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Abstrakt

Analyza vybranych faktoru ovliviiujicich vyskyt Chalara fraxinea v prostredi
Analysis of selected factors affecting the occurrence of Chalara fraxinea in the

environment.

Rozsahly vyzkum dopadu nekrdzy jasanu v raznych typech porostu venkovské krajiny
(solitérni vysadba, roztrousend vysadba, bifehové porosty, sutové lesy a jasanové olSiny)
byl proveden na uzemi CHKO Luzické hory v letech 2011 — 2013. Podil nekr6zy jasanu
a 27 proménnych prostiedi bylo sledovano na 80 vyzkumnych plochach a 1045
hodnocenych stromech.

Vytvofeny GLM model vysvétluje cca 27 % variability onemocnéni. Jednotlivé
modely pro kazdy typ porostu se od sebe vyznamné liSily a vysvétlily 28 — 46%
variability onemocnéni. Mezi proménné pozitivné ovliviiujici dopad onemocnéni patii
plocha koruny hostitele, plocha jasanu a podil jasanu na plose, pokryvnost stromového
patra, zastin koruny, severni orientace, kefe a travni porost, vertikdlni heterogenita a
smerodatna odchylka TPI. Vyska stromu, vzdéalenost a mira poSkozeni nejblizsiho
okolniho napadeného hostitele, vzdalenost od vody, sklon a jeho smérodatnd odchylka
ovliviiuji dopad onemocnéni negativné. Soubézné poskozeni Armillaria sp. a Hylesinus
fraxini pozitivn€ ovliviiuje rozvoj onemocnéni naproti tomu vyskyt Nectria sp. a Aceria
fraxinivorus ho prikazné omezuje, pravdépodobné pomoci sekundarnich metaboliti.

Byla identifikovéna vysoce prukazné regrese podilu nekrozy jasanu na plose na
pocet dni s vlhkosti vzduchu vyssi nez 95 % mezi 06 — 11 hod v dobé nejvétsiho Sifeni
askospor. Protoze je piizemni vzdusna vlhkost velmi zavisld na lokalnich faktorech
prostiedi, byl vyvinut s pomoci sledovanych faktorit GLM model vysvétlujici variabilitu
vlhkosti vzduchu. Model vysvétlil 77 % variability vlhkosti vzduchu, pfi¢emz mezi
faktory, které ji prikazné ovlivnily, patfily TPI 5 a smérodatna odchylka TPI,
orientace, sklon, nadmotska vyska, vzdalenost od vody, stromové a kefové patro, vyska
stromu a nékteré dalSi. Krajinné ttvary byly identifikovany jako faktory
(pravdépodobn¢é také skrze vzduSnou vlhkost), které rovnéz ovliviiuji dopad
onemocnéni — naptiklad stanovisté na vrcholech a svazich jsou méné poskozovany nez
stanovisté v udolich.

Vegetacéni typy se znacné liSily v rozsahu onemocnéni. Obecné plati, Ze solitérni

vysadba a sutové lesy byly prikazné¢ méné poskozovany, nez jasanové olSiny a biehové
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porosty. Porosty s malym objemem korun byly méné poskozeny nez porosty s velkym
objemem korun. Porosty uvnitt plného lesniho zapoje byly méné poskozeny nez stromy
se srovnatelnym objemem korun na otevienych stanovistich a porosty na stanovisti
s vyss§i vzduSnou vlhkosti (bfehové porosty a jasanové olSiny) byly vice poskozovany
nez porosty s mensi dostupnosti vody.

Vysledky jasné podporuji moznost vytvoreni metodiky managementu choroby

v lesnich porostech a v krajiné a jeji aplikovatelnost.

Kli¢ova slova: nekroza jasanu, invaze, krajina, faktory prosttedi, vlhkost vzduchu
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Abstract

Analysis of selected factors affecting the occurrence of Chalara fraxinea in the
environment.

Analyza vybranych faktora ovliviiujicich vyskyt Chalara fraxinea v prostiedi

Extensive investigation of ash dieback impact on different rural vegetation types
(solitaires, scattered plantations, riparian stands, scree- and ash-alder alluvial forests)
was performed in the Lusatian Mts. (the Czech Republic) between 2011 and 2013. The
rate of ash dieback and 27 environmental variables were investigated in 80 research
plots with a total of 1045 evaluated trees.

The developed model (GLM) explained ca 27% of the disease variability.
Particular models for each vegetation type importantly differed from each other and
explained 28-46% of the disease variability. The variables that positively affected the
disease impact included the host crown area, ash area and rate of ash in the stands, tree
layer area, canopy closure, north aspect, shrub and herbaceous layer canopy, vertical
heterogeneity and standard deviation of TPI. Tree height, the distance and damage of
the nearest host as well as the water source distance, slope and its standard deviation
affected it negatively. The coincidental attack of the trees by Armillaria sp. and
Hylesinus fraxini positively affected the disease progress, whereas the presence of
Nectria sp. and Aceria fraxinivorus conclusively decreased progress, most likely via the
induction of secondary metabolites.

The highly conclusive regression of ash dieback on the number of days with an
air humidity of >95% between 611 a.m. in the main period of ascospore spread was
identified. Because the air humidity near the ground was highly affected by local
factors, a GLM model explaining the variability of air humidity with that of investigated
factors was developed. This model explained 77% of the variability attributed to air
humidity, local factors (TPI and SD of TPI, aspect, slope, altitude, distance from open
water, tree and shrub layers canopy, tree stand height, etc.) greatly affected the disease
impact related to air humidity. The landscape form was identified as a factor (most
likely via air humidity) that affects the impact of the disease — for example, the stands
on mountain tops and slopes were less affected than the stands in valleys.

The vegetation types highly differed in the disease extent. In general, the

solitaires and scree forests were significantly less damaged than mixed ash-alder forests
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and riparian stands. The smaller stands were less affected than the more extended, the
stands enclosed in canopy of other forests were less damaged than comparable
vegetation in open landscapes and stands with higher humidity (riparian stands and
mixed ash-alder forests) were more damaged than those without water.

The outcome clearly supports the possibility of development and usefulness of

appropriate forest and landscape management of the disease.

Key words: ash dieback, invasion, landscape, environmental factors, air humidity
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1. Uvod

Jasan ztepily (Fraxinus excelsior) byl dlouhou dobu z hlediska zdravotniho stavu a
vyskytu moznych patogenti v CR shledavan jako relativné bezproblémova dievina.
Mezi vaznéjSi patogeny a Skldce jasanu bylo mozno zatfadit napf. fytoftory
(Phytophthora spp.), verticilia (Verticillium spp.), padli jasanové (Phyllactinia fraxini),
razovku (Nectria galligena), pseudomonas (Pseudomonas savastanoi pv. fraxini),
rezavce Stétinatého (Inonotus hispidus), lykohuba jasanového (Hylesinus fraxini) a
zrnitého (Hylesinus crenatus) ¢i dutilku jasanovou (Prociphilus bumeliae) a nékteré
dalsi organismy (Gregorova a kol. 2006). Po té, co bylo od poloviny 90. let v
severovychodni Evropé pozorovano intenzivni chfadnuti jasani (Kowalski a
Holdenrieder 2008) se tato situace zdsadn¢ zménila.

Jako pficina nebezpecného hromadného odumirani jasanii (tzv. nekroza jasanu
v Evropé€ zndma jako ,,ash dieback®), jehoz ptivodce — Chalara fraxinea Kowalski 2006
byl poprvé identifikovan v r. 2001 (Kowalski 2001, 2006). Pozdé&jsi studie potvrdily
nalezitost tohoto hyfomycetu ke kryptickému druhu Hymenoscyphus fraxineus (T.
Kowalski) Baral, Queloz, Hosoya (Baral a kol. 2014). Patogen se rychle rozsitfil do
dalgich &asti Evropy (EPPO 2007, 2008a, b, 2010) véetn& CR, kde byl poprvé potvrzen
r. 2007 a dnes se vykytuje viceméné na celém uzemi statu (Jankovsky a Holdenrieder
2009; Havrdova a Cerny 2012). Nebezpe¢nost patogenu a jeho rychlé Sifeni
znepokojuje lesnické a dalsi odborniky ve velké ¢asti Evropy. Obecné je pohled na dalsi
vyvoj epidemie velmi skepticky a néktefi autofi ptipoustéji i moznost kolapsu celych
populaci jasanu (napf. McKinney a kol. 2011). Jasan neni jako dfevina pfili§ cenén a
obvykle neni urCen k hospodaiskému péstovani, pouziva se jako melioracni dfevina a
vetsi roli hraje spiSe v porostech ochrannych a v biehovych porostech. Nekroza jasanu
zpusobuje problémy v celé¢ tadé¢ riznych typl porosti a vysadeb. Nejvyraznéjsi
problémy se vyskytuji ve vysadbach s vy$§im zastoupenim a vyznamem jasanu, a to na
vlh€ich stanovistich v jasanovo-olSovych luzich a v tvrdych luzich nizinnych fek,
obecné také v biehovych porostech. Dopad choroby je uz ted’ lokalné velmi vyrazny i
ve vysadbach ve volné krajing, kde je jasan &asto vyznamnou slozkou prvki USES, a to
nejen v bfehovych porostech, ale i stromotadich, remizech a dalsi roztrousené vysadbé

(Havrdova a Cerny 2012).
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Vzhledem ke znaéné ekologické valenci jasanu a jeho vyskytu v nejriznéjsich
vegetacnich stupnich, spolec¢enstvech a na riznych stanovistich lze ale predpokladat, ze
dopad choroby se miize liSit v zavislosti na typu vysadeb, porostii a spoleCenstev a mtize
byt také zavisly na rtiznych faktorech prostiedi. Z hlediska dlouhodobého hospodateni
v krajiné je dulezité disponovat informacemi o invazibilité riznych typt porostu, jejich
(Havrdova a Cerny 2012).

Z hlediska diverzity difevin v krajin¢ je invaze H. fraxineus zcela zasadnim
problémem. Po epidemii grafiozy jilmi (Ophiostoma ulmi, O. novo-ulmi), kdy poklesla
Zetnost populace nasich jilmii na cca 5 - 10 % a poté, co se na uzemi CR rozsifila plisen
ol3ova (Phytophthora alni) a zatala decimovat porosty ol$e lepkavé a olse sedé (Cerny
a kol. 2007; Cerny a Strnadova 2010), vyznam jasanu ztepilého vyrazné narostl. Situace
se ovSem zasadn¢ zménila v poslednich cca 10 letech, kdy se i jasan stal stfedem
pozornosti fytopatologli a jeho predpokladané pouziti musi byt zdsadné revidovéno.
Znalost faktorti ovliviujicich vyskyt a vyznam H. fraxineus mize pomoci pfii

managementu péstovani jasanu a tim ke zvyseni biodiverzity v krajin¢.

10
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2. Cile

Hlavnim cilem disertacni prace je determinovat faktory prostfedi, které mohou
ovlivitovat distribuci a vyznam nekrozy jasanu zpiisobené Hymenoscyphus fraxineus

(Chalara fraxinea).

Mezi jednotlivé dil¢i cile patii:

Urceni rozsahu poskozeni a vyznamu patogenu v jednotlivych typech vegetace, urceni
rozdil v poskozeni jednotlivych vegetacnich prvka.

Urceni vlivu charakteristik porostli na rozsah poskozeni.

Urceni vlivu klimatickych faktorti na rozsah poSkozeni.

Urceni vlivu geomorfologickych a krajinné-ekologickych faktorti na rozsah poskozeni.
Ovéfteni vlivu vybranych geomorfologickych, vegetacnich a dalSich prvka na vzdusnou

vlhkost pravdépodobné ptimo ovliviiujici epidemiologii choroby.

11
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3. Literarni reSerse

3.1.Charakteristika jasanu (Fraxinus spp.)

Fraxinus spp. patii do &eledi olivovnikovitych (Oleaceae). V CR ma tento rod dva
zastupce: F. excelsior a F. angustifolia. Jasan se fadi mezi svétlomilné difeviny, které
v mladi vyzaduji (zastinéni Wardle 1961) a 1épe se pak vyviji (Pagan 1996). Jasan ma
vysoké stanovistni naroky, pozaduje zivinami bohaté, humozni, Cerstvé vlhké, hlubsi
pady (Vyskot a kol. 1978; Pagan 1996; Dobrowolska a kol. 2008; Uradnicek a kol.
2009). Prednost dava pidam zasaditym, nejlépe obohacenym dusikem (Wardle 1961).
Ptirozeny vyskyt jasanu byva indikatorem nejlepSich pid (Gregorova a kol. 2006;
Uradni&ek a kol. 2009). Jasan byva ¢asto t&zce poskozovan pozdnimi mrazy (zejména
na novych letorostech), v zimnich mésicich po oslunéni trpi korni spalou (Gregorova a
kol. 2006). Nesnese mrazové kotliny, na suchych stanovistich trpi letnimi vedry a
nesnasi dlouhotrvajici zaplavy a stagnujici vodu (Slavik 1997; Gregorova a kol. 2006;

Dobrowolska a kol 2008; Bajcar a Longauer 2012).

3.1.1. Jasan ztepily (Fraxinus excelsior L.)
Jasan ztepily patii mezi dlouhovéké dfeviny, doziva se az 200-250 let, s pfimym
kmenem a podlouhle vejcovitou, pomérné fidkou korunou, dosahujici vysky az 4043
m (Wardle 1961; Slavik 1997; Uradniéek a kol. 2009). Ve stoprocentnim zapoji jasan
vytvaii Stihly, pfimy kmen, v fidkém zapoji bézné korunu pftili§ rozklada a ve vrcholu
vidlicnati (Vyskot a kol. 1978). Kofenovy systém jasanu je rozsahly a bohaté
rozvétveny, proto je jasan na svém stanovisti dobfe ukotven. Jeho kotfeny casto
vzajemne¢ srustaji, proto mize tvofit v fad€ nebo ve skupiné velmi G¢inny ochranny val
(Valek 1977).

Jasan ztepily je vhodna dfevina do vysokokmenného lesa, ale pouzivany je i
v lese vymladkovém (Vyskot a kol. 1978), nepatti vSak mezi vyznamné hospodatské
dfeviny. Pfirozené zmlazeni jasanu je Casté v sutovych a luznich lesich, bézny je jako
pionyrska dievina. V sadovnictvi byva Casto vysazovan jako solitér Ci alejovy strom
(Slavik 1997), vyznamny je ptredevs§im jako meliorac¢ni dfevina a dfevina ochrannych

lesti ¢i lesnich pasi (Gregorova a kol. 2006).

12
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Jasan ztepily se bézné vyskytuje ve velké ¢asti Evropy, je nasi hojnou doméaci
dfevinou rozsifenou roztrousen¢ od nizin do horskych poloh celého uzemi v luznich
lesich, pobieznich kiovinach, sutovych a roklinovych lesich (Wardle 1961; Slavik
1997). Na uzemi CR jsou zastoupené tii ekotypy jasanu ztepilého (Gregorova a kol
2006; Uradnicek a kol. 2009), které se piedevim riizni ve svych narocich na vlahu.
Luzni jasan je v zaplavovanych luzich podél vétSich fek nejcastéji provazen dubem
letnim a jilmy. Horsky jasan je zastoupen v oblasti buku tam, kde jsou ptiznivé
vlhkostni a pudni poméry, tj. zejména podél potokli solSemi a na sutovych
pramenistich ve stranich, ¢asto spolu s klenem a jilmem horskym a vystupuje az do vyse
1000 m n. m. Vapencovy jasan provazi na bazickych horninich ¢asto dub zimni, ale
objevuje se v porostech s bukem, bfekem 1 v lesostepnich spoleCenstvech s Sipakem
(Uradnicek a kol. 2009). Existence téchto ekotypii byva oviem nékdy zpochybiiovana
(Dobrowolska a kol. 2008)

3.1.2. Jasan uzkolisty (Fraxinus angustifolia Vahl.)

Jasan uzkolisty je strom mensiho vzristu, dosahujici vysky 20-35m, s fidkou Siroce
vejcovitou korunou (Slavik 1997). V ramci CR je jasan tizkolisty diky jeho okrajovému
pfirozenému vyskytu mén¢ vyznamny nez jasan ztepily.

Jasan uzkolisty je dievina jihoevropského rozsifeni, zastoupena ve vSech zemich
kolem Stfedozemniho mote. Z Panonské niziny vybihd aredl do nejteplejSich casti
Slovenska a jizni Moravy — roste jen vV luznich lesich Dolnomoravského a
Dyjskosvrateckého tvalu, nejsevernéji zasahuje k Olomouci. Jeho rozsifeni je velmi
mezernaté a sestava v pasu luznich lesti — podél vodnich tokl v nizinach. Ekologické
naroky jasanu uzkolistého jsou podobné ndrokiim luzniho ekotypu jasanu ztepilého

(Uradniéek a kol. 2009).

3.2. Charakteristika Hymenoscyphus fraxineus (T. Kowalski) Baral,

Queloz, Hosoya

Hymenoscyphus fraxineus je mikroskopicka houba pattici mezi askomycety (Helotiales,
Leotiomycetes, Ascomycota), jejiz anamorfni (nepohlavni) stadium Chalara fraxinea na
jasanech parazituje. Jedna se o vlaknity organismus, jehoz subhyalinni az olivové hnédé

hyfy méfi v priméru pfiblizné 1,2-3,0 pm (Kowalski 2006). Na hyfach se v kultuie

13
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vytvareji kratké hnédé sporangiofory nebo konidiogenni buiiky (tzv. fialidy, 1624 x 4—
5 um) produkujici konidie (nepohlavni spory) o rozmérech 3,2-4,0 x 2,0-2,5 um ve
slizovité kapce, obCas v fetizcich (Kowalski 2006; Gross a kol. 2014). Patogen
piezimuje v Zzivych pletivech hostitele (vyhony, vétve) ve form¢ mycelia a v opadlém
materidlu (listy, vyjimecné vyhony) ve formé pseudosklerocii. Koncem jara a v 1ét¢ se
na pseudosklerociich v opadu z ptfedeslého roku vyvijeji bélavé stopkaté miskovité
plodnicky (apotecia) pohlavniho stadia Hymenoscyphus fraxineus métici v primeéru cca
1,5 — 3 mm (Kowalski a Holdenrieder 2009b), vzacné az 8 mm (Gross a kol. 2014).
V plodnickach se vytvareji protahla kyjovita viecka (80—107 x 8§—10 pum), obsahujici 8
hyalinnich tenkosténnych jednobunéénych askospor (13-21 x 3,5-5,0 um)
obsahujicich obvykle jednu ¢i dvé olejové krupéje (Gross a kol. 2014).

3.2.1. Chalara fraxinea — pri¢ina nekrozy jasanu
Tento mikroskopicky patogen zpusobujici onemocnéni jasant byl poprvé identifikovan
vr. 2001 (Kowalski 2001) a v r. 2006 popsan pod jménem Chalara fraxinea Kowalski
(Kowalski 2006). Jako jeho pohlavni stddium (teleomorfa) byl pozdé€ji oznalen
Hymenoscyphus albidus (voskovicka b¢lavd), saprofyticky diskomycet bézné se
vyskytujici v opadu na ftapicich jasanovych listli ¢i na odumielych vyhonech jasanu
(Kowalski a Holdenrieder 2009b). Nasledujici molekularni studie analyzujici vétsi
mnozstvi materidlu sebrané¢ho z opadu a izolovaného znekr6éz ovSem ukézala, Ze
Chalara fraxinea nélezi k novému kryptickému druhu — Hymenoscyphus pseudoalbidus
Queloz, Griinig, Berndt, T. Kowalski, T. N. Sieber & Holdenrieder (Queloz a kol.
2011), ktery je morfologicky témét totozny s vySe zminénym Hymenoscyphus albidus a
vyraznéji se li$i jen nekterymi molekularnimi charakteristikami (mj. sekvenci ITS
regiond rDNA), virulenci vii¢i jasanu (Queloz a kol. 2011). Studie herbafovych polozek
potvrdila, ze H. pseudoalbidus se v Evropé (Svycarsko) vyskytuje uZz nejméné 30 let
(Queloz a kol. 2011). Pozdéji se ukazalo, ze pred cca 80 lety byl v Japonsku popséan
dalsi krypticky druh Lambertella albida (Zhao a kol. 2012). Po srovnani evropskych a
japonskych vzorkli bylo potvrzeno, Ze paraziticky druh H. pseudoalbidus se
morfologicky 1 molekularné shoduje se saprofytickym druhem Lambertella albida
vyskytujicim se na jasanovém opadu Fraxinus mandshurica v Japonsku (Gross a kol.
2014). Tim byly potvrzeny pivodni domnénky, ze patogen byl do Evropy zavlecen

z Asie (Queloz a kol. 2011). Uptesnénim nomenklatoriky se zabyvala studie Barala, jez
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pro druh zavedla nové jméno Hymenoscyphus fraxineus (T. Kowalski) Baral, Queloz,

Hosoya, comb. nov. (Baral a kol. 2014), které¢ se v souc¢asné dob¢ pouziva.

3.2.2. Chalara fraxinea — rozsireni a vyskyt patogenu
Patogen byl do Evropy pravdépodobné zavleCen importovanymi semenacky, nebo
semeny jasanu (Zhao a kol. 2012). Napt. béhem sovétské éry v letech 1960—1980 byl do
pobaltskych zemi v nékolika zasilkach importovan jasan mandzusky (F. manshurica)
z ruského Dalného vychodu (Drenkhan a kol. 2014). V soucasné dobé€ je jiz patogen
rozsifen po velké casti Evropy, vlna epidemie se pohybuje od severovychodu,
pifedevsim na jihozépad Evropy, na sever, jih a vychod je postup ponékud pomalejsi.
V soucasné dobé se organismus vyskytuje téméi na celém kontinentu (napt. EPPO
2007, 2010; Thomsen a kol. 2007; Halmschlager a Kirisits 2008; Kirisits a kol. 2009,
2010; Kowalski a Holdenrieder 2009a; Ogris a kol. 2009; Szab6 2009; Talge a kol.
2009; Bari¢ a Dimini¢ 2010; Schumacher a kol. 2010; Chandelier a kol. 2011; Husson a
kol. 2011; Rytkdnen a kol. 2011; Timmermann a kol. 2011; Hendry a kol. 2012;
Davydenko a kol. 2013), s vyjimkou okrajovych statd, jako je napt. Spanélsko (Obr. 1).
Lze ovSem ptedpokladat, ze 1 v téchto statech bude patogen brzy nalezen. Rychly
postup epidemie souvisi s tim, ze se patogen §ifi vzduchem ve formé spor pohlavniho
stadia — askospor (Kowalski a Holdenrieder 2009b; Timmermann a kol. 2011; Gross a
kol. 2014). Z celoevropského hlediska je situace nejhorsi pravdépodobné v Polsku a
Pobalti, kde se patogen vyskytuje ve vétsi intenzité nejdelsi dobu a kde dochazi
k poskozeni velkych ploch vysadeb jasanu (Zachara a kol. 2007) a kde je souCasnd faze
vyvoje choroby oznacovana za post-epidemickou (Lygis a kol. 2015).

Ze studia herbafovych dokladt (Narodni muzeum) vyplyva, Ze se patogen v CR
vyskytuje nejméné od roku 2002 (projekt MZe NAZV QJ1220218), nicméné¢ velmi
pravdépodobné se zde vyskytoval uz od konce 90. let, kdy byly pozorovany prvni
chiadnouci porosty jasantl. Na chitadnuti jasanti bylo poprvé v CR upozornéno v roce
2008 (Jankovsky a Palov¢ikova 2008; Narovec a kol. 2008a, b). Prvni Gspésna izolace
Chalara fraxinea a tedy potvrzeni patogenu v CR byla provedena v r. 2007 (Arboretum
Kitiny) a poté byl patogen izolovan na n¢kolika dalSich lokalitich na jizni Moravé a
Vysocin€ — Ochoz u Brna, Hrad¢any u Brna (Skolka) a Lomnice u TiSnova (Jankovsky a
Holdenrieder 2009). Dalsi rozsifeni patogenu bylo izola¢né potvrzeno v severnich,

vychodnich, stiednich a zapadnich Cechach a severni Moravé (Havrdova nepubl.).
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Rozsifeni tzv. nekrozy jasanu je ovSem vyrazné §irSi — symptomy jsou popisovany jiz
z celého uzemi CR a patogen se velmi pravdépodobné viceménd roztrousené vyskytuje
na vét§ing uzemi statu (Havrdova et Cerny 2011). Infekce postupuje ze sv. na jz., a
proto miizeme na jz. Cech pozorovat jasanové porosty v lep$im zdravotnim stavu, i
kdyz i zde vyznam patogenu rychle nartstd. V soucasné dobé se patogen vyskytuje
vicemén¢ hojné na celém tzemi statu.

Vyskyt nekrdzy jasanu byl zjistén ve vSech vékovych kategorii jasanu a na vSech
typech stanovist, kde se objevuji. V Ceské republice byl vyskyt onemocnéni zjistén u
solitérnich jedincli, roztrousenych vysadeb v krajiné, ve stromofadich, vétrolamech,
okrasné zeleni ve méstech, v biehovych porostech, v ochrannych porostech na svazich a
v nejriznéjSich typech lesnich porosti vcetné jasanovych olSin a luznich porosta
(projekt MZe NAZV QJ1220218) bez ohledu na nadmoiskou vysku (Koukol a
Havrdova 2014). Vici tomuto patogenu jsou oba nase puvodni druhy jasanu Fraxinus
excelsior 1 F. angustifolia vysoce citlivé, pficemz F. angustifolia se jevi o néco méné
nachylny (Havrdova et al., v fizeni). Vyskyt patogenu byl v Evropé potvrzen 1 z
nekterych nepivodnich druhi jasanu — F. nigra, F. pennsylvanica, F. americana, F.
mandschurica (Drenkhan a Hanso 2010), mirn¢ nachylny je i jihoevropsky druh F.
ornus (Kirisits a kol. 2009).
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Fraxinus excelsior
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Obr. 1: Rozsifeni F. excelsior (modra zona) a roz§iteni nekrozy jasanu (Cervena— bila barva) (pfevzato

z Mc Kinney a kol. 2014 a EUFORGEN, www.euforgen.org).

3.2.3. Zivotni cyklus H. fraxineus a symptomy napadeni
Cely zivotni cyklus Hymenoscyphus fraxineus probiha pouze na listech jasanu (Gross a
kol. 2014). Patogen se ve form¢ askospor pohlavniho stadia (H. fraxineus) §iti vétrem a
primarné napada listy jasanu a jejich fapiky. Po dopadu na Cepele a tapiky listii jasant
spory kli¢i, hyfa pronika do bunék listu, mycelium postupné kolonizuje list a dochazi k
nekrotizaci jeho pletiv (Obr. 2A). V dasledku napadeni nasleduje opad napadenych listii
a n¢kdy az znacné odlisténi dfevin (Obr. 2B; Bakys a kol. 2009a), coz je obranna reakce
hostitele (jasanu) na napadeni patogenem. Na opadlém materidlu patogen prezimuje ve
form¢ pseudosklerocii a dalsi vegetani sezonu se zejména na odumfelych fapicich
vytvareji bélavé miskovité stopkaté plodnicky (apotecia) pohlavniho stadia
Hymenoscyphus fraxineus (Obr. 2C; napt. Kirisits a Czech 2009). Tyto plodnic¢ky se
objevuji od Cervna do zaii (fijna) s nejvétsim vyskytem v 1été (Cervenec — srpen) a
produkuji velké mnozstvi pohlavnich spor (askospor), které jsou unaSeny vétrem,
kolonizuji dalsi listy (Timmermann a kol. 2011) a cyklus se opakuje. Spise ve
vyjimecnych piipadech dochdzi k tvorbé apotecii 1 na napadenych vyhonech hostitele

(Timmermann a kol. 2011).
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Nové studie Kirisits (2015) ukazuje, Ze apotecia se na plodni¢kdch mohou
opakované vyvijet minimalné 5 sezén po opadu, tzn., Ze mnozstvi zdroje inokula se

v okoli hostitele neustale zvySuje s mnozstvim kolonizovaného materialu.

Pied pfedCasnym opadem listd vSak mize dochédzet k proristani mycelia
pletivem fapiku dal ptes listové stopy (cévni svazky vstupujici ze stonkli do listl) do
vyhonii a vétvi, kde patogen zplsobuje rozsahlé Cernavé az hnédavé nekrozy, které se
rychle prodluzuji transpiracnim a ptfedevsim asimilaénim smérem, pficemz Casti vyhona
a vétvi nad poskozenim mohou usychat (Obr. 2D; napi. Kowalski a Holderieder 2008,
Bakys a kol. 2009b). Krom¢ toho muze patogen pravdépodobné pronikat do vyhonil i
pupeny, lenticelami (Husson a kol. 2012), poranénimi ¢i v mistech posati hmyzem. H.
fraxineus, resp. jeho anamorfni stadium Ch. fraxinea, byla pomoci molekuldrni analyzy
také nalezena v semenech jasanu, k jejichz infekci mohlo dojit pfimo askosporami, nebo
prorustajicim myceliem z napadenych vyhont (Cleary a kol. 2013). Patogen pronika i
do dfevni hmoty, kde vytvari tmavé nekrotické zabarveni (Schumacher a kol. 2010),
délka téchto nekr6z mize byt delsi nez délka viditelnych nekrotickych pletiv na ke
vyhonu (Bengston a kol. 2014).

U vzrostlych jedincii se onemocnéni ve fazi nekrotizovanych vyhond projevuje
postupnym fidnutim koruny a odumiranim vyhont (zpravidla pfirtstku posledniho
roku). Béhem jedné sezony mtize byt napadeno velké mnozstvi vyhoni (Obr. 2D) a
koruna napadené dfeviny mize vyrazn¢ prosychat od obvodu. Dale dochazi k
odumirdni drobnych a pozdéji i kosternich vétvi a k rozsahlému poskozeni stromu.
Hostitel na rozvoj patogenu reaguje tvorbou proventivnich vyhonu (vlki), které vytvaii
pod odumielymi Castmi vétvi a vznikd typické shlukovité olisténi. Mycelium patogenu
v pletivech hostitele (vyhonech, vétvich) mutze piezivat zimu (patogen byl
z napadenych vyhont Gspésné izolovan v zimnim obdobi — Havrdova nepubl.), dale se
Sitit a poskozeni dieviny postupné nartstad. Dochdzi, k masivnimu odumirani drobnych
a pozdéji 1 kosternich vétvi a k rozsahlému poskozeni (Obr. 2F), které mize dosahovat
az 80 — 90 % objemu koruny a strom nakonec odumira.

Hostitel pravdépodobné muiize v nékterych piipadech oddélit napadenou cast
pletiv kalusem (hojivé pletivo) a infekci zastavit. Nelze vyloucit, ze se patogen
v pletivech hostitele mtize Sifit ve form¢ konidii 1 cévnimi svazky, ale tento zplsob

nebyl dosud prokazan.
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Obr. 2. Cyklus nekrozy jasanu

Obr. 2: Cyklus nekrézy jasanu (Havrdova a Cerny 2013).

3.3.Vyznam Hymenoscyphus fraxineus

Patogenem jsou napadany stromy vSech vékovych kategorii na rdznych typech
stanoviSt — od pfirozenych lestt po komercni lesni vysadby a vysadby okrasné
(Kowalski a Lukomska 2005; Kirisits a Halmschlager 2008; Kirisits a Freinschlag
2012). Sazenice a mladé vysadby jasanli jsou nekrézou jasanu poskozovany rychleji
(Skovgaard a kol. 2010) a ve vétSim rozsahu (mladé stromky mohou v dusledku
napadeni odumfit i béhem jedné vegetatni sezény) nez vysadby pln€ vzrostlé
(Havrdové a Cerny 2012).

Z hlediska lesniho hospodafstvi predstavuje vyznamnou hrozbu v kategoriich
luzni a tdolni (1L, 2L, 3L, SL a 1U, 3U a 5U) a ¢astecné i v nizsich vySkovych stupnich
fady vlhké (1V a 2V). Vyznamnym problémem bude obnova biehovych porostl
s dominantnim zastoupenim jasanu a olSe v pfipadé soubézného napadeni ol$i druhem
Phytophthora alni. Déle lze ptedpokladat problémy v sutovych lesich a v ochrannych

porostech na svazich. Vzhledem k rychlému letalnimu pribéhu choroby u mladych
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stromd dochdzi ke zna¢nym ztrdtdm v lesnim Skolkafstvi (mnohde pfestal byt jasan
zcela péstovan). Lze také ocekéavat znacné problémy v mladych vysadbach jasanii.
Pouziti jasanu jako MZD bude muset byt rovnéz revidovano. Patogen plisobi vyznamné
Skody 1 ve vysadbach ve volné krajin€, jejichZ je jasan vyznamnou sloZkou a to nejen
v bfehovych porostech, ale i stromotadich, remizech a dal§i roztrouSené vysadbé.
Patogen zpisobuje rovnéz znacné skody v okrasnych vysadbach ve méstech a obcich.
Obecn¢ je pohled na dalsi vyvoj situace velmi skepticky a néktefi autoii piipoustéji i
moznost kolapsu celych populaci jasanu (McKinney a kol. 2011).

