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1. Direct impact on marketable part.
2. Indirect impact on yield and fruit quality from 

foliage dying prematurely.
3. Pathogen survives in soil and numbers increase 

when not managed eventually causing major 
losses and becoming hard to manage.

Why  Manage  Plant  Diseases?

https://blogs.cornell.edu/livegpath/files/2019/09/lettuce-white-mold6x2400.jpg
https://blogs.cornell.edu/livegpath/files/2016/07/cucurbit-powdery-mildew-pumpkinsx2400-24bqe2d.jpg
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Top  Facts – Managing  Vegetable  Diseases

Accurate diagnosis:
- essential for selecting appropriate management practices.

Symptoms can change over time and with conditions.
New diseases can appear.
Pathogens vary in how they survive and spread 

plus favorable conditions.



Anthracnose - Cucumber 
7 Aug 14 Aug

Symptoms can change! 



New diseases 
can appear! 

Pepper powdery mildew

Spinach Stemphilium leaf spot

Potato - Phytophthora nicotianae

Garlic RustBasil downy mildew

Potato - Dickeya



The Disease Triangle
THE FOUNDATION OF
DISEASE MANAGEMENT

Disease

No 
Disease

No 
Disease

FAVORABLE

ENVIRONMENT
SUSCEPTIBLE

HOST

No 
Disease

No 
Disease

No 
Disease

No 
Disease

VIRULENT

PATHOGEN

+  
Time



Top  Facts – Managing  Vegetable  Diseases
Cultural management practices:

- vary among diseases.
- based on knowledge about pathogen’s biology.
- best implemented before pathogen has built up.

Foundation of a good plant disease management program.



Cultural Disease Management Practices
Resistant varieties.              
Pathogen-free seed.
Rotate crop plantings.  Target = pathogens that survive in soil.
Separate crops susceptible to same water- or wind-dispersed pathogens.
Mulch: plastic and organic.
Sanitation in greenhouse (target surviving pathogens): 

- clean + disinfect benches + planting materials.
- don’t reuse trays following bacterial disease.

Sanitation in field (target surviving pathogens; spread): 
- clean + disinfect equipment and boots between fields.
- clean + disinfect tomato stakes. Discard after tomato canker.
- don’t work in crops when leaves wet, esp with bacterial disease. 

Avoid wounds.



https://www.vegetables.cornell.edu/
pest-management/disease-factsheets/
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Cultural Disease Management Practices
Healthy (microbially active) soil.

- Compost + other soil organic amendments.
- Reduced tillage.

Biofumigation.
Promote good soil drainage (Pythium, Phytophthora).
Minimize leaf wetness:

- drip irrigation. Overhead irrigation during dry period.
- wide plant spacing.  Trellis.  Good air movement.  No shade.

High tunnel avoids favorable conditions for many pathogens.
Manage weeds in greenhouse and in field.
Rogue diseased plants. 
Destroy crop when done: Remove or mow + incorporate.



Top  Facts – Managing  Vegetable  Diseases
Resistant varieties vary substantially in:
- degree of suppression provided.
- durability of their resistance.



Squashes and Pumpkins
Intermediate resistance
Powdery mildew tolerant
Homozygous best
control improved with fungicides



Cantaloupe:  Race specific resistance.   Excellent but specific



Spinach Downy Mildew:
Race specific resistance.   Excellent.

Races 1 - 11, 13, 15, 16, 18
Races 1 – 19; 10 IR

19 

Races 

so far



Top  Facts – Managing  Vegetable  Diseases
Many pathogens  (esp. foliar):
- reproduce asexually; sexually too.
- latent period of ~7 days (infection to symptoms).
- life cycle of ~7 days.



Cucurbit 
Downy
Mildew

Cucumber 



Downy Mildew

Cantaloupe 



18 Aug 05 25 Aug 05 29 Aug 05



Top  Facts – Managing  Vegetable  Diseases

Pathogen host range – varies a lot and can be unexpected.

- Downy mildews and powdery mildews have narrow host 
range; often one host

- Cucurbit downy mildew.  Cucumber + cantaloupe affected by 
different clade than squash + pumpkin + watermelon.

- White mold pathogen’s host range is >400 plant species.
- Cucurbit powdery mildew pathogen also infects verbena.



Top  Facts – Managing  Vegetable  Diseases

Pathogens evolve.       Diseases change.

- Overcome host genetic resistance.
- More virulent / aggressive.
- Expand host range.
- New pathogens.  Tomato brown rugose fruit virus.



