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Muck Onion Production in New York is Intense



Elba

Potter

Wayne
Oswego

Orange

Muck Onion Growers, 56 farms, 7900 acres

Cornell Vegetable Program 
(16 farms, 56% acreage)

• Elba Muck (Orleans/Genesee Cos.):
• 4 farms
• 2,340 acres (140, 160, 240, 1800)

• Potter Muck (Yates Co.):
• 1 farm (same as big farm in Elba)
• 350 acres

• Wayne Co.:
• 5 farms
• 400 acres (20, 50, 70, 120, 140)

• Oswego Co.
• 6 farms
• 1310 acres (150, 150, 200, 200, 230, 

380)
• Most: 150 – 250 acre; largest: 2200 

acre
• Orange Co.

• 35 farms
• 3,500 acres (6 >100, rest 5-80 acres)



Complexities of Managing SLB and BLB 
with Fungicides
# 1: SLB has developed fungicide resistance to FRAC groups 2, 3, 7, 

9 and 11.
#2: BLB halo lesions and BLB necrotic spots respond differently to 

different fungicides
#3: Too much Bravo can drag yield
#4: Use as much FRAC P07 as possible?
#5: Bravo incompatible with thrips insecticides



On-Farm Fungicide Research Trials



Fungicide Sensitivity Testing (Hay)



Onion Scouting Program

14 farms, 17 fields, 14 weeks, 42 reports



SLB Symptom Categories: Target Spots
Color – Tan, Black or Purple

Photos: C. Hoepting

Black and 
Purple-colored 
target spots
are considered 
primary



Photos: C. Hoepting & S. Caldwell

SLB Categories: Target Spots
Location – On Green or Necrotic Leaf Tissue

Target spots of any color on green leaf tissue are considered primary.
water-soaked spots are primary other side of leaf is green



Photos: C. Hoepting & S. Caldwell

SLB Categories: Target Spots
Location – On Geen or Necrotic Leaf Tissue

Target spots of any color on necrotic leaf tissue are considered secondary.



SLB Symptom Categories: Spore 
colonization of necrotic leaf tip tissue 

Tan “dirty tips” Tan & Black “dirty tips”

Photos: C. Hoepting



SLB Symptom Categories: Spore 
Colonization of Necrotic Leaf Tip Tissue

SLB Spore Colonization of Necrotic Leaf Tissue Scale 0-6:
0 – No SLB
1 – Very minor (tan sporulation < 25% coverage)
2 – Minor (tan spore colonization 26-50% coverage)
3 – Minor-Moderate (tan spore colonization > 50% coverage)
4 – Moderate (black spore colonization < 50% coverage)
5 – Moderate-Severe (black spore colonization 26-50% coverage)
6 – Severe (black spore colonization > 50%).

SLB is considered primary when black sporulation occurs (scale 4-6)



• > 30% leaf dieback prior to lodging, onions may “die standing up”
• May double incidence of bacterial bulb rot (Hoepting, 2015) 

SLB Category: Excessive Leaf Dieback

Photos: C. Hoepting Excessive leaf dieback is not always exclusively caused by SLB.



Two Phases of Botrytis Leaf Blight (BLB): 1) Halo Lesions

Tiny yellow necrotic spot surrounded by a silvery halo.
Sometimes silvery halos do not have necrotic centers.

Old BLB halo lesions:
Necrotic centers split & enlarge.
Halos become sunken.

