LATVIJAS VALSTS MEZZINATNES INSTITUTS “SILAVA”
LATVIAN STATE FOREST RESEARCH INSTITUTE ‘SILAVA’

LATVIJAS LAUKSAIMNIECIBAS UNIVERSITATE
LATVIA UNIVERSITY OF LIFE SCIENCES AND TECHNOLOGIES

Mg. geogr. ILZE MATISONE

PARASTA OSA FRAXINUS EXCELSIOR L. )
DESTRUKCIJA LATVIJA: AUDZU SUKCESIJA UN OSA
ATJAUNOSANAS

DIEBACK OF COMMON ASH FRAXINUS EXCELSIOR L.
IN LATVIA: SPECIES SUCCESSION AND ASH
REGENERATION

Promocijas darba KOPSAVILKUMS
Zinatniska doktora grada zinatnes doktors (Ph. D.)
Lauksaimniecibas un zivsaimniecibas zinatn€s, mezzinatné iegiisanai

SUMMARY
of the Doctoral thesis for the doctoral degree Doctor of Science (Ph. D.)
in Agriculture, Forestry and Fisheries

Salaspils 2020



Promocijas darba zinatniskie vaditaji / Supervisors:
Natalija Burpevica PhD

Dr. biol. Roberts Matisons

Dr. silv. Talis Gaitnieks

Promocijas darbs izstradats Latvijas Valsts mezzinatnes institita “Silava”, doktorantiiras
studiju ietvaros Latvijas Lauksaimniecibas universitates Meza fakultate laika perioda no 2014.
lidz 2020. gadam. P&tijums izstradats AS “Latvijas valsts mezi” pétjjuma “OSu mezu
destrukcija un atjaunosanas Latvija”, Meza nozares kompetences centra projekta "Metodes un
tehnologijas meza kapitala veértibas palielinasanai” (ERAF, L-KC-11-0004), ka art ERA-NET
SUMFOREST projekta REFORM “Mistrotu mezu apsaimniekoSana: risku mazinasana un
stabilitates paaugstinasana” ietvaros.

The research was carried out at Latvian State Forest Research Institute ‘Silava’. The
doctoral studies were carried out at Latvia University of Life Sciences and Technologies,
Forest Faculty in period from 2014 to 2020. The research was funded by the Joint Stock
Company ‘Latvia’s State Forests’ research project: ‘Ash forests destruction and regeneration
in Latvia’ and Forest Sector Competence Centre project ‘Ecological risk in management of
forest capital value — methods of assessment and recommendations of their minimization’
(ERDF, L-KC-11-0004). The research was also supported by ERA-NET SUMFOREST project
REFORM ‘Mixed species forest management. Lowering risk, increasing resilience’.

Oficialie recenzenti / Official reviewers:

e Dr.silv. Olga MIEZITE, Latvijas Lauksaimniecibas Universitates profesore un vadosa
pétniece / Professor and senior researcher at Latvia University of Life Sciences and
Technologies,

e Drsilv. Dagnija LAZDINA, Latvijas Valsts meZzinatnes institita “Silava” vadosa
pétniece / senior researcher at Latvian State Forest Research Institute “Silava’;

e PhD Vaidotas LYGIS, Lietuvas Dabas izpétes centra Augu patologijas laboratorijas
vadosais pétnieks / chief researcher at the Laboratory of Plant Pathology, Nature Research
Centre (Lithuania)

Promocijas darba aizstavéSana notiks Latvijas Lauksaimniecibas universitates
“Lauksaimnieciba un zivsaimniecibas zinatnes, mezzinatne” specializacija “Mezzinatne”
promocijas padomes séde 2020.gada 29. decembrT plkst. 10:00, Salaspilt, Rigasiela 111, LVMI
“Silava” biblioteka. Darba aizstavé$anas gaitu bls iesp&a verot attalinati. Informacija par
attalinato s€des norisi bls pieejama vienu ned€lu pirms aizstavéSanas LVMI “Silava”
majaslapa. / The public defence of doctoral thesis in open session of the Promotion Council of
Forest Sciences and Material Sciences of Latvia University of Life Sciences and Technologies
will be held December 29, 2020 at 10:00 am in Salaspils, Riga Street 111, LSFRI ‘Silava’
library. The defence of the thesis will be translated online,; the information about it will be
available at the homepage of LSFRI “Silava’ one week prior.

Ar promocijas darbu un kopsavilkumu var iepazities LLU fundamentalaja biblioteka
Jelgava, Liela iela 2 un interneta vietn&: https:/llufb.llu.lv / The thesis are available at the
Fundamental Library of Latvian University of Life Sciences and Technologies: Lield Street 2,
Jelgava and website https://llufb.llu.lv.

Atsauksmes siitit promocijas padomes sekretarei Mg.silv. Sarmitei Bernikovai-Bondarei
uz adresi: Dobeles iela 41, Jelgava, LV-3001, Latvija vai e-pasta koka@llu.lv / References are
welcome to be sent to Mg.silv. Sarmitei Bernikovai-Bondarei the secretary of the Promotion
Counci, address: Dobeles iela 41, Jelgava, LV-3001, Latvia or by email koka@!lu.lv.



SATURS / CONTENT

SATSINAJUMI / ABBREVATIONS ........coveeeerieireeieieeinieiseieeise s sseen 5
1. DARBA VISPARIGS RAKSTUROJUMS .......cccoviriiiirieierereiiiieneniesenenen, 6
1.1. Temas aktualitate. .......ccoeveeieiiniirieniiieecicecec e 6
1.2. Promocijas darba mérkis, uzdevumi un t€zes...........cecvevveeververreennrennenn 6
1.3, PEATJUMA NOVILALE .....eevveeeveeeieeiieiieiieieeteetesee e seeeae et eeeeseaeenaessaeseenseas 7
1.4. Promocijas darba aprobacija...........cecceeeuereriieiienieniee e 7
1.5. Promocijas darba UzbliVe.........ccveeveiieiienieiiciceieeeee e 10
2. MATERIALI UN METODES........ccceoiiiiiiieieieieieieieieseie e 10
2.1. Pétijuma objekti, lauka un laboratorijas darbi.........c..ccceevververrerrennnnnne. 10
2.1.1. Osa kalSanas dinamika ...........cceccevoieiiiniinieieeeeeee e 10
2.1.2. Hymenoscyphus fraxineus izraisito bojajumu dinamika sezonas
LATKA. .o 11
2.1.3. Osa vitalitate un jutiba pret meteorologiskajiem faktoriem ........... 12
2.1.4. Parasta oSa populaciju struktiira un genctiska daudzveidiba.......... 13
2.1.5. Parasta 08a audzu SUKCESIJa......ccuevvierereriieiieiieeieeieeeenie e eae e 13
2.1.6. Osa dabiska atjaunoSanas un vitalitate jaunaudzes ........................ 13
2.2. Datu analize un papildu datu avoti .........ccceeveeviieiieieeiecieeeie e 14
3. REZULTATI UN DISKUSIJA ...cooviiiiiieriririeieieieieeieieieiete s 16
3.1. Parasta oSa audzu kalSanas rakSturojums ............ccccceevvverreevueenesnenenenne 16
3.2. Patogéna Hymenoscyphus fraxineus bojajumu vienas sezonas attistibas
QINAMIKA ...ttt e 19
3.3. Parasta os$a jutiba pret meteorologiskajiem faktoriem...............ccco....... 22
3.4. Parasta o8a genétiska daudzveidiba Latvija........c.ccccvevvevvierierieriennennnnn. 24
3.5. Kokaugu sukcesija parasta osa destrukcijas skartajas audzgs ............... 26
3.6. Parasta oSa dabiska atjauno$anas jaunaudzes...........cccceeveerveenreenneennne. 28
3.6.1. Sugu sastavs un 082 atjaunoOSaANGS .........cccceeeeeveruervenrereneneeeennens 28
3.6.2. Hymenoscyphus fraxineus sastopamiba o$a paauga....................... 29
3.7. Osa paaugas atjaunosSanos un vitalitati ietekmg&josie faktori ................. 30
SECINATUMI ...ttt s s sne 33
PRIEKSLIKUMI .....ccoovvvimmiiimeiinseisseeseessssessssessssessssssssssssssesessessssessssensees 34



PATEICTBAS ...ttt 35

1. GENERAL DESCRIPTION OF THE THESIS........cccoctiiiiiinininiieneene 36
1.1. Relevance of the tOPIC .....evuieriieriieieiiecieee et 36
1.2. Research aim, objectives and theses..........coccoevieiiineniiniiccc e 36
1.3. Scientific novelty of the study.........cccooeerierierieieeeeeeee e 37
1.4. Approbation of research results............ccoveerieiieiiininienieseeeee e 37
1.5. ThesiS STIUCTULE .....couevveuieiiieiieiirieiieierecrete ettt 37

2. MATERIALS AND METHODS......cccooitiiniiiinicneneeeeeeee e 38
2.1. Study sites, field and laboratory Work ...........ccccoevieiiiienieninnecienee 38

2.1.1. Dynamics of ash dieback ..........ccccccevievienieciieiieiecieeee e 38
2.1.2. Intra-seasonal development of Hymenoscyphus fraxineus............. 38

2.1.3. Climate-growth sensitivity of ash with different crown health
CONAILION ...ttt sttt 39

2.1.4. Genetic diversity and population structure of common ash stands 39

2.1.5. Succession of ash Stands ...........ccceeerereneniniiencneneeeens 40
2.1.6. Regeneration and health condition of young ash stands ................ 40
2.2. Data analysis and additional data SOUICES ...........cceeeveerverierieeieeiesenne 41
3. RESULTS AND DISCUSSION .....ociiiiiiiiiiieneeieneete e 43
3.1. Dieback of common ash stands ............cceccvevieeiiniiinieiieeeee e 43
3.2. Intra-seasonal development of Hymenoscyphus fraxineus .................... 45
3.3. Sensitivity of common ash to meteorological factors...........ccceeeeneee. 47
3.4. Genetic diversity of common ash in Latvia.........cccccevverieecieecneneenennne. 48
3.5. Succession of affected ash stands...........cccoeeeeeeeiinieiieniee e 49
3.6. Natural regeneration of common ash in young stands............cc.cceeuee.... 51
3.6.1. Species composition and ash regeneration...............ccoeverveeverenenne. 51
3.6.2. Incidence of Hymenoscyphus fraxineus in ash advance growth.....52

3.7. Factors affecting regeneration and health condition of common ash ....53

CONCLUSIONS ...ttt 55
RECOMENDATIONS ..ottt s 56
ACKNOWLEDGEMENTS .....c.oociiiiiiiiieieereene e 57



SAISINAJUMI / ABBREVATIONS

ADB - oSa audzu kalSana / ash dieback

PSP - ilglaicigs parauglaukums / permanent sampling plot

DBH - stumbra diametrs kriiSu augstuma / stem diameter at breast height
H — koka augstums / tree height

UG  —undergrowth

AG  —advance growth

GRF - genétisko resursu mezs / genetic resource forest

TRW - koka gadskartu platums / tree-ring with

FI — meZa inventarizacija / forest inventory
EL  — eksist&joss bojajums / existing lesion
NL  —jauns bojajums / new lesion



1. DARBA VISPARIGS RAKSTUROJUMS
1.1. Témas aktualitate

Parastais osis aiznem tikai 1-2% no kop@&jas meza platibas Eiropa (Fischer &
Lorenz, 2011; Rozsypalek et al., 2017), tomér ta ir ekologiski nozimiga vietgja
osu suga (Thomas, 2016). Kops devindesmito gadu sakuma Austrumeiropa un
desmit gadus velak arT Centraleiropa un Rietumeiropa noveérota strauja osa audzu
kalsana (McKinney et al., 2014). Osa kal$anas c€lonis — invaziva patogéna séne
Hymenoscyphus fraxineus (velak precizéts zinatniskais nosaukums) — noteikts
2006. gada (Kowalski, 2006). Kopgja oSa mirstiba Eiropa svarstas no 6.9 lidz
10.1% gada (Lenz et al., 2016; Matisone et al., 2018), tacu apm&ram 1% no oSiem
uzrada paaugstinatu rezistenci (Plidira et al., 2011; Kjaer et al., 2012; Lobo et al.,
2014; Muiioz et al., 2016; Stener, 2018) un reproduktivo sp&ju (Semizer-Cuming
et al.; 2019). Pamatojoties uz augsto stadito mezaudzu mirstibu (apm. 70%;
Coker et al., 2019), osa stadisana Eiropa ir partraukta (Kirisits et al., 2011; Bakys,
2013), tacu oSa populacijas turpinasanai, dala no nocirstajam oSa audze€m tiek
planota dabiska atjaunoSana. Tadel ir svarigi izprast paSreiz€jo oSa audzu
stavokli Latvija un, pamatojoties uz regionali (Eiropa) un lokali (audzes Iimeni)
atskirigo osu vitalitati, apzinat faktorus, kas var ietekmét patogéna izplatibu un
oSu uznémibu pret slimibu dazada vecuma audzés. Sada informacija
nepiecieSsama gan oSa audzu apsaimniekoS$anas planosana, gan eso$o o$a
genétisko resursu mezaudZu novertésana.

1.2. Promocijas darba meérkis, uzdevumi un tézes

Promocijas darba mérkis ir noskaidrot parasta oSa Fraxinus excelsior L.
audzu kalSanas dinamiku un faktorus, kas ietekmé& koku uzn&€mibu pret patogenu;
novertét slimibas skarto audzu sukcesiju un atjauno$anas potencialu.

Atbisltosi pétijuma merkim izvirziti Cetri pétniecikie uzdevumi:

1. noskaidrot o$a audzu kal$anas dinamikas regionalas atskiribas un tas
saistibu ar meteorologiskajiem faktoriem;

2. noteikt parasta o$a genétisko daudzveidibu un populacijas strukttru;

3. raksturot oSa atjaunos$anos un sukcesiju slimibas skartajas picaugusajas osa
audzg€s un jaunaudzgs;

4. novertet augsanas apstaklu un saimnieciskas darbibas ietekmi uz osa
paaugas atjaunosanos un vitalitati.



Promocijas darba t€zes:

1. intensivas oS$a audzu destrukcijas apstaklos Latvija joprojam pastav augsts
sugas saglabasanas potencials, un nakotn¢ osis biis sastopams jauktas audzes
ka piemistrojuma suga salidzinosi neliela daudzuma;

2. osi ir vitalaki intensivi apsaimniekotas (koptas, nosusinatas utt.) jauktas
audzes, savukart piemistrojuma sugam var but atSkiriga ietekme uz oSa
fitosanitaro stavokli;

3. oSa pieauguma jutibai pret meteorologiskajiem faktoriem ir neizteikta
saistiba ar oSa kalSanu, bet biitisko faktoru kopums norada uz pieaugosu
stresu klimata parmainu rezultata, kas var samazinat koku rezistenci.

1.3. Petijuma novitate

Promocijas darba pirmo reizi Latvija detaliz&ti analizEta invaziva patogéna
izraisita masveida vietgjas koku sugas, parasta o$a, mezaudzu kal$ana. Pirmo
reizi vistuvak oSa audzu izplatibas dabiska aredla ziemelu robeZai novértéta
slimibas skarto audzu transformacija un osa dabiska atjaunosanas dazados meza
tipos. Pirmo reizi Baltijas valstis novertéta augSanas apstaklu un saimnieciskas
darbibas ietekme uz oSa paaugas atjaunosSanas intensitati un vitalitati. Novertéta
oSa radiala pieauguma gaitas un jutibas pret meteorologiskajiem faktoriem
saistiba ar oSa kalSanu.

1.4. Promocijas darba aprobacija
Pe&tfjuma rezultati apkopoti devinas publikacijas.

1 Laivin§ M., Priede A., PuSpure® L. (2016) Spread of Hymenoscyphus
fraxineus in Latvia: analysis based on dynamics of young ash stands.
Proceedings of the Latvian Academy of Science. Section B Natural Exact
and Applied Sciences, 70(3), 124-130. https://doi.org/10.1515/prolas-
2016-0020

II Matisone I., Matisons R., Laivin§ M., Gaitnieks T. (2018) Statistics of ash
dieback in Latvia. Silva Fennica, 52(1), article id 9901.
https://doi.org/10.14214/s£.9901

I Puspuré I., Matisons R., Kenigsvalde K., Gaitnieks T., Burneviéa N.
(2018) Seasonal development of lesions caused by Hymenoscyphus
fraxineus on young Fraxinus excelsior trees in Latvia. [Forest, 11(1), 17—
23. https://doi.org/10.3832/ifor2283-010

IV PuSpuré’l., Gerra-Inohosa L., Matisons R., Laivin§ M. (2017) Tree-ring
width of European ash differing by crown condition and its relationship
with climatic factors in Latvia. Baltic Forestry, 23(1), 244-252.
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VII
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Rungis D., Korica A., Gailite A., Puspuré’L., Veinberga I. (2016) Analysis
of the Genetic Diversity and Population Structure of Latvian Ash (Fraxinus
excelsior L.) Stands using Nuclear and Chloroplast SSR Markers.
Proceedings of the Latvian Academy of Sciences, Section B: Natural,
Exact, and Applied Sciences, 70(3), 101-108.
https://doi.org/10.1515/prolas-2016-0017

Puspure® I., Laivin§ M., Matisons R., Gaitnieks T. (2016) Understory
changes in Fraxinus excelsior stands in response to dieback in Latvia.
Proceedings of the Latvian Academy of Science. Section B Natural Exact
and Applied Sciences, 70(3), 131-137. https://doi.org/10.1515/prolas-
2016-0021

Puspure®L., Gerra-Inohosa L., Arhipova N. (2015) Quality assessment of
European ash Fraxinus excelsior L. genetic resource forests in Latvia.
Research for Rural Development, 2, 37—43.