Phytophthora
Blight

all cucurbits
pepper,  eggplant

tomato
NOT potato

weeds (purslane)



Beans – Phytophthora blight



Top  Facts – Managing  Vegetable  Diseases
Fungicides - Organic and Conventional:
- protectant activity; not curative.
- modern, conventional fungicides have some ability to

move into plants.
- contact activity for organic, chlorothalonil, mancozeb.  
- best applied preventive schedule; before rain.
- reapplication on weekly interval typically needed.
- efficacy is not a requirement for registration in USA.
- all have some potential environmental and health risks.





Pesticide 
labels are 

legal 
documents 



REI  = 48 hours for most copper fungicides 



REI  = 4 
hours 



organic  Biopesticides
Labeled  for  Foliar  Diseases

Double Nickel.  Bacillus amyloliquefacinens strain D747
Taegro 2. Bacillus amyloliquefaciens strain FZB24 
Serifel. Bacillus amyloliquefacinens strain MBI 600
LifeGard. Bacillus mycoides isolate J
Sonata. Bacillus pumilus strain QST 2808
Aviv. Bacillus subtilis strain IAB/BS03
Companion. Bacillus subtilis strain GB03
Serenade. Bacillus subtilis strain QST 713
LALSTOP G46 / Prestop. Gliocladium catenulatum J1446 
Romeo. cerevisane (cell walls of Saccharomyces cerevisiae)
Howler. Pseudomonas chlororaphis strain AFS009

Carb-O-Nator. potassium bicarbonate
Kaligreen.  potassium bicarbonate
MilStop.  potassium bicarbonate

Regalia. extract of giant knotweed. 
EcoSwing. extract of Swinglea glutinosa.
Problad Verde.  Banda de Lupinus albus doce.
ECOWORKS. cold pressed neem oil.
Rango. cold pressed neem oil.
TerraNeem. cold pressed neem oil.
Trilogy. extract of neem oil. 
Timorex Act. tea tree oil. 
Thymox Control. thyme oil. 
GreenFurrow BacStop. several botanical oils.
GreenFurrow EF400. several botanical oils.
Mildew Cure. several botanical oils.
Sporan EC2. several botanical oils.

Sil-MATRIX. potassium silicate
OSO.  polyoxin D zinc salt
PerCarb.  sodium carbonate peroxyhydrate
Seican.  cinnamaldehyde



https://www.vegetables.cornell.edu/
pest-management/disease-factsheets/



















Roles for Biopesticides in Disease Management
Organic production.

Good coverage important because of contact activity.

Conventional production:

In place of contact fungicides (chlorothalonil, copper) 
tank mixed with targeted fungicides.

Applied in place of targeted fungicides.  
Preventive and late season best.

Bacterial diseases and root diseases.



Cladosporium
Leaf  Spot

Spinach

Images cf. growers

Winter
Bloomsdale 

is a less 
susceptible 

variety



Stemphylium Leaf Spot 
Spinach - field

Cladosporium and Stemphylium leaf spots
Sources: infested seed, wind-dispersed 

spores, crop debris.
Favorable conditions: 59 – 68 F and RH> 80%. 

Range 41 – 86 F. 



https://www.vegetables.cornell.edu/
pest-management/disease-factsheets/



Cercospora
Leaf  Spot

Beets



Cercospora Leaf  Spot
Hosts: beet, Swiss chard, spinach, lambsquarters, pigweed.

Favorable conditions: Warm (75-80F) and long wet periods.

Management:
Pathogen-free, fungicide-treated seed. Manage weeds.
Rotation for at least 3 years. Minimize leaf wetness.
Separate host plantings. Incorporate debris. 
Resistant varieties. Touchstone Gold and Bull’s Blood.
Organic fungicides. 
Actinovate, LifeGard, Regalia, Serenade, and Stargus effective.  
Best: LifeGard alternated with Double Nickel + Cueva.





Alternaria leaf spot management:
Pathogen-free seed. Control cruciferous weeds.
Rotate (3 years). Avoid wounds.  Control insects.
Drip irrigation. Remove or chop + bury debris.