Express on young healthy green foliage

Photos: C. Hoepting



Pin-prick 1 to 3 mm, some larger
Small lesions are yellow Larger lesions are more white

Express on older less healthy foliage

Two Phases of Botrytis Leaf Blight (BLB): 2) Necrotic Spots

Photos: C. Hoepting



BLB Halos & Necrotic Spots: Timing
JUNE AUGUSTJULY

c.v. Red Wing, Wolcott 2023

3-5 leaf

Early 
bulb 
swell

Leaf 
dieback 
/tipburn 
begins

BLB halos 
express on young & 
healthy leaves
(June – July)

BLB necrotic spots 
express on older & 
less healthy leaves
(August)



BLB Necrotic Spots Correlated with Yield 
Reduction in Onion

• In both 2023 and 2024 on-farm onion fungicide trials (Hoepting et. 
al), the strongest correlation with onion yield was leaf dieback on 
August 8 (r = -0.7552), which was most strongly correlated with 
Botrytis leaf blight (BLB) necrotic spots on July 27 (r = 0.8500). 

• As BLB necrotic spots increased, leaf dieback increased, and 
yield decreased. 

• Yield was also moderately correlated with several SLB variables.
• Need more research to figure out how many BLB necrotic spots 

are okay before we see a yield drag. 



Other Pests and Pathogens to be Controlled
Downey Mildew Onion Thrips

• Sporadic in New York
• Growers treat for DM preventatively.
• It is chased by SLB, which is difficult to control, 

so best to avoid DM outbreaks, because DM-
SLB complex can be devastating.

• High pressure in Eba muck, annually, 6-8 
insecticide sprays, insecticide resistance 
issues.

• Thrips vector IYSV in Elba, stresses onion 
plants, reduces yield.

• Other regions have less pressure and 
insecticide use.Photos: C. Hoepting



8 (6-10) Foliar Pesticide Sprays from Mid- to Late-June to 
Mid- to Late-August for Leaf Diseases and Onion Thrips



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 2 (Rovral): iprodione
• 2024 mycelial plate growth bioassay (Hay): Variability among 

regions and among fields within a region (except in Elba), for 
fungicide sensitivity to Rovral.

• Generally, the proportion of insensitive/highly insensitive SLB 
isolates was too high for Rovral to have much use for SLB: Elba 
and Wayne - ~ 40%, Oswego - 71%.



2024 Fungicide Sensitivity Lab Bioassay: FRAC 2
Rovral – ALL Regions
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Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 3: Active ingredients developing resistance differently
• In 2024, FRAC 3a propiconazole in Tilt was the only FRAC 3 a.i. 

with any activity on SLB.
• Proportion of isolates that are moderately insensitive has decreased 

~10% (from 95% to 84%) in 4 years (2020 to 2024).
• Good news: There was a resurgence of sensitive isolates in 2024, which 

had not been detected since 2018. 
• It is hoped that this is a result of no more than 2 apps of FRAC 3 per season. 

• Bad news: The proportion of insensitive isolates was 9-14%, which has 
also increased since 2020. 

• On one farm, where 7 applications of FRAC 3 fungicides were made in 2024, highly 
insensitive isolates were detected.

• Mechanism of resistance unknown



2024 Fungicide Sensitivity Lab Bioassay: FRAC 3
3a – prothioconazole (in Tilt) 2018-2024 
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2024 Fungicide Sensitivity Lab Bioassay: FRAC 3
3c – tebuconazole (in Viathon) 2018-2024 
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Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 3: Active ingredients developing resistance differently
Not Effective/Developed Resistance:
• FRAC 3b difenaconazole in Quadris Top/Inspire Super
• FRAC 3c tebuconazole in Viathon and Luna Experience
• FRAC 3d mefentrifluconazole in Cevya
• FRAC 3e flutriafol, trialed as Topguard (not labeled in onion)
• FRAC 3f tetraconazole, trialed as Domark (not labeled in onion)
• FRAC 3h metconazole, trialed as Quash (not labeled in onion)
• FRAC 3i cyroconazole, trialed as Alto (not labeled in onion)
• FRAC 3j triflumizole, trialed as Procure (not labeled in onion)