I Puspure® I., Matisons R., Laivin§ M., Gaitnieks T., Jansons J. (2017)
Natural regeneration of common ash in young stands in Latvia. Baltic
Forestry, 23(1), 209-217.

Matisone I., Matisons R., Jansons A. (2019) Health condition of European
ash in young stands of diverse composition. Baltic Forestry, 25(1), 59-62.

P&tijuma rezultati prezentti 15 zinatniskajas konferences.

Burpevica N., Matisone 1., Zaluma A., Brina L., Laivin§ M., Gaitnieks T.
(2019). Ash dieback and other actual diseases in Latvia. Consolidating
approaches to mitigate the ash dieback disease in Baltic States and
Germany, October 16, 2019, Kaunas — October 17, 2019, Vilnius,
Lithuania. Referats.

Matisone I. (2017). Ash dieback in Latvia: causes, consequences, lessons
for forest management. Forestry doctoral school. June 19-22, 2017,
Jaunkalsnava, Latvia. Referats.

Puspurél., Zaluma A., Gaitnieks T., Burnevi¢a N., Matisons R. (2017).
Seasonal development of lesions of young common ash in Latvia. Invasive
Forest Pathogens & Implications for Biology & Policy, [IUFRO Working
Party 7.02.02, May 7-11, 2017, Niagara Falls, Ontario. Stenda referats.
Pudpuré’l., Matisons R., Laivin§ M., Libiete Z. (2016). Influence of stand
structure on resistance of common ash young stands to ash dieback.
Integrating Scientific Knowledge in Mixed Forests EuMIXFOR Final
Conference COST Action FP 1206, October 5-7, 2016, Prague, Czech
Republic. Stenda referats.

PuSpuré’l., Matisons R., Laivin M., Gaitnieks T. (2016). Natural
regeneration of common ash in young stands in Latvia 3. COST Action
FP1103. Fraxinus dieback in Europe: elaborating guidelines and strategies
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10.

11.

12.

13.

14.

15.

for sustainable management, March 1-3, 2016, Bratislava, Slovakia.
Referats.

Pudpuré’l., Gerra-Inohosa L., Matisons R., Laivin§ M. (2016). Tree-ring
width of European ash differing by crown condition and its relationship
with climatic factors in Latvia. Cost action FP1103. Fraxinus dieback in
Europe: elaborating guidelines and strategies for sustainable management,
March 29 — April 3, 2016, Riga, Latvia. Referats.

Pu§pure*l., Matisons R., Laivin§ M., Burnevica N., Gaitnieks T. (2016).
Natural regeneration of common ash in young stands in Latvia 2. COST
Action FP1103. Fraxinus dieback in Europe: elaborating guidelines and
strategies for sustainable management, March 29 — April 3, 2016, Riga,
Latvia. Referats.

Puspurél. (2015). Natural regeneration of common ash Fraxinus excelsior
L. stands in Latvia 1. COST Action FP1103. Fraxinus dieback in Europe:
elaborating guidelines and strategies for sustainable management. April
12-16, 2015, Dubrovnik, Croatia. Referats.

Puspuré’l. (2015). Quality assessment of European ash Fraxinus excelsior
L. genetic resource forests in Latvia. 21% Annual International Scientific
Conference Research for Rural Development 2015, May 13-15, 2015.
Jelgava, Latvia. Referats.

Puspuré’l. (2015). Comparison of species diversity in two Fraxinus
excelsior L. woodland key habitat regions of Latvia. 8" International
Conference on Biodiversity Research, April 28-30, 2015, Daugavpils,
Latvia. Stenda referats.

Laivin$ M., PuSpuréL. (2015). The destruction and transformation of
Fraxinus excelsior forest stands in Latvia. Scientific Conference of the
Forest Sector: Knowledge based forest sector, November 4—6, 2015, Riga,
Latvia. Referats.

Laivin§ M., Puspurél., Gerra-Inohosa L. (2015). The destruction and
transformation of Fraxinus excelsior L. forest stands in Latvia. Scientific
Conference of the Forest Sector: Knowledge based forest sector, November
4-6, 2015, Riga, Latvia. Stenda referats.

Laiving M., Gerra-Inohosa L., Puspurél. (2015). Monitoring of Fraxinus
excelsior L. forest stands in Latvia. Scientific Conference of the Forest
Sector: Knowledge based forest sector, November 4-6, 2015, Riga, Latvia.
Stenda referats.

PuSpuré’L., Laivin$ M., Gerra-Inohosa L. (2015). The dynamic of shrub
layer in Fraxinus excelsior L. forest stands in response to ash dieback in
Latvia. Scientific Conference of the Forest Sector: Knowledge based forest
sector, November 4—6, 2015, Riga, Latvia. Stenda referats.

Pudpurél., Gerra-Inohosa L., Laivin$ M. (2015). Natural regeneration and
vitality of common ash Fraxinus excelsior L. forest stands in Latvia.
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Nordic-Baltic Forest Conference ‘Wise Use of Improved Forest
Reproductive Material’, September 15-16, 2015, Riga, Latvia. Stenda
referats.

1.5. Promocijas darba uzbiive

Promocijas darbs sastav no devinam publikacijam. Pirmas divas publikacijas
(I un II publikacija) raksturo ADB gaitu un apjomus. Patogéna H. fraxineus
vienas sezonas attistibas dinamika aprakstita III publikacija. OSa radiala
pieauguma gaita un jutiba pret meteorologiskajiem faktoriem saistiba ar ADB
pétita IV publikacija. Parasta o$a genétiska daudzveidiba un populaciju struktiira
Latvija raksturota V publikacija. Nakamajas divas publikacijas (VI un VII)
analizéta kokaugu sukcesija ADB skartajas audzEs. Parasta oSa dabiska
atjaunosanas jaunaudzEs atkariba no augSanas apstakliem un saimnieciskas
darbibas analiz&ta VIII un IX publikacija.

2. MATERIALI UN METODES
2.1. Petijuma objekti, lauka un laboratorijas darbi
2.1.1. Osa kalSanas dinamika

Osa audzu kalSanas dinamika pétita 15 ilglaicigajos parauglaukumos (PSP),
kas 2005. gada iertkoti visa Latvijas teritorija (II publikacija, 2.1. att.).
Parauglaukumi ierikoti dazada vecuma (51-138 gadi) audz€s, kur vismaz
sakotngji domingjis osis. Parauglaukumi (iznemot divus sezonali mitros PSP
netalu no Kemeriem un Ainaziem) ierikoti lidzenas normala mitruma eitrofas
augsnés, kas atbilst garSas Aegopodiosa, slapjas garSas Dryopteriosa, lieknas
Filipendulosa un platlapju kiidrena Oxalidosa turf. mel. meza tipiem (cf. Buss,
1976). Katra audzé ierikots viens aplveida parauglaukums (R =15m;
S = ca. 706 m?). Katra PSP uzmériti visi koki (ieskaitot kritalas un stumbenus)
ar stumbra caurméru kraSaugstuma (DBH) >6 cm, noteikts to stavoklis (dzivs vai
nokaltis), ka arT uzmerits DBH, augstums (H) un kritalas garums. M&rijjumi katra
PSP veikti 2005., 2010., un 2015. gada.
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llglaicigais paranglaukums ; Permanent sampling plot
Ciengtisko resursu mezs / Genetic resource forests
Jaunaudze, uzm@rila 2015 / Young stands measured in 2015

Jaunaudze, pElila vecumstrukiara / Young stands age structure evaluated
Jaunaudze, vzmérita 2017 / Young stands measured in 2017
Gadskartu platumu paraugi / Tree-ring with sampling
Patog@na monitorings / Pathogen monitoring
Genetiskas daudzveidibas paraugi / Genetic diversity sampling
- Provenienéu regioni (saskand ar Ramans (1994) un Matisons et al. (2012)) / Provenence region
(according fo (Ramans (1994)and Matisons et al. (2012))

PO x+ oco0O

2.1. att. Pétito parasta oSa audZu izvietojums un koku provenienc¢u regioni Latvija /
Fig. 2.1. The locations of the studied stands of common ash and tree provenance
regions of Latvia

2.1.2. Hymenoscyphus fraxineus izraistto bojajumu dinamika
sezonas laika

Patogéna H. fraxineus radito bojajumu attistibas dinamika pé&tita tris
(2.1. att.) dabiski atjaunojusas parasta oSa audzés vecuma no 5—8 gadiem, kuras
ieprieks$gjas rotacijas perioda domingjis osis (III publikacija). Novérojumi veikti
ik ménesi no 2015. gada jlinija lidz septembrim, kad siltajos vasaras ménesos
sagaidama visaugstaka patogéna aktivitate (Timmermann et al., 2011; Bengtsson
et al., 2014). Parauglaukumi reprezenté garSas meza tipu Aegopodiosa (Buss,
1976) un atrodas Iidzena reljefa labi drenétas augligas mineralaugsnés. Bauskas,
Aizpurves un Limbazu audzu biezums atbilstosi bija 5000, 1500 un
1500 koki ha™'. Visas audzes osis bija valdo$a suga ar parastas apses Populus
tremula L., bligznas Salix caprea L. un parastas klavas Acer platanoides L. (I11dz
1500 koki ha™!) piemistrojumu.

Katra audzg izraudziti 10 dominantie o8i (augstuma 2.5-3.0 m) ar vienu Iidz
tr1s nelieliem stumbra bojajumiem — nekroz&€m (maksimalais bojajumu laukums
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kokam bija 223.4 cm?). Reizi ménesi — no jiinija 1idz septembrim — katram
izveletajam kokam izmérits H, DBH un atbilstosi piecu klasu skalai raksturota
koka vitalitate, kur 1 atbilst veselam kokam, bet 5 nokaltu§am (cf. PuSpure et al.,
2015). Junija uz caurspidiga papira apvilkta kontlira visiem redzamajiem
bojajumiem uz stumbriem, zariem un galotn@m. Kontlra (virs ieprieksgja
mérijuma) parziméta katru menesi, pievienojot ari jaunos bojajumus. P&c pedgjas
apsekoSanas septembri ievakti bojato koku dalu paraugi (stumbriem un
lielakajiem zariem), kas laboratorija nomizoti, p&c tam uz caurspidiga papira
uzziméta slimibas rezultata iekrasotas koksnes kontiira. Velak Sie koksnes
paraugi izmantoti patog€na H. fraxineus izdaliSanai. No papira péc iezZim&tajam
konttram, izmantojot TAMAYA digitalo planimetru PLANIX 10S “Marble”,
uzmerTts katra bojajuma ikménesa laukums.

Patogéna H. fraxineus izdaliSanai no 17 iepriek§ ievaktiem paraugiem no
koksnes nekrozes robezas (mizas kopa ar veselo/bojato koksni) ar skalpeli
izgrieza nelielus ca. 8x8 mm gabalinus (Schumacher et al., 2009). Katru iegiito
paraugu steriliz€ja 30 sekundes, turot 35% udenraza peroksida, péc tam
nomazgajot divas reizes vienu minditi sterilizéta destiléta tideni. P&c izzaveésanas
paraugus ievietoja iesala agara barotn€ un Cetras ned€las inkubg&ja tumsa 20°C
temperatiira. Visas citas no paraugiem izaugusas sénes vienreiz tris dienas
mehaniski atdalitas. Patogéns H. fraxineus mikroskopiski identificets,
pamatojoties uz Kowalski (2006).

2.1.3. Osa vitalitate un jutiba pret meteorologiskajiem faktoriem

Lai raksturotu oSa vitalitates saisttbu ar picauguma jutibu pret
meteorologiskajiem faktoriem (IV publikacija), analizétas Cetras pieaugusas osa
audzes, divas Latvijas austrumu un divas rietumu dala (cf. Baumanis et al., 2001;
Matisons et al., 2012; 2.1. att.). Koku vainagu stavoklis audzges bija atskirigs (no
veseliem lidz stipri bojatiem). Katra audze izvéléti 10 dominantie o8i ar vizuali
veseliem (vainaga atmirums <10%) un 10 o8i ar bojatiem vainagiem (vainaga
atmirums 30-60%). Ar Preslera svarpstu katram kokam no pretgjam stumbra
pusém kriisu augstuma ievakti divi koksnes paraugi. levaktie koksnes paraugi
laboratorija izzaveti lidz gaissausam stavoklim, ieltméti fiksacijas plansSetés un
slipeti ar dazadu frakciju smilSpapiru (no120 lidz 400 graudi uz collu). Lai labak
atpazitu gadskartas un uzlabotu kontrastu starp agrino un vélino koksni, noslipéto
paraugu virsmas apstradatas ar baltu kritu. Gadskartu platumi (TRW) uzmériti,
izmantojot mérisanas sistému Lintab 5 (RinnTECH, Heidelberg, Germany).
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2.1.4. Parasta oSa populaciju struktiira un genétiska daudzveidiba

Parasta o$a populaciju struktiira un genétiska daudzveidiba analizéta 16
audzes visa Latvija (2.1. att.) (V publikacija). Divas no §im audz&m izraudzitas
ka oSa genétisko resursu mezi (GRF). Katra audzé (apméram 2500 m? platiba)
nejausi izveleti 24 dabiski atjaunojusies 0§i, no kuriem 1-2 m augstuma ievaktas
vairakas lapas. Kopa analizeti 372 osa individi.

Izmantojot uz CTAB balstitu metodi, no lapam izdalita DNS (Porebski et al.,
1997). Genotip&Sana veikta, izmantojot seSus kodola SSR markierus (Femsatl4,
Femsatl10, Femsatll1, Femsatl16, Femsatl19) (Lefort et al., 1999) un M2-30
(Brachet et al., 1999), ka ar seSus hloroplastu markierus ccmp2, ccmp4, ccmp6,
ccmpl0, ccmp7 un ccmp3 (Weising et al., 1999). Polimerazes kédes reakcija
(PCR) veikta Eppendorf Mastercycler ep gradienta termalaja cilindra.
Amplifikacijas fragmenti tika izdaliti ar ABI Prism 3130x] Genetic Analyzer
(Applied Biosystems) iekartu.

2.1.5. Parasta oSa audZu sukcesija

Osa mezaudzu sukcesija analizeta 15 PSP (2.1. att.). Katra PSP paaugas un
pameza raksturo$anai (VI publikacija) septinu metru attaluma no parauglaukuma
centra ierikoti trfs mazaki aplveida parauglaukumi (R =5m, S = ca. 78.5 m?).
Parauglaukumos uzmérits visu pameza un paaugas individu (kuriem
DBH < 6 cm) augstums. Mérfjumi veikti 2005., 2010. un 2015. gada. Papildus
tam oSa audzu sukcesija novértéta divos GRF netalu no Skriveriem un
Bérvircavas (2.1. att.) (VII publikacija). Kopuma analizétas 28 GRF audzes
(nogabali) Skriveros un 73 GRF audzes Bérvircava. Audzu vecums svarstijas no
20-126 gadiem; osis tajas bija (joprojam vai pirms ADB) domingjosa suga ar
parastas gobas, parastas apses, melnalksna A/nus glutinosa L., ara bérza u.c. sugu
piemistrojumu. Audzeém raksturigi augligi augSanas apstakli (garsas, slapjas
garSas vai platlapju arena Mercurialiosa mel. meza tipos). Katra audze péc
nejausibas principa ierikots viens 20x20 m parauglaukums, kura noteikts katras
I'stava sugas projektivais segums (%). Pa parauglaukuma vienu diagonali
ierikots viens 25x1 m parauglaukums, kur uzskaititas visas paaugas un pameza
sugas (H < 7.0 m), oSu vitalitate novertéta piecu klasu skala (cf. Puspure et al.,
2015).

2.1.6. Osa dabiska atjaunoSanas un vitalitate jaunaudzes

Osa dabiska atjaunoSanas analizéta 90 jaunaudzEs visa Latvijas teritorija
(2.1. att.) (VIII publikacija). Petito audzu vecums bija no 5-40 gadiem, nogabalu
platiba parsniedza vienu ha, un osis ieprieksgja rotacija veidoja >40% no audzes
krajas. Parauglaukumi lielakoties iertkoti garSas, slapjas garSas, platlapju
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ktidrena un platlapju arena Mercurialiosa mel. meza tipos (cf. Buss, 1976). Katra
audzg (nogabala) pa garako diagonali ierikots viens 100x2 m parauglaukums,
kur uzskaititi visi paaugas un pameza individi Iidz 7 m augstumam un nomerits
to augstums. Vitalitate katram osim raksturota piecu klasu skala (cf. Puspure et
al., 2015). Osu vecuma noteiksanai Cetras no §Tm 90 audzém (divas seSus gadus
un divas astonus gadus vecas; 2.1. att.), nozaggjot visus parauglaukuma eso$os
oSus, virs saknu kakla ievakti stumbra paraugi (ripas). Nozagétajiem oSiem
uzmérits augstums un stumbra caurmérs virs saknu kakla, ka ar1 noteikta
vitalitate. Augstuma analizei no visiem o$iem katra audze nejausi izveleti 10 koki
katra augstumklase (7 klases; koka augstums 0-3 m ar 0.5 m intervalu). Ievaktie
paraugi laboratorija noslipéti, mikroskopa uzskaititas gadskartas. Audzes
uzmgritas 2015. gada.

Osa vitalitates vertgjumam atkariba no jaunaudzes sastava (IX publikacija)
no 90 audzém (VIII publikacija) izvéleétas 35 dazadu domingjoso sugu
jaunaudzes vecuma no 26 Iidz 36 gadiem. Atlase veidota ta, lai audzes, kuras
doming melnalksnis, baltalksnis, ara bérzs, osis un parasta egle, Latvijas rietumu
un austrumu dala butu vienadas proporcijas (2.1. att.). Audzes apsekotas
2017. gada, 100x2 m parauglaukuma uzmérits paaugas un pameza augstums
(atbilstosi 2015. gada metodikai, tikai bez stumbra paraugu ievaksanas).

