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Biopesticides

 Biopesticides include naturally occurring substances that control
pests (biochemical pesticides), microorganisms that control
pests (microbial pesticides), and pesticidal substances
produced by plants containing added genetic material (plant-
incorporated protectants) or PIPs. (EPA)



plant extract,

Biopesticides "

metabolites

 Biopesticides include naturally occurring substances that control
pests (biochemical pesticides), microorganisms that control
pests (microbial pesticides), and pesticidal substances
prodiyced by plants containing added genetic material (plant-
incorporated protectants) or PIPs. (EPA)
Bacillus spp., \
Trichoderma
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Bt gene

* Biofungicides



California Grape Industry = |
™ $5.238 in 2021

 Total Grape Acres: 881,000

« 128,000 ac; table grape
« 138,000 ac; raisin grape
* 615,000 ac; wine grape
« 29,151 ac, organic wine grape (2022)

e % Wine Grape Economic Impact
« Wine grapes account for $3.6 B

* 81% of US wine grape
« CA; 4% |leading wine producer (cdfa.ca.gov)

(Volpe, 2010)
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Use of biofungicides

* A significant part of integrated pest management
* Replace or reduce synthetic pesticides usage
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Adapted from Diesling et al. 2008
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Use of biofungicides

* A significant part of integrated pest management
* Replace or reduce synthetic pesticides usage

* Multi-mode of action
* Antibiosis, competition, hyper parasitism, etc.

* Long-term suppression of pest populations
* Biocontrol microbial organisms may replicate and persist within the target
e Reduced shelf life, efficacy varies due to biotic and abiotic environment

 Comparatively lower risks to humans and the environment

* Quick decomposition

* Target-specific

* Fast EPA registration
 Efficacy??



Powdery mildew - significance

* Powdery mildew management costs >$300 million (Fuller
et al., 2014)

* Reduction in yield and quality

* Sensory and compositional effects
* 1-5% infection in Chardonnay (Stummer et al., 2003)




Botrytis cinerea — symptoms and signs

”~

(S. Koike, UCCE 2012) (Photo by S. Ding) (Photo by S. Ding)



Central Valley

« Warm Mediterranean
or even a desert
climate

« Cool and wet winter

* Hot and dry summer

* Rain early spring

Central Coast
Mediterranean climate
Mild winter
Warm to hot summer
Rain between e

. N el Vaall?;/
December to April B Central Coast

M North Coast %, Rivorside

Edgar Godoy-Monterroso (Volpe, 2010)



Biofungicides

& MICI‘ObICIl fungicides

Actinovate® AQG,
Streptomyces lydicus

e Serenade®, Bacillus
subtilis

Biochemical fungicides
« Plant Extracts and compounds

iﬂ.

. L/ ‘ ”*‘ ' ."M’Extr;ict :Reym;“u.tn; sach;llnenSIs
* Regalia®, Extract of ARG\ 2R Cosarone, 10
Reynoutria sachalinensis




Treatments

Regalia Regalia Regalia Regalia Actinovat | Actinovat | Actinovat | Actinovat | Serenade | Serenade | Serenade | Serenade
e e e e
Weekly Bi-weekly | Based Weekly Bi-weekly | Based Weekly Bi-weekly | Based
Risk index Risk index Risk index
Integrated Integrated Integrated

Non-
Treated

Grower
standard

VANVAN
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Trestle Vineyard, average daily temperature (° F) and precipitation (inches) from May 1%t to August 15t, 2023.
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Trestle Vineyard, Thomas-Gubler Risk Index data from May 31st to August 15t, 2023.




Date
Programd

10
11
12
13

14

Table 1. Fungicide application dates and product rotations for 2023.

Vine phenological stage

Bloom Fruit set Pre-bunch closure Bunch-closure Veraison
31-May 7-Jun | 14-Tun 21-Jun 28-Jun | 5-Jul 12-Jul 19-Jul 26-Jul 2-Aug 9-Aug 16-Aug
Active Ingredient
R
nali .o« R sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis
sachalinensis