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 3: Active ingredients developing resistance differently
• In 2023, FRAC 3g prothioconazole, trialed as Proline, not labeled 

in onion, looked like a brand new fully functioning FRAC 3 



FRAC 3 Fungicide Resistance Variable

3b Quadris Top/Inspire Super

3a Tilt

3c Viathon

3g Proline

3d Cevya

3e Topguard

3f Domark

3h Quash

3i Alto

3j Procure

FRAC 3 
Class: Demethylation Inhibitors 
(DMI-fungicides)
• Medium Risk of fungicide 

resistance
Sub-Class: Triazoles
• Trialed 8 active ingredients
• SLB insensitive to 7 of them (b-f, hi)
• 3a (Tilt) moderately insensitive 

(some activity)
Sub-Class: Imidazoles
• SLB insensitive to 3j (Procure)
Sub-Class: Triazolinthiones
• 3g (Proline) sensitive!



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 7: Target site gene mutations detected
• 2017: FRAC 7(2) boscalid (Endura) performed poorly in on-farm 

fungicide trials.
• 2018: FRAC 7(3) fluxapyroxad (in Merivon) performed poorly in on-

farm trials.
• 2019: FRAC 7(1) fluopyram (in Luna products) and FRAC 7(4) 

pydiflumetofen (in Miravis Prime) performed poorly in on-farm 
trials.

• 2020: fungicide resistance confirmed – target site gene mutations



2020

Sensitive isolates

Fungicide Resistance to FRAC 7 Detected in 
SLB in 2020

• 11 types of FRAC 7 gene 
mutations were detected.

• Gene mutations that confer 
highest levels of fungicide 
resistance found in high 
frequency.

• Cross-resistance among 
FRAC 7 sub-classes detected.

• Frequency of FRAC 7 gene 
mutations varied by region.

Oswego Wayne Orange Elba
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Heck et. al. 2020



FRAC 7 Cross Resistance Among Sub-Classes

7(2) Aprovia Top

7(4) Miravis Prime

7(2) Fontelis

7(2) Merivon

7(3) Endura/Pristine

7(1) Luna products

FRAC 7 
Class: Succinate-
dehydrogenase inhibitors (SDHI-
fungicides
• Medium to High Risk of 

fungicide resistance
Sub-Class: 7(3)
• boscalid (Endura/Pristine) 
Sub-Class: 7(1)
• Fluopyram (in Luna products)
Sub-Class: 7(2)
• Fluxapyroxad (Merivon)
• Benzovindiflupyr (Aprovia)
• Penthiopyrad (Fontelis)
Sub-Class: 7(4)
• Pydiflumetofen (Miravis Prime)



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 9: Scala (pyrimethanil)
• 2013: performed poorly in on-

farm fungicide trials
• 2017: mycelial growth assays 

showed variability among 
regions.

• Scala failed to control SLB in on-
farm fungicide trials for past 
several years. Variability among regions

Fungicide Sensitivity (Mycelial Growth Assay)

Elba
n = 18

Oswego
n = 26

Orange
n = 34

Wayne
n = 15
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(Hay et. al. 2017)



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

FRAC 11: Target site gene mutation
• 2015: FRAC 11 azoxystrobin (in 

Quadris) resistance confirmed via 
conidial germination assays and 
detection of target site gene 
mutation in G143A (Pethybridge & 
Hay). 

On-farm fungicide trial, 2015 (Hoepting)



Complexity #1: SLB Fungicide Resistance to 5 
FRAC Groups

• SLB has developed resistance to varying degrees to five FRAC 
groups (2, 3, 7, 9 and 11)

• Currently, effective management of SLB requires tank mixes of 
2-3 active ingredients that belong to FRAC groups M5, 3a, 12, 19 
and P07, each with mediocre activity on SLB. 

