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1. DARBA VISPARIGS RAKSTUROJUMS

1.1 Temas aktualitate

Heterobasidion spp. izraisita saknu trupe ir ekonomiski visnozimigaka skujkoku
slimiba ziemelu m&renajos regionos. Saknu piepes sugu komplekss Heterobasidion
annosum sensu lato (s.l.) un tas raditie bojajumi pazistami jau kop$ pagajusa
gadsimta, kad to gandriz vienlaicigi identificgjusi un aprakstijusi Hartigs, Friss un
Brefelds (Stenlid, 1986). Sis koksni noardosas bazidiomicétes sastopamas gandriz
visos apsaimniekotajos mezos visa ziemelu puslodé (Niemeld & Korhonen, 1998).
Eiropa sastopamas tris Heterobasidion spp. sugas: H. annosum sensu stricto (s.S.),
H. parviporum Niemeld & Korhonen, H. abietinum Niemeld & Korhonen (Korhonen
& Holdenrieder, 2005). Katra no sugam aiznem noteiktu Eiropas kontinenta dalu,
kas ir uz dienvidiem no 64° ziemelu platuma, atspogulojot saimniekauga izplatibas
arealu (Capretti et al., 1990, citéts pec Asiegbu et al., 2005; Korhonen & Stenlid,
1998b). Heterobasidion annosum s. 1. kompleksa sénes konstatétas gandriz 150 - 200
saimniekaugu sugam, galvenokart skujkokiem. Eiropas ziemelu dala tas galvenie
saimniekaugi ir skujkoki, visbiezak tas bojajumi tiek konstatéti parastajai priedei
(Pinus sylvestris L.) un parastajai eglei (Picea abies (L.) Karst). Latvija tupg&juso eglu
Tpatsvars egles audzes vidgji ir 21.8 %, bet atseviskas audzes §is raditajs sasniedz pat
83 % (Arhipova et al., 2011)

Noskaidrots, ka Heterobasidion spp. nav vienigais skujkoku saknu trupes
izraisitajs. P&tjjumos Somija noskaidrots, ka egles audzés 80 % gadijumu ka
primarais trupes izraisitajs ir saknu piepes sugas, aptuveni 10 % celmene Armillaria
spp. un 5 % asinssarkana sikpiepe Stereum sanguinulentum (Korhonen & Piri, 2003).

Pamata ar saknu piepi iesp&jams inficéties divéjadi: ar bazidijsporam, ko izplata
vEj§, un saknu kontaktu cela, izplatoties sénes micglijam (Anselmi & Nicolatti,
1997). Saknu piepei raksturiga gan dzimumvairoSanas (bazidijsporas), gan ari
bezdzimumvairo$anas ar konidijsporam (Redfern & Stenlid, 1998).

Heterobasidion spp. sporu izplatibu un attistibu ietekm& dazadu apstaklu
kopums. Liela nozime ir koku sugai, celma diametram, koka vecumam, sezonai, kura
veikta koku zagéSana (Morrison & Johnson, 1999), gaisa temperatiirai, gaisa
mitrumam, v&ja apstakliem, vegetacijas blivumam, paSu sporu digtsp&jai, citu
konkurentu organismu klatbiitnei koksng, auglkermenu lielumam un inficgjama
objekta attalumam no saknu piepes auglkermena (Redfern & Stenlid, 1998).

Noskaidrots, ka cilvéka saimnieciska darbiba meza, cértot kokus vegetacijas
perioda laika, ir galvenais iemesls, kas veicina primaro izplati§anos ar sporam
(Kallio, 1970). Ar sporam visbiezak infekcija tiek ienesta slimibas ieprieks neskartas
meZzaudzgs, inficgjot svaigi cirsto koku celmus. Infekcijas pakape ir atkariga no citu
koksni kolonizgjoso sénu konkurences (Berglund, 2005a; Redfern & Stenlid, 1998).

L1dz $im uzskatits, ka saknu piepe nesp€j inficét maza diametra (Iidz 12 cm)
celmus un ilgstosi saglabat tani dzivotsp&ju (Dimitri et al., 1971; Vollbrecht, Gemmel
& Pettersson, 1995b; Bendz-Hellgren & Stenlid, 1998). Pasaulé tomér ir veikti
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atseviski pétfjumi, kuros pieradits pretgjais (Rishbeth, 1951; Morrison, 1989;
Morrison & Johnson, 1999; Gunulf ef al., 2009; Oliva et al., 2011). Saknu piepe nav
vienigais mazo dimensiju celmu inficétajs, tos savai attistibai izmanto arT saknu
piepes antagonists - liela pergamentséne Phlebiopsis gigantea (Fr.) Jiilich, tada veida
pasargdjot celmu koksni no infic€Sanas ar saknu piepi (Risbeth, 1959). Jaunakos
petijumos secinats, ka Latvija trupes izraisitais koksnes ekonomiskas vertibas
pazemindjums egles audzes galvenas cirtes aprites laika ir 800 — 4790 eiro uz ha
(Gaitnieks et al., 2008). Sis fakts v&l jo vairak liek meklt iespgjas, samazinat koku
infic€8anas riskus kokaudzes attistibas sakumposma.

1.2 Promocijas darba meérkis

Promocijas darba mérkis - noskaidrot parastas egles Picea abies (L.) H.Karst. un
parastas priedes Pinus sylvestris L. mazo dimensiju celmu nozimi saknu piepes
Heterobasidion spp. izplatiba péc veiktas sastava kopSanas cirtes, ka arT izvertet
lielas pergamentsénes Phlebiopsis gigantea dabiskas infekcijas ietekmi uz
Heterobasidion spp. attistibu.

1.3 Promocijas darba pétnieciskie uzdevumi:

1. izvertét parastas egles Picea abies (L.) H.Karst. un parastas priedes Pinus
sylvestris L. mazo dimensiju celmu (diametrs 2 — 14 cm) uznémibu pret
Heterobasidion spp. bazidijsporu infekciju,

2. analizét Phlebiopsis gigantea sastopamibu mazo dimensiju skujkoku celmos un
P. gigantea nozimi Heterobasidion spp. ierobezosana,

3. analizet kopSanas cirtes sezonas ietekmi uz mazo dimensiju celmu infic€Sanos ar
Heterobasidion spp.,

4. noskaidrot Heterobasidion spp. micélija attistibas dinamiku mazo dimensiju
parastas egles Picea abies (L.) H.Karst. un parastas priedes Pinus sylvestris L.
celmos.

1.4 Promocijas darba tézes

1. Saknu piepe infic€ mazo dimensiju skujkoku celmus péc veiktas kopSanas cirtes.
2. Lielas pergamentsénes dabiska infekcija samazina mazo dimensiju celmu
inficé$anos ar Heterobasidion spp..

1.5 Zinatniska novitate

Pirmais p&tijums Baltijas valstis, kur analizéta parastas egles mazo dimensiju
celmu inficéSanas ar Heterobasidion spp. péc veiktas kopSanas cirtes.
Pirmais pétijums pasaulg, kur:
e pétita parastas priedes celmu inficétiba, vert&jot patogéna aiznemto laukumu;
e parastas priedes un parastas egles mazo dimensiju celmos vienlaicigi analizéta
Heterobasidion spp. un P. gigantea infekcijas attistibas dinamika.
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1.6 Praktiska nozime

Promocijas darba sagatavotas rekomendacijas ietvertas AS “Latvijas Valsts
mezi” meza atjaunoSanas un kopSanas vadlinijas, nosakot, saknu trupes jaunu
infekcijas centru veidoSanas ierobezoSanai egles audzes, kas augstakas par 2 m
(celma diametrs liclaks par 4 cm), to kopSana planojama gada pirmaja un/vai
ceturtaja ceturksni. Priedes celmu aizsardziba jaunaudzes pret Heterobasidion spp.
infekciju nav nepiecieSama, jo ta celmos strauji samazinas pirmajos gados péc
veiktas jaunaudzu kopsanas cirtes, ka arT priedes celmu aizsardzibu veicina dabiga
Phlebiopsis gigantea invazija.

1.7 Promocijas darba struktiira un apjoms

Promocijas darba pirmaja nodala apkopotas lidz§ingjo p&tjjumu atzinas par Saknu
piepes sugu kompleksa Heterobasidion annosum sensu lato (s.l.) raditajiem
bojajumiem, to ietekmé&josiem faktoriem, ka ari ierobezoSanas iesp&jam. Pirmaja
apak$nodala aprakstita Heterobasidion spp. sugu geografiska izplatiba un
saimniekorganismi. Otraja apak$nodala raksturota Heterobasidion spp. biologija,
aprakstot sénes primaras un sekundaras izplatisanas iespgjas, apkopota informacija
par Heterobasidion spp. izplatiSanos ar bazidijsporam un konidijsporam, ka ari to
loma infekcijas attistiba. Aplikoti sporulaciju un primaro infekciju ietekmgjosie
faktori, ka ari sporuldcijas sezonalitite un auglkermenu sastopamiba. Saja
apaksnodala apkopota arT informacija par sporu izplatiSanas attalumu un
auglkermenu sporulacijas produktivitati, ka arT atzinas par sekundaro infic€$anos
saknu kontaktu cela un tas batisko ietekmi uz audzg palickosajiem kokiem. Apkopota
informacija par celmu inficétibas veicinosiem faktoriem un lidz §im veikto p&tfjumu
atzinas par maza diametra celmu nozimi saknu trupes izplatiba. ApasSnodalas
nosléguma aprakstitas infic€tas audzes pazimes - egles un priedes atskiriga uzn€miba
pret saknu piepes infekciju. TreSaja apakSnodala apkopota informacija par
Heterobasidion spp. raditajiem ekonomiskajiem zaud&jumiem. Ceturtaja
apak$nodala raksturotas Heterobasidion spp. izplatibas ierobeZzoSanas iespgjas,
noversot vai mazinot primaras un sekundaras inficeéSanas riskus. Savukart piektaja
apak$nodala aprakstita Heterobasidion spp. ietekme uz vidi. Otraja darba nodala
aprakstits pétfjuma materials un metodika. TreSaja nodala analizéti pé&tjjuma
rezultati. Pirmaja apak$nodala, novértéta egles un priedes mazo dimensiju celmu
uznémiba pret Heterobasidion spp. bazidijsporu infekciju. Otraja apaks$nodala
raksturota P. gigantea sastopamiba mazo dimensiju skujkoku celmos un tas nozime
Heterobasidion spp. ierobezo$ana. Savukart tre$aja apak$nodala analizéta gada
Sezonas ietekme uz mazo dimensiju celmu inficéSanos ar Heterobasidion spp. péc
veiktas kopsSanas cirtes. NoslédzoSaja ceturtaja apakSnodala raksturota
Heterobasidion spp. micglija attistibas dinamika mazo dimensiju egles un priedes
celmos.

Promocijas darbam ir 70 lappuses, informacija apkopota 9 tabulas un vizualizeta
17 att€los, izmantoti 156 literatiiras avoti.
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1.8 Zinatniska darba aprobacija
Pétijuma rezultati apkopoti 4 publikacijas:

1. Brauners, l., Bruna, L., Gaitnieks, T. (2014) Testing the 'rotstop' biological
preparation for controlling Heterobasidion root rot in Latvia. Proceeding of
Annual 20" International Scientific Conference “Research for Rural
Development 20147, Jelgava, 21 — 23 May 2014, Latvia, Latvia University of
Agriculture. Vol. 2, p. 97 - 102,
https://www2.1lu.lv/research_conf/Proceedings/20th_volume2.pdf.

2. Gaitnieks, T.,Brauners,l., Kenigsvalde, K., Zaluma, A., Briina, L., Jansons, J.,
Burnevi¢a, N., Lazdins, A., Vasaitis, R. (2018) Infection of pre-commercially cut
stumps of Picea abies and Pinus sylvestris by Heterobasidion spp. - a
comparative study. Silva Fennica, 51(1):1-7, https://doi.org/10.14214/sf.9911.

3. Kenigsvalde, K., Brauners, 1., Zaluma, A., Jansons. J., Gaitnieks, T. (2017)
Biological protection of conifers against Heterobasidion infection — interaction
between root-rot fungus and Phlebiopsis gigantea. Proceedings 23rd Annual
International Scientific Conference "Research for Rural Development 2017",
Jelgava 17 - 19 May 2017, Latvia, Latvia University of Agriculture. Vol. 1, p. 69
- 75,
http://mwww2.Ilu.lv/research_conf/proceedings2017 vol_1/docs/LatviaResRural
Dev 23rd 2017 vol1-69-75.pdf, DOI:10.22616/rrd.23.2017.010.

4. Kenigsvalde, K., Brauners, 1., Korhonen, K., Zaluma, A., Mihailova, A.,
Gaitnieks, T., (2015) Evaluation of the biological control agent Rotstop in
controlling the infection of spruce and pine stumps by Heterobasidion in Latvia.
Scandinavian Journal of Forest Research, 31(3):254-261,
http://dx.doi.org/10.1080/02827581.2015.1085081.

Pétijuma rezultati prezenteti 11 konferencés 14 referatos:

1. 29.01.2014. Latvijas Universitate, Riga, Latvija. Referats:
Brauners, I., Kenigsvalde, K., Zaluma, A., Kenigsvalde, A., Bezdeliga, J.,
Gaitnieks, T. (2014) Biologiska preparata "Rotstop" sastopamiba komerciali
apstradatos skujkoku celmos. Latvijas Universitates 72. zinatniska konference.

2. 10.04.2014. Somijas meza zinatnu institiits “Metla”, Vantaa, Somija. Referats:
Kenigsvalde, K., Brauners, 1., Lazdins, A., Korhonen, K., Gaitnieks, T. (2014)
The importance of natural Phlebiopsis gigantea in protection of conifer stumps
against Heterobasidion. In: Seminar on Forest Pathology.

3. 04.02.2015. Latvijas Universitate, Riga, Latvija. Referats:
Eberlina, A., Brauners, 1., Kenigsvalde, K., Niti$a, D., Gaitnieks, T. (2015)
Heterobasidion spp. attisttba maza diametra skuju koku celmos. Latvijas
Universitates 73. konference.

4. 16.-19.03.2015. Latvijas Lauksaimniecibas universitate, Jelgava, Latvija.
Referati:


https://www2.llu.lv/research_conf/Proceedings/20th_volume2.pdf
https://doi.org/10.14214/sf.9911
http://www2.llu.lv/research_conf/proceedings2017_vol_1/docs/LatviaResRuralDev_23rd_2017_vol1-69-75.pdf
http://www2.llu.lv/research_conf/proceedings2017_vol_1/docs/LatviaResRuralDev_23rd_2017_vol1-69-75.pdf
http://dx.doi.org/10.1080/02827581.2015.1085081

Gaitnieks, T., Kenigsvalde, K., Brauners, I., Gzibovska, Z., Sisenis, L.,
Korhonen, K.. (2015). Saimnieciski nozimigako skuju koku sugu celmu sezonala
inficétiba ar lielo pergamentséni Phlebiopsis gigantea (Fr.) Jil. un saknu piepi
Heterobasidion annosum s.l.. Zinatniski praktiska konference: Zinatne un prakse
nozares attistibai.

Brauners, 1., Kenigsvalde, K., Briina, L., Zaluma, A., Eberlina, A., Gaitnieks, T.
(2015). Saknu piepes Heterobasidion spp. primara un sekundara izplatiba.
Zindtniski praktiska konference: Zindatne un prakse nozares attistibai.

. 16.-18.06.2015. Latvijas Universitate, Riga, Latvija. Referats:

Brauners, |., Kenigsvalde, K., Korhonen, K., Vasaitis, R., Gaitnieks, T. (2015)
Efficacy of Biological Control Agent Rotstop in Controlling Heterobasidion
infection in Spruce and Pine Stumps in Latvia. In: 25th Congress of the Nordic
Association of Agricultural Scientists: Nordic View to Sustainable Rural
Development. Congress Book of Abstracts, 16 to 18 June, Riga, Latvia. Latvian
National Association of NJF, p. 403.

