interreg @

2 Seas Mers Zeeén

BioBoost

Accelerating biobased horticulture

Pilot green pesticides

(WF5)

Finalreport, December2019

Eastern Agri-Tech

NIAB Innovation Hub



interreg H
Accelerating biobased horticulture 2 Seas Mers Zeeén

BioBoostg FinalReport Green Pesticides

Authors
Lydia SmithRalph Noblend Denise Elliot{2019)

Disclaimer

This report is a summary of the experiments carried out in the framework d@ithiBoosiproject. Not

all raw dataareincluded in this report, buthey areavailable for interested stakeholders upon request,
if non-confidential.

Reuse iswthorisedprovided the source is acknowledged.

Contact info

BioBoostcoordinators: JCAJStraver@gemeentewestlanpgalrrit.walstra@hautesquipe.nl
Project website: https://www. BioBoosgurope.com
Authors NIAB: lydia.smith@nié.com

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 2



https://www.bioboosteurope.com/
mailto:JCAJStraver@gemeentewestland.nl
mailto:gerrit.walstra@haute-equipe.nl
https://www.bioboosteurope.com/
mailto:lydia.smith@niab.com

miterreg E
Accelerating biobased horticulture 2 Seas Mers Zeeén

Contents

oYU 0] 0= U TP PPTPPPPI 4

1. Control of soitldwelling insect pests using chitinous wastes and entomopathogenic fungi....5

1.1.Chitinous wastes as a nutrient source for entomopathogenic fungi......................... 5
1.1.1. Control of western flower thripS..........cooveeeiei e 5
1.1.2. Control of black vine weevil on a commerciatSaIY...........ccccevveeviieiiiiieeeeeeeenn.. 7
1.1.3. Control of black vine weevil in raSpherry............evveeiiiiiiiieieeeeeeee e 8

1.2.Chitinous wastes as a peaspellent material............ccccooiiiiiiiiiii 8
1.2.1. Comparison of potting materials for Heuchera..............cccocoiiveeiiiiiiiinnn! 9

1.2.2. Comparison of potting materials for red robin (Photinia) and Euonymus shi@bs

2. Improving the establishmat of arbuscular mycorrhizal fungi with chitinous wastes............ 11
2.1. Effect of arbuscular mycorrhizal fungi and spent mushroom composhe growth of
= - TP PPPRRPRN 11
2.2. Effect of arbuscular mycorrhizal fungi and spent mushroom compost on the growth of pot
(01 PP PP TP 12
2.3. Effect of arbuscular mycorrhizal fungi (AMF) and organic amendments on the growth of
FOSES N SOUL.ceiiieieie et e e e e e e e e e e eaeaaeeeeaeaeeeeeeeeasaaaaaaanans 13
3. Use of fruit waste liquor as a bait attractant for spotted wing drosophila...........cccccccooo.... 15
3.1. Production of an attractant bait for SWD control from fruit waste liquar................. 15
3.2. Testing waste fruit liquor for use as a SWD bait attractant............cccccccceoeeeeenenn.n. 16

4. Commercial development and opportunities fro work in BioBoost on green pesticides......18

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 3



https://www.bioboosteurope.com/

miterreg H
Accelerating biobased horticulture 2 Seas Mers Zeeén

Summary

NIAB has l& the green pesticide trialas part of theBioBoostprojectin the UK In order to ensure

economic outcomes and continuity of the initiative beyond the scape lifetimeof the project, NIAB

has worked very closely with them in our (Eastern Agritech Innovation Hub) incubator north of
Cambridge. W have consequently workedith severaf a 9 Qa (2 RSt A OSNNABhd&&S F2f f
also identified and collaboratedith the commercialgrowers tocarry outfield-basedtrial work on

behalf of BioBoodncluding the followingSunclosd-arm, Simpsons Nurseries, Peter Beales Roses and
Matthews Plants.

