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1. Darba visparigs raksturojums

1.1.Temas aktualitate

Eiropa pedgja laika arvien plasak izmanto meza apsaimniekoSanas metodes, kas
ietver dabisko traucgjumu rezimu imitaciju. Sobrid ari Latvija pieaug diskusijas par
kailcirSu saimniecibas izraisitajam parvertibam ainava. Daudzos gadijumos no
sabiedribas puses ka alternativais variants tiek piedavats cirst mezus ar nekailcirSu
metodem. Pakapenisko cirSu pielietoSana sava zina ir ekonomisko, ekologisko un socialo
meza apsaimnieko$anas pretrunu kompromisa risinajums.

Latvija pakapeniskas cirtes pédgja laika visbiezak veiktas platibas, kur atbilstosi
normativajiem aktiem bijusi aizliegta kailcirte vai arT mezaudzu masivos ar lielu
pieauguso audzu Tpatsvaru, ka arT privatajos mezos. Jaatzimée, ka kailcirte ir aizliegta
9,9% priezu audzu, lidz ar to §Ts audzes var apsaimniekot ar pakapeniskajam cirtém vai
izlases cirtem. Atbilstosi speka esosajiem normativajiem aktiem Sobrid reali ir iesp&jama
tikai otra alternativa. Toméer paliek jautajums, vai ir iesp&jams saglabat priedi ka valdoSo
sugu audz€, izmantojot izlases cirtes, it seviski augligakos meza tipos un nemot vera, ka
priede ir gaismas prasiga suga.

Manipulgjot ar audzes parametriem, var regulét gaismas reZimu, lai sasniegtu audzes
apsaimnieko$anas merkus, kas Istenojami, kontrolgjot aizz€lumu un atjaunojusos kocinu
augSanu. Ideala gadijuma mezkopis varétu izvéléties audzes atvéruma lielumu, zinot
optimalos augsanas apstaklus konkrétajai koku sugai un tadgjadi ietekmgjot turpmako
audzes sugu sastavu (Messier et al.,, 1999). Viens no lielakajiem nezinamajiem ir
zaud&jumi, kas rodas, samazinoties kocinu augSanai saistiba ar malas ietekmes efektu
nelielos audzes atvérumos. Noskaidrojot dabiskas atjauno$anas sekmigumu, atkariba no
izmantotas cirtes tehnologijas, ka arT palikuSo koku papildus pieaugumu, iesp&ams
novertet pakapenisko cirSu izmantosanas efektivitati.

Latvija pakapeniskas un izlases cirtes plasak ir pétitas pagajusa gadsimta vidd
(Kundzins, 1949; Zviedris, 1949; CyHa, 1957; Stina, 1958; Zviedris, 1960; Igaunis, 1960;
Igaunis, 1961). 20. gadsimta beigas LVMI ,,Silava” pétnieka J. Dona vadiba uzsakti
nekailcir§u problematikai veltiti p&tfjumi un So promocijas darbu var uzskatit par vienu
no $o pétfjumu rezultatiem.

1.2. Darba mérkis

P&tijuma mérkis ir noskaidrot vienlaidus un grupu pakapenisko cirSu piemérotibu
izmantoSanai priezu audz€s sausienu meza tipos Latvija.

1.3. Darba uzdevumi

Merka sasniegSanai izvirziti sekojosi petnieciskie uzdevumi:
e priedes atjaunoSanas sekmiguma analize péc vienlaidus pakapeniskas cirtes
priezu audzges;
¢ priedes atjaunosanas izvertgjums pec grupu pakapeniskas cirtes;
e audzes paliekos$as dalas atsauces reakcijas dinamikas analize.



1.4. Darba hipotéze

Promocijas darba ir izvirzitas sekojosas p&tnieciskas hipotézes: 1) pie noteikta priezu
audzes skérslaukuma, koku skaita vai atvéruma lieluma péc pakapeniskas cirtes, var
prognozget atjaunojusos priezu skaitu un augstumu; 2) pakapeniskas cirtes inici€ papildus
picauguma veidoSanos palikusajiem kokiem.

1.5. Zinatniska novitate
Peédgjie nozimigakie petijumi par pakapeniskajam cirtém Latvija veikti pagajusa
gadsimta vidii. Lidz $im plasak nav petita atvérumu lieluma un attaluma lidz atvéruma

malai ietekme uz dabisko un maksligo atjaunosanu, ka ari palikuso koku papildus
piecaugums pec pakapeniskajam cirteém priezu audzes.

1.6. Promocijas darba struktiira un apjoms

Promocijas darba struktiira ir pakartota darba uzdevumiem. Pirmaja nodala analiz&ta
literatiira un iepriek§ veiktie p&tijumi saistiba ar promocijas darba tematiku. Otraja
nodala aprakstitas darba izmantotas metodes un materiali. Tre$aja un ceturtaja nodala
izklastiti petijuma iegiitie rezultati un no tiem izrietoSie secinajumi. Tresaja nodala, kas
satur piecas apak$nodalas, analiz&ts priedes atjaunoSanas sekmigums péc vienlaidus un
grupu pakapeniskas cirtes priezu audz€s. Ceturtaja nodala, kas satur divas apak$nodalas,
analiz€ta audzes paliekosas dalas atsauces reakcijas dinamika. Darbu noslédz
nozimigakie secinajumi un praktiskas rekomendacijas.

Promocijas darba apjoms ir 113 lappuses, informacija apkopota 13 tabulas, 59 att€los
un 2 pielikumos, izmantoti 201 literattiras avoti. Darba nosléguma formuléti 7 galvenie
secinajumi un sniegtas 4 praktiskas rekomendacijas.

1.7. Zinatniska darba aprobacija

Publikacijas par darba temu

1. Zdors, L., Donis, J. (2011). Gaismas rezims vienlaidus un grupu pakapeniskajas
cirtés. Mezzinatne, 57, 41.-57. Ipp. (AGRIS; CAB Abstracts)

2. Zdors, L., Donis, J. (2012). Malas ietekmes novértéjums uz staditas egles augSanu
dazada lieluma audzes atvérumos. Mezzindte, 59, 20.-40. Ipp. (AGRIS; CAB
Abstracts)

3. Zdors, L., Spepsts, G., Donis, J. (2014). Dabiskas atjauno$anas noveértgjums priezu
audz8s atkariba no audzes atvéruma lieluma. No: Meza fakultates zinatniski
praktiska konference, veltita augstakas mezizglitibas 95. un Meza fakultates 75.
gadskartai 2014. gada marta Jelgava. Tezes. Atbildigais par izdevumu emer.
profesors L. Lipins, Jelgava, LLU, 2014, 25.-28. Ipp.

4. Zdors, L., Spepsts, G., Donis, J. (2014). Natural regeneration 3 years after forest fire
and after uniform shelterwood cutting in pine stands. In: Kangur, A., Metslaid, M.,
Mose, W. K., Trei, P. (eds.) Book of abstracts: International conference Forest
landscape mosaics: disturbance, restoration and management at times of global
change, Tartu, Estonia 11-14 August, 2014. Transactions of the Institute of the
Forestry and Rural Engineering, Estonian University of Life Sciences, 40. 140.
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5.

Zdors, L., Donis, J. Evaluating the Edge Effect on the Initial Survival and Growth
of Scots Pine and Norway Spruce After Planting in Different Size Gaps in
Shelterwood. Baltic Forestry. Izskatits publicé$anai 2016, 22(1) (CAB Abstracts;
Scopus; Web of Science, Thompson and Reuters)

PublicéSanai iesniegtie raksti

1.

Zdors, L., Spepsts, G., Donis, J. Additional stem volume increment after group
shelterwood cutting in Scots pine stands in Myrtillosa forest type. Baltic forestry.
Raksts iesniegts publicésanai 30.06.2015.

Daliba zinatniskajas konferences

1.

10.

Zinatniski praktiska konference “Zinatne un prakse nozares attistibai”, 2011. gada
14.-17. marta, MF, LLU, Jelgava, Latvija. Referats: Zdors, L., Sr,lepsts, G., Donis, J.
Dabiskas atjaunosandas un maksligas atjaunosanas novertejums péc pakapeniskas
cirtes pirmda panémiena priezu audzes.

Annual 17th International Scientific Conference “Research for rural development
20117, 18-20 May, 2011, Jelgava, Latvia, Referats: Zdors, L., Spepsts, G., Donis, J.
Uniform Shelterwood Cutting Evaluation in Scots pine Stands.

Zinatniski praktiska konference “Zinatne un prakse nozares attistibai”, 2012. gada
12.-15. marta, MF, LLU, Jelgava, Latvija. Referats: Zdors, L., Sr,lepsts, G., Donis, J.
Malas efekta novértejums uz staditas egles augsSanu grupu pakapeniskds cirtés.
Latvijas Universitates 71. zinatniska konference, Dendroekologijas sekcija, 2013.
gada 31. janvari, Riga, Latvija. Referats: Zdors, L., Donis, J. Malas efekta
novertejums uz staditas egles augsanu dazada lieluma audzes atverumos.

Annual 19th International Scientific Conference ‘“Research for rural development
2013”, 15-17 May, 2011, Jelgava, Latvia, Referats: Zdors, L., Snepsts, G., Donis, J.
Additional stem volume increment after group shelterwood cutting in pine stands in
Myrtillosa forest type.

Zinatniski praktiska konference “Zinatne un prakse nozares attistibai”, 2014. gada
marta, MF, LLU, Jelgava, Latvija. Referats: Zdors, L., Spepsts, G., Donis, J.
Dabiskas atjaunosanas novértejums priezu audzés atkariba no audzes atvéruma
lieluma.

Annual 20th International Scientific Conference “Research for rural development
2014”7, 18-20 May, 2011, Jelgava, Latvia, Referats: Zdors, L., Snepsts, G., Donis, J.
Natural regeneration after uniform and group shelterwood cutting in pine (Pinus
sylvestris L.) stands.

EFINORD/SNS International Conference ,,Forest landscape mosaics: disturbance,
restoration and management at times of global change 2014, 11-14 August, 2014,
Tartu, Stenda referats: Zdors, L., Snepsts, G., Donis, J. Natural regeneration 3 years
after forest fire and after uniform shelterwood cutting in pine stands.

Latvijas Universitates 73. zinatniska konference, Dendroekologijas sekcija, 2015.
gada 5. februari, Riga, Latvija. Referats: Zdors, L., §r,1epsts, G., Donis, J. Malas
efekta novertejums uz staditas priedes augSanu dazada lieluma audzes atvérumos.
International Scientific Conference of the Latvian State Forest Research Institute
Silava "Adaptation and mitigation: strategies for management of forest ecosystems"
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23-24 April, 2015, Riga, Latvia. Stenda referats: Zdors, L., Donis, J. Evaluating the
Edge Effect on the Initial Survival and Growth of Scots Pine and Norway Spruce
After Planting in Different Size Gaps in Shelterwood.

11. Annual 21" International Scientific Conference “Research for rural development
20157, 13-15 May, 2015, Jelgava, Latvia, Referats: Zdors, L., Snepsts, G., Donis, J.
Additional Stem Volume Increment After Uniform Shelterwood Cutting in Pine
Stands.

Daliba projektos, kas saistiti ar promocijas darba téemu

1. Latvijas Valsts mezzinatnes institdts ,,Silava” (2004.—2008.), MeZa attistibas fonda
projekts ,,Nekailcirsu meza apsaimniekosanas modela izstrade”, zinatniskais
asistents. Projekta vaditajs J. Donis.

2. Latvijas Valsts mezZzinatnes institiits ,,Silava” (2011.-2012.), AS ,,Latvijas valsts
mezi” projekts ,,Saimnieciskas darbibas izvertejums izlases cirsu saimnieciba”,
zinatniskais asistents. Projekta vaditajs J. Donis.

2. Materials un metodes

Visparéejs petijjumu objektu raksturojums

Pétijums ierikots kopuma 45 objektos (audzes), kas izvietoti dazados Latvijas
regionos. Tris objekti (Kalsnava; Mezole-42; MeZole-74) ierikoti ka eksperimentalie
objekti dazada lieluma atvérumu ietekmes noskaidroSanai uz dabisko un maksligo
atjaunosanu. So objektu ierfko$ana un uzmérisana ir uzsakta jau pirms cirSanas. Pargjie
objekti ir ierikoti tikai ka novérojumi p&c vienlaidus pakapeniskas cirtes (turpmak VPC)
un grupu pakapeniskas cirtes (turpmak GPC) pieauguias priezu audzés. Sajos objektos
meza platibu apsaimniekotaji ir veikus$i cirtes laika perioda no 1995. gada lidz
2009. gadam. Dala no visiem ierikotajiem objektiem uzmeriti vienu reizi, bet citi - divas
reizes, laika perioda Iidz 16 gadiem p&c cirtes veikSanas. Uzmerisana veikta laika perioda
no 2004. gada lidz 2013. gadam.

Darba uzdevumiem ir izmantoti dazadi objekti un ne visos objektos (viena cir§u veida
ietvaros) ir veikti visi darba uzdevumi.

Dabiskas atjaunoSanas noteik$ana vienlaidus pakapeniskajas cirtées atkariba no
audzes Skérslaukuma un biezuma

Dati ievakti priezu audzés Mr, Ln un Dm. Kopuma uzmeériti 32 objekti.

Objektos ierikoti no viena lidz deviniem 500 m? lieliem aplveida parauglaukumiem
(kopa 161), kuros uzmeriti iepriek$gjas audzes parametri. Parauglaukumu (turpmak PL)
skaits atkarigs no audzes lieluma un koku skaita objekta.

Dabiskas atjaunoSanas novértesanai 500 m? lielajos PL ierikoti 25 m? aplveida
uzskaites laukumi (kopa 424). Dabiskas atjaunos$anas uzskaites laukumu (turpmak UL)
centrs izvietots PL centra un dala gadijumu arT 6 m attaluma uz Z, A, D, R. Uzmeérits
visu to kocinu augstums, kas sasniegusi vismaz 5 cm augstumu.
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Aprekiniem atlastti tikai tie ieprieks€jas audzes PL, kuros nav konstatéti otra stava
vai paaugas koki.

Dati iedaliti divas grupas: 3—5 gadi péc cirtes un 9-12 gadi péc cirtes. Dabiskas
atjaunosanas UL wuzskaitito kocinu skaits parrékinats uz ha, ka arT aprékinats
2000 kocigu ha jeb piecu augstako kocinu UL vidgjais augstums (Hzoo0).

Ka ieprieks€jo audzi raksturojoss elements izmantots PL. Ieprieksgjas audzes PL
aprekinats palikuso koku skerslaukums un skaits uz ha.

Lai noteiktu dabiski atjaunojusos priedes kocinu skaitu uz ha, ka faktorialie lielumi
izmantoti ieprieks$€jas audzes koku $kérslaukums un biezums PL. Aprékinati regresijas
analizes vienadojumi pa meza tipiem un pa peccirtes periodiem. Tada paSa veida analize
veikta ari attieciba uz Haoeo. Lai izlidzinatu atSkiribas, kas radusas dé] dazada
novertésanas perioda péc cirtes, Hoooo aprekinats ka lineari izlidzinats pie bazes vecuma
Cetri gadi (vecuma grupa tris lidz pieci gadi) un desmit gadi (vecuma grupa 9 — 12 gadi).

Dabiski atjaunojuso koku skaita noverte€Sanas aprékinos izmantoto dabiskas
atjaunoSanas UL skaits atSkiras pa péccirtes perioda grupam un meZza tipiem (2.1. tab.).

2.1. tabula / Table 2.1.
Dabiskas atjaunosanas kocinu skaitu regresijas vienadojumos izmantoto datu

raksturojums
Characteristics of the data used in the regression equations of natural regeneration

Peccirtes
periods, gadi /
Period after
cutting, years

Raditaji / Indicators Mr Ln Dm

UL skaits, gab. / Number of
regeneration sampling plots
N intervals, koki hal/ Number of

131 130 84

3-5 120 - 400 60 - 360 60 - 380
shelter trees per ha
; = 2 hal
G intervals, m ?a {lBasaI area of 12 -30 742 5. 45
shelter trees, m? ha
UL skalt_s, gab. / Number of 52 69 70
regeneration sampling plots
- — —
9-12 N intervals, koki hat/ Number of 60 - 260 20 - 200 20 - 280

shelter trees per ha
G intervals, m? hal/ Basal area of
shelter trees, m? ha!

7-31 6-34 3-47

Lai noteiktu kocinu izvietojuma vienmérigumu péccirtes perioda 9-12 gadi,
aprékinats to UL Ipatsvars, kuros konstatéti vismaz 2800 kocini ha™ jeb septini kocini
viena UL. Pazimes Tpatsvara reprezentacijas intervals aprekinats péc ¢ metodes (Liepa,
1974).



Dabiskas atjaunoS$anas noteikSana vienlaidus un grupu pakapeniskajas cirtés
métraja atkariba no gaismas reZima

Lai noteiktu gaismas rezZimu, izmantots fotoaparats (Nikon Coolpix 8400) ar
platlenka (fisheye) fotoobjektivu (FC-E9) un komplektgjosu aprikojumu (Winscanopy
O-Mount).

Fotoattéli iegiti astonos VPC objektos 500 m? aplveida PL centros (kopa 28 atteli).
Ka art Mezole-42 objekta dazada lieluma izcirstos audzes atveérumos (10x10 m,
20%20 m, 20x40 m un 40x40 m) uz dazada lieluma izcirsto atvérumu ZR-DA diagonales,
uznemot att€lus ik péc 7 m (kopa 62 atteli).

Gaismas rezima daudzveidibas raksturosanai audzé izmantota FARkopzy (kopgjas
(tiesas + izkliedetas) fotosintétiski aktivas radiacijas plismas blivums Mol m?2 zem
vainagiem vid&ji diena vegetacijas perioda laikd) un FARy, attieciba (kopgjas
(tiedas + izkliedetas) fotosintetiski aktivas radiacijas pliismas blivums Mol m virs
vainagiem vidgji diena vegetacijas perioda laika), kas iegiita att€lus apstradajot
WinSCANOPY 2006a Pro datorprogramma (www.regentinstruments.com)

Lai novértétu dabiskas atjaunosanas sekmigumu atkariba no gaismas reZima,
aprekinatas linearas regresijas vienadojumi starp kocinu skaitu uz ha un vidgjo augstumu
un gaismas rezimu raksturojoso parametru veértibam (FARkopzv UN FARKop attiecibu). Par
audzes atjaunosanos raksturojoSu vienibu uzskatiti dabiskas atjaunosanas UL ar 2,82 m
radiusu, virs kuru centra veikta fotografésana.

Dabiskas atjaunoSanas noteikSana grupu pakapeniskajas cirtés atkariba no
attaluma lidz atveruma malai

Pétijums veikts Mr (divi objekti) un Ln (pieci objekti), kur veikts GPC pirmais
panémiens. Audzes ir izcirsti relativi vienmerigi izvietoti aplveidigi atvérumi ar diametru
25 — 32 m, nocértot tajos pilnigi visus kokus. Starp izcirstajiem atvérumiem palikusas
audzes dalas nav cirstas, iznemot vienu objektu (ABA), kur nocirsta gan dala pirma stava
koku, gan visas otra stava egles. Saja objekta seSus gadus p&c pirma panémiena veikts
arT otrais cirtes panémiens, paplasinot atvérumus. Citas audz€s otrais panémiens nav
cirsts, iznemot atsevisku v&jgazto koku savaksanu. P&c atvérumu izcirSanas atveérumos
mehaniski sagatavota augsne, dala no objektiem ir veikta arT agrotehniska kopsana.

Katra audz@ ir uzmeriti divi Iidz trTs atvérumi (kopa 17 atvérumi). Cetri no septiniem
objektiem uzmeriti divas reizes. Audze uzmeérita atbilstosi J. Dona (2006) izstradatajai
metodikai. Sakotngji katram izvéletajam atvérumam atrasts aptuvenais centrs un tad no
ta Cetros kardinalajos virzienos (Z, D, A, R) 18 m attaluma no atv€ruma centra ierikoti
aplveida iepriek3gjas audzes uzmérisanas PL (2.1. att.) ar radiusu 12,62 m (500 m?),
kuros uzmerfti iepriek$€jas audzes parametri un fikséts koku izvietojums.

Dabiskas atjaunosanas UL (r = 2,82 m) izvietoti atvérumu centra un 6, 12 un 18 m
attaluma Cetros debespusu virzienos (Z, D, A, R) (2.1. att.). Uzmerits visu to kocinu
augstums, kas sasniegusi vismaz 5 cm augstumu.
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2.1. att. Grupu pakapenisko cirSu objektu ierikoSanas shéma.
Fig. 2.1. Sampling plot layout in group shelterwood stands

Dati iedaliti divas grupas: pirma grupa — satur uzmérijumus, kas veikti tris 1idz piecus
gadus péc cirtes (turpmak teksta — Cetri gadi) un otra grupa — 9-13 gadi péc cirtes
(turpmak teksta — 10 gadi).

Nemot véra atskirigo atvérumu lielumu (25 — 32 m diametra), UL atrodas dazada
attaluma no atvérumu malas. Lai veiktu aprékinus, UL sagrupéti Cetras attaluma grupas
no atvéruma malas.