. 12.-18.10.2015. Suleyman Demirel universitate un Bursa Tehniska universitate,
Antalya, Fethiye, Bodrum, Turcija. Referati:

Kenigsvalde, K., Zaluma, A., Brauners, I., Eberlina, A., Gaitnieks, T., Vasaitis,
R. (2015) Natural infection of cut small Picea abies and Pinus sylvestris stumps
by Heterobasidion and Phlebiopsis gigantea: case study in Latvia. In: 14th
International Conference of IUFRO, Working Party 7.02.01: Root and Butt Rot
of Forest Trees. International Conference Book of Abstracts, 12 to 18 October,
Antalya, Fethiye, Bodrum, Turky. Suleyman Demirel University and Bursa
Technical University, p. 55.

Burnevica, N., Bruna, L., Brauners, |., Lazdins, A., Gaitnieks, T., Vasaitis, R.
(2015) Stump removal trials in Latvia: effects on root rot: case study in Latvia.
In: 14th International Conference of IUFRO, Working Party 7.02.01: Root and
Butt Rot of Forest Trees. International Conference Book of Abstracts, 12 to 18
October, Antalya, Fethiye, Bodrum, Turky. Suleyman Demirel University and
Bursa Technical University, p. 16.

Kenigsvalde, K., Brauners, I., Eberlina, A., Bruna, L., Korhonen, K., Gaitnieks,
T. (2015) Conifer stump infection by Heterobasidion spp. and Phlebiopsis
gigantea in different seasons in Latvia: case study in Latvia. In: 14th
International Conference of IUFRO, Working Party 7.02.01: Root and Butt Rot
of Forest Trees. International Conference Book of Abstracts, 12 to 18 October,
Antalya, Fethiye, Bodrum, Turky. Suleyman Demirel University and Bursa
Technical University, p. 50.

. 19.-24.10.2015. Baltkrievijas valsts tehnologiju universitate, Minska,
Baltkrievija. Referats:

Gaitnieks, T., Brauners, 1., Zaluma, A., Briina, L., Kenigsvalde, K., Burnevica,
N., Gruduls, K., Korhonen, K., Vasaitis, R. (2015). A review of studies on
Heterobasidion and its control in Latvia: case study in Latvia. In: 9" International

10



Conference: Problems of Forest Phytopathology and Mycology. International
Conference Book of Abstracts, 19 to 24 October, Minsk, Belarus. Belarus State
Technological University, p. 65.

8. 15.03.2016. Latvijas Lauksaimniecibas universitate, Jelgava, Latvija. Referats:
Eberlina, A., Nikolajeva, V., Brauners, 1., Kenigsvalde, K. (2016) Lielas
pergamentsénes Phlebiopsis gigantea attistiba maza diametra skuju koku celmos.
Zindtniski praktiska konference: Zindatne un prakse nozares attistibai.

9. 08.-09.12.2016. Daugavpils Universitate, Daugavpils, Latvija. Referats:
Zaluma, A., Briina, L., Stivrina, B., Burpevica, N., Kenigsvalde, K., Kenigsvalde,
A., Brauners, |., Gaitnieks, T. (2016) Development of rot-causing fungi on the
spruce logging debris - risks related to forest management. International
scientific conference “Environment and sustainable forest management in the
Baltics — problems and solutions”.

10.01.02.2017. Latvijas Universitate, Riga, Latvija. Referats:

Kenigsvalde, K., Kenigsvalde, A., Brauners, 1., Zaluma, A., Briina, L.,
Gzibovska, Z., Valdéna, A., Gaitnieks, T. (2017) Lielas pergamentsénes
auglkermenu attistibas dinamika uz lielu dimensiju skuju koku mezizstrades
atliekam. Latvijas Universitates 75. konference.

11.16.03.2017. Latvijas Lauksaimniecibas universitate, Jelgava, Latvija. Referats:
Kenigsvalde, K., Brauners, 1., Zaluma, A., Jansons, J., Gaitnieks, T. (2017) Skuju
koku biologiska aizsardziba — Heterobasidion spp. un Phlebiopsis gigantea
mijiedarbiba koksné. Starptautiska zindatniski praktiska konference: Zinatne un
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2. MATERIALS UN METODES

2.1 Empiriska materiala raksturojums

Pétijumam izvelétas audzes atrodas AS ‘“Latvijas Valsts mezi” (LVM)
Vidusdaugavas regiona Kokneses iecirkni, Ziemellatgales regiona Madonas iecirkni
un Meza pétiSanas stacijas Kalsnavas mezu novada.

Veicot Heterobasidion spp. un P. gigantea sastopamibas novértéjumu skuju koku
celmos, Ziemellatgales regiona Madonas iecirkni un MeZa pétiSanas stacijas
Kalsnavas mezu novada laika posma no 2006. lidz 2013. gadam skujkoku audzes
ierikotas 48 celmu koksnes paraugu nemsanas vietas. Kopa nozageti 4530 koki (2309
egles un 2221 priede).

Vertgjot audze veiktas sastava kopSanas cirtes izpildes laika ietekmi uz mazo
dimensiju celmu inficéSanos ar Heterobasidion spp. bazidijsporam, izvélétas 10
mezaudzes Vidusdaugavas regiona Kokneses meZa iecirkni. KopS$anas cirtes audzes
objektiem ievaktas gan egles, gan priedes celmu koksnes ripas. Pargjos objektos
katra analizéta viena koku suga. P&tljumu objekti atrodas apméram 0,6 — 12 km
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viens no otra. Pavisam analizém ievaktas 1024 skujkoku celmu ripas (568 egles un
456 priedes).

Izvertgjot Heterobasidion spp. mic€lija attistibas dinamiku mazo dimensiju egles
un priedes celmos, 14 pétijjuma icklautajas audzés péc 14 — 35 menesiem veikta
atkartota koksnes paraugu ievaksana. Koksnes paraugi ievakti no celmiem, kuros
iepriek§gja vertéSanas reizé konstatéta Heterobasidion spp. infekcija. Pavisam
analiz€ti 1235 celmi. Lielakaja dala meZaudzu koku zagésana veikta 23 — 25 ménesus
pirms celmu koksnes paraugu nemsanas; divas mezaudzes celmi eksponéti ilgak:
attiecigi 27 un 35 menesi, bet tikai viena audz€ celmi atkartoti analizeti 14 me&nesus
péc koku zagesanas.

2.2 Lauku darbu metodika

Heterobasidion spp. un P. gigantea sastopamibas raksturo$anai koki zagéti gada
siltaja perioda (junijs — septembris), kad abu min&to sénu auglkermeni sporulé un
gaisa atrodas pietickams sporu daudzums, lai notiktu neaizsargatas koksnes
inficé8anas. Zagesanai izveleti koki, kas atradas ne tuvak ka 2 metrus no ieprieksgjas
generacijas skujkoku celmiem un kaltugiem kokiem. Sis nosacijums ievérots, lai pec
iespgjas izslegtu gadijumus, ka koks varétu biitu jau inficgjies ar Heterobasidion spp.
infekciju saknu kontaktu cela (Stenlid, 1987a). Lai parliecinatos, ka koks nav
inficjies ar Heterobasidion spp. caur saknu kontaktiem, p&c koka nozagé$anas
zagejuma vieta no stumbra nozageta ripa, t.i., panemts, koksnes paraugs, kas talak
nogadats laboratorija LVMI “Silava” analizu veiksanai. Lai atkartoti biitu iesp&jams
identificét katru celmu jaunaudzg, pie ta virsmas pieskavota plaksnite ar celmam
pieskirto numuru. Identisku numuru ar markieri uzraksta uz katras nozagetas ripas
augSpuses. Celmu koksnes paraugi pétijumam izvelgtajas audz€s ievakti 7— 261
ned€lu péc koku nozagé$anas. Katra celmu koksnes paraugu nemsanas vietda no
celmiem ievaktas 40 — 194 ripas. P&ffjuma izmantoto celmu caurmérs svarstas
robezas no 2 lidz 14 cm. Ievacot koksnes paraugus no celmiem, tiek zagétas divas
ripas (AB un BC, 2.1. attgls.), katra aptuveni 2 — 3 centimetrus bieza.
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2.1. att. Maza diametra celms péc sastava kop$anas cirtes — shematisks attéls/
Fig. 2.1. Small diameter stump after pre-commercial thinning —
schematic image
A — eksponéta virsma/exposed surface; AB — pirma ripa/first disc;
BC — otra ripa/second disc; C — jauna celma virsma/new stump surface.

Uz apaksgjas ripas augs§€jas virsmas ar markieri uzraksta celma identifikacijas
numuru. Visas virsgjas ripas (AB, 2.1. att€ls.) tiek izmestas, un uz LVMI “Silava”
laboratoriju talakam izp&tes darbam nogadatas tikai apaksgjas ripas (BC, 2.1. att€ls.).
Iegutas ripas tiek iepakotas atseviskos polietiléna maisos un nogadatas uz

laboratoriju uzglabasanai aukstuma kamera.

2.3 Kameralo darbu metodika.

Sagatavojot koksnes ripas Heterobasidion spp. un P. gigantea sastopamibas
novert§jumam, laboratorija (laboratorijas darbi veikti LVMI ,Silava” Meza
mikologijas un fitopatologijas laboratorija) ripas nomizotas un nomazgatas zem
tekosa krana tidens. P&c tam ripas stavus (uz lokmalas) ievietotas dal&ji atvértos
polietiléna maisinos, lai nodrosinatu gaisa cirkulaciju un inkubgtas septinas dienas
20 °C temperatiira.

Heterobasidion spp. infekcijas identificésana ievaktajas celmu koksnes paraugu
ripas. P&c inkubacijas ripas analizg, izmantojot stereomikroskopu LEICA MZ 16 ar
25 reizu palielinagjumu. Uz katras ripas tiek novietots un nostiprinats ritinu rezgis ar
ratinas malas garumu 0.7 centimetri. Ja ripas ir inficétas ar Heterobasidion spp., tad
uz to virsmam pietickamos mitruma apstaklos novero konidijnesgju veidosanos, pec
kuriem iesp&jams identificét Heterobasidion spp. (Kallio 1970). Ja rezga ritina
novérots kaut viens Heterobasidion spp. konidijnesgjs — ta tiek atziméta uz ripas
virsmas ar tidensizturigas krasas flomasteri. Kopgjo ar Heterobasidion spp. inficéto
laukumu uz vienas ripas izrékina ka visu atziméto riitinu laukumu summu (vienas
ritinas laukums 0.49 cm?). Ja uz ripas atziméts kaut viens punkts, ta uzskatama par
inficétu. Inficétiba izteikta procentos, ka visu infic€to ripu skaita un kopg&ja ripu
skaita daltjums. Visu infic€to ripu kontiiras un uz tam atzimétie punkti tiek parzimeéti
uz caurspidigam plévém. Ar planimetru (Tamaya Planix 10S; funkcija Stream Area
(£1 mm?)) apvelkot uz pléves parziméto ripinas kontiiru, nosaka tas laukumu S(D)
un izrékina ripas diametru d:
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d=2x./SD)/x, 2.1)

Alternativi — neinfic€tajam ripam diametru (d) nosaka ar linealu, veicot divus
perpendikularus meérjjumus (£1 mm) un izsaka no tiem vidgjo aritmetisko vertibu.

levaktajas celmu koksnes paraugu ripas nosaka P. gigantea klatbutni p&c oranzi
— brngana krasojuma un micélija morfologiskajam pazimém (adatveida hifas,
parklatas ar kalcija oksalata kristaliem), kas p&c septinu dienu inkubacijas polietiléna
maisos izveidojas uz koksnes ripam (Sun et al., 2009a). Uz caurspidigas pléves ar
markiera palidzibu parzimé P. gigantea aiznemto laukumu un ripas virsmas kopgjo
laukumu. Tegiito zZim&jumu uzmeéra ar planimetru (Tamaya Planix 10S; funkcija
Stream Area (+1 mm?)), tadgjadi iegiistot kopgjo P. gigantea aiznemto laukumu un
ripas virsmas laukumu.

2.4 Matematiskas metodes

legiitie rezultati apstradati, izmantojot programmu Microsoft Excel. Rekinatas
vidgjas vertibas un standartkltidas. Datu analize veikta programma R 2.15.0 (R
Development Core Team, 2012), novertgjot korelaciju starp celma zaggjuma virsmas
laukumu un Heterobasidion spp. vai P. gigantea aiznemto laukumu. Maza diametra
inficéto celmu skaits starp koku sugam, P. gigantea un Heterobasidion spp.
sastopamiba celmos salidzinata, izmantojot FiSera eksakto testu vai t kritériju (o =
0.05) (salidzinaja ar teoretiskajam vertibam (Liepa, 1974)). Senu aiznemtie laukumi
salidzinati, izmantojot Manna - Vitneja U testu.

Koku sugas, celma diametra, P. gigantea aiznemta laukuma, paraugu nemsanas
laika p&c zageSanas ietekme uz Heterobasidion spp. aiznemto laukumu, analizgta
izmantojot visparinatos linearos modelus (ANOVA) statistikas programma SPSS
14.0. (SPSS Inc., 2005).

Pirms analizes veikta Heterobasidion spp. aiznemta laukuma proporcijas datu
arcsin transformacija.

3. REZULTATI UN DISKUSIJA

3.1 Parastas egles un parastas priedes mazo dimensiju celmu uznémiba pret
Heterobasidion spp. bazidijsporu infekciju

Kopuma analiz&tas 4530 mazas dimensijas (2 cm lidz 14 cm) celmu koksnes
ripas, no tam 2309 egles un 2221 priedes ripas.

Konstatets, ka mezaudzes videji 48 % egles celmu un 12 % priedes celmu inficéti
ar Heterobasidion spp.. Inficétiba starp koku sugam atskiras statistiski batiski (p <
0.01). Inficéto celmu Ipatsvars priedes audzes svarstas no 0 lidz 63.16 %, bet egles
audz€s no 1.34 lidz 86.52 %. Vidgjais koksnes paraugu ievaksanas laiks péc koku
zageSanas butiski neatkiras (p = 0.06) starp priedes (47 = 10 nedglas) un egles (53
+ 19 nedelas) audz&m, kas lauj veikt $o koku sugu savstarpgjo salidzinasanu, veértgjot
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Heterobasidion spp. infekcijas uznémibu. Attieciba uz egli masu iegitie dati sakrit
ar A. Gunulfas pétijuma rezultatiem (Gunulf et al., 2012b).

Ka mingts, analizétajam skujkoku sugam ar Heterobasidion bazidijsporam
inficeéto mazo dimensiju celmu skaits atskiras bitiski. Latvija ieprieks veiktos
petijumos egles un priedes mistrotas audzes konstatéts, ka 4 meneSus péc koku
nozagesanas Heterobasidion sastopams 81 lidz 85 % egles celmu un 0 lidz 14 %
priedes celmu. Saja gadijuma divas audzés koku vecums bijis attiecigi 36 un 51 gads,
bet analizé€to egegles un priedes celmu vidgjais diametrs — 14 Iidz 17 cm
(Kenigsvalde et al., 2015).

