skaad or kdnda
och nya

Jan Stenlid

Inst for skoglig mykologi och vaxtpatologi
SLU

U p psa Ia Foto: Johanna Boberg
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Miljé

Sjukdomstriangeln

Vard
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Patogen
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SLU Vad finns i verktygsladan?

* Kemisk bekampning
* Biologisk kontroll

* Tradslagsbyten

* Tradslagsblandningar
* Férkortad omloppstid
e Kontinuitetsskogar

* Nya tradslag
Pergamentsvamp mot rotticka o | gndskapsplanering




?’L!E Verktygsladan...

* Undvika nya skadegorare
* Resistens

* Se till att ha en vital skog.

* Konkurrens. Gallring
* Torktalighet. Ratt tradslag
* Klimatanpassning. Ratt proveniens

Smaland och Oland fran
Rymdstyrelsen/Copernicus Sentinel data 2017' and 2018 rymden 2017 och 2018
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 Sjukdomar med stor effekt varje ar
e Sjukdomar med utbrott
* Nya skadegorare — globalisering

* Nya skadegorare — klimatforandring



g’ﬁ; Svampskador som funnits lange i Sverige

 Granens rotrota rotticka e Gremmeniella
e Torskate
* Honungsskivling

* Knackesjuka
 Tallskytte

* Snoskytte

e Stamrotor pa bjork
 Bladrost pa bjork,asp ...



. g
) -+ -3"1.}'}.1

- ot o 2l , Mm« e -
bk "o O el BE 2,
. i e . w ,u.,
Vo e - ﬁﬁ.ﬂmﬁm f‘ .
R L \h..rc\rl.br.u.&.ll.i&“v?u&

e o R e s s,
e “ R ll.' .

é:'?ar'e forlorar
Haal

gs
er

e
.

3

;

ol

=

4
sko




Spridningsvagar for rottickan

Vinnare bland rétsvampar i brukad skog i Finland
(100 000 objekt, Hottola 2009)

Skogstyp | Rotticka | Violticka | Grénsticka | Lappticka _

Naturskog 111 93 000 7 600 6 000

Produktions 4 200 40 000 450 15
skog




Rota 1 gran, borrning av rikstaxen

1983-1992: 6,4 % (=12.8 %)
1992-2001: 7.9 % (=15,8 %)

DVS en 6kning med 23 % Il

= O 25kmm(1obs).tif
Value
o0 -0,05
[ 0,050000000 - 0,1
[10,100000000 - 0,15
8 0,150000000 - 0,2
I 0,200000000 - 0,75
= O 25kmp(1obs).tif
Value
I 0,015217661 - 0,05
[ 0,050000000 -0,1
[10,100000000 - 0,15
8 0,150000000 - 0,2
I 0,200000000 - 0,75
= 25kmd(1obs). tif



g{% Rotrotan okar i sédra

Sverige
% rotad
gran
24 Northern Sweden (R’=0.14, p=0.26)

Sourthern Sweden (R°=0.61, p=0.0045)

20

16 * Lingre vegitations-

12 period, sommar-
avverkningar => hogre

; risk

4

1950 1960 1970 1980 1990 2000 2010
Year

Data: Riksskogstaxeringen



Sporinfektion av rotticka vid gallring
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N Rotstop eller urea motverkar
SLU sporinfektioner av rottickan pa stubbarna

* Manuell behandling fran 60-talet

* Mekaniserat sedan 1992 i Sverige




J. Stubbehandling med urea eller Rotstop

SLU

* Behandling direkt vid avverkning
* 100% tackning 6nskvart
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Jamforelser mellan kloner md hég o lag naturlig rétinfektion

i

SLU | oss ;;

Visual rot (Ismean value)