Veikti I1dz1gi aprékini ka vienlaidus pakapenisko cirSu objektos - pa meza tipiem un
attaluma grupam no atvéruma malas.

Lai noskaidrotu attaluma lidz atvéruma malai ietekmi uz Haooo, Veikta vienfaktora
dispersijas analize datorprogramma SPSS 14. Analize veikta atseviski pa meza tipiem
un péccirtes periodiem. Atskiribu butiskuma novertéSanai starp gradacijas klasém
izmantots Games-Howell tests.

Dabiskas atjaunoSanas noteikSana grupu pakapeniskajas cirtés atkariba no
izcirsta atvéruma lieluma
Pétijums veikts divos eksperimentalos objektos damaks$na meza tipa — Kalsnava

(ieprieksgjas audzes sastavs 8P2E) un Mezole-74 (ieprieksgjas audzes sastavs 6P2B2E).
Jauzsver, ka $ajos objektos sastopama dazada vegetacija, ko raksturo to piederiba
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atskirigam asociacijam, proti, Kalsnava: Pinus sylvestris + Picea abies — Picea abies —
Vaccinium myrtillus + Pteridium aquilinum + Calamagrostis arundinacea -
Hylocomium splendens + Pleurozium schreberi un MeZole-74: Pinus sylvestris + Betula
pendula + Picea abies — Picea abies — Vaccinium myrtillus + Melampyrum pratense +
Calamagrostis arundinacea — Hylocomium splendens + Pleurozium schreberi.
Asociacijas izdalitas p&c dominantu metodes.

Audzes 2006.-2007. gada ziema iezZim&ti un izcirsti dazada lieluma taisnstiirveida
atveérumi 10x10 m; 20x20 m; 20x40 m (izvietojot Z-D vai A-R virzienos — turpmak
teksta 20x40ZD un 20x40AR) un 40x40 m ar minimalo attalumu starp atvérumiem 20 m
(iznemot 10x10 m atvérumiem, kur mazakais attalums starp atvérumiem 10 m).
Starpjoslas starp atvérumiem nav cirstas. Kopuma izcirsti 37 atveérumi.

Kalsnavas objekta (turpmak Kalsnava) 2008. gada izcirstie atvérumi sadaliti
10x10 m kvadratos (2.2. att.) un rudeni uzmeérita dabiska atjaunoSanas dala no
iezim@tajiem kvadratiem, 25 m? aplveida dabiskas atjaunoSanas UL izvietojot to vidi.
Mezoles-74 objekta dabiskas atjaunoSanas UL izvietoti uz ZR — DA izcirtumu
diagonales, 25 m? ap]veida UL izvietojot ik pa 7 m, bet 10x10 m atvérumos — to vidil.
2008. gada kopuma uzmériti 117 UL. UL uzmerits augstums visiem vismaz 5 cm
augstiem skuju kokiem, bet lapu kokiem — getriem lielakajiem kociniem uz 1 m? ar
attalumu vismaz 50 cm vienam no otra.

2013. gada pavasart Kalsnava UL izvietoti tajas pasas vietas, bet Mezole-74 UL
izvietoti p&c tada pasa principa ka Kalsnava. 2013. gada abos objektos uzmérita dabiska
atjaunoSanas 40x40 m lielas necirstajas audzes dalas, aplveida UL izvietojot to centra,
ka art6 muz Z, A, D, R no centra. 2013. gada kopuma uzmeériti 175 UL.

2013. gada pavasart Kalsnava UL izvietoti tajas pasas vietas, bet Mezole-74 UL
izvietoti p&c tada pasa principa ka Kalsnava. 2013. gada abos objektos uzmérita dabiska
atjaunoSanas 40x40 m lielas necirstajas audzes dalas, aplveida UL izvietojot to centra,
ka ari 6 muz Z, A, D, R no centra. 2013. gada kopuma uzmeériti 175 UL. 2013. gada
uzmérits arT kocinu caurmérs pie saknu kakla (turpmak caurmérs) dalai no kociniem.

Veicot dispersijas analizi datorprogramma SPSS 14, ka mainigie izmantoti sekojosi
lielumi — koku skaits, koku augstums un caurmérs priedei, eglei un bérzam. Konstatéts,
ka ir butiskas atskirtbas kocinu skaita un augstuma starp objektiem, 11dz ar to turpmaka
analize veikta atseviski pa objektiem. Par faktoru gradacijas klas€m izmantots vecums
péc cirtes un atvéruma lielums. AtSkiribu butiskuma noveért€sanai starp gradacijas
klasém izmantots Games-Howell tests.
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1 - sakotng&ji ieZimeto 40x40 mkvadratu Nr. / No of initial

rectangular plots (40 x40m)

2 - atjauno$anas kvadratu Nr. izcirstajos atvérumos / No of
lanted plots

- apstadits ar priedi/ planted pine
- apstadits ar egli/ planted spruce

- uzn@rita dabiska atjauno$anas / natural regeneration

2.2. att. Eksperimentalo objektu ieriko$anas un uzmérisanas shémas fragments.
Fig. 2.2. Fragment of experimental test site establishment and survey scheme.

Stadijumu novértéjums grupu pakapeniskajas cirtes

Petijums veikts divos eksperimentalos objektos damaksnt — Kalsnava un Mezole-74.
Mezole-74 objekta 2009. gada pavasarl dala no iezimétajiem kvadratiem apstaditi ar
priedes ietvarstadiem (H=0,085+0,002 m), stadot ieSkeluma vai bedrité iepriek§ no
zemsedzes atbrivotos (0,4x0,4 m) laukuminos. Mezole-74 objekta stadiSana veikta,
izmantojot kvadratveida stadvietu sheému, kur stadvietu Savstarpgjais attalums ir 2x2 m
(25 kocini viena kvadrata), lidz ar to zinams katra kocina attalums lidz izcirsta atvéruma
malai. 2011. gada pavasar1 p&c Ilidziga principa izstaditi priedes ietvarstadi
(H=0,175%0,002 m) arT Kalsnavas objekta. StadiSana veikta, izmantojot kvadratveida
stadvietu sheému, kur stadvietu savstarpgjais attalums ir 1,75%1,75 m (30 kocini viena
kvadrata). Jaatzimée, ka Kalsnavas objekta stadiSana veikta atkartoti, jo vairak neka 85%
no pirmaja stadiSanas reiz€ (2008. gada pavasarl) staditajiem kailsaknu stadiem (4+0)
bija dazadu iemeslu dg] (dzivnieku bojajumi u.c.) aizgajusi boja, vai ievérojami bojati.
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Agrotehniska kopSana veikta katru gadu julija, izpemot otro vegetacijas sezonu
Kalsnava, kad dala objekta kopSana veikta jlinija beigas, bet otra dala — vairakas nedg]as
velak.

Uzreiz pec iestadiSanas kociniem izmerits augstums, kas atkartoti uzmerits katru
rudeni. Kalsnava pec tre$as vegetacijas sezonas uzmérits kocinu caurmérs pie saknu
kakla.

Kalsnava otraja vegetacijas sezona péc audzes izcirSanas (divus gadus pirms
stadiSanas) julija veikta vizuala vegetacijas uzskaite, noveért&jot dalu no kvadratiem.
Novertets zemsedzes augu vidgjais augstums un aiznemtas kvadrata platibas Tpatsvars.

Datu matematiskaja apstrade analizéta kocinu izdzivoSana Kalsnavas un MezZoles
objekta. Analizets arT kocinu augstuma pieaugums un kocinu caurmérs pie saknu kakla
tris gadus péc iestadisanas. Izdzivojuso kocinu izpétei izmantoti visi kocini. Augstuma
pieaugumu un caurméru analizei izmantoti tikai kocini no Kalsnavas objekta, kas
konstateti ka nebojati. Izmantota daudzfaktoru dispersijas analize datorprogramma
SPSS14. Ka ietekmgjosie faktori parbauditi — objekts, atvéruma lielums, sakotngjais
kocinu augstums un attalums lidz tuvakajai malai. Attalums lidz atvéruma malai iedalits
attaluma grupas — 1 m; 3 m, utt. Nemot véra nelielo augstumu un caurméru aprékiniem
izmantojamo kocinu skaitu (lidz trim novérojumiem) gradacijas klasés 5 m 10x10 m
atvéruma un 9 m 20x20 m, tas piesaistitas tuvakajam klasém — attiecigi 3 m un 7 m.
Tapat 40x40 m atvéruma 11 m gradacijas klasei pievienota 13 m, 15 m, 17 mun 19 m
gradacijas klase.

Parbaudot butiski ietekm&josos faktorus, konstatéts, ka kocinu sakotngjie augstumi
butiski atSkiras pa objektiem, tadel turpmaka analize veikta katram objektam atseviski.
Par gradacijas klasi izmantots atveéruma lielums un attalums no atv€ruma malas.
Atskiribu bitiskuma novértéSanai starp gradacijas klasem izmantots Games-Howell
tests.

Paraugkopu aritmétiskajam vidéjam vertibam aprekinata robezkluida, kura ieklauta
Stjtidenta sadalfjuma norméta novirze. Pazimes ipatsvara reprezentacijas intervals
aprékinats péc ¢ metodes.

Palikuso koku atsauces reakcijas novértésana pakapeniskajas cirtés

Pé&tijumam izmantoti objekti, kuros p&ccirtes periods bija vismaz pieci gadi péc cirtes.
VPC koku atsauces reakcijas novertésanai izmantoti 17 objekti: métraja sesi, lana pieci
un damaksni sesi objekti, bet GPC - pieci objekti 1ana. Audzes vecuma noteiksanai un
papildus pieauguma aprékiniem ar pieauguma svarpstu krasaugstuma ieguti radiala
pieauguma paraugi no priedes uzskaites kokiem. UrbSanas virziens izraudzits pec
nejausibas principa attieciba pret debespusém un vainaga klaja atvérumiem. VPC
objektos urbumi veikti vidgji 29 kokiem objekta, bet GPC — 54 kokiem. Kopuma
gadskartu paraugi VPC objektos iegiiti no 496 kokiem, bet GPC — 269 kokiem.

Gadskartu platumi iegiiti, izmantojot iekartu LINTAB IV. Datu pirmapstradei
izmantota datorprogramma TSAP Win Scientific 0.55. Papildus pieaugumu aprékiniem
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izmantota I. Liepas (1996) izstradata metodika. Analiz&jot audzes papildus pieaugumu,
ir izmantota vid&ja koka metode (Liepa, 1996).

Lai apréekinatu papildus pieaugumu, kontrolei izmantotas 39 vismaz 90 gadus vecas
priezu tiraudzés Mr, Ln un Dm. Sajas audzés iegiti radiala pieauguma paraugi no 15 lidz
74 kokiem (kopa no 721 kokiem). Aprékiniem izmantotais retrospekcijas periods —
10 gadi. Katrai vértéjamai audzei atlasiti adekvatie kontroles koki. No kontroles kokiem
atlastti tie, kuru radialais pieaugums retrospekcijas perioda uzradija statistiski batisku
korelaciju r10:0,05= 0,6319 (Pirsona koeficenta kritiska vertiba pie n=10 un 0=0,05) pret
vertgjamo audzu vidgjo radialo pieaugumu. Sakaribai starp atlasito kontroles koku un
vertgjamo audzu videjo gadskartu platumiem izmantots pakapes regresijas vienadojums.
Aprekinato regresijas vienadojumu determinacijas koeficentu vértiba VPC objektiem ir
vismaz 0,81, bet GPC objektiem 0,64. Ietekmes novértésanai katrai audzei aprékinats
ikgad@jais (Tpred) un kumulativais (Kpreq) reducétais krajas papildus pieaugums m® m2
(Liepa, 1996). Tprea aprekina ka blakus gadu kumulativo pieaugumu starpibu. Kpred
iegiits, parrekinot krajas kumulativo papildus pieaugumu uz audzes $kérslaukuma 1 m?.
Krajas kumulativo papildus pieaugumu aprékina ar formulu (Liepa, 1996):

Z¥P = 12732,41 (GH*DP 91 + 92 _ G HapF 19" +¢72), (1)
kur:

Z,]é,p — krajas kumulativais papildus pieaugums, m® ha / cumulative stem volume
additional increment;

v, o, B, @ — no koku sugas atkarigi empiriskie koeficenti / empirical coefficents
depending on tree species (priedei/ for pine: v = 0,00016541; 0.= 0,56582; § = 0,25924;
0 = 1,59689);

t — vides ietekmes vértéSanas intervals (1 < t < 20), gadi / evaluation period of
environmental influence (1 <t < 20), years;

G, Gt — audzes kriiSaugstuma Skérslaukums un ta prognostiska veértiba intervala t
beigas, m? ha! / basal area of stand and predicted values at the end of t period, m? ha:

D2 G

Gt = 2! (2)

D, Dt — audzes vidgjais kruSaugstuma caurmeérs ar mizu un ta prognostiska vertiba
intervala t beigas, cm / stand average diameter at breast height with bark and predicted
value at the end of t period, cm:

D, =D —0,1Z:7, (3)

le;p — audzes vidgja caurméra kumulativais papildus pieaugums, cm / cumulative
additional increment of the stand average diameter, cm;

ng =2u (Z€’+1 ij - Z§'+1 i]{)’ 4)
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u — no koku sugas atkarigs mizas biezuma koeficents / empirical coefficient of the
thickness of the bark depending on tree species (priedei/ for pine — 1,103);

t' — retrospekcijas intervals, gadi / the interval of retrospection, years;
{j— vertejamas audzes gadskartu vid&jo vertibu rinda (mm), kas atbilst laika posmam
t +t'/average width of evaluated stand annual ring data at period t + t', mm;

ij - vertgjamas audze gadskartu korigéto platumu rinda, mm / adjusted width of
annual ring of evaluated stand, mm;

il = nig, ®)

i — adekvatas kontroles gadskartu platums, mm / width of appropriate control
annual rings, mm;

p, n—sakaribu koeficenti, kurus aprékina katrai vért€jamas un kontroles audzes parim
péc intervala t' gadskartu platumiem / calculated equitation coefficients from each pair
of evaluated and control stand according to the width of annual rings at period t'.

H, H: — audzes vidgjais augstums un ta prognostiska vertiba intervala t beigas, mm /
stand average height and predicted value at the end of period t:

H,=H—-Z?, (6)

Z,’f,p - audzes vid&ja augstuma kumulativais papildus pieaugums, m / cumulative
additional increment of stand average height, m:

kp
kp _ HZp (aD+Db)
Zu = u(cD+100) ' U
a, b, ¢ - no koku sugas atkarigi empiriskie koeficenti / empirical coefficients
depending on tree species (priedei/ for pine: a = 0,00016541; b = 0,56582; ¢ = 0,25924).

Lai noskaidrotu kadi faktori ietekm& Kpred p€c VPC, veikta daudzfaktoru analize
datorprogramma SPSS 14. Ka ietekmeétais lielums izmantots katra objekta Kpreq piecus
gadus péc cirtes. Ka fiksetie faktori analizéti — meza tips un Latvijas regions (rietumu,
vidus, austrumu). Ka kovariati analiz&ti — objekta Skérslaukums, izcirsta skérslaukuma
Tpatsvars, audzes vid€jais vecums kriSaugstuma un 2005. gada vétras ietekméto gadu
skaits (ja 2005. gads ieklavas piecu vertejamo gadu perioda).

VPC objektiem aprékinats palikusSo (izretinato) koku Tpred Un Kpred.

GPC objektiem apréekinats audzes nenocirstajas dalas ierikoto PL kopgjais koku Tpred
un Kpred. Lai salidzinatu, vai nenocirsto audzes dalu koku papildus pieaugums ir vienads
neatkarigi no to attaluma lidz atvéruma malai, koki iedaliti divas grupas — koki kas
atrodas tuvak par 7 m no audzes atvéruma malas, un koki, kas atrodas talak par 7 m no
audzes atvéruma malas. Attalums no audzes atvéruma malas, kas atdala izv€leto grupu
robezas, izvelets lidzigs ka péc citos pétijumos konstatétas audzes atvéruma malas
ietekmes zonas 5 m (Donis, 2007) un 8 m (Zdors, Donis, 2012), ka ari iesp&jamas
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ietekmes zonas 0,3 — 0,6 no audzes vidgja koku augstuma (Epmoxun, Cyauuk, 2001).
Katrai grupai atseviski aprekinats papildus pieaugums. Lai aprékinatu Kpreg augs€jo un
apaksgjo 95% ticamibas robezu, ietekmétas audzes vidgjai gadskartu platuma vertibai
pieskaititas vai atnemtas 2 standartklidas un veikts atkartots Kpreq parrékins. Turpmak
teksta ir minéts audzes nenocirstas dalas Tpres UN Kpred, Un koku, kas atrodas tuvak par
7 m no atvéruma malas un talak par 7 m no atveruma malas, Tpred Un Kpreq.

Noverteta arT 2005. gada vetras ietekme uz papildus pieaugumiem un gadskartu
platumu izmainam.

3. Audzes atjaunoSanas sekmiguma analize

3.1. Dabiska atjaunoSanas vienlaidus pakapeniskajas cirtés atkariba no audzes
Skérslaukuma un biezuma

Mgétraja gan Cetrus gadus, gan desmit gadus péc cirtes sakaribas starp atjaunojusos
kocinu skaitu un ieprieksgjas audzes koku skaitu vai Skerslaukumu ir lielakoties
negativas, bet Hoooo sakaribas ar iepriek$€jo audzi raksturojoSiem parametriem — tikai
negativas (3.1. tab.). Visos gadijumos sakaribas ir vajas un nebttiskas ( p > 0,05). Lidz
ar to nav iesp&jams prognozeét atjaunojusos priezu skaitu Mr, izmantojot vienkarsi
nosakamus taksacijas raditajus, ka ieprieksgjas audzes koku skaitu uz ha wvai
$kerslaukumu apskatitajas robezas (N = 60 — 260 koki ha'; G = 7 - 31 m? hal). Ar
pétijuma Somija konstatéts, ka apgaismojuma daudzums pozitivi korelé ar kocinu
augSanas parametriem (augstumu, tekoSo augstuma picaugumu un vidéjo augstuma
pieaugumu), bet gandriz nekorel€ ar kocinu skaitu (Pukkala et al., 1993).

Konstatéts, ka ari lana, tapat ka métraja, Cetrus gadus péc cirtes sakaribas starp
dabiski atjaunojusos priezu skaitu vai Haooo un ieprieks$gjas audzes koku skaitu vai
skérslaukumu ir vajas un nebitiskas (3.1. tab.). Savukart desmit gadus péc cirtes
atjaunojusos priezu Haooo vidgji ciesi negativi korele (r = - 0,64) ar ieprieksgjas audzes
koku skaitu un sakariba ir batiska (p = 0,000). Ar $kérslaukumu sakariba, lai gan ir
bitiska (p = 0,001), toméer ir vajaka (r = - 0,40). Atjaunojusos priezu skaits pozitivi korele
ar ieprieksgjas audzes skerslaukumu, un, lai gan sakariba ir butiska (p = 0,046), tomer
vaja (r = 0,24). Nav konstateta sakariba starp atjaunojusos priezu skaitu un ieprieksgjas
audzes koku skaitu.

Damaksni Cetrus gadus péc cirtes sakaribas starp atjaunojusos priezu skaitu un
ieprieksgjas audzes koku skaitu vai Sk&rslaukumu ir vajas un nebutiskas. Savukart
sakariba starp Hzooo un iepriek$éjas audzes koku skaitu ir negativa, vaja (r = - 0,25) un
butiska (p = 0,034). Sakariba starp Hzooo un ieprieks€jas audzes skerslaukumu ari ir
negativa, tomé&r nav bitiska (p = 0,098). Damaksni desmit gadus pec cirtes sakaribas
starp atjaunojusos priezu skaitu un ieprieksgjas audzes koku skaitu vai Skérslaukumu ir
vidgji ciesas (r = 0,57), pozitivas un bitiskas (p = 0,000), bet ar Hao00 — negativas, tomér
nebitiskas (p > 0,05).
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3.1. tabula/ Table 3.1.