2.2. Datu analize un papildu datu avoti

Jaunaudzu (<41 gads) platibu dinamika (relativas izmainas) Latvija analiz&ta
tris gadu periodos no 2000.-2009. gadam (Iidz 2015. gadam kopgjai platibai) (I
publikacija), balstoties uz Valsts meza dienesta datu bazes datiem (Valsts meza
dienests, 2019). Rajons izmantots ka statistikas vieniba, analiz€ rajoni sagrupéti
Ramana (1994) definétajos fiziogeografiskajos dabas rajonos. Dabas rajoni,
kuros osa audzu platiba 2000. gada bija <200 ha, no analizes izslegti. Telpiska
analize veikta, izmantojot Arc View 9.1 programmattru (ESRI, 2006).

Dazadi audzu raksturlielumi — meza tipi, vecums, kopSanas reizu skaits,
audzes kraja, ieprieks€jas rotacijas un pasreizgjais audzes sastavs (formula) — kas
izmantoti I1, III, IV, VII, VIII un IX publikacija, iegiiti no Valsts meZa dienesta
datu bazes (Valsts meza dienests, 2019).

Paru #-tests (izmantojot Bonferroni transformaciju p-veértibam) veikts, lai
novertétu bojajumu laukuma pieaugumu starp secigajiem noverojumiem (III
publikacija). Dispersijas analize (ANOVA) lietota, lai noteiktu paaugas oSa
biezumu atkariba no I stava domingjosas sugas (VI un VII publikacija), ka ar1,
lai noteiktu kop&jo un katras sugas atjaunoSanas biezumu dazados noverojumu
periodos (VI publikacija). ST pati analize izmantota, lai novértétu o$u diametra,
augstuma un vecuma atSkiribas starp audz€m un vitalitates klasem (VIII
publikacija), ka arT atskirtbu noteikSanai starp bojajumu lielumu un to izpleSanas
atrumu (kokam) saistiba ar to izvietojumu uz koka un vecumu (eksistgjosais (EL)

14



vai jaunais (NL) bojajums); oSa vitalitati starp audzeém (III publikacija). Saistibas
starp oSu diametru, vecumu un augstumu novértétas ar linearo modeli (VIII
publikacija). Ar So modeli analizéta arT oSa vitalitate atkariba no I stava
projektiva seguma un I stava domingjosas sugas (VII publikacija). Ar y? testu
salidzinats paaugas un pameza (kopa un atseviski) sastavs starp noveérojumu
periodiem (VI publikacija).

Ar Pirsona korelacijas analizi novertétas sakaribas starp paaugas oSa biezumu
un kokaugu skaitu pameza/paauga (VII un VIII publikacija), ka arT saistiba starp
paaugas/pameza (un abu kopa) un nokaltuSo oSu biezumu Istava (VI
publikacija). ST analize izmantota, lai novértétu osa vitalitati atkariba no koka
augstuma, vecuma (VIII publikacija), ka arT starp bojajumu laukumu zem un virs
mizas (III publikacija). Neparametriska Kendala korelacijas analize izmantota
linearas sakaribas starp oSa atjauno$anas biezumu un sugu bagatibu audze
noteik$anai (VI publikacija), ka ari koku morfometrisko parametru (H, D)
ietekmes uz to vitalitati novertésanai (I1I publikacija).

Visparinatais linearais modelis, izmantojot Gausa regresiju, lietots, lai
analiz€tu regionu un sugu kompozicijas (paauga un I stava domingjo$a suga)
ietekmi uz oSa atjaunoS$anos (VIII publikacija). Ar visparinato linearo modeli,
izmantojot Puasona regresiju, analiz&tas atskiribas starp aktivo/neaktivo/latento
bojajumu skaitu uz koka, ka art atSkiribas starp NL un EL skaitu atkariba no to
izvietojuma uz koka, apsekoSanas datuma, oSa vitalitates un parauglaukuma (II1
publikacija). Atskiribas starp paaugas oSa biezumu atkariba no meza tipa, audzes
vecuma (klas€s), sugu sastava (paauga domingjo$a suga) analiz&tas ar
visparinato linearo jaukta efekta modeli (VIII publikacija). Jaukto modelu
butiskums novértéts, izmantojot Likelihood ratio testu (West et al., 2006). Datu
kopu un modelu atlikumu atbilsttba normalajam sadalijumam parbaudita,
izmantojot grafisko analizi (Elferts, 2013).

Jaukta tipa ranz&ta binomiala regresija izmantota, lai novértétu paaugas
augstuma un pameza biezuma ietekmi uz oSa vitalitati starp regioniem (VIII
publikacija). Ar $o metodi analiz€ts ar1 osa vitalitates (klasu) izmainas saistiba ar
audzes struktiiru un sastavu (IX publikacija). Koks izmantots ka novérojums, bet
parauglaukums ka nejausibas efekts (random intercept). Modela izstrades laika,
balstoties uz arbitraras atlases principiem, parbauditi dazadi regresori un to
kombinacijas. Vienlaicigi kopa testéti 1idz pat astoniem regresoriem. Labakais
modelis atlasits, balstoties uz Akaikes informacijas kritériju (AIC), ka arT modelu
atbilstibu priekSnosacijumiem. Biitiskajiem regresoriem parbaudita kolinearitate
(Fox & Weisberg, 2011).

Detrendéta korespondentanalize lietota, lai noteiktu sugu kompoziciju
izmainas laika (VI publikacija).

Augsanas gaita un tas jutiba pret meteorologiskajiem faktoriem oSiem ar
dazadu vitalitati novertéta ar dendrohronologijas metodém (IV publikacija).
Visas noméritas gadskartu platumu rindas Skeérsdat€tas, un parbaudita to
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kvalitate. Datu kopu raksturoSanai aprékinats populacijas signala izpausmes
indekss (EPS), trokSpa Iimenis (Wigley et al., 1984), sinhronitate
(Gleichliufigkeit), starprindu korelacijas un pirmas kartas autokorelacijas
koeficients. Katrai audzei/grupai (bojati un veseli) no Skersdatétajam koku
gadskartu platumu rindam izveidotas atlikumu hronologijas. Izmantota dubulta
detrendéSana ar negativo eksponencialo un tresas pakapes Iikném.
Meteorologisko signalu noteik8anai hronologijas izmantota butstrepa Pirsona
korelacijas analize. Meteorologiskajiem faktoriem, kas uzradija batisku
korelaciju ar TRW, tika parbaudita kolinearitate. Tikloti meteorologiskie dati —
vidgja gaisa temperatira, nokriSnu summa un standartiz€ti nokriSnu-
iztvaikoSanas indeksi pa ménesiem — iegiiti no Austrumanglijas Universitates
tieSsaistes datu kratuves (Harris et al., 2014).

Osa populaciju struktiira noteikta, izmantojot molekularas genétikas analizes
(V publikacija). Amplificétie DNA fragmenti vizualizéti, izmantojot
GeneMapper 3.5. Hloroplastu markieru dati apvienoti haplotipos. Kodolu SSR
dati analizti ar Fstat2.9.3.2 (Goudet, 2001) un GenAlEx 6.5 (Peakall &
Smouse, 2012) programmatiram. OSa genétiska daudzveidiba analizéta ar
dendrogrammu palidzibu, kas veidotas programmatira MEGA 5.2 (Tamura et
al., 2011). Baja klasteranalize ar STRUCTURE 2.1 (Pritchard et al., 2000)
izmantota, lai novertetu iesp&jamo nSSR genotipu klasteru skaitu. Iesp&jamais
klasteru skaits raksturots ar delta K kriteriju (Evanno et al., 2005), izmantojot
STRUCTURE HARVESTER 0.6.93 programmatiiru (Earl & vonHoldt, 2012).

Datu apstrade veikta pie butiskuma ltmena a = 0.05 programma R v. 3.6.1
(R Core Team, 2019), izmantojot paketes “lme4” (Bates et al. 2015), “ordinal”
(Christensen, 2018), “car” (Fox & Weisberg, 2011), “ImerTest” (Kuznetsova et
al., 2015), “dpIR” (Bunn, 2008) un “multcomp” (Hothorn et al., 2008).

3. REZULTATI UN DISKUSIJA

3.1. Parasta o$a audZzu kalSanas raksturojums

Osa kalSana izraisija strauju oSa audzu platibu un krajas samazinasanos
(IT publikacija), kas bija izteikts tiesi jaunaudze€s (I publikacija). Osa jaunaudzu
platiba laika posma no 2000.-2015. gadam samazinajas 4.4 reizes. Tas ietekmgja
arT oSa audzu vecumstruktiiru Latvija, jo jaunaudzu (<40 gadi) proporcija no
kopgjas oSa mezaudzu platibas samazindjas no 43% 2000.gada uz 17%
2015. gada. Novérojumu sakumposma no 2000.-2006. gadam platibu
samazinasanas bija straujaka (videji 805 ha gada), tacu velak (2007.—2015. gads)
ta samazinajas 1&nak (vidgji 279 ha gada), noradot uz procesiem, kas atkarigi no
biezibas. Lidzigi rezultati publicéti arT citas valstls. Pieméram, Lietuva laika
posma no 2001.-2015. gadam oSa audzu platiba samazinajas par 2043 ha gada
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(Plidra et al., 2017), bet Rumanija no 2001.—2010. gadam par 415 ha gada (Chira
etal., 2017).

Osa jaunaudzu kal$ana sakotngji — 2000. gada — konstateta Latvijas dienvidu
dala (Zemgales lidzenuma), kas robezojas ar Lietuvu, kur ADB jau bija
konstatéta (Juodvalkis & Vasilauskas, 2002). No 2001. gada, iespgjams, ka
migracijas koridorus izmantojot zemienes un upju ielejas, ADB strauji izplatijas
ziemelu virziena (3.1. att.). Centraleiropa tiesi upes tiek uzskatitas par galveno
ADB izplatibas celu (Chira et al., 2017). Lidz 2006. gadam ADB bija masveidigi
izplatijusies pa visu Latvijas teritoriju. Patogéna H. fraxineus izplatibas atrums
bija apm. 40 km gada, kaméer Italijas ziemelu dala tas bija 50-60 km gada (Luchi
et al., 2012), bet Norvégija svarstijas no 25-78 km gada (Berja et al., 2017,
Solheim & Hietala., 2017). Latvija ADB izplatiba bija 1énaka augstienu rajonos,
kur oSa audzes izvietotas mozaikas veida, Iidz ar to oSa audzu blivums un
konektivitate ir zemaka neka, pieméram, Vacija (Enderle et al., 2018).

f( 4
e
| /{) I, \?
\\ Parasta o$a jaunaudZu platiba 2000. gada, ha/ j"!
Area of young ash stands (vear 2000), ha A

1 <200
1 200 - 600
B 601 - 1000
B > 1001

3.1. att. Hipotetiskie Hymenoscyphus fraxineus izplatibas celi Latvija
Ar gadiem noradita patogena izplatiba Latvija/
Fig. 3.1. Hypothetical migration routes of Hymenoscyphus fraxineus in Latvia
Dates indicate the spread of H. fraxineus infection across Latvia

Osa kalSanas apjomi Latvija, balstoties uz meza inventarizacijas (FI) un PSP
datiem, analiz&ti II publikacija. Atbilstosi FI datiem, audzu platiba, kuras
domingja osis, no 1998. lidz 2015. gadam samazinajas gandriz divkart. S
samazinasanas notika atrak (par ca. 6%) valsts rietumu dala, kur bija lielaka
audzu platiba un savienojamiba (Liepins et al., 2016), kas vargja veicinat
slimibas izplatisanos (Enderle et al., 2018).
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Starp datu avotiem novérota neatbilstiba attieciba uz ADB skarto audzu
pieauguma dinamiku. Oficiala (FI) statistika uzradija pakapenisku krajas
paliclinasanos o$a domingjosajas audzés no 2005.-2015. gadam (3.1. tabula).
Savukart péc PSP datiem konstatéta krajas samazina$anas no ca. 320 m* ha™'
2005.gada uz 151 m*ha™! 2015. gada. Attiecigi mirusas koksnes kraja
palielinajas no 18 m® ha™' Iidz 212 m® ha™' (3.1. tabula). Koksnes krajas izmainas
bija Iidzigas Latvijas rietumu un austrumu dala.

3.1. tabula / Table 3.1
Osa audzu statistika Latvija saskana ar Latvijas Valsts meZa dienesta un
ilglaicigo parauglaukumu datiem laika posma no 2005.-2015. gadam.
Izkliede raksturota ar ticamibas intervalu 95% /
Statistics of ash stands in Latvia according to data from Latvia State Forest
Service and permanent sampling plots for the period 2005-2015.

The 95% confidence intervals are shown for the permanent sampling plot data

Gads / Year
2005. 2010. 2015.
Latvijas Valsts meZza dienesta dati /
Latvia State Forest Service data
Kopgja audzu platiba, ha / Total stand area, ha 18315.70 | 16263.50 | 13673.71
Kopgja koksnes kraja m® / Total standing stock m’ 3737303 3698663 | 3410624
Vid&ja koksnes kraja, m* ha™' / Mean standing

volume,m’ ha'! 204.05 227.42 249.43
Ilglaicigo parauglaukumu dati /
Permanent sampling plot data

Statistiskais raditajs

Dzivi/ Living

Audzes biezums, individi ha™! / Stand density,

individuals ha’! 256+55 13645 77432
Koksnes kraja, m® ha' / Standing volume, m> ha™' 322489 246+77 1514£59
Nokaltusi / Deadwood

Audzes biezums, individi ha™! / Stand density,

individuals ha’! 74+£50 178482 233+79
Koksnes kraja, m® ha'! / Standing volume, m® ha'’ 18+£14 119454 212+66

Koku izdzivoSanas raditaji Latvijas rietumu un austrumu dala bija lidzigi;
attiecigi no 2005.-2009. gadam un 2010.-2015. gadam mirstibas koeficients
(r%) bija 9.6% un 8.2% gada. Osa kopgja mirstiba Latvija bija zemaka neka
Lietuva un Vacija (attiecigi, 6.9% pret 8.7% un 10.1% gada; cf. Plitra et al.,
2017; Enderle et al., 2017), noradot uz iesp&ami augstaku Latvijas oSa audzu
noturtbu. Tacu ta bija augstaka neka videja vecuma (% = ca. 6% gada) un
parauguSiem kokiem (ca. 3% gada) Norvégija (Timmermann et al., 2017),
briestaudzes vecuma kokiem Austrija (0.3% gada, KeBler et al., 2012) vai
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“ilgdzivojosajiem” kokiem Zviedrija (ca. 1% gada; Bengtsson & Senstrom,
2017), noradot uz vecako koku labaku noturibu pret patogénu. Novérots, ka koku
kraja samazinajas (r% = 5.3% gada; 3.1. tabula) 1eénak neka biezums, kas vargtu
but saistits ar “ilgdzivojoso” koku klatbiitni pétitajas oSa populacijas.
Paaugstinata “ilgdzivojoso koku” rezistence, kas novérota arT citos petjjumos
(Skovsgaard et al., 2010; McKinney et al., 2011a), visdrizak izskaidro 7%
atSkiribas atkariba no audzes biezuma un koksnes krajas (3.1. tabula).

Paaugstinata mirstiba, kas aprékinata, balstoties uz osa biezuma izmainam
ADB sakumposma (3.1. tabula), norada, ka lielaka dala o$a populacijas bija loti
uznémiga pret patogénu (McKinney et al., 2014). Sadas mirstibas tendences
saskan ar Margais et al. (2017) un Coker et al. (2019) p&tijumiem, kur novérots,
ka 6-8 gadus pec spécigas infekcijas mirstibas raditajiem ir tendence
samazinaties.

Osa kal$anu izraisoSais patogéns H. fraxineus izoléts 6 no 17 ievaktajiem
paraugiem (35%), kas apstiprina konkréta patogéna saistibu ar o$a bojaeju
Latvija (III publikacija). Pozitivo paraugu proporcija bija zemaka neka Zviedrija
(Bengtsson et al., 2014) un Vacija (Schumacher et al., 2009), kas, iespgjams,
liecina par sekundaro patogénu iesaistiSsanos (Husson et al., 2012), kas $aja
petijuma netika analiz&ti. Zema H. fraxineus klatbutne var bt saistita ar sezonalo
(McKinney et al., 2011b; Bengtsson et al., 2014), ka arT individualo (Schumacher
sterilizéSanu pirms inkubacijas. Nevienmeriga dazada vecuma audzu, ka arl
dazadu koku inficéSanas viena audz€ un nevienméerigi mirstibas raditaji Latvijas
un Eiropas konteksta norada uz dazadiem lokaliem faktoriem, kas varétu ietekmé
osa rezistenci.