Organic byproducts from crop and insect production were used to enhance the performance of
biocontrol agents andrbusculamycorrhizal fungfAMF) The inoculum was sourced from Plantvks

Ltd Kent UKThe followingheadlineresults were obtained in conjunction with commercial partners
and nurseries:

9 Incorporation of 10% v/v spent mushroom compost sustained an inoculum of
entomopathogenic fungus in growing media resultingnproved control of vine weevil larvae

1 Frasswhen useds a potting materishmendmentrepelled vine weevind reducedegg laying
in Heuchera plants

9 Frass, when used as a pot topping material for Euonymus plants reduced weeds compared with
usingpeat or coir as pot topping materials.

9 Frass incorporated at 10% v/v into the soil planting hole improvedjtheth and floweringof
roses; spent mushroom compost incorporated at the same inclusiorsligtatly improved plant
growth.

1 Amendment ofpeat-based growing medium with spent mushroom compost improved root
colonisation withAMFand growth of Fatsia plants.

1 Fermented fruit waste liquor used as an attractant bait for spotted wing drosophila improved
the control efficacy of low doses of insecticides

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 4
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1. Control of sotlwelling insect pests using chitinous
wastes and entomopathogenic fungi

Chitin is a polysaccharide and a primary component of arthropod exoskeletons and fungal cell walls.
Plants growing in soil or potting compost detebitm by plant chitosan receptorgherefore plants
perceive the presence of chitin as potensars of invertebratepest dtack. This causes plants to-up
regulate their defence mechanisms, which can include production of thickecugiafesand release

of chitinases and metabolites into the soil. Chitin can also provide entomopathogenigHRtevith

an alternative nutrient sourgahesefungi kill insectpresentin soil orgrowing mediaSources of these
feedstocks are available ag-products from black soldier fly larvae productiqfrass @14% chitin)

and spent mushroom compost (SM@ 5% chitin) SeeFiguresl a and b.

In BioBoostwe have used thesky-product feedstocki crop pest control (1) as a nutrient source for
entomopathogenic fungi (EPF) whitdin be used as a biaontrol agent when thewttack soddwelling
pests (2) by systemic uptakby plants making them unpalatable to pests and (3) through a pest
repellent effectwhen usedas an amendment irpotting material. The target pests in this work have
been western flower thrips (WF{Hrankliniella occidentalisvhich are foliar pests that pupate in the
growing medium, and black vine weef@tiorhynchus sulcatysthe larvae of which attack the roots

of plants.

e i

Fig.1 (a)AgriGrub frasg(b) spent mushroom compost, SME) SMC colonised with Metarhizium

1.1. Chitinous wastes as a nutrient source for entomopathogenic fungi

Commercial growers are concerned that entomopathogenic fungi (EPF) acarmently as effective

as chemical pesticidebut are keen to find aalternative as these chemical options become less
acceptable in fresh producéncorporating SMC into a peat based potting medium has been shown
to increase the efficacy of the commercial formulation of the entomopathdgetarhizium
anisopliaeMet52, agamnst vine weevils in experiments on strawbepignts InBioBoostwe tested

this technique against western flower thrips WFT, in a-basedgrowing medium, andubsequently

in our pilot studyon a commercial scale nurses horticulturalstock and fruitcrops.

1.1.1. Control of western flower thrips

Preliminary tests showed that althoudh. anisopliagMet52 colonised sterile frass, it did not colonise
pasteurised frass. Further experiments were therefore conducted using SMA¢}ig smailscale
experimentwas undertaken to test the effect of coir growing medium applied SMC + EPF treatments
on pupae of WFT and subsequent population levels of adults.