V soucasné dobé jsou vycisleny pouze ekonomické ztraty v lesnim Skolkatstvi
v CR, které se pohybuji v adu milionti K& roéné (projekt MZe NAZV.QJ1220218),
Skody v lesnich porostech a dalSich vysadbach nebyly dosud vycisleny, Ize ale
predpokladat, ze budou dosahovat mnohem vysSich hodnot. V soucasné dobé jiz

dochdzi k Gplnym, nebo ¢asteCnym rekonstrukcim napadenych lesnich porostl jasanu.

3.4. Mozna opatieni

Ochrannd opatfeni nejsou dosud zndméa a mnozi fytopatologové o jejich ucinnosti
pochybuji (napt. Jankovsky a kol.; Queloz a kol. 2011). Jisté je, Ze pokud budou néjaka
opatfeni doporucena, budou se liSit pro rizné typy péstovani jasanu. Napi. v lesnim
Skolkafstvi bude zapotiebi pouzivat fungicidni pfipravky a dodrzovat standardni
opatieni provadéna v ptipad¢ vyskytu jakékoli vazné choroby. Opatieni v napadenych
vzrostlych vysadbach asi budou v nasledujicich letech stézi zahrnovat vice nez
postupnou ndhradu odumirajicich jasanti jinymi stanovistné¢ odpovidajicimi dievinami,
podobné jako v piipadé napadeni porostii ol§i druhem Phytophthora alni (Cerny 2011),
nebo jilmi druhem Ophiostoma novo-ulmi.

V soucasné dob¢ prevladaji nazory, Ze jediné mozné opatieni pro zachovani
druhu F. excelsior a F. angustifolia je vybér mén¢ citlivych (odolné&jSich) genotypii
jasanu vici nekréze jasanu, jejich nasledné ktizeni a Slechténi (napt. McKinney a kol.
2011).

Vyzkum faktori prostfedi potencidlné ovliviiujicich priibéh a rozsah poskozeni
nekrézou jasanu dosud neprobihal. Nicméné lze predpokladat, ze pribéh a vyznam
nekrozy jasanu by mél byt ovliviiovan riznymi faktory prostfedi (naptiklad vlhkosti

vzduchu), podobné jako u dalSich chorob Sificich se vzduchem napi. Apiognomonia
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spp., Glomerella cingulata, Venturia spp. (Sinclair a Lyon 2005). Vyzkumem faktorti
prostiedi potencidlné¢ ovliviiujicich rozvoj choroby a jejim dopadem se zabyva tato

disertacni prace.
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4. Metodika

4.1.Modelové uzemi, vybér vyzkumnych ploch

Pro vyzkum bylo vybrdno modelové izemi CHKO Luzické hory, geomorfologicky i
vegetaéné velmi heterogenni. Uzemi CHKO Luzické hory je lokalizovano mezi 50° 46’
—50° 55" s.§. a 14° 25" — 14° 52"v.d. a na pom&rné malé rozloze (264 km?) se znaénym
vySkovym gradientem (312 — 793 m n. m.). Na tizemi jsou zastoupeny témét vSechny
vyznamné typy porostl s jasanem. Patogen do oblasti invadoval ptiblizné pied 9 lety a
porosty jsou tak jiz delsi dobu vystaveny vyznamnému infek¢nimu tlaku. Patogen je

dnes rozsifen po celém tizemi a jeho populace je zde relativné ustalena.

Vyzkum poskozeni jednotlivych typii porosti a jeho vazba na vybrané faktory
prostiedi byl proveden v letech 2011 — 2013. V raznych ¢astech uzemi CHKO byly
vybrany &tyfi uzsi oblasti o plose cca 20 km? respektujici geomorfologickou a vegetacni
variabilitu izemi CHKO a zohlediiujici vyskyt jasanu. Kazda oblast pak byla rozdélena
na 20 ¢tverct o stran¢ 1 x 1 km. V kazdém ctverci byla vybrana pouze jedna vyzkumna
plocha — kruh o poloméru 50 m. Vybér ploch byl provadén tak, aby byla vzdélenost
mezi sousednimi plochami co nejvétsi — minimalni vzdalenost byla 500 m a to pouze
v n¢kolika vyjimecnych piipadech. Standardni vzdalenost mezi sousednimi plochami je
minimaln¢ cca 700 — 800 m, aby nedochézelo ke vzajemnému ovlivnéni ploch. Plochy
byly voleny jako homogenni jak z hlediska geomorfologie tak i porostu, aby je bylo
mozno jasn¢ zafadit do prislusné kategorie vegetace. Pfi vybéru ploch bylo
respektovano pravidlo, aby v kazdé oblasti byly rovnomérné zastoupeny vsSechny
definované kategorie porostll a to pokud mozno rovnomérné na vyskovém gradientu.
Pokud ve ctverci nebyl nalezen Zadny jasan, nebo porost neodpovidal pfisluSnym
parametrim (napf. nedostatecna pokryvnost, vyznamny antropogenni zasah do porostu
atp.) byl vybran jiny, pfilehly ctverec, dokud nebyl naplnén ptedepsany pocet
vybranych ploch. Zarovenn bylo pokud mozno respektovano pravidlo, aby ve dvou
sousednich ctvercich nebyl hodnocen porost stejné kategorie. Celkem bylo vybrano 80
vyzkumnych ploch, pficemz stfed kazdé z nich byl zaznamenan pomoci GPS (Garmin

GPSMAP 62s) v soutfadnicovém systému WGS-84.
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4.2. Sbér dat

Prvni vyzkum probéhl béhem 10. 7. — 31. 8. 2011 na 80 plochéch, pii kterém byl
sledovan rozsah procentudlniho poskozeni korun jasant na jednotlivych vyzkumnych
plochach v péti kategoriich porostii. U jednotlivych stromt a ploch byly sledovany
proménné popisujici vyskyt a charakter hostitele a charakter prostedi. V roce 2012 bylo
ze stavajicich 80 modelovych ploch sledovanych v roce 2011 vybrano 50 ploch (Obr.
3), na kterych byla béhem 10. 6. 2012 — 15. 11. 2013 méfena navic teplota a vlhkost
vzduchu. Plochy byly vybirany tak, aby co mozna nejvice pokryly zjiSténou variabilitu
prostfedi — nadmotskou vysku, expozici a sklon terénu a geomorfologii. Pfi vybéru
ploch byla rovnéz respektovana variabilita v trovni poSkozeni porostii. V roce 2013
v obdobi 1. 7. — 31. 8. 2013 bylo opakovano méteni z roku 2011. V nasledujicim roce
2014 byla na zdklad¢ soufadnic jednotlivych ploch ziskana data z DMR (Digitalni
Model Reliéfu) a GIS (Geograficky Informacni Systém), s jejichz pomoci byly plochy
popsany z hlediska krajinné ekologie.

Terénni sbér dat byl vzdy ukoncen jesté pred vyraznéjSim predCasnym opadem
listd zpsobenym H. fraxineus, ktery by mohl ovlivnit vysledky (do konce srpna). Na
kazdé ploSe bylo sledovano celkem 35 proménnych: podil nekrézy jasanu (zavisla
proménna), 20 nezavislych proménnych popisujicich vyskyt a charakter hostitele a 14

nezavislych proménnych popisujicich charakter prosttedi.

Monitored plots in Lusatian
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ash-alder alluvial forests

A
A
A
A
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4.3. Popis proménnych

Nékteré sledované faktory prostfedi a znaky na hostitelskych dfevinach byly ziskavany
a jsou zpracovany v souladu s International Co-operative Programme on Assessement
and Monitoring of Air Pollution Effects on Forest (Eichhorn a kol. 2010), ktery
sjednocuje metody sbéru dat pouzitelnych nejen pro hodnoceni dopadu polutantd, ale i
dalSich faktor na lesni dfeviny. Dale byly vytipovany proménné, které by mohly byt

pro vyznam nekrozy jasanu dilezité.

4.3.1. Typy vysadeb a popis poSkozeni
Vzhledem k ekologii a historickému pouzivani jasanu na tuzemi CHKO se tato dievina
vyskytuje v nejriiznéjsich typech porostii od ptirozenych jasanovych olSin, luznich a
sutovych lest, pfes vice ¢i méné umélé ¢i samovolné zndlet vzniklé remizy a
stromofadi ve volné krajing aZ po vysadby v intravildnech. Site vyskytu jasanu byla
charakterizovana pomoci péti kategorii, z nichz kazda respektuje urcity vegetacni typ:
(A) solitérni vyskyt v oteviené krajin€, (B) roztrouSend vysadba (stromotadi) ve volné
krajing, (C) bfehové porosty, (D) lesni (sutové) porosty a (E) jasanovo-olSové luhy.
Porosty byly vybirdny tak, aby je bylo mozné celé jednoznacné piifadit do konkrétni
kategorie a aby byla pokud mozno pokryta variabilita uvniti jednotlivych kategorii, co

se tyCe realného rozsahu zastoupeni jasanu na daném typu stanovist.

(A) Solitérni vyskyt. Jedna se o solitérni jedince ve venkovské krajin€, kde pokryvnost
jasanu na ploSe ¢ini cca 1 — 10 %; pokryvnost stromového patra na plose max. 10 %;
stromove patro chybi min. 30 m od kraje koruny méteného jedince.

(B) Roztrousena vysadba. Jednd se o skupiny a linie ve volné venkovské krajiné
(remizy, linie, okraje porostil, stromotadi), kde pokryvnost jasanu na plose ¢ini cca 3 —
25 %; celkova pokryvnost stromového patra na plose je 10 — 30 %.

(C) Btehovy porost. Jednd se o souvislé liniové biehové porosty (zhruba do 12 m
celkové $itky) ve volné krajing, ¢i v intravilanu obce, kde pokryvnost jasanu na plose
¢ini cca 5 — 30 %; celkova pokryvnost stromového patra na plose 15 — 40 %.

(D) Lesni porost. Jedna se o roztrouseny vyskyt az souvisly vyskyt v lesnich porostech
a v ochrannych porostech, kde pokryvnost jasanu na plose ¢ini cca 2 — 100 %; celkova

pokryvnost stromového patra na plose 80 — 100 %.
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(E) Jasanova olsina. Jednd se o plvodni ¢i sekundarni jasanovo-olSovy luh ¢i udolni
jasanovou olSinu, kde pokryvnost jasanu na plose ¢ini cca 10 — 50 % a celkova

pokryvnost stromového patra na plose 80 — 100 %.

Na sledovanych stromech a porostech byl opticky (pfipadné za pouZiti
dalekohledu) ovéren vyskyt typickych symptomtl nekrozy jasanu. Dale bylo zjisténo
procento prosychani koruny zpusobené H. fraxineus vyjadiené podilem suchych a
odlisténych ¢asti koruny ve srovnani se zdravym stromem (%). Pro hodnoceni nekrézy
koruny jasani byla pouzita metoda ,foliage transparency” dle ICP Forest 2010
(Eichhorn a kol. 2010), ktera ur¢uje mnozstvi svétla prostupujici korunou v procentech,
oproti mnozstvi svétla prostupujiciho korunou plné olisténou. Jako kalibrace bylo pro
vizualni hodnoceni prosychani koruny pouzito prace Smitley (2008, Obr. 4). Prosychani
>10 % bylo hodnoceno v desitkdch procent a prosychani <10 % bylo podrobnéji
rozdéleno do hodnot 5 a 2 %. Na prosychéni jasanu mély vliv i dalsi faktory, které byly
pii hodnoceni rozsahu nekrézy jasanu identifikovany, ale do odhadu hodnoty tohoto
znaku nebyly v souladu s ICP Forest 2010 (Eichhorn a kol. 2010) zahrnovany. Jedna se
o takova mista, kde bylo postrddano ocekavané olisténi z jiného divodu nez infekce H.
fraxineus (srv. Tallent-Halsell, 1994, Obr. 5). Mezi takové faktory patfily napft.
nasledujici: prosychani koruny zplisobené piirozenym zptisobem (zapoj, zastinéni, stari,
mechanické poskozeni — zlomené, odiené, suché, ¢i zcela chybé&jici vétve, atp.),
odlisténi zptisobené sezonnim Zzirem, ¢aste¢na redukce olisténi v souvislosti s enormni
plodnosti nékterych jedinct, poskozeni jinymi patogeny a Sktdci, popt. vytloukani
v mlazinach. Poskozeni jiného druhu nez H. fraxineus bylo evidovano v proménné,

zdravotni stav.
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Obr. 4: Ridnuti koruny jasant Obr. 5: Nacrt mist v koruné, které budou
a hodnoceni rozsahu jejiho brany na ztetel pii odhadu olisténi
prosychani (pfevzato z Smitley 2008) (ptevzato z Talent-Halsell, 1994)

Mimo procentudlni prosychani zptisobené H. fraxineus, byla také sledovéna
orientace lokalizace nekrozy jasanu ve stupnich a vertikdlni lokalizace nekrdzy jasanu
v kategoriich / — obvod; 2 — shora; 3 — obvod + shora; 4 — ze spodu; 5 — pribézné; 6 —
obvod + ze spodu; 7 — cely proschly strom a vertikalni lokalizace zastinu koruny
hostitele v kategoriich / — 1 strana; 2 — 2 strany; 3 — 3 strany; 4 — 4 strany; 5 — shora; 6 —
(1+5); 7—(2+5), 8§ — (3+5); 9 — (4+5).

Zaroven byla métfena vzdalenost (m) a smér (stupn€) k nejbliz§imu napadenému
hostiteli, u kterého bylo zaroven hodnoceno prosychani zplisobené nekrézou jasanu

(%).

4.3.2. Popis hostitele — dendrometrické proménné
Objem koruny (m®) je prom&nna popisujici mnozstvi kolonizovatelného substratu (za
zjednoduseného predpokladu homogenniho zavétveni a olisténi vSech jedincl) a je pro
vyhodnoceni skute¢ného rozsahu poskozeni velmi vyznamnou veli¢inou. Je zdrovei
ziejmé, ze velmi proménlivou realitu porostli nelze pln€ postihnout, proto bylo nutno
akceptovat jista zjednoduSeni, které ovSem pfi pouziti standardizovanych postupit maji

proporciondlné stejny dopad u vSech zkoumanych porostii.
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Vzhledem ktomu, Zze se v jednotlivych porostech vyskytovaly jedinci
nejriiznéjsiho vzristu a tvaru vcetné zmlazeni, byl objem korun jednotlivych stromil
na vSech plochéach pocitan zvlast'. Protoze se tvar korun jasanu razni, byl i tento faktor
zahrnut pifi vypoctech. V dokonalém zéapoji vytvaii jasan piimy kmen a Stihlou,
pomérné tidkou vejcovitou korunu (Wardle 1961), v fidkém zépoji jasan korunu vice
rozklada a ve vrcholu Casto vidli¢nati (Vyskot 1978) a jeji tvar tudiz miiZze byt kulovity,
vejcovity az zaobleny. ZjednoduSenym zpusobem byl méfen objem jasanového
zmlazeni, jako homogenni porost) které bylo potteba do vypoctu rovnéz zahrnout.

Pro vypocet objemu koruny (V) byla méfena vyska koruny a primér koruny.
Vyska koruny (v; m) byla méfena vySkomérem Nikon Forestry 550 v metrech
od prvniho vétveni k nejvyssimu bodu koruny. Sitka (primér) koruny byla méfena ve
dvou na sebe kolmych smérech (d;, d»; m) s pfesnosti na 0,5 m. Vzorec pro vypocet
objem korun je pro vSechny tvary korun shodny, V' = 7/6*v*d; *d.,.

V pifipadé homogenniho porostu jasanového zmlazeni bylo na prostor
souvisejicich korun sousednich jedincti nahlizeno pro zjednoduSeni jako na kvadr.
V tomto piipadé byly méteny Sitka a délka porostu a jeho priméma vyska (eventualné
primérnd vyska korun). Vypocet objemu korun homogenniho porostu pak probé¢hl
podle vzorce V = v*d;*d,. Objem korun jednotlivych jedinct (véetné zmlazeni) byl pak
na celé plose seéten (m?).

Z vyse uvedenych hodnot byly dopocitiny proménné, které byly pouzity
ve statistickych modelech: plocha koruny hostitele (S = d;d>; m?) a soucet viech ploch
korun hostitele na plose (m?). Pomoci dalkoméru Nikon Forestry 550 byla méfena
vyska stromu (m) a vyska nasazeni koruny (m).

Na plose byla také stanovena odhadem relativni pokryvnost stromového patra
(%), ze které byla dopo¢itana absolutni pokryvnost (pokryvnost rel*78,5; m®) a podil
jasanu na plose (suma(d;d,)/pokryvnost_abs*100; %). Z vypocitanych hodnot byly dale
ziskany proménné vyjadiujici mnozstvi napadené biomasy nekrézou jasanu — objem
nekrozy hostitele (objem_korun_host*prosychani)/100; m®), souétem objemil nekrozy
u hostiteli byl ziskan celkovy objem nekrozy jasanu na ploge (m®) a dopodtem podil

nekrézy jasanu na plose ((objem_nekr plocha/objem_korun_porostu)*100; %)
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4.3.3. Popis hostitele — biotické a biotické proménné
Dle ptedchozich pozorovani byly vybrany nékteré biotické faktory, které by mohly
ovliviiovat mnozstvi nekrdzy jasanu na ploSe, jejichz vyskyt byl hodnocen u
jednotlivych hostiteld zvlast ve formatu ano/ne. Rozto¢ vlnovnik jasanovy
(Erviophyes (Aceria) fraxinivorus), vaclavka (Armillaria spp.), ktera byla rozpoznavana
bud’ podle plodnic, nebo dle rhizomorf, které¢ byly na zakladé DNA (Antonin et al.
2009) wurCeny jako Armillaria cepistipes, razovka (Nectria spp.), bakteridoza
(Pseudomonas savastanoi), lykohuby (Hylesinus fraxini). Daéle bylo sledovéano
mechanické poskozeni jasand, napf. vytloukani, rany na bazi kmene v biehovych
porostech, antropogenni zasah, mrazové poskozeni apod. a vzdalenost hostitele od

silnice.

4.3.4. Popis prostiedi — obecné proménné
Vramci terénnich praci bylo sledovano nejbliz§i okoli hostitele. Hodnocena byla
vegetace pod korunou hostitele v kategoriich, jejichz vyskyt byl hodnocen ano/ne:
kefové patro — zahrnujici kefe a zmlazeni; travni porost — zahrnujici louky, pastviny a
neudrzované piikopy; travnik — zahrnujici sekany a hrabany travnik v zahradéach. Dalsi
sledovanou proménnou byla vzdalenost vody od hostitele (m), pfitomnost vody byla
hodnocena jako pozitivni nejen v ptipadé ptitomnosti vodniho toku ¢i vodni plochy, ale
1 pramenisté a proménna vyjadiujici pritomnost Armilaria spp. (ano/ne) na plose.

V ramci SirSiho okoli byly sledovany proménné: — nadmotskéd vyska ve stiedu
plochy (m n. m.); — pfevazujici sklon terénu zohlediiujici ptfedev§im plochu
s hodnocenymi jasany (stupn¢); — pfevazujici orientace terénu v osmi kategoriich: / S
(337,6-22,5), 2 SV (22,6-67,5), 3 V (67,6-112,5), 4 IV (112,6-157,5), 5 J (157,6—
202,5), 6 JZ (202,6-247.5), 7 Z (247,6-292,5), 8 SZ (292,6-337,5); — prevazujici
orientace terénu ve Ctyfech kategoriich: 7 S (316-45), 2 V (46-135), 3J (136-225),4 Z
(226-315); — geomorfologie popisujici okoli méfené plochy do vzdalenosti 250m od
sttedu plochy v sedmi kategoriich dle Demek (1988): Ivrchol, 2 tvary na svahu
vypuklé, 3 homogenni plocha na svahu, 4 tvary na svahu vhloubené, 5 tvary udolni
vypuklé; 6 tvary udolni rovné; 7 tvary udolni vhloubené; — geomorfologie preskalovana
do 3 kategorii: / vrchol a vrcholové tvary, 2 svah a tvary na svahu, 3 udoli a udolni
tvary; — geomorfologie dle tvaru ve tfech kategoriich: 7 tvary vypuklé, 2 tvary rovné, 3

tvary vhloubené; — hydricka fada (Bucek a Lacina 2007) se na sledovanych plochach
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vyskytovala pouze ve tfech kategoriich 3 normalni, 4 zamoktena, 5a mokra-proudici; —
trofickd fada (Bucek a Lacina 2007) byla zastoupena 4 kategoriemi AB oligotrofné
mezotrofni, B mezotrofni, BC mezotrofné nitrofilni, BD mezotrofné bazicka. Troficka

a hydricka fada byla dale upravena podle Low a kol. (1995).

4.3.5. Popis prostiedi — méreni vlhkosti vzduchu a teploty
Vlhkost vzduchu byla méfena pomoci zafizeni Datalogger Minikin THi (EMS Brno).
Vlastnimu méfeni vlhkosti a teploty na vybranych plochéch pfedchdzelo métfeni vyvoje
vlhkosti a teploty v profilu koruny hostitele. Cilem bylo identifikovat pomoci 5 ti
dataloggert na jednom stromé optimalni vySku umisténi ¢idel v profilu porostu tak, aby
nebyla namétfend data v korundch dievin ovlivnéna piesptilis vysokou ptizemni vlhkosti
a dostate¢n¢ vypovidala o situaci v prostoru Sifeni askospor a kolonizace listi. Méteni
profilu probehlo ve vyskach 1,5 m, 3 m, 4,5 m, 6 m a 7,5 m na 3 plochach (jasanova
vyhodnocena vyska 4,5 m od paty kmene. Na vybranych 50 plochiach bylo pak
na zacatku Cervna 2012 instalovano 50 dataloggerti s vlastnim zdrojem energie méficich
v intervalu 5 min. a zaznamenavajicich primérnou vlhkost vzduchu a teplotu prostiedi
vintervalu 15 minut. Na kazdé ploSe bylo instalovano vzdy jedno méfici zafizeni
umisténé na kmeni hostitele pokud mozno ve stiedu plochy, na severni strané kmene,
chranéno radiacnim krytem pted vlivem soldrnitho zafeni. Méfeni probihalo az
do listopadu 2013. Z naméfenych hodnot bylo vytvotfeno 21 variant riizn€ zpracovanych
dat. Pro statisticky model byla vybrana proménna, ktera nejlépe odpovidala dobé¢ Sifeni
askospor (Timmermann a kol. 2011) — suma poctu dni s vlhkosti > 95 % mezi 6:00—
11:00 hod. v obdobi Cervenec — srpen v roce 2012, tedy sezonu pied hodnocenim
jednotlivych porostii. Jako dal$i proménna byla vybrana priiméra denni vlhkost

v obdobi ¢ervenec — srpen v roce 2012.

4.3.6. Popis prostiedi — DMR, GIS

Na zakladé znamych soufadnic stfedii ploch byla pro statisticky model pouzita data
ziskana z Digitdlniho modelu reliéfu Ceské republiky (DMR), ktery je digitalni
reprezentaci reliéfu terénu s uplnou stiedni chybou vysky 0,3 m v odkrytém terénu a
I m v zalesnéném terénu. Pro vypocCet hodnot byla pouzita zondlni statistika,

pro priumérné hodnoty a smérodatné odchylky byl na sledovanych plochach pouzit rastr

29



Ceska zem&délské univerzita v Praze, Fakulta lesnicka a dievarska

o velikosti 5 x 5 m. Pomoci DMR byla vyhodnocena: primérma nadmoiska vyska
naploSe a jeji smérodatnd odchylka, primérny sklon terénu a jeho smeérodatna
odchylka, popis heterogenity krajiny pomoci TPI (Topographic Position Index). TPI
pomoci zonalni statistiky porovnava v DMR odlisSnost méfené bunky od kazdé okolni
buiky (Weis 2000) a klasifikuje krajinu ve dvou urovnich: pozice na svahu (napf.
hieben, vrchol, dno apod.) a kategorie krajiny (strmé kanony, méelka udoli, oteviené
svahy apod.) (Jenness 2001). U TPI byla métena jeho primérna hodnota s rozliSenim 5
x5 ma 10 x 10 m a jejich sme€rodatnd odchylka (Obr. 6). Déle byly pomoci
Geografického informacéniho systému (GIS) ziskédny informace o vzdalenosti vody od

stitedu plochy (m) a o primérné ro¢ni teploté (°C).
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Obr. 6: Porovnani smérodatnych odchylek (SD) mezi proménnymi: NADM_V, SKLON, TPI

4.4. Statistické zpracovani dat

Piivodni datovy soubor obsahoval hodnoty 82 proménnych pro kazdy z 1045
zkoumanych stromti. Z divodu silné korelace mezi nékterymi z téchto veli¢in byla do
modelu pro miru prosychani jasanu zahrnuta jen jejich ¢ast.

Rozdéleni vyzkumnych ploch do jednotlivych typl porostu do znacné miry
korespondovalo s ostatnimi  méfenymi charakteristikami porostu a prostiedi
sledovanych ploch. Tato skutecnost byla ovéfena pomoci linearni diskriminacni analyzy
(Rencher 2002). Jako diskriminujici proménné byly pouzity relativni pokryvnost
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stromového patra, podil jasanu, vzdalenost k nejblizsimu toku, nadmorska vyska, sklon
terénu, variabilita sklonu, variabilita vertikalni heterogenity, TPI5, variabilita TPI5 a
priumeérna teplota na pokusné plose.

Vramci predbéznych praci byly déale zjiStény zavislosti mezi nezéavisle
proménnymi veli€inami. V pfipad€ kvantitativnich veli¢in byla vypoctena jejich
korelaéni matice, pro veli¢iny kategoridlni byly provedeny testy nezavislosti
v kontingen¢ni tabulce (And¢€l 1998). Z kazdé skupiny silné zavislych veli€in byla poté
na zéklad¢ logické rozvahy vybrana vzdy jen jedna veli¢ina do dalSiho zpracovani.
V ptipadech, kdy jedna charakteristika byla popsana n¢kolika veli¢inami, méfenymi
riznymi zpusoby (napiiklad sklon terénu byl zjistovan dvéma zplsoby: pomoci GIS
a pfimym métfenim na pokusné plose), byla do modelu vybrana vzdy jen jedna z téchto
veli¢in, podle jeji tuspéSnosti pii odhadech parametrii modelu (1) (podrobnéji
v nésledujici sekei).

Hlavnim cilem ptfedkladané prace bylo zjistit, jaky je vztah mezi mirou napadeni
jasanil patogenem H. fraxineus a veliCinami charakterizujicimi porostni a geografické
podminky na pokusnych plochach. Pro vysvétleni miry napadeni jednotlivych jasana
patogenem byl uvazovan obecny linearni model

Vi =Z/Bjxij+gi’ (1)
j=l1

kde y, je procentualni podil proschnuti koruny i-t€ho stromu, x; je hodnota j-té
nezdvisle proménné veli¢iny u i-t¢ho stromu, A, jsou pfislusné koeficienty linearniho

modelu a ¢, jsou rezidua. Do modelu bylo zahrnuto 30 nezéavisle proménnych (viz Tab.

1).

Parametry modelu (1) byly odhadnuty pomoci funkce 1m statistického software
R (R Core Team, 2015). Vybér statisticky vyznamnych proménnych linedrniho modelu
byl proveden metodou krokové regrese, pii¢emz jako optimalizani kritérium byla
zvolena maximalizace hodnoty Akaikeho informac¢niho kritéria (2)

A=n(1+1og27s? )+ 2(r +1), )
kde 7 je podet méfeni, s° je rezidualni rozptyl a r je podet parametrii modelu.

Z ptredpokladl platnosti statistické analyzy modelu byly ovéfeny: normalita
rezidui pomoci chi-kvadrat testu dobré shody a nekorelovanost rezidui pomoci Durbin —
Watsonova testu.
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Tab. 1: Seznam nezavisle proménnych obecného linearniho modelu.

Kategorialni veliiny

Kvantitativni veli¢iny

zastin vertikalni
Armillaria spp.
Eriophyes fraxinivorus

vyska stromu
nasazeni koruny
vzdalenost od vody

Charakteristika Nectri'a spp- vzdalenost k silnici
. Hylesinus fraxini plocha koruny
hostitele C ,
mechanické poSkozeni
kefové patro
travni porost
travnik
Armillaria spp. na plose plocha korun jasanu
orientace terénu pokryvnost stromového patra
hydricka rfada podil jasanti na plose
vzdalenost k nejbliz§imu
hostiteli
mira proschnuti nejbliz§iho
hostitele
nadmoiska vyska
Charakteristika SD priimérné nadmotské
prostiedi vysky

sklon terénu

SD sklon terénu

SD TPI 5

prumérna teplota

pocet dni s vlhkosti vzduchu
> 95 % (06—11hod)

pramérna denni vlhkost
vzduchu
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5. Vysledky

Zéakladem vysledkt piedkladané disertaéni prace je 5 ¢lankd. Clanky jsou uvedeny
v jednotlivych kapitoldch Vysledky a zabyvaji se zakladnim vyzkumem patogenu.
Ptevazné jde o dil¢i vysledky vyzkumu zabyvajiciho se vytipovanymi faktory prostredi
a hostitele, jedna publikace se zabyva srovnanim ceskych a evropskych populaci
patogenu, jejichz rozdil je zpisoben pravé faktory prostiedi.

Publikovany byly tfi ¢lanky: 1x Jrec. (Acta Pruhoniciana, 2012), 1x Jrec. Scopus
(Zpravy lesnického vyzkumu, 2013), 1x Jrec. (Vodni hospodaftstvi, 2014). Jeden ¢lanek
je prijat ktisku v casopise sIF (Forest Pathology, DOI: 10.1111/efp.12185).
V predkladanych vysledcich je jeden manuskript pfed odeslanim do casopisu s IF
(Forest Ecology & Management), ktery shrnuje vysledky celého vyzkum faktort
ovlivitujicich vyskyt a vyznam nekrézy jasanu zptsobené H. fraxineus na modelovém

uzemi Luzickych hor.
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Abstrakt

Nekréza jasanu zptsobend invaznim patogenem Chalara fraxinea piedstavuje vdzny problém v lesnim hospoddistvi, vodnim
hospoddistvi a v ochrané pfirody a krajiny. V modelovém tzemi CHKO Luzické hory byl proveden vyzkum sledujici rozéiten{
pavodce choroby v riiznych typech porostii se zastoupenim jasanu. Na tzemi CHKO bylo prozkoumdnov roce 2011 v ¢erven-
ci az zat{ 80 ploch rozdélenych do 5 kategorif podle charakteru a ¢etnosti vyskytu jasanu na solitérni vyskyt, roztrouseny vyskyt,
biehovy porost, jasanovd olSina a lesn{ porost. Na vyzkumnych plochdch byl hodnocen objem korun viech jasant a procen-
tudln{ poskozeni korun jednotlivych stroma zptisobené Ch. fraxinea. Bylo zjisténo, e patogen Chalara fraxinea sc vyskytuje
v ©éméf 94 % zkoumanych ploch. Dile byle zji$téno, Ze pramérnd droven poskozeni porosti je 10,30 % (po piepoctu vice
nez 4 100 m*/ha). Poskozeni jednotlivych kategorif porostit se mezi sebou statisticky prikazné lisilo — nejméné byly napadeny
solitérn{ jasany a lesni porosty a naopak nejvice porosty biehové a jasanové olsiny.

Klic¢ova slova: Chalara fraxinea, Hymenoscyphus pseudoalbidus, Fraxinus excelsion, jasan ztepily, nekréza jasanu

Abstract

Ash dieback caused by invasive pathogen Chalara fraxinea poses an important risk in forestry, water management and nature
conservation and landscape protection. The investigation of distribution and impact of the discase in different types of
vegetation was performed in Luzické hory protected landscape area. There were investigated 80 sites divided in 5 categories in
July and September 2011, according to the type of vegetation and frequency of ash as follows: isolated trees in open landscape,
scattered planting (and alleys), riparian stands, ash-alder alluvial forests and forest stands. It was found out thart the patogen
Chalara fraxinea occurred in 94 % of surveyed areas. It was revealed that the average damage of stands was 10,30 % (the
damage of crowns exceeded 4,100 m*/ha of ash forest after recalculation). The disease distribution was statistically different in
the investigated stands: the isolated trees in open landscape and forest stands were less damaged compared to the most damaged
riparian stands and ash-alder alluvial forests.

