
Carrot 

Wednesday afternoon 2:00 pm 

Where: Grand Gallery (main level) Room C 

MI Recertification credits: 2 (1B, COMM CORE, PRIV CORE) 

OH Recertification credits: 1.5 (presentations as marked) 

CCA Credits: PM(1.5) CM(0.5) 

Moderator: Ben Phillips, Vegetable Extension Educator, MSU Extension, Saginaw, MI 

  

2:00 pm New Product Evaluations for Control of Nematodes in Carrots, in Ontario 

Canada (OH: 2B, 0.5 hr)  

 Kevin Vander Kooi, Plant Agriculture Dept, Univ. Guelph, Ontario, 

Canada 

2:30 pm Cover Crops for Carrot Rotation  

 Daniel Brainard, Horticulture Dept., MSU 

3:00 pm Managing Nematodes in Michigan Carrots (OH: 2B, 0.5 hr)  

 George Bird, Entomology Dept., MSU 

3:30 pm Carrot Pathology Update (OH: 2B, 0.5 hr)  

 Mary Hausbeck, Plant, Soils and Microbial Sciences Dept., MSU 

4:00 pm Session Ends 
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Cover Crops for Carrot Rotations

Dan Brainard, Dean Baas, Corey Noyes, Zack Hayden,
H. Melakeberhan and B. Werling

Department of Horticulture
Michigan State University

Michigan Carrot Commission
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Study Objectives
• Identify Cover Crops that improve carrot 
quality, yield and profitability

• Understand what short‐term impact cover 
crops are having on:
1. Nitrogen
2. Weeds
3. Nematodes and Disease

Cover Crop Decision Tool
http://mcccdev.anr.msu.edu/testVegIndex.php

Key Questions:
1. Location and soil information
2. This year’s cash crop information
3. Goal of cover crop (e.g. weed suppression, N-fixation)

Provides list of cover crop options

Identifying Cover Crop Options
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Site 1

Squash Wheat Oats Wheat Carrots
Cowpea (windbreak)
Oilseed Radish
Rape (D. Essex)
Oats/cow
Oats/OSR
None

Site 2
Peas Oats Carrots

Cowpea
Oilseed Radish
Rape (D. Essex)
Oats/cow
Oats/OSR
None

Site 3
Sorghum Carrots
Sudan Black Oats

Oats
Oilseed Radish
Graza Radish
Rape (D. Essex)
Oats/OSR
None

Site 4
Wheat Black Oats Wheat Carrots

Oats (windbreak)
Oilseed Radish
Graza Radish
Rape (D. Essex)
Oats/OSR
None
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Cover Crop Selection Tool
http://mcccdev.anr.msu.edu/testVegIndex.php

Early 
harvested 
Vegetable 

crops

Cover crop 
options

Cash crop
production

Barley

Rye                                         

Wheat                                     

Hairy vetch                             

Clovers                

Buckwheat

Oats           

Sudangrass

Mustards        

Radish/Turnip

Peas           

Oats
Site 3, October 2015

Black Oats
Site 3, October 2015
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Oilseed Radish “Defender” 
Site 3, October 2015

“
Dwarf Essex Rape

Site 3, October 2015

Oats & Oilseed Radish “Defender” Mixture
Site 3, October 2015

Site 1 
September, 2014
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1 T/a

2 T/a

3 T/a

Results: Cover Crop Biomass

N/A

Results: Carrot Establishment
Site 3, May 2016

Following Strip Tillage

Results: Carrot Establishment
Site 3, June 2016

*

***

*

*

Carrot Establishment
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Dwarf Essex Rape Regrowth
Site 1, May 2015

May require higher herbicide rate 
or more tillage some years
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Carrot Marketable Yield
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Soil Nitrogen, Site 3, 2016

Mustard Family Cover Crops 
Increased Soil Nitrogen
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Effects on Weeds
Site 1, July, 2015

