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Late Blight - Tomato

More images at: http://usablight.org/node/29

Late Blight — Tomato — early symptoms

Late Blight — Tomato — atypical symptoms
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Late Blight — Tomato — atypical symptoms

Poll Question #1

Growers: has late blight occurred on your plants?
Tomato
Potato
Both
Neither
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Genotypes of Phytophthora infestans

m) ‘genotype’ (or strain) is defined as
the genetic makeup of an organism
(DNA fingerprint).

=) Knowing the genotype tells us
LOTS about the pathogen
(preferred host, ability to
overcome resistance genes).

=) Only 24 genotypes have ever been
identified in the USA, with a small
number (1-4) genotypes
predominant each year.

1/14/2014

Characteristics of recent strains

Genotype | Mat Host preference # collected
(strain) type P in 2013
Us-8 2

A2 potato
US-22 A2  tomato 0
Us-23 Al  potato/tomato 175
us-24 Al potato 4

Poll Question #2

Growers: have you been able to effectively
manage late blight?

Every season it has occurred

Some seasons

Never (nothing tried has worked adequately)




The Disease Triangle

THE FOUNDATION OF
DISEASE MANAGEMENT

Disease
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Major Genes for Late Blight Resistance in Tomato

Ph-1 Ph-2
Ph-3 Ph-5

Plus unidentified genes

Many from a wild
relative: Solanum
pimpinellifolium

Heterozygous — one copy of the gene
Homozygous — two copies of the gene
Gene-for-gene relationship with pathogen.
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Late Blight Resistant Tomato Varieties

New Yorker (Ph-1)

Legend OP (Ph-2)

West Virginia (Ph-2)

Plum Regal (homozygous Ph-3)

Mountain Magic (campari) (heterozygous Ph-2 + Ph-3)
Defiant PHR (heterozygous Ph-2 + Ph-3)

Mountain Merit (heterozygous Ph-2 + Ph3)

Iron Lady (homozygous Ph-2 + Ph-3)

Jasper (cherry)(undetermined resistance)

Matt's Wild Cherry (undetermined, Ph-3?)

Juliet ??

Lemon Drop ?? Mr. Stripey (aka Tigerella) ??
Heinz 1439 ?? Wapsipinicon Peach ??
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Orgaic research block, Cornell Univ., Long Islan, NY

Resistant Variety Evaluation on Long Island

= Applied an organic fungicide program to all
in 2012 (started late):

Symptoms found in experiment on 31 July.
Actinovate (12 oz/A) + Badge X2 (1.75Ib). 14 Aug and 22 Aug.
Regalia (2 qt/A) + Badge X2 (1.75 Ib/A). 17 Aug, 31 Aug and 7 Sep.

=) Varieties with Ph-2 and Ph-3 were very
effective. Especially in 2012. Some symptoms
found.

m) Fungicides - more benefit applied to
resistant varieties.
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Mt Fresh Plus
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Juliet i 9-14-12 Mt Fresh Plus

Other varieties
with unknown
resistance to US-23:

Matt’s Wild Cherry

Lemon Drop

Mr. Stripey
(aka Tigerella)




9-19-12 Plum Regal

12 days
after
last

il fungicide
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Late Blight Resistant Tomato Varieties

New Yorker (Ph-1)

Legend OP (Ph-2)

West Virginia (Ph-2)

Plum Regal (homozygous Ph-3)

Mountain Magic (campari) (heterozygous Ph-2 + Ph-3)
Defiant PHR (heterozygous Ph-2 + Ph-3)

Mountain Merit (heterozygous Ph-2 + Ph3)

Iron Lady (homozygous Ph-2 + Ph-3)

Jasper (cherry)(undetermined resistance)

Matt's Wild Cherry (undetermined, Ph-3?)

Lemon Drop ?? Mr. Stripey (aka Tigerella) ??
Heinz 1439 ?? Wapsipinicon Peach ??