Lai gan labaka sporu didziba (analiz&jot nozagétas ripas) atzimeta priedes koksné
(Dimitri et al., 1971) salidzingjuma ar egli un ari plantacijas mistrotas audzgs atrasts
vairak ar Heterobasidion inficétu priedes celmu salidzinajuma ar citam skuju koku
sugam (Greig, 1962), tomér domajams, ka tas saistits ar konkrétas Heterobasidion
sugas inokulata daudzumu (sporu koncentracija gaisa, ieprick$€jas koku paaudzes
inficétie celmi) konkrétaja vieta, ka arT apstakliem saknu piepes micélija attistibai -
saknu kontakti, augsnes Tpasibas, antagonistiskas mikrofloras klatbiitne utt. Turklat
sporu didziba v&l neraksturo micélija talako attistibu koksné. Ka secinats zviedru
zinatnieku pétjjuma lielaka dala sporu infekciju celmos agrak vai veélak izziad
(Swedjemark & Stenlid, 1993). Somija veikta p&tijuma 3 ménesus péc kopsanas
cirtes, novert§jot inficéto priedes celmu skaitu, tas bijis 5 % apjoma, bet pec 15
ménesiem infekcija celmos vairs netika atrasta. Min&taja p&tijuma vidgjais analizeto
celmu diametrs 46 gadus veca egles audzg veido 12 cm, bet priedes audzg 10 cm —
audzes vecums 29 lidz 30 gadi (Lipponen, 1991). Koku sugu infic&tibas atskiribas
varétu bt skaidrojamas ar koksnes Tpasibam un tas rezistenci pret Heterobasidion
sporu infekciju — priedes kodolkoksne ir saméra rezistenta pret Heterobasidion
annosum infekciju, ko veicina fenolu un sveku saturs koksné (Rishbeth, 1972;
Korhonen et al., 1998a; Gonthier & Thor, 2013). Heterobasidion infekciju, protams,
ietekmé€ arT antagoniskas koksni kolonizgjosas sénes (Meredith, 1960; Dimitri et al.,
1971; Tubby et al., 2008; Oliva et al., 2013).

Darba analizgjot celmu diametra ietekmi uz to inficétibu, iegttie rezultati rada,
ka skuju koku celmu inficétiba butiski palielinas, pieaugot celma diametram (p <
0.001) (3.1. attels). Ari daudzos citos pétijumos apstiprinats, ka egles celmu
inficétiba pieaug, palielinoties celmu diametram (Paludan, 1966; Solheim, 1994;
Bendz-Hellgren & Stenlid, 1998). Attieciba uz priedes celmu inficétibu J. Rizbeta
pétijuma pieradits (Rishbeth, 1951), ka diametra klasé no 5 — 7 cm inficéti 6.7 %
celmu, 8 — 13 cm klasé 16.7 % celmu, bet diametra klasé 14 — 20 cm inficeti 46.7 %
celmu. Promocijas pétijuma iegitie dati arT liecina, ka, pieaugot celma diametram,
batiski (p < 0.001) palielinas priedes celmu inficétiba ar Heterobasidion.
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3.1. att. Parastas priedes un parastas egles inficétibas ar Heterobasidion spp.
atkariba no celma diametra/
Fig 3.1. Pine and spruce infection level with Heterobasidion spp. depending on
stump diameter

Izpétes rezultati rada, ka pameza/ paaugas egles celmu inficétiba ir augstaka,
salidzinot ar ierikotajas egles jaunaudz€s analiz€tajiem celmiem. Literatiiras dati
liecina, ka saknu piepe pamata infic€ aplievu (Johnsson et al., 2002; Swedjemark &
Stenlid, 1993; Berglund & Ronnberg, 2004). Eglei kodolkoksne veidojas péc 20 Iidz
30 gadu vecuma (Dimitri, 1969), un ta ka analiz&to pameza/paaugas koku vecums
konstatéts robezas no 35 lidz 68 gadiem (vid&ji 54 gadi), tad iesp&jams, §is faktors
arT liela méra ietekméja celmu infic€tibu ar Heterobasidion sporam.

Celmu inficétibu ar bazidijsporam ietekmé gadskartu platums. Secinats (Manka,
1974), ka vairak tiek inficéti celmi ar platam gadskartam. Analizétos paaugas/
pameza celmus raksturoja Sauras gadskartas, taGu pétijumos Somija secinats, ka
nomaktas egles ir vairak paklautas sekundarai infekcijai (Piri 2003a). Iespgjams, ka
zem priedém augos$o egles celmi ari ir vairak uznémigi pret Heterobasidion sporu
infekciju.

Attieciba uz egles celmiem jaunaudzgs, domajams, ka tiesi egles celmu vitalitate
ietekmgja rezistenci pret Heterobasidion spp. infekciju. Celmus vairakos pétijumos
raksturo ka “dzivus” 3 — 5 gadus, ja to saknes ir kontakta ar blakus augoSo koku
sakném, tada veida paaugstinot celmu rezistenci pret Heterobasidion spp. infekciju
(Morrison & Johnsson, 1999). Izvéletajas egles audzeés $§adi saknu kontakti/
saaugumi noteikti izveidojas, jo vairuma gadfjumu attalums starp zagétajiem un
augoSajiem kokiem neparsniedza 2 metrus. Ka jau minéts, Somija ir pétita zem
valdaudzes klaja esosas egles loma Heterobasidion sekundaraja izplatiba (Piri,
2003), bet §is ir pirmais mums zinamais pétijums par pameza/paaugas egles celmu
inficé8anos ar Heterobasidion bazidijsporam.
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Savstarpgji starp sugam salidzinot celmos konstatétas infekcijas vid€jo aiznemto
laukumu (eglei 6.26 cm? jeb 17.55 %, priedei 2.79 cm? jeb 8.45 %), noskaidrots, ka
to vertibas arT ir butiski atskirigas (p < 0.001). Divos citos p&tijumos Zviedrija egles
kontroles celmos Heterobasidion vidgjais aiznemtais laukums konstatéts attiecigi 1.3
cm? (Rénnberg et al., 2006a) un 21.3 cm? (Berglund et al., 2005b). Miné&tajos
pétijumos analizéto egles celmu diametrs noradits 14 — 21 cm. Pirmaja zviedru
pétijuma, kura kontroles celmos Heterobasidion micélijs konstatéts vairak neka 20
cm? no analizeta ripas laukuma, celmi novertéti 9 ménesus pec koku zagesanas, bet
otra pétijuma 3 ménesus péc zagesanas. M. Berglunda un G Ronnberga 2004. gada
pétijuma secinats, ka tris méneSus péc koku zagesanas Heterobasidion vidgji
aiznemtais laukums celmos ir 5.3 cm?, bet péc 12 meneSiem tas ir 8.8 cm?. Arl
analizgjot Heterobasidion attistibu Sitkas egles celmos, konstatéta micélija izplatiba
radiala virziena (Redfern, 1993). Ka iemesls liclajam ar Heterobasidion inficgtajam
celmu virsmas laukumam, kas atzZiméts zviedru zinatnieku pétijuma, var&tu but ari
Heterobasidion dabiskas infekcijas fons (Berglund et al., 2005b). Jau minétaja
pétijuma viena no analizétajam audzém konstatéti 60 % inficétu kontroles celmu,
bet divas citas audz&s — katra 100 % kontroles celmu. Lielbritanija, analizgjot Sitkas
egles celmu inficétibu ar Heterobasidion spp. un sénes micélija attistibu celmos, ir
konstatéta loti liela infekcijas atSkiriba gan starp audzém (Redfern et al., 2001), gan
starp celmiem (Redfern et al., 1997). Domajams, ka krasas dabiska infekcijas fona
atSkiribas ar1 ietekm@ja Zviedrija veikto petfjumu rezultatus. Analiz€jot mazo
dimensiju egles celmu inficétibu ar Heterobasidion Zviedrija veiktie pé&tijumi
(Gunulf et al., 2012b) liecina, ka 6 cm diametra celmos Heterobasidion aiznemtais
laukums ir vidgji 3.4 cm?, kas tomer ir gandriz divas reizes mazak neka promocijas
darba ietvaros veikta pétijjuma. Domajams, tas saistits ar analizéto audzu vecumu -
vidgji 11 gadu Zviedrija veiktaja pétijuma; vidgji 24 gadi - Latvija ierikotajos
eksperimentos.

Par Heterobasidion aizpemto laukumu inficétos priedes celmos literatira
pieejami atseviSki pétijumi. Zviedrija, analiz&jot vidgji 19 cm diametra Pinus
sylvestris celmus 5 — 8 ménesus p&c kopsanas, konstatéts, ka vid€jais Heterobasidion
aiznemtais laukums veido 3.3 (0.5 — 7.2) cm? (Rdénnberg et al., 2006a). legiitas
vértibas ir saméra lidzigas promocijas darba iegiitajiem datiem — 4.8 cm?, tomér
jaatzimé, ka Zviedrija veiktaja pétijjuma ar Heterobasidion inficéto celmu patsvars
noradits augstaks: 7.8 — 37.8 (vidgji 23) %. Augstaka inficétibas pakape varetu bt
skaidrojama ar lielaku analiz&to celmu diametru.

Promocijas darba secinats, ka celmu diametrs batiski ietekmé Heterobasidion
aiznemto laukumu abam koku sugam (p < 0.01) (3.2. attéls).
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3.2. att. Heterobasidion spp. aiznemtais relativais laukums atkariba no celma
diametra/
Fig. 3.2. The relative area occupied by Heterobasidion spp. depends on the stump
diameter

Heterobasidion aiznemta laukuma palielinasanas, pieaugot celma diametram
(analiz&to celmu diametrs 5 — 25 cm), pieradita ar citos pétijumos sastava kopSanas
cirtés, analiz€jot dazadas skujkoku sugas: Pseudotsuga menziesii, Tsuga
heterophylla, Abies amabilis un Picea sitchensis (Morrison, 1989; Morrison &
Johnson, 1999).

Promocijas darba ietvaros veiktaja pétijjuma koku vecumam zaggSanas bridi
konstatéta butiska ietekme uz Heterobasidion spp. aiznemto laukumu egles celmos
(p = 0.001), savukart priedes celmos ta nav bijusi butiska (p = 0.06). Analiz&to
priedes audzu vecums 10 lidz 28 gadi.

3.2 P. gigantea sastopamiba mazo dimensiju skujkoku celmos un tas nozime
Heterobasidion spp. ierobeZosana.

Vairaku autoru darbos ir atziméts, ka Heterobasidion spp. infekciju var ietekmét
arT konkurgjosas, svaigu celmu virsmu koloniz&josas sénes (Meredith, 1960; Dimitri
et al., 1971; Tubby et al., 2008; Oliva et al., 2013). Ka nozimigaka jaatzimé liela
pergamentséne Phlebiopsis gigantea. ST koksni noardo§a bazidijséne atikiriba no
Heterobasidion spp. neapdraud augosus kokus un sénes antagonistiskas Tpasibas tiek
izmantotas, lai razotu biologiskos preparatus, kuru sastava ir P. gigantea sporas
(Holdenrieder & Greig, 1998; Vasiliauskas et al., 2005a; Thor et al., 2006). Preparati
paredzéti, lai ierobezotu Heterobasidion spp. izplatibu péc veiktiem mezizstrades
darbiem. Skaidrojot skujkoku mazo dimensiju celmu uznémibu pret P. gigantea
infekciju, 17 egles un 15 priedes celmu koksnes paraugu nemsanas vietas novertéta
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celmus primari kolonizgjoso sénu Heterobasidion spp. un P. gigantea sastopamiba.
Ievacot 2721 celmu ripas - 1563 egles un 1158 priedes ripas.
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3.3. att. Ar P. gigantea mazo dimensiju celmu inficétibas atkariba no celma
diametra/
Fig. 3.3. The infection level in small dimension-stump with P. gigantea
depending on stump diameter

Egles audzes P. gigantea atrasta 0 - 35 % (vidgji 12.6 %) parbaudito celmu, bet
priedes audzes 7 - 100 % (vid&ji 67 %) analiz&to celmu. Ar Heterobasidion inficéto
egles un priedes celmu ipatsvars abu koku sugu mezaudzg€s veido attiecigi 55 % un
13 %.

Novertgjot P. gigantea sastopamibu skuju koku celmos atkariba no celma
diametra, secinats, ka egles celmu inficétiba ar dabisko P. gigantea, palielinoties
celma diametram, pieaug saméra nedaudz (r = 0.518; p = 0.102), bet priedes celmu
inficétiba pieaug butiski (r = 0.827; p = 0.003) (3.3. attéls).

Zviedrija, apstradajot maza diametra egles celmus ar Rotstop (P. gigantea
sporas saturo$s preparats), secinats, ka apstrades efektivitate (ietekme uz
Heterobasidion spp. sastopamibu) pieaug, palielinoties celma diametram (Gunulf et
al., 2012b). Lielaka diametra celmos ir stabilaks mitruma saturs, kas var ietekmét P.
gigantea micglija attistibu koksné. Ari Lietuva veiktie p&tjjumi liecina, ka gan
Heterobasidion spp., gan P. gigantea auglkermenu sastopamiba pieaug, palielinoties
celma diametram (Vasiliauskas et al., 2002). Attieciba uz priedes celmiem jau
pagajusa gadsimta 60. gados veiktajos D. Meredita (1960) pétijumos secinats, ka 4
gadus péc koku nozagesanas 15 — 25 cm diametra celmos dominé P. gigantea, tacu
mazaka diametra celmos, biezak sastopamas citas koksni kolonizgjosas sénes.
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3.4. att. Ar P. gigantea aiznemta relativa laukuma atkariba no celma diametra/
Fig. 3.4. The relative area occupied by P. gigantea depending on stump diameter

P. gigantea aiznemtais laukums gan egles, gan priedes celmos palielinas butiski,
palielinoties celma diametram, attiecigi abam analizetajam koku sugam: r = 0.695;
p <0.05unr=0.915; p <0.001 (3.4. att&ls).

Tomer, ka redzams, lidzigi celmu inficétibai, palielinoties diametram, ari
P. gigantea aiznemtais laukums atkariba no diametra daudz straujak palielinas
priedes koksng, kas skaidrojams ar sénes biologiju — P. gigantea ir primari priedes
koksni kolonizgjosa séne (Rishbeth, 1959). Tadgjadi ar pétijuma iegitie rezultati
apstiprina citu autoru atzinas (Webber & Thorpe, 2003; Korhonen, 2003). Tas, ka P.
gigantea aiznemtais laukums abas koku sugas, pieaugot diametram, palielinas daudz
straujak salidzinajuma ar Heterobasidion spp. aiznemto laukumu, skaidrojams ar P.
gigantea micélija attistibu radiali uz koksnes virsmas (Tubby et al., 2008). Turklat
jaatzimé, ka P. gigantea sastopamiba celmos at$kiriba no Heterobasidion spp. laika
gaita palielinas (Berglund & Ronnberg, 2004).

Vairakos darbos ir noradits, ka dabiskas P. gigantea infekcija nenodro$ina celmu
aizsardzibu pret Heterobasidion sporu infekciju (Annesi et al., 2005; Ronnberg et
al., 2006a; Drenkhan et al., 2008). Tomér promocijas darba ietvaros iegttie dati
liecina, par P. gigantea vietéjo populaciju nozimi skujkoku celmu aizsardziba pret
Heterobasidion infekciju. Pieméram, vairak ar Heterobasidion inficéto egles celmu
sastopami audzes, kur mazaks ar P. gigantea inficéto celmu Tpatsvars.

Mezaudzg, kur parstavétas abas koku sugas, ar P.gigantea inficéti 79 %
analiz€to priedes celmu, bet séne netika atrasta neviena no parbauditajiem egles
celmiem. Iesp&jams, tapéc $aja koksnes paraugu nemsanas vieta ar Heterobasidion
inficéti tris reizes vairak egles celmu (28 %) salidzinajuma ar priedi (8 %). Celmu
inficétibu ietekmé lokalie sporu avoti (gan Heterobasidion, gan P. gigantea)
(Stenlid, 1994; Rishbeth, 1959), bet $aja gadijuma abu koku sugu celmi paklauti
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vienadam infekcijas fonam. P. gigantea vid&jais aiznemtais laukums egles celmos
ir 4.92 % (1.70 cm?) priedes celmos 55.39 % (20.27 cm?). Salidzinot P. gigantea,
ka ari Heterobasidion vidgji aiznemtos laukumus egles un priedes celmos, tika
secinats, ka atkiribas ir batiskas (p < 0.05) (3.5. attgls).

