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Abstract

More often disturbances are leadingto an increase in mortality in the forests of
Central Europe. Disturbanceis a major problem for forest ecosystems, especially

in combination with ongoing climate change.

Dissertation thesis examines the spread of disturbance pathogens and the
factors that may influence their life cycle from three different perspectives. The
first is an assessment of the extent of the infestation of spruce bud blight
(Gemmamyces piceae) in the Ore mountains, where factors influencing the
spread at the stand level are investigated. The second is physiological, where is
investigated whetherthere is a difference in trehalose content between infested
and uninfested spruce trees by bud blight on acid soils with higher aluminium
content. The third perspective is a breeding, where the health of cultivated
provenances of Douglas-fir, which has been affected by needle casts in recent
years, has been evaluated at the HTT

The pathogen Gemmamyces piceae, a prominent invasive pathogen of the last
decade throughoutthe Ore mountains, was present on both Norway spruce and
Colorado Blue spruce during the survey. Age and stemming were important
factors influencing the spread. The highest infestation rates of Norway spruce
were foundin medium-aged stands. At full (10) and at the loosest (<6) stemming,
lower infestation was recorded than at average stemming (8). The intensity of

infestation with respectto stemming also differed between age categories.

Trehalose can be seen as a good indicator of health status because healthy
individuals tend to have significantly higher trehalose levels than moderately or
severely infested individuals. The results of the trehalose assessment showed a
significant difference in values between infected and healthy individuals. Trees
infested with bud bligthad poorly developed mycorrhiza andthetrehalose content
was significantly lowerin the damaged trees. The observed lower concentration
of fungal sugars and ergosterol is due to the favourable factors of mycorrhiza,

which isreflected in a higher water and mineral nutrientsupply.

The occurrence of pathogens of the genera Rhabdocline and

Nothophaeocryptopus on Douglas fir was confirmed in the international research

potHTykn t he P2 gwlkated defpliatoomindicated poor health and
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was also closely correlated with stem volume, which rarely reached 1 m3 in the
most defoliated specimens. Statistical results showed an inversely proportional
relationship between defoliation and average increment. Suitable provenances
for cultivation in Czechia originates from Washington and British Columbia.

The presented results showed how it is useful to look at the issue from several
different perspectives when dealing with pest biology. This is also because
inadequate rainfalland drought, in conjunction with other pathogens orsecondary
harmful agents, could pose a major risk in future years. In the Czechia, one
biggest example is a major calamity of unprecedented proportions caused by
cambiophagous insects, especially bark beetles (Ips typographus (L.),
Pityogenes chalcographus (L.)), which factually represent the real problems of

droughtin combination with secondary harmful agents.

Key words: invasive pathogens, Picea bud blight, needle casts, trehalose,
spread factors
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1.bvod

Vzhledemkst §1 e | asthRjg2mu viskytu disturban
z8kl adn2ch ekosyst®movich2p06cé&s h,8§rdesdug z
o0 jejich managment (LINDROTH et al., 2009; TURNER, 2010; SEIDL et al., 2014;

SEIDL et RAMER, 2017). Zn a |§ rekologick§ valence u mo g Ru j 2dcSe vri Ths t

vhejrTznNDNjg2ch vegetaln2ch stupn2ch, spol e
| astpdsobupe gapadgseen TnTge | i git v z8vislost
porossgolae| eannsaveWE,ge blt tak® z8&vislT na |

prosti$midie.zd|l ou h odmmlbe®hioska dTJlegit® di spon:
2AY D g koxil i8] gjgjichlddpadua eod vl znamu nejdTl egit

pr ost Saiah2epidemiologii. SoubnNEmMos propb®mectn2ch
nNkol i ka desetiivileata2zzenh§ pkrTorbotviecS v gddbadusa ¢ a

kn8r Tstu mortality | esn2Tahhgpadace TpSe Seda
vel kT probl @me pirDeydleevsgrd2mbivnaci s prob2haj:
klimatu. Je patrn®, ge se v budoucnu budo
zmNDnamB2rodn2ch podm2nk8ch, kter® se nega
stavu jednotlivich dSevin. Lze pSedpokl §¢

nebudesohl edem na vRkovou a dr KbLeswawimals k|1 adb L
2011; KINT et al., 2012).

Vsoul asnéstmezpatnSejv2cenahnmadem @&idleimhnyat ®

dSeviny, a ta bsomrokvizctee plielsin2 . &ir| pO®t ov gn %
druh@pTvangako je napS2klad douglaska tis:
(Kit VCNER al ., 2006) . Tyto i ntrodukovan® ¢

jippstalzpgél §tku se jednal o pSepdewgidimen]| d? a
vizkumephar kovVch var iyfarnkgestetickokalewppbk hiedn?2 m

stol et 2 ybht alvyuvy?Ilve&siyjake alterdatvy za dom&c2 ydSevin
(Ki 1 vCNetral, 2006). Kj eji ch pRstovg&§n2 se pSistupuj
d2ky mogm® dos&§hnout zvigen2leptr®dkiku nz2zdan
urlit® m2ry nevede jejich vyugit? i ke z
druhyseboualen es ou i url it 8 e imdhkay ntaptS2dkrd why

kterosle®aleontrol da av wijd#rdll Yy SpTvodn?2 v]| etn
vegetace. Nav?2c jleajsitcoh diorcthr@z®lehse & z n 2kc h

gkodlivTlch organi s T o s tkSheedtk® s $map tiesihutow v
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odol npofsstbi t viznamn® h @mpoodis Stsak, @02k ody (

| nvamzrnggZani smy jsou typick® t2m, ge se na
vzd8§l enosti od mateSsk® popul ace, a pSedev
rozmanitost | i e kibos yts® t®amo kv ®t iesn wagrbey?. pmd tS6é g e
kter® se | ast om?n ao bnjaegvem p4z8v D na nepTvVvoCl

an§8§sl ednhD ohroguj?2 dSeviny autpapSivdlom nSe g?2P
g2Sen? invaznrzxhuzugttagemT v gn @t ronddwhkov an
aautochtonn2oheshidsipo8€&Bstvz2.

Smr k z Pieep abled (L) Karst) je jednaznejrozg2Senhjg2ch
st Sedn? a selyressotal. RelR)oapp Sedev g2 med SOVIGA o s
procentu8l n2Zzm zastoupen2m na nagem Yzem?2
masi vn?2 KkTrovcovs8 kalamita zpTsSzdyenae8 zej m
(HL ¢swet al, 2021). Vmi nul osti njDk@!l idlorg8§to na nage:
kvl ramunm ®pogkozen?2 smrlednod z pS2ploirnnsalpHk k|l ad
znel i gSuj2c?2 | 8tky v 3o,vzauigdy xj @&k dé& gis@d O
(SOx), kter® viznamnhD pSisphly ké&aANeLBrer g e n 2

INES, 1995) . V EvyepNDpbybr awdhn ov mnoha zen
vsousedn2m NDmecku, Pol sku, FRUBRER) W98, u n e b @
avest Sedn?2 EvropRhR vedl na mnoha m2stech k

p or o BURITH, 1984; LoMmsKetal. 2002). Na Y2z e m2 L evsnkialostd o gl o
kviramup®gkolzemFTobl asti Kr kgomvisélds ol §t kem

spal ov § 816kLAasA) 1923; NOGI LKIA963) . V 80. |l etech 20
extr®mn2m i misn2m zat2gen?: ovzdug? rozpad
por osRrTat o zal aly bTt vysazovsgny n8hr at
sepSedpokl| §dal o, ge by mRly bit vTIli pTs
zn e js|taddj i vyug2vanich introdukovaRiceah dSe
pungens Engelm., kterT se ag do pol &8§tku tSet2ho

alternativa (SL oD | Let &l., 2008).

Po virazn®m ods *k®eanc2e me 126k b rpéidtaelkue 2009
vl esn2ch por ost ek dpidekick® ¢ uglediRoubrmtky smrkov®
Gemmamyces piceae (Borthw.) Casagr. i houbys di sjunktn2m hol a
are8l em pogkozuj2c?2 pupenyKlzeey m®atak as nsrnkruk

kter8 napaden® pupehky wWeifmiFmkpeanbghasmrop

14



na smrku pichlav®&m v Abercai r nBogmiwicRer t h s h
1909; SHOEMAKER, 1967. S ohledem nal et no st n & @Sedn2byEar op
vietnhD Leska K¥ck 1948 BUBELF9 1090 9) povagovs8na
ohni sko viskytu a ¢g2Sen?z. Ni cm®nnD Got ®, a
piccaen a | ®z 81 laGbyl Patbgen znovu objevenvr oce 2009 a jeho
g2Senporostech n&8hradnPpigendSekKinghVoBehbc:
aSu d et spkol hcohS 2ocvhioceb2912 potvrizenon a pl o g e jedriotkye n e g
tis2c hektarT. Pro zm2nDnou obl ast pSedst
viskyt t®to houby byl ji ¢ znP8aiesiu nka eerv@&hoop s
ale doposud nebylsaa &zmlzjngg®meinngfneak ze8 | i v zna
g k odyoce 2015 v g adko g | wl zkn a mn ® mu kioobnaiky SmnRkR ov ®

dovgech vRDkovTch t SPrd§ vsdmrpk o LzbtngtRiyid lto®hh o sou | a
rozg?28Oil2za Wdetermi novat faktwRyj dropistSed2 ,
patogenu a podmi Ruj2 jeho dal g2 ¢g2Senz.

Kvalitn2 a ¢givg8§ mykorhiza zvyguje odol no
kovIm a zajigSuje jim konkurenln2 vihodu
nag i v iIGRYNDLER et al., 2004; GEPERt M HCR008). My k or hi za umogR
stromTm efektivnDji vyug?2vat zdroje z pr
mnohem v2ce GRYNDiLEReta. 200d)dWs o(u gi t2 hub s koSer
rostlin (mykorhiza) s e s et k 8§ v &rizea |kser§ se vyskytuje asi u 80 %

vgech .rHdsatvini2nm dTvodem zji gSov&8§n2 obsahu

koSenT je to, ge dobSe repredentmojgen ®z d
pSedpokl §dat , ge stromy s vygg2?m obsahem
mykorhizu, protoge ta pSedstavuje |jStdenovengro
obsahu konkr®tn2ho produktu met abol i smu

mykorhizy korespondovat, a to i pSes to, ge je kvant
ponNDkud obtUgénbDpgt ®obdi pholalj émati ce i pS2

resp. pTdn2, jelikog u kysellTch pTd s obs
sn2genl vIiskyt mykorhizn2ch hub, a n8sl ed
by mohl a m2t Z a n 8 sl Teldie k s tnri e§sgT2m. o dTorl enhoaslt -
osmoticklchplviZaskeods tp2Si regul aci met abol

reguluje vyugit? sachar-zy a zvygbDg¢kt d ot c

1t fNNRBRYN BHINY 30KRHBE ™
15



dTvodT byl bhhem fyziologicklchKmiD&eheéh na
hor 8ch porovn8n rozd?2]| v obsahu trehal : zy
stromT.

Je zSejm®, ¢ge se na zhorgen®m zdravotn2m
Sada faktorT. Proto sedSeawwilreaniastkltjdar & elt
substitul nNTzvryaungrtos 8 niynt vo d u k, mwvoldy ntahotd Se v i n ¢
dTvodmi Rovanou v oblastech se zhorgenim
(KuUBEL E& al.,, 2014), ] e dou gl a s Rsauddtsuga menziesii ($1irb.)

Franco, kter8&8 je phDstovd§nvao dwe v sptuRok ®n 2p E
aschopnosti stabilizovat | esn? porosty p
(G NDE L& BERAN, 2004; KUBELEKt al ., 2014). RTzn® vl s:
snedol ogenTm pTvodem vznikaly v EvrophD ji
prvn2 provenizamPRBenvl nlaumdol nost dSeviny,
proveden v NDmecBasrneEne tr mde ,1 2100 3() . Ve srovi
ztepilTm doughashkapgd@pa@dwiDastnosti a m§ po
vliiv na tvorbu humuspsS,i pvh opdlndiyc h al ensanvizock Tj
schopna pSir oG enD®LeoBERAG 2004, PODRC Z S&HIRE MEG

2008; PODRCzs&tKUBELEK 2014). Jej 2 vyugit2z je al
jednot!l i vTi ch ofyyloodvoel noi¢gBeardbad y amn oh 3 evropskT
z e m2 GaRoMmY et IwWA 6 CZ UR010; PETKOVA e t al ., 2014) . Dal ¢g?2

hodnot2c2?2m aspektem pro vyugit?2z dougl asky

napaden?2 patogeny.

Vroce 2010 pSi kontrole zdravotn2ho sta
vizkumn® PFROc kirakpdT val ®m gkol bymopaj gt NE
j ejich si | nlxjpdT?s o phspppwkans &nabdocline pseudotsugae
Sydow a Nothophaeocryptopus gaeumannii (T. Rohde) Videira, C. Nakash., U.

Braun & Crous, in Videira, Groenewald, Nakashima, Braun, Barreto, de Wit &

Crous 2017 syn. Nothophaeocryptopus gaeumannii (Rohde) Petr. Nal okal i t D
HTr ky,ej 8Dt g2 koncentrac? dougl asky tisol
vk ombi naci se s uc Hetech,201p-Bd5dlee g 2 mo vjgeojv2Ehn?
zdravotn?2lhed isktoagyuse nejedn®#l ® adotmExdén difewh
ze Severn?2nefnyer idzkdyemvnNt g2 m2Se hodnocen

jednotlivich provenienc?2, sp2ge se jednal
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zm2nNDn® dr wrhcyy wyeskyat bjgluygl mak&8ezbny pol 8t ke

ve Skotsku, r e s pGERNANET etGaV.,1 1097;r REIGK 0y (@003;
KIMBERLEY et a | . , 2011) a jejich pS2tomnost byl &
nageho Pecxmy2003). Vzhledemktomu, § enebylavmi nul osti t Dn

patogenTm pSikl&gdg&na t®mNS §g&dng§ dTlegi
namezi n8rodn? ploge | UFRO HTrky vyhodnoce
provenizenSe®inalt ogi i ob®yp pukygepddgdstavuj?
pSi p NDsjteohvi§inl2nati ch dSevi n, o |l emg svid
p il edov§gn? a r e g uil Rothistrondh vseptospodum u(dofogin)

M. Morelet a Lecanosticta acicola( Th ¢m. ) Syd. )2@14 etletcdhr OB
vioce 2019 pSeSazemekmeant@aqgi| sram®dilsRy
je nenRromBn@®kol kaSskddihk pvavpaloedrd yse kd e
napadaj? a pogkozuj? asimilaln?2 org8ny, !
an8sl edn® defoliaci korun.

Patogeny Rhabdocline pseudotsugae, Nothophaeocryptopus gaeumannii

a Gemmamyces piceae p Sedst avuj 2 vel K® ri ziakto pro
isohledem naf akt ,j egebyl|l o pozosogat ®n a gi c h podm2nKk &
jivipni nult@®ns 2 clid et 2dy nskrzohnty j¢jich®biologii vI et n N
charakteristi kryozgawS$helncch m oasinkdoye mk ige®@2 g2 Se
ovli vRajgmi.Bwpsethutrehal -zy, kterT mTge dob
zdravotn? ,peavebd®evididledgi t® stanovif spr §:
vyhodnktko&rh T T s n 8 s | ,ekdvnaonut iefxitkraack?c 2t rehal - z
obsah tr@hanSgdodavich a pigkokidamatkouh
smrkovou.Tat o pik§ ae e zzavm povlat kloagbBSahky smrko:
smrku zw&pulg®MmchvhetB®®hvyhodnocen2 vlivu
faktorT ovlivRuj2c?2 r o z szhotnotij 2d P awo t 2 Sent?;
provenienccd ou gl as ky ti spolDsitsotvEs rnv2h ondan @olgderm Y2z e m-
na prob2zhaj2c? ka itmati chbootamDye chyb2 u
zm2nPNDng8 t®mat a.
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2.C2]1l e prs8ce

T Zmapovat rozg2Sen? kGQemnuamyces t picgae) s mr k o\
Borthw. Casagr. nasmrku ztepi | &@mpi c hy ak®mgni ch hor
avyhodnotit faktory prostSed?, kter®

T Vyhodnotit zdravotn? stav proveni ¢
(Pseudotsuga menziesiiMi r b. / Franco) na proveni er
kter8§8 se vzhl aedenmvkzopmkdwmaobdob2m s
ng§chylnhDjg2 k napaden2 houbovIimi pato

T Zji stit, zda exi stuje rozd?2]| % obs:

anenapadenicha skyemlTT chvymlgd c hobsaher
hlin2ku.

3. Rozborproblematiky

fada pateoegegnmD cehzdgayotn? s t MORRICA d Se vi n
et PANZAVOLTA, 2021; BALLA et al.,, 2022; OLSON et STENLID, 2022), proto
pSedstvd wwmijgtimika st g@kordR,lbg2oti | t2 gkTdci, nap$s
hmyz, chrousti, drobhej ihclhodmVsaob am®Bm e mTv s
kodumSen2 jehliknhataithbh dSevi KrRausmep®.2| cel
1986; ORCUTT et NILSEN, 2000; THOMAS et al., 2002; OLIVA et al., 2016; PAAP et
al., 2022).

Existuje mnohomo ¢ n ods2tk?y, kktgé iSlem 2 platchgediRal)Tab
Pro ochraneu ddTSlepoghiopit® to jakl mr apdis®dwesm 2
patogenuo v | ievRapgstnosti organismu a dynami ku s

Jedn8 se zo8sadch@imacepr o preventivn2z a predi

(PROSPERO et CLEARY, 2017).Samot n® g2 Sen? Jasto ovlivVvRu
me z i kter® patS? potencriegdr odiuskt| rnizbmuc ep ou e
patogenu, pSirozen§ schopnost rozgi Sovgn?

jednot!l i vl mi sa {HEgGEVELD,t 1989; | BEBBER, 2015). Distribuci
patogenT @®reozoh®fmt dochdabegadrlia2v,n2a to g2 ¢
anepS2mou (pasivn?2) <cestou. PS2mou cestu
sadebn? materi 8§l a dal hep&gm®Pmui gyaSehdsd
pomoc?2 vDtru, ,voakd. (ARGSPERChetyLRARY, 2017). Al ko | i
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jemogn® pozorovat mi grace i na vel k® vzd:
patogenu je pravdRDpodobnhD nejdTlegithDjg?z ¢
kter® viraznhD ovlivRuje dyniami &do vaa npeS d torkve
(GHELARDINI et al., 2017).

TabulkalZp Tsoby g2 Sen? hou bwatozERosPEra ¢t Gugaan 2017) p S e

ZpTsgbSenz Popis
VDt rem Houby, kter® tvoS$2z k
povrchu hostitelee mohou bTt sna
vhDtrem (rzi, sypavky
srychl ost 2 0, 05] ak®p 12
| 8stice. VDtg2 spory
MTge dochi8Betnz k ag nte

kil ometrT.

Vodou HI avnhD u patogenThbi ¥zl
vodn2ch tokT | i pot ok
zoospor | i kont ami n:

KromRD prudg2ch tokT a

m®nnN ef ektivn? na v DDt

mognost HE$SEnkemol i Kk
z8livkou.
Aut onomn?2 §2Sen? PSi tomto

zpTsobu doc
trval ®mu r Tstu hyf , k
pohybovat pTdoru sotdl irmofl
v8clavka ve formbD rhi:
MmTg§ge pohybnoddketl ik c e

nDkoli ka metrT za rok
Vektory U druhT, kter ® sraestliny ean
rostinu a kg2 Sen? pot Sebt

nepS2buzni druh. Nap$
vpodobnD Kk Tr oScolykus. r oNIuk
druhy p ovgkdbizw§ 2 pl et i v

patogen vstoupit do hostitele.

AntropogennQi Prost Sedni ct v 2 maktivil. 0 W@
infikovanim sadebn?
kont ami nac?2 rostl in

zach8zen? se zdrav]i mi

FadgpatogenT mkej?2 Sew§u §2 v § v2ceVlesmpcTlns ob T
ekosyst®eenbhjlasthDjg2Senk@BveMeuese®g2kdpony i
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atoinavzdS8| dan20cTli&km@ENGHVELD, 1989, KOLMER et al., 2009).

Aby mohlokg2 Sen? v,Tkeemeddjyttn® dostat infikova
Ktomu doch&8z2 napS2klad vliivem rozd2Ilnfch
(naps§. |l etorostT a jehlic) nelCoosgerab,ud?2c?
1978). Na samotn®m §g2Senjp2 steepload ®a vV zdwam
aradiace (GREGORY, 1973). Zvl §gtnz2npkS2ematthop$éd®t
idvoubyt @®nDtr zst §di 2azidiospony,usgelmacie, aeciospory,
urediospory, teliospory) a dvoubytsic®h omn® st S2 @&€ s thodpea it
kg2 Senz2 vgpoctho sht §23,2vilak eme medn ®t mexl mi d
sporpozorovat rozd¥lyyyakdBadv®mosgeéSegn2 a pSe
vzdugnou vVvI hkost aHEUWERRGBLlY)aTelibspoty jsolerpd jouv it ¢(2

t udrfeggS2 ohgbpi N® vel k® vmoHa®lge Positzes e Si  ni ¢
vlihkosti a bez srg§gek, kt(korM8Rr etyd.S20002 zn al
HELFER, 2014) . N e | ntgpéne spoe |soul) yredfospory, kt er ®
sepQing§gemBtrem nadhosRiet emibysdiegt Dijepro T
“uspNgn® g2Senza maxbBygt maj 2 schopnost se U«
kterjdouri ap S2vézidla,d z av az a d |KaLmiRiet alh 2009z HE(FER,

2014).

K 2¢Sen? |vassdoou doch§z2 i ve f dNremlZ n@mddk g¥v anr
zpTsobemn &¢eaise | i nnV o h ndb@&got (Flona et MOORMAN,

2005). T2 mtose gPHzmélenmznej nebezpel nNjg2ch i
or ganiis md Phytophthora (JUNG et al., 2018) . Z8!l izv&kjam®n a
vegkol kaSskT ch mE@e&?2 bdn 2 cidfekecep j ezne j m®ndta  j edn
seorecykl ovanou vodu z rybn2kT, Hoeketl|i pS
MOORMAN, 2005). Detekovat a kvantifikovatpatogenvz 8| ijecenogn ® n Dk ol
zpTsotboyuby, hl 2stice a nM&kkteardiceh jpehtimade ®h
naf i | try PRPemmTse?tt kaekm ,( 2002). Patogenyze kter G
pS2mo inokulovat na m®diumy mpehdg2jtereséedu

nasemi-selektiv n 2 m®JIEFFERSEL MARTIN, 1986; OUDEMANS, 1999).