3.2. Patogena Hymenoscyphus fraxineus bojajumu vienas sezonas
attistibas dinamika

Osa kalSana lielakoties norit strauji; koki nokalst dazu gadu laika p&c pirmo
simptomu paradiSanas (atseviskos gadijumos simptomi var nebiit redzami), bet
daziem kokiem slimiba var bt hroniska, un to vitalitate samazinas pakapeniski
(Bakys et al., 2009b; Timmermann et al., 2011; Enderle et al., 2013; Landolt et
al., 2016). Analizgjot bojajumu sezonalas attistibas dinamiku, var prognozet, vai
inficétie koki nokaltTs atri, vai tiem attistisies hroniski bojajumi (Bengtsson et al.,
2014). Patogéna H. fraxineus izraisito stumbra, zaru un galotnu bojajumu
attistiba pétita trTs jaunaudzes (I1I publikacija). Lielaka dala analiz&to bojajumu
(67%) bija EL, lielakoties uz stumbriem (50%). Jaunie bojajumi, kas veidoja
33%, visbiezak paradijas noveérojumu sakumperioda — jiinija un julija, noradot
uz bojajumu aktivitates sezonalo raksturu, ko var skaidrot ar lapu un dzinumu
nobrieSanu (Schumacher et al., 2009; Timmermann et al., 2011). Nemot véra, ka
H. fraxineus saimniekaugu inficé caur dzinumiem un lapam (Kirisits & Cech,
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2009; Kirisits et al., 2009; Cleary et al., 2013), lielaka dala NL paradijas uz
zariem (55%), kas neietekm¢ augstuma pieaugumu; tomer janem vera, ka kokam
zaru ir vairak neka galotnu.

Bojajumu aktivitate un izpleSanas (laukuma picaugums) ir saistita ar
meteorologiskajiem faktoriem (temperatiiru) — visaugstaka ta bija jinija un
julija, kad novérota arf augstaka gaisa temperatiira (ca. 15-18°C), kas ir tuvu
patogéna H. fraxineus optimalajai augSanas temperatiirai — 20°C (Kowalski &
Bartnik, 2010; Timmermann et al., 2011). Bojajumu izpleSanas bitiski atSkiras
starp EL un NL, ka arT starp dazadam EL atraSanas vietam uz koka (3.2. att.).
Bojajumu laukums palielingjas vid&ji no 52.5+11.3 cm? (vid&jais
+standartklida) vienam kokam jiinija Iidz 92.1 £14.7 cm? novérojumu beigas
septembrT (3.2. att.). Visatrak palielinajas galotnu un zaru bojajumu laukums, jo
tie ir tuvu koka stumbram, pa kuru arT notiek patogéna izplatiba saimniekauga
(Schumacher et al., 2009), turklat $ajas vietas kokam ir planaka miza, kas
atvieglo infekcijas simptomu attistibu (Husson et al., 2012). Jaunie bojajumi
attistas tris reizes atrak neka EL, noradot, ka pirmajos méne$os péc paradisanas
bojajums strauji palielinas lidz noteiktam izméram. Lidz ar to var secinat, ka
saimniekaugam ir vajadzigs apméram ménesis, lai vismaz dal&ji ierobezotu
patogena attistibu. No otras puses, tas varétu biit saistits ar jauno sénu individu
augstaku aktivitati (Lygis et al., 2016). Iegttie dati liecina par koka sp&ju izdzivot
un augt ar1 pie augsta infekcijas fona.

Sezonas laika 24% zaru un 22% galotnu bojajumu pilnigi apnéma inficéto
zaru/galotni, izraisot to nokalSanu. Tom@r noverota arl saimniekauga spégja
ierobezot infekcijas izplatibu (Bengtsson et al., 2014). No EL 22% bija neaktivi,
13% zaru un 7% galotnu bojajumu vairs neizplatijas talak, tiem sasniedzot zaru
pamatu vai stumbru. Tas var€tu biit saistits ar koksnes anatomiskajam Tpasibam,
piem@ram, atskiribam vadaudu lieluma un savienojamiba, ka arT ar serdes
diametra atskiribam starp ikgadgjiem augstuma pieaugumiem (Schweingruber,
2007). Tacu novérota ari bojajumu pareja no koku galotném un zariem uz
stumbriem, jo 18% galotnu bojajumu turpinaja izplatities uz leju pa stumbru, kas
liecina par $o bojajumu turpmaku attistibu nakamaja sezona.

Osa vidgja vitalitate (klas€s) pasliktindjas no 1.6 aktivas vegetacijas sezonas
sakuma uz 2.9 tas beigas. Tomér videja NL proporcija, zema koku mirstiba
(3.3%, cf. Lygis et al., 2014) norada uz hronisku simptomu veidosanos. Neaktivo
bojajumu klatbiitne norada, ka koks spgj ierobezot patogéna izplatibu (Pallardy,
2008).

Peétijuma nav konstat€ta butiska sakariba starp koka vitalitati novérojumu
perioda sakuma un EL/NL attistibu, ka arT koka vitalitati un bojajumu skaitu, kas
norada uz to, ka infekcijas fons visiem kokiem neatkarigi no ieprieksgjas
infekcijas ir I1dzigs. Nav konstatetas butiskas sakaribas starp EL un NL skaitu,
noradot uz lidzigu bojajuma rasanas varbiitibu neatkarigi no ieprieksgjas
infekcijas, 11dz ar to lielaka ietekme ir nejausajiem procesiem vai mikroklimatam.
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Osu izdzivoSanas iespgjas ir individualas, tomer lielakajai dalai koku konstatéti
hroniski bojajumi, kas labveligos apstaklos, iespgjams, varétu strauji progreset.
Apmeéram Y koku konstatetas nokaltusas galotnes, tadgjadi samazinot to
konkuré&tspgju.
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3.2. att. EksistéjoSo (pirms novérojumu uzsaksanas) un jauno (paradas novérojumu
laika) bojajumu laukumu vidgjais pieaugums ménesi pétitajas
audzes atkariba no bojajumu atrasanas vietas uz koka /
Fig. 3.2. The mean monthly increase in area of the lesions existing before the
observation period and newly emerging lesions in the studied stands according to the
location on trees
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3.3. Parasta oSa jutiba pret meteorologiskajiem faktoriem

Aug8anas gaita un koku jutiba pret meteorologiskajiem faktoriem var
ietekmét koku uzn€mibu pret patogéniem (Helama et al., 2009; Tulik et al.,
2018), tapéc $ada informacija var but vertiga, novertg§jot ADB saistibu ar
meteorologiskajam izmainam. Lai arT Latvija osis atrodas tuvu ta dabiska
izplatibas areala ziemelu robezai (BFW, 2020), augSanas individualitate bija
diezgan izteikta, I1dzigi ka tas ir kokiem optimalos apstaklos (Fritts, 2001).
Tomér noverotas kop€jas tendences (IV publikacija). OSa uzpemiba pret
patogénu varétu bt saistita ar koku novecosanos (Enderle et al., 2013), jo veselie
koki bija jaunaki, tiem bija lielaks vidgjais TRW un mazaka autokorelacija (0.77
vs. 0.82) neka bojatajiem. Atskirigais pieaugums starp grupam (veseli un bojati
o8i) liecinaja par saistibu ar koku socialo stavokli (t.i., Krafta klasém)
(Timmermann et al., 2011; Martin-Bento et al., 2008). Bojatajiem kokiem
pedgjas desmitgadés novérota nomakta augSana un paaugstinata atkariba no
baribas vielu rezervém (autokorelacija).

Latvijas centralaja dala, TRW novérota jutiba pret meteorologiskajiem
faktoru ietekmes parnesi laika (Zweifel, 2020). Sugam ar aplocgs izkartotiem
vadaudiem baribas vielu rezerves galvenokart tiek izmantotas agrinai augSanai
(Barbaroux & Breda, 2002), kas ietekmé pieaugumu turpmakaja sezona (Tyree
& Zimmermann, 2002). Attiecigi, vasaras nokri$ni atstaja pozitivu ietekmi uz
TRW (3.3. att.), noradot uz tGdens deficitu. Temperatiiru maina var apgriitinat
fiziologiskos procesus (Pallardy, 2008; Berry & Downton, 1982), izskaidrojot
diennakts temperatliru amplittidu negativo ietekmi uz TRW (3.3. att.). Nokrispu
un temperatiiras ietekme iepriek$€ja augusta bija verojama  visos
parauglaukumos (3.3. att.), jo tas ir laiks, kad sakas baribas vielu rezervju
veidoSanas (Barbaroux & Breda, 2002).

Latvijas austrumu dala, galvenokart uzradot negativas korelacijas, osu
pieaugums bija jutigs pret meteorologiskajiem faktoriem iepriek$€ja rudent
(septembr, oktobri) un paSreiz&ja vegetacijas sezona (aprilis—septembris)
(3.3. att.). PieaugoSa temperatiira rudeni var palielinat koku elposanu, tadgjadi
zaudgjot uzkratas baribas vielas (Ogren et al., 1997). Paaugstinata temperatiira
septembr1 var izraisit idens deficitu (Traykovic, 2005), jo novérota pozitiva
korelacija ar nokriSpiem (3.3. att.). Temperatiiras negativo ietekmi pasreiz€ja
pavasari var izskaidrot ar aktiva perioda agraku sakumu (agraku lapu plaukSanu),
paklaujot kokus v&lu salnu riskam (Gu et al., 2008).
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3.3. att. Biitstrepa Pirsona Kkorelacijas koeficienta vértibas starp
meteorologiskajiem faktoriem un gadskartu platumu atlikumu hronologijam o$iem
ar vitalu (A, C, E, G) un bojatu (B, D, F, H) vainagu audzés pie Barkavas (BAR),
Gulbenes (GBN), Rundailes (RND) un Ukriem (UKR)

Analizgts laika posms no 1934. (1948 veselajiem kokiem RND) Iidz 2010. gadam.
Bitiskas korelacijas (pie o = 0.05) noraditas ar tumsaku krasu. Paraditi tikai butiskie
faktori. N — nokrisni, PET — potenciala evapotranspiracija, MIT — min. temperatitira, TA
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— temperattiras amplitadas, MAT — maks. temperattra, VT — vid€ja temperatiira. Ménesi
ar lielajiem burtiem atbilst ieprieksgjam gadam/

Fig. 3.3. Bootstrapped Pearson’s correlation coefficients calculated between climatic
factors and residual chronologies of tree-ring width of ash with healthy (A4, C, E, G)
and damaged crowns (B, D, F, H) for sites near Barkava (BAR), Gulbene (GBN),
Rundale (RND) and Ukri (UKR), respectively
The period from 1934 (1948 for healthy trees in RND site) to 2010 was analysed.
Significant correlations (at o = 0.05) are shown in black. Only the significant factors
are plotted. N — precipitation, PET — potential evapotranspiration, MIT — minimum
temperature, TA — temperature differentiations, MAT — maximum temperature, VT —
mean temperature. Moths in the uppercase correspond to preceding year

Veseliem un bojatiem kokiem atSkiribas jutiba pret meteorologiskajiem
faktoriem nebija izteiktas (3.3. att.), kas norada uz neliclu meteorologiska
jutiguma ietekmi uz o$a uznémibu pret slimibu. Bojatie koki Latvijas centralaja
dala bija jutigaki pret tidens deficitu un temperatiiras rezimu ieprieksgja augusta
(3.3. att.), noradot, ka nelabvéligos apstaklos, kokiem ir lielaks stress, un lidz ar
to uznémiba pret patogénu (Timmermann et al., 2011). Tomer veselajiem kokiem
papildus novérota jutiba pret maksimalo temperatiiru ieprieks$gja augusta un
nokri§niem marta. Marta nokri$ni parasti ir sniega veida, un to iedarbibu var
izskaidrot ar sniega kartas izol€joSajam ipasibam, kas ietekmé saknes (Hardy et
al., 2001; Tierney et al., 2001) un gruntstidens ltmeni (Tyree & Zimmermann,
2002). Sadu attiecibu nekonstaté$ana var nozimét, ka bojatajiem kokiem jau
pirms infic€Sanas saknu sisteéma bijusi mazak jutiga.

Austrumlatvija bojatos kokus vairak ietekmgja jlinija un julija temperatira.
Vecako koku TRW (GBN parauglaukuma) uzradija augstaku jutigumu pret
nokri$niem, it Tpasi bojatiem kokiem (3.3. att.), iezZim&jot ar vecumu saistitas
jutibas izmainas (Carrer & Urbinati, 2004), un atspogulojot Gidens stresa ietekmi
uz koku uznémibu pret So slimibu (Chira et al., 2017; Kowalski et al., 2010).
TieSa sakariba starp oSa vitalitati un koku jutibu pret meteorologiskajiem
faktoriem netika nev@rota, tomér saistiba starp picaugumu un
meteorologiskajiem faktoriem liecindja par pieaugoSu stresu klimata parmainu
rezultata, un attiecigi paaugstinatu uznémibu pret patogénu.

3.4. Parasta oSa genétiska daudzveidiba Latvija

Populacijas genétiska daudzveidiba ir viens no galvenajiem faktoriem, kas
nosaka tas adaptaciju jaunai un strauji mainigai videi, tai skaita p&c dazadiem
traucgjumiem (Aitken & Bemmels, 2016; Tiffin & Ross-Ibarra, 2017). Parasta
osa genétiska daudzveidiba un populaciju struktiira pétita, izmantojot hloroplastu
un kodolu DNA markierus. Tris no seSiem pétitajiem hloroplastu SSR
markieriem bija polimorfiski (V publikacija). So tris lokusu genotipi apvienoti
divos haplotipos: HO1 bija sastopams visas audzes, iznemot Kemerus, kas liecina
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par atskirigu populacijas izcelsmi. Sis haplotips ir plai izplatits Austrumeiropa
un Skandinavija. Kemeros identificetais haplotips HO02 ir visizplatitakais
Centraleiropa (ieskaitot Poliju) (Heuertz et al., 2004a). Iespgjams, ka o8i, kuriem
konstatets H02, c€lusies no tuvuma esosa parka osu seklu kokiem, kuri parka ka
stadmaterials ievesti no Rietumeiropas (Dambis et al., 2007). Eiropa visbiezak ir
sastopami haplotipi HO1 un HO2, kas kopa veido 68% no visiem individiem
(Heuertz et al., 2004a). Interesanti, ka Kemeru audze kodolu SSR markieru
analiz€ neat$kiras no pargjam audze€m (V publikacija), atspogulojot vietgjo
populaciju hibridizaciju. Tas norada uz Latvijas oSa populaciju lokalu
specializaciju, kas pastav ar1 pie intensivas génu plismas (Aitken & Bemmels,
2016; Moran et al., 2017), kas, iespgjams, veidojas augstas fragmentacijas dgl
(Liepins et al., 2016).

Noverota heterozigotate (vidéja) bija zemaka neka sagaidits (vidgjas vertibas
attiecigi 0.64 vs. 0.82), kas liecina par samazinatu populacijas piclagosanas sp&ju
ekstremaliem apstakliem (Aitken & Bemmels, 2016; Tiffin & Ross-Ibarra,
2017), tai skaita patogénu invazijam. Attiecigi, fiksacijas indekss bija pozitivs
visiem lokusiem (vidgjais 0.23). Kopuma identificétas 14 privatas aléles, no
kuram attiecigajas audzgs tikai trim bija frekvence >0.05, tomer vairums no tam
nebija efektivas, noradot uz zemas frekvences alelu lielo Ipatsvaru.

Kodolu SSR markieru analize AMOVA paradija zemu, bet nozimigu
(Fst=0.045, p <0.001) populaciju diferenciacijas ltmeni, kas norada uz viet€jo
specializaciju (Aitken & Bemmels, 2016). Gengtiski visatskirigakas bija Vilakas
un Vainodes audzes (paru Fstz=0.151), ka arT Séderes un Vestienas audzes
(3.4. att.). TaCu populaciju grupé$anai nebija geografisks raksturs. To pasu
apstiprinaja ar delta K kritérijs.

Osa genétiska daudzveidiba Latvija ir zemaka neka lielakaja dala dienvidu
populaciju. Alelu skaits gandriz visos lokusos ir augstaks citas valstis, iznemot
Skotiju. Osa populacijam, kas atrodas tuvu sugas izplatibas areala ziemelu malai,
ir zemaka genétiska daudzveidiba, ko var skaidrot ar lokalo specializaciju pret
skarbakiem apstakliem pécleduslaikmeta rekolonizacijas gaita (Wallander,
2008). Inbridinga koeficients bija pozitivs gandriz visiem analiz€tajiem
lokusiem, netiesi noradot, ka ta var€tu but parasta oSa vispariga iezime, kas
saistita ar sugas poligamiju (Wallander, 2008). Osa genétiska struktiira liecinaja
par zemu kodola genétisko daudzveidibu ar nelielu lokalo specializaciju, kas var
noteikt viet€jas populacijas ierobezoto sp&ju pielagoties dazadiem apstakliem.
Tomér genofonds Kemeros, kas uzradija saistibu ar citu populaciju, var tikt
uzskatits par papildu genétiskas daudzveidibas avotu.
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3.4. att. Analizéto audZu paru Nei genétiskas distances tuvaka kaimina
dendrogramma /
Fig. 3.4. Neighbour-joining dendrogram of pairwise Nei genetic distances between the
analysed common ash stands

3.5. Kokaugu sukcesija parasta oSa destrukcijas skartajas audzes

P&c dazada veida traucgjumiem, tai skaita slimibam, mezaudzes atjaunosanas
un tas dinamika izteikti mainas, tadgjadi ietekmg&jot turpmako audzes sastavu un
koku vitalitati (Lygis et al., 2014; Thomas et al., 2018). Dolan & Kilgore (2018)
novéroja, ka p&c oSa smaragdzalas kra$nvaboles bojajumiem strauji pieaug
éncietigo paaugas un pameza sugu biezums; samazinoties o$u skaitam, palielinas
dazadu sveSzemju un viet§jo pameza sugu biezums.

