.

Izstradajot 4 m garu stumbra apaksdalu, to sagarumojot 1.5 un 2.5 m
garos finierklucos, ieglistamo divu cilindru kopgjais tilpums sausienu mezos
visticamak ir batiski lielaks neka pargjos mezos (0.285 un 0.250 m®). Sausienu
meZos bitiski lielaks ir atzagu apjoms: 0.096 m’ un 0.088 m’, tadu atzagu
relativais apjoms $ajos augSanas apstaklos ir gandriz vienads: 25.8% un 26.4%.

Novértgjot finierklucu tilpumu pie D=35 cm un H=27 m, ieglistam:
sausienu mezos ¥=0.372 m’ un par&jos mezos F=0.370 m”.

Sastopoties ar stumbriem, kas tievaki par vidgjiem, pieméram, d=30 cm
un h=26 m, iegiistam: sausienu meZos V=0.274 m’, pargjos mezos V=0.277 m’.
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Pie resnakiem stumbriem ar d=40 cm un A=29 m sausienu meZos F=0.469 m’,
pargjos mezos ¥=0.462 m’. Tatad, stumbru caurmériem krii§augstuma svarstoties
robezas no d=30 cm lidz d=40 cm, sausienu un pargjos mezos stumbra apaksgjas
dalas tilpums atskiras tikai par dazam kubikmetra tiikstosdalam.

Art sada (1.5+2.5 m) klu¢u kombinacija apliecina to pasu atzinu, kas
atklajas, atseviski analiz&jot 1.5 m un 2.5 m garos finierklucus — pie vienadiem
stumbra parametriem visticamak, ka sausienu un par&jos mezos vienads ir arl
stumbru apaksgjas dalas tilpums.

Atzina par apaksgjo klucu tilpuma sakritibu vienada augstuma un
resnuma be&rziem sausienu un par&jos mezos netiesi norada uz to, ka ara un purva
beérzu, kas galvenokart aug tikai pargjos mezos, stumbra forma ir visai lidziga.

Pie fiksétiem stumbra vid€jiem parametriem D=35 cm un H=27 m
sausienu mezos V,=0.0979 m’ un par€jos mezos V, =0.0957 m>. Tas apliecina, ka,
apstradajot vidgja izm@ra stumbrus atbilsto$i shémai 1.5+2.5 m, atzagi sastada
vienu kubikmetru uz katriem 10 stumbriem.

Pie D=35 c¢cm un H= 27 m atzagu relativais apjoms sausienu mezos ir
25.9%, pargjos mezos 25.8%, un tie uzskatami par vienadiem. Saméra nelielie,
tacu nenoliedzami butiskie multiplas korelacijas koeficienti norada, ka atzagu
relativais apjoms, t.i., atzagu apjoma m’ un finierklu¢u kopgja tilpuma attieciba
samera maz atkariga no stumbra parametru izmainam, proti, stumbra caurméram
kriiSaugstuma izmainoties par 10 cm, atzagu relativas izmainas sastada tikai 3%.
Tapat izpauzas arT augstuma izmainu ietekme: desmit metrus augstakiem kokiem
atzagu apjoms ir mazaks tikai par 2%.

Nosléguma lietderigi atzimét, ka promocijas darba ieklautie regresijas
vienadojumi izstradati, aprakstot raditaju savstarpgjas sakaribas 260 koku
stumbriem sausienu mezos un 200 stumbriem pargjos mezos. Tas, ka sakaribas ir
linearas, paver iespgjas Sos vienadojumus izmantot ne tikai atsevisku stumbru
izveérteSanai, bet arT aprékinot Seit ievietotos regresentus visai bérzu tiraudzei vai
bérzu kopai mistraudzes sastava, ja ir zinami audzes vai bérzu kopas vidgjie
caurméra un augstuma raditaji, ka arT koku skaits. Darba paradito rezultatu
ticamiba saglabasies, ja izvéletaja audzgé vai beérzu kopa stumbru caurméri un
augstumi ieklausies Seit mintajas robezas: 30 cm < d < 62 cm un
1I9m<h<36m.

No visa $aja nodala aprakstita var secinat:

1. Pirma pusmetru gara bluka raukums (dyo-dps) bitiski neatskiras
stumbriem sausienu un pargjos mezos; visticamak tas ir 10 cm uz 0.5 m. Raukums
samazinds, pieaugot stumbra caurméram krGsaugstuma un koka garumam,
tadgjadi apliecinot resno un augsto bérzu audzésanas lietderibu.

2. Izstradati un statistiski novertéti regresijas vienadojumi, kas lauj
aprekinat: 1) finierkludu tilpumu, m’; 2) atzagu apjomu, m’; 3) atzagu relativo
daudzumu, %, saistiba ar stumbra vai audzes vid§jo caurm@ru un augstumu,
izstradajot sortimentus $ados atstatumos no celma griezuma (m): 0.0-1.5; 0.0-2.5;
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0.0-1.5 plus 1.5-4.0. Pie vienadiem koku caurmériem un augstumiem sausienu un
pargjos mezos minétie raditaji butiski neatskiras.

3.3. Latvijas berza audZu struktiras izvértejums MeZa resursu monitoringa
ietvaros

No analizétajiem parauglaukumiem (kopa 1051) 405 atrodas valsts, bet
646 — privatajos mezos. Pa regioniem bérzu audzes nav izvietotas vienmerigi.
Saistiba ar to vislielakais skaits berzu parauglaukumu analizéts Rietumvidzemes
mezsaimnieciba, vismazakais — Ziemelkurzemes mezsaimnieciba. Kopuma
Latvijas rietumu dala ir ievérojami mazak b&rzu audzu neka Latvijas austrumu
dala. Visticamak tas izskaidrojams ar faktu, ka Kurzemé mezi ir relativi jaunaki,
ka arT, seviski piejiiras teritorijas, mazak augligi. Literatlira atrodamas norades par
to, ka savas izplatibas maksimuma bridi bérza Tpatsvars Latvijas teritorija
sasniedza pat 60-70%, pie tam p&d&jo 1600 gadu laika ta izplatiba izskaidrojama
arT ar ugunsgrékiem, kas c€lusies, veidojot meza lidumus. Vietam Vidzeme sada
veida bérza izplatiba pieaugusi pat par 20% (Zunde, 1999). Loti ticams, ka Sie
vesturiskie aspekti izskaidro bérzu audzu lielo sastopamibu Rietumvidzemes
mezsaimnieciba (3.7. attéls).
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3.7. att. Analizéto parauglaukumu skaita sadalijjums pa meZsaimniecibam
Fig. 3.7. The distribution of the analyzed sample plots by regional forestry

Kopuma bérzu audzu nosusinatos mezos ir nedaudz vairak neka berzu
audzu sausienu mezos. Vislielakais bérza audzu Ipatsvars ir veri, tam seko
Saurlapju arenis un Saurlapju kudrenis. Augligakajos meza tipos visos augSanas
apstaklos berza Tpatsvars ir relativi mazaks, liecinot par to, ka visaugligakas
augsnes parsvara aiznem citas sugas (3.8. attéls). Izvert€jot augSanas apstaklu
sadalfjumu pa Tpasuma formam, secinams, ka valsts mezos sausieni sastada 38%,
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bet privatajos — 55%. ledzilinoties meza tipu sadalfjuma, var secinat, ka sausienu
mezu lielo parsvaru privatajos mezos galvenokart izskaidro lielais vera ipatsvars
privatajos mezos — 34% (valsts mezos tikai 21 %), kas veidojies, aizaugot
lauksaimniecibas zemém pirms aptuveni 50 gadiem. AudZu vecumstruktiiras
analize meZa tipa ietvaros apliecina $o sakaribu.
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3.8. att. Analizéto parauglaukumu sadalijums pa meZa tipiem
Fig. 3.8. The distribution of the analyzed sample plots by site type

Bérzu audzu vecumstruktiira ir nevienmériga gan valsts, gan privatajos
mezos. Seviski privatajos mezos ir salidzinosi liels vid€ja vecuma audzu skaits,
taCu neliels briestaudzu un pieaugusu audzu skaits. ArT valsts mezos visvairak ir
vidgja vecuma audzu. Licla dala no paslaik 50-70 gadus vecam audzém
veidojusies, péc Otra pasaules kara aizaugot lauksaimniecibas zem&ém. Interesanti,
ka tieSi privatajos mezos ir relativi liels Iidz 10 gadus vecu audzu skaits, tas,
visticamak, atspogulo ped¢ja laika tendenci pe€c kailcirtes izcirtumus atstat
dabiskai apmeZzoS§anai, kas biezi norisinas tiesi ar bérzu. (3.9. att€ls)
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3.9. att. Bérzu audZu vecumstruktiira valsts un privatajos mezos
Fig. 3.9. The age structure of the birch stands in state and private forests
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Vispargja gadijuma ieprieksgja att€la noverota sadalfjuma tendence sakrit ar
Valsts MezZa dienesta 2007. gada publicéto informaciju.

