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> Can plant pathogens develop resistance to
microbial biocontrol agents?
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dynamic research field

(biocontrol or biological control) and (plant pathogen or plant disease)

Web of Science Core Collection (2023/07/23)
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An increasing number of registered biocontrol

products for disease management

At world level, against diseases of plants
(virus, bacteria, oomycetes, fungi)

91 microbial biocontrol strains

49 fungi/yeast/oomycetes
+ 37 bacteria/actinomycetes
+ 5 virus/phages

BioControl
DOI 10.1007/s10526-017-9801-4

Biological control using invertebrates and microorganisms:
plenty of new opportunities

Joop C. van Lenteren + Karel Bolckmans - Jiirgen Kohl -
Willem J. Ravensberg - Alberto Urbaneja




Various fungal species represented

4 Basidiomycota d

BURLEIGH BOELS SERIZS IN AGRICULI LRAL SCIENCE

Improving integrated
pest management in
horticulture

burleigh dodds

Nicot, Pressecq, Bardin. 2022

65 products (27 species)

Fungi |

—| Phlebiopsis |—|

Ascomycola

including 34 Trichoderma-based products

@

—E
"

EU

Australia
Canada
China

Japan
New-Zealand
Russia

USA

P. gigantea | 7
Typhula I—-| T. phacorrhiza | 1
Pseudozyma P flocculosa | 3
Cryplococcus C. Alibidus | 1
Metschnikowia |—| M. fructicola | 1
C. sationa | 1
C. oleophila | 2
Saccharomyces I——| S. cerevisiae | 2
Aureobasidium I—I A pullulans | 1
Ulocladium |—| U. oudenansii | 1
Ampelomyces H A. quisqualis | 1
Coniothyrium I——| C.minitans | 2
Talaromyces |—| T. flavus | 1
3
Aspergillus I——-I A. flavus |
Muscodor |—| M. albus | 1
Verticillium |—| V' albo-atrum | 1
| Clonostachys |—| C. rosea | 1
] ]
FUusarium | i S ITOT I T o
T. asperellum 6 T. stromaticum
Trichoderma I— T. atroviride 1" T. hamatum
T gamisii 1 T polysparum
T. harzianum 9 T. viride

T. virens

1




Various bacterial species represented

BURLEIGH BOELS SERIZS IN AGRICULI LRAL SCIENCE

Improving integrated
pest management in
horticulture

Edited by Prot

. Warwice University, U<

burleigh dodds

Nicot, Pressecq, Bardin. 2022

72 products (28 species)

Bacteria

Proteobacteria

including 43 Bacillus-based products

% Rhizobium H

R. radiobacter | 3

Burkholderia

—

I_l

Azospirillum

B. cepacia | 2

A. brasilense

—

* Actinobacteria :

Firmicutes

Rhodovulum H R. sulfidophilum | 1
P. aureofaciens | 1
P. chlororaphis | 2
P. fluorescens | 2
Pseudomonas
P. rhodesiae | 1
Undetermined 1
species
P.Sp syringae 2
_| Pectobacterium |—| P. carofovorum | 2
: Pantoea H P. agglomerans | 3
S.griseoviridis | 1
Streptomyces
S.lydicus | 3
Lactobacillus I—I L. plantarum | 1
B. Brevis | 1
Brevibacillus
B. latetosporum | 1

—| Paenibacillus

— e L

B. amyloliquefaciens |13

B. mycoides

EU

Australia
Canada
China

Japan
New-Zealand
Russia

USA

2

B. cereus 3] B. pumilus |
Bacillus I— B. licheniformis 3 | B sphaericus | 1
B. marinus 1 B. subtilis

13

B. methylotrophilus |2

e ——

B. velezensis




An increasing number of registered biocontrol
products for disease management

At world level, against diseases of plants
(virus, bacteria, oomycetes, fungi)

91 microbial biocontrol strains

49 fungl/yeaSt/oomyCEteS gi(c)'lc?g.t:?}l()T/s10526—017—9801—4
+ 37 bacteria/actinomycetes
+ 5 virus/phages

Biological control using invertebrates and microorganisms:

. . . . plenty of new opportunities
41 microbial strains approved in Europe
Joop C. van Lenteren + Karel Bolckmans - Jiirgen Kohl -

