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KOPSAVILKUMS

P&tijuma mérkis bija analiz&t saknu trupes izplatibu ietekmé&josos faktorus un izstradat

rekomendacijas trupes izplatibas ierobezosanai. Darba veikti saknu piepes Heterobasidion spp.

biologijas pétijumi:

sastava kopSanas cirt€s atstato mazo dimensiju celmu nozime un to augstuma ietekme
uz saknu piepes izplatibu;

saknu trupi izraiso$o sénu sastopamiba maksligi atjaunotas un dabiski atjaunotas priedes
Pinus sylvetris jaunaudzés;

saknu piepes dinamikas p&tTjumi parastas priedes un Klinskalnu priedes Pinus contorta
jaunaudzgs;

saknu trupi izraiso$o sénu sastopamiba pieaugusas priedes audzes;

biologisko un kimisko preparatu efektivitates salidzinajums saknu piepes sporu
infekcijas ierobezo$ana,

veikts trup&jusas koksnes daudzuma novértéjums egles audzgs;

analiz&ta augsnes apstrades (atstato saknu fragmentu) ietekme uz H. annosum
sastopamibu;

analiz&ta mehanisko bojajumu ietekme uz saknu piepes bazidijsporu infekciju parastas
priedes audzgs;

analizéta kiidras augSnu ietekme uz saknu piepes izplatibu.

Projekta ietvaros pétiti dazadi skuju koku rezistences aspekti:

analiz&ta priedes un egles stadu rezistence pret Armillaria sp.;

noteikta 9 dazadu koku sugu uzpemiba pret saknu piepi maksligas infic€Sanas
eksperimenta,;

analiz€ta saknu piepes izplatiba Latvijas izcelsmes priedes brivapputes pécnacgju
stadijumos;

apsekoti parauglaukumi, lai analizétu Klinskalnu priedes rezistenci pret saknu piepi un
analizetu infekcijas attistibas dinamiku.

Projekta realizacijas laika turpinata datu ievakSana riipnieciska méroga celmu izstrades

eksperimenta, kas ierikots 2012. gada, lai analiz€tu celmu rauSanas ietekmi uz sénu

sastopamibu.



Darba iegtie nozimigakie secinajumi:

10.

11.

12.

13.

Iegttie rezultati pierada, ka berzs, baltalksnis, melnalksnis, apse, osis, ozols, salidzinot
ar egli, ir mazak uznémigi pret saknu piepi, lidz ar to izmantojami meZza atjauno$ana
stipri inficétu egles audzu platibas.

Saknu piepe biitiski biezak sastopama augligas mineralaugsnés augosas pieaugusas
priedes audzgs, turklat, audzeém, paliekot vecakam, palielinas infekcijas risks.
Mehaniskajiem priedes stumbra bojajumiem nav bitiskas ietekmes uz saknu piepes
izplatibu.

Heterobasidion infekcijas sastopamibu priedes jaunaudzeés butiski ietekmé audzes
infic€to ieprieksgjas paaudzes celmu skaits un lokalizacija.

Koku kal$anu apsekotajas jaunaudzes un picaugusajas priedes audzgs izraisa priezu
saknu piepe Heterobasidion annosum, kas spgj inficét gan parasto priedi, gan egli.
Otrs nozimigakais saknu trupes patogeéns, kas izraisa koku kal§anu prieZu jaunaudzes,
ir tumsa celmene Armillaria solidipes, picaugusas audzés Armillaria spp. raksturojams
ka sekundars patogeéns vai saprofits.

Palielinoties jaunaudzes vecumam, palielinas koku rezistence pret Armillaria spp.,
turpreti Heterobasidion sastopamibu jaunaudzes vecums neietekmé.

Dzivotspgjigs Heterobasidion spp. micélijs saglabajas vismaz tris gadus vecos stipri
trup&jusos, augsné iestradatos eglu saknu fragmentos, tadel potenciali var inficet
jaunas generacijas kokus.

Lielas pergamentsénes Phlebiopsis gigantea dabiska infekcija ir nozimigs faktors
Heterobasidion spp. ierobeZzo$ana maza diametra prieZu celmos.

Lielajai pergamentsénei raksturigs augsts potencials priedes celmos ieaugt lidz celmu
saknu kaklam, kas varétu nodrosinat arT aizsardzibu pret sekundaro Heterobasidion spp.
infekcijas izplatibu.

Trup&jusos egles celmos P. gigantea sekmigi kolonizé veselo koksni, samazinot
Heterobasidion biomasas akumulaciju, tadgjadi ierobezojot auglkermenu veidoSanas
potencialu trup&jusa koksne.

Urinvielas efektivitate var but lidzvertiga, vai, ka Saja pétjjuma, pat augstaka neka
biologiskajam preparatam “Rotstop”; apstradajot saknu piepes neinficétus celmus;
urinviela Tstermina labak ierobezo Heterobasidion sporu infekciju neka celmu apstrade
ar “Rotstop”.

P&c mezizstrades atstatas cirSanas atliekas neveicina saknu piepes infekcijas apjoma
palielinaganos, jo péc galvenas un krajas kopsanas cirtes tiek atstats vidgji 0,2 m®ha

trup&jusu lielu dimensiju egles koksnes cirSanas atlieku.



Darba iegiitas nozimigakas rekomendacijas:

1. Lai samazinatu saknu piepes raditos zaud€jumus parastas un Klinskalnu priedes audz€s
primari nepiecieSams ierobezot priedes celmu infic€Sanos ar bazidijsporam, veicot
preventivos pasakumus — jaunaudzu kop$anu ziema, biologisko preparatu izmantoSanu
kopsSanas un galvenajas cirtés. Stipri inficétas platibas jaapsver celmu izstrade un
ieteicams stadit lapu kokus.

2. Eglu audzgs, galvenaja cirté, vairak neka 20 % platibas konstat&jot saknu piepes
bojatus kokus, ieteicams veikt sugas mainu.

3. Biologisko preparatu “Rotstop” ieteicams lietot arT trup&jusas eglu audzes, ta
samazinot infekcijas izplatisanas potencialu un palielinot antagonistisko sénu
sastopamibu.

4. Ka alternativu biologiskajiem preparatiem eglu audz€s var izmantot urinvielu tas

augstas efektivitates, zemo izmaksu un vienkar$as uzglababsanas del.



IEVADS

Saknu trupes, ko pamata izraisa bazidijsénes saknu piepe Heterobasidion annosum un
celmene Armillaria spp., izplatibas palielinasanas ir saistita ar mezsaimniecibas intensitates
pieaugumu. Ieprieks veiktajos p&tijumos konstatéts, ka egles audzes Latvija trup&jusi ir katra
piekta nocirsta egle un saknu trupes raditie zaudéjumi galvenas cirtes aprites laika var sasniegt
vairak neka 4 tukstoSus eiro uz hektara, bet vidgji sastada 1050 eiro. Detaliz&ti pétijumi, lai
noskaidrotu saknu piepes izplatibu pieaugusas priedes audzes nav veikti. Meza raZibu, kvalitati
un veselibu iespgjams paaugstinat, izmantojot pret saknu piepi un celmeni rezistentu
stadmaterialu. Tap€c nepiecieSams noskaidrot dazadu koku sugu un atskirigas izcelsmes
stadmaterialu pret trupi izraiso$am séném. Saknu piepes primaro izplatibu ar bazidijsporam
iesp&jams ierobezot mezizstrades laika, apstradajot svaigus celmus ar biologiskajiem vai
kimiskajiem preparatiem, bet sekundaro izplatibu ar ierobezot ar mezsaimnieciskiem
panémieniem vai vVeicot celmu izstradi. Lai novértétu celmu izstrades ietekmi uz vidi, ka ari
analizétu augsnes apstrades ietekmi uz Heterobasidion spp. izplatibu uzsakti divi ilgtermina
pétijumi. Latvija veiktos p&tijumos ir noskaidrots, ka biologiskie preparati, kurus sastava ir
lielas pergamentsénes Phlebiopsis gigantea sporas nodrosina vairak neka 60 % efektivitati
veselu celmu aizsardziba pret saknu piepi. Tapec svarigi izvertét trup&jusas koksnes nozimi
saistiba ar saknu piepes bazidijsporu izplatibu un trup&jusu celmu apstrades lietderibu péc
galvenas un kopSanas cirtes Saistiba ar patogéna sekundaro izplatibu. Ieprieksgja piecgade
veiktajos pétijumos noskaidrots, ka mazu dimensiju celmi ir uznémigi pret saknu piepes
infekciju, turpmak planots noskaidrot art mazu dimensiju celma augstuma nozimi saknu piepes
infekcijas izplatiba un lielas pergamentsénas attistiba celmu saknés. Pielietojot celmu apstradei
ripnieciski razotos biologiskos preparatus, ilgtermina var tikt ietekmé&tas viet€jo sénu
populacijas, tapéc turpinats darbs, lai atlasitu efektivus Latvijas izcelsmes lielas
pergamentsénes izolatus, ka ari izveértét kimisko lidzeklu pielietojuma efektivitati. Jauni
izaicinajumi fitopatologija saistiti ar klimata parmainam, kas ietekm& gan patogénu, gan

potencialo saimniekaugu (taja skaita introducéto) biologiju.



1. STADMATERIALA REZISTENCE PRET
ARMILLARIA SPP. INFEKCIJU

Celmenu Armillaria spp. izraisita saknu trupe rada ievérojamus zaud&jumus skuju koku
audzes. Parasta priede (Pinus sylvestris (L.)) ir visizplatitaka koku suga Latvija un nereti
konstatéts, ka So koku sugu kolonizé Armillaria gints sénes. Koku inficésanos ar Armillaria
gints séném ir Tpasi griti noverst, jo sénes micélijs rizomorfu veida spgj saglabaties koksnes
atliekas un augsné, apdraudot nakosas paaudzes kokus. Lidz $§im veiktos pétijumos noskaidrots,
ka saknu trupi izraiso$o patogénu sastopamibu ietekmé celmu izvaksana (Vasaitis et al. 2008).
Klimata parmainu ietekmé nekrotrofas Armillaria gints s€nes, iesp&jams, izraisis V&l
nozimigakus zaud&jumus neka Sobrid (Dukes et al. 2009).

Lai ierobezotu patogé€na izplatibu, svarigi izvéleties atbilstosu gan koku sugu, gan
stadmateriala veidu, kuru raksturo zema uznémiba pret Armillaria spp. Stadmateriala
uznémibu, ka ari Armillaria spp. sugu patogenitati iesp&jams novertét, veicot maksligas
inficgsanas eksperimentus. Sadi pétijumi Latvija lidz §im nav veikti.

Misu darba mérkis bija: (i)salidzinat Armillaria solidipes Henrik, A. cepistipes Velen. un
A. borealis Marxm. & Korhonen micélija dzivotsp&ju inficéta koksné un izplatiSanas potencialu
augsné; (ii) un novertét celmenes izolatu patogenitati parastas priedes un parastas egles Picea
abies (L.) Karst stados.

Parskata perioda izvirzitie darba uzdevumi:

1) ierikot maksligas infic€Sanas eksperimentu, lai novértétu Armillaria spp. izolatu
dzivotsp€ju un patogenitati, ka ar1 izvertet izmantotas metodikas efektivitati;

2) salidzinat stadu morfologiskos raditajus pirms inficétas koksnes paraugu ievietoSanas
augsné un péc inkubacijas perioda;

3) analizét A. solidipes, A. cepistipes un A. borealis micélija dzivotsp&ju;

4) novertét priedes un egles inficétibu ar Armillaria gints patogéniem un raksturot to
izplatiSanas potencialu.

Darba analizeta Armillaria solidipes, A. cepistipes un A. borealis dzivotspgja, izplatisanas
potencials un patogenitate 5-6 gadus vecos parastas priedes (N=563) un parastas egles (N=350)
stados. Blakus skuju koku stadiem kiidras substrata (audzéSanai izmantoti plastmasas konteineri
2L) ievietoja Armillaria spp. inokulatu (inficétu lazdas koksni). Patogéna izplatibu priedes
stadu sisteéma novertgja pec 12 ménesiem un egles — péc 15. Stadu vitalitati Saja inkubacijas
perioda patogéni bitiski neietekm€ja. Patog€na dzivotsp&ja bija atkariga no ta sugas: A.
cepistipes -bitiski augstaka, bet A. solidipes. Augstako izplatiSanas potencialu konstatéja
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A. cepistipes, bet viszemako A. solidipes izolatiem. Visas tris Armillaria sugas uzradija zemu
patogenitati. A. cepistipes inficgja septinus stadus, A. borealis un A. solidipes - katrs vienu.
Turpmakaja p&tijuma nepieciesams novertét Armillaria spp. patogenitati ilgaka laika perioda
dazada vecuma stados, analiz&jot arT Armillaria spp. rizomorfu veidoSanas potencialu dazadas

augsnes.

