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Detta laromedel foreligger i form av en
PowerPoint-presentation

En presentation forutsatter sakkunskap, som bl.a. kan

skaffas genom att ta del av foljande artiklar:

* Riesinger P 2021. Kraftiga angrepp av artrotrota —ingen
forekomst av bondbonans rotréta. Landsbygdens Folk 19.3., 14-
15.

* Riesinger P 2021. Hur bemastras artrotrota? Landsbygdens Folk,
26.3., 22-23.

* Riesinger P 2022. Herneenlakasteen vakavia tuhoja mutta ei
harkapavun juurilahon esiintymista. Kasvinsuojelulehti 1, 21-24.
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ABSTRAKT

Artrotrota (A. euteiches)

Bondbonans rotrota (P. pisi)

= markburna svampsjukdomar <= vaxtfoljd
Inventeringar 2019 och 2020

= 34 gardar, 68 falt.

Artrotrota pa 21 gardar och 38 falt

Ingen forekomst av Bondbonans rotrota
=> Vaxtfoljd?
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Art har manga positiva sidor

+ Inhemskt protein

+ Avbrottsgroda => 10 %
skordedkning

+ SNF

+ Hostsadd

+ Bekampning av
grasogras

+ Skadeinsekter latt
bekampade
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Utmaningar som marks |
praktiken
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Fig. 3. Changes in national field pea production areas relative to the mean areas across the studied period are shown as open circles
for 19632007 (left-hand axis) for Denmark, Finland, France, Germany, Spain and Sweden. Variation in coefficients of variation (CV)
for yields (right-hand axis) are shown as black circles and were determined by dividing each 5 year moving average for standard
deviation of yield by that for annual mean vyield. Data from FAO (2011).

Peltonen-Sainio & Niemi 2012






Art kan angripas av markburna,
dvs. vaxtfoljdsberoende patogener

”...odlingssystemet, speciellt vaxtfoljden, ar
central for att hantera mén%a patogener,
ogras och insekter. Sarskilt for en del
markburna %gto ener ar Ianga
odlingsuppehall det enskilt viktigaste sattet
att begransa angrepp.”

Borgstrom m.fl. 2019

"Arta och dkerbona bor inte dterkomma
oftare an vart _s_JIt_Jnde_ ar pa skiftena for att
undvika vaxtfoljdssjukdomar.”

Swensson 2006
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"”...up to 80% losses”

Gaulin m.fl. 2007

Artrotrotai FIN?

Table 1. Average seed yield of peas (kg ha~' 4+ standard deviation) cultivated on Finnish fields with and without
Aphanomyces euteiches infection, 1988-89

Without infection With infection Difference Reduction
n=295 n=179

3252 + 969 2118+ 715 — 1134 35%

Test of significance t=8.0%*x

*** — gignificant at P values <0.001.

Engqvist & Ahvenniemi 1997
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Passar rekomendationerna?
Hur kan vi forebygga?

"Art kan odlas pa samma "“Férebyggande
skifte vart femte ar. odlingsuppehall pa minst

-/
Vid forekomst av 6-8 ar
artrotrota forlangs Hedene & Olofsson 1994
uppehallet mellan
artodlingen till 6-10 ar”

Luke 2016



Avgransning och syfte

~orekomsten av artrotrota och
bondbonans rotrota i FIN?

_ampliga vaxtfoljdsintervall?

Andra faktorer som paverkar
forekomsten av dessa sjukdomar?
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Hypotes

Artrotrota forekommer i storre
utstrackning an tidigare ocksa i FIN

=> Ocksa i FIN borde uppehallen
mellan artgrodorna férlangas
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TEORETISK BAKGRUND
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A. euteiches (Luke 2016)



"Visshesjuka”,
"Midsommarsjuka”

Artrotréta (Aphanomyces
euteiches)

Akta vissnesjuka (Fusarium
oxysporum)

Fusarium-rotrota (Fusarium
Spp- )

Ascochyta pisi/Phoma AT e
medicaginis/Mycosphaerella @
pinodes Wi

Chalara elegans
Phytium spp.
Rhizoctonia solani




Symtom A. euteiches (=> art)

* Rotterna
brunfargas

* Finrotter och
rothar ruttnar

 Rothalsen smalnar

Foto Wikstrom 2021a



* Bladen gulnar

* Tillvaxten stannar
upp

* Plantan vissnar

Sjukdomsindex 96 i jordprovet till vanster vs. frisk art i jordprovet till héger.
Foto Wikstrom 2021a.