Sakaribu statistiskie raditaji starp dabiski atjaunojuSos priezu skaitu (N) un piecu augstako kocinu augstumu uzskaites
laukuma jeb 2000 kocinu uz ha (Hz2o00) un palikusas audzes koku skaitu (Np) un $kérslaukumu (Gp) ¢etrus un desmit gadus

péc cirtes Mr, Ln un Dm

Statistical indicators of equitation’s between naturally regenerated pine number (N) and the five highest tree height per
regeneration sampling plot or 2000 trees per ha (H2o00) and the remaining stand tree number (Np) and basal area (Gp) four and
ten years after felling in Vacciniosa (Mr), Myrtillosa (Ln) and Hylocomiosa (Dm) forest types

Np Gp
Mezatips/ | Statist. Pec 4 gadiem / After 4 | Pec 10 gadiem / After 10 | Péc 4 gadiem / After 4 | Péc 10 gadiem / After 10
Forest radutaji / years years years years
type Statistics
N H2o00 N H2o00 N H2o00 N H2o000
r 0.0053 -0.0004 -0.0337 -0.0118 -0.0553 -0.1422 0.0040 -0.0942
Mr R? 0.0000 0.0000 0.0011 0.0001 0.0031 0.0202 0.0000 0.0089
p 0.952 0.996 0.812 0.935 0.530 0.125 0.978 0.515
r 0.0410 -0.1354 -0.0031 -0.6379 -0.0248 -0.0384 0.2414 -0.3977
Ln R2 0.0017 0.0183 0.0000 0.4070 0.0006 0.0015 0.0583 0.1582
p 0.643 0.153 0.980 0.000 0.779 0.686 0.046 0.001
r 0.0769 -0.2503 0.5738 -0.2149 0.1803 -0.1966 0.5673 -0.1055
Dm R2 0.0059 0.0626 0.3292 0.0462 0.0325 0.0386 0.3218 0.0111
p 0.487 0.034 0.000 0.134 0.101 0.098 0.000 0.466
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Mr 10 gadus péc cirtes pie mazaka pirma stava biezuma konstateti vairak UL, kuros
ir vismaz 2800 kocini ha? (3.1. att.). PL, kur audzes biezums ir vismaz 180 koki ha™,
konstateti 70% UL ar vismaz 2800 kocipiem ha?, bet pie koku skaita
20 — 80 koki ha ' —83%. Ln UL ipatsvars, kur konstatéti vismaz 2800 kocini uz ha
svarstas no 70 — 88%. Savukart Dm novérojama pret&ja situacija ka Mr —ja 1. stava koku
skaits ir 20 — 80 koki uz ha, novérojami tikai 14% UL, kur ir vismaz 2800 kocinu uz ha,
bet, ja 1. stava koku skaits lielaks par 160 kokiem uz ha, “pilno” UL skaits ir 88%.
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m20-80 ®m100-160 m=160 Meia tips / Forest fype

3.1. att. Uzskaites laukumu Ipatsvars ( = Iipatsvara reprezentacijas intervals),
kuros uzskaititi vismaz 2800 kocini ha 10 gadus péc cirtes pirma panémiena Mr,
Ln un Dm atkariba no 1. stava biezuma ( m20-80 koki ha*; =100-160 koki ha'';
utt.).

Fig. 3.1. Proportion of regeneration sampling plots (x95% confidence interval),
where was counted at least 2800 trees ha 10 years after the first stage of felling in
Vacciniosa (Mr), Myrtillosa (Ln) and Hylocomiosa (Dm) forest types in relation with
the shelterwood tree number ( m20-80 trees ha!; =100-160 trees ha?; etc.).

Kopuma var secinat, ka sakaribas starp atjaunojusos priezu Haooo un ieprieksgjas
audzes koku skaitu vai Skérslaukumu ir negativas, un §1 tendence klust izteiktaka,
palielinoties laikam p&c pirma cirtes panémiena, ka arT augligakos meza tipos (Ln, Dm).
Ln un Dm §T tendence ir izteiktaka, jo kocini pie vienada p&ccirtes vecuma ir augstaki
neka Mr.

Dm sakaribas starp atjaunojusos priezu skaitu un ieprieks€jas audzes koku skaitu vai
skérslaukumu ir pozitivas, turklat tendence klust izteiktaka, palielinoties laikam péc
pirma cirtes pan€miena. Ari UL Tpatsvars, kuros novérojami vismaz 2800 kocini uz ha ir
lielaks biezakas vietdas. Savukart sakaribas ar Haoo ir negativas. Lidz ar to var secinat,
ka skrajakas vietas ir mazakas iesp&jas kociniem izdzivot konkur&josa aizz€luma del,
tomér, ja tie izdzivo, tad sasniedz lielaku augstumu neka biezakas vietas. lepriekSminétie
rezultati saskan ar Zviedrija veiktiem pétijumiem augligas augsnés, kur konstatéts, ka
lielaks atjaunojusos kocinu skaits ¢etrus gadus péc cirtes ir audze, kur atstati vairak koki
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uz ha. Sakariba skaidrota ar lielaku nobiruso séklu daudzumu, lénaku graudzalu invaziju,
no ta izrietoSu vél joprojam notiekoSu jauno kocinu paradiSanos un zemo mirstibu
(Beland et al., 2000). Lidz ar to augligas augsn&s ieteikts atstat 200 kokus uz ha (Beland
et al., 2000). Lai samazinatu dzivas zemsegas un pameza attistibu, veicot vienlaidus
pakapeniskas cirtes eglu véri, 1. Igaunis (1961) ieteicis retinat audzi vienmérigi,
izvairoties no laucu veidosanas. Tendenci, ka sakaribas starp atjaunojusos priezu skaitu
un ieprieks€jas audzes koku skaitu vai Skerslaukumu ir pozitivas, bet Haooo sakaribas ar
ieprieksgjas audzes raksturojumu ir negativas, Dm un augligakajos Ln prakse jaizmanto,
pec pirma cirtes panémiena atstajot lielaku koku skaitu vai Sk@rslaukumu uz ha,
salidzinot ar Mr, lai sakotng€ji samazinatu aizz€luma negativo ietekmi. Otrais cirtes
panémiens javeic pec iesp&jas atrak (p&c 3—7 gadiem), jo, lai gan kocinu skaits saglabajas
liclaks biezakas vietas, tomér tie ir ievérojami 1saki.

Jaatzime, ka lielakaja dala analiz€to objektu 9—12 gadus p&c cirtes joprojam nav
veikts otrais cirtes panémiens. Dala objektu nav veikta arT agrotehniska kopsana. Divi
objekti ir nocirsti kailcirté, nesaglabajot paaugu, bet péc cirtes mehaniz&ti sagatavojot
augsni (péc vienlaidus pakapeniskas cirtes augsne netika sagatavota) un veicot priedes
stadiSanu. Tikai viena no objektiem ir veikts cirtes péd&jais panémiens. Tas varétu
nozimét, ka p&c cirtes pirma pan€miena dala gadijumu netiek veikta merktieciga audzu
apsaimniekoSana. Tas ir — netiek sagatavota augsne, netiek veikta agrotehniska kopsana,
ka ar1 savlaicigi netiek retinata vai novakta ieprieksgja audze, lai veicinatu atjaunojusos
kocinu augSanu. Ja S§is darbibas biitu veiktas, iesp&jams, ka dabiskas atjaunoSanas
sekmigums bitu lielaks — butu vairak atjaunojusos kocinu (piem&ram, sagatavojot
augsni) un tie biitu garaki (veicot savlaicigu audzes retinasanu).

3.2. Dabiska atjaunoSanas péc vienlaidus un grupu pakapeniskas cirtes
métraja atkariba no gaismas reZima

Vienkars$as priezu audzes métraja, kuras veikta vienlaidus pakapeniska cirte, var
konstatet, ka labakos gaismas rezima apstaklos (FARkopzv UN FARkep attieciba ir
amplitida no 0,39 Iidz 0,59) ir lielaks kocinu skaits uz ha gan ¢etrus gadus, gan devinus
gadus péc cirtes, tomér sakaribas ir vajas un nebitiskas (r =0,050; p=0,866 un r =0,125;
p=0,669). Ar1 kocinu augstumu sakariba ar FARepv Un FARKep attiecibu ir vaja un
nebitiska (r = -0,020; p=0,945 un r =0,248; p=0,393).

Izvertgjot gaismas rezimu priezu audzg Mr, kura veikta grupu pakapeniska cirte, var
konstatet, ka labakos gaismas reZima apstaklos (FARkoppy Un FARkep attieciba ir
amplitiida no 0,32 Iidz 0,74) ir mazaks kocinu skaits uz ha gan divus gadus, gan piecus
gadus péc cirtes. Divus gadus péc cirtes §1 sakariba ir vaja, tomér butiska (r = -0,277;
p=0,030), bet piecus gadus péc cirtes — vaja un nebitiska (r = -0,183; p=0,158).

Kocinu augstumam piecus gadus pé&c cirtes pirma panémiena ir pozitiva, vaja un
bitiska sakariba (r =0,421; p=0,001) ar FARopzv Un FARqp attiecibu (3.2. att.).

Lai gan var secinat, ka vienlaidus pakapeniskajas cirt€s ir lielaks priedes kocinu
augstums pie lielakam FARkopzv Un FARkop attiecibas vertibam, tomeér §1 sakariba
apskatitaja FARkopzv UN FARyop attiecibas diapazona no 0,29 Iidz 0,59 ir vaja un
nebiitiska. Iespgjams, ka apskatitais diapazons ir parak Saurs un, ja pievienotu datus par
plasaku diapazonu, piemé&ram, datus par skrajakam vietam ar lielaku FARkopzv UN FARKep
attiecibu, sakaribas klitu cieSakas. Tomér arl citos pétfjumos ir konstatéts, ka
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mazaugligas augsnés noteicosais faktors ir nevis gaismas reZims, bet gan attalums lidz
tuvakajam picauguSajam kokam, kas izpauzas ka konkurence p&c mineralvielam un
mitruma (Strand et al., 2006). Savukart veicot grupu pakapenisko cirti mezaudzes uz
mazaugligam augsném, kuras rezultata attalums lidz tuvakajam kokam ir lieclaks neka
vienlaidus pakapeniskas cirtes gadijuma un vienlaikus gaismas rezims kocinu augSanai
ir labaks, kocinu augstuma sakariba ar FARkopzv UN FARKop attiecibu ir, lai gan vaja, tomer
butiska. Uz tendenci, ka pie labakiem gaismas rezima apstakliem tiek veicinata priedes
atjaunojusos kocinu augSana, norada daudzi autori (Pukkala et al., 1993;Valkonen et al.,
2002; Jakobsson, 2005; Strand et al., 2006; Siipilehto, 2006; Cyna, 1957).
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3.2. att. Priedes kocinu augstums Mr atkariba no FARkopzv Un FARKop attiecibas
piecus gadus péc grupu pakapeniskas cirtes MeZole-42.
Fig. 3.2. Pine tree height in Vacciniosa in relation with the total site factor five years
after a group shelterwood cutting in the test site MeZole-42.

3.3. Dabiska atjaunoSanas grupu pakapeniskajas cirtés atkariba no attaluma
Iidz atvéruma malai

Kocinu skaits

Lana Cetrus gadus péc grupu pakapeniskas cirtes mazakais UL ipatsvars (35%), kuros
konstatéti vismaz 2800 kocini ha?, ir zona -5,5 — 0,5 m no atvéruma malas (negativs
skaitlis nozimé, ka UL ir saglabataja audzes dala) (3.3. att.). Visbiezak (75% UL) vismaz
2800 kocini ha? (pilnie UL) konstatéti 9,0 — 10,0 m attaluma no atvéruma malas.
12,5 — 16,0 m attaluma konstateti 50% pilno UL. Desmit gadus p&c cirtes lielakais (42%)
pilno UL 1patsvars konstatets 3,0 — 6,5 m attaluma no atvéruma malas. Citos attalumos
no atvéruma malas konstatéts savstarpgji lidzigs pilno UL ipatsvars — 33 — 35%.
Jaatzime, ka Ln desmit gadus p&c kopSanas vérojama pilno UL 1patsvaru izlidzinasanas,
kas biitu skaidrojams, gan ar bérzu un zemsedzes (avenes, ciesas) konkurenci.
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3.3. att. Uzskaites laukumu ipatsvars ( £ Iipatsvara reprezentacijas intervals),
kuros uzskaititi vismaz 2800 kocini ha™, éetrus gadus un desmit gadus pec cirtes
pirma panémiena Mr un Ln atkariba no attaluma Iidz atvéeruma malai (*— negativs
attalums no atvéruma malas apzZimé to, ka uzskaites laukums atrodas necirstaja audzes dala).
Fig. 3.3. Proportion of the regeneration sampling plots (95% confidence interval),
where was counted at least 2800 trees ha™* 4 and 10 years after the first stage of
felling in Vacciniosa (Mr) and Myrtillosa (Ln) forest types (FT) in relation with
distance to the gap edge (*- negative distance from the edge of the gap means that
regeneration sampling plot was in uncut stand part).

Mr desmit gadus péc cirtes tikai 19% UL, kas atrodas -5,5 — 0,5 m no atvéruma malas,
konstatéti vismaz 2800 kocini ha. Sakot no attaluma gradacijas klases 3,0 — 6,5 m no
atvéruma malas, pilno UL Tpatsvars vismaz divas reizes lielaks neka attiecigajas
gradacijas klasés Ln. Lielakais (94%) pilno UL Tpatsvars, tapat ka Ln, konstatets
3,0 — 6,5 m attaluma no atvéruma malas.

Nosaciti pilnie UL (400 kocini hal) Ln &etrus gadus péc cirtes uzskaititi 60 — 97%
gadijumu. Lielakais nosaciti pilno UL ipatsvars konstatéts 9,0 — 10,0 m attaluma no
atvéruma malas, bet mazakais — intervala no 12,5 — 16,0 m attalumam. Savukart desmit
gadus péc cirtes vismaz 400 kocini konstatéti 32 — 62% UL.

Mr, sakot no 3,0 m no atvéruma malas, visos UL novéroti 400 kocini ha’,
bet -5,5 — 0,5 m attaluma no atvéruma malas — tadu ir 69%.

Kocinu augstums

Kocinu Hoooo Ln Eetrus gadus péc cirtes 9,0 — 10,0 m no atvéruma malas ir batiski
(p <0,05) lielaks neka tuvak atvéruma malai. 12,5 — 16,0 m attaluma no atvéruma malas
kocini ir tikpat augsti ka 9,0 — 10,0 m attaluma — 0,47 m. Tacu lielas datu izkliedes un
neliela novérojumu apjoma dg] bitiskas atSkiribas nav konstatetas. Lidziga situacija ir
noveérojama arT 10 gadus péc pirma cirtes panémiena — kocinu Hogoo 9,0 — 10,0 m no
atvéruma malas ir butiski (p < 0,05) lielaks neka tuvak atvéruma malai, bet 12,5 - 16,0 m
attaluma — atSkiriba nav btiska.
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Mr desmit gadus péc cirtes lielakais Hoooo (0,95 m) novérots 9,0 — 10,0 m attaluma
no atvéruma malas un tas ir bitiski (p < 0,05) lielaks neka tuvak atvéruma malai.

ApsaimniekoSanas reZima ietekme

Lai salidzinatu, vai ir kadas atSkiribas kocinu skaita un augstuma Ln péc grupu
pakapeniskas cirtes dazados apsaimnickosSanas reZimos, atlasiti divi objekti. Analizgjot
datus konstatéts, ka pasakumu kopums — savlaiciga agrotehniska kopsana, saglabatas
audzes dalas izretinaSana un eglu otra stava izcirSana jau pirmaja cirtes panemiena un
savlaicigs otrais cirtes paneémiens ir veids ka nodrosinat sekmigu priedes dabisko
atjaunos$anos, certot grupu pakapeniskas cirtes.

3.4. Dabiska atjaunoSanas grupu pakapeniskajas cirtés atkariba no izcirsta
atvéruma lieluma

Divus gadus péc cirtes

Divus gadus péc cirtes Kalsnava vislabak atjaunojies beérzs, turklat, lielaks kocinu
skaits (parrékinot uz ha) konstat€ts mazakos atvérumos, lai gan bitiskas atSkiribas
kocinu skaita nav novérotas (3.4. att.). Atjaunojusos prieZzu un eglu skaits ir neliels un
bitiski neatskiras starp dazadiem atveérumu veidiem. Tika uzskaititas 150£105 ha
priedes 20x40ZD atvérumos lidz 800+ 283 ha! priedes 2020 m atvérumos.
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3.4. att. Dabiski atjaunojusos kocinu skaits ( & standartkliida) pa sugam dazada
lieluma un konfiguracijas atverumos Kalsnavas objekta divus gadus péc cirtes.

Fig. 3.4. Pine (P), spruce (S) and birch (B) tree number (+ standard error) in
different size and configuration gaps in test site Kalsnava two years after felling.

N, gabha!/
N, trees ha'?!

Divus gadus péc cirtes Mezolg-74 noveérota pretgja situacija neka Kalsnavai. Priedes
un egles atjaunojusos kocinu skaits lielaks neka atjaunojusos bérzu skaits un lielaks neka
Kalsnava visos atvérumu veidos (3.5. att.). Priedes kocinu skaits svarstjas no
360042190 ha 1010 m atvérumos lidz 10267+3159 ha 20x20 m atvérumos. Egles
kocinu skaits svarstijas no 1100+430 hal 20x40ZD atvérumos lidz 10089+3070 ha*
kociniem 2020 m atveérumos. Savukart atjaunojusos bérzu skaits ievérojami neatskiras
no Kalsnava konstatéta — no 8334309 ha' 20x40ZD atvérumos lidz 6356+1616 ha™
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20%x20 m atvérumos. Atskiribas koku skaita starp dazadiem atvéruma veidiem nav
statistiski buitiskas nevienai no sugam.
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3.5. att. Dabiski atjaunojusos kocinu skaits ( = standartkliida) pa sugam daZada
lieluma un konfiguracijas atvérumos MeZole-74 objekta divus gadus péc cirtes.
Fig. 3.5. Pine (P), spruce (S) and birch (B) tree number (£ standard error) in
different size and configuration gaps in test site MeZole-74 two years after felling.

0

Noverotas kocinu skaita atSkiribas starp objektiem visticamak ir skaidrojamas ar
aizz€luma intensitates atskirtbam starp objektiem. Pirmaja gada p&c cirtes atbilstosi
B. Bambes novérojumiem (Donis, 2007) Kalsnava lakstaugu un sikkriimu stava segums
(7 1idz 77%) bija daudz lielaks neka Mezol€ (5 1idz 27%). Lidz ar to Mezole-74 objekta,
iesp&jams, bija daudz labvéligaki sakotn&jie apstakli, lai rastos daudzskaitliga dabiska
atjauno$anas.

Sesus gadus péc cirtes

Kalsnava seSus gadus péc cirtes priezu skaits starp atvéruma lielumiem butiski
neatskiras un svarstas no 19394 ha* 40x40 m atvérumos lidz 1000+258 ha 10x10 m
atvérumos. L1dz ar to var uzskatit, ka priedes atjaunosanas ir nesekmiga. Priedes kocinu
vidgjais augstums un caurmers butiski lielaks 40x40 m atvérumos, salidzinot ar 10x10 m
atvérumiem — attiecigi 0,58+0,05 m un 9,0+1,7 mm pret 0,18+0,04 m un 3,3+0,9 mm.
Turklat arT 2020 m atvérumos kocinu augstums ir butiski mazaks neka 40x40 m
atverumos.

Savukart atjaunojusos eglu skaits ir palielindjies visos atvérumu lielumos. Lielakais
uzskaittto kocinu skaits konstatdts 10x10 m atvérumos 5000+1227 ha™, bet mazakais,
tapat ka priedei un bérzam, 40x40 m atvérumos — 207+78 ha™.

Beérzu skaits pa atveruma veidiem praktiski nav mainijies un joprojam lielaks
atjaunojusos b&rzu skaits ir mazakos atvérumos — 5000+£1227 hal 10x10 m un
1900+£679 ha' 20x40AR atvérumos, bet 40x40 m atvérumos 800+232 hal, tomer
atSkiribas nav biitiskas.
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Sesus gadus péc izcirSanas Mezolé-74 ieverojami samazinajies prieZu skaits visos
atvéruma veidos, kam par iemeslu varétu but sniega skujbire 2011.-2012. gada ziema
(nav detali uzmerita). Atvérumos ar izméru 10x10 m vairs nav nevienas priedes, bet
lielakais kocinu skaits konstatéts 20x40AR atvérumos — 1133+417 hal. Atvérumos ar
izmeru 40x40 m konstatStais kocinu vidgjais augstums un caurmérs ir butiski lielaks
neka 20x20 m atv@rumos — attiecigi 0,40+0,05 m un 7,940,7 mm pret 0,20+0,04 m un
3,7£0,6 mm.

Eglu skaits konstatets [1dzigs ka 2 gadus p&c cirtes, bet dala atvérumu kluvis lielaks.
Uzskaititi no 1950+625 ha ! kocini 20x40ZD atvérumos lidz 16867+6576 ha 20x20 m
atvérumos, tomér biitiskas atSkiribas nav konstatgtas.

Konstatetas atsSkiribas kocinu skaita starp atv€rumiem vairuma gadijumos nav
bitiskas, kas bieZi vien ir izskaidrojams ar neliclo novérojumu skaitu gradacijas klasés
un ievérojamu atSkiribu starp dabiskas atjaunosanas UL. Atskiriba kocinu skaita starp
objektiem un atskiribas objektu ietvaros, salidzinot dazada izm@ra atvérumus, visticamak
ir izskaidrojama ar kocinu digSanai un augSanai piemgrota substrata izvietojuma
atSkiribam. Augsne nav mérktiecigi skarificéta, bet tikai koku cirSanas rezultata
uzirdinata — gazot un parvietojot kokus. Lidz ar to ir izveidojies nevienmerigs piemérota
substrata izvietojums. Mineraliz&ta augsné ir 5 — 8 reizes vairak s€jenu neka vietas, kur
augsnes gatavosana nav veikta (Kamuamaenxo et al., 1991).

Abos objektos sesus gadus pec cirtes kontroles dalas vienas sugas kocinu skaits
neparsniedz 91447 ha'l, 1idz ar to var secinat, ka necirstajas dalas dabiska atjauno$anas
notikusi loti vaji un neatbilst normativajos aktos noteiktajam (Meza atjauno$anas...,
2012).