Organic Fungicides for Late Blight

COp PEr (many different products)

Actinovate (Streptomyces lydicus)
Companion (sacillus subtils)

DO u b I e N |Ck| € (Bacillus amyloliquefaciens)
EF400 (blend of thyme, clove, garlic, and other herbal ingredients)
Organocide (sesame oil)

OXidate (hydrogen dioxide)

Regalla (Extract of giant knotweed)

Serenade (new - Optiva) (sacilus subtits)
S pPo ratec (streptomyces lydicus)

Sonata (Rosemary, clove, and thyme oils)

Tr||0gy (Neem oil)




Evaluation of fungicide treatments (applied weekly)
for reduction of foliar late blight
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Treatment
Evaluation conducted by Bill Fry, New York, 2010
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WI - Fungicide treatments

Active Ingredient

. Phostrol phosphorous acids S|MPLE INORGA

Mycostat (two rates) oil extract ORGANIC or

\ Regalia extract of Reynoutria sachalinensis
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Percent Disease

WI - Fungicide Efficacy Results

Inoculated 2 Days Before Fungicide Application (detached leaves)

1 - US-22

-

Treatment

Fungicides are ineffective applied after inoculation by P. infestans
US-24 demonstrated low virulence on tomato

Percent Disease

WI - Fungicide Efficacy Results

Fungicides Applied Before Inoculation (detached leaves)

120
- US-22
100 = US-23
Em US-24
80
60
40
20

Zonix, EF400 and Phostrol provided <50% disease with US-22; <20%
disease with US-23; and nearly complete control of US-24
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Treatment

Bravo (Chlorothalonil) EF400 (Oil blend)

WI -
Results

EF400 offered
significantly
better control
of late blight
than
inoculated

control

Champ Formula 2 (Copper)
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MI - Evaluation of EF-400 in Potato in the
Field: Results Foliar Late blight RAUDPC
(Max = 100)

AUDPC

25

Conventional programs

15 k

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Most conventional fungicides controlled foliar late
blight significantly better than EF-400

Treatments
1Bravo WS 4.17SC 15 pt (ACEGH");
Zampro 4.385C 11 fl oz +
Hasten 16 l oz (B,D,F).
2.Bravo WS 4.17SC 15 pt (AB.CEG):
Zampro 4.38SC 11 fl oz +
Hasten 16 fl 0z (D.FH)...............o..,
3.Bravows 6SC 1.0 pt (A,C.E,GH);
Ranman 3.33SC 2.1l oz +
Manzate 4F 43 fl oz + NIS' (B,D,F).
4.Bravows 6SC 1.0 pt (A.CEGH);
Ranman 3.33SC 2.7 fl oz +
Manzate 4F 43 fl 0z + NIS (B.DF).........
5.Bravows 6SC 1.0 pt (AB,C.GH);
Ranman 3.33SC 2.7 fl oz + NIS (D,E/F).
6.Bravows 6SC 1.0 pt +
Ranman 3.335C 2.1 fl 0z (AB.C,G H);
Gavel 75DF 2 Ib (D);
Ranman 3.33SC 2.73 fl 0z +
Manzate 4F 43 fl oz + NIS (E,F)............
7.Bravows 6SC 1.0 pt +
Ranman 3.335C 2.1 fl 0z (AB);
Gavel 75DF 2 Ib (C);
Ranman 3.33SC 2.73 fl 0z +
Manzate 4F 43 fl oz + NIS (D,E.F)
8.Gavel 75DF 2 Ib + NIS (A-H).........
9.Manzate Prostick 75WG 1.5 Ib (A-H).
10.Manzate Prostick 7SWG 2 Ib (A-H).
11.Bravo WS 6SC 1.5 pt (A-H).
Prostick 75WG b+

13EF400 100L 16 fi oz +

MI - Evaluation of EF-400 in Potato in
the Field: Tuber blight Results

Percent Tuber Blight

12 | Conventional programs
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Statistically, EF-400 similar to
conventional fungicides

