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Botrytis on strawberries

Primary infection at flowering
— State of latency in receptacle of flower
— Fruit rot (primary infection) at onset of fruit ripening
— Secondary infections of further ripening fruits
— Uncontrollable epidemic
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Fungicides with Botrytis activity

Teldor Fenhexamid
Prolectus Fenpyrazamin
Switch Cyprodinil + Fludioxonil
Scala Pyrimethanil
Frupica SC Mepanipyrim
Geoxe Fludioxonil
Amistar Azoxystrobin
Candit Kresoxim-methyl
Signhum Pyraclostrobin +
Luna Sensation*  Trifloxystrobin + * Pending registration
All 5 groups are specific fungicides — risk of resistance development!
Type of resistance
Hydroxyanilid target mutation
Strobilurin / Qol target mutation
target mutation
Anilino-Pyrimidine target mutation and multi-drug resistance
Phenylpyrrole multi-drug resistance only

Fungicide resistance (5 Nov. 2019) Roland Weber



1. Basics of fungicide resistance and its management

2. First results from SprayLess
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Strains with multiple resistance on strawberries in

Northern Germany

50 -
Simultaneous resistance to 4 (yellow) or all

5 (red) of the currently used fungicide groups

40
30 -

20

10
2010 2011 2012 2013 2014 2015 2016 2017

Share of total population [%)]

Weber & Hahn (2019) Appl. Microbiol. Biotechnol. 103: 1589-1597
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Spread of multi-resistant strains

1. Stepwise acquisition of resistances to all fungicides
somewhere

2. Spread by contaminated nursery material or immigration
from outside

3. Local selection by intensive fungicide use

Fungicide resistance (5 Nov. 2019) Roland Weber
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Multiple resistance in strawberry nursery material:
Netherlands versus Germany 2014
40 -

- Dutch material
- German material

Weber & Entrop (2017). Eur. J.
Plant Pathol. 149: 739-742
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Spread of multi-resistant strains from nursery material
to an adjacent established field

60 - planted 2005
B planted 2012

50 - Nursery
o plants Assay: c. 15 over-
T 40 - l wintered cane lesions
3 each spring
'S 30 1
= Weber & Entrop (2017).
Q Eur. J. Plant Pathol. 147:
S 20 - 933-936
o

10 -

0 . . . . .
2010 2011 2012 2013 2014 2015

Year of sampling

Fungicide resistance (5 Nov. 2019) Roland Weber




ML

» N
Schieswig-Holsteinisches Husum & Teckemforde
[}

Wattenmeer Dorpsteat Fehmarn
2 S ., Vschonberg 2
Share of strains with Kiel
are or strains wi Rendsburg_ ewmy ) S
. Westerronfeld o
resistance to ! ah
Heide as % g Schonwalde
am Bungsber
5 0_3 | E45 | Pﬁ!n P it Kohiungs
Bomhoved Eutin °'N$(uit:d't
@ Neum%nster \{ ] §
4 o Scharbeutz
% Bag Bad Klotz
ltzehoe egeberg o
L. Brunsbuttel v 8? Schwartau |y Ko
xhaven S — g
fu n g ICId es o — Kaftenkirchen Q / Grevesmihlen©
Otterndorf Y ° Lubeck 20 |
= e (E234 ‘.\ Eimshorn © Henstedt-Ulzburg L o
iedersachsisches 3 (22| ~
Wattenmeer. 27 | Drom‘t’ersgf\ Uetersen Nord%rstedt__‘ Ratzeburg
* \Wangerlana \ o = Ahrensburg 1 Schwerin
Nerden 8 \ H b stedt Molin  Schaalsee o
) Jever [~ am u rg X i *
Wittmuna© o Bremeéhaven Stade) “wfai HaMBUrG e et
o i I Mo T
Sodbrookmerland Schortens. OWIIhelmshavenu P Schiffdorf — gremervirde Jorko L B ’ E26 |
el o o Loxstedt o -—— hm*” — 7 ;
Krummhaorn Aurich Ve varel , Bu degerd A %o Boizel\lrgl Hagsnow =3
Emden (Ostfneslaw L —— ~\ ' etal\_Geesthacht =~ Elge \
Delfzijl oy EERG
3 Hoon'r(\)eri‘d o Groftefehn [ 29 | | £234] \ ' Zeven 39 | o 6:2‘;&5 Ludwigsiust o
Hesel  Westerstede ! o
(Leer 0 © oWiefeistede  Osterhol o | y
ningen (Ostfriestand) \Na, 1] Scheeel Linotur | S
oHoagezand ° Oldenburg ™"~ ~ A o Domitz
2 2 Weenfr (Oldb) Bra » Offfsberg Rglxlm%;; o Schneverdingen 1 - >
Necham P I Danngnberg Nl
apgnburg hovede Soltau/ M {Elbe) 2
»\\ v’lsseloovede oo u u Ueg o I ) i~
m I 3 % Fal}gerg I N 7’ g
i erden (5 Tt a =
I {Aller) ) l,- Vs balzg'edel -
Emmen (1
el

o \
7 Witting t
| £233 ] Meppen . LA
: i P\ : 1
;v;/rae'n\"‘ A0 ; Celle P :