Kopuma var secinat, ka Dm dabiska atjaunosanas ar priedi notiek salidzinos$i daudz
sliktak neka ar egli. Salidzinot situaciju divus gadus un seSus gadus péc cirtes, gandriz
visos atvéruma lielumos atjaunojusos priedes kocinu daudzums samazinas, bet egles
kocinu daudzums palielinas. Priedes kocinu skaits neatkarigi no atvéruma licluma
6 gadus péc cirtes neparsniedz 1133 ha™.

3.5. Stadijumu novértéjums grupu pakapeniskajas cirtes

Kocinu izdzivosana

Kalsnavas objekta pirmaja rudent p&c iestadiSsanas kopuma bija saglabajusies 96,3%,
bet Mezole-74 objekta 98,9% iestadito priezu. Otraja rudeni péc iestadiSanas
saglabajusos kocinu Tpatsvars pa objektiem jau ieverojami atSkiras — Kalsnavas objekta
bija saglabajusies 90,0%, bet Mezole-74 objekta tikai 56,2% priedisu. Tresaja rudeni péc
iestadiSanas Mezole-74 objekta bija saglabajusies tikai 23,7% kocinu, bet Kalsnavas
objekta joprojam 66,4% iestadito priediSu. Lielaks izdzivojuso kocinu Tpatsvars
Kalsnavas objekta konstatéts 20x20 m atvérumos — 78,7% un 20x40 ZD atvérumos
(76,1%), bet mazaks — 10x10 m atvérumos (51,1%) un 40x40 m atvérumos (64,1%)
(3.6. att.). Savukart MeZole-74 objekta novérojama pilnigi pretéja situacija — vairak
kocinu ir izdzivojusi 4040 m atvérumos (36,4%) un 10x10 m atvérumos 22,7%, bet
mazak 20x40 ZD atvérumos (12,0%) un 20x20 m atvérumos (9,3%) (3.7. att.).
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3.6. att. Staditas priedes izdzivojuSo kocinu Ipatsvars ( & ipatsvara reprezentacijas
intervals) pirmajos tris gados péc iestadiSanas daZada lieluma audzes atvérumos
Kalsnavas objekta.

Fig. 3.6. Planted pine survival (£95% confidence interval) during 3 years after the
planting in the gaps of different size in the test site Kalsnava.
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3.7. att. Staditas priedes izdzivojuSo kocinu Ipatsvars ( + Ipatsvara reprezentacijas
intervals) pirmajos tris gados péc iestadiSanas dazada lieluma audzes atvérumos
MezZole-74 objekta.

Fig. 3.7. Planted pine survival (£95% confidence interval) during 3 years after the
planting in the gaps of different size in the test site MeZole-74.

Kalsnava viena atvéruma lieluma ietvaros lielakais izdzivojuso kocinu Tpatsvars
(vidgji 77,0%) ir 3 metru attaluma no atvéruma malas (3.8. att.). 20x20 m atvéruma
lielaks izdzivojuso kocinu Ipatsvars ir 5 m attaluma no audzes atvéruma malas — 94,4%.
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Tuvak un talak par 3 m no atvéruma malas izdzivojuso kocinu Ipatsvars ir mazaks.
Atverumos ar izméru 20%20 m un 20x40 m mazakais izdzivojuso kocinu Ipatsvars ir 7 m
no malas, bet 40x40 m atvérumos 11 m attaluma no audzes atvéruma malas. 10x10 m
atvérumos 1 m attaluma no malas noveérots mazakais izdzivojuso kocinu Tpatsvars starp
visiem noveérojumiem — 44,1%.
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3.8. att. Staditas priedes izdzivojuSo kocinu Ipatsvars ( = ipatsvara reprezentacijas
intervals) tris gadus péc iestadiSanas atkariba no audzes atvéruma lieluma un
attaluma Iidz audzes atvéruma malai Kalsnavas objekta.
Fig. 3.8. Planted pine survival (x95% confidence interval) at the end of the third
growing season after planting at different distances from the gap edges in gaps of
different size in the test site Kalsnava.

Mezole-74 objekta lielakais izdzivojuso kocinu Ipatsvars konstatéts 1 m attaluma no
audzes atvéruma malas — vid&ji 24,6% (3.9. att.). Tomér 10x40 ZD atvéruma S$aja
attaluma nav konstatéts neviens izdzivojusais kocins, bet lielakais izdzivojuso kocinu
Tpatsvars konstat€ts tiesi vistalak no atvéruma malas — 7 m attaluma (25,0%). Atvérumos
ar izmeru 40x40 m lielakais izdzivojuSo kocinu patsvars konstateéts 9 m attaluma no
audzes atvéruma malas (55,6%). Vid&ji mazakais izdzivojusSo kocinu Ipatsvars konstatets
5 m attaluma no audzes atvéruma malas — 17,9%.

Kalsnava novérojama tendence - jo lielaks ir atvéruma lielums, jo lielaks ir
izdzivojuso kocinu Tpatsvars 1 m un 3 m attaluma no audzes atvéruma malas. Savukart
5 m un 7 m attaluma no atvéruma malas §ada tendence nav novérojama un lielakais
izdzivojuso kocinu Tpatsvars ir 20x20 m atvérumos.

Mezole, neatkarigi no attaluma lidz audzes atv€ruma malai, lielakais izdzivojuSo
kocinu 1patsvars ir 40x40 m atv@rumos. 5 m un 7 m attdluma no audzes atv€ruma malas
pie lielaka audzes atveéruma ir ar1 lielaks izdzivojuSo kocinu Tpatsvars.

Lielaka dala (75,3%) no tre$a gada beigas izdzivojuSajiem kociniem Kalsnavas
objekta konstatéti ka tris gadu laika bojati. Lielaka dala (71%) no bojatajiem kociniem
konstatéti ka sniegliekti. Mezole-74 objekta ka bojati konstatéti 56,3% kocinu. Tapat ka
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Kalsnavas objekta lielaka dala (39%) bojato kocinu ir sniegliekti. Lielais sniegliekto
kocinu ipatsvars iesp&jams izskaidrojams ar to, ka kocini nepictickosa gaismas reZzima
apstaklos ir izstidz&jusi un tos ir vieglak noliekt.
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3.9. att. Staditas priedes izdzivojuSo kocinu Ipatsvars (  Ipatsvara reprezentacijas
intervals) tris gadus péc iestadiSanas atkariba no audzes atvéruma lieluma un
attaluma lidz audzes atvéruma malai MeZole-74 objekta.

Fig. 3.9. Planted pine survival (x95% confidence interval) at the end of the third
growing season after planting at different distances from the gap edges in gaps of
different size in the test site MeZole-74.

Nemot véra visas iepriekSminétas atSkiribas starp objektiem, gan péc kopgja
izdzivojuso kocinu ipatsvara, gan péc ta, ka tie ir izdzivojusi dazados atvéruma veidos
un attalumos no audzes atvérumu malas, atbilstosi iegiitajiem datiem nevar runat par kaut
kadam kopgjam likumsakaribam priedes kocinu izdzivosana dazada lieluma atvérumos.
Vieniga kopgja iezime - lielakais izdzivojuso kocinu ipatsvars 1 m un 3 m attaluma no
audzes atveruma malas ir 40x40 m atv@rumos, kas var€tu biit skaidrojams ar labakiem
gaismas rezima apstakliem, salidzinot ar mazakiem atveérumiem. Atskiriba starp
objektiem vargtu bt skaidrojama, gan ar butiski atskirigu sakotngjo kocinu augstumu,
gan ar objektu Tpatnibam, pieméram, labakiem gaismas rezZima apstakliem Kalsnavas
objekta. Tas, iesp&jams, ir izskaidrojams arT ar atSkirigo ieprieksgjas audzes sastavu
(8P2E un 6P2B2E) un vidgjo augstumu, attiecigi 25,8 m un 29,5 m. Audzgs ar lielaku
priedes Tpatsvaru ir labaki gaismas rezima apstakli (Sonohat et al., 2004; Zdors, Donis,
2011), kas varétu biit veicinajis labaku kocinu izdzivosanu Kalsnavas objekta. Ari 1saki
koki dod mazaku no€nojumu. Savukart labaki gaismas rezima apstakli veicina arl
aizz€luma augsanu, kas varetu izskaidrot, kap&c Kalsnava lielakos atvérumos ir mazak
izdzivojuso kocinu talak par 3 m no atvéruma malas. B. Bambe (Donis, 2008), veicot
zemsedzes augu monitoringu $ajos objektos, konstat&jusi, ka otraja vegetacijas sezona
pec cirtes Kalsnavas objekta ir ievérojami lielaks zemsedzes sugu skaits, salidzinot ar
Mezole-74 objektu. Pieméram, Kalsnava 40x40 m atvérumos vidgjais zemsedzes sugu
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skaits ir 48, bet MeZole-74 objekta tikai 24. Tas var noradit uz labakiem apstakliem
aizz€luma augSanai Kalsnava.

Atskiribas starp objektiem var€tu biit skaidrojamas arT ar atskirigo stadiSanas laiku
(2009. gada un 2011. gada) un lidz ar to dazadiem meteorologiskajiem apstakliem, ka ari
ar atskirigo stadiSanas laiku p&c atvérumu izveidoSanas — tre$a vegetacijas sezona péc
cirtes MeZole-74, salidzinot ar piekto vegetacijas sezonu péc cirtes Kalsnava.
Palielinoties laikam p&c cirSanas, palielinds ari konkurgjo$as vegetacijas izplatiba
izcirtumos (Nilsson, Orlander, 1999; Marozas, Sasnauskiene, 2012). Tas ari varétu
izskaidrot, kap&c Kalsnava lielakos atvérumos ir mazak izdzivojuso kocinu talak par 3 m
no atvéruma malas. Nemot vera, ka Kalsnavas objekta nav konstatéta skujbire, bet
Mezole-74 ir, tad iespgjams, ka arT sniega skujbires rezultata bojagajusie kocini izskaidro
atskirbas izdzivojuso kocinu Tpatsvara starp objektiem.

Jaatzimé, ka Sajos paSos objektos ir staditas ari egles, un izdzivojuso eglu ipatsvars
Cetras vegetacijas sezonas péc iestadiSanas ir attiecigi 90,4% kocinu Kalsnava un 84,4%
kocinu Mezole-74 (Zdors, Donis, 2012). Tas norada, ka egli var izmantot ka alternativu
(damaksni), ja neizdodas icaudzét priedi.

Kocinu augSana

Parbaudot biitiski ietekm&josos faktorus, konstatéts, ka kocinu sakotngjais augstums
un attalums lidz atveruma malai batiski (p > 0,05) neietekme kocinu tris gadu augstuma
picaugumu un caurmeru pie saknu kakla. Tomér kocinu augstuma pieaugumu butiski
(p <0,05) ir ietekmgjis audzes atvéruma lielums.

Ir novérojama tendence, ka gandriz visos atvéruma veidos tris gadu augstuma
picaugums ir mazaks kociniem 1 m attaluma no atvéruma malas (3.10. att.), tomér
atSkiribas ar kociniem, kas atrodas lielaka attaluma no atvéruma malas, nav bitiskas
(p > 0,05). Lidzigas tendences ir novérojamas arT saistiba ar kocinu caurméru pie saknu
kakla (3.11. att.).

Ar1 citos atvérumos atSkiribas starp gradacijas klasém nav bitiskas, lai gan ir
noveérojama tendence, ka talak no atvéruma malas ir lielaki 3 gadu augstuma pieaugumi
un caurméri pie saknu kakla. Pieméram, 40x40 m atverumos kocinu trs gadu augstuma
pieaugumi un caurméri pie saknu kakla ir lielakie 9 m no atv@ruma malas, attiecigi
0,49+0,08 m un 8,9+1,3 mm, bet 11 m attaluma (gradacijas klase ietver ar1 [idz 19 m no
atvéruma malas atrodoSos kocinus) tie ir nebitiski mazaki, attiecigi 0,47+0,06 m un
8,6+1,1 mm. Tam par iemeslu visticamak ir aizz€lums, kas labakos gaismas reZima
apstaklos palielinas. Jau otraja vegetacijas sezona péc atvérumu izcir§anas (divus gadus
pirms stadiSanas) 40x40 m gar atvéruma malu izvietotajos kvadratos meZa avenes
aiznéma vide&ji 13% no kvadrata platibas ar vid€jo augstumu 0,9 m, bet atvérumu vidi
izvietotajos kvadratos attiecigi 19% un 1,0 m. Savukart niedru ciesas gar atv€ruma malu
izvietotajos kvadratos aiznéma 17% ar vid&jo augstumu 1,6 m, bet vidus kvadratos
attiecigi 30% un 1,6 m. Ar1 citos pétijumos, kur aizz€lums nav kontrol&ts, noverota
lidziga tendence — lielakos atv@rumos, talak no atvéruma malas, kocinu augSanu ietekme
arT aizz€luma konkurence, kas samazina gaismas reZima uzlaboSanas pozitivo efektu
(Kern et al., 2012). Lai gan Saja p&tijuma agrotehniska kopsSana ir veikta reizi gada,
parasti juilija, acimredzot tas nav bijis pietickami, lai samazinatu aizzéluma negativo
ietekmi (it seviski 40x40 m atvérumos). Jaatzimg, ka viena no vegetacijas sezonam dala
objekta kopSana bija veikta junija beigas, bet atlikusaja dala — vairakas nedélas velak.
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Rudent apsekojot kocinus, vizuali likas, ka objekta dala, kur veikta kopSana jiinija beigas,
kocinu aug$ana vasara ir maz ietekmg&ta, tomér rudeni buitu javeic vél viena kop$ana, lai
novaktu atkal saauguso aizz€lumu, kas atkal jau sak nomakt kocinus. Bet, objekta dala,
kur kopsana bija veikta vélak un aizz€lums otrreiz nebiitu janovac, kocini izskatijas
sliktak augusi (detalizeti nav aprakstits), jo aktivakaja augSanas bridi tie bija nomakti.
Lidz ar to radies subjektivs iespaids, ka kopsana 40x40 m atverumos augligakos Ln vai
Dm meZa tipos veicama divreiz gada, lai novérstu aizzéluma konkurgjoso ietekmi, lai
gan parasti tieck uzsverts, ka, pec pakapeniskas cirtes ir samazinata konkurgjoSo
graudzalu atfistiba, salidzinot ar kailcirti (von Sydow, Orlander, 1994;
Beland et al., 2000; Karlsson, 2001; Ha6atos, 1980; Menexos, 1989). Tas atticcinams
uz gadijumiem, kad stadiSana netick veikta uzreiz pirmajos gados péc cirSanas. Savukart,
ja stadisana veikta pirmajos divos gados, tad kops$ana biitu javeic vismaz reizi gada.
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3.10. att. Staditas priedes tris gadu augstuma pieaugums (% robezklida ar 95 %
varbiitibu) atkariba no audzes atvéruma lieluma un attaluma Iidz audzes
atvéruma malai Kalsnavas objekta.

Fig. 3.10. Planted pine height increment during 3 growing seasons (+95%
confidence interval) at different distances from the gap edges in the gaps of different
size in the test site Kalsnava.

Pétot staditu eglu augSanu Sajos pasos objektos, konstatets, ka malas ietekme
izpauzas lidz pat 8 m no atvérumu malas (Zdors, Donis, 2012). Malas ietekme uz priedes
augSanu varétu but I1dziga, jo, ka jau minéts, 4040 m atvérumos tris gadu augstuma
pieaugumi un caurmeri pie saknu kakla ir lielakie 9 m no atvéruma malas. P&tljumos par
dabisko atjaunosanos dazadu konfiguraciju audzes atvérumos priezu audzEs métraja
J. Donis (2007) konstatgjis, ka tuvak par 5 m no audzes malas priedites ir butiski Tsakas.
Savukart katra nakamaja gradacijas klasé kocinu augstums ir lielaks, tom&r bitiski
neatSkiras. Rezultatu atSkiribas, iespgjams, izskaidro tas, ka pétfjums ir veikts desmit
gadus pec izcirSanas. Turklat p&tijuma gradacijas klasu robezas ir daudz plasakas (5 un
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10 m). Lidzigus rezultatus ir ieguvis R. Jakobsons (Jacobsson, 2005) Zviedrija, kurs§
konstatgjis, ka Iidz 5 m no vecas audzes malas jaunas audzes kraja ir tikai 10% no audzes
krajas talak par 5 m no audzes malas. P&tljumos Somija konstatéts, ka audzes malas
ietekme iesniedzas lidz pat pusei no domingjosa audzes augstuma (Siipilehto, 2006).
Savukart petijumos par atstatajiem iepriek$€jas audzes kokiem izcirtumos, noskaidrots,
ka katrs atstatais ieprieksgjas audzes koks 10 metru radiusa samazina priedes jauno
kocinu augstuma pieaugumu par 9 — 17% (Valkonen, 2002). Saskana ar citiem datiem
ietekme ir novérojama 6 metru radiusa (Siipilehto, 2006). Zviedrija veikta p&tijuma, kur
salidzinata staditu priezu augSana kailcirt€ un necirsta audze ar 500 kokiem uz ha,
konstatéts, ka cetrus gadus péc iestadiSanas, kocinu galotnes dzinuma augstuma
pieaugums necirstaja audz€ sasniedz ap 30% no kailcirte iestaditajiem kociniem, bet
galotnes dzinuma masa ir tikai 3% no attieciga lieluma (Erefur et al., 2011). Lidz ar to
secinats, ka kocinu augstuma picaugums nav labakais raditajs, ko izmantot, lai raksturotu
kocinu aug8anu, it seviski péc pakapeniskas cirtes (Erefur et al., 2011).
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3.11. att. Staditas priedes caurmérs (£ robezkliida ar 95 % varbiitibu) pie saknu
kakla (Do) tris gadus péc iestadiSanas atkariba no audzes atvéruma lieluma un
attaluma lidz audzes atvéruma mala Kalsnavas objekta.

Fig. 3.11. Planted pine collar diameter (Do) during 3 growing seasons (£95%
confidence interval) at different distances from the gap edges in the gaps of different
size in the test site Kalsnava.

Analizgjot, ka kocini augusi pie konkréta attaluma no atv€ruma malas dazados
atveéruma veidos, konstatéts, ka 10x10 m atvérumos 1 m attaluma no audzes atvéruma
malas ir mazakie tris gadu augstuma pieaugumi un caurméri pie saknu kakla, salidzinot
ar lielakiem atverumiem. Turklat atSkiribas ar 20x40 AR un 40x40 m atvérumiem ir
butiskas (p < 0,05). Caurmeéra atSkiribas ir bitiskas (p < 0,05) arT ar 20x20 m
atveérumiem. Atskiribas starp citam gradacijas klaseém nav biitiskas (p > 0,05).
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Tapat ka 1 m attaluma arT 3 m attaluma no audzes atvéruma malas mazakie trTs gadu
augstuma pieaugumi un caurméri pie saknu kakla ir 10x10 m atvérumos, un tikai ar
20%20 m atveérumiem atskiribas nav butiskas.

Septinu metru attaluma no atvéruma malas lielakos atveérumos ir lielaki tiTs gadu
augstuma pieaugumi un caurméri pie saknu kakla, tomér atSkiribas nav butiskas
(p > 0,05).

Kopuma var secinat 10x10 m atverumos pie konkréta attaluma no audzes atvéruma
malas ir mazaki tris gadu augstuma pieaugumi un caurmeri pie saknu kakla, salidzinot
ar lielakiem atverumiem, turklat dala no atskirtbam ir batiskas. Turklat izdzivojuso
kocinu Tpatsvars Sajos atvérumos Kalsnavas objekta ir mazakais starp visiem atvérumu
veidiem, bet Mezole-74 objekta mazaks neka 40x40 m atv@rumos un 20x40 AR
atveérumos. Lidz ar to, veicot grupu pakapeniskas cirtes, bitu ieteicams veidot lielakus
atvérumus audzé neka 10x10 m. Z. Sina (1973) rekomendgjis sakotngji izcirst
atvérumus, kuru diametrs biitu lidzigs koku augstumam (aptuveni 25 m). Savukart
A. Zviedris (1949) ieteicis 30%30 m atverumus. Zviedrija veikta petijuma ieteikts veidot
20-40%30-60 m atverumus (Erefur et al., 2011). Lielbritanija, lai sasniegtu apmierinosu
priedes kocinu augsSanu, ieteikts veidot atv@rumus ne mazakus ka 0,2 ha, vai ar diametru,
kurs biitu l1dzigs divu koku augstumam (Malcolm et al., 2001). Ziemelamerikas meérenas
joslas ziemelu dalas meZos (Coates, 2000) konstatéts, ka audzes atvérumam nav jabiit
loti lielam (0,1 — 0,2 ha), lai kocinu attistibas gaita btitu lidzvertiga tai, kada ta ir kailcirtés
augoSiem kociniem. Planojot atvérumu lielumu, paredzot platibas atjaunojot dabiski,
nedrikst aizmirst arT par priedes séklu lidosanas attalumu. Lai gan priedes séklu lidoSanas
attalums ir lidz pat 250 m (Atpoxun, Ky3ueros, 1989), tomér lielaka dala séklu nobirst
lidz 30 m attalumam (Hesselman, 1938, citéts no Karlsson, 2000). E. Bakizis un
R. Markus (1969) konstatgjusi, ka vislabak priedes ir atjaunojusas 45 — 60 m platos
izcirtumos.