Apkopojot bérzu audzu galveno taksacijas parametrus (audzes vidgjais
caurmérs, augstums, koku skaits audzg, kraja un krajas tekosais picaugums), akcentctas
izmainas saistiba ar audzu sadalfjumu pa vecumklasém (3.10. att€ls). Lidz $im augSanas
gaitas tabulas mums ir Javusas izsekot bérzu audzu augSanas gaitai, sakot no audzes
trisdesmita dzives gada. Tomér, iedzilinoties minétajas tabulas apkopotaja informacija
par audzu taksacijas raditajiem, secinams, ka tie ir ieverojami atSkirigi no prakse
noverotajiem. Vecuma no 20 Iidz 50 gadiem, vadoties p€c tabulas, audzes vidgjais
caurmérs pirmas bonitates audzes pieaug no 6 lidz 21 cm un augstums —no 11 Iidz 22 m.
Raditajus salidzinot, redzams, ka 21-40 gadu vecas audz€s gan vidgjais caurmers un
augstums ir vismaz par 40% lielaks neka tabulas noraditais.

Otrs nozimigs secinajums ir, ka c€rtama vecuma viena koka tilpums ir
apméram 1 m’, pie tam katrs §adas audzes hektars vél turpina raZot apméram
5m’ ha'! gada. Rodas jautdjums, vai ir lietderigi nocirst audzi, kura vél spgj raZot $ada
apjoma? Taja pasa laika, protams, visas vecumklasgs ir sastopamas ari audzes, kuras
krajas tekoSais pieaugums ir tuvs nullei. Sadu audzu identifikacija un izslég§ana no
turpmakas mezsaimnieciskas aprites uzskatama par vienu no prioritatem nakotné.

TreSais noverojums ir, ka mezsaimniecibas prakse lietotas augSanas gaitas
tabulas loti nepilnigi apraksta berzu audzu augSanas gaitu jaunaudzu vecuma. Tas
norada, ka jaunaudzu augSanas gaitas izpéte ir svarigs pasakums.
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3.10. att. Bérza audzu vid€jo taksacijas raditaju izmainas
Iidz ar vecumu

Fig. 3.10. The changes of the birch stand mean parameters
with stand age
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Ieprieks aprakstitie taksacijas raditaji tika salidzinati arT atkariba no
ipaSuma formas. Vecuma grupa Iidz 20 gadiem netika konstatStas butiskas
atSkiribas starp valsts un privatajiem meziem. Vislielakas atskiribas starp valsts un
privatajiem meZiem konstatétas vecuma grupa no 21 1idz 40 gadiem. Saja vecuma
grupa valdosas sugas vid€jais caurmers un vid€jais augstums privatajos mezos
izradijas butiski lielaks neka valsts mezos (t-testa p-vertibas attiecigi 0.000 un
0.020). Tacu lielakas koku dimensijas $aja vecuma grupa kraju pozitivi neietekme,
jo koku skaits privatajos mezos savukart ir butiski mazaks neka valsts mezos
(Manna-Vitneja U testa p-vertiba 0.001). Vecuma grupa no 41-60 gadiem biitiskas
atSkiribas ir starp valdosas sugas krajas tekoSo pieaugumu, kas bitiski lielaks
privatajos mezos (Manna-Vitneja U testa p-vértiba 0.007). Audzgs, kuru vecums
no 61 Iidz 80 gadiem, biitiskas atSkiribas starp valsts un privatajiem meziem nav
konstatétas, tacu par 80 gadiem vecakas audz€s valsts mezos ir bitiski mazaks
koku skaits (t-testa p=0.027), tacu butiski lielaks koku vid&jais augstums (t-testa
p=0.049). Iesp€jams, ka tas saistits ar augsanas apstaklu tipu sadalfjumu — valsts
mezos ir ievérojami vairak mezu uz nosusinatam augsném.

Salidzinot b&rzu audzes pec izcelsmes, noskaidrots, ka parsvara tas
atjaunojas dabiski no seklam. Privatajos mezos ir nedaudz lielaks no atvasém
atjaunojuSos audzu Tpatsvars, savukart valsts mezos — lielaks kultiiru Ipatsvars.
Turklat berza maksliga atjaunosana uzsakta nesen, par to liecina vidgjais kultiiru
vecums: 21 gads valsts mezos un 14 gadi privatajos mezos.

Kultaru ierikoSanas niecigie apjomi visticamak butu jaizskaidro ar

augstajam to ierikoSanas izmaksam. P&c pasreizgjas AS ,Latvijas valsts mezi”
informacijas viena hektara meza atjaunoSana ar bérzu izmaksa apméram 600 latus,
ko privatais meZa Tpasnieks visticamak nevar atlauties.
P&c Valsts Meza dienesta 2006. gada datiem, 78% no visam atjaunotajam meza
platibam Latvija atjaunotas ar priedi, egli vai bérzu. Sikaka iedzilinasanas atklaj,
ka platibas atjaunotas dabiski 30% gadijumu ar bérzu, 6% - ar priedi, bet 5% - ar
egli. Maksligi atjaunoto platibu sadalijums ir sekojoss: 20% - ar priedi, 15% - ar
egli, bet tikai 2% ar berzu. ArT Meza resursu monitoringa dati apstiprina lidzigu
meza atjaunoSanas pan€mienu un koku sugu sadalijumu. Tas norada uz mezu
Ipas$nieku neieinteres€tibu atjaunot nocirstas platibas ar selekciongtiem bérza
stadmaterialiem.

Veicot bérzu audzu struktiiras un taksacijas raditaju analizi daliti pa
sausienu, arenu un kidrenu augSanas apstaklu tipiem, lielakas taksacijas raditaju
izmainas laika fiks€tas 21-40 gadu vecas audzgs, kad audzes caurmérs un
augstums vairak neka triskarSojas, bet kraja un tekoSais pieaugums palielinas pat
6-7 reizes, salidzinot ar audzém, kuru vecums ir Iidz 20 gadiem (3.11. att€ls).
Vecumklasé no 21-40 gadiem audzes vidgjais caurmérs un augstums sausienos ir
lielaks neka kiidrenos (p=0.024 un p=0.000). Sie rezultati saskan ar somu
zinatnieku atklato likumsakaribu, ka bérza vitalitate ir augstaka mineralaugsnés un
zemaka — kiidras augsnés (Saramiki, Hytonen, 2004). Nakamajas vecumklases
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manams abu So taksacijas raditaju samazinajums, tomer beérzu audzes, kas vecakas
par 81 gadu, turpina razot 4.6 m® ha"'gada kiidrenos un 5.2 m® ha"'gada sausienos
(atskiriba ir butiska, p=0.049), kas atkartoti lick apSaubit vecuma ka galvena
indikatora, péc kura izv€l&ties c€rtamas audzes, lietderigumu.
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3.11. att. Vidéja caurméra un augstuma dinamika berzu audzes atkariba no
augsanas apstakliem un vecuma
Fig. 3.11. The dynamics of mean diemeter and mean height in the birch
stands depending on the growing conditions (sausieni — forests on dry mineral
soils, areni — forests on drained mineral soils, kiidreni — forests on
drained peat soils) and age

Audzu taksacijas raditaju regionala analize rada, ka audzu caurmérs un
augstums, ka arT kraja un tekoSais pieaugums jaunaudzu vecuma Rietumlatvija un
Austrumlatvija biitiski neatskiras, toties 21-40 gadus vecas audzes novérojams, ka
Austrumlatvija vidgjais caurmérs ir par 2 cm lielaks (p=0.011), bet vidgjais
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augstums — pat par 3 metriem lielaks neka Rietumlatvija (p=0.000), arT kraja un
krajas tekosais pieaugums mazaks ir Rietumlatvija (p=0.033 un p=0.005). Audzes
ar vecumu 41-80 gadi nav novérojama caurméra un augstuma atSkiriba, tom&r
krajas tekosais pieaugums ir bitiski lielaks Austrumlatvija (p=0.000).