RENT VS. ANGRIPET
FALT

Foto Wikstrom 2021a




Symtom Phytophthora pisi (=>
bondbona, art)

e Rotter svartnar
e Huvudroten ruttnar

* Kort rotsystem
e Tillvaxten hammas
 Grodan vissnar

Foto Wikstrom 2020a
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ARTROTROTANS LIVSCYKEL

Oogonium
and
Antheridium Sion
SEXUAL
SPORULATION
Somatic ;
hyphae | | Sporogenic
hyphae

Aggspor, tjocka cellvaggar,

i marken eller vardarnas rotter
10-20 ar utan vard

=> svarmsporer

ASEXUAL
SPORULATION

Germinated|
cyst

Sporangium

Biflagelate Fig. 2 Diagram depicting the life cycle of

- Zoospore Aphanomyces euteiches.
Gaulin m.fl. 2007



Miljo: vattenmattad mark
<= jordman, arsman
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Artrotrota i Nordeuropa

* FIN 2003: 19 procent av go falt infekterade

* SE/Norrland 2006: g av 14 skiften i Jamtland hade
smittoindex som ifgagasatte artodling

* SE 2020: 21 av 50 falt infekterade
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Inventering av akerbdnfalt 2020

Antal Antal filt med Antal fialt med
undersokta rotréta artrotrota
falt (Phytophthora) (Aphanomyces)

Smaland 6 1 0

Gotland 5 0 1

Sddermanland 2 0 0

Vastmanland 6 0 3

Wikstrom 2020a



Gemensamma vardvaxter?

Artrotrota Bondboénans
(A. euteiches) rotrota
(P. pisi)

Art Angrips Angrips
Bondbona - Angrips
Tradgardsbona Angrips -
Lupin - -
Vicker Angrips Angrips
Klover - -
Lusern Angrips -
Sotvappling Angrips Ingen uppgift

Wicker m.fl. 2001, Gaulin m.fl. 2007, Moussart m.fl. 2013, Wikstrom 2020b




Forebyggande atgarder!

* Genomslapplig jord

* Dranering

* Undvik packning

* Undvik spridning av jord
* Uppehall 8 ar
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Direkta atgarder (?)

= Odling och nedbrukning

av oljerattika och vitsenap
(sorter med hog glukosinolathalt)
= Odling av havre (for froskord)

= Svinflyt

= Bakterier & daggmask
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MATERIAL OCH METODER

Inventeringar 2019 och 2020

i Nyland, Aboland och Osterbotten
o Artrotrota

* Bondbonans rotrota
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34 gardar, 68 falt
(2-3*art per 10-15 ar)

20 prover/falt => en liter jord

Proverna togs i
manadsskiftet maj/juni

Provtagning fran
matjordslagret




Foto Wikstrom 2021a
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2019: Artrotrota? => DK
(HortiAdvice)

Vastra Nyland
Artrotrota:

* 10 av 24 falt

* Fyra av atta gardar

Pa dessa gardar var halften av de
undersokta skiften smittade.

Tva falt pa tva gardar kraftigt smittade.
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2020: Artrotrota och
bondbonans rotrota? => SE

*SLU, Magnus Karlsson
* Agro Plantarum, Mariann Wikstrom
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“Finland was significantly
different”

DOk 10.1111/ppa 13578
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1 INTRODUCTION
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Abstract

The comycete pathogen Aphanomyces euteiches causes root rot in various legume
species. In this study we focused on A. euteiches causing root rot in pea (Pisum sati-
vum), thereby being responsible for savere yield losses in pea production. We aimed
to understand the genetic diversity of A. euteiches in Europe, covering a north-to-
south gradient spanning from Sweden, Morway and Finland to the UK, France and
Italy. A collection of 85 European A. euteiches strains was obtained, all izolated from
infected pea roots from commercial vining pea cultivation fields. The strains were
genotyped using 22 simple-sequence repeat markers. Multilocus genotypes were
compiled and the genetic diversity between individual strain: and population struc-
ture between countries was analysed. The population comprising strains from ltaly
was genetically different and did not share ancestry with any other population. Also,
strains originating from Finland and the eastern parts of Sweden were found to be sig-
nificantly different from the other populations, while strainz from the rest of Europe
were more closely related. A subset of 10 A. euteiches strainz from four countries was
further phenotyped on two susceptible pea genotypes. as well as on one genotype
with partial resistance towards A. euteiches. All strainz were pathogenic on all pea
genotypes, but with varying levels of disease severity. No correlation between the
genetic relatedness of strains and virulence levels was found. In summary, our study
identified three genetically distinct groups of A. euteiches in Europe along a north-to-
south gradient, indicating local pathogen differentiation.