(EU peSt|C|de data base, 07/2023) Willem J. Ravensberg - Alberto Urbaneja

PLANTS

EU Pesticides database

=» Various modes of action



Main modes of action of biocontrol agents

Modes of Action of Microbial
Biocontrol Agents against
Plant Diseases

EsTeLLE TURC'?, THoMAS Presseca’?, PHiLPPE C. NicoT!
AND MARC BARDIN'™

Biocontrol agen
S

'INRAE, Pathologie Végétale, Montfavet, France
2Groupe Eléphant Vert France, Serris, France
3INRAE, Ecodéveloppement, Avignon, France

| I s

Plant Resistance Antibiosis
Induction

Hyperparasitism

Competition

Interference with
pathogenesis

Possible combinations
Common case for many biocontrol agents



An increasing number of registered biocontrol

products for disease management

At world level, against diseases of plants
(virus, bacteria, oomycetes, fungi)

91 microbial biocontrol strains

49 fungi/yeast/oomycetes
+ 37 bacteria/actinomycetes
+ 5 virus/phages

41 microbial strains approved in Europe
(EU pesticide database, 07/2023)

Mission accomplished ?

BioControl
DOI 10.1007/s10526-017-9801-4

Biological control using invertebrates and microorganisms:
plenty of new opportunities

Joop C. van Lenteren + Karel Bolckmans - Jiirgen Kohl -
Willem J. Ravensberg - Alberto Urbaneja

= How are these products actually used by farmers?




Use of microbial biocontrol against diseases

Contents lists available at ScienceDirect

Crop Protection

Survey of French vegetable farmers and

5

e ; Thomas
ELSEVIER journal homepage: www.elsevier.com/locate/cropro PRESSECQ

farm advisors

Using microbial biocontrol for disease control in French vegetable

e Online questionnaires disseminated to more than production: An analysis of the perspectives of farmers and farm advisors
: . Thomas Pressecq ™™, Philippe C. Nicot?, Jean Francois Bourgeay °, Aurélie Rousselin °,
500 prOfeSSIOna IS (2 17 answe rS) ° Claire Goillon®, Mare Bardin®, Mare Tchamitchian®
2 key Iessons from the analySis Of responses: :Tﬁ@iﬁﬁ;ﬁfﬁf;ﬁ:::ﬁeﬂogm;n;ianLegwnu:m—APREL 13210, Saint-Rémy-de-Provence, France
v" Only few biocontrol products known (21/32) and used (15) Prestop
Contans
v’ Efficacy perceived as low Tmn —
Amylo X
Serenade or Rhapsody T
g Julietta
H H 3 Tri-soil
* Face-to-face interviews performed (42 / 217 respondents): £
5 Xedavir —
3 key lessons : Prv-01 =
a DER - : Farmers
v" Aware of possible benefits of applying biocontrol products to k! el e o
<] erifel
manage plant diseases £ Aq10 ]
= Mycostop o —
'g Vinteg
But." £ Sonata
E Polyversum ===
. . . . . . . . u Bllndar —
v’ Difficulties in using biocontrol (with other cultural practices) and T34 biocotrol
. . Proradix —
need for gUIdellneS 0% 10% 20% 30% 40% 50% 60% 70%
v Unstable efficacy % of farmers and farm advisors mentionning the use of the biocontrol product

= What are the possible causes for this
instability in the efficacy of protection?

80%



Example of factors that can modulate the efficacy e

Can available scientific information be

Of biocontrOI againSt pla nt diseases mobhilised to ensure the efficacy of microbial

biocontrol agents against plant diseases in
the field?

Thomas Pressecqg *2? & &, Philippe C. Nicot &, Jean Frangois Bourgeay * &,
Aurélie Rousselin * &, Claire Goillon * &, Marc Tchamitchian 2 &, Marc Bardin ' &

UV ‘ leaching

Climatic conditions

Agron. Sustain. Dev. (2014) 34:641-648
DOI 10.1007/s13593-013-0168-3

RESEARCH ARTICLE

Cultural practices

Nitrogen fertilization impacts biocontrol of tomato gray mold

Manzoor A. Abro + Frangois Lecompte « Mare Bardin «
Philippe C. Nicot

Other phytosanitary treatments including biocontrol O ———

Temperature Plant
Biological Control 46 (2008) 476-483 :l:le' p N ( g
Compatibility between biopesticides used to control grey mould, powdery MOde(S) of action Nutrients -

mildew and whitefly on tomato . . .
M. Bardin?®*, J. Fargues®, P.C. Nicot? an d th elr activation