Tiraudzu un mistraudZzu attieciba Iidz ar audzes vecumu mainas.
Jaunaudzg€s un vidgja vecuma audz€s parsvara ir tiraudzes, tacu, audzes vecumam
pieaugot, palielinas mistraudzu Tpatsvars, un, sakot no 61 gada vecuma,
mistraudzu skaits parsniedz tiraudzu skaitu. (3.12. attéls). Drosi vien mistraudzu
veidoSanas izskaidrojama ar audzu paSizretinaSanos, ka arT saimniecisko darbibu,
kas atbrivo audzg telpu citam koku sugam. Jaatzimeé, ka mistraudzu ipatsvara
analize pa IpaSuma formam biutiskas atSkiribas neuzrada. Tas ir pretruna ar
sabiedriba popularu atzinu, ka privatie mezi Latvija tiek apsaimniekoti
bezmerkigak neka valsts mezi un ka skuju koki no b&rzu mistraudzém privatajos
mezos tiek izcirsti intensivak neka valsts mezos.
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3.12. att. TiraudZu un mistraudZu skaita attieciba atkariba no audzes vecuma
Fig. 3.12. The proportion of pure-mixed stands depending on the age

Analizgjot audzes parametrus — vid€jo caurméru, augstumu, kraju un
krajas tekoSo pieaugumu — pa vecumklasém atseviski tiraudz€s un mistraudzes,
noskaidrots, ka vecumklas€ Iidz 20 gadiem visi parametri ir lielaki mistraudzes.
Vecumklas@s no 21 gada vecuma Iidz pieaugu$sam audzeém noverojums ir lidzigs,
tomar bérzu tekosais pieaugums firaudz&s ir apméram par 2 m’ ha"'gada lielaks
(3.13. attels), pie tam atskiriba ir bitiska (p=0.000). Tas lauj secinat, ka razigaku
bérzu audzu izveidei nevélama ir citu koku sugu klatbiitne audzg, pie tam, ja tada
ir sastopama, tad ta blitu jasamazina ne vélak ka 20-25 gadu vecuma, kad
novérojama bérzu teko$a picauguma kulminacija. Tadgjadi pétijuma rezultati
saskan ar literatlira atrodamo atzinu, ka bérzi jaaudzg tiraudzes. Vairaki zinatnieki
savos pétijumos norada, ka gaismasprasigu koku sugu, konkréti priedes un bérza
savstarp€js mistrojums neveicina ne audzes rezistenci pret dazadu ekologisko
faktoru ietekmi, ne ar1 krajas tekoSo pieaugumu.
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Fig. 3.13. The dynamics of the mean diameter, height, standing volume and
current annual volume increment depending on the mixture degree
and stand age

To, ka audzes I stava kraja mistraudzes parsniedz kraju tiraudzes, var
sameéra vienkarSi izskaidrot, jo metodiski berzu krajai tiek pieskaitita
piemistrojuma eso$o koku sugu kraja. Lai noskaidrotu, kadas koku sugas veido
piemistrojumu b&rzu audzes Latvija un kada méra tas ietekmé audzes pirma stava
kraju, veikta padzilinata piemistrojuma analize pa vecumklasém.

1-20 gadus vecas audzés piemistrojuma vidgja kraja sastada 8.9 m® ha™.
Piemistrojuma esodds egles videja kraja ir 6.5 m’ ha”, piemistrojuma eso$a
baltalk3na vidgja kraja - 10.6 m® ha™!, piemistrojuma eso$d melnalk$na vidgja kraja
- 7.9 m® ha™! un piemistrojuma esodas apses vidéja kraja - 3 m® ha”. Egles lielo
sastopamibu visticamak var izskaidrot ar faktu, ka b&rzu jaunaudzes nereti
veidojas iznikuSu eglu kultliru vieta — neveiksmiga stadijuma gadijuma briva
vietas audzg aiznem pioniersugas.

21-40 gadus vecas audz8s piemistrojuma vidgja kraja ir
44.3 m’ ha™'. Lidzigi ka ieprieks, piemistrojumu veido galvenokart egle (55 audzes
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videja kraja 24.7 m® ha™) un citas pioniersugas. Interesanti, ka $aja vecumklasé
piemistrojumu veido arT priede — 29 audzg€s, pie tam vid&ja kraja ir ievérojama —
51.1 m® ha'. Ta ka lidziga tendence saglabdjas ari nakamaja vecumklasé —
41-60 gadi -, tad iesp&jams izdarit secinajumu, ka berzu mistraudzes visticamak
veidojusas ari meza dzivnieku postljumu rezultata, kas pagajusa gadsimta
septindesmitajos gados bija ieverojami tieSi priezu kultiras. Skaidrs, ka neviens
mezkopis tani laika labpratigi nebutu lavis izveidoties b&rzu jaunaudzem, tas
veidojusas dazadu argju faktoru ietekme.

Pieaugusas un paraugusas berzu audzg€s piemistrojumu galvenokart veido
priede un egle. Pargjas sugas ir vai nu jau atmirusas audzes paSizretinasanas
rezultata, vai arl izzuduSas retinasanas gaita. Tapat iesp&jama arT situacija, ka
atraudzigas sugas, pieméram, apse sp&j veidot divas paaudzes vienas valdos$as
sugas paaudzes laika.

Viss $aja nodala aprakstitais liek izdarit secinagjumu, ka bérzu audzgs
piemistrojums ir nevélama paradiba. Tomér gadfjuma, ja jaapsaimnieko nelicla
mezZa platiba, pieméram, 5-10 hektari, no piemistrojuma sugam iesp&jams giit
regularu materialu labumu, kas var nebiit tikai malka, bet arT vertigaki
kokmateriali.

4. Galvenie secinajumi

1. Bérzu jaunaudzes Latvija vésturiski veidojusas dazadu iemeslu dgl
iznikuSu vai novajinatu eglu vai priezu kultiiru vieta vai ka to apaksnogabali.

2. leprieksgja laika perioda ierikoto parauglaukumu  atkartota
parmérisana un iegiito datu analize apstiprina faktu, ka augstaka audzu raziba un
labaka stumbru kvalitate panakama, jaunaudzes izkopjot Iidz optimalajam
(1500 — 2000 gab.) koku skaitam uz hektara uzreiz viena piegajiena, pirms tas
sasniegusas 12 m augstumu. ArT MeZa resursu monitoringa datu analize apliecina,
ka krajas tekoSais pieaugums jaunaudzes ir vislielakais, ja tas jau sakotngji
veidotas ar §adu biezumu.

3. Piemistrojums bérzu audzu augSanas gaitu ietekme negativi, tomer ir
pielaujams citu pioniersugu, ka arT egles lidzdaliba audze Iidz 60 gadu vecumam.
Audzu kopkrgja visas vecumklasgs ir lielaka mistraudzgs, turpreti bérzu koksnes
tekosSais pieaugums tiraudz€s ir biitiski lielaks.

4. Latvija sastopamas pieaugusas un parauguSas audzes, kuras nereti
turpina razot aptuveni 5 m’ ha™ gada un vidgjais koka tilpums audz& sastada 1 m”>.
Taja pasa laika sastopamas arT mazrazigas audzes. Tas rosina riipigi apsveért audzu
vecuma un mérka caurméra ka vienigo indikatoru cirtmeta noteikS$anai izvéli un
censties padzilinati izprast audZzu augSanas gaitas savdabibas.

5. Aprakstot elitaro finierklucu iznakumu bérzu audzes Latvija, iegiits
vienadojums, kas ar augstu ticamibu lauj prognozeét c€rtama vecuma audzu
kvalitati. Vidgjais elitaro finierklucu iznakums valstt ir 33%+0.8, vértibas svarstas
20 l1dz 43 procentu robezas.
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6. Izstradati un statistiski novértéti regresijas vienadojumi, kas lauj
aprekinat: 1) finierkluGu tilpumu, m®; 2) atzagu apjomu, m’; 3) atzagu relativo
daudzumu, %, saistiba ar stumbra vai audzes vid€jo caurméru un augstumu,
izstradajot sortimentus $ados atstatumos no celma griezuma (m): 0.0-1.5; 0.0-2.5;
0.0-1.5 plus 1.5-4.0. Pie vienadiem koku caurm&riem un augstumiem sausienu un
pargjos mezos mingtie raditaji bitiski neatskiras.