Dal g2 gdS8ahrt ongopnmaéb2hg§ ve chv2li, kdy je
infikovat dal g2 jedi nce skupikuyn at rnvaag e®mu¥ zreTns
reprezentuje zej m®na v §cl asvkwal, askt®erdobw pSedst a\
znej z §s ad ndlBegv2ockha zhnuibc h gk o thosPp odB8 Ss kT ch | e
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(GuILLAUMIN et al., 1993; LEONT OV et KuncA, 2006; KuBlaK et al., 2017,
COETZEE et al., 2018).

U g2Sen?2 patogenT pomoc?2 vektorT je z8KkI
druhu, kterT patogen pSenkR%$%kinadembpigenw maop$.
pSeng§éfeéAedi saeci, aleviesn2 c h e k 0 s ypsSte®ineevdgierakci

s hmyzem, jehog nhDkter® druhy maj? schopnost
ang8slednhD ji poranhDn2m rostl i nBRROSPEROGE | et i Vv
CLEARY, 2017).

Posl edn?2 kategorii pSedstavujmevivgteden?2 zp
pTsommdrn2ovNDka, napS$S2klad ve formhD pSenosu

nebo jin®ho sadebn?2ho materi 8l u. MTge al
provedasana®i infikovan®ho dS$2v? | i kontami nac?2
(PROSPEROEt CLEARY, 2017). Velmi zn&§mim pS2padem |

zavl el en 2 Ophedtoong elmiz Eviopy d o U S A, k dpyS echoogsluo  k
infekce skrze vyt Déewn ®bao kndSbsalvamdnru®? poe kt or T

kter® pSekFt aredo Bealytus (BRASIER et KIRK, 2010) . Par adc
vSevern? Ameri ce Odungd om&c pmit toduOehmogtona,
a nej vl zn aichnOphiogtdma novo-ulmi Br asi er byl ng§sl ed

zavlelen do Evropy, kdeejvelmonpmMsobene at § o
kteaoa® pol 8t ku ttirsaxji2l ea?2 zeafh® tak omezuj
(STENLID etal., 2011; J; R1 S etmal., 2019).

Ze zm2ndmTiscchh $en?2 p $eaansttraovpuojgeeoruri2asn® dobi
nej vt g2 rizi ko p3TeNLDeeas, 2RL1).NVO S vedn§ $abtowND k@ |
dochkg2Sen?2 nepaTrnBkidyvahzn?2 chy dp Sehdielmia v uj 2
dTl egi toi kpaStig gomdic h gk ec ezsdtoam§ ¢ nddIn’| ajsen 08 t i
rychl ed$2veedga to pSedeUWgtmtVl pedml | havDam
| ast Nj gi2n tveodlzbi ppTnFblws pod@bSams. pase,| nkit ezrp§T s
napaden? vil eaantaimsnelae.Ro | pil ptSApenviaduj 2c2 patog
zpravidla pSekon8vaj? dagleogr@ddue kohit,2 gyt o
environmemS328ridalmlvis§ tou nejdTl emgad tPNagédgen e
hl ed8 c¢c2| ov®ho, a pSedevg2m citBRGH®ho m2:
1999; PFALLER et al., 2006; STENLID et OLIVA, 2016; GHELARDINI et al., 2017).
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I nvgaanzejm®na zdom8cnhDlI ® odgm®@i amgm2 Ktles €

teprve spSi sphRAn2m |l ovhka se na nhOm mohou san
g2SivekceZnegdg 90TzmixomTS&ZdT a tS2d, kter® d
m8ag 10 % z nich potenci 8§l pogkozovat po

ek osysLtERNRtal(, 2016b). Jevel mi oolRfjigm®vIi v z8&sadn
dokonce druh eradikovat (BRIGHT, 1999; PFALLER et al., 2006; WALKER et al.,

2008),j ej i ¢ h mrapopdadiBostuph®z miyn e £me2k o s y slta®snTo
souvi sej 2 c2klimate (BaNnaN)20@8uCANADELL et RAUPACH, 2008; LA

PORTA et al., 2008; LINDNER et al., 2008; KOL S T R¥e#al., 2011; BRANG et al.,

2014).l nvazn? patogeny pSedstavuj?2 vel k® rizi
a dal g2mi bi dARORTkKdtanj2008) ni t el i (

Me z i nejvd § saitzupdagtép2ge sl edn2ch | et pat S2
Phytophthora (BRASIER, 1996; HANSEN et DELATOUR, 1999; JUNG et al., 2000).
ChSadnut? zpTsoben® t2mto 9@at o geetneecrh s20 .0 b

atozej mddabovich perdodttad&mn2 | §sti Evropy,
kodum2r 8n2 dQubreus fobritlng hdou b u ¢ e s Qaercasvlext ® h o
LIl iSever n?2 GBareeronto € HAYDEN,2012; GR! NWA Lebal., 2012),

kde doglo k pogkozen? autochtonn?2ch sever
pobSedy®l cve v2ce Rizgetal) 02k Riziko ale tato skupina
patogenT pSedstavuje i prendadhukb&ektghclh |
LE ONT OV,Y2005; JUNG et al., 2018; ScoTT e t al ., 2019) . Me z i

Z §st up cR cam@Evors ®Petri) Buisman; P. cinnamomi Rands; P. multivora

Scott & Jung; P. plurivora Jung et Burgess; P. ramorum Werres, de Cock & Man

in 0t PMelspeai es compl ex. iPds?lsedn Podlajsosvts§u o c

zpTsobil na nagem %zem2 odcemamKwh2®Behoel
porostech tvoSenT ch Angssp)u(hERNRer a.d200801 ¢ e (
RoMPORTLet al ., 2016). Hlavn2?m faktorem pod?]|

patogenu byly z8plavy a del g2 dobu stoj?
podm2nky pro vivo|STRNADDS@.2010)pat ogenu (

Kruci 8l n?2 patogen zpTsodbwpko¥i ch&adms ah
Hymenoscyphus fraxineus ( T . Kowal ski ) Baral, Quel oz &

Evropy progla zaj?mavim vIvojem. Jej2 vis
tehdy jegtnD PezikaoalbidaaRobemd (DEsMAZzI GHRB%0) na
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zlernal Tc$elal condungst ech.Hatsoagheonvd whivd d nséd T

0z n ad o 8jako Hymenoscyphus pseudoalbidus, kt er ou s e zabT
vposl edn?2m desetil et? i n MeKmEY etnal) 2@14;1 § Sac
BUROKIENE et al., 2015; HA v RD O‘etal., 2016; PAUTASSO, 2016; LONGAUEROVC

et al.,, 2017; GROSDIDIER et al.,, 2018), byl a do Evropy Asi@tr odul
pol 8tkem 90. | et 20. st ol etlamberieldalbiday | a d ¢
(ZHAO et al., 2013).Ip Sobrovskou selsn 8y m&jyinkajsd oj en §

S patogenem, kterTm nebyla vRnov§naak ov NjitegJ2 n pm$s
spolupTsoben?2 dal g2ch abi oti ckah@th Saa dbr wtt2i c
zpTsoben® kompl ex n®brsaknuap ivnTd ui  pS2tloigre.nu j e
vp S2 rvogdakx i sstomygeneti cky odol nRjg2 «TeB2pTs
i pSesto mohou bTt n a p Agiiloswplanipennis Faenmaime2 m g k T
(LIEBHOLD,2012),j es3§@ od rokwe@20apBsk®St&szpTRoabkijae
virazn® chSadnut ?2 (STrRawaal.®01B; VAENTA et al 02015

ZSejmhN nejv Sz shporjoilmlz@gamsmy p Sedstavuje f;
gd asto neexistuj?2 pSirozen® rjgichpIseben2. s
Nav2c |jsou dpoamtS8ocg¥eledclhahsyt o vytl al ov8ny dr u
aagresi vnnhj gomiu,zp k@b ®T znamn® Jgkody na |
dSevingch. PS2kl hlem gzemhdddl dkvah pTdsgch
(Heterobasidion s p . ) , kterl reprezentuje Vv severn:
znichg tSi se pSir oz e¢etdobagigic kaynosuny 3enswy Evro
strictum (Fr.) Bref., Heterobasidion parviporum Ni e me | 2 & TKiocerjhl carsd M) i
na smrku, Heterobasidion abietinum Ni e me | 2 & Kor hotnDecrh)t.o Je

z8§stupanfosumbT vg8 ve sv®m pSirozen®m ares§lu

druhem H. irregulare (GARBELOTTO e t al ., 2022) . DTvodem p
kompl i kuj2 phRpfedéwg2mSeai aemNdNI skTch pT
vy gg? pH a | asto chybDj2c?2 d RKAROREN tet§ ant a
STENLID, 1998) . Viznam koSenovn2ku pro | esn?

bezm8l a 800 rWMobDwWARDETal.,BH98). (

23



3.1 Kloubnatk a smrkovs§ a jej2 rozg2Sen2 v por
apichl av®ho

DT ddn tor Ve s me?khoos y sj¢b@zmsporu vhodn§d S e \Siskindba

sohl edem na mi krokl i mat iEcNO® 2005).den¢ m&gn @ r o s
sena rozmanitostmeskltadbyDpod2hekoli v pouz
mTge doj2t k infekci n BEskerEziLgugrAuetal.,p08&.b u z n ®h
PSi vol bR dS¢vivhhno® nse lka dhboys pddlaSepa gevvat v
podl ogen8 fakta a poug?2t LINDNERded &l.g2008)odb or n
Jevhodn® zvlgit dr uhqgvoaw yb odhoagtioos t k dp@ w4 Ine

rezi stentn?2 schopnosti | e sZ[v Im@ ir th ®m wr, s§tsnrea
rozmanitost, udr govat a z|l epgovat genetic
druhT stromT, zvygovat odol nost j,ednot |

abiotick®mu stresu a n a hvrhaozdonvi®jtg 2 mi z i dkSoewc
(zejm®na nepTvodn?2 ocmolkwivi®u ay BrANGE i M8 c h)
2014) . Jedpdiml egi t Dj g2ch krokT k e zvi get
pTvodn2ch a nepTvodn2chnepIhddeBekickl ¢
kmenT, kter® se mookabbuu d c®pe2 mp SKilzipnfastoibc kT m p
ae pouze s dodrgen2m vgech nezbytnlch fyt
zavl el en? nepTvodnBate edal,u200p). § éhledem ha (
zhorgenl 2z drPxeambies? Pigus syWestris se | ev? jako v
vev Nt § 2 zapopt 8ep N's t oRaguae Sylvatica L. a Quercus robur L., k't er ®

se alespoRasn® dodohll ezddeamj 2nas k|l i mati ckou z
amohlyby tak hr 8t viznamnou roli Buraserel k®
MENZEL, 2019; ScHuLDTetal., 2020).U zav§dRNn2 novich druhT (
pichlavl) je seeablytnd@dpy?icctht dathvazn2ch ¢gkTd
(LOMBARDERO et al., 2008). NevhodnhD zvol enkS8zshmbhmébhl| s
udi stri buce kloubnatky, kdy tIsleav@&hfoe krcaee gt
zt epMzinii.k| §jsi moadeé ovim pS2 kloabgmdSevhodn
jeo t o dT! e pBP®2 ignkvoadzlni2vclThch organi smT,
autochtonnhlebemg&nheerl stuj2c2 pSpTcodn® el
o d u m§MaseR et al., 2009; SIEROTA et al., 2019; D¢ A-¥C o Eetal., 2020; JUNG

et al., 2021).
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Jednou zpotenci 8l nND ohrogenrikc hztdePeviiin jneej o
hospodg§Sskg§ dSevinarepgpedkeenl skVegnpnNEtov
sv®ho pSirozen®ho rozg2Sen2? (Obrg§zek 1).
ukter®ho se morfologick8 variabilita nejv?
a u jehlic (Vi bAcoVv1991; MusiL et HA ME RN ¢2007). Naproti tomu smrk

pi chbkep8irozenhD vyskytuje v mont8&§nn2 z-nh z

(MusiL et HA ME RN2B07; FARJON, 2 010) . Svim vzrTstem dos
21-2 7 m) neg smrk ztepill a meng?2 vsit|§8tn?
zadostatel n® vl hkosti, ale um2 sn8get I S

(VI DACoOoMP2L; MusIL et HA ME RN2B07; FARJON, 2010).

0 Z 1,320
Kilometer

Obr8i2Akes8l pSirozen®ho r oFaRPENR01T) smrku ztepil ®ho

ChSadnut? smriksohttaegim &hao prob2haj?2c? k|
nej | iazsptTNg osuchp.dentoabi ot i ckT gkmédliwvamdiomitel
ivprob2bBapiasn® kTr ov KaERet &.a2018;/RPRETZOCH et
al., 2014; NETHERER et al., 2021). Sucho se typicky projevuje c el ou Sadou
symptomT jako |Jsou di skol or mejen | | Bt rp&teidd ha
dSevin, aminlkwvédkl|l smawvu ek oredulsciv&muw gpnr® jvel vhukj oe
a sr 8yeNket( al ., 2019) , cog m& za n8sl ed
schopnostjedince (RUEHR et al., 2016; ScHuULDTetal.,2020). To vge se pri m§
pod21 2 na zhort@gem®mns tkadouml etsoTh.o vd o alz 8 Amu k
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osl aben? napadenTch tjuedcdhnve2Tl,i kdte§wajge n&

bi oti ckl mSdHakTteatr Tamh .(, 2020). Je pmradki8zhan ®,
dSevin VvTIi pogkozen?2 S uc hkiath vmoerjacvint §nav N
sdougl askou tisolistou, kter8 je schopngts

stresovs8n?2nvimaslitled h eam .( 2 0 la7b)i.o t DfadkljtcohrkTt e r ®
pSedstavuj?2 riziko pSi pRstovg&n?2 smrku i
se o faktor vy , pSi jejichg pTs ovbeelnkl mmTdjiest dio bl s
apSedevg2m osl aben?2 jedinoplS? plktdddr & usse ao bsd
n8chylnDjg2 vTIi s e k u n dRuBmet ah, 205i3;0PavLavk T m ¢ Kk
2015). V2 tr , kterlT Dblvsg pgvabBpgdnklziamanted jcdkTolu
vl es2ch Evropy pSedstavdowdl® podiv®m Nz j0m®r
se pod2l el na v2lcees nn2eny h500sSEKEdIANS et v2003;(
JARZYNA, 2021). Vel k® kombmacksp ol &iom & § i Hmmtyrz evm.
sicevt omto pS2padh pSedstavuje sekund&8rnz2 g
efektivnhD napadnout | erstv® polomy, vivrat
stromy (ERIKSSON et al., 2007; GRODzKI et Gt S| ENIKRONEK, 2019;
SOUKHovoLsky et al ., 2022) . Nebezpel 2 hroz?z i u
pTsoben2m vDtru spadnnoaurtu gae mMeT gpeo rtoaskt nckchjo? tc
ke vzniku dal g2Mh8§zgkp8e dvsiktarve®neap &2 pa b z
pozdn2ch jarn2ch mrazT, kter® zpTsobuj?2 po
| 2mg docbe@&uRck rTstu a ovlivnDn3arpyes i ch k.
2021; ¥z ¢ EL eKal,, 2022; ST¥ ¢ BRSakt @l., 2022). Mr 8§ zejv 2 weh rug g

vistayl a semeng8l| ky, protopezdrei madt Bzikmdoc
zemND2mg mTge doobh§ bk szenou | i umhdlou o
(JARZYNA, 2021). PSisow | asnosti pozorovan®m chSadnu
viznamnou roli femotypovg8 meldgdaptace. V¢
faktory jsou klz2]ov® pSi omezovs8n? schop
potenci §I fenotypov® plasticity a plastic
m&l o o fyziologicklch mechani simeocdho,| nlotsd 12
st r o BTENLID( a OLIVA, 2016) . NejviDtg2zm pintevakci ®m | e
patogenua i nf i kstromam ®k 3 | éadond@ mSen2, a to pSe
proto, ¢ge se jedn§8 o slogitl komplex proc
gk8l u i nhoditelenkk2ers® mohou m2t viznamn® fyz
Lastfe meyh@m@,o jak doch&8z2 wlsinrecne npra tjcegdd muw el
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hlavnhD kvTli chybn® interakci s ojdiunmiSweinzabi
stromT.

Kvige uvg§dnNDnT m8rt zpkJombdoem cel ® Sady f al
ve vRtrn®m proudNn?2 na okrajiapoPjoga Mu mdh g
patoge®rkTai T dovnitS porostu, neg tomu bl v
ge tWchto m2 stech bT v § r @ROCKATY s 2012).v Nt r u
MezinejdTl egithRjg2, kter® z8rovekRIpamhmii RKkj®2
zmNDny a zpTsoby hospodaSen2. DTsledkem vel
doch&8&z2 ke sn2gen2 mno (s tDESPREERIOGSsgre@détala zv I g
2006; K¥ H et al., 2010; DE FRENNE et al., 2021). Ty vedoukr edu kci ag zt
schopnostijedi ncT uvnit$S m2ootun2acche pedm?2nk8&ch VvT
adaptovat adoch 8z 2petrankanlentn2 mu stresu a ns8sl e
por o&NNgs, (2015) . I kdyg se soulasng8 kIl i mat
sucha, tak mohou probl ®&m p8aedgst skvoyv amT gie

kvirazn®mu pSemokSen2 pTdy a vzniku vhod

i nvadovan ®h ®OeEgprEZ-LOGgSRAWEUt (al ., 2006) . Lesnick
a zejm®mdaenhai vn2, | ast oe kvoeldoeg ikcek ® rblan &m cwu
di sbal a®@crmaj ktea n§sl edek vyt vakBneatizaci i de §|I
patogenuavzni ku vT znamniGCadrELdiest at bant996) . Kr
doch&=2 zivigen2 pTdn2 vlIhkosti a zvigen2 t
vegetace, cog n e g apbtianspirdki (GASTELLOV &R alj #995p v a

KUBOTA et al., 2021).

K prvnEmamup® gkozen? | ese2shupdovas®Tobl as
doglse zal 8t ky s pHABEQHOR et 2LINDAUh 1983). {Vzhledem
kextr ®mn 2 I mi sn?2 kal ami t D,etletcehr 82 0s e su yd ke
vm2 st ech, kde nebyl o mogn® tyto dSeviny
ng&hradn?2c8Lo0Sieml., 200§). Vt Dchto porostech byl
pichktapym®na kvTIli potenci 8l nnD vydgSge?viinmi,sn
kter8 zauj2mala plochu v2ce neg 8000 ha p°
vhod8o(Lek al ., 2008). tJendtnootdh dvaBb s tjriognyd c
di menz?2 ushpdo&keovjau§stkel2 prTmysl a postupnDi
poekonomiycuk¢® t2 t®to dSeviny. Tomu nahr §va
|l esn2ch porostT a sn2dgen?2 vliivu pS2mich at
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z ovzdug?2. Sts§8le vgak pSetrvs§vala vysoks§
seznal nou acidivD kwict28lan 2z dl8enslni2 porosty té
znal nnD GRE et ah 2015).

Svorjo2l i pSedstavuje st§le |asthRjg2 fragme
vznik izol8swaenTlldébsase dotT k§ i samotn®ho
segmenty so d In il gni vli astnost mi uvnCrRO&ATR2002a okr a
¥7Z¢ELetkal., 2022; STr e BRX dl.,2022) . Okraje | asto blvaj:
an§chyl n® v TlvinhDp périolsetnS?ed2, d2ky thvemblh dc
odlignlTch mikrokl i mati ckTI c hspjgyosdmAaemk , Kt e
bi oti ckyigEdh? ai nt en zaibtioout i pcTksl ofbhearGod et Kapas,I T (

1995; HEITHECKER ET HALPERN, 2007; CROCKATT, 2012). Kt omu n &@om8 t o

getWchto m2stech, kter8 | asto pTsob2 jako
sena del g2 vzd§levoshlD,jdotbBz¢NDkrnich pod
teplotu, vlIihkost, sré8gky, smDr QGQROKATY a s al

2012).Nav2c se tzv. Afiltrac2fi na okraj.i mT g e
patogenT (CROCKATT,2012). Rovnidg da fi kace a depokmji ce du.
porostu ag o 5j0e % vspBSEARUMEREG val ., 2007) | e

ge obnN | §2kywT ula@itosR et al., 2006; KJ i L L EtRal., 2012).
NapS2klad eTs$obdushakese za n8sl edek ¥bytek
hubvr 8§ mci c e | ABNOEDS, 19911 MUef CHEN,2020) | i viraznou z
jejich givotn2sm2ggh?m palptSsd kimpklor hi zn2ch
mycelia (K31 L L eral., 2012).. Depozi ce dali$dbkvin DT el ch
pS2padech .i Jzassnt§o uspei tgekoeporicidg$env 2 h moty an
| i st ov ®hBeERGapPddASKOWSKI, 2005; BEBBER etal., 2011),

PSesf§oe patogeny mohou zpTsobivhDtvdimawn® p
nebylav Dnovdmsat at el n8 p oz or ohledem napatogéngakop | at 2
prvek ekostysmt@mupoijVet?2 toti g mTge pSedsta
kterT cedSizraozenhD redukovat pSestupralo®t monot
nevhodnhD zvol enou ddSewviitn ntoakk sfku middiu ZAp Si r ¢
lesa (CASTELLO et al ., 1995). DT hkcazeku 260D,kay bT t s
vKrugnTchbylhoa8§smrku pichlav®m, Les bp@mNS s
zji gt NDn Gemmamydes piceae (SOUKUP et PEGKOVX0 0 9) . Zpol| 8t |
neznatelinla | o2k §bkytal al nab2rat od roku 20009
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apSedevg?2m v severovichodn?2 | 8sti Krugnlec
kal ami t n2cRosProctrPDs Ple GA001; PE GK 0wt Soukup, 2013;

LERN®Rt al., 2016a; Zh K et al., 2018). Vr oce 2015 8do¢ltaw Mmapade
smrku ztepil ®h o, nKtaedrg® cshe vrRkzog? Kihl a¢ Siz d& c h
pSestal tTkat pouze starg2ch a jednotl i vl

Houba Gemmamyces piceae, synonymum Cucurbitaria piceae Borthw.,
Cucurbidothis piceae ( Bor t h w. ) Petr ., byla poprv® n
pupenech s mr kRicegpungemdvar.gl@&itaos Abercairney, Perthshire
(UK) v roce 1906 (Borthwick, 1909; Shoemaker, 1967; TUBEUF, 1919).