1.1. Secinajumi

1. Armillaria spp. micélija un rizomorfu attistiba divas vegetacijas sezonas priedes un egles
stadu rizosfera neatstaj butisku ietekmi uz stadu morfologiskajiem raditajiem.

2. Armillaria cepistipes micg€lija dzivotsp&ja ir augstaka neka A. solidipes un A. borealis
dzivotspgja.

3. Armillaria cepistipes augstais rizomorfu veido$anas potencials nodrosina bitiski labaku

izplatiSanas sp&ju augsné, salidzinot ar A. solidipes un A. borealis.



2. HETEROBASIDION SP. MAKSLIGAS INFEKCIJAS
EKSPERIMENTI

Lai gan Heterobasidion sénu sugu komplekss icklauj piecas sugas — Heterobasidion
annosum (Fr.) Bref., Heterobasidion parviporum Niemeld, Korhonen, Heterobasidion
abietinum Niemeld, Korhonen, Heterobasidion irregulare Otrosina, Garbelotto un
Heterobasidion occidentale Otrosina, Garbelotto (Dalman, 2010), Latvija sastopamas divas no
iepriek§ min&tajam sugam: priezu saknu piepe (H. annosum) un eglu saknu piepe
(H. parviporum). Sis sénu sugas galvenokart inficeé skuju kokus. Mistrotas audzés
Heterobasidion infic€ arT lapu kokus, bet atseviskos gadijumos var tikt inficétas arT lapu koku
tiraudzes (Korhonen et al. 1998; Gonthier, Thor, 2013; Lygis et al. 2004; Lakomy, Cieslak
2008).

Lai novértétu dazadu koku sugu uznémibu pret saknu piepi, 2007. gada kopa ar kolégiem
no Zviedrijas Lauksaimniecibas universitates (Dr. R. Vasaitis), ierikoti parauglaukumi Populus
tremula, Betula pendula, Alnus incana, Alnus glutinosa, Quercus robur, Fraxinus excelsior,
Picea abies, Pinus sylvestris, Larix sp. audz&s "MeZa pétiSanas stacijas" teritorija Kalsnava. Ar
Heterobasidion spp. inficgja 360 kokus (40 kokus no katras koku sugas), bet 90 kokus (10 no
katras koku sugas) izmantoja ka kontroli. Katra koku suga inficéta gan ar H. annosum, gan
H. parviporum. Péc 10 gadiem noteikta So koku sugu uzné€miba pret H. annosum un
H. parviporum, ka arT analizéta patogéna izplatiba stumbra (darba metodika aprakstita 2018.
gada starpatskait€).

Lielakais nokaltuSo koku skaits konstatéts oSu audz&, kur konstatétas Hymenoscyphus
fraxineus (oSu kalSanu izraiso$a séne) izraisitas infekcijas pazimes. Hymenoscyphus fraxineus
izraisita koku destrukcija ierobeZoja iesp&jas panemt koksnes paraugus, tapeéc kopa analizeti
tikai 35 oS$i. Izvértgjot Heterobasidion attistibu ierikotajos parauglaukumos 2017. gada
noskaidrots, ka ar saknu piepi inficgjusas pavisam 23 egles (analizétas gan augos$as, gan
kaltusas). Saknu piepe konstatéta ar1 seSas lapeglés un viena priede. Petijuma netika konstateta
lapu koku infic€Sanas, kas liecina, ka lapu koki, salidzinot ar skuju kokiem, ir mazak uznémigi
pret saknu piepi, [1dz ar to tie izmantojami stipri infic€tu platibu atjaunoSana.

Heterobasidion spp. izraisita koksnes trupe vai trupes sénu iekrasojums novérots 18 no
23 infic€tajam eglém, vidg€jais trupes izplatibas augstums bija 2,5+1,33 m (vidgjais attistibas
atrums stumbra 0,25 m gada), bet maksimalais 6,71 m. Ieprieks veiktos p&tijumos noskaidrots,
ka Latvija saknu piepes izraisita trupes kolonna augosas eglés sasniedz vidgji 6,6 m augstumu,

bet lidziga vecuma (ap 40 gadiem) kokos vidgja trupes kolonna sasniedz 3,4+2,5 m (Arhipova
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et al., 2011). Analiz&jot datus, konstatéta biutiska korelacija starp trupes aiznemto laukumu
celma augstuma un 1,3 m augstuma (r = 0,78; p < 0,001), turklat secinats, ka kokiem ar lielaku
diametru, ir butiski lielaks Heterobasidion spp. aiznemtais laukums (r = 0,43; p = 0,04). Ari
iepriek§ veiktos pétijumos noskaidrots, ka pastav bitiska korelacija starp trupes aiznemto
laukumu 1,3 m augstuma un trupes izplatibu stumbra, turklat, picaugot audzes vecumam,
palielinas trup€jusas koksnes tilpums. Audzeém, kuras vecakas par 120 gadiem, trup&usas
koksnes daudzums triskarSojas, salidzinot ar 40-gadigam audzém (Arhipova et al., 2011).
Tapeéc eglu audzes nepiecieSams izvertet piemerotako apsaimniekosanas modeli, lai samazinatu
saknu piepes izplatibu un trup&jusas koksnes daudzumu.

Analizgetajas lapegles trupes kolonnas izplatibas augstums varigja no 0,18 Iidz 3,62 m,
vidgji sasniedzot 0,86 &+ 1,42 m, tatad patoge€ns stumbra izplatas ar atrumu vidgji 0,09 m gada,
kas saskan ar iepriek$ veiktiem eksperimentiem egles koksné (Bendz-Hellgren et al., 1999).
Vienigaja infic€taja priede netika noveérota saknu trupes kolonnas attistiba, patogéns koku bija
kolonizgjis saknu kakla rajona, infekcijas simptomi vainaga netika konstatéti. ArT citos Latvija
veiktos maksligas inficéSanas pétijumos konstatéts, ka egles inficgjas biezak neka priedes,

neatkarigi no stadmateriala séklu izcelsmes vietas (Zaluma et al., 2016).

2.1. Secinajumi

1. legitie rezultati apstiprina, ka b&rzs, baltalksnis, melnalksnis, apse, osis, ozols, salidzinot
ar egli, ir mazak uznemigi pret saknu piepi, [idz ar to izmantojami meZa atjaunoSana stipri
inficétas platibas.

2. Maksligas inficgSanas eksperimenta priedi raksturo zemaka uzn€miba pret saknu piepi,
neka lapegli un egli.

3. Lapegles un egles audzés 10 gadu laika péc audzes inficéSanas patoge€na izraisita trupe,
butiski samazina pirma zagbalka kvalitati, jo strukturalas izmainas konstat€jamas attiecigi

vidgji 1 m un 2,5 m augstuma.
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3. H. ANNOSUM DINAMIKAS PETIJUMI

Lai novértétu patogena izraisito mezsaimniecisko zaud&jumu nozimibu jaunaudzes un
izstradatu rekomendacijas saknu trupes izplatibas ierobezoSanai, divas Klinskalnu priedes
audzes, pétijumi uzsakti jau 2010. gada; 2016.-2020. gada analiz€ta infekcijas izplatibas
dinamika tris parastas priedes audzes.

Visi koki noveértéti vizuali, simptomatiskie koki nozaggti, un no tiem panemti koksnes
paraugi. Nozagétie koki atzimé&ti karté. Laboratorija ripas apstradatas; péc tam inkubétas,
konstatgjot saknu piepes konidijnes&jus, tie nolasiti un veikti somatiskas saderibas testi, sugas
noteiktas izmantojot molekularas genétikas metodes (darba metodika aprakstita 2017., 2018.,
2019. gada starpatskaitgs).

Lai noskaidrotu atSkirigas izcelsmes stadmaterialu uznémibu pret saknu piepi, 2008. un
2013. gada ievakti koksnes paraugi no nokaltuSiem kokiem priezu brivapputes stadijumos MPS
Kalsnava zinatniskajos mezos. 2019. gada audze apsekota atkartoti, lai noteiktu infekcijas
attistibas dinamiku. Heterobasidion annosum klatbiitne noteikta, novértéjot koku vainagu
stavokli, ka arT analiz€jot auglkermenu sastopamibu. 2019. gada tris atkartojumu blokos ievakti
paraugi no pilnigi visiem kaltuSajiem kokiem.

Klinskalnu priedes audzés kopa ievakti 523 koksnes paraugi, bet parastas priedes
jaunaudzgs - 237 koksnes paraugi. Saknu piepes infekcija konstatéta 65% P. contorta un 49 %
P. sylvestris paraugos. Noteikts, ka analiz&tajas parastas priedes audzg€s infekciju izraisja tikai
H. annosum, tomér ieprieks veiktajos pétijumos, konstatéts, ka Klinskalnu priedes celmus
infic€ arT H. parviporum bazidijsporu infekcija.

Parastas priedes jaunaudzes konstatéts, ka 13 gadu laika viena hektara liela platiba var
attistities vairak neka 40 dazadi Heterobasidion spp. genétiski atskirigi individi (turpmak
genotipi). legiitie rezultati liecina, ka patogéns inficgjis ieprieks$€jas generacijas celmus un
izplatijies uz jaunas paaudzes kokiem, lielakajam genotipam ieklaujot 4 kokus, kas atradas 5 m
radiusa no inficéta celma. legitie dati liecina, ka infekcijas izplatibas atrums parastas priedes
jaunaudzg ir 0,4 m gada. Tomér 90% izdalito genotipu ieklava tikai vienu koku, kas liecina, ka
infekcijas sekundara izplatiba ir atkariga no vairakiem faktoriem: saknu kontaktu biezuma,
koku individualas rezistences un patogéna agresivitates. P. contorta audzge, kas ierikota meza
zemgs, lielakais H. annosum genotips 2018. gada ieklava 55 kokus un aiznéma vairak neka
350 m?, genotips bija attistijies 33 gadu laika. Aprékinats, ka Klinskalnu priedes stadijumos
sénes micglija vidgjais izplatiSanas atrums sasniedz 0,2-0,9 m gada (atkariba no infekcijas
avota), bet var sasniegt pat 3,5 m gada (Zaluma et al., 2019). Klinskalnu priedes audzg, kura

ierikota bijuSajas lauksaimniecibas zemés, 10 gadu laika péc kopSanas cirtes Heterobasidion
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spp. micelijs iekliist saknu sisttma un inficé blakus augosos kokus un izraisa to nokalSanu,
izveidojot genotipu, kas ieklauj cetrus augosus kokus. Gan Klinskalnu gan parastas priedes
audz€s konstatéti saknu piepes auglkermeni. Vidgji auglkermeni konstatéti 50% no inficétajam
KlinSkalnu priedém un 75% parastajam priedem.

Genotipu skaits un aiznemtais laukums Klinskalnu priedes, ka ari parastas priedes
audzes liecina, ka Heterobasidion primari izplatijies ar bazidijsporam, inficgjot ieprieksgjas
paaudzes celmus. Turklat patogéns ir sp&jigs izplatities uz jaunas generacijas kokiem, gan
parastas, gan Klinskalnu priedes audzés sakotn&ji veidojot neliclus genotipus, bet vé&lak
attistoties liclos infekcijas centros. Abu sugu kokiem raksturigs, ka pie saknu kakla attistas
auglkermeni, kas nodroSina arT bazidijsporu infekcijas izplatibu audzg.

Priezu brivapputes stadijumos kopgjais kaltuso koku skaits bija 1228, paraugi ievakti
pavisam no 1043 kokiem. Kops 2008. gada konstatéti pavisam 372 ar saknu piepi inficgjusies
koki (36 % no ievaktajiem paraugiem), aprékinats, ka infekcija skarusi vairak neka treSdalu
audzes (Rieksts-Riekstins et al., 2019). Ta ka ripu sadaliSanas pakape bija dazada, tad no
vairakam analiz€tajam ripam nebija iesp&jams izdalit patogénu, jo koksni bija kolonizgjusas
citas saprofitiskas sénes, turklat atsevisSkas parcelas koki ir gajusi boja jau agrak nezinamu
iemeslu dél. No 2019. gada ievakta 131 koksnes parauga 66 bija inficéti ar saknu piepi (50 %).
Nozimigakais secinajums, kas iegits, analiz€ot musu riciba esoSo empirisko materialu:

infekcijas fons visa audz€ nav vienads un bitiska nozime ir iepriek$€jas paaudzes inficétibai.

