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Arthropod and Microbial Biocontrol
Barriers to Adoption
New Tools

Practical Implementation




BIOLOGICAL VELOCITY:
THE RACE FOR SURVIVAL!
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Why Is Entomological
Biocontrol Ahead?

O Practical

O Regulatory

O Success in insect systems
O Ease of demonstration

O Clear trophic interactions

O Robust market structure



From Demers 2023

(Christian Musat, 2021)

Lysis by bacteriophagos

Predation

Mycoparasitism

Hypovirulence by
mycoviruses

RNAI based- \\
biocontrol strategies

Antimicrobial compounds

Competence

Elimination of quorum
sensing signals

Vero et al., 2023




Barriers to Microbial
Biocontrol Adoption

O Inconsistent Efficacy
Ecological complexity
Environmental variables

Host-pathogen Interactions Zuechini Yellow Mosaik Virus, weak strain

Candida oleophila strain O

OResearch and Regulatory oniothyrium minitans Strain CON/M/91-08 (DSM 9660)
Screenlng Gﬂl'liﬂﬂ"lyr‘ium minitang Strain CON/M/91-08

. Paecilomyces lilacinus strain 251*

Commercial deployment Bacillus amyloliquefaciens plantarum D747
Bacillus amyloliquefaciens strain FZB24
Trichoderma asperellum strain ICC012
Trichoderma gamsii strain ICC080
Verticillium albo-atrum strain WCS850
Bacillus pumilus QST 2808

1500 2000 2500

Comparison of time span in days for active substances registered in both the EU and USA, Procedural '!““EEFH“ n ':I&-.'lIIE

cases marked with an asterisk started registration in the EU first. Frederiks and Wessler 2019.

mUS OEU




Metagenomics + Metabolomics Molecular Selection

Deeply characterize disease and biocontrol Specificity, reliability, efficacy
ecology Bioprospecting, consortia and éntimization
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OVC1 OVC2 OVC3 WVC W%WC TCVC TVC OVC5b OVC5 OVC4 M

Source 1 Source 1

M Af.S.c.Ctr. VC]VC2VC3VC4VC5 Af. M VCI1 VC2 VC3 VC4 VC5 CT

Markers: Vermicompost: Markers: Vermicompost:
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ew Tools for Microbial Biocontrol

Metagenomics + Metabolomics Molecular Selection

Deeply characterize disease and biocontrol Specificity, reliability, efficacy
ecology Bioprospecting, consortia and optimization
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Practical
Implementation of
Microbial Biocontrol

Pathogen + Agent + Microbes

Dan

Escape/ Disease Spectrum Doo
Low Disease High Disease

No Pathogen Pathogen
Any Agent No Agent
Any Microbes No Microbes

Specific biological =~ General biological
suppression by suppression by
inundative microbe population
single agent(A) (M)




Practical
Implementation of
Microbial Biocontrol
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Practical

Implementation of
Microbial Biocontrol
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Combined data from three in vitro 40 —

Combined data from two in vitro

bioassay experiments comparing the

C
| bioassay experiments comparing the
growth of Fusarium oxysporum f. sp. E
A

growth of Fusarium oxysporum f. sp.

radicis-cucumerinum (FORC) on 1/2 o ]
radicis-cucumerinum (FORC) on 1/2 o
strength PDA alone, on a lawn of 48 h 30 —
strength PDA alone, on a lawn of 48

vermicompost tea (Vermicompost), on a ) )
h vermicompost tea (Vermicompost),
lawn of Clonostachys rosea f.

FORC S

on a lawn of Bacillus subtilis strain

QST 713 (Rhapsody)(Biocontrol),
strain J1446 (Prestop) (Biocontrol), and )
. and on a combined lawn of both
on a combined lawn of both

catenulata (Gliocladium catenulatum)

Biocontrol | |- I S
Combined -

Biocontrol
Combined

vermicompost tea and Rhapsody
vermicompost tea and Prestop ] )
(Combined). Means separated using
(Combined). Means separated using . i
Tukey’s HSD test in N=30.
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Practical
Implementation of
Microbial Biocontrol

RRC2: Growth chamber bioassay measuring the reduction in
disease of radish caused by Rhizoctonia solani (R. solani)
when treated with Clonostachys rosea f. catenulata
(Gliocladium catenulatum) strain J1446 (Prestop®) (C. rosea)
and/or aerated vermicompost tea (ACT).

_
@)
<€

Positive control
(R. solani only)

Negative controls  Treatments
(No R. solani) (R. solani)




FCC2: Growth chamber bioassay measuring the reduction in
disease of cucumber caused by Fusarium oxysporum f. sp.
radicis-cucumerinum (Forc) when treated with Clonostachys
rosea f. catenulata (Gliocladium catenulatum) strain J1446

(Prestop®) (C. rosea) and/or aerated vermicompost tea (ACT).

Practical
Implementation of
Microbial Biocontrol

Negative controls
(No Forc)

Treatments
(Forc)
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Summary results of four sets of experiments testing the
disease suppressive effects of biocontrol agents Bacillus
subtilis strain QST 713 (Rhapsody) and Clonostachys
rosea f. catenulata (Gliocladium catenulatum) strain J1446
(Prestop®) on the pathogens Fusarium oxysporum f. sp.
radicis-cucumerinum (Forc) and Rhizoctonia solani on
cucumber and radish.

Practical
Implementation of

Pathogen /host /biocontrol Experiment AUDPC % reduction
BC agent Vermicompost

R. solani/radish/C. rosea 42 a 50 a

R. solani/radish/B. subtilis

Forc/cucumber/C. rosea

Forc/cucumber/B. subtilis

-5 a*

Different letters indicate that treatment means could be separated according to Tukey’s HSD test, P<0.05.

Disease reduction was significant unless indicated by *.

Double values indicate that repeated experiment means differed according to Tukey’s HSD and could not be combined.
**indicates that this treatment could not be separated from the negative (no pathogen) control treatments.

Microbial Biocontrol

Combined

36 a




Practical

Implementation of
Microbial Biocontrol

Experiment |Biocontrol Experiment |Pathosystem |Interaction Interaction
codes, +/-, Effect type
size, SE

C. rosea 1AL, 4.3 n/a +, 88.8, 14.5  Antagonistic

B. subtilis A2, 4.2 n/a +,53.9, 16.2  Antagonistic

C. rosea RRC1, 4.5 Radish / +, 198, 50.4 Antagonistic
Rhizoctonia

RRC2, 4.6 .. 1.96, 48.4 @

FCCL, 4.9 Cucumber / +, 305, 80.9 Antagonistic
Forc

- FCC2, 4.10 -, 267, 228 Neutral

S

B. subtilis RRB1, 4.7 Radish / -, (-37.8, 17.8) Neutral
Rhizoctonia

RRB2, 4.8 -, (-4.92, 27.9) Neutral

FCB1, 4.11 Cucumber / +, 195, 59.9'  Antagonistic
Forc
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Practical

Implementation of
Microbial Biocontrol
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Conclusion

o Microbial biocontrol is experiencing technological,
ecological, and data driven breakthroughs — these will
be tempered by field implementation

o Entomological systems provide models for regulatory,
operational, and ecological robustness that microbial
biocontrol can emulate.

o The next wave of microbial biocontrol research will
require cross-disciplinary collaboration, advanced tools,
and holistic systems science.
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