Powell Amaranth

Effects on Weeds
Site 1, July, 2015

Cover Crop

None 55 ab 53 ab 123 ab
Black Oats 28 cd 12 bcd 38 c
Oats 33 cd 3 cd 38 c
Oats + "Defender" OSR 3 e 2 cd 17 c
"Defender" OSR 0 e 3 cd 12 c
Graza Radish 5 e 17 bcd 27 c
Dwarf Essex Rape 15 de 23 bc 14 c
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Weeds, Site 3, 2016

Mustard Family Cover Crops 
Reduced weeds
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Marketable Yield and Quality
• Cover crops improved marketable yields compared to no cover crop 

in 4 out of 16 cases (mostly at Site 3 in 2016, where cover crop 
biomass exceeded 3T/A)

• Cover crops did not reduce yields at any site, but Dwarf Essex Rape 
did not winter kill and reduced carrot stands at Site 1.

• Cover crops reduced culls at Site 3 in 2016: 
• Fewer forked carrots were observed in cover crop treatments
• But oats treatments had higher levels of rotten carrots

Weeds and Nitrogen
• Oilseed Radish “Defender” alone or mixed with oats suppressed 

weeds and increased nitrogen retention in spring.

 Unanswered Questions
• Impacts on Disease:  Need to better understand this (Hausbeck)
• Impacts on Nematodes:  Complicated! Next speaker will help!
• Long-term effects on soil health

Summary
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2016 Michigan Carrot Nematode Trial Results 

George Bird, Professor 
Michigan State University 

 
A field-scale carrot nematicide trial was conducted in Hart, Michigan in search for a replacement for 

control of the root-lesion nematode (RLN).  The research site had a history of a serious nematode problem 

caused by a highly aggressive population of Pratylenchus penetrans. The evaluation consisted of four 

nematicides (Vydate, Nimitz, Melocon and Majestene) and two non-treated controls.  The field was 

divided into eight quarter-mile long strips, each divided into six separate experimental units for RLN 

population density and carrot yield estimations.  The strips ranged in width from nine 18-inch rows (one 

planter pass) for Nimitz and Melocon applied at planting and the non-treated controls.  Four passes were 

used for the Nimitz applied two weeks before planting, Majestene, Majestene/Melocon and Vydate 

treatments.  Regardless of strip width, the nematode population density samples and carrot yield data 

were collected from the center thr rows of each strip.  Marketable carrot yield estimates were based on 

evaluation of ten carrot plants selected at random from each of the six experimental units of each strip. 

Pre-plant Nimitz was applied at five oz per acre in 20 gpa water, irrigated and planted 14 days later.  

Melocon was applied at nine lbs per acre in 20 gpa water.  Vydate was applied in-furrow at two gal per 

acre and Majestene at one gal per acre. 

 

Symptoms associated with this aggressive population of RLN were evident in the control strips on June8, 

2016 , compare to the Vydate treatment on June 8, 2016 (Figure 1).  Major differences were also observed 

between carrots from the non-treated controls and Vydate treated plots on September 20, 2016 (Figure 2).  

The Vydate treatment resulted in an experimental unit average of 93% marketable carrots, compared to a 

mean of 46% for the non-treated controls (Table 1). Marketable carrot yields ranged from 77-83% for the 

Nimitz, Melocon and Majestene treatments applied at planting.  Only 58% of the carrots associated with 

the Nimitz treatment applied at planting were marketable. There were no statistically significant 

differences among the RLN population densities at-panting or at mid-season.  At-harvest, the lowest RLN 

population densities were associated with the Vydate, Melocon and Majestene treatments. 

 

In making decisions in regards to 2017 carrot nematode management in Michigan, it is important to 

remember that the information presented in this report are from one site for one year.  In addition, they 

deal only with RLN and not carrot cyst or northern root-knot nematodes.  In 2017, the new Michigan 

State University, Applied Research-Extension Nematologist needs to consider carrot research with all 

three nematodes, and a broad range of the new nematicides, including appropriate comparisons with both 

Vydate and soil fumigants.  In addition, the overall concept of soil health needs to be incorporated into 

future carrot research associated with carrot production.          

 

Table 1. Results of a 2016 carrot/root-lesion nematode trial in Hart, Michigan.  