3.1. Secinajumi

1. Abu analizéto priezu sugu — parastas un Klinskalnu priedes - jaunaudzgs bitisks infekcijas
avots ir iepriek§¢jas generacijas celmi, kas nodroSina infekcijas izplatibu audze, kas
sasniedz 0,9 m gada.

2. Gengetiski atSkirigus sénes micélijus raksturo dazada patogenitate — mic€lija augSanas
atrumes.

3. Patogénam akumulgjoties audzg, palielinas auglkermenu attistibai pieejama substrata
daudzums, tadgjadi sekméjot patogéna primaro un sekundaro izplatibu.

4. Lidzigi ka parastas priedes audzgs art Klinskalnu priedes audzes péc Kopsanas cirtes atstatie,

neapstradatie celmi nodroSina jaunu infekcijas centru veidoSanos.

12



4. SAKNU TRUPES IZPLATIBAS NOVERTEJUMS
PRIEZU AUDZES, ARMILLARIA 1ZPLATIBAS
DINAMIKAS PETIJUMI

Detalizeti petijumi, lai noskaidrotu saknu piepes izplatibu pieaugusas priedes audzes, nav

veikti.

Saknu trupes izplatibas novértéjums

Pavisam kops 2016. gada apsekotas 130 audzes (mé&traja, lana, damaksna, Saurlapju arena,
Saurlapju kiidrena, platlapju kiidrena un purvaja meza tipos) 145 ha liela platiba (datu analizé
icklautas 128 audzes). Picaugusas un cirtmetu sasniegusas priezu audzes apsekotas, izmantojot
transekSu metodi. Uzskaititi visi kalstoSie koki, simptomatiskie koki, novertéta auglkermenu
sastopamiba pie saknu kakla vai uz saknem. Ja audz€ infekcijas centros (“trupes ligzdas”)
konstatgtas izveidojusas lauces — to perimetru parasti raksturo simptomatiski koki vai infictu
koku biogrupas — tad papildus veikta lau¢u laukuma uzmérisana, izmantojot talméru Vertex IV
un busoli. Ja neliela platiba konstatéta kaltuso koku biogrupa, bet Heterobasidion spp. un
Armillaria spp. auglkermeni netika konstatéti, tad ar Preslera svarpstu no katras biogrupas
panéma koksnes paraugu. Laboratorija Heterobasidion spp. identificéts péc sénes konidialas
stadijas un veikta tirkultliru izolésana (sikak metodika sénu identificéSanai aprakstita 2016.
gada parskata).

Saknu piepe atrasta 32 audzeés (25 % no analizétajam audzém). KaltuSo koku skaits 7
audzes parsniedza vairak neka 50 kokus. Inficeto koku skaits varigja no 1 1idz 15. Iesp€jams,
ka inficéto koku skaits analiz€tajas audzes bija lielaks, lai gan simptomi netika konstatéti.
Pieméram, Zviedrija priedes jaunaudzgé veikta pétijuma atziméts, ka 87 % kokiem bija inficéta
saknu sistéma, lai gan vainaga izretinasanas netika konstatéta (Wang et al., 2014). Tomer
Kurkela T. (2002) atzimé&, ka vecakas priedes audzEs (70-80 gadigas) vainaga stavoklis ir
butisks faktors (p<0,01), lai noteiktu inficétibu ar saknu piepi.

Masu iegiitie dati liecina, ka visbiezak infekcija sastopama audzes, kas vecakas par 100
gadiem (n=46), tomér atskiribas, salidzinot ar 80-89 gadu vecam audzém (n=36) un 90-99
gadus vecam audze€m (n=46) nebija butiskas (p>0,05). legitie dati norada, ka audzém, kliistot
vecakam, palielinas infekcijas risks, un ari §adas priedes audzes bitiski veicina Heterobasidion
izplatibu, akumulgjot patogéna micéliju ne tikai celmos, bet art augosu koku saknés.

Pétijuma Heterobasidion spp. infekcija visbiezak konstatéta vidg€ji augligajos sausienu

meZa tipos: lana un damaksni (1.1. attéls), salidzinot ar Saurlapju kiidreni un areni atSkiribas ir
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butiskas (p<0,004). Iegutie dati apstiprina B. Stivrinas u.c. (2010) iegiitos rezultatus eglu
audzgs, kas liecina, ka Heterobasidion auglkermenu attistibai piemérotaki ir augligie sausienu
meza tipi (Vr, Gr), salidzinot ar nosusinatajiem meza tipiem un kiidreniem. Literatiira noradits
(Redfern 1998), ka kiidras augsnés H. annosum parasti attistas salidzino$i vaji, ko nosaka
ktdras zemais pH, un pret H. annosum antagonistiska mikroflora. Patogéna attistibu, protams,
var ietekmét arT citi faktori, pieméram, gruntsiidens Iimenis, jo, ka norada Redfern (1998),
kiidras substrata séne strauji attistas, bet taja pasa laika nespgj ilgstosi saglabat dzivotspgju.
Misu pétijuma atseviskas audze€s izdalitas trupes ligzdas, kuru kop€ja aiznemta platiba
sasniedza vairak neka 10 % no audzes, kas liecina, ka infekcija ir izplatijusies vairaku gadu
desmitu laika. Lidzigi dati ieguti, apsekojot Kalsnavas mezu novada 2016. gada 210. kv. 15 ha
platiba ierikoto parauglaukumu, kura konstatets, ka lauces aiznéma gandriz piekto dalu no
kopgjas teritorijas. Jaatzime, ka lauces var intensivi attistities jau agrina audzes vecuma, kad
priedes noturiba pret saknu piepi ir zemaka. P&tijums, lai analizétu atSkirigas izcelsmes
stadmateriala uznémibu pret patog€nu ka arT infekcijas izplatibas dinamiku uzsakts 2008. gada
(3. nodala). P&tijums veikts priedes brivapputes stadijuma (38 gadi) konstatéts, ka vidgji viena
lauce aiznem 108 m?, un kopgjais inficétas platibas aiznemtais laukums sasniedz 28 % (Rieksts-
Riekstins et al., 2019), ta ka audze nebija veikta kopSanas cirte, tad secinams, ka infekcijas

avots ir ieprieks$gjas paaudzes celmi.
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1.1.attels. Priedes audzu inficétiba ar Heterobasidion atkariba no meza tipa, %.
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Mehanisko bojajumu ietekme uz saknu piepes izplatibu

Lai noteiktu mehanisko bojajumu ietekmi uz saknu piepes izplatibu pieaugusas parasto
priezu audz€s, panemti paraugi no 90 kokiem, kuriem veikta sveku tecinaSana (metodika
aprakstita 2019. gada parskata).

Analizgjot 127 koksnes paraugus, kas ievakti, lai noteiktu briicu ietekmi saknu piepes
primaras infekcijas izplatiba un priedes uznémibu pret saknu piepes bazidijsporam, no 122
(96%) izdalits dazadu koksni koloniz€joSo sénu micglijs un iegiitas 236 tirkultiiras (vienu koku
vai briici var koloniz€t vairak neka viena séne). legutie paraugi iedaliti 47 morfotipos un izdaliti

47 taksoni, tom&r saknu trupi izraisoSas sénes netika konstatetas.

Celmenes sastopamibas un dinamikas pétijumi

Novertgjot pieauguso priezu vitalitati un parbaudot celmenes sastopamibu uz kaltusajiem
kokiem, Armillaria spp. konstatgja 10 % analizéto audzu. Lielakoties atrastas rizomorfas uz
atmirusiem kokiem, tomé&r inficétie koki bija izvietoti izklaidus. Ka noskaidrots miisu p&tijumos
(1. nodala), lielakais rizomorfu veidoSanas potencials ir Armillaria cepistipes, kas raksturojams
ka saprofits vai ka sekundars patogéns (kolonize novajinatus kokus). Ari, literattira noradits, ka
Armillaria spp. ir plasi sastopama piecaugusas priedes audzes, bet ka sekundarais patogéns (Kile
et al. 1991). Lidz ar to Armillaria spp. attistibas dinamikas p&tijumi picaugusas audz&s netika
veikti. Turpreti vairaki autori norada, ka priedes jaunaudzes, kuru vecums neparsniedz 20 gadu
vecumu séne var izraisit koku bojaeju (Kile et al. 1991; Guillaumin, Legrand 2013). Jaunakie
pétijumi liecina, ka klimata izmainu ietekm& Armillria spp. sastopamiba skuju koku mezos
varétu palielinaties, kas saistita ar labveéligakiem apstakliem sénes attistibai (augstaka gaisa
temperatiira, ektomikorizu veidojoso sénu sabiedribu bojaeja utt.) (Kubiak et al., 2017).

Veicot jaunaudzu apsekoSanu, tris stadijjumos konstatg€ja intensivu koku kalSanu un
minétajas jaunaudz&s kalSanu izraisija tum$a celmene (Amillaria solidipes). Audzes
pastiprinata priezu bojaeja noveérota lidz 10 gadu vecumam, nokaltuso koku skaits Cirava
apsekotajos objektos sasniedza 227 kokus uz hektaru. Pienemot, ka iestaditi 3000 stadi, tas ir
gandriz 8% no sakotngji iestadito stadu skaita. Lai novertetu Armillaria spp. attistibas dinamiku
tris objektos priedes jaunaudzeés Akmensraga iecirkni un Abelu iecirkni kopa ierikoti pieci
ilgtermina parauglaukumi. Tomér, audzém klistot vecakam, patogéna ietekme uz audzu
vitalitati samazinas, Iidz ar to parskata perioda konstatéts neliels bojagajuso koku skaits

(neparsniedza 2% no parauglaukuma atzimé&tajiem kokiem).
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4.1. Secinajumi

1. Saknu piepe biitiski biezak sastopama augligas mineralaugsnés pieaugusas priedes audzes;
infekcijas risks palielinas vecakas audzes.

2. Mehaniski raditie bojajumi priedes stumbra neveicina saknu piepes izplatibu.

3. Picaugusas audzeés Armillaria spp. raksturojama ka sekundars patogéns vai saprofits.

4. Intensivu kalSanu priedes jaunaudzes lidz 10 gadu vecumam var izraisit tumsa celmene
A. solidipes.

5.Palielinoties audzu vecumam, A. solidipes ietekme uz audzu vitalitati samazinas.
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5. H. ANNOSUM 1ZPLATIBAS SALIDZINAJUMS
DABISKI UN MAKSLIGI ATJAUNOTAS PRIEZU
JAUNAUDZES

Lai prognozetu Heterobasidion spp. ietekmi uz priedes audzu ilgtermina attistibu un to
kvalitati, nepieciesams noskaidrot patogéna izplatibu priezu jaunaudzges Latvija.

2016.- 2020. gada randomizgti atlasitas un apsekotas 89 parastas priedes jaunaudzes
sausienu mezos. AudZzu kopgja platiba 107 ha. AudZzu atlases kriteriji: jaunaudzes sastavs — 10P,
sausienu mezos, kopSana nav veikta péd&jo 5 gadu laika. Papildus datu analizé icklautas 54
audzes, kas apsekotas pirms projekta uzsaksanas, bet atbilst ieprickSminétajiem audzu atlases
krit€rijiem. Heterobasidion spp. noteikts, izmantojot LVMI Genétisko resursu centra
aprikojumu un materialus, ka ari Somijas Dabas Resursu Institiita (LUKE) izstradatos
praimerus.

Infekcija konstatéta 37% analizéto audzu, priedes jaunaudzes infic€jusi priezu saknu
piepe H. annosum. Misu pétijumos ir pieradits, ka ari mazu dimensiju skuju koku celmi ir
uznémigi pret saknu piepes bazidijsporu infekciju.Noskaidrots, ka, veicot sastava kopSanu,
nedaudz vairak ka 10 % no analiz&tajiem, svaigi izstradatajiem priedes celmiem var infic&ties
ar saknu piepes bazidijsporam, bet, ja to diametrs ir mazaks par 5 cm, tad inficétiba nesasniedz
pat 5% (Gaitnieks et al., 2018). Nemot véra, ka ieprieks veiktajos p&tijumos noskaidrots, ka
priedes celmus loti biezi (>70 %) kolonize pret saknu piepi antagonistiska liela pergamentséne,
kas samazina infic€Sanos ar saknu piepi(Gaitnieks et al. 2020), jasecina, ka lielakais infekcijas
risks saistits ar ieprieks€jas paaudzes celmiem.