*INRA, Unité de Pathologie Végétale, UR 407, F-84140 Montfavet, France X
®INRA, Centre de Biologie et de Gestion des Populations, Campus intemational de Baillgres 10 Qe 24082 Maptferrior our- Lez cedex, France Induction of s N Antibiosis
~ . resistance y X
Microbial :Z,' e\
Bi ol Agents . . . | biocontrol
Biocontrol Agents Modes of Action of Microbial AN ) peporsiis
H ‘ 2 REVIEW| H H . \ -
» frontiers Biocontrol Agents against —_
esistance of the target | <fomers : Plont Discasag 9 o L JR—
th to bi trol Is the efficacy of biological control R —
pathogen to biocontro y g

. - % % 1.2 1,3 1
agalnst plant diseases Ilkely to be : & EsTELLE TURCG'?, -Et{OMAS Presseca’?, PHiLiPPE C. NicoT
2 s ¢ AND MARC BARDIN
more durable than that Of Chem'ca' 3 Y @b "INRAE, Pathologie Végétale, Montfavet, France
g5 2 e ) CABI | ) , Patl 3 favet,
pesticides? K TR e e e e Ecologcl compeence o hemiroora

Marc Bardin ", Sakhr Ajouz ’, Morgane Comby’, Miguel Lopez-Ferber?, Benoit Graifiot **,
Myriam Slegwart* and Philippe C. Nicot '

* Pt Patrology Unt, Inssis Nasond o I Recharch AGronomius.

Strategy of application in the field

Intrinsic factors related to the biocontrol product




Could resistance of the pathogens to protection tools be a factor

explaining the variability of efficacy ?
well known in other contexts

Hideo Ishii - Derek William Hollomon
Editors

- Development of resistance to fungicides ;gggg'gge
in Plant
- Break-down of plant resistance Pathogens
f/\x grDurability of G
i }}7 Disease Resistance & soriies
'T:E'L“M' Durable resistance of crops to disease: A darwinian perspective

Annual Review of Phytopathology Brown, 2015

* Biological control ?

v’ comparatively limited deployment = little information

? frontiers repieond
in Plant Science =

Is the efficacy of biological control
against plant diseases likely to be
more durable than that of chemical
pesticides?

v’ often considered as highly durable by the biocontrol community | e e




?ffonﬁefs publshec nin“m”

Durability of biocontrol against insect pests?
Resistance to bio-insecticides or
not always durable how to enhance their sustainability: a
review

Myriam Siegwart ", Benoit Graillot>*, Christine Blachere Lopez*, Samantha Besse’,
Marc Bardin®, Philippe C. Nicot* and Miguel Lopez-Ferber?

 Field resistance to Bacillus thuringiensis

Indian meal moth Diamondback moth Cabbage looper
(Plodia interpunctella) (Plutella xylostella) (Trichoplusia ni)
McGaughey, 1985 Tabashnik, 1994 Janmaat & Myers, 2003

 Field resistance to Codllng moth granulowrus

Codling moth
(Cydia pomonella)

Fritsch et al., 2005; Eberle and Jehle, 2006;
Sauphanor et al., 2006; Berling et al., 2009




Durability of biocontrol against plant pathogens?

| . . Itivi Microbial
What is the dlv_erS|ty of sensitivity of D
pathogens to biocontrol ? P

Biocontrol Agents against
Plant Diseases

Biocontrol agen

EsTeLLE TUuRc'?, THoMAs PRessecq’®, PHILPPE C. NicoT!
AND MARC BARDIN'™

'INRAE, Pathologie Végétale, Montfavet, France
2Groupe Eléphant Vert France, Serris, France
SINRAE, Ecodéveloppement, Avignon, France

) T
Plant Resistance Antibiosis
Induction .
Hyperparasitism
Competition

Interference with
pathogenesis

Possible combinations

Common case for many biocontrol agents
Situation most likely to show stability




Diversity of sensitivity of plant pathogens to biocontrol agents ?

Biocontrol agent

=

Antibiosis




Diversity of sensitivity of plant pathogens to biocontrol agents ?