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 5
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The treatments added to wetted coir wees follows

(a) Noamendment =control

(b) SMC 10% v/v

(c) SMC 10% v/v + Met52 0.05 g/l
(d) Met52 0.5 g/l

(e) SMC 10% v/v + Met52 0.05 g/l

The coirbased compost and théifferentamendments were well mixed and then dispensed into small
plant pots 7 x 7 x 8 cm. Each pot was enclosed in a plastic box to prevent losses of WFT and to prevent
cross contamination among treatments. A piece of green bean pod was placed on the surfage of th
growing medium in each pot as a food source for WFT. There were 5 replicates of each treatment. Pots
were held at 20°C for one week prior to infestation with WFT. Late instar WFT larvae (20) were
introduced on to the bean pod in each box and the potsem@turned to 20°C 14L:10D conditions.

The adults that had emerged from larvae that had pupated in the compost were recorded; bean pods
and the outside of the pots plus the inside of the boxes were inspected under a stereo microscope.
Any adults found war removed on each recording occasion. Populationgletarhizium anisopliae

(as colony forming units; cfu) present in the growing medium were assessed before inoculation of the
plants and at intervals during the experiment.
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Fig.2 (a) Prepupae of western flower thyifb) mcubator and (c) pot bioassay for WFT
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No Metarhizium was detected in the coir control and 10% SMC treatments. The population of
Metarhiziumin the Met52 inoculated coir declined during the experiment (Fig.3a .abdition of 10%
SMC and Met52 to the coir resulted in a sustained populatiddettirhiziumfor over 60 days.

There was a trend for the combined SMC + Met52 treatments to produce the fewest WFT adults,
although the difference between treatments was ratétistically significant (Fig.3b).
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Fig.3 (a) Population of Metarhizium in coir and (b) emergence of adult thrips in different SMC and Met52
treatments.
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1.1.2. Control of black vine weevil on a commercial nursery

Following the preliminary labased trials the experiment was then-gpaled at commercial nursery
sites. A trial was set up at a commercial nursery (Matthews Plants, Roydon, Essex) to compare the
efficacy of the combined SMC + EPF treatment against the individual SMC or EPF treatments for control
of black vine weevil in ornamental nursery stock. Heuchera chasen as a test speciesice it is

highly susceptible to vine weevil attatkve healthy e weevil larvae (3) were introduced into some

of the pots.

In addition to the inoalated treatments, an area of knowmatural infestation of vine weevil on the
nursery was usedo determine whether differences in vine weevil source would impact on the
treatment.

The following treatments and/or vine weevil larvae were added to a peat based growing medium
(Sinclair Professional):

(a) None, Control

(b) Control +vine weevil

(c) 10% SMC

(d) 10% SMC + vine weevil

(e) Met52, 0.5¢/I

() Met52, 0.5 g/l + vine weevil

(g) 10% SMC + 0.5g/L Met52

(h) 10% SMC + 0.5¢/L Met 52 + vine weevil

There were 15 replicate pots of each treatment and 30 replicates of the controls (a and b) (Fig. 4 a
and b). hie experiment was set up in July 2017 and assessed for live and dead vine weevil larvae in
March 2018 (Fig. 4c). Samples of growing medium were taken at intervals and assessed for
Metarhiziumpopulations.

Fig. 4 (a) General view of Heucherarsery trid, (b) potted Heuchera plantnd (c) vine weevil larvae infected
with Metarhizium

No Metarhiziumwas detected in the unamended peat or 10% SMC treatments. Wetarhizium

was added without SMC, there wagyeadualdecline in theMetarhiziumpopulation in the growing
medium and it could not be detected after 35 days (Fig. 5a). The addition of 10% SMC with Met52
resulted in a sustaineMletarhiziumpopulationin the growing nedium and a reduction ithe number

of live vine weevil larvae.

https://www. BioBoosturope.com/ FinalReportPilot Green Pesticides 7
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Fig.5 (a) Population of Metarhiziunm peat and (b) and live vine weevil larvae in different SMC and Met52
treatments.