Petijuma izveletas audzes, kur celmu varbutiba inficéties ar bazidijsporam ir loti zema.
Tapec apsekotajas jaunaudzes saknu piepes infekcijas avots visticamak bija trupgjusie celmi,
kuriem ir bitiska nozime sekundaras infekcijas attistiba. leprieksgjas paaudzes celmi nodroSina
jaunu infekcijas centru veidoSanos. Ka liecina miisu pétijumi (Zaluma et al. 2019; 2018. gada
parskats), viens inficéts celms 30 gadu laika var izraisit vairak neka 55 koku nokalSanu.
Apsekojot priedes jaunaudzes 2017. gada seSus Qadus veca audzg, kura aiznéma 2,1 ha
konstatéts 41 ar Heterobasidion spp. inficéts koks un jau bija izveidojusas inficéto koku
biogrupas. leprieks veiktie pétijumi norada, ka parasti koku kalSana novérojama tikai 7 gadus
péc audzes atjauno$anas (Vasiliauskas 1989). Musu iegitie dati liecina, ka iepriekSminétaja 6
gadus vecaja audzg ir pasi labvéligi apstakli patogéna attistibai vai izplatijies Tpasi agresivs
saknu piepes genotips. Saja audzé ierikots ilgtermina parauglaukums, lai analizétu infekcijas

attistibas dinamiku.
17



Citu autoru pétijumos noskaidrots, ka dabiski atjaunojusas egles audzés saknu piepe
sastopama retak neka maksligi atjaunotas (Korhonen et al. 1998; Korhonen, Piri 2003), miisu
petijuma analizétas priedes audzes. Lidz 2017. gadam kopa apsekotas 69 parastas priedes
jaunaudzes: 39 maksligi atjaunotas un 30 dabiski atjaunotas audzes. Arl misu iegttie dati
apstiprina, ka dabiski atjaunotas parastas priedes jaunaudzes saknu piepe ir konstatéta retak -
27 % analiz&to audzu. Maksligi atjaunotas audz€s saknu piepe ir konstatéta butiski (p= 0,0002)
biezak 74 %. Heterobasidion spp. izplatiba maksligi atjaunotas audzEs skaidrojama ar
biezakiem saknu kontaktiem vai arT ar to, ka stadiSana veikta tuvu ar saknu piepi infic€tiem
celmiem. legitie rezultati apstiprina, ka mekl€jami risinajumi, ka infic€Sanas riskus samazinat,
lai nodro§inatu sekmigu stadito jaunaudzu attistibu, nodroSinot selekcijas efekta parnesi
razoSana. Petijuma netika konstatéta biitiska analiz€to meza tipu (Mr, Ln, Dm) ietekme uz
jaunaudzu inficétibu. Netika konstatéta ar1 butiska korelacija starp infic€to koku skaitu uz ha
un audzes vecumu, tomér analiz&to audzu skaits konkréta vecuma klas€ bija neliels, kas vargja
ietekm@t pétfjuma rezultatus. JaatzZime€, ka infekcijas izplatibu var ietekmét dazadi faktori -

infic&to ieprieksgjas paaudzes celmu daudzums, antagonistisko sénu sastopamiba utt.

5.1. Secinajumi

1. Infekcijas sastopamibu priedes audzes butiski ietekmé audzes izcelsmes veids; inficéto
ieprieks€jas paaudzes celmu skaits un lokalizacija, jaunaudzes vecumam nav ietekmes.

2. Koku kalsanu apsekotajas priedes jaunaudzes izraisa priezu saknu piepe Heterobasidion
annosum, kas sp€j inficét gan parasto priedi, gan egli. Lidz ar to priedes aizstaSana ar egli

stipri inficetas platibas nedod veélamo rezultatu.
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6. AUGSNES APSTRADES IETEKMES
NOVERTEJUMS UZ H. ANNOSUM SASTOPAMIBU

Efektiva un ilgtsp&jiga mezu apsaimniekosana ietver dazadus aspektus, taja skaita audzes
veselibu un razibas palielinaSanu, kas ir ipaSi svarigi vietas ar augstu Heterobasidion
sastopamibu. Platibas, kur iepriek$ bijusi Heterobasidion infekcija, stadiem ir lielaks risks
inficgties ar saknu piepi, tad€] svarigi analizét faktorus, kas ietekmé stadu infic€Sanos. Viens
no veidiem, ka samazinat Heterobasidion spp. parnesi nakamas paaudzes kokos, ir izstradat
celmus péc galvenas cirtes, jo Heterobasidion spp. micélijs nespéj saglabat dzivotsp&ju
atrodoties augsn€ arpus koksnes substrata. Savukart stadu saknu infic€Sanos ar augsné
sastopamajam Heterobasidion spp. sporam negativi ietekmé& un vairuma gadijumu arT novers
augsné eso$a pret saknu piepi antagoniska mikroflora (Korhonen, Stenlid 1998). Tom@r arT péc
celmu izstrades, tapat ka péc augsnes sagatavosanas stadiSanai vietas, kur nav veikta celmu
izstrade, dala saknu un to fragmentu (arT mazaka izm@ra saknu fragmenti) paliek augsné un
potenciali var kalpot par infekcijas avotu. Lidz Sim pétijums, lai novértétu augsné palikuSo
trup@juso saknu fragmentu ietekmi uz patogéna izplatibu un sp&ju inficét stadus péc celmu
izstrades, veikts mineralaugsnés Somija (Piri, Hamberg 2015). Tomer Latvija salidzinosi liels
egles audzu Tpatsvars ir kiidras augsnés, tadel ir nozimigi izvertet stadu inficéSanas riskus art
sadas platibas. Citu autoru veiktos p&tijumos konstatéts, ka kiidras augsnes nav piemérotas
Heterobasidion spp. attistibai (Korhonen, Stenlid 1998), tomér miisu veiktie p&tijumi parada,
ka Heterobasidion spp. spgj inficet skuju kokus ari kiidras augsnés (T. Gaitnieks, nepubl. dati).
Petijuma meérkis novertét saknu piepes micelija saglabasanas ilgumu dazada tilpuma trup&juSos
egles saknu fragmentos un noteikt, vai un cik ilga laika saknu piepes mic€lijs no augsné
palikusSiem saknu fragmentiem var inficét skuju koku stadus kiidras augsnés.
augsné iestradajot ar Heterobasidion spp. inficétus saknu fragmentus. Saknu fragmenti iegiiti
no inficétam egles sakném, kas izraktas stipri trup&jusa audzé MPS Kalsnava mezu novada.
Kopuma tris stadijumos ierikoti divpadsmit parauglaukumi (6 egles un 6 priedes
parauglaukumi). Inficétie saknu fragmenti péc tilpuma iedaliti ¢etras grupas: 50, 100, 200 un
300 cm?. Tie augsné iestradati paraléli augsnes virskartai 10 cm dziluma, 5-10 cm attaluma no
stada. Pie katra stada augsné iestradati divi 300, 200 vai 100 cm? fragmenti (pa vienam pret&jas
stada pusés) vai Getri 50 cm?® tilpuma saknu fragmenti (pa vienam &etras, savstarpgji pretejas

stada puses). Visi saknu fragmenti numuréti, ka ari visi eksperimenta izmantotie stadi marketi
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un kartéti shéma. Kopa 12 parauglaukumos augsné iestradati 704 inficeto saknu fragmenti pie
303 stadiem: 151 priedes un 152 egles.

Parauglaukumi apsekoti jiinija ménesi no 2018. gada Iidz 2020. gadam. Atziméti
nokaltusie stadi. Nokaltusie skuju koku stadi kopa ar tiem klat izvietotajiem saknu fragmentiem
ievakti un laboratoriski parbaudita saknu piepes klatbiitne, noveértgjot: i) vai Heterobasidion ir
saglabajies sakotngji inficetajos saknu fragmentos, kas ierakti pie stadiem un ii) vai stadu
bojaejas iemesls ir saknu piepes infekcija, respektivi, vai stadi ir inficgjusies ar Heterobasidion.

Tris gadu laika atrasti nokaltusi 60 eglu un 34 priezu stadi, attiecigi 40 egles un 18 priedes
stadi 2018. gada, 15 un 5 stadi 2019. gada un 5 un 11 stadi 2020. gada. Ievakto trup&juso saknu
fragmentu apkopojums paradits 6.1. tabula.

6.1. tabula. Ievakto saknu fragmentu raksturojums.

Gads | Saknu | NokaltuSo | Nokaltuso | Ievakto Ievakto Kopgjais | Kopgjais paraugu
tilpuma | egles priedes paraugu | paraugu ievakto daudzums ar
grupa, | stadu stadu skaits pie | skaits pie paraugu Heterobasidion,
cm® skaits skaits eglém priedém skaits skaits / %

2018 | 50 8 4 26 8 34 5/14,7
100 11 4 22 7 29 8/27,6
200 7 6 14 11 25 3/12,0
300 14 4 27 8 35 23/65,7
Kopa 40 18 89 34 113 39/345

2019 |50 0 1 2% 4 6 2/333
100 3 2 6 4 10 0/0
200 8 1 16 2 18 6/333
300 4 1 6 2 8 1/125
Kopa 15 5 30 12 42 9/214

2020 | 50 0 1 0 4 4 0/0
100 3 4 5 7 12 0/0
200 1 4 2 8 10 2/20,0
300 2 2 3 4 7 2/28,6
Kopa 6 11 10 23 33 47121

Kopa | 50 8 5 26 16 42 7/16,7
100 17 10 33 19 52 8/154
200 16 11 32 21 53 11/20,8
300 19 7 36 14 50 26/52,0
Kopa 60 34 127 70 197 52 /26,4

* Stads nokaltis 2018. gada, bet saknu fragmenti ievakti 2019. gada.

Salidzinot Heterobasidion saglabasanos saknu fragmentos, novérots, ka lielaka tilpuma
saknu fragmentos saknu piepes micélijs saglabajas ilgak neka maza izmera/tilpuma saknés.
Gadu péc eksperimenta ierikosanas no 65,7 % ievakto saknu fragmentu, kas ietilpst 300 cm?
tilpuma grupa, atkartoti izdalits Heterobasidion micélijs. Savukart no 50 cm® saknu
fragmentiem — 14,7 %. Tris gadus p&c eksperimenta ierikosanas nevienam analiz&tajam 50 cm?®
saknu fragmentam nekonstatéja dzivotsp&jigu Heterobasidion micéliju, savukart micélijs
izdalits no 28,6 % 300cm? tilpuma saknu fragmentiem. Tomér jaatzimé, ka tris gadus péc
eksperimenta ierikosanas ievakti tikai Cetri saknu fragmenti, kas reprezentg 50 cm?® tilpuma

grupu. Ir nepiecieSama lielaka paraugkopa, lai objektivi noveértétu saknu piepes micélija
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dzivotsp€ju Sada izméra saknu fragmentos. Ar katru gadu samazinas to saknu fragmentu skaits,
no kuriem izdevies atkartoti izdalit saknu piepes mic€liju. Gadu p&c eksperimenta ierikoSanas
Heterobasidion atkartoti izdalits no 34,5% (N=113), savukart péc tris gadiem — no 12,1%
ievakto paraugu (N=33). Tas lauj secinat, ka ar katru gadu samazinas stadu inficéSanas risks.

Visi no saknu fragmentiem izdalitie Heterobasidion izolati, kas ievakti péc stadu
bojaejas, atbilda s€nes izolatiem, kas noteikti trup@usajas eglés, no kuram ieguti saknu
fragmenti talakiem eksperimentiem. Tas parada, ka saknu fragmenti netika inficeti no blakus
esoSiem infekcijas avotiem. Gadu péc eksperimenta ierikoSanas 40 (26%) egles un 18 (12%)
priedes stadi bija nokaltusi. Jaatzim¢, ka 2017. gada nogalei bija raksturigs liels nokrisnu
daudzums, tade] dala no ierikotajiem parauglaukumiem ilgstosi uzkrajas tidens, kas vargja
veicinat stadu bojaeju. Tapat 2020. gada pavasart noverota izteikta priedes stadu kalSana viena
no izveletajiem objektiem, kas skaidrojama ar lielu sausumu, konkrétaja objekta.