Treatment Market Carrots (%) At-Harvest RLN Mid-Season RLN At-Plant RLN 

Control No. 1 45 14 70 51.75 

 Control No. 2 47 16 151.5 78 

Vydate 93 11 74 37.5 

Nimitz At-Planting 83 43 42 --- 

Nimitz Pre-Plant 58 36.3 77.3 27 

Melocon 77 9.8 46 --- 

Majestene 80 10.7 114 33.75 

Melocon /Majes. 78 32.3 38 --- 

Statistics P= 0.001 P= 0.006 P = 0.464 P = 0.537 

  



 

Figure 1  Carrots associated with Vydate (left) and non-treated control (right) on June 8, 

2016. 



  

 

Figure 2.  Carrots associated with Vydate (right) and non-treated control on September 20, 2016. 



2017 Nematicides 

George W. Bird 
Michigan State University 

 
A number of new nematicides have been registered during the past several years.  The following is a 

partial list of materials likely to be marketed in Michigan in 2017. 

 

Soil Fumigants 

 Sectagon (N-sodium, methyldithiocarbamate) NovaSource 

Telone II (1,3-Dichloropropene) Dow AgroSciences 

 Vapam (N-sodium, methyldithiocarbamate) AMVAC Chemical Co. 

 

Non-Fumigants 

 Avicta (abamectin) Syngenta 

ILeVO (fluopyram) Bayer 

Movento (spirotetramat) Bayer 

 Nimitz (fluennsulfone) Adama 

 Velum Prime (fluopyram) Bayer 

Vydate (oxamyl) Not available in Michigan in 2017 

 

Biological  

Clariva (Pasteruia nishizawae) Syngenta 

Melocon (Paecilomyces lilacinus) Certis 

Majestene (Burkholderia spp. strain A396) Marrone Bio Innovations 

 VOTiVO (Bacillus firmus) Bayer 

 

 

 

November 25, 2016 



 

Carrot Pathology Update 
 

Mary K. Hausbeck (517-355-4534) and Irene Donne 
Michigan State University, Department of Plant, Soil and Microbial Sciences 

 

 

Carrots are produced in Michigan for both the fresh and processing industries.  In 2015, Michigan 

ranked second in the United States for fresh market carrots at 360,000 cwt with a production value of $7.2 

million (USDA 2016).  Michigan is also an important producer of carrots for the processing industry.  

Foliar blights caused by the fungi Alternaria dauci and Cercospora carotae are a persistent, 

annually occurring issue for Michigan’s carrot producers (Figures 1, 2).  Both pathogens cause a foliar 

blight that begins as small, necrotic spots on the leaves.  For both diseases, petioles may also become 

diseased with lesions appearing round or elongated.  As the disease progresses, spots on the leaves and 

petioles typically coalesce resulting in larger areas of blighted tissue.  It is not unusual for both pathogens 

to be present in a carrot crop. 

Alternaria blight: A. dauci generally infects older carrot foliage.  As the lesions develop, they 

become brown, sometimes with a yellow halo.  Lesions may lack a specific shape and often start at the 

border of the carrot leaves but then progress, resulting in blighting of additional tissue.  

Cercospora blight: As lesions caused by C. carotae develop, they become rounded with a dark 

rim and a lighter, tan center, although the shape may be distorted by leaf margins or merging of lesions. 

The centers of the lesions can appear gray.  The Cercospora pathogen can infect young tissue which is 

distinctly different from the Alternaria pathogen which develops primarily on the older foliage. 

 

 
Figure 1. Illustration of the severity of the 2016 carrot foliar blight epidemic. Upper photo: Untreated buffer 

area adjacent to the biorational trial.  Lower photo: Contrast between TOMCAST treatment plots and the adjacent 

untreated buffer rows.  Both photos taken 22 September. 



           

 

 

    
Figure 2. Photographs of carrot foliage taken 22 September 2016.  Left: Suspect Alternaria dauci lesions 

following margins of the foliage.  Right: Suspect small, roundish Cercospora carotae lesions. 