7. Elitaro finierklucu iznakums Rietumlatvija ir mazaks neka
Austrumlatvija, apliecinot to, ka Kurzemé bérzu audzes ir zemakas kvalitates.
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1. The overall description of the thesis
1.1 Background

After regaining the independence at the end of 20" century, Latvia started
to move towards the market economic. Silver birch became a much demanded tree
species because of impressive development of veneer industry, which still
continues. At the same time, the understanding appeared that our knowledge about
increasing the productivity and stem quality of the birch stands in Latvia was very
insufficient. There was also no information available how to regenerate the stands
with birch correctly to achieve the basic goal of the forestry —high productivity
and good stem quality at the end of the rotation period. Previously, the research
concerning these silviculture problems was carried out by Finnish researchers, but
there were no suggestions, if the results could be implemented in Latvia. Despite
of that, birch has become the second most widespread tree species in Latvia,
mainly because of very intense self-regeneration on abandoned agriculture lands
after WWII. The analysis of the age structure of the birch stands shows that there
probably will be a shortage of birch timber resources within few decades.
Factories which are orientated to birch timber processing are aware of this
problem. They also start demanding not only quantity of timber resources, but also
quality. During the last decade, several research projects regarding different
problems connected with forest regeneration with silver birch were started. The
planting material, regeneration method, density of the stand at the regeneration
moment and the outcome of sawtimber were studied by researchers of Forest
sector in Latvia. All these research projects have high economical importance and
are stated as priority in timber market development in Latvia.

1.2. The aim of the research

To study the correlations between the growth and quality of the birch
stands in different age classes and such factors as site types, regional localisation,
admixture degree, ownership and management regimes on fertile soil types in
Latvia.

1.3. The objectives of the research

To achieve the aim of the research, three objectives were stated:

1. To analyze the growth and productivity of young silver birch stands
after the thinnings of different intensity;

2. To analyze the timber quality in the birch stands at the end of the
rotation period,;

3. To analyze the overall birch stand structure on different site types and
in different regions of Latvia.

1.4. Scientific novelty and practical significance of the research
The empirical material used in this research is very extensive — data from
permanent sample plots of Latvian State Forestry Research Institute “Silava” and
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voluminous data basis of Forest resource monitoring. The author of this thesis has
taken part in establishment of these sample plots and in sampling and processing
of the data. The use of these data is unique because Forest resource monitoring
was launched only recently — in 2004.

As the main benefits of this research the recommendations for
establishment and management of high-productive birch stands are to be
mentioned. The method of estimation of the outcome of high-quality veneer logs
using the main parameters of the stand is also a gain of this study.

1.5. The scientific approval of the research
The results of the thesis have been described in five scientific
publications. The results were presented in eight conferences.

1.6. The structure of the thesis

The structure of the thesis is created according to the objectives of the
study. In the first chapter the literature and former research about the topics
related to the thesis have been studied. The second chapter is divided in three sub-
chapters; each sub-chapter is devoted to one objective of the research and contains
information about research objects and the methodology of sampling and
analysing data. In the third chapter the results of above-mentioned studies are
presented and discussed. The thesis concludes with seven conclusions

The thesis consists of 89 pages, 14 tables, 25 figures. The author has
studied 75 literature sources.

2. Material and methods
2.1. The analysis of growth and productivity of purposefully created silver birch
stands

The main part of the data analysed in this chapter are collected in 17
permanent sample plots established on fertile site types in Gulbene, Ogre and
Jumprava forestries in 1991. Pure birch stands with age 8, 11, and 18 years and
initial height 3.0 m, 9.2 m, and 10.4 m respectively were chosen for these sample
plots. The stands were thinned during the experiment with different intensity —
from 30 400 trees per ha, 10 400 trees per ha and 13 000 trees per ha to 1000,
1500, 2000 and 3000 trees per ha by removing the thinnest trees in the stand. The
basic stand parameters — mean diameter, mean height, length of the branchless
part of the stem - were recorded in 1993, 1997, 2002 and 2006.

2.2. The analysis of the stem quality of birch stands in Latvia

The data gathered in short-term sample plots — 23 clear-cut areas in 16
state forestries — was used to study the regional differences of the stem quality of
birch stands. 20 randomly selected birch stems were selected for this study in each
clear-cut area. Following parameters of all 460 stems were recorded: the diameter
1.3 meters from the cut, the length of the stem and the relative amount of the
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veneer logs with elevated quality. The last parameter was used as indicator for the
stand quality.

The material from two samples — 13 clear-cuts (260 stems) in forests on
dry mineral soils and 10 clear-cuts (200 stems) in forests on wet mineral and
drained soils — provided the opportunity to analyse the parameters of each stem —
volume, taper and the amount of the cutting residues. The diameters of each single
stem in following distances from the stump cut were recorded: 0.0 m; 0.5 m;
1.0m; 1.5m; 2.0 m; 2.5 m; 3.0 m; 5.0 m; 7.0 m; 9.0 m; 11.0 m; 13.0 m; 15.0 m;
17.0 m; 19.0 m. During the further studies, the parameter that would describe the
amount of the most valuable saw timber — veneer log — was prospected. The
results of these calculations were used for the prognosis of the outcome of the
veneer logs in sample plots established for Forest resource monitoring.

The stands with age 70 years and more from the data base of Forest
resource monitoring were studied in order to analyse the correlations between the
standing volume of the main storey and the admixture degree of other tree species.
Such factors as ownership and region were also takes into account.

2.3. The particularities of the structure of the birch stands in Latvia

To achieve the third objective of this thesis, the calculation of stand
parameters in pure birch stands selected from the data basis of Forest resource
monitoring was performed.

Forest resource monitoring was launched in 2004, one cycle of
measurements lasts five years. During this period the net of sample plots
combined in equilateral triangles is established. The length of the sides of the
triangle is 4 km.

Criteria used for the stand selection from the data bases were following:

1. Land category. Only sample plots on the forest land were selected,;

2. Tree species. Only stands with main tree species birch were selected;

3. The area of the sample plot. At least 75% of the area of the sample
plot had to be on the forest land;

4. Number of the trees in the stand. At least 100 trees per hectare had to
be in the sample plot;

5. Site type. In order to exclude from the further study stands dominated
by the downy birch (Betula pubescens Ehrh.) only site types suitable for silver
birch (Betula pubescens Roth.) were selected: Hylocomiosa, Oxalidosa,
Aegopodiosa, Myrtillosa mel., Mercurialiosa mel., Myrtillosa turf. mel. and
Oxalidosa turf. mel.

Following stand parameters were used in calculations to achieve the goal:

o the mean diameter of the stand D, cm;
the mean height of the stand H, m;
age of the stand;
number of trees per ha N;
total standing volume of the main storey M, m® ha™;
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e current annual increment, m’ ha! per year;

e mixture degree.

According to the above-mentioned criteria 1051 sample plot from the
data base were selected representing the birch stands in Latvia. Additionally the
analysis of 148 stands established on abandoned agriculture land was done.

The normality of the data was tested with Kolmogorov-Smirnov test. In
cases when the data distribution was normal, independent samples’ t-test and one-
way ANOVA were used in further studies. Mann-Whitney U test and Cruscal-
Wallis test were used as alternative non-parametric methods in cases when the
data distribution was not normal.

3. Results and discussion
3.1. The analysis of growth and productivity of purposefully created silver birch
stands

The information about the stand parameters gathered during several re-
measurements of 17 sample plots established in 1991 was used to study the
structure of the birch stands. Additional information from 34 sample plot
established later — in 1999 — was also used. The records of the stand parameters of
these sample plots are available as well. The stand parameters have been re-
measured twice — in 2002 and 2006. Following measurements were recorded in all
51 stands:
number of trees in 1 cm diameter class;
mean diameter of the stand, cm;
mean height of the stand, m;
the height of the crown, m.

The basal area and the total standing volume of the stand were calculated.
The establishment of understorey was used as a criterion to analyse the structure
of the stand over the time.

The reduction of the number of trees in the main storey only partially
could be explained with the increase of the mean height and differed significantly
from the numbers shown in the yield tables. The data shows that in stand with
initial height 3.0 m an 1500 trees per ha the mean height increases by 10 meters
during next 12 years and reaches 13 meters. Besides that, no trees have perished
during this period. No understorey was observed, too. Yield tables that are widely
used show that the number of trees per ha reduces by several thousands of trees
per ha, if the height is as mentioned above and the density of the stand is full.
Accordingly to our observation the reduction of the number of trees is significant
in stands with 10 000 trees per ha and with mean stand height 3.0 meters and can
reach even 7500 trees per ha that perish during 15 year period.

The reduction of the number of trees in the stand can be described with
following equation:
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AN =H,+ 0.946 N,- 1984, 1)

where R? =0.99 N, — initial number of trees in the stand and Hy — mean
height of the main stand at the beginning of experiment.

With this equation it is possible to calculate the optimal initial number of
trees per hectare to avoid any dieback or loss in productivity of the remaining
stand at least for the next 15 years:

AN =0, if Hy =3.0 m and Ny =1913, i.e. = 2000 trees. ha™'; and

if Hy=10.0 m and N, =1483, i.e. = 1500 trees. ha'".

