Managing the Water Molds

Late Blight, Phytophthora & Downy Mildews of
Vegetables
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Vegetable Disease Timeline for Wi

April -May June July August September October

Dampingoff,
Poor emergence

Early blight, Septoria blight

Late blight, Downy mildew, Powdery
mildew , Phytophthora crown and fruit rot

Postharvest rots

Pythium damping-off LI




Water Mold Plant Pathogeps

4
: Y/ A, S22
-Also known as oomycetes ( 0 egg f un g pd, o,
-Classified in Kingdom Chromista = --.'.gf.—;’}-_, /
-Plant -disease -causing oomycetes can be: B 4

1) soilborne
1) require living plant tissue to remain alive
i) very destructive on vegetables when it is warm and wet

-Different from true fungi which cause most plant diseases
1) Several differences between true fungi and oomycetes |,
Including production of swimming spores in free water

-Some fungicides are specific to control of oomycetes and
are less effective on true fungi (early blight, septoria )
1) ie: Ridomil , Acrobat, Revus, Presidio, Curzate , etc.



Kingdoms of Life
6 kingdom model, Cavalier -Smith, 2004

Plantae

http://www.oum.ox.ac.uk/thezone/animals/animalid/kingdom.htm



Oomycetes causing crop loss
on vegetables in Wisconsin in
2010 included:
A Tomato & potato late blight
Phytophthora infestans

A Phytophthora Crown & Fruit Rot of

tomato, pepper, cucurbits
Phytophthora capsici

A Cucurbit downy mildew
Pseudoperonospora cubensis
A Basil downy mildew

Peronospora belbahrii




Environmental Optima for
Water Molds

Disease Pathogen Relative Temperature
Humidity Range

Late Blight Phytophthora 95-100% 68-82°F
Infestans

Phytophthora Phytophthora 90-100% 72-82°F
Crown & Fruit capsic/
Rot

Downy Mildew Pseudoperonospora 100% 59-77°F
cubensis & (>6 hours)
Peronospora
belbahrii

Pathogens have several spore types. Each type is favored by slightly
different temperatures, broadening ranges listed above.




Triangle

Virulent Pathogen Favorable Environment



637

621

61 7|

60T

591

S8BT

571

6T

Wisconsin, Temperature, May-October

-Paint Long Term
Binomial Filter Trend Average

= Temperature

l T17
1

16

lw ik WWW

l‘

I I I I I I I I I I I
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010




Days

16007

15007

1400 T

1200 1

12007

11007

1000 |
200

800

700

1200

1910

Wisconsin, Heating Degree Days, May-October

1920

Long Term

Average

e

1930

1940

1950

1960

1970

ll. Heating Degres Days

1980

65°F base

1990

2000

T 1600

T 1500

T 1400

1300

1200

1100

—_—

000

o

0o

800

700
2010

sAe(]




Inches

307

167

147

127

9-Point

Binomial Filter

Wisconsin, Precipitation, May-October

= Trend

'
1900

]
1910

]
1920

1
1930

L
1940

]
1950

Long Term

Average

]
1960

1
1970

== Precipitation

1
1980

]
1990

]
2000

800

750

700

650

r 600

[ 550

T 500

T 450

T 400

T 350

T 300

2010

WL




Inches

307

167

147

127

Wisconsin, Precipitation, May-October

9-Point
Binomial Filter

Trend Average

I

In the 2010 growing season in central WI, wet (30 in rainfall from
May-Oct) and warm (growing degree days base 50 of 2381)
weather conditions promoted the initiation and development of
epidemic levels of late blight, Phytophthora crown and fruit rot,
and DM.
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Tomato Late Blight Symptoms
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Potato Late Blight Symptoms