Balstoties uz apvienotajiem rezultatiem no VI un VII publikacijas, vid&jais
paaugas un pameza biezums vid€ja Iidz pieauguSa vecuma audzes laikda no
2005.-2015. gadam attiecigi bija 6520 £1401 un 11193 +1751 individi ha™!.
Parsvara atjaunojas platlapji un pioniersugas; lielakais biezums konstatets
parastajai gobai, osim, parastajai klavai, un parastajai liepai Tilia cordata Mill.
Lidzigas proporcijas atjaunojas divas l1dz Cetras sugas, noradot uz mistrotu audzu
veidoSanos nakotné. Tomer audzes, kur I stava doming parasta klava, veidojas
bieza klavas paauga, kas var veicinat klavu ttraudzu veidoSanos. Lielakoties
paauga atjaunojas sugas, kas doming I stava, bet audzes, kuras domingja osis,
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sakusies intensiva parkriimosanas (1. tabula VI publikacija). Lai gan parasta
lazda Corylus avellana L. tiek uzskatita par vertigu sugu osa mezos (Loidi,
2004), kopa ar parasto ievu Padus avium Mill. ta veido 53% no pameza (VI un
VII publikacija), kas ierobezo paaugas atjaunosanos (Runkle, 1990; Gillman et
al., 2003; Royo & Carson, 2006). Turklat osa kal§ana sekmé trauc&jumus miloso
adventivo sugu ievieSanos (piem., Kaukaza plime Prunus cerasifera var.
divaricata Bailey., piladzlapu sorbarija Sorbaria sorbifolia (L.) A. Braun un
janogas Ribes spp.; Gonzales et al., 2002) (1. tabula VI publikacija).

2015. gada uzskaite konstateta strauja paaugas un pameza biezuma
palielinaSanas (gandriz dubultoSanas), tacu, pretstata citam publikacijam (de la
Cretaz & Kelty, 2002; Coomes et al., 2003; Royo & Carson, 20006), lielakaja dala
audzu biezuma palielinasanas nebija saistita ar ADB apjomiem. To varétu
skaidrot ar paaugas un pameza aizkavétu reakciju pret ADB. Neskatoties uz sugu
skaita picaugumu, paaugas un pameza biezums visos tris periodos saglabajas
lidzigs (attiecigi, 36 un 64%), mainoties tikai 2% robezas.

Pamatojoties uz zemo paaugas o$a biezumu (1987 £397 o8i ha™"), var secinat,
ka oSa tiraudzes dabiska veida neveidosies, tacu osis saglabasies ka
piemistrojuma suga. Lai gan 81% no uzskaititas oSa paaugas bija veseli, tikai
10% parsniedza 0.5 m augstumu, noradot uz intensivu pasizretinasanos (l1dzigus
rezultatus ieguvusi Sakss (1958) un Giongo et al. (2017)), un, iesp&jams, art ADB
ietekmi uz to. Kokiem augot, veselibas stavoklis pasliktinas, pieméram, no
osiem, kas parsniegusi 2 m augstumu, 32% bija veseli, bet 17% — nokaltusi. Lidz
ar to ir sagaidams, ka tikai neliela dala (<5%) no tiem sasniegs I stava ITmeni, un,
lidzigi ka prognozgja Laivins & Mangale (2004), osis nakotng biis piemistrojuma
suga.

Osa paaugas biezumu butiski ietekmé I stava domin&josa suga. Novérots, ka
Sobrid o$a paaugas atjaunoSanas zem mates audzém praktiski nenotiek, lai gan
pirms ADB osa paaugas skaits pozitivi korelgja ar mates koku skaitu un tuvumu
(Harmer et al., 2005). BaltalkSnu un melnalk$nu Tpatsvara pieaugums I stava
negativi ietekmé oSa paaugas atjaunoSanas biezumu un vitalitati, tacu berzam ir
pozitiva ietekme. Noverota pozitiva korelacija starp paaugas oSa biezumu un
kopgjo sugu skaitu paauga un pameza (z = 0.184, p = 0.03), kas liecina par sugu
daudzveidibas pozitivo ietekmi (Forrester & Bauhus, 2016). Lai gan ADB
skartajas audzes osis paauga atjaunojas, tas ir inficéts ar H. fraxineus, kas
samazina konkur&tsp&ju un palielina koku mirstibu. Sagaidams, ka nakotné citas
koku un 71paSi krimu sugas konkurs ar osi un, audze€m pakapeniski
parveidojoties, osis saglabasies tikai ka piemistrojuma suga.

27



3.6. Parasta oSa dabiska atjaunoSanas jaunaudzes
3.6.1. Sugu sastavs un osa atjaunoSanas

Eiropa, tai skaita Latvija, slimibas skartas o$a audzes tick nozaggetas un vélak
aizstatas ar citam koku sugam, savukart dalu no §Im teritorijam paredz dabiskai
atjaunoSanai, jaunos oSus paklaujot lielai konkurencei (Lygis et al., 2014;
McKinney et al., 2014). Osa jaunaudzes vid€jais pameza un paaugas biezums
attiecigi bija 9497 £1454 un 7150 +£558 individi ha™! (VIII publikacija). Paauga
vislielakais biezums ir osim (4185 =401 koki ha™!), baltalksnim, bérzam un
parastajai apsei, bet pameza doming divas sugas — ieva un lazda (3.5. att.). Osa
kal$ana nav ietekmg&jusi jaunas kokaudzes sastavu, jo paauga atjaunojas tas pasas
sugas (3.5. att.; Lygis et al., 2014), kas pirms ADB (Sakss, 1958). Tacu sugu
proporcijas ir izmainitas. OSa paaugas biezums Latvija ir lielaks, neka noverots
Lietuva (599 osi ha™), Igaunija (3500 osi ha™") un Vacija (653 osi ha™') (Lygis et
al., 2014; Drenkhan et al., 2017; Enderle et al., 2018), bet zemaks neka Eiropa
tas bija pirms ADB (15-30-10° o8i ha™'; Sakss, 1958; Harmer et al., 1997; Tabari
& Lust, 1999; Lygis et al., 2014). Paaugas un pameza attieciba ir 48.4 vs. 51.6;
palielinatais pameza sugu Tpatsvars (3.5. att.) norada uz progres€josam izmainam
audZu sastava.
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Osa kalSana ir veicinajusi pameza sugu attistibu; lielais to biezums izkonkurg
o0si, jo noverota negativa korelacija starp o$a un pameza, ka art paaugas biezumu
(attiecigi » = -0.24 un -0.23). Lidzigas starpsugu attiecibas slimibu skartas audzes
noverotas arT citos pétijumos (Keer, 1998; Givnish, 2002; Royo &Carson, 2006;
Skovsgaard et al., 2010).

3.6.2. Hymenoscyphus fraxineus sastopamiba o$a paauga

No uzskaititas oSa paaugas 10.0% bija nokaltusi (VIII publikacija), kas ir
pielidzinams dabiskai oSa paaugas mirstibai (Sakss, 1958; Harmer et al., 2005).
Diemzel, pamatojoties uz pieejamajiem datiem, ir gruti noteikt ADB
komplementaro efektu uz mirstibu. Pieméram, Sakss (1958) konstatgjis, ka osa
paauga kailcirSu izcirtumos nikulo un aiziet boja, 1idzigi arT Anglija pirms ADB
pec pameza izvakSanas un I, II stava oSu izretinaSanas osa paaugas biezums ik
gadu samazinajas par 40-50% (Harmer et al., 2005). Salidzinajumam — dabiski
atjaunojusos oSa paaugas mirstiba Igaunija, Lietuva, Vacija un Italija bija
attiecigi 7%, 17%, 16.2% un 17.6% (Drenkhan et al., 2017; Enderle et al. 2017,
Giongo et al., 2017), kas norada uz oSa vitalitates regionalam izmainam. Bitiskas
regionalas izmainas novérotas ari Latvijas méroga, jo oSa vitalitate Latvijas
rietumu dala bija sliktaka neka centralaja un austrumu dala.

Noverota sakariba starp oSa paaugas vitalitati un augstumu (= 0.28,
p <0.001), ka arT vecumu (p < 0.001, 3.6. att.). Veselo un nokaltuso paaugas osu
proporcija Iidz un virs 3 m, attiecigi bija 81 vs. 4% un 54 vs. 33%, lidziga
sakariba 1idz un virs 2 m nov&rota ar Italijas Alpos (70 vs. 14% un 38 vs. 20%;
Giongo et al., 2017). Tas nozimg, ka ir nepiecieSams konkréts laiks, lai oSa
paauga tiktu inficéta, ka arT to, ka slimibas spiediens uz vecakiem kokiem piecaug.

Osa piecauguma analiz€ noverota augsta vietas specifika, kas norada uz sugas
plastiskumu. Konstatéta biitiska lineara sakariba starp osu diametru, ka arT
vecumu un augstumu (VIII publikacija). Pirmos 5-8 gadus oSu augstums
palielinajas neregulari un individuali, ko vargja ietekméet atSkirigie augSanas
apstakli. Osu augstumu un diametru negativi ietekmgja slimiba, kas liecina par
patogéna kumulativo iedarbibu. Zemako un mazaka caurmeéra koku vitalitate bija
labaka, bet ar laiku ta biitiski pasliktinajas. Kopuma paaugas osa vitalitate Latvija
jaunaudzg@s bija labaka neka vecakas audzgs, kas, iezZim&jot regionalas atskiribas,
ir pretstata Drenkhan et al. (2017) noverotajam Igaunija. Salidzinot ar
Centraleiropu, Latvija o$i atjaunojas labak, un to mirstiba ir zemaka. Tomér
atklatos apstaklos (t.i. pec vienlaidus atjaunoSanas cirtes) oSu augstuma
picaugumi intensiva konkurencé ir samazinati, kas ierobezo to kopgjo
konkurg&tsp&ju, tadejadi veicinot jauktu audzu veidoSanos ar osi piemistrojuma.
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3.7. Osa paaugas atjaunoSanos un vitalitati ietekméjosie faktori

Osa kalSanas ierobezo$ana picaugusas audz€s, pielietojot jebkadas
mezkopibas metodes, ir praktiski neiesp&jama (Gross et al., 2014). Tacu, veidojot
jaunaudzes, gan oSa populacijas saglabsanai, gan komercialiem nolikiem ir
iespgjams nemt vera vides aspektus un izmantot dazadas metodes, kas vargtu
pozitivi ietekmé&t o$a vitalitati lokala méroga (Havrdova et al., 2017; Skovsgaard
et al., 2017).

Osa paaugas biezums bija lidzigs visa Latvijas teritorija (VIII publikacija),
dazada vecuma audz€s (3.6. att.), meZa tipos, un dazada iepricksgja sastava
audzgs. Lai gan lielaka sugu daudzveidibai pozitivi ietekme oSa paaugas vitalitati
(Fraxigen, 2005; Dobrowolska et al., 2011; Ahlberg, 2014), paaugas sastavam
nebija bitiskas ietekmes uz osa biezumu Latvija. Lielakais oSa paaugas biezums
jaunaudz@s konstatéts, augot kopa ar baltalksni (labaka paligsuga osim arT pirms
ADB; Sakss, 1958) un bérzu, kas dalgji ir pretstata rezultatiem pieaugusas audzes
(VII publikacija). Parastas egles klatbiitnei atkariba no sugu proporcijam
noverota mainiga ietekme uz o$a paaugas biezumu. Ja audzi veido parasta egle
un osis, nelielam egles biezumam (<30%) ir negativa ietekme uz oSa biezumu,
bet augstaks egles biezums (60-80%) uzrada preteju efektu. Tacu iegitie
rezultati varétu bit ar1 nejausi.

Osa vitalitati ietekm€ja audzes struktiira. Izmantojot jaukta tipa regresiju,
noteikts, ka paaugas augstums un pameza sugu skaits vislabak raksturoja osa
vitalitati, tatu abu $o raditaju ietekmei bija izteiktas regionalas atSkiribas
(mijiedarbiba; IX publikacija).

Izteiktas regionalas atSkiribas starp pameza sugu daudzveidibu un o$a
vitalitati (3.7. att.) var€tu bt saistitas ar meteorologiskajiem apstakliem (Papic
et al., 2018). Maigaks klimats Latvijas rietumu dala actmredzot veicina
H. fraxineus izplatibu (Kowalski & Bartnik, 2010; Dvorak et al., 2016), kas
limite o$a augstuma piecaugumu veidosanos (3.7. B att.). Iesp&jams, ka $ados
apstaklos piemistrojuma sugam vieglak izkonkuret osi, pasliktinot ta vitalitati
(3.7. A att.). Latvijas austrumu dala, kur klimats ir skarbaks, tadgjadi mazak
piem@rots H. fraxineus attistibai (Kowalski & Bartnik, 2010), pameza sugu
daudzveidibai bija pozitiva ietekme uz oSa vitalitati (3.7. A att.), jo pameza
sugas, iesp&jams, darbojas ka biologiska barjera (Kosawang et al., 2018) un kavé
patogena attistibu (Jactel et al., 2005; Pautasso et al., 2005). Paaugas augstums
$aja regiona bija liclaks, kas 1idzigi ka Papi¢ et al. (2018) p&tijuma liecina par
labakiem augSanas apstakliem kontinentala klimata.
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Fig. 3.6. The mean density and health condition of common ash according
to stand age
The asterisks indicate the differences from the youngest age class used as the reference
level (Ref.). Significance codes: * - p <0.05, **-p < 0.01, *** - p <0.001

Lai gan pétijumos nav vienpratibas par augSanas apstaklu ietekmi uz
H. fraxineus bojajumu apjomu (Bakys et al., 2013; Timmermann et al., 2017),
Latvija oSa vitalitate batiski atskiras starp dazadiem augSanas apstakliem (VIII
publikacija). Lidzigi ka Gross et al (2014) p&tijuma, osa vitalitate bija sliktaka
mitros augSanas apstaklos, labaka oSa vitalitate bija sausas un labi drenétas
mineralaugsnés (>76% oSu bija veseli vai ar minimaliem slimibas simptomiem),
bet sliktaka — slapjas mineralaugsnés, kur 27% osu bija nokaltusi. Nosusinasanas
pozitiva ietekme uz oSa vitalitati konstatéta ari citas Eiropas valstis
(Dobrowolska et al., 2011; Schumacher, 2011; Ahlberg, 2014).

Lidzigi ka Centraleiropa un Rietumeiropa (Dobrowolska et al., 2011;
Schumacher, 2011; Stener, 2013), Latvija labaka oSa atjaunoSanas un vitalitate
konstatéta jauktas audz€s (82-95% osSu veseli, 1% nokaltusi), nevis tiraudzes
(66% vs. 20%; VIII publikacija). Tacu bitiska nozime ir arT paaugas sugu
sastavam (domingjoSajai sugai). Lielakie H. fraxineus bojajumi noveroti
jaunaudzes, kur doming parasta egle vai klava (egles/oSa audzgs — 40% oSu bija
nokaltusi, egles audzes — 12%, klavas — 14%). Tas skaidrojams ar vainagu un
saknu konkurenci, ka arT ar augsnes paskabinaSanos (Lei et al., 2012) un
neizteiktam patogena izplatibas barjeram (Pautasso et al., 2005). Lai arT osim un
parastajai klavai ir lidziga augSanas stratégija (Petritan et al., 2009), osa
konkurétspgja ADB ietekm@ ir samazinata (Urbinati & Cillia, 1995), tad&jadi
uzlabojot parastas klavas dominanci. Lidzigi ka Givnish (2002) p&tfjuma, labaka
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osa vitalitate konstatéta audzgs, kuru sastava ir berzs (bérza un bérza/osa audzes
87% osu bija veseli) un parasta apse (89%), noradot uz pioniersugu klatbiitnes
pozitivo ietekmi.
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Fig. 3.7. The relationship between health condition (health class) of common ash in
young mixed stands and number of shrub species (A)and tree height (B) in the
western and eastern parts (provenance regions) of Latvia
The polygons (envelopes) denote confidence intervals

Osa paaugas vitalitati var uzlabot ar apsaimniekoSanu — regularu kopSanu
(Niemelé et al., 1992; Guzman & Dirzo, 2001; Fraxigen, 2005), tadgjadi oSiem
samazinot biotisko (konkurence) un abiotisko (paaugstinats mitrums) faktoru
radtto stresu (Cech & Hoyer-Tomiczek, 2007; Skovsgaard et al., 2010; Bakys et
al., 2013). Batiski labaka (VIII publikacija) osa vitalitate noverota jaunaudzgs,
kas bija koptas visbiezak — Cetras reizes, tacu, samazinoties kopSanu skaitam,
vitalitate pasliktinajas. Dabiski atjaunojusos osa jaunaudzu atlase un saglabasana
atbilstosi vides apstakliem un piemérota apsaimniekoSana veicinas oSa
saglabasanos nakotng.
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SECINAJUMI

. Laika posma no 2005. Iidz 2015. gadam visa Latvijas teritorija novérota
strauja oSa kalSana (mirstiba 6.9% gada), krajai samazinoties attiecigi no 322
uz 151 m® ha!. O%a mirstiba visa Latvija bija lidziga, bet vitalitatei novérotas
lokalas atskiribas, kas norada uz nevienmérigu o$a audzu atjaunoS$anas
potencialu nakotné.

Osu bojajumu attistibai ir sezonals raksturs. Strauja bojajumu attistiba notiek
siltakajos vasaras ménesos, bet ta nav saistita ar koka vitalitati un ieprieks€jo
bojajumu daudzumu uz koka. Bojajumu attistibas dinamika norada uz osa
speju lokalizét slimibas izplatibu primari skartajas vasas dalas. Hroniski
bojajumi konstatéti 78% analiz&to koku; osa konkurétsp&ju biitiski samazina
galotnu kalSana, kas noverota aptuveni piektajai dalai inficeto koku.

Ierobezota o$a audzu genétiska daudzveidiba, uz ko norada kopuma
vienveidiga izcelsme un zema kodola genétiska daudzveidiba (augsts
inbridinga koeficients), liecina par izteiktu genétisko specializaciju un
ierobezotam sp&jam uzlabot rezistenci pret patog€nu, izmantojot vietgjo
reproduktivo materialu.