Key words: Chalara fraxinea, Hymenoscyphus pseudoalbidus, Fraxinus excelsior, common ash, ash dieback

UvVOD

Chalara fraxinea — ptidina nekrézy jasanu

noscyphus psendoalbidus V. Qucloz, C. R, Griinig, R. Berndt,
T. Kowalski, T. N. Sicber & O. Holdenrieder, 2010, ktery je
morfologicky éméf totoiny s vy$e zminénym Hymenoscyphis

V poslednim desetilet! bylo v severovychodn{ Evropé (Pobal-
ti, Polsko, Skandindvie) pozorovdno nebezpeéné hromadné
odumirdni jasant, jehoz piivodce byl poprvé identifikovin
v r. 2001 (Kowalski, 2001) a védecky popsin pod jménem
Chalara fraxinea Kowalski v r. 2006 (Kowalski, 2006). Béhem
studie vyvojového cyklu patogenu bylo zjisténo, ze Ch. fraxi-
nea mize jako nepohlavni stadium patfit k b&Znému helocidl-
nimu askomycetu Hymenoscyphus albidus (Roberge ex Desm.)
W. Philips. Tento mikromycet je ptivodnim evropskym dru-
hem, jenZ se bézné vyskytuje na opadu jasanu a jeho odumie-
lych vyhonech (Kowalski, Holdenrieder, 2009b). Nésledujict
molekuldrni studie analyzujici vét$f mnozstvi materidlu sebra-
né¢ho z opadu a izolovaného z nekréz oviem ukdzala, Ze Cha-
lara fraxinea ndlezi k novému kryptickému druhu — Hyme-

albidus a vyraznéji se lis{ jen nékterymi molekuldrnimi cha-
rakteristikami (mj. sekvenci ITS regiont rDNA) a virulenc{
viadi jasanu (Queloz et al,, 2010). Studie rovn&: potvrdila,
Ze se tento patogen v Evropé vyskytuje uz nejméné 30 let —
z herbdtovych polozek byl vyskyt H. pseudoalbidus v Evropé
(Svycarsko) dolozen ze 70. let minulého stoleti. Patogen tehdy
ale pravdépodobné nezptisoboval véwf skody, a proto byl az
dosud pichlizen (Queloz et al., 2010). Dal$im diivodem, pro¢
nebyl patogen doneddvna zkoumdn, miize byt skuteénost, Ze
jasan nenf jako dfevina pfili§ cenén, obvykle neni urcen k hos-
poddfskému péstovdni, pouzivd se jako meliora¢ni drevina
a vet§f roli hraje spiSe v ochrannych a v bichovych porostech.

Patogen se rychle rozsifil do dal$ich édsti Evropy, v soudas-
né dobé se vyskytuje v ndsledujicich stdtech: Rakousko, CR,
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Finsko, Francie, Némecko, Madarsko, Irilie, Litva, Nizoze-
mi, Norsko, Polsko, Slovinsko, Svédsko, Dénsko, Estonsko,
Lotyisko, Svycarsko (EPPO 2007, 2008a, b, 2010; Kirisits
et al., 2009, 2010; Kowalski, Holdenrieder, 2009a; Ogris et
al., 2009, 2010; Schumacher et al., 2010; Thomsen et al.,
2007 aj.). Zjistilo se, ze vina epidemie se pohybuje Evropou
od vychodu na zdpad, coz je spolu s faktem, ze Fraxinus ornus
(jakozto vice ptibuzny asijskym druhiim jasant) je odolnéjst
vudi C. fraxinea, divodem hypotézy, Ze patogen byl do Ev-
ropy zavleten z Asie (Queloz et al., 2010). Z celoevropského
hlediska je situace nejhorsi pravdépodobné v Polsku a Pobal-
tf, kde se choroba vyskytuje ve vési intenzité delf dobu nez
u nds a kde dochdzi k poskozeni velkych ploch vysadeb jasanu
(napt. Zachara et al., 2007).

V CR byl patogen poprvé potvrzen r. 2007 (Arborerum Kiri-
ny) a poté byl izolovin na nekolika dalSich lokalitdch na jizni
Moravé a Vysociné (Jankovsky, Holdenrieder, 2009). Dali{
roz$ifeni patogenu bylo izoladné potvrzeno v severovychod-
nich Cechdch na cca deseti lokalitich na Semilsku, Trumov-
sku, Ndchodsku (Havrdovd, unpubl.). Rozifeni
jasanu je oviem vyrazné $ir§i — symptomy jsou popisoviny
v Praze, Beskydech, Jesenikich, Krkonosich, vychodnich
a sttednich Cechéch a jinde (Jankovsky, Holdenrieder, 2009).
Patogen se velmi pravdépodobné viceméné roztrousené vy-
skytuje na vé$iné dzemi stdtu a jeho vyznam postupné na-
riistd. V CR je v soutasné dobé vyskyt patogenu zndm z obou

tzv. nekrézy

druhi pivodnich jasant Fraxinus excelsior a F angustifolia
(Jankovsky, Holdenrieder, 2009).

Pritbéh choroby a jeji vyznam

Chalara fraxinea primdrné napadd listy (zejména fapiky)
a zplisobuje nekrézy listd a jejich pfedéasny opad (Bakys et
al., 2009). V letnich mésicich velmi pravdépodobné patogen
invaduje hostitele v mist¢ liscovych stop, pupend, poranén{
a po sitf a ddle pronikd do vnitfnich pletiv vyhont a vétvi
hostitele, Na napadenych vyhonech a véwvich patogen zpu-
sobuje ¢ernavé léze, keeré se rychle prodluzuji obéma sméry,
piicemz &isti pletiv jiz mohou nad nekrézou usychat. Béhem
léta mize hostitel oddélit napadenou ¢st pletiv kalusem. Je
pravdépodobné, 7e mycelium patogenu piezivd zimu v pleti-
vech hostitele — patogen byl z napadenych vyhoni dspéiné
izolovan v lednu (Havrdov4, unpubl.). V nasledujicim vege-
taénim obdob{ se pak patogen miize ddle pletivy Sific a rozsah
napadeni se miZe zvySovat. Dile bylo zjiténo, Ze patogen
pfezimuje ve form¢ mycelia v fapicich napadenych a opad-
Iych listt, na krerych se vytvdfeji na jafe a v 1été plodnicky
pohlavniho stadia (apothecia) produkujici mnozstvi askospor,
které se §iif vzduchem a opétovné invaduji hostitele (Timmer-
mann et al., 2011). Snadné a rychlé ifeni soucasné epidemie
v Evropé podporuje domnénku, #e se patogen §ii vzduchem
(Kowalski, Holdenrieder, 2009h),

Patogenem jsou napaddny stromy vsech vékovych kategorii
na riiznych typech stanovist — od pfirozenych lestt po komeré-
nf lesni vysadby a vysadby okrasné (Kirisits, Halmschlager,
2008; Kowalski, Eukomska, 2005). Sazenice a mladé vysadby
jasand jsou nekrézou jasanu poskozovdny rychleji a ve vét-
$im rozsahu (mladé stromky mohou v disledku napadenf
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odumiit i béhem jedné vegeraini sezény) nez vysadby plné
vzrostlé. U vzrostlych jedinci se choroba projevuje v prvni
fézi mirnym fdnutim koruny (lokdlni defoliaci) a odumird-
nim vyhond (zpravidla pfirtstku posledniho roku). Hostitel
na poskozeni patogenu reaguje tvorbou proventivnich vyho-
nt, keeré vytvdfi pod odumiclymi ¢dstmi vérvi a postupné
vznikd typické shlukovité olisténi. Pozdéji dochdz{ k intenziv-
nimu $ifen{ patogenu v koruné hostitele, vedoucimu k ma-
sivnimu odumirdn{ vyhont, drobnych a pozdéji i kosternich
vérvi a k rozsahlému poskozeni. U znacéné poskozenych stro-
mii dosahuje proschnutf az 80-90% objemu koruny. Takto
potkozené stromy samozfejmé neplni vétiinu svych funkci
a strom nakonec odumird (Cerny, 2011; Jankovsky, Holde-
nrieder, 2009; Kowalski, Holdenrieder, 2009b).

Potencidlni vyznam invaze v ochrané p¥irody a krajiny

Nebezpecnost patogenu a jeho rychlé Sifeni znepokojuje fy-
topatology a lesniky ve velké &dsti Evropy. Obecné je pohled
na dal¥f vyvoj velmi skepticky a nekeeff autofi pfipoudteji
i moznost kolapsu celych populaci jasanu (napt. McKinney et
al., 2010). Vzhledem k rychlému $ifeni patogenu vzduchem
na zna¢né vzddlenosti je nepravdépodebné, e by postupu epi-
demie Evropou mohla zabrdnit fytosanitdrn{ opatieni (Que-
loz ct al., 2010). Dosud zndmd ncjsou ani ochrannd opatfeni
a o jejich d¢innosti mnozi autofi pochybuji mj. vzhledem
k efektivnimu $ffeni patogenu vzduchem (napf. Jankovsky et
al.,, 2009; Queloz et al., 2010).

Z vy$e zminéného jednoznacné vyplyvd fakt, Ze Sifeni patoge-
nu a poskozeni porostit bude velmi obtizné nejakym zptso-
bem regulovat. Z hlediska dlouhodobého hospodateni v kra-
jiné je ovSem dulezité mit alespon zdkladni znalosti o pri-
behu invaze, invazibilit¢ riznych typt porosti a o faktorech
prostedi, které mohou k vy$$imu riziku poskozeni pfispivat.
Vzhledem k Siroké ekologické valenci jasanu a jeho sirokému
pouziti lze olekdvat, ze invaze Ch. fraxinea pravdépodobné
muze zplsobit problémy v celé fadé riznych typil porostl
a vysadeb.

Oéckdvat samozicjmé lze véisi problémy ve vysadbach s vys-
$im zastoupenim a vyznamem jasanu, a to na vlh¢ich stanovi-
Stich v jasanovo-olsovych luzich a v tvrdych luzich nizinnych
ick, obeené také v bichovych porostech zejména stfednich
poloh na drobn¢jsich tocich s nezpevnénymi bichy. Vyznam-
nym problémem bude obnova biehovych porostit s domi-
naneni ol$f, které jsou napadeny Phytophthora alni a kde jako
odpovidajici ndhrada odumielych ol3f ¢asto pfichdzel v Gvahu
jasan, nyni ale jeho vyraznéj$i pouZiti bude nutno v dasledku
invaze Ch. fraxinea revidovat (Cerny, 2011). Ddle Ize predpo-
klddat problémy v sutovych lesich a v ochrannych porostech
na svazich. Vyznam epidemie zptsobené Ch. fraxinea je uz
ted lokdlné velmi vyrazny i ve vysadbdch ve volné krajiné, kde
je jasan Casto vyznamnou slozkou prvki USES, a to nejen
v biehovych porostech, ale i stromofadich, remizech a dalsi
roztroudené vysadbé. Mimo jiné lze ptedpoklddat znatny vy-
znam pivodce choroby zejména v mozaikovité, ¢clenité kul-
turni krajiné stfednich poloh s vfznamnym podilem jasanu,
jako je napf. Vernefické stfedohofi nebo Ruzovskd vrchovina
¢i Kytlickd hornatina. Poskozeni jasani lze ale ekat ve viech
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typech spoleenstev a vysadeb, kde se jasan vyskytuje, a to ze-
jména vzhledem ke snadnému $ifeni patogenu (Cerny, 2011).

Tento ¢ldnek si klade za cil identifikovat rozdily v intenzité
napadeni riznych typl porostl v krajing, ve keerych se jasan
vyskytuje.

MATERIAL A METODIKA

Cilem price bylo potvrdit vliv a vyznam nékterych fakto-
i prostiedi Gicastnicich sc na distribuci a rozsahu napaden{
hostitele ptivodcem choroby — Chalara fraxinea. Price by tak
méla napomoci k feleni slozité problematiky nekrézy jasant
a pripadné pfispét k vytvofeni managementu vysadby jasanil,
a tm k zachovdni biodiverzity. Sledované faktory prostiedi
a znaky na hostitelskych dfevindch byly ziskdvdny a jsou zpra-
covany v souladu s International Co-operative Programme
on Assessement and Monitoring of Air Pollution Effects on

T e (Tl 1 anTa
rorest (oicnnorn €t al., Zuluvj,

ktery sjednocuje metody sbé-
ru dat pouzitelnych nejen pro hodnoceni dopadu polutantii
na lesn{ dfeviny, ale i dalsich fakcora.

Modelové iizemi, vybér vyzkumnych ploch

Pro priizkum bylo vybrdno modelové tizemi CHKO Luzické
hory, kter¢ plné splije pozadavky pro sbér dat. Populace pa-
togenu je zde relativné ustdlend (velmi hrub¢ lze odhadnout,
ze terénni sledovdni probéhlo piiblizné 5 let po invazi C. fra-
xined) a rozéifend po celém tzemi. Jsou zde zastoupeny nej-
rizndjii typy porostll jasanu ve zna¢ném vyskovém gradientu
na relativné malém tzemi. Mimo jiné je tzemi CHKO geo-
morfologicky i vegetaéné znaéné heterogenni. Uzemi CHKO
Luzické hory je lokalizovino mezi 50° 46°-30° 55 5. 8. a 14°
25°-14° 52" v. d., rozkldd4 sc na plosc 264 km® v nadmoi-
skych vyskdch mezi 312-793 m.

V rtiznych &stech tzemi CHKO byly vybrdny éeyti uzsi ob-
lasti o plose cca 20 km? respekrujici geomorfologickou a ve-
getacni variabilitu Gzemi CHKO a zohlednujici vyskyt jasa-
nu. Kazdd oblast pak byla rozdélena na 20 étvercti 1 x 1km.
V kazdém &everci byla vybrina pouze jedna vyzkumn4 plocha
— kruh o poloméru 50 m. Vybér ploch byl provddén tak, aby
byla vzddlenost mezi sousednimi plochami co nejvéts{ — mi-
nimdlni vzddlenost byla 500m, a to pouze v nckolika vyji-
mecnych piipadech. Standardni vzddlenost mezi sousednimi
plochami lze odhadnout na cca 700-800 m. Geomorfologie
plochy byla homogenni a jasné definovand, stejné tak jako
typ (kategorie) porostu. Pii vybéru ploch bylo respektovino
pravidlo, aby v kazdé¢ oblasti byly rovnomérné zastoupeny
viechny definované kategorie porostil, a to pokud mozno
rovnomérné na vyskovém gradientu. Pokud ve Ctverci nebyl
nalezen zddny jasan, nebo porost neodpovidal pifslusnym
parametrim (napi. nedostate¢nd pokryvnost, vyznamny an-
tropogenni zdsah do porostu atp.) byl vybrdn jiny, piilehly
Eeveree, dokud nebyla splnéna metodika. Zdroven bylo pokud
moZno respektovino pravidlo, aby ve dvou sousednich ¢ever-
cich nebyl hodnocen porost stejné kategorie. Celkem bylo
vybrdno 80 vyzkumnych ploch, piicem? stfed kazdé z nich

byl zaznamendn pomoci GPS (Garmin GPSMAP 62s) v sou-
fadnicovém systému WGS-84 (tab. 1 na str. 122).

Sbér dat
Terénn{ prizkum probéhl béhem 10.7.a 10. 9. 2011, terénni

price byly ukonceny jesté pied vyraznéjsim predcasnym opa-
dem listh zptisobenym Ch. fraxinea, ktery by mohl ovlivnic vy-
sledky. Na kazd¢ plose bylo sledovdno celkem 15 proménnych:
objem nekrézy jasanu (zdvisld proménnd), 6 nezdvislych pro-
ménnych popisujicich vyskyt a charakter hostitele a 8 nezdvis-
lych proménnych popisujicich charakter prostfedi. Mezi nezd-
vislé proménné byly zafazeny: lokalizace nekrézy jasanu, vzriist
stromu, objem koruny, zdstin koruny, zdravotni stav, pokryv-
nost jasanu na plose, okolni napadeni hostitelé, typ porostu,
zdpoj porostu, popis vegetace a okolniho prostiedi, nadmoiskd
vyska, expozice terénu, sklon terénu a gecomorfologie, Pro tcel
wohoto piispévku budou blize popsiny pouze vyhodnocované
znaky — t. typ porostu, objem korun a nckréza jasanu.

Kategorie porosti

Vzhledem k ekologii a historickému pouZfvdn{ jasanu na Gzemi
CHEKO se tato dfevina vyskytuje v nejriiznéjsich typech porostii
od piirozenych jasanovych oliin, luznich a sutovych lesti, pies
vice & méné umelé & samovolné z ndletd vzniklé remizy a stro-
mofadi ve volné krajiné a% po méstské vysadby. Siie viskytu ja-
sanu v riznych typech vegetace byla charakterizovdna pomoci
péti kategorif, z nichZ kazdd respekeuje urcicy typ: solitérni vy-
skyt v oteviené krajiné, roztrousend vysadba (stromofadi) ve vol-
né krajing, bichové porosty, jasano-olsové luhy a lesni porosty.
Porosty byly vybiriny tak, aby bylo moiné je cclé jednoznacné
pfifadit do konkrétni kategorie a aby byla pokud moZno pokryta
variabilita uvnitf jednotlivych kategorif co se tyce redlného rozsa-
hu zastoupeni jasanu na daném typu stanovist.

Solitérni vyskyt. Jednd se o solitérn{ jedince ve venkovské kra-
jing, kde pokryvnost jasanu na plose ¢ini cca 1-10%; pokryv-
nost stromového patra na plose max. 10%; stromové patro
chybi min. 30 m od kraje koruny méfené¢ho jedince.

Roztrousend vysadba. Jednd sc o skupiny a linic ve volné ven-
kovské krajiné (remizy, linie, okraje porostd, stromotadi), kde
pokryvnost jasanu na plose ¢inf cca 3-20%; celkova pokryv-
nost stromového patra na plose je 10-20%.

Biehovy porost. Jednd se o souvislé liniové bichové porosty
(zhruba do 12m celkové $itky) ve volné krajing, &i v intravi-
linu obce, kde pokryvnost jasanu na plose ¢ini cca 5-30 %;
celkovd pokryvnost stromového patra na plose je 15-40 %.

Lesni porost. Jednid se o roztrouseny vyskyt aZ souvisly vyskyt
v lesnich porostech (cesty, okraje porostt, drobné kotiky)
a v ochrannych porostech, kde pokryvnost jasanu na plo-

Se &ini cca 2-100%; celkovd pokryvnost stromového patra

na plose je 80-100 %.

Jasanovd olSina. Jednd se o plvodni & sekunddrni jasano-ol-
Sovy luh & ddolnf jasanovou olsinu, kde pokryvnost jasanu
na plofe ¢inf cca 10-50% a celkovd pokryvnost stromového
patra na ploge je 80-100 %.
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Tab. 1 Piehled v{zkumnych ploch

Plocha &. Lokalizace Soufadnice Nadmoiskd vyska
(m n. m.)
1 Kunratice u Cvikova N 50°46.841", E 14°40.709" 352
2 Mafenicky, studdnka N 50°47.460°, E 14°40.342" 370
3 Matenicky, Tridom{ N 50°47.263°, E 14°40.783" 371
4 Mafenicky, Svitivka N 50°47.893", E 14°40.315" 348
5 Matenic¢ky, hibitov N 50°47.766°, E 14°40.716" 420
6 Mafenice, ZD N 50°48.344", E 14°40.895" 396
7 Marenice, Svitivka N 50°48.664", E 14°40.345" 407
8 Drnovec, Zeleny vrch N 50°46.805, E 14°39.392" 468
9 Cvikov, lé¢ebna N 50°47.265", E 14°38.746" 420
10 Travnik N 50°47.944°, E 14°39.051" 400
11 Nadgje N 50°48.613", E 14°39.093" 418
12 Nadéje, Hamr N 50°48.944", E 14°39.351" 433
13 Mafenice, Sovi vrch N 50°48.837°, E 14°40.402" 406
14 Mafenice, sev. Svitdvka N 50°48.881", E 14°40.327" 404
15 Luz N 50°50.365", E 14°39.044" 602
16 Juliova N 50°49.797°, E 14°39.867" 492
17 Doln{ Svédd N 50°49.899’, E 14°39.738" 497
18 Dolni Svétld, PR Brazilka N 50°50.433", E 14°39.870" 489
19 Krompach, Krompassky potok N 50°49.438", E 14°40.653" 444
20 Cvikov, Bozi muka N 50°47.375', E 14°38.676" 478
21 Liska, Cernd hora N 50°50.3417, E 14°28.023" 525
22 Liska, jz. Studenec N 50°49.628’, E 14°26.673" 479
23 Liska, Studenec N 50°49.9377, E 14°27.279" 735
24 Liska, Sedlo pod Studencem N 50°49.9127, E 14°28.061" 631
25 Liska, Zlaty vrch N 50°49.519°, E 14°27.950" 568
206 Liska, Lipnicky vrch N 50°49.492°, E 14°26,491" 486
27 Liska, hiigté N 50°49.432°, E 14°27.223" 496
28 Ceski Kamenice, Chiibskd Kamenice N 50°48.0107, E 14°25.804" 301
29 Horni Kamenice, Chribskda Kamenice N 50°48.150°, E 14°26.434" 317
30 Liska, jih obce N 50°48.997", E 14°26.939" 438
31 Dolni Prysk, Stiedni vrch N 50°48.504°, E 14°28.124" 424
32 Hornf Kamenice, Lisecky potok N 50°48.567", E 14°26.484" 365
33 Kfizovy Buk, Javor N 50°49.564", E 14°29.664" 555
34 Kytlice, Mlyny N 50°48.608", £ 14°30.129" 393
35 Kytlice, PR Kytlice N 50°48.1227, E 14°32.443" 513
36 Kytlice, kostel N 50°48.710°, E 14°32.189" 473
37 Horn{ Kamenice, Bridliény vrch N 50°48.192°, E 14°27.026° 344
38 Kytlice, Lomy N 50°48.840", E 14°30.592" 419
39 Kytlice, Falknov N 50°48.505°, E 14°31.763" 491
40 Kytlice, obec N 50°49.005", E 14°31.662" 474
41 Doubice, PR Spravedlnost N 50°52.674", E 14°27.885" 419
42 Nova Doubice N 50°53.0207, E 14°28.225" 454
43 Doubice, jih obce N 50°53.177°, E 14°27.327" 388
44 Deoubice, hdjenka N 50°53.6597, E 14°27.340" 413
45 Doubice, Doubicky potok N 50°53.548", E 14°27.848" 426
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Plocha ¢ Lokalizace Souradnice Nadmoiskd vyska
(m n. m.)
46 Doubice, PR Vipenka N 50°53.770", E 14°28.757" 494
47 Chfibska, Lisei Bélidlo N 50°52.587°, E 14°28.744" 394
48 Chfibskd, PR Louka u Brodskych N 50°52.102", E 14°28.539" 333
49 Chtibslkd, ZD N 50°51.675", E 14°28.397" 349
50 Doln{ Chribskd, Vyslunni N 50°52.179", E 14°27.157" 353
51 Chtibsld, Patez N 50°52.275", E 14°27.948" 338
52 Dolnf Chiibskd, akvaduke N 50°51.644", E 14°26.798" 305
53 Chfibskd, obec N 50°51.730", E 14°28.807" 343
54 Kyjow, ZD N 50°54.518", E 14°28.165° 417
55 Hely, kizek N 50°54.616", E 14°28.589" 442
56 Hely N 50°54.806°, E 14°28.518" 408
57 Kyjov, Kiinicky potok N 50°54.973", E 14°28.359" 384
58 Doubice, kapliclka N 50°52.9917, E 14°27.628" 405
59 Krdsnd Lipa, park N 50°54.384", E 14°29.988" 447
60 Novd Chiibskd N 50°52.244", E 14°29.675" 406
61 Hefmanice v Podjestédi, Jezevet vrch N 50°47.461', E 14°42.279" 655
62 Hefmanice v Podjestédi, jih obce N 50°47.068", E 14°44.302" 361
63 Hefmanice v Podjestédi, Na Sestce N 50°48.864°, E 14°44.387" 470
64 Petrovice, Sokol N 50°48.459", E 14°44.974" 593
65 Petrovice, Vipenka N 50°49.454", E 14°45.352" 437
66 Petrovice, ZD N 50°48.344", E 14°45.500" 405
67 Petrovice, pramen N 50°48.692", E 14°46.527" 387
68 Petrovice, hdjenka N 50°48.838", E 14°45.998" 381
69 Petrovice, Knézicly potok N 50°48.107", E 14°45.996" 353
70 Petrovické domky N 50°47.915", E 14°44.811° 375
71 Knézice N 50°47.639’, E 14°46.168" 346
72 Knézicky, Knézicky potok N 50°46.929’, E 14°46.327" 313
73 Kunratické domky N 50°46.697", E 14°43.244" 365
74 Lada v Podjescedi N 50°46.708", E 14°44.769" 330
75 Kunratické domky, Dubina N 50°47.033", E 14°42.876" 393
76 Hefmanice v Podjestédi, Kamenny vrch N 50°48.153", E 14°43.433" 421
77 Lada v Podjestédi, rybnik N 50°46.508’, E 14°44.883" 312
78 Lada v Podjestédi, Hefmanicky potok N 50°46.878", E 14°44.485" 326
79 Hefmanice v Podjestédi, kostel N 50°47.588", E 14°43.840" 355
80 Krompach, Hvozd N 50°49.572", E 14°44.215" 607
Objem korun li jedinci nejriizngjsiho vzriistu a tvaru véetné zmlazend, byl

Objem koruny je proménnd popisujici mnozstvi kolonizova-
telného substritu (za Zjednoduseného piedpokladu homogen-
niho zavétveni a olisténi viech jedincd) a je pro vyhodnoceni
skuteéného rozsahu poskozeni velmi vyznamnou veli¢inou. Je
zdrovefl zfejmé, e velmi proménlivou realitu porosti nelze
pln¢ postihnout, proto bylo nutno akeeptovat jistd zjednodu-
Senf, keeré ovSem pii pouziti standardizovanych postupt maji
proporciondlné stejny dopad u viech zkoumanych porosta.

Vzhledem k tomu, ze se v jednotlivych porostech vyskytova-

objem korun jednotlivych stromu na viech plochich pocitin
zvldst. Protoze se tvar korun jasanu rizni, byl i tento faktor za-
hrnut pii vypoctech. V dokonalém zdpoji vytviii jasan piimy
kmen a $tihlou, pomérné iidkou vejcovitou korunu (Wardle,
1961}, v iidkém zdpoji jasan korunu vice rozklddd a ve vicho-
lu ¢asto vidli¢nati (Vyskot, 1978) a jeji tvar tudfz maze byt
kulovity, vejeovity az zaobleny. Zjednodusenym zpisobem
byl méfen objem jasanového zmlazeni, keeré bylo potieba
do vypoctu rovnéz zahrnout.

Pro vypocet objemu koruny (V) byla méfena vyska koruny
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(v} a pramér koruny ve dvou kolmych smérech (d,, d,). Vy3-
ka koruny (v) byla méfena vyikomérem Nikon Forestry 550
v metrech od prvniho véwveni k nejvys§imu bodu koruny.
Sitka koruny byla méfena ve dvou na sebe kolmych smérech
(dl, dz), méfeno krokovdnim s piesnosti na 0,5 m. U vejcovité
koruny (clipsoidu) je vyska koruny veétsi nez jeji primér (v >
(d,,d,))/2), u kulovité koruny se vyska koruny rovnd primé-
ru (v = (d, d,)/2), u polokulovitych tvart je vyska mensi nez
pramér (v < (d, d,)/2). Proto byly pro vypocty objemi korun
riznych tvardl pouzity ndsledujici vzorce: pro vypocet objemu
vejcovité a kulovité koruny byl pouzit vzorec V = 4/3nvd d,
a pro vypocet objemu zaoblené koruny V = 2/3nvd d,. V pii-
padé homogenniho porostu jasanového zmlazeni bylo na pro-
stor souvisejicich korun sousednich jedincit nahlizeno pro
zjednoduseni jako na kvadr, V tomto ptipadé byly mekeny
$iika a délka porostu krokovdnim nebo ddlkomérem Nikon
Forestry 550 a jeho priimérnd vyska (eventudlné primérnd
vyska korun). Vypodet objemu korun homogenniho porostu
pak probehl podle vzorce V = vd,d,.

Objem korun jednotlivych jedincii (véetné zmlazeni) byl pak
na celé plose secten.

Nekréza jasanu

Na sledovanych stromech a porostech byl opricky ovéfen vy-
skyt typickych symptomil nckrézy jasanu (ptipadné za po-
uziti dalekohledu). Dile bylo zjiSténo procento prosychan{
koruny zpiisobené Ch. fraxinea vyjidiené podilem suchych
a odlisténych &istl koruny ve srovndni se zdravym scromem.
Pro hodnoceni nekrézy koruny jasant byla pouZita metoda
Lfoliage transparency” dle ICP Forest 2010 (Eichhorn et al.,
2010), keerd ur¢uje mnozstvi svétla prostupujici korunou
v procentech, oproti mnozstvi svétla prostupujictho kerunou
plné& olisténou. Jako kalibrace bylo pro vizudln{ hodnocenf
prosychén{ koruny pouzito price Smitley (2008). Prosychd-
nf >10% bylo hodnoceno v desitkdch procent a prosychdnf{
<10 % bylo podrobnéji rozdéleno do hodnot 5 a 2 %. Viech-
ny plochy byly vyhodnocoviny jednim vyzkumnikem (prvn{
autor), aby byla vylou¢ena chyba rozdilného subjektivniho
hodnoceni podilu poskozeni.

Na prosychdni jasanu meély vliv i dalsi fakrory, které byly pii
hodnoceni rozsahu nekrézy jasanu identifikoviny, ale do od-
hadu hodnoty tohoto znaku nebyly v souladu s ICP Forest
2010 (Eichhorn et al., 2010) zahrnovdny. Jednd se o takovd
mista, kde bylo postrdddno oc¢ekdvané olisténf z jiného davo-
du nez infekce Ch. fraxinea (srv. Tallent-Halsell, 1994). Mezi
takové faktory patiily napt. ndsledujici: prosychdni koruny
zplsobené piirozenym zptisobem (z4poj, zastinéni, stdif, me-
chanické poskozen! — zlomené, odiené, suché, ¢i zcela chybe-
jici vétve, atp.), odlisténi zplisobené sezénnim zirem, ¢dstend
redukce olisténi v souvislosti s enormni plodnosti nékrerych
jedinci, poskozen{ jinymi patogeny a skiidei — identifikovd-
ny napt. Leperisinus fraxini, Nectvia galligena, Pseudomonas
savastanoi pv. fraxini. (Havrdovd, Cerny, unpubl.), popf. vy-
tloukdn{ v mlazindch. Poskozenf jiného druhu nez Ch. fraxi-
nea byla evidovina v proménné zdravotni stav.
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Statistické vyhodnocen{

Data byla vyhodnocena ve statistickém balfku Statistica 9.0
(Statsoft, Inc. Tulsa, OK). Pfi hodnoceni normality rozlozeni
dat v jednotlivych skupindch dat bylo zjisténo, ze nékreré sku-
piny dat nespliuji toto rozdéleni (Lilieforstiv test, p < 0,05).
Hodnoty proménnych objem nekrotizovanych korun a podil
nekrotizovanych korun byly transformovdny — prvn{ promén-
nd byla zlogaritmovdna, druhd byla transformovdna pomoct
arcsinové transformace (Hendl, 2006). Po transformaci bylo
zjiSténo, 7e jedna skupina dat (kategorie solitérn{ vyskyt) stdle
nespliiuje pozadavky na normalitu (Lilieforstiv test, p < 0,01),
a proto byla data zpracovdna neparametrickym Kruskal-Wa-
llisovym testem.

VYSLEDKY

V prabehu terénntho $etfeni bylo zjisténo, Ze jasan je v CHKO

¥

Luzické hory hojné zastoupen ve viech péti definovanych ka-
tegoriich porostil, Zastoupeni jasanu v jednotlivych kategori-
ich oviem kolisalo — nejnizéi Cetnosti byly zjistény v kategorii
solitérn{ vyskyt a bichovy porost. V prvnim pfipadé to bylo
ovlivnéno faktem, Ze pies ¢etny vyskyt samostatné rostoucich
jedincii nespliiovalo mnoho z nich zdkladn{ definici kategorie
(stromy rostly pfilis blizko u scbe) a spadaly tak podle definice
obvykle do kategoric roztrouseny vyskyt. V piipadé bicho-
vych porostl to bylo zplisobeno tim, Ze sprdvee vodnich toki
v oblasti (Povodi Ohte, s. p.) poslednich nékolik let inten-
zivné kdci napadené bichové porosty s vy$sim vyskytem pa-
togend Ch. fraxinea a Phytophthora alni (Klima, pers. com.)
a z divodu povodni v poslednich letech. Pres tato omezent
se podafilo bez problému naléze potiebné pocty vizkumnych
ploch ve wiech kategoriich s vyjimkou jasanovych olsin, Je-
jich relativné slabsi zastoupenf velmi pravdépodobné souvi-
si s geomorfologif Gzemi (relativné uzkd tdoli), dlouhodobé
hustym osidlenim a vysokym tlakem na zemédélské vyuzivani
rovinatych niv kolem potok?l, v jehoz disledku doslo k tstu-
pu téchto spolecenstev.