The results of the experiment show that thinning of dense young birch
stands with intensity 2000 trees ha™ after the thinning is not connected with any
significant risk of snow or wind break. Only 12 trees in all permanent sample plots
have suffered from this threat and there is no correlation between this figure and
site type. For the same reason the analysis of the data is also done in one sample
(Fig. 3.1.).

The analysis of the stand parameters D and H during the experiment
shows that the highest height and diameter increments are in those stands where
the most intensive thinnings were carried out. Slenderness ratio HD™' does not
change significantly in these sample plots during the observation period, i.e., no
spindling of the trees is to be mentioned. The opposite observation can be made in
the stands where the initial number of the trees was high.

According to the results, the HD™ ratio as an indicator for stand stability
has often been overemphasized. In fertile site types, where the HD™ ratio is
invariably above 1.0, it would be impossible to manage the birch stands as
prescribed by the existing regulations. In the sample plots the average height of
vital birch stands is between 5 and 20 m at the modal value of HD™ ratio 1.5
(Fig. 3.2).

In different Kraft classes the HD™ ratio argues also against the
significance of higher HD™ values as an indicator of increased risk. Taller trees
(Kraft class I-II) with longer crowns have lower HD™" values than the trees of
Kraft class III.

The biometrical analysis of the data shows the differences among the
modal values of HD™ ratio to be significant even for the trees in proximal Kraft
classes. There is a pronounced negative correlation between hd™ and the diameter
or height of a single tree in heavily thinned stands (to 1500 trees ha™ at Hy=3.0 m)
where the social status (Kraft class) of the trees cannot as yet be determined. Even
if the hd™ ratio showed imminent threat of snow damage, (Fig. 3.3.) suppressed
and less valuable trees or those of Kraft class III would be the ones most likely to
suffer from snow damage. In such a case the snow would simply assist in thinning
of the stand.

Next to highways one can often see birches damaged by snow. Quite
often snow-damaged birches are also found in some bio-groups inside the stand.
In similar case closeness to the forest edge is the major factor responsible for
snow damage. As light-demanding species, the birch stems lean towards an open
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space, and the crowns lose symmetry and can easily suffer damage even in a light
snowfall. The results of the research show that also the trees in heavily thinned
stands can develop slender stems and symmetrical crowns over the season of early
spring or the beginning of summer. It contributes also to the survival of trees
during the winters to come. Thus, the assumption that heavily thinned birch stands
are more susceptible to snow damage is believed to be groundless.

The major objective of pre-commercial thinning is to provide a maximal
volume growth of the dominant stand. However, the stem quality is of no less
importance. In the young and medium aged stands the self-pruned portion of the
stem is an indicator of its quality. The correlation between self-pruned part of the
stem and the mean height of the stands thinned in 1999 is displayed in Figure 3.4.
The figure shows that in order to get more stems with high quality the diameter
and height increment already in young stands should be favoured.

The interdependence between the crown length, the self-pruned stem
portion, and the standing volume were analysed for two different samples:
D3m<Hy<6m;2)9Im<Hy;<12m.

In the first sample (1500 trees ha' < Ny < 5000 trees ha™'), there is a
negative correlation (r = -0.98) between the crown length and the number of
remaining trees after thinning. Increasing the number of trees by 1000 trees ha™
reduces the crown length by 1.0 m. In the second sample, the reduction of the
number of the trees has no significant influence on crown length (r = -0.13). The
mean crown length within this sample is 5.4 m.

The correlation between the number of trees Ny and the length of the self-
pruned stem portion is less regular: r = +0.82. Increasing the number of trees by
1000 increases the self-pruned portion of the stem by 0.1 m only. It is worth
mentioning that at Ny = 1500 trees ha” the mean length of the self-pruned stem
portion is as high as 9.0 m, and 9.5 m at N, = 5000 trees ha™. Thus, it confirms the
assumption that self-pruning is a genetic and regional particularity and to a lesser
extent affected by the stand density. It confirms also the assumption stated by
Maike P. (1952) — there is no correlation between the number of the trees in the
stand and the length of the self-pruned part of the stem.

The data from the sample plots recorded in 2002 and 2006 show that
there are no regional differences in stand parameters — mean height and length of
branchless part of the stem (Fig. 3.5.). Most likely, self-pruning is a process
influenced by different particularities of the populations within the region.

Preventing the competition among the trees within the stand and the
formation of understorey can increase the total standing volume (Fig. 3.6., A). In
the period between 1994 and 2002 the volume difference AV has a strong
correlation with initial number of the trees Ny: r = -0.99. It means that reducing the
number of the trees in the main storey by 1000 (1500 trees ha' < N, <
< 5000 trees ha™') increases the volume difference by 1.5 m® ha per year. During
the observation period the volume difference was 4.68 m’ ha' per year
(N = 5000 trees ha™) and 9.93 m® ha per year (Ng = 1500 trees ha™'). Stands
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with a high initial density show a very seldom analysed paradox — the volume
difference does not change for several years — the annual increment “disappears”
in formation of the understorey.

At the moment of height increment culmination (age 15-20 years) a
statistically significant correlation (r = +0.65 at ryos = 0.58) between the initial
number of the trees and the height increment is observed. Though, it does not
mean that trees in a denser stand grow better than in sparser stands. At that time,
the number of the trees in the main storey decreases rapidly. Leaving larger
number of the trees after the thinning in 1991 has not made the stand growing
better, but the formation of understorey has been significant. The analysis of
Forest resource monitoring also confirms this assumption.

The fact, that the stand parameters do not differ significantly in older
stands (9 < Hy (m) < 12), irrespectively from the thinning intensity, allows
concluding that thinning can not influence the volume difference in these stands.
Reducing the number of the initial number of trees by 1000 the volume difference
increases only by 0.5 m® ha per year (Fig. 3.6., B).

The decision of the advisability of thinning of the stand should be made
in connection with the possible income from this silvicultural treatment. It means
that thinning in a stand with Ny from 9-12 meters will be possibly non-profitable
because the volume difference of the trees left after the thinning will not cover the
investments for the thinning. From the other side, the competition between the
trees in an unthinned stand is also not advisable.

The analysis of the data from Forest resource monitoring regarding the
growth of the birch stands confirms the above stated assumption about the
necessity of formation of sparse birch stands. The current annual increment
correlates positively with initial number of the trees. In the stands with density of
2000 trees per ha and more, stagnation of this parameter is observed.

The volume difference of a single tree during four years’ observation
period is significantly larger is stands with density about 1500 trees per ha, which
is advisable initial stand density.

All the conclusions drawn in this chapter fully confirm the hypothesis
stated by several researchers before. Thinning of the birch stand at the age of
30-50 years gives no positive influence on the residual stand, but thinning down to
1000 tress per ha will ensure the largest current annual increment. Early and
intensive thinnings ensure the formation of strong crowns in the residual stand.

Not so equivocal conclusions can be made based on the analysis of data
gained from stands established on abandoned agriculture lands. Stand density does
not influence the mean diameter, even if the stand is sparse. The explanation could
be that these stands are selected from the data basis of Forest resource monitoring.
Data available in these data bases are static do not represent any growth dynamics
because no re-measurements are made yet.

Data from the Forest resource monitoring was analysed to study the
influence of other tree species’ admixture in birch stands on growth of these
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stands. During this study, 20-40 years old birch stands were selected from the data
base. No significant differences between the stand parameters in private and state
forests were found. The impact of the admixture of different tree species on the
current annual increment of birch is shown in table 3.1. All tree species influence
the current annual increment of the birch negatively. The correlation coefficients
show that pine has the most negative influence on the current annual increment of
20-40 years old birch (r = -0.35). This means that the formation of birch-pine
stands should be avoided, if the optimal current annual increment is to be reached.
This confirms the assumption stated by researchers of LSFRI “Silava”, that larger
annual increment is observed in pure stands.

To analyse the stand parameters of birch stand at the end of rotation
period (age 70 years and more), birch stands of this age were selected from Forest
resource monitoring data bases. The difference of the parameters was not
significant between state and private forests. The correlations between the
admixture tree species and the total standing volume of the main storey
(Table 3.2.) show that any admixture influences the total standing volume
positively, which is opposite observation to others published before. Obviously,
there are different reactions of sun-demanding conifers and sun-demanding
deciduous tree species to the admixture of other tree species.

3.2. The stem quality of birch stands in Latvia

The market relations define a following rule — the demand and price is
higher for a better quality timber. The indicators of high quality birch veneer log
are following:

e absence of branches;
absence of scars;
minimal diameter without bark — 20 c¢m;
minimal length — 2 m;
maximal taper — 1%;
maximal deviation from a regular circle in the middle of the log — 2 cm.