R. sachalinensis
R. sachalinensis

R. sachalinensis

Streptomyces

lydicus b

Streptomyces
lydicus

Streptomyces
lydicus

Streptomyces
lydicus

Bacillus

subtilis ¢

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

tebuconazole +

ﬂuopyramj

untreated

Streptomyces
lydicus

Bacillus
subtilis

untreated

R. sachalinensis

quinoxifen

Streptomyces

lydicus

Streptomyces

lydicus

quinoxifen

Bacillus
subtilis

Bacillus
subtilis

. . €
quinoxifen

quinoxifen

untreated

Streptomyces
lydicus

Bacillus
subtilis

untreated

2 Extract of Reynoutria sachalinensis (Regalia (R) Biofungicide)
® Strain WYEC 108 (Actinovate)

€ Strain QST 713 (Serenade ASO)

R. sachalinensis

metrafenone

Streptomyces
lydicus

Streptomyces
lydicus

metrafenone

Bacillus
subtilis

Bacillus
subtilis

f
metrafenone

metrafenone

untreated

R. sachalinensis

Streptomyces
lydicus

Streptomyces
lydicus

Bacillus
subtilis

Bacillus
subtilis

untreated

R. sachalinensis

R. sachalinensis

fenhexamid

Streptomyces
lydicus

Streptomyces
lydicus

Streptomyces
Iydicus

fenhexamid

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

fenhexamid®

fenhexamid

untreated

R. sachalinensis

R. sachalinensis

Streptomyces
lydicus

Streptomyces
lydicus

Streptomyces
lydicus

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

untreated

R. sachalinensis
R. sachalinensis

cyflufenamid

Streptomyces
Iydicus

Streptomyces
Iydicus

Streptomyces
lydicus

cyflufenamid

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

cyﬂufenamidh
cyflufenamid

untreated

R. sachalinensis

R. sachalinensis

Streptomyces
lydicus

Streptomyces
lydicus

Streptomyces
Iydicus

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

untreated

R. sachalinensis

R. sachalinensis
fludioxonil +
pydiflumetofen

Streptomyces
lydicus

Streptomyces
lydicus

Streptomyces
lydicus

fludioxonil +
pydiflumetofen

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

fludioxonil +

pydiﬂumetofeni

fludioxonil +
pydiflumetofen

untreated

4 A modified vegetable oil surfactant was added to all applications at a rate of 5 ml per gallon of spray solution. Always follow label instructions regarding fungicide group rotations.

e . fyi h . i . . . j .
Quintec: ' Vivando: & Elevate: " Torino: ' Miravis Prime: ' Luna Expberience

R. sachalinensis

R. sachalinensis

Streptomyces
lydicus

Streptomyces
Iydicus

Streptomyces
Iydicus

Bacillus
subtilis

Bacillus
subtilis

Bacillus
subtilis

untreated



lm Vine phenological stage

Bloom Fruit set } closu Bunch-closure Veraison
Date 31-May 7-Jun 14-Jun 21-Jun 28-Jun StJul 12-Jul 19-Jul 26-Jul | 2-4 | 9-Aug 16-Aug

R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis) R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis

sachalinensis “

R. sachalinensis R. sachalinensis R. sachalinens R. sachalinensis R. sachalinensis R. sachalinensis

o
= &
= ﬂ R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis R. sachalinensis

fludioxonil +

P ﬁ{:l R.sachalinensis... o o gQuinoXifen ... . o sometrafenone fenhexamid  ...R. sachalinensis .cyflufenamid.. Rﬂdu@ns.&pydﬂmem‘n R sachalinensis
5 treptomyces Streptomyces Streptomyces Streptomyces Streptomyce Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces
- 51} Iydicus 2 lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus
= 6 Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces
E lydicus lydicus lydicus lydicus lydicus lydicus
E_ 7 Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces
_g lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus
WO N E R EE NN R R NN R TR AT (FE R R R R NN R AR P AN WO R Ly i e ER
3 ; ﬂ S'”t:pt Miy&es quinoxifeq metrafenone fenhexamid Sm?p By RS cyflufenamid S?ré:p't Cidacs ﬂuti.lb Xonik '!S't?ejpzb)hy e
o lydicus lydicus lydicus pydiflumetofen /lydicus
Co
iﬂ Bacillus Bacillus 7 Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus
subtilis © subtilis i1 btilis subtili. subtilis subtilis subtilis subtilis subtilis subtilis subtilis
1 Bacillus Bacillys Bacillus Bacillus Bacillus
iﬂl subtilis subtili subtilis subtilis subtilis
11 Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus
D subtilis subtilis subtilis subtilis subtilis subtilis subtilis subtilis
illus —— £ . Bacilluys , Bacillus fludioxonil + Bacillus
12 31-5damy 7-lun dbidoxifen  71-lun fgafznpne 5-Jul ferbarid | pak- Ul ovtdadidd ol Aue L aCe e

tebuconazole + . g+
quinoxifen metrafenone fenhexamid flufenamid et ol

fluopyrar m——— Hick Index  =++=++ [ntermediate Threshold = == High Ihreshold pydiflumetofen