4. Audzes paliekoSas dalas atsauces reakcijas dinamika

4.1. Paliku$o koku atsauces reakcija péc vienlaidus pakapeniskas cirtes

Visas aplikotajas audz€s Mr jau pirmaja gada pec cirtes konstatéts pozitivs Tpred
(4.1. att.) un Kpred. Tpred kulming vidgji piecus Iidz septinus gadus péc cirtes, turpmakajos
gados pakapeniski samazinoties. Viena no audzém (714 278) novérojams straujs Tpred
kritums sestaja un septitaja gada péc cirtes, bet turpmakajos trTs gados atkal konstatgjams
Tpread picaugums. Kritums attiecas uz 2005. un 2006. gadu, un var bit skaidrojams ar
2005. gada janvara vétras ietekmi. Pargjas audzes Mr §ads kritums nav novérojams,
tomér salidzindgjuma ar citam audz&m §1 audze atrodas vistalak uz rietumiem, kur
noveroja lielakos 2005. gada vétras postijumus. Mazakais Kpreq konstatets 154 gadus
veca audze (408 195), kas ir vecaka no Mr meza tipa aplikotajam audzém.
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4.1. att. Krajas ikgadéja reducéta papildus pieauguma (Tpred) dinamika péc
vienlaidus pakapenisko cirSu izpildes pétijjuma audzées Mr.
Fig. 4.1. Annual additional reduced volume increment (Tpred) dynamics after
uniform shelterwood cutting in research stands in Vacciniosa forest type.

Ln ¢etras no piecam audzém jau pirmaja gada péc cirtes ir pozitivs Tpred (4.2. att.) un
Kpred, bet otraja gada visas audzes iepriekSminétas veértibas ir pozitivas. Lielakais Tpred
trijas audzes no piecam ir tris gadus pé&c cirtes, tomer gan $ajas trijas audzes, gan parejas
divas audzes ir noverojams Tpreq kritums 2005. gada un 2006. gada, pec kura atkal ir
Tpred picaugums. Kritums, iespgjams, skaidrojams ar 2005. gada vetras ietekmi. Mazakas
Kpred vértibas novérojamas visvecakaja audze (163 gadi). ST audze ir vecaka ne tikai Ln
ietvaros, bet visa pétijuma ietvaros. Sai audzei (C&sis) ir ari visgarakais péccirtes periods
(16 gadi), un ir noveérojams, ka, sakot ar 13 gadu p&c cirtes, Tpred atkal sak palielinaties,
sasniedzot lielakas vértibas 16 gadus péc cirtes. Tam par iemeslu varétu biit nevis
novélota reakcija uz audzes izretinasanu, bet kadi citi neizpétiti blakus faktori, kas varétu
paradities vai pastiprinaties, palielinoties laikam p&c cirtes un samazinoties audzes
izretinasanas ietekmei. JaatzZime ari, ka aprékinu metodes izstradataja I. Liepas (1996)
noraditais pielaujamais vertésanas intervals ir ne vairak ka 20 gadi p&c ietekmes sakuma.

Dm tikai trijas no se$am audz&m pirmaja gada pec cirtes konstatets pozitivs Tpred
(4.3. att.) un Kpreg. Viena no audzem (714 226) ar negativu Tpred pirmaja gada péc cirtes
ir audze, kas ir cirsta 2006. gada. Saja audzg, iespgjams, nav nodalama 2005. gada vétras
ietekme no cirtes ietekmes pirmaja gada péc cirtes, jo turpmakajos gados Saja audze ir
pozitivs Tpred. Savukart pargjas divas audzes (714 56; KNP111 17) ar sakotngji
negativu Tpreq arT turpmakajos gados Tpred VErtibas svarstas ap 0, bet Kpred arT 9 gadus
péc cirtes ir negativs. Sis divas audzes ir vecakas no Dm apskatitajam audzém, attiecigi
153 un 141 gadi. Visas audzes Dm, kur cirte ir veikta pirms 2005. gada, novérojams Tpred
kritums 2005. gada un 2006. gada. Tpred kulminacija ir vid&ji tris lidz Cetrus gadus péc
cirtes, tom&r nemot vera negativo 2005. gada ietekmi, Tpred kulminacija nav tik izteikta
ka Mr.
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4.2. att. Krajas ikgadéja reducéta papildus pieauguma (Tpred) dinamika péc
vienlaidus pakapenisko cirSu izpildes pétijjuma audzes Ln.
Fig. 4.2. Annual additional reduced volume increment (Tpred) dynamics after
uniform shelterwood cutting in research stands in Myrtillosa forest type.

0.25

oo S =

2001 ZOMOOLI\NQ 2006//2007 209/2009 2010 2011
7

-0.05
-0.10
Gads/
—102_441 ——KNP137_7.8 ——714 226 Year
KNP111_17 ——KNP111_11 —714 56

4.3. att. Krajas ikgadéja reducéta papildus pieauguma (Tpred) dinamika péc
vienlaidus pakapenisko cirSu izpildes pétijjuma audzés Dm.
Fig. 4.3. Annual additional reduced volume increment (Tpred) dynamics after
uniform shelterwood cutting in research stands in Hylocomiosa forest type.

Veicot daudzfaktoru analizi, konstatéts, ka Kpreq piecus gadus péc cirtes butiski
(p < 0,05) ietekmé audzes vecums un meza tips, bet butiskas ietekmes nav (p > 0,05)
Latvijas regionam (rietumu, vidus, austrumu), objekta Skérslaukumam, izcirsta
Skerslaukuma Tpatsvaram un 2005. gada vétras ietekméto gadu skaitam (ja 2005. gads
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iek]avas piecu vertgjamo gadu perioda). Salidzinot Kpreq savstarpgji meza tipu ietvaros,
ka kovarianti izmantojot audzes vecumu, konstatéts, ka visu meza tipu Kpreq savstarpgji
atSkiras biutiski (p < 0,05). Mr piecus gadus péc cirtes Kpred vidgja vertiba ir
0,47+ 0,06 m® m2 (+ standartkliida), Ln 0,35+ 0,11m® m2 un Dm 0,22+ 0,09 m® m2.
J. Donis (2007) konstatgjis, ka meza tipam nav bitiskas ietekmes uz Skerslaukuma un
krajas pieaugumu atseviS$kam kokam p&c vienlaidus pakapeniskas cirtes. Ja konkurence
starp kokiem ir bijusi neliela pirms izretinasanas, tad izretinaSanai var bt neliels efekts,
jo koku augSana nav bijusi atkariga no konkurences (Plauborg, 2004). J. Dona (2007)
petijumos konstatets, ka, vienlaidus pakapenisko cirSu gadijuma, pieaugums ir bitiski
atkarigs arT no paliku$as audzes I stava skerslaukuma.

Kopuma var konstatét, ka papildus pieauguma kulminacija Mr ir piecus lidz septinus
gadus, bet Ln un Dm tris [idz ¢etrus gadus péc cirtes. Jaatzime, ka visas audzés Ln un
Dm, kuru novértgjuma perioda ir 2005. gads, ir konstatéts Tpreq kritums $aja gada un
neliels picaugums turpmakajos gados. Métraja Tpred kritums 2005. gada ir tikai viena
audze. lesp&jams, ka papildus picauguma kulminacija bitu nevis tris lidz ¢etrus gadus
péc cirtes, bet lidzigi ka Mr — dazus gadus vélak, ja nebitu §T Tpred Krituma Ln un Dm
2005. gada. Tpreg kritums 2005. gada, iesp&jams, ir izskaidrojams ar 2005. gada janvara
vetras ietekmi, kuras rezultata izretinatajas audzes, ir izSfipotas un ir aprautas dala no
sakn€m, kas savukart ir ietekm&jis koku augSanu. Uz to norada arT statistika par izgazto
celmu Tpatsvaru audzes, kur §ada statistika ir pieejama. Sie celmi, iespgjams, ir izgazti
tieSi 2005. gada vétra. Pieméram, Mr izgazto celmu Ipatsvars (0 — 3%) ir mazaks,
salidzinot ar Ln (6%) un Dm (2 — 9%) un Tpreg kritums nav tik ievérojams. Tomeér,
iesp&jams, ka kopuma 2005. gads ir bijis mazak labvéligs koku augsanai, bet vétra So
tendenci ir tikai pastiprindjusi. Vienlaikus janorada, ka ar citos p&tijumos ir konstatgts,
ka augligakos meza tipos papildus pieauguma kulminacija péc audzes izretinasanas ir
agraka neka mazaugligakos meza tipos (Jonsson, 1995).

4.2. Paliku$o koku atsauces reakcija grupu pakapeniskajas cirtes

Konstatets, ka visas piecas audzes, kur veikta grupu pakapeniska cirte, jau pirmajos
gados péc cirtes nenocirstas audzes dalas Tpreq UN Kpreg ir pozitivs.

Audzes papildus pieaugums katrai audzei veidojas savadak, tomér var konstatet, ka
lielakais Tpred Cetras no piecam audzeém ir Cetrus l1dz sesus gadus péc cirtes. Tomer divam
audzém (AKM19; AKM?77) vertésanas periods ir tikai sesi gadi, tapec ST konstateta
sakariba jauztver piesardzigi, jo audzei (604) ar garako vért€sanas periodu (10 gadi),
lielakais Tpred konstatéts pedgja verteSanas gada. Arl citos pétijumos ir konstatéts, ka
pieauguma reakcijas kulminacija ir piecus Iidz septinus gadus pe€c cirtes
(Holgen etal., 2003). Citi autori izpétijusi, ka kulminacija ir 7-11gadus
(Jakobsson, 2005) un pat 15-20 gadus (Niemist6 et al., 1993) péc cirtes. Jaatzime, ka
pedgjais no minétajiem autoriem pétijuma bija koncentréjies uz stumbra tilpuma
pieaugumu.

Kpred kokiem tuvak par 7 m no audzes atvéruma malas jau pirmajos gados p&c cirtes
bija pozitivs (4.4. att.) un ir 2 1idz 5 reizes lielaks neka kokiem talak par 7 m no malas,
Tpred Sasniedzot 0,146 m?® m2 gada (KNP). Ari citi petnieki (3Bueapuc, Kanubinb, 1968)
ir konstatgjusi, ka priedei gadskartu paplasinasanas sakas jau ar nakamo gadu p&c cirtes
veik§anas. Tomér citi novérojami liecina, ka, lai gan ir novérota nekavgjosa saknu
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augSanas reakcija (Urban et al., 1994; Kneeshaw et al., 2002; Vincent et al., 2009), tomér
stumbra pieaugums parasti pirmajos gados p&c audzes izretinasanas nepalielinas
(Youngblood, 1991; Kneeshaw et al., 2002; Holgen et al., 2003; Thorpe et al. 2007). Sis
starpperiods parasti ir divi lidz Cetri gadi (Jakobsson, 2005), bet loti veciem kokiem pat
5-15 gadi (Latham, Tappeiner, 2002). Ir noverota ari negativa audZu reakcija, pieméram,
péc kopsanas cirteém priezu audzg&s 1ana, kuru vecums neparsniedz 50 gadus, papildus
pieaugums pirmajos tris gados pec cirtes veikSanas ir negativs (Liepa, Drike, 1979).

Talak par 7 m no audzes atv€ruma malas Tpreq svarstds ap 0, neparsniedzot
0,046 m®m? gada un ir praktiski nenozimigs. ArT objekta ABA, kur sestaja gada péc
pirma pap€miena veikts otrais panmiens, izretinot nenocirstds audzes dalas,
turpmakajos gados ir noveérojams tikai neliels pozitivs Tpred, toméer tas ir nenozimigs. Tas
nozimg, ka, vért§jot audzu pieaugumu péc grupu pakapeniskas cirtes, janem véra, ka
papildus picaugums biis konstatgjams tikai apkart audzes atvérumiem un jo lielaks bis
attalums starp atvérumiem, jo lielaka biis platiba, kur papildus picaugums nebis
konstatéjams. Turklat, atstajot audzes resnakos kokus, to atsauces reakcija biis relativi
mazaka (JIuena, 1980).

Turpinot 4.4. att€la interpretaciju, konstatéts, ka viena audzg (604) nav statistiski
nozimiga (ar 95% ticamibu) atskirTba starp Kpred tuvak par 7 m no audzes atvéruma malas
un talak par 7 m no audzes atvéruma malas. Ka iemesls ir attaluma 1idz 7 m no audzes
atvéruma malas atseviSko izurbto paraugkoku augsanas gaitas netipiski izteikta atskiriba
un nelielais paraugkoku skaits.

Savukart audz& (KNP) Kpred kokiem tuvak par 7 m no audzes atvéruma malas un
talak par 7 m no audzes atvéruma malas ar 95% ticamibu neatskiras tikai pirmos divus
gadus péc cirtes. Pargjas trijas audzes, jau sakot ar pirmo vértésanas gadu, koku Kpreg ir
biitiski lielaks 1idz 7 m no audzes atvéruma malas, salidzinot ar koku Kpreq talak par 7 m
no audzes atvéruma malas. Lidzigi rezultati iegiiti petjjumos par malas efektu kopsanas
cirtés priezu audzes 1ana - tehnologisko koridoru tuvuma malas efekts ir pozitivs, bet
virziena uz starpjoslu vidu tas pakapeniski samazinas (Liepa, Drike, 1979). Kop$anas
cirSu petfjumos vidgéja vecuma priezu un eglu audzes Somija konstatets, ka malas efekts
ir novérojams tikai 1idz 3-4 m no tehnologiska koridora malas (Mékinen et al., 2006).
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4.4. att. Krajas kumulativais reducétais papildus pieaugums (Kpred) atkariba no
attaluma Iidz audzes atvéruma malai (A — AKM19; B - AKM77; C — ABA;

D — KNP, E — 604). Apzimgjumi: — — papildus pieaugums kokiem talak par 7 m no audzes
atvéruma malas; --- — augsgja un apakseja 95% ticamibas robeza papildus pieaugumam kokiem
talak par 7 m no audzes atvéruma malas; — — papildus pieaugums kokiem Iidz 7 m no audzes

atvéruma malas; *** — augs€ja un apaksgja 95% ticamibas robeza papildus pieaugumam kokiem
lidz 7 m no audzes atvéruma malas.
Fig. 4.4. Tree cumulative additional increment (Kpred) at different distances from
edge of stand opening in research stands. Notation: — - additional increment of trees
farther than 7m from edge of stand opening; --- - upper and lower bound of 95% confidence
interval of additional increment farther than 7m from edge of stand opening; — - additional
increment of trees closer than 7m from edge of stand opening; *** - upper and lower bound of
95% confidence interval of additional increment closer than 7m from edge of stand opening.

Atvéruma malas attaluma ietekmi uz palikuSo koku papildus pieaugumu modifice
2005. gada janvara vétras ietekme. 2005. gada vétras ietekme novértéta péc gadskartu
platuma izmainpam pirms un péc vé&tras (4.5. att.). Vidg€jie gadskartu platumi kokiem
tuvak par 7 m no audzes atveruma malas ir samazinajusie trijas audz&s (604; ABA;
AKM19) sekojosaja vegetacijas perioda par 17 — 21% no iepriek$gja gada vidgja
gadskartas platuma (4.5. att.). Savukart talak par 7 m no audzes atvéruma malas vidgjais
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gadskartu platums ir samazinajies tajas pasas trijas audzes par 4 — 24%. Tomér neviena
gadijuma atskiribas nav butiskas (p > 0.05). Tatad, lai gan dala audzu ir novérojams gan
gadskartu platuma, gan papildus pieauguma samazinajums, 2005. gada vétras ietekme
kopuma tomér nav bijusi biitiska, koku kopam lidz un p&c 7 m no audzes atvéruma malas.
Turklat, nemot véra neviennozimigo ietekmi pa objektiem, iesp&jams, ka gadskartu
platuma un papildus pieauguma samazinajumu ietekméjusi arT citi faktori.
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4.5. att. Koku videjais gadskartu platums (i) atkariba no attaluma lidz audzes
atvéruma malai pétijuma audzeés (A — AKM19; B — AKM77; C — ABA; D — KNP,

E — 604). Apzim&umi: — — gadskartu platums talak par 7 m no audzes atvéruma malas;
— — gadskartu platums Iidz 7 m no audzes atvéruma malas; --- — cirSanas gads; *** — 2005. gada
vetra.

Fig. 4.5. Average values for radial increment (i) of trees at different distances from
the edge of the stand gap in the research stands. Notation: — - average annual ring width

of the trees farther than 7 m from the edge of stand opening; — - average annual ring width of
the trees closer than 7m from the edge of stand opening; --- - year of cutting; -- - storm in year
2005.
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Secinajumi un praktiskas rekomendacijas
Secinajumi

Izmantojot mezsaimniecibas praksé plaSi pielietotus taksacijas raditajus
(iepriek3€jas audzes Skerslaukumu robezas no 7 lidz 31 m? ha vai koku skaitu uz ha
robezas no 60 1idz 260 koki hal), métraja nevar prognozet atjaunojusos priezu
skaitu péc vienlaidus pakapeniskas cirtes. Savukart damaksni péc vienlaidus
pakapeniskas cirtes pie lielaka ieprick$€jas audzes koku  skaita
(Iidz 380 kokiem hal) vai $kerslaukuma (lidz 47 m? ha'!) atjaunojusos priezu skaits
ir lielaks. Tendence kliist izteiktaka desmit gadus p&c cirtes salidzinajuma ar Cetriem
gadiem p&c cirtes pirma panémiena.
Pie lielaka ieprieksgjas audzes koku skaita vai Sk&rslaukuma dabiski atjaunojusos
priedisu (2000 kocini uz ha) vidgjais augstumu ir mazaks, un §1 tendence klust
izteiktaka augligakos meza tipos (lana, damaksni) ka arT palielinoties laikam péc
pirma cirtes panémiena.
Ja paredzams, ka agrotehniska kopSana netiks veikta savlaicigi, damaksni,
salidzinot ar métraju, péc pirma cirtes panémiena jasaglaba lielaks koku skaits vai
Skeérslaukums uz ha, lai sakotngji samazinatu aizz€luma negativo ietekmi. Otrais
cirtes panémiens javeic savlaicigi (péc Cetriem lidz septiniem gadiem), jo, lai gan
kocinu skaits biezakas audzes vietas ir lielaks, tomér tie ir ievérojami 1saki.
Desmit gadus péc grupu pakapeniskas cirtes lielakais uzskaites laukumu Tpatsvars,
kuros uzskaititi vismaz 2800 kocini uz ha, gan métraja gan lana ir 3,0 — 6,0 m
attaluma no atvéruma malas, attiecigi 94% un 42%.
Salidzinot priedes atjaunosanos un augsanu dazada lieluma atvérumos, secinats, ka
veicot grupu pakapeniskas cirtes priezu audz€s, bitu ieteicams veidot lielakus
atveérumus audzé neka 10x10 m. Savukart, lai noverstu aizz€éluma konkurgjoso
ietekmi, agrotehniska audzes kopSana 40x40 m atverumos lana un damaksna meza
tipos bitu veicama vismaz reizi gada.
Lielakaja dala analizéto audZu jau pirmajos divos gados péc vienlaidus un grupu
pakapeniskas cirtes ir pozitivs papildus picaugums atstataja audzes dala. Ikgadgja
reducéta krajas papildus pieauguma kulminacija métraja ir piecus Iidz septinus
gadus, bet 1ana un damaksni — tr1s Iidz Cetrus gadus p&c vienlaidus pakapeniskas
cirtes.
P&c grupu pakapeniskas cirtes priezu audze€s lana ikgad€jais reducétais krajas
papildus pieaugums audzes nenocirstajai dalai tuvak par 7 m no audzes atvéruma
malas jau pirmajos gados ir pozitivs. Kumulativais reduc@tais krajas papildus
pieaugums sesus gadus p&c grupu pakapeniskas cirtes tuvak audzes atvéruma malai
ir 2 I1dz 5 reizes lielaks neka talak par 7 m no atvéruma malas.

Praktiskas rekomendacijas

Paredzot priezu audzu apsaimnieko$anu ar pakapeniskajam cirt€m, priedes dabiskas
atjaunoSanas veicinaSanai mazaugligakos tipos (sila, metraja) veicamas grupu
pakapeniskas cirtes, kas ieteicamas ar1 augligakos meza tipos, ja ir iesp&jams
nodro$inat savlaicigu agrotehnisko kopsanu. Ja augligakos meza tipos (lana,
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damaksni) nav iesp&ams nodroSinat savlaicigu agrotehnisko kopSanu, tad
ieteicamas vienlaidus pakapeniskas cirtes.

2. Damaksni veicot grupu pakapeniskas cirtes, lielakos atveérumos (40x40 m)
ieteicams veikt stadiSanu.

3. Lai veicinatu kocinu augsanu, savlaicigi (trTs Iidz septinus gadus p&c pirma cirtes
pan@miena) veikt nakoso (otro vai noslédzoso) cirtes pan€mienu.

4. Augligakos meza tipos lidz pat divam reiz€m gada javeic agrotehniska kopSana.
Visos gadijumos javeic augsnes gatavosana.