During former studies, 760 birch stems in 38 temporal sample plots were
exactly measured with the aim to estimate the amount of high quality birch veneer
logs in the stand. The analysis of these data provided the opportunity to estimate
the quality of each birch stand in Latvia using simple parameters in a following
equation:

KV%=0.59D+0.89 H- 13.8 2),

where 18 cm <D <34 cmand 17m<H <28 m.

This equation can be used to define the localisations of the birch stands
with highest and lowest quality. The results show that quality index KV% varies
from 8-45 % and the mean outcome of high quality veneer log is 27.7 % from the
total standing volume of the birch stand.

The equation presented before is used also to estimate the outcome of the
veneer logs in the stands selected from the data bases of Forest resource
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monitoring. The analysis show that there is a significant difference between stands
in eastern and western part of Latvia (p=0.034), but there is no difference in the
outcome of high quality veneer between state and private forests (p=0.41).

According to the results of Forest resource monitoring data analysis, the
average outcome of high quality veneer logs is 33 % + 0.8, the parameter varies
between 20 and 43 percent. This result corresponds with the results gained from
analysis of 760 birch stems. The outcome of high quality veneer is higher in
eastern part of Latvia. That confirms the overall assumption that the quality of
birch stands is lower in western part of Latvia.

In further analysis the data from 760 birch stems in two samples —
260 stems from stands on dry mineral soils and 200 stems from stands on wet
minereal and drained soils — was used. The mean breast height diameter Dy 3 in
first sample was significantly larger than in second sample, 34.7 cm and 32.9 cm
respectively. Similar relation was also observed regarding the mean height in both
samples. The relations between breast height diameter and height in both samples
are shown in Fig. 3.7. Trees with equal diameter are significantly shorter and more
taper in forests on wet mineral and drained soils.

The analysis of the stem form includes the study of the parameters of the
lower log 0.0-0.5 m. 30.2 cm < Dy < 73.0 cm in the forests on dry mineral soils
(average Dy =48.2 cm) and 26.6 cm < Dy < 63.0 cm (average Dy = 45.5 cm) in the
other forests (on wet mineral and drained soils). The difference is significant
between the groups. The biometrical analysis of the diameters of the cut shows
that only 1 % of the trees are having Dy > 62 cm.

There is an opinion that it is necessary to analyse the lower log more
precisely because of its taper and relatively large volume. In this study, the
difference between diameters dy and dys varies a lot — from 2 mm to 27 cm. The
taper of this log has but a weak correlation with breast height diameter and height;
rq = -0.58 and r, = -0.37 in forests on dry mineral soils and rqy = -0.32 and
r, = -0.37 in other forests (roos = 0.13). The taper of the lower log can be
calculated with simple regressions:

1) in the forests on dry mineral soils: dy-dgs = 30.95 — 0.387 dy3— 0.269 h
(R=0.60 and n =260);

2) in the other forests: dyp-dys = 25.93 — 0.158 d;3 — 0.413 h (R = 0.40
and n = 200).

It means that:

e the taper of the lower log is larger for shorter and thinner trees, i.e., it
is advisable to have birch stands with thicker stems, because the taper will be
smaller is these stands;

o the taper of the lower log is a parameter calculable on low credibility
level, if the breast height diameter and height are used as parameters; the
credibility is even lower, if the mean taper of the log using mean parameters of the
stand is calculated (R = 0.42, n = 23).
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e it is advisable to use the probability to estimate the taper of the lower
log; more likely, it is 10.0 cm on 0.5 m, but 5 logs from 100 may have taper
smaller than 1.0 cm or larger than 18.0 cm.

The average volume of the lower log is 0.074 m’, or 6.2% of the volume
of the stem in the forests on dry mineral soils and 0.066 m® or 6.3% in the other
forests. At the same time, the volume of the lower log is 20% of the volume of the
first 4 meters long log.

The data available from this study provides an opportunity to calculate
the optimal length of the logs before peeling them in veneer factory. Three
variants of cutting the log were chosen for further analysis: 1) 1.5 m long log from
the lower part of the stem; 2) 2.5 m long log from the lower part of the stem;
3) a combination of 1.5 and 2.5 m long logs from the lower part of the stem.
Statistical and correlative analysis of the data from all three variants was
performed. It should be mentioned that the length of the log in all three variants
was chosen according to the cognitions of the experts of veneer factory “Latvijas
Finieris”.

Lower log 0.0-1.5 m

There are significant differences between following parameters of the
log: the volume of the log in forests on dry mineral soils and other forests
(0.179 and 0.158 m’); the total volume of the cylinder created from the log
(0.123 and 0.107 m’) and the amount of the cutting residuals (0.056 and
0.051 m®). The differences between relative amount of cutting residuals an taper in
both samples were not significant (32.4 and 32.9% ; and 14.4 and 13.8 cm).

Analyzing the data correlations, it is possible to draw conclusions about
most appropriate regression equations that could be used to calculate one or
another necessary parameter. The correlation matrix confirms a quasi self-evident
fact that the taper of the analyzed log (dy-d, 5) is determined mainly by the taper of
the lowest (dy-dps) half meter long part of the log. There are significant
correlations between important parameters of the veneer log (log volume, volume
of the cutting residuals, m’, percentage of the cutting residuals, %) and breast
height diameter of the stem. There is almost functional relationship between the
actual volume of the log (sum of the three half meter long sections) and the breast
height diameter of the stem (r=0.97 in the forests on dry mineral soils and r=0.95
in the other forests). There is a comparatively large dispersion in the correlation
between the total volume of cutting residuals (m®), as well as the relative volume
of the cutting residuals (%) and the breast height diameter of the stem. Developing
multiple regression equations and including there also the stem diameter the
credibility of the model is somewhat increased.

Most likely, e.g., at the mean tree diameter d=0.35 cm and mean tree
height A=27 m, the logs in the forests on dry mineral soils are insignificantly (only
by 0.006 m®) more voluminous than in the other forests. It means that the growing
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conditions can affect tree height and diameter but do not have impact on the
volume of veneer logs that are cut from the trees of the same diameter and height.

At the mean values d=35 cm and #=27 m the volume of the cutting
residuals in the forests on dry mineral soils is 0.057 m’, in the other forests —
0.056 m’, the impact of the growing conditions is most likely insignificant. For the
trees of smaller dimensions (d=30 cm, A=26 m) the volume of the cutting
residuals in the forests on dry mineral soils is 0.051 m® but in the other forests —
0.046 m’. For the trees of greater dimensions (d=40 cm, h=29 m) the lower log is
a little more cylindrical in the forests on dry mineral soils: the volume of the
cutting residuals is 0.063 m’ and 0.065 m’, respectively.

At d=35 cm and h=27 m the relative amount of the cutting residuals in
the forests on dry mineral soils is 32.6% but in the other forests — 32.2%. It means
that one third of the volume of the lower log is cutting residuals, irrespectively of
the growing conditions.

Lower log 0.0-2.5 m

In the aspect of veneer log statistics it must be mentioned that for all
460 trees 2.5 m from the stump cut diameter is greater than 22 cm, consequently
all trees are morphologically suitable for the veneer logs of this length. Birches
from the forests on dry mineral soils have slightly larger taper (dy-d,s) but the
difference is not statistically significant: tgy, = 1.79<tyos = 1.96.

Also the relative amount of the cutting residuals does not differ
significantly. It is almost equal in the forests on dry mineral soils and the other
forests (33%) and rather similar to the cutting residuals’ percentage of the
0.0-1.5 m long log. However, in the forests on dry mineral soils the mean volume
of the log is significantly greater (0.266 and 0.234 m’), the same is true for the
cylinder volume (0.183 and 0.157 m®) and the volume of the cutting residuals
(0.084 and 0.077 m®).

The material characterizing mutual correlations shows that it would be
useful to develop appropriate regression equations for the calculations of the
actual volume of the log and the volume of the cutting residuals, %, but, unlike to
the 1.5 m long log, the relative amount of the cutting residuals should be evaluated
only as a probability for there is but a weak correlation between this indicator and
the breast height diameter and tree height: in the forests on dry mineral soils
r=-0.35 and -0.24, but in the other forests r= -0.16 and r=-0.15. Like before, in
both samples there is a strong correlation between the breast height diameter and
the log volume, which allows using these indicators in the calculations.

At already before used mean parameters d=35 cm and A=27 m in the
forests on dry mineral soils the volume of the log is 0.259 m’, in the other forests
-0.264 m’.

Like before the difference 0.005 m’ is insignificant, yet it reflects the trend that in
the forests on dry mineral soils the taper of the birch stems 2.5 m from the stump
cut can be slightly larger than in the other forests. As mentioned before, with these
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mean d and & parameters 1.5 m long log was slightly more voluminous in the
forests on dry mineral soils.