Jednotlivé kategorie se vyrazné liSily v pramérném objemu
korun jasant v zdvislosti na pokryvnosti jasanu a vzriistu vy-
sadeb. Nejmen3{ pramérmé objemy korun jasan( byly zjistény
v kategorii solitérni vyskyt (16 840,55 m*), nejvétsi pak v ka-
tegoriich bichovy porost (46 477,70 m”) a jasanovd ol$ina
(36 844,79 m’; tab. 2).

Na zdklad¢ prazkumu 80 ploch pokryvajicich velkou &dst tize-
m{ CHKO LuZické hory bylo zjisténo, 7e je patogen na tzemi
zna¢né rozdifen a choroba, kterou zpisobuje, byla identifi-
kovdna v 75 z 80 zkoumanych ploch (93,75 %). Pét ploch,
na kterych vyskyt choroby zaznamendn nebyl, pattilo do ka-
tegorie solitérni vyskyt.

Pfi hodnoceni proménné celkovy objem nekrozy v porostu
bylo zjisténo, Ze primémé poskozeni porostl jasand  dosahu-
je v CHKO Luzické hory 3 254 m?* (rozsah 0,00-23 157, 28)
na vyzkumnou plochu (¢j. kruh o priiméru 100m = 7 854 m?).
Po piepoctu dosahuje pramérné napaden{ zkoumanych porostt
jasantt v CHKO Luzické hory 4 143,11 m* ha porostu. Primér-
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nd tiroveri poskozen{ porosti je 10,30% (rozsah 0,00-30,58).

Nejmensi objemy poskozeni lze identifikovat v kategoriich so-
licérn{ vyskyt, kde bylo poskozeno v priméru 4 64,87 m*/plo-
cha (rozsah 0-1225,02), co? predstavuje 4,42 % objemu korun
jasant (rozsah 0,00-8,28% s extrémni hodnotou 29,97 %).
Pomérné malo se nckroza jasanu vyskytuje i v lesnich po-
rostech — primérny objem poskozeni ¢inil 1 192,59 (rozsah
121,5-2544,39) m*/plocha co? vztazeno k celkovému obje-
mu predstavuje v priméru 5,50 % (rozsah 0,47-12,60). Nej-
vesi objemy poskozeni se vyskytuji v biehovych porostech, kde je
poskozeno v priméru 6 617,96 (1 265,432 3157,28) m*/plocha,
coz vztazeno k celkovému objemu korun pfedstavuje posko-
zen{ 15,22 % (rozsah 7,42-26,50; Graf 1, 2).

Pii piepoctu na 1 ha plochy lze konstatovat ndsledujici. V kate-
gorii solitérni vyskyt bylo poskozeno v primeéru 591,89 m*/ha,
v kategorii lesni porost 1 518,45 m’/ha a v kategorii roztrou-
Send vysadba 2 985,31 m’/ha. Naproti v kategorii jasanovd
olina bylo poskozeno 6 852,89 m’/ha a v kategorii biehovy

orost dokonce 8 426.23 m3/ha. Uvadéné tidaie mcohou byt

b .
P okonce 8 426,23 m’/ha. Uvédéné vidaje mohou byt
samozfejmé zatizeny subjektivni chybou vzniklou pfi hodno-
ceni procenta prosychdni, nicméné rato chyba je proporcio-
ndlné stejnd u viech kategorii.

Graf 1 Procentudlni poskozeni jasanu patogenem Chalara fraxinea
v raznych kategoriich porostd v CHKO Luzické hory

Nejvétsi relativni poskozen{ v rdmci jednoho porostu bylo zjis-
w€no u jasanové oldiny (porost 56, Hely), kde bylo poskoze-
no 30,58 % objemu korun jasant (v redlu poskozen{ ¢inilo
19 463,27 m?), absolutné nejvy$si hodnoty byly zjistény v bie-
hovém porostu Kfinického potoka (porost 57, Kyjov) a Cinily
23 157,28 m? (primérné poskozeni na plode ¢inilo 22,54 %).

Napadeni porostil vyrazné kolisd mezi jednotlivymi kategori-
emi porostll. Z vysledktl vyplyvd, Ze se poskozeni jednotlivych
kategorii porostli mezi sebou pritkazné lisi — a to jak v pro-
ménné celkovy objem nekrézy v porostu, tak v proménné po-
dil nckrdzy na objemu korun porostu (p < 0,01, tab. 2). Lze
jednozna¢né fici, ze v CHKQ Luzické hory jsou prikazné nej-
méné napadeny solitérn{ jasany a porosty lesni a naopak nejvi-
ce jsou napadeny porosty biehové a jasanové olsiny (p < 0,01).

DISKUZE

Rozéifeni patogenu a jim zpiisobené choroby ve sledovaném
uzemi je pomérné znacné — pramérné poskozenti sledovanych
porostl jasand je 10,30% (maximélni zji$ténd hodnota je
30,58 %). Tato hodnota je relativné znacné vysokd s ohledem

Graf 2 Objem nekrézy jasanu zpiisobené Chalara fraxinea
v riiznych kategoriich porosti v CHKO Luzické hory
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Tab. 2 Objem korun jasanil, objem nekrézy jasanu a jeji procentudlni podil (aritmeticky pramér spocteny pies plochy v kategoriich) ve
sledovanych kategoriich porostii jasanu v CHKO Luzické hory. N: pocet méfeni, SE: stfedni chyba priiméru; vicendsobné porovndni:
hodnoty oznalené stejnym indexem nejsou statisticky pritkazné odligné

Kategorie porostu N Primérny objem korun  Prtimérny objem nekrézy Podil nekrézy
jasant (+SE) jasanu (+SE) jasanu (+SE)
(m?*) (m?) (%)
Solitérni vyskyt 16 16840,55 464,87 (£117,73)a 4,42 (£1,83)a
Roztrouseny vyskyt 18 25070,44 2920,71 (£535,98)b,c 12,41 (£1,76)b,c
Biehovy porost 16 46477,70 6617,96 (£1428,22)c 15,22 (£1,61)c
Jasanov4 olSina 14 36844,79 5382,26 (£1468,35)b,c 14,14 (£2,37)c
Lesni porost 16 28985,44 1192,59 (£203,92)a,b 5,50 (+0,83)a,b
Prameér (CHKO) 80 30837,78 3254,14 (£474,30) 10,30 (x0,90)
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na fake, Ze patogen byl ve studovaném tizemi detekovin po-
prvé v r. 2009 (Cerny, unpubl.) a v CR v . 2007 (Jankovsky,
Holdenrieder, 2009). To sice mohlo byt zpisobeno ¢dsted-
né prehlizenim problému, ale nepochybné to rovnéz souvist
s mnohokrdt zmifovanou rychlosti invaze a s faktem, 7e se Ch.
Jraxinea velmi pravdépodobné $ifi vzduchem (napt. Kowalski,
Holdenrieder, 2009b; Queloz et al., 2010). Patogen byl ve sle-
dovaném tzemi zji$tén ve viech kategoriich vysadeb a téméf
v 94 % zkoumanych ploch, coZ je v souladu napf. s vysledky
Kirisitse a Halmschlagera (2008) a Kowalského a Eukomské
(2005). Tento fake ve spojitosti s ndhlym vzestupem choroby
opét podporuje teorii o $ifeni patogenu vzduchem.

Na druhou stranu se ukdzalo, Zc napadeni jasani v riznych
kategoriich porostd pritkazné kolisd — nejmens{ podil napade-
ni byl zji$tén v kategorii solitérni vyskyr a lesni porost, nejvét-
$f pak v kategorii bichovy porost a jasanovi olsina. To miize
souvisct samozicjme s celou fadou faktort — napk. s celkovym
objemem korun jasan( na ploe, ktery je u nejvice poskoze-
nych kategorii vy$§i (viz tab. 2). Lze piedpoklidat, Ze mezi
objemem korun jasant a &etnosti vyskytu choroby existuje
pozitivni zdvislost. Objem korun odpovidd mnoistvi koloni-
zovatelného substrdtu — jinak raké receptivni plose, na kte-
ré sc mohou zachytit askospory $ffici se vzduchem. Objem
korun rovnéz koresponduje s mnozstvim opadlého substritu,
na kterém patogen pravdépodobné dokoncuje vyvoj. Asko-
spory uvolnéné z apothecii narostlych na opadlych fapicich
slouzi jako primdrni infekéni inokulum, kterym jsou ddle
infikovdny listy a vyhony v korundch (Timmermann et al.,
2011). Pokud by tato skute¢nost byla potvrzena, bylo by moz-
né uvazovat o silné pozitivni zpétné vazbé a rychlém ndrtstu
poskozeni porostu (kdy by byly nejvice postizeny spodni st
korun), protoZe lze predpoklédat, Ze nejvérdi mnoZstvi infeke-
ntho inokula bude zachyceno v kritké vzddlenosti od jeho
zdroje (Malloch, Blackwell, 1992).

Dalsim faktorem, ktery mohl byt pii¢inou vysstho napadeni
jasanovych oldin a bichovych porosti, je fakt, Ze jsou vice
vdzdny na vlhéi prostied!. Délepfetrvdvajici vihkost prostic-
df maze chrdnit spory pfed vyschnutim a stimulovat kli¢en{
(Timmermann et al., 2011), miZe tak dojit rychlejsimu roz-
voji choroby, podobné jako napf. u antraknézy platanu a ji-
nych chorob listd a vyhont (Sinclair et Lyon, 2005). Vyssi
vlhkost prostfedi mizZe rovnez byt ovlivnéna vy$$im zidpojem
stromového patra na plose a v jejim okoll a geomorfologif
terénu. Vys$$i zdpoj vicedruhového porostu (napt. v lesnich
porostech ¢i jasanovych olfindch) maze oviem na druhou
stranu teoreticky sniZit pravdépodobnost uchyceni patogenu
na plose (askospory patogenu maji mensi pravdépodobnost,
7e dopadnou na vhodny substrdt). Vliv na uchyceni patogenu
muze mit napi. také expozice a relativni nadmoiska vyska aj.

Metodika vybéru lokalit byla sice nastavena tak, aby pokud
mozno nedochdzelo k velkému zkresleni v dusledku piisobe-
nf tohoto faktoru, nicméné byla vzdy identifikovdna nejblizsi
ohniska vyskytu choroby v okoli sledovanych ploch, jejich
vzdalenost a smér.

Viechny vy$e zminéné a nekteré daldf faktory byly pii terén-
nfm sbéru dat zohlednény a jejich variabilita byla zazname-
néna. Jejich vyhodnoceni probéhne v ndsledujicich mésicich.
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ZAVER
Na zdkladé prazkumu 80 porostir reprezentujicich celou $kd-
lu vyskytu jasanu na dzemi CHKO Luzické hory bylo zjisté-
no, zc patogen Chalara fraxinea je na dzemi znané rozsifen
a choroba, ktcrou zplsobuje — nekrdza jasanu — sc vyskytuje
v éméf 94 % zkoumanych ploch. Dile bylo zjisténo, ze pri-
mérnd trovei poskozen{ porosti je 10,30 %, coz je vzhledem
ke krack¢ dob¢ od pocitku invaze alarmujici hodnota. Bylo
zjisténo, ze primérné poskozeni korun jasanli na zkouma-
nych plochdch dosihlo 4 143,11 m?na 1 ha porostu. Nej-
mensi objemy poskozent lze identifikovat v kategorii solitérni
vyskyt, kde bylo poskozeno v primeru 591,89 m?/ha (4,42 %
celkového objemu korun). Pomérné mdlo se nekréza jasanu
vyskytovala i v lesnich porostech — priimérny objem poskoze-
nif &inil 1 518,45 m¥/ha (5,50 %)

Neivarél ohiemv noikozeni
1 Cl 1 210,40 MY/ Na 0,00 Vo). INCPVELSE oD jemy

potkozeni
byly identifikoviny v jasanovych ol$indch: 6 852,89 m*ha
(14,14%) a v bichovych porostech, kde poskozeni dosihlo
v priiméru 8 426,23 m’/ha (15,22 %).

Poskozen{ jednotlivych kategorii porostii se mezi scbou prii-
kazné lisi (p < 0,01) a lze jednoznacné fici, ze v CHKO Luzic-
ké hory jsou nejméné napadeny solitérn{ jasany a lesni poros-
ty a naopak nejvice jsou napadeny porosty biehové a jasanové
olsiny (p < 0,01).

Price na projektu budou dile pokratovat — v ndsledujicim ob-
dobi budou zkoumdny fakcory prostiedi, které mohly ovlivnic
intenzitu choroby v riiznych typech porostt.

Podékovani

Price byla podpotena projekry Ministerstva zemédélsevi Ces-
k¢ republiky ¢ NAZV QI92A207 a Ministerstva skolstvi,
mladeze a télovichovy & CZU IGAFLD201113. Déle by-
chom cheéli podékovat za spoluprdci SCHKO Luzické hory,
zcjména pak ing. Alexandru Hrozkovi za veskerou pomoc pfi

prizkumu tzemi a SCHKO Labské piskovee.
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5.2. Vlhkost vzduchu ovliviiuje intenzitu napadeni jasanu
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VYZNAM VLHKOST! VZDUCHU V EPIDEMIOLOGII NEKROZY JASANU — PREDBEZNE VYSLEDKY

THE IMPORTANCE OF AIR HUMIDITY IN ASH DIEBACK EPIDEMIOLOGY — PRELIMINARY
RESULTS

Luomia Havroova®? - KareL Cerny 2
1 Ceskd zemédélskd univerzita v Praze, Fakulta lesnickd a dFevarskd, Praha
2 Vyzkumny Ustav Silva Taroucy pro krajinu a okrasné zahradnictvi, v. v. i., Prithonice

ABSTRACT

The aim of the article is the investigation of potential importance of air humidity in ash dieback epidemiology. The investigation linked up to
the previous investigation of the disease impact in different types of ash vegetation in the Lusatian Mountains Protected Landscape Area, Czech
Republic. The sensors Datalogger Minikin THi (EMS Brno) measuring the air humidity were installed in 50 permanent plots respecting the di-
versity of ash stands in the area. The air humidity was measured 4.5 m above ground level in the centre of research plots. The data were recorded
in 15-min intervals during June and August 2012 (the main period of ascosporic spread). The data were compared to extent of damage caused
by ash dieback in research plots. It was found out that the average air humidity statistically differed among vegetation types and corresponded to
the disease impact. The highest level of air humidity was in riparian stands and in ash-alder mixed alluvial forest - i.e. in vegetation types with
the highest disease impact. The lowest air humidity was recorded in isolated trees in open landscape, which were the less affected category of ash

vegetation. Moreover, the statistically evident regression of extent of ash damage on the air humidity was found out.
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V poslednim desetileti se v severovychodni Evropé objevilo nebez-
pecné hromadné odumiréni jasant (tzv. nekroza jasand), jehoz pi-
vodce — Chalara fraxinea T. Kowalski byl poprvé identifikovdn v r.
2001 (Kowavrsk1 2001, 2006). Pozdéjsi studie potvrdily nélezitost
tohoto hyfomycetu ke kryptickému druhu Hymenoscyphus pseudoa-
Ibidus Queloz, Griinig, Berndt, T. Kowalski, T. N. Sieber & Holdenr.
(QuELoz et al. 2011). Patogen se rychle rozsifil do dalsich casti Ev-
ropy (EPPO 2007, 2008a, b, 2012) véetné Ceské republiky, kde byl
poprvé potvrzen r. 2007 a dnes se vykytuje viceméné na celém tze-
mi statu (HAVRDOVA unpubl,; HavRDOVA, CERNY 2012; JANKOVSKY,
HOLDENRIEDER 2009). Nebezpecnost patogenu a jeho rychlé Sireni
znepokojuje lesnické a dalsi odborniky ve velké ¢asti Evropy. Obecné
je pohled na dalsi vyvoj epidemie velmi skepticky a néktef{ autofi pfi-
poustéji i moznost kolapsu celych populaci jasanu (napf. MCKINNEY
et al. 2011). Nekréza jasanu zplsobuje problémy v celé fadé raznych
typl porostd a vysadeb. Nejvyraznéj$i problémy lze oekivat ve vy-
sadbdch s vy$§im zastoupenim a vyznamem jasanu, a to na vlhéich
stanovi$tich v jasanovo-ol§ovych luzich a v tvrdych luzich nizinnych
ek, obecné také v brehovych porostech. Dopad choroby je uZ ted lo-
kdlné velmi vyrazny i ve vysadbach ve volné krajiné, kde je jasan Casto
vznamnou slozkou prvkiit USES, a to nejen v biehovych porostech,

ala i atram Ak rar ach o dald] vaoteaas WiaadhA (L avnno .
aic i stron aicn, ror Ch @ daisi rozirou Vy5aaol (nAVRDO

vA, CERNY 2012). Pfi podrobném prizkumu CHKO Luzické hory
v 1. 2012 byla pfitomnost nekrézy jasanu potvrzena v 94% zkouma-
nych ploch a bylo zjisténo, Ze priimérnd troven poskozeni porosti

nekroza jasanu, Hymenoscyphus pseudoalbidus, Chalara fraxinea, epidemiologie, vlhkost vzduchu

ash dieback, Hymenoscyphus pseudoalbidus, Chalara fraxinea, epidemiology, air humidity

byla 10,30% a objem uschlych korun jasanu ¢inil po pfepoctu vice
ne’ 4100 m* na 1 ha porostu (Havrpovi, CERNY 2012). Vzhledem
k tomu, Ze choroba byla poprvé v oblasti identifikovina v r. 2009, je to
z hlediska intenzity §ifeni patogenu a rozvoje choroby velmi zdsadni
informace.

Vzhledem ke znaéné ekologické valenci jasanu a jeho vyskytu v nej-
ruznéjdich vegetacnich stupnich, spoleéenstvech a na riiznych stano-
vistich lze ale predpoklédat, ze dopad choroby se muze lisit v zdvis-
losti na typu vysadeb, porostl a spolecenstev a miZe byt také zdvisly
na ruznych faktorech prosttedi. Z hlediska dlouhodobého hospo-
dafeni v krajiné je dulezité disponovat informacemi o invazibilite
raznych typa porosti, jejich podkozeni a o vyznamu nejdalezitéj-
$ich faktorti prostiedi v epidemiologii choroby (HavRpOVA, CERNY
2012).

Recentni vyzkumy v CHKO Luzické hory potvrdily, Ze se poskozeni
jednotlivych typt porostd mezi sebou statisticky prakazné lisi - nej-
méné jsou napadeny solitérni jasany ve volné krajiné a nejvice brehové
porosty a jasanové olsiny (HAVRDOVA, CERNY 2012). Vzhledem k fak-
tu, Ze nejvice napadeny jsou porosty s piedpoklddanou vysokou vlh-
kosti vzduchu a vzhledem k obecné zndmé vazbé nejruznéjdich hou-
bovych patogena vyhont dfevin (napt. Apiognomonia spp., Glomerella
cingulata, Venturia spp. aj.) na vy$si vlhkost vzduchu (SINCLAIR, LYoN
2005) lze predpoklddat, ze podobny vztah miiZe existovat i u nekidzy
jasanu zpusobenou H. pseudoalbidus, Tento ¢lanek seznamuje s pred-
béznymi vysledky vyzkumu zaméfeného na mozny vyznam vlhkosti
vzduchu v epidemiologii této choroby.

ZLV, 58, 2013 (4): 347-352 m
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HAVRDOVA L. - CERNY K.

MATERIAL A METODIKA

Modelové vizemi, vybér vyzkamnych ploch

Pro vyzkum bylo vybrino modelové tizemi geomorfologicky i vegetac-
né velmi heterogenni CHKO Luzické hory, které je lokalizovino mezi
50° 46°-50° 55" s. 3. a 14° 25'-14° 52"v. d. Na pomérné malé rozloze
(264 km?) se znacnym vyskovym gradientem (312-793 m n. m.) jsou
zastoupeny razné typy porostu jasanu, které jsou jiz pomérné dlou-
hou dobu vystavené infekénimu tlaku patogenu. Patogen se do oblasti
1 pri é

populace je relativné ustdlena.

¢ pred 6 lety, dnes je rozsifen po celém tfizemi a jeho

V (zemi byly v r. 2011 vybrdny ¢tyfi mensi oblasti o plose cca 20 km?,
respektujici vegetatni a geomorfologickou variabilitu tzemi. Kazda
oblast byla rozdélena na 20 ¢tvercit o strané 1 x 1km, v kazdém ctver-
ci byla vybrdna jedna vyzkumna kruhova plocha (r = 50 m), celkem
tak bylo sledovano 80 ploch. Pi vybéru ploch bylo respektovéno pra-
vidlo rovnomérného zastoupeni vech typi porostii ve viech <tyfech
oblastech a v co moZnd nejdirsim vyskovém gradientu. Podrobnéjsi
metodika a pravidla vybéru jednotlivych ploch, viz Havepovi, CEr-
NY (2012).

Pri prazkumu v r. 2011 byl sledovan rozsah procentudlniho poskozeni
korun jasant na jednotlivych vyzkumnych plochédch v péti kategoriich
porosti: (i) solitérni vysadba - solitérni jedinci ve venkovské krajine,
(i} roztroudend vysadba — skupiny a linie ve volné venkovské krajiné
(remizy, linie, stromoftadi, okraje porostit), (iii) bfehovy porost - sou-
vislé liniové brehové porosty ve volné krajiné ¢i v intravilanu obce,
(iv) lesni vysadba - roztrouseny az souvisly vyskyt vlesnich porostech
(cesty, okraje porosti, drobné kotliky) a v ochrannych porostech a (v)
jasanovid ol§ina - ptivodnf ¢i sekunddrni jasanovo-ol3ovy luh ¢i tdolni
porostl do jednotlivych kategorii jsou uvedeny v metodice Havrpo-
v4, CERNY (2012).

Prizkum vzdusné vlhkosti a teploty v r. 2012 byl z finan¢nich davoda
proveden pouze na 50 plochach (z celkového poctu 80 sledovanych

ploch) - kazdy typ porostu byl tedy zastoupen 10 lokalitami (ebr. 1,
tab. 1). Plochy pro méfeni vlhkosti a teploty prostiedi byly opét vy-
birdny tak, aby pokryly co mozn4 nejvice variabilitu prostfedi - nad-
mofskou vysku, expozici a sklon terénu a geomorfologii. Pii vybéru
ploch byla rovnéz respektovina variabilita v irovni po§kozen{ porostit,
Pro potteby této publikace jsou ve vysledcich uvadény hodnoty posko-
zeni jasanu pouze z téch lokalit, na kterych byla rovnéz méfena teplota
a vzdusnd vlhkost.

Méreni vlihkosti vaduchu a shér dat

Pruzkum vzdusné vlhkosti a teploty byl v r. 2012 proveden na 50 plo-
chich (obr. 1), vihkost vzduchu a teplota byla méfena zafizenimi typu
Datalogger Minikin THi s vlastnim zdrojem energie a s radiacnim
krytem chranicim pted vlivem soldrniho zaieni (EMS Brno).

Vlastnimu méfeni vihkosti a teploty na vybranych plochdch predchd-
zelo méfeni vyvoje vlhkosti a teploty v profilu koruny hostitele. Ci-
lem bylo identifikovat optimdln{ vysku umisténi dataloggert v profilu
porostu nad droven, kde by mohly byt méfené hodnoty ovlivnény
vy$§i pfizemni vihkosti. Méfeni profilu probéhlo na 3 plochdch (ja-
sanova olSina, biehovy porost a solitér) na konci kvétna (9. 5.-1. 6.
2012) a jako nejniz§i vhodnd vyska byla vyhodnocena vyska 4,5m
od paty kmene. Dataloggery byly na vyzkummych plochach instalova-
ny na zacdtku ¢ervna co nejblize jejich stfedu na severni stranu kme-
ni. Data byla méfena v obdobi 15. 6.-31. 8. 2012 v intervalu 5 min.
a byl zaznamendavan jejich prameér za 15 min. Po skonceni méfeni byly
hodnoty z datalogger odeéteny pomoci ¢teciho zafizeni spole¢nosti
EMS Brno a pfeneseny pomoci IrDA kabelu do zaznamového zafizeni
(notebooku).

Statistické vyhodnoceni

Nameérend data vlhkosti vzduchu a teploty byla digitalizovana a zpra-
covana pomoci kompatibilniho free software Mini32 dodavatelské
spolec¢nosti méficich zafizeni EMS Brno a programu Microsott Office

Moenitorované plechy v CHKO Lafické hory
Monitored areas in Lusatinn Mountains PLA

A BReRoy porast I ipanan Mends
A inl vysadbe (forest dlands
A peancyi oiina | geheaider aluvial forests

Obr. 1.

50 ploch na uzem{ CHKO LuZické hory, kde byla sledovdna vzdusna vlhkost

Fig. 1.
Research plots in the Lusatian Mountains Protected Landscape Area
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Excel. Data byla ndsledné vyhodnocena ve statistickém baliku Sta-
tistica 9.0 (Statsoft, Inc Tulsa, OK). Normdlni rozdéleni dat nemély
vyhodnocované proménné vihkost vzduchu a podil poskozeni korun
(u prvni proménné byly hodnoty soustfedény nad 0,70 a u druhé pod
0,30), a proto byly hodnoty transformovany pomoci arcsinové trans-
formace, jenz je v takovych piipadech doporucovina (napi. HENDL
2006; LEPS 1996). Data byla zpracovana pomoci regresni analyzy dat
a ANOVY (Duncaniv test).

VYSLEDKY

Predchozi vyzkum rozsahu poskozeni jasant v CHKO Luzické hory
patogenem H. pseudoalbidus ukdzal, Ze se jednotlivé typy porosta
prikazné lisi Grovni poskozeni (HAvRDOVA, CERNY 2012). Po dal-
$im posouzeni ziskanych dat se ukdzalo, Ze se v irovni napadeni lisi
zejména typy porostil, u kterych lze ocekdvat vyrazné odlisnou vih-
kost prostiedi (obr. 2, 3). V praméru nejmensi abjemy poskozeni byly
identifikovany v kategorii solitérni vysadba (2,33 %), kde byla zdroven
zji$téna nejniz$i pramérnd vlhkost vzduchu (78,64 %). Naopak nejvét-

Tab. 1.

81 pramérné objemy poskozeni se vyskytovaly v biehovych porostech
(17,02%) a jasanovych ol§inich (12,22 %), kde byly zdroven zjistény
velmi vysoké hodnoty vzduséné vlhkosti (82,49 %, resp. 84,66 %). Roz-
dil ve vlhkosti vzduchu mezi nejsussim a nevlhéim typem porostu byl
tedy 6,02 % (viz tab. 1, obr. 3). Analyza variance ukdzala, Ze se stanovi-
§té pritkazné ve vihkosti vzduchu lidi (p < 0,001). Vzijemné porovna-
ni (Duncantv test) ukdzalo, Ze rozdilné napadené porosty se zaroveii
ve stejném schématu 1i§i ve vlhkosti prostfedi. Stanovisté prakazné
vice napadenych porostt (bfehové porosty a jasanove olsiny) maji tedy
zaroven prikazné vyssi vzdusnou vlhkost nez stanovisté méné napa-
denych solitérnich (a roztrousenych) vysadeb, kde je vlhkost niZsi.
Nejvy$si prameérna denni vlhkost (88,88 %) byla zaznamendna v jasa-
nové oldiné na plose Nadéje_Hamr, kde byl také zaznamendn nejvyssi
podil nekrozy v porostu (28,79 %). Nejnizsi hodnoty denni vihkosti
(74,68 %) byly naméteny v lesni vysadbé na plose Drnovec_Zeleny
vrch, kde podil nekrozy cinil (5%) a patii mezi nejmensi objemy po-
skozeni (tab. 1).

Vyse uvedené vysledky jasné ukdzaly, Ze zde mtize existovat pfima
souvislost mezi vlhkosti prostiedi a Grovni napadeni jasani. Proto

Procentudlni pramérnd vzduina vlhkost a podil nekrozy na ploge v raznych typech porostu v CHKO Luzické hory
Average air humidity and rate of necrotised crowns in particular ash vegetation types in the Lusatian Mountains

Priimérna vihkost/

%Ee"gffﬁ;é ation P orntor of __ Average humidiy (%) c?fiﬁodzzi'a};gu(%
plots (n) Min.  Max. Pram./Avg. Min. Max. Prim./Avg.
Solitérni vysadba' 10 75,02 81,10 78,64 0,00 8,28 2,33
Roztroudené vysadba? 10 76,02 83,08 78,98 365 26,40 11,93
Bfehovy porost® 10 78,77 85,66 82,49 742 26,50 17,02
Lesni vysadba®* 10 7468 8787 81,39 0,48 9,22 542
Jasanova ol3ina’® 10 78,70 88,88 84,66 0,08 28,79 12,22

Captions: 'Isolated trees; ?Scattered distribution; *Riparian stand; “Farest stand on slope; *Mixed ash-alder alluvial forest

Jasanervh oliing

Typ porostu [ Vegetation type

Obr. 2.

Procentudlni poskozeni korun jasanu patogenem H. pscudoalbidus
v riiznych typech porostu v CHKO Luzické hory

Fig. 2.

Extent of damage of ash crowns caused by H. pseudoalbidus in diffe-
rent vegetation types in the Lusatian Mountains

Captions: "Isolated tree; ?Scattered distribution; *Riparian stand; “Mixed ash-al-
der alluvial forest; *Forest stand on slope

umidity (

hverage air

Obr. 3.

Prameérna vlhkost vzduchu v riznych typech porostu v CHKO Lu-
zické hory

Fig. 3.

Average air humidity in different vegetation types in the Lusatian
Mountains

Captions: "Isolated tree; 2Scattered distribution; *Riparian stand; “Mixed ash-al-
der alluvial forest; “Forest stand on slope
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byla provedena regrese rozsahu poskozeni porostii na vlhkost pro-
stfedi. Analyza jasné ukdzala (obr. 4), Ze rozsah pokozeni porosti je
zavisly na pramérné dennf vlhkosti (p < 0,01; r = 0,36). Prezentované
vysledky (obr. 2, 3, 4, tab. 1) ovéem ukazuji znacnou variabilitu v da-
tech a zjisténa zavislost je relativné slabd a lze tedy s vysokou pravdé-
podobnosti predpokladat, Ze v rozvoji choroby a jejim dopadu muze
hrét roli celd fada dalSich faktord.

Prub¢h primérné denni vzdusné vlhkosti ma u viech typt porosti
stejny charakter. Béhem nocnich a rannich hodin (22.00-7.00 hod.)
dosahuje vlhkost vzduchu hodnot nejvys$sich a po poledni (13.00-
16.00 hod.) dosahuje hodnot nejnizgich. Na vlhéich plochdch se vnoc-
nich a rannich hodindch hodnoty vlhkosti priblizovaly 100 % a béhem
dne pak vlhkost klesala k 75%. Na sussich lokalitach se v rannich
hodindch hodnoty pohybovaly okolo 96% a béhem dne pak klesaly
na 62 % (obr. 5).

Z prvnich vyhodnocenych vysledkd vyplyva, 7e rozsah poskozeni ja-
sanu patogenem Hymenoscyphus pseudoalbidus v CHKO LuZické hory
je zavisly na vzdusné vihkosti.

DISKUSE

Patogen H. pseudoalbidus je na sledovanem modelovém uzemi CHKO
Luzické hory znac¢né a dlouhodobé rozsiien. Poprvé byl v CR zjistén
v 1. 2007 (JANKOVSKY, HOLDENRIEDER 2009) a ve studovaném tze-
m{ CHKO Luzické hory v r. 2009 (CERNY unpubl.). Patogen napadé
v zdjmovém uzemi véechny typy porostd, drovei poskozeni riznych
porosti se oviem velmi lisi (HAVRDOVA, CERNY 2012). Napadeni po-
rosti je zavislé na faktorech prostfedi (Benorr et al. 2012; HavRDOVA,
CERNY 2012) — piinejmensim alespofi na typu porostu (stanoviiti)
a vlhkosti prostiedi. Vlhkost prostiedi pravdépodobné miize ovliv-
hovat rozvoj poskozeni jasantt i podle zkudenosti jinych vyzkumnikia
z dalsich zemi (napf, CHira et al. 2012; NIELSEN et al. 2012).