Potato Late Blight Disease Cycle
Phytophthora infestans

vage by Roswvary Cleh

Sporangia travel on air currents Summer
from nearby infected fields e .,\' A ) — “
‘-f’ Zoospore \ ~ * '~ Zoospores (‘ ¥
formation ~L N
- 0 - > ‘.‘ —
~ Infects via (&~
Direct & N stomata or directly /
germmauo;_,u = through cell walls /D ,
‘, - Under moist conditions,
el infection spreads rapidly

Sporulation occurs under
conditions of high humidity
and moderate temperatures

to all plant parts

Disease Cycle of Potato Late Blight
Phytophthora infestans

Oospores (hardy overwintering spores) are
= formed when opposite mating types meet. L e / )

Even when no cospores are present, mycelium /
can survive in volunteer tubers and cull piles.

i -
= . Al and
m— UL A2mating
Wy = types

Sood

Early season infection ; < V /
N _—y ' Oospores can persist

begins with overwintered
in s0il for several years,

spores or mycelium, or : : :
contaminated seed tubers = but are not curently
found n Wisconcin



We knew late Susceptible Host

blight was a .
risk in Wl in 2010
whené.

! met early -mid -
June (Antigo,

\Y

LB in surrounding

states )



Where did late blight come from in 2010?

1) Infected volunteers or seed?
2) overwintering on LB -infected plants from 20097
3) introduction of infected tomato transplants into WI?

4) aerial movement of inoculum during
storms from other sites?




Research Updates: ﬁ!wte blight genotypes 2010

Isolate. 15 17 18 19 21 22 26 27 28 29 30 20

%“;;nerzzmgg 24 24 24 24 24 2 2 23 2
o
- B 7

= “FA US 22 found on
T Th B M potato and tomato
T e s=—perid A US 24 found on
g - potato only
= N\ A US 23 found on

US#22 B T D
US#24 = tomato only
Sutat . B - but will infect
utative (o e A Tpotato foliage (in lab)

US#23 -




Research Updates: Sensitivity to Ridomil
(mefenoxam)

A A potentially very effective systemic fungicide

Mefenoxam Sensitivity

US 22:
1 70.00%
Sensitive
_ 60.00%
US 23: gso 00%
Sensitive é 40.00%
§30 00%
Us 24: gzo.oom
Intermediately 2 1000
Sensitive 5 0.00%

g © A
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Phytophthora infestans Isolate #
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Research Updates: Host Range of Late Blight
Genotype from 2009 (US#22) .

Planttype

Hairy nightshade
(Solanum
physalifoliumn)

Black nightshade
(Solanummigrum)

Bittersweet nightshade
(Solanumdulcamarg

Potato Solanum
tuberosun)

Groundcherry
(Physalidongifolia)
Tomatillo Physalis
philadelphica
Eggplant$olanum
melongena
Pepper Capsicum
annuunj

Leaf response
Pathogen
sporulation

Susceptible
Sporulation

Susceptible
No sporulation

Susceptible
Little sporulation

Susceptible
Sporulation
Resistant
Resistant

Resistant

Resistant

i
Fruit/berry ” k\
response

Resistant

Susceptible
Little sporulation

Susceptible
Little sporulation
Resistant

Not tested

Not tested

Not tested

Not tested



Research Updates: Mating Type

US#22

A US 22 isolates are A2 mating type
A US 24 isolates are A1 mating type
A US 23 isolates are A1 mating type
A Potential implications?

US#23?



Research Updates: no oospore formation on

tomato and potato leaves

Results same at 7 temperatures (8, 12, 14, 16, 18, 20 and 24° C)
Results same on tomato and potato leaf tissue

% lesion area containing oospores

Inoculum treatment



Late Blight Control

Important features of pathogen biology

P infestans 1S not known to be seedborne in tomato

P infestans gentoypes from WI fields likely cannot
produce oospores on foliage

Greatest risk of LB In years following epidemics come
from infected potato tubers in ground (volunteers), as
culls, and as seed

Other sources of inoculum include protected/buried LB
Infected tomato or other solanaceous plants

External sources: infected transplants, aerial dispersal
of sporangia from out of region



Late Blight Control

efforts of UW and DATCP

Extend Blitecast, disease reports, and recommendations to growers

Variety disease resistance screens, fungicide efficacy tests,
fungicide resistance tests

Characterization and distribution studies in WI (where and what?)