Highly
Susceptible -

S tibl
:;; .....unmmm||||||IHII\||||\|”|||”” S

* H. annosum inokulering

l

Barkprov.
Kemisk profilering Genuttryck

RNA-Seq



JL Kemiska profiler skiljer mottagliga kloner fran resistenta

Catechin

< ((a) H. annosum
12000
L —o— 2405
8000 07398
6000 ——3178

) 4000 +3340

§ 2000

N 1 04 . . |

e 0 10 20 30

g Wounding
12000
10000 —o— 2405
8000 -0-7398
6000 ——3178
4000 ——3340
2000

o 04

" 0 10 20 30

-1.0 PC1(18.9%) 10

Danielsson et al. BMC Plant Biology 2011



Resistensegenskaper finns pa flera stdllen i granens

J L arvsmassa

SLU
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Validering av PaLAR3

Kromosomskiss
1
2
H. parviporum sapwood growth g
35-
6
7
a 8
301 © ?0
E —14
0
-
251 12-18
b b 20
. 21
o) p3
20 AA AB BB Flera markorer i
Genotype kombination for ett
battre urval av
*Avkommor med PaLAR3B allel visade lagre individer

svampvaxt | ved.

* PaLAR3B ar dominant.
Nemesio-Gorriz et al 2016




JL Langsammare spridning ger fler friska rotstockar
SLU :

Bild fran Magnus Thor



» Battre froplantager
e Klonforokning - sticklingar

* Klonforokning - somatisk
embryogenes

* Foradling
 Marker Assisted Selection,
* Genomic selection




Gremmeniella kan ha stora utbrott




1999 och 2001 omfattande skador pa 400 000ha
varav 60 000 ha avverkades direkt
Skadekonsekvenser berdaknades till miljardbelopp

Skogsstyrelsen, 2001



Gremmeniella abietina:
2 ars cykel fran infektion till
sporulering




Overlevnad efter tva angrepp

Predisposing Inciting Contributing
1st G. abietina 2nd G. abietina T. piniperda 277
outbreak outbreak attacks

1 =

g

= 08 g

O 4]

'.g o

g. 0.6 o

= S

c—g 04 %

s 2
a 0.2
0

1999 2000 2001 2002 2003 2004 2010
Year

Oliva et al, 2014
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sLu  Tvaars-monster

Gl, June-Aug

25

20

15

|
10
[ LN "
| | . - |
5
0 T T T T T T T T T \
1840 1860 1880 1900 1920 1940 I1960 1980 I ZT IZOZO 2040
1957 1987 2001 2012
Stenlid och 1863
Oliva 2016 Gremmeniella Index = precipitation

(mm)/average temp above 0
(Thomsen 2009)
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Okad risk for Gremmeniella abietina

Gl, June-Aug

25 4
20 - [ | ‘ [ |

15

| u n = m B
° m b m M " g " hoE "
=
5 -
0 x x x x x x x x x
1840 1860 1880 1900 1920 1940 1960 1980 2000 2020
1863 1957 1987 2001 2012

Year

Gremmeniella Index = precipitation
(mm)/average temp above 0 (Thomsen 2009)

2040



Je  Gremmeniella utbrott

SLU .
Mellansverige

Gl, June-Aug = Barrforlust mellansverige

Barrforlust i tall, %
30 4

25 A
20 A
15 -

10 -

T T T T 1
1945 1955 1965 1975 1985 1995 2005 2015

Year
1957-58 1987 2001-02
75 million Hellgren & 400 000 ha
plantor dog Stenlid, 1999 skadade

Bjorkman 1959 Wulff 2004
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>Lu Gremmeniella

e Miljardforluster vid utbrott
e Over tid, ca 13 000 ha/ar.
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Sveaskog inventering av by,

ungskog 2019
Torskate - ~-l, e

.0

-oow
\

Kartan visar avdelningar dar torskate har observerats
(roda punkter) for de 200 avdelningarna.