Ka jau minéts ieprieks, Latvija divas egles un priedes mistrotas audzg€s junija
zagetos celmos péc 4 ménesiem Heterobasidion spp. konstatets vid&ji 83 % egles
celmos un 7 % priedes celmos (Kenigsvalde et al., 2015). Vidgjais P. gigantea
aiznemtais laukums min&taja eksperimenta egles celmos konstatéts 39 % apméra no
celma virsmas laukuma, bet priedes celmos 67 %. Samera lielais celmu virsmas
laukums egles celmos, kur konstatéta P. gigantea, skaidrojams ar lielo P. gigantea
auglkermenu daudzumu pétijumam izveletajas mezaudzes. Auglkermeni nodrosinaja
loti augstu P. gigantea infekcijas fonu — P. gigantea konstatéta 100 % analiz&to
egles celmu. Tom@r sénes aiznemta laukuma atSkiribas starp abam koku sugam
liecina par dabiskas P. gigantea nozimi Heterobasidion spp. sporu infekcijas
ierobeZo8ana priedes celmos.
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3.5. att. Heterobasidion un P. gigantea videji aiznemtais laukums
skujkoku celmos/
Fig. 3.5. The average conifer tree stump area occupied by Heterobasidion and P.
gigantea

Ka liecina LVMI Silava iepriek$ veiktie p&tijumi, egles celmos Heterobasidion
spp. un P. gigantea loti biezi sastopamas vienlaicigi (Kenigsvalde et al., 2015).
Konstatéts, ka ar Heterobasidion stipri inficétas egles audz&s uz izgaztam eglém un
lielu dimensiju cirSanas atlieckam ir liels skaits P. gigantea auglkermenu. Ari
analiz€tajas divas priedes audzgs, kur konstatéta vislielaka Heterobasidion infekcija
(attiecTgi 48 un 63 %), ar P. gigantea ir inficéti 85 un 72 % celmu, turklat $ajas
audzgs vidgji 44 % celmu abas sénes sastopamas vienlaicigi. Abam séném ir l1dzigas
ekologiskas nisas, jo gan saknu piepe, gan liela pergamentséne ir primaras koksni
kolonizgjosas sénes un, iesp&jams, koku zagesanas bridi ir bijusi pieméroti apstakli
abu sénu attistibai (Rishbeth, 1959; Meredith, 1960). Iesp&jams, ka darba ietvaros

22



veiktos eksperimentos augstais Heterobasidion spp. fons veicinaja konkurenci sugas
limeni, kas savukart sekmé&ja celmu kolonizaciju ar P. gigantea, jo, ka jau ieprieks
vairakkart minéts, gan Heterobasidion spp., gan P. gigantea ir svaigu koksni primari
kolonizgjosas senes.

Promocijas darba veiktaja p&tijuma abas sénes vienlaikus atrastas 0 Iidz 12 %
(vidgji 5.3 %) analizéto egles celmu un 0 lidz 54 % (vidgji 9.2 %) priedes celmu.
Abu sénu aiznpemtie laukumi, egles un priedes celmos atSkiras butiski
(p < 0.05) (3.6. attels).

Egle/Spruce (N=64)
60 -
50 -
40 -
30 -
20 -
10 -

Vidgji aiznemtais laukums, %/
The average occupied area,%

Heterobasidion spp. P. gigantea
Seénu sugas/The fungus species

Priede/Pine (N=138)

Vidgji aiznemtais laukums, %/
o
"]
=]

Heterobasidion spp. P. gigantea
Seénu sugas/The fungus species

3.6. att. Heterobasidion spp. un P. gigantea vidéji aiznemtais laukums
skujkoku celmos, kuros abas sénes sastopamas vienlaicigi/
Fig. 3.6. The average conifer tree stump area occupied by Heterobasidion and
P. gigantea, where are together both the fungi
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3.7. att. P. gigantea un Heterobasidion aiznemtais laukums skujkoku celmos
(celmi sagrupéti dilstosa seciba atkariba no P. gigantea laukuma)/

Fig. 3.7. The area occupied by P. gigantea and Heterobasidion in conifer tree

stumps (stumps are grouped in descending order based on P. gigantea area)

Salidzinot Heterobasidion un P. gigantea aiznemtos laukumus uz viena un ta
pasa celma, iezim&jas tendence - seviSki attieciba uz priedi, ka, palielinoties
P. gigantea aiznemtajam laukumam, samazinas celma virsmas dala, ko kolonizgjusi
Heterobasidion spp. (3.7. attéls).

Tomér nav iespgjams tik precizi definét P. gigantea aiznemta laukuma dalu, kurai
palielinoties, samazinas Heterobasidion aiznemtais laukums, ka tas iesp&ams
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attieciba uz lielaku dimensiju egles celmiem (Kenigsvalde et al., 2015).
Aproksiméjot iegiitos rezultatus promocijas darba ar pakapes funkcijam y = 13.87x
0052 yn y = 12.195x°097 secinats, ka korelacija ir vaja (attiecigi eglei R?=0.0032;
priedei R?=0.0064).

Protams, Heterobasidion/ P. gigantea micglija attistibas struktiira celmos p&c
krajas kopSanas cirtes atSkiras no micglija attistibas mazaka diametra celmos sastava
kopsanas cirtés. Micglija attistibu ietekm& biotiskie un abiotiskie faktori, kuru
atSkiriga ietekme dazadu dimensiju celmos, turklat var biit determingta gan audzes,
gan atsevis$ku celmu limeni (Stenlid, 1987a; Redfern, 1982; Berglund & Roénnberg,
2004). Iespg€jams, ka mitruma saturs koksné ir nozimigakais faktors, kas ietekmé&
celmus koloniz&joSo s€nu populacijas. Ja celmos koksnes lielako dalu kolonizé
Heterobasidion, tad $adi celmi nakotng klust par potencialu infekcijas akumulacijas
vietu un realu apdraud&jumu blakus augos$ajiem kokiem un veselajiem celmiem.
Protams, ja dalu no celma, respektivi, pieejama substrata kolonizE€ citas ar
Heterobasidion konkurgjosas sénes, tad meZzaudzu infekcijas risks buitiski samazinas.
Darba iegitie rezultati gan par Heterobasidion un P. gigantea aiznemta vidgja
laukuma at$kiribam egles un priedes celmos (3.5. attéls), gan par laukuma atskiribam
celmos, kuros abas sénes sastopamas vienlaicigi (3.6. attéls), liecina par P. gigantea
viet&jo populaciju nozimi skujkoku celmu aizsardziba pret Heterobasidion spp..

Izvertejot P. gigantea sastopamibu piecas celmu koksnes paraugu nemsanas
inficgjusi 68-100 % (vidgji 88 %) celmu, bet trijas paraugu nemsanas vietas no
augusta zagetajiem kokiem attiecigi 7-73 % (vidgji 32 %) celmu. Somija veikta
pétijuma secinats (Kallio & Hallaksela, 1979), ka celmu inficéSanas ar P. gigantea
visintensivak norit pavasari, bet strauji samazinas septembri. Bez sezonalitates P.
gigantea inficétibu vargja ietekmét ari liels Heterobasidion sporu fons. Daudzos
eksperimentos ar Rotstop autori skaidro biologiska preparata vajo efektivitati ar lielo
Heterobasidion dabisko infekciju (Berglund & Ronnberg, 2004; Berglund et al.,
2005b). Savukart citu autoru pétijumi liecina, ka P.gigantea atskiriba no
Heterobasidion ir vairak jutiga pret izzt$anu (Rishbeth, 1959).

Kopuma var secinat, ka P. gigantea labak attistas priedes neka egles mazo
dimensiju celmu koksnég, tapéc, veicot jaunaudzu kopsanu gada siltaja perioda ipasi,
saknu trupes ierobezoSanas pasakumi ir aktuali tiesi attieciba uz egles celmiem.

3.3 Kopsanas cirtes sezonas ietekme uz mazo dimensiju celmu inficéSanos ar
Heterobasidion spp..

Analize ieklauti dati par desmit mezaudzém, kopuma analiz&jot 1024 mazo
dimensiju (2 cm lidz 14 cm) celmu ripas, no tam 568 egles un 456 priedes. Daudzos
pétijumos ir pieradits, ka vislielakais svaigu celmu infic€Sanas risks ar
Heterobasidion sporam ir vasaras méne$os (Yde —Andersen, 1962; Brantberg et al.,
1996; Kallio, 1970). Attieciba uz egles celmu inficétibu literatiiras dati liecina, ka
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inficéto celmu ipatsvars audz€ svarstas no 44 Iidz 100 % (Berglund & Roénnberg,
2003; Berglund et al., 2005b). Tiesa, pamata $ie p&tijumi attiecas uz krajas kop$anas
cirtém, bet ari egles jaunaudzes (péc veiktas sastava kopSanas cirtes) var bt inficéta
liela dala mazo dimensiju celmu (Berglund et al., 2007). Par priedi p&tijumu datu ir
daudz mazak. J. Ronnbergs secinajis (Ronnberg et al., 2006a), ka Zviedrija inficéto
priedes celmu daudzums svarstas no 3.3 — 46.7 % (vid&ji 23 %).

Veiktaja pétijuma, analiz€jot martd zageto egles/priedes celmu inficétibu ar
Heterobasidion, konstat&ts, ka infekcija sastopama 1 —4 % priedes un 6 — 7 % egles
celmu. Vidgjais ar Heterobasidion spp. aiznemtais celma virsmas laukums abam
koku sugam ir 2.69 — 5.47 %. Jalija Heterobasidion ir atrasts 48 — 89 % analiz&to
egles celmu, bet tikai 5 — 8 % priedes celmu. Vid¢jais Heterobasidion aiznemtais
laukums julija zagetajos egles celmos ir 15 %, savukart priedes celmos - 4 %.
Attieciba uz vasara zagéto egles celmu inficétibu, Sie dati sakrit ar citu autoru
pétijumu rezultatiem (Gunulf et al., 2012b).

Vertgjot Heterobasidion spp. infekciju audzgs atstatajos celmos, kuras kop$anas
cirte veikta decembrT, ta netika konstatéta priedes audzg, bet konstatéta 0 - 4 % egles
celmos. Vidgjais Heterobasidion spp. aiznemtais celmu virsmas laukums egles
celmos ir 4.74 — 14.32 %.

Iegitie rezultati parada, ka ar Heterobasidion spp. inficéto egles un priedes celmu
skaits butiski neatSkiras marta veiktajas sastava kopSanas cirtés (p = 0.07), savukart
Heterobasidion spp. infekcija. Salidzinot priedes un egles celmu infic&tibu starp
marta un jilija veiktajam sastava kopSanas cirt€m, konstatSta butiski augstaka
Salidzinot decembri zageto egles un priedes celmu inficétibu, butiskas atikiribas
netika konstatétas (p = 0.34). Egles celmu infic&tiba batiski atSkiras starp visiem
decembri. Savukart, salidzinot priedes celmu inficétibu, konstatéts, ka inficétiba
butiski atskiras tikai julija un decembri (p <0.05). Pétijjuma dati sakrit ar citu
pétnieku darbos (Delatour et al., 1998) secinato, ka egles celmi ir loti uznémigi pret
Heterobasidion spp. infekciju. Ievérojamas atskiribas starp egles infic€Sanos marta
un jilija skaidrojamas ar Heterobasidion spp. sporulacijas dinamiku, kura palielinas

(Kallio, 1970; Kallio & Hallaksela, 1979; Brandtberg et al., 1996; Gonthier et al.,
2005). Latvija veiktajos pétijumos noskaidrots, ka Heterobasidion spp. sporulacija
palielinas aprila vidt, maksimumu sasniedzot augusta un septembri (Brauners et al.,
2014). Egles celmu inficétiba decembrT skaidrojama ar to, ka 2013. gada decembrT,
kad veikta audzu sastava kopSana, diennakts vid€ja gaisa temperatiiras svarstijas
robezas no minus 9.6 °C Iidz plus 5.4 °C. (ménesa vidgja diennakts temperatira bija
+1.5 °C), un $ados apstaklos iespéjama Heterobasidion spp. sporu izdaliSanas.
Priedes celmu neliela inficétiba neatkarigi no koku zagésanas laika varétu bit saistita
ar koksnes uznémibu pret dazadam koksni koloniz&josam séném, piem&ram, P.
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gigantea, kas vienlaicigi ari konkuré ar Heterobasidion spp., tad&jadi nelaujot
Heterobasidion spp. sporam attistities uz celma virsmas (Meredith, 1960; Tubby et
al., 2008; Kallio, 1970).

Jaatzimé, ka ar P. gigantea inficéto celmu ipatsvars abas analizétajas egles audzes
julija ir loti atskirigs — 60 un 2 %. Iesp&jams, to nosaka priedes piemistrojums
mezaudzg, kur atrasts vairak ar P. gigantea inficto egles celmu. Ta ka P. gigantea
ir primari priedes koksni koloniz&jos$a séne (Tubby et al., 2008), tad $aja audze
noverots lielaks P.gigantea sporu fons, kas saistits ar piemérotu substratu P.
gigantea auglkermenu attistibai. Bitisks faktors, kas nosaka Heterobasidion un P.
gigantea mijiedarbibu ir abu sénu sezonalitate, uz ko norada ari D. Meredita
(Meterdith, 1959) pétijums, novertéjot Heterobasidion un P. gigantea sastopamibu
priedes celmos. Cita D. Meredita (1960) p&tijuma, izmantojot Heterobasidion un
P. gigantea sporu maisijumu, secinats, ka abam s&ném vienlaicigi kolonizgjot
priedes celmus, izteiktas “priekSrocibas” ir P.gigantea. Ja H. annosum un
P. gigantea sporu attieciba suspensija ir 100:1, tad p&c 12 ned€lam ar H. annosum
un P. gigantea koloniz&tas koksnes attieciba konstatéta 23:60, bet, ja sporu attieciba
5:1, tad sénu aiznemta koksnes dala konstastéta attieciba 3:90 par labu P. gigantea.

Domajams, ka celmu infekciju ar abam iepriek§ minétajam séném liela mera
nosaka meza tips, vegetacija, ko, protams, ietekmé ari augsnes mitrums. Celmu
infic€Sanas procesu liela mera ietekme koku individualas ipasibas. To pierada Somija
veikts pétijums, parbaudot 64 dazadu P. gigantea izolatu augSanu egles koksnes
blukiSos, kas iegtti no 4 dazadiem kokiem. P&tijuma secinats, ka sénes augSanas
atrums dazadu koku blukisos atSkiras butiski (Sun et al., 2009b). Ari Polija veiktais
pétijums pierada koku individualo ipasibu nozimi infekcijas izplatiba, kur
parbauditas egles celmu (diametrs 2 - 15 cm) kolonizacijas sekmes tos apstradajot ar
P. gigantea saturo$u preparatu Rotstop. Eksperimenta secinats, ka 4 dazadas audzes
inficéto celmu Tpatsvars svarstas no 0 - 80 % (Zolcian, 2005).