Vysoka variabilita poskozeni porostil v zdjmovém uzemi ovsem na-
znacuje roli daldich faktort prostfedi v epidemiologii choroby. Tyto
faktory mohou pfimo nebo nepfimo rovnéz souviset s vlhkosti pro-

Primérni veduing vihkost (3ap/ Avernge air bumidity (3a)

Obr. 4.

Zévislost poskozeni korun jasanu patogenem H. pseudoalbidus
na prameérné vlhkosti vzduchu

Fig. 4.

Regression of extent of damage caused by H. pseudoalbidus on average
air humidity

m ZLV, 58, 2013 (4): 347-352

stiedi, napf. s nadmotiskou nebo relativni vyskou. VIhéimi oblastmi
jsou totiZ obecné nize situované lokality, kde dochdzi k déletrvajicimu
kondenza¢nimu prostedi (tj. k déletrvajici 100% vlhkosti vzduchu)
(KUCERA, osobni sdéleni), coz mitze mit za nasledek vyssi poskozeni
jasand.

Zna¢na variabilita v rozsahu poskozeni jasant v krajiné a pravdépo-
dobnd zévislost na faktorech prostiedi jsou i v souladu se zdanlivé
rozpornym ndzorem danskych kolegit (NIELSEN et al. 2012), podle
kterych je poskozeni jasand v krajiné Danska rovnomérné. To ov-
Sem muze byt jednoduse vysvétleno faktem, Ze v Dansku je varia-
bilita faktord prostfedi ve srovnani s Francii a modelovym uzemim
CHKO Luzické hory naprosto minimalni (mald nadmoiska vyska,
homogenni geomorfologie, stabilni vysokd vlhkost prostfedi — oce-
anské klima).

Patogen H. pseudoalbidus se §if1 askosporami undsenymi vzduchem
od poloviny Cervna do srpna (napf. KowaLsKI, HOLDENRIEDER 2009;
QUELOZ et al. 2011; TIMMERMANN et al. 2011). Vlhkost prostiedi md
pro $ifeni a rozvoj choroby pravdépodobné vyznam tedy jen béhem
inkriminovanych mésici, kdy se patogen $ifi (vyznamny vliv ma zfej-
mé vlhkost prostiedi pii kliceni askospor na listech hostitele), a i teh-
dy nejspis jen béhem relativné kritkého ¢asového useku. Askospory se
totiz $ii1 pfedev$im v rannich hodindch mezi 6.00-8.00 hod., nejvice
pak okolo 7. hodiny (TIMMERMANN et al. 2011). NaSe méfeni ukdi-
zalo, Ze témto zjisténim muze velmi dobfe odpovidat priubéh denni
vlhkosti. Béhem no¢nich a rannich hodin je vlhkost v prostfedi nej-
vyssi — témér 100% - a teprve okolo 7. hodiny ranni se za¢ina snizovat,
coz miize souviset s vychodem slunce (obr. 5). Po devété hodiné, kdy
se askospory jiz téméf nedifi (TIMMERMANN et al. 2011), je vlhkost
vzduchu o cca 10% nizsi, Zda se tedy, Ze vIhei prostiedi stimuluje do-
zravani a Sifeni askospor a zdroven zvySuje uspé$nost jejich kliceni.
Tyto rozdily v pribéhu denni vlhkosti na sussich a vlh¢ich stanovis-
tich (obr. 5) tak mohou nakonec pfimo souviset s rozsahem poskozeni
porostil

Nelze také vyloucit, Ze prabéh roénich srazek a jejich variabilita mo-
hou ovlivnit mnozstvi inokula, a tedy rozvoj a rozsah poskozeni jasa-

Obr. 5.

Denni prabéh vlhkosti vzduchu za obdobi 20. 6.-20. 7. 2012 na vlh-
¢im (Nadéje_Hamr - jasanova olsina) a sussim stanovisti (Hefmanice
- solitérni vysadba)

Fig. 5.

Diurnal course of air humidity between 20™ June and 20™ July 2012
in humid (Nadéje_Hamr - mixed ash-alder alluvial forest) and drier
stands (Hefmanice - isolated trees)
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nit (defoliaci a ndsledné i prosychdni) béhem roku. Ndsledné by tak
mohlo byt ovlivnéno mnoZstvi inokula v dal$i sezoné. Na nékterych
modelovych plochéch v Luzickych hordch doslo napfiklad v r. 2012
ke zlepSeni zdravotniho stavu jasanil, a to pravé pravdépodobné vzhle-
dem k teplejdimu a suddimu prabéhu zadatka Iéta. Zlepieni zdravotni-
ho stavu jasant sledovali na nékterych lokalitach i v Dansku (THoM-
SEN, osobni sdélent).

ZAVER

Na zdkladé naméfenych dat ziskanych z 50 ploch reprezentujicich
viechny typy jasanovych porostin rovnomérné rozlozenych na mo-
delovém tzemi CHKO Luzické hory lze jednoznaéné fici, ze vihkost
vzduchu prikazné ovliviiuje intenzitu napadeni jasanu patogenem
fena u solitérni vysadby (78,64 %), kde zaroven dochdzelo k nejmensi-
mu pramérnému poskozeni korun jasanii (2,33 %). Nejvyssi hodnoty
vlhkosti byly identifikovdny v jasanovych ol§indch (84,66 %) a beho-
vych porostech (82,49 %), kde také dochazelo k nejvyssimu poskozeni
korun jasanti (12,22 a 17,02 %). Prikazné rozdily ve vzdugné vihkosti
prostiedi riznych typa porosta potvrdila analyza variance (p < 0,001).
Porosty lisici se vlhkosti vzduchu se zdroven ve stejném schématu lisi-
Iy v podilu poskozeni korun (viz Havrpovi, CERNY 2012). Zavislost
rozsahu poskozeni na vlhkosti vzduchu pak byla potvrzena regresni
analyzou (p < 0,01).

Nejvyséi vihkost vzduchu byla namétena v noci, mezi 22.00 az 7. ho-

dinou ranni a neinizéi hodnoty nak mezi 12._15. hadinou odpoledni
ainou ranni a nejnizst noansoty pax mezi 13.-16. hoainou odpoieant.

K nejvétsimu $ifeni askospor pravdépodobné dochdzi pfed snizovd-
nim vlhkosti vzduchu a zvy$ovianim teploty, tedy v casnych rannich
hodindch.

Price na projektu budou naddle pokracovat. V ndsledujicim obdobi
bude vliv vlhkosti detailné zkoumdn a bude ovéfovan pfipadny vliv
daldich faktori prostfedi na rozsah napadeni porostu.
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THE IMPORTANCE OF AIR HUMIDITY IN ASH DIEBACK EPIDEMIOLOGY - PRELIMINARY RESULTS

SUMMARY

'The aim of the article is the investigation of potential importance of air humidity in ash dieback epidemiology caused by the alien invasive
pathogen Hymenoscyphus pseudoalbidus. The investigation linked up to the previous investigation of the disease impact in different types of
ash vegetation in the Lusatian Mountains Protected Landscape Area, Czech Republic (Fig. 2; HAvRDOVA, CERNY 2012). 'The sensors Datalogger
Minikin THi (EMS Brno) measuring the air humidity were installed in 50 selected permanent circular plots (r = 50 m) respecting the diversity
of ash stands in the area (Fig. 1). The disease impact (the rate of ash crowns necrotised by H. pseudoalbidus) was also measured. The air humidity
was measured 4.5m above ground level in centres of research plots. The data were recorded in 15 min intervals during June and August (the
main period of ascosporic spread) in 2012. All data were arcsin transformed and processed using Statistica 9.0 (Statsoft, Inc Tulsa, OK).

It was found out that the investigated vegetation types importantly differed according to the disease impact and air humidity (Figs. 2, 3, 4; Tab.
1). The most affected were riparian stands (average damage was 17.02%) and mixed ash-alder alluvial stands (avg. damage reached 12.22%).
The scattered ash trees were the less affected vegetation type (2.33%). It was found out that the average air humidity statistically differed among
particular vegetation types which corresponded to the disease impact. The highest level of air humidity was identified in vegetation types with
highest disease impact — in riparian stands (82.49%) and in ash-alder mixed alluvial forests (84.66%). The lowest air humidity was found out
in isolated trees in open landscape (78.64%; Fig. 3), which were concurrently damaged to the least extent. Moreover, the statistically evident
regression of extent of ash damage on the air humidity (r = 0.36; p = 0.01; Fig. 5) was identified. The diurnal course of the air humidity was
following: average air humidity reached nearly 100% during night (from ca 10.00 p.m. to 7.00 a.m.), then it sharply decreased to the minimum of
ca. 60-75% (according to the type of vegetation), which persisted between 1.00 and 4.00 p.m. The humidity increased gradually in the evening,
Ascospores likely discharge and their dissemination occur at the end of the maximum humidity period. When the air humidity decreases the
ascospores dissemination stops. The investigation is ongoing. Further research will be focused on investigation of influence of air humidity and
other environmental factors potentially affecting the disease impact.
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Extrémni rozvoj nekrozy
jasanu v brehovych
porostech je podminén
vysokou vlhkosti jejich
prostredi

Ludmila Havrdov4, Petr Zabransky, Karel éern}"

Abhcirald

Ilymenoscyphus pseudoalbidus (Chalara fraxined) je invazni
houbovy palogen, klery v poslednich lelech zpisobuje inlenzivni
chiadnuti jasanu ztepilého a j. azkolistého. Vizkum provadény
od r. 2011 v modelovém vizemi CIIKO LuZické hory sleduje dopad
choroby v rizaych lypech porostu jasanu a hleda faklory prostiedi,
kleré ovlivayji rozsah poskozeni (Echlo dievin, V r 2012 byla v zi-
jmovém tizemi na 50 trvalych vizkumnych plochach respektujicich
maximalni diverzilu poroslu a slanovisl s jasanem inslalovina
mérici zafizeni Dalalogger Minikin THi (EMS Brno) méfici vihkost
vzduchu. Vlhkost vzduchu byla mérena 4,5 m nad zemf ve stiedu
vyzkumnych ploch, Data byla sniméana v inlervalu 15 min, v pri-
héhu cervence a srpna, kdy dochazi k ireni askospor patogenu. Na
sledovanych plochédch byl méfen pievladajici sklon terénu pomoci
sklonoméru. Naméfend dala hyla porovnina s poskozenim jasanu
na vyzkumnych plochich. Bylo zjisténo, ze ncjvétsi primérné obje-
my poskozeni se vyskylovaly v bichovych poroslech a jasanovych
oldinach, tedy u téch porosti, kde Ize ocekavat vyrazné vyssi vihkost
prositedi a mensi skion terénu. Nejmensi vzdusna vihkost a nejveist
sklon terénu byl naméren u solitérnich vysadeb, které jsou zaroven
nejméné poskozenym typem vegetace. Biehové porosty (a také ddolni
luhy a luzni porosty) lze jednoznacné oznacit jako poresty nejvice
ohroZené invazi IT. pscudoealbidus.

Klicovi slova
nekroza jasanu — Hvuzwmst vphus pscudoatbidus — Chalura [raxinea

- bivhové Poro.

Uvod

Jasan ztepily je jednon 7 kligovich dievin biehovych porostii v CR
a po epidemii gralidzy jilinG, kdy poklesla celnost populace nasich
jilmii na cca 5-10 %, a poté, co se na izemft CR rozsitila plisen olsova
a zacala decimovat porosty olse lepkavé a olde edé |1, 2], v¥znam
jasanu ztepilého virazné narostl. Sitnace se ovem zasadné zméniia
v poslednich cca 5 letech, kdy se i jasan stal stiedem pozornosti fyto-
patologh a jeho predpoklddané pouziti nejen jako ndhradni dieviny
musi byt zdsadné revidovano.

Jasan ztepily (Fraxinus cxeclsior) byl dlouhou dobu z hlediska
zdravotniho stavu a viskytin moznych patogeni v CR shleddvan jako
relativné bezproblémovd dievina. Mezi vazméjsi patogeny a skiidce ja-
sanu bylo mozno zatadit napt. fvtoftory (Phytophthora spp.), verticilia
(Verticillivan spp.), padli jasanove (Plyllactinia fraxing), rizovku (Nec-
tria gailigena), pscudomonddu (Pseudomonas savastanol pv. fraxinij,
rezavee $tétinatého (Inonotus hispidus), l¥kohuba jasanového (Lepe-
rsinus fraxing) a zrnilého (Ivlesinus crenadus) ¢ dutilku jasanovou
(Prociphilus bumeaeliae) a nékloré daldi organismy [31. V poloving 90. lot
20). stoleti se oviem objevilo intenzivni chfadnuti jasant zptisobené
do té doby neznamym patogenem Chalara fraxinea |4], postupné se
5itflo i na tzemi CR a jasany se zafadily po bok dalsich nasich
drevin, jejichz populace jsou v¥znammé redukovany neptivodnimi
patogeny houbové povahy.

Nebezpecné hromadné odumirdni jasanti (tzv. nekrdza jasanu) se
objevilo v severov¥chodn{ Evropé a jeho piivodce hyfomycet Chala-
rar fraxinea 1. Kowalski byl poprvé identifikovan v Polsku v r. 2001
a védecky popsdan v . 2000 [5]. Pozdéjst sludie polvrdily prislusnost
tohoto druhu k nové popsanému askomycetu Hymenoscyphiis pset-
doalbidus V. Queloz, C. R. Gritnig, R. Berndt, 'I. Kowalski, 1. N. Sieber
& O. Holdenrieder (Helatiales, Leotiomyveetes, Ascomveota), ktery se
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v Evrope vyskyluje uz nejméng od kouce 70. lel minulého sloleli & je
blizce piibuzny difve u nds hojnému druhu H. albidus [6]. V 1. 2012
sc ukdzalo, ze je IL pseudoalbidus idenlicky se saprolylickym drubem
Lambertella albida, Klery se bozné vyskyvluje v Japonsku na opadu
Fraxinus mandshurica [7]. Tin byla potvizena domndénka, Ze palogen
byl do Eviopy zavlecen z Asie.

V soudasnd dobd se palogen rozsifil do velké déasti Tvropy, vina
epidemic se pohybuje od severovvchodu, predeviim na jihozdpad
Evropy, na sever, jil a vychod méné, Ze sludia herbarovyceh doklada
(Nérodni muzeum) vypliva, Ze se patogen v CR vyskyhuje nejména
od roku 2002, nicméné velni pravdépodobné se zde vyskyloval uz
od konce 90. let, kdy byly pozorovany prvni chiadnouci porosty
jasanti. Pritomnost patogenu byla deldi dobu piehliZena patrné
proto, 7e jasan neni jako dievina piilis cenén a mmohdy neni uréen
k hospodérskému péstovani a ¢asto se spise pouziva jako melioraéni
a zpevhovaci dievina

V soucasné dobé se patogen vyskytuje viceméné hojné na celém
fizemd stitu. Vaci tomuto patogenu jsou oba nase plvodni druby
jasantt Maxinus excelsior i K angustifolia vvsoce citlivé.

Jasan ztepily (Fraxinus excelsior 1..) se bézné vyskvtuje ve velké
¢dsti Evropy. je nasi hojnou domdct dfevineu rozsffenou roztrousené
od nizin do horskych polol celého Gzemi v luznich lesich, pobicz-
nich kiovinach, sufovych a roklinovyeh lesich |8]. Na nzemi GR
jsou zastoupené tfi ckotypy jasanu ztepilého [9]. Luzni jasan provizi
nejcasteji dub letni a jilmy v zaplavovanych luzich podél velsich
tek. Horsky jasan je 7aqmup@n v oblasti buku tam, kde jsou piiznivé
vihkoswi a pidoi poméry, (. zejména poddl potokd s olSemi a na
sufovych pramenistich ve stranich. ¢asto spolu s klenem a jilmem
horskym a vystupuje az do v¥se 1000 m n. m. Vapencovy jasan provazi
na bazickych hornindch casto dub zimni, ale objevuje se v porostech
s bukem, brekem i v lesostepnich spolecenstvech s sipakem |9].

Jasan Gzkolisty (Fraxinus augustifolia Valil) je dfevina jihoevrop-
ského rozéirent, zasloupend ve véech krajindch kolem Sttedozemniho
mote. 7 Panonské niziny vybihd avedl do nejteplejdich ¢asti Sloven-
ska a jizni Moravy — roste jen v luznich lesich Dolnomoravského
a Dyjskosvrateckého tivalu, nejsevernéji zasahuje k Olomouci. Jeho
roziifent je velmi mezernaté a sestavd v pasti luznich lesti — podél
vodnich tokt v nizindch. Ekologické nédroky jasanu uzkolistého jsou
podebné narokim luznihe ekotypu jasanu ztepilého [9]. V rdmei GR
je jasan nizkolisty méné vyznamny nez jasan ztepily.

Obr. 1. Nekrolizace lisli a Fapiki jasanu
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Epidemiologie a symptomy onemocnéni

Palogen se ve lormé askospor pohlavniho stadia (7. pseudoalbidus)
$if{ vétrem a primdrné napada listy jasanu a jejich fapiky. Po dopadu
na cepele a fapiky listti jasantt spory klici, hyfa pronikd do bunék
listu, mycelinm postupné kolonizuje list a dochézi k jeho nekrotizaci
(obr. 1). V dusledku napadeni nasleduje opad napadenych listt a né-
kdy az znaéné adlistdni |10], coz je obrannd reakce hostitele (jasanu)
na napadeni patogenem (Ch. fraxinea, nepohlavni stadium). Myce-
lium mize proristal pletivem rapiku dal pres listové stopy (cévni
svazky vstupujici ze stonku do listtl) do vvhont a vétvi, kde patogen
zpusobuje rozsdhlé ¢ernave az hnddavé nekrézy, které se rychle pro-
dluzuji obéma smeéry. piicemz cdsti vyhonii a vétvi nad poskozenim
molhou usychal (obr 2). Kromé loho miize palogen pravdépodobné
pronikat do v¥honti i pupeny, lenticelami, poranénimi ¢i v mistech
posati hmyzem. Mycelium patogenu v pletivech hostitele (vihonoch,
vétvich) muze prezivat zimu, dale se $ifit a poskozeni dreviny po-
stupnd nartistd. Hostitel nejspis miize v nakteryeh pitpadech oddaslit
napadenou casl pletiv kalusem (hojivé plelivo) a inlekei zaslavit. Na
rapicich opadanych listit patogen pfezimuje a dalsi vegetacni sezonu
se na odumtelych fapicich vytvéarejl mistickovité plodnicky pohlavni-
ho stddia (apotecia). Apotecia, jak zjistil norsko-rakousky védecky tym
[11], se objovuji od cervna do zir (Fijna) s nejvel$im viskylom v 1¢le
(tervenec az srpen) a produkuji velké mnozstvi askospor, které jsou
unaseny vétrem, kolonizuji dalst lisly a avklus se opakuje.

Patogenem jsou napadany stromy viech vékovych kategorii na
riznych tvpech stanovit — od prirozenych lestt po komeréni losni
vysadby a vysadby okrasné [12, 13]. Rychleji a ve vélsim rozsahu
jsou nekrozou jasanu postihoviny sazenice a mladé vysadby (mladé
stromky mohou v dsledku nekrézy odumniit i béhem jedné vegetatni
sezdny) nez vysadby plné vzrostlé [14]. U vzrostlich jedinei se cho-
roba v 1élo [4zi napadeni projevuje odumiranim vyhont (zpravidla
prirtstku posledniho roku) a postupnym fidnutim koruny. Béhem
jedné sezony mize dojil k napadeni velkého mmozsivi vvhont a ko-
runa dieviny tak vyrazné prosvcha od obvodu (obr. 3). Déle dochdzi
k odumirani drobnych o pozdsji i kosternich vétvi a k rozsahlému
poskozeni. Strom na rozvoj patogenu reaguje tvorbou vyhonu (vlka),
klore vyristaji pod odumielvmi dastmi vélvi, a vanikd lypickd shluko-
vité olisténi. Poskozeni miize dosahovat az 30-90 % objemu koruny.
‘lakto pogkozend stromy samoziejmeé neplni vétdinu svych funkel
a nakonec odumiraji [15, 16, 171.

Irotoze je jasan jednoun z klicovych dfevin bichovych porostit, je
velmi dalezi il, nakolik se patogen Hyimenoscyphus psendoal-
bidus mtize objevovat v biehovych porostech a jaké tam mtize v po-
rovnani s ostatnimi vysadbami s jasanem zptsobovat skody (obr. 4).
Proto byl v uplynulych letech proveden vizkum, ktery porovnava
napadeni jasant v bitchovyeh porosiech s dalsimi lypy visadeb a po-
rostl a pokousi se identifikovat faktorv prostredi, které mohou byt za
pripadné rozdily zodpovédné.

Metodika

Pro vyzkum bylo vybrdno modelové tizemi geomortologicky
i vegetaéné velmi heterogenni CHKO Luzické hory, které mé na po-
mdrne malé rozloze (264 kin?) znacny vvskovy gradient (312-793 m
1. m.) a jsou zde zastoupeny rizndé typy porosti jasanu, které jsou jiz
pomeérné dlouhou dobu vyslavené infekcnimu laku palogenu. Palogen
se do oblasti rozsifil priblizné pled 6 lety a dnes je rozéifen po celém
tzemi a jeho populace je relativné ustdlend.

Vyzkum poskozeni jednotlivich typt porostit a jeho vazba na
vybrané laklory prostiedi byl proveden v lelech 2011 a 20120 Pri
vybéru ploch byla na zkoumaném tzemi piedevsim respektovina
vegetacni a geomorfologickd variabilita izemi, pravidlo rovnomérného
zastoupeni viech typl porosti a jejich rozloZzeni v co moznd nejsirsim
vyskovém gradientu. Bylo vybrano 50 kruhovych vyzkumnych ploch
(r = 50 m) ve clyfech oblastech CTTKO (podrobnéjsi melodika a pra-
vidla vybéru jednotlivych ploch viz [14], které byly zafazeny do péti
kategorii porostii. Kategorie byly voleny tak, aby maximalné zohled-
nily heterogenitu vysadeb a porostil jasanu v oblasti a zaroven byly
vyliseny #vIasr bichové porosly a jasanové oldiny jako hlavni piedmat
zajmu: (i) solitérni vysadba — solitérni jedinci ve venkovské krajiné,
(i) roztrousgeni vysadba — skupiny a linie ve volné venkovské krajing
(remizy, linie, stromotadi, okraje porostii), (iii) biehovy porost - sou-
vislé liniové behové porosty ve volné krajiné éi v intravilanu obce,
(iv) lesni vysadba — roztrouseny aZz souvisly vyskyt v lesnich porostech
(cesly, okraje porostit, drobué kotliky) a v ocluaungch porostecl a (v)
jasanova ol§ina — ptvodni ¢i sckundarnt jasanovo-ol§ovy luh i ddolni
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Obr. 4. Biehovy porost jasanu ztepilého odumirajici v disledku
napadeni Hymenoscyphus pseudoalbidus
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‘Tab. 1. Podil nekrazy na ple

Pocet Tokalit Poskozeni korun (96)

, procentudlni primérna vzdusna vihkost a sklon lerénu v rizngch Lypech porostu v CHKO Luz

(H }Illl‘y

I'riimérnd vlhkost (%6) Sklon terénu (stupné)

Typ porostu

(n) Min. Max., Priun, Min. Max. Prium. Min. Max. Priun.
Solitérni v);'sﬂl]hn 10 0.00 8,28 2,33 75,02 81,10 78,64 3,00 14,00 8.60
Rozlroudena vysadba 10 3.65 26,40 11,93 76,02 83,08 78,98 5,00 28,00 12,30
Bivhovy porost 10 7,42 26,50 17,02 78,77 85,66 82,49 1,00 12,00 4,90
Lesni visadba 10 0,48 9,22 5,42 74,68 87,87 81,39 4,00 34,00 17,30
Jasanovi olgina 10 0,08 28,79 12,22 78,70 88,88 84,66 1,00 18,00 7,00

jasanovd olgina. Bliz&f informace k parametriim pouzitym k rozdélent
parostil do jednotlivich kategorii jsou uvedeny v metodice viz [14].
Jako dva faktory vyraznéji odlisujici biehové porosty a jasanové olsi-
ny od oslalnich Lypi porosld byly vybriiny vilikost prostiedi a sklon
terénu. Na vyzkumnych plochéch byly nainstalovany dataloggery
Minikin TTTi (TMS Brno) méfici vlhkos! veduchu prostiedi (dalalo-
ggery byly instalovany 4,5 m vysoko na severni strané kienu jasanu
ve stiedu vizkumné plochy). Blizsi informace k melodice méfent
vlhkosli veduchu vixz [18].

Vysledky

Vizkum sledujici rozsah poskozeni jasantt v brehovych a dalsich
porostech v GHKO Tuzické hory patogenem H. psendoalbidus vr. 2011
ukédzal, Ze sc jednotlivé typy porostit pritkazné lisf drovni poskozeni
korun [14]. Dale se ukizalo, Ze se v rovni napadeni ligi zejména vy
porosty, u ktervch lze ocekdvat vyrazné odlisnou vlhkost prostredi
a sklon terénu, viz tab. 1. V priunéru nejmensi objemy pogkozeni byly
identifikovany v kategorii solitérni v{sadba (2,33 %), kde byla zdrovei
zjig1éna nejnizsi pramaormda vihkost vzduchu (78,64 ). Naopak nejvil-
51 prameérné objemy poskozeni se vyskvtovaly v biehovych porostech
(17,02 %) a jasanovych ol§indch (12,22 %), kde byly zdroven zjistény
velmi vvsoké hodnoty vzdusné vlihkosti (82,49 %, resp. 84,66 %).
avariance ukdzala, Zc se stanovigte prikazné ve vlhkosti vzdu-
chu lisi (p < 0,001). Vzdjemné porovnani (Duncantiv test) ukézala,
ze rozdilng napadené porosty se zaroven ve stejném schématu lisf
ve vlhkosti prostfedi. Stanovisté pritkazné vice napadenych porostii
(brehové porosly a jasanové ol$iny) maji ledy zdroven prikazné
vzdusnou vlhkost nez stanovisté méné napadentych solitérnich
(a rozlrougenych) visadeb, kde je vihkosl nizgi. Dle vige uvedenych
vysledki je zicjmé, 7o zde miZe exisloval pifimd sonvislost mezi
vlhkosti prostredi a trovni napadeni jasant. Proto byla provedena
regrese rozsahu pogkozen{ porosttt na vlhkost prostiedi. ‘lato analyza
jasné ukdzala, 7e rozsah poskozeni porosii je zivisly na primérné
denni vilikosti (p < 0,01; r = 0,36; gral 1).

V pripadé sklonu terénu byla prokdzana rovnéz vyznamnd vari-
abilita mezi typy stanovist a souvislost s tirovni napadeni porostti.
Nejmensi priimérny sklon lerénu byl zjisién u bichového porostu
(4,90 %) a jasanovych oldin (7,00 %), naopak nejveétsi pramérny sklon
lerénu byl polvrzen u lesni vysadby (17,30 %) a rozlrousené vysadby
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Graf 1. Procentuédlni poskozeni jasanu patogenem Hymenoscyphus
pseudoalbidus v zévislosti na vzdudné vlihkost
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(12,30 %). Rozsah poskozeni porostil je rovnéz zavisly na sklonu
terénu (regresni analyza r = -0,43; p < 0,002; graf 2).

Diskuse

Zastoupeni jasanu ztepilého je z fytogeogratického hlediska v CR
velmi riznorodé — v néklerych oblastech statu je velmi hojny, jinde
témeér chybi. To se projevuje i ve slozeni hiehovych porost — napi.
v povodi Vllavy jasan tvoii v biehovich porostech jen nékolik procent
drevin [23], v povodi Labe naopak jasan pfedstavuje az 30 % (Dohnal,
Povodi Labe, statni podnik, osobni sdéleni), 1 tam se zastoupeni jasant
simoziejma 1is1 v rdmai konkréinich bichovyeh porosiii. Piestozo
nekrdza jasanu v povodi Vltavy poskozuje jasany stejné jako v jinych
oblastoch, neptedstavuje vzhlodem k relativné malému zastoupeni
jasantt v bichovych porostech zdsadni a obeené rozsifeny problém.
Naopak v povodi Labe je (na rozdil od povodi VItavy) soucasny dopad
nekrézy jasanu podstatné vyssi nez vliv plisné olsové [21, 22].

Bylo zjigténo, ze se hfchové porosty a jasanové oldiny 1i&f pritkazné
§i twovni napadeni patogenem Hymenoscyphus pseudoalbidus od
jingeh porostta visadeb jasanu (solilérni visadby, roztrouSeni zelen
v krajiné, lesni porosty). Typy porosti (stanovist) se lisl zaroven ne-
kterymi charakteristikami prostfed, které pritkazné souviseji s tirovni
napadeni — jednd se zejména o vlhkost prostiedi a sklon terénu (resp.
geomorfologii). Zjisténa fakta lze jednoznaéné interpretovat tak, ze
porosty s jasanemn, které rostou na stanovistich s vysokou vzdusnou
vlhkaosti a v malo exponovanych (rovinatych) polohach, jsou zaroven
v¥razné vice napadeny patogenem. Zejména biehové porosty (a také
tdolni luhy a luzni porosty) lze jednoznacng oznacil jako porosly
nejvice ohrozené invazi H. pseudoalbidus.

Delekovand vazba inlenzily choroby na vyssi vihkosl prostiedi je
veelku otokidvand, proloze plodnicky pohlaviniho stidia se vytviicji
v opadu a pro jejich vytvoreni je pravdépodobné zapotiebi vy§si
vzdugnd vlhkost. Askospory — infokéni inokulum patogenu jsou hy-
alinni a lenkosténné [17] a jako takové pravdépodobné velmi citlivé
viici vyschnuli, mimolo k sifeni askospor a veniku infekee dochézi
v ¢asnych rannich a dopolednich hodindch [11], kdy je vlhkost vzdu-
chu nejvvasi [18]. Vysokd vzduind vlhkost je tedv pravdépodobné
podminkou pro Gspégnd probéhnuli infekéniho procesu. 'V suchych
letech mtize byt infekeéni tlak nizéi nebo se ndstup epidemic maze
opozdil - coz je nejspise pripad roka 2013, kdy vina infekce probehla
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Graf 2. Procentuélni poskozeni jasanu patogenem Hymenoscyphus
pseudoalbidus v zivislosti na sklonu tlerénu
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na mnohych mistech pozdéji nez obvykle a opad listti napadenych
dievin se jevil jako nizéi nez v minulych letech (Havrdova, nepubli-
kovéno). Podobnou vazbu $ifeni choroby a dopadu infekee na vlhkost
prositedi a srazky mizeme idenlilikoval u fady houbovych chorob
asimilacniho apardtu a vyhont nejriznéjgich devin — naprt. u nej-
riiznéjsich listovvch skvinilosti zpisobenyoh drahy r. Apiognomonia,
Mveosphacrella, Kabaticlla aj. na miznych listmacich, usyehani vihoni
topoll a vrb (Venturia spp., Glomerella cingulata) a dalsich dievin
ncho u sypavek (zpiisobovanych napt. druhy rodtt Mveosphacrella,
Lophodermium, Rhizosphaera) na jehlicnanech [3, 19].

Velmi vyznamny dopad (vedle hospodareni v Tuznich porostech
a tdolnich luzich) ma tedy nekréza jasanu v bfehovvch porostech.
Situace je umocnéna tim, ze jasan byl ¢asto pouzivan jako nahradni
drevina »a jilmy, kleré odumisly v dasledku epidemie grafliozy (jilin
horsky, j. vaz a j. habrolist?), a za oldc (0. lepkava, o. Sedd), jejichz
porosly jsou zejiména v zapadni poloving stdlu decimovany plisni
olsavou [1, 20, 21]. Vzhledem k soudasné situaci je nyni doporuco-
viino podil jasanu zlepil¢ho ve vybranych spolecenstvech bichovych
porostil postupnd snizovat, podobné jako napf. u spolecenstev s olsi
lepkavou a edou v piipadé poskozeni plisni olsovou. § tim souvisi
nutnost zvyseni podilu nahradnich taxont, mezi které napf. patii
javor klen, stiemcha obecnd, dub lewni apod. [22].

Pirodni prosiFedi je samoziejmé velmi variabilni syslém a v rozsa-
hu napadeni a viznamu nekrézy jasanu se jisté uplatiingi i jiné faktory
nez vihkost prosiedi a sklon lerénu — napit expozice, zipoj porostu,
objem korun hostitele a dalsi.