Vsou|l@mnt axonomi ck®m pojet? je Sazena do
Pl eosporal es, | el e d JakLITEeH| et nVoenvAaR, 201&)a (
Anamorfn2 stadi um, kter® pjogpsatnal ovosneo 11

Megaloseptoria mirabilis (NAuMOvV 1925; L E RN et al., 2016a).

Patogen p r i m8pronglk o sewefoamerick® smrky P. pungens Engelm.

aPiceaengelmanniiParry ex Engel m., KALEOR®20pMRt S2 me
Na Al jagce byl j eRiccaghllcsMognch,RiceamarnanagMill)n a

Britton, Sterns & Poggenb. a Picea sitchensis Bong. (WINTON, 2020) . V L esku
byl patogen potvrzen nadruhu P.glauca, al e tak® novDPicea | i hoe
omorika ( Pan | i | )PE@xwwet al., 016b) . Systemati ckIm sl
kal amitn2ho ¢g2Sen?2 hplaaw®n nvu Lneas kdeme skay Czpai bel v
et SOUKUP (2013), LERNRt al. (2016a)aGeEFLet al . (2020). Potvr z

evropsk®m s mrik abieg t ekptielr®m by | dosud popiso
viznamnT BEebgphN viaensikmordr ob:nlRgdov §n . Jedi |
viznamnim z8znamem byl cscevapademMhgld iplaogh
Skotsku, kde byl o zji gt DPRmbigséRFIFBERRetal.2 st ar

1997).

VI skyt patogenu byl potvrzen v ciel ® Sa
v Rakousku D8nsku, Anglii, Finsku, NDmecKku,
Slovinsku, Gv®dsku, BoriHwieKy BR9 Koaek, 108 e su (

NAUMOV 1925 in LERN#Ret al., 2016a; THIRINGER, 1964, SHOEMAKER, 1967,
SCHNEIDER et DAEBELER, 1968; TOMICZEK et al., 2011; OGRIS et JURC 2013).

KromhD Evropy byl patogen nal e 2\nton,2028ever n?2

29



Vieskuby | | ejp2 pvive®k y ®.ipupgefism an &1 adsk® v Sl avk
|l ese v roce 1917. Od t® doby pakThgl ah ho

| §stech §lzR k(TGREUF, 1919).

0 25 50 75 100km

S

(O napadeni v rozsahu vétSim nez 1ha M nalezy na smrku ztepilém

® 10-100 napadenych strom( %k prvni historicky nélez v Ceské
e méné nez 10 napadenych stromd republice (Kock, 1918)

Obr g§2¥kskyt kloubnatky s mfkenegal,2@16)nagem Yz e ma?

TypickITm znakem napaden?2 je vslis&kiymi stro
drobnT mih n Mdnia g | er n N T milkdovity ennplodnicemi, | ast o
pokr€&t¥mij2cel T Sukupe REGKoOY¢ 2009). VIihony blva
silnD zkr8cen®aaty appdvei ® e muit ®f ekce neodun
| asto netypick® postaven?2 a vgeeEekgkPoBud2 do n
dojjekodumSen2 terming§ln2ho pupenu, pSeb2raj
vytvegsS2z typickIl vz IBbuew etPmcikok2p09;@nd@k okeir uny |
al., 2016a, 2016b).
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Obr §3A¥ykl ouben®i vihony smrku ztepil ®ho zpTsoben® kIl c

K infekci hostitel sk® dSeviny doch&8z2 bh
rok v dobD ragen? se nejprve vytvgSej? p
N8sl ednhD doch8z2 Kk tvoroddubnadorsipriahskospory , k de
o velikosti 30-42 x 1219 Om. Vrchol produkce askospo
zavrcholem viskytu konidi?2. S obNDma typy
setkg&vat v prTbhRhu vegetaln2 sez-ny. PS
kl oubnatky smrkov® ¢givot napadene&hoijeg2 n
viskyt i npupekTstamimclv r Tstu meonmeauje. vA Senkarnon| I2j
l i vgak polet napadenTch a odumSelstiomh pupe
odumS2t .

32 Vyhodnocen? trehal - -zy a jej2ho zastoup:«
infekln?2m tlakem kloubnatky smrkov®

Mykorhizap Sedstavuje funk|n2 a morfologick® p
a symbioticklTch hub. Strom ze spojen2 prc
vodou a miner8Iln2mi | 8tkami, zejm®P®nlkagwWda s ?
or gani c kGRyNDLERtekay, 2004). Jedn2megd Tl egi t Dj g2ch di
kter® je houba schopenmnéevediukujeci-Deihaacilz:
glukopyranosyl-( 1 Y -10Dgl ukopyranosid) ] e povagoc
kt eroSm&§h § §mspSeg?t v nevhodnlch podm2nk§&c|
bi otick® interakce HEBNaNDEZet@l§20E)). V8D loe zm Guni®y |
m§ vIihodu v tom, ge se um2 dobSe transpo
JepgBsah se v mykorhizn2ch koSenech mRn2 s
podzim a MykamoirhD.za obecnhD vede k vygg?2z vi

aproto je dTlegit® stanovit obsah trehal - z
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mykorhiz (NIEDERER et al., 1989; GRYNDLER et al., 2009) . Ji g v minulo
sacharidy v ektomykorhizn2ch koSenech
tri methyl silyl dED neboSHPHRECEPAD(BIAVRP eGat, 1995).
Nevihodou tRchto technik je vysoikigst,pol ar i
pS2padnhD koeluj2c?2 |mitrky!l 6saipSbylsachmg ma an
me z i dS2ve publi kovanT mi hodnot ami , za kt
rTznTch analyticklch tgd¢hnipki.blVTkzonvaamnlc hr o
pSedstavdujiegni pS2stup pSi odbRNru vzorkT
aanallze trehaiMSiMg. pomoc2 LC

33VIiv sypavek na vIibhRr vhodnTch proveni e
st Sedn?2 Evroph

Douglaska tislbdssPDBos@mvmNS2tku retgli guj

I Pseudotsuga menziesii (Mirb.) Franco var. menziesii a Pseudotsuga menziesii

(Beissn.) Franco var. glauca. Me z i nejz8sadnDjg?2 rozdzly
trend wvaT ménmesi(r ost e rychl eji, m8 viDtg? pr
sypavk8m ve pmensgsiidcNapaotii t menziesimPt gar .
citlivost na zimn?2 vytranspir o@®nlagl) i j e
Var i manziesiR | ast o nazl van& npSo bntge gjne2h Iliic ez ez e |

glaucat ® 9§ si v§ gneSkl e®l a ceyskytuje se v hor skl
oblastech (LAVENDER et HERMANN, 2014) . HI avn2 rozdzly |
vef yzi ologicklch vlIiastnostech, me z Btu, kt er ®
odol nost vTli biotickIim gkTdcTm i kIl imat:i
p ot e nLeVENDEReI(HERMANN, 2014;SLoDI L&k al ., 2014). Are8§l
viskyt&8zeRObsdbou variet se prol 2ohdem je v
navelmm gstv2 pSechodT mezi obhNma varietami
definovat (MusiL et HA ME RN&2007; SLODI L étkal.,, 2014; LAVENDER et

HERMANNN, 2014). Jedn§ se velmi odolkimaur od, o
pS2moSsk®m, t aklimati chk g p S2rksinadd § ¢ c bblasechd m2 n k §
Kask&§dov ®hMusipel a8 RN&BO7; SL OD | Let &l., 2014).
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Obr §2m&pa rozg2Sen?2 douglasky tis®kubeddl® v EvrophR v roz
2011)

Pseudotsuga glauca, | asto povagovs8naP. pnenziese za Vv
jedSevi nou men g 2 a pomal e menziesiipg st yywgiz2t 2me ¢
pSedevg2m jSaleawkpasm2ch (napS2klad kulti:
APendul aBycm2s e es k §v 8§ meMusii et HAMIE R NpEARO7Y.

Jet ol erantniDjg?2 vTIli vbDtg2mu zast2nhDn?2 a s

U nSaunej kvalitnhDjg2 porosty v obl astech
aDobS2 Gsdkoa Letrl.,2014). U tNDehsadeb je nejvhDtg2zm
neznal ost pTvodu ezsji 2vea?, | end alvnh dmrh c h pro

kpNDstovEgeskuneBT v dom§c?2 osivo vydfHvegumo,

n2zk® kva, iktyas@enemi vaj2 | asto napadena kr
i Megastigmus spermotrophus (BERAN, 2014).J el i ko g s e ykevahou§8 o i n
dSevinu, osivo se do LR WOYSHkadle P58 20 :
lzdTvodu neznal osti pTvodu osi vaalkalay i it
provg§dNDny provenienln2 vizkumy, jejichg c
kpNDstov§8n? V nagiScdpl péexd madahkgchR0g4). Jej i
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bymnDl a bit informace o kvalithD osiva z T
stanovi gtnh odl| EowRDS h956). ¥t R2 gk y( pSed zal o
vizkumu organizace I®UFRO pdalchgenySe2 2 s s ®r
vietech196611 971, pod z8gtitou organizace | UFRO
pokus) umognila z2skat nejen o0Sivo s psS
teoretickou mognost porovnat visl edky i
proven i en c 2 byly v roce 1971 z4&|HTgreknyy (t25i
provenienc2); Jizbice -Qulkr Pk osvle:m§ eem& 2z) 8a pJ
(BERAN, 2014).

I pSes snahu najnej |l wpgdr® @siowenz enc?,
kezd&§rn®mu neydgug8 agkm lWospod§Sstvz2, provs§
cel 8 Sada WWskal2. Mezi nejz8vagnhDjg2 prob
| i niMeezli®.nej zn § mNjpip2g 8ri,n ij tecnloa) ppaltsSeben2 m al
kpodpoSe pSir Mpsaet®A RN 86D, LAVENDER et HERMANNN,
2014), mr 8z kterT svim pTsoben2m pogkozuje dc
an8chylnhDjg2 a m®nN odol n § Aeaziesifi($AkAigt e h o p-
WEISER, 1973; LAVENDER et HERMANNN, 2014) a sucho,k t e r ®e kamipligrovat
PpSirozen ous noibgnoowau(BGRES 198 ex LAVENDER et HERMANNN,
2014; WHITE, 1987 ex LAVENDER et HERMANNN, 2014). Ke sn?2 gen? proc
mortality vlIiivem sucha je nezbytn® zajisti
30 cm (LAVENDER et HERMANNN, 2014). Ze j m®wn ablastech st Se d n 2 Evrorg
seset k8vE&measwvdymr ansmiKr aw8m? o jevu doch§8z
kdy dpTzTst8vs8 stsg§le zmrzl §, ale jehlice
Nedostatek vody, kterT by obvykle Segily p
pTdRN mognT .

Jednz2kd 24 ovich faktorT odoiotsdgkT doJug! a -
jevolba s pr @ovenience, kter ¥yggpi osddl nost vTIli |je
Vsoul asn® dobhD na nagem Yazem2 nejvDiDtg? roi
houby, z ej m®n ai Rhabgoalinekpgeudotsugae a Nothophaeocryptopus

gaeumannii (PE G K 0y2003; MusiL et HAME RN@BO7). Sy pavky nepSedst
hl avn2 faktor pSi mortalithD dougl asky, ob
schopnosti, ktabr8nnensesebbpnd8Srn2m | init:e
napS. dal g2 biotilt?2 ¢k TReEsKOWDS)t Kjdichd Se v ok
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g2Sedothsg8z2 pSi vzniku vhodnlTch podm2nek,
tepl otn, viDtru a vHOQD)RI82yHANSEN@traI® 2000; HOkDo st i (
et KIMBERLEY, 2005; GAKOMY etIwA 6 ¢ z U2010; KIMBERLEY etal., 2011). Z Se j mh
nejefektivnhj g2 m kzpTndo bleers oplrsa rejpen 2 ¢ h b Ibrp a
geneticky odolnTch |egirone€ndadagcanrrDg It2ic,h r
pogkozHoan? et KIMBERLEY, 2005). Ve gkol k a Ysokleccth mar op Si
visadbBohnj®e vyug2t oget Sen Peérwoneglic GKavrc2 mi |
2015).

Skot sk8 sypayvkiaRhabdoclmé pssuklotsugae Sydow

Prvn2 n8l ez skotsk® sypavky byl zaznamen
Vn8sl eduj2c2ch | etech byAhgiiaadaj gveatha st &t S
vEvropy. Koncem 30. | et 20. stol et ?2 byl a zji

(PEGKOVAD03).Vsoul asn® dobhN je viskyt potvrzen
z e m2 MbRGE(NSTERN et al.,, 2016, ROQUES et al.,, 2019). Sypavku mTge
zpTsobovat ag p Rhabdod@iset(@pcgt raldu, 2010). V
jezn&m v sk yRhabdodaine zpseudotsugae, ktre8r Tj ako hosti.t
douglaskya zpTsobuje zasych§n2GeananDgetd. . a997.T opad
(MORGENSTERN et al.,, 2016, ROQUES e t al ., 2019) . Nej ng§gch
kpogkozen2 pSedevd?2 m i80del (@UTi 199§, Pvaekove®k u 2
LeGkoV2015). PTsoben2m abiotickich vIivT, a p ¢
vVysok® vzdugn® vl hkosti, |i pSi mrazov®m \
infekce (PE GK O\etL ¢ GK 0,2a15).

Jedn§8 se o vSeckatou h dleidtiales p atlSelcedi d
Hemiphacidiaceae. Gi2v atyrk | Sizse K(,Obkt er T zal 2n8§ na pS

al ervna, kdy dozr 8vaj?2 glutoorangov® ag

(MORGENSTERN e t al ., 2016) , trvg§ zpravidla v n
P&iral osti plodnic doch8z2 ck r&dnzv esde§ vigwna
vitrusy, kter® se n8slednhD g2 Sz a infikuj
pl odnic (ke konci | ®ta |1 na podzim) napa
a opad8vaj?2. Zpravidla tak opaBusny®95cel T oo

PE GK 0Vy2003).
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Inicidlni stadium Hnédofialové mramorovani - pocdtek tvorby plodnic Plodnice

Obr §58kot sk§8 sypav(ReasskdyR00§)l as ky

Prvotlntt®g kov §n?2 na novl pbstjuebahlijec 2 ¢ h ,
doh n NDdof iPadkoow 8003; MORGENSTERN et al.,, 2013)avn 8s |l eduj 2 c2r
rocenaj aSe doch8z2 k vytv§Sen2 JervenohnhRd®
ksi Il n® infekci bNDhem nNDNkolika | et za sel
hostitel sla®@vdB8eWi rky §tkTch vihonT, cog m]
iodumSen?2 (HE&HdVPBOB; MORGENSTERN et al., 2013). Askospory

bTvaj2 zprvu jednobunhD| n® a bezbarv®, pot
hnnNDd® barvy e20x63-i7k &s BumN,1(81995) . N Szoru§ m&S n
morfologie agi vot n?2 cykl us patogenu j®mzal og

amikroskopickmpozor ov8§n&/spubdshnhogak megn® dol o
apotvrzen? viskytu patogentue ptrowarmS@mnyv cgvé
TreeLAMP (MORGENSTERN et al., 2013; 2016; 2020).

Gvicarsks§s sypavka Nahophgdoayptoyus gaeumannii
(Rohde) Petr

Gvicarsk§8 sypawkhs odbompgsl yacshk§n2 a opad8v 8§t
Sad2c?2 se mezi houb pothidSoenycktesa | € PdttideaRs t S2 dy
(PEGKOWELE GKOVCE2015), vmT ¢ & c b 18 tsensRotskos sygadkouu

zamDniIdn patogenem poch8zej2c2m ze Severn?
vSadnD evr op s(@&kavhet ava 2z yR010; PETKOVA et al., 2014;

MORGENSTERN et al ., 2016) | i na NovBERLEY,ZD@] an du
KIMBERLEY et al., 2011). VLR | e PENaz uvg8dDiDn z | er v
naRogmi t PESKkay2003). Sypavka, kter§& blIvg nejv?
a®0l etTch vnTsgaedbg$ih vysok®mkiromBkI|mi2adT th
visadeb napadnout v {gechnetal.v200R)oPokdddoje2 dy ( H
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ksiln®vampeakaonfekcdl cvthTscpad bvEcmil,a i nfi kovanl
odumSz2t

VSeckat § houba p a Mycdsphaedebales 28§ dul el e d i
Mycosphaerellaceae. K ns8§kaze doch§gz? n a pSel omu
angsl eduj2c? r ok s e z al n enr aonboj reovaBwmatiu s Y1 u -
se objevit), a bhNDhem | ®a mTge pSech§zet§zaek do |
6) . VTiaskospery (9i10x35-6 e m vjesloku®)d v o uatkw yntly § Re n 2
pl odnic doch&gz®&mnaeddl| &d £l a baskas@ory se zbarvu | 2

d o h n IBdmay, 1095; HANSEN et al., 2000; PEGK O0y2003). K g2 Sen? patog
doch&8z2 kromh ¢§g2Sen?2 vzduchem (ve formDn
materi 8l u, kterlT pSedstavuje zdroj ¢g2Sen?

(MORGENSTERN et al., 2013).

Zlutozelené mramorovani Nasleduje zasychdani jehlic od Spicek

Obr g§péklicarsk§ sypa(Pksxoyool)g ! asky

KromhD sypavek pSedstavuj2 virazn§ omezen
(Tabulka 2).

Tabulka2Seznam patogenT s potvr ze nTank twiaslkiyztoevn§ moa 2d0c2u2g)l a s c

N8zev houby Obl . ngl e Zdroj
Rhabdocline pseudotsugae Syd. Sev. Amerika, A GERNANDT et al. 1997
Evropa (i
Z®l and
Rhabdocline parkeri Sherwood, | USA, Kanada GERNANDT et al. 1997
J.K. Stone & G.C. Carroll
Rhabdocline weirii A.K. Parker &J. ' USA, Kanada GERNANDT etal. 1997
Reid
Phellinus weirii (Murrill) Gilb. USA HOLAH et al. 1997
Heterobasidion annosum (Fr.) D8 ns k o KOCH et THOMSEN 2003
Bref.
Phaeolus schweinitzii (Fr.) Pat. D8nsko, LR KOCHetTHOMSEN 2003

37



Nothophaeocryptopus gaeumannii
(T. Rohde) Petr.

Fomitopsis pinicola (Sw.) P. Karst.
Kretzschmaria deusta (Hoffm.)
P.M.D. Martin

Ganoderma resinaceum Boud.
Ganoderma adspersum
(Schulzer) Donk
Ganoderma applanatum
Pat.

Trametes versicolor (L.) Lloyd
Pholiota sp.

Gymnopilus hybridus (Gillet) Maire
Beauveria bassiana (Bals.-Criv.)
Vuill.

Armillaria sp.

Botrytis cinerea Pers.

Hypholoma fasciculare (Huds.) P.
Kumm.

Phacidium  coniferarum  (G.G.
Hahn) DiCosmo, Nag Raj & W.B.
Kendr.

Dothistroma
(Dorogin) M. Morelet
Dothistroma pini Hulbary

Pythium sp.

Sphaeropsis sapinea (Fr.) Dyko &
B. Sutton

Leptographium  wageneri
Kendr.) M.J. Wingf.
Phytophthora ramorum Werres,
De Cock & Man in 't Veld
Ophiostoma pseudotsugae
(Rumbold) Arx

Phellinidium sulphurascens ( P i
Y.C. Dai

Phytophthora pluvialis Reeser, W.
Sutton & E.M. Hansen

(Pers.)

septosporum

(W.B.

4. Metodika

41 Kl oubnat k a

apichl av®ho

Sev.

Evrop
Z®l an
NDmec
NDmec
NDme
NDme

O o0

NN mec

NDmec
USA
USA
USA

USA,
Slovinsko
Slovinsko

Slovinsko

Lotyg

neuveden
USA

Amerika,

~ x
o o

S|

a
d
k o
k

&

ovVi

sko

USA, Chorvatsko

USA
USA
USA
USA

Nov T

smr kov §

Z®l

TEMEL et al. 2004

2008
2008

et al.
et al.

DEFLORIO
DEFLORIO

2008
2008

et al.
et al.

DEFLORIO
DEFLORIO
DEFLORIO et al. 2008
DEFLORIO et al.
KISER et al. 2011
KISER et al. 2011
KISER et al. 2011

2008

OGRIS et JURC 2013
OGRIS et JURC 2013
OGRIS et JURC 2013

OGRIS et JURC 2013

DRENKHAN et al. 2016
DRENKHAN et al. 2016
PAUDEL et al. 2016

Z GRAB Let al 2016
HESSBURG et HANSEN 2000
LEBOLDUS et al. 2018
CRUICKSHANK et al., 2020

CRUISCKSHANK et al., 2020

an(G¢ ME-BALLEGO etal., 2017

Ch Sadn ut 2z ppJosroobdeutif@tkou smrkovou bylov PLO1 T Kr u g n ®

hoysl edov8§no od roku
plochy vpor ost ech s mr ku
porosty, na kterTch
Vzhl edem Kk

20l6na z8kl adn dat =z

38

a jej?2 rozg2Senz v
2009 do 2020. V roce
pichl av®ho. Jednal o
bylo vybr8no 25 jed

esnz2ho

intenzivn2moukg23éeepi klPRmubahaky
hospod8&8Ssk®ho



stanovi g8VS2vadklu§dagny vizkumn® plochy v hol
smr ku zt(ePpSizll@Wge ch)ny faktory byly zvoleny
prov®st porovn§n?2 |rejvdj matngerwlabywpadlemiahbyld s k y t

mogn® stanovit pSesni trend vivoje napad
smrkovou.Cel kem byl dO3zalhad & c@br§pzleckcNi@ ) pl och§ch
bylovyznal eno 50 ¢givotamchopnrteli jk@dgowniccTh b
hodnoceno napaden? kl oubnatkou smrkovou

napadlernal ® byglyhodnbcgnyvletech 2017-2020.