Turpmakie petijumi

Nemot veéra, ka Latvijas normativajos aktos Sobrid pastav terminologiska
nekonsekvence, par izlases cirtém dév&jot arl tadas, ar kuram starptautiski saprot
pakapeniskas jeb segaudzes (shelterwood) cirtes, nepiecieSams veikt izmainas
normativajos aktos, lai izslégtu neskaidribu un parpratumu iesp&jamibu.

Nepieciesams turpinat petijumus, lai noskaidrotu, kada ir turpmaka priezu audzu
attistiba un produktivitate péc pakapeniskas cirtes otrd un noslédzosa panemiena. Siem
petijumiem jabat ilgtermina (vismaz 40 gadi), izvert§jot dazadus audzu attistibas
scenarijus. Ne mazak svarigi ir noskaidrot pakapenisko cir§u ekonomisko efektivitati.

Pateicibas

Autors izsaka pateicibu disertacijas darba vaditajam Prof., Dr. habil. biol. Imantam
Liepam par atbalstu darba struktiiras izstradasana, metodikas precizé$ana, datu analizes
uzlabo$ana, un, it seviski, disertacijas manuskripta kvalitates uzlabosana.

Autors izsaka pateicibu LVMI “Silava” Mezkopibas un meza ekologijas grupas
petniekam Janim Donim, kura vadito projektu ietvaros tika izstradata darba metodika,
ievakts un apstradats pétfjuma materials, ka arT veikti aprékini un pilnveidota rezultatu
interpretacija. P&c Jana Dona ieteikumiem uzlabota arT manuskripta kvalitate.

Autors izsaka pateicibu Guntaram Spepstam, Raimondam Sénhofam, Agitai
Treimanei, Ligai Kurakinai, Gundegai Donei, Zanei Strikei, Lienai Bleidelei, Marim
Rokpelnim un citiem par palidzibu lauka datu ievaksana un kameralo darbu veikSana.

Autors pateicas LVMI “Silava” vadogajiem pétniekiem Dr.silv. Arim Jansonam un
Dr.silv. Andim Lazdinam par veértigiem ieteikumiem darba uzlaboSana.

Pétijums veikts LVMI “Silava” projektu ietvaros:

1. Zemkopibas ministrijas Meza attistibas fonda pasititais un finansétais p&tfjums
.Nekailcir§u meza apsaimnieko$anas modela izstrade” (2004.-2008.);

2. AS ,Latvijas valsts mezi” pasititais un finans€tais petijums ,,Saimnieciskas
darbibas izvert&jums izlases cirSu saimnieciba” (2011.-2013.);

3. SIA “Meza nozares kompetences centrs” projekts “Metodes un tehnologijas meza
kapitala vertibas palielinasanai” (Nr. L-KC-11-0004) (2011.-2015.);

4. ESF projekts “Vitalu eglu audZu izaudzéSanas eckologiskie un tehnologiskie
aspekti” (Nr. 2013/0022/1DP/1.1.1.2.0/13/APIA/VIAA/052) (2013.-2015.).
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1. General description

1.1. Background

Over the last few decades, imitation of natural disturbances in forest management has
become increasingly more common in Europe. In Latvia, discussions about changes in
landscape made by clear-felling are also being raised. In many cases, the society proposes
to harvest forests with continuous cover forestry methods as an alternative option. In a
certain respect, the use of shelterwood cutting is the compromise of economical,
ecological and social forest management contradictions.

Lately in Latvia, shelterwood cutting is usually performed in areas where clear-
felling is forbidden in accordance with the regulatory acts, or in forest tracts with large
percentage of mature stands, as well as in private forests. It must be noted that clear-
felling is forbidden in 9.9% of pine stands, therefore these stands can be managed only
by applying shelterwood cutting or selective cutting. According to the legislation in
force, currently only the second alternative is currently possible. However, the question
is whether it is possible to maintain pine as the dominant species of future stands after
selective cutting has taken place, particularly in fertile forest types, while also taking into
account that pine is a light demanding tree species.

By manipulating with the parameters of a stand, it is possible to regulate the light
regime in order to achieve the aims of stand management that can be realised by
controlling vegetation cover and growth of new trees. Ideally, a forest manager could
choose the appropriate gap size based on the knowledge of optimal growing conditions
for each tree species and thereby influence the future forest composition (Messier et al.,
1999). One of the unknown effects of gap size is the loss that results from a decrease in
growth productivity associated with the edge effect from small stand gaps. It is possible
to evaluate the effectiveness of the use of shelterwood cutting by determining the success
of natural regeneration depending on the used cutting technologies and the additional
volume increment of the retained trees.

Shelterwood and selective cutting in Latvia have been studied extensively in the
middle of the last century (Kundzins, 1949; Zviedris, 1949; Cyna, 1957; Stna, 1958;
Zviedris, 1960; Igaunis, 1960; lgaunis, 1961). At the end of the 20th century, J. Donis, a
researcher of the Latvian State Forest Research Institute "Silava", led the research
dedicated to problems of no clear-felling forest management, and this doctoral thesis can
be considered as one of the results of that research.

1.2. Aim of the thesis
The aim of this research is to determine the suitability of uniform and group
shelterwood cutting for use in pine stands on dry and mesic mineral soils.

1.3. Objectives of the research

The following research objectives were established in order to reach the aim:
o analysis of the success of pine regeneration after uniform shelterwood cutting in
pine stands;
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o evaluation of pine regeneration after group shelterwood cutting;
¢ analysis of the response reaction dynamics of the remaining part of the stand.

1.4. Proposed hypothesis

The thesis has put forward the following research hypotheses: 1) it is possible to
predict regenerated pine number and height at a certain pine shelterwood basal area,
number of trees or gap size after shelterwood cutting; 2) shelterwood cutting initiates
additional volume increment for the remaining trees.

1.5. Scientific novelty

The most significant previous studies on shelterwood cuttings in Latvia were
conducted in the middle of the last century. Until now the impact of gap size and distance
from the gap edge on natural and artificial regeneration, as well as the additional volume
increment of retained trees after shelterwood cutting in pine stands had not been
researched.

1.6. Structure and volume of thesis

The structure of the doctoral thesis is subjected to the work tasks. The first chapter
deals with the analysis of the literature and previously conducted studies in relation to
the topic of the doctoral thesis. The second chapter deals with the description of methods
and materials used in the work. The third and fourth chapters deal with exposition of the
results obtained in the research and conclusions deriving from them. The third chapter
consisting of five subchapters deals with analysis of success of pine regeneration after
uniform and group shelterwood cutting in pine stands. The fourth chapter consisting of
two subchapters deals with the reference reaction dynamics analysis of the remaining
part of the stand. The work is concluded with the most significant conclusions and
practical recommendations.

The volume of the doctoral thesis is 113 pages, information is collected in 13 tables,
59 images, and 2 annexes. 201 sources of literature are used. The conclusion of the work
contains 7 main formulated conclusions and provides 4 practical recommendations.

2. Material and methods

Overall description of research objects

The research was carried out in 45 objects (stands) in different regions of Latvia.
Three objects (Kalsnava; MeZole-42; MezZole-74) were measured as experimental objects
for determining the effect of different-sized gaps on natural and artificial regeneration.
The establishment and survey of these objects was started before cutting was performed.
The rest of the objects were measured only as observation objects after uniform
shelterwood cutting (hereinafter referred to as USC) and group shelterwood cutting
(hereinafter referred to as GSC) in mature pine stands. Forest managers of these objects
performed cutting from 1995 to 2009. A part of all the measured objects were surveyed
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only once, but some of them were surveyed twice for a period of 16 years after cutting.
Survey was performed from 2004 to 2013.

Different objects were used in order to fulfil the work tasks. Not all work tasks were
performed in all objects (within one type of cutting).

Assessment of natural regeneration in uniform shelterwood cutting depending
on the basal area and density of a stand

Data were obtained from pine stands in Vacciniosa (Mr), Myrtillosa (Ln) and
Hylocomiosa (Dm) forest types. A total of 32 objects were surveyed.

One to nine circle sampling plots (161 in total) of an area of 500 m?, in which
measurements of the shelterwood (previous stand) were surveyed, and organized into
objects. The number of shelterwood sampling plots (hereinafter referred to as SP)
depends on the size of the stand and the number of trees within the object.

Circle regeneration sampling plots (424 in total) of an area of 25 m? were arranged
in the 500 m? SPs in order to evaluate natural regeneration. The centre of the regeneration
sampling plots (hereinafter referred to as RSP) was located in the centre of SP and in
some cases also in 6 m distance towards N, E, S, W. Height of all trees that had reached
a height of at least 5 cm was measured.

Only those SP of the shelterwood that did not have the second storey or advance
regeneration trees were selected for calculations.

Data were divided into two groups: 3-5 years after cutting and 9-12 years after
cutting. The number of measured trees in RSP was recalculated per 1 ha, as well as
2000 trees per ha aka average height of the five highest trees per RSP (Hzo00) was
calculated.

SP was used as a characterising element of the shelterwood. The basal area and
number (density) per 1 ha of the shelterwood trees was calculated in the SPs.

In order to determine the number of naturally regenerated pine trees per 1 ha, the
basal area and density of the shelterwood in SPs were used as factorial values. Equations
of regression analysis depending on forest types and post-cutting periods were
calculated. The same type of analysis was performed regarding Hzoeo. In order to level
the differences that occurred due to evaluation within different periods after the cutting,
H2000 Was calculated as linear levelled at the base age of four years (in the age group from
three to five years) and ten years (in the age group from nine to twelve years).

The number of RSPs used in evaluation calculations of the number of naturally
regenerated trees differs by post-cutting period groups and forest types (Table 2.1)

In order to determine if the pine seedlings were located evenly through shelterwood
stands, the percentage of RSPs with at least 2800 trees ha™ (the same as seven trees in
one RSP) was calculated for the post-cutting period of 9-12 years. The representation
interval of characteristics percentage was calculated by using the ¢ method
(Liepa, 1974).

Assessment of natural regeneration in uniform and group shelterwood cutting
in Vacciniosa forest type depending on light regime

In order to determine the light regime, a camera (Nikon Coolpix 8400) with fisheye
lens (FC-E9) and complementary equipment was used (Winscanopy O-Mount).
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Images were obtained at the centres of the 500 m? SP in eight objects with USC
(28 images in total). In the Mezole-42 object, images were obtained in gaps with different
size (10x10 m, 20x20 m, 20x40 m and 40x40 m), taken them every 7 m (62 images in
total) on the NW-SE diagonal of gaps.

The total site factor (the ratio of): 1) total (direct + diffuse) photosynthetically active
flux density under canopy average for the growing season, and 2) total (direct + diffuse)
photosynthetically active flux density over canopy average for the growing season) was
used in order to characterize the diversity of light regime. The total site factor was
obtained by processing the images with WIinSCANOPY 2006a Pro software
(www.regentinstruments.com).

In order to evaluate the success of natural regeneration depending on the light regime,
linear regression equations between the number and average height of the seedlings per
1 ha and the values characterizing the light regime (the total site factor) were calculated.
The RSPs with a radius of 2.82 m above which the image-taking was performed, were
considered as a characterizing unit of a stand regeneration.

Assessment of natural regeneration in group shelterwood cutting depending on
distance to the gap edge

The research was carried out in Vacciniosa (two sites) and Myrtillosa (five sites)
forest types where the first stage of GSC was done. Relatively regular circle gaps
25 — 32 m in diameter were cut in the stands by cutting all the trees in that area. The left
parts of the stand among the gaps were not cut, except for one object (ABA), where a
part of the first-storey trees and all the second-storey spruces were cut. Six years after
the first cutting, the second cutting stage was made in this object thus widening the gaps.
The second stage was not made in other stands, except for the clearing of trees that had
fallen due to wind. After cutting the gaps, the soil in these gaps was mechanically
prepared, and weeding in some of the objects was also performed.

Two to three gaps were surveyed in each stand (17 gaps in total). Four out of five
objects were surveyed twice. The stands were surveyed according to methodology
developed by J.Donis (2006). Initially, the approximate centre was found for each of the
gaps. SP with the radius of 12.62 m (500 m?) were established in the four cardinal
directions (N, E, S, W) at the distance of 18 m from approximate gap centre (Fig. 2.1).
In these SPs, the parameters of the shelterwood were measured and the location of the
trees was determined in order to survey the shelterwood.

The RSPs (r = 2.82 m) were located in the centre of the gaps and at a distance of 6 m,
12 m, and 18 m distance in all the cardinal directions (N, E, S, W) (Fig. 2.1). The height
of all the saplings reached at least the height of 5 cm was measured.

Data were divided into two groups: the first group contains measurements obtained
three to five years after cutting (hereinafter referred to as four years), and the second
group contains measurements obtained nine to thirteen years after cutting (hereinafter
referred to as ten years).

Taking into account different size of the gaps (25 — 32 m in diameter), the RSPs are
located at various distances from the gap edge. In order to make the calculations, RSPs
were divided into four groups depending on the distance from the gap edge.
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Similar calculations to those done for objects with uniform shelterwood cuttings by
forest types and distance from the gap edge were made.

In order to determine the impact of the gap edge on Hazogo, Univariate analysis was
done using SPSS14 software. The analysis was made separately per forest types and
post-cutting periods. Games-Howell test was used in order to evaluate significance
among gradation classes.

Assessment of natural regeneration in group shelterwood cutting depending on
the gap size

The research was carried out in two experimental objects in Hylocomiosa forest type
— Kalsnava (shelterwood species mixture — 80% pine, 20% spruce) and Mezole-74
(shelterwood species mixture — 60% pine, 20% birch, 20% spruce). There is a slightly
different vegetation cover in these objects. In Kalsnava: Pinus sylvestris + Picea abies —
Picea abies — Vaccinium myrtillus + Pteridium aquilinum + Calamagrostis arundinacea
— Hylocomium splendens + Pleurozium schreberi and MeZole-74: Pinus sylvestris +
Betula pendula + Picea abies — Picea abies — Vaccinium myrtillus + Melampyrum
pratense + Calamagrostis arundinacea — Hylocomium splendens + Pleurozium
schreberi.

During the winter of 2006-2007 rectangular openings (gaps) of different sizes —
10x10 m, 20%20 m, 20x40 m (with the longest side arranged in the N-S (further NS) or
E-W (further EW) direction) and 40x40 m — were marked and cut. The distance between
the gaps was at least 20 m (with the exception of 10x10 m gaps, where the smallest
distance between the gaps was 10 m). Middle zones between the gaps were not cut.
37 gaps in total were cut.

During the spring of 2008, the harvested gaps at the Kalsnava object (hereinafter
referred to as Kalsnava) were divided and marked into 10x10 m squares (Fig. 2.2) and
the natural regeneration in the part of the marked squares was measured by locating
25 m? circle RSPs in the middle of them. In the MeZoles-74 object, RSPs were located
on NW-DE diagonals of gaps by locating 25 m? circle RSPs after every 7 m, but in
10x10 m gaps — only in the middle of gaps. The total of 117 RSPs were surveyed in
2008. In the RSPs, the height of at least 5 cm high coniferous trees was measured, but as
for deciduous trees it was measured four largest trees per 1 m? at a distance of at least
50 cm from one another.

In Kalsnava in the spring of 2013, the RSPs were located in the same places, but in
Mezole-74, the RSPs were located using the same principle as in Kalsnava. In 2013, the
natural regeneration in 40x40 m uncut parts of the stand was surveyed in both objects by
locating the circle RSPs in the middle of them as well as in 6 m distancesto N, E, S, W
from the centre. The total of 175 RSPs were surveyed in 2013. In 2013, the diameter at
the root collar (hereinafter referred to as the diameter) was measured for some of the
trees.

By performing analysis of variance with the SPSS 14 software, the following units
were used as variables — the number of trees, the height and diameter of pines, spruces,
and birches. Significant differences were determined in the number and height of trees
among objects, thus further analysis was made per object. The age after cutting and gap
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size were used as factor gradation classes. Games-Howell test was used in order to
evaluate the significance among the gradation classes.

Planting evaluation in group shelterwood cuttings

The research was conducted in two experimental objects — Kalsnava and Mezole-74
— in Hylocomiosa forest type. During the spring of 2009 in Mezole-74, a part of the
marked squares were planted with containerised pine seedlings (H=0.085+0.002 m) on
patches (0.4x0.4 m) which had previously been scarified by hand tools. In Mezole-74
seedlings were spaced 2x2 m apart (25 plants per marked 10x10 m square), thus the
distance from the gap edge was known for each seedling. During the spring of 2011, pine
seedlings (H=0.175+0.002 m) were planted in the Kalsnava by a similar manner.
Seedlings were spaced 1.75%1.75 m apart (30 plants per marked 10x10 m square). It
should be noted that pines in Kalsnava were planted repeatedly because more than 85%
of bare-root seedlings (4+0) planted the first time (in the spring of 2008) died or were
significantly damaged due to various reasons (damages done by animals, etc.).

Weeding is performed every year in July, except during the second growing season
in Kalsnava, where weeding was done at the end of June in a part of the object. Several
weeks later it was done in the rest of the object.

The height of newly planted seedlings was measured right after planting, and this
procedure was repeated each autumn. After the third growing season, the root collar
diameter of seedlings in Kalsnava was also measured.

After gap harvesting, a visual assessment of vegetation composition was carried out
at the Kalsnava site during July of the second year. Only those squares with artificial
regeneration were observed. Average height of the vegetation as well as the proportion
of the square area occupied by the vegetation was estimated.

Survival of seedlings in Kalsnava and Mezole-74 objects was analysed. Height and
diameter increment three years after planting was also analysed. All the seedlings were
used for the research of the survived seedlings. Only the undamaged seedlings from
Kalsnava object were used for height increment and diameter analysis. Multifactor
analysis of variance was done by using SPSS14 software. As the affecting factors were
checked — object, gap size, initial height of seedlings and distance to the closest edge.
The object, gap size, initial height of seedlings and distance to the nearest gap edge were
evaluated as the affecting factors. The distance to the gap edge was divided into distance
groups — 1m; 3m; etc. Due to the small quantity of seedlings (a maximum of three
observations) available for tree height and diameter calculations in the distance groups
of 5 min 10x10 m gap and 9 m in 20x20 m, 20x40 EW and 20x40 NS gaps, these
distance groups were merged with the nearest groups, 3 m and 7 m respectively.
Similarly, the distance groups of 13 m, 15 m, 17 mand 19 m were merged with the 11 m
distance group at 40x40 m gap. This combined group is hereafter referred to as > 11 m.

After checking significant factors, it was found out that the initial height of seedlings
significantly differs between objects, thus further analysis was done for each object
separately. The gap size and distance to the gap edge was used as gradation class. Games-
Howell test was used in order to evaluate significance among gradation classes.

Confidence interval for the average arithmetical values of sampled population was
calculated by including the rationed deviation of Student’s distribution. The
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representation interval of characteristics percentage was calculated by using the
¢ method.

Evaluation of response reaction of the retained trees in shelterwood cuttings

Objects, whose post-cutting period was at least five years, were used in the research.
17 objects were used in order to evaluate USC tree reference reaction: six in Vacciniosa
forest type, five in Myrtillosa forest type, and six objects in Hylocomiosa forest type, but
for GSC — five objects in Myrtillosa forest type. In order to determine the age of the stand
and for additional increment calculations, samples of radial increment with increment
borer at breast-height from pine sampling trees were collected. The direction of coring
was chosen randomly in reference with cardinal directions and crown gaps. Samples in
USC objects were collected from the average of 29 trees per object, but in GSC — from
54 trees. The annual ring samples were obtained from 496 trees in USC objects and from
269 trees in GSC objects in total.

The width of the annual rings was measured by using LINTAB IV.
TSAP Win Scientific 0.55 software was used for initial data processing. Method
developed by I.Liepa (1996) was used for additional increment calculations. The average
tree method was used for analysing the additional stand increment (Liepa, 1996).

In order to calculate additional volume increment, at least 39 pure pine stands at the
age of at least 90 years were used for control purposes. Radial increment samples were
obtained from 15 to 74 trees in these stands (totally from 721 trees). Retrospection period
of 10 years was used for calculations. Adequate control trees were selected for each
evaluated stand. Those trees, whose radial increment during the retrospection period
showed statistically significant correlation rig00s= 0.6319 (Pearson’s coefficient’s
critical value at n=10 and 0=0,05) against the average radial increment of the evaluated
stands were selected. Regression equation was used for correlation of the average annual
right width between selected control trees and evaluated stands. The coefficient of
determination value of the calculated regression equations for USC objects is at least
0.81, but for GSC objects — 0.64. In order to evaluate the impact of cutting, each stand
had their annual (Tpred) and cumulative (Kpred) additional volume increment per unit of
stand basal area m® m calculated (Liepa, 1996). Tprq is calculated as the cumulative
increment difference between consecutive years. Kprq is obtained by recalculating the
additional cumulative increment per 1 m? of the stand basal area. Cumulative additional
volume increment calculation was done by using equations (1, 2, 3, 4, 5, 6, 7) from the
I. Liepa (1996) method.

In order to determine what factors affect the Kpreg after USC, multifactor analysis was
done by using SPSS14 software. Kpreq Of each object five years after cutting was used as
the affected value. The forest type and the region of Latvia were analysed as the fixed
factors. The basal area of the object, percentage of the cut basal area, the average age of
the stand at breast-height, and the number of years affected by the storm in year 2005 (if
2005 was included in the 5 year period of evaluation) were used as covariate.