 

Infection of the foliage and petioles from Alternaria and Cercospora blights can reduce yields due 

to reduced photosynthetic area.  Also, death or weakening of petioles can impact the harvest of carrots 

grown for processing; mechanical harvesters pull the carrots out of the ground by the petioles.  When the 

carrot petioles become weak from disease, they cannot sustain the pulling needed to harvest the roots. 

Thus, yield is lost or additional time is required to dig the roots. 

Due to the persistence of carrot fungal foliar diseases in Michigan, growers take steps each year 

to minimize their impact including reducing overhead irrigation, crop rotation, and applying fungicides. 

The use of the disease forecaster TOMCAST was tested and has been implemented by Michigan carrot 

growers.  However, since the time of the forecaster development, new fungicides have become registered 

for use on carrots and could play a role in TOMCAST.  
 

The objectives of our carrot research program were to test the disease forecaster TOMCAST with 

varying spray thresholds and fungicide programs.  In addition, efficacy trials of fungicides for both 

conventional and organic systems were conducted.  For a second year, the field research plots were 

established in commercial carrot fields in western Michigan.  Disease-pressure from foliar blight was 

noticeably higher in 2016 (Figure 1) compared to 2015 and likely resulted from warmer temperatures and 

relatively high dew points that favored disease development. 
 

Research Trials: ‘Cupar’ seeds were planted in a grower-cooperator’s field on 22 April 2016 in Mason 

County, MI in a sandy loam soil, previously planted to corn.  Carrot seeds were sown spaced 1.5 inches 

apart within the row in a bed of 3 rows spaced 18 inches apart (196,000 seeds/acre).  Four replicates were 

established for each treatment arranged in a randomized complete block design.  Each treatment plot 

consisted of a 20-foot long three-row bed with a 2-foot buffer between treatment plots within each row. 

Fungicide treatments were applied using a CO2 backpack sprayer and a broadcast boom equipped with 

three XR8003 flat-fan nozzles calibrated at 50 psi and delivering 50 gal/acre.  Diseased foliar and petiole 

area within each plot were visually evaluated for disease throughout the season using the Horsfall-Barratt 

(HB) scale (Horsfall and Barratt 1945).  A six-foot long section of the center row of each carrot bed was 

manually harvested from within the center ten feet of each plot.  Harvested carrots were topped and 

weighed to obtain yield values. 



           

 

 
 Table 1.  List of fungicide products tested in carrot field trials.  

Product Active Ingredient FRAC* Code Labeled 

Actinovate AG Streptomyces lydicus WYEC 108 -- yes 

Badge X2 copper hydroxide/copper oxychloride M1 yes 

Bravo Weather Stik SC chlorothalonil M5 yes 

Cabrio EG pyraclostrobin 11 yes 

Endura boscalid 7 yes 

Fontelis SC penthiopyrad 7 yes 

Kocide 3000 copper hydroxide M1 yes 

Merivon fluxapyroxad/pyraclostrobin 7/11 yes 

Mycostop Mix Streptomyces griseoviridis strain K61 -- yes 

Pristine pyraclostrobin/boscalid 11/7 yes 

Quadris Flowable azoxystrobin 11 yes 

Quadris Opti azoxystrobin/chlorothalonil 11/M5 yes 

Quilt Xcel azoxystrobin/propiconazole 11/3 yes 

Regalia Biofungicide Reynoutria sachalinensis extract P5 yes 

Rovral 4 iprodione 2 yes 

Serenade Opti Bacillus subtilis strain QST 713 44 yes 

Switch WG cyprodinil/fludioxonil 9/12 yes 

Tilt propiconazole 3 yes 

Trilogy neem oil extract -- yes 

*Fungicide Resistance Action Committee (http://www.frac.info) FRAC groups are based on the modes of 

action by which the active chemicals in the fungicide products inhibit pathogen functioning. These groups are 

important to note so that one can determine a disease management program that slows the development of active 

ingredient resistance in the local pathogen population.  