Podékovani: Prdce byla podporena projekty Ministerstva Skolstvi,
mlddeze a lélovichovy L CAU CIGA20124309, CAU IGAITIDZ0124354
a Ministerstva zemédélstvi Ceské republiky ¢. NAZV QI92A207.
Ddle bychom chugfi podékovat Ing. Jirimu Kucerovi (EMS Brno) a Dr:
Janu Piveovi (CZU FAPPZ KAB) za cenné rady a konzultace a Ing.
Aloxandru Hrozkovi (SCHKO Luzické hory) za pomoc pii inslalaci
datalogger.
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The high air humidity determines the high damage of bank-
side stands by ash dichack (Havrdova, 1.; Zabransky, I2;
Cemy, K)

Abstract

New alien invasive lungal pathogen Hymenoscyphus pseudoal-
bidus (Chalara frexinea) causes intensive ash dieback of common
and narrow-leaved ashes recenlly. The exploralion of impact of the
disease in different types of ash stands and environmental factors
alfecting the extent of damage has been performed in model area in
PLA Lusatian Mountains since 2011. In 2012, the sensors Datalog-
ger Minikin 'THi (EMS Brno) measuring air humidily were installed
in 50 investigated permanent plots respecting the diversity of ash
slands in the arca. Air humidily was mcasured 4.5 m above the
ground level in centres of permanent plots. The data were collected
in 15-min interval during the time of ascospore spreading from July
to August. Morcover, the slope of localities was measured with using
of clinometer. The acquired data were given into the connection with
level ol ash dieback. It was found oul, thal the highesl disease level
presented in hankside stands and ash-alder mixed forests - i.e. in
slands with highesLair humidily and lowest slopes. The lowesl dam-
age was determined in scattered plantings in open landscape which
are characlerised by lowesLair humidily and higher slope. Bankside
stands, alluvial- and bottomland forests are the most endangered
vegelalion Lypes by the invasion.
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riparian stands — Traxinus excelsior
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Summary

The population structure of Hymenoscyphus fruxineuvs, the causal agent of ash dieback, was assessed at four closely located sites in the
Czech Republic. To analyse the genetic variation, one Swiss and one Norwegian population with known population structures were selected
as reference points. The analysis was performed using 16 previously published and five newly developed microsatellite markers. The qual-
ity of the new markers was assessed by sequencing the flanking region, identifying the type of the mutation and analysing the inheritance
and linkage between all pairs of loci. In addition, markers were tested on 45 Japanese strains to confirm their usability on native H. fraxin-
eus populations in Asia. One of the new markers was monomorphic in all European populations and one marker exhibited a high percent-
age of null alleles in the Japanese samples. Twenty markers in the four Czech populations showed lower average gene diversity than in the
other two European populations. One Czech population significantly differed from all the others, with a pairwise Gg of approximately 0.2,
the lowest allelic richness and very low average gene diversity, likely resulting from a founder effect. The amount of genetic differentiation
hetween the four neighbouring Czech populations exceeds the expected value from previous Europe-wide population studies and suggests
that local population dynamics can affect the population structure of [ fraxineus.

1 Introduction

Hymenoscyphus fraxineus is an invasive ascomycetous pathogen, which was likely introduced from Asia (Zhao et al. 2012;
Gross et al. 2014a). Since the 1990s, it has caused ash dieback in large areas of Europe (Timmermann et al. 2011). Preli-
minary population genetic investigations have revealed high genotypic diversity, indicating a high rate of sexual reproduc-
tion (Rytkénen et al. 2011; Kraj et al. 2012). Subsequent studies concerning the population structure of H. fraxineus were
in partial disagreement (Bengtsson et al. 2012; Gross et al. 2012, 2014a; Kraj et al. 2012; McKinney et al. 2012; Kraj and
Kowalski 2014). For example, using microsatellite markers, Gross et al. (2014a) and Bengtsson et al. (2012) demonstrated
low genetic structure between populations from several European countries and a study on populations in Denmark
(McKinney et al. 2012) yielded corresponding results. By contrast, using RAMS markers, Kraj et al. (2012) have found a
well-defined population structure, while differences between lowland and highland populations were shown. Because only
isolates from necrotic lesions were used, this finding might be restricted to pathogen subpopulations able to induce stem
necroses. However, similar results were obtained with isolates from ascospores (Kraj and Kowalski 2014). Both studies
characterized lowland populations by fewer number of markers, fewer polymorphic loci as well as a lesser degree of intra-
population genetic variability.

Comparison of European and Japanese populations of H. fraxineus showed a much higher allelic richness in Japan (Gross
et al. 2014a). There are, however, only eight microsatellite markers applicable for both groups thus far, whereas more loci
are required to increase the resolution of genetic comparisons and to more accurately localize the source population.

In the Czech Republic, H. fraxineus was initially isolated in 2007 from Fraxinus excelsior cv. Pendula in the Krtiny Arboretum
(South Moravia). Nevertheless, the first infections had likely occurred already by the end of the 1990s (Jankovsky and Holden-
rieder 2009), and at present, ash dieback can be found throughout the Czech Republic. The level of infection, however, differs
among the vegetation types, where humidity seems to be the limiting factor for the pathogen (Havrdova and Cerny 2013).

The aim of this study was to examine the population structure of H. fraxineus at four sites within the Czech Republic.
Two other populations with known population structure from Switzerland and Norway were used to compare and inter-
pret our results. The analyses were carried out using 21 microsatellite markers, five of which were newly developed, and
their suitability was tested on populations from the native range (Japan) and from the invaded area (Eurape).

2 Materials and methods

2.1 Development of new microsatellite markers

Previously described sequencing data (Gross et al. 2012) were used to mine for microsatellite repeat loci. Twenty loci were
selected, and primers that amplified a fragment of approximately 1 kb were designed with Primer3wes (http://bioinfo.ut.ee/
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mprimer3/) (Table S1). Each locus was amplified in eight test strains of H. fraxineus (Table S2), and products were visual-
ized on a 1 % (w/v) agarose gel. Subsequently, eight promising loci (without any null-lleles in test strains) were selected
and all test strains were partially sequenced with the corresponding forward primer. Sequences were aligned using the
multiple sequence alignment tool CrustalW, implemented in Genrious v6.1.3 (Biomatters Ltd., Auckland, New Zealand). Two

lari ovhihited nog nolvmarnhieme whaorans siv laci revenlad cize diffarancog of which five werae due to variation in the mi-
10CL CHNIDITCA [0 POrYIMOIPIISIIS, WiIeI'eas SIX 1041 IeveauCd S1ZC QIuCrences oL Wil [Ive WCI't QU 10 variaillii il e mi

crosatellite repeat number. Sequenced alleles of the five polymorphic loci were submitted to GenBank (Tahle S3). For the
five loci with mutations in the microsatellite repeat, new primers were designed and the forward primers were directly
labelled with a fluorescent dye. A multiplex PCR (multiplex PCR no. 4) was developed, allowing to amplify all five loci in a
single PCR run (Table S4).

2.2 Testing the new microsatellite markers

Mendelian inheritance of microsatellite markers was tested on 30-31 progeny isolates derived from three different apothe-
cia collected in the field. A chi-squared-test was used to test for a 1 : 1 segregation of alleles (Table 1).

Linkage disequilibrium among all pairs of polymorphic loci, including 15 of the previously developed microsatellite mark-
crs, was calculated in Ariequin v. 3.5.1.3 (Excoffier and Lischer 2010) using 10 000 steps in the Markov chain and 10 000
dememorization steps. The significance level » = 0.05 was adjusted by the sequential Bonferroni correction procedure for
each pair of loci (Rice 1989).

In addition, the microsatellite markers were tested on a set of 45 isolates from Japan (subsample of population JP_Sug-
adaira of Gross et al. 2014a) because previous studies revealed several microsatellite markers with a high percentage of
amplification failures on strains from the native range of the fungus.

2.3 Sampling, isolation and microsatellite genotyping

Sampling of 1-year-old necrotic shoots was performed at four sites in the north of the Czech Republic, between February and
April 2012 (Table 2, Fig. 1). The study sites were two nurseries (Plouznice, Krasné Pole), a young ash plantation (Destna) and
a site with natural ash seedlings (Loveckovice), located 21-37 km apart (Table 2). At each site, H. fraxineus was isolated from
20 necrotic lesions. Pieces of sapwood from the whole lower border of necrotic lesions were surface-sterilized as follows: 10 s
in ethanol (96%), 10 s in sodium hypochlorite (4.7% active chlorine), 10 s in ethanol (96%), a final wash in distilled water
and drying on sterile paper tissue. Sapwood pieces were placed on malt extract agar with streptomycin (composition per 1 1:
malt extract 30 g, peptone 5 g, agar 15 g, streptomycin 100 mg — added after autoclaving) and incubated at 18°C. Qutgrowing
mycelia with morphological features of H. fraxineus were kept on wort agar prepared from brewer’s wort (final sucrose con-
tent 2% w/v). One to two strains from each lesion were analysed (however, it should be noted that two strains from a single
lesion were isolated only in two cases in the Destnd population). The total number of strains (isolates) per population is shown

Tuble 1. Segregation patterns of four polymorphic microsatellite markers in progeny genotypes of three different apothecia.

Total progeny

Apothecia Polymorphic locus Allele size 1 [bp]* Allele size 2 [bp|* genotypes p oy’ test
Fk02 mHp_076105 197 (16) 201 (14) 30 0.72
Fk02 mHp_076166 155 (15) 184 (15) 30 1.00
Fk08 mHp_068858 120 (16) 129 (14) 30 0.72
Fk08 mHp_076166 155 (14) 184 (16) 30 0.72
Fk08 mHp_086811 151 (17) 161 (13) 30 0.47
Fk19 mHp_06BB5Y 120 (14) 129 (17) 31 0.59
Fk19 mHp_076166 155 (12) 184 (19) 31 0.21

'Number of corresponding genotypes are given in parentheses.

Table 2. Characteristics of study sites and Iymenoscyphus fraxineus populations.

@ number Gene

Sample  Altitude Stand Tree Allelic of alleles  diversity
Study site Country Coordinates size (m.asl) character height (m) richness'!  per locus .
Loveckavice CZ 50.62083N 14.26287E 13 420-435 Natural 02 1.74 1.75 0.30
sceding

Destna CZ 50.52201N  14.51732E 19 240 Planting 4 1.62 1.70 0.21
Plouznice CZ 50.63314N  14.76381E 19 291 Nursery 1 1.78 1.85 0.31
Krasn¢ Pole CZ 50.85193N  14.50256E 16 440 Nursery 05 1.90 195 0.35
Ebikon CH 47.07412N 8.30381E 23 450 NA NA 1.88 2.00 0.36
0Oslo N 59.92831IN  10.69423E 18 43 NA NA 1.86 1.90 0.38
Sugadaira P 36.52022N  138.35101E 45 1317 Natural forest =20 - - -

NA, not available.
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Fig. 1. Schematic map of northern Czech Republic (entire country in the upper right corner) showing the localities of the four Czech
populations incorporated in the study.

in Table 2. Another two of the previously analysed populations (see Gross et al. 2014a) were selected for comparing genetic
patterns: one from Switzerland and one from Norway, both collected in 2010 (Table 2). Together, 108 strains of European
H. fraxineus were analysed. Fungal DNA of the Czech populations was extracted by the ZR Fungal/Bacterial DNA kit (Zymo
Research, Orange, CA, USA) according to the manufacturer’s instructions.

All strains were genotyped with the new microsatellites described ahove and 16 microsatellites from Gross et al. (2012),
using the adjusted multiplex PCRs specified in Table S4. Multiplex PCRs contained 2 ul 5x reaction buffer (Promega,
Dubendorf, Switzerland), 0.2 mm dNTP mix (Fermentas, St. Leon-Rot, Germany), primer concentrations as specified in Table
S4 and 0.5 U GoTaq polymerase (Promega). PCRs and fragment analysis were carried out as described in Gross et al.
(2012).

2.4 Population genetic analysis

Genetic analyses were conducted with 20 microsatellite markers. The mitochondrial locus mHp_mt_01 was excluded from
the data because of frequent non-Mendelian inheritance, as identified in a previous study (Gross et al. 2014a). The r-pack-
age ‘pappr v1.0.3" (R_Development_Core_Team 2009; Kamvar et al. 2014) was used to compute the number of multilocus
genotypes and the index of association /, (Brown et al. 1980; Smith et al. 1993). The /, is expected to be zero if the alleles
are distributed randomly between different genotypes, which would suggest random mating. The number of significant
deviations from zero was tested by 1000 permutations using the allele permutation method of ‘poppr’. The software SPAGE-
Di 1.4c¢ (Hardy and Vekemans 2002) was used for the determination of allelic richness (normalized to the smallest popula-
tions size N = 13) and Nei's average gene diversity H, (Nei 1987).

Pairwise population differentiation (Gst) was calculated in Artrquin 3.5.1.2 (Excoffier and Lischer 2010) and tested for
significance by 10 000 permutations. Population structure was explored by principal component analysis (PCA) using the
r-package ‘adegenet v1.3-9.2" (Jombart 2008; R_Development Core Team 2009). As a comparison, the Bayesian model-
based clustering algorithm of the software srructure 2.3.2 (Pritchard et al. 2000) was used. The program minimizes Hardy
Weinberg disequilibrium and the phase disequilibrium hetween loci within a given number of clusters K. After a burn-in
period of 50 000 MCMC iterations, further 1 000 000 iterations were performed for ten independent runs for each K rang-
ing from 1 to 8. No prior population information was supplemented, and the program was run under the admixture model
with independent allele frequencies. The output of structure was analysed with Structure Harvester WeB v0.6.93 to deter-
mine the optimal number of clusters K (Earl and vonHoldt 2012).

3 Results

3.1 New microsatellite markers for Hymenoscyphus fraxineus

Five new microsatellite markers were developed. The quality of the new markers was assessed by analysing (i) the type of
the mutation between microsatellite alleles, (ii) their inheritance and (iii) the linkage among loci. In addition, to evaluate
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their usability on native H. fraxineus populations, the markers were tested on 45 H. fraxineus strains originating from
Japan.

The sequencing of the microsatellite flanking region identified two sequence variants per marker. The mutation leading
to sequence length variation always occurred in the microsatellite repeat region (Table 3). However, in marker
mHp_076166, two single base indels (insertion or deletion) were also found in the flanking region, one of which was only
found in the reference sequence. All loci revealed 1-6 additional single nucleotide polymorphisms (SNPs) in the flanking
regions. In all but marker mHp_067560, the copy number of the microsatellite repeat motif differed by more than one
repeat unit between the alleles, The onefold repeat shift at marker mHp_067560 was only detected once among all of the
eight test strains (strain 2118 1, Table S3). In addition, a onefold repeat shift leading to a third allele at locus
mHp_076166 was detected only once in a strain of the Czech population Plouznice (Table 3). This allele, however, was not
sequenced.

Microsatellite inheritance analysis revealed that of 30-31 progeny isolates within three different apothecia, only
mHp_ 067560 was not polymorphic. The segregation patterns of the remaining markers did not significantly deviate from
the 1 : 1 ratio expected under Mendelian inheritance (Table 1).

Significant pairwise linkage between old and new markers was only identified in individual cases. In addition, old mark-
ers mHp_080497 and mHp_073013 were in pairwise linkage in two Czech populations, that is Destna and Loveckovice.

Markers mHp_068858, mHp_076105 and mHp_086811 were polymorphic in Europe and also performed well on Japa-
nese strains (Table 4). Locus mHp_076166 was polymorphic in Europe but failed to be amplified in 11 (24.4%) Japanese
strains. In return, locus mHp_067560 was monomorphic for European populations (with the exception of the second allele
found in the test population) but polymorphic in Japan (Table S3). Average gene diversity of the new microsatellites was
0.31 for European strains and 0.68 for Japanese strains (Table 4). The number of alleles varied from 1 to 3 in Europe,
whereas the Japanese population showed 5-21 alleles per locus.

3.2 Local genetic structure in the Czech Republic and comparison with two other European Hymenoscyphus
fraxineus populations

All 108 European strains studied were recognized as individual multilocus genotypes. In addition, the two strains isolated
from one lesion in the Destna population yielded different genotypes. The index of assaciation was not significantly differ-
ent from zero in all populations (data not shown), indicating random recombination between loci. The number of alleles
per locus varied from 1.70 to 1.95 in the Czech populations, whereas it was 2.00 for the Swiss population and 1.90 for the
Norwegian population (Table 2). Likewise, gene diversity was lower in the Czech populations, ranging from 0.21 to (.35,

Table 3. New microsatellite loci and their characteristics in European populations (based on sequencing data and fragment analysis, see
also Table S3): The periode size, number of alleles, microsatellite repeat motif, repeat copy number, sequence and fragment lengths and
the type of the mutation (MS, microsatellite repeat; SNP, single nucleotide polymorphism; indels, insertion/deletion) is given.

Period Repeat copy Repeat Number Allele
Locus name size |bp| number motif of alleles size (bp) Fragment lengths Mutation type
mHp_067560 3 7,8 GAG 2 241, 245 242", 245 MS, 3 SNPs
mHp_068858 3 6,9 CAA 2 124, 133 120, 129 MS, 2 SNPs
mHp_076105 4 56 ATGG 2 194, 198 197, 201 MS, 4 SNPs
mHp_076166 3 7,17, 18 CTT 3 151, 180 155, 184, 187° MS, 2 single
bp indels, 6 SNPs
mHp_086811 3 5 8 GAG 2 153, 162 151, 161 MS, 1 SNP
?Allclc has been detected in the polymorphism screening only.
“Allele only found in a single strain in the Plouznice population; allele not sequenced.
Table 4. Diversity of five new microsatellites in European and Japanese samples.
Curope (N = 108) Japan (N = 45)
Per cent Per cent
Number of null Number of null
Locus of alleles alleles ¢ Ht of alleles alleles o He. Recommended usage
mHp_067560 12 0.0 0.00 6 0.0 0.56 Only Japanese populations, monomorph in Europe
mHp_068858 2 0.0 049 7 0.0 0.76 European and Japanese populations
mHp_076105 2 0.0 0.09 10 0.0 0.58 European and Japanese populations
mHp_076166 3 0.0 0.50 21 244 095 Only European populations, null alleles in Japanese
samples
mHp_086811 2 0.0 0.50 5 0.0 0.54 European and Japanese populations
'Average gene diversity.
A second allele was only found in the test strains (sce Table S2).
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Table 5. Matrix of pairwise population differentiation (Gsr) for Czech, Swiss and Norweigian populations of Hymenoscyphus fraxineus.

Population Loveckovice Destna Plouznice Krasné Pole Ebikon Oslo
Loveckovice 0.00000
Destna 0.20975* 0.00000
Plouznice 0.00799 0.09916* 0.00000
Krasné Pole 0.00943 0.16511* 0.01850 0.00000
Ebikon 0.03438 0.20506* 0.04983* 0.01607 0.00000
Oslo 0.06955* 0.28307* 0.10886* 0.03879* 0.01730 0.00000
*Significant at p < 0.05.
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Fig. 2. Principal component analysis (PCA) of the Czech populations and the two reference populations from Norway and Switzerland.
Individual populations are indicated by inertia ellipses and the different colours (see legend). Dots represent individual population
members. PC1 explains 10.96% and PC2 8.1% of the total variance.

while it was 0.36 and 0.38 in the Swiss and Norwegian populations, respectively (Table 2). The Destna population showed
the lowest gene diversity (H. = 0.21) and significantly differed from all other tested populations, with the pairwise popula-
tion Gsr value ranging from 0.10 to 0.28 (Table 5). st values between the other Czech populations ranged from 0.01 to
0.02 and were not significant. However, comparisons to other European population were higher (Ggy = 0.02-0.11) and
mostly significant. The PCA shows that the Destna population is quite distinct. The other populations partially overlap and
are not clearly separable from each other (Fig. 2).

Two clusters proved to be the best model, as determined by strucrure analysis and subsequent analysis in Structure Har-
vester (Fig. 3). Log likelihood values for K = 2 were significantly better than for K =1 (Wilcoxon rank sum test, p < 0.001)
(Fig. 3h). In addition, delta (K) plots showed the highest value for K = 2 (Fig. 3c¢). However, the probability plots indicated
that individuals of different populations were not allocated to one or the other cluster with a high confidence (Fig. 3a).
Similarly, in all but the Destna population, genotypes assigned to either cluster were present. Only in the Destnd population
were individuals consistently assigned to the same cluster with moderate to high confidence.

4 Discussion

During our study of the genetic diversity of H. fraxineus at four sites in the Czech Republic, 20 microsatellite markers were
used in total. Five new markers were developed and their quality assessed carefully. Three markers were identified as
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Fig. 3. Bayesian clustering analysis using the software structure. (a) Assignment probability plots for K = 2 and K = 3 clusters of Europcan

Hymenaoscyphus fraxineus genotypes. Individuals are represented by narrow bars divided into K segments showing the mean membership

coefficient of an individual for a specific cluster. Vertical black lines delimit the populations that are indicated underneath the bar plots. (b)

Boxplots of the log likelihood (LN pr(X]K)) of ten individual runs per cluster ranging from K= 1 to K= 8, indicating that K =2 is the

model with the highest likelihood score. (¢) Delta (K) plot to determine the optimal number of clusters in strucrure analysis as suggested

by Evanno et al. (2005). The highest delta (K) is observed at K = 2. However, the method is unable to differentiate between K = 1 and
K=2.

appropriate to compare the genetic diversity between populations in Europe and Japan. Only eight markers have proven valu-
able for this purpose so far (Gross et al. 2014a), and additional markers are necessary to elucidate the invasion history of
H. fraxineus. Average gene diversity (H, = 0.29) of Czech populations was considerably lower when compared to the two ref-
erence populations and to the European average H, = 0.35 reported by Gross et al. (2014a). Only the Krasné Pole population
reached a similar gene diversity (H, = 0.35). The Destna population represented an outlier in terms of low genetic diversity,
which is likely the result of a founder event. A founder effect within the already bottlenecked European population has
already been reported in the CH_Wilderswil population in a previous study (Gross et al. 2014a).

Interestingly, two strains isolated from the same lesion showed different genotypes. The possibility of multiple infec-
tions from one leaf scar has already been indicated by Bengtsson et al. (2014). To confirm this, a more precise tracking
of the infection event is necessary because the detection of multiple strains could also have been caused by the fusion
of lesions from two nearby leaf scars or the combination of lesions from a leaf scar and direct entry, (e.g. through a
lenticel).

Concluding from the allelic diversity of the markers, Czech populations of H. fraxineus have a similar gene pool as that
found in other European populations. Unsurprisingly, Czech H. fraxineus derived obviously from other European H. fraxin-
eus populations. However, the considerable variation in genetic diversity and the two relatively undefined clusters found by
structurk analysis among the geographically proximal populations was an unexpected result. Hymenoscyphus fraxineus was
already present throughout the country (L. Havrdova, personal communication) and had been reported in all neighbouring
countries (see fig. 1 in Timmermann et al. 2011) at the time of sampling. Ascospores of the pathogen are distributed by
wind (Timmermann et al. 2011), and, as is established from disease monitoring programs, the disease front can mave up
to 75 km per year (Gross et al. 2014b), implicating a high migration potential. High migration rates lead to the prevention
or dissolution of the population genetic structure (Wright 1949; Slatkin 1987), and this was shown for H. fraxineus in a
Europe-wide study incorporating 32 populations and more than 1200 strains (Gross et al. 2014a). Therefore, factors acting
against migration might have led to the observed pattern. Chandelier et al. (2014) showed a logarithmical decrease in the
amount of H. fraxineus ascospores as height from the ground increased. Therefore, a few local genotypes may have gener-
ated a higher and earlier infection pressure (especially in the low and dense Czech stands) than H. fraxineus spores from
surrounding areas, which may have hindered migration. Alternatively, other unknown epidemiological dynamics, for exam-
ple low density of F. excelsior stands in surrounding areas or unfavourable conditions for infections, are also conceivable.
Indeed, the ash stand in Destna is surrounded by pine forests on sandy ground and agricultural fields with a very low den-
sity of ash. However, the result must not be overinterpreted because Gsp values between Czech populations other than
Destna were small and insignificant, and also the differences from the two foreign reference populations were not much
higher. Our study is difficult to compare to those of (Kraj et al. (2012; Kraj and Kowalski 2014) which identified a clear dif-
ference between lowland and highland populations using RAMS markers. All our populations were sampled at a similar ele-
vation and we used a single-locus, codominant marker type. There are several well-known technical and analytical
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drawbacks of multilocus markers such as RAMS (see Sunnucks 2000), and therefore, the interesting findings of Kraj et al.
should be challenged using more reliant genetic markers in the future.

Our results clearly point to our limited knowledge about epidemiology, disease dynamics and the ecological factors shap-
ing them. Holdenrieder et al. (2004) called for transdisciplinary cooperation of forest pathologists and landscape ecologists,
and such collaborative studies are needed to fully understand the forest pathogen H. fraxineus.
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Abstract

Extensive investigation of the impact of ash dieback on different rural vegetation types
(solitaires, scattered plantations, riparian stands, scree- and ash-alder alluvial forests) was
performed in the Lusatian Mts. (the Czech Republic) between 2011 and 2013. The rate of ash
dieback and 30 environmental variables were investigated in 80 research plots with a total of
1045 evaluated trees.

The developed model (GLM) explained ca 27% of the data varability. Particular
models for each vegetation type were developed; importantly, these models differed from
each other and explained 28-46% of the data variability.

The variables that positively affected the disease impact included the host crown area,
rate of ash in the stands, tree layer area, canopy closure, north aspect, shrub and herbaceous
layer canopy and several terrain morphology characteristics (vertical heterogeneity and
standard deviation of TPI). Tree height, the distance and damage of the nearest host as well as
the water source distance, slope and its SD affected the impact negatively. The coincidental
attack of the trees by Armillaria sp. and Hylesinus fraxini had a positive impact on disease
progress, whereas the presence of Nectria sp. and Eriophyes fraxinivorus conclusively
decreased progress, most likely via the induction of secondary metabolites.

The highly conclusive regression (1=0.45, p<0.0001) of ash dieback on the number of
days with an air humidity of >95% between 6—11 a.m. in the main period of ascospore spread
was identified. Because the air humidity near the ground is highly atfected by local factors, a
GLM model explaining the variability of air humidity with that of measured factors was
developed. This model convincingly explained 77% of the variability attributed to air
humidity, and local factors (TPIS and SD of TPIS, aspect, slope, altitude, distance from open
water, tree and shrub layer canopies, tree stand and tree crown height, etc.) greatly affected
the disease impact related to air humidity. Moreover, the landscape form was identified as a
factor (most likely via humidity) that affects the impact of the disease; for example, the stands
at mountain tops and slopes were less affected than the stands in valleys.

The vegetation types highly differed in disease extent. In general, the solitaires and
scree forests were significantly less damaged than mixed ash-alder forests and riparian stands.
The smaller stands were less affected than the more extended, the stands separated by
canopies of other forests were less damaged than comparable vegetation in open places and
stands with higher humidity (riparian stands and mixed ash-alder forests) were more damaged
than those without water.

The outcomes clearly support the possibility of development and usefulness of
appropriate forest and landscape management of the disease.

Key words: ash dieback; common ash; invasion; landscape; environmental factors; air
humidity;
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1 Introduction

Alien fungal pathogens have become a major threat to biodiversity and ecosystems
worldwide (Santini et al., 2013). The increase in the number of invasive forest pathogens is
due to human activity, especially because of the current emphasis on economic output
(Desprez-Loustau 2009, Pautasso 2013) and global trade, which has exploded into a high-
volume industry that facilitates the movement of pathogens around the globe (Brasier, 2008;
Westphal, et al. 2008; Santini et al., 2013). This process is accompanied by the contemporary
overtaking of international plant biosecurity protocols that have become outmoded, flawed,
institutionalised, and too ineffectual (Brasier, 2008). Once established, exotic pathogens are
usually difficult to eradicate in natural ecosystems (Brasier, 2008) and responding to exotic
tree pathogens represents a real challenge for sustainable land use and rural economies
(Pautasso, 2013). The development of successful control strategies requires a thorough
knowledge of the biology, epidemiology, and pathways of the spread of each target organism
(Sakai et al., 2001). The possibilities to fight the invasive pathogens are also complicated by
the temporal lag in recognising that a new disease has appeared (Pautasso, 2013) as well as
the incomprehension of the disease by responsible local authorities and governments, etc.

In Europe, alien fungal and fungal-like pathogens are the main cause of emerging
infectious diseases in forest trees. The risk of serious genetic depletion as a result of repeated
tree loss and offspring reduction is significant for many forest tree populations (Santini et al.,
2013). For example, in the case of Fraxinus excelsior, most native trees are highly susceptible
to the invasion of Hymenoscyphus fraxineus Hymenoscyphus fraxineus (T. Kowalski) Baral,
Queloz, Hosoya, and only approximately 1% have the potential to produce offspring with an
expected crown damage of <10% under the present disease pressure (Kjaer et al. 2012). The
collapse of many European populations and ecosystems in which the dominating or keystone
species 18 F. excelsior is repeatedly considered to be a possible consequence of pathogen
invasion (e.g., McKinney et al., 2011, 2014; Plitra et al., 2014).

Many healthy or affected ash stands are timbered in Danmark (Kjeer et al. 2012;
McKinney et al. 2014), the Czech Republic (Forests of the Czech Republic, State Enterprise)
and apparently in other European countries. Artificial re-establishing of ash stands is not
recommended due to the high probability of ash dieback (Plitira et al., 2014). The production
of ash material in nurseries has significantly decreased due to the high losses caused by ash
dieback and the small amount of interest expressed by potential customers (The Forest
Nursery Association of the Czech Republic, 2014). These events could also strengthen the
process of the genetic erosion of the species if they persist for a long time.

Genetic diversity 1s a major element of biodiversity (CBD, 2002); it is the basis for
adaptation and supports the correct functioning of the ecosystem (MEA, 2005). The value of
adaptive genetic variation has been recognised in forest management, conservation biology
and conservation genetics (Schiiler et al. 2013). Among others, the potential use of the genetic
diversity of tree hosts as a buffer against new diseases including ash dieback has become
highly relevant (Kjeer et al., 2012). The impact of ash dieback affects the genetic diversity in
common ash, and its current genetic diversity might be insufficient for further physiological
and genetic adaptation and sustainability of its populations (Plitira et al. 2014). The future of
common ash is unclear and adequate gene conservation and management strategies are still
unknown and need to be elaborated (Pliura et al. 2014).

The repeatedly detected genetically based resistance of common ash to H. fraxineus
(e.g., Plitira et al. 2011, 2014; McKinney et al. 2012, 2014; Stener 2013; Enderle et al. 2015)
has led to the general recommendation of selecting and preserving the most resistant
genotypes for use in subsequent resistant breeding. The first orchards to preserve the more
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resistant genotypes were established in several European countries (McKinney et al. 2014;
Plitira et al., 2014).

However, the selection and preservation of promising genotypes and subsequent
resistance breeding potentially pose at least three risks. The first is that thorough screening of
large areas, such as the Furopean continent or other large countries, is unrealistic and
impossible. In addition, many promising genotypes may not be recognised even during
screening. The practice of relevant Forest Authorities and forest owners described by Kjar et
al. (2012) as well as those practices undoubtedly performed in other countries will inevitably
lead to irrecoverable loss in a very short time.

The second risk involves the potential inbreeding depression and loss of genetic
diversity (Keller and Waller, 2002; Angeloni et al. 2011) in the common ash population as a
consequence of contemporary forest practices (Kjer et al. 2012). Due to the selection of only
a small proportion of promising genotypes (undoubtedly the recommended effective V. size =
300400 (McKinney et al., 2014) would not be respected due to several objective reasons in
many countries) as well as their propagation, breeding and especially expectable massive
commercial distribution of a limited number of very resistant genotypes originating from
resistance breeding and their following spontaneous spread and mtrogression.

The third potential risk originates from concentrating the large amount of different
host genotypes in several orchards and implementing intensive breeding programmes. The
possibility of this threat could be demonstrated on broadly known situations in poplar
cultivation. Rust caused by Melampsora larici-populina 1s the most widespread and
frequently occurring disease in poplars (Pei et al., 2007). Massive resistance breeding
programmes have led to the rapid evolvement of pathogen virulence markers in the cultivated
stands during the past 30 years, the infection of number of poplar clones selected for complete
resistance to M. larici-populina after the development of virulent isolates of the fungus, and
increase in evolution rate (Pinon and Frey 1997, Frey et al. 2005) and diversity richness of the
pathogen. However, the genetic distances between populations from cultivated and wild
stands were low, suggesting it is unlikely that there is a strong barrier between populations of
cultivated and wild stands (Frey et al. 2005); thus, the genetic introgression from the rust
population of cultivated stands is possible and potentially hazardous. Although the resistance
against H. fraxineus is rather quantitative (McKinney et al. 2014), the similar risk in the case
of the pathosystem F. excelsior/H. fraxineus cannot be undervalued because of the
heterothallic mating system and strictly outbreeding reproductive mode, absence of a clonal
spread, detected high genotypic diversity, continuous genetic exchange among distant
populations via airborne spread (Gross et al., 2014a,b; Burokiene et al., 2015) and, of course,
different generation times of the host and its pathogen. Moreover, as noted by Burokiene et al.
(2015), the rather special genetic population structure of H. fraxineus may make it difficult to
develop an effective biological control.