17}
SVEASKOG

Godkédnda och underkdnda provytor enligt Skogsvardslagen - MO Nord

Antal huvudstammar per ha
MO Nord
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Oskadad

Skadad av vilt

Skadad av torskate

Skador pa bistammar

Tallbista Granbista

m m
5% 41%

42 % 3%
35%

RO

Norrbotten
Tallbista Granbista

m m
6% 43%

33% 2%
43% 0%

RO

Vasterbotten
Tallbista Granbista

m m
2% 35%

64% 7%
16% 0%
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JL Populationer av Toérskatesvamp Heteroecious Autoecious
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Spore traps deployed in Pajala (Norrbotten), As and Nasteln (Jamtland) Grongrtiunt plnacclodynamics

from 3 spore traps deployed in Nasteln

Q
. . ©
Glass slides covered by a layer of Vaseline. = I
* All spores (aeciospores, urediniospores, § 600
T . Q
basidiospores) can be captured by Vaseline. g
* Cronartium pini aeciospores, urediniospores can be o 500
identified can counted under a microscope. § .
(=]
S
i =
Filter paper = 300
* All spores can be captured. :;
: s e 200
* Cronartium pini DNA can be quantified by qPCR. “
2 100
£
& =
‘: S ; = 0
, -~ C. pini aeciospores % S e S ke i e ok oB o O
> > : T @ & & & & @ @& @& & 9 9 Q¢
A - under microscope. o \'& \';0 \'& \'& \,‘9 \'& \q,° \'\9 \'\9 \'& \'& \'\9 \'»°
Z - y > O & Q& N QY @Y @Y @ @ @O
' : Sample is from T A N P
£ _ L A - G AR A A A C A . A A
Vaseline slide from :
b - o ) Sample collection date
S Niisteln. (400X)
o A B Future work:
& My Quantify C. pini urediniospores and DNA on filter paper.
; 5 A Jﬁ Process Spore trap samples from other locations.

Resultat fran Ke Zhang



?’Ltﬁ Aecidiesporer fran tall i Norrbotten samlas in

Berit Samils
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Pionblac

av ratt sort infekterade,

nasidios

norer utvecklas
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Testa plantmaterial under kontrollerade
forhallanden. Screeningcenter i
samarbete med Skogforsk.
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>t Torskate

* Norrbotten/Vasterbotten storleksorningen 150 000 ha svart angripna
* Inte barai norr
* Vi har inte |6st detta an






















Komplexa
sjukdomar

SLU

. * Predisponering —
genetik, adaptation

e Utlosande — torka, frost

* Bidragande —
langsamma/svaga
patogener




thﬁ Tillvaxt hos ekar 1941 - 1999
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Tingsryd, 5 x 10 trees (Kjell Wahlstrom)



Torka
Torka

Avldvning

e

1933
1957
1961
1965
1969
1973
1977
1981
1985
1989
1993
1997



| I Férandringar

SLU
e Klimat

* Handel, globalisering

—
e j "" "
5% et

A

-
.—‘ . i ' -

-
I

I globalization i \Subiime S8
[ climate change : T
#
P

Stenlid and Oliva rsth.royalsocietypublishing.org  Phil. Trans. R. Soc. B 371: 20150455
2016 e % . > s 5 % o8
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iy Forandringar

 Okad betydelse av andra viarden an virkesproduktion




Arlig temperaturforandring
(1961-1990 och 2071-2100)

S

SLU . .
7 7
6 6
5 5
Klimatforandring till ar 2100 : ‘
3
2 2
1 1
RCAO-E, A2-Kontroll RCO—E, 2—Kontrol|
1-2 manader langre vegitationsperiod Nederbdrdsforandring
27 ,' % %
N P 80 80
Risk for torrare somrar - 70
60
50 50
40 40
50 30
‘20 20
10 o
0 0
—10 -10
20 -20
> ¢ -0 i it -30