At d=35 cm and h=27 m the volume of the cutting residuals in the forests
on dry mineral soils is 0.0867 m’ for every log but in the other forests —
0.0827 m’. It confirms that with these stem parameters the cutting residuals
constitute 33% of the log volume for the trees cut in the forests on dry mineral
soils and 31% of the log volume in the other forests. A comparatively high
biometrical credibility of the equations allows using them also in the evaluation of
other situations considering the limitations for d and /4 stated before.

Combination of two logs (0.0-1.5 plus 1.5-4.0 m)

From all the analyzed trees three in the forests on dry mineral soils and
two in the other forests no longer could be included in the analysis because their
diameter at the height of 4 m was less than 22 cm.

The statistics shows that the form of the birch stem between 1.5 m above
the stump cut and the height of 4 m is close to cylindrical - the taper of 2.5 m long
log is only slightly above 3 cm and the differences between the forests on dry
mineral soils and other forests are not significant. The actual volume of 1.5-4.0 m
log in the forests on dry mineral soils is significantly greater than in the other
forests (mean values 0.212 and 0.179 m?). Thick logs in the forests on dry mineral
soils are found more often than in the other forests.

The volume of the cutting residuals (m’) for 2.5 m long log which starts
1.5 m above the stump cut is more than a half less than the volume of the cutting
residuals for the log of the same length which starts exactly above the stump — the
volume of the cutting residuals in the forests on dry mineral soils is 0.039 m’
(for 2.5 m long lower log — 0.084 m’; in the other forests — 0.036 and 0.077 m’,
respectively.

If 4 m long lower part of the stem is processed and cut into two veneer
logs (1.5 and 2.5 m long) the total volume of the obtained cylinders in the forests
on dry mineral soils will most likely be significantly greater than in the other
forests (0.285 and 0.250 m®). The volume of the cutting residuals is greater in the
forests on dry mineral soils (0.096 m® and 0.088 m’) but the relative amount in all
growing conditions is almost equal: 25.8% and 26.4%.

The volume of the veneer logs at d=35 cm and A=27 m in the forests on
dry mineral soils =0.372 m’ and in the other forests ¥=0.370 m’.

If the stem dimensions are smaller than the average, fore example,
d=30 cm and A=26 m, in the forests on dry mineral soils ¥=0.273 m’, in the other
forests ¥=0.277 m’. If the stem dimensions are larger — d=40 cm and #=29 m — in
the forests on dry mineral soils ¥=0.469 m’ and in the other forests F=0.462 m’.
Consequently, if the stem breast height diameter is between d=30 cm and
d=40 cm, both in the forests on dry mineral soils and in the other forests the
volume of the lower part of the stem differs only by some millesimals of the cubic
meter.
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Also this log combination (1.5 + 2.5 m) confirms the results obtained
analyzing 1.5 and 2.5 m long veneer logs separately - at the same stem parameters
the volume of the lower part of the stem is most likely similar.

The results that the volume of the lower log in the forests on dry mineral
soils conforms to the volume of the lower log in the other forests implies that the
stem form of silver birch and downy birch, mainly growing in the other forests is
rather similar.

At the mean stem parameters D=35 cm and H=27 m in the forests on dry
mineral soils ¥,=0.0979 m3 and in the other forests V,=0.0957 m’. it allows to
conclude that processing the logs of average dimensions according to the
schema:1.5+2.5 the cutting residuals give one cubic meter for every ten trees.

At the d=35 cm and A=27 m the relative amount of the cutting residuals
is 25.9% in the forests on dry mineral soils and 25.8% in the other forests, there is
no significant difference between them. Rather small but significant coefficients
of the multiple correlation show that the relative amount of the cutting residuals,
e.g., the proportion between the volume of the cutting residuals, m®, and the total
volume of the veneer logs, has only a small dependence on the changes of the
stand parameters. If the breast height diameter changes by 10 cm, the change of
the relative volume of the cutting residuals is only 3%. The impact of the tree
height change is similar: for 10 m higher trees the relative amount of the cutting
residuals is only by 2% less.

The equations used in this chapter are acquired by describing the
parameters of 260 stems in the forests on dry mineral soils and 200 stems in the
other forests. The correlations are linear and this gives an opportunity to use them
not only for single stem analysis, but also to estimate the average quality
parameters, if the mean diameter, height and number of the trees per ha in the
stand are known. The results will remain true, if the equations will be used in the
stands with 30 cm < D <62 cm and 19 m<H<36 m.

From all above mentioned in this chapter following conclusions can be
drawn:

1. The taper of the lower log 0.0-0.5 m does not differ significantly in the
forests on dry mineral soils and in the forests on wet mineral and drained soils;
more likely it is 10 cm on 0.5 m. The taper decreases, if the diameter at breast
height and height increase. Therefore it is advisable to create stands with long and
thick tree stems;

2. The regression equations developed in this chapter can be used to
calculate following parameters: 1) the volume of the veneer log, m’; 2) the amount
of the cutting residuals, m®; 3) the relative amount of cutting residuals, %. The
mean diameter and height are used as parameters in these equations.
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3.3. The evaluation of the birch stand structure in the frames of Forest resource
monitoring data

From the analyzed sample plots (1051 in total) 405 are located in the
state forests but 646 — in the private forests. Regional distribution of the birch
stands is uneven: the highest amount of the sample plots is found in Western
Vidzeme but the lowest — in Northern Kurzeme regional forestry. In general, there
are considerably less birch stands in the western part of Latvia than in the eastern
part. Most likely it can be explained by the fact that forests in Kurzeme are
relatively younger and, especially in the coastal regions, less fertile. There is
information that at the moment of their maximal distribution the share of birch
forests in Latvia reached even 60-70%, besides during last 1600 years the
distribution of birch can be explained also with the forest fires that occurred
clearing woodland for tillage. In some places in Vidzeme the share of birch had
thus increased even by 20% (Zunde, 1999). It is very likely that these historical
aspects explain the high share of the birch stands in Western Vidzeme regional
forestry (Fig. 3.7.).

Generally there are slightly more birch stands on the drained sites than on
the dry sites. The highest share of the birch stands is in the Oxalidosa site type,
followed by Myrtillosa mel. and Myrtillosa turf. mel. site type. On the most fertile
site types in all growing conditions the share of birch is relatively smaller
indicating that the most fertile sites are occupied by other tree species (Fig. 3.8.).
The evaluation of the growing conditions’ distribution by ownership shows that in
the state forests birch stands on dry mineral soils take up 38% but in the private
forests — 55%. The dominance of the stands on dry mineral soils is mainly
explained by the high percentage of Oxalidosa site type in the private forests —
34% (in the state forests only 21%), resulting from the overgrowing of the
agriculture lands approximately 50 years ago. The age structure analysis within
the site types confirms this connection.

The age structure of the birch stands is uneven both in the state and in the
private forests. Especially in the private forests there is a very high amount of
middle-aged stands but small amount of pre-mature and mature stands. Also in the
state forests middle-aged birch stands dominate. Large part of presently
50-70 years old stands is originated after WWII when many agriculture lands were
left to overgrow with the forest. It is interesting that there is relatively large
amount of young birch stands (till 10 years of age) in the private forests which
most likely reflects the trend to leave the clearings to the natural regeneration,
often with the birch (Fig. 3.9.).

In general, the trend of the age distribution of the birch stands
corresponds well with the information provided by the State Forest service in
2007.

Summarizing the main stand parameters of the birch stands (mean
diameter, mean height, number of trees, standing volume and current annual
volume increment), their changes depending to the age distribution were
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emphasized (Fig. 3.10.). Until now the yield tables described the growth of
30 years old and older birch stands. However, going into detail into the
information presented by these tables it must be concluded that there are
considerable differences from the stand parameters observed in practice.
According to the yield tables, at the age from 20 to 50 years the mean diameter in
the stands of the first site quality class increases from 6 to 21 cm and the height —
from 11 to 22 m. It can be seen from the figure that in 21-40 years old stands both
mean diameter and mean height are at least by 40% greater than the values stated
in the tables.

The second important conclusion is that at the end of the rotation age the
volume of one birch stem is approximately 1 m’, besides every hectare of such
stand still produces around 5 m® wood a year. A question occurs: is it profitable to
cut down a stand still able to produce this quantity? At the same time in all age
classes there are stands where the current annual volume increment is close to
zero. Identification of these stands and their exclusion from the further forestry
cycle is one of the priorities in the future.

The third observation shows that the yield tables used in the forestry
practice very imperfectly describe the growth of young birch stands. Therefore the
research on the growth of the young stands is an important activity.