Develop organic LB management plans for certified farms 0
educational efforts this winter

DATCP tomato transplant survey April  -August in retail locations
(destruction orders for LB infected plants)

DATCP cull pile regulation 8 must be destroyed by May 20

Modifications to DATCP LB internal policy to improve quality and
speed of recommendations to mitigate disease impacts



Late Blight Control

In the production field
Eliminate cull piles and control volunteers

Do not compost or deep till late blight  -infected plants_
Plant late blight resistant potatoes (Defender, Jacqueline
Lee, Satina) and tomatoes ( Warg
Wild Cherry, Slava, Stupice)

Plant disease -free seed and transplants

Scout fields and stay up -to-date with area reports

Preventative fungicides (applications initiated by Blitecast)

Thorough and regular (5 -7 day) applications when needed



Fungicides for Late Blight Control

multi -site protectants also effective on early blight

Fungicide a.l. FR | PHI PHI
AC | tomato | potato

Bravo,Equus chlorothalonil
Echo

Dithane mancozeb
Penncozeb
Mancozeb

Kocide copper (not all
Champ coppers OMRI
approved)

AgrHin, triphenyltin
Supertirt hydroxide (TPTH)

* Restricted Use Fungicide

Activity
protectant

protectant

protectant

protectant




Fungicides specific for late blight:
specific materials

Fungicide FRAC | PHI Activity
tomato potato

Acrobat/Forum  dimethomorph
Curzate cymoxanil

Fosphite potassiumphosphite
Gavel mancozebt+ zoxamide
Omega fluazinam

Previcur propamocarb

Ranman cyazofamid

RevusTop difenoconazoler mandipropamid

RidomilGold M2 mefenoxam+ mancozeb

Tanos cymoxanikfamoxadone

27
NC

4 days
3 days
0 days
5 days
Not labeled
5 days
0 days

1 day

5 days
3 days

water mold &

4 days
14 days
0 days
3 days
14 days
14 days

7 days

14 days

14 days
14 days

systemic

locally systemic
systemic
protectant
protectant
systemic

protectant, limited
systemic

preventativesystemic
curative

systemic

locally systemic, curative

!some formulations are only labeled for at plant application (no foliar)




Fungicides for Late Blight Control
strobilurins 0 some late blight control with

excellent early blight control/

Fungicide a.l. FR | PHI PHI Activity
AC |tomato | potato

Quadris azoxystrobin systemic,
Amistar curative
Heritage,

Dynasty

Headline pyraclostrobin Not 3 days locally
labeled systemic

Gem trifloxystrobin Not 7 days systemic
labeled

Evito fluoxastrobin 3days 7 days systemic

Reason fenamidone 14 days 14 days locally
systemic

Preventative applications are critical for successful LB control

Most fungicides are labeled for both tomato & potato but NOT ALL o follow
labels for rate, PHIs, and crops



The key to successful management
of late blight is to get a protectant
fungicide application out before
initial infection.

Then, follow up with 5-7 day spray
program, especially if late blight
appears in the area and weather
conditions favor disease.



Phytophthora crown & fruit rot
Phytophthora capsic/

A Widespread in WI this summer
A Soilborne pathogen

A Flooding promotes development and
spread of disease




Phytophthora crown & fruit rot
Symptoms




Phytophthora capsici




P. capsicDisease Cycle

= Opposite mating

& g ' types present
2 W)
0

©

Asexual

\ /7» Sporulation
‘\Q B (YD) %/.{%
) R ag

Disease Cycle of /
C ber Ph hthora Blight
Germinatiorx HEHmREr Ehysplitiote Sid Sexual

reproduction

Oospores present in WI soils Oospore







P, capsici Management Strategies
ALimited cultivar resistance

ADo not landspread sporulating culls
Arrigate conservatively

APlant in well -drained fields

ARaised beds, plastic mulch, drip irrigation
Alncrease row spacing

ARotate crops

AApply fungicide preventively and frequently
ARotate fungicides

ASoil fumigation (chloropicrin, metam sodium)