Papildus 2019. gada no attiecigi 3 nokaltuSiem egles un 3 priedes stadiem, bet 2020. gada
no 6 egles un 6 priedes stadiem ievakti koksnes paraugi, lai noteiktu, vai stadu bojaejas iemesls
ir Heterobasidion infekcija. Neviena no ievaktajiem koksnes paraugiem Heterobasidion
infekcija netika atrasta. Misu iegitie rezultati, ka apstiprina Somija ieglitos rezultatus, ka lar
Latvijas apstaklos mineralaugsnés Iidz 3 gadu vecumam stadi neinficgjas (Piri, Hamberg 2015).
P&tfjums jaturpina, lai noskaidrotu saknu piepes dzivotsp&ju trup&jusos egles saknu fragmentos
audzgs ar kiidras augsn€m un to sp&ju parnest infekciju uz blakus augosiem skuju koku stadiem.
legtitie rezultati ir svarigi, novert§jot ar saknu piepi inficetas koksnes nozimi patogéna
sekundaraja izplatiba péc celmu izstrades un tai sekojosas augsnes sagatavosanas stipri inficétas

platibas.

6.1.Secinajumi

1. Dzivotspgjigs Heterobasidion spp. micélijs saglabajas vismaz tris gadus vecos, stipri
trup€jusos, augsné iestradatos eglu saknu fragmentos, tadel potenciali var inficet

jaunas generacijas kokus.
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7. H. ANNOSUM 1ZPLATIBAS NOVERTEJUMS MAZA
DIAMETRA SKUJU KOKU CELMOS

Heterobasidion spp. attistiba celmos ir tie$sa veida saistita ar mikroklimatu koksné.
Maza diametra celmi atrak izzust, kas butiski ietekme saknu piepes micélija attistibu (Bendz-
Hellgren et al. 1998). Tomér Latvija un Zviedrija veiktie p&tijumi pierada, ka mazu dimensiju
priedes un egles celmi var biit uznémigi pret saknu piepes bazidijsporu infekciju (Gunulf et al.
2012; Gaitnieks et al. 2018). Mitruma saturs un picejama koksnes substrata daudzums
palielinas, bet pieejamas atklatas koksnes laukums samazinas, pieaugot celma augstumam, kas
var ietekmét Heterobasidion spp. sporu digsanu un micélija talaku attistibu. Augstos celmos
(augstaki par 0,5 m) sénei nepiecieSams ilgaks laiks, lai sasniegtu saknu sistému un varétu
inficét blakus augosos kokus (Gunulf et al. 2012). Lai noteiktu Heterobasidion spp. un dabiskas
P. gigantea attistibu maza diametra, dazadu augstumu priezu celmos, tris parauglaukumos
analizéti 300 celmi diametra no 4 lidz 10 cm: puse no tiem 15 cm augsti un puse 50 cm augsti;
120 celmi apstradati ar Heterobasidion spp. sporu suspensiju un 180 celmi atstati neapstradati,
dabiskai Heterobasidion spp. un P. gigantea infekcijai. Lai analizétu micé&lija attistibu, no
visiem celmiem ievaca paraugus, tos sazaggjot Iidz saknu kaklam divus lidz ¢etrus cm biezas
ripas. Heterobasidion spp. un P. gigantea koksné noteikta péc to raksturigajam
mikroskopiskajam pazimém. Darba metodika sikak aprakstita 2018. gada parskata.

Pétijuma konstatéts, ka dabiskas P. gigantea infekcija bija bitiski vairak izplatita neka
Heterobasidion spp. — tikai 3% celmu (gan apstradato, gan neapstradato) péc 22 ménesu
inkubacijas perioda bija konstatéjams dzivotsp&jigs Heterobasidion spp. micélijs, bet dabiska
P. gigantea bija attistijusies 39% celmu. Lidz ar to secinats, ka dabiska P. gigantea ir nozimigs
faktors Heterobasidion spp. ierobezoSana maza diametra priezu celmos, kas pieradits ari
ieprieks$&jos pétijumos (Gaitnieks et al. 2020). Celmu augstums bitiski neietekmé&ja dabiskas
P. gigantea sastopamibu uz celma virsmas.

Konstatéts, ka lielakaja dala celmu, kurus P. gigantea bija kolonizgjusi (N=115),
micélijs bija ieaudzis 1idz saknu kaklam: 62,5 % analiz&to 50 cm augsto celmu un 76,0% 15 cm
augsto celmu. Talakos pétijumos nepieciesams analizet lielas pergamentsénes micélija attistibu
dzilak sakn€s, lai noskaidrotu dabiskas P. gigantea nozimi Heterobasidion spp. sekundaras

izplatibas ierobezoSana.
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7.1. Secinajumi

1. Lielas pergamentsénes dabiska infekcija ir nozimigs faktors Heterobasidion spp.
primaras sporu infekcijas ierobezoSana maza diametra priezu celmos.
2. Lielajai pergamentsénei raksturigs augsts potencials kolonizget priedes celmus un ieaugt

lidz saknu kaklam, nodro$inot aizsardzibu pret sekundaro Heterobasidion spp.

infekciju.
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8. LIELAS PERGAMENTSENES PHLEBIOPSIS
GIGANTEA MICELIJA ATTISTIBAS PARBAUDE
TRUPEJUSA EGLES KOKSNE

2017. gada uzsakti p&tijumi par lielas pergamentsénes Phlebiopsis gigantea attistibu

trup&jusa egles koksné. Biologiskie preparati uz P. gigantea sporu suspensijas bazes izmantoti

vairakas Eiropas valstis, bet to efektivitate jau trup&jusos celmos nav noskaidrota.

Pétijumi veikti 2 parauglaukumos 2018. un 2 parauglaukumos 2019./2020. gada; attiecigi

Keguma, Plavinu, Kekavas un Iecavas novados. Katra parauglaukuma izveléti egles celmi (60

celmi 2017. gada un 90 celmi 2019. gada), kas sadaliti trTs klas@s: celmi bez trupes pazimém,

trup&jusie celmi (noverota koksnes krasas maina, koksne sak zaudét savu struktiiru, bet vél nav

miksta) un stipri trup&jusi celmi (koksne pilnigi zaudgjusi savu struktiru, ir miksta, dazos

celmos ir izveidojies dobums). Ripu ievakSanas, inkubacijas un apstrades metodika aprakstita

2019. gada parskata un 2020. gada parskata. Analiz&€to celmu parametri apkopoti 8.1. tabula.

8.1 tabula. Analizéto celmu parametri.

Analizétie Celma Trupgjusas Celma laukums, | Trupgjusas Veselas
celmi diametrs, cm dalas diametrs, | cm? koksnes koksnes
cm laukums, cm? laukums, cm?
2018. gads
Veseli 38,1+11,6 - 1139,0 + 106,2 | - 1139,0 + 106,2
Trup&jusi 43,2+10,9 31,249,2 1465,3 £ 94,1 762,92 + 67,01 | 702,3+ 64,6
2019./2020. gads

Veseli 30,494 - 796,2+455,7 - 796,2+455,7
Trup&jusi 34,1+£10,5 21,2+10,4 966,8+616,7 427,9+438,7 543,4+507,3
Stipri trup&jusi | 43,5+10,8 30,4+9,6 1576,4+736,6 798,1£504,1 778,3+661,4

Phlebiopsis gigantea un Heterobasidion spp. sastopamiba atskiras 2018.

analizétajos celmos. Rezultati ir apkopoti 8.2. tabula.

un 2020. gada

8.2 tabula. Phlebiopsis gigantea un Heterobasidion spp. sastopamiba analiz&tajos celmos.

Analizgtie celmi P. gigantea Heterobasidion P. gigantea Heterobasidion
sastopamiba, % sastopamiba, % aiznemtais Spp. aiznemtais
laukums, cm? laukums, cm?

2018. gads

Veseli 80,0 - 2,79 + 0,97 -

Trup&jusi 57,3 - 3,16 + 0,80 -
2020. gads

Veseli 90,0 30,0 112,1£112,8 4,5+15,7

Trup&jusi 87,5 55,0 50,4+64,2 8,4+13.8

Stipri trup&jusi 775 70,0 55,5+74,1 21,6+30,2

* Heterobasidion sastopamiba un aiznemtais laukums netika noverteti.
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Biologiska preparata “Rotstop” sastava esosa P. gigantea bija sekmigak attistijies celmos
2019. — 2020. gada eksperimenta (1pasi jau trup€jusos celmos, salidzinot ar 2018. gada veikto
eksperimentu). ArT stipri trupgjusa koksné liela pergamentséne kolonizé ievérojamu dalu
veselas koksnes, ierobezojot saknu piepes micélija attistibu. Heterobasidion sastopamiba un
aiznemtais laukums uzradija butiski mazaku sastopamibu un aiznemto laukumu veselos un
trupjusos celmos salidzinajuma ar stipri trup&usSiem celmiem (p<0,01). Turpmakajos
petijumos nepiecieSams analizet lielas pergamentsénes micélija attistibu dzilak celmu saknés,
lai noskaidrotu trup&usu celmu apstrades lietderibu ari patogéna sekundaras infekcijas

ierobezoSana stipri inficétas platibas.

8.1. Secinajumi

1. Trupgjusos celmos P. gigantea sekmigi kolonize veselo koksni, samazinot Heterobasidion
biomasas akumulaciju, tadgjadi ierobezojot auglkermenu veidoSanas potencialu trup&jusa

koksné.
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9. BIOLOGISKO UN KIMISKO PREPARATU
EFEKTIVITATES SALIDZINAJUMS SAKNU
PIEPES HETEROBASIDION SPP. SPORU
INFEKCIJAS IEROBEZOSANA

Saknu piepes Heterobasidion annosum ierobezos$anai iesp&jams pielietot gan biologiskos,
vides apstakli, celmu apstrades kvalitate (Berglund, Ronnberg 2004), ka ar patogéna izdalito
sporu daudzums (Pratt 2000). P. gigantea saturosie preparati loti labi aizsarga priedes koksni,
bet eglu celmu apstrade dazkart ir neefektiva (Berglund, Ronnberg 2004; Gunulf et al. 2012).
So iemeslu d&l nepieciesams novértét celmu apstradi ar urinvielu ka alternativu saknu piepes
primaras jeb sporu infekcijas ierobezoSanai.

Lai salidzinatu P. gigantea un urinvielas efektivitati egles koksné, 2016. gada augusta
ierkots eksperiments, kura laika lielas pergamentsénes un urinvielas efektivitate pret saknu
piepi novértéta skuju koku blukiSos. Lai noveértétu biologisko (preparats “Rotstop”) un kimisko
(35% urinviela) preparatu efektivitati eglu celmu aizsardziba, 2017. gada julija ierikots lauka
eksperiments egles audzeés péc krajas kopSanas cirtes. Metodika aprakstita 2016., 2017. un
2018. gada parskata. Kopa apstradati 42 blukisi (14 ar urinvielu, 14 ar “Rotstop” un 14 ar vietgjo

P. gigantea izolatu O5) un 120 celmi (puse ar “Rotstop” un puse ar urinvielu).

Biologisko un kimisko preparatu efektivitate skuju koku blukiSos

“Rotstop” sastava esoSais P. gigantea izolats aiznéma lielaku laukumu salidzinajuma ar
viet§jo izolatu (P. gigantea O5), tomé&r konstatétas atSkiribas nebija statistiski butiskas 3 un 8
cm dziluma ne egles, ne priedes koksné (p>0,05). Saknu piepes vidgji aiznemtais laukums
kontroles sektora 3 cm un 8 cm dziluma bija attiecigi: 62,76+3,07% / 64,97+2,25% egles
blukisos un 0,36+0,17% /5,87+0,64% priedes blukiSos; konstatétas atskiribas starp egles un
priedes koksni bija statistiski butiskas (p<0,05).

P. gigantea izolatu un urinvielas efektivitate aprékinata, salidzinot Heterobasidion spp.
aiznemto laukumu kontroles sektora ar laukumu apstradataja sektora. Visaugstako vidgjo
efektivitati egles koksné 3 cm dziluma uzradija urinviela — 99,56+0,24%, kura bitiski atSkiras

(p<0,05) no P. gigantea izolata O5 (52,26+10,79%) un “Rotstop” (71,84+8,55%) efektivitates.
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Savukart apstrades efektivitate starp urinvielu un analiz€tajiem lielas pergamentsénes izolatiem
egles koksné 8 cm dziluma biitiski neartskiras(p>0,05).

