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VA Wine Industry

O Over 300 active wineries and
350 0 400 associated vineyards

O $1.4 billion annual economic
Impact (Economic impact
P Ao report, 2017)

O Ranked ~6 t nationally in wine
production

O Piedmont area in VA was
sel ected as one o
Top 10 Wine Destinations for
2020 by VinePair.com

Glen Manor vineyards, Browntown VA



Quick background

O Ripe rot was not considered as a threat when |
joined VT in 2009.
O | have worked on viruses which seemed to be more
Important (and yes, it is important!)

O Jones et al., (2015) EJPP, Jones and Nita (2016), EJPP, Jones
and Nita (2019) PHP.

O However, | received a call from a grower in the
eastern shore VA in 2011 who lost more than 30%
(at least) of his crop 3 -4 years in a row due to
oberry shrivelingbo
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Confirmation of Shriveling berries from
Colletotrichum Inoculation
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The majority of contents presented today was
done by Dr. Charlotte Oliver

Mrs. Vanette Trumm
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Grape Ripe Rot
O Direct damage
O Indirect damage

O Only 3% contamination can affect taste of
wine (Meunier 2009)

entous fungal species complexes:

lletotrichum acutatum

Colletotrichum gloeosporioides

ndemic to Virginia (Von Schrenk & Spaulding
1903)

Prefers warm temperatures (25 -30 °C) (Peres et
al. 2005)

Numerous acervuli with salmon -colored conidia
mass and berry shrivels as disease progresses
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Research Objectives

1. Investigate cluster maturity and varietal
differences on disease incidence and severity

2. Investigate the infection process of  Colletotrichum
species in flower, leaf, and woody tissues of grape

3. ldentification of Colletotrichum species isolated
from grapes in VA

4. Screen fungicide modes of action to determine
potential fungicides to be used.




Varietal and cluster maturity studies

O Field study 2012 -2013

O Cultivars: Chardonnay, Cabernet franc,
Cabernet Sauvignon, and Merlot

O Potted vine study 2012 -2013

O Cultivars: Cabernet Sauvignon and
Chardonnay

O Inoculation of C. fioriniae or C. siamense (10
spores/ml) was made based on cluster growth
stage from bloom until two weeks after
veraison

O Disease incidence and severity was visually
estimated at harvest.



Results from potted vine study
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Summary of Field and Potted Vine Studies

O There were differences among tested cultivars

O Merlot<Cabernet Sauvignon<Cabernet franc =

Chardonnay 43
O However, even with Merlot, disease incidence was high é § 1

n

A . : : =5
O Thetre are differences between the inoculation 5o
: . O =
tyne points >3
N . . E 2

O Tissues are susceptible from bloom until §'§

[<})
harvest o<

O Significantly lower disease severity at berry
touch, but still resulted in a certain level of
disease development




Trying to fill in the gaps In ripe rot
disease cycle

O It seems that there is a long time period between
spore production at harvest (Aug d Oct) to the
foll owing yearos bloom (June

O Can they infect other parts of the grape while they
are waiting for availability of flowers?

O Leaves?

O Can they infect woody tissues and produce spores from
it?
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Trying to fill in the gaps in ripe rot
disease cycle: Leaf Histology Studies

O C. fioriniae
O One year old cv.
0OChardonnay9o gr a

grapevines

Lol

O Marked with a wax pencil
10 1T L »I0°canidia/mL
Incubated for 3, 10, and 24 hr

O Samples were examined using
the Scanning Electron
Microscope
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Trying to fill in the gaps in ripe rot disease
cycle: Cluster inoculation study

O Five Colletotrichum species

O C. aenigma , C. alienum , C. fructicola, C.
floriniae, and C. nymphaeae

O Four cluster developmental stages &
incubation times

OBB/pea -size, berry-touch, veraison
O 24hr, 72hr, 1 wk, 2 wk

O 2017

OBloom, BB/pea -size, veraison

O 24hr, 72hr, 2 wk

oint inoculated 30 berries per species per
yne point




Some Colletotrichum species can

produce secondary conidia 24
hours after inoculation
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Trying to fill in the gaps In ripe rot
disease cycle: Cane inoculation study