. Novérotas korelacijas starp picaugumu un meteorologiskajiem faktoriem
liecina par piecaugosu stresu klimata parmainu rezultata, un attiecigi
paaugstinatu uznémibu pret patogé€nu. Bojatie un veselie koki uzradija
kopuma lidzigu aug8anas jutibu pret meteorologiskajiem faktoriem.

Osis dabiski atjaunojas gan jaunaudzes (4185 £401 koki ha™"), gan slimibas
skartajas mezaudzes (1987 £397 o$i ha™!), tatu jaunaudzes vitalas paaugas
Tpatsvars ir apméram %3 no kopgja Ipatnu skaita, un, kokiem augot, tas turpina
samazinaties. Mezaudzgs 90% oSa paaugas iznikst jau sgjenu stadija. Osa
konkur€tspgju samazina citu platlapu sugu piemistrojums. OSa mirstibas
raditaji Latvija ir zemaki neka Centraleiropa, kas norada uz regionalam
rezistences atskirtbam.

. ApsaimniekoSanas un augSanas apstakliem ir regionala ietekme uz o$a
vitalitati, bet ne uz atjaunosanas biezumu (koku skaitu uz hektara). Intensiva
kopSana uzlabo oSa audzu fitosanitaro stavokli; augstaka koku vitalitate
konstatéta sausienu un meliorétajos mezos. Audzes sastavam ir izteikta
regionala ietekme uz o$a vitalitati — kokaudzes sugu daudzveidibai ir pozitiva
ietekme Latvijas austrumu dala, tomer piemistrojuma sugam var biit atSkirigs
efekts.
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PRIEKSLIKUMI

. Nemot vera atSkirigo oSa vitalitati un pozitivo saimnieciskas darbibas
ietekmi, svarigi veikt o$a veselibas stavokla monitoringu, lai apzinatu oSa
vitalitati ietekmgjoSos faktorus. Monitorings veicams vegetacijas sezona, kad
vislabak identific€jami slimibas simptomi.

. Primari oSa audzes ka vertigs genctiskais materials jasaglaba Latvijas
austrumu dala, kur oSi ir visvitalakie. Tom@r vitalakas o$a audzes genétiskas
daudzveidibas uzturé$anai vélams saudzét visa Latvija. leteicama geng&tiski
atSkirigako populaciju identifikacija selekcijas potenciala nodrosinasanai.

Meza apsaimniekos$ana veicama atSkirigi jaunaudz€m un citu vecumgrupu
audzeém: osa saglabasanai v€lams veidot mistrotas jaunaudzes ar nelielu oSa
Ipatsvaru. Tajas identificEjami vitalakie oS$i, kuriem veicinama ilgtermina
izdzivoSana, nodro$inot intensivu kopSanu (at€nosanu). Citu vecumgrupu
audzes vitalie dominantie koki atstajami ka s€klu avots. Audzes ar zemu
vitalitati ilgtermina nav saglabajamas.
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1. GENERAL DESCRIPTION OF THE THESIS

1.1. Relevance of the topic

Stands of common ash comprise only 1-2% of the total forest area in Europe
(Fischer & Lorenz, 2011; Rozsypalek et al., 2017); however, it is highly
ecologically important native tree species (Thomas, 2016). Since the beginning
of the 1990s in Eastern Europe and a decade later throughout Central and
Western Europe, rapid dieback of ash stands caused by an unknown reason
occurred (McKinney et al., 2014). In 2006, the causal agent of ash dieback was
determined — an anamorphic fungus Hymenoscyphus fraxineus (presently official
name; Kowalski, 2006). The overall mortality of ash in Europe ranges from 6.9
to 10.1% year™! (Lenz et al., 2016; Matisone et al., 2018), yet ca. 1% of trees
might be considered resistant (Plidira et al., 2011; Kjaer et al., 2012; Lobo et al.,
2014; Muiioz et al., 2016; Stener, 2018) and could have higher reproductive
fitness (Semizer-Cuming et al.; 2019). Due to high mortality of ash stands (ca.
70%; Coker et al., 2019), planting of ash in Europe has been stopped (Kirisits et
al., 2011; Bakys, 2013), still, a part of clear-cut stands have been left for the
natural regeneration aiming to preserve ash population. Therefore it is important
to understand current situation related to ash dieback in Latvia, and, based on
different ash health condition in reginal (Europe) and local (stand) scale, to
identify the main factors affecting spread of pathogen and susceptibility of ash
in stands of different age. The results of such research could be used for the
planning of ash stand management as well as for the assessment of the situation
in the existing genetic resource forests.

1.2. Research aim, objectives and theses

The aim of the thesis was to assess the dieback dynamics of the common ash
Fraxinus excelsior L. stands and determine the main factors affecting
susceptibility of trees, as well as future succession and potential regeneration of
the affected common ash stands in Latvia.

According to the aim of study, four research objectives have been advanced:

1. to assess regional differences in dynamics of ash dieback and their
relationship with meteorological factors;

2. to determine the genetic diversity and population structure of common ash;

3. to characterise natural regeneration and succession of the affected ash stands
of different age;

4. to identify site properties and management practices that affect regeneration
and health condition of ash.
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Thesis statements:

1. in Latvia, under intensive ADB, there is a high potential for continuation of
the species, as ash will continue to occur in mixed stands as an admixture
species with a relatively small proportion in the future;

2. the health condition of ash is better in intensively managed (thinning,
drainage system, etc.) and mixed stands, while admixture species might have
contrasting effects;

3. the sensitivity of ash growth to meteorological factors has a weak relationship
with ADB, but a combination of significant factors increase stress as a result
of climate change, which may reduce tree resistance.

1.3. Scientific novelty of the study

The thesis investigates large-scale dieback of common ash focusing on local
details of the host-pathogen interactions in Latvia. Transformation and
regeneration of the affected stands under near-marginal conditions close to
northern distribution limit of common ash were assessed under diverse stand
types, and described in relation to stand composition and management regimes.
The linkages between climate-growth sensitivity and susceptibility and health
status of trees were analysed.

1.4. Approbation of research results

The research results have been summarised in nine scientific publications
and presented in fifteen scientific conferences.

1.5. Thesis structure

The doctoral thesis consists of nine research papers. Two papers (Paper I and
IT) describe the rate and extent of ADB. The seasonal dynamics of H. fraxineus
is reported in Paper II1. Pattern and sensitivity of radial growth to meteorological
factors in relation to susceptibility to ADB is investigated in Paper IV. Genetic
diversity and population structure of common ash in Latvia is described in Paper
V. Another two papers (VI and VII) are addressed to the succession of woody
plants in common ash stands affected by ADB. Natural regeneration of common
ash in young stands in relation to site properties and management is analysed in
Papers VIII and IX.
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2. MATERIALS AND METHODS
2.1. Study sites, field and laboratory work

2.1.1. Dynamics of ash dieback

Dieback of ash stands was studied in 15 permanent sampling plots (PSP)
established in 2005 across the territory of Latvia (Paper II, Fig. 2.1). The PSP
were established in uneven-aged (51-138 years) stands initially dominated by
common ash, which had suffered different degree of dieback. The stands (except
two seasonally waterlogged stands near Kemeri and Ainazi) were located in
eutrophic conditions with normal moisture regime on a flat topography
corresponding to Aegopodiosa, Dryopteriosa, Oxalidosa turf. mel, and
Filipendulosa site types according to Buss (1976). In each stand, a circular plot
(R=15m; S=ca. 706 m*) was established. Within each PSP, all trees (incl.
logs/snags) with stem diameter at breast height (DBH) >6 cm were measured,
recording their health condition (living or dead), as well as DBH and
height/length (H). The PSP were measured in 2005, 2010, and 2015.

2.1.2. Intra-seasonal development of Hymenoscyphus fraxineus

Three (Fig. 2.1) 5-8 years old naturally regenerated post-clear-cut stands,
which were dominated by ash in the previous rotation, were surveyed from June
to September 2015, when the highest fungal activity was expected (Timmermann
et al., 2011; Bengtsson et al., 2014) (Paper III). The stands corresponded to the
eutrophic Aegopodiosa site type (Buss, 1976) and grew on a flat terrain on a well
drained fertile loamy soil. The density of ash in Bauska, Aizpurve and Limbazi
stands was 5000, 1500 and 1500 trees ha™!, respectively. In all stands ash was the
dominant species with an admixture of common aspen, goat willow Salix
caprea L. and Norway maple Acer platanoides L. (up to 1500 trees ha™).

In each stand, 10 dominant unsheltered ash saplings (in height range 2.5—
3.0 m) with one to three lesions (necrosis) on tree stem with a small initial area
(the maximum area of the lesions per tree was 223.4 cm?) were selected. From
June to September (on the 10% to the 15" date of each month), H and DBH of the
sampled trees were measured, and health condition according to five classes was
recorded where 1 correspond to healthy, but 5 to dead tree (cf. Puspure et al.,
2015). In June, all visible lesions on branches, stems, and tops were marked on a
transparent film. Each month the area of the lesion extension since the last
measurement, as well as the emergence of new lesions was marked on the film.
After the final survey in September 2015, the damaged parts of the saplings
(stems and the largest branches) were sampled: bark was removed, and the area
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of the discoloured wood was marked on the film. These wood samples were used
later for verification of the presence of pathogen H. fraxineus. The area of lesions
from each tree and month were measured on the films using a TAMAY A digital
planimeter PLANIX 10S ‘Marble’.

For isolation of H. fraxineus, 17 samples from symptomatic material, i.e.,
from the inner bark or wood where the quantity of H. fraxineus mycelium
presumably was the highest (Schumacher et al., 2009), were collected. In the
laboratory, each sample was surface sterilized by submersion in 35% hydrogen
peroxide for 30 seconds and washed twice in distilled water for one minute. After
draining, the samples were placed on malt agar media and incubated in the dark
at 20°C for four weeks. Every three days any other emerging fungi were
mechanically removed. Identification of H. fraxineus was confirmed
microscopically according to Kowalski (2006).

2.1.3. Climate-growth sensitivity of ash with different crown health
condition

To analyse climate-growth sensitivity and its relation to health condition of
ash (Paper IV), four mature stands were selected (two in the western and two in
the eastern part of Latvia, cf. Baumanis et al., 2001; Matisons et al., 2012;
Fig. 2.1). The stands contained trees with different crown condition (from
healthy to strongly affected). In each stand, 10 dominant ash trees that were
visually healthy (crown reduction <10%) and 10 ash trees with damaged crowns
(crown reduction 30-60%) were sampled. From each tree, two increment cores
from opposite sides of stem were collected with a Pressler increment corer at
breast height. In the laboratory, the increment cores were air dried, glued into
wooden mounts, and smoothed with sandpaper of different roughness (from 120
to 400 grains per inch). For better identification of tree rings, and to enhance
contrast between early and latewood, the surface of the sanded samples was
rubbed with white chalk. Tree-ring widths (TRW) were measured manually
using a Lintab 5 measurement system (RinnTECH, Heidelberg, Germany).

2.1.4. Genetic diversity and population structure of common ash
stands

Genetic diversity and population structure of common ash was analysed in
16 naturally regenerated ash stands located throughout the territory of Latvia
(Fig. 2.1) (Paper V). Two of them, Skriveri and B&rvircava, were designated as
genetic resource forests (GRF). In each stand (in ca. 2500 m? area) several leaves
from 24 randomly selected young ash individuals were collected at 1-2 m height.
In total, 372 individuals were sampled.
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The DNA from leaves was isolated using a CTAB-based method (Porebski
etal., 1997). The genotyping was done using six nuclear SSR markers (Femsatl4,
Femsatl10, Femsatll1, Femsatl16, Femsatl19) (Lefort et al., 1999) and M2-30
(Brachet et al., 1999), as well as six angiosperm chloroplast markers ccmp2,
ccmp 4, ccmp6, ccmplO, ccmp?7 and ccmp3 (Weising et al., 1999). All
polymerase chain reactions (PCR) were carried out in an Eppendorf Mastercycler
ep gradient thermal cycler. Amplified fragments were separated on an ABI
Prism 3130x1 Genetic Analyser (Applied Biosystems).

2.1.5. Succession of ash stands

Succession of ash stands was studied in 15 PSP (Fig. 2.1). Within each PSP,
three smaller circular plots (R =5 m, S = ca. 78.5 m?) were established for the
description of understory (Paper VI) at seven-meter distance from the centre of
the PSP. In these subplots, height of all understrorey shrub (NL) and advance
growth (AG) individuals with DBH <6 cm was measured. The survey was
conducted in 2005, 2010 and 2015. In addition, succession of ash stands was
evaluated in two genetic resource forests (GRF) near Skriveri and Beérvircava
(Paper VII, Fig. 2.1). In total 28 GRF stands (units) in Skriveri and 73 GRF
stands in Bérvircava were analysed. The age of these stands ranged from 20—126
years, and ash was the dominant species with an admixture of wych elm,
common aspen, black alder A/nus glutinosa L., silver birch, and other species.
The GRF stands were growing in eutrophic conditions (A4egopodiosa,
Dryopteriosa, or Mercurialiosa mel. site types). Within each stand, a 20x20 m
plot was established, where the projective cover (%) of each canopy tree species
was determined. Along one diagonal of the plot, a 25%1 m transect was
established, where all AG and UG species (H < 7.0 m) were counted and health
condition of ash was recorded in five classes defined above (cf. Puspure et al.,
2015).

2.1.6. Regeneration and health condition of young ash stands

Natural regeneration of ash in young stands, where ash contributed >40% of
standing volume in the previous rotation (Paper VIII), was studied in 90 stands
distributed across the territory of Latvia (Fig. 2.1). The age of the studied stands
ranged between 5-40 years, and size exceeded one ha. The stands occurred on
dry mineral, drained mineral, drained peat, and moist mineral soils. Within each
stand, a 100x2 m sampling plot was established along the longest diagonal of the
forest compartment. In each plot, all AG and UG individuals up to 7 m height
were counted and their height measured. For each ash tree, degree of H. fraxineus
damage was recorded in five classes (cf. PuSpure et al., 2015). In four of these
90 stands (two six-year old and two eight-year old; Fig. 2.1), all ash trees within
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the sample plots were sampled (stem discs at stem base taken) for estimation of
age. The height and diameter at stem base of the sampled trees was measured and
degree of H. fraxineus damage was recorded. From the sampled trees in each
stand, 10 ashes for each height class (7 classes; tree height 0—3 m with 0.5 m
section) were randomly selected for determination of age. In the laboratory, stem
discs were sanded and tree-rings were counted under a microscope. The stands
were surveyed in 2015.

For the assessment of health condition of ash in young stands of diverse
composition (Paper IX), 35 stands with age 26-36 years and dominated by
different species were selected from the 90 stands used for Paper VIII. The
selection was stratified to represent young stands dominated by black alder, grey
alder, silver birch, common ash and Norway spruce equally for western and
eastern parts of Latvia (Fig. 2.1). These stands were revisited and height of trees
within 100x2 m sampling plots was measured in 2017 (as in 2015, but without
sampling).

2.2. Data analysis and additional data sources

The dynamics (relative changes) of area of young ash stand (<41 years) in
Latvia for the three year periods during 20002009 (2015 for total area) (Paper
I) were analysed according to spatial data from the State Forest Service database
(Valsts meza dienests, 2019). Counties were used as statistical units, which were
grouped by local physiogeographical nature region as defined by Ramans (1994).
Nature regions, where the area of young ash stands in 2000 was < 200 ha, were
excluded from the analysis. The spatial analysis was applied using the
Arc View 9.1 software (ESRI, 2006).

Data on several stand parameters like site type, soil type, age, tending history,
standing volume, the current composition of species and composition of species
in the previous rotation (used in Papers II, III, IV, VII, VIII, IX) were obtained
from the Latvia State Forest Service database (Valsts meza dienests, 2019).

The paired t-test (applying Bonferroni transformation of p-values) was
performed to assess differences in the extension of the lesions between
consecutive observations (Paper III). Analysis of variance (ANOVA) was used
to determine effect of ash density in AG in relation to dominant canopy tree
species (Paper VII and VI), as well as to assess the differences in total and
individual regeneration density between observation periods (Paper VI). The
same analysis was also applied to assess differences in ash diameter, height and
age among sites and health classes (Paper VIII), as well as for differences in size
and rate of extension of the lesions (per tree) according to location on a tree and
its age (existing (EL) or new (NL)) and for differences in overall health condition
of the saplings between sites (Paper III). The relationships between ash diameter,
age and height were evaluated using linear models (Paper VIII). Linear models
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were also used to analyse health condition of ash in relation to projective cover
of ash in the canopy, as well as dominant species in the canopy (Paper VII). The
Chi-squared test (¥*) was used to compare composition of the understory and
separately for AG and UG species between observation periods (Paper VI).

Pearson correlation analysis was used for the evaluation of the association
between ash AG density and the number of woody plants in AG/UG (Paper VII
and VIII), as well as to determine the relationships between understory density
and the density of dead canopy F. excelsior (Paper VI). This analysis was used
to assess the relationships between ash health condition and height and age
(Paper VIII), as well as between the lesion area above and below bark (Paper III).
Non-parametric Kendall correlation analysis was applied to determine linear
relationships between ash regeneration density and species richness of stands
(Paper VI), as well as to assess the effect of tree morphometric parameters (H,
D) on health condition (Paper III).

A generalized mixed model applying Gaussian distribution of residuals was
used to assess the effect of region and species composition (dominant species in
canopy, AG) on ash regeneration (Paper VIII). A generalized mixed model using
a Poisson distribution of residuals, was applied to analyse differences in the
number of active/inactive/latent lesions per tree, as well as NL and EL, according
to their location, date of observation, health condition of the sapling, and site
(Paper III). Generalized linear mixed models were applied to determine effects
of soil type, stand age (classes), and species composition (dominant species in
AG) on ash density (Paper VIII). The mixed models were fit using the restricted
Likelihood ratio test (West et al., 2006). The normality of datasets and model
residuals was assessed using graphical analysis (Elferts, 2013).