 

Trial 1.  Evaluation of biorational and copper-based fungicides for managing foliar diseases of 

carrot.  Foliar treatments were initiated on 6 July and reapplied every 7-10 days through 30 August, with 

a final application on 14 September.  Nine treatments were applied in total.  Exceptions to this occurred 

based on product availability and included the following: Trilogy was not applied on 7 July and Mycostop 

Mix was not applied on 14 September.  Foliage and petioles were visually evaluated weekly for disease 

using the HB scale.  The results from the final rating date, 20 September, are reported (Table 2).  Carrots 

were harvested 23 September, and topped and weighed on 27 September.  

 

Table 2.  Final carrot foliar and petiole blight evaluation on 20 September 2016 and root yield following 

season-long treatment with biorational and copper-based fungicides.  

Treatment Rate/Acre 
HB diseased  

petiole area* 

HB diseased  

foliar area* 
Yield (lb) 

Untreated control -- 9.0 8.0 15.4 a** 

Kocide 3000 1.75 lb 7.0 7.0 18.3 a 

Actinovate 12 oz 9.0 8.0 14.3 a 

Regalia 4 qt 9.0 8.0 16.0 a 

Mycostop Mix 16 oz 9.0 8.0 15.7 a 

Serenade Opti 20 oz 9.0 8.0 16.0 a 

Trilogy 2 qt 9.0 8.0 15.2 a 

Badge X2 1.75 lb 9.0 8.0 16.4 a 
*Rated on the Horsfall-Barratt scale, where 1=0% tissue area diseased, 2=>0 to 3%, 3=>3 to 6%, 4=>6 to 12%, 5=>12 

to 25%, 6=>25 to 50%, 7=>50 to 75%, 8=>75 to 87%, 9=>87 to 94%, 10=>94 to 97%, 11=>97 to <100%, 12=100% 

tissue area diseased. 
**Column means with a letter in common are not significantly different (Tukey test; 𝛼=0.05). 



           

 

By the final rating date, the untreated control plots and all the product treatment plots, except for 

Kocide 3000, displayed an average HB diseased petiole area level of 9 (9=>87 to 94% disease) and an 

average HB diseased foliar area level of 8 (8=>75 to 87% disease).  The Kocide 3000 treatment plots 

displayed an average HB diseased petiole and foliar area level of 7 (7=>50 to 75% disease).  Thus, none 

of the biorational or copper-based products provided adequate disease protection against carrot foliar 

blights in this high-disease-pressure year at the final rating date.  However, Kocide 3000 provided 

noticeably better disease protection than the other products included in this trial and resulted in the 

highest yield.  Average yield values ranged from 14.3 lb per plot for the Actinovate treatment to 18.3 lb 

per plot for the Kocide 3000 treatment.  

 

Trial 2.  Evaluation of registered fungicides for management of foliar and petiole diseases.  Foliar 

treatments were initiated at ‘trace disease’ on 15 July and then applied every 7-10 days through 21 

September.  Ten treatments were applied in total.  Foliar diseases caused by Alternaria dauci and 

Cercospora carotae were visually assessed weekly.  The results from the final rating date, 29 September, 

are reported (Table 3).  Carrots were harvested 30 September, and topped and weighed on 4 October.  

 

Table 3.  Final carrot foliar and petiole blight evaluation on 29 September 2016 and root yield following 

season-long treatment with registered fungicides. 

Treatment Rate/Acre 
HB diseased  

petiole area* 

HB diseased  

foliar area* 
Yield (lb) 

Untreated control -- 8.8 a** 7.8 a** 16.1      f** 

Tilt 4 fl oz 7.3  b 6.5   b 19.3    de 

Rovral 4 2 pt 7.0  b 5.8    cd 17.2     ef 

Switch 12.5 oz 6.8  b 5.8    cd 21.1 a-d 

Bravo WeatherStik 2 pt 6.0   c 5.8    cd 22.7 ab 

Fontelis 1.5 pt 6.0   c 5.3      de 19.6   c-e 

Quilt Xcel 8 fl oz 6.0   c 6.0   bc 20.9  b-d 

Quadris 15.5 fl oz 5.8   c 5.8    cd 22.3 a-d 

Quadris Opti 1.6 pt 5.8   c 5.3     de 21.5 a-d 

Cabrio 12 oz 5.8   c 5.8    cd 22.7 a-c 

Endura 4.5 oz 5.8   c 6.0   bc 22.7 ab 

Pristine 10.5 oz 5.0    d 5.3     de 24.1 a 

Merivon 5 fl oz 5.0    d 4.8     e 23.2 ab 
*Rated on the Horsfall-Barratt scale, where 1=0% tissue area diseased, 2=>0 to 3%, 3=>3 to 6%, 4=>6 to 12%, 5=>12 