ROZMiSTEN[ TRVAL’YCH VYZKUMNYCH PLOCH
V KRUSNYCH HORACH

W

KRUPK4

WEZIgopy

.. HoRy
- SV. KATERINY

hranice PLO

Roky hodnoceni TVP

B 20152019 I 20172019
o 20162019 T 2017-2018
O 2017-2019

3 \ e 5
Honn/ BERTV 4
=

i Vélning ABERTAMy
f ¢

WU N ) e

be A I

X

ol e, REIDER . . V)

Cesky (ifad zeméméfickj a katastréIni (CUZK): Prohlizeci
sluzba 0. 1: 200 000. Verze 20.11. 2019, Praha: CUZK
Pouity systém soufadnic: S-JTSK

Obr 8§7ZB&zm2stNn2 studijn2ch vizkumnich ploch v KrugnTch

Intenzitast upnN napikdanti bi kov8§na (B4 modlevanti't
intenzity n ap dTabulka 3). pBylp eznaTz n a men 8n o post a
hodnocenlTch stromT v poranstXSe n(yo kdrean d rpcomeotsr

parametry (t | ou g SknaTVP% 1T g k a)

2 SayN @S3aSirF6y N aiddzisz
3¢ NIttt geéel {dzyyt LI 20KlI
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Tabulka3K| asi fi kal n?2 stupnice pro hodnocen? napaden? smrk

smrkovou
Kategori Popis pogkozen?

e
0 Bez napadenich pupenT.
1 Napadeny jednotliv® pupeny nebo max.
2 Napaden? v2ce vDtv2, max. do 1/ 3 kor
3 Napaden?2 v2ce jak 1/ 3 koruny do max.
4 Strom napaden z v2ce neg 2/ 3. Pol 2n

opakovan®ho v2celet®ho napaden? pupc¢

Byl o provedeno srovn8n?2 napaden? porost]
kter® bylo mogn® prov@stdIlpoluaete, vepr ovtDkper ®L
pichlavl vysazovgn v Krugnl oVlobH @ars§éh vod n?
d21 a nFal 8zem? obcebibygkVybir Saty2 w,l zkruotno®y ep |
se jednalo o epicentrum disturbance snej | ®pe zpracovaanou da:
bNDhem cel ®ha hodnocen?

Za Yl elem papadegaiSMPMyly vytvoSeny dvD
vyjadSuj2c?2 napaden? kloubnatkou:

1. pod?2| pogkozeingrchmirunp& ni2ra napadenlch
vypolten8 ze vgech jedincT na ploge v pr
pogkozen2 jednotlivich stromT

2.pod2]l napadenpob2istmambBdenlch jedincT z

nahodnocen® pl oge, a vryopvo®n¥ d 8o zt saskh uo n@IP«

vestudovan®m porostu

Pro statistick®| vygh®do osanar pkédud entzeevpivu | ®h o
vybranTch fakthyln Ts| @ d o sz888/a ds2l § promiDnn§,
pSedstavoval o procento napadenlch jedin«

zkat ego4 ipProl danl porost dRl enlT poltem hod]

Rok hodnocen? byl stanoven jako kategori
di skr®tn2 z8vbal & promBOnm®®17 ag 2019 byl
model u, pomoc?2 k toevr8&nhoo nbayplaod emr?e dkilkou bn at k
48 Y NJ
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vevgech porostech smrkfy wvtegmkbk®h oo m2Priek :
vyskytuj2c2ch se na s2ti vizkumnTch ploch
pl och bylo do modelu zahrnuto 87 tvoS2cz2c
ze tS2 vhDkovich skupin. Z8vislou promhdnn

napaden? porostu.
Mezinez 8vi s| ® (vysvDtluj2c?2) promDnn® byly

1. zakmern®rsks&no vipoltem re8Il n® kruhov® z
getSen® plochy a pSevodem na 1 ha s né&
z8kl adnou tabul kovou (SBHRBO¥Ykuitre| wedr lz.a)k me
porostu. Pro Y%l ely porovn8n? vlIivu zakme
porosty nad 31 let. Propor osty ml adg? neg 31 | et by
zakmenDn?z z LHP.

2.rok hodnocen2 [2017, 2018, 2019 .

3. VDkaktug8l n2 vhRDk porosobpmgpoa@dahné kHPokp 201

Z8kl adn2 pSedpokl ady pro statistickou an:

podle ZUUR etal. (2010). Z8vi sl ou promNDnnou nebyl o mog
rozdhDl en2m, jako nejvhodnBhDj g2 se uk8zal o
pSedpokl ad nez§8vislosti z hlediska hodnoce
Tato okol nost byla do statistick®ho mode
vnoSen®hoVAdhlkedem.k tomu, @¢ge syst@mot pl och
designukvy hodnocerd?2 pdoautgibt zobecnRnl model |
efektT v gl mmTMB packu [BRODUSetalR013)tQepsTt ipcoep s a
byl a zad8na jako nested, a zohlednDno byl o
plochy (PE K C Rt BRABEC, 2009). Rozhoduj2c?2m krit®riem pr
spouze viznamnT mi parametry byl o Akai keho
prologen2 rezidu?2 proti predi kovanTm hodn
byl:l me (prTmRDrn® napaden2 porostumenIlZm2k,me n I
random=~1] GestiRrd Paovoganto)st predi kce byl
on§8§hodnl intercept kagd® Jgestice, reprez
kl oubnatkou Vv Vd@lec® ngblsasttii.sti ck® anallz
vprost Sedf202B). 4. 0. 2.

6t NNNRRYN SBHINYy S0oKRAR ™
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Na za&kll sl edkT samotn®ho model u, kterT t|
byla provedenapr edi kce do vgech porostn®PSedskup

aplikac? vypolten®ho model u na celou obl a
jednot!l i v® zpaosrtoosutpyend en s mr ku ztepil ®ho k
kvytvoSen2 modelu. Nad oblast2 Krugnlch h
polygonT, rozlleRuj2c2ch prostor dle vzd§gl

Jednotliv® porosty pak biyldopPoBgpgeny dBt
Il ntercepty kagd® gestice a koeficienty m
kombinaci byly projektov8ny do roku 2017,

42 Vyhodnocen? trehal-zy a jej2ho zastoup
infeklnzm tlakem k& oubnatky smrkov

Pro stanoven?2 hodnokypySebsahubtydeohalybznw
snejviDtg?z intenzitou napaden2 ze zalogenl
nal esn? LIsiptr\82vmMov4)( Tabul ka

Tabulka4PSehl ed monitorovanich pl och ave ovlzttya hue ckiloculbnat ky

vkategori2ch podle stupnhD napaden?

7)) N
© — QD
S - o o < ~ = & &8 88 & B2
o ® o o n :
28 < o > ~ 3 o [N [N w ~
N o @
~ ® < =
32005 VSeso\ S givn® @ 46 6 8 18 5 3
125C6 Kl 2ny K kysel® 53 7 6 14 16 15 4 1
110B5b Leski K kysel ® 48 9 7 7 8 18 8
Ji Set 2
502A5 | Moldava G podms§| 45 9 6 10 5 17 11
107852 Leski S givn® 43 9 7 4 8 13 15
Ji Set 2

504F6  Moldava G podm§| 51 7 7 10 8 20 8 3

Na tRchtopT¥Pebbghy odbPRry vzorkT koSenT
n8§sl eduj2c?2m zpTsobem:

1. Jemn® koSeny o vel irk8onsyt i p<T d@2n 2mm vir yt
(pr Telm,hl oubka odeb?2rnaant ho prostoru
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20debrlam®eny byly rychl egwnyltays tvowW®m sa§ |
do tekut®ho dus?zku.

3. V. | aboratoSi byly wvzorky Vyj muty
domr azni F8kOy ACSiag do dal g2 anallzy.

4 . BNDhem t $2 tTdnT byly vzorky hpodrob
Lyovac GT 2, Steris, NDmecko).

Samotn8 extrakce mbDla n8sl eduj?2c? postup:

1.57 g lyofilizovanlTch koSenT bylo rozen
All basic, NDmecko).

2 . Do plastov® mikrocentrifugaln?2 zkum

NDmecko)halwglyeno 25 mg koSenov®ho pr §gk
smiDsi met hanol /voda (80/20 v/v).

3. Zkumavka byla nbDkolik sekund silnh
navl hlil, a um2stBDna dolOt0Oe,mpBirmsvam,® LtdSte
na 30 minut pSi k8@ hAQaa mi nwGQ .ot §|

4 . Vzorky byly pot® odstSedhRny (Eppenc

ot 8l k&§ch za minutu po dobu 10 min a kap
nylonovl injekln2 filtr (0,25 e&m) do 2r

Po extrakci b yMSa/ M@ o uagni at lal terduCby rvgvinutk

opti malizovanl extrakln2?2 postup pUSMSstanov
detekc2 s vyugit2m iontov® vazby Cs+, zal
pro lidskou plazmu (ROGATSKY e t al ., 2005) . Data byl a s
softwaru Chromeleon 6.8 a Analyst1.4.

Opti mali zace a validace metody byl a prov
odstranhDnou trehal - -zou prostSednictv2m tr
matri ci odpeo¥&rmajkabtibrialn2 kSivka s pou
okoncentrac?2ch 5, 10, 20, 30 a 40 eg/ ml . L
koeficientu) = 00,9989, rezidua < 4 %. Me z

cogdpov2d8 78 ng/ mg rhatamitdd i kaacrek { j akez 10

eg/ ml , cog odpov2d8 261 ng/ mg matrice Vvzol
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hrotu 15 €g/ g byla 96 %. Preciznost v r 8ma
jsou vyj8§dSeny jako relativn2 smhSermd®&tnS§
hodnoty. BRhem validace metody byly optim
smhNDs extrakln2ch rozpougthDdel, 11) tepl ot a
t Dchto testT jsou uvedeny v podpTrnlch i n:
bylyprovedeny ve t Sech opakovg&n2ch.

PSi opakovan®m sbhRru vzorkT ze tS$2 =edaf
porostT bylo hodnoceno cel kem 180 vzorKkT.

Vgechna z2skan8 data byla n8sledniD stati
uvedeny v eg trehal osy/ ghylWVviz BS2d n8fhraod at n
Soubory dat byly testov8ny na homogenitu (

Wil kTv test). Po splnhRn2 statisticklch p
ANOVA. Rozd?ly byly testov8ny na hladinD |
pougit Tukeyho HSD test. Statistick8 anal’

Statistica 13.3 (TIBCO Software, USA).

43VIiv sypavek na vibhRr vhodnTch provenie
st Sedn2 Evroph

HI avn2m d&tidvaméde mezi n8rodn?2 ploge | UFRO HT

n8§chylnost jednotlivlich pr owWepseudotsugpde dou gl
aP.gaeumannii. Provenien|ln2 plogbhe®HPrlowyeni enc?
nach&8z2 na vel mi m2rn®m svahu zs cpSeaws gldlgc
445 m n. m. M2stn2 prTmRrn® rof7nsd HWE€pPI o
aprTmRrnT roln2 ¥AS5mm. sr&8dgek je 550

Testovan® przoevesieemen &8 Ss kT Bhi t &dudnhie t 2
Washingtonu a Oregonu (Tabulka 5). Provenience 1028, 1078, 1081, 1102

all104 pSedstavuj? standardn? provenience
pl och8ch mezi n§r odW 2zhkau§npmoxha@okusunee ve t tuaru
pravidel n®ho obd®l n2ku o rozloze 1 ha a rc
ve 4 opakov§8&nzZaMd)y e ckia gd§ To 1r0o m.



Tabulka5PTv od
| UFRO HTr ky

St §t
(USA),
provincie
(Kanada)

British
Columbia

1004
1010

1012

1013

1021

1025

1028

T

1030

1033

1036

1043
Washingto = 1049
n 1050

1058

1061
1067
1069

1075
1078
I
1081
I
1089
Oregon 1100
1102
I
1103
1104
I

a z8kl apimé v @ airoeunge 2ars ¥k yn at imseozli ins§tr® d n 2

Provenience

Stuie

Barri]

Klina Klini
Revelstoke

D6 Arc

Nimkish
Merritt

Squamish
Forbidden
Alberni
San Juan
Bacon Point
Marblemoun
t
Lake
Crescent
Louella
Skykomish
North Bend

Enumclaw
Cle Elum

Alder Lake
Cathlamet
Grand
Ronde

Upper Soda

Coquille
Brookings

Oblast
provenience

Maritime
Cariboo
Trans.
Maritime
Nelson
Submaritime
Maritime

Zone Not Def.

Matritime
Maritime
Maritime
Matritime
71 Skagit
71 Skagit

17 Hoh

17 Hoh
51 Kitsap
81
Snoqualmie
51 Kitsap
81
Snoqualmie
91 Toutle

371 Twin
Harbors

6

12

T st a n praveniéncé IUFRO/standardy IUFRO

BNDhem

t 1 oug Sekfao)l iaa ae

(EICHHORN et al., 2010). De f o | i

vgech

ace

45

NadmoS Sever

§ vigk g2 Ski
n.m.]

230 52A 2
612 51A 1
3 51A 0
600 51A 0
275 50&30
90 50A 1
870 50A 0
15 49A 4
610 49A 4
140 49A 1
215 48A 3
500 48A 3
120 48A 3
305 48A 0
457 48A 0
305 47A 4
150 47A 2
240 47A 1
640 47A 1
430 46 A 4
200 46 A 1
200 45A 0
1000 44A 2
100 43A 1
300 42A 0

stromT v

pougit$§

pl oge

Z8pad

[EEN

N e

PR RR R

t er ®n n 2 h zhodgoednpeeerr? d rboynieyt r i ¢ k ®

d®l

k e

26 A
20A

25A
18A
22A
26A
20A

23 A
25A
24 A
24 A
21A
21A
24 A
23A
21A
21A

21A
21A

22A
23A
23A
22A

24 A
24 A

vel il

provenien| n?2

j ako

ukazatel



hodnocenas emi kvantitativnhD podlepogkozemtiaspoo
%), m2rnhN pBGkélenlpo@BBOzEM] (28 nN-7pogkoze
%), odum29%j%c2a(mmbBtvi (100 %) .

Kporovngn2 zdravotn2hypesugviu 9Pratviesitiiemkel
model (PE K C& BRABEC,2009). Pr o mND nzn8ovu Isylamm2ur a def ol i ace s
vysviDtluj2c?2 kategori 8l n2 promDnnou provel

promRnnT mi obrjoeznd 2K mepr €[, mNr T me z i mNSen 2 mi
a pol et stromT. Protoge dat a z8Vvisl ® pr
norm8l n2mu rozdDIl en?2, byl jako alternat:i\
Aproxi mace pomoc?2 Poi ssonova r o zhdINil vesn, 2 |
pSestoge defoliace mhRDla specifickl a relz
kekl adnTm hodnot8&m defoliace a histogramu
aproxi maci pougito gama rozdRlen?2 (gama Gl

Do anallzy byly zahrnutyKpnaE2z®35)Yromyo63s
souvislT z8poj v obou hodnocen2ch (2011,
srozd2l em prTmRrT pSesahuj 22 milcthd bnyelzivkdw
nN8rTst prTmDru pravdDpodobkhdl Zzpdlsolb@emu me e
vyl oul enyrocehi8ence 1104 Brookings, stej
vprovenienc2ch 1081 Al der Lake a 1103 Coqu
mortality. D§1 e byly na z8kl adhR pSedchoz2ho hodi
1028 Merrit kvTli n2zk@®mupepoiltw medi alciTt wa.

Do pTvodn2ho modelu byly zahrnuty vgechn
Zjednodugen? byl &€rawEo (2083 &RE @ C pBRABECE2009).

Viznamnost faktorT modelu byla wurlena &
konzervattestn2ha BbvyklTch hladingch vizna
a U < 0,001. VIislednlT model byl vybr§&n n
informal n2ho krit®ri a podl| eCRAVLEYI 20L3). p u Oc
Ustatisticky viznamn® kategdrbgl n2¥%UpoomiDni
porovn8vs8§ny tak® pomoc?PEKORttBRAaBECE 009" t r eat

CRAWLEY,2 01 3] , pro kter® byla jako srovnS8vac
Upper Soda.
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Za Yl el em vyhodnocen? viiwvu faktorT a
zdravotn2ho stavu byla pougita metoda r 0:

vgechny viznamn® faktory z pSedchoz?2 regre

rozhodovac?2 strom byl vytvoSen pomoc?2 bal:
(BURGER, 2018) . o\ihsoldeodvraic 2r strom byl o0Sez§n s
sl ogi tosti stromu. Vgechny anallzy byly p
team, 2016).

5. Visl edky

51 Kl oubnatka smrkoxv@2Beppejostech smr ku zt
apichl av®ho

Vr8meodnocen? napaden? smrku pichlav®ho
vpr T miytetech 200912015 napadeno 60 % pupenT smrKk:
Vioce2009 dogl o k rychl ®pow rpaZ[vappdenmop524 ogenu
pupesmr ku pi chVvawv®hae 20103 t% pbuypeon Tj iag pbC
sepogkozen?2 pohybovalo kolem 60 % napadenl
kdal g2mu n8rTstu ©Obp8sBek2 na 65 %

V porostech smrku ztepil ®ho byl o 8 hl et ec
nal ezeno pouze nBRkolik stromT.Vsrocg 2tbnot | i v
doglo k virazn®mu n8rTstu pogkozen2 smrku
napadeny cel ® porostn?2 BRkemi hYy avodvagen B e v
patogenu v letech 2016-2020 seintenzi ta pogkozen?2 pupenT s
pohybovalap r T mhkolem25%. Na vizkumnTch ploch8ch by
napadeno v prTmRDru 23 % pupenT, intenzita
31 %, v roce 2020 pak poklesla na 22 % (Ob r 8§ Be W roce 2021 nebylo
navli zkumnlch ploch8ch zjigtRDno g8dn® nov®
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Tree species B3 Colorado blue spruce =] Morway spruce

Colorado blue spruce Norway spruce

=
o i = 25 2

40- ‘ % ‘

-

Proportion of damaged buds [%]

20-

2009
2010
2011
2012
2013
2014
2015-
2016
2017
2018
2019
2020

Year

Obr §8R&d2l pupenT napadenT c maskmrokib npant(@i@dua \s@r kovou
2015) a smmka whlpi® @Rubend $addorovng | §ra uprostSed r &
medi §n, metlil ky pSedstavuj? USaABerd&alp2022k mezi kvartil ov®h

KromhD intenzisty un aopbaodiend Sevi n i gi |l o i
patogenu. U smr ku pliehrldaxv@hSe mpySsbemg sV ®echny
byl y napadeny osktodjnmIt hj gNoopoaasdteenc?h . s e vysky
vesrovnatel n®m rozsahu ve starg2ch i ml adg(g
porost byl UWsimrikeut zstseapdp®@®Hem 2adwy2ch porost
vyskytoval o Vio@nla dtais tMj @1l s eSatd@g pvoy soksyt tTo vsan
ztepil ®ho stsarlg2azcmobt.NapédEdEn2s ms&kuu ztepi |l ®
viznamnhD |ligilo v z8vislosti na <ODk)u poro
Vpol §teln2 (akutn?2) f8§zi ¢g2Sen2? patogenu
ploch8ch napian®d® mi adijeli ncT, zat2mco ve
porostech bylo napadermbr@Edeie st Sedn Pedi ac
jedidaeadh 8 wveel os| ethowadnd@&@ b2postupn®mu pokl es
napadenlich jedincT a v posledn2ch dvou | e
starg2ch NediooeT2020 | 3sniSledmddd 2sit aéB8Rg & d esn r
au st a6r2l co. Na pol 8tku sl edov8§n2hvjedicecPRO
svhDkem kil esal, ale tento trend se v prTbL
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pokl esu napaden? v mladg2?ch porostech, t
porostech.Vroce2020s e napadenz2austgtovm8n2 s roken
statisticky viznamn® (GLMMr &d=k 85; df = 1

Age category ES Age31-60 B Age61-100

Age 31-60 Age 61-100
100-

3 | \

]

S 75

&

g

: \ |

o

: |

8 50-

3

®

6

S 5 [

b= 25-

o -

g 4

o

0-
Year

Obrgdk&d2l jednotlivich stromT smrku ztepil ®ho napader
vhDkovich t$2d2w20.et\Wwodcor200vine§ | §ra uprostSed r&mel ku je n
pSedstavuj2 1,5n8so0obek(Smmetialk2022j ti | ov®ho rozpht 2
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Age31-60 ¢ Age 61-100

2016 2017 2018
100

2019 2020 2 2 8
100-

75- =
50-

25-

Proportion of attacked Norway spruces [%]

o o
© o

60
80 -
100
100-

Age of the forest stand

Obr 8§40Sk ovngn2 pod2lu napadenTch s2020d3nMekgtod!l e vDku v |
al., 2022).

Intenzitan apaden? v jednoseumvhdfh2khtagsestarghcl
| i gRold& | silnhN napadenich steomfS¢dmabDegontr
porostech v2ce ORgS Akkid).POzob ot8(nv ablyll pokl e

poltu nenapadenich stromT a postupnl n§8r°-
unej starg?2©©br §23.kncT

Zcel a odljibginul s tvSevdon N sstkia pichkal c.hTen Ize
charakterizovat kontOhbmng2B)k.2 MiN enjayw2acdee n@ anp 4 d
jedincT se kmaeg®zelio3v (v prTmbDAdZljusmku % | edi
ztepil ®ho byl o v kategorii 38zvdkpr TR m®p Ou
pogkozen® stromy v kategoriia 1b Ikshee np ogseotuSvea
nebyl nal ezen (Obdrgaz®lk jledi nec
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Age category 31-60

80
]

® 2016
= 2017
= @ 2018
= @ 2019
o 8 O 2020
(%)
2
o
[
>
o
-+
=z
b
=
]
5 o
o o7
<]
EL ﬂ:h
o .
kat.0 kat.1 kat.2 kat.3 kat.4
Infestation category
Obr §4kPkwd?21 napadenich smrkT ztepillTch podle jednotliv
vhDkov® t66letdleec8B2D16-2020 (Samexetal., 2022).
Age category 31-60 [
8 -
B 2009
L | 2010
m 2011
- @ 2012
@ o 2013
o 2014
0 2015

Proportion of Colorado blue spruces [%)]
20 40
|

L il i 5]

kat.0 kat.1 kat2 kat.3 kat 4

Infestation category

Obr §4xPkod21 napadenichh pownlirckhT j ednotl i vich kategori 2 nap
v kv ® t $60tety lech 2009-2015 (Samek etal., 2022).
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Age category 61-100

m 2016
= 2017
0 2018
o 2019
O 2020

30—

kat.0 kat1 kat.2 kat.3 kat.4

60
|

Proportion of Norway spruces [%]
20 40
| 1

Infestation category

Obr §43Pkwd21 napadenich smrkT ztepillTch podle jednotliv
vhRDkov® tl1@etivilete6h2016-2020 (Samek etal., 2022).