Priedes koksn€ urinvielas un abu P. gigantea izolatu efektivitate 3 cm dziluma bija 100%;
netika konstat&tas biitiskas atSkiribas starp apstrades variantiem (p>0,05). Ta ka Heterobasidion
spp. priedes koksné kontroles sektora 8 cm dziluma netika konstatéts, nebija iespgjams veikt
apstrades efektivitates novert§jumu $aja dziluma. Salidzinot apstrades efektivitati egles un
priedes koksng, secinats, ka urinvielas efektivitate buitiski neatSkiras, savukart P. gigantea
izolatu efektivitate bija butiski augstaka priedes koksné (p<0,05). Lai gan urinviela uzrada
visaugstakos efektivitates raditajus, pienemot lémumu par labu urinvielas izmantoSanai, janem
vera tas ietekme uz apkartgjo vidi. Apstrade ar urinvielu arT negativi ietekmé dabiskas P.

gigantea attistibu.

Biologisko un kimisko preparatu efektivitate skuju koku celmos

Celmu inkubacijas perioda abas audz&s noteikts liels Heterobasidion sporu infekcijas
fons: 92 % kontroles celmu konstatéta saknu piepes infekcija, bet tas aiznemtais laukums bija
vidgji 6 % no celma virsmas, 11dzigi rezultati iegiti arT ar “Rotstop” apstradatajos celmos, kur
Heterobasidion spp. infic&ja 90 % analiz&éto celmu un ta aiznemtais laukums bija 6 % no celma
virsmas. Liels inficéto celmu Tpatsvars, bet saméra neliels micélija aiznemtais kopg&jais laukums
iesp&jams skaidrojams ar celmu virsmas svekojumu, jo 73 % celmu, kas apstradati ar “Rotstop”,
un 80 % kontroles celmu konstatéts svekojums, kas aiznem vairak neka 50 % no celma virsmas.
SvekoSana noveérota ar1 celmos, kas apstradati ar urinvielu (83 %). P&c apstrades ar urinvielu
konstatéts vismazakais ar Heterobasidion spp. inficéto celmu skaits — 40 %. Vidgjais
Heterobasidion spp. inficétas celmu virsmas laukums ar urinvielu apstradatos celmos sastada
0,8 %. Apréekinot apstrades efektivitati, konstatéts, ka celmu apsmidzinasana ar urinvielu ir
visefektivaka (87 %) metode celmu aizsardzibai pret Heterobasidion spp. infekciju. “Rotstop”
apstrades efektivitate bija attiecigi: 0,01 %. Zema biologisko aizsardzibas lidzeklu efektivitate
dazkart konstateta ari citu autoru pé€tijumos (Berglund, Ronnberg 2004). Jaatzime, ka no
analiz€tajiem celmiem, kas apstradati ar “Rotstop”, tikai 27 % bija attistijies P. gigantea izolats,
kas ir “Rotstop” sastava. Preperata zema efektivitate varétu but skaidrojama ar Kkvalitates
zudumu ta transportéSanas, uzglabasanas, preparata sagatavosanas laika. Ari meteorologiskie
faktori var€ja ietekmét preperata efektivitati.

Iegiitie dati liecina, ka analiz€tajos parauglaukumos urinviela 1stermina labak ierobezo
Heterobasidion sporu infekciju neka celmu apstrade ar “Rotstop”. Tomér, lai izdaritu

visparinajumus un rekomend&tu urinvielu plasakai izmantoSanai celmu apstradg, janoveérte ka
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apstrade ar urinvielu ietekmé lielas pergamentsénes sastopamibu, vai ar urinvielu apstradatie
celmi nodroS$ina labveligu vidi sénes attistibai dzilak saknu sistema, tada veida biitiski mazinot

saknu piepes sastopamibu celmos, kas veicina stadito koku infic€$anos.

9.1. Secinajumi

1. Urinviela istermina labak ierobezo Heterobasidion sporu infekciju neka celmu apstrade ar
“Rotstop”.

2. Preparata, kura sastava ir dzivas sporas, efektivitati ietekmé gan apstakli, kadi tiek
nodro$inati  transportéSanas, uzglabasanas, preparata sagatavosanas laika, gan

meteorologiskie faktori péc celmu apstrades.
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10. TRUPEJUSAS KOKSNES DAUDZUMA
NOVERTEJUMS EGLU AUDZES

Somija veiktos pétljumos noskaidrots, ka galvenaja un kopSanas cirte atstatas ar
Heterobasidion spp. inficétas svaigas egles koksnes lielu dimensiju mezizstrades atlickam
Heterobasidion spp. auglkermeni izveidojas 1-4 gadu laika. Ari Latvija, analizgjot
auglkermenu attistibu uz vairak neka 400 egles koksnes lielu dimensiju mezizstrades atliekam,
secinats, ka 3-4 gadu laika izveidojusos auglkermenu daudzums sastada vidgji 3759 cm? uz
1m3. Pamatojoties uz miisu pétijuma rezultatiem, MK noteikumos Nr. 947 uzsvérts, ka: “Lai
ierobezotu saknu trupi izraiso$as sénes Heterobasidion annosum s.1. (saknu piepes) izplatibu,
certot kokus, no meza izvac zalu trup&jusu egles koksni (izgaztas, lauztas egles, lielu apméru
cirSanas atlieckas (diametrs 10-50 centimetru))”. 2016. gada uzsakam pétijumu, lai noskaidrotu
lielu dimensiju svaigas, trup&jusas egles koksnes sastopamibu egles audzges péc krajas kopsanas
un galvenas cirtes.

Mezizstrades atlieku uzskaitei un uzmerisanai izveidoti parauglaukumi (4 X 6 m) uz
pieveSanas celiem, turklat tie ietver ne tikai pieveSanas celu, bet metru uz abam pusém no cela.
Sadi parauglaukumi audzé izvietoti uz pievesanas cela ik péc 40 metriem. Analizétajos
nogabalos ierikoti 4 - 13 parauglaukumi. To skaits nogabala bija atkarigs no kopgja pievesanas
celu garuma. Katra parauglaukuma uzskaititas un uzméritas visas egles un papildus
informacijai ar1 priedes mezizstrades atliekas, kuru tievgala diametrs lielaks par 10 cm. Katra
mezizstrades atlieka raksturota, izmérot diametru, garumu, ka ari novertgjot, vai atlieka ir
svaiga, trup€jusi, sausa, vai ta reprezent€ galotni.

Kopuma apsekoti 72 nogabali (36 péc krajas kopSanas un 36 péc galvenas cirtes) un tajos
ierikoti 755 parauglaukumi (413 krajas kopSanas un 342 galvenajas cirtés). Vidgji viena
parauglaukuma konstatéta 1,7 atlieka, kas atbilst izvélétajiem kritérijiem (diametrs virs 10 cm),
tomer tikai 14 % no kop&jo uzmerito atlieku skaita bija svaigas, trup€jusas egles mezizstrades
atliekas. Maksimalais trup€juso atlieku skaits viena nogabala bija 12 (platlapju un Saurlapju
kiidren). Trupé&juso atlieku tilpums audzés neparsniedza 0,5 m® ha* (vidgji 0,2 m® ha'?), turklat
vidgjais trup&juso atlieku garums neparsniedza 0,6 m. Tapéc varam secinat, ka tik neliels
daudzums, salidzino$i nelielu dimensiju trup&jusu atlieku neradis Heterobasidion infekcijas
risku un 11dz ar to apdraudéjumu mezaudzem.

Turklat lielakoties péc mezizstrades atstaj mazu dimensiju atliekas — ripas sazagéta
stumbra dala pie saknu kakla — un §$adam mazu dimensiju atliekam, kas relativi atri izzust, ir
salidzinosi neliela nozime infekcijas izplatiba. Somija ieprieks veiktos petijumos konstatéts, ka
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liela nozime infekcijas izplatiba ir trup&usam lielu dimensiju (¢>30 cm) meZizstrades atliekam
— Sadas atliekas ir vispiemérotakas saknu piepes auglkermenu attistibai. Lielu dimensiju
svaigas, trup&jusas atliekas ir noturigakas pret izziiSanu, ka arT pret temperatiras svarsttbam
(Miiller et al. 2007). Misu pétijuma, apsekojot kopSanas un galvenas cirtes gadu péc koku
nozagésanas, saknu piepes auglkermeni netika konstatéti. Janem véra, ka koksnes ipasibas un
tada veida arT auglkermenu attistibu ietekmés art atlieku ekspozicija (klaja vieta atliekas atrak
izzust), vegetacija un augsnes ipasibas (Progar et al. 2000; Ottosson 2013). Latvija veiktos
pétijumos konstatéts, ka auglkermenu veidoSanos ietekm& vegetacija un mitrums, tadel
visaugstakais auglkermenu veido$anas potencials ir meza tipos ar specigi attistitu vegetaciju
(Stivrina u.c. 2010). Konstatgts, ka kiidrenos péc kopsanas un galvenas cirtes ir vairak trup&juso
atliecku, tom@r atSkiribas nav bitiskas (p>0,05). Janem véra, ka Heterobasidion attistiba
iesp&jama ari vizuali veselas atliekas, ka tas pieradits pétijuma Somija (Miiller et al. 2007).
Mingtaja pétijuma noverteta auglkermenu iespg€jama veidoSanas uz vizuali veselam cirSanas
atliekam — konstatéts, ka auglkermeni izveidojas tikai uz tadam atliekam, kur saknu piepes
micélijs jau bijis sakotngji, nevis tadas atliekas, kas inficetas pec izvietoSanas analiz&tajas
platibas (Miiller et al. 2007). Lai izvertetu trupi izraiso$o sénu auglkermenu attistibu uz svaigas,
trup&jusas egles koksnes mezizstrades atlieckam, nepiecieSama konkréto parauglaukumu
atkartota apsekosSana. Papildus biitu janovérte art celmu un izgazto/ nolauzto, meza atstato

skuju koku nozime gan tupi izraiso$o sénu attistiba, gan sénu daudzveidibu nodrosinasana.

10.1.Secinajumi

1. levaktie dati liecina, ka AS “Latvijas valsts meZi” apsaimniekotajas platibas uz pieveSanas
celiem péc galvenas un krajas kopSanas cirtes atstato egles koksnes lielu dimensiju,
trup&jusu mezizstrades atlieku daudzums vidgji sastada 0,2 m? hal, kas liecina, ka LVM

mezsaimniecibas prakse neveicina saknu trupes izplatiSanos.
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11. MEZA ATJAUNOSANAS UN SAKNU
MIKORIZACIJAS NOVERTEJUMS CELMU
IZSTRADES EKSPERIMENTA OBJEKTOS

Celmu izstrade ietekmé ka fizikali-kimiskos, ta biologiskos procesus augsné un lidz ar
to arT audz€ kopuma. Sénes ir nozimiga augsnes mikroorganismu grupa, kas piedalas augsnes
mineralvielu aprites un organisko vielu noardiSanas procesos, un veidojot mikorizu, sekmé
kokaugu augSanu un vitalitati. Augsta augsnes mikroorganismu daudzveidiba veicina
ekosisttmu noturibu pret traucgjumiem, kas klust aktualaki globalo izmainu konteksta
(Bardgett, van der Putten 2014). Lielu dalu no augsnes mikroorganismiem ietekmée
mezsaimniecibas veids (van der Putten 2013; Sterkenburg et al. 2019), Iidz ar to bitiski izvertét
nesen aprobétas celmu izstrades ietekmi uz augsnes sénu sabiedribu. Darba izveért€jam celmu
izstrades ietekmi uz divam sénu funkcionalajam grupam: eglu simbiotiskajam mikorizas s€ném
un augsnes mikroskopiskajam séném.

Sénu sugas, kas veido lielus, labi pamanamus auglkermenus ir tikai neliela dala no
kopgjas augsnes sénu sabiedribas. Jaunas tehnologijas un metodologiskie risinajumi vides DNS
paraugu analizei daudzkartigi ir palielinajusi izpratni par daudzveidibu un siku augsnes
organismu, tai skaita sénu, sastopamibu (Nilsson et al. 2019). Tre$as-paaudzes sekvenéSanas
metode, lietojot PacBio SMRT sekvenésanas platformu, lauj iegiit garus sekvencu nolastjumus,
kas lauj precizak identificét augsnes sénes un lidz ar to skaidrak raksturot to daudzveidibu.
Jaunakie pétijumi atziméjusi $1s metodes noderibu mezu augsnes mikroskopisko sénu izpétei
(Tedersoo et al. 2020), kas laus arT miisu p&tijuma konteksta izvertét celmu izstrades potencialo
ietekmi uz So organismu grupu.

Noveértejums veikts septinus gadus péc celmu izstrades un audzu atjaunoSanas. Jau 1si
péc eksperimenta ierikoSanas, 2013. gada, veikts mikorizu noveértejums, kura pieradits ka
pirmajos gados saknes visbiezak koloniz€ pioniersugas un kokaudzetavam raksturigas sénes,
tapec planojam atkartotu novert€§jumu péc ilgaka laika perioda celmu izstrades ietekmes
izvertéSanai. Augsnes mikroskopisko sénu sabiedribas Sajos objektos ieprieks nebija analizétas.