• M5 – chlorothalonil in Bravo – Very Low Risk
• 3a – propioconazole in Tilt – Medium Risk
• 12 – fludioxonil in Switch (9b + 12) and Miravis Prime (7(4) + 12) – Low- 

Medium Risk (12)
• 19 – polyoxin D zinc salt in Oso – Medium Risk
• P07 – mono- & di- potassium salts of phosphorous acid in Rampart, 

potassium phosphite in Reveille – Low Risk



Complexity #2: BLB Halos & Necrotic Spots  Respond 
Differently to Fungicides

BLB Halos (July 16) BLB Necrotic Spots (Aug 20)
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FRAC M3 Mancozeb – Only effective on BLB halos. No activity on BLB necrotic spots.
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Note: Only effective on BLB halos when pressure is low (≤ 3 BLB halos/leaf).
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On-farm onion fungicide trial, Oswego, 2020 (Hoepting et. al)



Complexity #2: BLB Halos & Necrotic Spots  Respond 
Differently to Fungicides

BLB Halos (July 16) BLB Necrotic Spots (Aug 20)
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FRAC 3b Inspire Super – Only effective on BLB necrotic spots. No activity on BLB halos.
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On-farm onion fungicide trial, Oswego, 2020 (Hoepting et. al)



Complexity #2: BLB Halos & Necrotic Spots  Respond 
Differently to Fungicides

Product FRAC Group
Efficacy

BLB Halos BLB Necrotic Spots
Bravo M5 YES – 2nd Best YES – 2nd Best
a.i. mancozeb M3 YES (up to 3 BLB halo/leaf) NO
Viathon + Tilt 3c + P07,  3a NO YES – 2nd Best
Tilt 3a NO YES
Proline 3g NO YES - Best
Quadris Top 3b + 11 YES YES
FRAC 7 premixes
Luna T, Miravis P

7(1-4) 
+ 9, 12

YES 
*FRAC 7 not tested alone since 2021

YES

E.g. Rampart P07 NO YES
Oso + Rampart 19, P07 NO YES
Omega (a.i. fluazinam) 29 YES - Best YES



2024 Best Treatments in On-Farm Trials for SLB 
and BLB

1 Proline not labeled in onion.   3 Cannonball not labeled for foliar application. Switch (9 + 12) may be used instead. 
2 Due to yield drag from Bravo



Complexity #3: Too Much Bravo Can Drag Yield
V 
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T 
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V + T + Bravo had significantly 
greener/healthier foliage than V + T.

Oso + P07 + Bravo had significantly healthier 
foliage than Oso + P07.
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V + T + Bravo had significantly 6.5% (= 49 
cwt/A) lower yield than V + T.

Treatments with Bravo had significantly less 
yield than best treatments.



Complexity #3: Too Much Bravo Can Drag Yield

• In this trial, treatments were applied for 7 consecutive weeks. 
• Bravo 3 pt/A x 7 apps = 21 pt/A (1 pt over the labeled maximum use per 

season rate).
• In a study in Florida using ‘Texas Early Grano 506’ onion variety 

(Stoffella & Sonara, 1982):
• 10 weekly apps of Bravo 2 pt (= total 20 pt) significantly reduced bulb 

weight by 44%
• 5 bi-weekly apps of Bravo 2 pt (= total 10 pt) significantly reduced bulb 

weight by 27%.
• Recommendation: Growers strive for no more than 10-12 pt/A of 

Bravo per season, if possible, to avoid yield drag.



P07 3x P07 7xP07 5x

32.5% fg 41.3% b-f 51.3% b
~10% improvement for every 2 weeks earlier/more P07 applied.

Complexity #4: Use As Much FRAC P07 as Possible? 
% Green Foliage/plot – 16 d post 7th/last spray (Aug 27) – Elba, 2024

Hoepting et. al., 2023



Complexity #4: Use As Much FRAC P07 as Possible?

P07 3x P07 7xP07 5x

Part of season-long fungicide programs



Complexity #4: Use As Much FRAC P07 as Possible?

What is risk of fungicide resistance to FRAC P07?
• In oomycetes, phosphonate has two modes of action: 

1. Direct fungicidal activity on mycelial growth and spore 
formation
•  Disease control increases as rate applied/plant tissue concentration 
increases. 