Predi kl n2 amadeln?2 n smr ku ztepil ®ho
smrkovou 2017 - 2019

Predi kovanl® me8mmalyo model u mEl pomNg e mi
dobrou shodu s pozorogarinil Fakdhotpamivli ¢ O
prostupeR napaden? k!l ou lzobmzekyos/ ANGVAtabutcesr o u j S ¢
(Tabulka6). Tyt o f aktory |j sou ezs8riocvke@h od gip leeeyd nt 86k ai .
nej ml adg? cdo 2Qletrjeovset|ITi ce n?2 zk ®, vVyskytuj? S
napaden® mauspoznach. Kol em 55 | et vKllkinue napad ¢
aodcca76 | et se napaden? kl oubnat k8zwe Eu dir g u |
ale6) . Na z8kl adDbyRghpdvopdngt ORRepv® skupin
do24let;2)2571 751et;3) 76 ag WIxmklmetn.On2 je interpret
sl ogetnNjPSI pl n®&m (10) a nejrozvolnhDnNjg?z
napadeengp ¥2padhD pr TmhDr n® kinObBalketReZrnObr B z k T
17a18jezSetel n® nejvhNtg2 pogkozen? pSi zakm
interakce zakmenwWha&zuwj ev Drkau ondglaipardie n2r eanme @ |
t Dmi t o fvalkstloerdykiJlk &vve® s k@ pl' nNet 2byl o nejnig
kl oubnatkou pSi zakmenhBDn2 <6 vaRkoey & ysgkg? p ipré
"76-1 35" byl o naopak nSijdvgy2gcgh? gnaasptasdeeand®m 2v < 6
anapad@hh®m zakmenhDnaAe( h0)y EpzaeikE Obo K
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Napadeni porostii kloubnatkou smrkovou
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Pozorované hodnoty

Obr §24Hkodnoty predi kovan® vislednl m(@Proxoedtem a

al., 2020).

Tabulka6 ANOVA vIisledn®ho
ZakmenhDn2+Rok+VDk+VDk

20

model

u

25

me

(prTmDrn®

pozor

napaden?

ovVva

po

Zak me n D{PRskovebah, 80@80n=~1| Gesti ce/ Po

numDF denDF F-value p-value

(Intercept) 1 170 89,06674 <,0001
Zakmeneni 4 170 3,50986 0,0088
Rok 2 170 44,6611 <,0001
Vek 1 170 20,50206 <,0001
Zakmeneni:Vek 4 170 5,4211 0,0004
L ]
3
E .
7] . ®
3 - L L] .
% . » Zakmenéni
[ L ]
o - 1 <6
é 1 . + hd P O 7
2 .
[
o
o
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Obr 84%ZKBVvi sl ost
Modr &8 |
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napaden? hodnocen®ho porostu kloubnatkou v roce 2019, a
reprezentuje phRti stupRovl fakbdnoZakfmemWinéd ,skdel 2akmean
i e dn ®FPt&odeyal., 2020).

3 * =
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= . - Zakmenéni
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8 S —— . 8
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8 0- L]
[1]
=z
50 100

Veék porostu

Obr 846ZKBVvi sl ost napaden? porostu smrku ztepil ®ho kl oub
porostu. Modr§ |linie pSedstavuje vyhlmeRvac? kSivku mod
napaden?2 hodnocen®h osnmrlovoovs truo ckd o02u0bln9a,t kao ubar evn® oznal en?
reprezentuje hod (Pe 6k ovet al., 2020).

25 .
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o
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Zakmenéni
Obr §47%Kkr abi covl graf z8vislost napaden? porostu smrku

smrkovou nazakme n N(Re% Kk ovet al., 2020).
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Napadeni porostu kloubnatkou smrkovou

Obr §48ZK8 Vi sl os't

na zakmenBDn2,

2.5-

20-

0.5-

0.0-

kSivku.
porostu (PE Gk ovet al., 2020).

25

20

05

Napadeni porostu kloubnatkou smrkovou

00

Obr §4%Kk abi covl
smrkovou na
ZakmeniDn?2,

rozdDl eny do

2020).

VT g

napadR$2lbad) ,

domo d e |

Body

Vék porostu
* 5.24
* 25.75
* 76-135

e

<6

! .
1 ' s
. . § .
6 7 8 9 10
Zakmenéni
napaden?2 porostu smrku ztepil ®ho kloub
jakogto di skr®tn2 numerick® veliliny. Mod
byly kol or o248 125754 06dlB5hodnc&én®h ®k ovich t$2d "5
24 25-75 76-135
VK
BES 5-24
BE 25-75
i BS 76-135
= II —
7 8 9 10 <6 7 8 9 10 <6 7 8 9 10
Zakmenéni
graf z8vislost napaden? porostu smrku
zakmenhDn2. Jednotliv® krabicov® grafy repre

kdedzlR&karantdn 26 ploy | o

sl ouleno

do jedn® tS2dy.
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charakteri zovan 8t vdoartbad bpyrleadi god n g h O
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vmnNS2 1 k220000. PS2nos mapy spol2v§ ve stanove
faktorT ovlivRuj2c?2 viskortosaT i emekuai tzut e
kloubnatkou smrkovou. Zmap je zSej m®, ge porosty smr
voblastt PL O 1 napadeny stejnomBDrnin, a vV e

bylzaznamen8n trend postupn®ho zhorgovs8n2 n

52Vyhodnocen? trehalstzoyupanij e pu?2 hsomr K u ztep

infekln2zm tlakem kloubnatky smrkov®

Byl odebegEnl poteeztdraovaddhfi kopadimab T

6vizkumnlTch ploch8ch. V z8vislosti na char
90-9 9 %. Opt i m8dxtrakce hyla plodaltl e pSedchoz?2ch p C
avli zkwmwmEZi 50 a 60 AC v z8vislosti na matr.i
S3) . Pro optim8Il n2 dobu extrakce byl a stal
vzorkT byla plnnhn extrahokwdnssd kjyi wymo db D c en
mnog¢gsttrvehal -zy zobrazuj2 viznamnl rozd?2]
azdravIimi jedinci (p = 0,01). PrTmRrng§ hod

smrku byla 739 N96 &g trehal - -zy/g DW (prT
egrehal - ayl/ignfDOWloowSe(nObh §Pek 2 visledkT je
g gedinci v2 ce napaden ® srkrkowu bykRaaovadtyorui ¢ g 2 obsah
trehal -zy ve vzorc?2ch e $1e80T ondeegb rsatbylioarty wvzzd
zji goBd2]l v obsidbBenerehmamezy pogkozenl mi a
stromy ve prospRch zdravich stromT, ale rc
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trehalose

Intensity, cps

202 red — healthy tree
blue — diseased tree

2000.00

1500.00
1000.00
500.00
5 2 25 3 35

0.00

Obr 826Sk ovn8§n2 chromatogramT z lyofilizovan®ho materi §
nemocn®ho (modSeh|strdmgaj Re plsa b | Gugetdl, 2029 mi n (
53VIiv sypavek na vibRr vhodnlTch provenie
st Sedn?2 Evroph

U celkem 704 hodnocenlch stromT byla zji
37 % Obr 8zg)k. NepdeDb§i ace byla pozorovs8&na u
Merritt (90 %), 1010 Barri re (61 %) a 10°¢
byla zjigthDna u provenienc? 1069 North Be
Cel kem 71 odumSelTch stromTeymn®abDojvadiond TO
zaznamemaButkka7)( u provenienc? 1028 Merritt |
(18), nejv2ce u provenience 1067 Skykomi st

PrTmRrng vigka dougl asky na Wdbwkad)mn® pl
NejvnhRtg2 vigky byl y 75Enugntldv(335m) 1p69 borte ni en ¢

Bend (32,7 m) a 1103 Coquille (32,4 m). Pr
rovnhNg pSess&hly 32 m. Nejnigg2 prTmRrng§ vIi
Merritt (18,3 m), 1067 Skykomish (25,2 m) a 1078 Cle Elum (25,9 m) . Nejvygag?
strom (40, 4 m) byl zjigtnDn % provenienc]

v provenienci 1067.
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Tabulka7Pr TmRrn® kvantitativn?

2019).

St 8t (
provincie
(Canada)

British
Columbia

Washington

Oregon

x| PrTnm

Provenience

1004
1010
1012
1013
1021
1025
1028x
1030
1033
1036
1043
1049
1050
1058
1061
1067
1069
1075
1078x
1081x
1089
1100
1102x
1103
1104x

Stuie
Barri
Klina Klini
Revelstoke
D6 Ar cy
Nimkish
Merritt
Squamish
Forbidden
Alberni
San Juan
Bacon Point
Marblemount
Lake Crescent
Louella
Skykomish
North Bend
Enumclaw
Cle Elum
Alder Lake
Cathlamet
Grand Ronde
Upper Soda
Coquille
Brookings

i edi

Pol et

27

27
40
24
30

36
38
27
32

31

5

704

E

@
X
o

2

32
26
313
31.4
28.7
30.6
18.3
32.2
30.5
32.3
29.9
30.6
32.2
32.1
30.6
25.2
32.7
33.5
25.9
315
31.9
30.8
28.8
32.4
29.5
30.1

ou

Defoliace [%]

61
31
28
48
32
90
36
36
34
38
33
30
28
37
53
23
27
46
31
24
34
39
37
26
37

dendr @Smexketalck® veliliny

o Pol et jedinc
def ol i ac

=
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70 |
60 T T 7 | T

50 :TT T . T T:

ﬁﬂa DUDQBHHQH HDH HQ

o 44 44

40

30

Defoliation (%)

20

- - T = = = = = = ™ = = ™ = = ¥ ¥ = = = = ¥ =T

Provenance

Obr §2kKk abi covli graf pro m2ru defoliace jednotlivich p
1,5n8sobek mezi kvartilov® rozpRt2. P2smeno nad proveni e

v ni t $3aMex €tal.)2019).

Pr TmhRuinl8ettino2u gSka vgech hodnocenTabulka j edi n

7 . Nejmeng2 viletn?2 tlougSka byly zazname
(11,8 <c¢cm) a 1025 Nimkish (13,7 <¢m), zat?
zjigtNDna u provenienc? 101DRevelstpkp ®39cB)pda (5
1103 Coquille (53,3 cm) a 1075 Enumcl aw (5
viletn? btyllogoug@g$kytnNDny u provenienc?2 1075 (
(35,3 ¢cm), naopak nejmeng?2 u provenienc?2 ]

Objem porostu shr o whj2e c h hodnocenlch dougl asek
PrTmRrnT objem jé&diNece Ntyl2 hlo, o TmRr n ®h o«
provenience 1075 Enumclaw (1,72 m3) zat?2mco provenience 1
m3) a 1067 Skykomish (0,48 m3) mDIJj g momej meng?2.

Pomoc2 gama GLM byly faktory objem strom
viletn2chmetzZliourgakh)k 2011 a 2016 wurleny |ja
defoliace a interakce objmmmGLMVR2et063) pr ov.
Tabulka 8) byly rovm®8.g Dvdlfzmlaimmce koruny byl a v
objemem hodnocen®ho stromu. Def oli ace se
Obr 8§22k Nejv2ce defoliovanTch stromT mRhIl o
defoliac2 a rozd2lem pr TmRQObE zkeyR), 2rpdvd RMIn
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stromy s<30 % defoliac2 mRly tak® nejviraznnhjg

Rozd2ly v m2Se defoliace mezi Obr@&uemui ence
Me z i nejv2ce defoliovan® provenience patSi
Skykomish.

Tabulka8VT sl ednl zjednodugenT  (Sguakmtal, 206 el def ol i ace

Df Devianc | Resid Resid. F Pr(>F)
e . Df Deviance
NULL 558 86.412

volume 1 42.627 557 43.785 728.487 2.20E-16 = **

*

provenance 22 4,908 535 38.878 3.8122 2.23E-08 @ **

*

diameter difference 1 3.933 534 34.945 67.2096 1.98E-15 @ **
*

volume:provenance 22 2.903 512 32.042 2.2552 0.001 **
*

volume : diameter 1 1.337 511 30.705 22.8495 2.29E-06 @ **
difference *

20
20
|

10

10

Defoliation (%)
Defoliation (%)

-10
-10

-20
-20

05 10 15 20 25 30 35 0 1 2 3 4
Volume Diameter_difference
Obr 8§22Vt ah mezi defoliac?2 a rozd2lem objemu, resp. pr

neparametrickich promRDnnich v zobecnhDn®m aditivn2zm mode
prTImNrn® def (Shvickaetad, 26198 7 %

Provenience bynQkobzHd Bl ®khypdo pomoc2 rozh
(Obr &3)eka byl a posouzena m2ra viivu jednot
NejvhDtg2 wvlIiv na hodbgtaedre f ©tl i mamwe . mBNleani g2 d
stromy s objemem nad 1,645 m3, Provenience s nejlepg?zm g

def ol i ac? poch§8z? Z 1012 rKilirta skkin® 1050 Nimkmtb i e
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a z Washingtonu - 1050 Marblemount, 1061 Louella, 1069 North Bend a 1089

Cathl amet . Naopak proveni ence 3wykazdvalle mem m
vygg?2 m2ru def ol i a g€l sao bveyng?g 2s ynp&cvhey!l. n d\setj hko
stav mbDly provenience 1010 Barriere a 102
provenience 1067 Skykomish.
o — —v\
0.675m3 < fYolume, 6753
(higher volume) . (lower volume)
Thickness difference Provenance
1.55cm=< ]<1.55cm
(higher) (Iclwzr)_ "‘;omm‘e\
Thickness I volume* ~—-=7
-=/ 0.535 m3=< | < 0.535 m3
365cm=<|<365cm 1.645m°=<|<1.645m° 56
2|0 ' | Provenance 35 5 /&5 Ag
25 =1 -
18 1 AN
29 35 /\g
i i -l Lol
A A
NENE AS
- — -
» » »
ﬁg %% Canada
o -
Nl B usA
Obr 8§23¥wzhodovac?2 stliomRéiak¢decl ondravotén stav dougl as!|

studi jn2Nallogrci uzl|l T je uvedena prTmRrn8 defoliace (]| 2:

(lern8 | 8st rozhodovac2ho str omu(Saveketat,R0lp)ogkozen® strom
6. Diskuze

6.1l KIoubnatka smrkovs§ a jej? rozg?2Sen? v
apichl av®ho

Ods2Sen?2 elektr8ren, kter® btySioktedazn ame
(HA D A,2002; GRC ME & t al , 2015; CHMI 2020) , mT g e
sesoul asnim rozs8ml kmoubreagttiklyent Krugnich
pTsobila jako fungistati kum potl al uj 2c?

P&in2gen? jej2ho obsahu v polutantech dog
kl oubnatky na slnERketalp20téh)lZzh o ®me @vozhr stav

smr ku zta pn § ®lheod n ®

zapol adlrouv@ pol ovi nnD 20.

odum?2r 8n?2 rnu8ichlaa®hno? c h p

stol et 2. N&8hradn?2
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znal n®ho pogkozen? pTvodn2ch smrkovTlch
pSedevg2m deypaNODia eumy s SkO mi koncentracemi f
kyselin. Oxid siSilitl svim pS2mim vlIivem
pTsoben2zm na chemismus pTdy n8slednhD zpTs
pSiblignnNGROVERI@AIN205R] (pSest® §gei pS2memaj 2
prakticky ¢g8dnT vlIiiv na zdavdyemnrg2 detpawvzilces
a amonnich iontT NH4+ nad§g8l eV &§nTs pRrvegb 1k® no
t Dchto kysellTch pTd&§ch je NapBARyad2pbbabb
iet®NS ve vgech | §stech KrugnT dqmaatetal, ni §g?2
2017), cod je pro phRstovsg§n2 dSewiSejwml hor
negati vhgevuivedenT ch antyvego g/bpyntRkcuh bfiaokn aosr
(BAclAK et al., 2015)jen avv?2 cpo s | e d np @dhp dn$er idnaddncentrace

pS2zemn2he ozonu O

PSetrvs8vaj2c2m bpzespdiu @memh odob§ acidifik
zpTsoben8 zneligthNDn2m ovZdwge .alS| ab3B30 ¥XLY) vs
obranyschopnost dSednBn? clogyp ¥erd@®h & ruasmaad e r
(PAOLETTI e t al ., 2010) . Ml adg? stromy jsou ob
ovzdug?2 neg dospnhIl G vsamp@Bomy ,gi pi ot @ppe Sedbak c
avytvo&emannTch me KdzLawskl,s1976). Kr omND t oh o ma |
i ndi vistamg vn2podr ostu obecnhD nigg?2 st omat &
zan§8§sl edek meng?2 prTnik gkodlivich | 8§tek o
napaden? ml adg?2ch a TUBFENt 2tn GROAAN, h2019).0 st | i n
Ni ¢c m®nthar g 2 porostppoghobheny bkEneli gthRn2zm o
zejm®na proto, ge koruny stromT mohou pTSs:¢
zneli gSuj2c2ch | 8t eByTNnERoWwcZ,d206)2 c2ch na zem (

Jako podmi Ruj2c? faktory, podporuj2c? p
inf ekce mohou pTsobit vysokvfalitayz e d gsnt8a tve lhnks
vi @inebo zamokSenl2h u svtylg gooss pvoldk Rqs p ¢ GA001).
Usmrku pi bbhuba®kboubnpbokhowasmpkges8&ni gg2z a
koruny (LERN®et al.,, 2016a), u s mr kK u z tmagpaklh®@hr m&st 2 Kor un
(PEGKOvet Soukup, 2016). Vobou | 8§8stealav&komahdhzyel o | as:
kpogkozen? pupenT mrazem, kter ® VISestea nZnes

Ameri ce byl o zaznamew&mo a measphacdkeIncchh ou bou
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Dichomera gemmicola A . Funk & B. Sutton, jej2g symp
f8zi vIivoje zanspicéde y Tse nhtoou bpoawt ogen byl poz
50 |l ety v obl as ady@bnk et Surtorg A972; WiKTan) 2020).

PSni kr os k ppisoku@oeeaBRDouby snadnoSHERwWodDetgi t el n
al.,, 2015). BNDhem ter®nn?2chk §mDat®2nst oal patkogenem
nemohl o, jelikog nebyl Dichamers gemiieolan®s Moiby Vv
cel ® Evropy pozor odidgribuce kKN aopurbort a t kty byt@umr k o v @
potvrizenavn Rk ol i ka evr oipls&PrepgublicedrrL,@0103; LERNN

et al.,, 2016a; PE GK o€ al., 2016a, 2016b), Irsku (FEIGE e t al ., i2004) ,
(KozLowskKl e t al ., Ic® PARALTA eA blj 2080) a Velk® Br i it 8§ ni
(BORTHWICK, 1909). V severn2ch | §stech Evropy

Jedn2difvzodT mome@kbmn2 ytegtet® mohou n a\

psychr of azé nkioubnatky vs mr k o en@zovat rozvoj patogenu
(PETTERSSON, 2018).

PSestoge nejvygg?2 intenziet at Seadpnald e st a rbly
porostech s v DIBEGMD | et , trend postupuj?2c?2ho na
ustarg2ch jedilnet], naadto zejm®na v dTsl edk
jedincT v kategori 2 aodji nlt ean Ziletech@@iga®020.0 z d 2 |
Jedn § poe Nk ud tertbprogjedhomuznej vt g2ch fytopatc

rizik s 0 WHynzesoscyplus i fraxineus (T.Kowalski) Baral, Queloz

& Hosoya, ki erel pozorovat | ast NTIMMERMANNNeL &.d g 2 ¢ h
2017). Ki nf ek ci ml adg2ch jasanT doch2Seha&st D
patogenu z opadanlch |istT a Sap2kT, kter
vi Dchto m2stet®OKkrsttouMtggss ned ve vigce poc
(CHANDELIER et al., 2014). St ar g2 stromy blvaj?2 woadi pog
nemus?2 bTlt pSi opak ov KlouBnatka rs fme k osve§ pg2a$3 d |
pSedevg2m v korunh stromu, kde mTge hr 8§t r
jedincT obvykle nigg2jedkynchumofdpukodoliandDp
schopni odol §vatu dhKykcsivl matvwygweinnut Dj g2 n

mechani smTmse Pakedinfekce se spol upTsobe
opakuje, mTge doj 2t ke zhorgen?2 cel(kkmae®dho zdr
al., 2017).
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Zvisl edkT pr 8mieg Gd&en azpSaedjenpst n @ &k me r(10)n 2
kteroum8 za n 8wy gdglekzdst oupen?3stralmad g 2Zzahk meanrlons
kter® | asto blBydjo? npSenh®o upsatzhd® osvtatcky v I zn
interakci mezii ntenzi tou napaden2 a vRDkem u n2zk
zakmenHwmstot a porostu a zakmennDn? ovlivVvR
podm2nky, kter® maj? dTl egitl vIiiv na fyz
Vysok® tepl ot ykomhinadisteS pwaclhemuzapS2]inlnim
z8§pozjpeTsobuj2 osl abenp $3 dadm o Tek pro rozvoy or b u
podkor n?2 hnmeboltpmydzpwr uj 2 rizi ko viaamELletwal.,l esn 2 c
2009.To je o toswvarhehnNDpgrost T, vkidde 2b ynlap azjeir
U n2zk®ho zkdkjmpobDSpbhz2tvaXt gdm ohrogen2m s
azdravotn2ho sp$?2vpua dpld rnkaismxesdan, 2010). Hustota,

resp. zakmenPDn2 by ale do budoucna mohl o |
Jeho stanoven?3vijkl ¢gdgmole 2gnB®l @ | ast Nj g2 mu
druhov® bsyk Isaed kyo tn®mil So nfamsd/gknPREEZBCH et Ré O

2020).