Favorable:
Cool (75-82 F)

and Wet



Alternaria leaf spot fungicide program:
chlorothalonil or copper tank-mixed with targeted fungicides, alternate:
Endura,  Inspire Super,  Switch,  Omega (50 d PHI heading types),  
Procure,  QoI fungicides (pathogen has developed resistance)



Organic fungicides for Alternaria leaf spot:
Copper.    Biopesticides:  Aviv, Carb-O-Nator, Cease, Companion, 
Double Nickel, EcoSwing, MilStop, OSO, OxiDate 2, Prestop, Rango, 
Regalia, Serenade, Sporan, TerraNeem, Theia, Triathlon BA, Trilogy



Basil Lettuce
Brassicas (inc. arugula) Onion
Cucurbits Spinach

Downy  Mildews
(oomycete pathogens)

Obligates (need living plants) unless they produce oospores.
Narrow host range.
Some are seed-borne.
Wind-dispersed spores.  White or brown.
High humidity favorable.



Spinach
Downy  Mildew

(aka Blue Mold)

Images cf. Teresa Rusinek, Cornell

Race specific resistance.   Excellent.
Races detected in northeast recently: 
12, 13, 14 (most cases), 15, 16, 17, novel



Spinach Downy Mildew:
Race specific resistance.   Excellent.

Races 1 - 11, 13, 15, 16, 18
Races 1 – 19; 10 IR

19 

Races 

so far

Images cf. grower



Spinach 
transplants

Apr 2017

Images cf. grower



Pathogen races detected in Northeast 
recently, affected variety and its resistance
12, 14 (4X), novel Corvair (1 – 11, 13)
12 Acadia  (1 - 13, 15, 16)
14 Kookaburra (1 - 13, 15)
15 Space  (1, 2, 3, 5, 6, 8, 11, 12)
novel Escalade (1 - 14, 16)
novel Pigeon   (1 - 13, 15)
Races suspected based on varieties affected and not:

12, 13, 14 (most cases), 15, 16, 17, novel.

Spinach  Downy  Mildew



Spinach Downy Mildew:
Race specific resistance.   Excellent.

Races 1 - 11, 13, 15, 16, 18
Races 1 – 19; 10 IR

19 

Races 

so far

Images cf. grower



Spinach Downy Mildew:
Race specific resistance.   Excellent.

Races 1 - 12, 14 - 16, 19 Races 1 – 19; 10 IR

19 

Races 

so far

Grow 

more 

than 

one

variety



Potential sources of pathogen
Seed?  Oospores found but ability to infect seedlings 

not determined.
Wind dispersed spores (sporangia) from other crops.  

Also discarded produce??

Occurs routinely in AZ and CA (field)
Managed with resistant varieties (race specific) and 

conventional fungicides.

Spinach  Downy  Mildew



Basil
Downy Mildew

First seen in 
the USA in 
2007.



cf.  Rob Wick
Sporangia (spores) 
produced asexually.



Lettuce - Downy  Mildew 



Downy
Mildew

on
Kohlrabi



Downy Mildew
on Kohlrabi



Arugula  
Downy  
Mildew



Downy Mildew
on  Onion



Integrated  Disease  Management
Cucurbit Downy Mildew

Key facts:
- Resistant cucumber varieties provide 

limited to very good suppression.
- Occurrence is monitored + forecast.
- Pathogen is host-specialized.  2 Clades 

Cucumber affected most. Cantaloupe.
- Targeted fungicides can be excellent. 

Resistance is major issue.











Cucumber Downy Mildew Resistant

8-19-21
Variety Evaluation 2021

Funded by the Friends of Long Island Horticulture Grant Program



Downy Mildew Resistant Cucumber Variety Evaluation

Variety Incidence Severity
Speedway (susceptible) 0 a 0 a
Bristol 34 b 57 b
Brickyard 47 c 76 c
TSX-CU231AS (Tokita experimental) 72 d 87 d
DMR 401 77 d 94 d

% Control of Incidence (% leaves affected) and Severity; AUDPC values

Symptoms observed in all plots 15 days after transplanting.
Values in column with same letter not statistically different. a=ineffective.
Evaluation conducted in 2021.