As presented above, the reliance on resistance breeding as the only or dominant way to
resolve the ash dieback invasion problem could induce unwanted and unpredictable
consequences; this solution should be considered as only a part of a more complex strategy.
Unfortunately, recent attention of European researchers has primarily focused on the
investigation of the resistance of the host (Plitira et al. 2011, 2014; Kiristits and Freinschlag,
2012; Metzler et al., 2012; McKinney et al. 2012, 2014; Enderle et al. 2013, 2015; Stener
2013; Lobo et al., 2015) and not on epidemiology. However, a successful strategy must
include thorough knowledge of the biology and epidemiology (Sakai et al., 2001), especially a
deep analysis of the real impact of the disease in the landscape. The distribution and impact of
many airborne pathogens is significantly determined by climatic conditions — primarily by
moisture and temperature (Kowalski, 2013). Recently, this relationship was verified n
Phytophthora ramorum (Davidson et al., 2005; Meentemeyer et al., 2008), and it is hypothesised
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this relationship will also be present in the case of the H. fraxineus invasion. The presented
study aims to fill this important gap in ash dieback investigation and is primarily concerned
with identifying the potential influence of the vegetation type and geomorphology as well as
environmental, silvicultural and other factors on disease impact.

2 Methods
2.1, Study area and plot selection

The field work was conducted in Lusatian Mts. Protected Landscape Area covering ca
235 km”® in north Bohemia (the Czech Republic) near boundary with Saxony (Germany) in
altitudes 312 — 793 m a.s.l. in the area between 50° 46" —50° 55" N and 14° 25" — 14° 52" E.
The Lusatian Mts. are characteristic by great shape variety, which was one of the main reason
for choice of this area. Different relief shapes are given by varied geological composition. The
area 1s primarily created by Cretaceous sandstone floes intruding a broad scale of different
Tertiary igneous volcanic bodies. Only a smaller part in north border is created by granitoids
of the Lusatian Plutonic body. Morphologically is the area created by main flat and hilly main
ridge in northwest, surrounded by many neo-volcanic knots divided by many deep
in ashlar sandstones, deep canonyous stream valleys and separated igneous domes. The
landscape is characteristic due to high proportion of forests (65 %), meadows, pastures and
scattered old rural settlenment with high rate of scattered greenery. Common ash is relatively
frequent tree in the landscape. It is represented in scree forests on slopes of volcanic
intrusions, in slopes of deep valleys and characteristically in mixed ash-alder forests in
bottoms of valleys. In rural landscape, the tree is frequent in riparian stands along small
watercourses and very frequent in shelterbelts. Moreover, common ash as an indigenous
German sacred tree was frequently planted by the former German population. Many of these
trees still grow and bear many local ash micropopulations in the landscape because of known
regeneration potential due to high density and vitality of ash seedlings (Wardle, 1958;
Dobrowolska et al. 2008). The pathogen invaded the area approx. 9 years ago and its
population is more or less stabilised.

The mvestigation was made during 2011-2013. The four particular subareas covering
ca 20 km?* were selected in different parts of PLA with respecting the geomorphological and
vegetation variability of the landscape and the presence of common ash. Particular subareas
were divided in 20 squares (1 km®) and only one research plot (round plot with d=50 m) was
determined inside each square. In total, 80 research plots were selected and the coordinates of
their centres were read in WGS-84 system (Fig. 1). The plots were selected with emphasis on
the clear and unquestionable classification of vegetation with ash presented in these plots into
5 functionally and ecologically different vegetation types — solitaires, scattered plantations,
riparian stands, scree forests and mixed ash-alder forests (see below). The distance between
neighbouring plots was at least 500 m to avoid the reciprocal influencing of plots, but usually
the distance was 700-800m. From the same reason, the rule that selected plots in
neighbouring squares must belong to different vegetation types was respected as far as
possible. Particular vegetation types were equally distributed in set of plots within each
subarea with simultaneous respecting of altitudinal gradient.

As vegetation types were the following. Solitaires were the 1solated trees (at least 30 m
from other tree) in open rural landscape (meadows, scattered settlement etc.) usually with
high landscape value. Scattered plantations were the groups of trees, alleys, shelterbelts with
total canopy between ca 10-30% in the plot. Riparian stands were the continuous tree lineages
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surrounding watercourses in open rural landscape with total canopy closure usually up to
30%. Mixed ash-alder forests grown in alluvia in forest environment with total canopy at least
80%. Scree forests were the forests on slopes (usually with presence of scree) with canopy at
least 80%.

2.2, Data collection

The field investigation was carried out between 1* July and 31*" August in 2011 and
in 2013. The field works were terminated before the first premature leaf fall caused by ash
dieback usually starting in the area in half of September. The all ash trees including those in
in shrub were identified and marked. In total, there were identified 1045 ash trees.

The variables describing the disease, host and environmental factors were identified in
each tree (Tab. 1). In total, 31 variables were ascertained in each plot. The first one was rate
of ash dieback as independent variable describing the disease impact. Next 10 other
independent variables were describing presence and characteristics of the host and remaining
23 independent variables described the environment. If possible, the measured variables were
acquired with respect to International Co-operative Programme on Assessment and
Montitoring of Air Pollution Effects on Forest (Eichhorn et al., 2010) unifying the method of
collection of data from forest environment.

Monitored plots in Lusatian
Mountains PLA

Legend

type of vegetation

isolated trees

scattered planting
riparian stands

forest stands

ash-alder alluvial forests

| 28 S g

2.3. Variables

Morphometry

The height of trees, height of tree crowns and crown putting-on value were measured
with use of rangefinder Nikon Forestry 550. The diameter of the crown was measured twice
in perpendicular diameters and the values averaged. Projection of ash crown area was counted
with the measured diameters. Area of particular ash trees were also summarised in the total
ash crown area in the plots.

5
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The crown volume of trees is important variable describing the amount of accessible
substrate. Crown volumes were counted with use of measurements of crown height and two
semidiameters measured perpendicularly according following formula. The crown shape was
due to its monaxial growth habit (Wardle, 1961) viewed in a simplified way as ellipsoidal.
Volume of crowns was counted as V = 1/6*v*r*r;. The volume of ash coppice was measured
in a simplified way as volume of cuboid as V = v*rpsry. The total crown volume of ash in
particular plots was counted as the sum of volumes of trees in them.

Description of the ash dieback extent and other diseases

Presence of characteristic ash dieback symptoms (Kowalski, 2006; Kowalski and
Holdenrieder 2009) in crowns was verified with binoculars. The rate of withered crown was
was identified with use of method “foliage transparency” according to ICP Forest 2010
(Eichhorn et al., 2010) describing the amount of light penetrating through the crown was used.
The work of Smitley (2008) was used as the calibration. The rate of dead crown volume
higher than 10% was accounted in tens of per cent. The values <10% were in more detail
divided into 5% and 2% values.

With use of dendrometrical data, the total volume of necrotised crowns of particular
trees was 1dentified. The total real necrotised volume of crowns in plots was found out by
summation and the total rate of necrotised volume of crowns in plots was counted with help
of the total crown volume in plots.

The distance from the nearest affected ash tree was directly measured or in the case of
long distances it was determined with use of GIS. The rate of ash dieback was determined in
the nearest host in way described above.

The other damages expressing by crown damage caused by pathogens (e.g.,
Pseudomonas  savastanoi, Nectria sp., Armillaria sp.), pests (Hylesinus fraxini,
Eriophyes fraxinivorus), withering caused by natural factors as canopy closure, frost damage,
senescence, mechanical damage and breaking of branches were registered and evaluated in
presence/absence separately. Moreover, mechanical damages caused by deer, human and by
objects floating by water in riparian stands were registered and evaluated in the same way.
Armillaria sp. was registered on the basis of presence of basidiomata and/or rhizomorphs;
rhizomorphs were randomly determined by molecular way (Antonin et al., 2009). Because of
the mycelium of the pathogen could be extended in great areas (Burnett, 2003) and damage of
particular trees couldn’t be apparent, the presence of this pathogen was also evaluated at the
plot level.

The damage of all plots and ash trees was evaluated by the first author to avoid the
potential mistake caused by different subjective evaluation.

Decription of the environment

The total canopy closure of tree layer and the share of ash trees in it were determined
in plots. The suppression of ash tree by crowns of surrounding trees was described in 9
categories describing closure of periphery by other trees (from 0 to 8): 0, <90%, 90-180%,
180-270%, >270% of periphery, and in combination with closure of the tree top: <90% + top,
90-180% + top, 180-270% + top, >270% + top.

The presence of shrub and unmowed herbaceous vegetation under crown of the host
(as presence/absence) and distance from water source and roads (in m) were described. Some
of these factors affect air humidity (Geiger et al., 2009) and they could have the influence on
the pathogen sporulation.

The hydric series of stands were evaluated in three categories: normal, moisten, wet-
flowing according to Prasa (2001). The values of average year temperature were obtained
from Tolasz et al. (2007).
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Description of altitude and geomorphology

The altitude and the slope were measured in the centre of the plots. The aspect was
evaluated in octants N (337.6-22.57), NE (22.6-67.5"), E (67.6-112.57), SE (112.6-157.5"), S
(157.6-202.5%), SW (202.6-247.5"), W (247.6-292.5) and NW (292.6-337.5"). The landscape
forms 1n research plots were evaluated in a simplified way in categories top shape, convex
slope, homogeneous slope, concave slope, flat shapes in valleys and concave shapes in valleys
(Veverka and Zimova, 2008).

The variables describing detail terrain morphology were acquired from Digital Terrain
Model of the Czech Republic (DMR 4G, Czech Office for Surveying, Mapping and Cadastre,
Prague) with use of known coordinates of plots and their area. DMR represents a picture of
natural or by human activity modified terrain surface in digital form as heights of discrete
points in a regular grid (5x5m) with total standard error of 0.3 m of height in the bare terrain
and 1 m in forested terrain. The zonal statistics with grid 5x5m was used for the calculation
slope, vertical heterogeneity and standard deviations of slope and topographic position index
(TPI). The differences in terrain morphology described by different values of these variables
are simplified in Fig. 2.

Fig. 2. Differences in terrain morphology described by different values of vertical heterogeneity, SD of
slope and SD of TPL, schematized
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Air humidity

In 2012, 50 plots were selected for investigation of air humidity with respect to overall
variability of vegetation, geomorphology, altitude, aspect, slope, etc. and in variability in
disease extent in particular plots. The air humidity was measured with devices Datalogger
Minikin THi (EMS, Brno). The devices were installed in centres of research plots 4.5 m
above the ground at the north side of tree trunks. The devices measured the air humidity in
5min intervals and recorded the average values in 15min intervals. The air humidity was
measured during 1" July to 31" August — ie. in the period of main ascospore spread
(Timmerman et al. 2011). The measurements were made in 2012 and repeated in 2013. The
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sum of days with air humidity >95% and average air humidity were selected as usetul
variables.

2.4. Statistical evaluation

The statistical evaluation was made with use of statistical software R (R Core Team,
2015). The preliminary checks of the data revealed strong dependence between some
variables. In the case of quantitative variables the correlation matrix was calculated, in the
case of categorical variables chi-squared tests of independence (Andé¢l, 1998) were carried
out. From each group of strongly dependent variables was then selected only one to the next
processing.

The experimental plots were firstly divided into five vegetation types: solitary
occurrence, scattered plantation, riparian stand, forest stand and alluvial ash-alder mixed
forest. This field division was verified with use of linear discriminant analysis (Rencher,
2002). The following characteristics were used as discriminating variables: canopy of tree
layer, the proportion of ash, distance to water source, altitude, terrain slope, SD of slope,
vertical heterogeneity, TPL, SD of TPI and average temperature.

The dependence between ash dieback and variables characterizing the vegetation,
environment and geomorphology of the plots was modeled by general linear model where y,

m

v, = X, +E,

is the percentage of crown damage of i" tree, x; 1is the value of the j[h independent variable

for the i™ tree, S . are the corresponding coefficients of the linear model and &, are residuals.

The model included 27 independent variables (Table 1). The parameters of model (1) were
estimated using 1m function. The set of statistically significant variables was determined by
stepwise regression, the minimization of Akaike information criterion was used as an

2

optimization criterion. In (2), n 1s the number of surveyed trees, s- is the residual variance

A=n (1+10g(27[s3))+ 2(r+1), (2)

and » is the number of model parameters. The assumptions of the general linear model,
namely normality and independence of residuals were verified using the chi-square test
Goodness and Durbin-Watson test respectively.

Table 1. The list of independent variables used in the model

Categorial variables Quantitative variables
closure by surrounding trees height
Eriophyes fraxinivora height of crown putting on
Armillaria sp. crown area
Tree level

Nectria sp. distance to water

Hylesinus fraxini distance to road
8
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shrub layer
non-mowed herbal layer
lawn

mechanical damage

Armillaria sp. total ash crown area
aspect rate of ash
hydric series tree layer canopy

distance to nearest host
damage of nearest host
altitude
Plot level vertical heterogeneity
slope
SD of slope
SD of TPI
average temperature

no. of days with air humidity >95%

avg. air humidity

3 Outcomes
3.1.  Basic model valid for the whole investigated area

Several explaining models were developed with the data collected from investigated
trees i 50 plots in 2013; the most representative model is shown in Table 2. The model
consisted of 12 conclusively contributing environmental variables and explained more than
27% of the disease variability. The variables positively affected concerning the disease impact
in particular trees included: the presence of Armillaria sp., rate of crown closure by
surrounding trees, north aspect, TPL, vertical heterogeneity, rate of ash canopy in the plot and
rate of neighbour’s damage. The variables negatively affected included: aspects other than
north in general, presence of Eriophyes fraxinivorus, SD of slope and slope, tree height and
rate of tree layer canopy in the plot. The variable rate of the tree layer canopy should be
interpreted as a function of the canopy of other trees than ash in this model.
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Table 2. The general model explaining the impact of environmental factors on ash dieback in research
plots. Significance codes: *** (0.001), ** (0.01), * (0.05)," (0.1)

Residual SE: 22.35 on 689 DF, Multiple R*: 0.272,  Adjusted R*: 0.2456, F-statistic: 10.3 on 25 and 689 DF,
p-value: <2.2e-16

Variable Estimate SE t value Pr(>[t))

(Intercept) 35.820052 8.603803 4.163 3.53e-05 ***
tree height -0.450464 0.213231 -2.113 0.034997 *
closure0 7.591187 5.249111 1.446 0.148580
closurel 6.686544 4.560587 1.466 0.143061
closure2 11.716258 5.412061 2.165 0.030742 *
closure3 13.241474 5.794680 2.285 0.022609 *
closure4 23.451513 11.219950 2.090 0.036969 *
closure5 25.839263 22.854329 1.131 0.258614
closure6 13.434001 12.104907 1.110 0.267473
closure8 22.767572 6.339516 3.591 0.000352 ***
Eriophyes fraxinivorus  -13.087075 4.741114 -2.760 0.005928 **
Armillariahost 57.565604 6.215156 9.262 <2e-16 **
ash area 0.003544 0.001062 3.336 0.000896 #
tree layer area -0.118412 0.054577 -2.170 0.030376 *
neighbour’s dieback 0.214544 0.066476 3.227 0.001308 **
vert. heterogeneity 4.155435 1.047724 3.966 8.07e-05 ***
aspect NE -22.546761 5.598788 -4.027 6.27e-05 *%*
aspect E -25.253767 9.203292 -2.744 0.006228 **
aspect SE -8.723554 5.406887 -1.613 0.107112
aspect S -17.288076 5.406745 -3.198 0.001450 **
aspect SW -7.218586 5.550930 -1.300 0.193889
aspect W -16.505272 5.293449 -3.118 0.001896 **
aspect NW -21.446960 6.294277 -3.407 0.000694 ***
slope -1.91759%4 0.362729 -5.287 1.67e-07 #**
slope SD -3.148122 0.876492 -3.592 0.000352
TPI SD 15.626143 4.396270 3.554 0.000405 ##*

3.2, Models valid for particular vegetation types

Because common ash was distributed throughout diverse vegetation types (scree- and
mixed ash-alder forests, riparian stands, shelterbelts and solitaires) within the area affected by
scales of identical or diverse sets of environmental variables (for instance, tree layer canopy
attained quite different values in these vegetation types, or Armillaria cepistipes was
frequently distributed in forest vegetation types and not in rural landscape, etc.), the
importance of analysis of particular vegetation types seemed to be helpful.

In the first step, the correctness of the classification of particular research plots into
vegetation types was verified by discrimination analysis (DA) with the use of a set of 10
environmental variables conventionally discriminating the abovementioned vegetation types.
These variables included the tree canopy, distance from watercourse, etc.,, and were
previously used in the development of the general model of ash dieback (Table 2). The
outcomes showed 90% agreement of field and DA classifications (Table 3). Only 5 plots were
classified in different (but neighbouring) categories by these two approaches. Thus, the field
classification of the plots could be respected in the following analyses.

10
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Table 3. Verification of the classification of research plots into vegetation types according to
environmental variables. Vegetation types: A (solitaires), B (scattered plantations, alleys), C (riparian
stands), D (scree forests), E (ash-alder mixed forests); in bold: identical determinations, in italics:
disagreements, classified according to DA in the table

DA classification (vegetation types)
A B C D E
. A 9 1 - - -
Field B 1 6 2 - -
classification C - - T - -
g’f;g:)tanon D . . . 7 7
E _ - - - 12

As these vegetation types are unique and distinguishable entities with different roles in
the landscape and are determined by different characteristics, it can be assumed that the
disease development process could be at least partially driven by different scenarios. Thus, it
could be possible to develop a set of ash dieback models valid for particular vegetation types.

The particular developed models explained ca 28-46(-94)% of the variability in ash
impact and consisted of different variables with a conclusive influence. Several factors were
shared by the diverse vegetation types — for example, the rate of ash, neighbour’s dieback,
distance from water, Armillaria sp. infection, etc. However, several factors were specific and
played an important role in particular vegetation type — the exposition, slope, or presence of
the shrub layer or unmowed grass cover (Table 4).

The model for solitaire trees included the following variables with a positive influence
on disease impact; unmowed grass area, SD of TPL shrub layer area, mechanical damage,
level of neighbour’s dieback and host crown area. The impact of the pathogen was negatively
affected by contemporary Nectria sp. infection and SD of slope.

The model for scattered plantations included the following variables with a positive
influence on disease impact: Hylesinus spp., level of neighbour’s dieback and rate of ash in
the tree stand. The impact of the pathogen was negatively affected by the contemporary
presence of Eriophyes fraxinivorus and area of ash.

The model for riparian stands was developed using three variables that had a
conclusive influence on disease impact: crown closure produced a positive effect on the
disease, and water distance and slope produced negative effects.

The model for scree forests included the following variables that produced a positive
influence on disease impact: Armillaria sp. infection, level of neighbour’s dieback and ash
area 1n the stand. The variables of the tree layer area, tree height, water distance and distance
of the nearest host produced negative effects. The variable tree layer area should be
interpreted as a function of the canopy of other trees than ash 1n this model.

Table 4. The models explaining the impact of environmental factors on ash dieback in particular
vegetation types. Vegetation types: A (solitaires), B (scattered plantations, alleys), C (riparian stands), D
(seree forests), E (ash-alder mixed forests); Significance codes: *** (0.001), ** (0.01), * (0.05)," (0.1). The
signifiant at 0.1 probability level are presented.

A Residual SE: 1.416 on 6 DF, multiple R*: 0.9381, adjusted R*: 0.8556,
F-statistic: 11.37 on 8 and 6 DF, p-value: 0.004109

Estimate SE t value Pr(>[t)
(Intercept) -47.605794 6.537657 -7.282 0.000342
host crown area 0.031292 0.005409 5.785 0.001167 **
neighbour’s dieback 0.537518 0.065942 8.151 0.000183 ***
slope SD -1.665310 0.670927 -2.482 0.047669 *
TPI SD 26.375115 6.690913 3.942 0.007608 **
unmowed grass area 37.653451 4.591544 8.201 0.000177 #4*
11
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Nectria sp. -25.8527360 3.252595
mechanical damage 9.249336 1.703787
shrub layer area 25.042501 3.547024

B Residual SE: 139 on 93 DF,
F-statistic: 6.528 on 12 and 93 DF, p-value: 2.575e-08

multiple

Estimatc SE
(Intercept) -7.779289 8.200617
tree height 0.681720 0.390555
Eriophyes fraxinivorus  -9.378699 4.348436
Hylesinus fraxini 92.448479 14.082796
mechanical damage 9.609854 5.532557
ash area -0.012397 0.004939
rate of ash 0.193699 0.093629
neighbour’s dieback 0.586688 0.172863

-7.948
5.429
7.060

R™:

t value
-0.949
1.746
-2.157
6.565
1.737
-2.510
2.069
3.394

0.000211 ***

0.001619 **

0.000404 ***
0.4575, adjusted
Pr(>1t)
0.34527
0.08420 .
0.03360 *
2.94e-09 ***
0.08570 .
0.01379 *
0.04134 *
0.00101 **

C Residual SE: 2252 on 147 DF, muliple R 0.2776, adjusted
F-statistic: 5.134 on 11and 147 DF, p-value: 8.6982-07
Estimate SE t value Pr(>|t)
(Intercept) 5.26862 15.84313 0.333 0.73995
closure 3 56.97164 13.13003 4.339 2.65e-05 #**
closure 6 40.53671 24.32515 1.666 0.09775 .
water distance -0.81962 0.33181 -2.470 0.01465 *
slope -4.23037 1.59369 -2.654 0.00882 **
altitude 0.10037 0.05412 1.855 0.06562 .
vert. heterogeneity 2.17593 1.28261 1.696 0.09191 .
D Residual SL: 16.23 on 153 DI, multiple R%: 0.3863. adjusted R*: 0.3582,
[-statistic: 13.76 on 7and 153 DT',  p-value: 9.598¢-14
Estimatc SE t valuc Pr(>t])
(Intercept) 247.169533 48.187876 5.129 8.69e-07 ¥
tree height -1.421751 0.287022 -4.953 1.91e-06 *¥%*
water distance -0.394177 0.058144 -6.779 2.46e-10 ***
ash area 0.004552 0.001037 4.390 2.10e-03 ##*
Armillaria host 94.173347 16.901485 5.572 1.11e-07 #*#*
neighbour’s dieback 1.459365 0.330682 4.413 1.91e-035 ##*
tree layer area -1.549382 0.359737 -4.307 2.95e-05 ***
nearest host’s distance -0.036207 0.015192 -2.383 0.0184 *
F Residual SE: 24.58 on 258 DF, nultiple R*: 0.351, adjusted R%: 0.3132,
F-statistic: 9.301 on 15and 258 DF, p-value: 2.2¢-16
Estimate SE t value Pr(=t)
(Intercept) -59.39759 29.65027 -2.003 0.046194 *
tree height -1.80658 0.35651 -5.067 7.69e-Q7 Hk
water distance -0.27860 0.13871 -2.008 0.045639 *
Armillaria host 60.14463 7.62150 7.891 8.53e-14 *¥*
Armillaria stand 37.24110 9.76674 3.813 0.000172 ##*
road distance 0.50079 0.25955 1.929 0.054775 .
shrub layer area 24.32635 9.70841 2.506 0.012838 *
rate of ash 0.99664 0.29191 3414 0.000743 ***
nearest host’s distance ~ 0.08580 0.03192 2.688 0.007662 **
aspect SE 53.85787 18.42622 2.923 0.003776 **
aspect S 39.03138 18.77466 2.079 0.038611 *
aspect SW 38.82780 18.66633 2.080 0.038504 *

0.3871,

The model for mixed ash-alder forests included the following variables that produced

a negative influence on discase impact: Armillaria sp. infection of the host, Armillaria sp.

infection of other hosts in the stand; presence of the shrub layer, southeast, south and
southwest aspects; rate of ash in the stand; distancc to other ncarby hosts and most likely

12
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distance from the road. The ash dieback was negatively affected by contemporary presence of
Eriophyes fraxinivorus, mechanical damage, tree height and distance from water.

The overview of role of particular factors in general model and in particular vegetation
types 1s summarised in Table 5.

Table 5. Summary of common and particular models explaining the impact of environmental factors on
ash dieback with explanation power of particular models. Vegetation types: general (model for the whole
investigated area), A (solitaires), B (scattered plantations, alleys), C (riparian stands), D (scree forests), E
(ash-alder mixed forests), + (positive) and — (negative) influence on the disease impact

general A B C D E

tree height - - -

ash area + . +

host crown area +

rate of ash + + +

tree layer area -

neighbour’s dieback + + +

nearest host’s distance - +

closure + +

water distance - - -

Eriophyes fraxinivorus - -

Armillaria host + +

Armillaria stand

Nectria sp. -

Hylesinus fraxini + +

mechanical damage +

vert. heterogeneity

aspect N

aspect SE-SW +

slope - -

slope SD - .

TPISD +

shrub layer

unmowed grass arca

o [+ [+ |+

19381 0.4572 0.2776 0.3868 0.351

Multiple R-squared 0.272

3.3, Influence of air humidity

As previously stated, stands with accessible water were more damaged than those
without water. In addition, the spread and impact of many airborne fungal pathogens is
affected by climatic factors, especially by humidity. The conclusive regression (1=0.45,
p<0.0001) of the rate of crown damage on the number of days with an air humidity >95%
between 6-11 a.m. in the period of ascospore spread from July to August was identified in
2013 (Fig. 3).

13
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Fig. 3. Regression of rate of crown damage on number of days with air humidity >95% between 06-11
a.m. in the period of ascospore spread from July to August 2012; regression curve and confidential
intervals showed
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The analysis showed that the particular vegetation types differ highly in air humidity, and the
difference among vegetation types has a similar pattern (Fig. 4) in the rate of ash dieback (Table 7,
Fig. 6). Subsequent analysis of the variance (ANOVA F(4,738) = 116.48, p<0.0001) and post-hoc tests
showed statistically convincing differences in air humidity among vegetation types (Fig. 4). Less air
humidity was identified in scree forests (76.05%) solitaires (76.14%) and scattered plantations
(76.21%). However, the average air humidity was significantly higher in riparian stands
(79.76%) and in mixed ash-alder alluvial forests (82.60%). The air humidity was
approximately 96% during night and morning hours and decreased to 62% during the day in
dry vegetation types. In wet vegetation types, during the night and morning hours, it reached
nearly 100% and decreased to 75% during the day.

14
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Fig. 4. Average air humidity (July—August) in particular vegetation types
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The humidity near the ground is greatly affected by vegetation type, canopy closure, presence
of watercourses, terrain morphology (Geiger et al., 2009), and by many factors which were
investigated in permanent plots. Thus, the knowledge of the potential role of ecological factors
affecting air humidity, and thus indirectly the pathogen, could be useful in understanding the disease
epidemiology and disease management.

The constructed GLM model revealed that the air humidity in permanent plots was
convincingly affected by local environmental characteristics (TPI and SD of TPI, aspect, slope,
altitude, presence of roads and distance from open water) and vegetation characteristics of particular
plots (tree and shrub layers canopy, presence of unmowed herbaceous layer, height of the tree stand
and height of putting on of tree crowns). The model explained 77% of the data variability (Tab. 6).

Table 6. The GLM model explaining the impact influence of environmental and stand characteristics on
air humidity in the stand. Significance codes: *** (0.001), ** (0.01), * (0.05), only the variables with p<0.5
presented

Residual SE: 7.899 on 692 DF, multiple R* 0.7732, adjusted R* 0.766, F-statistic: 107.0 on 22and 692 DF,
p-value: <2.2e-16

Estimate SE tvalue Pr(>[t])

(Intercept) 21.995655 17.281869 1.273 0.203531
tree height 0.384055 0.081019 4.740 2.59e-06 *#*
crown putting on -0.439855 0.095334 -4.614 4.71e-06 ***
distance from water -0.016026 0.006439 -2.489 0.013040 *
presence of road -0.199179 0.035267 -5.648 2.37e-08 ***
shrub layer canopy 22.564133 2.956017 7.633 7.61e-14 ***
unmowed grass 20.383756 2.937059 6.940 9.02¢-12 *#%*
tree layer canopy 0.144139 0.020073 7.181 1.79¢-12 ***
altitude -0.054861 0.010880 -5.042 5.88e-07 ***
aspect NW -14.295720 1.995264 -7.165 2.00e-12 *#*
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slope SD -2.681890 0.335033 -8.005 5.06e-15 ##%*
TPI5 -10.266709 1.389032 -7.391 4.21e-13 ##%*
TPI5 SD 18.242345 1.984920 9.190 < 2¢-16 ***
temperature 3.804355 1.927880 1.973 0.048855 *

3.4.  Influence of landscape geomorphology

As previously stated, several terrain characteristics affected the disease level — primarily, the
slope, vertical heterogeneity, topography position index and their standard deviations. These
variables can partially describe landscape forms at a larger scale. The rate of crown
defoliation convincingly (ANOVA F(5,1039) = 13.58, p<0.0001) differed according to these
landscape shapes. The ash stands growing on mountaintops and convex slopes were less
affected (7.69% and 10.02%, respectively) whereas the stands on homogeneous and concave
slopes were more affected (12.37% and 17.02%, respectively). The stands in flat and concave
valleys belong among the most affected stands (17.24% and 18.65% Fig. 5). The significant
regression of rate of the disease on the altitude was also identified (= -36.54, p< 0.0001). It
was observed that the crown damage was significantly more prominent in lower altitudes than
in higher altitudes. In lower altitudes (up to 400 m a.s.l.), the average crown defoliation was
approximately 15.26%, whereas in higher altitudes (above 550 m a.s.l), the damage was
nearly halved (6.58).

Fig. 5. Rate of ash dieback in different ladscape forms. 1 (top shape), 2 (convex slope), 3 (homogeneous
slope), 4 (concave slope), 5 (flat shapes in valleys), and 6 (concave shapes in valleys)

0O Median O Outlier o

35 | |:| Range * Extreme e}
I Range SE
30 *
25
Py
=
£ 20 1
=
=] m]
2
O 15+
a
m]
10 o
5 | D l
L l
0 L L 1 1 1 1
1 2 3 4 5 6

Landscape shapes

16

81



Ceska zem&délské univerzita v Praze, Fakulta lesnicka a dievarska

3.5, Ash dieback in diverse vegetation types and its development in 2011 and 2013

Because these particular vegetation types highly differ in their characteristics among
each other and diverse sets of environmental factors influence their disease development, 1t
should be hypothesised that they can also differ in disease level. As the disease comes into
play, the affected trees and vegetation types can significantly differ in crown volume (as an
accessible substrate for the pathogen development); thus, it would be useful to know the
extent of the disease. The crown volumes, real volumes of damaged crowns and rate of
diseased crowns are presented in Table 7. The real necrotised crown volume depended on the
total volume of the accessible tissues of the host crown (regression analysis 1=0.52; p<
0.0001; 2013).

Table 7. Overview of crown volume of ash, volume of damaged crowns, rate of the disease in 2011 and
2013 and disease development between years of investigation. Vegetation types: A (solitaires), B
(scattered plantations, alleys), C (riparian stands), D (scree forests), E (ash-alder mixed forests), SE:
standard error

crown volume damage volume disease rate gzxfog;mem

vegetation type (n) 2011-2013
2011 2013 2011 2013 2011 2013 (%)
(m®, £SE) (m*,£SE) | (m’, £SE) (m®, £SE) | (%o, £SF) (%, £SE)

A(15) 2130,76 3576,12 56,05 208,88 4,47 6,94 +2,47
1271,61 1809,29 54,70 154,53 7,48 7,05

B (18) $353,33 7429,91 614,76 947,76 12,44 13,84 +1,40
4557,84 5472,38 676,91 932,55 7,65 7,85

Cc@17) 8822,02 11298,47 1218,80 2009,12 14,63 17,9 +3,27
5869,45 6630,92 1069,20 1370,78 8,96 7,92

D (13) 16803,84 17722,81 502,91 1524,27 4,91 8,88 +3,97
15826,70 13948,00 308,04 2190,46 3,68 5,91

E (17) 14284,42 17448,74 1841,60 292440 10,76 16,11 +5,35
9597,10 11384,89 2121,68 3007,12 8,05 9,62

Average 9244,76 11330,99 880,89 1548,48 9,83 13,08 +3,29
9818,49 10069,53 1284,06 2002,08 8,37 8,72

The average damage n all investigated plots was 9.83% in 2011. The particular
vegetation types were affected by the pathogen to different extents as follows: solitaires (the
least affected type, 4.47%), scree forests (4.91%), mixed ash-alder forests (10.76%), scattered
plantations (12.44%) and riparian stands (14.64%). The disease pattern was similar to that of
2013 (Fig. 6); however, the extent of the overall damage increased by 3.29%. The least
damaged were the affected solitaires (6.94%) whereas the crown damage in the most affected
riparian stands was 17.90%. Important deterioration was identified in mixed ash-alder forests
in which the crown dieback increased by 5.35% to 16.11%, and this vegetation type became
the second worst in the mutual comparison.