Two-month-ol d cv. O0Che | 3
self-rooted cuttings R

O Five isolates

O C. aenigma, C. fioriniae  subgroup 1 ,
C. frucucola subgroups 1and 3 , and
phaeae subgroup 1

mny hole between 1 stand 2 nd
Internodes

WA agar for negative control

bserved after 3 months



Cane Survival Summary

6 R O Colletotrichum spp. can survive
and form lesions in wounded

‘ canes

O C. aenigma and C. fioriniae
produced larger lesions

O More trials required to confirm

—— _
A whether it leads to spore
production or not.
. 1) & oe ‘o\
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¢ | Note: 6 mm was the size of the hole




Spatial -analysis of ripe rot showed the \

evidence of aggregation.
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Grape tissue inoculation summary

O Colletotrichum species can infect the
bloom and leaf without showing any
visible symptoms

esults in formation of secondary conidia

O/These pathogens can also survive in
the woody tissues.

O Next step: confirm to see if they can
produce spores
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Colletotrichum species complex survey In

Virginia
O C. gloeosporioides (Weir et. al,
2012)
O 24 distinct species
O €. acutatum (Damm et. al, 2012)
O 29 distinct species

O Overlapping morphology
O Multilocus sequence typing (MLST)

Kahawae clade

Musae clade

Weir, B. S., et.al. (2012). The Colletotrichum
gloeosporioides species complex. Studies in
Mycology , 73, 115-180.



The majority of the survey was
conducted in 2013 and 2014

A 1,260 isolates
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Morphological Identification was
challenging

C. acutatum

C. aenigma
C. conoides
w 200 200 0 C. fioriniae
9 B . fructicola strain
© — C glt:;_reosporioides
C. awae
g 150 150 I maelonis
-.s C. nymphaeae
- 100 100
£
0 - - —rpr 0
fusiform & fusiform cylindrical cottony flat floccose mottled woolly
ylindrical
Conidial shape Colony surface texture

C. gloeosporioides
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Symptoms
and
colony/spore
morphologies

Colletotrichum

complexes

~

MLST flowchart for Colletotrichum species ID
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Species in a Vineyard .
function

Ave. = 2.75 species/ vineyard of the
sample
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Based on the generalized
linear mixed model results

Spatlal Distribution (GLIMMIX in SAS 9.4)
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Pathogen ID summary

O A statewide survey from 43 vineyards (19 cultivars) showed
that we have up to eight different Colletotrichum species.

O Multiple species can be present in a vineyard
O Av number of species is 2.75 per vineyard
O Five main species in VA are

O C. aenigma , C. alienum , C. fructicola , C. fioriniae, and C.
nymphaeae




25% of our isolates were resistant to Qol (Abound), and more
prevalent species had higher percentages of Qol -resistant

Isolates
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Results are based
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assay and the

! detection of
m G143A mutation

Qi

Number of isolates

C. acutatum C. gloeosporioides




Ripe rot field trials 2015  -17

A

O Recommended products: mancozeb, captan, and Qol
O Locations: Winchester, VA (AREC), Abingdon VA (Southwestern VA)
O Treatments were applied at  bloom, berry touch, and veraison
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Newer fungicides tested In ripe rot trials
SDHIs

UP FUNGIC ] PULL HERE TO OPEN B

Aprovia (Syngenta) ':::' APPOF\Q&
O SDHI (FRAC = 7)
A.l. = benzovindiflupyr
O Botrytis not listed on the label
Miravis (Syngenta)
O SHDI (FRAC = 7) ")(eraws

O A.l. = Pydiflumetofen

O Note: Miravis Prime (7 + 12) became available for grape in
2018 (Botrytis is listed on the label)




Newer fungicides tested In ripe rot trials
DMI and Polyoxin -D

Viathon AL

O Introduced to the US market in 2019 Wiathon
O A mixture of Prophyt and tebuconazole (Elite, etc.)