Dz. Risbets (1959) konstatgjis, ka dala no Heterobasidion izdalitajam sporam tiek
deponéta skujas, savukart T. Kallio (1970) secina, ka vairak sporu ir zemsegas
limeni. Temperatiira un mitrums ir loti biitiski faktori Heterobasidion sporu attistibai
(Gonthier et al., 2005). Heterobasidion celmos var tikt ienests ari zagésanas bridi
(Gunulf et al., 2016). Pieméram, viena mezaudz€, parbaudot celmu koksnes diskus
péc koku nozagesanas, Heterobasidion konstatéts 33 % analiz&to priedes celmu,
tacu, vairakus celmus nozaggjot saknu kakla limeni, infekcija netika atrasta, kas
liecinaja, ka sporas uz celmiem visdrizak ienestas zages$anas bridi no mizas. Jaatzime
gan, ka §Ts infekcijas bija saméra nelielas — atseviskos gadifjumos tikai dazi
konidijnesgji, un mazam infekcijam ir mazakas iesp&jas izplatities talak koksné
(Swedjemark & Stenlid, 1993; Berglund & Ronnberg, 2004). Svarigi, cik ilgi celmi
biis uznémigi pret Heterobasidion infekciju, jo maza diametra celmi izZist daudz
atrak. Attieciba uz celmiem p&c krajas kopSanas cirtém un galvenajam cirtém
uzskata, ka tie var inficéties ar Heterobasidion spp. apméram vienu ménesi. Tomer
citi autori uzskata, ka celmi ir uznémigi pret Heterobasidion 1-2 nedélas (maksimali
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vienu ménesi) (Rishbeth, 1951; Meredith, 1960; Yde- Andersen, 1962; Brantberg et
al., 1996; Johnsson et al., 2002). Savukart K. Korhonens norada, ka viskritiskakas
celmu infekcijai ir pirmas etras dienas pec zage$anas. Jebkura gadijuma turpmako
Heterobasidion, un/vai Phlebiopsis attistibu celmos nosaka sénu aiznemtie laukumi
uz celma virsmas, respektivi - primaras infekcijas laukums. Decembri ar
Heterobasidion inficéto celmu daudzums ir niecigs, bet P. gigantea sastopama arl
ziema, kas sakrit ar citiem LVMI Silava petfjumos ieglitajiem rezultatiem. ArT citu
autoru dati liecina, ka ziemas méneSos celmu inficé$anas risks ar Heterobasidion
spp. ir minimals (Yde-Andersen, 1962). Tomér, nemot véra klimata izmainu
prognozes, jarekinas, ka patog€na izplatiba misu platuma grados tikai pieaugs
(Burton et al., 2010).

3.4 Heterobasidion spp. micélija attistibas dinamika mazo dimensiju parastas
egles un parastas priedes celmos

Analizg ieklauti dati par ¢etrpadsmit mezaudze€m, kopuma analizgjot 1235 mazo
dimensiju celmu ripas, no tam 781 egles un 454 priedes.

Analizgjot Heterobasidion attistibas dinamiku egles celmos, secinats, ka
dzivotsp&jigs micélijs saglabajies 5 — 33 % (vidgji 16.5 %) parbaudito celmu.
Savukart piecas analizétajas priedes audzes, celmos, kuros sakotn&ji konstatéta
Heterobasidion spp. infekcija, saknu piepes micglijs netika konstatéts. Tomér
jaatzimé, ka ari sakotn&ja Heterobasidion spp. infekcija priedes celmos bija butiski
zemaka (vid&ji 11.0 %), to salidzinot ar egles celmiem (vid&ji 45.7 %). Ari citu autoru
veiktajos pétijumos iegiti lidzigi rezultati par Heterobasidion spp. micélija
saglabasanos egles celmos. Vacija 16— 20 gadus vecas egles audzes tris gadus péc
krajas kopsanas cirtes inficéto celmu daudzums konstatéts 16 % apméra (Schonhar,
1975). S. Solheims (1994) konstatgjis, ka 1 - 2 gadus péc zagesanas inficéto egles
celmu patsvars bijis 20 % (diametrs 5 — 10 cm). Ari F. Paludans (1966) novérojis
lidzigu inficétibu egles celmos, kuru diametrs bijis 3 cm. Savukart M. Berglunda u.c.
(2007) pétijuma konstatéts, ka péc lidziga laika perioda 40 % egles celmu (diametrs
5 — 7 cm) inficéti ar Heterobasidion spp.. Promocijas darba ietvaros péc 14 — 35
ménesiem atkartoti parbaudot tikai iepriek§ infictos egles celmus (358 gab.),
infekcija konstatéta 126 celmos. Dati liecina, ka infekcijas samazinajums ir 20 —
80 % (59 %). Cita pétijjuma (Berglund & Ronnberg, 2004), salidzinot 15 — 19 cm
diametra egles celmu inficétibu ar Heterobasidion 3 un 12 méneSus péc koku
zagesanas, secinats, ka infekcijas samazinajums minétaja laika perioda 7 audzes bija
5-50 % (vidgji 18 %). Vacija iegltie rezultati liecina, ka trTs mé&nesSus péc koku
zageSanas Heterobasidion konstatéts 70 % egles celmu, bet seSus ménesus vélak
sénes micélijs atrasts vairs tikai aptuveni 20 % celmu (Dimitri et al., 1971).

Iemesls infekcijas samazinajumam var€tu bat antagonistiskas mikrofloras
klatbtitne (Meredith, 1960; Dimitri et al., 1971; Tubby et al., 2008; Oliva et al.,
2014). Sénes micelija attistibu celmos var ietekmét nokri$nu daudzums (Motrison &
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Johnson, 1999) un augsnes mitrums (Redfern, 1993). Mazo dimensiju celmi ir
paklauti straujakai izzGganai (Hellgren & Stenlid, 1998). Tacu ari parlieku liels
mitruma saturs celmos ietekmé Heterobasidion attistibu, par ko liecina D. Redferna
(1993) petijumi, analizgjot Sitkas egles aplievas un kodolkoksnes inficéSanos ar
Heterobasidion.

Jaatzimgé, ka promocijas petijuma egles celmos atziméta saméra liela
Heterobasidion aiznemta laukuma variacija: 0.49 — 55.37 cm?. Ari citu autoru darbos
atziméta loti at8kiriga celmu uznémiba pret Heterobasidion sporu infekciju.
Pieméram, analizjot ar Heterobasidion bazidijsporam maksligi inficétus Sitkas
egles celmus, konstatets, ka Heterobasidion laukums 14 celmos svarstas no < 1 Iidz
95 %, savukart ¢etros maksligi inficgtos Klinskalnu priedes celmos Heterobasidion
aiznemtais laukums veido 3 — 96 % (Redfern, 1982). Uzskata, ka vairums sporu
infekciju celmos ar laiku izzad (Swedjemark & Stenlid, 1993). Somija veikta
pétijuma secinats, ka ir nepiecieSamas vismaz divas @genétiski saderigas
homokatiotiskas Heterobasidion kolonijas, lai nodro$inatu micélija attistibu celma
koksné (Moykkynen & Kontiokari, 2001). Literatara viena Heterobasidion kolonija
tiek definta ka micélijs, kas attistijies no vienas sporas (Moykkynen et al., 1997).
Tatad nepiecieSamas vismaz divas sporas, lai nodrosinatu Heterobasidion micglija
ieaugSanu koksné. Protams, celmu inficé$anas process ir daudz sarezgitaks. Ka
liecina pétijumi, tikai dala no Heterobasidion izdalitajam sporam var uzdigt péc
nokl@iSanas uz piemerota substrata, kas tiek skaidrots ar to, ka atskirigi auglkermeni
izdala dazadas didzibas sporas (Redfern, 1982). Savukart no daudzajam uz celma
virsmas izdigu$ajam sporam, kas, parstav dazadus genotipus, talak koksné parasti
ieaug tikai viens konkurétsp€jigaka genotipa micélijs (Korhonen & Holdenrieder,
2005). Sakotngji inficetais koksnes daudzums, protams, loti batiski var ietekmét
patogéna  talako  attistibu  koksné  (Morrison &  Redfern, 1994,
Berglund & Ronnberg, 2004). Promocijas darba pétijuma secinats, ka
Heterobasidion infekcija visvairak (70 %) samazinajusies egles celmos, kur
sakotngji Heterobasidion aiznemtais laukums ir bijis mazaks par 10 % (3.8. attgls).
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Celmos, kur sakotngji Heterobasidion micglijs aiznéma 11 — 30 % virsmas
laukuma, infekcijas samazinajums ir 63 %, bet vismazakais infekcijas samazinajums
(55 %) ir celmos ar sakotngji aiznemto laukumu 31 — 80 %. Infekcijas
samazinajums starp izdalitajam klaseém “0-10 %” un “31 — 80 %~ ir bitisks
(p=0.04). Tomér jaatzime, ka Heterobasidion ir saglabajies saméra daudz celmos,
kur infekcijas sakotngji aiznemtais laukums sakotn&ji noverots mazaks par 10%.
Savukart liela dala celmu (55 %) infekcija atkartota celmu parbaude nav konstatéta,
neraugoties uz sakotngji saméra lielo inficéta celma dalu (31 — 80 %). Citu autoru
petijumos ir pieradits, ka talako micélija attistibu ietekmé ari Heterobasidion
genotipu “agresivitate”, un dazkart loti mazas kolonijas p&c ilgaka laika perioda var
aiznemt saméra lielu celma dalu, bet lielas kolonijas var iet boja (Redfern et al.,
2001).

Micélija saglabasanos koksné nosaka ari Heterobasidion sakotngjais sporu
daudzums, kas nokliist uz svaigu celmu virsmas. Eksperimentos ar dazadas
koncentracijas Heterobasidion bazidijsporu suspensiju Sitkas egles celmos
noskaidrots, ka pie mazas sporu koncentracijas uz celma virsmas veidojas neliels
skaits, bet saméra lielu koloniju. Savukart pie augstas sporu koncentracijas veidojas
daudz mazu koloniju, un $aja gadijuma starp atseviskiem Heterobasidion genotipiem
pastav lielaka savstarp&ja konkurence (Redfern et al., 1997).

Micélija talako saglabasanos nosaka ari Heterobasidion sakotngja infekcijas
lokalizacijas vieta. Lai gan abam analizétajam skujkoku sugam Heterobasidion
infekcija pamata konstatéta aplieva (Johnsson et al., 2002), tomér jaunaki p&tijjumi
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liecina, ka egles celmos kodolkoksne ir vairak uznémiga pret Heterobasidion
infekciju. Iesp&jams, ka tieSi kodolkoksnes infekcija ietekmé patogéna turpmako
attistibu dzilak celmu saknés (Oliva et al., 2013). Egli var inficét abas Latvija
sastopamas Heterobasidion sugas — H. annosum un H. parviporum, tacu, attistoties
talak celma, prieksrocibas bts H. parviporum, kas ir labak adapt&jusies attistibai
egles koksné (Vasiliauskas et al., 1998). Lidzigi priedes celmus ari var inficét gan
H. annosum, gan H. parviporum, tacu, no celmu sakném izdalita H.annosum
Tpatsvars ir 93 %, bet H. parviporum tikai 7 % (Ronnberg et al., 2006a). Tatad
svarigs faktors celmu inficé$anas procesa ir ne tikai sakotngjais Heterobasidion
sporu fons, ko nosaka auglkermenu klatbttne (Rishbeth, 1951, 1959; Yde-Andersen,
1962; Greig, 1962; Stenlid, 1994; Redfern et al., 1994; ), bet arT Heterobasidion suga.
Heterobasidion micélija “izzuSana” priedes celmos varétu bit saistita, ar
Heterobasidion sakotn€ji mazaku inficéto celmu skaitu/ virsmas laukumu
salidzinajuma ar egli, ka arT ar antagonistiskas sénes P. gigantea biologiju. Ka jau
minéts ieprieks, ir pieradits, ka P. gigantea ipatsvars skuju koku celmos laika gaita
palielinas (Berglund & Ronnberg, 2004).

Darba pétijumos atziméts, ka mazo dimensiju priedes celmi sadalas daudz atrak
salidzinajuma ar egles celmiem, kas arT var ietekm&t s€nes turpmako attistibu koksné.
Heterobasidion micéliju priedes celmos vargja ietekmét arT eksperimentos izmantoto
celmu augstums (aptuveni 50 cm). Turpmakajos petijumos bilitu nepiecieSams
analiz&t Heterobasidion micélija attistibu skujkoku celmu sakngs.
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SECINAJUMI

. Noskaidrots, ka egle ir uznémigaka par priedi pret Heterobasidion spp infekciju,
jo vidgji 48 % egles un 12 % priedes mazo dimensiju (2 cm — 14 cm) celmu ir
saknu piepes inficéti. Inficétiba starp koku sugam atskiras statistiski biitiski.

. Skujkoku celma diametrs batiski ietekm& celmu infic&tibu ar Heterobasidion
spp., uzradot, abam sugam ciesu, bet eglei nedaudz vajaku korelaciju neka
priedei. Noskaidrots, ka, pieaugot celma diametram, palielinds ari s€nes
aiznemtais relativais laukums uz celma virsmas, abam koku sugam uzradot ciesu
korelaciju.

. P. gigantea dabiska infekcija butiski ietekmé priedes celmu aizsardzibu pret
Heterobasidion spp infekciju, jo P. gigantea dabiska infekcija konstatéta 7 %
egles un 73 % priedes celmu. Inficétiba starp koku sugam atSkiras statistiski
batiski.

. Palielinoties celma diametram inficétiba ar P.gigantea bitiski palielinas tikai
priedei, kas apliecina faktu, ka P.gigantea primari ir priedes koksni kolonizgjosa
sene.

. Celma diametram ir biitiska ietekme uz P. gigantea aiznemto laukumu egles un
priedes celmos. Palielinoties celma diametram P. gigantea koloniz&ta dala
straujak pieaug priedes celmos, tas liecina, ka P.gigantea dabiska infekcija
nodrosina labaku priedes mazo dimensiju celmu aizsardzibu pret Heterobasidion
spp. infekciju salidzinajuma ar egli.

. Salidzinot sezonas ietekmi uz Heterobasidion spp. sporu infekciju, noskaidrots,
ka marta veiktajas sastava kopSanas cirtés inficéti 7 % egles celmu un 2 %
Decembri zagéto koku celmu inficétiba starp abam sugam butiski neatSkiras:
Heterobasidion spp. netika atrasta priedes celmos, bet saknu piepes infekcija
konstatéta, 2 % analiz&to egles celmu. Celmi biitiskam sporu infekcijas riskam
paklauti pavasara - rudens sezona, kad diennakts vidgja gaisa temperatiira ir
augstaka par 5 °C.

. Atkartoti parbaudot ieprieks ar Heterobasidion spp. inficétos celmus, konstatgts,
ka vidgji péc 2 gadiem mazo dimensiju egles celmos infekcijas samazinajums ir
60 %, bet priedes celmos infekcija netika konstatéta.
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PATEICIBAS

Autors izsaka pateicibu AS “Latvijas Valsts mezi” par iespg&ju veikt darba izstradi
paraléli tieSo darba pienakumu veikSanai, ka arT par iesp&ju darba izstrade izmantot
tas finanséta projekta “Saknu trupes izplatibu ierobezojoSo faktoru izp&te” Nr. 5.5-
5.1/000s/101/11/12 ietvaros iegtitos datus.

Autors izsaka pateicibu promocijas darba vaditajam Dr. silv. Talim Gaitniekam
par atbalstu darba struktiiras izstradasana, lauka un kameralo darbu organiz&$ana un
veik8ana, ka arT darba manuskripta kvalitates pilnveidosana. Pateicos Dr. Rymvidas
Vasaitis par palidzibu datu apstradé un rezultatu interpretacija.

Pateicos Kristinei Kenigsvaldei par neatsveramu atbalstu lauka darbu veikSana,
empiriska materiala apstrade un analizg, ka arT rezultatu interpretacija.

Autors izsaka pateicibu LVMI Silava MeZa mikologijas un fitopatologijas
laboratorijas koleégu komandai Dinai Niti$ai, Kari Korhonenam, Laumai Briina,
Astrai Zalumai, Agritai Kenigsvaldei, Dartai Klavinai, Natalijai Burnevicai, Anetei
Eberlinai, Dacei Saulitei, Arnim Silinpam, Kasparam Polmanim par atbalstu un
nesavtigu darbu, veicot lauka un kameralos darbus, ka arT ievakto datu apstradi.

Visbeidzot paldies manai gimenei par atbalstu un veseligo ironiju darba izstrades
laika.