Limitations of current
management strategies

Aldentifying sources of infestation
ALimited number of rotational crops
APersistence of oospores in field soil
AFungicide resistance risk

AP capsici isolates from WI 2010 were
mefenoxam sensitive

ANo fully resistant cultivars (cucumber)

AHard to get good fungicide coverage of
susceptible plant parts



Fungicides for Phytophthora capsic/  control

Fungicide PHI Activity
varies by
vegetable crop

Bravo,Equus Echo chlorothalonil protectant

Dithane Penncozeb mancozeb protectant
Mancozeb

Kocide Champ copper protectant
Acrobat/Forum dimethomorph systemic
Aliette fosetyltal

Gavel zoxamide+ mancozeb protectant

Presidio fluopicolide locally systemic

PrevicurFlex propamocarb systemic

Ridomil mefenoxam systemic

Ranman cyazofamid protectant,
limited systemic

Revus mandipropamid systemic

Tanos cymoxanik famoxadone locally systemic,
curative




Cucurbit Downy Mildew Symptoms




P, cubensis Sporangia

5. Holme

200X magnification

In just 4 -12 days P cubensis
can go from infection to

e production of new sporangia

erside

Lea Und



~_~
BTN

Air currents
from south
(or greenhouses)

Cucurbit Downy Mildew
Disease Cycle

Sporulation

No oospores
identified in U.S.

Germination
and infection

Intercellular
growth




Confirmed Cucurbit Downy Mildew

Date
reported

2010-08-09

2010-08-03

2010-07-20

2010-07-21

2010-07-12

2010-07-07

Report s in WI 2010

Likely date
of infection

2010-08-02

2010-07-28

2010-07-20
2010-07-18
2010-07-09

2010-07-06

County

Waushara
County

Dane
County
Portage
County
Dane
County

Columbia
County

Host

Cucumber

Acorn
squash,
Yellow/Sum
mer squash,
Cantaloupe,
Cucumber,
Watermelon

Cucumber
Cucumber
Cucumber

Cucumber




Downy Mildew on Cucurbits

Historically, DM has been a sporadic problem for vegetable
producing states along the eastern seaboard, but a yearly problen
for the SE U.S. —

Devastating outbreaks of DM in NC, and alor |
the eastern seaboard, began in 2004 on me
squash and cucumbers

to experience DM on cucumber
In 2009, WI experienced significant DM on

cucumbers midate season due to prolonged BEEaE=
leaf wetness and cloudy conditions



Legend

All Cucurbits
Acres

o
-2

B 26 - 50

[ 51 - 100
] 101-250
[ ]251-500
[ |s01-750
[ ]751-1000
[ 1001 - 1500
I 1501 - 2000
I 2001 - 3000
B 2001 - 5000
I >5000

Total Acres Harvested: All Cucurbits
UNITED STATES

Total Acres: 357,009

Source: 2007 USDA Agricultural Census




LU Cucurbit Downy Mildew

Cucurbit

cucurbit downy mildew
FORECASTING y

PREPARE. PREDICT. PREVENT. Rttt

PEST INFORMATION PLATFORM
FOR FXTENSION & EDITICATION

Site offers various resources including

pathogen and disease information, management
guidance, forecasts, and serves as a link for
collaborators of the national program

http://www.ces.ncsu.edu/depts/pp/cucurbit/



Fungicide Program for Cucumber Downy Mildew

CUCUMBER

Fungicides applied BEFORE disease Fungicides applied AFTER disease
7 day interval 5 day interval