Kopuma 2019. gada septembra un oktobra méneSos apsekojam seSus objektus, kuros
2011. vai 2012. gada veikta celmu izstrade un platiba apmezota ar egli (pieci objekti LVM
mezos un viens stadijums SIA Rigas Mezi parvalditajos mezos). Katra audz€ ierikoti 10
aplveida parauglaukumi (radiuss — 5m): pieci parauglaukumi celmu izstrades un pieci -
kontroles platibas. Parauglaukumos ievakti augsnes paraugi no piecam parauglaukuma

augosam eglém. Augsnes paraugi ievakti 20 cm dziluma, lietojot augsnes zondi.
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Laboratorija paraugi saSkiroti, atseviski nodalot augsni bez nobiram un sakném un
kokaugu saknes. Saknu paraugi nomazgati un mehaniski attiriti no augsnes dalinam. Dala
ievaktas augsnes nodota augsnes kimiska sastava analizém LVMI Silava Vides laboratorija. Ka
augsnes, ta saknu paraugi sénu daudzveidibas analizém liofilizeti to fiksacijai un sekmigai
uzglabaSanai sausa veida. LVMI Silava Genétisko resursu centra no 60 augsnes un 60 saknu
paraugiem izdalits kop&jais DNS. Augsnes DNS izdaliSanai lietojam Qiagen razoto komplektu
DNeasy PowerSoil Kit (100). Saknu DNS izdaliSanai lietojam Thermo Fisher Scientific razoto
komplektu GeneJET Genomic DNA Purification Kit. P&c DNS izdaliSanas noteicam iegiito
paraugu DNS koncentracijas ar NanoDrop spektrofotometru. Sobrid DNS paraugus glabajam
LVMI Silava sasaldéta veida nakamas paaudzes sekvenc€sanai, lietojot Pacific Bioscience
Sequelll sekvengsanas platformu Zviedrijas Lauksaimniecibas universitaté, Upsala. Ar Sis
metodes palidzibu var noteikt sénu daudzveidibu, balstoties un visu paraugos sastopamo sénu
DNS fragmentu analizi un identifikaciju.

Sakara ar COVID-19 pandémiju droSibas d€] brauciens uz Zviedriju ir atlikts lidz
situacija stabilizEsies. Analizém paredz&éto tehnologiju izmanto dazados pétijumos, bet tikai
atseviSkas laboratorijas specializ&jusas tas veikSana. Lidz ar to Sobrid ne tikai Zviedrija, bet
visa Eiropa pieprasijums p&c $ada veida analizém ir augsts, savukart to veikSanas kapacitate
samazinata sakara ar pandémiju. Par iegiitajiem rezultatiem tiks sagatavota atseviska atskaite
un iesniegta Iidz 2021. gada septembrim.

P&tijuma rezultata salidzinasim gan savstarp€ji paraugkopas, kuras veikta celmu izstrade,
ar kontroles paraugkopam, gan kopuma sniegsim izvert€§jumu par augsnes sénu sabiedribam,
salidzinajuma ar citu autoru pétijjumiem lidzigos meza tipos. legiitas atzinas sniegs papildus

informaciju, novertejot celmu izstrades ietekmi uz sénu sugu daudzveidibu.
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Infection and spread of root rot caused by Heterobasidion spp.
in Pinus contorta plantations in Northern Europe: three case

studies

A. Zaluma, 1. Muiznieks, T. Gaitnieks, N. Burnevica, A. Jansons, ]. Jansons, ]. Stenlid, and R. Vasaitis

Abstract: This study investigated the origins and spread parerns of Heterobasidion root disease in three Pinus contorta Dougl. ex
Loudon plantations established on forest and agricultural 1and and subjected o tree different management scenarios. Trees
wilh decline symproms and stumps remaining from the previous rotation were sampled for fungal isolations. Ten isolares of
Heterobasidion parviporiim Niemeld & K and 425 of Heter idion annosum (Fr.) Bref. were tested for clonality through
sOmaric comparibility tests. The following conclusions were reached: (i) P. contorta is highly susceptible to H. annosum and
H. parviporum and both pathogens cause dieback of P. cmtorta; (i) H. annosum from previous-rotation P. sylvestris stumps can
effectively transfer to P. contorta; (iif) the pathogens may form constantly expanding territorial clones; (iv) basidiospores of both
pathogens colonise stumps of P. cmtorta (primary infections); (v) H. parviporum clones expanded more slowly than clones of
H. annosim; (vi) clonal spread proceeded more quickly from stumps with established secondary infections than from siumps with
primary infections; (vii) H. annosum can persist in pine stumps for ar least 26 years; and (vifi) stump treatment should be
consi 1o control Heter idion primary infections.

Key words: lodgepole pine, Heterobasidion, primary infection, secondary infection.

Résumé : Cere érude porte sur Iorigine et les parrons de dispersion de la maladie de racines causée par Heterobasidion dans trois
plantarions de Pinus cmtorta Dougl. ex Loudon érablies sur des terrains forestiers er agricoles €0 SOumises a Trois scénarios
d'aménagement différents. Les arbres montrant des sympromes de dépérissement et les souches resanies de la romarion
précédente ont €ré échantillonnés pour la présence de champignons. Dix isolats de Heterobasidion parviporum Niemeld &
Korhonen et 425 isolats de Heterobasidion annosum (Fr) Bref. ont é0é soumis a des tests de comparibilité somarique pour dérer-
miner leur clonalité. Les conclusions suivantes ont €€ tirdes : (i) P. contorta est trés sensible a H. annosum et H. parviporum et les
deux parhogénes caunsent le dépérissement de P. contorta; (i) H. annosum présent dans les souches de P. sivestris restantes de la
rotarion précédente peut effectivement se transmettre au P. comtorta; (iif) les parhogénes peuvent former des clones terrirorianx
en o i0n; (iv) les basidi des deux o i 1es souches de P. cmtorta (infecrions primaires);
(v) 1es clones de H. parviporim Se propagent plus lentement que les clones de H. annosun (vi) 12 propagarion clonale est plus rapide
a partir des souches on sont érablies des infections secondaires qu'a partir des souches colonisées a 1a suite d'une infecrion
primaire; (vii) H. annosum peut persister dans les souches de pin pendant au moins 26 ans; et (viii) on devrait envisager de traiter
les souches pour maitriser les infections p ires causées par H, idion. [Traduit par 1a Rédaction)

Motsdés : pin tordu, Heterobasidion, infection primaire, infection secondaire.
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5. Conclusions

In this study, we examined 444 Heterobasidion-infected P. contorta
trees in three Latvian P. contorta plantations subjected to different
management regimes. For the first time, we detected 51 territorial
clones of the pathogen, demonstrated secondary tree-to-tree in-
fections by H. annosum, traced the infections to a previous gener-
ation of P. sylvestris, and reported observations of 40 disease centres
initiated by primary airborne infections of both H ammosum and
H. parviporum. This study generated new data on the ecology and
patterns of spread of Heterobasidion spp. in P. contorta plantations.
From this body of novel data, we concluded the following: (i) Pinus
contorta is susceptible to root rot and dieback caused by H. annosum
and H. parviporum; (ii) airborne basidiospores of both pathogens
colonise cut stumps of P. contorta, establishing primary infections;
(iii) following establishment in stumps and root systems through
primary infections, secondary spread to adjacent trees results via
root contacts; (iv) H. annosum from diseased stumps of a previous
generation of P. sylvestris can transfer to planted next-generation
P. contorta; (v) H. annosum can persist and remain viable in stumps
of cut mature P. sylvestris for at least 26 years; (vi) infections by both
H. annosum and H. parviporum can produce large (up to 263 m?)
territorial clones causing extensive tree dieback and mortality;
(vii) development of territorial clones of H. parviporum proceeds at
a slower rate than that of H. annosum; and (viii) when planning
thinning of P. contorta plantations established on uninfested areas
(e.g., agricultural land), stump treatment with agents that prevent
primary infection by Heterobasidion (particularly urea) should be
considered, as was also more recently pointed out by Gonthier
(2019).
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1 | INTRODUCTION

Albstract

Heterobasision narvipernem and Heterobasidion annosum sre widehy dietriboted root-
rot fungi that infect: conifers throughout: Europe. Infection of confer shumps by
spores of thess pethogere can ke controlled by treating fresh stumips with s compet-
ing rion-pathvogpenic fungus, Phichiopsi: pigantea. In this shudy, growth of thres Labaian
strains of P giganiea and the biokogical coninol agent Rotsiop” sirain was evalusbed
in sham pi=oss of Morssy spruce, Soods pine, lodgepole pine, Dooglas-fir, Wemouth
piree, Sherizn larch and Sk spruce. The growth mies of one H pardporsm and
one H anmozum sokts wene alto mesmored inthe same stem pisoes. The growth
rai= of P gpontes vanisd gresthy in weood of diffenemt oonifer species. & wes higher
in e fwee pine spedes, lower in Morsay spruce and lowest in Stka spruce and
Sizerizn larch, and in Douglasir, this fungus did not grow, The lamgest ares of wood
oorupied by P gigontea was in lodgzpole pine. Growth of Latvian izolates of P 5
panies i the wood of Piaus and Pices spacies was comparaible to that of the Rotstop
isolate. Consequently, stump trestment with local P pipontes olsbes should be mec-
ommerded. Howeser, our resubs suggest that Douglas-fir shump trestment against
Heternbagidion by P. gigantes may be insfiective and other stump trestment metods
chould be considensd.
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FIGURE 6 Incubated sample discs (1-V1) from Pinuz sylveseriz
billet

FIGURE 7 Incubsated zample dizcz (I-V) from Pinuz strobu: billet

The caze of L. zibirica iz interezting, zince Heterobazidion and P. gi-
gontea grow zlowly in the wood of thiz zpeciez. Seversl experimen-
tal plantations of Larix zp. have been establizhed in Latvia (Janzonz
et al., 2016; Smilga, 1982). Therefore, in further research it would
be uzeful to compare the zuzceptibility of different Lorix zpeciez to
Heterobazidion by conducting reziztance tezting 3t the tree clone
level.

Spruce iz economically one of the mozt important tree zpeciez in
Latvia. Further rezearch iz needed to find zpruce reproductive ma-
terial with increazed reziztance to root rot and, in addition, to obtain
P. gigontea izolatez that provide hizhly efficient protection of zpruce

z H bazidion infection.
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Abstract: Increasing resistance against biotic and abiotic factors is an important goal of fonest tree
breeding. The aim of the present study wasto develop a root rot resistance index for Scots pine breeding
and evaluate its effectiveness. The productivity, branch diameter, branchiness, stem straightness,
spike knots, and damage from natural infection of root rot in 154 Scots pine open-pollinated families
from Latvia were evaluated through a progeny field trial at the age of 38 years. Trees with decline
symptoms were sampled for fungal isolations. Based on this information and kriging estimates of root
rot, 35 affected ameas (average size: 108 m?; total 28% from the 1.5 ha trial) were delineated. Resistana:
index of a single tree was formed based on family adjusted proportion of live to infected trees and
distance to the center of affected area. Hentability for resistance to root rot based on the value of this
index, was high (0.37) and comparable to indices of growth traits. Correlations of family breeding
estimates between resistance to root rot and the other traits were not significant, except for a weak,
vet significant, positive correlation with diameter at breast height and branch diameter. Selection
index including only grow th traits (height and stem volume) had a negligible effect on damage by
root rot. We detected a maximum genetic gain in resistance index of 33.7% when incorporating it into
the welection index with positive gains for growth traits (6.5-11.0%). Two-stage selection with prior
selection of the most resistant families was not superior to the use of selection index with only rot
mesistance included. Owverall; rot resistance index appeared to be an effective tool in tree breeding for
the selection of more resistant families, using the existing tnals with natural (uncontrolled) infection

Keywords: selecton index; root rot; growth; genetic gain; two-stage selection; heritability

L Introduction

Scots pine (Finus sylvestris L) is one of the most economically important tree species in the Baltic
States and Scandinavia. In this region, it is regenerated primarily by planting, and most of all the plant
material is a result of tree breeding; seeds for plant production are collected from seed orchards. Thus,
it is both relatively straightforward as well as important to improve a particular trait in significant
portion of Scots pine stands. Scots pine breeding primarily had been focused on achieving gain in traits
related to productivity (height, diameter, volume production), and frost hardiness in the northern part
of the region. In these traits, considerable gain has been achieved [1]. However, little has been done
in resistance breeding at practically applicable scale; the most prominent activities include selection
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Abstract: Heterobasidion spp. cause economically important losses in conifer forests in the Northern
Hemisphere, especially in Morway spruce stands. Freshly cut stumps are the main route for
Heterobasidion spp. infection. Even small stumps of spruce seedlings are known to be susceptible to
spore infection, however, very little is currently known about the susceptibility of small stumps of
understory spruce to Heterobasidion spore infection. To determine the frequency of spore infections
among stumps of understory trees, we analyzed 756 Norway spruce stumps in eight sample plots in
eastern Latvia. Understory trees 35-68 years of age, with a stump diameter of 2-10 cm, were felled
3348 weeks before sampling. In total, 514 (68%) of the spruce stumps were infected by Heterobasidion
spores. The infection frequency among the plots varied from 56% to 86%. Both infection frequency
and stump surface area occupied by Heterobasidion positively correlated with stump diameter, but
neither correlated with the time span elapsed between felling and sampling. Colonization of trees by
a competitor fungus, Phiebiopsis gigantea (Fr.) Jilich, was observed in 30 (4%) of investigated stumps,
but did not have any effect on the frequency of Heterobasidion infections. Our data show that Norway
spruce stumps can be highly susceptible to Heterobasidion spore infection. In order to control airborne
Heterobasidion infections, stump treatment should be considered during the sporulation period of
Heterobasidion spp.