1. Antibiosis: in vitro inhibition by a single metabolite produced by biocontrol agents

Ajouz et al. (2011)

* pyrrolnitrin (Serratia plymuthica, Pseudomonads) Structural analogue of BioControl 56:353
phenylpyrrole fungicides
R - TR

v’ Botrytis cinerea (204 strains )

¢
\a -
. ¥ _
® L. \ N

~
&
‘u =< .
Pe L 5
—
- J &
» A o N | o«
A ) <
TR
B ~ " x ’ -
° ® - L7
- ™ S v

Spore germination tests

e Wide range of sensitivity among 204 strains

¢ existence of less sensitive strains:
resistance factor ~8 fold between most and least sensitive strains

% of Botrytis cinerea strains

=» less sensitive to the biocontrol agents ?

Inhibitory concentration EC, (ug/L)



Diversity of sensitivity of plant pathogens to biocontrol agents ?

1. Antibiosis: in vitro inhibition by various compounds produced by biocontrol agents

* Pseudomonas supernatant containing lipopeptides and other metabolites
atant concentration

v’ Zymoseptoria tritici (41 strains )

Musetta M (2022)

M1 internship Mycelium growth tests

=» Measurement of IC50

1,2 Significant differences among strains

Lo of Z. tritici (ANOVA, p < 0,001)

0,8
0,6
0,4 =» One isolate less sensitive

0,2 to the supernatant ?

IC50 (%)

0,0

IPO 323
46

103
113

14

217

53

36



Diversity of sensitivity of plant pathogens to biocontrol agents ?|

1. Antibiosis: inhibition by biocontrol agents producing antifungal metabolites

e Boukaew et al. (2017)
Inhibition: BioControl 62:793

* Streptomyces spp. y » >

Production of various
antimicrobial compounds

v’ Botrytis cinerea (41 strains )

Assay in Petri plates

Pathogen strains

o S. mycarofaciens SS-2-243
3 antagonistic S. philanthi RL-1-178
strains S. philanthi RL-1-138

+ 4 1)

3 strains of B. cinerea not fully inhibited by any of the 3 bacteria

Wide spectrum of sensitivity to 3
antagonistic strains of Streptomyces sp.



Diversity of sensitivity of plant pathogens to biocontrol agents ?

Biocontrol agent

=

Hyperparasitism




Diversity of sensitivity of plant pathogens to biocontrol agents ?

Frequency of presence of C. minitans (%)

2. Hyperparasitism

* Coniothyrium minitans
v’ Sclerotinia sclerotiorum (75 strains )

Colonization and

destruction of sclerotia of
Sclerotinia sclerotiorum

=>» Ability of the mycoparasite to penetrate sclerotia of S. sclerotiorum

significant differences among strains of
S. sclerotiorum (P < 0.001)

Strains of Sclerotinia sclerotiorum

Time after inoculation

(days) External appearance

Internal appearance

0 — healthy sclerotia

28 — presence of
pycnidia (arrows)
externally and internally

Nicot et al. (2019) Trop.
plant pathol. 44:82

Assay in sterilized sand

Very high diversity in the susceptibility
of S. scletotiorum to the action of the

mycoparasite




Diversity of sensitivity of plant pathogens to biocontrol agents ?

Biocontrol agent

AR

Competition

Interference with
pathogenesis

Péthogen
Combinations of several modes of action

Common case for many biocontrol agents
Situation most likely to show stability



Protection index (%)

3. Combination of several modes of action

* Fusarium sp. strain L13
v’ Botrytis cinerea (41 strains)

Bardin et al. (2013)
IOBC Bulletin 86:163

B. cinerea 108 spores/ml + L13 106 spores/ml

100 A~

o)
o

ANOVA, P =0,0001

60 A
40 1

20 A

=

-20 -

Strains of B. cinerea

Very high diversity in the susceptibility of B.
cinerea at a low dose of the biocontrol agent

@ O N DN DG NN O A My N O P Y 9O ™Moo S o d 9 O NS

Competition,

Basification of the target

100 ~
90 A
80 A
70 4
60 -

Protection index (%)

40
30 -
20 -

Assay on detached stem

. R=-0,68 ; p < 0,0001

Agressive index (%BC1)

Aggressiveness ++ =» Protection --



Diversity of sensitivity of plant pathogens to biocontrol agents ?

Plant Resistance
Induction

Antibiosis

B\ o
\!
N\

i’éthogen
Combinations of several modes of action

Common case for many biocontrol agents
Situation most likely to show stability



Diversity of sensitivity of plant pathogens to biocontrol agents ?