I kdy ghlejdeeem sna trend tlrkKangPro2® se| nmlDn epl c
dnT s denn?2 teplotou nad z5SeAQnTv vdiimnacelpln
nanapaden? p(@aukur etn PE GK 0y 2009), nebude tento jev
nejdTl egitnDj@e mapg akgmmstuea vIizkumnTch pl o
se vedle sebe vyskytovalyj edi n c i s vel mi rozd2I| npjou m2r
ovliivnRhRni klimatickIimi a pTdn2mi charakter
j e zSe@.pi@aengeegati vnN ovli vVRupeswodmuj er &dii m
vyugdgit2 vody ( WUETomGGkpyv@20 ¥§)h.onTeoc mT(ge zvy
suchem a potl alovat odol nost VT Iniu ldeasltg 2 mu ¢
smrkovich porostechpondomm@raun Kaztears’t rkof §1 n
patogenu dog) @ to v Orl i ckT ch Nahop&eh omu tis2z2cil
kneol ek §van ®moubpAkcecklyxtahietna( Lager b. YBerBhg h| 2 pf .
ktebyl&zn SmSederxgbmrovich porostT v Rakousk.l
(HANSSON, 1998a; SIEROTA et al., 2019). V1 v o j a postup infekce
ng&hal zpTsobil pogkozen? pupenT jak na s
takismr ku ztepi |l @Hde. dDdwvzaeay | whyas vy glge 8lsyn Dhovo
pokrTvkou, kter® vytvoSily opti mg§ln?2 pod.i

64



kmasivn?2 faukgEsfFeda®mu vIr alHANSBoONu1998a).z g2 Sen
lkdyg negativn?2 vliv provenience u smrku
takhoj i g nboyglno® po zZPokkoNENat 1093). Je tedy zSej
provenireinGg2czh nadmo@eklT aholligdsem na | ast
stresoviBmrs kv ch obl ast ech paobniloktuidc k h.eniv h of dan

Topotvrzuj 2 i Rinags@vestrsaRimnuskcontoifa (HANSSON,1998b;
SKOVSGAARDEetal., 2010), u kterTch byl vIiiv provenien

62 Vyhodnocen? trehaastguypas mf&kju2 hzho eo@d | ®

infekln2zm tlakem kloubnatky smrkov®

Kl2] ovimi faktlvgnpirbi pSesnbuehal -zy ve v
koSenT jsou rychll odbDr materi 81 u, okam
dus2ku, skiB8®ddACSm2 | ydifi lizace. Z kombinac:
s rTznTm pomRrem ethanolu nredéjl ened h anlotl Mg
extrakce dosageno s 80% roztokem methano

metodi ka zalogen8 na ethanolovich smRs2ch,

prac2ch, z2skala v experimentu asi o 10 %
pougdgy vimdr k® s mDsi ethanolu k zastaven?2 akt
trehal -zy v tomto vizkumu bylo dosageno vl
dus?2ku 1 hned po vykop8n?2 ektomykorhizn?2cl

Poudgit2 ni gg2hhkomdmoeds t2\562 nvgz mmrekpuo s kyt 1 o u n |
reprodukovatel n® visledky pro trehal - -zu (
enevhodn® kvTIli vel k®&mu obsahu sachar - zy,
PSi -MSC anallTze trehal -zy | eezhelnav n¥mmo dpnrlccl

podm2nek pro samotnou separaci od ostatn?2c

Str omy napaden® kloubnatkou mRly sl abi
trehal - zy Ddhstitor wamT viraznhD ni §ggz2. Zjigtni
houbovich cukrT a er golsatlerfod kut csrpepg FPkvirBy kv® rph
Sse projevuje vygg? z8s o hbvyaeliummydk o rakhimibm2r 8§81 n
u m2 ct herdthostitelskoud S e vp $i@atogenyt 2 m, ¢ gef wynlgu Isu at i ck
s| oul eakiivijeyo cah r aneananismusv p TKbROWSKI, et al., 1990).

PSi vTbec prvn2mezm? ¢ e halv zztoaubybonavihrtuta | i t o u

hodnotit morfologick® parametry koSenT n.
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(NIEDERERet al., 1989).J ej 2 pod21 na obrannh pdSSeMiad, |
uborovice | esn? po napadmBsboRrov\ea.,l 2008k ou s m
kdybyla pr o k @al@imulacer eakti vn2ch (FervasD®Zz ekal.s | 2 ku
2010).

6.3 VIiv sypavek na vibRr vhodnTch provel
stSedn2 Evroph

Mezi i@”Poprovenien|n2 plocha HTrky byl a |j

(BERAN, 1995; KGeet al ., 2015). Ni kdy se nejednalc
stavu provenienc2. BRhem getSen2? na mezin
byl o zjigtnNno, ge g8dn 8§ provenience nes

az8roveR vysok® odol nosklimuvITilriELiéNeTamck T m a
2013). Zvisl edkT je ale zSejm®, ge je vhodn
provenienc2m na m®nN suchlTch |l okalit§ch,

provenienc?2m. Na HTrk8ch je situace podob
poduk|l n2ch proveniemapadenni gsgy pPaSiPkragmd r o v n &
statisti plo@omét kdyntrastT se viznamnhD | i gil
Provenience 102kKmenemBDhauldj o Yrovni pr T mDhD
provenien|ln2ho vizkwmu.mnRZjiogdplonviz dabj epmm T

defoliace, ale zjigtNDng8 m2ra defoliace se
trend vykazuje i provenience 1030; z hl edi
cog by mhRDlo odpov2dat i n2zk®TmNSe &§def ol i

PSi porovngn?2 visledkRcembDSah2, mépil5)eny?2|
k poklesu jedincT na vizkumn® ploge z 721
633 jedincT a 71 jedi ndT mby bVplledéinkioSue | T c h
g&KéGeetal.,(2015) nehodnotili defoliaci, tak ne
PSesto | ze soul asxitir oon@[pa®&® dt np2r ovteav encemi
zam2rnhN zhorgenlidTaodw =&Hvlagennd®lzo Suthe kyt u ¢
seprojevilo poprv® agpSed zthaedth 2201B-3014) 6 po
sextr®&mn2m vl §hoawpmotdeefjei mogn@e ksmusthat o
nepSedstavovalo hlavn2 pS2|linu zhorgen®h
naHTr k8ch.
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Mezi roky 2011 (KGe R t al ., 2015) a 2016 elxn?stuj e
z8vislost mezi km8mehs tpanl kmgmgu¥y mooe 2011 byla

nej meng? obj emov s produkce zjigtNDna u p
Skykomi sh, 1078 Cle Elum a 1010 Barri re.
o dp o v 2GBadjni&den§ proveniencese na vizkumm@®oghv®geéeily.
Naopak provenience 1075 Enumcl aw, 1069 Nor
se osvhRDd|lily jig v pSedchoz?2m hodnocen?2,
nadpr  TmDrn® produkci , u kter® se Zpravi c
patogenTm aS2amd cvr®nup r T sntau .p rlo vpeShei s&@mold mj2e p |
dal g2ch provenienc? s nadpr TmRDrnou produk|
kter® vykazuj?2 hor g?2 zdravotn?2z stav. Nav?2
zhorgen?2 zdravotn?2ho hstpalvwo dvwz hvl epdoebns ekg nj2 ecjl
Britsk® Kol umbie a Washingtonu (tj. Vygag:
mrazTm).

M2ra odol nost.i nNDkterTch provenienc?2 vTlI
aneol ek8vanou (vygg?2 a nigg2) mhuobjgmudef ol i
kmene. Je tedy zSejm®, ge strom s meng2m o

pTsoben?2 sypavek. Vitalita, jakogto vhodn

vevi zkumu pS2mo hodnocena, ale bylo ji mo ¢ |
stromu p SorrofvsntS8avtanv®m obdob?2 . Odol nost str
jeveskutel nosti v2ce podm2nRNna dobrTm zdr a\
pTvodem. NapS2klad u rTstovich provenienc

defoliace relativnhD vygg?2,e meodnsRe pdSlealpdkd
jejich vygg?2 susceptibilitu k sypavks§gm. P
pat S2 podorborcl® j2a0klol vme zi v T bKeertuly20tbej vhodr
UnejhTSe hodnocenich provenienc?2 1010, 102
pNstov§n Ksurd., (2015

LtySi provenience (1025, 1050, 1069 a 1:
ime z i 18 proveni encemi h o cEnmrmneendl.,@013)v  Ni z o
Vzg8§jemng8 mognost poagvnaoptv§eksulmgdkwy Ni zoz
jeisohl edem na nesrovnateln® pS2rodn? podm:
1025, ponDNkud ppordopvreTnm e nid §nrek gp,| opgeet Si | a v Ni
knejproduktivnhRjg2m, a to i pSes to ge jej
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jehog ef bdlikozemdkwyl hwdnocen. Vygag? citlivost
vykazovala tak® provenience 1069 North E

namezi n8rodn? ploge HTrky.

Visledky hodnocen?2 mladg2ch porPemsavA] ve VI
2011; PETKOVA et al., 2014; Popov, 201 4) potvrzuj?2 trend,
provenience z Oregonu a Washingtonurostou vt y pi ckT ch podm2nkE§&c|
Evropy a zejm®na v Bul harskblle®@een mag vi ¥ | «
vizkumwlhwarsku je zSejm®, ge sypavky p¢
pokusech | imituj2c2 faktor pRstovg8§n2. Prvot
(GEORGIEVA, 2009), kdy se vyskytovaly pSedevg?n
al e pSi opakovan®m hodnocen2 ve vDku 24
proveni en c e risu(PETRAe®m20d4.PSest o byl o hl avn?
napaden2? u vnitrozemsklIch provenienc?2. N e
Keremeos (Washington), Whitefish (Montana), Bates (Oregon) a Canyon City

(vichodn?2 Oregon), vgechnypiscekT snm 2 gseynnoput 0
sypavkov®ho oReExaova eritDnl . 2014) . Me z i ne
aodol nhDj g2 v T THEKKOVEagtpaalk8m Z014, Mi |l enkova e
provenience Newhalem a Darrington ze Ska

vz8§padn? |k §dtoiv ®Kas pohoS2. Poch8zej? z n
500a1167 m a z oblast2 s podobnim klimatem
PodobniTch visledkT vgak dos8hla i pobSegn?

[

jej2g vyugit2 nen? v | esk@nky edrmrikatmT2 zl emn
| §st2 Evropy toti¢g vedla k vymezen2 wur]|itl
pro dovoz osiva do kt el NmEL éf@BERAN @004; nes p a
LAVENDER et HERMANN, 2014).

Na pol sk®m Yzem2 byl vIiskyviskphpohk pot v

(GakomyetlwAGCczZyUK 2010). V silnhN napadenich porc
45 % u t®mNRS 90 % stromT. Vygg2 infekl|ln?2
jedincT (35 |l et). To plat?z | pro HTrky, k

ive vRDku t®@PhschBD jetale zn§mil fiafékte, ¢ge r
je zpravidla 10-30let (BUTIN, 1995; HANSEN et al., 2000; MAGUIRE et al., 2002).
Visl ed®loy ska | i Nov®ho Z®l andu rovnhDg nep

zpTsoPgae@annipSettavuj?2 nejnebezpel nhDjg?2 riz
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visadby d &loog et&ieBeEREY(2005; HANSEN et al., 2000, MAGUIRE et

al., 2002; KIMBERLEY et al., 2011). Je z Sej m®, ge mret vv&j ejcehdhiyn ¢
posl edn2ch | et | ze pSil 2mafakiorpebpe g wj 3 ov2umi
zdravotn?2 sthay ydsugleas ealp T $ 0 pat®gehy. suchem a

Vobl astech Nov®ho Z®l andu byl o hodnocenc
| okal i t8ch. Prsygpavkamig js? cp?l oidmfieckkcre na v2ce n
byla zpagiBy&ech | okalit§8§ch. Mezi proveni
g8dn® rozd2ly v m2Se infekce, ale pouze r
mi nul ®h o HoablerKMMRERLEY( 2005, KIMBERLEY et al ., 2011) . )
prok8z8no, ¢ge v ojdan2inkhg c malsten 2gcehidnp z n amn N
prim8&rn2 gkodlivl | i nibyl @dtvrzeh gl mBkypamSou
klimaticklTch faktorT pro ¢g2Sen2? sypavek

aredukc?2 rTstu. Za dobu s nejvDt §2vm dpoobkll e
maxi m8§l n2ho infek|n2-h6 tkeakod pol Bt kuobdadl

V. soulasn® dobhD nen?2 zn8ma ¢g8dn8 proveni
vTIl i sy MHaopkt&imlo90; BAsTENet al ., 2013), navz2c |
naj2t prim8&rn2 pS2]| inmiuch emT ceh bJi2tSeznmNn al ekdl

vedekosl aben? hostitele a n8sledn®mu rozvoj i

oblasti Oregonu, kde se oba patogeny katastroficky pode ps al i na zdr a\
stavu v2ce neg 12 MHANSEQOt hal pordaeoT) .( PS2|
masivn2ho ¢g2Sen2? byl zSejmh nevhodnhD zvol

nadmoSsklch vigek a porostT s nigg2 pSi.i
(pravdDpodbéhm®mMN| 8 vnitrozem?2) . KromhR vT z
jepot Seba pol 2tat i s rizikem fyziologickdfe
coSedstavisjoar| a5 dg® vdobnND hlavn2 hrozbu pr
Tytoj evy nejsou na prvn2 pbolBzed gavin®zn®me
PpS2r Tstu,hKteedreim jnea fospod8§Ssk® WAyEnDER t 2 d S«
et HERMANN, 2014) . Ol ek8vs§8 se, ge vlIiivem zmD]
pravdRDpodobniD dojde ke zvigen2 prTmRrn® te
rol n2ch (RevErge) a&.k2010; VITALI et al., 2017) . I proto by mo
vnitrozemsk® provenience vygg?:? upl atnite
schopnosti a nigg? oBaslEmedtstalprot20kFpavke
pSi vibRruazolwhdddwiysokelu odol nost a z8rov
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schopnosti.ZvT zkumn® plochy HTrky lze v tomto o
provenience 1069 North Bend a 1089 Cathl ar
hodnocen® provenienc? 19%ddcHOB9hKcde)&ESan 3
al., 2015).

DS2vNjg?2 vizkumy potvr zuP.2m. wa.vglaocd n o st
dost SedoevropskTch pigdfr ackekk |knv2T Isic hjoeg rt o snt i
ng§chyl nost i SdkMiseytp aavik.§ m 2014) . Zat2cebyho pobSe
ve vhDtginhN vizkumnich pokusT IUFRO hodnoc
republ i ky jsou ponBDkud m®&nnD opti mistick®.
jarn2ch mrazT a f ymladdc dogglasek MaLmQVISTUETdh, a
2018) . Kr ormld dwniGb IpPrrw ve ot \ep@creo sjiteech vyug2t
| esopNDstebn2ho charakteru, a to odstranin:
zl epg?2 mikroklimati ck® podni?rekdyi,ncd?2 kjye gk the

prosperovat.
7.Z28vD0Dr
ZmNDna kVi Batrjdapglvimg@namnl vIiiv na interakc
apatogenem.Top Sedstavuje jednu z nejvRtg2ch viz
stabilitu | esT v EBobprRdempSagwvdaemame®edh
vposl edn?2m desetil et?2 njShr ddast izmme kiud meetoe I

i ntrodukovanTUmip odtSenvciinoanngi|.n N owglaskyd i & od 9 esvti@n
sezd TvoadwhNegadho se ar aslz8rome@gygemtslienost
me z i dS2ve rozptuzivlygnmiizsmik oporkotsetry® pSedst a
prost Sedoevropsk® daugl askov® porosty

Mezin8rodn? pl ocha HTrky, kde byl pr ove
dSeviny je pS2mim dTkazem. BRhem hodnocen
zrodu Rhabdocline a Nothophaeocryptopus. ZjigtDhDng§s def ol i ace

nazhorgenl zdravotn? stav, a navz2c Yazce Kk
unejv2ce defoliovaniTch jedinczZ[Sejemm vjlej inmeq
vmNRrnl vztah mezi defoliac2 a prTmRrnim pS

jevhodn®Tvodu t ®®RSE mapaden?2 patogoblasBm vy u(

Washingtonu - 1061 Louella, 1069 North Bend, 1075 Enumclaw a 1089

Cathlamet Na vp §i porpSed&datBos2m hodkoc20iim wyka:
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vg e ¢ hprowenienced obr T z dr alejtin®h sp sot orva8pnokr ujlei t

v m2sgegddobnT mi &dT draz mickdond m¢ @ kakno u inak ®
oblasti. Naopak za nevhodn® | ze povagovat pro
D'Arcy a 1067 Skykomish a standard IUFRO 1078, Ktiveg k@ zuj 2 nejen
pS2rTst, al eavak®Omhmatdi?. zaddke 80dleby kKt @ mt o
provenienc2 m mNDl a bl tl xS aklemarni, jej2§ soul a
jeviraznhD hor g?

U dalig@2trondukovagsmrcku dpe dholgdwl®tkaoz n ® reduk
plochyvlivemi nvazn2ho pat ogenu Viktean 20092015 kepyl s mr k 0 \
pSi hodmKowgmd chuhem8&h pichlav®ho zazname
zcela zdraNdopgeaelkiwmescmr ku zmaespivin@hmu @ Slem 2k
roce 2015, PSestoge Aemviky gz tbeplirada ®mjcd pya dea
vest SednD starl chO ploeto)st ectherm@tpesauagean?2 c 2
byl nejviraznhDjg2 u starlehojpdojpney kgt
zvigen2 pog&lozenT ch jedincd@ vokaptSelgahig2 enh
2019 a 2020. St anovaekmte nfd@ 2 sl ogi tNj g2, ale i pS
napaden? .sW®Su rmpdlni®m (10) a nejrozvol nRNnNj
nNi g2 napapgpi@$npadcgprvImNDrn®hloteakmeaNnapad
uzakme n Isne2 nlaacve vhRDkovIigchkkigt @agmt aiyolch por
napaden? nejvygg2 u prTmDrn®ho zakmenDhDn?2,
zakmenhDn?2 a u staWbfkht awu noeb aovalg g hepd Se a ¢
patogenuv Il etech 2018 a 2019 na smrku ztepi |l
aKrkoZegvgech vIisledkT & |zajving2tnd rd2T vjoed epna tcrhn
a @g2Sen? bplateogjgseprrye kompl exn? soubor pS2|
nevhodnlTch pTdn2ch mpadm*imelk k(@ 2Xklo® ypsH Gmy

obsah ¢givin, nap$. drasl 2ku).

Kvali don8tatel nDmybavhinza §8zvyguje odol no:
pTsobpattogenTchikowlTgkd zajigSuje jim kon
vevyug2vsgn2 | esn2ch pNd wBkIdivdrs lrea kdi wiSrey
pr§ce pSedstavuje trehal - -za, kterou jsou
vhodnlT ukazatel zdravotn2ho stavu stromT &

zjighBdBota viznamnpSvyadnB sielgnv i nfi kov
vkategori. n&paldenimi3 maktory pro pSesnou
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ektomykorhi zjezroglt fak dBSentTotdd|NDrT materi §1 u, c
zchlazen?2 vzor ku whkdampa@ | snktllyefiizace& rku , a

| sohledem na o bt 2 gpnedikei klimaticki c W T kTyay v 1 voj pTdn?
podm2nle&s wiclhastech v del g2mjd asezx@®mt m® r v

pellivhN dSevinnou skladbu. Introdukovan®
aSegit jejich citlivostDTV ®ipiptSklhil mek®itc kkl m
citivosti d Se vv Thl i nedostatel n®muvpBepgstlv2s msrk§
pichlav®ho |i =ztepil ® o nebo ®SBedefd&h?2 p
dal g2 ho g2Sen?2 | i napaden? | esn2ch eko
kekl i matickTm faktorTm je velice obt2gn®,

dostatel nBanpkvps 8nf a. Kev 8al e z S eokuch @ojde ¢ e p
kvytvoSen2? ide§8ln2ch podnpatekgemdhrozhbyp|da
k rozpadu i dalp9? olpkoTv, pS2spnarckli pi chl av®ho pod
tlakemk | ou bn at kyvKs mrgknolvcéh Ja pmot§ ethadn ® i nad§|I
pokr al mondotingwz k ou mapatcdged] mo vblastdch.

Nedostatel n® sr8§gky a Zajrm@ma as u ch e 2we pd
bydo budoucna mohl o pSe dssotualviorsda8 e vvoekl akz@ Trniiz
houbami (G¢ P E etal., 2014) ak o S eTnndimilobamiz e j m® nem Ammitlatia,

kterT v ko miBiersumaiHeteyobasidionyj i § dnes pSedstavu
rizi ko pSi pNst pudmor siSleovmmap®B i abtlevcad T c h
zemNdN|I skT cPSipddlitkhmenu f akd|l egei oh je v
republice ve viznamn® kalamithR neblvallch
zej) m®n a kY typographus (L.), Pityogenes chalcographus (L.)) , kterl

pSesnhN reprezentuge mefn®di iobmPmeizbl v n
doufat, e bV 2 zk® bumdehwdheomd iobdobn® pdDedMi®My ¢

kterou jsou pRstov8&ny .na vhodnTch stanovi
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Tree species E3 Colorado blue spruce B3 Norway spruce

Colorado blue spruce Norway spruce
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Health stage Tree Trehalose SD
number (mean) 3
[ Og [ Og/
DW] DW]
1 853.3 N 8.50
2 738.1 N 4.62
3 812.4 N 5.72
2 4 688.7 N 3.10
§ 5 762.5 N 849
T 6 741.9 N 6.03
7 703.0 N 4.12
8 587.6 N 6.49
9 617.5 N 11.1
10 885.8 N 5.08
° 11 526.4 N 5.99
273 12 5962 N 471
@ 13 788.2 N 765
14 621.7 N 10.4
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15
16
17
18
19
20

733.4
579.8
543.1
661.8
632.8
559.3

2 2 2 2 2 2

3.61
9.57
8.32
7.05
6.83
3.82
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Abstrack Since 2008, sproce bud blight (Gemmamyces piosae (Borthw. ) Casagr) has been spreading
epidemically in forest stands of the Czech Republic's Ore Mountains. This fungus, with a disunct
Haolarctic range, imures buds, especially of Colarado blue sproce (Fiose pungens Engelm.). Damaged
buds do not sprout, and, in case of a stronger attack, the tee does not secover its assimilation
apparatus and may die. Within the past few years, there has been a huge spread of this fungus
throughout the mountam range. This paper summarizes the baology of G. piceae, its host plants, and
presents the first Andings from the massave outbreak of G. piceae. In 2015, an merease m damage was
detected on Notway spruce (Ficea abies (L) Karst). The course of the G. picese epndennc had been
momitofed m 25 permanent research plots over the course of 11 years. In the case of Colorado blue
spruce, stands aged 10-60 years weme altacked, with 60% of buds damapged on average. The intensity
of damage to Notway sproce buds was around 25%. Norway spruce miestabion vaned signifcantly
depending upon the age of the stand (GLMM: p < 0.01). In the age class of 31-80 years, on average
80% of mdividuals wese infested. In older stands, only 42% of trees weme infested, and no mfestabion
wag found m individuals younger than 15 years. In Colorado blue sproce, the distribution of the
pathogen was contmnuows, whereby all individuals in the research plots wene affected, and, with
the excephion of a few bees, the mfestation was lethal or fesulted in a significant reduction of the
assinilabion apparatus. The development of damage on Colorado blue spruce can be characte rized
as conbinuous grow th,

Keywords: forest pest; damage; forest health; disease; fomest pathology; fung: mvasive speces

1. Introduction

Air pollutants such as ozone (), nitrogen oxides (MO, ), and sulfur dioxides (50)
contribute significantly to deteriorating forest health [1]. In Europe, this phenomenon has
been observed in many countries, such as in Germany, Poland, Austria, or Switzerland [2],
and, in Central Europe, it led to the destabilization and collapse of forest stands in many
places [3,4]. In the Ore Mountains region, problems with the health of forest stands were
recorded as early as the end of the 16th century [5], and in the case of air pollution from
the beginning of the 20th century [6]. The first notable damage to forest stands is related
to the beginning of coal burning [7]. In the 19805, after an extreme air pollution load,
most of the spruce and beech forests collapsed. In areas where it was not possible to
mestore these trees, stands of substitute tree species wene established [8]. These were species
with potentially higher air pollution resistance, and among conifers, mainly Colorado blue
spruce. Until the beginning of the 21st century, the selection of this tree species seemed to be

Forests 2127, 13, 164. hitps:/ / doiorg / 103390/ F13020164

hl:rp:.-' .-'m.mdchnm.-’jum'na].-’ﬁ:cruts

109



Farests 2022, 13, 164

Iofld

very appropriate. Forest stands of Colorade blue spruce in the Omne Mountains covered an
area of more than 8000 ha [%]. Individual trees were already reaching dimensions suitable
for the timber industry, and plans for economic exploitation of this tree species gradually
began to emenge. Improving the health of forest stands was also facilitated by reducing
the air pollution. However, significant scil acidification as a consequence of atmospheric
pollution persisted, making vital forest stands highly unstable [10]. Even after 30 years, the
fungal and microbial communities living in the soil failed to recover [11]. Mevertheless,
even the reduced ectomycorrhizal fungal diversity is still beneficial to the host tree [12].
Mext to the increased water and mineral uptake by my corthizae fungus, the advantage
of the mycorrhizal presence are the fungal sugar products of the metabolism. According
to our previous mesearch, the content of trehalose is significantly higher in healthy trees
compared to the trees with bud blind disease [13].