Keywords: Heterobasidion; spore infection; understory Norway spruce; Phiebiopsis gigantea; Picen abies

1. Introduction

Heterobasidion root rot causes considerable silvicultural and economical losses in coniferous forests
of the Northern Hemisphere. In Europe alone, the economic losses comprise 500-800 million euros
annually [1-3]. Particularly high damage is caused in Norway spruce (Pices abies (L.) Karst.) stands,
because Heterobasidion moycelium can extend for 811 m up the stem, decaying the most valuable wood
assortments [4,5]. In addition to the reduction of timber yield and quality, Heterabasidion root rot is a
major cause of growth reduction in Norway spruce stands [6-8]. Heterobasidion root rot also increases
the risk of diseased stands to storm damage, due to weakened root systems of infected trees [9,10].
In Latvia, Norway spruce covers 17% of the total forest area [11] and ca. 22% of spruce trees are
decayed [12]. In 40-120-year-old spruce stands, decay volumes comprise 19.7-91.8 m? ha'1, which
corresponds to 6%—16% of the total stand volumes [12]. The most serious damage occurs in fertile soils,
mainly on abandoned agricultural lands, where 52% of spruces are decayed on average [13].
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The literature review focuses on the effect of forest soil properties on infection of coniferous trees
and stumps by Hetercbasidion spores and further growth of mycalium from tree to tres. Spread of
the fungus is greater in alkaline soil. Forest plantations on former agnculfural lands have an in-
creased risk of infection, due to lack of antagonistic soil microorganisms. In Latvia, severe infec-
tion of spruce stands by Heterobasidion root rot has been obsenved on peat solls

Key words: Annosus root rot, mycelivm growth, primary infection, secondary infection.

INTRODUCTION

The disease Heterobasidion moot rot 18 caused by a number
of fungal species belonging to the genus Heterobavidion.
Two species — H. annosum (Fr)) Bref, and M. parviporum
Niemelii & Korhonen — occur in Scandinavia, Finland and
the Baltic countries (Korhonen er al., 1992; Piri, 3003).
Both species can attack Norway spruce and Seots pine, but
root and butt rot of spruce is caused mainly by H.
parviporm and root rot of pine by # annosum (Kothonen
and Piri, 2003; Arhipova er al., 200 1a).

Heterobasi dion root rot causes serious economic losses in
conifer forests (Woodward er al., 1998; Korhonen and
Haldemrieder, 2005 Garbelotto and Gonthier, 2013). In
spruce stands of Latvia, on avemge 23% of matum: trees are
infected, and economical losses caused by Heterobasidion
to forestry be up to 4800 euro per hectare (Gaitnieks ef af
2008). Heterobasidion can live in infected trees or stumps
for decades, being a long-term infection source for new tree
generation (Piri, 1996; Miykkynen and Pukkala, 2010).
Spread of Heterobasidion takes place via spores that genmni-
nate on fresh stump surfaces and injured trees (primary in-
fection), and by mycelial gmowth along mots from tree o
tree (secondary infection) (Redfem and Stenlid, 1998: Sten-
lid and Redfern, 1998). Secondary infection is possible only
if roots of two trees are in close contact with each ather, be-
cause growth of Heterobasidion outside mots in soil is very
restricted and depends on soil properties. Hence it 1s impaor-
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tant o know the soil characteristics in mamaged fomsts in
omder to restrict the spread of Heterobaridion in a tree stand,
to choose the optimal forest management strategy for for-
ests mfected by Heterobasidion, and to decrease the infec-
ton risk in the new tree peneration.

GROWTH OF HETEROBASIDION MYCELIUM IN
SOIL

Several investigations have shown that growth of Heteroba-
sidion m soil 15 very limited, if it occurs at all (Stenlid and
Redfern, 1998; Garbelotto and Gonthier, 2013 Gonthier
and Thor, 20013). A, Vasilisuskas (1989) points out that soil
properties do ot have direct influence on the spread of
Heterobasidion because it tnkes place in roots. Successful
trunsfer of Hererobasidion from an infected spruce w0 a
healthy one takes place if the contacting roots are at least
23 centimetres in diameter, sccording to published data,
reviewed by Korhomen and Stenhd (1998). Nevertheless,
several authors (J. Stenlid, Z. Siemota, R. Vasaitis, personal
communication) point out that mycelivm of Hererobasidion
can infect roots of nearby growing spruce if root diameter in
the contact zone is as small as five millimetres, Pine roots
with even smaller diameter (down to 0.3 cm) can be in-
fected (Rishbeth, 1951h),

Under suitable conditions fruithbodies of Heterobasidion can
develop in the litter layer (Negmiskii, 1986; Rishbeth,

Proc Landae Acad Sa, Seevlom B, Vol TS {3019, Mo &
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CONCLUSIONS AND FURTHER PROSPECTS

Owerall, the examples presented above show that the impact
of soil properties on Heterobasidion root rot is quite com-
plex. The spreading of this disease both by spores and my-
celial growth is greatly affected by soil properties.

High pH and mineral nutrient content in soil are properties
that favour the spread of Heterobasidion root rot in a tree
stand. The spread is particularly fast in pine plantations es-
tablished on agricultural lands. In such soils, Trichoderma
species and other antagonistic organisms against Heteroba-
sidion occur less frequently compared to forest soil. In-
creased humus content in soil decreases tree root infection
by Heterobasidion: nevertheless, extensive spread of Her-
erobasidion has been observed in several spruce stands on
peat soils in Latvia. Soil properties like aeration, mechani-
cal composition, nutrient content etc. can have a direct im-
pact on the growth of Heterobasidion in the root system of
forest trees. In addition, soil indirectly influences spread of
Heterobasidion by providing more or less favourable condi-
tions for fruithbody development and spore production, and
by affecting the flow of water carrving spores of Heteroba-
sidion in soil. Finally, the impact of soil on the vitality of
trees should also be noted because it determines the resis-
tance of trees against pathogens.

In further studies, growth of Heterobasidion in spruce roots
{including roots of small dimension stumps) on mineral and
organic soils should be evaluated. An effective way to re-
duce root rot in severely infected areas is stump removal
(Vasaitis ef al., 2008; Cleary e al., 2013). However, this
procedure changes biotic and abiotic properties of soil.
Therefore, the possible risks of stump removal should be
carefully assessed, concerning changes in flora, fauna and
fungal community.
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Research Article

Efficacy of Phlebiopsis gigantea against Heterobasidion conidiospore
and basidiospore infection in spruce wood

Treatment of freshly cut stumps with biological control agents containing
Phlebiopsis gigantea spores effectively restricts the spread of new Heteroba-
sidion infections in conifer forests. To test the control efficacy of different P.
gigantea strains, conifer stumps or billets cut from tree stems can be artifi-
cially infected with asexual Heterobasidion conidiospores or sexual basid-
iospores or left for natural basidiospore infection. Currently, no information is
available about whether the control efficiency of P. gigantea in Norway spruce
wood is affected by Heterobasidion spore type. In the present study, the im-
pact of four P. gigantea strains (including the commercial product Rotstop®) on
initiation and development of Heterobasidion basidiospore and conidiospore
infections as well as the relationship between the area occupied by P. gigan-
tea and control efficacy were analysed in spruce billets. The mean size of the
area occupied by P. gigantea was larger, and the efficacy of P. gigantea against
Heterobasidion was significantly higher in billets left for natural basidiospore
infection compared to treatment with Heterobasidion conidiospore suspen-
sion. The control efficacy against Heterobasidion infection was high, although
only a small area of the billet surface was occupied by P. gigantea and even
when there was no visible discoloration caused by P. gigantea infection on
wood surfaces.
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Introduction

Infection of freshly cut stump surfaces by
airborne spores is the most common way
of Heterobasidion species establishment
into previously uninfected conifer stands.
From infected stump roots, the fungus
spreads to adjacent healthy trees causing
root and butt rot in the residual stand
(Redfern & Stenlid 1998, Witzell et al. 2011).
An effective way to restrict Heterobasidion
spore infections of conifer stumps is to
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pine stumps but can be less effective in
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ture therein). However, good control effi-
ciency can also be achieved in spruce wood
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Field testing of the efficiency of P. gigan-
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Fungi from the genus Heterobasidion are among the most important pathogens of forest trees in Northern
Hemisphere causing root rot and wood decay, while Phlehiopsis gigantéa is a very common saprotrophic wood
decay fungus. Both fungi are primary colonizers of freshly cut conifer stumps (through which Heterobasidion spp.
accomplishes primary infections of tree root systems), thus both fungi are competing for the substrate. To date,
P. gigantea is widely used as Heterobasidion spp. biocontrol agent. Hypothesis has been proposed that natural
colonization of stumps by P. gigantea might also to some extent restrict infections by the pathogen. The main aim
of the study was to assess the potential of natural infections of P. gigantea to restrict infection and spread of
Heterobasidion spp. in Picea abies and Pinus sylvestris stumps. In total, 793 P. abies stumps and 1158 P. sylvestris
stumps were examined in 24 sample plots located in the eastern part of Latvia. OFf these, 325 (41.0%) P. abies
stumps were infected by Heterobasidion spp., and 59 (7.4%) by P. gigantea, and 168 (14.5%) P. sylvesiris stumps
were infected by Heterobasidion spp., and 846 (73.1%) by P. gigantea. In P. abies, the observed Heterobasidion spp.
infection frequencies were significantly (p < 0.05) higher than those of P. gigantea, while the respective si-
tuation in P. sylvestris was reverse and P. gigantea infections were more frequent (p = 0.05). The mean surface
area colonized by Heterobasidion spp. in P. abies and P. sylvestris stumps was 5.7 and 5.3 em® and did not differ
significantly (mean coverage of stump surface area respectively 18% and 13%; p = 0.41). In contrast, the mean
surface area colonized by P. gigantea was significantly different in the two tree species, respectively, 3.9 and
21.3 em® (16% and 59%; p < 0.05). The mean surface area colonized by Heterobasidion spp. in P. abies stumps
was significantly larger (p =< 0.05) than the area colonized by P. gigantea, while conversely, the mean area
colonized by P. gigantea in P. sylvestris stumps was significantly larger (p < 0.001) than that colonized by
Heterobasidion spp. Both fungi were co-oceurring in P abies stumps in 33 cases (4.2% of all investigated stumps),
and in P. sylvestris stumps in 138 cases (11.9%). There were no correlations between the sizes of colonized areas
of Heterobasidion spp. and P. gigantea in P. abies stumps (r = 0.06; p = 0.76), or P. sylvestris stumps (r = 0.009;
p = 0.27). In conclusion, the results of this study strongly suggest that even in stumps of P. sylvestris, that
otherwise are much preferred for natural colonization by airborne spores of the biocontrol agent F. gigantea,
natural colonization by P. gigantea is not able to restrict infections by Heterobasidion spp. This clearly indicates
that for effective biocontrol of Hetérobasidion spp. infections, the necessity for thorough treatment coverage of
cut P. abies and P. sylvestris stumps at early stages of plantation management, during pre-commercial thinning.
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