As previously stated, the average crown defoliation increased from 9.83% in 2011 to 13.08%
in 2013; thus, the damage increased by 24.84% between 2011 and 2013. However, the real average
volume of damaged crowns increased from 880.98 m’ in 2011 to 1548.48 m® in 2013; thus, the real
increase in damage was 43.11% during this period, which is connected to the increase in the total
volume of crowns (Table 7) given by standard tree development.
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Fig. 6. Development of extent of damage in particular vegetation types in 2011 and 2013. Vegetation types:
A (solitaires), B (scattered plantations, alleys), C (riparian stands), ) (scree forests), E (ash-alder mixed
forests)
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Vegetation types

Analysis of the variance and post-hoc comparison showed that the vegetation types
conclusively differed in crown volume, the volume of damaged crowns and the rate of ash dieback
among vegetation types in 2011 and 2013 (Table 8). Analysis of crown volume revealed two
homogeneous groups. The first had a lesser extent of crown volume composed of solitaires, scattered
plantations and riparian stands, and both types of forest vegetation were in the second group. The
outcomes were identical for both years. The analysis of the real volume of the damaged crowns
revealed three homogeneous groups. The damage in the solitaires, scree forests and scattered
plantations was less than in riparian stands and mixed ash-alder forests in 2011. In 2013, the situation
slightly changed and the volume of damage in scree forests did not differ from that of riparian stands
and mixed ash-alder forests. Three homogeneous groups were revealed when the rates of damaged
crowns were compared. Less damage was identified in solitaires, scree forests and mixed ash-alder
forests in 2011; the third homogeneous group consisted of ash-alder mixed forests, scattered
plantations and riparian stands. The situation in 2013 was similar except the damage of mixed ash-
alder forest was significantly worse (Tab. 8).

The outcomes could be summarised in the following way: 1) the total crown volume (amount
of colonisable tissues) corresponded with the real volume of damaged crowns; 2) within vegetation
types exposed in open landscapes, those with bigger crown volumes (scattered plantations and riparian
stands) were relatively more damaged then those with smaller volumes (solitaires); 3) vegetation types
enclosed in a canopy of surrounding forests were relatively less damaged than vegetation with
comparable crown volumes in open landscapes (mixed ash-alder alluvial forests were less damaged
than riparian stands and scree forests were less damaged than scattered plantations); 4) real damage

was more prominent in stands with higher humidity (riparian stands and mixed ash-alder forests) than
in stands without water.
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Table 8. Outcomes of analyses of variances and post-hoc comparisons of total volume of ash crown,
volume of damaged crowns and rate of disease in 2011 and 2013. Vegetation types: A (solitaires), B
(scattered plantations, alleys), C (riparian stands), D (scree forests), E (ash-alder mixed forests)

total crown volume damage crown volume disease rate
a \ A | A |
B | D | | D | |
2011 c || B | | E | | |
K | c || B ||
D | E \ c |
A \ A I A |
B \ B | | D | |
2013 c || D | || B | |
b | c || E ||
D | E \ c |

4. Discussion

Extensive investigation of the ash dieback impact was performed in 2011 and 2013 in
five different vegetation types — solitaires, scattered plantations (for example, shelterbelts and
alleys), riparian stands, scree and ash-alder mixed forests — in the Lusatian Mts. due to their
highly heterogeneous, forest and pastoral, landscape. The rate of ash dieback was investigated
in 80 permanent plots (ring plots with r=50 m) containing 1045 trees that were evaluated. The
air humidity was measured by automatic dataloggers placed 4.5 m above ground in the centre
of 50 research plots in the period of the main ascospore spread in July and August
(Timmerman et al., 2011) in 2012. In total, 30 characteristics describing vegetation,
environment, topography, and other factors that potentially affected the disease impact were
evaluated.

Several GLM (R Plus) models explaining the impact of the pathogen were developed.
The most successtul model explained ca 27% of data variability and contained 12
conclusively important variables: the presence of Armillaria sp., rate of crown closure by
surrounding trees, north aspect, TPI, vertical heterogeneity, rate of ash canopy in the plot and
rate of neighbour’s damage with a positive influence on the disease impact and aspects other
than north in general, presence of Eriophyes fraxinivorus, SD of slope and slope, tree height
and rate of tree layer canopy in the plot with a negative impact on the disease. Particular GLM
models were developed for each vegetation type. These models were significantly different
from each other and explained 28-46(—94)% of the data variability.

The first groups of variables that described the amount of ash in plots or its frequency
(host crown area, ash area and rate of ash frequency) positively influenced the disease level in
stands. These variables positively affect the possibility of colonization of the stands and,
moreover, the amount of secondary moculum (Mundt et al. 2011). Their influence was
approximated, and it was in concordance with the fact that ash dieback epidemic requires a
sufficient accumulation of susceptible host individuals (Schumacher, 2011; Gross et al., 2014)
or, better, accessible biomass. Of course, this variable has a general validity and it was
determined as important in development of SOD (Condeso and Meentemeyer, 2007) and in
many other discases.
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The second group of variables described the distance and damage of the nearest host
as a potential inoculum source. The distance of other susceptible hosts 1s highly important in
disease development from the view of spreading potential of the pathogen, and it was
determined to be fundamental in landscape models describing space patterns of important tree
discases including SOD (Meentemeyer et al. 2011, 2012).

The variables m the third group depict the terrain and stand characteristics thus they
should be ascertained as indirect variables (Franklin, 1995). These variables affected, positive
or negatively, microclimate including the air humidity (Bennie et al., 2008; Meentemeyer et
al., 2012; Geiger et al., 2015; Pezzopane et al., 2015), which significantly influenced the ash
dieback epidemiology (see below). Tree layer area, canopy closure, water distance, aspect,
shrub and herbaceous layer and terrain morphology characteristics describing its coarseness
(standard deviations of vertical heterogencity and TPI) positively affected the air humidity
near the ground m different ways, whereas slope and 1ts standard deviation affected the
humidity negatively (Geiger et al,, 2015). Moreover, Schumacher (2011) stated that closed
stands are more risky in disecase development. Tree height affected the disease level
negatively. As stated repeatedly, the younger and smaller trees were usually damaged in a
larger extent (Kowalski and Holdenrieder, 2008; Schumacher, 2011; Kirisits and Freinschlag,
2012), because their crowns are closer to the source of inoculum on the ground. Morcover, the
infection pressure is lower and leaf quality and/or microclimatic conditions are less suitable
for infection in the crown of higher trees (Gross et al. 2014a).

Biological factors — coincidental attack by Armillaria spp. (mainly A. cepistipes) and
Hylesinus fraxini produced a negative impact on disease progress and formed the fourth
groups of factors. The strength of the ash dieback impact by Armillaria spp. infection has
been repeatedly confirmed (Lygis et al., 2006; Skovsgaard et al., 2010; Bakys et al., 2011;
Husson et al., 2012) and a similar effect of /. fraxini attack was also identified (Havrdova et
al., m peer review).

The fifth group of influencing variables consists of coincidental attacks by Nectria sp.,
and Eriophyes fraxinivorus, which conclusively decreased the impact of ash dieback. The
modes of their actions are unknown. However, it is very likely they can induce production of
any secondary metabolites participating in defence mechanisms, which are also concurrently
cffective against ash dieback. In particular, the effect of Eriophyves fraxinivorus (p<0.01 1 the
general disease model) could encourage the investigation of an effective biological control.

Lastly, the positive influence of mechanical damages (frost, etc.) on the extent of the
ash dieback impact was confirmed in solitaires, most likely due to the reduced fitness of
damaged trees.

The conclusive regression (1=0.45, p<0.0001) of the rate of crown damage on
thenumber of days with air humidity >95% between 6-11 a.m. in the period of ascospore
spread from July to August was identified. This finding is in agreement with the finding of
Schumacher (2011) who stated that the discase risk is highest for soils with very (all-scason)
wet conditions. Most likely, this fundamental finding could be connected with several features
of pathogen biology and disease epidemiology. First, moist conditions favour plant infection
by foliar fungal pathogens (Magarey et al. 2005). The humidity of the stand most likely
affects the amount and period of formation and maturation of fruiting bodies on the previous
year’s petioles and leaflet veins i the litter lying on the ground. The humidity of droughts
also can affect the amount of spore discharge as in the case of other foliar pathogens (Wulf
1994). The pathogen ascospores mainly spread during the morning hours (Timmerman et al.,
2011; Hietala et al. 2013) when the air near the ground is warm and uprises. The spores are
moved by this upward air flow and infect foliage. The ascospores are drought- and UV
sensitive (Aylor, 2003; Gross et al., 2014a) because of their thin and hyaline wall. Finally,
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after landing on foliage, the leaf wetness from the moming dew protects the germinant agamst
desiccation (Hietala et al., 2013) which is similar to other leaf pathogens including
Apiogmomonia veneta, Glomerella cingulata, etc. (Sinclair and Lyon, 2005). Moreover, deep
and moist soils create optimal conditions for the growth of ash (Wardle, 1958; Dobrowolska
et al., 2008) which flourishes in these stands extremely well and produces an enormous
amount of colonisable tissues, which are an excellent substrate for pathogen sporulation. Thus
the tie between humidity and disease level could be partially caused by the feedback of the
pathogen to the amount of accessible substrate.

Because the air humidity near the ground is highly affected by vegetation type, the
canopy closure, presence of watercourses, terrain morphology etc. (Geiger et al., 2009), a
GLM model explaining the variability of air humidity in research plots was developed. The
model was extremely conclusive and explained the 77% variability of the data and consisted
of TPl and SD of TPL aspect, slope, altitude, presence of roads and distance from open water,
presence of tree and shrub layers, presence of unmowed herbaceous layer, height of the tree
stand and height of putting on of tree crowns. Moreover, the landscape form was 1dentified as
factor affecting the impact of the disease — the stands at mountain tops or convex slopes were
less affected than the stands in flat or concave valleys.

The crown volumes of the all trees were measured, the relative crown damage was
estimated and the real crown damage was calculated. The statistically important differences in
the extent of the disecase were identified among different vegetation types. In general, the
solitaires and scree forests were significantly less damaged than mixed ash-alder forests and
riparian stands. The damage of scattered plantations was not significantly different from the
damage of other vegetation types. It was determined that the total crown volume (amount of
colonisable tissues) corresponded with the real volume of damaged crowns. Among
vegetation types exposed in open landscapes those with bigger crown volumes (scattered
plantations and riparian stands) were relatively more damaged then those with smaller
volumes (solitaires). Forest vegetation types enclosed in the canopy of other forests were
relatively less damaged than vegetation with comparable crown volumes in open landscapes
(riparian stands and scattered plantations), The real damage was more prominent in stands
with higher humidity (riparian stands and mixed ash-alder forests) than in stands without
water. The differences could be explained as follows. The most exposed stands (in open
landscape) can be invaded firstly, where the stands with higher crown volumes (scattered
plantations) can be affected in higher extent than solitaires. The higher amount of secondary
inoculum can be created in stands with higher crown volumes thus their damage would be
increased more quickly. Forest stands enclosed by continuous forests are at least partially
preserved from infection by the closure, thus they can be infected later and in less extent. This
1s the reason of their contemporary relatively small damage. However, in regard to the
potentially high production of seccondary inoculum and higher air humidity i forest
environment in these stands, their health stage could quickly worsen in near future.
Vegetation types in wet conditions are more attacked by the pathogen due its relation to
higher air humidity.

In investigation plots, the average crown defoliation increased from 9.83% in 2011 to
13.08% in 2013 i.e., the disease severity increased by 3.25%. A similar increase (from 11% to
16% within 2 years) was determined by Kessler et al. (2012) to be a moderate increase.
However, the increase in real damage crown volume in the investigated plots was 43.11%, so
it should be classified as relatively high. Moreover, the epidemic was in the first stages of
disease curve in 2013 (Madden et al. 2007) and at the disease front (Gross et al., 2014a); thus,
the main increase in losses 1s yet to come.
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The outcome of this work clearly support the 1dea, that disease management based on
utilisation of sources of resistance could be effectively facilitated by appropriate forest and
landscape management of the disease, or at least by the management of particularly less
sensitive vegetation types or in more heterogeneous areas. Of course, because the air humidity
was determined to be one of the most important factors in disease epidemiology, the
management of the disease would be more etfective in regions that have a more continental
climate than in west Europe which has an oceanic climate.

Conclusions

Over the last two decades, alien invasive fungus Hymenoscyphus fraxineus has taken
the European continent rapidly and ash dieback has become a major problem. The disease is
becoming a significant threat to biodiversity in forest ecosystems and the economic and
acsthetic impacts are immense (McKinney et al. 2014). The extreme mmpact of the pathogen
in different ecosystems throughout nearly the whole Europe gives an impression, that the
management of the disease 1s hardly possible. Because a part of trees attacked by the
pathogen showed a certain level of resistance, as confirmed many studies from several
European countries (Plitra et al. 2011, 2014; Kiristits and Freinschlag, 2012; Metzler et al.,
2012; McKinney et al. 2012, 2014; Enderle et al. 2013, 2015; Stener 2013; Lobo et al., 2015),
the attention of many plant pathologists became attached to investigation of disease resistance
as the most promising or only one way in the disease management. However, overdone
relying on the more resistant genotypes and following breeding could lead to unwanted
consequences — strengthening of loss of genetic diversity or acceleration in pathogen
evolution.

The presented extensive investigation of ash dieback impact in different rural
vegetation types showed that the impact of this airborne disease is also determined by
environmental factors and silvicultural characteristics. The air humidity was revealed as very
important factor responsible for important part of variability in disease data. It was showed
that air humidity is mainly determined by local environmental and silvicultural characteristics.
Important environmental characteristics affecting the disease impact included vegetation type,
density of ash in the stands, ash area, height of trees, shrub and herbal layers, canopy closure,
aspect, slope, vertical heterogeneity, topographic position index, landscape forms, the distance
and damage of nearest host, distance from water source, coincidental presence of other
pathogens and pests, etc.

The presented study gives good chance to develop appropriate and useful management
strategy of the discase in different ecosystems with ash and it could present valuable
contribution to development of integrated management of the disease. However, the success
of the future management strategy will be highly dependent on active and judicious approach
by Forest Authorities and owners, Nature Agencies, local administrations, etc.
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6. Diskuse

V letech 2011-2013 probéhla v pestré krajiné CHKO Luzické hory charakteristické
vysokou lesnatosti a ¢etnym zastoupenim pastvin a luk s remizy a dal$i roztrouSenou
zeleni rozsahla studie, sledujici dopad invaze nekrézy jasanu v riiznych typech
vegetace. Vegetace byla rozd€lena do péti typd na zékladé ekologické a krajinarské
funkce na solitérni jedince, roztrouSenou vysadbu (remizy, vétrolamy), bfehové porosty,
lesni vysadby (sutové porosty) a nivni jasanovo-olSové luhy. Mira napadeni nekrozou
jasanu byla sledovédna na 80 trvalych plochach (kruh o poloméru 50 m), celkové bylo
hodnoceno 1045 dievin jasanu ztepilého. Méteni bylo vzdy ukonceno pifed predéasnym
opadem listli. Vlhkost vzduchu byla meéfena pomoci automatickych dataloggert
Minikin THi na 50ti plochéach, dataloggery byly umistény 4,5 m nad zemi ve stiedu
ploch, vzdusnd vlhkost byla méiena v dobé nejvétsiho Sifeni askospor (Cervenec —
srpen; Timmermann a kol. 2011) vr. 2012. Celkové bylo hodnoceno 27 nezavislych
proménnych popisujicich prostfedi, vegetaci, topografii aj., které potencionalné
ovliviiuji dopad onemocnéni.

Vytvoteno bylo nékolik GLM modelt (R Plus) vysvétlujicich dopad patogenu.
proménnych. Pozitivni vliv na rozvoj choroby mély faktory ptitomnost Armillaria sp.
na hostiteli, pokryvnost stromového patra, mira zastinéni koruny okolnimi stromy,
severni orientace, smérodatna odchylka TPIS a nadmoiské vysky, plocha jasani na
ploSe a mira proschnuti nebliz§iho hostitele. Negativni vliv na rozsah choroby mély
naopak vyskyt Aceria fraxinivorus, vysokd smérodatnd odchylka sklonu terénu a sklon
a vySka stromu. Pro kazdy typ porostu byly zvlast’ vytvofeny detailni GLM modely.
Tyto dil¢i modely vysvétlovaly 28 — 46 (—94) % variability dat a vyrazné se od sebe
lisily.

Faktory prostfedi, které ovliviiovaly rozsah poSkozeni lze rozdélit do péti skupin
podle charakteru a vlivu. V prvni skupiné¢ proménnych popisujici mnozstvi biomasy
jasanu a pozitivné ovlivitujici miru onemocnéni jsou plocha korun jednotlivych jasand,
plocha korun vSech jasanli a podil jasanu na stanovisti. Tyto proménné pozitivné
ovliviluji moZznost kolonizace stanovisté patogenem a navic mnozstvi sekundarniho
inokula na stanovisti (Mundt a kol. 2011). Jejich vliv byl piedpokladany a byl v souladu

s faktem, ze epidemie nekrozy jasanu potiebuje dostateCnou akumulaci jednotlivych
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nachylnych hostitelti (Schumacher 2011; Gross a kol. 2014) nebo, 1épe, dosazitelné
biomasy. Podminka dostatecné silného zdroje substratu je ovSem obecné platnd a Ize ji
identifikovat napt. u ndhlého odumirani dubu v Severni Americe — SOD (Condeso a
Meentemeyer 2007) a u mnoha jinych onemocnéni.

Druha skupina proménnych popisuje vzdalenost a miru napadeni nejbliz§iho
okolniho napadeného hostitele jako potencidlniho zdroje inokula. Ve vyvoji
onemocnéni je z hlediska potencialu Sifeni patogenu vzdalenost od okolniho
napadeného hostitele velmi dulezitd a je velmi vyznamnou proménnou v krajinnych
modelech popisujicich prostorovy pattern distribuce vyznamnych chorob dfevin véetné
SOD (Meentemeyer a kol. 2011, 2012).

Proménné ve tieti skupin€ popisuji terén a charakteristiku stanovist¢ a mohou
byt charakterizovany jako nepiimé faktory (Franklin 1995). Tyto proménné ovliviuji
pozitivné nebo negativné mikroklima vcetné vlhkosti vzduchu (Bennie a kol. 2008;
Meentemeyer a kol. 2012; Geiger a kol. 2009; Pezzopane a kol. 2015), které vyznamné
ovlivituje epidemiologii nekrdzy jasanu (viz nize).

Pokryvnost stromového patra, zastin koruny, vzdalenost od vody, orientace,
ptitomnost kefového patra a nekosené¢ho bylinného porostu a charakteristika morfologie
terénu popisujici jeho drsnost (heterogenita nadmoiské vysky a TPI) ovliviiuji riznymi
zpusoby piizemni vlhkost vzduchu pozitivn€, zatimco sklon a jeho smérodatna
odchylka maji negativni vliv na vlhkost vzduchu (Geiger a kol. 2009). Schumacher
(2011) v souladu s prezentovanymi zjisténimi uvadi, ze uzaviené¢ porosty jsou vice
rizikové pro rozvoj nekrozy jasanu. Podobné, jak jiz bylo opakované publikovano,
vyska stromu ovliviiuje uroven napadeni negativng, pfiCemz mladSi a mensi stromy jsou
obvykle poskozovany ve vétsi mite (Kowalski a Holdenrieder 2008; Schumacher 2011;
Kirisits a Freinschlag 2012), protoze jejich koruny jsou v kratSi vzdalenosti od zdroje
infek¢niho inokula v opadance. Dalsi roli pravdépodobné hraje fakt, ze infekéni tlak je
niz8i a vyspelost listd a (nebo) mikroklimatické podminky jsou mén¢ vhodné pro rozvoj
infekce v korunach vyssich stromt (Gross a kol. 2014).

Nemocné jasany jsou soub&zné¢ napadany dalsimi patogeny ¢i Skuadci.
Organismy s pozitivnim dopadem na rozvoj choroby jsou vaclavky Armilaria spp.
(ptevazné A. cepistipes) a lykohub jasanovy (Hylesinus fraxini) a tvoii ¢tvrtou skupinu
proménnych. Negativni dopad infekci Armilaria spp. na rozsah poSkozeni nekrozou

jasanil byl opakované potvrzen (Lygis a kol. 2006; Skovsgaard a kol. 2010; Bakys a kol.
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2011; Husson a kol. 2012) a podobny efekt byl také zjistén u Hylesinus fraxini
(Havrdova a kol. v fizeni).

V paté skupin€¢ proménnych ovliviiujici nekrézu jasanu prukazné negativné jsou
soubézna mirnd poskozeni zpiisobena razovkou (Nectria sp.) a vinovnikem jasanovym
(Aceria fraxinivourus). Mechanismus plisobeni téchto organismii na infekci H.
fraxineus neni znam, ale lze predpokladat, Ze mohou indukovat tvorbu sekundarnich
metabolitl, které pak mohou byt soubézné u¢inné 1 proti infekci H. fraxineus. Zejména
efekt Aceria fraxinivorus (p < 0,01 v obecném modelu onemocnéni) by mohl podpofit
prizkum uc¢inné biologické kontroly.

Posledni pozitivni vliv na miru rozsahu nekrozy jasanu byl potvrzen u
mechanického poskozeni (mrazova poSkozeni apod.), ktery byl zjistén u solitérni

vysadby, pravdépodobné v disledku snizené fitness poskozenych dievin.

Zjisténa byla priikazna regrese (r = 0.45, p < 0.0001) podilu nekr6zy na plose na
pocet dni s vlhkosti vzduchu vyssi nez > 95 % mezi 06 — 11 hod. v obdobi nejvétsiho
vyskytu askospor, tj. od Cervence do srpna. Toto zjisténi je v souladu se zjiSténim
Schumachera (2011), Ze nebezpeci onemocnéni je vyssi na celorocné zamokienych
pudach. Toto pravdépodobné zdsadni zjisténi by mohlo byt spojeno s nékolika body
v biologii patogenu a epidemiologii onemocnéni. Za prvé, vlhké podminky jsou
pfiznivé pro infekci rostlin listovymi houbovymi patogeny obecné (Magarey a kol.
2005). Vlhkost vzduchu na stanovisti pravdépodobné ovliviiuje mnozstvi a dobu vzniku
a zrani plodni¢ek na ftapicich a listech vjasanovém opadu z predesiého roku.
Nedostatek vlhkosti miize také ovlivnit mnozstvi uvolilovanych spor jako v ptipadé
jinych listovych patogent (Wulf 1994). Askospory patogenu se $ifi predevsim v rannich
hodinach (Timmermann a kol. 2011; Hietala a kol. 2013) kdyz se vzduch u zem¢ zacina
oteplovat a stoupat. Spory patogenu jsou timto stoupajicim vzdusnym proudénim
unaseny do korun stromd, kde infikuji listy jasanu. Vzhledem k tenké bunécné sténé
jsou askospory rovnéz citlivé viuci suchu (Aylor 2003; Gross a kol. 2014). Nakonec, po
prisednuti k listu jsou klicici askospory chranény proti vysychani ovlhceni listu ranni
rosou (Hietala a kol. 2013), stejné jako v pfipad¢ jinych listovych patogenti napiiklad
Apiogmomonia veneta, Glomerella cingulata, atd. (Sinclair a Lyon 2005). Navic
hluboké a vlhké pidy vytvareji optimalni podminky pro rist jasani (Wardle, 1958;
(Dobrowolska 2008), kterym se v téchto podminkéach velmi daii. Vytvareji tak enormni

mnozstvi kolonizovatelného substratu, ktery predstavuje znacny zdroj pro patogen v
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dalsim cyklu choroby. Vztah mezi vlhkosti vzduchu a podilem napadeni mtize byt tedy

¢aste¢né zpusoben zpétnou vazbou patogenu na mnozstvi dostupného substratu.

Jelikoz je ptizemni vzdusnd vlhkost, mimo jiné, ovlivnéna typem porostu,
zastinem, pfitomnosti vody, morfologii terénu atd. (Geiger a kol. 2009), byl vyvinut
GLM model vysvétlujici variabilitu vzdusné vlhkosti na vyzkumnych plochach. Model
vysvétloval 77 % variability dat a podilely se na ném proménné TPIS a smérodatna
odchylka TPIS5, orientace, nadmoiska vyska, vzdalenost od vody a silnice, pokryvnost
stromového a kefového patra, piitomnost nekoseného travniho porostu, vyska stromu a
vySka nasazeni koruny hostitele. Kromé toho byl jako faktor ovliviujici dopad
onemocnéni identifikovan typ krajinného tvaru — porosty na vrcholech nebo vypuklych
svazich byly méné napadeny nez porosty v rovinnych vhloubenych udolnich tvarech.
Pti¢inu tohoto rozdilu 1ze rovnéz hledat v odlisné vlhkosti prostiedi téchto tvart.

Byly méfeny objemy korun vSech dfevin, odhadnuto jejich prosychani a bylo
vypocteno skutecné poskozeni koruny. Rozsah poskozeni se statisticky vyznamné¢ lisil
v riznych typech porostu. Obecné plati, ze solitérni vysadba a sutové lesy byly
prikazné méné poSkozené nez jasanové olSiny a biehové porosty. Poskozeni
roztrouSené vysadby nebylo statisticky odlisné od ostatnich typd porostu. Bylo zjisténo,
ze celkovy objem korun (mnoZstvi kolonizovatelného substratu) odpovidd skutecnému
objemu poskozeni korun jasanu. Nechranéné typy porostu v oteviené krajin€ s vétSim
objemem korun (roztrousena vysadba a biehové porosty) byly pifi porovnani s vegetaci
s menSim objemem korun (solitérni vysadba) vice poskozeny. Lesni typy vegetace
obklopené zapojenym lesem byly v porovnani s porosty v oteviené krajin¢ (bfehové
porosty a roztrouSena vysadba) se srovnatelnym objemem korun mén€ poskozené.
Poskozeni korun na stanovistich s vétsi vzdusnou vlhkosti (biehové porosty a jasanové
olSiny) bylo vétsi nez na stanovistich bez pfitomnosti vody. Tyto rozdily Ize snadno
vysvétlit tak, ze prvni jsou invadovany porosty vice exponované (a tedy snadnéji
askosporami kolonizovateln¢), pficemz spiSe budou napadeny porosty rozsahlejsi (s
veétsim objemem korun ¢i jejich profilem). Ve vétSich porostech pak vznikd vétsi
mnozstvi sekundarniho inokula, které¢ primarné infikuje lokalni porost a rozdil
v poskozeni se zvysSuje. Porosty lesni, obklopené souvislymi lesy jsou korunami
okolnich dievin chranény a tedy jsou napaddny s mens$i pravdépodobnosti a pozdéji,
proto je jejich poskozeni v soucasné dob¢é nizsi — a to proto, ze v dobé pruzkumu se

oblast nachéazela pravdépodobné tésné za Celem postupujici epidemie. Vzhledem k vyssi
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produkci sekundarniho inokula a charakteristikdm stanovisté zapojeného porostu
(vlhkost) bude napadeni téchto porostd rychleji nartstat. Porosty ve vlhkych
podminkach jsou samoziejmé vice napadeny vzhledem ke zjisténé vazbé vyskytu a

intenzity choroby na vzdusnou vlhkost.

Na vyzkumnych plochéch se primérné poskozeni korun z 9,83 % vr. 2011
zvysilo na 13,08 % vr. 2013, to znamena, Ze e prosychani korun zvysilo o 3,25 %
(relativné o necelych 25%). Podobné zvysSeni poSkozeni zjiSténé b&hem dvou let
v Rakousku bylo vyhodnoceno jako pouze mirné (Kessler a kol. 2012). Vyjadreni
nartistu poSkozeni v procentech neni ovSem zcela pfesné, protoze je ignorovan
soubézny prirtstek jasanti. Pfi posouzeni redlného objemu poskozeni bylo zjisténo,
Ze narGst objemu poSkozenych korun dosdhl béhem dvou let pies 43%. V tomto
pohledu je zvyseni poSkozeni korun relativné vysoké. Kromé toho byla ziejmé v r. 2013
epidemie v prvnich fazi vyvojové kiivky onemocnéni (srv. Madden a kol. 2007) a oblast
na Cele fronty postupu epidemie Evropou (Gross a kol. 2014), tudiz masivni narast Skod

1ze ve zkoumané oblasti jesté oCekavat.

Vysledky této prace jasné podporuji myslenku, ze management onemocnéni
zalozeny na vyuziti zdroji rezistence mutze byt efektivné doplnén vhodnym
managementem krajiny a lesa, pfinejmensim alespoii vhodnym managementem méné
citlivych typti vegetace anebo ve vice rliznorodych tzemich. Vzhledem k tomu, Ze
vzdusnd vlhkost je jednim z klicovych faktorGi epidemiologie nekrézy jasanu, lze
ocekavat, ze management choroby bude vice ucinny v oblastech s ponékud vice

kontinentalnim klimatem a v zdpadni Evropé¢ vzhledem k ocednickému klimatu muze
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7. Zavér

Béhem poslednich dvou desetileti, neptivodni houbovy invazni patogen
Hymenoscyphus fraxineus rychle obsadil evropsky kontinent a nekroza jasanu se stala
zdvaznym problémem v fad¢ oblasti. Onemocnéni se stavd vyznamnou hrozbou pro
biodiverzitu v lesnich ekosystémech a ekonomické a estetické dopady jsou obrovskeé
(Mc Kinney a kol. 2014). Extrémni dopad patogenu v riznych ekosystémech téméf po
celé Evropé navozuje predstavy, ze UspéSny management choroby je malo
pravdépodobny. Vzhledem k tomu, ze ¢ast dievin (obvykle <1%) jevila v infek¢nich
testech urc¢itou miru rezistence, jak potvrzuje mnoho studii z nékolika evropskych zemi
(Plitira a kol. 2011, 2014; Kiristits a Freinschlag 2012; Metzler a kol. 2012; McKinney a
kol. 2012, 2014; Enderle a kol. 2013, 2015; Stener 2013; Lobo a kol. 2015), pozornost
mnoha fytopatologli se upoutala na vyhledavani vice odolnych jedincti, jako nejslibnéjsi
¢1 dokonce jedinou cestu v managementu choroby. Nicméné piilisSné spoléhani na
vyuziti rezistentnich genotypii a jejich nasledujicim Slechténi by mohla vést
k nezddoucim duisledkiim — napft. k posileni ztraty genetické rozmanitosti jasanu, nebo
k urychleni evoluce patogenu.

PtedloZzeny rozsahly prizkum dopadu nekrozy jasanu v raznych typech porostii
v krajin€ ukazal, ze dopad této choroby $ifici se vzduchem (“airborne disease”) je vice
nebo méné€ urcen faktory Zivotniho prostfedi a péstebnimi charakteristikami vysadeb.
Jako velmi dilezity faktor odpovédny za vyznamnou ¢ést variability dat onemocnéni se
ukazala vlhkost vzduchu. Bylo prokazano, ze vlhkost vzduchu je z velké Casti urcena
lokalnimi pfirodnimi podminkami a péstebnimi vlastnostmi. Mezi vyznamnymi
charakteristikami, ovlivilujicimi dopad onemocnéni byly nésledujici: typ porostu, podil
jasanu na plose, vyska stromu, plocha hostitele, kefové patro a travinny porost, zastin
koruny, sklon, vertikdlni heterogenita, TPI (Topographic Position Index),
geomorfologie, vzdalenost a mira poskozeni nejbliz§iho okolniho napadeného hostitele,
vzdalenost od vody, nahodny vyskyt jinych patogenti a sktidct atd.

Predlozena studie poskytuje dobrou piilezitost k vytvofeni vhodnych a Gcelnych
strategii managementu choroby v riznych ekosystémech s jasanem a mtize predstavovat
cenny piispévek k vyvoji integrovaného managementu choroby. Nicméné uspéch
budouci strategie managementu choroby bude vysoce zavisly na aktivnim a uvazlivém

piistupu spravci lesa a vlastnikti, agentury pfirody, mistnich samosprav atd.
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