% of inhibition

70

60

50

40

30

20

10

4. Combination of several modes of action

e 3 bacterial strain Combination of antibiosis and induced resistance

v’ Sclerotinia sclerotiorum (45 strains)

In vitro assay

Strains of Sclerotinia sclerotiorum

Significant differences between strains of S. sclerotiorum

1 point = 1 strain of S. sclerotiorum (n=9 x 3)

700 Y =X

}V.

R?=0.52, p=0.02

Assay on detached
leaves — 10 strains

Lesion size - treated (mm?)

400 600 800 1000 1200 1400 1600
Lesion size - untreated control

(mm?)

Significant decrease in biocontrol efficacy
with increasing strain aggressiveness



Diversity of sensitivity of plant pathogens to biocontrol agents ?

Biocontrol agent

AR

Plant Resistance Antibiosis
Induction

Hyperparasitism

Competition

Interference with
pathogenesis

Possible combinations

Common case for many biocontrol agents
Situation most likely to show stability



Diversity of sensitivity of plant pathogens to biocontrol agents ?

5. Combination of several modes of action

 Pseudomonas helmanticensis CT22

4

2

Mode of action under study
but probably multiple

v’ Botrytis cinerea (62 strains)

Bouaoud et al. (2018)
BioControl 63.299 Assay on detached stem

Bouaoud et al. (2018). I0OBC-
WPRS Bulletin 133:100

100 -
o0 | ANOVA, P<0.0001
80 -
70 i L3 . L] [J . . .

60 - Significant differences of sensitivity

iﬁ | of B. cinerea strains to CT22

30 A
20 A
10 A

Protection index (%)

=z e gz 2 & = z = 2z Z 2 =z & 5 2 5 & £ 2z z 2 z 2 2 £ £ = % = E S & E £ 7 = 3 3 & 2z 2 = 5 = 2 & =5
2§ & 5§ 5 &8 28 8 & ;=B E g 8 g 2 g B E s 42 2 8 8 E g 2 £ 2 3 £ 7 8 £ £ £ 05 2 265z § £ E 3zog %8B E Z2 o208 28 B8
$ ¢ 3§32 385833 %3838 338383 E S g 8 3 % £ &g B 2 3528 ¢ 5§ § g% g 2 2 8 5 7 8 £z 2 g - 2

Strains of B. cinerea



Durability of biocontrol against plant pathogens?

Evidence of a wide diversity in the sensitivity of plant pathogens
to biocontrol agents

Plant Resistance Antibiosis

+ despite small number of published studies iy A pereneten
. . ” 4 ﬁkjﬁco::l))si: !;:zns Competition

« whatever the mode(s) of action of biocontrol agents > By

Interference with
pathogenesis

Could resistance to biocontrol occur through adaptation of the
pathogens to the biocontrol agents?



Could plant pathogens adapt to biocontrol ?
Very few studies

* One reported case of "field resistance"

following repeated use of a biocontrol agent: Bacillus subtilis CL27
Li & Leifert (1994) Z. Pflanzenkr. Pflanzenschutz 101:414-418

v" Production of 3 antifungal compounds
2 compounds effective in vitro against Botrytis cinerea

v Protection of Astilbe microplants in glasshouse
- 8 treatments => decrease in protection efficacy
- 10 treatments => complete loss of protection

Ao 4

Astilbe hybridg*"

* Evaluation of risk through experimental evolution studies
under selection pressure

- durability of antibiotics in medicine
- adaptation of plant pathogens to fungicides



Could plant pathogens adapt to biocontrol ?

Experimental evolution

Mode of action of biocontrol agents

Plant Resistance Antibiosb
Induction

—

Hyperparasitism

Possible
combinations

Competition

Interference with
pathogenesis




Could plant pathogens adapt to biocontrol ?

* Experimental evolution study of Botrytis cinerea in the presence of pyrrolnitrin

Ajouz et al. (2010)

v Production of successive generations of B. cinerea on nutritive medium rlent Pathol. 59,556
amended with pyrrolnitrin Fllnger et al. (2012)

Doses of pyrronitrin

G, to Gyy: 10 pg/L

after G, : gradual increase
from 100 pg/L to 4000 pg/L

PLOS One
"Go“: Initial inoculum

PDA control =
+ pyrrolnitrin  4x10"spores unamended PDA
3 inde nt lineages

4 x sores - o 4 x 10* spores
G, \{ \{ \{
\{ \{ \ * i i
\{ \{ \{ \{ \/ \{
G, 20 generations under 20 control generations

selection pressure

4 strains of B. cinerea



Could plant pathogens adapt to biocontrol ?