After a long period without a record of its occurmence in the Ceech Republic, G. piceas
was detected during 2008 on Colorado blue spruce in the Ore Mountains [14]. Initially
rather inconspicuous and localized, the damage started to take on an epidemic character
in 2004, and especially in the northeastern part of the Cre Mountains region, reaching
disastrous proportions within a short period of time [15,16].

The fungus G. piceae, synonym Cucurbitaria picese Borthwe, Cucurbidothis piceae (Borthw.)
Petr. was first found on infected buds of Colorado blue spruce (F pungens var. glauca) at
Abercaimey, Perthshire (LK) in 1906 [17,18]. Under current taxonomic nomenclature, it is
classified in the division Ascomycota, order Pleosporales, family Melanommatacea [19].
The anamorphic stage described by Naumow in 1925 is referred to as Megaloseptoria mrabilis
Maumow [20].

Infection of the host plant oocurs during the vegetation season. The following year,
at the time of budding, first pyenidia form, and conidia then form within them. Conidia
occur within the fruiting bodies until September, with strong production during July and
August [21]. This is followed by the formation of perithedia, where ascospones develop
and form from April to August, with strong preduction in the summer months (July and
Angust). The peak of ascospore production is slightly delayed after the peak oocurrence of
conidia. Both types of fruiting bodies can be encountered on buds during the vegetation
season. The infestation of an individual causes buds swelling and spiral twisting. When
the infection is severe, and the terminal bud dies, a more pronounced growth of lateral
shoots is typical. In spring, infected buds are covered with a hard, black crust (basal stroma
of the fungus), from which numerous small brown- to black-coloured spherical fruiting
bodies grow, or the fruiting bodies grow directly between the scales of the bud, and, in
case of a stronger infestation, they cover the entire bud [22]. The presence of buds with
bud-blight fruiting bodies does not immediately threaten the infested tree. If the percentage
of infested (and dead) buds is relatively low, the tree’s growth is not significantly estricted.
If the number of infected and dead buds exceeds three-quarters of the total number for
several years in a row, however, the tree stops budding, does not renew its assimilation
apparatus, and may die.

The pathogen has been confirmed in a number of European countries, such as, Austria,
Denmark, England, Finland, Germany, Ireland, Italy, Russia, Scotland, Slovenia, Sweden,
Switzerland and Wales [17,18,23-32]. In the Crech Republic, G. piceas was first detected on
Colorado blue spruce in 1917, but damage showing the same symptoms was observed as
early as 1909 [23]. From 1910 onwards, the fungus was repeatedly found in many parts of
Bohemia [32]. With regard to the frequency of the pathogen’s findings after 1910 [23,33],
Central Europe was considered to be the epicenter of its spread. Thereafter, though, the
fungus was not detected in the Czech Republic until the 21st century.

The infection was described as not very significant. The most severe damage was
recorded in northern England and southwest Scotland, where damage to older individuals
of Norway spruce was found in 13 plots [34]. In addition to Europe, the pathogen has been
found in Morth America, in Alaska [35].
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The spruce bud blight primarily damages North American spruces Colorado blue
sprue and Engelmann Spruce (Picea engelmannii Parry ex Engelm.), which are usually
regarded as susceptible [36]. In Alaska, its oocurrence has been confirmed on White spruce
{Ficea glaca Moench), Black spruce (Ficer marigng (Mill.) Britton, Sterns and Poggenb.), and
Sitka spruce (Picen sitchensis Bong.) [35]. This applies also to the Czech Republic, where the
pathogen has been confirmed on P glauat, but recently also on the south European Fices
amorika (Pantic) Purk. [37]. Systematic monitoring of the wide spread of the pathogen on
Colorado blue spruce in the Crech Republic was carried out by Pegkova et Soukup [35],
Pegkova et Modlinger [37], 'tenq.r et al. [20] and Sefl et al. [39].

Due to the considerable extent of damage to the Colorado blue spruce stands in the
Ore Mountains, resulting from (. picene infestation, the stands could be regarded as highly
destabilized, and it was necessary to proeed with stand reconstruction. Moreover, an
increase in the number of pathogen detections on Morway spruce in 2015 began to raise
concerns about further development of these stands, as the infectious capabilities of the
fungus was strong [44].

The main objective of this research was to compare the development of bud-blight
infestation on the two host tree species, Colorado blue spruce and Morway spruce, in terms
of the intensity of damage to individual trees and spatial extent of the infestation in the
monitored stand. The results presented here are based upon 11 years of research in the
Ore Mountains region, which is currently the epicenter of the bud blight's oocurrence.
Findings from the current widespread outbreak act as an essential information source for
areas that have been potentially newly affected by this pathogen, such as Alaska or other
European countries. Secondary objectives weme to summarize current know ledge about the
distribution of G. piceae in the world, list the host tree species known to date, and describe
the biology of the pathogen and factors influencing the spread of the fungus in stands.

2. Materials and Methods

The decline of replacement tree stands in the Ore Mountain region was monitoned
between 2009 and 2020, In 2004, research plots with Colorado blue spruce were established.
These wemre homogeneous stands of the same age, where 25 individuals were selected and
repeatedly evaluated. Due to the intensive spread of spruce bud blight on Norway spruce,
research plots wemne established in 20116 also in homogeneous stands of this tree species. In
each plot, 30 individuals were monitored. To compare Colorado blue spruce and Morway
sprude, only esearch plots from the location around the Flaje waterworks weme selected
{Figure 1), as this was the epicenter of the disastrous occurrence and data on the intensity
of infestation were found to be most complete there.

To monitor the intensity of spruce bud blight infestation, we followed the methodology
of Cerny et al. [20] using a scale from 0 to 4, where 0 = trees without damage, 1 = trees
with low damage (up to 25% of buds affected), 2 = moderate damage (25% =< x < 50%
of buds affected), 3 = high damage (50% = x < 75%), and 4 = extreme damage (>75%
of buds affected). Trees in the last category weme dying or dead. The values of disease
severity in particular trees wene averaged for each plot The resulting values wene linearly
approximated as percentages based upon marginal values for each category (0%, 25%, 50%,
75%, and 100%:).

For further processing, two variables were created to express the infestation by spruce
bud blight, namely, the proportion of damaged buds and proportion of attacked trees.
Proportion of damaged buds is the average rate of attacked tree canopies calculated from
allindividuals within a plot as a percentage, and thus it expresses the intensity of damage to
individual trees. The proportion of attacked trees is the proportion of attacked individuals
among all individuals in the evaluated plot, and thus it is an indication as to the spatial
extent of infestation in the studied stand. A direct comparison between Colorado blue
spruce and Norway spruce could be made only in the age class of 31-60 years, as Colorado
blue spruce has only been planted in the Ore Mountains since the 1970s [9].
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Figure L Location of research plots in the Czechia and the O Mountains. The colours of the pomt
represent different tree species or age classes of forest stands.

For the statistical evaluation, we created a dependent variable which is the percentage
of infested individuals in the stand (sum of individuals from categories 1-4 for a given
stand divided by the number of evaluated individuals in the stand). The year of evaluation
was set as a categorical dependent variable and age was set as a discrete dependent variable.
Basic assumptions for the regression-type statistical analysis were made following Zuur
etal. [41]. The dependent variable was not well approximated by a normal distribution,
and the Gamma distribution function was shown to be the most appropriate. Moreover, the
assumption of independence was violated from the view point of evaluating the same stand
in all years. This circumstance was incorporated into the statistic model by using stand asa
nested factor. A generalized linear mixed effects model in the glmmTMB package was used
to evaluate the data under the procedures described by Brooks et al. [42]. All statistical
analyses were performed in the R 4.0.2. environment [43].

3. Results

The pathogen developed very rapidly on Colorado blue spruce. In 2(X9, an average
of 55% of the buds were infected, by 2010 this percentage reached 63%, and thereafter the
damage fluctuated at around 60% of infected buds. In 2015, there was a further increase
in infestation to 65% (Figure 2). Infestation at this level is already a very serious problem
for the tree, and the chances for successful regeneration of the assimilation apparatus are
restricted. The relatively strong bud damage in 2009 indicates that the pathogen must
have been already present in stands in the previous period. Nevertheless, the year 2009
can be regarded as a period within which the pathogen developed rapidly. There were
considerable differences in the intensity of infestation between individual research plots in
2009 (see the variance in the box plot in Figure 2). Later, damage intensity became uniform
across all plots. On average, 60% of buds were infested on Colorado blue spruce during the
monitoring period.
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Only a few trees with individually infected buds were found in the stands of Nooway
spruce from 3004 to 2014 in the Ore Mountains region, even though the source of infection—
infected buds of Colorado blue spruce—weme in direct contact with them. In 2015, there
was a significant increase in the damage to Norway spruce, and in many places entire stand
groups of different ages wene infested. In the research plots, an average 23% of buds were
infested in 2016, the intensity was increasing and reached 31% by 2014, then declined to
2% in 2020 (Figure 2). In 2021, no new bud infestation could be found in the research plots,
and a newly developed infection could be detected only in a few stand groups outside the
research plots. During the main phase of pathogen development between 2016 and 2020,
the intensity of bud damage in Norway spruce was around 25%.

In addition to the intensity of infestation of the tree canopy, the impact of spruce bud
blight on Colorado blue spruce and Morway spruce also differed as to the extent of spatial
infestation of the stands. In Colorado blue spruce, the distribution was continuous. All
individual trees in the research plots were affected, as were those in the surrounding stands.
Uninfected trees occurred only individually, Infestation was present to the comparable
extent in both older and younger stands. The youngest stand infested by spruce bud blight
was 11 years old. In the case of Norway spruce, the fungus was found in individuals
yvounger than 15 years in only one stand, and the infestation of individual trees under
30 years of age was less frequent than in the case of Colorado blue spruce. In contrast to
the Colorado blue spruce, there were also a number of Norway spruce stands in the Ore
Mountains older than 60 years. The infestation of Morway spruce by spruce bud blight
differed significantly depending upon stand age (GLMM: n = 85; df = 12Z; p < 0.01). In the
initial (acute) phase of the pathogen's spread in 2016, an average of 80% of individuals in
the 31-60 year age class were infested in the research plots, while only 42% of individuals
were infested in clder stands (Figure 3). The proportion of infested individuals changed
during the period under study. There was a gradual decrease in the number of infested
individuals in the age class of 31-60 years, and a sharp increase was recorded in the age
class of 61-100 years in the final two years of the research peried. In 2020, the proportion of

113



Farests 2022, 13, 164

Gofld

infested individuals in the 31-60 year age class was 68%: and in the 61-100 year age class
it was 62%.. The relationship between the proportion of infested individuals and age of
the stand varied during the monitored pericd. At the beginning of the survey in 2016, the
proportion of infested individuals decreased with age, but this trend changed over time,
due to both a drop in infestations in younger stands and an increase in infestations in older
stands. In 2020, this trend more or less disappeaned, but the comparison with 2016 was not
statistically significant (GLMM: n= 85; df = 12; p= (0L06; Figure 4).
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Figure 3. Proportion of indivadual Norway spruce tees infested by spruce bud blight by age classes
in years 2016-2020. Horzontal hine in muddle of a box s the median, whaskers repesent 1.5 times the
inberquartle range.

= A Il dgediatle

2 T ama

s Sl .
4 o '
%, =
- ) " =

ang 2830 3 3 ?

Proporton of infeshesd Morway spruces [%)]
B - ]

104~

g ] S g E
Agn of the fovmst stand

Figure 4 Comparisen of the proportion of mfested trees by age mn years 2016-20230.

114



Farests 2022, 13, 164 Tofld

In terms of infestation severity in individual categories, theme is a clear difference
between younger and older stands of Morway spruce as to the proportions of heavily
infested trees (categories 3 and 4), which was more than double in stands aged 31-60 years
{Figures 5 and 6). The steady decline in the number of uninfected trees and gradual increase
in infestation categories 1, 2, and 3 in the 61-100 year age class (Figure 7) is remarkable. By
contrast, in the 31-60 years age class, there was a gradual regeneration of stands during
2016-2018, as represented by an increase in the number of uninfected trees, then a sudden
deterioration of the situation in 2019, followed by another regeneration phase from 2020
onwards (Figure 5).
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Figure 5 Proportions of infested Notway spruce trees by mndividual infestation categories in age
class 31-60 years during 2016-2020.
Age category §1-100

L]
W 20T
= 208
=]
=0 1]

Wk

Infestation categary

2]
L

o]
L

Proganicn of Moraay spruces [%]
iy
5

Figure 6. Proportion of infested Morway sproce trees by individual infestation categories in age class
61-100 during 20162020,
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age class 31-60 years durng 20002015,

A completely different development of the pathogen can be observed in Colorado blue
spruce in the age class of 31-60 years. This can be characterized as a continuous growth in
infestation (Figure &). The effect on Colorade blue was more pronounced by the pathogen,
with an infestation category 3 (75% of individuals on average, Figure 6; for Morway spruce
only 11% of individuals on average were in category 3, Figure 5). No uninfested trees were
present in the Colorado blue spruce plots. The least damaged trees in category 1 were
shifting to category 2, indicating a gradual deterioration of health (Figure 6).

Among the abiotic factors, damage to sprouting shoots with a subsequent infestation
by the fungus Botrytis cinered Pers, was observed in Colorado blue spruce. A frequent
phenomenon w herein no damage to the buds cocurred was dehydration (rusting of annual
and, to a lesser extent, possibly older needles) during the dormant season and in very early
spring, especially in sunmy locations. Locally, ground-level ozone damage was investigated.
Mone of the abiotic damage was of concern, and it was not very significant from the
phytopathological point of view.

Among other fungal pathogens, Lophodermium picens (Fuckel) Hohn was observed on
Colorado blue spruce and Siracoccus conigenus {Pers.) PE Cannon and Minter on shoots
and needles. When they oocurred heavily and repeatedly; both pathogens proved to be
significant pests, and especially for young stands at sites with stable high air humidity.
The genus Armillaria was frequently observed at the epicenter of occurrence on dry ing and
dead individuals of both Colorado blue spruce and Norway spruce of various ages. Other
fungi identified were of the genera Rhizospharra and Cytospora, and some wood-destroying
fungi (Sterennt sanguinalentun (Alb. and Schwein) Fr.) were found rather individually with
o major significance for Colorado blue spruce or Norway spruce.

4. Diiscussion

The current dieback of Colorado blue spruce substitute stands, and deteriorated health
of Norway spruce have their origins in the second half of the 20th century. Replacement
stands wem set up because of the significant damage to the original spruce culturnes by
air pollution, mainly by 50, and MO, deposition and high concentrations of hydrogen
fluoride. Sulfur dicwide, due to its direct effect on the assimilation apparatus of trees
and indirect effect on soil chemistry, subsequently caused vegetation to die in an amea
of approximately 40,000 ha [10]. Between 1990 and 2000, 530, emissions in the region
of North Bohemia decreased by 87% and direct emissions have had practically no effect
on the health status of vegetation today [10]. MNevertheless, the increased deposition of
MO, and MHy" ammonium ions continue in contributing to soil acidification. In these
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aridic soils, low nutrient content is also a significant problem.  Potassium content, for
instanice, is less than 3500 mg-kg ™! in almost all parts of the Ore Mountains [44], which isa
complication for growing trees in mountainous areas. The desulfurization of power plants
that has been recorded in recent years [10,45,46] may be related to the current widespread
spruce bud blight in the Ore Mountains. Sulfur actually acted as a fungistatic, thereby
inhibiting development of the pathogen in these areas. When its content in pollutants was
reduced, large scale fructification and spread of spruce bud blight occurred on Colorado
blue spruce [20].

The negative impact of the aforementioned anthropogenic factors, resulting in biomass
reduction, is evident [47]; furthermore, there has also been an increase in ozone () in
recent years. Mevertheless, the persisting problem is the long-lasting soil acidification
caused by air pollution. The poor soil fertility [44] reduces the defensive abilities of woody
plants, resulting in the pathogen's successful attack [45]. Younger trees are generally more
susceptible to air pollution than are mature trees, as they are able to obtain fewer nutrients
needed for grow th and securing of defense mechanisms [44]. Mevertheless, older stands
can also be damaged by air pollution, especially because the canopy can act as a filter that
reduces the amount of pollutants reaching the ground [50]. In addition, individuals in the
understory generally have lower stomatal conductance, which results in less penetration
by harmful substances into the tissue, thus contributing to less infestation of younger and
shaded plants [51].

During the monitored period from 2009 to 2015, not a single completely healthy
individual was observed in the stands of replacement trees composed of Colorado blue
spruce. The infestation quickly reached disastrous proportions even before its peak in 2012
In 2013 and 2014, the observed infestation diminished slightly, but in 2015 the health of
Colorado blue spruce deteriorated significantly. The infestation began to spread noticeably
also on Norway spruce, even though, until 2015, and despite the significant impact of air
pollution and decay of replacement stands of Colorado blue spruce, a major presence of
spruce bud blight was not detected [22]. The situation abroad is similar, with only the
following countries having confirmed the occurrence to date: the Caech Republic [20,40,52],
Ireland [29], Italy [30], Alaska [52], and Great Britain [17]. No occurrence has vet been
confirmed in Morthern Europe. Pettersson [54] attributes this to low winker temperatures,
which, despite the psychrophilic nature of the spruce bud blight, may limit the development
of the pathogen.

The significantly poorer health of Colorado blue spruce caused by the pathogen can
be attributed to two factors namely the choice of a tree species was not entirely appropriate
for Ceech Republic conditions because of different ecological valence andthe planting of
Colorado blue spruce led to the destruction of the original ecosystems during reforestation
and led to the emoval of the original stands destroyed by pollutants [55]. The initially
higher resistance to air pollution became completely irrelevant after desulfurization of
power plants in 2000, especially as the fungistatic function of sulfur was eliminated and
spruce bud blight spread as a result. Trees that replaced the original Norway spruces were
unable to acclimate to Crech Republic conditions and, due to the presence of sulfur, did
not develop the necessary resistance to the pathogen [56].

Although the highest level of infestation was found in stands aged 31-60 years, the
trend of progressive infestation was most pronounced in the age category older than
6l years, mainly due to the increase in damaged individuals in categories 1 and 2. This
difference was clearly visible in 2019 and 2020. To consider another example, in case of the
pathogen Hymemoscyphus frocinens (T. Kowalski) Baral, Queloz and Hosoya, more frequent
infestations of younger ash trees were also observed [57]. Older trees £end to be more
resistant to damage, but if the frequency of infection is higher in several successive years,
then skeletal branches may start to drop off, which results in dying back. Younger ash
trees are usually infected more frequently; mainly due to the spread of the pathogen from
fallen leaves and petioles that are on the ground. In fact, intensity of spore dispersal on the
ground is 5-100 times greater than at just 3 m above the ground [58]. Spruce bud blight
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spreads primarily in the tree crown, where the number of buds may also play a role, and
this is usually lower in younger individuals due to the denser canopy. Older individuals
may initially be better able to resist pathogen infection due to their moe developed defense
mechanisms. If they ame, however, exposed to infectious pressure repeatedly and unsuitable
s0il conditions for growth of woody plants persist over the long term [35], then the overall
condition of trees may be worsened.

During the evaluation, other harmful factors of both an abiotic and biotic nature could
also be observed, and to some extent these affected the overall health of the stands. In some
years, frost damage to buds occurred frequently. In Morth America, spruce trees have been
reported to be infested by the fungus Dichontera gemmicola A. Funk and B. Sutton, the bud
blight from which may be confused with that of . piceae at its first stage of development.
The pathogen was previously observed 50 years ago in areas of eastern Canada [59]. Upon
initial investigation, it may be confused on the basis of morphological traits and very similar
symptoms, such as twisting of young shoots [35], but upon microscopic examination the
fungi are easily distinguishable [6(].

In recent decades, there has been an increasing trend in the average annual temperature
and the number of days with a daily temperature of above 5 °C during winter months.
Ohwer the past 30 years, annual rainfall has been below the usual levels. This combination
suggests an increase in drought stress during both winter and summer months, while the
drought effect on the level of pathogen infestation has also been proven [61]. Thus, in the
case of spruce bud blight, changes in climatic conditions may influence the intensity of
infestation but are unlikely to be the most important factor at stand level. In the research
plots, individuals with very different infestation rates wene found almost side by side, and
these individuals were equivalently influenced by climate and soil characteristics. From
the physiological measurements, it is clear that the G. piceae negatively influences the water
megime of the spruce and reduces the water-use efficiency (WU Ep,) in the shoots [62]. This
can boosts the drought stress and suppress the resistance to further pathogen attack.