Treatments
1Bravo WS 417SC 15 pt (AC.E.GH");
Zampro 4.38SC 11 fl oz +
Hasten 16 f1 0z (B.DF).....ooroeooc.cc...]
2Bravo WS 4.175C 15 pt (AB.CEG);
Zampro 4.385C 11 fl 0z +
Hasten 16 1107 (DEH).........ccoooern.
3BravoWSs 65C 1.0 pt (ACEGH);
Ranman 3335C 21 fl oz +
Manzate 4F 43 fl oz + NIS' (B.D.F).
4BravoWS 65C 1.0 pt (ACEGH);
Ranman 3335C 2.7 fl oz +
Manzate 4F 43 fl 0z + NIS (B,D,F).....
5BravoWs 65C 1.0 pt (AB.C,GH);
Ranman 3335C 2.7 fl oz + NIS (D EF)..
6.BravoWs 65C 10 pt +
Ranman 3335C 21 fl oz (AB,C,GH);
Gavel 75DF 2 Ib (D);
Ranman 3335C 273 fl oz +
Manzate 4F 43 fl oz + NIS (EF)
7.BravoWs 65C 10 pt +
Ranman 3335C 21 fl oz (AB);
Gavel 75DF 21 (C);
Ranman 3335C 273 fl oz +
Manzate 4F 43 {1 0z + NIS (DEF)......
8.Gavel 75DF 2 Ib+ NIS (AH)...........]
9.Manzate Prostick 75WG 15 Ib (A-H)..
10 Manzate Prostick TSWG 2 Ib (A-H).
11.Bravo WS 6SC 15 pt (AH).........
12 Manzate Prostick 75WG 15 Ib +

13.EF400 100L 16 fl 0z +

ExCit 100L 4 fl 0z (A-
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Conclusions — WI and Ml Research

m) As previously recognized, preventative applications of fungicides
were effective in controlling late blight

m) Post-inoculation fungicide applications were ineffective in
limiting late blight

m) EF400, Zonix, and Phostrol provided significant control of late blight
on detached tomato leaves and potted tomato plants in WI, and
EF400 on field-grown potatoes in M|

m) Less effective organic fungicides may be useful for reducing
inoculum as they act as contact antisporulants

m) In potato trial at MSU, season long EF-400 performed on par
with several conventional fungicides for limiting tuber late blight
and protecting US-1 quality yield
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2011 Treatments-FL

Trt [Fungicide Rate DatesApplied |A|B | C | D
Untreated Control

1 |(water) A,B,C,D
Bravo WeatherStik

2 720 (chlorothalonil) 1.5 pt/A A,B,C,.D

Champ DP
3 |(copper hydroxide) 1.51b/A A,B,C,D

Tomato “Sanibel’ transplanted January 10
A=14 Mar; B=21 Mar; C=29 Mar; and D=4 Apr
Late blight first observed on March 30

Area Under Disease Progress Curve for Late
Blight on tomato, 2011, FL
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Plots of
tomato plants
within same
trial:
Untreated
plants
compared to
highly
effective
fungicide
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2012 Treatments-FL

Trt [Fungicide Rate Dates Applied | A| B |[C |D | E | F

Untreated Control
(water) AB,C,D,EF

Bravo WeatherStik 720
(chlorothalonil) 1.5 pt/A |AB,CD,EF
iActinovate AG

[0.03% treptomyces
| 3 llydicus WYEC 108 60z/A |ABCD,EF

[

N

w

Tomato ‘FL47’ transplanted on January 11
A= 24 Jan; B=1 Feb; C= 8 Feb; D= 15 Feb, E= 22 Feb, F= 29 Feb
Late blight first observed on February 17

Disease Severity for Late Blight on
Tomato, 2 Mar 2012, Florida
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*Similar results with Actinovate AG at 12 oz/A were obtained in 2008
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Summary from Florida