9-9-21

Speedway BrickyardBristol DMR 401Tokita experimental



Speedway Brickyard
Bristol

DMR 401
Tokita



DMR 401

Bristol

Citadel

9/15/17 fruit from 9 plants

SV3462CS

SV4719CS
Diamondback

Marketmore 76 

Speedway

Straight Eight



Downy Mildew Resistant Cucumber Varieties

Slicer types that have exhibited good resistance:
DMR 401 * TSX-CU231AS * * tested at
DMR 264 Brickyard * LIHREC in 2021

Bristol * TSX-CU234AS *
Raceway TSX-CU236AS *

Pickel types that have exhibited good resistance:
Citadel. (suitable for fresh market)
Peacemaker



9-9-21

Melon Downy Mildew Resistant
Variety Evaluation 2021

Funded by the Friends of Long Island Horticulture Grant Program



Downy Mildew Resistant Cantaloupe Variety Evaluation

Variety Incidence Severity
Hales Best  (susceptible) 0 ab 0 a
Sugar Rush (susceptible) 0 a 0 a
Edisto 47 19 c 47 b
Trifecta 11 bc 52 b

Values in column with same letter not statistically different. a=ineffective.
Evaluation conducted in 2021.

% Control of Incidence (% leaves affected) and Severity; AUDPC values



9-9-21

Hales Best Trifecta Edisto 47 Sugar Rush



Melon Powdery Mildew Resistant

8-19-21
Variety Evaluation 2021

Funded by the Friends of Long Island Horticulture Grant Program



Powdery Mildew Resistant Cantaloupe Variety Evaluation

Variety Lower
Hales Best (susceptible) 0 a
Ambrosia 99 b
Sugar Rush 100 b
Edisto 47 100 b
Trifecta 100 b

Values in column with same letter not statistically different. a=ineffective.

% Control based on AUDPC on lower leaf surfaces 2021



9-9-21

Hales Best Trifecta Edisto 47 Ambrosia Sugar Rush
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Cantaloupe Evaluation 2021
Trifecta rated highest for overall fruit quality. 
Ambrosia and Edisto 47 produced larger 

(heavier) fruit  (avg 9.5 vs 6.5 lb/fruit).
Resistant varieties had higher Brix than Hales 

Best  (avg 12.5 – 13.2 vs 8.7).



organic  Biopesticides
Cucurbit Mildews + Other Diseases
Double Nickel.  Bacillus amyloliquefacinens strain D747
Taegro 2. Bacillus amyloliquefaciens strain FZB24 
Serifel. Bacillus amyloliquefacinens strain MBI 600
LifeGard. Bacillus mycoides isolate J
Sonata. Bacillus pumilus strain QST 2808
Aviv. Bacillus subtilis strain IAB/BS03
Companion. Bacillus subtilis strain GB03
Serenade. Bacillus subtilis strain QST 713
LALSTOP G46 / Prestop. Gliocladium catenulatum J1446 
Romeo. cerevisane (cell walls of Saccharomyces cerevisiae)
Howler. Pseudomonas chlororaphis strain AFS009

Carb-O-Nator. potassium bicarbonate
Kaligreen.  potassium bicarbonate
MilStop.  potassium bicarbonate

Regalia. extract of giant knotweed. 
EcoSwing. extract of Swinglea glutinosa.
Problad Verde.  Banda de Lupinus albus doce.
ECOWORKS. cold pressed neem oil.
Rango. cold pressed neem oil.
TerraNeem. cold pressed neem oil.
Trilogy. extract of neem oil. 
Timorex Act. tea tree oil. 
Thymox Control. thyme oil. 
GreenFurrow BacStop. several botanical oils.
GreenFurrow EF400. several botanical oils.
Mildew Cure. several botanical oils.
Sporan EC2. several botanical oils.

Sil-MATRIX. potassium silicate
OSO.  polyoxin D zinc salt
PerCarb.  sodium carbonate peroxyhydrate
Seican.  cinnamaldehyde



Biopesticides & Conventional Fungicides

8-19-21

Downy Mildew on Cucumber



Fungicide Efficacy – Cucurbit Downy Mildew
Biopesticides tested in 2021 and also copper (Kocide 3000-O)

were ineffective based on symptom severity and incidence of 
leaves affected.

May be partly due to infection occurring before first application and 
very favorable conditions including 2 hurricanes.

Documents CDM is difficult to manage with contact fungicides.

Treatments tested:
Aviv (microbial) Aviv + Timorex ACT (tea tree oil)
Howler (microbial) Theia (microbial)
Howler alt Theia (microbial)
Tril-21 (thyme oil)
MBI-121 (=Regalia + Stargus; extract giant knotweed + microbial)



Control Aviv

KocideHowler

8-19-21



Fungicide Efficacy – Downy Mildew – Cucumber
Biopesticides tested in 2022 and copper (Kocide 3000-O)

ineffective based on symptom severity and % leaves affected.

Symptoms first seen 16 days after the first application.