Mixed ordinal regression was used to assess the effect of AG height and
number of UG species in a stand on the health condition of ash among regions
(Paper VIII). Mixed ordinal regression also was used to analyse changes in health
classes of ash in relation to structure and composition of a stand (Paper IX). Tree
was considered as an observation and sampling plots were used as random
intercepts. In the models, different parameters and their combinations were tested
as linear predictors of ash health conditions. The best combination of predictors
was determined by arbitrarily selection; up to seven factors were tested
simultaneously. The performance of the models was assessed using the Akaike
information criterion (AIC), and conformity with biological realism was
evaluated. The significant predictors were tested for multicolinearity (Fox &
Weisberg, 2011).

Detrended Correspondence Analysis was used to analyse temporal changes
in species composition (Paper VI).

Dendrochronological techniques were used to assess growth patterns and
their sensitivity for ash trees differing in health status (Paper IV). The measured
time series were crossdated and their quality was checked. For the description of
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the datasets, the expressed population signal, signal to noise ratio (Wigley et al.,
1984), Gleichldufigkeit, interseries correlation and the first order autocorrelation
coefficients were calculated. Residual chronologies based on the crossdated
datasets were produced for each stand/group (damaged and healthy). Double
detrending, firstly by the negative exponential curve and, secondly, by the cubic
spline was applied. Bootstrapped Pearson correlation analysis was used for the
detection of climatic signals in the chronologies. The climatic factors showing
significant correlations with TRW were tested for collinearity. Gridded climatic
data (mean air temperature, precipitation sum and standardized precipitation-
evapotranspiration indices for months) were obtained from the online repository
of the Climatic Research Unit of the University of East Anglia (Harris et al.,
2014).

Molecular genetic statistics were applied for description of ash population
structure (Paper V). The amplified fragments of DNA were visualized using
GeneMapper 3.5. The chloroplast marker data were combined into haplotypes.
Analysis of nuclear SSR data was done using Fstat 2.9.3.2 (Goudet, 2001) and
GenAlEx 6.5 (Peakall & Smouse, 2012). Genetic diversity of common ash was
examined using dendrograms constructed using software MEGA 5.2 (Tamura et
al., 2011). A Bayesian clustering approach, implemented using software
STRUCTURE 2.1 (Pritchard et al., 2000), was used to estimate the most likely
number of clusters into which the nSSR genotypes were assigned with a certain
likelihood. The most likely number of clusters was identified by the delta K
criterion (Evanno et al., 2005) with STRUCTURE HARVESTER 0.6.93
software (Earl & vonHoldt, 2012).

Data analysis was conducted at the significance level o= 0.05 in program
Rv. 3.6.1 (R Core Team, 2019), using the ‘Ime4’ (Bates et al., 2015), ‘ordinal’
(Christensen, 2018), ‘car’ (Fox & Weisberg, 2011), ‘lmerTest’ (Kuznetsova et
al., 2015), ‘dpIR’ (Bunn, 2008) and ‘multcomp’ (Hothorn et al., 2008) libraries.

3. RESULTS AND DISCUSSION

3.1. Dieback of common ash stands

Remarkable reduction of ash stand area distribution (Paper II), which was
particularly explicit for young stands, was coused by dieback (Paper I). The total
area of young ash stands in Latvia decreased 4.4 times during the period 2000—
2015. This also affected age structure of ash forests in Latvia, as the proportion
of young (<40 years) stands from the total area of ash forest decreased from 43%
to 17% in 2000 and 2015, respectively. The rate of the decrease in the area of
young stands was temporally differed. During 2000-2006, the decline was rapid
(on average by 805 ha year!), while in the following years (2007-2015) the
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decline slowed down (on average by 279 hayear!), indicating density-
dependence of the process. A similar pattern was observed in Europe; for
example, in Lithuania decline of all ash stands between 2001 and 2015 was
2043 ha year! (Pliora et al., 2017), but in Romania during 2001-2010,
415 ha year™! (Chira et al., 2017).

In 2000 in Latvia, dieback of young stands of ash was initially observed in
the southern part of the country (Semigallia plain), which borders with Lithuania,
where ADB had already been confirmed (Juodvalkis & Vasilauskas, 2002). In
2001, ADB rapidly spread northwards, likely using lowlands and rivers as
migration corridors (Fig. 3.1). Rivers have been considered as the most important
pathways for the pathogen in Central Europe (Chira et al., 2017). Until 2006,
massive dieback had spread throughout the territory of Latvia. The dispersal rate
of H. fraxineus in Latvia was estimated to be ca. 40 km year™!, while in the
northeastern Italy it was 50-60 km year '(Luchi et al., 2012), and in Norway
ranged from 25-78 km year!(Berja et al., 2017; Solheim & Hietala, 2017).
However, in Latvia, ADB was slower in the upland areas where ash stands were
more scattered, and hence population density and connectivity of stands lower,
than observed in Germany (Enderle et al., 2018).

The extent of ADB was analysed in Paper II based on forest inventory (FI)
and PSP. According to FI data, ADB decreased the area of ash-dominated stands
in Latvia nearly twice during the period 1998-2015. The decrease was slightly
faster (by ca. 6%) in the western part of Latvia, where the area and connectivity
of ash stands was higher (Liepins et al., 2016), which might have facilitated the
spread of the disease (Enderle et al., 2018).

An inconsistency was observed between data sources regarding increment
dynamics of stands affected by ADB. The official (FI) statistics have been
showing a gradual increase in the standing volume of the surviving ash-
dominated stands in Latvia during 2005-2015 (Table 3.1). In contrast, the data
from PSP highlighted considerable decrease in standing volume of ash from ca.
320 m* ha™' in 2005 to 151 m*ha™! in 2015. Accordingly, the volume of
deadwood increased from 18 m? ha™! to 212 m? ha™! (Table 3.1). The changes in
standing volume of ash were similar in the western and eastern parts of Latvia.

The changes in survival of trees were also similar in the western and eastern
parts of Latvia. In 2005-2009 and 2010-2015, the mortality rate (%) was 9.6
and 8.2% year-!, respectively. The overall mortality of ash in Latvia was lower
than estimated in Lithuania and Germany (6.9 vs. 8.7 and 10.1% year™,
respectively; cf. Plitra et al., 2017; Enderle et al., 2017), suggesting higher
resistance of ash stands from Latvia against the pathogens. Still, it was
considerably higher than observed for intermediate-sized (#% = ca. 6% year™)
and the largest (ca. 3% year!) trees in Norway (Timmermann et al., 2017),
mature ash in Austria (0.3% year!, KeBler et al., 2012) and ‘veteran’ (i.e., long
lived; ca. 1% year™") trees in Sweden (Bengtsson & Senstrom, 2017), thus
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indicating higher resistance of long-lived individuals. The decrease in standing
volume (#% = 5.3% year™'; Table 3.1) was slower compared to that of stand
density, which might be explained by the presence of ‘veteran’ trees in the
studied population. The increased resistance of ‘veteran’ trees, as observed in
previous studies (Skovsgaard et al.,, 2010; McKinney et al., 2011a), likely
explained the trade-offs in 7% calculated based on density and standing volume
of stands (Table 3.1).

The mortality of the affected ash, as indicated by changes in ash density, was
higher at the beginning of dieback period (Table 3.1), indicating that most of the
population was highly sensitive to the pathogen (McKinney et al., 2014). The
remaining trees apparently had higher resistance (Bengtsson et al., 2014),
explaining the decreased mortality (Table 3.1). Such trends of mortality are
consistent with observations of Margais et al. (2017) and Coker et al. (2019), who
observed that 6-8 years after strong infection, the mortality rates tended to
stagnate.

The causal agent of ADB H. fraxineus was isolated in 35% of the collected
17 samples, confirming its involvement in the formation of lesions on ash
saplings and ADB in general (Paper III). The proportion of the positive samples
was lower than that found in Sweden (Bengtsson et al., 2014) and Germany
(Schumacher et al., 2009), likely suggesting involvement of other agents (Husson
et al., 2012), which, however, were not quantified. The low occurrence of the
pathogen could be explained by seasonal (McKinney et al., 201 1b; Bengtsson et
al., 2014) and inter-tree (Schumacher et al., 2009) variation in the number of
propagules, as well as intense surface sterilisation of samples prior to incubation.
The uneven infection of stands of different age, uneven damage of ash trees in
each stand and uneven mortality rates, as well as regional differences (in the
European context) in mortality of ash, indicated that local factors affected
resistance of ash.

3.2. Intra-seasonal development of Hymenoscyphus fraxineus

Mostly the dieback of common ash is a rapid process, as the infected trees
can decline within a few years after the first symptoms appear (in some cases,
symptoms might not be even visible), but some trees can have chronic symptoms
and are weakened gradually (Bakys et al., 2009b; Timmermann et al., 2011;
Enderle et al., 2013; Landolt et al., 2016). Accordingly, intra-seasonal dynamics
can provide insight into the fate of affected tries — whether trees will die or
develop chronic symptoms (Bengtsson et al.,, 2014). The intra-seasonal
development of lesions on stems, branches and shoots caused by H. fraxineus in
relation to increased mortality was monitored in three young stands (Paper III).
Most of the observed lesions (67%) were already previously observed (EL) on
stems (50%). The newly emerged lesions (NL) comprised 33% of all observed,
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and mostly appeared at the beginning of the observation period in June and July,
implying a seasonal pattern, which might be explained by the maturation of
leaves and shoots (Schumacher et al., 2009; Timmermann et al., 2011).
Considering that propagules of H. fraxineus (Schumacher et al., 2009) infect
their host through leaves and shoots (Kirisits & Cech, 2009; Kirisits et al., 2009;
Cleary et al., 2013), the majority of NL appeared on branches (55%), suggesting
limited effect on height growth. However, the amount of branches is higher than
that of the apical shoots.

The activity and extension of lesions appeared to be related to meteorological
differences (temperature), and were the highest in June—July, when the
temperature was the highest (ca. 15-18°C) and closest to the growth optimum of
H. fraxineus (20°C, Kowalski & Bartnik, 2010; Timmermann et al., 2011)
(Fig. 3.2). The extension of lesions differed between EL and NL (p <0.01), as
well as amongst the affected parts of trees for EL (Fig. 3.2). During the season,
the area of lesions increased from 52.5 +11.3 cm? (mean +standard error) per tree
in June to 92.1 £14.7 cm? per tree at the end of the observation period (Fig. 3.2).
The area of lesions increased most rapidly on tree tops and branches, which are
close to the stem pith, through which the pathogen spreads within its host
(Schumacher et al., 2009), and where the bark is thinner, facilitating extension
of infection (Husson et al., 2012). The NL extended more than three times faster
compared to EL, indicating that after emergence, lesions rapidly grow to a certain
optimum size within the first month. This indicated that ca. one month was
needed to partially compartmentalise the development of the pathogen.
Alternatively, this might be associated with a higher activity of younger strains
of fungus (Lygis et al., 2016). This suggest ability of trees to survive and grow
under a high disease intensity background.

During the growing season, 24% and 22% of lesions completely affected
branches and tops, respectively, causing their complete death. Nevertheless,
some biological limitations (e.g., inactive physical defence) for lesion growth
(Bengtsson et al., 2014) were observed; 22% of EL were latent and 13% of
branch and 7% of apical branch lesions stopped expansion when reaching the
shoot base or the main stem. This might be related to the anatomical properties
of wood, such as differences in vessel size and lateral connectivity, or pith
diameter between the transitions of height increments of consecutive years
(Schweingruber, 2007). Still, some transitions of lesions from tree tops and
branches to stems were also observed, as 18% of tree top lesions expanded into
the stem, suggesting further development in the following season.

With the expansion of lesions, the overall health condition (class) of saplings
decreased from 1.6 to 2.9 over the observation period. Still, the intermediate
proportion of NL, and low mortality of trees (3.3%, cf. Lygis et al., 2014),
indicated chronic formation of lesions. The presence of latent lesions suggested
that trees were able to sufficiently compartmentalise the pathogen (Pallardy,
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2008). There were no significant relationships between the health class at the
beginning of the observation period and the expansion rate of EL or NL, nor
between health class and the number of lesions, suggesting comparable infection
pressure for all saplings, regardless of previous infection. There was no
significant relationship between the number of EL and NL, suggesting similar
probability of a lesion emerging, irrespective of preceding infection and leading
to influence of stochastic processes or microclimate. The chances of ash to
survive were individual, but most trees showed chronic symptoms, which could
progress rapidly under favourable conditions. Yet, ca. one fifth of trees
completely lost their tops and thus reduced that competitiveness

3.3. Sensitivity of common ash to meteorological factors

The growth pattern and sensitivity to meteorological factors have been
identified as factors affecting susceptibility of trees to pathogens (Helama et al.,
2009; Tulik et al., 2018), therefore, such information can be valuable when
assessing linkage of ADB with climatic changes. Although in Latvia ash occurs
near its northern distribution limit (BFW, 2020), the individuality of growth was
rather pronounced, similarly as observed for trees under optimum conditions
(Fritts, 2001). However, some common tendencies in radial growth were also
detected (Paper IV). The susceptibility of ash to fungal infection appeared to be
age-related (Enderle et al., 2013), as the healthy trees were generally younger,
had higher mean TRW and contained less autocorrelation (0.77 vs. 0.82) than the
damaged ones. The differences in growth rates between the groups suggested
linkage with the social status (i.e., crown classes) of trees (Timmermann et al.,
2011; Martin-Bento et al., 2008). The damaged trees showed growth suppression
and autocorrelation during a few recent decades.

In the central part of Latvia, TRW was sensitive to climatic factors related to
the previous vegetation season and the dormant period, suggesting legacy effects
on xylogenesis (Zweifel, 2020). In the ring porous species, nutrient reserves are
mainly deployed for early growth (Barbaroux & Breda, 2002), which affects
water relations and increment in the following season (Tyree & Zimmermann,
2002). Accordingly, summer precipitation showed positive affect on TRW
(Fig. 3.3), suggesting effect of water deficit. Shifting temperature conditions can
burden physiological processes (Pallardy, 2008; Berry & Downton, 1982),
explaining negative effect of daily temperature amplitudes on TRW (Fig. 3.3).
The effect of precipitation and temperature in the preceding August was
significant at all sites (Fig. 3.3), as the formation of nutrient reserves initiates at
this time (Barbaroux & Breda, 2002).

In the eastern part of Latvia, TRW appeared sensitive to temperature in the
previous autumn (September and October) and in the current vegetation season
(April-September), mainly showing negative correlations (Fig. 3.3). In autumn,
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raised temperature can increase respiration, causing losses of stored nutrients
(Ogren et al., 1997). In September, increased temperature, apparently, might also
cause water deficit (Traykovic, 2005), as positive correlation with precipitation
was observed (Fig. 3.3). The negative effect of temperature in the current spring
may be explained by earlier onset of the active period or earlier leaf flush,
subjecting trees to late frost (Gu et al., 2008).

Only a few pronounced differences in the sets of the significant climatic
factors were observed between the healthy and damaged trees (Fig. 3.3),
suggesting slight effect of climatic sensitivity on susceptibility to the disease.
The damaged trees in the central part of Latvia were more sensitive to water
deficit and temperature regime in the preceding August (Fig. 3.3), suggesting that
under unfavourable conditions, trees are more stressed and hence predisposed to
the infection (Timmermann et al., 2011). Still, healthy trees showed additional
sensitivity (maximum temperature in previous August and precipitation in
March). Precipitation in March is usually in the form of snow, and its effect might
be explained by the insulating properties of snow layer, affecting roots (Hardy et
al., 2001; Tierney et al., 2001), as well as the water table, hence water relations
(Tyree & Zimmermann, 2002). The absence of such a relationship might suggest
that the damaged trees had a less sensitive root system before the infection. In
the eastern part of Latvia, the damaged trees were more affected by temperature
in July and September. TRW of the oldest trees (from GBN site) was more
sensitive to precipitation, particularly that of the damaged ones (Fig. 3.3),
indicating age-related changes in sensitivity (Carrer & Urbinati, 2004), reflecting
effect of water stress on susceptibility to the disease (Chira et al., 2017; Kowalski
et al., 2010). Direct relationship between health condition and climatic sensitivity
of ash was not observed, but the association between growth and meteorological
factors indicated the likelihood of increasing stress as a result of climate change,
and consequently increased susceptibility to the pathogen.

3.4. Genetic diversity of common ash in Latvia

Genetic diversity of a population is one of the key aspects determining its
adaptability to novel and rapidly changing environments (Aitken & Bemmels,
2016; Tiffin & Ross-Ibarra, 2017). Genetic diversity and population structure of
common ash in Latvia was studied using chloroplast and nuclear DNA markers.
Three of the six analysed chloroplast SSR markers were polymorphic (Paper V).
The genotypes of these three loci were combined into two haplotypes: HO1 was
present in all except the Kemeri stands, suggesting different origin of the
populations. This haplotype is widespread and common in Eastern Europe and
Scandinavia. In Kemeri, HO2 was identified, which is the most common
haplotype in Central Europe, reaching Poland (Heuertz et al., 2004a).
Apparently, trees belonging to this haplotype originated from parental trees from
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nearby parks, where greening was done using planting material from Western
Europe (Dambis et al., 2007). The haplotypes HO1 and HO2 were found to be the
most common alleles in European common ash populations, together
representing 68% of the individuals (Heuertz et al., 2004a). Interestingly, the
nuclear SSR marker, however, did not differentiate the Kemeri stand from the
others (Paper V), suggesting hybridization with the local population. This
indicated local specialization of the Latvian ash population, which persisted
under high gene flow (Aitken & Bemmels, 2016; Moran et al., 2017), probably
due to growth range fragmentation (Liepins et al., 2016).