=) Actinovate AG and Oxidate reduced disease
severity of late blight compared to untreated
but were not as effective as Bravo Weatherstik
or other conventional fungicides (data not
shown)
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Disease forecasting as a tool for late blight
management

®m) Facilitates timing of fungicide applications based on the
favorability of the weather for disease development

m) Assumes that the pathogen is present
| 9% Blitecast model (Hyre & waliin)

1t fungicide application based on accumulation of 18 disease
severity values (DSV) = relationship between ave. temperature
and hours above 90% RH (0 to 4 scale)

Subsequent applications based on accumulated DSV and the
number of rain-favorable days over the last 7 days (prev. 5d
mean T <75F & prev. 10d > 1.2 in rain)

Disease forecasting as a tool for late blight
management
=) Cornell Late Blight Decision Support System (DSS) ¢ ea)
More comprehensive tool containing:

1. Location-specific weather data
Number of partners

2. Disease forecasting tools based on:

Blitecast and Simcast (blight units, fungicide
units and accounts for host resistance)

3. Late blight disease simulator

4. Alerts (email or text)

15



Late Blight Management in Potato and Tomato

%k Select tomato cultivars with resistance when possible
%k Use only certified disease-free transplants and tubers
% Some potato varieties are rate-reducing resistant

Infected
patio tomato
purchased at

a big-box |
store. f

Infected
tuber
produced
and infected
seedling.
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Late Blight Management in Potato and Tomato
% Avoid adjacent plantings with older, infected crops.
% Eliminate cull piles and volunteers.
*k Remove weeds, particularly solanaceous weeds

Bittersweet nightshade

Late Blight Management in Potato and Tomato

% Scout fields regularly, P
particularly in wetter parts n
of fields or where spray
applications might miss.

% Rogue infected plants
and/or destroy hotspots.

16



Late Blight Management in Potato and Tomato

>k Minimize leaf wetness when possible

%k Use a late blight forecasting system, where available

%k Maintain preventative, organic fungicide schedule with
good coverage
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Late Blight Management in Potato and Tomato

%k Check local and state newsletters for disease outbreaks
and updates! =

USABLIGHT

A NATIONAL PROJSGTSMIGNATO 8 POTATO LATE BuGHT i T4 LniTso STATRS
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Alert System — Free to all!

lerts System is now operational! Click here or
under the "Reporting Outbreaks” menu.

New user account system is operational! Sign up
or a CRONOS account here. Required for
reporting, alerts systems, and other user-defined
content!

Sign up for automatic text or e-mail alerts when
confirmed outbreaks are reported
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Comen 0SS

Com

cision Support Home

folowing ink 10 go 10 the DSS web page. hitp:

Less comell ecubight

For a "How-To" on the DS, please consult the webinar below (conducted on May 30th, 2012)

=

Late Blight Webinar — Summary Points
> Late blight has been occurring more often in recent years,
esp. on tomato. Expected to continue.
>k New pathogen genotypes; affect disease occurrence.

>k Both mating types of the pathogen are in the U.S; sexual
reproduction is a concern.

%k Resistant varieties are effective (Ph-2 and Ph-3 genes).

>k USABIlight website provides current information on late
blight occurrence; other topics as well.

%k Several copper and other organic fungicides available,
vary in efficacy.

%k Decision Support System (DSS) useful for timing fungicide
applications to maximize control.

This project was supported by the Agriculture and Food Research Initiative Competitive Grants
Program Grant 2011-68004-30154 from the USDA National Institute of Food and Agriculture.
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Poll Question #3

Growers: what products and management
practices have been effective for you?

Please type your answer.
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Find the slides and recording of this presentation at
http://www.extension.org/pages/70122

Register for upcoming webinars and view recorded
eOrganic webinars at
http://www.extension.org/pages/25242

Additional organic farming questions? Ask them at
https://ask.extension.org/groups/1668

We need your feedback! Please fill out our follow-up
email survey!

&éXlension eOrgcn&
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