to 25%, 6=>25 to 50%, 7=>50 to 75%, 8=>75 to 87%, 9=>87 to 94%, 10=>94 to 97%, 11=>97 to <100%, 12=100% 

tissue area diseased. 
**Column means with a letter in common are not significantly different (Fisher’s protected least significant difference 

(LSD) test; 𝛼=0.05). 

  

On the final rating day, average HB diseased petiole area levels ranged from 5.0 for the Pristine 

and Merivon treatments (5=>12 to 25% disease) to 8.8 for the untreated control (8 to 9=>75 to 94% 

disease).  All fungicide treatments had significantly lower HB diseased petiole area levels than the 

untreated check.  Treatment with Pristine or Merivon resulted in significantly lower HB diseased petiole 

area levels than any of the other fungicide treatments. 

Average HB diseased foliar area levels on 29 September ranged from 4.8 for the Merivon 

treatment (4 to 5=>6 to 25% disease) to 7.8 for the untreated control (7 to 8=>50 to 87% disease).  All 

fungicide treatments had significantly lower HB diseased foliar area values than the untreated control.  

The Merivon-treated plots had a significantly lower average HB diseased foliar area rating than all the 

other treatments except for Pristine, Quadris Opti, and Fontelis.  

According to yield values, the Rovral 4 treatment was not significantly different than the 

untreated.  All other treatments had higher yields than the untreated.  The highest yields (21.1 to 24.1 lb) 

were obtained from the following treatments: Switch, Quadris Opti, Quadris, Cabrio, Bravo WeatherStik, 



           

 

Endura, Merivon, and Pristine.  The yield for the Pristine treatment was significantly higher than that for 

the Quilt Xcel, Fontelis, Rovral 4, and Tilt treatments.  The yield values for the Merivon, Endura, and 

Bravo WeatherStik treatments were also significantly higher than those of the Fontelis, Rovral 4, and Tilt 

treatments. 

The products used in the plots with the highest average yields have active chemistries in the 

following FRAC groups: anilinopyrimidines (abbr. AP, no. 9), phenylpyrroles (abbr. PP, no. 12), 

quinone outside inhibitors (abbr. QoI, no. 11), chloronitriles (no. M5), and succinate dehydrogenase 

inhibitors (abbr. SDHI, no. 7) (Table 1).  

 

Trial 3. Test the TOMCAST forecasting system to time fungicide sprays.  Foliar treatments were 

initiated at ‘trace disease’ on 15 July and applied either on a 7- to 10-day schedule, or per the TOMCAST 

system at thresholds of 15 DSVs or 25 DSVs.  Eleven of the 7- to 10-day treatments, nine of the 15-DSV 

treatments, and six of the 25-DSV treatments were applied in total. 

 Foliar diseases caused by Alternaria dauci and Cercospora carotae were visually assessed 

weekly.  The results from 20 September and the final rating date, 6 October, are reported (Table 4). 

Carrots were harvested 7 October, and topped and weighed on 13 October. 

 

Table 4. Carrot foliar and petiole blight evaluations on 20 September and 6 October 2016 and root yield 

following season-long treatment applied per the TOMCAST disease forecasting system. 

Application schedule 
Apps 

(no.) 