Biopesticides tested:
Serifel (Bacillus amyloliquefacinens)
Theia (Bacillus subtilis) 
Trillium (thyme oil)
Regalia + Stargus (extract giant knotweed + Bacillus)

Conventional fungicide program very effective (99% control): 
Ranman alt. Orondis Ultra alt. Previcur Flex

Documents CDM is difficult to manage with contact fungicides.



Serifel

Theia Trillium

8-29-22.  24 days after first symptoms.  1 day before 7th app.

Control



• Learn about the disease at https://www.vegetables.cornell.edu/pest-management/disease-
factsheets/downy-mildew-of-cucurbits/.

• Select resistant cucumber and cantaloupe varieties.

• Sign up to receive alerts when downy mildew has been detected nearby at 
The Cucurbit Downy Mildew Forecast webpage:  https://cdm.ipmpipe.org/.

• Monitor https://cdm.ipmpipe.org/ to know when and where downy mildew is developing in 
different cucurbit crops.

• Become familiar with early symptoms. See 
http://blogs.cornell.edu/livegpath/gallery/cucurbits/downy-mildew-o-cucurbits-early-symptoms/

• Scout for symptoms at least weekly, especially cucumbers.

• Report occurrence to extension specialist or post at https://cdm.ipmpipe.org/.

• Start applying fungicides before symptoms seen.  Maximize coverage on underside of leaves. 
Apply regularly.

• Rate success of management program and identify ways to improve if inadequate.

Managing Cucurbit Downy Mildew



Phytophthora
Blight

all cucurbits
pepper,  eggplant

tomato
NOT potato

weeds (purslane)



https://www.vegetables.cornell.edu/
pest-management/disease-factsheets/ Phytophthora Blight Management

Mustard biofumigation (optional)
Reduced tillage (optional)

Leave driveways (pumpkin, winter 
squash) unplanted or plant to low 
cover crop (ryegrass, clover) 
Preventive conv. fungicide program
Soil moisture management:

don’t plant in low areas
drip irrigation
avoid over-irrigating
sub-soil

Destroy affected plants promptly



Cucurbit  Powdery  Mildew



Biopesticide Efficacy – Powdery Mildew - Pumpkin
% Control based on AUDPC on both leaf surfaces 2022

Fungicide (7-day) Upper Lower
Serifel 69 b 27 abc
Stargus + Regalia 71 bc 17 ab
Trillium 73 bc 24 abc
Theia 76 bc 24 abc
Microthiol Disperss (sulfur) 99 d 33 bc
Stargus + Regalia alt. sulfur 96 d 35 bc
Theia alt. sulfur 96 d 37 bc
Trial conducted on powdery mildew intermediate resistant ‘Bayhorse Gold’.
First application 21 July before powdery mildew seen.
Values in column with same letter not statistically different. a=ineffective.



Biopesticides & Conventional Fungicides

8-5-22

Powdery Mildew on Pumpkin



Control Microthiol Disperss

TheiaSerifel

9-7-22



Stargus + Regalia Trillium

Serifel Theia

9-7-22



Microthiol Disperss (sulfur) Stargus + Regalia alt. sulfur

Theia alt. sulfur Serifel, Proline, Vivando

9-7-22



Basil
Downy Mildew

Yellow banding on upper 
surface opposite dark spores 
produced on lower.



9-19-22

Basil Downy Mildew Resistant
Variety Evaluation



9-19-22

DiGenova (Susceptible Control Variety)



Passion

9-19-22

Devotion

Obsession Thunderstruck

97% control

95% control

98% control

99% control

Rutgers DMR varieties



Devotion Prospera CG1

Prospera Red Italian Pb-2

9-19-22

Multi-Gene Resistance One Major Resistance Gene

One Major Resistance Gene  Two Major Resistance Genes

and the other Rutgers DMR varieties



Keys to Success in Disease Management
Be Proactive!

Know what diseases have + could occur.
Become familiar with symptoms.
Understand biology of pathogen; survival and dispersal.
Learn practices for managing main diseases.

Implement Basic Cultural Management Practices.
Rotation, separation. Minimize leaf wetness.
Manage weeds. Sanitation: before + after crop. 

Be Observant!
Look for disease symptoms. Record with camera.

Ensure Diseases are Accurately Identified.
Be Prepared to Act!

Rogue diseased plants when appropriate. 
Have sprayer ready to apply fungicides.



are  YOU  awake  for  Questions?!?
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