So darbu veltu saviem vecakiem Olgai un Jurim Brauneriem, ka arf ka pieméru
saviem deliem Rudolfam un Francim Brauneriem.
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1. GENERAL DESCRIPTION OF THE PAPER

1.1. Importance of the work

Economically, the root rot caused by Heterobasidion spp. is the most significant
disease attacking coniferous trees in the North Temperate Zone. The complex of
Heterobasidion species Heterobasidion annosum sensu lato (s.1.) and damage caused
by it is known since the last century when it was almost simultaneously identified
and described by Hartig, Fries and Brefeld (Stenlid, 1986). These wood-degrading
basidiomycetes occur in almost every commercial forest in the whole Northern
hemisphere. There are three Heterobasidion spp. species found in Europe: H.
annosum sensu stricto (s.s.), H. parviporum Niemeld & Korhonen, H. abietinum
Niemeli & Korhonen (Korhonen & Holdenrieder, 2005). Each of these species is
found in a specific part of the European continent from 64° North latitude to the
South, thus representing the area where hosts are distributed (Capretti et al., 1990
quoted in Asiegbu et al., 2005; Korhonen & Stenlid, 1998). Fungi in the
Heterobasidion annosum s. I. complex are present on almost 150 - 200 host species,
mainly on coniferous trees. In the Northern part of Europe, its main hosts are
coniferous trees, and damage caused by the fungi is mainly on pine (Pinus sylvestris
L.) and spruce (Picea abies (L.) Karst). In Latvia, the proportion of rotten spruce in
stands is up to 21.8 %, and up to 83 % in some individual stands (Arhipova et al.,
2011).

It has been found that Heterobasidion spp. is not the only cause of root rot on
coniferous trees. Research conducted in Finland has shown that in 80 % of cases, the
primary cause of rot in spruce stands is Heterobasidion species, in 10 % of cases it
is caused by Armillaria spp., and in 5 % by Stereum sanguinulentum (Korhonen &
Piri, 2003).

There are two ways of infection with Heterobasidion: either by basidiospores
distributed by wind and through root contact, or by fungi mycelium (Anselmi &
Nicolatti, 1997). Heterobasidion has both sexual reproduction (basidiospores) and
asexual reproduction through conidiospores (Redfern & Stenlid, 1998).

The distribution and development of Heterobasidion spp. spores is affected by
species of the trees, stump diameter, tree age, season when the trees are cut (Morrison
& Johnson, 1999), as well as temperature, humidity, wind, density of vegetation,
germination success of the spores, presence of other rival organisms within the wood,
size of fruit bodies, and the distance between the target and Heterobasidion fruit body
(Redfern & Stenlid, 1998).

It has been found that forest management activities like harvest during the
vegetation period are the primary facilitator of spore distribution (Kallio, 1970). The
infection is commonly distributed in previously uninfected forest stands by infecting
freshly cut stumps with spores. The infection level depends on competition with
other fungi colonizing the wood (Berglund, 2005a; Redfern & Stenlid, 1998).
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Until now, it had been assumed that Heterobasidion cannot infect stumps with
small diameter (up to 14 cm) and sustain a long-term vital capacity (Dimitri et al.,
1971; Vollbrecht, Gemmel & Pettersson, 1995b; Bendz-Hellgren & Stenlid, 1998).
There are several studies conducted in the world that have shown the opposite
(Rishbeth, 1951; Morrison, 1989; Morrison & Johnson 1999; Gunulf et al., 2009;
Oliva et al., 2011). Heterobasidion is not the only cause of infection in small-
dimension stumps. Stumps are also exploited by Phlebiopsis gigantea (Fr.) Jiilich,
an antagonist of Heterobasidion, which protects stump wood from infection by
Heterobasidion (Risbeth, 1959). The latest studies have reported a decrease of
economic value of timber in spruce stands in Latvia caused by root rot rounds up to
800 — 4790 EUR per ha during general thinning (Gaitnieks et al., 2008). Thus there
is need to examine additional options for decreasing the infection risk during the
initial development period of forest stands.

1.2. The objective of the promotion paper

To determine the role played by small stumps of spruce Picea abies and pine
Pinus sylvestris in the distribution of Heterobasidion Heterobasidion spp. after
commercial thinning; to evaluate the impact of natural Phlebiopsis gigantea infection
on the development of Heterobasidion spp.

1.3. Research tasks of the promotion paper

1. To evaluate the susceptibility of small-dimension spruce and pine stumps
(diameter 2 — 14 cm) against Heterobasidion spp. basidiospore infection.

2. Todetermine the density of Phlebiopsis gigantea in small-dimension conifer tree
stumps and the role P. gigantea plays in restricting Heterobasidion spp.

3. To determine the pre-commercial thinning seasonal effect on Heterobasidion
spp. infection in small-dimension stumps.

4. To determine the development dynamics of Heterobasidion spp. in small-
dimension spruce and pine stumps.

1.4. The thesis of the promotion paper

1. Heterobasidion can infect small-dimension conifer tree stumps after pre-
commercial thinning.

2. Natural infection caused by Phlebiopsis decreases the risk of small-dimension
stumps infection with Heterobasidion spp.
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1.5. Scientific novelty

The first study conducted in the Baltic States on Heterobasidion infection in
small-dimension spruce stumps after thinning.

The first study in the world assessing the infection of pine stumps by evaluating
the mycelial area of the pathogen.

The first study in the world simultaneously analysing the development dynamics
of Heterobasidion and P. gigantea infection in small-dimension spruce and pine
stumps.

1.6. Practical impact

The recommendations presented by this promotion paper have been included in
forest regeneration and tending guidelines issued by JSC “AS Latvijas valsts mezi”,
stating that, in order to limit infection of new root rot clusters in spruce stands higher
than 2m being, their tending should be planned within the first and/or the fourth
annual quartiles. Protection of pine stumps against Heterobasidion infection in
young stands is not necessary because it rapidly decreases during the first years after
commercial thinning in young stands; additionally, the protection of pine stumps is
facilitated by Phlebiopsis gigantea invasion.

1.7. Structure and volume of the promotion paper

The first chapter of the promotion paper deals with summary of research
conclusions on damage caused by Heterobasidion complex species Heterobasidion
annosum sensu lato (s.l.), factors affecting the damage, and options to limit the
damage. The first sub-chapter describes the geographical distribution and hosts of
Heterobasidion spp. species. The second sub-chapter describes biological qualities
of H. annosum by describing its primary and secondary distribution channels,
summarizing information on distribution of H. annosum via basidiospores and
conidiospores, and their role in development of infection. It describes factors like
seasonality of sporulation and occurrence of fruit-bodies and their influence on
sporulation and primary infection. This sub-chapter also summarizes information on
the distance of spore distribution and the productivity of sporulation of fruit-bodies,
as well as it contains conclusions on secondary infection caused by root contact and
its significant impact on the remaining trees within the stand. It summarizes
information on facilitating factors of stump infection and conclusions of studies done
on the importance of small diameter stumps in the spread of root rot. The final part
of the sub-chapter describes the features of infected stands - the difference between
spruce and pine and their susceptibility against Heterobasidion. The third sub-
chapter summarizes information on the economic losses caused by Heterobasidion
spp. The fourth sub-chapter describes options on restricting Heterobasidion spp.
establishment by preventing of limiting the primary and secondary risks of infection.
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The fifth sub-chapter describes the environmental impact of Heterobasidion spp. The
second chapter describes the research material and methods. The third chapter
analyses the research results. Its first sub-chapter evaluates the susceptibility of small
dimension spruce and pine stumps against infection of H. annosum basidiospores.
The second sub-chapter characterizes the distribution of P. gigantea in small
dimension conifer tree stumps and their impact on restricting Heterobasidion spp..
The third sub-chapter analyses the seasonal impact on small-dimension stump
infection with Heterobasidion spp. after commercial thinning. The fourth and final
sub-chapter characterizes the development dynamics of Heterobasidion spp. in
small-dimension stumps.

The promotion work consists of 79 pages, the information is gathered in 9 tables
and visualized in 17 figures; 156 sources of literature have been used.

1.8. Approbation of research results

The research results have been summarised in five publications and presented in
eleven scientific conferences.

2. MATERIAL AND METHODS

2.1. Description of empirical material

The sampling plots chosen for the research are located in Koknese district,
Vidusdaugava region, in Madona district, Ziemellatgale region, and in forest
observation station in Kalsnava forest district, all belonging to JSC “AS Latvijas
valsts mezi” (LVM).

To describe the distribution of Heterobasidion spp. and P. gigantea in conifer
tree stumps located in Madona district, Ziemellatgale region and forest observation
station in Kalsnava forest district, a total of 48 sampling plots were established in
conifer stands during the period from 2006 to 2013. A total of 5554 trees (2877
spruce and 2677 pine) were cut in the sampling plots.

In order to assess the impact of pre-commercial thinning time on small-dimension
stump infection with Heterobasidion spp. basidiospores, 10 forest stands in Koknese
district, Vidusdaugava region were selected. Commercial thinning in these stands
was done in March, July, and December, 2013. Discs from spruce and pine stumps
were obtained in one of the selected studied stands. One tree species was analysed in
each of the other stands. The research stands were located within 0.6 - 12 km distance
from one another. A total of 1024 discs from conifer tree stumps (568 spruce and
456 pine stumps) were obtained.

To assess the development dynamics of Heterobasidion spp. mycelium in small
dimension spruce and pine stumps, repeated sampling of stumps was done in 14
sampling plots after 14 - 35 months. Wood samples were obtained from stumps
where Heterobasidion spp. infection was observed during the previous assessment.
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A total of 1235 stumps were analysed. In most sampling plots, thinning was done
23-25 months prior to collection of wood samples; in two sampling plots, the stumps
were exposed for longer periods (27 and 35 months, respectively) and in only one
sampling plot the stumps were analysed repeatedly after 14 months of thinning.

2.2. Field work

To characterize the distribution of Heterobasidion spp. and P. gigantea, the trees
were cut during the warmth period of the year (June - September) when the fruit-
bodies of the fungi sporulate, when there is a sufficient amount of spores present in
the air for infection of unprotected wood. Trees that were located at distance > 2m
from the conifer tree stumps of previous generation and dead standing were selected
for cutting. This was done to prevent cases when trees might have been infected by
Heterobasidion spp. infection via root contact (Stenlid 1987a). To make sure that
sampled trees had not been infected by Heterobasidion spp. via root contact, a disc,
t.i., a wood sample, sawn from the stump after thinning, was obtained which was
further sent to LVMI “Silava” laboratory for analysis. To be able to repeatedly
identify each stump within the young stands, a humber plate was stapled to the
surface of each stump. This number was written on the top side of each disc taken.
Stump wood samples from the sampling plots were obtained 7 - 261 weeks after
thinning. About 40 - 194 discs were obtained from each sampling plot. The average
diameter of stumps used in this study was from 2 to 14 cm. At sampling times, two
discs were sawn from the stumps (AB and BC, Fig. 2.1.), each of 2 - 3 cm width. A
stump identification number on the top surface of the second disc was written using
a marker. All the upper discs were discarded (AB, Fig. 2.1.) and only the bottom
discs were sent to LVMI “Silava” laboratory for further analysis (BC, Fig. 2.1.).

The obtained discs were packed in separate polyethylene bags and delivered to
the laboratory, where they were stored in a cold room.

2.3. Laboratory analyses

To prepare the discs for assessment of Heterobasidion spp. and P. gigantea
distribution, the discs were peeled and washed under running tap water in the
Laboratory of forest mycology and phytopathology (LVMI “Silava”). Then the discs
were placed vertically on their edges, placed in partly open polyethylene bags to
ensure air circulation, and then incubated for seven days at temperature 20 °C.

Identification of Heterobasidion spp. infection in the obtained stump wood
sample discs. After the incubation period, the discs were analysed by using a stereo
microscope LEICA MZ 16 with 25x magnification. A grid with mesh size 0.7 cm
was placed and secured on each disc. Infection of discs by Heterobasidion spp. was
identified by Heterobasidion spp. conidiophore development on their surface at a
sufficient humidity level (Kallio, 1970). If at least one Heterobasidion spp.
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conidiophore was observed in a grid cell, it was marked on the disc surface by a
waterproof marker. The total number of squares infected by Heterobasidion spp. on
a single disc was calculated as the sum of the area of all marked cells (the area of one
cell was 0.49 cm?). Even if a single cell was marked on the disc, it was considered
as being infected. Infection was expressed as percentage of infected discs. The
contours of all infected discs and the marked dots on them were copied on a
transparent membrane. Disc area S(D) and diameter d were calculated by from the
disc contour drawn on the membrane by a planimeter (Tamaya Planix 10S; function
Stream Area (1 mm?)):

d=2xSD)/x, .1)

Alternatively, the diameter (d) of the uninfected discs was determined by average
value of two perpendicular measurements (+1 mm) made with a ruler.

Determination of P. gigantea occurrernce in wood sample discs. The presence
of P. gigantea was determined by orange-brown colour and morphological
characteristics of mycelium (needle-shaped hypha covered with calcium oxalate
crystals) on the wood discs after a seven-day incubation period in polyethylene bags.
The area occupied by P. gigantea and the total area of the disc was outlined on a
transparent membrane using a marker. The area occupied by P. gigantea and the total
disc area were measured using a planimeter (Tamaya Planix 10S; function Stream
Area (+1 mm?)).

2.4. Statistical analysis

The obtained results were processed in Microsoft Excel software. The average
values and standard errors were calculated. The data analysis was done using
program R 2.15.0 (R Development Core Team, 2012). Correlation between the area
of sawn stump surface and the area occupied by Heterobasidion spp. or P. gigantea
was calculated. The occurrence of P. gigantea and Heterobasidion spp. in small
diameter infected stumps of different tree species was compared using Fisher’s exact
test or t criterion (o = 0.05) (compared with theoretical values). The areas occupied
by fungi were compared using the Mann - Whitney U test.

Effect of tree species, stump diameter, and area occupied by P. gigantea, and
also effect of time when samples were obtained, on the area occupied by
Heterobasidion spp after thinning, was tested using Analysis of Varaviance in the
statistical software SPSS 14.0. (SPSS Inc., 2005).

Before analysis, the data on area occupied by Heterobasidion spp. was arcsin
transformed.
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3. RESULTS AND DISCUSION

3.1. Susceptibility of small-dimension spruce and pine stumps to infection by
Heterobasidion spp. basidiospores

In total, 4530 small dimension (2 cm to 14 cm) stump wood discs were analysed,
including 2309 spruce and 2221 pine discs.

It was found that 48 % of spruce stumps and 12 % of pine stumps were infected
by Heterobasidion spp. in the sampling plots. The infection frequency significantly
differed between the tree species (p < 0.01). The frequency of infected stumps in pine
sampling plots ranged between 0 and 63.16 %, and in in spruce sampling plots range
between 1.34 and 86.52 %. The average wood sampling period after thinning did not
significantly differ (p = 0.06) between pine ( 47 + 10 weeks) and spruce (53 £ 19
weeks) sampling plots, which allowed to compare susceptibility of tree species to
Heterobasidion spp. infection. Our results for spruce were similar to those of Gunulf
et al. (2012b).

The number of small-dimension stumps infected by Heterobasidion
basidiospores significantly differed between the two conifer species. Previous
research conducted in Latvia in mixed stands of spruce and pine found that 4 months
after thinning, Heterobasidion was present in 81 % to 85 % of spruce stumps and in
0 % to 14 % of pine stumps. In that study, tree age in the two studied sampling plots
was 36 and 51 years respectively, and the average diameter of analysed spruce and
pine stumps was 14 and 17 cm (Kenigsvalde et al., 2015).