RCAO-E, B2-Koniroll Sommar  RGAO.E, B2-Kontroll Vinter

Data fran SMHlI



gL% MGaijliga paverkningar av forandrat klimat

1. Okad stress hos traden leder till kanslighet for
skadegorare

2. Direkt paverkan pa patogenen som leder till
forandringar i angrepp

3. Nya arter kan forflyttas till oss

4. Paverkan pa vektorer (insekter) eller
vardvaxling (rost)



S Klimat-effekter

SLU

Habitat for Diplodia sapinea
1961-1990 2070-2090

> LN

Samarbete med SKS vid
utbrottet 2016

Climex simuleringar av Johanna
Boberg

Ecoclimatic Index

Gront- daligt Vitt - marginellt  Rosa - anvandbart Rott- optimalt



1 March 2017
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« ¢ Diplodia-sjuka pa tall dodar arsskotten och kan sla ut
hela bestand.

e ¢ Sjukdomen ar ny for Sverige och forutsattning for
angreppet ar klimatforandringarna de senaste artiondena.

e ¢ Atgirder mot nya skadegdrare som ror sig inom EU
ar inte reglerade och ansvaret for att hantera generella
risker vilar pa den enskilde markagaren.
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Habitat for rodbandsjuka
orsakat av

Dothistroma
septosporum

1961-1990

W

CLIMEX - Compare Looations (1 specles)

Myoosphaerella pinl
Run on Apr 13 2010 11:18

Europe
No Climate Change / Imigation: Not S,

CLIMEX - Compare Looations (1 specles)
Myoosphaerelia pinl
Run on Apr 13 2010 1121

Europe
CC Sweden / Imigation: Not Set ’

(O1tc 828

[]e25t0 <155 [J1to B8285

1165 to <28 18265 to <165

B 228 to <30 1165 to <28
B 228 to <30

Climatic fit: Green- unstable, White - marginal, Pink — possible, Red- optimal_

Simulation using Climex + 4 degrees (Johanna Boberg, opubl. )






L Nya invasiva skadegorare
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Nya skadegorare: Balans mellan vard och patogen bryts av
langdistans-forflyttning Al-Phytophthora

New established forest pathogens in Europe

50

40 y= 2,069160'4345X
R?=0,9594

30

i -
12;/l4/|/| W I W

1800-29 1830-59 1860-89 1890-1919 1920-49 1950-79 1980-2008

Santini et al., New
Phytologist 2013

|
Y .
{

Askskottsjuka

N




| Material som patogener flyttas runt med

SLU
B Bark
B Living plants
\ O Soll
® Wood
B Seeds
@ Cuttings
8% @ Unknown

Santini et al 2013




L. Marin trafik

S Lu U 7 ekt B - o K ¢
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;’L% Handelsnatverk for tradgardsvaxter i Europa

KUlj{ame Belarus

from/to Turkey ustria Bel m .

America  Gwitzerland %
0 p 3 ‘ .‘.'

Romania &
Portugal

Netherlands
Lux.

Dehnen-Schmutz et al. Scientia Horticulturae 125
(2010) 1-15



No. provenances

No. provenances

251

20 -
15 -

10 -

With rust history

25

20 A

15

10

0 10 20

T

% Trees infected

No rust history

30

% Trees infected

Coevolution

O Approximate range of Pinus contorta

=== Southern limit of the distribution of Myrica

gale (the alternate host)

Hunt and Sickle (1984)

Myrica gale

PORS, MYRICA GALE L.

um compto

L a ™ o




g{% Askskottsjuka



JL Records of the emerging ash dieback in European countries

vV &

e 5 i mmnms edli.@t’ﬁpntd‘nﬂlpn@d FC RTHREATS
‘ " The blue shaded area shows the distribution range of
\ qo/minnim.sexds@) Source: EUFORGEN)
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Askskottsjukesvamp pa
fjolarsbladskaft av ask.
Foto: Michelle Cleary
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Heredity (2011) 106, 788-797
© 2011 Macmillan Publishers Limited All rights reserved 0018-067X/11
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ORIGINAL ARTICLE S

Presence of natural genetic resistance in
Fraxinus excelsior (Oleraceae) to Chalara fraxinea
(Ascomycota): an emerging infectious disease

LV McKinney, LR Nielsen, JK Hansen and ED Kjeer

Department of Forest Genetic Resources, Forest and Landscape Denmark, Faculty of Life Sciences, University of Copenhagen,

Frederiksberg, Denmark

T T T

0 1 2 3 4

Senescence

Figure 5 Correlation between average per cent damage for each
clone at both sites and the average senescence measured as leaf shed
at Tuse Nazes.