Tpred and Kprea Of the remaining (thinned) trees in the USC objects were calculated.

The total tree Tpreg and Kpreq Of the SPs located in the uncut parts of the stand for
GSC objects were calculated. In order to compare, whether the additional volume
increment of the trees in the uncut part of the stand is the same regardless of the distance
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to the gap edge, trees were divided into two groups — trees located closer than 7 m from
the gap edge, and trees located farther than 7 m from the gap edge. The distance from
the gap edge that divides the selected group borders was chosen similar to impact zones
determined in other studies: 5 m (Donis, 2007) and 8 m (Zdors, Donis, 2012), as well as
the possible impact zones 0.3-0.6 of the average tree height within the stand (Epmoxus,
Cynuuk, 2001). Additional stem volume increment was calculated for each group
separately. In order to calculate the maximum Kprq 95% confidence interval, 2 standard
errors were added or subtracted from the average value of annual ring width of the
affected stand and repetitive Kpreq recalculation was done. Hereinafter in the text, the
Tprea and Kpreq Of the uncut part of the stand, and the Tpres and Kpyeq Of trees located closer
and farther than 7 m from the gap edge are mentioned.

The impact of the storm in 2005 on the additional volume increment and changes in
the annual ring width were evaluated as well.

3. Analysis of the success of stand regeneration

3.1. Natural regeneration in uniform shelterwood cuttings depending on the basal
area and density of the stand

In Vacciniosa forest type, four and ten years after the cutting correlation between the
number of pine seedlings and the shelterwood density or the basal area of the shelterwood
is mostly negative. However, the Haoo correlation with the characterizing elements of
the shelterwood is only negative (Table 3.1). In all cases, the correlations are weak and
insignificant (p > 0.05). Thus it is not possible to predict the number of regenerated pine
trees in Vacciniosa using easily determined taxation indicators as the shelterwood
density or the basal area within the surveyed borders (N = 60 — 260 trees ha™;
G =7-31m?ha%l). A research conducted in Finland also found that the amount of light
positively correlates with the parameters of tree growth (height, current height increment
and average height increment), but has almost no correlation with the number of
seedlings (Pukkala et al., 1993).

Similarities were found in the Myrtillosa forest type four years after the cutting.
Correlations between the number of naturally regenerated pines or Hapo and the
shelterwood density or the basal area of the shelterwood are weak and insignificant
(Table 3.1). But ten years after the cutting, the Haooo Of the regenerated pines negatively
correlates (r = - 0.64) with the shelterwood density and correlation is significant
(p = 0.000). The correlation with the basal area is weaker (r = - 0.40) but still significant
(p = 0.001). The number of regenerated pines positively correlates with the basal area of
the shelterwood, and the correlation is significant (p = 0.046) yet weak (r = 0.24). No
correlation between the number or regenerated pines and the shelterwood density was
found.

In the_Hylocomiosa forest type four years after the cutting the correlation between
the number of naturally regenerated pines and the shelterwood density or the basal area
are weak and insignificant. However, the correlation between Hago and the shelterwood
density is negative, weak (r = - 0.25), and significant (p = 0.034). The correlation between
Ha000 and the basal area of the shelterwood is negative, yet insignificant (p = 0.098).
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Ten years after the cutting in the Hylocomiosa forest type the correlations between the
number of regenerated pines and the shelterwood density or the basal area are medium
close (r = 0.57), positive, and significant (p = 0.000), but with Hz0 — negative, yet
insignificant (p > 0.05).

Ten years after cutting in Vacciniosa in SPs where shelterwood density is lower, there
are more RSPs with at least 2800 seedlings ha™ (Fig. 3.1). In SPs where shelterwood
density is at least 180 trees hal, 70% of RSPs with at least 2800 seedlings ha* are found,
but 83% are found where shelterwood density is 20-80 trees ha. In Myrtillosa, the
percentage of RSPs with at least 2800 seedlings per ha fluctuates from 70 — 80%.
However, the situation was reversed in the Hylocomiosa forest type — at 20-80 retained
trees per ha, there were only 14% RSPs with at least 2800 seedlings per ha, but at more
than 160 retained trees per ha, the number of ,,full” RSPs is 88%.

In general it can be concluded that correlations between Hago 0f pine seedlings and
shelterwood density or the basal area are negative, and this tendency becomes clearer as
the period of time after the first cutting stage increases, and also in more fertile forest
types (Myrtillosa, Hylocomiosa). In Myrtillosa and Hylocomiosa, this tendency was
more pronounced, because seedlings at equal post-cutting age were higher than in
Vacciniosa.

In Hylocomiosa correlations between the number of pine seedlings and the
shelterwood density or the basal area are positive, this tendency becomes clearer as the
period of time after the first cutting stage increases. The percentage of RSPs with at least
2800 seedlings per ha is higher in denser places. However, correlations with Haogo are
negative. Thus it can be concluded that in places with less retained trees per ha pine
seedlings had less possibilities to survive due to competing vegetation cover, but if they
survive, they reach greater height than in denser areas. These results correspond with
research done in Sweden on fertile soils, where it is concluded that the number of
regenerated seedlings four years after cutting is higher in the stand where more trees per
ha are retained. It was explained by high seedfall, slower invasion of competing
vegetation, consequent prolonged recruitment and low mortality (Beland et al., 2000).
Thus it is advised to retain 200 trees per ha in fertile soils (Beland et al., 2000). In order
to decrease the development of the ground vegetation and undergrowth when performing
uniform shelterwood cutting in spruce forest, l.Igaunis (1961) has suggested stand
thinning in regular pattern and avoiding creation of larger gaps. The tendency that the
correlations between the number of pine saplings and the number of retained trees or the
basal area are positive, but the correlation between Hzgo0 and the number of retained trees
are negative, should be used in Hylocomiosa and Myrtillosa by retaining more trees or
higher basal area per ha after the first cutting stage in comparison with Vacciniosa, in
order to initially decrease the negative impact of vegetation cover. The second cutting
stage should be done as soon as possible (after 3-7 years), because even though the
number of seedlings is higher in denser parts of the stand, they are significantly shorter.

It must be noted that in most of the analysed objects, the second cutting stage has still
not been done 9-12 years after the first cutting. Weeding has not been done in part of the
objects as well. Two objects are cut with clear-cutting by not retaining advance growth,
but afterwards mechanically preparing the soil (the soil was not prepared after uniform
shelterwood cutting) and by planting pines. The last cutting stage was done in only one
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of the stands. It could mean that in some cases a targeted stand management is not done
after the first cutting stage. It means — the soil is not prepared, weeding is not done, and
the previous stand is not timely thinned and removed in order to promote growth of the
established seedlings. If these actions were done, it is possible that the success of the
natural regeneration would be higher — there would be more regenerated seedlings (for
example, when preparing the soil) and they would be higher (by timely performing stand
thinning).

3.2. Natural regeneration in Vacciniosa forest type after uniform and group
shelterwood cutting depending on light regime

In simple (without previous advance growth) pine stands in the Vacciniosa forest
type where uniform shelterwood cutting has been done, it can be found that with better
light regime conditions (total site factor is in the range from 0.39 to 0.59) there is larger
number of seedlings four and nine years after the cutting, yet the correlations are weak
and insignificant (r =0.050; p=0.866 and r =0.125; p=0.669). The seedling height
correlation with total sight factor is weak and insignificant (r = -0.020; p=0.945 and
r =0.248; p=0.393) as well.

When evaluating the light regime in the Vacciniosa pine stand where group
shelterwood cutting was done, it can be found that with better light regime conditions
(total sight factor is in the range from 0.32 to 0.74) there is smaller number of seedlings
two and five years after the cutting. Two years after the cutting, this correlation is weak,
yet significant (r =-0.277; p=0.030), but five years after cutting — weak and insignificant
(r =-0.183; p=0.158).

The seedling height five years after the first cutting has positive, weak and significant
correlation (r =0.421; p=0.001) with the total site factor (Fig. 3.2).

Even though it can be concluded that in uniform shelterwood cutting the pine seedling
height at higher total sight factor values is higher, this correlation in within the reviewed
total site factor at the amplitude from 0.29 to 0.59 is weak and insignificant. It is possible
that the reviewed amplitude is too narrow, and if data for wider amplitude, for example,
data on places with lower shelterwood density with larger total site factor, was added,
the correlations would become closer. But other studies have also found that the main
factor in less fertile soils is not the light regime, but the distance to the closest mature
tree that reflects as competition for minerals and moisture (Strand et al., 2006). By doing
group shelterwood cutting in stands on less fertile soils, where as a result the distance to
the closest tree is larger than in uniform shelterwood cuttings and at the same time, the
light regime is better for tree growth, the tree height correlation with the total site factor
is weak yet significant. Many authors point out the tendency that better light regime
conditions promote the growth of pine seedlings (Pukkala et al., 1993; Valkonen et al.,
2002; Jakobsson, 2005; Strand et al., 2006; Siipilehto, 2006; Cyna, 1957).
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3.3. Natural regeneration after group shelterwood cutting depending on distance
to the gap edge

Number of trees

Four years after group shelterwood cutting in Myrtillosa, the lowest (35%)
percentage of RSPs with at least 2800 trees hal, are in a zone -5.5 — 0.5 m from the gap
edge (negative digit means that RSP is located in the retained part of the stand) (Fig. 3.3).
Most frequently (75% RSP) at least 2800 trees ha™ are found at the distance of 9 — 10 m
from the gap edge. At the distance of 12.5 — 16 m from the gap edge 50% of full RSPs
were found. Ten years after the cutting, the majority (42%) of full RSPs were found at
the distance of 3 - 6.5 m from the gap edge. At other distances from the gap edge, similar
percentage of 33 — 35% of RSPs was found. It must be noted that in Myrtillosa ten years
after thinning the percentage of full RSPs begin to even, which could be explained by
the competition of birch and ground cover vegetation (Rubus idaeus, Calamagrostis
arundinacea).

Ten years after cutting in Vacciniosa only 19% of RSPs located -5.5 — 0.5 m from
the gap edge had at least 2800 trees hal. Starting from the distance gradation class
3 - 6.5 m from the gap edge, the percentage of the full RSPs is at least twice as large as
in respective gradation classes in Myrtillosa. Just like in Myrtillosa, the largest (94%)
percentage of RSPs is found at 3 — 6.5 m distance from the gap edge.

Four years after the cutting in Myrtillosa relatively full RSPs (400 trees hat) are
found in 60 — 97% of the cases. The largest percentage of relatively full RSPs was found
at a distance 9 — 10 m from the gap edge, but the smallest — in the interval of 12.5to 16 m
distance. Ten years after the cutting, at least 400 trees were found in 32 — 62 % of RSPs.

In Vacciniosa, starting from 3 m from the gap edge, all the RSPs contained
400 trees ha'?, but at a distance of -5.5 to 0.5 m from the gap edge there were 69% of
such RSPs.

Tree height

H2000 in Myrtillosa four years after the cutting at the distance of 9 — 10 m from the
gap edge is significantly (p < 0,05) larger than closer to the gap edge. At the distance of
125 — 16 m from the gap edge, the trees are as high as at the distance of
9-10m-0.47 m. Yet due to wide data spread and small surveyed amount of data no
significant differences are found. Similar situation was observed also 10 years after the
first cutting stage — the Haogo Of trees at the distance of 9 — 10 m from the gap edge is
significantly (p <0,05) larger than closer to the gap edge, but at the distance of
12.5 — 16 m the difference is insignificant.

Ten years after cutting in Vacciniosa, the highest Haogo (0.95 m) was observed at the
distance of 9 — 10 m from the gap edge, and it is significantly (p < 0.05) higher than Haoo
closer to the edge.

Management regime impact

In order to compare whether there are differences in number and height of trees in
Myrtillosa after group shelterwood cutting under different management regimes, two
objects were selected. After analysing the data, it was concluded that action complex —
timely weeding, thinning of the retained part of the stand, and cutting of the second storey
of spruces during the first cutting stage, and timely performed second cutting stage are
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ways to ensure a successful natural regeneration of pine when performing group
shelterwood cutting.

3.4. Natural regeneration after group shelterwood cutting depending on the gap
size

Two years after cutting

Two years after cutting in Kalshava, birch have regenerated the most, and larger
number of the seedlings (by recalculating per ha) has been found in smaller gaps, even
though significant differences in the number of seedlings have not been found (Fig. 3.4).
The number of regenerated pines and spruces is small and did not significantly differ per
different gap types. From 150+105 ha™* pines in 20x40ZD gaps to 800+ 283 ha pines in
20x20 m gaps were counted.

Two years after cutting, the situation observed in MeZoles-74 was the opposite to
Kalsnava. The number of regenerated pines and spruces was larger than the number of
regenerated birch and larger than in all gap types in Kalsnava (Fig. 3.5). The number of
pine seedlings fluctuated from 3600+£2190 ha™* in 10x10 m gaps to 10267+3159 ha in
20%20 m gaps. The number of spruce seedlings fluctuated from 1100+430 ha™ in
20x40NS gaps to 10089+3070 ha™ in 20x20 m gaps. However, the number of birch
seedlings was similar to Kalsnava — from 833+309 ha?! in 20x40NS gaps to
6356+1616 hal in 20x20 m gaps. Differences in number of seedlings per different gap
types are not statistically significant for any of the species.

The observed differences in the number of seedlings among objects can be explained
by the intensity of vegetation cover per each object. According to observations of
B. Bambe (Donis, 2007), during the first year after creation of gaps the cover of herbs
and dwarf shrubs (7% to 77%) was larger than in MeZole-74 (5% to 27%). Thus it is
possible that initial conditions in Mezole-74 object were more favourable for
multi-numbered natural regeneration to occur.

Six years after cutting

Six years after cutting in Kalsnava, the number of pines per gap sizes does not
significantly differ and fluctuate from 193+£94 ha! in 40x40 m gaps to 1000+258 ha* in
10x10 m gaps. Thus it can be considered that the pine regeneration is unsuccessful. The
average height and diameter of pines are significantly larger in 40x40 m gaps in
comparison with 10x10 m gaps — 0.58+0.05 m and 9.0+1.7 mm against 0.18+0.04 m and
3.3+£0.9 mm respectively. Additionally, in 20x20 m gaps, tree height is significantly
smaller than in 40x40 m gaps.

The number of spruce seedlings has increased in all gap sizes. The largest number of
surveyed seedlings was found in 10x10 m gaps - 50001227 ha?, but the smallest
(similarly to pine and birch) in 40x40 m gaps - 207+78 ha’.

The number of birch seedlings per gap types practically has not changed and still the
largest number of hirch seedlings is found in smaller gaps - 5000+1227 ha' in 10x10 m
and 1900+679 ha? in 20x40EW gaps, but 800+232 ha in 40x40 m gaps, yet the
differences are not significant.

Six years after cutting in Mezole-74 the number of pines in all gap types has
significantly decreased, and the reason for that might be the snow blight (Phacidium
infestans P. Karst.) in the winter of 2011/2012 (not surveyed in details). There are no
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pines in 10x10 m gaps, but the largest number of seedlings is found in 20x40EW gaps —
11334417 ha. The average height and diameter in 40x40 m gaps was much larger than
in 20x20 m gaps — 0.40+0.05 m and 7.9+0.7 mm against 0.20+0.04 m and 3.7+0.6 mm
respectively.

The number of spruces in gaps is the same or it has increased. From 1950+625 ha*
seedlings in 20x40NS gaps to 168676576 ha in 20x20 m gaps have been surveyed,
but no significant differences have been found.

Mostly the differences found in the number of seedlings per gaps are not significant,
which often can be explained with small number of observations in gradation classes and
significant difference among natural regeneration RSPs. The difference in number of
seedlings among objects and differences within the objects by comparing gaps of
different sizes can be explained by differences in the location of substratum suitable for
emerging and establishing of seedlings. The soil has not been purposefully scarified, only
loosened when cutting trees — by felling and transporting them. Thus uneven location of
suitable substratum has occurred. In mineralized soil, there are 5-8 times more seedlings
than in places where the soil scarification have not been done (Kanuuuuerko et al.,
1991).

In both objects six years after cutting the number of seedlings of one species does not
exceed 91+47 hal in the control area, thus it can be concluded that the natural
regeneration in the uncut parts have been weak and it does not comply with the regulatory
acts.

In general, it can be concluded that in Hylocomiosa the natural regeneration of pines
is worse than of spruces. When comparing two years and six years after the cutting, the
number of regenerated pine trees decreases in almost all gaps, but the number of spruces
increases. The number of pines does not exceed 1133 ha™ six years after cutting
regardless of the gap size.

3.5. Planting evaluation in group shelterwood cuttings

At the end of the first growing season after the planting a total of 96.3% of the planted
pines in the Kalsnava object survived, with a higher percentage of 98.9% in the
Mezole-74 object. At the end of the second growing season after planting, the survival
percentage differed considerably between objects, with 90.0% in the Kalsnava object and
56.2% at the Mezole-74 object. At the end of the third growing season after planting,
only 23.7% of the planted pines had survived at the MeZole-74 object, but in Kalsnava
object 66.4% were still alive. The highest survival for pines in Kalsnava was found in
the 20x20 m gaps — 78.7% and in the 20x40 NS gaps (76.1%), but the lowest in the
10x10 m gaps (51.1%), and in the 40x40 m gaps (64.1%) (Fig. 3.6). The opposite was
observed in MeZole-74; more trees survived in the 40x40 m gaps (36.4%) and in the
10x10 m gaps (22.7%), but less in the 20x40 NS gaps (12.0%) and in the 20%20 m gaps
(9.3%) (Fig. 3.7).

In the Kalsnava object, the highest (average 77.0%) survival within one gap size was
in the distance of 3 m from the gap edge (Fig. 3.8). The highest survival (94.4%) in
20x20 m gaps was at the distance of 5 m from the gap edge. Survival closer and farther
than 3 m from the gap edge was smaller. The lowest survival in 20x20 m and 20x40 m
gaps was at the distance of 7 m from the edge, but in 40x40 m gaps it was at the distance
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of 11 m from the gap edge. In 10x10 m gaps at the distance of 1 m from the gap edge
the lowest survival (44.1%) between all observations was monitored.

In the Mezole-74 object, the highest average survival (24.6%) was found at the
distance of 1 m from the gap edge (Fig. 3.9). However, in the 10x40 NS gaps of this
distance no survived pines were found, and the highest survival was found directly at the
greatest distance from the gap edge at 7 m (25.0%). Meanwhile, in the 40x40 m gaps,
the highest survival was found at 9 m from the gap edge (55.6%). On average, the lowest
survival (17.9%) was found at 5 m from the gap edge.

In the Kalsnava object there was a tendency that at a distance of 1 m and 3 m from
the gap edge a higher survival rate was found in the larger gaps. By contrast, at a distance
of 5 mand 7 m from the gap edge this trend was not observed, and the highest survival
rate was in the 20x20 m gaps.

In the Mezole-74 object, regardless of the distance from the gap edge, the highest
survival was in the 40x40 m gap. At a 5 m and 7 m distance from the gap edge in the
larger gaps, a higher survival for pines was observed.

During three years the majority (75.3%) of the survived pines in Kalsnava object
were damaged. The majority (71%) of the damaged trees were bent by snow. In
Mezole-74 object, 56.3% of the trees were found damaged. Similarly to Kalsnava object,
the majority (39%) of the trees were bent by snow. This large percentage of trees bent
by snow can be explained with the fact that they have grown lanky due to insufficient
light regime, thus they bend easier.

Taking into account all the previously stated differences between objects in seedling
survival and the fact how they have survived in different types of gaps and at different
distances from the gap edge, it is not possible to determine common trends in the survival
of pines in gaps of different sizes. The only common tendency is that at a distance of 1 m
and 3 m from the gap edge, the highest survival was in the 40x40 m gaps, which could
be explained by a better light regime compared with the smaller gaps. The difference
between the sites could be explained by the substantially different initial tree heights and
by research site characteristics, such as a better light regime in Kalsnava. The better light
regime can be explained by a different mixture of shelterwood species (pine proportion
in stand at 80% vs. 60%), and a different shelterwood height, ~26 m vs. ~30 m. Stands
with a higher proportion of pine have a better light regime (Sonohat et al. 2004, Zdors
and Donis 2011), that might have promoted the survival of trees in Kalsnava object. Also,
shorter trees give less shade. Better light regime also contributes to the growth of the
competing vegetation, which might explain why in Kalsnava there were less survived
pines in the larger gaps at a distance above 3 m from the gap edges. When performing
the monitoring of vegetation cover in these objects, B. Bambe (Donis, 2008) has found
that during the second growing season after cutting, the number of vegetation cover
species is significantly larger in Kalsnava object than in MeZole-74 object. For example,
in Kalsnava, the average number of species in vegetation cover in 40x40 m gaps was 48,
but in Mezole-74 object — only 24. That might indicate the fact that there are better
conditions for vegetation cover growth in Kalsnava.