Gavel 75WG (5 day phi) PrevicurFlex 6SC (2 day phi)
Presidio 4FL (2 day phi) Presidio 4FL (2 day phi)

Previcur Flex 6SC (2 day phi) Ranmar3.6SC (0 day phi)
Ranman 3.6SC (0 day phi) Tanos 50WG (3 day phi)

Alternate products and mix with eithg Alternate products and mix with eithe
mancozeb (ie: Dithane) OR mancozelfie: Dithang OR
chlorothalonil (ie: Bravo) chlorothalonil(ie: Bravo)

Recommendation based on field trials from Dr. Mary Hausbeck,
Michigan State University



Fungicide Program for Squash Downy Mildew

OTHER VINE CROPS such as pumpkin, winter squash, melon, gourds
zucchini
Fungicides applied BEFORE Fungicides applied AFTER disease

disease 7 day interval
7-10 day interval

Gavel 75WG (5 day phi) Previcur Flex 6SC (2 day phi)
Presidio 4FL (2 day phi) Presidio 4FL (2 day phi)
Previcur Flex 6SC (2 day phi) Ranman 3.6SC (0 day phi)

Ranman 3.6SC (0 day phi) Tanos 50WG (3 day phi)
oTWOGA |

Alternate products and mix with Alternate products and mix with
either: either:
mancozeb (ie: Dithane) OR mancozel{ie: Dithang OR
chlorothalonil (ie: Bravo) chlorothalonil(ie: Bravo)

Note: Gavel andithaneare not labeled on some vine crops

Recommendation based on field trials from Dr. Mary Hausbeck,
Michigan State University



Managing Cucurbit Downy Mildew
Limited cultivar resistance

Be vigilantc if you hear of DM In your region
apply preventive fungicides & SCOUT

Apply fungicides at first sign of DM the
longer you walit, the harder it is to control

Rotate between fungicide modes of action:
It IS Important to prevent resistance

Include a protectant in every application:
chlorothalonil & mancozeb are good options



Basil Downy Mildew




Basil Downy Mildew

Water -mold: Peronospora belbahrii
Transmitted : seed, infected plant parts,
and on the wind.

This particular downy mildew can both
ornamental and basil varieties grown as herbs.

It Is suspected that basil downy mildew has
moved geographically on contaminated seed
or leaves.

The spores of basil downy mildew are
produced on leaf underside prolifically and
can be aerially dispersed long distances.

Fungicides are not the best option (limited

basil labels, long PHI, must be applied early

to effectively control disease)




Basil varieties susceptible to downy mildew

Aroma 2

Italian Large Leaf

Genovese

Magical Micheal

GenoveseMartina

Mariden

Nufar

Opal Purple Variegated

Queenette

Poppy Joeobs

Superbo

Basil varieties tolerant to downy mildew

Amethyst Imp

Mrs. Burns Lemon

Red Rubin

Red Leaf

SweetAdin

Lemon

Lemon standard

Lemon Mrs. Burns

Lemona

Lime

Basil varieties res

istant to downy mildew

Spice

Blue Spice

Blue Spice Fil




Fungicides for Basil Downy Mildew Control?

Photo and fungicide information courtesy: Meg McGrath, Cornell

Few fungicides with basil on the label
Must be applied prior to or when 1 st symptoms appear

Phosphorus acid fungicides are effective when
applied in advance of disease and repeatedly

Other fungicides trialed are effective but are not
yet labeled for basil downy mildew 0 look for updates

Always check labels for crop, disease, and application
site (not all field materials can be used in the GH)




Other Control Measures for Limiting
Basil Downy Mildew

Keep foliage dry o water from below and water judiciously
Maintain airflow between plants in rows and between rows
Scout regularly and carefully for symptoms
Harvest early if disease is present and/or risk is high
Plant pathogen -free seed?
Rogue and/or destroy sporulating plants to protect remaining crop
Photo courtesy:

Bob Wick,
UMASS