A similar and severe spread of pathogens has occurred in the past in the spruce stands
of the Eagle Mountains in the Crech Republic [59], namely as a result of the fungus Ascocalyx
alieting (Lagerb.) Schlipf.-Bemh., which is also known to have affected pine stands in
Austria, Sweden, and Poland [63-656]. The pathogen appeared with similar dramatic
suddenness and caused bud damage to both Colorado blue spruce and Norway spruce
saplings. Years with deeper snow cover also played a role, creating optimal conditions
for the pathogen to develop, thereby resulting in massive fructification, which caused its
significant spread [63]. Weather conditions were also an important factor in its development,
with the summer months having lower than average air temperatures and higher-than-
average melative humidity. This established favorable conditions for the development
of the pathogen and wealened trees” resistance. A similar phenomenon was recently
observed in the Ome Mountains, where, after the colder year of 2017, a massive spread
occurred in 2018, Provenance also influence the spruce’s resistance. It is evident that lower
altitude provenances tend to become more stressed by abiotic factors in mountain areas,
making it easier for the pathogen to infect individuals. This is particularly true for Pinus
syivestris and Finus conforta [65,67]. In the case of spruce, on the other hand, this has not
yet been confirmed, although the negative effect of provenance suitability could also be
observed [68]. To date, scentific verification as to the relationship between infestation
intensity and the influence of spruce genotypes has not yet been carried out.

5. Conclusions

The main cause for the significant spread of bud-bling disease in the Ore Mountains
since 2015 remains poorly understood. A complex set of causes is being considered, includ-
ing unsuitable soil conditions (low pH and, typical of mountain ecosystems, low nutrient
content, such as of potassium) [44]. In addition, one needs to consider the impossibility to
predict climate fluctuations and, in the longer term, the development of soil conditions in
mountainous areas, of w hich the influence has not yet been sufficiently described and quan-
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tified in the context of pathogen infestation. Therefore, predicting further developments
is complicated.

The influence of the surrounding strongly infected Colorado blue spruce trees also
remains uncertain. If ideal conditions for the development of the fungus arise, then the
breakdown of Norway spruce stands may occur, making spruce bud blight a key and
conditional factor for spruce cultivation in the Ore Mountains. This hypothesis is based
upon findings of the expanding range of the pathogen’s infestation in Norway spruce. In
2018 and 2019, the occurrence of spruce bud blight on Norway spruce was confirmed in
the area of the Jizera Mountains and Giant Mountains [69].

A combination of anthropogenic and biotic damaging factors could lead to the ir-
reversible destruction of vegetation in mountain areas in the future. Moreover, trees
weakened by air pollution or pathogen infection may become easy targets, especially for
secondary harmful agents. Root rot could become a significant problem in the future, and
especially Armillaria spp. [70], which, in combination with genera Stereum spp. and Heter-
obasidion spp., already pose major risks when growing woody plants on former agricultural
lands, even in foothill areas. Following these threats, the cambiophagous insects, especially
bark beetles (Ips typographus (L.), Pityogenes chalcographus (L.)) are in a state of permanent
outbreak in the Czech Republic [71].

Author Contributions: Conce ptualization, RM,, M.S, VE; methodology, V.P, RM; validation, M.S,,
VP, RM,; formal analysis, RM.; investigation, M.S, V.P, RM,, L.V, D.B, LT, EL; data curation, M.S.,
V.P, RM, DB, LT, EL, JV.; wnting—onginal draft preparation, MS,V.P, RM, LT, EL, DB, LV,
visualzation, RM,, D.B., M.S, V.P; supervision, RM,, V.P; project administration, V.B, RM; funding
acquisition, V.F, R M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by GS LCR 68 under project “Picea abies attacked by Gem-
mamyces spruce bud blight—case study in the Ore Mountains”; by NAZV under the project “Ob-
yectivization of the method for detection of the occurrence and dynamics of forest damaging agents
by modem remote sensing tools as a decision support mean for the stake forest adounistrative”
(grant number QK1920458), as provided by the Ministry of Agriculture of the Czech Republic.
Infrastructural support and salary for RM. and LT. was also obtained from “"EXTEMIT-K," No.
CZ.02.1.01/0.0/0.0/ 15_003/ 0000433 financed by OP RDE. Infrastructural support and salary for V.P.
was also obtained from "EVA4.0", No. CZ02.1.01/0.0/0.0/16_019/ 0000803 finanaxd by OP RDE.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement The data presented in this study are available on request from the
corresponding author. The data ane not publidy available due to policy of the institute.

Acknowledgments: The authors would like to thank: Ales Kilb (forest manager district Litvinov,
State Forest Enterprise Lesy CR), who initialized damage research on the Colorado blue spruce in
2009; Frantisek Soukup, who assisted in establishing the first permanent plots in the Fldje anea, and
Daniel Tyser who helped with the graphical abstract. The authors would like to thank Gale A. Kirking
at English Editonal Services, s. £ o. for ingumstic improvements.

Conflicts of Interest The authors declame no conflict of interest.

1. Kandleg, O; Innes, |1, Air pollution and forest decline in Central Europe. Envran. Pollut. 1995, 90, 171-180. [CrossRed]

2. Fuhres ]. Formation of secondary air pollutants and their occursence in Europe. Experientia 1985, 41, 286-301. [CrossRef]

3. Ulnch, B. Effects of air pollution on forest ecosystems and wakers. The principles demonstrated at a case study in central Europe.
Atmos. Environ. 1984, 18, 621-628. [CrossRef]

4. Lomsky, B; Matema, |; Pfanz, H. Vyzkumny dstav lesniho hospoddistvi a myslivosti: Jiloviste-Stenady? In SO—Pollution and
Forests Dedine in the Ore Mountaims, 1st ed.; Forestry and Game Manage ment Research Institute: Jilovisté, Czech Republic, 2002;

342p, ISBN 80-86461-24-6.

Na?itka, . Koutové skody v nasich lesich a boj proti nim do roku 1918. Price VUL Cssr 1963, 26, 237-258.

Stoklasa, ]. Beschidingung der Vegetation durch Rauchgase und Fabrksexhalationen. Lirban Und. Schuanzenberg Berl 1923, 467.
Haselhoff, E.; Lindau, G. Die Beschadigung der Vegetation durch Rauch. Leipzig 1903, 412, [CrossRef]

N

119



Farests 2022, 13, 164 120f14

10

12

13

14.

15

16

17.

18.

19.

Fa B

23
24,
25,

3L

32

o

ESE

Sleditdk, M. Péstovani porosta ndhradnich dievin. In: Problematika zachovini porosta ndhradnich dievin v imisna oblash
Krugnych hor. Shomik Ref. Z Cdostitnl Konf. Mosf 1999, 33-40.

Sloditdk, M.; Balear, V.; Mowik, J.; Lomsky, B.; Srimek, V.; Navrdtil P; Kacdlek, D; Mauer, O; Kula, E; Podrdzsky, V.; et al
Lesnické hospodateni v Krugnych horich, In LER, VILHM: Hradec Krdlood, Strnady, Edice Grantood suzby LER Czech Republic;
Ceski zemédilakd univerzita v Praze: Kamyckd, Ceech Republic, 2008; p. 480, ISBN 978-80- 86045-04-0.

Sramek, V; Balear, V; Burisnak, V.; Havreinek, F; Jurdsel, A; Lizka, [.; Mowil, M.; Slodicik, M. Aktualizace Studie. Lesvicks
Hospodatens v Krufnyich Horich, 1st ed; Flovists, Vyzkumny Ustav Lesniho Hospoddfstvi a Myslivosti, vvi: Stenady, Ceech
Republc, 2015; p. 195.

Vacek, 5.; Hinovd, L; Vacek, Z_; Hegemanovd, E; Podrdzsky, V; Krdl |; Moser, W.E Effects of air pollution and chmatic factors on
MNorway spruce forests in the Ok hory Mis.{Caech Republic), 1979-2014. Exr. [ For. Res. 2015, 134, 11237-1142. [CrossRed]
Gehring, CA; Mueller, RC; Haskins, K E ; Rubow, TE ; Whaitham, T.G. Conve rgence in mycordhizal fungal commumities due to
drought, plant competition, parasitism and suscephibility to herbivory: Consequences for fungi and host plants. Frant. Microhiol.
204, 5 36, [CrossRef]

Saulc, ML; Tomadkovs, L; Krepzkovd, A Samek, M.; Diuzheva, A ; Hradecky, |.; Peskov d, V. Trehalose determunation in Morway
spruce (Picea abies) roots. Analybics matters. MethodsX 2021, 8 101280, [CrossBEef]

Pezkova, V; Soukup, F. Presychim a edumirdni dievin, Viskyt lkesnich Skodlivych Snteld v roce 2008 a jepch odekdvany stav
v roce 2005, In Zpravoda) Ochrany Lesa. Supplementum; Knitek, M., Ed.; Jilov S,V zkumny Ustav Lesniho Hospodarstvi a
Myslivosty, wwr Strnady, Crech Republic, 2008; pp. 4344, ISBN 978-80-7417-011-5.

Poapigil, F; Pospifil, |. Podkoeeni smrku pichlavéhe koubnatkou v Kradnych hordch, Zpron. Ochr. Lesa 2011, 15, T6-79.

Zyka V.; Cerny, K.; Strnadov d, V; Zahradnik, D.; Hrabitovs, M ; Havedovd, L; Rompert], D. Predikce Pofkozent Poroshi Smrk
Pichlavdho Klowbmatkow Smrkovou v Kredngoh Hordch, 1st ed.; Vizkumny Ustav Sibva Taroucy Pro Kraginu a Okrasnd Zahradnactvi,
vva: Priohomice, Ceech Republic, 2008; p. 47, ISBN 978-80-87674-29-1.

Borthwick, AW. A new disease of Picea In Notes from the Rowal Botanic Garden, Edinburgh; Nabu Press Edmburgh, UK, 1904,
pp 259-261. ISBN 978-1247782461.

Shoemaker, A Cucurbitaria picete and associated Sphasropsidales parasitic on spruce buds. Can. | Bol. 1967, 45, 12431248
[CrossRed]

Jaklitsch, WML ; Voglmayr, H Thoee former taxa of Cucirbiieria and consaderations on Petrakia in the Melanommataceae. Sydouia
27, &9, 8. [CrossRef] [PubMed]

Peskowd, V.; Soukup, F. Soulasnd situace v porostech smrku pachlavého v Erudnych horach, Lesn. Prdce 2013, 10, 46-47.

Cerny, K.; Peskow d, V.; Seukup, F; Havedovd, L.; Stmadevd, V; Zahradnik, D.; Hrabétovs, M. Gemmamyces bud blight of Fioes
pingens: A sudden disease cutbreak in Central Burope. Plant Pathal. 2006, 65, 1267-1278. [CrossRef]

Pedkovad, V; Modlnger, R.; Tomadkovd, L; Samelk, M.; Bala, I; Lotens, F; Dugek, D.; Kacilek, D Vv faklor prostiedi na
napadend smrku ztepikiho kloubnatkou smrkoveu a ndvrh prakbckych postuph omezujicich jeji Sitend. In ZivFreing Zprdoa,
Grantood Swzba Lesy Cesk Republiky, & p.; Vizkumny Uatav Silva Taroucy Pro Krajinu a Okrasné Zahradmctvi, vvis Jilovisbs,
Czech Republic, 2020; p. 94

Kick, G. Ein fiir Osterneich newer Schadling auf Picea pungens. Osterr. Gard. 1918, 13, 147-148.

Ferdinandsen, C; Jargensen, CA. Skovirasemes Sypdomme. Copenhagen. Den. Guldendahl. 1938, 570.

Mulleg, E Eme neve Krankheit der Stechbchte. Sdrwez. Beitr. Zur Dendral. 1950, 2, 6972

Tharnger, J.O. Exe fur Schweden newe Knospenkrankheit auf Kombeen. Goeb. Bal. Tradg. 1964, 27, 1-6.

Schneader, B.; Daebeler F. Eane fur Deutschland neue Knospenkranheit an Picea pungens var glavca (Eereger: Clcuriitana piceae
Borthwrick). Pliytopathol. 2. 1968, 63, 386392, [CrossFef]

Muskett, A; Malone, |. Catalogue of Insh Fung—IV. Ascomycotina. Prac. B Ir. Amdemy. Sect. B Biol. Geal. Chemy Sci. 1983, 838,
151-213

Tuffen, M.G.; Grogan, HM. Current, emerging and potential pest threats to Sitka spruce plantations and the role of pest risk
analysis n preventing new pest introductions to Ireland. Farestry 2009, 92, 2641, [CrossFed]

Feage, G.B.; Ale-Agha, B.; Jensen, M.; Christiaans, B.; Kncke, . New, rare or remarkable nuerofung in the Italian Alps (Camic
Alps}—part I—ascomycotina. Commun_ Agric Appl. Biol. Sci 2004, 60, 457465, [PubMad]

Tomuczek, C.; Cech, TL; Farst, A; Hoyer Tomiczek, U; Krehan, H ; Perny, B.; Steyrer, G, Waldschutzsituabion 2010 in Osberreach.
Forstsch. Akfuel 2011, 523.

Ogris, N.; Jurc, D Tree diseases delernuned by the seporting, prognestic and diagnostic service for forests mn Slovernaa 1982-2012
Arta Silvar Ligni 2013, 102, 31-42 [CrossRaf]

Tubeuf, C. Schilderungen und Bilder aus nordamerikamschen Wialdern Naturwissenschafthiche Zeitschrift fir Forst- und
Landwartachaft 2 Fir Planzenkrankh. (Planzenpathol.) Lind Parzensdndz 1919, 17, 1-44.

Redfern, 1; Boswell B.; Proudfoot, ] Fomest condition 1996, Research information note 261, For. Comom. 1997, 6.

Wanton, L; Spruce bud blights. Spruce Bud Bhights. Region 10—Fogest & Grassland Health US Forest Servace. 2020, Awailable
online: hitps:/ fwnanw. fausda gow /de tail full/ r10/ forest grasslandhealth/ ?ed=FSEPRD535366 (accessed on 10 July 20230).
Alford, DV, (Ed.) Pest and Disease Management Handbook; Bratish Crop Protection Enterprises: Oxford, UK, 2000; p. 624, [CrossBef]
Peskowd, V.; Modhnger, B Stav napadeni smrku pechlavého a ztepalého kloubnatkou smrkovou, Lesn Prdce 2015, 3, 4649,
Soukup, F; Peakova, V. Ganmamyces piceae (Borthw.) Casagr. Kloubnatka smckovd Lesn Prdce 2000, 58, 1-4

120



Farests 2022, 13, 164 13ofl4

41.

42,

43,

45,

47,

nEE

52

53

B5.

67.

Sefl, ]; Mottlowvd, V; Schotilkowvd, L Bud blight (Gemmamyces piceae) in the eastern part of the Krusné hory Mountains, . For. 5o
2020, 56, 309-317. [CrossBed]

Petkova, V.; Modlinger, B.; Soukup, E; Rutkovd, |. Nardst napadent sorku zlepalého kloubnatkou smrkes ou v Krusagch hordch,
Lesn Price 2016, 95, 46-47.

Zuur, AE; leno, EN; Elphick, C.5. A protocol for data exploration to avoid commen stabistical problems. Methods Ecol. Eval.
200, 1, 3-14. [CrossRaf]

Brooks, MLE.; Knstensen, K; Benthem, K; Magnusson, A; Berg, CW.; Nielsen, A ; Skaug, HJ.; Michler, M.; Bolker, BM.
glomumTME Balances Speed and Flexability among Packages for Zero-inflated Generalized Linear Mixed Modelmg, B | 2017, 9,
ITE400. [CrossRed]

E Core Team. B: A Language and Environment for Statistical Computing. B Foundation for Stabistical Computing, Vienna,
Austria. URL. 2020, Avalable onhne: hitps:/ fwoaow. B-projectorg) (acoessed on 12 September 2021).

Fiala, F; Remninger, I; Samek, T. Chemsmus podndho prostiedi a phlic smrku stepilého (Piom abies/ L./ Karst) ve viprénych a
kentrolnich porostech Krugrych hor, Zprivy Lesn. Vg 2007, 62, 23-32.

Hadag, P Stav wnsi a depozict v plirodnd lesni oblast Krudnych hor, Lesn. Price 2002, 81, 11.

Czech Hydrometeorological Institute. Air Pollution in the Czech RepuBicin 2019; CHMI: Prague, Ceech Republic, 2020; p. 204,
ISBN $78-80-7653-013-3.

Baciak, M.; Warmahsks, K.; Bes, A The effect of selected gaseous air pollutanits on woeody plants. Lesne Pr. Badowe N5, 76,
401408, [CrossRef]

Paoletty, E; Schaub, M.; Matyssek, B ; Wieser G Augustaihs, A ; Bastrup-Burk, AM.; Bytnerowice, A ; Giinthardt-Goerg, M5,
Miiller-Starck, G.; Serengl, Y. Advances of ar pollubion science: From forest decline to mulbiple-stress effects on forest ecosystem
services. Enoiron. Pollur. 2000, 158, 1986-1989. [CrossFed]

Kezlowski, T.T. Suscephibility of young tree seedlings to environmental stress—Amer Nurseryman 1976, 144, 55-50.
Bytnerowice, A. Physiclogical aspects of air pollubion stress in forests. Phiyton 1996, 36, 15-22

Sefl, ]. Kloubnatka smrkowd (Gemmamyces picens) ve vybranych porostech v oblasti Flijské piehrady v letech 2010-2012. Studia
Oecalogica 2013, 1, 59-71.

Kozlowski, TT; Kramer, PL; Pallardy, 5.G. The Physidlogical Ecology of Woody Plants; Acadende Press: Cambridge, MA, USA, 1990;
p- 678. ISBN 97 5-0-12-424160-2

Peralta, SML.G.; Adams, G.C; Winton, L Cerny, K.; Everhart, S.E An cutbreak of bud blight disease of spruce (Ficea spp.) n
Alaska: Anepadenuological study of Gemmamyces picege. Flant Health. 2020, Available online: hitps:/ /apsnet.confex com /apsnet /
2020 meetingapp.cgl/ Paper /16863 (accessed on 17 September 2021).

Pettersson, | M. Diseases on Chastmas Teees m Southern Sweden and Western North Carolina with Emphasis on Piytophthera
Root Rot and Neonectria Canker. Fh.[D. Thesis, Southern Swedish Fenest Research Centre, Swedish University of Agricultural
Sciences, Uppsala, Sweden, 2018; p. 78, ISBN 978-91-7760-170-8.

Fanla, |. Rehablitating degraded forests in Central Europe into seli-sustaining fonest ecosystems. Foal. Eng. 1997, 5, 280-207,
[CrossRed]

Klopeie, M.; Poljanec, A Gartnes, A_; Boneina, A. Factors related to natural disturbances m mountain Norway sproce (Fices abies)
fospests 1 the Juhan Alps. Ecosciace 2N8, 16, 48-57. [CrossRed]

Timmermann, V.; Nagy, NE.; Hietala, A M.; Bora, 1; Solheim, H. Progression of ash dieback in Norway related to tree age,
disease history and fegaonal aspects. Ball. For. 2017, 23, 150-155.

Chandelier, A.; Helson, M.; Dvorak, M; Gischer, F Detection and quantification of airborne incculum of Hymemoscyphus
peeidoal Wadns usang real-hime PCR assays. Plant Pathol 2014, 63, 1296-1305. [CrossBed]

Funk, A; Sutten, B.C. A disease of comfer buds in western Canada asseciated with Dichomera gemmicola n sp. Can [ Bol. 1972,
50, 1513-1518. [CrossRef]

Sherwood, F; Villan, C.; Capreth, B; Bonello, . Mechamism of nduced susceptibility to Diplodin tip blight in drought-stoessed
Austrian pine. Tree Piysiol 2015, 35, 549-562. [CrossFed]

Soukup, F; Peskovd, V. Napadeni podkozenych smrka v Orhickyfch hordeh houbow Ascocalyr abieting. Lesn. Prdce 2000, 79, 472-473.
Tométkovd, L Walker use efficiency of Norway sproce with bud blight disease. Acta Horlic. 2018, 1222, 133-136. [CrossFef]
Hansson, P. Grenoneniela abiefing mn Morthern Sweden: Savicultural A aspects of Disease Development in the Introduced Piis
conforta and in Pinus sylvestris. Management of Pinus sylvestns Stands Infected by Gremmensella Abetma. PR Thess, Southemn
Swedish Forest Research Centre, Swedish Universaty of Agncultural Scences, Uppsala, Sweden, 1995; p. 40.

Seerota, Z; Grodeks, W.; Seczepkowski, A Abwotic and biotic disturbances affecting fomest health m Poland over the past 30 years:
Impacts of climate and forest management Forests 2019, 10,75, [CrossBRef]

Hansson, P Susceptibility of diffesent provenances of Pitus sWoestris, Pinus conlorta and Picea abies to Grenmeniela abist iea. Evr. ]
For. Pathdl. 1998, 28, 21-32 [CrossRaf]

Senm, | Tree mortality caused by Gronmeniedla abieting in a subalpme afforestabion m the central Alps and 1ts relationship with
durabion of snow cover. Eur. [L For. Patlol. 1999, 29, 65-74. [CrossFef]

Skefansson, E; Sinko, M. Expe riments with provenanees of Scots Pine, wath special regard to high ground in N, Sweden. Shidia
For. Suec. 1967, 47, 108.

121



Forests 2022,13, 164 Hdofld

68. Pulkkinen, P Frost hardiness development and lignification of young Norway spruce seedhings of southem and northe rn Finnish
ongin. SToe Fenn. 1993, 27, 47-54. [CrossRef]

69. Peskov, V; Samek M.; Modlinger, R.; Véle, A. Pavodni patogen smrku pichlavého se stivd nebezpedim pro nase horské smeliny.
Krkonose fizerské Hory 2019, 8, 22-23.

70. Skovsgaard, L.P; Thomsen, LM.; Skov gaard, LM, ; Martinussen, T. Assodations among sy mptoms of dieback in even-aged stands
of ash (Fraxanus excelsior L.). For. Pathal. 2010,40, 7-18. [CrossRef]

71 Hlasay, T; Zimovd, S.; Merganitovd, K.; Stépdnek. P; Modlinger, R.; Turtini, M. Devastating outbreak of bark beetles in the
Czech Republic: Drivers, impacts, and management implications. For. Ecal. Manag. 2021, 490, 13, [CrossRef]

P S 2 | 9dGknamamyces piceae Bud Blight Damage in Norway Spruce (Picea abies) and
Colorado Blue Spruce (Picea pungens) Forest Stands

122



123
















































































































