1.1.3. Control of black vine weevil in raspberry

Asecond pilotrial was set up at Sunclose Farm, Milton, Cambridgeshire to investigate the use of
SMC+Met52 and frass for coatrof black vine weevil. The following treatments have been applied to
each of 20 pots of raspberries grown coir in 10 litre pots:

(a) Noamendments =ontrol
(b) 10% v/v frass
(c) 10% SMC + 0.05¢g/l Met52.

The experiment was set up in May 2019 arabassessed in November 2019.

No vine weevil infestation occurred on this section of the farm. Plant height measurements showed
that the organic amendments had no significant effect on the growth of the plants. Mean height
valuesof 20plants ESD)were control 184+24 cm, SMC 193+48 cm, frass 18323

Fig.6 Raspberries at Sunclose Farm used for an experiment on control of vine weevil larvae using an
amendment of the growing medium wipent mushroom compost btack soldier fly frass

1.2. Chitinous wastes aspestrepellent material

In the second part of the NIAB pilete investigagdthe use of chitinous wastes amther organic
amendments as pting materials to repel the activities of edgying vine weevil adult§his is an
additiond treatment where the initial activities of the adult are impacted, rather than treating the
destructive larvae once they have been introduced to the host plant.

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 8
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1.2.1. Comparison of potting materials for Heuchera

An experiment wittHeucheragrown in peat and bark medium (Levington) was set up in August 2018
with the followingpotting material treatments:

(a) Control, peat and bark medium

(b) AgriGrub frass

(c) Eee No Weewiapest repellent product formulated b§elbiud_td fromolive industry by
productand aromatic plant extracts

Thepotting materialsamendmentsvere applied as a 1 cm layer iteuchergplanted in 1.5 litre pots.

The pots were set out witBuonymugplants which weréneavilyinfested with vine weevil adults and

left outside for two monthswhere the adults were free to move from pot to p&h October 2018,

the pots were brought into an unheated glasshouse and assessed for vine weevil larvae in February
2019. The fresh weight of plants with and without larvaete €nd of the experiment was also
determined.

Fig. 7 (a) Potting materialexperiment and (b) vine weevil larvae in Heuchera pot.

The fraspotting material resulted in significantly fewer vine weevil larvae per pot thath the
controlandolive byproduct (Fig. 8a). The oliveHpyoduct had significantly fewer larvae than the
control. The fraspotting materialresulted in a small reduction iHeucherglant weight in
uninfectedpots (Fig. 8b).
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Fig. 8 (a) Vine weevil larvae per pahd (b) Heuchera plant fresh weight at the end of the experiment.

1.2.2. Comparison bpotting materials for red robin (Photiniapd Euonymus shrubs

An experiment was set up at Simpsons Nurseries, Fordham, Cambridgeshire to compare chitinous
wastes agpotting materials for vine weevind weedcontrol. The experiment was set up in May
(Photinig and AugustEuonymuy2019 with the following treatments:

(a) Coarse bark, control
(b) Frass
(c) 10% SMC + 0.05g/l Met52.

https://www. BioBooséurope.com/ FinalReportPilot Green Pesticides 9
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Thepotting materials were applied aslacmdeepmulch. The pots ere assessed faveedsat
monthly intervals and fovine weevil larvae in November 2019.

Y
»

Fig.9. Pottopping materials at Simpsons Nurserigsft) weeds in standard coir topping (right)

Fig.10. Pot toppingnaterialson Euonymus planit Simpsons Nurseries
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Fig.11. Effect of pot toppingnaterials at Simpsons Nurseri@s weedsn Euonymus

There were fewer weeds Buonymugpots topped with frasshan with coir or spent mushroom
compost (Fig. 10'here was no effect of the pot topping materials on the growth ofEaenymus
plants (Fig. 11After three monthsPhotiniaplant height was slightly lower where a frass pot topping
was used (5512 cm)compared with coir or spent mushroom compost (65+11 dxo)vine weevil
infestation occurred on either thEuonymu®r Photiniaplants at the nursery.
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