Better spore germination on sawn discs was observed in pine wood (Dimitri et
al., 1971) compared with spruce, and more pine stumps infected by Heterobasidion
were found in mixed stands compared to other conifer species (Greig, 1962), which
can be explained by the Heterobasidion species inoculum (spore concentration in the
air, infected stumps of the previous generation) in a particular stand, as well as by
suitable environment for the development of Heterobasidion mycelium - root
contact, soil characteristics, presence of antagonistic microflore, etc. However,
successful spore germination does not characterize further mycelium development in
the soil. In a study in Finland it was observed that most of the infection spores in
stumps sooner or later disappeared (Swedjemark & Stenlid, 1993). In Finland, 15
months after commercial thinning, the ratio of infected stumps in spruce and pine
stands was 4 % and 2 % respectively. The that study, spruce stump diameter was 12
cm in a 46-year-old stand and pine stump diameter was 10 cm in a 29-30-year old
stand (Lipponen, 1991). Fungi presence in this stand was not observed before and
after thinning. Differences in the infection level of tree species could be explained
by wood characteristics and their resistance against Heterobasidion spore infection -
pine stem wood is rather resistant against Heterobasidion annosum infection due to
phenol and resin content in the wood (Rishbeth, 1972; Korhonen et al., 1998a;
Gonthier & Thor 2013). Heterobasidion infection is also affected by antagonistic,
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wood-colonizing fungi (Meredith, 1960; Dimitri et al., 1971; Tubby et al., 2008;
Oliva et al., 2013).

A significant effect of stump diameter on infection level (p < 0.001) was shown
(Fig. 3.1.), as in other studies (Paludan, 1966; Solheim, 1994; Bendz-Hellgren &
Stenlid, 1998). It was observed (Rishbeth, 1951) that the infection level was 6.7 %
of pine stumps in the diameter class 5 - 7 cm, 16.7 % stumps in the class 8 — 13 cm,
and 46.7 % stumps in the class 14 — 20 cm. The data obtained during the promotion
research also showed that the level of stump infection with Heterobasidion
significantly increased (p < 0.001) with stump diameter.

The infection level of spruce stumps in advance growth has been observed to be
higher than on stumps in young spruce stands. Heterobasidion mainly infects
sapwood (Johnsson et al., 2002; Swedjemark & Stenlid, 1993; Berglund &
Ronnberg, 2004). The trunk wood in a spruce tree develops after 20-30 years of age
(Dimitri, 1969), and, since the age of analysed trees in advance growth was 35 — 68
years (average 54 years), it is possible that this aspect has a large impact on the stump
infection level with Heterobasidion spores.

Stump infection with basidiospores is affected by the width of annual rings.
Manka (1974) observed greater inccidence of infection on stumps with wider annual
rings. The analysed stumps in advance growth had narrow annual rings. However,
studies conducted in Finland have shown that understorey spruce is more susceptible
to secondary infection (Piri dissertation and quoted literature). It is possible that
stumps of spruce grown under pine are more susceptible against Heterobasidion
spore infection.

It is considered that the vitality of spruce stumps in young stands has effect on
resistance against Heterobasidion annosum infection. Several studies have
characterized stumps as “alive” for 3 - 5 years in conditions when their roots are in
contact with those of nearby trees, thus facilitating their resistance against
Heterobasidion annosum infection (Morrison & Johnsson, 1999). Such root
contacts/coalescence definitely had formed in the selected spruce stands, because in
most cases the distance between the cut and growing trees was less than 2 meters. A
previous Finnish study (Piri, 2003) examined the secondary distribution of
Heterobasidion on spruce growing under a dominant tree layer. Our study was the
first to determine infection of spruce stumps of advance growth with Heterobasidion
basidiospores. The average area occupied by infection in stumps significantly
differed (p < 0.001) between tree species (spruce - 6.26 cm?or 17.55 %, pine — 2.79
cm?or 8.45 %). In studies conducted in Sweden the average area in spruce control
stumps occupied by Heterobasidion was estimated to be 1.3 cm? (Rénnberg et al.,
2006) and 21.3 cm? (Berglund et al., 2005b) respectively. The diameter of spruce
stumps in the those studies was 14 - 21 cm. The two studies differed in time of
assessment after thinning: Heterobasidion mycelium covered more than 20 cm? of
the analysed disc area in control stumps were assessed 9 months after thinning, while
in the other study stumps were asssessed 3 months after thinning. Berglund and
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Ronnberg (2004) estimated that three months after thinning, the average stump area
occupied by Heterobasidion was 5.3 cm? and the area after 12 months was 8.8 cm?.
The distribution of the mycelium of Heterobasidion in Sitka spruce stumps was
observed to occur in a radial direction (Redfern, 1993). The observed large stump
surface area infected by Heterobasidion described in Sweden might be due to large
Heterobasidion natural infection (Berglund et al., 2005b), as in one of the analysed
stands 60 % of the stumps were infected, and in the two other stands 100 % of the
control stumps were infected. Significant difference between stands (Redfern et al.,
2001) and stumps (Redfern et al., 1997) was found in frequency of H. annosum and
fungi mycelium development in Sitka spruce in stumps in Great Britain. It is believed
that such rapid differences affected the results of the study in Sweden. In small-
dimension spruce stumps in Sweden, the area occupied by Heterobasidion in 6 cm
stumps was on average 3.4 cm? (Gunulf et al., 2012b), which is almost twice less
than in the present research conducted in Latvia. This difference can be explained by
age of the analysed stands - average 11 years in the Swedish study and average 24
years in the Latvian study.

There have been few studies available in the literature in which the area occupied
by Heterobasidion in infected pine stumps was estimated. In Sweden, on stumps of
Pinus sylvestris with average diameter of 19 cm, 5 - 8 months after thinning, the
average area occupied by Heterobasidion 3.3 was (0.5 — 7.2) cm? (Ronnberg et al.,
2006a). This level of infection was rather similar to estimates made in the present
study — 4.8 cm?, but the frequency of stumps infected by Heterobasidion was much
higher in Sweden (7.8 % — 37.8 %, average 23 %), which can be explained by the
larger diameter of studied stumps.

A conclusion of the present study was that stump diameter significantly affects
the area occupied by Heterobasidion for both spruce and pine species (p < 0.01) (Fig.
3.2).

The increase of the area occupied by Heterobasidion with increasing stump
diameter (the diameter of analysed stumps was 5 - 25 cm) was verified in other
studies on conifer species in pre-commercial thinning areas: Pseudotsuga menziesii,
Tsuga heterophylla, Abies amabilis and Picea sitchensis (Morrison, 1989; Morrison
& Johnson, 1999). The present study found a significant effect of tree age at time
thinning on the area occupied by Heterobasidion spp. in spruce stumps (p = 0.001),
whereas the effect was not significant in pine stumps (p = 0.06). The age of the
analysed pine stands was 10 to 28 years.

3.2. The distribution of P. gigantea in small-dimension conifer tree stumps and
their impact on restricting Heterobasidion spp.

Many authors have described an effect of competive fungi colonizing fresh stump
surfaces on H. annosum infection (Meredith, 1960; Dimitri et al., 1971; Tubby et al.,
2008; Oliva et al., 2013). Of these, Phlebiopsis gigantea must be noted as the most
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significant. In contrast with H. annosum, this wood-degrading basidiomycete does
not endanger growing trees and the antagonistic features of the fungus are used to
produce biological preparations containing P. gigantea spores (Holdenrieder &
Greig, 1998; Vasiliauskas et al., 2005a; Thor et al., 2006). The preparations are made
to restrict the distribution of H. annosum after thinning. In the assessment of the
susceptibility of small-dimension conifer tree stumps against P. gigantea infection,
the distribution of Heterobasidion spp. and P. gigantea — the fungi primarily
colonizing stumps - was evaluated in 17 spruce and 15 pine sampling plots. In total
of 2721 stump discs - 1563 spruce and 1158 pine discs - were obtained in the
sampling plots.

P. gigantea was found in 0 - 35 % (average of 12.6 %) stumps assessed in spruce
sampling plots, and in 7 - 100 % (average on 67 %) stumps assessed in pine sampling
plots. The proportion of spruce and pine stumps infected by Heterobasidion in
sampling plots of both species was 55 % and 13 % respectively.

P. gigantea infection in spruce stumps was observed to slightly increase with
stump diameter and to increase significantly (r = 0.518; p = 0.102), in pine stumps
(r = 0.827; p = 0.003) (Fig.3.3.).

In Sweden, the efficiency of processing small diameter stumps with Rotstop
(preparation containing P. gigantea spores), estimated by effect on H. annosum,
increased with stump diameter (Gunulf et al., 2012b), which might be explained by
a more suitable and stable moisture level in larger stumps for development of P.
gigantea mycelium. It was also observed in Lithuania that the area of H. annosum
and P. gigantea fruit-bodies increased with stump diameter (Vasiliauskas et al.,
2002). Already in the 1960ies, Meredith (1960) concluded that 4 years after tending,
P. gigantea dominates in pine stumps of diameter of 15 - 25 cm, while other wood-
colonizing fungi were more common in smaller stumps.

The area occupied by P. gigantea in spruce and pine stumps was found to
significantly increase with stump diameter: r =0.695; p<0.05 and r=0.915;
p < 0.001, respectively (Fig.3.4.).

The present study found that the stump infection level with P. gigantea and H.
annosum increased with stump diameter, but more rapidly for P. gigantea, which can
be explained by its preference for pine wood (Rishbeth, 1959). Thus, our results
verify conclusions drawn by other authors (Webber & Thorpe, 2003; Korhonen,
2003). The more rapid increase of area occupied by P. gigantea with stump diameter
in both tree species, compared to that of H. annosum, can be explained by the radial
development of P. gigantea mycelium on the wood surface (Tubby et al., 2008).
The occurrence of P. gigantea in stumps also increases over time, in contrast to that
of H. annosum (Berglund & Ronnberg, 2004).

The presence of natural P. gigantea infection does not guarantee stump resistance
against Heterobasidion spore infection (Annesi et al., 2005; Ronnberg et al., 20063;
Drenkhan et al., 2008). However, our study showed that the local population of P.
gigantea had a protective effect against Heterobasidion infection of conifer tree
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stumps. For example, more spruce stumps infected by Heterobasidion occurred in
sampling plots with lower occurrence of stumps infected by P. gigantea.

In the sampling plot where both tree species were present, 79 % of pine stumps
were infected by P. gigantea, but the fungi was not found in spruce stumps. This
might be explained by the three times higher infection rate of spruce stumps (28 %)
by Heterobasidion, compared to that of pine stumps (8 %). The infection level in
stumps is affected by local spore sources of Heterobasidion and P. gigantea (Stenlid,
1994; Rishbeth, 1959), but in this case, stumps of both tree species were exposed to
identical infection background. The average area infected by P. gigantea in spruce
stumps was 4.92 % (1.70 cm?) and 55.39 % (20.27 cm?) in pine stumps. The average
area occupied by P.gigantea and Heterobasidion in spruce and pine stumps
significantly differed between fungal species (p < 0.05) (Fig.3.5.).

In two mixed spruce and pine stands in Latvia, H. annosum was observed on
average in 83 % spruce stumps and 7 % pine stumps, 4 months after thinning
conducted in June (Kenigsvalde et al., 2015). The average area occupied by
P. gigantea in that experiment was 39 % of surface area in spruce stumps and 67 %
in pine stumps. The observed rather large surface area in spruce stumps with presence
of P. gigantea can be explained by the large number of P. gigantea fruit-bodies in
the sampling plots. The fruit-bodies ensured a very high background level of P.
gigantea infection - P. gigantea was present in 100 % of the analysed spruce stumps.
However, the differences between the area occupied by the fungi in the tree species
indicates the role of P. gigantea in limiting H. annosum spore infection in pine
stumps.

Previous studies conducted at LVMI “Silava” showed that Heterobasidion spp.
and P. gigantea are often simultaneously present in spruce stumps (Kenigsvalde et
al. 2015). High occurrence of P. gigantea fruit-bodies has been found on cut spruce
and large dimension thinning products in spruce stands that were heavily infected by
Heterobasidion. The studied two pine stands with high occurrence of Heterobasidion
infection (48 % and 63 %), 85 % and 72 % stumps were also contained infected by
P. gigantea and 44 % stumps contained both fungi. Heterobasidion and Phlebiopsis
share similar ecological niches, as both are primary wood-colonizing fungi, and at
the time of thinning, suitable substrate and environment likely exists for development
of both fungi (Rishbeth, 1959; Meredith, 1960). In the present study, a high
background of H. annosum infection might have facilitated competition on the
species level, which subsequently affected stump colonization with P. gigantea, as
both species are primary wood-colonizing fungi.

In the present study both Heterobasidion and Phlebiopsis were found in 0 — 12 %
(average 5.3 %) of studied spruce stumps, and 0 - 54 % (average 9.2 %) of pine
stumps. The area occupied by Heterobasidion and Phlebiopsis in spruce and pine
stumps significantly differeed between fungal species (p < 0.05) (Fig.3.6.).

In pine, increase of the area occupied by P. gigantea was associated with decrease
of the area colonized by Heterobasidion annosum (Fig.3.7.). However, it was not
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possible to precisely define the area occupied by P. gigantea, which might have
affected these results, as it is known that area of both species increases with stump
diamater (Kenigsvalde et al., 2015). In the present work the relationship between
area of Heterobasidion and Phlebiopsis was modelled as weakly significant
exponential functions y = 13.87x%%2 (R2 = 0.0032 for spruce) and y = 12.195x0-087
(R? = 0.0064) for pine.

Of course, the development structure of Heterobasidion/ P. gigantea mycelium
in stumps after commercial thinning differs from mycelium development in smaller
diameter stumps after pre-commercial thinning. The development of mycelium is
affected by biotic and abiotic factors that vary with stump dimension and at stand
and stump levels (Stenlid, 1987a; Redfern, 1982; Berglund & Roénnberg, 2004). The
moisture level in wood is likely the most significant factor affecting populations of
stump-colonizing fungi. Stumps that have been colonized to a very large degree by
Heterobasidion are potential infection sources in the future and a real threat to nearby
growing trees and uninfected stumps. Of course, if a part of the respective substrate
available to stumps is colonized by other fungi competing with Heterobasidion, the
infection risk for forest stands significantly decreases. The results obtained by the
paper on the differences of area occupied by Heterobasidion and P. gigantea in
spruce and pine stumps (Fig.3.5.) and differences of area in stumps where both fungi
were present simultaneously (Fig.3.6.) indicated the role of local P. gigantea
populations on protection of conifer tree stumps against H. annosum.

Survey of the occurrence of P. gigantea in stumps in five sampling plots cut in
July of 2012 showed that P. gigantea had infected 68-100 % (average of 88 %)
stumps, and 7-73 % (average of 32 %) stumps in three sampling plots cut in August.
In Finland it was reported (Kallio & Hallaksela, 1979) that stumps were more
intensively infected by P. gigantea in spring, and that the infection level decreased
in September. Apart from seasonality, the P. gigantea infection level observed in
Latvia might have been affected by a high Heterobasidion spore background; poor
efficiency of Rotstop against high natural Heterobasidion infection has been noted
in several studies (Berglund & Ronnberg, 2004; Berglund et al., 2005b). However,
in comparison with Heterobasidion, P. gigantea is more susceptible to desiccation
(Rishbeth, 1959).

In general, it can be concluded that P. gigantea develops better in small-
dimension pine stumps than in small-dimension spruce stumps, thus preventive
actions against root rot after thinning in young stands during the warm period of the
year is especially crucial for spruce stumps.

3.3. The pre-commercial thinning seasonal impact on small-dimension stump
infection with Heterobasidion spp.
Within ten sampling plots, a total of 1024 stump discs were obtained from small-
dimension stumps (2 cm to 14 cm), including 568 spruce and 456 pine discs. Many
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studies have shown that the highest risk of stump infection by Heterobasidion spores
is during summer months (Yde —Andersen, 1962; Brantberg et al., 1996; Kallio,
1970). The proportion of infected spruce stumps within stands ranges from 44 % to
100 % (Berglund & Ronnberg, 2003; Berglund et al., 2005b). However, these
estimates have been made mostly after commercial thinning, while a large part of
small-dimension spruce stumps can be infected in young stands (after pre-
commercial thinning) (Berglund et al., 2007). There is less information of infection
of small-diameter pine. Ronnberg estimated that (Ronnberg et al., 2006a) that the
proportion of infected pine stumps in Sweden was 3.3 % — 46.7 % (average 23 %).