14 untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated

Trestle Vineyard, Thomas-Gubler Risk Index data from May 31st to August 15t, 2023.
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Trestle Vineyard

Powdery mildew
on clusters

Powdery Mildew Incidence % on clusters

Powdery Mildew Severity % on clusters
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Trestle Vineyard, Thomas-Gubler Risk Index data from May 28t to August 6%, 2024.



Vine phenological stage

Bloom Fruit set Pre-bunch closure Bunch-closure Veraison
Date 22-May 29-May 5-Jun 12-Jun 19-Jun 26-Jun 3-Jul 10-Jul 17-Jul 24-Jul 31-Jul 7-Aug
Programd 100 Agrt FeCHerT

1 R. sachalinensis® R.sachalinensis R. sachalinensisff R. alinensis R.s linensis R.sacha nsis R.sachalinensis R.sachalinens RXsfchalinensis R. sachalinensis halinensis R. sachalinensis

2 R. sachalinensis R. sachalinensj R. sachalinensis R. sachalinensis R. sachalinensis chalinensis
*TA)
= e
B -g sachalinensis R. sg€h@linen8is R.sachalinensis R.sachalinensis R.sachalinensis R.sachalinensis R.sachalinensis R.sachalinensis R.sachalinensis R.sachalinensis R. sachalinensis
R. sachalinensis ﬂu:;:ﬁzqult;fen R. sachalinensis R. sachalinensis cyflufenamid R. sachalinensis R. sachalinensis
or _ Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces
dicu%":J lydicus ly#licus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus
6 ~Streptomyces reptomyces Streptomyces Streptomyces Streptomyces Streptomyces
dicusiID dicus lydicus lydicus lydicus lydicus
7 reptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces Streptomyces
dicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus lydicus
[ N NN NN NNNN] daddddddaddadadddddddddaaddaddddddadaddasdadddddedd el R R RN
buconazole + Streptomyces Streptomyces fludioxonil + Streptomyces Streptomyces . Streptomyces Streptomyces
8 i . - v . \ cyflufenamid ; .
uopyram’ lydicus lydicus pydiflumetofen lydicus lydicus lydicus lydicus
9 Bacillus subtilis® Bacillus subtili Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis
10
10 Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis Bacillus subtilis
0
11 Bacillus subtiﬁ = Z =  Bacillis subtilis ZBacillus subtiliss Bagillus Subtilis Bﬁllluisubﬂls “Bacillus sabtilis=Bacillus Subtiliss Baeillussubtilis  Bagilluss subtilis Bacillus subtilis 'E;Baciﬂﬂs éubtllls
T - - I I - 5 S S S =S =S =S =S = _,_,_,_1_,—,—,—,_,_,—,_,_,_,_,_,
E e - - - T - T —. I ] 1 ] 1 1 1 | 1 I | 1 .::C .:3: .:;c
tebuconazole I — M uwy M~ 1—|| '!‘l'l'fl '-'lf' r"|‘~ flLﬂJi‘OXOTﬂI'ﬂ*‘ 'f‘fl'f' '-'I'f' r"l“ ':'I'"I H AL T L B L St L Ch b R —
12 fluopyran? ﬁ E Bacillus subtilis—Bacilus subtitis ezl i o Al o~ Bacillus subtilis Bacillus Subtits™ cyffifendmia — ™ o ™ %c.tf“é smuus"‘hac‘ﬂ'us %E’btms
13 tebuconazple & Linoxif i fludioxonil + f £ . flutianil
fluopyram AN O e Risk INdeX pydimumararane IntermediateMPEMold == == HEWTAPEShold

14 untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated untreated
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Botrytis bunch rot severity %
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Takeaways

Effective powdery mildew management is
important in vineyards

* It negatively impacts yield and berry chemistry

* Weekly applications and rotational programs were
most effective

* Powdery mildew risk index may help reduce the
use of biofungicides

e Biofungicides may improve disease control when
combined with other disease management
practices
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Thank you!

 Shunping Ding, sding01@calpoly.edu
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