2. Plant defense activator
• Often works best when phosphonate is applied prior to disease onset or 

under low disease pressure, and at lower rates (known as “priming”). 
•  Multiple and complex pathways are involved in this mode of action. 

• FRAC rated P07 as Low risk (due to plant defense MOA).



Complexity #4: Use As Much FRAC P07 as Possible?

What is risk of fungicide resistance to FRAC P07?
• We suspect that its MOA on SLB and BLB is via direct fungicidal 

properties in NY.
• Risk for fungicide resistance many be higher?

• FRAC P07 Recommendations: 
• Last 4 apps should include FRAC P07 (last 3 was not enough).
• Aim for no more than 5 apps of FRAC P07
• Maximum No. of high-rate apps is 7 for Reveille, Rampart does not have a 

limit
• Beginning to monitoring SLB fungicide resistance to FRAC P07 in 

2025.



Complexity #5: Bravo Incompatible with 
Onion Thrips Insecticides

Predominantly a problem 
with insecticides with 
translaminar and 
systemic activity.
• Do not co-apply Bravo 

with:
• Movento/Senstar
• Agri-Mek
• Radiant
• Exirel
• Minecto Pro



Complexity #5: Bravo Incompatible with 
Onion Thrips Insecticides



Complexity #5: Bravo Incompatible with 
Onion Thrips Insecticides

Opportunities to apply Bravo, thrips below spray threshold

Onion Scouting Program, 2023: Weekly onion thrips pressure and insecticide use



Complexity #5: Bravo Incompatible with 
Onion Thrips Insecticides

High thrips pressure 
& IYSV in Elba:
• Control thrips early 

with adulticide from 
0.1 OT/leaf through 
“ride with Movento”

• Radiant “slipping”
• New hammer: 

“Trifecta” – Lannate + 
Agri-Mek + Warror

B: Bravo can be used

B B B

B B



Complexities 1-5: 2025 Spray Program

gtt: leaves green to their tips
ttb: leaves have tiny tipburn
db: leaf dieback

Early Season: 
• Focus on BLB halos 

(until mid-July)

Mid-July through 
August: 
• Focus on SLB and 

BLB necrotic spots

Last 3-4 sprays: 
• Focus on plant 

health (FRAC P07)



Complexities 1-6: 2025 Spray Program

gtt: leaves green to their tips
ttb: leaves have tiny tipburn
db: leaf dieback

Opportunities to Use 
Bravo
• No insecticide
• Non-systemic/ 

translaminar 
insecticide

Bravo

Bravo

Bravo

Bravo

Bravo

Bravo

Bravo

Bravo

• Sometimes Bravo not 
used due to fungicide 
rotation (week #6).

• Sometimes used with 
insecticides (week #9)



Complexities 1-6: 2025 Spray Program

gtt: leaves green to their tips
ttb: leaves have tiny tipburn
db: leaf dieback

BEST treatment:
• V + T + B
• save 1 app of this for 

last/2nd-last spray

2nd-BEST treatments
• MP + P07
• LT + Switch + P07
• Oso + P07 + B



Complexities 1-6: 2025 Spray Program

gtt: leaves green to their tips
ttb: leaves have tiny tipburn
db: leaf dieback

Resistance Management:

• Max 3 apps of FRAC 7
• Ideally, Max 2.

• Max 2 apps of FRAC 3

• Max 3 apps of FRAC 19

• Aim for Max 5 apps of  
FRAC P07

• Aim for 10-12 pt Bravo

Bravo 3 pt

Bravo 3 pt

Bravo 3 pt

Bravo 3 pt



Resources: Cornell Fungicide “Cheat Sheet”

Updated annually in June, available on CVP website



Weekly Spray Recommendations Through Onion 
Scouting Program
Spray Decisions at Muck Donut Hour



Questions?

Christy Hoepting
cah59@cornell.edu; 585-721-6953

https://cvp.cce.cornell.edu/

mailto:cah59@cornell.edu
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