The stand parameters described above were compared also by the
ownership. In the age group below 20 years there were no significant differences
between state and private forests detected. The largest differences between state
and private birch forests were detected in the age group from 21-40 years. In this
age group the mean diameter and the mean height of birch was significantly
greater in the private forests than in the state forests (p-values of the independent
samples’ t-test 0.000 and 0.020, respectively). However, greater tree dimensions
have no positive impact on the standing volume, as the number of trees in the
private forests is significantly smaller than in the state forests (p-value of Mann-
Whithey U-test 0.001). In the age group of 41-60 years the current annual volume
increment of birch is significantly greater in the private forests (p-value of Mann-
Whitey U-test 0.007). In 61-80 years old stands there were no differences between
the state and private forests but in the state forests with age above 80 years the
number of trees is considerably smaller than in the private forests ( p-value of
independent samples’ t-test 0.027) but the mean height — considerably greater —
(p-value 0.049). It can probably be explained by the site type distribution — in the
state forests there are considerably more birch stands on the drained soils.

Comparing the origin of the stands, it was found out that birch stands
generally regenerate naturally from seed. In the private forests there is a slightly
higher share of the stands that have regenerated naturally from coppice but in the
state forests — a higher share of the planted birch stands. The artificial regeneration
of birch has started only recently, it is confirmed by the age of the planted stands:
21 year in the state forests and 14 years in the private forests.
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The negligible quantity of the planted stands is most likely explained
with the high establishment costs. According to the current information from joint
stock company “Latvijas valsts mezi” the artificial regeneration of one hectare
with birch plants costs approximately 600 LVL; this sum is most likely too high
for the private forest owner.

The analysis of the structure and stand parameters of the birch stands by
growing conditions was carried out. The most rapid changes in the stand
parameters were observed in the age group of 21-40 years when the diameter and
height of the stand is almost tripled but the standing volume and current annual
volume increment increase even 6-7 times compared with the stands with the age
to 20 years (Fig. 3.11.). In the age class from 21-40 years the mean diameter and
mean height of the stand in the forests on dry mineral soils are significantly
greater than in the forests on drained peat soils (p=0.024 and p=0.000,
respectively). The results correspond with the conclusions drawn by Finnish
researchers: the vitality of birch stands is higher on the mineral soils and lower on
the peat soils (Saramdki, Hytonen, 2004). In the following age classes the increase
is no more so rapid but even birch stands older than 81 year still produce
4.6 m® ha” a year in the forests on drained peat soils and 5.2 m’ ha™ a year in the
forests on dry mineral soils (the difference is statistically significant, p=0.049).
This repeatedly casts doubt on the stand age and the target diameter as the only
indicators for the final felling.

The regional analysis of the stand parameters shows that there are no
significant differences in the stand diameter and height, as well as the standing
volume and current annual volume increment between the regions in 1-20 years
old stands. In 21-40 years old stands the mean stand diameter in the Eastern Latvia
is by 2 cm greater (p=0.011) but the mean height — even by 3 m greater (p=0.000)
than in the western Latvia, also the standing volume and the current annual
volume increment is greater in Eastern Latvia (p=0.033 and p=0.005,
respectively). In 41-60 years old stands the mean stand diameter and mean height
do not differ significantly but the current annual volume increment is greater in
eastern Latvia (p=0.000).

The proportion of pure and mixed stands changes with age. In young and
middle-aged stands pure stands prevail but the percentage of mixed stands
increases with age and, starting from the age of 61 year the number of mixed
stands exceeds that of the pure stands (Fig. 3.12.). The formation of the mixed
stands is most likely explained by the self-thinning, as well as by thinnings giving
space to the other tree species. It must be mentioned that there were no differences
in the proportion of mixed stands between the state and private forests. It
contradicts with a popular opinion that private forests are managed less carefully
and more valuable conifers are removed from the mixed birch stands more
intensely than in the state forests.

Analyzing the stand parameters — mean diameter, mean height, standing
volume and current annual volume increment — by the age classes separately in
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pure and mixed stands, it was found out that in the age class to 20 years all
parameters are greater in the mixed stands. In the following age classes up to
mature stands the observation is similar, however the current annual volume
increment of birch is by approximately 2 m® ha™ a year greater in the pure birch
stands (Fig. 3.13.) besides the difference is significant (p=0.000). This allows
concluding that the presence of other tree species in the birch stand is not
desirable if the aim is to create a birch stand of maximal productivity. The
admixture trees should be removed not later than at the age of 20-25 years when
the culmination of the current annual volume increment of birch takes place. Thus
the results of the research correspond with the conclusions found in the literature
that birch should be grown in pure stands. Several researchers have stated that the
mixture of light-demanding (e.g. birch and pine) tree species does not improve the
stand resistance against the impact of various ecological factors, nor the current
annual volume increment of both species.

The fact that the standing volume in the mixed stands exceeds that in the
pure stands can be easily explained: according to the method the volume of the
admixture species is added to the volume of birch. To find out what tree species
form the admixture in the birch stands and how they affect the standing volume of
the dominant stand, a more detailed admixture analysis by the age classes was
carried out.

In 1-20 years old stands the average volume of the admixture is
8.9 m’ ha”. The average volume of spruce is 6.5 m® ha™, the averege volume of
grey alder — 10.6 m® ha™', the average volume of black alder — 7.9 m® ha™' and the
averege volume of aspen — 3 m’® ha'. Spruce is the most frequent admixture
species; most likely it can be explained by the fact that young birch stands often
form in unsuccessful spruce plantations — free space in the stand is soon taken by
the pioneer species.

In 21-40 years old stands the average admixture volume is 44.3 m® ha™.
Like before, the admixture is formed mainly by spruce (in 55 stands the average
volume of spruce 24.7 m® ha™). It is interesting that in 29 stands in this age group
admixture is formed by pine, besides the pine volume is considerable —
51.1 m® ha'. As a similar trend can be observed also in the next age class
(41-60 years), it can be concluded that mixed birch stands have originated also as
a result of the browsing that was a large problem in the pine plantations in the
sixties of the previous century. It is clear that the formation of young birch stands
at that time was not a result of intentional forestry practices, the birch stands have
formed as a result of various natural factors.

In the mature and older birch stands the admixture mainly consists of
pine and spruce. The other species have disappeared as a result of the self-thinning
of the stand or removed in the thinnings. It is also possible that fast-growing
species, for example, aspen, can form two generations in one rotation period of
birch.
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The results described in this chapter confirm that the admixture in the
birch stands is undesirable. However, in the case when a small forest property is
managed admixture species can give a regular economical benefit.

4. Main conclusions

1. Young birch stands in Latvia have mainly formed in the place of
unsuccessful spruce or pine plantations or as sub-compartments of these stands.

2. The re-measurement and analysis of previously established permanent
sample plots confirms the fact that higher productivity and better stem quality is
attained if the birch stands are thinned down to the optimal number of trees
(1500-2000 trees ha) in one thinning before the stand has reached mean height
of 12 m. Also the analysis of Forest resource inventory data confirm that the
current annual volume increment in the birch stands is the highest if these stands
are initially formed with the density mentioned above.

3. The admixture in the birch stands has a negative impact on the growth
of the birch; however admixture of other pioneer species and spruce is admissible
in the stand until the age of 60 years. The standing volume is greater in the mixed
stands but the current annual increment of birch is higher in pure stands.

4. In Latvia, there are mature and older stands where the current annual
volume increment is still about 5 m® ha™ a year. Mean stem volume in such stand
is 1 m’. At the same time in all age classes there are also stands of very low
productivity. It casts doubt on the rotation age and target diameter as the only
indicators for the final felling and motivates to study the regularities of the growth
more in detail.

5. Describing the outcome of high-quality veneer logs in the birch stands
of Latvia, an equation was developed which allows forecasting the quality of the
stands in the rotation age. The average outcome of high-quality veneer logs in
Latvia is 33%=0.8%, the range is from 20 to 43%.

6. Regression equations have been developed and statistically evaluated
allowing to calculate 1) the volume of the veneer logs, m’; 2) the volume of the
cutting residuals, m’; 3) the relative amount of the cutting residuals, %. These
values are calculated using the mean diameter and height of the stem or the stand
if the timber in following distances from the cut are processed: 0.0-1.5 m,
0.0-2.5 m, 0.0-1.5 plus 1.5-4.0 m. At equal tree diameter and height these
parameters do not differ significantly in forests on dry mineral soils and other
forests.

7. The outcome of high-quality veneer logs is lower in Western Latvia
than in Eastern Latvia, confirming the lower quality of birch stands in Kurzeme.
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