The observed heterozygosity in the studied population (mean of) was lower
than the expected (mean values 0.64 vs. 0.82, respectively), suggesting reduced
adaptability of the population to extreme conditions (Aitken & Bemmels, 2016;
Tiffin & Ross-Ibarra, 2017), including pathogen outbreaks. Accordingly, the
fixation index was positive for all loci (mean 0.23). In total, 14 private alleles
were identified, of which only three had a frequency >0.05 in the respective
stands; however, most of them were non-effective, indicating a high proportion
of low frequency alleles.

The AMOVA analysis of nuclear SSR markers showed a low, but significant
(Fst=10.045, p<0.001) level of population differentiation, implying local
specialization (Aitken & Bemmels, 2016). The most genetically differentiated
stands were Vilaka and Vainode (pairwise Fst=0.151), as well as Sedere and
Vestiena (Fig. 3.4). However, the clustering of the populations did not reveal an
explicit geographical pattern. The same was confirmed by the delta K criterion.

The genetic diversity of common ash in Latvia was lower than identified
previously in the more southern populations. The number of alleles at almost all
loci was higher in other countries, with the exception of Scotland. Populations at
the northern limit of the species have low genetic diversity, likely due to local
specialisation to hostile environment during the post-glacial recolonization from
southern refugia (Wallander, 2008). The inbreeding coefficients were positive
for most of the loci/studies, implying that this could be a general feature of
common ash related to polygamy of the species (Wallander, 2008). The genetic
structure of common ash in Latvia indicated low nuclear genetic diversity with a
slight local specialization sugesting limited adaptability of the local population.
However, the part of gene pool of the stands in Kemeri showing relationships to
another population might be considered as a source of additional genetic
diversity

3.5. Succession of affected ash stands

After various types of forest disturbances, including diseases, the
regeneration of the understory and its dynamics can change dramatically, thus
affecting the future composition of the stand and vitality of regenerating trees
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(Lygis et al., 2014; Thomas et al., 2018). Dolan & Kilgore (2018) indicated that
after Emerald ash borer attack, the density of shade-tolerant shrubs and saplings,
as well as density of native and non-native shrub species increased with
decreasing abundance of ash.

According to the consolidated results from Paper VI and Paper VII, during
2005-2015, the mean density of AG and UG in ash stands was 6520 +1401 and
11193 1751 individuals ha™!, respectively. The understory in the middle-aged
to overmature common ash stands generally consisted of broadleaved and
pioneer species. The highest densities were observed for wych elm, common ash,
Norway maple, and small-leaved lime Tilia cordata Mill., yet codominance of
two to four AG species was often observed, suggesting formation of mixed
stands. However, in the stands where Norway maple co-occurred in the canopy,
AG of maple was faciliated by ADB, suggesting formation of pure maple stands
in the future.

In most cases, AG consisted of the same species as the canopy. However, in
the previously ash dominated stands, recolonization of UG by the shrub species
(e.g., bird cherry Padus avium Mill. and common hazel Corylus avellana L.)
occurred (Table 1 in Paper VI). Although common hazel is considered as a
valuable species in ash forests (Loidi, 2004), together with bird cherry it
comprised 53% of UG (Paper VI and VII), indicating suppression of AG
regeneration (Runkle, 1990; Gillman et al., 2003; Royo & Carson, 2006).
Furthermore, an increase in the abundance of adventitious (e.g. cherry plum
Prunus cerasifera var. divaricata Bailey. false spiraca Sorbaria sorbifolia (L.)
A. Braun and gooseberry Ribes spp.) UG species (Table 1 in Paper VI) that
benefit from disturbances (Gonzales et al., 2002) occurred.

Since 2015, an increase (near double) in total density of understory was
observed, but in contrast to other studies (de la Cretaz & Kelty, 2002; Coomes et
al., 2003; Royo & Carson, 20006), it appeared independent of the local extent of
ADB in most stands. This might be related to a delayed response of understory
to ADB. Nevertheless, an increase in density of AG and UG remained similar
compared to the 2005-2015 period (36% and 64%, respectively), with only slight
fluctuations (up to 2%).

The observed ash AG densities suggest that pure ash stands would not
regenerate naturally (low AG density 1987 £397 ashes ha™), but that ash would
likely remain in admixture. Although 81% of the studied ash trees were healthy,
only 10% exceeded 0.5 m height, indicating high mortality due to self-thinning
and likely ADB, as previously reported by Sakss (1958) and Giongo et al. (2017).
Further decrease in health condition was observed as trees grew. For example,
above 2 m height, 32% of trees were healthy, yet 17% were dead. It is expected
that a small part of them (<5%) would reach the canopy, which is consistent with
Laivin§ & Mangale (2004), who suggested that ash would remain as an
admixture species.
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The density of ash AG has been significantly affected by the dominant
species in the canopy. Due to ADB, regeneration of ash under mother trees has
drastically decreased, although, before ADB the number of ash seedlings was
positively related to the number and proximity of parent trees (Harmer et al.,
2005). Presence of black and grey alder in the canopy had a negative effect on
ash regeneration density and health condition of saplings, while admixture of
birch tended to have a positive effect. Nevertheless, a positive correlation
between ash AG density and species richness in the understory was estimated
(r=10.184, p = 0.03), suggesting positive effects of stand diversity (Forrester &
Bauhus, 2016). Although ash regeneration occurs in the affected stands, saplings
are affected by the disease, which increases tree mortality and reduces
competitiveness. Therefore, it is expected that other tree species, and especially
shrub species, will compete with ash in the future and more likely will force ash
into admixture, implying gradual transformation of the affected stands.

3.6. Natural regeneration of common ash in young stands
3.6.1. Species composition and ash regeneration

In Europe, including Latvia, the damaged ash stands are cut and reforested
with other tree species, while a part of these stands are managed using natural
regeneration, subjecting recruiting ash to competition with other species under
open conditions (Lygis et al., 2014; McKinney et al., 2014). In the young stands
of ash, the mean understory and AG density was 18410 +£1040 and
7150 £558 individuals ha™!, respectively (Paper VII). In AG, ash
(4185 £401 trees ha™), grey alder, birch and common aspen were the main
species, but in UG two species — bird cherry and common hazel dominated
(Fig. 3.5). The woody flora, however, appeared little affected by the dieback, as
the same species have been observed before (Sakss, 1958) and after the ADB
(Fig. 3.5; Lygis et al., 2014). Still, the composition of regenerating stands has
been altered. Ash AG density was considerably higher than recently observed in
neighbouring Lithuania (599 ashes ha™!), Estonia (3500 ashes ha™!) and
Germany (653 ashes ha™) (Lygis et al., 2014; Drenkhan et al., 2017; Enderle et
al., 2018), but lower than before the ADB in Europe (15-30 10° ashes ha™")
(Sakss, 1958; Harmer et al., 1997; Tabari & Lust, 1999; Lygis et al., 2014). The
ratio of AG and UG individuals was 48.4 vs. 51.6; the increased proportion of
the UG species (Fig. 3.5) suggested ongoing changes in the affected ash stands.

ADB apparently facilitated rapid development of UG species, which were
outcompeting the surviving ash, as negative correlations between density of ash
and UG, as well as AG (r =-0.24 and -0.23, respectively) were found. Similar
inter-species relationships in affected stands have been reported from other
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studies (Keer, 1998; Givnish, 2002; Royo &Carson, 2006; Skovsgaard et al.,
2010).

3.6.2. Incidence of Hymenoscyphus fraxineus in ash advance growth

In Latvia, the proportion of dead ash saplings (from the accounted) was
10.0% (Paper VIII), which is comparable with the natural die-off of recruiting
trees (Harmer et al., 2005). Unfortunately, based on available data, it was
difficult to assess the compensatory and/or complimentary effects of ADB on
mortality. For example, Sakss (1958) found that in Latvia ash AG in clear-cuts
withered and died, similarly in England prior to ADB, after the removal of
understory and thinning of canopy ash AG was reduced by 40—-50% per year
(Harmer et al., 2005). For comparison, the mortality of naturally regenerated
young ash in Estonia, Lithuania, Germany and Italy was 7%, 17%, 16.2% and
17.6% respectively (Drenkhan et al., 2017; Enderle et al. 2017; Giongo et al.,
2017), indicating regional differences in health condition of ash. Highly
significant regional differences were also observed in Latvia, as health condition
of ash was worse in the western than in the central and eastern part of Latvia.

A relationship was observed between health class and height (»=0.28,
p <0.001), as well as age (p < 0.001, Fig. 3.6) of ash saplings. The proportion of
healthy and dead ashes up to and above 3 m height was 81% vs. 4% and 54% vs.
33% respectively, which is similar to observations from the Italian Alps (70%
vs. 14% and 38% vs. 20% in the height groups above and below 2 m; Giongo et
al., 2017). This suggests that a certain time is needed for ash to be infected as
well as to progressively increase disease pressure on older trees.

Increment analysis showed high site-specificity, indicating plasticity of the
species. A significant (Paper VIII) linear relationship between the diameter as
well as age and height of ash was observed. However, during the first 5-8 years,
the height of ash increased irregularly and individually, possibly due to different
growing conditions. Ash height and diameter were significantly affected by the
disease suggesting cumulative effect of the pathogen as the trees grow. The
lowest and thinnest trees were healthier, but health condition deteriorated
significantly with age. In general, ash health condition in Latvia was better in
young stands compared to AG in a mature stand, which opposes the observations
by Drenkhan et al. (2017) in Estonia, highlighting regional differences.
Compared to Central Europe, ash in Latvia regenerated with higher density, and
its mortality was lower. However, under intense interspecies competition in open
conditions (after clearcut), height growth of infected ash was suppressed, thus
allowing the formation of mixed stands with ash in admixture.
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3.7. Factors affecting regeneration and health condition of common
ash

The control of ADB in mature stands using silvicultural techniques is
practically impossible (Gross et al., 2014). However, any management practice
(e.g. stand establishment, thinning, etc.) and/or environmental aspect (moisture
availability, fertility, etc.) showing positive effect on ash health condition should
be exploited when establishing young ash stands for conservation, as well as for
commercial purposes at the regional level (Havrdova et al., 2017; Skovsgaard et
al., 2017).

The ash AG density was similar throughout the territory of Latvia (Paper
VIII); it appeared independent on the stand age (Fig. 3.6), soil, and canopy
species of the previous rotation. Although species richness can have positive
effect on density of ash AG (Fraxigen, 2005; Dobrowolska et al., 2011; Ahlberg,
2014), composition of AG had no effect on density of ash saplings in Latvia.
Nevertheless, density of ash AG tended to be higher when growing in mixture
with grey alder (also before ADB; Sakss, 1958) and birch, and partially
contrasting results were found in mature stands (Paper VII). Presence of spruce
had contrasting effect on ash AG density, depending on composition. When a
stand was formed by Norway spruce and ash, low density of spruce (<30%) had
negative effect on ash density, while increased abundance of spruce (60—-80%)
showed the opposite effect. This relationship, however, might by coincidental.

Health condition of ash was affected by the structure of the regenerating
stands. Mixed ordinal regression indicated that the combination of AG height
and number of UG species were the best predictors of ash health condition, yet
both their effects were interacted by region (Paper IX). The explicit regional
differences in the effect of shrub (UG) species richness on ash health condition
(Fig. 3.7) might be related to climatic conditions, as suggested by Papi¢ et al.
(2018). In the western part of Latvia, warmer climate apparently has facilitated
development of H. fraxineus (Kowalski & Bartnik, 2010; Dvorak et al., 2016) in
the longer term, suppressing growth of ash, as suggested by shorter tree height
(Fig. 3.7 B). Under such conditions, the admixture species apparently were
outcompeting ash and decreasing its vigour, thus explaining positive linkage with
the health class (Fig. 3.7 A). Under a cooler climate in the eastern part of Latvia,
which is less favourable for H. fraxineus (Kowalski & Bartnik, 2010), the shrub
(UG) species richness had a positive effect on health of ash (Fig. 3.7 A), likely
acting as biological barriers (Kosawang et al., 2018) and hindering development
of the pathogen (Jactel et al., 2005; Pautasso et al., 2005), thus highlighting the
effects of species richness (Givnish, 2002). Ashes were taller, indicating better
growing conditions under a more continental climate, as previously shown by
Papi¢ et al. (2018).
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Although there is no consensus on the effect of site type on the susceptibility
to H. fraxineus damage (Bakys et al., 2013; Timmermann et al., 2017), in Latvia
health condition of ash differed significantly (Paper VIII) in relation to soil type.
Higher susceptibility of ash to the pathogen was observed in the overmoist sites,
as previously shown by Gross et al. (2014); health condition was the best in
stands growing in well-drained and dry mineral soils (>76% of trees had minimal
or no symptoms), but worst condition on wet mineral soils, where 27% of trees
were dead. The positive effect of a drainage system on ash health condition has
been observed in other European countries (Dobrowolska et al., 2011;
Schumacher, 2011; Ahlberg, 2014).

Ash regeneration and health condition were better in mixed (82-95% of ash
trees were healthy, 1% dead) compared to pure (66% vs 20%; Paper VIII) stands,
as observed in Central and Western Europe as well (Dobrowolska et al., 2011;
Schumacher, 2011; Stener, 2013). However, effect of species composition
(dominant species) in AG was also significant. The greatest H. fraxineus damage
was observed in young stands mainly formed of Norway spruce and Norway
maple (in Norway spruce/ash stands — 40% of ash were dead, Norway spruce
stands — 12% and Norway maple stands — 14%). This can be explained by crown
and root system competition, as well as soil acidification (Lei et al., 2012), and
weak barriers for the spread of the disease due to low understory diversity
(Pautasso et al., 2005). As ash and Norway maple have similar growth strategies
(Petritan et al., 2009), the competitiveness of ash due to ADB has weakened
(Urbinati & Cillia, 1995), facilitating development of Norway maple. The best
health condition of ash was observed in stands with birch and common aspen (in
ash/birch stands 87% of ash were healthy, birch stands — 87% and common aspen
89%), as was previously observed by Givnish (2002) as well, suggesting positive
effects of presence of pioneer species.

The health condition of ash can be improved by silvicultural activities like
regular thinning (Niemelé et al., 1992; Guzman & Dirzo, 2001; Fraxigen, 2005)
minimizing biotic (competition) and abiotic (increased moisture) stresses of
common ash (Cech & Hoyer-Tomiczek, 2007; Skovsgaard et al., 2010; Bakys et
al., 2013). Significantly better (Paper VIII) ash health condition (by four times)
was observed in young stands, which were tended the most, and gradually
decreased with decreasing number of tending events. Selection and retention of
naturally regenerated ash young stands in accordance with environmental
conditions and relevant management should contribute to preservation of ash in
the future in Latvia.
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CONCLUSIONS

. Rapid large-scale dieback of common ash was observed in Latvia during
2005-2015 with mortality of mature trees reaching 6.9% year ! and standing
volume decreasing from 322 to 151 m* ha™!. The survival of trees was similar
throughout Latvia, however regional and local differences in health condition
and susceptibility to pathogen suggested unequal future potential of ash
stands.

. The development of lesions displays a seasonal pattern; rapid development
of lesions occurs during the warmer summer months, irrespectively of health
condition of trees and number of existing lesions. The dynamics of lesion
development indicate ability of ash to localize disease in the initially infected
parts of trees. Chronic symptoms are observed in 78% of analysed trees;
competitiveness is significantly reduced by dieback of tops, which has been
observed in ca.one fifth of infected trees.

. Restricted genetic diversity of common ash stands, as indicated by a
prevailingly common origin and low nuclear genetic diversity (high
inbreeding coefficient), suggested local specialization and limited potential
for improvement of the resistance based on the local reproductive material.

. Observed correlation between growth and meteorological factors indicated
likelihood of increasing stress as a result of climate change, and,
consequently, increased susceptibility to the pathogen. Trees showed
generally similar sensitivity to meteorological factors, irrespective of their
health status.

. Ash regenerates in young stands (4185 +401 trees ha™'), as well as in the
affected mature stands (1987 £397 trees ha™!), though in youg stands only %
of the recruiting trees appear healthy and their proportion tend to decrease
with ageing. In mature stands, 90% of recruiting ash dies already at the
seedling stage. The competitiveness of ash is reduced by the admixture of
broadleaved species. Still, mortality rates were lower compared to Central
Europe indicating regional differences in the susceptibility.

. Management and site properties have regional effects on ash health condition,
but not on ash regeneration density (trees per hectare). Intensive tending
improves the phytosanitary condition of ash. Trees are more vital in dry and
drained forests. Stand composition has explicit regional effect on ash health
condition; higher species diversity has positive effect in the eastern part of
Latvia, although effects of admixture species may vary.

55



1.

RECOMENDATIONS

Considering contrasting condition of regenerating ash and positive effects of
management, health condition of ash stands should be monitored. Survey
during the growth season, when the identification of disease symptoms is the
easiest, is advisable.

Efforts to conserve ash stands as a valuable genetic resource should primarily
be focussed in areas in the eastern part of Latvia where the health condition
of ash appears better. Nevertheless, the stands with best vitality should be
conserved throughout Latvia, promoting local genetic diversity.
Identification of the most genetically diverged populations for future
breeding programmes is advised.

Specific silvicultural strategies should be used for young and mature ash
stands: mixed stands with a small proportion of ash in admixture should be
facilitated for ash conservation. Obviously, resistant ash trees should be
identified and their long-term survival promoted using intense tending. In
stands of other age groups, vital dominant trees should be left as a seed
source. Stands with low vitality should not be preserved.
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