KEYWORDS

Aphancmyses roat raf, genstic diversity, pethagenicity, Pizum safivem, virulence

ircreasingty high in demand a3 a valuable source of plant-based pro-
tein [Ge et al, 2020). Aphanomyces root rot iz the major constraint

WILEY

The comycete pathogen Aphanomyces euteiches is the causative apent
of Aphanomyces root rot disease in a broad range of various legume
hiost species. including pea (Pisum cativum). Pea is one of the most im-
portant legumes in the world and with the ghobal trend towards a more

sustsinable food production and consumption, pess ars becoming

for increased pea production in Europe and can cause very high yield
losses and negatively affect quality. Vining peas ars harvested as im-
mature seads (green peas) and consumed 2z 3 vegstable. They are cul-
tivated worldwids in areas with a temperate cimate. and worldwide
production resched 19.57 million tonnes in 2020 [FAD, 2021),

Thiz i an open access article under the terms of the Creative Commons Attribution License, which pemmits use, distribution and reproduction in any mediam,

provided the ariginal work i properdy cited.

€ 2022 The Authorz Plant Pathalogy publizhed by John Wiley & Sonz Ltd on behalf of Britich Society for Plant Pathalogy.

1570 | wileyoslineibrary.com fournalipps

Plant Pathology. 2022.71:1570-1578,

\

'... strains originating
from Finland and the
eastern parts of Sweden
were found to be
significantly different
from the other
populations, while
strains from the rest of
Europe were more
closely related.”

Kalin m.fl. 2022



Forekomst av artrotrota

*38 av 54 falt
* 21 av 30 gardar

* 35 falt med sjukdomsindex > 15 (=> odla
inte art de narmaste aren)

» 28 falt med sjukdomsindex > 5o (=> hall
upp atta ar)
Bondbé .
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o

Artrotrota i Nyland, Aboland och Osterbotten (2020).

Index 50 = 1/3 skord.
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A. euteiches

Rent vs. angripet falt
(S1 93 = nollskord)

Foto Wikstrom 2021a
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Forklarande variabler: ler, hog
mullhalt = fukthallande och
packningskanslig jord!

Tabell 1. Samband mellan faltens egenskaper och forekomsten av artrotréta (antal falt;

provtagning 2020).

Sjukdomsindex Sjukdomsindex 15- | Sjukdomsindex O

dver 50 90
Moran- och mojordar 6 2 8
Lerjordar 19 7 8
Mullhalt 6ver sex procent 17 4 4
Mullhalt under sex procent 8 3] 12
pH-klass VI eller VI 9 2 3
pH-klass IV eller V 14 4 10
pH-klass Il eller Il 2 3 3
Pl&jning 22 7 10
Lattbearbetning/direktsadd 7 2 6
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Tydliga skillnader

| infiltration

* Fyra stallen/falt
* 23,5 mm vatten

Sekunder/mm
®1-10: 105 platser

®11-33: 40 platser

*>33: 60 platser

Inget samband infiltration — artrotrota
(aktuell situation vs. faltets historia!)



Inga samband mellan
artrotrota och ...

* jordbearbetning
o pH

» Ca-tal

o PP722222722227

* mikrober och maskar
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Inget strikt samband med
aterkommande artodling

Tabell 2. Frekvensen i odlingen av trindsad och férekomsten av artrotréta (antal falt,
2020).

Sjukdomsindex éver 50 | Sjukdomsindex 15-50 Sjukdomsindex 0
3

Enbart bondbéna
Art en gang/15 ar
Art en gangltio ar
Art tva ganger/15 ar
Art tva ganger/tio ar
Art tre gangeritio ar
Art tre ganger/15 ar
Art fyra gangeri/tio ar
Art fyra ganger/15 ar

1 _J\_t._ 1 m 1 5% | 1 —

N|=|w|o|o|! ==

= P | =N !

(93]

26 9
For tre falt saknas uppgifter om frekvensen i odlingen av trindsad.
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"SI sjunker med omkring fem
enheter per ar da art inte odlas”

(Wikstrom 2021b)

71 Ingen mekanistisk funktion

Patogen (spridning)

x*

Vard (vaxtfoljd)

x
Miljo (markvard)

e Vattenmattnad

° Va rme VRKESHOBSKOLAN
NOVIA



Teoretiska kurvor hur sjukdomsindex varierar med tiden vid
normala resp. vata férhallanden det ar art odlades

100
90
80
70
60
50

Sjukdomsindex

40

30
20
10

0 5 10 15 20 25

—@=—|ndex normalt odlingsar —@— ndex vatt odlingsar =@ Index torrt odlingsar

Wikstrom 2021b



Angrepp/sanering varierar med
arsmanen samt, beroende pa
jordmanen, mellan enstaka falt
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Dranering

Undvik odling i
infekterade falt
och pa lerjordar ...

speciellt om )
markstrukturen ar
alig




Atta ar mellan art!
Bondbona daremellan?




Om du vill odla tatare?



Analys
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