,

i \ Dromling Gardelegen

veize Gimgfno Wolfsbu!rgv"' S
{+] N

'@/ Hannoever

?mdhé\mo (31 ] | T Bramsthe . "Rahd 10

Almelo \253" *_ OsnaerCk AE

e
I Razlingen
2%

thes th
Hengelo en‘°e'm_ = jiReaunann T \ Sehnd Yo mer < o Halden
o > Ochtup Rnete , EX_Melle d,_ =3 OHelmstedt
Enschéde | ° E"“-"‘f,‘?’e_ oG e e ) e - L R b | Wolfenbuttel g ¢ FE30 |
| H ford l~g. H o y
3 2 Gregen Reg I O n A g o Bad I: P - i Salzgitter I <" Oschersleben Magt
Ahaus g oiomod - Salzuflen ‘ F305 BVE __'> ~t ’.Boodef'
P annEald Minster Warendorf Mdnaid \{—n) ‘.‘.‘ -._ X ,
. . e Goslar "= ¢ Halberstadt

Weber & Hahn (2019) Appl. Microbiol. i e e e L e e Staly
- Wernigerode o

Biotechnol. 103: 1589-1597 we Region B [ o

{
31 | *am See Ll o) IR, O DR ¢ Northeim _ ‘o

2

Thalose i, |l



== ESTEBURG O Rreicn

P OBSTBAUZENTRUM JORK DEPARTMENT OF FOOD SCIENCE

Effects of excessive spray sequences

If strains with multiple resistance are present in a field...

... the application of any fungicide will further select multi-resistant
strains

... the more we spray, the more resistance we get

... but is the reverse also true?

A less frequent fungicide may reduce the selective advantage of multi-
resistant strains and means more fungicide efficacy in the long-term

Fungicide resistance (5 Nov. 2019) Roland Weber
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How many sprays to give the optimum efficacy?

Optimum long-
term strategy
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Non-chemical control of Botrytis

Picking and removal of infected
fruit (especially at beginning of
harvest!)

Moderate fertilisation
Sufficient planting distance

Ventilation (tunnel, protective
coverings)

Drip irrigation instead of
overhead irrigation

Fungicide resistance (5 Nov. 2019) Roland Weber
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Modest use of fungicides
(3 or max. 4 sprays)
+

removal of rotten fruit at harvest

W
m

high yield security

Fungicide resistance (5 Nov. 2019) Roland Weber
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The SprayLess project

Does nursery plant contamination with fungicide-resistant Botrytis strains
have an effect on commercial production?

» Resistance status in the field during production

» Economic loss due to grey mould

Fungicide resistance (5 Nov. 2019) Roland Weber
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Set-up of the preliminary experiment 2018

1. Resistance test of 5 batches of strawberry nursery plants (50 plants
each)

Planting of strawberries at Arslev Station
Spraying with fungicides at flowering: Signum — Switch — Teldor

Collection of all rotten fruit at harvest

a B W

Resistance test

Fungicide resistance (5 Nov. 2019) Roland Weber
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2018 results of SpraylLess project. Summary

Nursery plant status Fruit infection at harvest
A A
' AY4 \
: Share of MR : Share of MR
Infection level ) Infection level )
strains strains
low low low variable
low high moderate high
high low low variable
high high high high

Fungicide resistance (5 Nov. 2019) Roland Weber
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Conclusions from the 2018 experiment

1. Nursery plant batches differed strongly in terms of
a. abundance of Botrytis strains
b. fungicide resistance of Botrytis strains

2. High shares of MR strains in nursery plants were perpetuated at first-
season harvest, causing grey mould

3. High shares of sensitive or single-resistant strains in nursery material
were controlled by fungicides

Differences at nursery stage continue
into fruit production
— proof of concept for the entire project

Fungicide resistance (5 Nov. 2019) Roland Weber
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Working hypotheses for the project and beyond

1. 50 nursery plants may be enough for a routine test to predict
subsequent events

2. Nursery plant contamination with susceptible Botrytis strains is not
important for subsequent production ...

3. ... because strains of Botrytis with single fungicide resistance are
controlled by spray sequences at flowering

4. MR strains are not controlled by any fungicide

5. First proposal of a preliminary cut-off point: Yield security is threatened
if >10 of 50 nursery plants harbour MR Botrytis strains

Fungicide resistance (5 Nov. 2019) Roland Weber
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Suitable nursery material
\ (free from MR strains)
+
Modest use of fungicides
(3 or max. 4 sprays)
+

/ removal of rotten fruit at harvest

\

/

high yield security

Fungicide resistance (5 Nov. 2019) Roland Weber