The present study showed that the Heterobasidion infection level in spruce/pine
stumps cut in March was 1 % — 4 % pine stumps and 6 % — 7 % spruce stumps, and
the average stump surface area occupied by H. annosum was 2.69 % — 5.47 % for
both species. After cutting in July, Heterobasidion was found in 48 % — 89 % spruce
stumps and only in 5 % — 8% pine stumps; the average area occupied by
Heterobasidion was 15 % in spruce stumps and 4 % in pine stumps. The observed
infection levels after cutting in summer are similar to those reported in other studies
(Gunulf et al., 2012b).

Heterobasidion spp. infection in stumps located in stands where the commercial
thinning was done in December was estimated to be 0 % in pine stands, 0-4 % in
spruce stands. The average spruce stump surface area occupied by Heterobasidion
spp. was 4.74 % — 14.32 %.

The obtained results show that proportion of stumps infected by Heterobasidion
spp. did not diffeer between spruce and pine stands when pre-commercial thinning
was done in March (p = 0.07), but the Heterobasidion spp. infection level was
significantly higher in spruce stumps when pre-commercial thinning was performed
in July (p < 0.05). Comparing the infection level in spruce and pine stumps between
pre-commercial thinnings done in March and July, the Heterobasidion spp. infection
level was higher in spruce and pine stumps cut in July (p < 0.05). The infection level
in stumps sawn in December was similar for spruce and pine (p =0.34). The
infection level in spruce stumps significantly differed among all three thinning times
(p < 0.05), with the highest infection level after cutting in July, and the lowest in
December. For pine, the infection level significantly differed between stands cut in
July and December (p < 0.05). Delatour et al. (1998) also reported that spruce stumps
are highly susceptible against Heterobasidion spp. infection. The significant
differences between spruce infection level in March and July can be explained by the
dynamics of Heterobasidion spp. sporulation, which increases in the period from
April to December, reaching peaks in June-July and in October (Kallio, 1970; Kallio
& Hallaksela, 1979; Brandtberg et al., 1996; Gonthier et al., 2005). A study
conducted in Latvia showed that Heterobasidion spp. sporulation increases in the
middle of April and reaches maxima in August and September (Brauners et al.,
2014). The infection level in spruce stumps can be explained by the mild average
temperature in December 2013(-9.6 °C to 5.4 °C; (average +1.5 °C) when the pre-
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commercial thinning was conducted, as such conditions make Heterobasidion spp.
spore distribution possible. The small infection level in pine stumps regardless of
thinning period might be associated with wood susceptibility against various wood-
colonizing fungi, for example, P. gigantea, which competes with Heterobasidion
spp. by not allowing Heterobasidion spp. spores to develop on stump surface
(Meredith, 1960; Tubby et al., 2008; Kallio, 1970).

It must be pointed out that the ratio of stumps infected by P. gigantea in the two
surveyed spruce stands was very different in July - 60 % and 2 %. This can be
explained by presence of pines in the sampling plot with higher infection rate of
spruce stumps infected by P. gigantea. Since P. gigantea primarily is a pine-
colonizing fungus (Tubby et al., 2008), this sampling plot had a larger background
of P. gigantea spores due to availability of substrate suitable for development of P.
gigantea fruit-bodies. A major aspect that determines the interaction between
Heterobasidion and P. gigantea is the seasonality of these fungi, as also described
by Meterdith (1959). Experimental study using mixtures of Heterobasidion and P.
gigantea spores (Meredith, 1960) showed that when these fungi simultaneously
colonize pine stumps and that P. gigantea has an explicit “advantage”. When the
proportion of H. annosum and P. gigantea in the suspension was 100:1, after two
weeks, the proportion of wood colonized by H. annosum and P. gigantea was 23:60;
when the spore proportion was 5:1, the ratio reversed in the wood area occupied by
the fungi (3:90) giving P. gigantea an advantage.

It is believed that stump infection by Heterobasidion and P. gigantea is largely
determined by forest type and vegetation, which of course is affected by soil moisture
level. The stump infection process is largely affected by individual characteristics of
trees. In a Finnish study, the growth of 64 P. gigantea isolates was surveyed in
spruce blocks obtained from 4 different trees. The study showed that the speed of
fungal growth significantly differed among blocks from different trees (Sun et al.,
2009b). A study conducted in Poland on colonization success in spruce stumps
(diameter 2 - 15 cm) after processing the stumps with Rotstop showed the importance
of individual characteristics of trees on the distribution of infection. The experiment
concluded that the number of infected stumps in 4 different stands was from 0 - 85 %
(Zolcian, 2005).

Some Heterobasidion spores are deposited on needles (Rishbeth, 1959), but more
spores are present in ground cover (Kallio, 1970). Temperature and humidity are
crucial aspects in development of Heterobasidion spores (Gonthier et al., 2005).
Heterobasidion can be introduced in stumps during thinning (Gunulf et al., 2016).
Survey of stump discs after thinning in one sampling plot showed that
Heterobasidion was present in 33 % of the analysed pine stumps; as infection was
not found in discs cut at root level, it is likely that spores were deposited on the
stumps from the bark during thinning. However, these infections were rather minor
- in separate cases with only a few conidiophores, and small infections have lower
chance to spread further in the wood (Swedjemark & Stenlid, 1993; Berglund &
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Ronnberg, 2004). An important aspect is the duration of susceptibility of stumps to
Heterobasidion infection, as small diameter stumps desiccate quicker. It is
considered that stumps can become infected by H. annosum for approximately a
month after commercial thinning and general thinning. However, some authors
believe that the stumps are susceptible against Heterobasidion for 1-2 weeks
(maximum one month) (Rishbeth, 1951; Meredith, 1960; Yde-Andersen, 1962;
Brantberg et al., 1996; Johnsson et al., 2002). Dr. Kari Korhonen stated that the most
critical days for stump infection are the first four days after thinning (personal
consultation). In any case, further development of Heterobasidion and/or Phlebiopsis
in stumps will be determined by the stump surface area occupied by fungi, t.i., the
primary infection area. The number of stumps infected by Heterobasidion was lower
in December, but P. gigantea occurs also in winter, which is consistent with results
obtained in other studies conducted by LVMI “Silava” Data obtained by other
authors also verify that the risk of stump getting infected by Heterobasidion annosum
during winter is lower (Yde-Andersen, 1962). However, taking into account the
predicted climate change, one must bear in mind that the distribution of pathogen in
our region will only increase (Burton et al., 2010).

3.4. The dynamics of Heterobasidion spp.mycelium development within small-
dimension spruce and pine stumps

The analysis includes data about fourteen sampling plots in which a total of 1235
stump discs were obtained from small-dimension stumps, including 781 spruces and
454 pine discs.

Analysis of the dynamics of Heterobasidion development in spruce stumps
showed that mycelium retained its vitality in 5 % — 33 % (average 16.5 %) of
analysed stumps. In 5 pine stumps in sampling plots where Heterobasidion spp. was
initially found, Heterobasidion mycelium was no longer present. However, the initial
infection level of Heterobasidion spp. in the pine stumps was significantly lower
(average 11.0 %) in comparison with spruce stumps (average 45.7 %). Research
conducted by other authors showed similar results regarding continued presence of
Heterobasidion spp. mycelium in spruce stumps. In Germany, three years after
commercial thinning in 16 - 20 years old spruce stands, the occurrence of infected
stumps was 16 % (Schonhar, 1975). Solheim (1994) found that 1 - 2 years after
thinning the ratio of occurrence of spruce stumps was 20 % (diameter 5 - 10 cm).
Paludan (1966) also observed a similar infection level in spruce stumps with diameter
of 3 cm. Berglund et al. (2007) found that after a similar period of time, 40 % of
spruce stumps (diameter 5 - 7 cm) were infected by Heterobasidion spp. In studies
conducted for the promotion paper, infection was found in 126 stumps after repeated
analysis of previously infected stumps (358 pcs) after 14 - 35 months. The reduction
of infection was by 20 — 80 stumps (59 %). Other studies (Berglund & Ronnberg,
2004) that compared the Heterobasidion infection level in spruce stumps with
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diameter of 15 - 19 cm in the period 3 and 12 months after thinning showed a
decrease of infection level by 5 % — 50 % (average 18 %) in 7 stands. In Germany,
three months after thinning Heterobasidion was present in 70 % of spruce stumps,
but six months later the fungal mycelium was found only in about 20 % of stumps
(Dimitri et al., 1971).

The reason for decrease of infection occurrence might be due to the presence of
antagonistic fungi as well as micro-organisms (Meredith, 1960; Dimitri et al., 1971,
Tubby et al., 2008; Oliva et al., 2014). The development of fungal mycelium in
stumps could be affected by precipitation (Morrison & Johnson, 1999) and soil
moisture (Redfern, 1993). Small-dimension stumps are more exposed to desiccation
(Hellgren & Stenlid, 1998). However, a very high moisture level in stumps can aldo
affect development of Heterobasidion (Redfern, 1993), shown in a study on Sitka
spruce sapwood and trunk wood infection with Heterobasidion.

In our study, the area occupied by Heterobasidion was extremely varaiable: 0.49
— 55.37 cm? as previously shown by other authors who described stump
susceptibility against Heterobasidion spore infection. For example, in Sitka spruce
stumps artificially infected by Heterobasidion basidiospores, it was observed that the
Heterobasidion area in 14 stumps varied from <1 % to 95 %, whereas the
Heterobasidion area in four artificially infected lodge-pole pine stumps was 3 % —
96 % (Redfern, 1982). It is believed that over time, most of the spore infection in
stumps disappears (Swedjemark & Stenlid, 1993). Studies in Finland showed that it
takes at least two genetically compatible homocatiotic Heterobasidion colonies to
ensure mycelium development in stump wood (Moykkynen & Kontiokari, 2001).
Literature defines one Heterobasidion colony as mycelium that has developed from
one spore (Moykkynen et al., 1997). Therefore, at least two spores are needed to
ensure Heterobasidion mycelium growth in wood. Of course, the stump infection
process is much more difficult. Only a part of spores distributed by Heterobasidion
can grow after coming into contact with suitable substrate, which can be explained
by different germination success of spores from different fruit-bodies (Redfern,
1982). Of the many spores that germinate on stump surface, usually only the
mycelium of the most competitive genotype will grow in the wood (Korhonen &
Holdenrieder, 2005). Of course, the amount of wood that was initially infected can
significantly affect further development of pathogen in wood (Morrison & Redfern,
1994; Berglund & Ronnberg, 2004). The data collected in the promotion paper
indicated that Heterobasidion infection mostly decreased (70 %) in spruce stumps
where the area occupied by Heterobasidion initially was smaller than 10 %
(Fig.3.8.).

In stumps with 11 % — 30 % surface area covered by Heterobasidion mycelium,
the decrease of infection was 63 %; the smallest decrease of infection (55 %) was in
stumps with initial infected area of 31 % — 80 %. Decrease of infection between the
surface area classes “0 %-10 %" and “31 % — 80 %" significantly differed (p = 0.04).
However, Heterobasidion infection continued in a large number of stumps were the
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initial area of infection was less than 10 %. In a large number of stumps (55 %), the
infection was not found in repeated survey, even when a rather large stump area was
initially infected (31 % — 80 % surface area). Continued development of mycelium
is affected also by the “aggressiveness” of the Heterobasidion genotype, and
sometimes very small colonies can occupy a rather large stump area after a longer
period of time, and larger colonies can perish (Redfern et al., 2001).

The continued presence of mycelium in wood is also determined by the initial
amount of Heterobasidion spores reaching the surface of fresh stumps. Experiments
with addition of suspension containing different concentration of Heterobasidion
basidiospores to Sitka spruce stumps have shown that when the spore concentration
on the stump surface is poor, a few but rather large colonies form. However, if the
spore concentration is high, many small colonies form, and in such circumstances
greater competitition among different Heterobasidion genotypes can be observed
(Redfern et al., 1997).

Further continued growth of mycelium is also determined by the localization of
the initial Heterobasidion infection. Most studies on conifer tree species showed
Heterobasidion infection mainly in sapwood (Johnsson et al., 2002), but more recent
studies showed that trunk wood is more susceptible to Heterobasidion infection. It is
possible that trunk wood infection affects further development of pathogen deeper in
stump roots (Oliva et al., 2013). Spruce can be infected by both Heterobasidion
species found in Latvia - H. annosum and H. parviporum; however, when
developing further in the stump, H. parviporum will have advantage as it has been
adapted to development in spruce wood (Vasiliauskas et al., 1998). Similarly, pine
stumps can be infected by both H. annosum and H. parviporu; however, the
proportion of H.annosum found in stumps was observed to be 93 %, while
H. parviporum was found only in 7 % of stumps (Ronnberg et al., 2006a). Therefore,
not only the background of Heterobasidion spores determined by the presence of
fruit-bodies is a crucial aspect in stump infection process (Yde-Andersen, 1962;
Stenlid, 1994; Redfern et al., 1994; Greig, 1962; Rishbeth, 1951, 1959), but
Heterobasidion species is also a crucial factor. The disappearance of Heterobasidion
mycelium in pine stumps can be connected with small number of initially infected
stumps / infected area, compared to that in spruce stumps, and it also can be
connected with the biological characteristics of antagonistic P. gigantea. As
mentioned before, it has been verified that the proportion of P. gigantea in conifer
tree stumps increases over time (Berglund & Ronnberg, 2004).

The studies conducted in the promotion paper found that small-dimension pine
stumps decompose quicker than spruce stumps which might affect further fungi
development in wood. Heterobasidion mycelium present in pine stumps can also be
affected by the height of stumps used in experiments (approximately 50 cm). Further
research should examine development of Heterobasidion mycelium in conifer tree
stump roots.
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CONCLUSIONS

. It was determined that spruce is more susceptible to Heterobasidion spp infection
than pine, because on average 48 % of spruce and 12 % of pine small stumps (2
cm-14 cm) are infected with root rot. The difference in infection between tree
species is statistically significant.

. The diameter of conifer stumps significantly influences stump infection with
Heterobasidion spp., with a high correlation in both species, but the correlation
is slightly lower in spruce compared to pine. It was determined that with
increasing stump diameter, the relative area occupied by the fungus on the stump
surface also increases, with a close correlation between diameter and area in both
tree species.

. Natural P. gigantea infection has a significant protective effect against
Heterobasidion spp infection in pine stumps, as natural P. gigantea infection was
found in 7 % of spruce and 73 % of pine stumps. Differences in infection levels
between tree species is statistically significant.

. With increasing stump diameter, P gigantea infection increases significantly only
in pine, confirming that P gigantea is primarily a pine wood colonizing fungus.

. The diameter of the stump has a significant effect on the area occupied by
P. gigantea in spruce and pine stumps. With increasing stump diameter, the area
colonized by P. gigantea increases more rapidly in pine stumps, suggesting that
natural P. gigantea infection provides better protection against of Heterobasidion
spp. infections for pine small dimension stumps compared to spruce.

. Comparing seasonal effects on Heterobasidion spp. spore infection, it was found
that 7 % of spruce stumps and 2 % of pine stumps were infected after
pre- commercial thinning done in March, while 63 % of spruce stumps and 7%
of pine stumps were infected after pre-commercial thinning in July. In December,
the infection of the harvested tree stumps between the two species was not
significantly different: Heterobasidion spp. infected pine stumps were not found,
but 2 % of spruce stumps were infected. Stumps are exposed to a significant risk
of spore infection in spring-autumn, when the daily mean air temperature is above
5°C.

. Repeated observations of stumps that were previously infected by
Heterobasidion spp. showed that on average, after 2 years, the infection level in
small dimension spruce stumps decreased by 60 %, but in pine stumps infection
was not detected.
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