Evolutionary Applications ISSN 1752-4571

ORIGINAL ARTICLE

Adaptive potential of ash (Fraxinus excelsior) populations
against the novel emerging pathogen Hymenoscyphus
pseudoalbidus

Erik Dahl Kjeer, Lea Vig McKinney, Lene Rostgaard Nielsen, Lars Norgaard Hansen
and Jon Kehlet Hansen

30
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p R, TR .’ 1’2, 7,6 9
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gure 1 Frequency of individual breeding values of the 101 tested
other trees (PDS, Percent Damage Score, combined from both test
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Friska trad vid P. alni angripna platser
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in forest restoration?

Juan A. Martin' - Juan Sobrino-Plata’ - Jestis Rodriguez-Calcerrada’ -
Carmen Collada’ - Luis Gil

Ophiostoma novo-ulmi
EU project RESGEN ~ LIFE+EIm
. . project
Ophiostoma ulmi italion ‘l/
Dutch breeding First studies on breeding A A /rﬁ s
program genetic structure of program Sso o
— DED pathogens Spanish A~
' breeding Sequence and ‘ e
USA breeding programs B annotation of
First resistant clone DED pathogen
released (C. Buisman) o
Genetic
Evidence of xylem transformation SN
l anatomy involvement of elm - Ui ‘fo‘“m; :
\ in susceptibility to DED (_J':'{ibk("r'tlrl 9
First studies on gene »ngengng
expression in elm
Molecular- |
First reports on d- assisted elm
v factors affecting DED breeding?

l } I ————— -] ————————
1910 1930 1950 1970 1990 2010 2030



S

SLU

’
" c——
e ——

v —

i

. .




Gotland Almsjuka 2007

Ulmus minor on Gotland hit by DED in 2005
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(Population 1,9 million trees, 360 000 trees> 10 cm DBH)
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Antal rodlistade arter knutna till svenska tradslag
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J. Bekamning av Almsjuka pa Gotland
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JL Scenario 2, ingen bekamning, r 6kar fran 0,09 till 0,4.
SLU

* Natural mortality 1,6 %. 5 600 ingrowth.
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JL Scenario 3,sanera 3 720 trad arligen
SLU

* 3 A. Natural mortality 1,6 %. 5 600 ingrowth.
* 3 B. Natural mortality 1,6 % . 4 200 ingrowth.
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Scenario 4, mindre effektiv bekampning,
7 440 trad sanerade arligen

* 4 A. Natural mortality 1,6 %. 5 600 ingrowth.
* 4 B. Natural mortality 1,6 %. 4 200 ingrowth.
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Scenario 5, mer effektiv bekamning 1 860 trad

sanerade per ar

* 5 A. Natural mortality 1,6 %. 5 600 ingrowth.
* 5 B. Natural mortality 1,6 %. 4 200 ingrowth.
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e o |
>LU 200 ars perspektiv

P totalt
1 A) Ingen almsjuka, 5600 invaxt 389 600
1 B) Ingen almsjuka, 4200 invaxt 301 000
3 A) Sanering 3720, invaxt 5600 139 900
3 B) Sanering 3720, invaxt 4200 48 900
5 A) Sanering 1860, invaxt 5600 263 000
5 B) Sanering 1860, invaxt 4200 172 800

An effective sanitation can maintain an
elm population!
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