Differences between the research sites in pine survival could be explained by
different planting times (2009 and 2011) as well as by the different planting time after
creation of the gaps — the third growing season after felling in MeZole-74 compared with
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the fifth growing season after felling in Kalsnava. The longer the time after cutting, the
greater the competing vegetation cover after shelterwood cuttings (Marozas,
Sasnauskiene, 2012), similarly as after clearcutting (Nilsson, Orlander, 1999). It could
also explain why in Kalsnava there was a lower survival for pines in the larger gaps at a
distance above 3 m from the gap edges. Taking into account that snow blight has not
been monitored in Kalsnava, but it has been monitored in MeZole-74, it is possible that
trees, which died due to snow blight, could explain the differences in survival per objects.

It must be noted, that spruces have also been plated in these objects, and the
percentage of survived spruces four growing seasons after planting is 90.4% in Kalsnava
and 84.4% in Mezole-74 (Zdors, Donis, 2012). Therefore, spruce can be used as an
alternative (in medium fertile forest types) if pine planting results are unsuccessful.

Tree growth

The initial tree height and the distance from the gap edge had no significant (p > 0.05)
impact on three-year height increment and diameter. However, three-year height
increment was significantly (p < 0.05) affected by the gap size.

In almost all gap sizes the three-year height increment was the lowest at a distance of
1 m from the gap edge (Fig. 3.10), but differences with pines which were located at a
greater distance from the gap edge were not significant (p > 0.05. Similar tendencies
have been observed in relation to tree diameter (Fig. 3.11).

It must be noted that even though the tendency that higher three-year increments of
tree height and diameter are observed for trees farther from the gap edge also in other
gaps, the differences among gradation classes are not significant. For example, in
40x40 m gaps the three-year height increment and diameters are the largest for trees
located at the distance of 9 m from the gap edge, 0.49+0.08 m and 8.9+1.3 mm
respectively, but at the distance of 11 m (gradation class includes trees located 11-19 m
from the gap edge) they are insignificantly smaller, 0.47+0.06 m and 8.6+1.1 mm
respectively. The most probable reason for it is vegetation cover that increases under
better light conditions. In the Kalshava object by the second growing season after gap
harvesting (two years prior planting) in the 40x40 gaps at marked squares along gap
edges Rubus idaeus covered about 13% of the area of squares with an average height of
0.9 m. At squares in the middle of the 40x40 m gaps this was 19% and 1.0 m.
Calamagrostis arundinacea in marked squares along the gap edge covered 17% with an
average height of 1.6 m, but in the middle squares this increased to 30% with the same
average height. Also in other study, where ground vegetation was not controlled, a
similar trend was observed — in greater gaps at a greater distance from the gap edge, the
tree growth was also affected by the ground vegetation competition, which reduces the
positive effect of improvement in the light regime (Kern et al., 2012). Although weeding
was carried out once a year during our study, usually in July, apparently it was not
sufficient to mitigate the negative impact of ground vegetation (especially in the largest
—40x40 m gaps). It must be pointed out that during the growing season, when weeding
was performed at the end of June and in some part of the objects, and at the other part
was performed several weeks later, in autumn, when the trees were surveyed, it visually
turned out that in this part of the object where weeding was performed earlier, the tree
growth during summer was minimally affected, but it would be advisable to perform
another weeding in autumn in order to remove vegetation cover that supresses the trees.
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But in the part of the object, where weeding was performed later, it would not be needed
to remove the vegetation cover again; however, the trees appeared to be grown in worse
conditions (not measured in detail), because they were supressed during the most active
time of growth. Thus, even though it usually has been emphasised that the development
of competing vegetation is reduced after shelterwood cutting compared with
clear-cutting (von Sydow, Orlander, 1994; Beland et al., 2000; Karlsson, 2001; Ha6aros,
1980; Menexos, 1989), when making a comparison a subjective impression has occurred
that weeding in 40x40 m gaps in Myrtillosa or Hylocomiosa forest types should be done
twice a year in order to prevent the competitive impact of vegetation cover. That would
be applicable in cases when planting is not done in the first years after cutting. If planting
is done during the first two years, weeding should be performed at least once a year.

After the research of spruce growth in the same objects, it was found that the edge
impact spread up to 8 m distance from the gap edge (Zdors, Donis, 2012). The edge
impact on pine growth could be similar because, as it was mentioned, in 40x40 m gaps
the three-year height increments and diameters are the largest at the distance of 9 m from
the gap edge. In the research of natural regeneration in different configuration gaps in
pine stands of VVacciniosa forest type, Donis (2007) found that at a distance of less than
5 m from the gap edge pines were significantly shorter. In each distance group the trees
were higher, though the difference was not significant (Donis, 2007). Similar results
were obtained by Jakobson (2005) in Sweden, who found that in young pine stands the
volume production in the 5 m zone closest to the edge was 10 % of that beyond 5 m.
A study from Finland shows that competition resulted in retarded height development
which extended up to about half of the dominant height of the edge stand (Siipilehto,
2006). Research on retained trees of the previous stands in cuttings found that each
retained tree of the previous generation reduces the growth of the new pine height for
9 —17% in 10 mradius (Valkonen, 2002). According to other data, this effect is observed
at 6 mradius (Siipilehto, 2006). It should be noted that the research, which compared the
growth of the pines planted in an uncut forest (500 trees per ha) and in a clear-cut, proved
that four years after the planting the dry mass of the pines leading shoots in uncut forest
was only 3% of that in a clear-cut (Erefur et al., 2011). But for the height growth the
corresponding value was almost 30%. These findings indicate that height growth can be
not a good measure for the overall growth of seedlings, especially not under shelterwood
cutting (Erefur et al., 2011).

When analysing how trees have grown at a particular distance from the gap edge in
different gap types, it was found that in 10x10 m gaps at the distance of 1 m from the
gap edge, the smallest three-year increment of height and diameters have been surveyed
in comparison with larger gaps. Additionally, the differences with 20x40 EW and
40x40 m gaps are significant (p < 0.05). Diameter differences are significant also
(p <0.05) with 20x20 m gaps. Differences between other gradation classes are not
significant (p > 0.05).

Similarly to 1 m distance, also at the distance of 3 m from the gap edge, the smallest
three-year increment of height and diameters have been surveyed in 10x10 m gaps, and
only differences with 20x20 m gaps are not significant.

At 7 m distance from the gap edge higher three-year increment of height and
diameters are monitored in larger gaps, yet the differences are not significant (p > 0.05).
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Generally it can be concluded that in 10x10 m gaps at a particular distance from the
gap edge, there are smaller three-year increments of height and diameters in comparison
with larger gaps, and a part of the differences are significant. Pine survival in these gaps
in Kalsnava object is the lowest among all the gap types, but in Mezole-74 object, it is
lowest in 40x40 m gaps and 20x40 EW gaps. Thus, when performing group shelterwood
cutting, it would be advisable to make gaps larger than 10x10 m. Z. Stina (1973) has
recommended to initially cut gaps whose diameter would be similar to tree height
(approximately 25 m). But A. Zviedris (1949) has suggested 30x30 m gaps. In Sweden,
the studies suggest to create 20-40x30-60 m gaps (Erefur et al., 2011). In the UK, in
order to achieve satisfactory growth for pine it is suggested that the gap size should be
not less than 0.2 ha, or the diameter should be similar to the height of two trees in a
surrounding stand (Malcolm et al., 2001). In the northern part of North American
temperate forests it was found that the opening size should not necessarily be very large
(0.1-0.2 ha) in order for plants to achieve growth rates similar to those of plants in the
open conditions of clear-cut (Coates, 2000). When planning the gap size with objective
to have natural regeneration, one must not forget about the distance a pine seeds might
fly. Although this distance is up to 250 m (Arpoxun, Kysuenos, 1989), the majority of
seeds fall within 30 m distance (Hesselman, 1938, cited from Karlsson, 2000). E. Bakiizis
and R. Markus (1969) have found that pines regenerates the best in 45-60 m wide gaps.

4. Reaction dynamics of the remaining part of the stand

4.1. Response reaction of retained trees after uniform shelterwood cutting

Positive Tpres and Kpres Were monitored in all surveyed stands in Vacciniosa during
the first year after cutting (Fig. 4.1). Tpreq has its culmination in average of five to seven
years after cutting, and it gradually decreases over next years. In one of the stands
(714_278) a fast decrease of Tprq Was observed during the sixth and seventh year after
cutting, but during the next three years Tpreq increase has been monitored again. This
decrease happened in 2005 and 2006 and it might be explained with the impact of the
storm in January 2005. Such decrease has not been observed in other Vacciniosa stands,
yet when compared with other stands, this stand is located the farthest in West part of
Latvia where the most damage caused by the storm in 2005 were observed. The smallest
Kpred Was monitored in a 154 years old stand (408 _195), which is the oldest stand of all
the stands surveyed in Vacciniosa forest type.

In Myrtillosa, in four out of five stands the Tpres and Kpra Were positive during
already the first year after cutting, but during the second year these values were positive
in all the stands (Fig. 4.2). The largest Tpreq in three stands out of five is monitored three
years after cutting, but in these three stands, as well as in the rest two stands a Tpred
decrease was monitored in 2005 and 2006, and after that followed Tpreq increase. The
decrease might be explained with the impact of the storm on 2005. The smallest Kpreq
value was observed in the oldest stand (163 years). This stand is the oldest stand not only
throughout Myrtillosa forests, but also within the whole research. This stand has the
longest post-cutting period (16 years), and it is observed that starting from the thirteenth
year after cutting, Tprq has started to increase again and has reached the largest values
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16 years after cutting. The reason behind that might not be delayed reaction to thinning,
rather than unexplored side effects that might occur or intensify as the period after cutting
increases and the impact of stand thinning decreases. It must be noted that the applicable
evaluation interval indicated by I. Liepa (1996), the developer of calculation method,
does not exceed 20 years after the beginning of the impact.

In Hylocomiosa, only in three out of six stands a positive Tprg and Kpres Was
monitored (Fig. 4.3) in first year after cutting. One of the stands (714_226) with negative
Tprea during the first year after cutting was a stand that was cut in 2006. It is possible that
the impact of the storm in 2005 is not separable from the impact of the cutting during the
first year after cutting, because Tprd had been positive in this stand during following
years. But in the rest two stands (714_56; KNP111 17) with initially negative Tpreq, the
Tprea Value fluctuates around 0 during next years as well, but Kpreq remained negative
9 years after cutting. These two stands are the oldest stands from the stands surveyed in
Hylocomiosa, 153 and 141 years old respectively. In all the stands in Hylocomiosa where
the cutting was done before 2005, a decrease of Tpres Was monitored in 2005 and 2006.
The culmination of Tprg is approximately three to four years after cutting, but taking
into account the negative impact of 2005, Tpres culmination is not as explicit as in
Vacciniosa.

When performing multi-factor analysis, it was found that five years after cutting Kpreq
is significantly (p <0.05) affected by the age of the stand and forest type, but is not
significantly (p > 0.05) affected by the region of Latvia (western, middle, eastern), the
basal area of the object, the percentage of the cut basal area and the number of years
affected by the storm in 2005 (if 2005 was included into evaluated five year period).
When comparing Kpred between forest types and with the stand age used as covariant, it
was found that Kpreg of all forest types significantly (p < 0.05) differ from one another.
In Vacciniosa five years after cutting, the average value of Kpreg was 0.47+ 0.06 m® m
(= standarderror), Myrtillosa 0.35+ 0.11m® m?2 un Hylocomiosa 0.22+ 0.09 m® m™2.
J. Donis (2007) has found that the forest type has no significant impact on basal area and
increment of volume for separate trees after uniform shelterwood cutting. If the
competition among trees had been small before thinning, then thinning will have a small
impact because the tree growth did not depend on competition (Plauborg, 2004). In
research conducted by J. Donis (2007) it was found that in case of uniform shelterwood
cutting, the increment is significantly dependant on the basal area of the first storey of
the retained stand.

Generally it can be concluded that the culmination of additional value increment in
Vacciniosa happens five to seven years, but in Myrtillosa and Hylocomiosa — three to
four years after cutting. It must be noted that in all the stands in Myrtillosa and
Hylocomiosa where 2005 was included in the evaluation period, a decrease of Tpreq in
that year and small increase during next years was observed. In Vacciniosa forest type,
the decrease of Tpred in 2005 was monitored in only one stand. It is possible that, if such
decrease was not present in Myrtillosa and Hylocomiosa in 2005, then the culmination
of additional value increment would not be three to four years after cutting, but similarly
to Vacciniosa — a few years later. Tpreq decrease in 2005 can be possibly explained with
the impact of the storm in 2005, which resulted in sway of the trees in thinned stands and
disruption of a part of the roots, which left an impact on tree growth. The statistics on
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percentage of wind throw stumps in stands, where such statistics is available, indicates
that as well. It is possible that these stumps were fall down during the storm in 2005. For
example, the percentage of fall down stumps in Vacciniosa (0 — 3%) is smaller in
comparison with Myrtillosa (6%) and Hylocomiosa (2 — 9%), and decrease of Tpreq in
Vacciniosa is not that large. But it is possible that 2005 in general was less favourable
for tree growth, and the storm just enhanced this tendency. Simultaneously it must be
pointed out that other studies have found that the culmination of additional value
increment in more productive forest types after thinning is earlier than in less fertile
forest types (Jonsson, 1995).

4.2. Response reaction of retained trees after group shelterwood cutting

It has been found that Tpred and Kpreg Were positive already in the first years after
cutting in all five stands where group shelterwood cutting was performed.

Additional value increment forms differently for each stand, but it can be observed
that the largest Tprd in four out of five stands was monitored four to six years after
cutting. Nevertheless, the evaluation period for two stands (AKM19; AKM77) is only
six years long, thus this correlation must be considered with caution, because the largest
Tpred for the stand (604) with the longest evaluation period (10 years) was monitored in
the last evaluation year. Other studies have also found that culmination of increment
reaction occurs five to seven years after cutting (Holgen et al., 2003). Other authors have
found that the culmination occurs 7-11 years (Jakobsson, 2005) and even 15-20 years
after cutting (Niemisto et al., 1993). However, it must be pointed out that the last of the
mentioned authors had focused on the increment of trunk volume.

Kpred for trees located closer than 7 m from the gap edge was positive already in the
first years after cutting, and it was 2-5 times higher than for trees located farther than 7 m
from the gap edge by Tpred reaching 0.146 m3 m2 per year (KNP). Other researchers have
also found that the annual ring widening process for pines starts at the next year after
cutting (3sueapuc, Kanubias, 1968). Other observations, however, indicate that even
though immediate root growth reaction has been monitored (Urban et al., 1994,
Kneeshaw et al., 2002; Vincent et al., 2009), the stem volume usually does not increase
during first years after cutting (Youngblood, 1991; Kneeshaw et al., 2002; Holgen et al.,
2003; Thorpe et al. 2007). This period usually lasts two to four years (Jakobsson, 2005),
but for very old trees even 5-15 years (Latham, Tappeiner, 2002). Negative stand reaction
has been monitored as well, for example, after cutting in pine stands in the Myrtillosa
forest type where the age of the stands does not exceed 50 years, additional volume
increment was negative during the first three years after cutting (Liepa, Drike, 1979).

Tprea fluctuates around zero by not exceeding 0.046 m3m-2 per year, and is practically
insignificant at the distance farther than 7 m from the gap edge. In ABA object, where a
second stage of cutting was done six years after the first stage by thinning the uncut parts
of the stand, only small positive Tprd Was monitored during next years, yet it was
unsubstantial. It means that when evaluating the stand increment after group shelterwood
cutting, it must be taken into account that additional volume increment will be monitored
only around stand gaps, and the longer the distance between gaps, the larger the area
where additional volume increment will not be monitored. Additionally, if dominant
trees are retained, their reference reaction will be relatively smaller (JIuena, 1980).
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Continuing the interpretation of the figure 4.4, it has been found that in one stand
(604) the difference between Kpyeq for trees located closer than 7 m from the gap edge
and farther than 7 m from the gap edge, is not statistically significant (with
95% confidence). The reason is indistinctive difference in growth process of cored
sample trees at the closer distance than 7 m from the gap edge and small number of
sample trees.

In the stand (KNP), the Kpreq for trees closer than 7 m from the gap edge and farther
than 7 m from the gap edge with 95% confidence does not differ only during first two
years after cutting. In the last three stands starting the first year of evaluation, the Kpreq
is significantly higher for trees located closer than 7 m from the gap edge in comparison
with Kpreg for trees located farther than 7 m from the gap edge. Similar results were
obtained in studies on the edge effect in pine stand cuttings in the Myrtillosa forest type
— the effect close to the edge of technological corridor is positive, but it gradually
decreases towards the middle zone between corridors (Liepa, Drike, 1979). In studies
done in Finland in middle aged pine and spruce stands were found out that edge effect
was only up to 3-4 m from corridor edge (Mékinen et al., 2006).

The impact of the distance of the gap edge is modified by the impact of the storm in
2005. The impact of the storm of 2005 was evaluated by changes of annual ring width
before and after the storm (Fig. 4.5). The average annual ring width for trees located
closer than 7 m from the gap edge has reduced in three stands (604; ABA; AKM19) in
the following growing period for 17 — 21% in comparison with the average annual ring
width of the previous year (Fig. 4.5). At the distance farther than 7 m from the gap edge
in the same stands the average annual ring width has reduced in the same three stands
for 4 — 24%. Yet in no cases these differences are significant (p > 0.05). So, even though
in some stands the decrease of annual ring width and additional volume increment has
been monitored, generally the impact of the storm in 2005 has not been significant for
tree clusters located closer and farther than 7 m from the gap edge. Additionally, taking
into account the indistinctive impact per objects, it is possible that the decrease of annual
ring width and additional volume increment has been caused by other factors as well.

Conclusions and practical recommendations

Conclusions

1. By using inventory indicators widely used in forestry practice (the basal area of the
previous stand (7 — 31 m? ha*) or the number of trees per ha (60 — 260 trees hal)),
it is not possible to predict the number of regenerated pines after uniform
shelterwood cutting in Vacciniosa forest type. While in Hylocomiosa forest type,
the number of regenerated pine seedlings after uniform shelterwood cutting is
higher in the stand parts where more trees (number within 380 trees per ha, basal
area within 47 m? ha'l) are retained. The tendency becomes more distinct ten years
after cutting in comparison with the period of four years after the first cutting stage.

2. Correlations between the average height of 2000 naturally regenerated pines and the
number of trees or the basal area of the shelterwood are negative, and these
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tendencies become more distinctive in more fertile forest types (Myrtillosa,
Hylocomiosa), and as the period after the first cutting stage extends.

If it is expected that weeding will not be done in time then in comparison with
Vacciniosa, in Hylocomiosa a higher number of trees or larger basal area per ha
must be retained in order to initially reduce the negative impact of vegetation cover.
The second cutting stage should be done in a timely manner (after four to seven
years), because even though the number of trees in denser areas is higher, they are
considerably shorter.

. Ten years after group shelterwood cutting in Vacciniosa and Myrtillosa forest types,
the largest proportion of regeneration sampling plots with at least 2800 trees per ha,
are located at the distance of 3.0 — 6.0 m from the gap edge, 94% and 42%
respectively.

. During comparison of pine regeneration and growth in different size gaps, it was
concluded that it would be advisable to create larger gaps than 10x10 m while
performing group shelterwood cutting in pine stands. Whereas in order to prevent
the competitive impact of vegetation cover, weeding in 40x40 m gaps in Myrtillosa
and Hylocomiosa forest types should be performed at least once a year.

. Positive additional increment in retained parts of the stand was present in the
majority of stands already two years after uniform and group shelterwood cutting.
Culmination of annual additional volume increment per unit of stand basal area in
Vacciniosa forest type is five to seven years, but in Myrtillosa and Hylocomiosa
forest types — three to four years after uniform shelterwood cutting.

. After group shelterwood cutting in Myrtillosa forest type, the annual additional
volume increment per unit of stand basal area in the uncut part of the stand located
closer than 7 m from the gap edge became positive already in the first years after
cutting. Cumulative additional volume increment per unit of stand basal area six
years after group shelterwood cutting in pine stands in Myrtillosa forest type for
trees located closer than 7 m from the gap edge is twice to five times larger than for
trees located farther than 7 m from the gap edge.

Practical recommendations

If it is decided to manage pine forests with shelterwood cutting system, in order to
promote natural generation of pines in less fertile forest types (Cladinoso-callunosa,
Vacciniosa) it is recommended to use group shelterwood cutting. This type of
cutting is recommended to use in more fertile forest types as well, but only in cases
when it is possible to ensure timely used weeding. If in more fertile forest types
(Myrtillosa, Hylocomiosa) it is not possible to ensure timely used weeding, in that
case it is recommended to use uniform shelterwood cutting.

. Itis advised to perform planting if larger gaps are made (40x40 m) when performing
group shelterwood cutting in Hylocomiosa forest types.

In order to promote tree growth the next (the second or last) cutting stage should be
done in a timely manner (three to seven years after the first cutting stage).

. Weeding must be done up to twice a year in more fertile forest types. Soil
preparation must be done in all cases.
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Future prospects

Taking into account that there is terminological inconsistency in Latvian laws and
regulations, where selective cutting is referred to such that is internationally known as
shelterwood cutting, it is necessary to make changes in laws and regulations in order to
exclude the likelihood of confusion and misunderstanding.

It is necessary to continue studies in order to find further development and
productivity of pine stands after the second and last sheltwerwood cutting stage. In order
to evaluate different stand development scenarios, studies should be long-term (at least
40 years). It is important to determine economical effectiveness of shelterwood cutting.
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