HB diseased 

petiole area* 

9/20 

HB diseased 

petiole area* 

10/6 

HB diseased 

foliar area* 

9/20 

HB diseased 

foliar area* 

10/6 

Yield 

(lb) 

Untreated control -- 9.0 a** 9.0 a** 8.0*** 8.0 a** 17.7    d** 

Bravo WeatherStik SC 2 pt alternated with Quadris SC 15.5 fl oz 

7- to 10-day intervals 11 5.8  bc 6.8  b 5.0 6.0   cd 26.2 a 

TOMCAST 15 DSV 9 5.3   cd 7.0  b 5.5 6.0   cd 22.1  bc 

TOMCAST 25 DSV 6 6.0  b 7.0  b 6.0 6.8  b 19.6   cd 

Quadris SC 15.5 fl oz alternated with Fontelis SC 24 fl oz 

7- to 10-day intervals 11 5.8  bc 7.0  b 5.3 6.0   cd 22.1  b 

TOMCAST 15 DSV 9 4.8    de 7.0  b 5.0 5.8    d 21.1  bc 

TOMCAST 25 DSV 6 5.3   cd 7.0  b 5.3 6.3   c 22.6  b 

Fontelis SC 24 fl oz alternated with Switch WG 14 oz alternated with Merivon SC 5 fl oz 

7- to 10-day intervals 11 4.8    de 6.3   c 5.0 5.0     e 22.7  b 

TOMCAST 15 DSV 9 4.3     e 6.8  b 4.5 5.3     e 22.4  b 

TOMCAST 25 DSV 6 5.8  bc 7.0  b 5.3 6.3   c 21.9  bc 
*Rated on the Horsfall-Barratt scale, where 1=0% tissue area diseased, 2=>0 to 3%, 3=>3 to 6%, 4=>6 to 12%, 5=>12 

to 25%, 6=>25 to 50%, 7=>50 to 75%, 8=>75 to 87%, 9=>87 to 94%, 10=>94 to 97%, 11=>97 to <100%, 12=100% 

tissue area diseased. 
**Column means with a letter in common are not significantly different (Fisher’s protected least significant difference 

(LSD) test; 𝛼=0.05). Run as one-way comparison of ten treatments. 
***Equal variance assumption not met for analysis.  Analysis accounting for unequal variance does not converge. 

 

 On the final rating day, 6 October, HB diseased petiole area levels ranged from 6.3 for the 7- to 

10-day schedule, Fontelis/Switch/Merivon treatment (6 to 7=>25 to 75% disease) to 9.0 for the untreated 

control (9=>87 to 94% disease).  HB disease values for the foliage ranged from 5.0 in the 7- to 10-day 

schedule, Fontelis/Switch/Merivon treatment (5=>12 to 25% disease) to 8.0 for the untreated plots 

(8=>75 to 87% disease).  All the treatments where fungicides were applied had significantly lower final 

disease levels than the untreated control.  

 The TOMCAST 15 DSV spray schedule reduced the number of product applications by two, 

while the TOMCAST 25 DSV spray schedule reduced the number by five compared to the calendar-

based program of 7- to 10-day intervals.  The Fontelis/Switch/Merivon treatment applied according to the 

7- to 10-day schedule or TOMCAST 15 DSV schedule was more effective at minimizing HB diseased 



           

 

foliar area than the other treatments by the final rating day.  Within each fungicide regime, the 7- to 10-

day schedule and TOMCAST 15 DSV schedule had similar levels of foliar disease control.  

 By 6 October, only the 7- to 10-day schedule using Fontelis/Switch/Merivon treatments 

significantly reduced the average HB diseased petiole area level compared to the other application 

schedules and fungicide treatments.  This could indicate the benefit of using newer active ingredients, 

such as those found in Merivon.  As of 20 September, fungicides applied according to TOMCAST 15 

DSV were doing as well or better than the 7- to 10-day schedule regardless of fungicide program, in 

limiting the HB diseased petiole area. 

 Yields ranged from an average 17.7 lb per plot for the untreated plots to 26.2 lb for the 7- to 10-

day schedule using the Bravo WS/Quadris treatment.  The yield values for all the treatments where 

fungicides were applied were greater than the yield value of the untreated plots, except for the 

TOMCAST 25 DSV using the Bravo WS/Quadris treatment program.  The yield value for the 7- to 10-

day schedule using the Bravo WS/Quadris treatment program was significantly greater than that of all the 

other treatments.  Using the TOMCAST spray scheduling did not result in significantly different yields 

from the calendar-based spray for all fungicide programs except the Bravo WS/Quadris treatment. 
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