* Experimental evolution study of Botrytis cinerea in the presence of pyrrolnitrin

v Evaluation of generations for their sensitivity to pyrrolnitrin => EC ,

10 000 ~

1000 -

100 -

EC, pyrrolnitrin (ug / L)

10, |

4 strains of B. cinerea

BC1
BC25
BC26
H6

< g

»
X

pyrrolnitrin 1000 pug / L

1X X X X X X T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0

Ajouz et al. (2010) Plant
Pathol. 59, 556—-566.

Generations

G, to Gyy: 10 pg/L

after G, : gradual increase
from 100 pg/L to 4000 pg/L

Decrease in sensitivity for one strain after
only 4 generations (RF>10)

High level of resistance achieved for all strains
after increasing selection pressure

4 OPEN a ACCESS Freely available online @ Pl-os | ONE

Functional and Structural Comparison of Pyrrolnitrin-
and lprodione-Induced Modifications in the Class Ill
Histidine-Kinase Bos1 of Botrytis cinerea

Sabine Fillinger'*, Sakhr Ajouz?, Philippe C. Nicot? Pierre Leroux', Marc Bardin?*
1INRA UR1290, BIOGER CPP, Thiverval-Grignon, France, 2 INRA, UR407, Plant Pathology Unit, Montfavet, France

=>» High level of resistance to Iprodione
(phenylpyrrole fungicide)

=>» Hypersensitivity to high osmolarity

=» Affect the HAMP domains of class IlI
histidine kinase



Could plant pathogens adapt to biocontrol ?

* Experimental evolution study of Botrytis cinerea in the presence of pyrrolnitrin

v High fitness cost of resistance

reduced mycelial growth and sporulation reduced aggressiveness

TR -
| G | G Ajouz et al. (2011) | G | G
Pyrrolnitrin-sensitive Pyrrolnitrin-resistant Eur. J. Plant Pathol. 129:31-42. Pyrrolnitrin-sensitive Pyrrolnitrin-resistant

=» Reduced risk of propagation of the pyrrolnitrin-resistant mutants?



Could plant pathogens adapt to biocontrol ?

* Experimental evolution study of Botrytis cinerea in the presence of pyrrolnitrin

* Experimental evolution study of Zymoseptoria tritici in the presence of an
extract containing lipopeptides from a strain of Pseudomonas sp.

Control generations Selection pressure  Mtinternship
A B
7T14 7T14
O DELTA -5N o DELTA +5N HARD
= =3
g . 160 2 . 140 k
3 strains of Zt Fungal growth e s W < @B 120 T
measurement (OD) = = 0 b he | abcot 22 100 ab
. . a 7]
Production of 10 successive g 100 ahe T §¢ om B ab I
generations in liquid media 25 3‘23 I I abe I abc 25 geo th . aIu
. . ] 4] a
amended with various E % 4o { 12 % ﬁ 0,40 r z
concentrations of supernatant EL 0w ] I £l o
B 0,00 J. 0,00
S 1 2 3 4 5 & 7 8 9 10 S Gl G2 G3 G4 G5 Gb6 GF GB G% G10
mman- EEnération récoltée - ~eman Zénération récoltée

Evolution towards resistance ?
Additional generations?

NR oo CERES (2020-2025)



Conclusions & perspectives

1. Evidence for high ranges of diversity in the sensitivity of several plant
pathogens to different biocontrol agents

Much need for additional knowledge

« Relation with the irregularity of field efficacy?
« Probability for least sensitive strains to become selected?

2. Potential of adaption to biocontrol exists for certain pathogens

Huge need for additional knowledge

Possible points of vigilance and issues:

Deployment of biocontrol agents:
need to apply the recommendations of FRAC ? (alternation, different modes of action...) FRAC

FUNGICIDE RESISTANCE
ACTION COMMITTEE

Selection of new biocontrol agents:
integrate durability issues in the screening procedure of new biocontrol agents
(> 1 strain of the pathogen for screening, avoid certain mode of action, mixture of BCA strains...)



Thank you !
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Yousra Sawai
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