Ph-D (Arysta lifescience ) o
® FRAC = 19 PhD, ..
O A.l. = Polyoxin D zinc salt (11.3%)

O List many different pathogens

Oso (Certis) 050" 5%SC FUNGICIDE

O Polyoxin D, but in lower % (5%) e




AHS AREC Spray Program

Active ingredient Commercial products MOA Application time
cyprodinil+ fludioxonil Switch® 62.5 WG 9,12 BL, BT,V
fenhexamidalt. w/ iprodione Elevate® 50 WDG & Rovral® 17,2 BL, BT, V
fluopyram+tebuconazole Luna® Experience /7,3 BL, BT,V
polyoxinD hazun p:{/ 19 BL, BT, V
polyoxinD PhD® 19 BL, BT, V, LM
pydiflumetofen Miravis® 4 BL, BT, V
benzovindiflupyr Aprovia® 7 BL, BT, V
benzovindiflupyr Aprovia® 7 BL, BT
benzovindiflupyr Aprovia® 7 BL, V
benzovindiflupyr Aprovia® 7 BT, V
polyoxinD PhD® 19 BL, BT, V,
polyoxinD PhD® 19 BL, BT
polyoxinD PhD® 19 BL, V

polyoxinD PhD® 19 BT, V
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AHS AREC 2015
Ripe rot data from Botrytis trial
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AHS AREC: Cluster disease incidence (Yes/No per cluster)
Single product trial: negative check = Revus and Vivando

2016 2017

negative check
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AHS ARECOA Cluster disease Severity (% area infected)
Red = significant reduction in both years
Blue = significant reduction in one year

! 2016 I 2017
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Commercial vineyard in southwestern VA
Treatments were applied in addition to regular fungicide

applications
Treatment Treatment
(rate/A, 100 gal) Timing (rate/A, 100 gal) Timing
Control Control
Viathon (2pt) BL, BT, V, LM Viathon (2pt) BL, BT, V
Cueva (2 pt) BL, BT, V, LM Cueva (2 pt) BL, BT, V
Cueva (4 pt) BL, BT, V, LM Cueva (4 pt) BL, BT, V
Aprovia (9 fl 0z) BL, BT, V
Viathon is a mixture of Aprovia (91l 0z) i
Prophyt and PhD (6.2 0z) BL, BT, V

tebuconazole (Elite) PhD (6.2 0z) BL




Southwestern VA, 2015
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Southwestern VA, 2016
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Southwestern VA, 2017
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Looking for other options: Fungicide lab assay

O Plate preparation

O Fungicides were suspended in sterile distilled
water before dilution

O Media was allowed to cool to 55 °C before
fungicide addition

ata was collected for both propagules
fter 72 hr

O Diameter of colony (mm) in two directions

50 calculations




Looking for candidate product to be used in the field:

plate assay
Opti ons seem to be |1 m
C. siamense “? C. fioriniae “

Active ingredient LinkY Intercept *  Slope* EC50W LinkY Intercept *  SlopeX EC5QW
Azoxystrobin CLL 3.7* -1.6 472.8 + probit 3.6 ** -1.4 ** 385.3 +
Boscalid logit 16.5 0.0 NC + logit 11.3 -3.4 NC +
Captan probit 1.8 ** -1.8 ** 8.9 probit 2.7 ** 2.2 ** 16.6
Copper hydroxide probit 5.6 ** -3.3 ** 48.3 logit 4.0 ** -2.9 ** 35.5
Copper octanoate probit 2.7 * -1.7 ** 53.7 probit 3.1* -2.0 ** 43.6
Mancozeb logit 21.6 -32.0 3.5 CLL 2.2 -3.1* 11.1
Potassium phosphite probit 5.1 ** -2.8 ** 118.9 CLL 18.0 *  -10.2 ** 87.7
Pyriofenone CLL 4.8 -1.6 1140.9 + CLL 1.1 * -0.2 7.1x10° +
Tetraconazole probit 3.8 ** 2.4 ** 395 + probit 2.5 ** -2.0 ** 22.8 +

Thiophanate -methyl CLL 6.2 ** 7 281.4 logit 7.5 ** -3.2 ** 238.3



Among SDHIs, only Aprovia showed a sign of its
efficacy based on results from a plate assay

Isofetamid

Fungicide
Flupyram

Bl=2A

Kenja

Aprovia Endura Luna
10 100 0 0.01 0.1 1 10 100 o 0.01 0.1 1

1

10 100

10 100 ] 0.01 0.1

o 0.01 0.1 1




More on two modes of action (MOA)
Plate assay (2018)

O Nine different MOA are tested at 100 ppm to see if they can inhibit the
growth of five Colletotrichum species

Results are based on the
analysis of means from the
generalized linear regression
model in IMP Pro 14

\\



